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Course Structure of M.Sc. (2 year) and M.Sc. + Ph.D. Dual Degree Program in 

Physics (Till AY 2024-25) 

 

Minimum Educational Qualification (MEQ): 1. Bachelor’s degree with Physics as a 

subject for at least two years/four semesters and Mathematics for at least one year/two 

semesters.  

 

Qualifying Examination:  

(a) International Students: Valid score of TOEFL or IELTS, AND valid score of GRE. 

 (b) Indian Students: Valid JAM qualification in Physics. 

                   

Eligibility Requirement (ER): As per the brochure of Joint Admission test for M.Sc. 

(JAM). 

 

Categories of Admission:  

(a) International Students: (i) International self-financed (ISF) students; (ii) 

International students sponsored by non-government organizations or by a reputed 

industry (ISW); (iii) International students sponsored by foreign government or its 

organizations or through mutual collaborative programs of India with other countries 

(GSW)  

(b) Indian Students: Not Applicable     

 

Duration of the Program: 2 years on full-time basis. 

 

Course Structure for two-year Full-time M.Sc. (Physics) Program 

1st Year: Semester-I 

Course code Course Title Contact Hours 

(L-T-P) 

Credits 

PH 601 Electrodynamics  2-1-0 3 

PH 603 Classical Mechanics  2-1-0 3 

PH 611 Fundamental of Quantum Mechanics 3-1-0 4 

PH 651 Mathematical Methods 2-1-0 3 

PH 691 Physics Laboratory-I  0-0-8 4 

Total minimum credits during the semester 17 

Additional course (as per the requirement basis) 

HS 641 English Communication Skills 2-0-2 PP/NP 

 

1st Year: Semester-II 

Course code Course Title Contact Hours Credits 
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(L-T-P) 

PH 620 Statistical Mechanics  2-1-0 3 

PH 622 Fundamentals of Solid State Physics  2-1-0 3 

PH 624 Electronics  2-1-0 3 

PH 660 Nuclear and Particle Physics  2-1-0 3 

PH 692 Physics Laboratory-II 0-0-8 4 

PH 698 PG Seminar Course  0-2-0 2 

Total minimum credits during the semester 18 

 
 
2 nd Year: Semester-III 

Course 

code 

Course Title Contact 

Hours 

(L-T-P) 

Credits 

ZZ XXX Elective-I x-x-x 3 

PH 799 M.Sc. Research Project (Stage-I: may 

cover concepts of experimental methods, 

numerical techniques, optics, atomic and 

Molecular Physics) 

0-0-36 18 

Total minimum credits during the semester 21 

 

2 nd Year: Semester-IV 

Course 

code 

Course Title Contact 

Hours 

(L-T-P) 

Credits 

PH 800 M.Sc. Research Project (Stage-II) 0-0-36 18 

Total minimum credits during the program 74 

 

List of Physics Courses for Elective-I @ 

 

Course code Course Title Contact Hours 

(L-T-P) 

Credit 

PH 671 / IPH 

471/AA471/AA6

71 

Relativity, Cosmology, and the Early Universe 2-1-0 3 

AA 672N/ AA 

472N 

Galactic and Extragalactic Astronomy 2-1-0 3 

PH 674 / IPH 

474/AA474/AA6

74 

Basics of Radio Astronomy 2-1-0 3 

PH 710 Theory of Quantum Materials  2-1-0 3 

PH 721 Advanced Materials 2-1-0 3 
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PH 722 X-ray Spectroscopy 1-2-0 3 

PH 745 Laser Physics  2-1-0 3 

PH 761 Theoretical Particle Physics 2-1-0 3 

PH 765 Experimental Techniques in High Energy 

Physics 

2-1-0 3 

PH 781 Theory of Complex Systems 2-0-2 3 

 

@ In addition to this course list, a student can also opt from the PG courses being offered 

by the other disciplines. 

NOTE:  

1. Request for conversion from M.Sc. to M.Sc. + Ph.D. dual degree will be 

considered after evaluating the research potential of the promising and 

motivated PG students at the end of the third semester of their 

program. The confirmation of conversion of M.Sc. program and to M.Sc. + 

Ph.D. dual degree program is done during 4th semester with subject to 

successfully qualifying CSIR/UGC-JRF or equivalent fellowship to enable 

receiving Ph.D. scholarship.  

2. The enhancement in the scholarship from M.Sc. to Ph.D. will be from the 

beginning of the fifth semester or from the date on which all requirements 

for the award of M.Sc. degree are fulfilled AND candidate successfully 

qualifies CSIR/UGC-JRF or equivalent fellowship, whichever is later. 

3. If the student opts for Dual Degree Program but cannot complete the 

requirements of a Ph.D., an exit option with the M.Sc. degree can be 

earned before the specified date during the 4th semester of the normal 

M.Sc. Program by getting the M.Sc. Research Project examined in the 

standard manner as per the requirements for the award of an M.Sc. 

degree. 
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Course Structure of M.Sc. (2 year) and M.Sc. + Ph.D. Dual Degree Program in 

Physics (From AY 2025-26 Onwards)  

(Senate Resolution 57.7.3) 

 

Minimum Educational Qualification (MEQ): 1. Bachelor’s degree with Physics as a 

subject for at least two years/four semesters and Mathematics for at least one year/two 

semesters.  

 

Qualifying Examination:  

(a) International Students: Valid score of TOEFL or IELTS, AND valid score of GRE. 

 (b) Indian Students: Valid JAM qualification in Physics. 

                   

Eligibility Requirement (ER): As per the brochure of Joint Admission test for M.Sc. 

(JAM). 

 

Categories of Admission:  

(a) International Students: (i) International self-financed (ISF) students; (ii) 

International students sponsored by non-government organizations or by a reputed 

industry (ISW); (iii) International students sponsored by foreign government or its 

organizations or through mutual collaborative programs of India with other countries 

(GSW)  

(b) Indian Students: Not Applicable     

 

Duration of the Program: 2 years on full-time basis. 

 

Course Structure for two-year Full-time M.Sc. (Physics) Program 

1st Year: Semester-I 

 

Course 

code 

Course Title Contact Hours 

(L-T-P) 

Credits 

PH 603 Classical Mechanics 2-1-0 3 

PH 611N Fundamentals of Quantum Mechanics 2-1-0 3 

PH 615 Mathematical Methods in Physics 2-1-0 3 

PH 617 Classical Electrodynamics 2-1-0 3 

PH 619 Computational and Statistical Methods 1-1-2 3 

PH 653 Experimental Physics Lab-I 0-0-6 3 

Total minimum credits during the semester 18 

 

1st Year: Semester-II 

Course code Course Title 
Contact Hours 

(L-T-P) 
Credits 
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PH 620 Statistical Mechanics 2-1-0 3 

PH 604 Atomic and Molecular Physics 2-1-0 3 

PH 622 Fundamentals of Solid State Physics 2-1-0 3 

PH 660 Nuclear and Particle Physics 2-1-0 3 

PH 654 Experimental Physics Lab-II 0-0-6 3 

PH 698 Seminar Course 0-2-0 2 

 PHY Flexicore (any two courses) 
2-1-0 

(1.5 +1.5) 
= 3 

Total minimum credits earned during the semester  20 

 
 Flexicore (Any Two) 

Course Code Course Title Contact Hours 
(L-T-P) 

Credits 

PH 626 Approximation Techniques in Quantum 
Mechanics 

2-1-0 1.5 

PH 628 Relativistic Quantum Mechanics 2-1-0 1.5 

PH 630 Digital Electronics 2-1-0 1.5 

 
2nd Year: Semester III 

Course code Course Title Contact Hours 
(L-T-P) 

Credits 

PH 6XX Dept. Elective – I 2-1-0 3 

PH 6XX Institute Elective – I 2-1-0 3 

PH 699 M.Sc. Project (Stage-I) 0-0-20 10 

PH 6XX Makers Space 0-0-2 1 

Total minimum credits to be earned during the semester  17 

 
2nd Year: Semester-IV 

Course code Course Title Contact Hours 
(L-T-P) 

Credits 

PH 700 M.Sc. Project (Stage–II) 0-0-36 15 

PH 6XX Dept. Elective – II 2-1-0 3 

Total minimum credits to be earned during the semester  18 

 
Courses for Dept Elective – I and II (more courses to be added) 

 
Course Code Course Title Contact hours  

(L-T-P) 
Credits 

PH 621 Dualities & Gravity 2-1-0 3 
PH 614 Flavour & Neutrino 2-1-0 3 
PH 761 Theoretical Particle Physics 2-1-0 3 
PH 765 Experimental methods in High Energy Physics 2-1-0 3 
PH 681 Network Science 2-1-0 3 
PH 781 Theory of Complex Systems 2-1-0 3 
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PH 790 Statistical Methods in Physical Science 2-1-0 3 
PH 721 Advanced Materials 2-1-0 3 
PH 722 X-ray Spectroscopy 2-1-0 3 
PH 725 Characterization of Surfaces & Interfaces 2-1-0 3 
PH 745 Laser Physics 2-1-0 3 
PH 710 Theory of Quantum Materials 2-1-0 3 
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Course Structure for Ph.D. Program in Physics (from AY 2010-11 to 2012-13) 

 

(A) Semester-I (Autumn / Spring) 

 

Sr. 

No. 

Course code Course Title L-T-P-Credits 

1 PH 601 Electrodynamics  3-0-0-3 

2 PH 651 Mathematical Methods  3-0-0-3 

3. PH xxx Elective-I  x-x-x-3 

4 PH 797* / PH 

798* 

Ph.D. Seminar Course 0-2-0-2  

 

(B) Semester-II (Spring / Autumn) 

 

Sr. 

No. 

Course code Course Title L-T-P-Credits 

1 PH 610 Quantum Mechanics 3-0-0-3 

2 PH 620 Statistical Mechanics  3-0-0-3 

3 PH 650 Numerical Methods  2-0-2-3 

4 PH 798* / PH 

797* 

Ph.D. Seminar Course 0-2-0-2 

 

Physics course for the Elective-I  

S.No. Course Code Course Title Contact Hours 
(L-T-P-C) 

1 PH 621 Solid State Physics 3-0-0-3 

2 PH 671N / IPH 

471N/AA 

471N/AA 

671N 

Relativity and Cosmology 2-1-0-3 

3 PH 672N/ AA 

672N/ AA 

472N 

Galactic and Extragalactic Astronomy 2-1-0-3 

4 PH 674 /IPH 

474/ AA 474/ 

AA 674 

Basics of Radio Astronomy 2-1-0-3 

5 PH 761 Theoretical Particle Physics 2-1-0-3 

6 PH 765 Experimental Techniques in High Energy 

Physics 

2-1-0-3 

7 PH 781 Theory of complex systems 2-0-2-3 
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Note:  

1. M.Tech./MPhil qualified candidates have to do one semester coursework (with 

two-three PG level courses) while M.Sc./B.Tech. qualified candidates have to do 

two semester course work (with minimum five PG level courses). 

2. All core courses are compulsory in semester-I (Autumn). 

3. Only two courses out of the three core courses PH 610, PH 620 and PH 650 are 

compulsory in semester-II (Spring). 

* Ph.D. Seminar course can be taken either in Autumn or in Spring Semester or both as 

suggested by the Faculty Advisor/Thesis Supervisor. 
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Course Structure for Ph.D. Program in Physics (for AY 2013-14) 

 

(A) Semester-I (Autumn / Spring) 

Sr.  
No. 

Course code Course Title L-T-P-Credits 

1 PH 613 Developments in early 20th century in Physics 2-1-0-3 

2 ZZ xxx Elective-I* x-x-x-3 

3 ZZ xxx Elective-II* x-x-x-3 

4 PH 797* / PH 

798* 

Ph.D. Seminar Course 0-2-0-2 

 
(B) Semester-II (Spring / Autumn) 

 
Sr. 
No. 

Course code Course Title L-T-P-
Credits 

1 PH 652 Mathematical Methods, Electrodynamics and 
Applications 

2-1-0-3 

2 ZZ xxx Elective-III* x-x-x-3 

3 ZZ xxx Elective-IV* x-x-x-3 

4 PH 797* / PH 

798* 

Ph.D. Seminar Course 0-2-0-2 

 
Physics Courses for Elective I - IV @ 

@ In addition to this course list, a student can also opt from the PG courses being offered 

by the other disciplines. 

Sr.  
No. 

Course code Course Title L-T-P-
Credits 

1.  PH 671 / IPH 

471 

Relativity, Cosmology, and the Early Universe 2-1-0-3 

2.  PH 674 / IPH 

474 

Basics of Radio Astronomy 2-1-0-3 

3.  PH 710 Theory of Quantum Materials  2-1-0-3 

4.  PH 721 Advanced Materials 2-1-0-3 

5.  PH 722 X-ray Spectroscopy 1-2-0-3 

6.  PH 745 Laser Physics  2-1-0-3 

7.  PH 761 Theoretical Particle Physics 2-1-0-3 

8.  PH 765 Experimental Techniques in High Energy Physics 2-1-0-3 

9.  PH 781 Theory of Complex Systems 2-0-2-3 



 

                                                                    12                                                                   Index 

 

10.  PH 790 Statistical Methods in Physical Sciences 2-1-0-3 

Notes:  

1. M.Tech./MPhil qualified candidates have to do one semester coursework (with 
two-three PG level courses) while M.Sc./B.Tech. qualified candidates have to do 
two semester course work (with minimum five PG level courses). 

2. It is expected that a total of 5 courses will be taken by Ph.D. students in Physics 
apart from the Seminar course, which is 2 credits and can be taken in either 
semester. 

3. The student may take 2 courses in the first semester and 3 in the second, or vice 
versa.   

4. * Ph.D. Seminar course can be taken either in Autumn or in Spring Semester or 
both as suggested by the Faculty Advisor/Thesis Supervisor. 
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Course Structure for Ph.D. Program in Physics (from AY 2014-15) 

 

(A) Semester-I (Autumn / Spring) 

Sr.  
No. 

Course code Course Title L-T-P-Credits 

1 ZZ xxx Elective-I x-x-x-3 

2 ZZ xxx Elective-II x-x-x-3 

3 ZZ xxx Elective-III x-x-x-3 

4 PH 797* / PH 

798* 

Ph.D. Seminar Course 0-2-0-2 

(B) Semester-II (Spring / Autumn) 

Sr. 
No. 

Course code Course Title L-T-P-
Credits 

1 ZZ xxx Elective-IV  x-x-x-3 

2 ZZ xxx Elective-V  x-x-x-3 

3 ZZ xxx Elective-VI  x-x-x-3 

4 PH 797* / PH 798* Ph.D. Seminar Course 0-2-0-2 

 
Physics Courses for Elective I -VI (In addition to these courses, a student can also 
choose from the Ph.D. courses being offered by the other disciplines.) 

Sr.  
No. 

Course code Course Title L-T-P-
Credits 

1.  PH 408 / PH 608 Experimental and Theoretical Aspects of Heavy Ion 
Collisions 

2-1-0-3 

2.  PH 612/PH 412 Dualities in field theory and gravity 2-1-0-3 
3.  PH 613 Developments in early 20th century in Physics 2-1-0-3 
4.  PH 432 / PH 632 Group Theory in Particle Physics 2-1-0-3 
5.  PH 626 Approximation Techniques in Quantum Mechanics 2-1-0-1.5 
6.  PH 628 Relativistic Quantum Mechanics 2-1-0-1.5 
7.  PH 630 Digital Electronics 2-1-0-1.5 
8.  PH 434/ PH 634 Magnetism in Condensed Matter Physics 2-1-0-3 
9.  PH 436/ PH 634 Spintronics and Applications 2-1-0-3 
10.  PH 438/ PH 638 Weak Interactions and the Standard Model 2-1-0-3 
11.  PH 440 /PH 640 Introduction to String Theory 2-1-0-3 
12.  PH 614 Flavor Physics and Neutrino Oscillations 2-1-0-3 
13.  PH 652 Mathematical Methods, Electrodynamics and 

Applications 
2-1-0-3 

14.  PH 671N/ IPH 471N/ 
AA 471N/ AA 671N 

Relativity and Cosmology 2-1-0-3 

15.   PH 672 / AA 472/ AA  
672 

 Extragalactic Astronomy 2-1-0-3 
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16.  PH 674N/ IPH 474N/ 
AA 474N/ AA 674N 

Radio Astronomy 2-1-0-3 

17.  PH 681 Network Science 2-1-0-3 
18.  PH 710 Theory of Quantum Materials  2-1-0-3 

19.  PH 721 Advanced Materials 2-1-0-3 
20.  PH 722 X-ray Spectroscopy 1-2-0-3 
21.  PH 725 Characterization of Surfaces and Interfaces of 

Materials 
2-0-2-3 

22.  PH 745 Laser Physics  2-1-0-3 
23.  PH 761 Theoretical Particle Physics 2-1-0-3 
24.  PH 765 Experimental Techniques in High Energy Physics 2-1-0-3 

25.  PH 781 Theory of Complex Systems 2-0-2-3 
26.  PH 790 Statistical Methods in Physical Sciences 2-1-0-3 

NOTE: 1. A Ph.D. student having M.Sc./ B.Tech./ BE or equivalent qualification has to 

do 5 to 7 Ph.D. level courses of at least 3 credits each and 1-2 Ph.D. seminar courses 

of at least 2 credits each. Minimum number of courses will be 5 Ph.D. level courses 

and one Ph.D. seminar course (minimum coursework of 17 credits). 

2. A Ph.D. student having M.Tech./ME//MPhil qualification has to do one semester 

coursework (with 2-3 Ph.D. level courses) Minimum number of courses will be 2 

Ph.D. level courses and one Ph.D. seminar course (i.e. (minimum coursework of 8 

credits).  

     * Ph.D. Seminar course can be taken either in Autumn or in Spring Semester or both 

as suggested by the Faculty Advisor/Thesis Supervisor. 
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Course Code PH 601 

Title of the Course Electrodynamics 

Credit Structure  

 

L-T- P-Credits     

2-1-0-3 

Name of the 

Concerned Discipline 

Physics 

Pre–requisite, if any  Vector calculus and Special Theory of Relativity 

Scope of the Course  

Course Syllabus Brief review of Electromagnetism:  Vector Calculus, Greens Function, 

Coulomb's law, Gauss Law, Laplace's equation, Poisson's equation, 

electrostatics with conductors, capacitors, dielectrics, Biot-Savart's 

law, Ampere's law, Lorentz force. Faradays' law, Lenz's law, self and 

mutual inductance, energy in a magnetic field. 

Electrodynamics: Maxwell's equations, displacement current, 

electromagnetic waves, plane wave solutions of Maxwell's equations. 

Maxwell’s equations in conducting media, Poynting’s vector, wave 

propagation through a boundary, reflection, refraction, absorption 

and skin-depth. General boundary value problems using special 

functions. 

Wave-guides, resonant cavities, cylindrical waveguides and optical 

fibers, potentials and fields, radiating systems, multipole fields and 

radiation, scattering and diffraction, relativistic electrodynamics, 

Lorentz transformations, 4-vectors, 4-momentum, mass-energy 

equivalence, relativistic covariance of Maxwell’s equations, radiation 

from accelerated charges, communication and radar. 

Suggested Books  Text:  

1. J. D. Jackson, Classical Electrodynamics (3rd edition), John-Wiley 

& Sons, 1998.  

2. W. Greiner, Classical Electrodynamics, Springer International 

Edition. 

References: 
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1. D. J. Griffiths, Introduction to Electrodynamics (3rd edition), 

Prentice Hall, 1989. 

2. R. P. Feynman et al, The Feynman Lectures on Physics, Narosa 

Publishing, 2008. 

3. J. R. Ritz et al. Foundations of Electromagnetic Theory (4th 

edition), Pearson. 
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Course Code PH 603 (Till 2024-25) 

Title of the Course Classical Mechanics 

Credit Structure  

 

L-T- P-Credits 

2-1-0-3 

Name of the 

Discipline 

Physics 

Pre–requisite, if 

any  

None 

Scope of the 

Course 

 

Course Syllabus An overview of the Lagrangian formalism: Some specific application 

of Lagrange's equation, small oscillations, normal modes and 

frequencies, 

Rigid bodies: Independent coordinates, orthogonal transformations 

and rotations (finite and infinitesimal); Euler's theorem, Euler's angles; 

Inertia tensor and principal axis system; Euler's equation;  

Hamilton's Principle: Calculus of variations; Hamilton's principle; 

Legendre transformation and Hamilton's canonical equations; Canonical 

equations from a variational principle; Principle of least action. 

Noether’s  theorem and conservation of charges. 

Canonical transformations: Generating functions; example of 

canonical transformations; group property; Integral variants of 

Poincare; Lagrange and Poisson brackets; Infinitesimal canonical 

transformations; Conservation theorem in Poisson bracket formalism; 

Jacobi's identity; Angular momentum Poisson bracket relations 

Hamilton-Jacobi theory: The Hamilton Jacobi equation for Hamilton's 

principle function; The harmonic oscillator problem; Hamilton's 

characteristics; Action angle variables. 

Special Theory of Relativity: Lorentz transformations; 4-vectors, 

Tensors, Transformation properties, Metric tensor, Raising and 

lowering of indices, Contraction, Symmetric and antisymmetric tensors; 

4-dimensional velocity and acceleration; 4-momentum and 4-force; 

Covariant equations of motion; Relativistic kinematics (decay and elastic 

scattering); Lagrangian and Hamiltonian of a relativistic particle. 
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Suggested Books 1. H. Goldstein, C. P. Poole and J. L.. Safko, Classical Mechanics (3rd 

edition), Addison Wesley, 2001. 

2. J. R. Taylor, Classical Mechanics, Uni. Science Books, 2005. 

3. L. D. Landau, E. M. Lifshitz, Course of Theoretical Physics - Vol. 1 

(3rd edition), Butterworth-Heinermann, 1976. 

4. V. I. Arnold, Mathematical Methods of Classical Mechanics (2nd 

edition), Springer, 1988. 

5. J. B. Marion and S. T. Thornton, Classical Dynamics of Particles and 

Systems (4th edition), Holt Rinehart & Winston, 1995 

6. A. K. Raychaudhuri, Classical Mechanics: A Course of Lectures (1st 

edition), Oxford University Press, 1984. 

7. E. C. G. Sudarshan, Classical Dynamics: A Modern Perspective (1st 

edition), John Wiley & Sons, 1974. 
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Course Code PH 603 (From AY 2025-26) 

Course Title Classical Mechanics 

Course Category Core 

Credit Structure L-T-P Credits (2-1-0-3) 

Name of the Department Physics 

Prerequisites None 

Objectives of the course Introducing students to advanced concepts of Classical Mechanics.  

Course outcome Students should be able to use the ideas to theoretical and applied 
physics 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Course Syllabus 

• Lagrangian formalism: Generalized coordinates and 

velocities; Lagrange's equation; Constrained systems and 

Lagrange Multipliers; Motion in non-inertial frame. 

• Small oscillations: Normal modes and frequencies; Damped 

and forced oscillations; Resonance and Parametric 

Resonance 

• Rigid bodies: Independent coordinates, orthogonal 

transformations and rotations (finite and infinitesimal); 

Euler's theorem, Euler's angles; Inertia tensor and principal 

axis system; Euler's equation 

• Hamilton's Principle: Calculus of variations; Hamilton's 

principle; Legendre transformation and Hamilton's canonical 

equations; Canonical equations from a variational principle; 

Principle of least action; Symmetry, Noether’s theorem and 

conservation of charges; Introduction to symplectic geometry 

• Canonical transformations: Generating functions; example 

of canonical transformations; group property; Integral 

variants of Poincare; Lagrange and Poisson brackets; 

Infinitesimal canonical transformations; Conservation 

theorem in Poisson bracket formalism; Jacobi's identity; 

Angular momentum Poisson bracket relations 

• Hamilton-Jacobi theory: Hamilton Jacobi equation for 

Hamilton's principle function; The harmonic oscillator 

problem; Hamilton's characteristics; Action angle variables; 

Integrable systems and their properties. 

• Special Theory of Relativity: Lorentz transformations and 

Thomas Precession; Relativistic angular momentum; 

Covariant equations of motion; Relativistic kinematics (decay 

and elastic scattering); Lagrangian and Hamiltonian of a 

relativistic (charged) particle. 
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Suggested Books 

Textbooks: 
1. H. Goldstein, C. P. Poole and J. L. Safko, Classical Mechanics 

(3rd edition), Addison Wesley, 2001. ISBN: 978-8131758915 

2. J. R. Taylor, Classical Mechanics, Uni. Science Books, 2005. 

ISBN: 978- 1891389207 

Reference books: 
3. L. D. Landau, E. M. Lifshitz, Course of Theoretical Physics - 

Vol. 1 (3rd edition), Butterworth-Heinermann, 1976. ISBN: 
978-8181477866 

4. V. I. Arnold, Mathematical Methods of Classical Mechanics 

(2nd edition), Springer, 1988. ISBN: 978-0387968902 

5. J. B. Marion and S. T. Thornton, Classical Dynamics of 

Particles and Systems (4th edition), Holt Rinehart & Winston, 

1995. ISBN: 978-9383635993 

6. E. C. G. Sudarshan, Classical Dynamics: A Modern Perspective 

(1st edition), John Wiley & Sons, 1974. ISBN: 978-
0471835400 
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Course Code PH 604 

Title of the Course Atomic and Molecular Physics 

Course Category Core 

Credit Structure L-T- P-Credits  
(2-1-0-3) 

Name of the 
department 

Physics 

Pre–requisite, if any Basic Knowledge of Quantum Mechanics and Mathematics. 

Objectives of the 
course 

To make the students to understand the physics of atomic and 
molecular system, which are essential in terms of knowledge 
development in basic science and its applications. 

Course Outcomes Students will be able to  
● Establish a comprehensive understanding of atomic and 

molecular physics, essential for advanced studies or 
professional pursuits in physics and chemistry. 

● Build specialized problem-solving capabilities in atomic and 
molecular systems, promoting critical thinking and practical 
application of theory. 

Course Syllabus Review of atomic structure of H, Atomic structure of two electron 
system, Many electron atoms, Central field approximation, Alkali 
system, Hartree-Fock method.  
 
Interaction of an atom with electromagnetic wave: Induced 
absorption and emission, Fine and Hyperfine structure: The 
interaction Hamiltonian, Selection rules, Effect of external magnetic 
field. 
 
Many-electron atom: Central field approximation for many-
electron atom, Slater determinant, L-S and j-j coupling, Equivalent 
and nonequivalent electrons, Energy levels and spectra, 
Spectroscopic terms, Hund's rule, Landé interval rule, Alkali spectra. 
 
Molecular binding: LCAO, LCMO, Valence Band (VB) theory, 
Hydrogen molecule, Molecular spectra (electronic, rotational, 
vibrational etc.), Raman effect, Modern experimental tools of 
spectroscopy. –  
 
Molecular Electronic States: Concept of molecular potential, 
Separation of electronic and nuclear wavefunctions, Born-
Oppenheimer approximation, Electronic states of diatomic 
molecules, Electronic angular momenta; The LCAO approach; States 
for hydrogen molecular ion, Coulomb, Exchange and Overlap 
integral, Symmetries of electronic wavefunctions, pi and sigma bond;  
Rotation and Vibration of Molecules: Centrifugal distortion, 
Symmetric top molecules, Molecular vibrations: Harmonic oscillator 
and the anharmonic oscillator approximation, Morse potential  
 
Spectra of Diatomic Molecules: Transition matrix elements, 
Vibration-rotation spectra, electronic transitions, Franck-Condon 
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principle, Dissociation energy of molecules, Raman transitions and 
Raman spectra; Vibration of Polyatomic Molecules: Application of 
Group Theory. 

 

Suggested Books Text Books:  
1. B. H. Bransden and C. J. Joachain, Physics of Atoms and 

Molecules, Pearson Education Limited, (2003), ISBN: 978-
0582356924 

2. C. N. Banwell and E. M. McCash, Fundamentals of Molecular 
Spectroscopy, McGraw-Hill (1994), ISBN: 978-9352601738 

 
Reference Books: 

3. C. Cohen-Tannoudji, B. Diu, F. Laloë, Quantum Mechanics, vol. 
1 and 2, Wiley-Vch, ISBN:  978-0471164333 

4. D. C. Harris, M. D. Bertolucci, Symmetry and Spectroscopy – An 
Introduction to Vibrational and Electronic Spectroscopy, Dover 
publications (1989), ISBN: 978-0486661445 

5. J. M. Hollas, Modern Spectroscopy, Wiley (2004), ISBN:  978-
0470844168 

6. G. M. Barrow, Introduction to Molecular Spectroscopy, 
McGraw-Hill, (1962), ISBN:  978-0070038707 
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Course Code PH 308/PH 408 / PH 608 

Title of the Course Experimental and Theoretical Aspects of Heavy Ion 
Collisions 

Course Category Department Elective 

Credit Structure L-T-P-Credits (2-1-0-3) 

Name of the 
department 

Physics 

Pre–requisite Relativistic Kinematics, Nuclear Physics 

Objectives of the 
course 

Students will understand theoretical and experimental 
aspects of understanding quark gluon plasma 

Course Outcomes Students will learn: 

• Different models of QGP 
• Space Time evolution of heavy ion collision 
• Different experimental Facilities 
• Signatures of QGP 

Course Syllabus • Introduction to Heavy ion collisions and quark gluon 
plasma 

• Review of Relativistic kinematics: Lorentz 
transformation: frequently used reference frames, four 
vector notation, rapidity and pseudo-rapidity variables, 
light cone variables, collision and decay, relativistic 
invariants 

• Thermodynamics: Relativistic gas (hadrons, quarks and 
gluons) and its statistical and thermodynamical 
properties, MIT Bag model, Hagedron gas, phase diagram 
of QCD, criteria for formation of QGP in the laboratory 

• Collision dynamics: different stages of space-time 
evolution like pre-equilibrium, formation of 

• QGP, chemical and thermal equilibria, freeze-out and 
particle production; Bjorken’s model for energy density; 

• Experiments: a general overview of past, present and 
future experimental facilities dedicated to search for QGP, 
data analysis technique, extraction of 4 momentum, 
control variables (centrality, root(s), system size) 

• Signals of QGP: Global Observable: Multiplicity, ET, Ef, 

(pseudo) Rapidity, Pt distributions: explanations of various 

regions and connections with particle production 

mechanism; Correlations and fluctuations; Collective flow: 

radial, directed, elliptic and higher order flow harmonics 

extraction and interpretations; Heavy quark and quarkonia 

suppression, strangeness enhancement, jet quenching and 

electromagnetic signals (photon and di-lepton). 



 

                                                                    24                                                                   Index 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Suggested Books Textbooks: 

1.    C. Y. Wong, Introduction to High-Energy Heavy-Ion 
Collisions, World Scientific, (1994), ISBN: 978-9810202644 
A. K. Chaudhuri, A Short Course on Relativistic Heavy Ion 
Collisions, IOP Publishing, (2014), ISBN: 978-0-750-
31061-1l 

 
Reference Books: 

S. Sarkar, H. Satz, B. Sinha, The Physics of the Quark-Gluon 
Plasma: Introductory Lecture, Springer, (2010), ISBN: 978-
3642261923 

R. Fernow, Introduction to Experimental Particle Physics, 
Cambridge University Press, (2010), ISBN:978-
0521379403 
B. Sinha, S. Pal, S. Raha, Quark-Gluon Plasma, Springer-
Verlag, (2012) ISBN: 978-3540519843 
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Course Code PH 610 

Title of the Course Quantum Mechanics 

Credit Structure  

 

L-T-P-Credits 

2-1-0-3 

Name of the 

Concerned Discipline 

Physics 

Pre–requisite, if any  An undergraduate course in Quantum Mechanics is preferred, though 

not necessary. 

Scope of the Course  To impart a systematic exposition of basic concepts, techniques and 
methods in quantum mechanics to the graduate students so that they 
can confidently apply them in various fields of study and research. 

Course Syllabus Fundamental Concepts: The Stern-Gerlach experiment, Kets bras 

and operators, Base kets and matrix representations, Measurements, 

observables and the uncertainty relations, change of basis, position, 

momentum and translation, wave functions in position and 

momentum space 

Quantum dynamics : Time evolution and the Schrodinger equation, 

The Schrodinger versus the Heisenberg picture, Simple harmonic 

oscillator, Schrodinger’s wave equation 

Theory of angular momentum: Rotation and angular momentum 

commutation relations, spin ½ systems and finite rotations, SO(3), 

SU(2) and Euler rotations, Density operators and pure vs mixed 

ensembles, Eigenvalues and eigenstates of angular momentum, 

Orbital angular momentum, addition of angular momenta, Tensor 

operators 

Approximation methods: Time independent perturbation theory 

(Non degenerate case), Time-independent perturbation theory (The 

dependent case), hydrogen like atoms (Fine structure and Zeeman 

effect), Variational  methods, Time dependent potentials (The 

interaction picture), Time dependent perturbation theory, Energy 

shift and decay width 

Scattering theory: The Lippman-Schwinger equation, Optical 

theorem. Born approximation, Free particle states (Plane waves vs 

spherical waves), method of partial waves. 

Textbook 1. J.J. Sakurai , Modern quantum mechanics . 

2. “Quantum mechanics” by E. Merzbacher, 3rd edition. 

3. "Quantum mechanics" by A. Messiah. 

4. “Quantum mechanics”, Course of theoretical physics, Vol. 3, 3rd 

edition by L.  Landau and L. Liftshitz. 

5. "A Modern Approach to Quantum Mechanics" by J. Townsend. 

6. "Quantum Mechanics" (Feynman lectures of physics vol. 3) by R. 

Feynman. 
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7. “Quantum mechanics” by Schiff. 

8. "Lectures on Quantum Mechanics" by G Baym. 

9. "Quantum Mechanics" by C. Cohen-Tannoudji, B. Diu, F. Laloë. 

10. "Quantum mechanics" by A. S. Davydov. 

11. "Principles of Quantum Mechanics" by R. Shankar 
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Course Code PH 611 

Title of the Course Fundamental of Quantum Mechanics 

Credit Structure  

 

L-T- P-Credits 

3-1-0-4 

Name of the 

Concerned 

Discipline 

Physics 

Pre–requisite, if 

any  

An undergraduate course in Quantum Mechanics/ Modern physics is 

helpful, but not necessary. 

Scope of the 

Course 

To build up fundamental concepts in quantum mechanics as a precursor 

to study its applications in various branches of physics. 

Course Syllabus Fundamental Concepts: Wave particle duality, The Stern-Gerlach 
experiment, Kets, bras and operators, Base kets and matrix 
representations, Measurements, observables and the uncertainty 
relations, change of basis, position , momentum and translation, wave 
functions in position and momentum space  
Quantum dynamics: Time evolution and the Schrodinger equation, 
The Schrodinger versus the Heisenberg picture, Simple harmonic 
oscillator, Schrodinger’s wave equation ,WKB approximation, 
Tunneling through a barrier 
Theory of angular momentum: Rotation and angular momentum 
commutation relations, spin ½ systems and finite rotations, SO(3), 
SU(2) and Euler rotations, Eigenvalues and eigenstates of angular 
momentum, Orbital angular momentum, addition of angular momenta, 
Wigner-Eckart theorem, Tensor operators. 
Approximation methods: Time independent perturbation theory 
(Non degenerate case), Time-independent perturbation theory (The 
dependent case), hydrogen like atoms (Fine structure and Zeeman 
effect), Variational methods, Time dependent potentials (The 
interaction picture), Fermi's Golden Rule; Selection rules; Time 
dependent perturbation theory, Energy shift and decay width 
Identical particles: Pauli's exclusion principle, spin-statistics 
connection; 
Scattering theory: The Lippman-Schwinger equation, Optical theorem. 
Born approximation, Free particle states (Plane vs spherical waves) 
Relativistic Quantum Mechanics: Klein-Gordon equation, Feynman-
Struckelberg interpretation of negative energy states and concept of 
antiparticles; Dirac equation; Plane wave solution and momentum 
space spinors; Spin and magnetic moment of the electron; Non-
relativistic reduction; Helicity and chirality; Properties of  matrices; 
Charge conjugation; Normalisation and completeness of spinors. 

Suggested books Text Book: 
1. J. J. Sakurai, Modern Quantum Mechanics (2nd edition), Addison 
Wesley, ISBN:978-0805382914. 
Reference books: 
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1. E. Merzbacher, Quantum mechanics (3rd edition), Wiley ISBN:978-
0471887027. 

2. A. Messiah, Quantum mechanics, Dover, ISBN:978-0486409245. 
3. L. Landau and L. Liftshitz, Quantum mechanics - Vol. 3 (3rd edition),  

Butterworth-Heinemann, ISBN: 978-0750635394. 
4. J. Townsend, A Modern Approach to Quantum Mechanics, 

University Science Books, ISBN:978-1891389788. 
5. R. Feynman, Quantum Mechanics (Feynman lectures of physics vol. 

3), Basic Books ISBN:978-0465023820. 
6. Schiff, Quantum mechanics, McGraw-Hill ISBN:978-0070856431. 
7. G Baym, Lectures on Quantum Mechanics,  Benjamin / Cummings 

ISBN:978-0805306675. 
8. C. C. Tannoudji, B. Diu, F. Laloë, Quantum Mechanics, Wiley-

Interscience; ISBN:978-0471569527. 
9. A. S. Davydov, Quantum mechanics, Pergamon Press, ISBN:978-

0080204376. 
10. R. Shankar, Principles of Quantum Mechanics, Springer, ISBN:978-

0306447907. 
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Course Code PH 611N 

Title of the Course Fundamentals of Quantum Mechanics 

Course Category Core 

Credit Structure L-T-P-Credits (2-1-0-3) 

Name of the 
Department 

Physics 

Prerequisites None 

Objectives of the course Introducing students to key concepts in quantum mechanics using 
Dirac notation 

Course outcome Students should be able to use both wave function and Dirac notation 
as well as apply concepts related to spin and quantum dynamics to 
various situations 

Course Syllabus • Fundamental Concepts: The Stern-Gerlach experiment, Kets bras 

and operators, Base kets and matrix representations, 

Measurements, observables and the uncertainty relations, change of 

basis, position, momentum and translation, wave functions in 

position and momentum space 

• Quantum dynamics: Time evolution and Schrodinger equation, 

Schrodinger vs Heisenberg picture, Simple harmonic oscillator, 
Schrodinger’s wave equation, WKB approximation.  

• Theory of angular momentum: Rotation and angular momentum 

commutation relations, spin ½ systems and finite rotations, SO(3), 

SU(2) and Euler rotations, Density operators and pure vs mixed 

ensembles, Eigenvalues and eigenstates of angular momentum, 

Orbital angular momentum, addition of angular momenta, Tensor 

operators, Wigner Eckart Theorem. Applications 
 

Suggested Books  Textbooks: 
1. J. J. Sakurai ; J. Napolitano ; Modern Quantum Mechanics (2nd 

ed.), Cambridge University Press. (2017). ISBN: 978-1-108-

42241-3. 

2. R. Shankar; Principles of Quantum Mechanics (2nd ed.), Plenum 

Press (2011) ISBN 978-0306447907 

Reference books: 
3. E. Merzbacher; Quantum mechanics, 3rd edition. Wiley, ISBN: 

978- 8126533176 

4. J. Townsend , A Modern Approach to Quantum Mechanics, 2nd 
edition, University Science books, ISBN: 978-1891389788 
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5. C. Cohen-Tannoudji, B. Diu, F. Laloë., Quantum Mechanics, Vol 

1 , 2nd edition, Wiley, ISBN: 978-3527345533 

6. L. Ballentine, Quantum Mechanics A Modern Development, 2nd 
edition, World Scientific, ISBN: 978-9814578585 

7. N. Zettili, Quantum Mechanics: Concepts & Applications, 2nd 
edition, Wiley Publication, ISBN: 978-0470026793 

8. Ghatak, S. Lokanathan, Quantum Mechanics : Theory & 

Applications, 6th edition, Laxmi Publication, ISBN: 978-
9351382966 

9. A. Das, Lectures on Quantum Mechanics, 2nd edition, World 

Scientific, ISBN: 978-9814374385 
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Course code PH 612 (Till AY 2024-25) 

Title of the 
course 

Dualities in field theory and gravity 

Credit structure L-T-P-Credits  
2-1-0-3 

Name of the 
discipline 

Physics 

Pre-requisites Some basic understandings of Theoretical Particle Physics, and Relativity 
and Cosmology. 

Scope of the 
course 

String theory provides a deep connection between Einstein’s gravity and a 
theory of quantum fields excluding gravity. This goes by the name of 
holographic or gauge/gravity or AdS/CFT duality. This course aims to 
introduce students to the forefront of this exciting research field, tying 
together seemingly unconnected subjects such as black holes, condensed 
matter physics, quantum information theory etc., and clarifies the nature of 
quantum gravity. 

Course syllabus Introduction: Gravity vs all other interactions, black holes and black hole 
thermodynamics, holographic principle, Bekenstein bound, QCD in the 
large N limit, D-brane solutions and (super) gravity, introduction to Anti- 
de Sitter (AdS) spacetime. 
Conformal Field Theory (CFT): Conformal symmetries, primary 
operators, radial quantization, operator product expansion (OPE). Duality 
conjecture and dictionary: General aspects of the duality, generalizations, 
correlation functions of local operators, Wilson loops. Holographic 
renormalization group: Holographic renormalizations, Hamilton-Jacobi 
approach, holographic Wilsonian renormalization group approach. 
Insights to many-body systems: Transports, hydrodynamics, quarkgluon 
plasma, interpretation of phase transitions in AdS. 
Applications to quantum information: Entanglement structure, quantum 
error correction, computational complexity and related unfolding topics. 
Outlooks and open questions: Checks of the duality, black hole 
information paradox, structure of quantum gravity. 
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Suggested 
books/ 
references 

Textbooks: 
1. M. Ammon and J. Erdmenger, Gauge/Gravity duality: Foundations 
and Applications, Cambridge University Press, 2015, ISBN: 978-
1107010345 
2. H. Nastase, Introduction to the AdS/CFT correspondence, 
Cambridge University Press, 2015, ISBN: 978-1107085855 
 
Review materials: 

1. Aharony et al. Large N field theories, string theory and 
gravity. ArXiv: 9905111 [hep-th], 
2. D’Hoker et al. Supersymmetric gauge theories and the 
AdS/CFT correspondence (TASI 2001 lecture notes). ArXiv: 
0201253 [hep-th] 
3. Penedones. TASI lectures on AdS/CFT. ArXiv: 
1608.04948[hep-th] 
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Course code PH 612 / PH 412 (From AY 2025-26 onwards) 

Title of the course Dualities in field theory and gravity 

Credit structure L-T-P-Credits (2-1-0-3) 

Name of the 
department 

Physics 

Pre-requisites Some basic understandings of Theoretical Particle Physics, and 
Relativity and Cosmology. 

Objectives of the 
course 

 

Course outcome  String theory provides a deep connection between Einstein’s 
gravity and a theory of quantum fields excluding gravity. This 
goes by the name of holographic or gauge/gravity or AdS/CFT 
duality. This course aims to introduce students to the forefront 
of this exciting research field, tying together seemingly 
unconnected subjects such as black holes, condensed matter 
physics, quantum information theory etc., and clarifies the 
nature of quantum gravity. 

Course syllabus • Introduction: Gravity vs all other interactions, black holes 
and black hole thermodynamics, holographic principle, 
Bekenstein bound, QCD in the large N limit, D-brane 
solutions and (super) gravity, introduction to Anti- de Sitter 
(AdS) spacetime. 

• Conformal Field Theory (CFT): Conformal symmetries, 
primary operators, radial quantization, operator product 
expansion (OPE). 

• Duality conjecture and dictionary: General aspects of the 
duality, generalizations, correlation functions of local 
operators, Wilson loops.  

• Holographic renormalization group: Holographic 
renormalizations, Hamilton-Jacobi approach, holographic 
Wilsonian renormalization group approach. 

• Insights to many-body systems: Transports, 
hydrodynamics, quarkgluon plasma, interpretation of 
phase transitions in AdS. 

• Applications to quantum information: Entanglement 
structure, quantum error correction, computational 
complexity and related unfolding topics. 

• Outlooks and open questions: Checks of the duality, black 
hole information paradox, structure of quantum gravity. 

Suggested Textbooks: 



 

                                                                    34                                                                   Index 

 

 
  

books 1. M. Ammon and J. Erdmenger, Gauge/Gravity duality: 
Foundations and Applications, Cambridge University 
Press, 2015, ISBN: 978- 1107010345 

2. H. Nastase, Introduction to the AdS/CFT correspondence, 
Cambridge University Press, 2015, ISBN: 978-
1107085855 

References: 
3. Aharony et al. Large N field theories, string theory and 

gravity. ArXiv:    9905111 [hep-th], 
4. D’Hoker et al. Supersymmetric gauge theories and the 

AdS/CFT correspondence (TASI 2001 lecture notes). ArXiv: 
0201253 [hep-th] 

5.  J. Penedones. TASI lectures on AdS/CFT. ArXiv: 
1608.04948[hep-th] 
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Course Code PH 614 

Title of the Course Flavor Physics and Neutrino Oscillations 

Credit Structure L - T - P - Credits 2- 1 - 0 - 3 

Name of the concerened 
Discipline 

Physics     

Pre-requisite, if any Quantum Mechanics (Time dependent Perturabation Theory), 
Some familiarity with Quantum Field Theory will be advantageous 
but not necessary. 

Scope of the course Exposing the students to various aspects of modern Particle 
Physics research. 

Course Syllabus Review of two-level system in Quantum Mechanics. 
Discrete symmetries: C, P and T, Cabibbo mechanism, Flavor 
changing neutral current, Glashow-Illiopoulos-Maiani (GIM) 
mechanism, Neutral Kaons, CP violation in the Kaon system, 
Cabibbo-Kobayashi-Maskawa (CKM) matrix, Wolfenstein 
parametrization, B-meson system, Belle experiment and CP 
violation in the B-system, Leptonic decays of mesons, Global 
symmetries of the Standard Model. 
Neutrino mass and lepton mixing, Neutrino oscillations in 
vacuum, Matter effects, Majorana fermions, Lepton flavor 
violation, CP violation in the leptonic sector, Lepton number 
violation, Neutrinoless double beta decay, Models of neutrino 
mass (See-Saw mechanism, Left-Right symmetry). 
Recent challenges in theoretical model building in the fermionic 
sector. 

Suggested Books 1. P. B. Pal, An Introductory Course of Particle Physics, 
First Edition (2014), CRC Press. ISBN: 978-1482216981 

2. R. N. Mohapatra and P. B. Pal, Massive Neutrinos in 
Physics and Astrophysics, Third Edition (2004), World 
Scientific. ISBN: 978-9812380715  

A. Bettini, Introduction to Elementary Particle Physics, 
First Edition (2014), Cambridge University Press. ISBN: 
978-1107050402 

3. Z. Xing and S. Zhou, Neutrinos in Particle Physics, 
Astronomy and Cosmology, First Edition (2011), 
Springer. ISBN: 978-3642175602 

4. K. Zuber, Neutrino Physics, Second Edition (2011), Taylor 
& Francis. ISBN: 978-0429144332 
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Course Code PH 615 

Title of the Course Mathematical Methods in Physics 

Course Category Core 

Credit Structure L-T-P-Credits (2-1-0-3) 

Name of the Department Physics 

Prerequisites None 

Scope of the course To introduce students to the essential Mathematical concepts at 
master’s level 

Expected outcome Students should be able to apply the mathematical concepts to 
relevant physics problems.  

 
 
    Course Syllabus 

• Vector Analysis: Curvilinear coordinates, Concept of 

geometry: lines and planes, Linear Algebra and Introduction 

to Tensors 

• Group Theory and Representation Theory: Lie algebras, 

Lie groups, and some of their applications. Representation 

theory. Explicit construction of finite-dimensional 

irreducible representations; Invariant operators and their 

eigenvalues; Tensor operators. Boson and fermion 

realizations; Differential realizations; Quantum dynamical 

applications  

• Complex analysis (residue calculus, method of steepest 

descent): Single and multiple valued complex variables, 

singularities, poles and branch points, Cauchy's conditions 

and theorem, mapping, dispersion relations, complex 
integrations. 

• Differential equations and Green's functions: Ordinary 

differential equations, partial differential equations, first and 

second order equations, homogeneous and 

nonhomogeneous equations, singular points, series 
solutions, Sturm-Liouville Theory 

• Integral Transforms: General properties of Fourier series, 

advantages and applications of Fourier series, Fourier 

transforms, Laplace Transforms. 

• Special Functions: Bessel, Legendre, Laguerre, Hermite, 

Chebyshev, Hypergeometric Functions, Spherical 

Harmonics. 
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Suggested Books 

Textbooks: 
1. G. B. Arfken and H. J. Weber, Mathematical Methods for 

Physicists (7th edition), Academic Press, 2005. ISBN: 978-

9381269558 

2. S. Hassani, Mathematical Physics: A modern introduction to 

its Foundations, Second Edition, Springer-Verlag, 1999. 

ISBN: 978-3-319- 01194-3 

Reference Books: 
3. K. F. Riley, M.P. Hobson and S.J. Bence, Mathematical 

Methods for Physics and Engineering: A Comprehensive Guide 

(3rd edition), Cambridge University Press. ISBN- 978-0-521-

67971-8 

4. E. Kreyszig, Advanced Engineering Mathematics (10th 

edition), John Wiley & Sons. ISBN 978-0470458365 

5. M.L. Boas, Mathematical Methods in the Physical Sciences (3rd 
edition), John Wiley & Sons. ISBN- 978-0-471-19826-0 
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Course code  PH 616 

 Title of the course  Principles and applications of optical spectroscopy 

Course Category Core 

 Credit Structure  L - T - P - Credits 
 2-0-2-3 

 Name of the Concerned 
Department 

 Department of Physics 

 Pre-requisite, if any Laser Physics and basics of electromagnetism 

 Scope of the course 
(Objectives) 

Students will learn the principles of different optical spectroscopic 
techniques and the applications of these techniques in 
investigations of optical, optoelectronic and vibrational properties 
of materials. The students will be introduced to the working of 
optoelectronic parts of various spectroscopic techniques. 

Course Outcomes • Modern tool usage: Develop skills to use optoelectronics and 
spectroscopic techniques. 

• Engineering knowledge: Develop understanding of working 
of optoelectronics. 

• Life-long learning: Develop an aptitude for research on 
optoelectronic materials and devices. 

 Course Content Light and matter interactions, Basic principles of optics 
Working principles of optoelectronics for spectroscopy:  
Applications of lasers in spectroscopy, Linear and nonlinear optics, 
Modulators, Photodetectors, Polarizers, Gratings, Birefringent, and 
Waveguides. 
Spectroscopic techniques, physical parameters and their 
significance, and applications:  Atomic spectra, Rotational 
spectroscopy, Vibrational spectroscopy, Electronic spectroscopy, 
Ultraviolet-visible spectroscopy, Raman and micro-Raman 
spectroscopy, Fourier Transformed Infrared Spectroscopy, Time-
resolved Photoluminescence Spectroscopy, Ultrafast Optical 
Spectroscopy. 
Experiments: Based on the abovementioned spectroscopic 
techniques. 

 Suggested Books  
 

Text books: 
1. J. Wilson, J. Hawkes, “Optoelectronics : An Introduction”, 3rd 

Ed., Prentice Hall Europe, 1998 

2. Hans Kuzmany: Solid-State Spectroscopy 2nd Ed.: Springer: 

:2009 
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3. Mark F. Vitha : Spectroscopy : Principles and 

Instrumentation : Wiley :2019 :978-1-119-43664-5 : 

 

Reference books: 
1. J. Michael Hollas : Modern Spectroscopy : Wiley : _ : 2013 : 978-

0470844168 : 

2. Sudhanshu S. Jha : Perspectives in optoelectronics : World 

Scientific : _ : 1995 : 978-9810220228 : 

3. Simonpietro Agnello : Spectroscopy for Materials 

Characterization : John Wiley & Sons : _ : 2021 : 

9781119697329 : 

4. Colin N. Banwell, Elaine M. McCash: Fundamentals of molecular 

spectroscopy: The McGraw-Hill: :1994:0-07-707976-0 
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Course Code PH 617 

Title of the Course Classical Electrodynamics 

Course Category Core 

Credit Structure L-T-P-Credits (2-1-0-3) 

Name of the Department Physics 

Prerequisites None. 

Objectives of the course The course will offer broad spectra of Classical Electrodynamics 
starting with Electrostatics, Magnetostatics, Electrodynamics, and 
Relativistic Electrodynamics. 

Course outcomes • Student will revise the Maxwell’s equation  

• Students will be able to solve problems related to 
Electrostatics, Magnetostatics, and Electrodynamics.  

• Students will also be able to apply the concepts of 
Electrodynamics to real world problems. 

Course Syllabus • Brief Review of Electrostatics and Magnetostatics: 

Vector calculus, Gauss Law, Poisson’s equation, Laplace 

equation, Method of Images, Separation of Variables, 

Multipole expansion of electric field, Electric Fields in 

Matter, Ampere’s Law, Vector Potential, Multipole 

Expansion of Vector Potential, Magnetic Fields in Matter, 
Boundary Conditions. 

• Electrodynamics: Electromagnetic Induction, Faraday’s 

Law, Electromotive forces, Lorentz Force, Energy in a 

Magnetic Field, Maxwell’s Equations, Displacement Current, 

Maxwell’s Equation in Matter, Conservation Laws, Poynting 

Theorem, Maxwell’s Stress-Tensor, Coulomb and Lorentz 

Gauges, Retarded potential, Lienard-Wiechart Potential, 
Field of a Moving Point Charge.  

• Electromagnetic Wave and Applications of Maxwell’s 

equations: Derivation of Wave Equation, electromagnetic 

waves, Electromagnetic waves in free space and in a 

homogenous material, non- conducting and conducting 

media, Reflection and Transmission at normal and oblique 

incidences, Absorption, Skin depth, Radiating systems, 

Multipole fields and Radiation, Wave-guides, Resonant 
cavities, Cylindrical waveguides and optical fibers  
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• Relativistic Electrodynamics: Lorentz Transformation, 

Relativistic covariance of Maxwell’s Equation, Radiation 
from accelerated charges 

 
    Suggested Books 

Textbooks: 
1. J. D. Jackson, Classical Electrodynamics (3rd edition), John-

Wiley & Sons, 1998, ISBN: 9780471309321 

2. D. J. Griffiths, Introduction to Electrodynamics (4th edition), 

Pearson Education India Learning Private Limited, 2015, 

ISBN: 9789332550445 

Reference books: 

3. W. Greiner, Classical Electrodynamics, Springer-Verlag New 
York Inc., 1998, ISBN:978-0387947990 

4. R. P. Feynman, The Feynman Lectures on Physics, Narosa 

Publishing, 2008, ISBN: 978-8185015828 

5. J. R. Ritz, Foundations of Electromagnetic Theory (4th 
Edition), Pearson Education India, ISBN: 9788131733424 
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Course Code PH 619 

Title of the course Computational and Statistical Techniques in Physics 

Course category  Core 

Credit Structure L-T-P-Credits (1-1-2-3) 

Name of the 
department 

Physics 

Prerequisites None 

Objectives of the 
course 

Exposing the students to several aspects of data analysis relevant 
to modern-day physics problems. 

Course Outcomes 1. Students will be able to use a modern-day programming 
language such as Python/C++ 

2. Students will be able to perform statistical analysis of a physics 
dataset. 

3. Students will acquire skills related to data analysis that can be 
transferred beyond academia. 

Course Syllabus ● Introduction to Scientific Programming Language 

● Root finding: Bisection, False Position, Newton-Raphson, 
and Secant Methods 

● Error Analysis and Convergence Criteria 

● Interpolation: Lagrange and Newton’s Methods 

● Numerical Integration: Trapezoidal & Simpson's Rules 

● Systems of Linear Equations: Iterative Method  

Ordinary differential equation (ODE): Euler’s and Runge-
Kutta Methods 

● Monte Carlo simulation: Generation of statistical 
distributions, Solution of Integrals 

 

Statistical Techniques: 

● Basics of Probability and Statistics, Bayes theorem, 
Probability distributions, Characteristic function, Central 
limit theorem, error propagation 

● Test statistics, Type I and II errors, sampling of data, Basics of 
neural networks, and machine learning. 

● Statistical tests: Goodness of fit, statistical fitting and 
parameter estimation, p- p-value and significance, interval 
estimations. 

● List of representative experiments for the computational lab: 
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1. Implementation of different computational techniques to 
find the roots of polynomials 

2. Write a computational program to calculate the 
interpolation and extrapolation of given data/values 

3. Implementation of different numerical techniques to find 
the solutions of ordinary differential equations. 

4.  Implementation of different numerical techniques of 
Integration 

5.  Implementation of Monte Carlo Techniques in Physics 
problems e.g., particle transport system, statistical 
mechanics 

6. Verification of the Central Limit Theorem through 
computational programming. 

7. Using chi-square analysis on a given data set to estimate 
the best-fit values of theoretical parameters. 

8. Signal-background separation using binary classifiers. 

Suggested Books Textbook(s): 

1. G. Bohm and G. Zech, Introduction to Statistics and Data Analysis 
for Physicists, Third Edition, DESY (2010). ISBN: 978-3-945931-
13-4 

2. K. E. Atkinson, Elementary Numerical Analysis: An Algorithmic 
Approach, Wiley (2004), ISBN: 978-0471452263 

 

Reference Book(s): 

3. P. Deitel and H. Deitel, C++ How to Program, 10th Edition, 
Pearson Education (2023), ISBN: 978-0136905691 

4. F. James, Statistical Methods in Experimental Physics, 2nd 
Edition, World Scientific (2008), ISBN: 978-9812567956 

5. E. L. Robinson, Data Analysis for Scientists and Engineers, 1st 
Edition, Princeton University Press (2016), ISBN: 978-
0691169927 

6. J. Franklin, Computational Methods For Physics, 1st Edition, 
Cambridge University Press (2013), ISBN: 978-1107034303 
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Course Code PH 620 (Till AY 2024-25) 

Title of the Course Statistical Mechanics 

Credit Structure  

 

L-T-P-Credits 

2-1-0-3 

Name of the Concerned 

Discipline 

Physics 

Pre–requisite, if any   

Scope of the Course  

Course Syllabus Review of thermodynamics, Introduction to statistical methods, 

elementary probability theory, random variable, binomial, 

Poisson, normal distribution, random walk, micro canonical 

ensemble, canonical ensemble, grand canonical ensemble, 

formulation of quantum statistics 

Semi-classical systems, unified treatment of ideal Fermi and Bose 

systems, Bose condensation, degenerate Fermi gas Phase 

transition, Ising model, thermal fluctuations, Langevin and 

generalized Langevin equations 

Suggested Books  

 

1. R. K. Pathria, Statistical Mechanics, Oxford, New York. 

2. K. Huang, Statistical Mechanics (2nd edition), John Wiley & 

Sons. 

3. W.  Greiner, L.  Neise and H.  Stoker, Thermodynamics and 

Statistical Mechanics, Springer. 

4. D. Chandler, Introduction to Modern Statistical Physics, 

Oxford University Press.  

 

  



 

                                                                    46                                                                   Index 

 

Course Code PH 620 (From AY 2025-26 onwards) 
Course Title Statistical Mechanics 

Credit Structure 
L - T - P – Credits  
(2 - 1 - 0 – 3) 

Name of the 
concerned Dept. 

Physics 

Pre-requisite, if 
any 

Basic knowledge of thermal physics, Lagrangian and Hamiltonian 
mechanics and quantum mechanics 

Objectives of 
the course 

This course imparts analytic techniques in classical and quantum 
statistical mechanics 

Course outcome 

• The students should get well versed with partition function and 
various related concepts. 

• They should be able to differentiate between various regimes of 
validity and properties of quantum and classical ensemble of 
particles 

Course Syllabus 

• Review of thermodynamics: Zeroth-law and temperature, 
First law and internal energy, Second law, Carnot engine, and 
definition of entropy, Thermodynamic potentials, Maxwell’s 
equations, Third law and approach to absolute zero. 

• Review of probability theory: Random variables, Probability 
distributions, Moments and cumulants, Wick’s theorem, Sums of 
random variables and the central limit theorem, Information 
and Shannon entropy. 

• Ensemble theory: Macrostates and microstates, Concept of 
ensemble, Phase space density as a probability density, 
Liouville’s theorem, Ergodic hypothesis. 

• Classical statistical mechanics: Microcanonical ensemble, 
Mixing of entropy and Gibbs paradox, Canonical and grand 
canonical ensemble, Limitations of classical statistical 
mechanics and thermal wavelength. 

• Introduction to phase transitions: Ising model, Mean-field 
theory, Landau theory of phase transitions. 

• Quantum statistical mechanics: Quantum macrostates and 
density matrices, Liouville’s theorem using density matrix. 

• Ideal quantum gases: Identical particles, Canonical and grand 
canonical formulations, Non-relativistic gas, Degenerate Fermi 
and Bose gases, Bose-Einstein condensate and superfluidity of 
Helium. 

Suggested 
References 

Textbooks: 
1. M. Kardar, Statistical Physics of Particles, Cambridge University 

Press. (2007) ISBN: 978-0521873420. 
2. R. K. Pathria and P. D. Beale, Statistical Mechanics, Academic 

Press, Elsevier. (2021) ISBN:  978-9351073970. 
 
Reference Books: 

3. K. Huang, Statistical Mechanics, John Wiley & sons. (2021) ISBN:  
978-9354247736. 

4. J. P. Sethna, Statistical mechanics: entropy, order parameters, and 
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complexity, Oxford University Press. (2006) ISBN: 978-
0198865254. 

5. D. Chandler, Introduction to Modern Statistical Physics, Oxford 
University Press. (1987) ISBN: 978-0195042771. 
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Course Code PH 621 

Title of the Course Solid state physics 

Credit Structure  

 

2-1-0-3 

 

Name of the 

Concerned 

Discipline/Discipline 

Physics 

Pre–requisite, if any  

 

None 

Scope of the Course To expose graduate students to a broad range of theoretical 
concepts, ideas and approaches applied in solid state physics and 
condensed matter, emphasizing those based on quantum 
mechanics and collective phenomena. In addition, this course 
gives exposure to students to major current fields of research in 
this subject. 

Course Syllabus Sommerfield theory, Crystal structure and symmetry, Reciprocal 

lattice, Bloch Theorem, electrons in weak periodic potential, Band 

structure, tight binding method, semiclassical method of electron 

dynamics, de Haas-van Alphen effect and other Fermi surface 

probes, Hartree-Fock equations, Screening, Thomas-Fermi 

theory, Fermi Liquid theory, classical and quantum theory of 

harmonic crystals, phonons, electron-phonon interactions, 

diamagnetism and paramagnetism, magnetic structure, ordering 

and properties, superconductivity and superfluids.  

Textbook “Solid State physics” by Ashcroft and Mermin 

Suggested References 

 

1. “Introduction to solid state physics” by Charles Kittel 

2. “Condensed matter physics” by Micheal P. Marder 

3. “Solid State Physics” by Grosso and  Parravicini 

4. “Advanced solid state physics” by Philips and Philips 

5. “Theory of solids” by Ziman 

6. “Introduction to superconductivity” by Tinkham 

7. “Quantum phase transitions” by Subir Sachdev 

8. “Condensed matter field theory” by Atlands and Simons 

9. “Quantum field theory of many particle systems” by Fetter and 

Walecka 
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Course Code PH 622 

Title of the Course Fundamentals of Solid State Physics 

Credit Structure  

 

L-T-P-Credits  

2-1-0-3 

Name of the 

Concerned 

Discipline 

Physics 

Pre–requisite, if any  None 

Scope of the Course  

Course Syllabus Crystal lattices, Reciprocal lattice, Bonding & Packing in crystals; 

Diffraction, Structure factor; Point and Space groups; Phonons, 

elastic and thermal properties, lattice specific heat, anharmonic 

effects, Umklapp processes, Defects and dislocations; Free electron 

theory, Drude model, Sommerfield theory; Band theory of solids, 

Kronig-Penney Model; Metals and Insulators, Semiconductors, 

Concept of hole, Hall effect, Thermoelectric power; Optical and 

Dielectric properties of solids, Ferroelectric Materials; Magnetic 

ordering, dia-, para-, ferro- and anti-ferromagnetism, spin-waves; 

Superconductivity, type–I, type - II superconductors, D.C and A.C 

Josephson effect; Mean Field Theory; Fluctuation Dissipation 

Theorem; Mott transition (metal –insulator transition) 

 

Suggested Books 

 

Textbook: 

1. C. Kittel, Introduction to Solid State Physics (7th Edition), John 

Wiley & Sons. 

2. Ashcroft and Mermin, Solid State Physics, Thomson Press (India) 

Ltd. 

Reference Books: 

1. A. J. Dekker, Solid State Physics, MacMillan India Ltd.  

2. M. Ali Omar, Elementary Solid State Physics: Principles and 

Applications, Addison Wesley. 

3.  J. M. Ziman, Principles of the Theory of Solids, Cambridge 

University Press. 

4. M. Tinkham, Introduction to superconductivity (2nd edition), 

Dover Publications. 

5. A. R. Verma and O. N. Srivastava, Crystallography for Solid state 

Physicists, Narosa Publishing. 
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Course Code PH 622 (From AY 2025-26 onwords) 

Course Title Fundamentals of Solid State Physics 

Course Category Core 

Credit Structure 
L - T - P – Credits    
(2 - 1 - 0 – 3) 

Name of the 
concerned Dept. 

Physics 

Pre-requisite, if any None 

Objective of the 
course 

Exposing the students to fundamental of solid state physics, which 
are essential for several aspects of semiconductor physics, materials 
science, electronics and different important technologies including 
quantum technology. 

Course outcome 
Students will acquire knowledge in several aspects of 
semiconductor physics, materials science, electronics etc. and their 
applications in different technological domains.  

Course Syllabus 

● Introduction to condensed matter physics and solid state 
physics 

● Crystal structure, Lattice and Basis: Bravais lattice, primitive 
vectors, primitive unit cells, Wigner-Seitz Primitive Cell; 
Defects and dislocations; Bonding and packing in crystals; 
Coordination number; Brief introduction to symmetry, point 
and space groups 

● Reciprocal lattice, Brillouin zone, Miller indices of lattice 
planes 

● Diffraction: Electron Density, Scattering Amplitude, 
Structure Factor, Atomic Form factor 

● Free electron theory/model, Drude theory, Sommerfeld 
theory 

● Nearly free electron model, Band theory of solids: Bloch 
function, Kronig-Penney model, Motion of electron in one-
dimension, Effective mass of an electron, Distinction among 
metals, insulators and intrinsic semiconductors, Concept of a 
“hole”. 

● Elastic properties, phonons, lattice specific heat of solids, 
anharmonic effects, and Umklapp processes. Free electron 
theory and electronic specific heat. Response and relaxation 
phenomena.  

● Electrical transport in Solids: Hall effect and thermoelectric 
power. 

● Optical properties of solids: Kramer's-Kronig 
relation, intra- and inter-band transitions; 

● Dielectric properties of solid; dielectric function, 
polarizability, ferroelectricity; 

● Magnetic properties of solids; dia, para, ferro, antiferro and 
ferri-magnetism, magnetic domains and anisotropy; 

● Superconductivity: type-I and type-II superconductors. 
Josephson junctions. Meissner effect, London equation, BCS 
Theory, flux quantization. Mean Field Theory; Superfluidity 
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Suggested 
References 

Textbook(s): 
1. C. Kittel, Introduction to Solid State Physics, Wiley (2018). 

ISBN: 978-1-119-45416-8 
2. N. W. Ashcroft and N. D. Mermin, Solid State Physics, Harcourt 

College Publishers (2001), ISBN: 981-4066-478 
References: 

3. M. Ali Omar, Elementary Solid State Physics: Principles and 
Applications, Pearson India (2002), ISBN: 978-8177583779 

4. A. R. Verma and O. N. Srivastava, Crystallography to Solid state 
Physics, New Age International Publishers Ltd.,(1991), ISBN: 
9788122403213,  
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Course Code PH 626 
Course Title Approximation Techniques in Quantum Mechanics 
Course Category Flexi Core 
Credit Structure L - T - P – Credits    

2-1-0-1.5 (3/2 Half Semester) 
Name of the 
concerned Dept. 

Physics 

Pre-requisite, if any  Foundations of Quantum Mechanics  
Objective of the 
course 

It aims to teach students in various techniques involved in 
application of quantum mechanics in a diverse set of experiments  

Course outcome The students will learn about applications of Quantum Mechanics in 
various situations. They should be able to mathematically frame the 
quantum mechanical problems appearing in experiments. 

Course Syllabus • Approximation Methods: Time independent perturbation 
theory (Non degenerate case), Time-independent 
perturbation theory (The dependent case), hydrogen like 
atoms (Fine structure and Zeeman effect), Variational 
methods, Time dependent potentials (The interaction 
picture), magnetic resonance, Time dependent perturbation 
theory, Energy shift and decay width 
 

• Scattering theory: The Lippman-Schwinger equation, Optical 
theorem. Born approximation, Free particle states (Plane 
waves vs spherical waves), method of partial waves. 

 
Suggested 
References 

Textbooks: 
1. J. J. Sakurai, J. Napolitano ; Modern Quantum Mechanics (2nd 

ed.), Cambridge University Press. (2017). ISBN 978-
1108422413. 

2. E. Merzbacher; Quantum mechanics, 3rd edition. Wiley, ISBN: 
978- 8126533176 

Reference books: 
3. R. Shankar; Principles of Quantum Mechanics, Plenum Press 

(2011) ISBN 978-0306447907. 
4. J. Townsend, "A Modern Approach to Quantum Mechanics", 

University Science books, ISBN:  978-1891389788 
5. C. Cohen-Tannoudji, B. Diu, F. Laloë., "Quantum Mechanics, 

Vol 2", Wiley, ISBN:  978-3527345540 
6. K. Sengupta, P. B. Pal; Introduction to Quantum Mechanics, 

Cambridge University Press, ISBN 978-1009338424 

 
 
 
 
 
 
 
 



 

                                                                    53                                                                   Index 

 

Course Code PH 628 
Course Title Relativistic Quantum Mechanics 
Course Category Flexi Core 
Credit Structure L - T - P – Credits 

2-1-0-1.5 (3/2 Half Semester)  
Name of the 
concerned Dept. 

Physics 

Pre-requisite, if any  Foundations of Quantum Mechanics and basics of special relativity 
Objective of the 
course 

It aims to teach students physics formalism needed for situations 
when both quantum mechanical and special relativistic effects are 
important. 

Course outcome • The students will learn about basic classification of particles 
involved in relativistic quantum mechanics 

• The students will learn to handle scalar dynamics in relativistic 
situations. 

• The students will learn about fermionic properties in 
relativistic situations. 

Course Syllabus Noethers theorem, Klein-Gordon equation, Feynman-Stuckelberg 
interpretation of negative energy states.  
 
Dirac equation, covariant form; Free particle solution and 
momentum space spinors, Helicity and chirality; Properties of 
gamma matrices. 
 

Suggested 
References 

Textbooks: 
1. J. J. Sakurai; Advanced Quantum Mechanics, Pearson, ISBN  

978-8177589160 
2. A. Lahiri, P. B. Pal; A First Book of Quantum Field Theory, 

Narosa, ISBN: 978-8173196546 
Reference books: 

3. L.H. Ryder, Quantum Field Theory, Cambridge University 
Press, ISBN: 978-0521478144 

4. T. Lancaster, S.J. Blundell, Quantum Field Theory for the 
gifted amateur, Oxford Univ. Press, ISBN:978-
0199699339 

5. M. D. Schwartz, Quantum Field Theory and the Standard Model, 
Cambridge Univ. Press, ISBN:978-1107034730 

6. P. B. Pal, An Introductory course on Particle Physics, CRC Press 
(2014). ISBN: 978-1482216981 
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Course Code PH 630 

Course Title Digital Electronics 

Course Category Flexi Core 

Credit Structure L - T - P – Credits 
2-1-0-1.5 (3/2 Half Semester) 

Name of the 
concerned Dept. 

Physics 

Pre-requisite, if any NA 

Objectives of the 
course 

● to provide a good foundation in digital electronics  
● to enable students to design and analyze electronic circuits for 

advanced applications in communication, computing, and 
embedded systems. 

Course outcome Understand the fundamentals and characteristics of digital 
electronics and their applications in circuits. 

Course Syllabus Number systems, Boolean algebra, Logic gates, Karnaugh maps, flip 
flops, shift registers, adders, subtractors, counters, multiplexers, 
basics of microprocessor and microcontroller and various other 
combinational logic-based circuits.   

Suggested 
References 

Textbooks: 
1. D. P. Leach and A. P. Malvino, Digital Principles and 

Applications, ISBN: 978-0028018218 
2. A. P. Malvino and J. A Brown, Digital Computer Electronics, Tata 

McGraw-Hill Education, ISBN: 0028005945.  
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Course Code PH 624 

Title of the Course Electronics 

Credit Structure  

 

L-T- P-Credits     

2-1-0-3 

Name of the 

Concerned 

Discipline 

Physics 

Pre–requisite, if 

any  

Solid state Physics, Electrodynamics  

Scope of the 

Course  

 

Course Syllabus Review of Semiconductor Device Physics: Effect of Doping on Fermi 

level and Concept of Junctions; Junction Characteristics and its 

application as a diode, transistor and field effect transistors.  

Application of diodes and transistors in Rectifier circuits, Filters 

circuits and Regulated power supplies. AC and DC transformers. 

Oscillators. 

Optoelectronic Devices: Introduction to interaction of radiation with 

matter, Solar Cells, Photo-detectors (scintillation detector), High purity 

Germanium Detector, GM Counter, Single Channel and Multichannel 

analyzer.  

Digital Electronic: Review of digital electronics including number 

system and Logic gates.  Digital techniques and applications (registers, 

counters, comparators and similar circuits); A/D and D/A converters; 

operational amplifiers and their applications; microprocessor and 

microcontroller basics. 

Introductory Signal Analysis: Introduction to Signal Analysis and its 

applications. 

Introduction to Electronic Instrumentation and Measurement 

techniques: Transducers and their applications, sensors and physical 

principles of various types of sensors. 

AC, DC, and Stepper motors  

 

Suggested Books  1. J. M. Christos, C. Halkias and S. Jit, Electronic Devices and Cricuits, 

McGraw Hill, International student edition. ISBN: 0070634556. 

2. S.M. Sze,  Physics of semiconductor devices, Wiley-

Interscience,1969. 

3. A. P. Malvino and J. A Brown, Digital Computer Electronics, Tata 

McGraw-Hill Education ISBN: 0028005945. 

4. A. Kitai, Principles of Solar Cells, LEDs and Diodes: The role of 

the PN junction, Wiley-Interscience, 2011, ISBN: 1444318330. 
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5. D. P. Leach and  A. P. Malvino, Digital Principles and Applications, 

ISBN: 978-0028018218. 

6. R. L. Boylestad and L. Nashelsky, Electronic Devices and Circuit 

Theory, ISBN: 978-0131189058. 

7. W. D. Cooper, Electronic Instrumentation and Measurements 

Techniques, PHI India.  
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Course Code PH 332/PH 432 / PH 632 

Title of the Course Group Theory in Particle Physics 

Course Category Department Elective 

Credit Structure L-T-P-Credits (2-1-0-3) 

Name of the department Physics 

Pre–requisite, if any Mathematical Physics 

Objectives of the course The students will be introduced use of symmetry in the context of 
Particle Physics 

Course Outcomes The students will learn how to use Group Theory to construct 
mathematical models describing fundamental physics. 

Course Syllabus Review of Group theory: constructing multiplication tables, 
direct product, homomorphism, isomorphism, permutation 
group, invariant subgroup, simple group, continuous groups, 
rotation group and Lie algebra, SO(3), SU(2) and SU(3), general 
properties of SU(N). 

Applications for Particle Physics: 

• SU(3) of flavor, isospin as a subgroup, U and V spins, roots 

and weights, hadron multiplets, Gell-Mann Okubo mass 

formula, Young tableaux. 

• Lorentz group, connection with spin, Dirac, Majorana and 

Weyl spinors. 

• Nonabelian gauge theory, SU(2)xU(1) --> U(1) breaking. 

• Accidental symmetries of the Standard Model, Baryon 

and Lepton number conservation, Custodial 

symmetry. 

• Grand Unification and SU(5), from SU(5) to SO(10). 

• Applications of groups in flavor model building, 

Froggatt- Nielsen mechanism. 

Suggested Books Textbooks: 

1. A. Zee, Group Theory in a Nutshell for Physicists, Princeton Univ. 
Press, (2016) ISBN: 978-0691162690 

2. Georgi, Lie algebras in Particle Physics, Sarat, 2nd Edition, 
(2009) ISBN: 978-8190806428 

Reference Books: 

3. J. Schwichtenberg, Physics from Symmetry, Second Edition, 
Springer. (2017) ISBN: 9783319192017 

4. P. B. Pal, A Physicist’s Introduction to Algebraic Structures, First 
Edition, Cambridge University Press. (2019) ISBN: 
9781108729116 

5. A. Das, Lie groups and Lie algebras for Physicists, Hindustan 
Book Agency, (2014), ISBN: 978-9380250632 
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Course Code PH 434/ PH 634 

Course Title Magnetism in Condensed Matter Physics 

Course Category Department Elective 

Credit Structure L-T-P-Credits (2-1-0-3) 

Department Physics 

Prerequisites Basic knowledge of Quantum Mechanics and solid state physics.  

Objectives of the course Introduce magnetism and magnetic interactions in solids; prepare 
for projects on magnetic order and frustration. 

Course Outcomes • Distinguish types of magnetic order and frustrated states 

• Understand experimental methods for magnetization across 

scales  

• Recognize magnetic order in low-dimensional systems 

Course Syllabus • Magnetic interactions: Diamagnetism, Paramagnetism, 

Ferromagnetism, Antiferromagnetism, Effect of magnetic 

field, Ferrimagnetism, Dipolar interactions, Exchange 

interactions – origin, direct and indirect exchange, Indirect 

exchange in ionic solids, indirect exchange in metals, Double 

exchange, Anisotropic exchange 

• Measurement of magnetic order: Magnetic fields, Atomic 

scale magnetism, Domain scale measurements, Bulk 

magnetism measurements – magnetization and magnetic 

susceptibility, Neutron scattering, other techniques 

• Order and symmetry: Broken symmetry, Landau theory of 

ferromagnetism, Heisenberg and Ising models (1D and 2D), 

Phase transitions, Rigidity, Excitations – magnons, Domains, 

Domain walls, Magneto-crystalline anisotropy, Domain wall 

width, Magnetization process, Observation of domain wall, 

small magnetic particles, Stoner-Wohlfarth model, Soft and 

hard materials  

• Magnetism in metals: Pauli paramagnetism, spontaneously 

spin-split bands, spin- density functional theory, Landau 

levels, Landau diamagnetism 

• Competing interactions and low dimensionality: 

Frustration, Spin glasses, Superparamagnetism, One - and 

two-dimensional magnets – spin chains, Spinons Haldane 

chains, Spin-Peierls transitions, Spin ladders, 

Magnetoresistance, Magneto-optics 

Suggested Books Textbooks: 

1. S. Blundell, Magnetism in Condensed Matter, Oxford 
University Press (2001). ISBN: 9780198505914  

2. J. M. D. Coey, Magnetism and Magnetic Materials, Cambridge 
University Press (2010). ISBN: 9780511845000 
 
Reference Books: 
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3. D. C. Mattis, Theory of Magnetism, Springer (1981). ISBN: 
978354010611 

4. K. Yoshida, Theory of Magnetism, Springer India (2006). 
ISBN: 9788181284532 

5. B. D. Cullity & C. D. Graham, Introduction to Magnetic 
Materials, 2nd ed., Wiley-IEEE (2008). ISBN: 
9780471477419 
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Course Code PH 436 / PH 636 

Course Title Spintronics and Applications 

Course Category Department Elective 

Credit Structure L-T-P-Credits (2-1-0-3) 

Department Physics 

Prerequisites Basic knowledge of Linear algebra, ODE, Quantum Mechanics, Solid 
State Physics 

Objectives of the 
course 

Learn physical fundamentals of spintronics and device 
principles/materials. 

Course Outcomes • Formulate spin-based transport in devices 

• Gain overview of spintronics applications in quantum 

electronics (memory, sensors, computation) 

Course Syllabus • Spin in quantum mechanics: Overview of the quantum 

mechanics of spin, the Bloch sphere, spin-orbit interaction, Spin 

relaxation mechanisms 

• Spin-dependent transport: Basic electron transport, Spin-

dependent transport, Spin dependent tunneling 

• Spin transfer torques: Intuitive picture of spin-transfer 

torques, spin-transfer drive magnetic dynamics, Current-driven 

switching of magnetization and domain wall motion, Domain 

wall scattering and Current-Induced switching in ferromagnetic 

wires. 

• Magnetoelectronic: Spin current and spin accumulations, 

Magneto-electronic circuit theory, Spin- transfer magnetization 

torque, Flux quantization, Shubnikov-de Haas oscillations 

• Spin injection: Spin Hall effect, Silicon based spin electronic 

devices: Toward a spin transistor, Spin LEDs: Fundamental and 

applications, Spin-Valve and spin-tunneling devices: Read 

Heads, MRAMS, Field Sensors, Spintronic Biosensors, Quantum 

Computing with spins. 

Suggested Books Textbooks: 
1. S. Bandyopadhyay & M. Cahay, Introduction to Spintronics, 

CRC Press (2008). ISBN: 9780367656447 

2. Jean-Philippe Ansermet, Spintronics: A Primer, CRC Press 

(2024). ISBN-13: 9781032432335 

Reference Books: 
3. M. Johnson (ed.), Magnetoelectronics, Academic Press (2004). 

ISBN: 9780120884872 

4. D. J. Sellmyer & R. Skomski (eds.), Advanced Magnetic 

Nanostructures, Springer (2006). ISBN: 9781441936035 

5. S. Maekawa, Concepts in Spin Electronics, Oxford University 

Press (2006). ISBN: 9780191718212 
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Course Code PH 438 / PH 638  

Course Title Weak Interactions and the Standard Model 

Course Category Department Elective 

Credit Structure L-T-P-Credits (2-0-0-2) 

Department Physics 

Prerequisites Basics of Quantum Field Theory 

Objectives of the 
course 

Unification of fundamental forces; develop SM calculations for 
cross-sections and decay widths. 

Course Outcomes • Learn core aspects of the Standard Model 

• Compute scattering cross-sections and decay widths in SM 

Course Syllabus • Parity violation, V-A form of weak interactions, Beta-decay, 

muon and pion decay processes, charged- and neutral-currents, 

CP-violation and the neutral Kaon system, electroweak 

interactions, Feynman rules. 

• Abelian and non-abelian gauge theories, spontaneous symmetry 

breaking, Higgs mechanism and the Standard Model of particle 

physics, fermion masses and CKM matrix. Anomalies. 

Suggested Books Textbooks: 
1. A. Bettini, Introduction to Elementary Particle Physics, 

Cambridge University Press, ISBN: 9781107050402 

2. F. Halzen & A. D. Martin, Quarks and Leptons, Wiley India, 

ISBN: 9788126516568 

Reference Books: 
3. G. Kane, Modern Elementary Particle Physics, Cambridge 

University Press, ISBN: 9781107165083 

4. D. Griffiths, Introduction to Elementary Particles (2nd ed.), 

Wiley-VCH (2008), ISBN: 9783527406012 
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Course Code PH 440 /PH 640 

Title of the Course Introduction to String Theory 

Course Category Department Elective 

Credit Structure L-T-P-Credits (2-1-0-3) 

Name of the 
department 

Physics 

Pre–requisite, if any Relativistic Quantum Mechanics, General Theory of Relativity 

Objectives of the course The students will be introduced to the basic frameworks of string 
theory 

Course Outcomes The students will gain understanding and outlook of various 
research topics in string theory 

Course Syllabus • Introduction to strings, Problems with quantizing gravity and 

comparison with other approaches, Notion of Effective Field 

Theory. 

• String dynamics. Nambu-Goto and Polyakov action, Various 

gauge choices, Worldsheet conformal field theory, Bosonic 

strings in 26 dimensions. 

• Types of string theory, Spectrum of string theory. 

• Introducing fermions, Supersymmetric strings in 10 

dimensions. 

• D-branes, Higher form gauge fields, Introduction to M-theory. 

• Applications of string theory in many body physics, quantum 

information theory and low-energy effective field theory. 

Suggested Books Textbooks: 

B. Zwiebach, A first course in string theory, Cambridge University 
Press, (2nd Ed.), (2009) ISBN- 978-0521880329 

K. Becker, M. Becker, J. Schwarz, String Theory and M-Theory: A 
Modern Introduction Cambridge University Press, (1st Ed.), 
(2006) ISBN- 978-0521860697 

 
Reference Book: 
1.  E. Kiritsis, String Theory in a Nutshell, Princeton University 

Press, 2nd Edition, (2007), ISBN : 978-0691155791 
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Course Code PH 650 

Title of the Course Numerical Methods 

Credit Structure  

 

L-T-P-Credits 

2-0-2-3 

Name of the Concerned 

Discipline 

Physics 

Pre–requisite, if any  Basic Knowledge of Computer and any computer language 

Scope of the Course   

Course Syllabus Computational Algorithms: Structure of a Computer, some 

examples of algorithms 

Computer Arithmetic: Floating point representation of numbers, 

errors in numbers, Binary representation of numbers 

Iterative Methods: The method of successive bisection, the method 

of false position, Newton Raphson Iterative method, The Secant 

method, The method of successive approximations 

Solution of simultaneous Algebraic Equations: Gauss 

elimination method,  gauss Siedel iterative method 

Interpolation: Lagrange interpolation 

Least Squares approximation of Functions: Linear regression, 

polynomial regression  

Approximation of functions: Taylor Series representation, 

Chebyshev series 

Differentiation and Integration: Simpson's rule, Gaussian 

quadrature formulae 

Numerical Solution of Differential equations: Euler's method, 

Taylor Series method, Runge-Kutta method, Predictor-corrector 

method 

Textbook 1. V. Rajaraman, Computer oriented numerical methods , Prentice-

Hall of India  

2. James M. Ortega, Andrew S. Grimshaw, An Introduction to C++ 

and Numerical Methods, Oxford University Press, USA 

3. B.H. Flowers An Introduction to Numerical Methods in C++, 

Oxford university Press 

4. Bradley L. Jones, Sams Teach Yourself C++ in 21 Days Sams; 5 

edition (December 2004) 
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Course Code PH 651 

Title of the Course Mathematical Methods 

Credit Structure  

 

L-T-P-Credits           

2-1-0-3 

Name of the 

Concerned 

Discipline 

Physics 

Pre–requisite, if any  None 

Scope of the Course  

Course Syllabus Vector Analysis: Curvilinear coordinates, Concept of geometry: lines 

and planes,  Linear Algebra and Introduction to Tensors 

Group Theory and Representation Theory: Lie algebras, Lie groups, 

and some of their applications. Representation theory. Explicit 

construction of finite-dimensional irreducible representations; 

Invariant operators and their eigenvalues; Tensor operators. Boson 

and fermion realizations; Differential realizations; Quantum 

dynamical applications 

Complex analysis (residue calculus, method of steepest descent): 

Single and multiple valued complex variables, singularities, poles and 

branch points, Cauchy's conditions and theorem, mapping, dispersion 

relations, complex integrations. 

Differential equations and Green's functions: Ordinary differential 

equations, partial differential equations, first and second order 

equations, homogeneous and nonhomogeneous equations, singular 

points, series solutions, Sturm-Liouville Theory 

Integral Transforms: General properties of Fourier series, 

advantages and applications of Fourier series, Fourier transforms, 

Laplace Transforms. 

Special Functions: Bessel, Legendre, Laguerre, Hermite, Chebyshev, 

Hypergeometric Functions, Spherical Harmonics. 

Probability and Statistics: Probability distributions, Statistical 

Inference. 

 

Suggested Books  

 

1. G. B. Arfken and H. J. Weber, Mathematical Methods for 

Physicists (6th edition), Academic Press, 2005. 

2.  S. Hassani, Mathematical Physics: A modern introduction to 

its foundations, Springer-Verlag, 1999. 

3. K. F. Riley, M.P. Hobson and S.J. Bence, Mathematical Methods 

for Physics and Engineering: A Comprehensive Guide (3rd 

edition), Cambridge University Press. 

4. E. Kreyszig, Advanced Engineering Mathematics (8th edition), 

John Wiley & Sons,. 
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5. M.L. Boas, Mathematical Methods in the Physical Sciences (3rd 

edition), John Wiley & Sons. 
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Course code PH 653 

Title of the course Experimental Physics Lab-I 

Course Category Core 

Credit structure L-T-P-Credits (0-0-6-3) 

Name of the department Physics 

Prerequisites None 

Objectives of the course Students will get exposure to several experiments based on various advanced 

concepts of Physics.   

Course Outcomes Students will be able to 

• Accurately collect, analyze and interpret data to understand the 

underlying physical principles/ concepts in a range of areas in 

Physics. 

• Estimate the errors and statistical deviations associated with the 

experimental data. 

Course Syllabus A representative list of experiments that will be performed by students is as 

follows:  

 

Experiments 1, 2 have links to the Classical Mechanics course:  

1. Moment of inertia of flywheel – This experiment has links to the 

Classical Mechanics course. The broad aim here is to demonstrate the 

principles of rotational motion and energy conservation, and to 

understand the dynamics of rotational systems in classical physics. 

2. Measurement of Young’s modulus – by studying a material’s elastic 

behavior under tension or bending, the student will be exposed to the 

concepts of stress and strain, and its relationship in solids.  

 

Experiments 3, 4 related to concepts is fundamental wave optics:  

3. Michelson interferometer – the aim here is to study the interference 

of light waves and use the Michelson interferometer for precise 

measurement of wavelength, small distances, or refractive index 

variations, illustrating the wave nature of light. This experiment is 

considered to have laid groundwork for Einstein’s theory of Special 

Relativity. 

4. Verification of Brewster’s law – by determining the angle of 

polarization for light reflected from a dielectric surface, the students 

will explore the concept of polarized light and its dependence on the 

angle of incidence. 

Experiments 5 – 7 are related to Quantum Mechanics course:  

5. Millikan oil drop experiment – the aim here is to measure the charge 

of an electron (elementary electric charge) by observing the motion of 

tiny oil droplets in an electric field, and to understand the quantization 

of electric charge. 

6. Electron Spin Resonance (ESR) – To study the resonance absorption 

of microwave radiation by unpaired electron spins in a magnetic field, 

and to determine parameters such as the g-factor and explore quantum 
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mechanical spin behavior in materials. 

7. Zeeman Effect - To observe the splitting of spectral lines in the 

presence of a magnetic field (Zeeman effect), and to understand the 

interaction between magnetic fields and atomic energy levels, 

providing experimental evidence of electron magnetic moments. 

 

Experiments 8 – 10 are central to the Solid-State Physics course: 

8. Electrical resistivity by Four Probe method – This experiment aims 

to help students understand the difference in the temperature 

dependence of electrical resistivity between metals and 

semiconductors. Students will collect experimental data and apply 

standard theoretical models to analyze it. From this analysis, they will 

extract key parameters such as the band gap of the semiconductor and 

the temperature dependence power factor for the metal. 

9. Measurement of Hall effect in semiconductor – The aim here is to 

study the Hall effect in a semiconductor and understand its 

significance in determining key electrical properties such as carrier 

concentration, type of charge carriers (electrons or holes), and their 

mobility. The experiment provides insight into the behavior of 

semiconductors in the presence of a magnetic field and lays the 

foundation for practical applications in electronic and sensor devices. 

Students will vary parameters such as the strength and direction of the 

magnetic field, as well as the current through the samples. 

10. Magneto-resistance of Bismuth - This experiment aims to provide 

insights into charge carrier dynamics, the anisotropic nature of 

electrical conduction in dia-magnetic bismuth, and the underlying 

physical mechanisms that contribute to its strong magneto-resistive 

behavior.  

Suggested Books Reference books: 

1. W. F. Smith, Experimental Physics: Principles and Practice for the 

laboratory, CRC Press, (2020), ISBN: 978-1498778473 

2. L. Lyons, A practical guide to data analysis for physical science students, 

Cambridge Univ. Press, (1991), ISBN: 978-0415481519 
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Course Code PH 654 
Course Title Experimental Physics Lab-II 
Course Category Core 
Credit Structure L - T - P – Credits   

(0-0-6-3) 
Name of the 
concerned Dept. 

Physics 

Pre-requisite, if any Nil 
Objective of the 
course 

 To introduce students to techniques and methods used in nuclear 
physics experiments 

Course outcome Students will be able to work with instruments specific to nuclear 
physics and learn about its working. They will also learn about some 
distinguishing nuclear experiments. 

Course Syllabus  A list of representative experiments: 
• Half-life of radioisotopes using GM Counter 
• Characteristics of GM counter and nature of nuclear decay 
• Scintillation spectrometer and energy of Gamma rays and 

Beta rays (a) Energy resolution for a NaI detector (b) 
attenuation coefficient (u) for a rays from a given source (c) 
Efficiency of the detector. 

• Compton scattering of Gamma rays and energy shift  
• Detection of Cosmic Muons 
• Demonstrating the tracks of α particles in a Wilson cloud 

chamber 
• Rutherford scattering: measuring the scattering rate as a 

function of the scattering angle and the atomic number 
 

Suggested 
References 

1. B. L. Worsnop and H. T. Flint, Advanced Practical Physics for 
Students, Littlehampton Book Services Ltd, ISBN: 978-0423738902 
2. J. B. Rajam, Atomic Physics, S Chand & Co Ltd, ISBN: 
9788121918091 
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Course Code PH 660 (Till AY 2024-25) 

Title of the Course Nuclear and Particle Physics  

Credit Structure  

 

L-T- P-Credits 

2-1-0-3 

Name of the 

Concerned 

Discipline 

Physics 

Pre–requisite, if any  An undergraduate course in Quantum mechanics/Modern Physics.  

Scope of the Course To introduce students with the concepts and important developments 

in last century in our understanding of nucleus and elementary 

particles and their interactions. 

Course Syllabus Basic nuclear properties: size, shape, charge distribution, spin and 

parity; Binding energy, semi-empirical mass formula; Electric and 

magnetic moments; Fermi gas model of nucleus; nuclear shell model; 

Liquid drop model; Rutherford scattering; Fission and fusion; Atomic 

Reactors, Nature of the nuclear force, form of nucleon-nucleon 

potential; Charge-independence and charge-symmetry of nuclear 

forces; Isospin; Deuteron problem; Evidence of shell structure, single- 

particle shell model, its validity and limitations;  

Rotational spectra; Elementary ideas of alpha, beta and gamma decays 

and their selection rules; Electromagnetic transitions in nuclei 

multipole radiation; Nuclear reactions, reaction mechanisms, 

compound nuclei and direct reactions;  

Classification of fundamental forces; Elementary particles (quarks, 

baryons, mesons, leptons); quark model; Bag model; Symmetries and 

Conservation laws; Spin and parity assignments, isospin, strangeness; 

Gell-Mann-Nishijima formula; C, P, and T invariance and applications 

of symmetry arguments to particle reactions, parity non-conservation 

in weak interaction; Relativistic kinematics. Particle Accelerators and 

Detectors; Experimental prospective of detection of elementary 

particles. Introduction to QCD and Quark-Gluon Plasma (Qualitative).   
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Suggested books 1. W. E. Burcham and M. Jobes, Nuclear and Particle Physics, 
Addison Wesley Longman Ltd., Harlow, 1995. 

2. B. R. Martin and G. Shaw, Particle Physics, John Wiley and sons, 
Chicester, 1996. 

3. G. D. Coughlan and J. E. Dodd, The ideas of particle physics, 
Cambridge University Press, 1991. 

4. N. G. Cooper and G. B.West (eds.), Particle Physics: A Los Alamos 
Primer, Cambridge University Press,1988. 

5. R. C. Fernow, Introduction to experimental Particle Physics, 
Cambridge University Press, 1986. 

6. F. Halzen and A. D. Martin, Quarks and Leptons: An introductory 
Course in particle physics, John Wiley and Sons, New York, 1984.  

7. F. E. Close, An introduction to Quarks and Partons, Academic 
Press, London, 1979. 

8. D. H. Perkins, Introduction to High Energy Physics, Cambridge 
University Press, 2000. 

9. D. Griffiths, Introduction to Elementary Particles, Wiley-vch 
Verlag Gmbh, 2008. 

10. W. S. C. Williams, Nuclear and Particle Physics, Oxford University 
Press, USA. 

11. A. Das and T. Ferbel, Introduction to Nuclear and Particle 
Physics, World Scientific Publishing Company, 2003. 
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Course Code PH 660 (AY 2025-26 onwards) 
Course Title Nuclear and Particle Physics 
Course Category Core 
Credit Structure L - T - P – Credits  

(2- 1 - 0 – 3) 
Name of the 
concerned Dept. 

Physics 

Pre-requisite, if any An undergraduate course in Quantum mechanics/Modern Physics.  
Objective of the 
course 

To introduce students with the concepts and important developments in 
last century in our understanding of nuclear physics, and subatomic 
particles and their interactions. 

Course outcome • Students will be able to understand properties of nuclei and 
details of nuclear models.  

• Students will be able to understand properties of nuclear decays 
and nuclear reactions in brief.  

• Students will familiarize with the fundamental forces and the 
interaction dynamics of subatomic particles.  

 
Course Syllabus Two Nucleon Problem: Central and noncentral forces, deuteron and its 

magnetic moment and quadrupole moment; Force dependent on 
isospin, exchange force, charge independence and charge symmetry of 
nuclear force, mirror nuclei.  
Nuclear Models: Liquid drop model, fission, magic numbers, shell 
model, analysis of shell model predictions 
 
Nuclear Reaction: Energetics of nuclear reaction, compound nucleus 
theory, resonance scattering, Breit-Wigner formula, Alpha decay, 
Fermi's theory of beta decay, Selection rules for allowed transition, 
parity violation. 
 
Nuclear Structure: Form factor and charge distribution of the nucleus, 
Hofstadter form factor. 
 
Particle Physics: Experimental discovery of subatomic particles- 
methods and ideas (e.g. quarks, gluons, some hadrons like pions, kaons, 
charmonia and omega baryon). The Standard model of particle physics, 
particle classification, fermions and bosons, lepton flavors, quark 
flavors, electromagnetic, weak and strong processes, Symmetries and 
Conservation laws, Spin and parity determination, Isospin, strangeness, 
hypercharge, and baryon number, lepton number, Gell Mann-Nishijima 
Scheme, Quarks in hadrons: Meson and baryon octet, Elementary ideas 
of SU(3) symmetry, charmonium, charmed mesons and B mesons, Quark 
spin and colour. Parity non-conservation in weak interaction, 
Introduction to quark-gluon plasma.  
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Suggested 
References 

Textbook(s): 
1. W. S. C. Williams, Nuclear and Particle Physics, Oxford University 

Press, Clarendon Press,(1994) ISBN: 978-0198520467 
2. K. S. Krane, Introductory Nuclear Physics, Wiley, (2008), ISBN: 

978-8126517855 
 
References: 

3. R. C. Fernow, Introduction to Experimental Particle Physics, 
Cambridge University Press, (1989), ISBN: 978-0521379403  

4. F. Halzen and A. D. Martin, Quarks and Leptons: An introductory 
Course in particle physics, Wiley. (2008) ISBN: 978-8126516568 

5. D. H. Perkins, Introduction to High Energy Physics, Cambridge 
University Press, (2000), ISBN: 978-0521621960 

6. A. Das and T. Ferbel, Introduction to Nuclear and Particle Physics, 
World Scientific, (2003), ISBN: 978-9332555273 
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Course Code AA 671N/ PH 671N/ AA 471N/ IPH 471N 

Title of the Course Relativity and Cosmology 

Credit Structure L-T- P-Credits  
2-1-0-3 

Name of the Discipline 
of Center 

Astronomy, Astrophysics and Space Engineering 

Pre–requisite, if any   

Scope of the Course This course aims to introduce students to cosmology through an 
understanding of the General Theory of Relativity. Special 
emphasis will be placed on linear perturbation theory in the early 
universe, leading to the formation of the cosmic microwave 
background, as this illustrates basic undergraduate physics in the 
context of the frontiers of research in cosmology. 
 

Course Syllabus 1. Special Relativity: Michaelson-Morley Experiment, Galilean vs. 
Lorentz transformations, Lorentz invariance, scalars in special 
relativity, relativistic dynamics, acceleration in special relativity 
2. Cosmology: Olber’s paradox; difficulty with Newtonian 
cosmology; brief introduction to general theory of relativity, 
especially the line element; Schwarzschild metric, horizon, orbits, 
Hawking radiation; FRW metric as a consequence of cosmological 
principle; redshift, angular and luminosity distances; evolution of 
scale factor from Newtonian cosmology; density parameter; LCDM 
cosmology; flatness and horizon problems, basics of inflation 
theory; thermal history of the Universe, big bang nucleosynthesis; 
microwave background.                                         
3. Structure formation: Jeans instability in an expanding 
background; initial perturbation and anisotropies in CMBR, 
formation of dark matter halos, galaxy formation and star 
formation; millennium simulation; Sunyaev-Zeldovich effect; 
neutral hydrogen and other elements in the IGM, Lyman α forest 
and damped clouds; reionization, AGN/star-formation history of 
the universe; Gunn-Pet  

 

 

 

 

 

 

 

 

 

erson effect. 
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Suggested Books 1. S. Dodelson, Modern Cosmology, Academic Press, 2003, ISBN: 

0-1221-9141-2.  

2. S. Carroll, Spacetime and Geometry: An Introduction to 

General Relativity, 2003, ISBN: 0-8053-8732-2. 

3. J. A. Peacock, Cosmological Physics, Cambridge University 

Press, 1998, ISBN: 9780521422703.  

4. P. J. E. Peebles, Principles of Physical Cosmology, Princeton 

University Press, 1993, ISBN: 0-6910-1933-9.                                          

5. P. J. E. Peebles, Large-Scale Structure of the Universe, 

Princeton University Press, 1980, ISBN: 0-6910-8240-5.                                              

6. D. H. Lyth, & A. R. Liddle, The Primordial Density 

Perturbation, Cambridge University Press, 2008, ISBN: 0-

5218-2849-X.                     

6. S. Weinberg, Cosmology, Oxford University Press, 2008, ISBN: 

0-1985-2682-7.                                                                                              

7. R. Durrer, The Cosmic Microwave Background, CUP 2008.                   

8. S. Weinberg, The First Three Minutes, Basic Books, 1993, ISBN: 

0-4650-2437-8. 

9. Misner, C.W., Thorne, K.S., Wheeler, J.A., Princeton, 2017, ISBN: 

978-0691177793 

10. Hartle, J.B., Gravity: An introduction to Einstein’s General 

Relativity, Pearson, 2003, ISBN: 978-0805386622 

11. D’Inverno, R., Introducing Einstein’s Relativity, Clarendon, 

1992, ISBN: 978-0198596868 
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Course Code PH 674/ IPH 474/ AA474/ AA674 

Title of the Course Basics of Radio Astronomy 

Credit Structure  

 

L-T- P-Credits 

2-1-0-3 

Name of the 

Discipline 

Physics 

Pre–requisite, if any  Basics of Electronics procedure of conducting experiments 

Scope of the Course This course is intended to impart the hands-on Astronomy to 

students. It aims to introduce Radio Astronomy as well as basic 

instrumentation and Engineering in Astronomy. It also aims to 

introduce students to the basics of Extragalactic Astronomy and 

Cosmology.  

Course Syllabus Review of Electromagnetic theory: Maxwell’s equations and 

basics of electric and magnetic fields, Basic Electromagnetic Theory 

and radiation of electromagnetic waves, E & B Field Measurable 

quantities and Polarization. 

Radio Universe and Antenna: The Radio Universe and the 

Atmospheric Radio Window Brightness, Flux density and antenna 

fundamentals-I, Effects of the earth’s atmosphere, Basics of 

Radiative Transfer, Antenna fundamentals–II, Antenna 

Fundamentals–III.   

Radio Interferometry: Introduction, Uses and Advantages, 

Essential Ingredients of an interferometer.  

Radiometers: from Voltages to Spectra, Galactic Astrophysics and 

observations.  

Extragalactic Astrophysics: Fundamentals, Galaxies, Clusters of 

Galaxies, A brief introduction to cosmology, Astrophysics with 21 cm 

emission. 

 

Experiments: 

1. Measuring Beam Patterns – 4 sessions 

2. Measuring telescope aperture efficiency – 2 sessions 

3. Measuring the brightness of the sun and the moon – 2 

sessions 

4. Galactic Observations – 21 cm – 4 sessions 

5. Extragalactic Observations – 21 cm – 6 sessions 

6. Cosmological Comtinuum and spectral line observations – 4 

sessions 

7. Final Projects – 8-10 sessions 

Suggested Books  1. B. Ryden, Introduction to Cosmology, Addison Wesley, 2003, 

ISBN: 0-8053-8912-1  
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Course code  PH 681 

 Title of the course  Network Science 

 Credit Structure  L - T - P - Credits 
 2-1-0-3 

 Name of the Concerned 
Discipline 

 Physics 

 Pre-requisite, if any  Basic knowledge of linear algebra and probability theory 

 Scope of the course The course will teach basic and advanced concepts of network/graph 
theory and its various applications in biological, social, technological 
systems and deep learning. The course will enable students to model 
real-world complex systems existing in above fields 
concerning networks or graphs, and analyze their properties. 

 Course Syllabus Basic definitions: graph, network, adjacency matrix, path, degree, the 
importance of nodes betweenness, closeness and degree centrality, 
clustering coefficient and modularity, degree-degree correlations, 
weak ties  
Graph algorithms: ER Random, Scalefree: rich get richer, Small-
world: 6 degree of separation, the configuration model, Graph 
visualization Softwares  
Biological Networks: Protein-protein interaction networks, gene 
regulatory networks, signal transduction networks, 
metabolic networks, brain networks, network construction from 
biological data such as gene expression data and genomic data  
Social Networks: Facebook, Twitter, movie actor and 
collaboration network  
Technological Networks: Power grid networks, transport networks, 
electrical networks, world-wide-web (www), Machine learning 
algorithms for network evolution and relation with deep learning  
Graph spectra and applications, Importance of graph spectra  
Community detection methods, Graph partitioning  
Dynamics on networks: Introduction to synchronization 
on Networks and its applications to various fields spanning from 
power-grids to biology, Epidemics and other spreading phenomena 
(SI, SIS, SIR models)  
Advanced Topics: Multilayer networks, Graphs spectra, and relation 
with random matrix theory 

 Suggested Books 1. M. E. J. Newman, Networks : An introduction, Oxford University 
Press, Oxford, 2012, 978-0199206650 

2. S. N. Dorogovtsev and J. F. Mendes, Evolution of Netwokrs, Oxford 
University Press, Oxford, 2013, 978-0199686711 

3. Bjorn H. Junker and Falk Schreiber, Analysis of 
Biological Networks, John Wiley & Sons, New Jersey, 2011, 978-
0470041444 

4. Piet Van Mieghem, Graph Spectra for Complex Networks, 
Cambridge University Press, Cambridge, 2010, 978-0521194587 
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Course Code PH  691 

Title of the 

Course 

Physics Laboratory-I 

Credit Structure  

 

L-T- P-Credits 

0-0-8-4 

Name of the 

Discipline 

Physics 

Pre–requisite, if 

any  

Basics of Safety Procedures and Conduct in Laboratories 

Scope of the 

Course 

This course aims to introduce basic laboratory techniques in Physics 

through experiments that will be conducted as Experimental Projects. 

Students will be expected to attend laboratory sessions having familiarized 

themselves with basic theory of the experiments. Every experiment would 

be carried out in the form of a project, and students will be expected to 

submit a report for every experiment. 

Course Syllabus 1. Thermal diffusivity : teaches student how to do Fourier analysis of a 
periodic function of time. Theory involves the diffusion equation which 
gives thermal waves decaying in amplitude and changing in phase as 
they propagate.  

2. Dielectric constant of benzene and dipole moment of acetone: 
explains  the difference between polar and non- polar molecules, the 
concept of the local electric field different from the applied field, and 
the application of the Clausius-Mosotti relation.  

3. Verification of Curie-Weiss law for a ferroelectric using a ceramic 
capacitor: The ceramic capacitor contains a ferroelectric material as a 
dielectric with a Curie temperature around 20 oC. This provides a cheap 
and convenient method of verifying Curie-Weiss law.  

4. Thermal relaxation of a serial light bulb: This experiment verifies the 
Debye’s relaxation formula which is of importance in many areas.  

5. B-H curve using an integrator: Uses a hard material so that 
measurement of the remanent induction, coercive field and energy loss 
in a cycle is easy. It also uses an integrator and indicates how by 
integrating Farady’s law one may get the flux change.  

6. Calibration of a Lock in Amplifier and measurement of mutual 
inductance of a coil and low resistance (below 1 Ohm): The Lock in 
amplifier illustrates phase sensitive detection. One can verify all laws of 
mutual inductance and measure MI of about 100 μhenry to an accuracy 
of 2 to 3% using a current less than 1 milliampere.  

7. Geiger-Muller Counter: i) Statistical nuclear counting ii) Verification of 
Gaussian and Poissionian Distribution. 

8. Feigenbaum and Chua circuits for non-linear dynamics: This 
indicates how one goes from order to chaos in a deterministic non-
linear system through a process of bifurcations. The Chua circuit 
illustrates how a non-linear negative resistive device can be built using 
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op-amps and illustrates bifurcation in frequencies and shows different 
types of attractors. 

9. Tracing FM to PM transition in Ni and crystal structure transition 
in Shape memory alloy through resistivity measurement: The 
experiments on phase transitions illustrate how resistivity can be used 
to trace phase transitions. 

10. Percolation: To measure the percolation threshold for conductivity 
and show how conductivity varies near the threshold. 

11.  Michelson’s interferometry: Laser diffraction (single, double and 
multiple slits, diffraction grating) 

12. Fiber optics experiment: numerical aperture of optical fiber, study of 
single and multi mode optical fibers. Calibration of an unknown source 
using Gama-ray spectrometer. 

Suggested Books  1. B. L. Worsnop and H. T. Flint, Advanced Practical Physics for 
Students, Metheun & Co. Ltd. 

2. J. B. Rajam, Atomic Physics.  
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Course Code PH 692 

Title of the Course Physics Laboratory-II 

Credit Structure  

 

L-T- P-Credits 

0-0-8-4 

Name of the 

Discipline 

Physics 

Pre–requisite, if any  Basics of Safety Procedures and Conduct in Laboratories 

Scope of the Course This course aims to introduce basic laboratory techniques in Physics 

through experiments that will be conducted as Experimental Projects. 

 

Course Syllabus 1. Study of half-wave and full wave rectifiers. 

2. Designing regulated power supply (Zener diodes, regulators) 

3. Study of transistor characteristics, Using transistor as an amplifier. 

4. Designing a coupled amplifier. 

5. Study of various oscillators. 

6. Operational Amplifiers (Adder, subtractor, Integrator and 

Differentiator circuits) 

7. 555 Timer circuits. 

8. Logic gates (AND, OR, NOT, NAND, NOR) using ICs 

9. Seven segment Decoder. 

10. Flip Flops 

11. Measurement of cosmic muon lifetime 

12. Thin Films: Deposition, resistivity, reflectivity and thickness 

measurement 

13. Powder XRD 

Suggested Books  1. P. B. Zbar, A. P. Malvino, M. A. Miller, Basic Electronics: A Text Lab 

Manual, McGraw Hill. 

2. B. L. Worsnop and H. T. Flint, Advanced Practical Physics for 

Students, Metheun & Co. Ltd. 

3. J. B. Rajam, Atomic Physics. 
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Course Code PH 698 

Title of the Course PG Seminar Course 

Credit Structure  

 

L-T-P-Credits 

0-2-0-2 

Name of the Concerned 

Discipline 

Physics 

Pre–requisite, if any  Nil 

Course Objective To develop confidence and presentation skills of the student 

Course Syllabus In this course a PG student has to present seminar/presentation or 

a series of presentations on a topic(s) chosen by him/her in 

consultation with his/her PG Thesis Supervisor/ Faculty Advisor. 

The frequency of seminar/presentation will be decided by the 

Course Coordinator.   

Textbook None 

Other references  Books and research publications in various relevant 

journals/conference proceeding, etc.  
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Course Code  PH 710 

Title of the Course Theory of Quantum Materials 

Credit Structure L-T-P-Credits    

2-1-0-3 

Name of the Concerned 
Discipline 

Discipline of Physics 

Pre–requisite, if any Basic Knowledge of Quantum Mechanics and Solid State Physics 

Scope of the Course This course aims at introducing the many body theory revolving 
around the second quantization. After having a profound 
understanding of many body theory, the course will transit to 
electron phonon interaction and superfluidity. The novel 
properties of new generation materials would be an exciting way 
to wrap this course finally.   

Course Syllabus Second Quantization for Particles and Many Body Physics 
Homogenous Electron gas, Dirac notations; Physics of 
Hamiltonian Harmonic Oscillator and Phonons, Hubbard Model, 
Interaction Matrix elements, Polaron constant, Spin Hamiltonian, 
Homogenous Spin Systems, Ising Model, Phonon Dispersions, 
Dynamical Stability, Eliashberg theory, Allen Dynes formalism, 
High Pressure Physics, Phase Transformations, Dependence of 
electron-phonon interaction under hydrostatic pressure, uniaxial 
and biaxial strain. 
 
Many Body Theory of Superfluidity 
Introduction of superfluidity, Hartee and Exchange for Liquid 4He, 
Bogoliubov Theory of 4He, Off-diagonal long range order, 
Interaction between quasiparticle excitations, quasiparticle 
transport, Quantum Hall Effects, Landau Levels, Fixed Density, 
Fixed Chemical Potential, Impurity Dominated quantum hall 
effect, Laughlin Wave Function, Collective excitations, 
Magetorotons, Quasiholes. 
 
Fundamental Properties of new generation Materials 
Rashba Splitting, Rashba Dresselhaus Phenomena, Charge Carrier 
Recombination, Charge Carrier Dynamics, Excitonic effect, Van 
der Waals forces, London Dispersion forces, Stronger dipole-
dipole forces, Non-linear Poisson Boltzmann Treatment for Solid 
liquid interface, Effect of Non-centrosymmetric and Spin Coupling 
effect on electronic band structures. 

Suggested Books 1. G. D. Mahan, Many-Particle Physics, Springer, 2000 ISBN: 
9781475757149 (Text Book) 

2. P. Coleman, Introduction of Many Body Physics, Cambridge 
University Press, 2015, ISBN: 9781139020916 
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3. H. Bruus, Karsten Flensberg, Many-Body Quantum Theory in 
Condensed Matter Physics: An Introduction, Oxford 
University Press, 2001, ISBN:  9780191057472. 

4. R. Martin, Electronic Structure: Basic Theory and Practical 
Methods, Cambridge University Press, 2004 ISBN: 978-
0521534406 

5. R. Eisberg, Robert Resnick, Quantum Physics of Atoms, 
Molecules, Solids, Nuclei, and Particles, John Wiley & Sons, 
ISBN: 978-0471873730 

6. N. W. Ashcroft and N. Mermin, Solid State Physics, ISBN 978-
0030839931 

7. C. J. Joachain, B. H. Bransden, Physics of Atoms and 
Molecules, ISBN: 9788177582796 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Course Code PH 721 

Title of the Course Advanced Materials 
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Credit Structure  

 

L-T-P-Credits           

2-1-0-3 

Name of the Concerned 

Discipline 

Physics 

Pre–requisite, if any  Basics of solid state physics, electricity and magnetism 

Scope of the Course To introduce the students with the modern materials; their 

properties, applications and associated phenomena.  

 

Course Syllabus Magnetism, correlations of structural, magnetic and electronic 

properties, Direct and indirect exchange interactions. 

Review of superconductivity, high temperature superconductors, 

Josephson junctions, flux dynamics, recent advances in 

superconductivity (MgB2, Fe-based superconductors, Borocarbide 

superconductor etc.) 

Dilute magnetic semiconductors, spin electronics and technology 

based on it. 

Ferroelectric, Multiferroic and Magnetoelectric materials. 

Introduction to nanotechnology and nanoscience. 

Colossal magnetoresistive manganites, Giant magnetoresistance, 

Ferrites, magnetic multilayers, Chare-orbital ordering, Phase-

separation, Photofunctionality of some materials. 

Shape memory alloys: NiTi and magnetic alloys  

Recent/important discoveries in materials. 

Suggested Books  

 

1. M. Getzlaff, Fundamentals of magnetism, Springer, 2010. 

2. N. A. Spaldin, Magnetic Materials: Fundamentals and Device 

applications (2nd edition), Cambridge University Press, 2011. 

3. Chaikin and Lubensky, Principles of condensed matter 

physics, Cambridge University Press, 2000. 

4. B. D. Cullity, C. D. Graham, Introduction to magnetic 

materials, IEEE press and Wiley publications, 2009. 

5. H. Ibach and H. Lutz, Solid State Physics: An introduction to 

materials science, Springer, 2002. 

6. Ashcroft and Mermin, Solid State Physics, Wiley Publications. 

7. J. Singleton, Band Theory and Electronic Properties of 

solids, Oxford University Press, 2001. 

8. R. C. O'Handley, Modern Magnetic Materials: Principles and 

Applications, Wiley-Interscience Publications, 2000. 

9. R. E. Newnham, Properties of Materials: Anisotropy, 

Symmetry, Structure, Oxford University Press, 2005. 

10. D. C. Lagoudas, Shape Memory Alloys: Modeling and 

Engineering Applications, Springer, 2008. 

http://www.amazon.com/s/ref=rdr_ext_aut?_encoding=UTF8&index=books&field-author=Robert%20C.%20O'Handley
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11. V. A. Chernenko, Advances in Shape Memory Materials: 

Magnetic Shape Memory Alloys, Trans Tech Publications, 

2008. 
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Course Code PH 722 

Title of the Course X-ray Spectroscopy 

Credit Structure  L-T-P-Credits           
1-2-0-3 

Name of the Concerned 
Discipline 

Physics 

Pre–requisite, if any  
(for the students) 

Basic knowledge of  Quantum Mechanics, Solid State Physics and 
Atomic Physics 

Scope of the course To introduce the students to different X-ray based sophisticated 
experimental probes that are widely used for modern day 
materials research.  Importantly, the techniques taught in this 
course will be established at IIT Indore in near future and this 
course will be of immense benefit to the students who would like 
to use these techniques.    

Course Syllabus Scattering of X-Rays, X-ray Diffraction (XRD) – Theory, 

Instrumentation, Data Analysis – Introduction to Rietveld 

method, diffraction from amorphous solids, small angle 

scattering, Reflectivity.  

Photoelectron Spectroscopy – Instrumentation,  Core-levels 

and Final States, Low-Energy Satellites, Valance Band in Metallic 

solids and Insulators,  Quantitative and Qualitative Data analysis,  

Other related processes – Auger Effect and ESCA, Inverse 

Photoelectron spectroscopy,  X-ray Fluorescence 

Emission Spectroscopy – Resonant inelastic and Non-resonant 

X-ray Emission Spectroscopy (RIXS and NXES), Theory, 

Instrumentation, Data interpretation 

X-ray Absorption: Near Edge and Extended X-Ray Absorption 

Fine Structure (XANES and EXAFS), Transmission and 

Fluorescence method of detection, X-ray Magnetic Circular 

Dichroism (XMCD), Data interpretation. 

X-ray Spectrometers: Cauchois-type bent crystal X-ray 

spectrograph, Johnson and Johansson spectrometers and two 

crystal x-ray spectrometers 

Suggested Books  1. Elements of X-ray Diffraction (3rd Edition) – B. D. Cullity and S. 

R. Stock, Prentice Hall, ISBN: 978-0201610918 

2. Photoelectron Spectroscopy: Principles and Applications – 

Stefan Hüfner, Springer 2003, ISBN : 9783-54041-8023 

3. Modern Spectroscopy (4th Edition), – J. Michael Hollas, John 

Wiley & Sons, Ltd. ISBN: 978-0-470-84416-8 

4. X-Ray absorption : principles , applications, techniques of 

EXAFS, SEXAFS and XANES – Ed. By D. C. Koningsberger and R. 

Prins, John Wiley & Sons, ISBN: 978-0-47187-5475 
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Course Code PH 725  

Title of the Course Characterization of Surfaces and Interfaces of Materials  

Credit Structure  L-T- P-Credits  

2-0-2-3 

Concerned 

Discipline 

Physics 

Pre–requisite  Basic Knowledge of Quantum Mechanics, and Mathematics.  

Scope of the course To make the students to understand the mechanisms and applications 

of the characterization techniques/methods commonly used in the 

experimental research. 

Course Syllabus Scattering: Introduction, Review of crystallography, unit cell notation;  

Nature of x-rays, EM spectrum, generation of x-rays, spectra; Bohr 

model and transitions, Relation to multiple techniques Interaction of 

EM radiation with matter, absorption, Filters.   

X-ray scattering: X-Ray Diffraction, Bragg's law; Intensities of 

diffracted beams, Scattering, form factor, Structure factor; Single 

Crystal X-ray Diffraction; Powder X-ray Diffraction; Grazing Incidence 

X-ray Diffraction (GIXRD); X-ray reflectivity to characterize the surface 

and interfaces of thin films (<~100nm in Å order resolution); Small 

angle x-ray scattering (SAX), Wide angle x-ray scattering (WAX),  

Grazing-Incidence Small-Angle x-ray Scattering (GISAXS). Application 

of these techniques in characterization of soft-matters, thin films and 

nano-materials; Neutron Scattering; Counters; Advantage of use of 

Synchrotron; Radiation for material characterization. 

Spectroscopy: Near Edge X-ray Absorption Fine Structure (NEXAFS) 

Spectroscopy for organic materials and extension to EXAFS; Electronic 

Spectroscopy: Vacuum ultraviolet (VUV), UV-visible spectroscopy of 

organic materials/thin films; Surface spectroscopies based on electrons 

or photons or ions: X-ray Photo Electron Spectroscopy (XPS), Electron 

Energy Loss Spectroscopy (EELS), Secondary Ion Mass Spectroscopy 

(SIM.S.) 

Microscopy: SEM; TEM (HRTEM, SAD), High Angle Annular Dark field 

STEM (HAADF STEM); SPM (STM, AFM).  

NMR: Basics and application to biological structure determination; 

Vibrational spectroscopies: IR and Raman. 

Suggested books 1. P.E.J. Flewitt and R.K. Wild, Physical Methods for Materials 
Characterization, Taylor & Francis (2003). 

2. H.H. Willard, L.L. Merritt, Jr., J.A. Dean, F.A. Settle, Jr. Instrumental 
Methods of Analysis, Wadsworth Publishing Company (1988).  

3. B.D. Cullity and S.R. Stock, Elements of X-Ray Diffraction, Prentice 
Hall (2001).  

4. Jens Als-Nielsen, Elements of Modern X-ray Physics, (2nd Edition). 
John Wiley & Sons, Ltd. (2011)  
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5. G.F. Knoll, Radiation Detection and Measurement, Wiley (2010).  
6. C.N. Banwell and E.M. McCash, Fundamentals of Molecular 

Spectroscopy, McGraw-Hill College (1994).  
7. D.C. Harris, M.D. Bertolucci, Symmetry and Spectroscopy – An 

Introduction to Vibrational and Electronic Spectroscopy, 
Oxford University Press, USA, Dover publications (1989).  

8. J.M Hollas, Modern Spectroscopy, Wiley (2004). 
9. J. Stöhr, NEXAFS Spectroscopy, Springer (2003). 
10. D.B. Williams, C. B. Carter, Transmission Electron Microscopy: A 

Textbook for Materials Science, Plenum Press: New York, 1996. 
12. E.E. Hunter, Practical Electron Microscopy: A Beginner's 

Illustrated Guide, Cambridge University Press (1993). 
13. J.W. Edington, Practical Electron Microscopy in Materials 

Science Macmillan- Philips Technical Library (1974). 
14. J.K.M. Sanders and B.K. Hunters; Modern NMR Spectroscopy. 

Oxford Univ. Press (1987). 
15. A.Rahman and M.I.Choudhary; Solving ProbleM.S. with NMR 

Spectroscopy. Academic Press (1996) 
 
  

http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Joachim+St%C3%B6hr%22
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Course Code PH 745 

Title of the Course Laser Physics 

Credit Structure  

 

L-T- P-Credits 

2-1-0-3 

Name of the 

Concerned 

Discipline 

Physics 

Pre–requisite, if any  Fundamentals of Quantum Mechanics and Basic Modern Physics 

Scope of the Course To understand various aspects of Lasers 

Course Syllabus Spontaneous and stimulated emission, Einstein A & B coefficients; 

Lasers, optical pumping, population inversion, rate equation; Modes 

of resonators and coherence length,  

Techniques for the control of laser output employing Q-switching, 

mode locking and mode-dumping. Optical cavity design and laser 

stability criteria. Description of common types of conventional lasers. 

Physic of semiconducting optical materials, degenerate 

semiconductors and their Homojunctions and Hetrojunctions. Light 

emitting diodes (LED’s) junction lasers, Laser systems and 

applications.  

 

Suggested books Textbook:  

1. O. Svelto, Principles of Lasers, ISBN: 978-1441913012. 

 

Reference Books: 

1. K. Thyagarajan and A. K. Ghatak, Lasers: Theory and 

Applications, ISBN: 9780333904466. 

2. W. T. Silfvast, Laser Fundamentals, ISBN: 9780521138475. 

3. G. Streetmen and Sanjay Banerjee, Solid state electronic devices,  

ISBN: 81-7758-365-4. 

4. A. Beiser, Concepts of Modern Physics, ISBN: 9780070495531. 
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Course Code PH  761 

Title of the Course Theoretical Particle Physics 

Credit Structure  

 

L-T- P-Credits    

2-1-0-3 

Name of the 

Concerned 

Discipline 

Physics 

Pre–requisite, if any  Classical Mechanics, Fundamentals of Quantum Mechanics 

Scope of the Course  

Course Syllabus Review of Dirac Equation, Dirac Algebra, Review of Euler Lagrange 

Equation, Canonical quantization of free and interacting fields, S-

Matrix, Wick’s theorem. Feynman Diagrams.  

Quantum Electrodynamics: Tree level and higher order processes, 

Regularization and Renormalization, group flow, LSZ formula,  

Introduction to Lie groups.  

Gauge theory: Gauge invariance in abelian and non-abelian gauge 

theories, weak interactions, standard model and Higgs mechanism. 

Beyond standard model physics. 

 

Suggested Books  

 

1. Halzen & Martin, Quarks and Leptons: Introductory Course in 

Modern Particle Physics. 

2. D. Griffiths, Introduction to Elementary Particles. 

3. A. Lahiri & P. B. Pal, A First Book of Quantum Field Theory. 

4. Peskin & Schroeder, Quantum Field Theory. 

5. Cheng & Li, Gauge Theory of Elementary Particle Physics. 
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Course Code PH 765 

Title of the Course Experimental Techniques in High Energy Physics 

Credit Structure  

 

L-T- P-Credits  

2-1-0-3 

Name of the 

Concerned 

Discipline 

Physics 

Pre–requisite, if any  Special Theory of Relativity and Particle Physics 

Scope of the Course To familiarize students in the frontiers of detectors used in high energy 

experiments, the physics of quark-gluon plasma, hadron physics and 

techniques to handle large-scale data. 

Course Syllabus Interaction of Radiation with Matter: The Bethe-Bloch formula for 

energy loss, Minimum Ionizing particle (MIP), Cherenkov Radiation, 

Radiation length, Bremsstrahlung, Interaction of Photon, Electron-

Photon Showers 

Detectors for Particle Identification (principles and applications): 

Energy Resolution, The Fano Factor, Detector Efficiency, Read-out and 

Dead Time, Gaseous Ionization Detectors, Proportional Counters, Multi 

Wire Proportional Counter, Photon Multiplicity Detector, Drift 

Chamber, Time Projection Chamber, Time of Flight Detector, Muon 

Chamber, Transition Radiation Detector, Calorimeters 

(Electromagnetic and Hadronic Calorimeters), Silicon Detectors for 

tracking, Scintillation Detectors and Photomultipliers. Development of 

a prototype detector. 

Accelerator Physics: Concepts of van de Graff, Cyclotron and Linac, 

Colliders and Fixed target Experiments, Luminosity, Cross-sections, 

Concept of Event Triggering. 

Relativistic Kinematics: Lorentz Transformations; concept of four 

vectors, proper time, transformation from laboratory to center of 

momentum frame, Relativistic Kinematics, Hadron Physics, Quark 

Gluon Plasma (QGP). 

Data Analysis Techniques: Data Reduction and Error Analysis in High 

Energy Experiments, Analysis framework and ROOT. 

Suggested Books  

 

1. W. R. Leo, Techniques for Nuclear and Particle Physics 

Experiments (2nd edition), Narosa Publishing. 

2. G. F. Knoll, Radiation Detection and Measurement (3rd edition), 

John-Wiely and Sons. 

3. C. Y. Wong,  Introduction to High Energy Heavy-Ion Collisions, 

World Scientific publishing, 1994. 

4. R. Vogt, Ultra-Relativistic Heavy Ion Collisions (1st edition), 

Elsevier Publishing, 2007. 
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5. S. Sarkar, The Physics of the Quark-Gluon Plasma, Springer, 

2010, ISBN 978-3-642-02285-2. 

6. J. R. Taylor, An Introduction to Error Analysis (2nd edition), 

University Science Books. 

7. P. R. Bevington, D. K. Rabinson, Data Reduction and Error 

Analysis (3rd edition), Mc Graw Hill. 

8. R. Kaiser, Taylor & Francis, Hadron Physics, 2006. 

9. Alex H. Blin, Hadron Physics, American Institute of Physics, 2000. 

10. D. Griffiths, Introduction to Elementary Particles, Wiley-VCH 

Verlag Gmbh, 2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Course Code PH 781 

Title of the Course Theory of Complex Systems  

Credit Structure  L-T-P-Credits 
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 2-0-2-3 

Name of the 

Concerned Discipline 

Physics 

Pre–requisite, if any Knowledge of elementary probability and statistics. 

Computer and Technical Requirement: Students should have a working 

knowledge of a programming language such as Fortran, C or JAVA. 

Scope of the Course   

Course Syllabus • Methods in complex systems, Nonlinearity, chaos and order 

• Self-organization. Self-organization and emergence. Self-organized 

criticality  

• Edge of chaos and cellular automata cellular automaton rules; 

Cellular automata as models of complex systems, sand pile model, 

percolation 

• Network theory: Characteristics of network topology. Complex 

networks: Random networks, Small-world networks, Scale-free 

networks, Spectral graph theory 

• Multi-agent models, Game theory 

 

Suggested Books  

 

1.  D. Sornette, Critical Phenomena in Natural Sciences: Chaos, 

Fractals, Self-organization and Disorder: Concepts and Tools 

(2nd edition), Springer-Verlag, 2003. 

2. R. Hilborn, Chaos and non-linear dynamics: An introduction for 

scientists and Engineers, Oxford University Press, Oxford 2000. 

3. R. Devaney, Differenetial equations, dynamical systems, and 

introduction to chaos (pure and applied mathematics), 

Academic Press, USA, 2004. 

4. M. Tabor, Chaos and Integrability in non-linear dynamics: An 

introduction, John Wiley and Sons, 1989. 

5. B. Bollobas, Modern graph theory, Springer-Verlag, New York 

1998. 

6. N. Dorogovtsev and J. F. F. Mendes, Evolution of Networks, Oxford 

University Press, Oxford, 2003. 

7. S. Wasserman and K. Faust, Social Network Analysis, Cambridge 

University Press, Cambridge, 1994. 

8.  C. D. Meyer, Matrix analysis and applied linear algebra, SIAM, 

Philadelphia, USA, 2000. 

 

  

  

http://www.amazon.com/exec/obidos/ASIN/0521387078
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Course Code PH 790 

Title of the Course Statistical Methods in Physical Sciences 

Credit Structure  
 

L-T- P-Credits  
2-1-0-3 

Name of the Concerned 
Discipline  

Physics 

Pre–requisite, if any  
 

Some knowledge of numerical methods and any programming 
language, preferably C++. Basics of Statistics. 

Scope of the course To familiarize students in various areas of experimental data 
analysis. 

Course Syllabus Review of Statistical Distributions: General properties of 
continuous and discrete distributions: Binomial, Negative 
Binomial, Poisson, Gaussian, Exponential, Breit-Wigner or Cauchy 
and other statistical distributions with applications to physical 
systems. 
Data Reduction and Error Analysis:  Central limit theorem, 
rejection of data, weighted averages, combination of errors, 
propagation of errors, statistical and systematic errors, how to 
report and use uncertainties, statistical distribution of random 
uncertainties. 
Estimation and Least Squares: Properties of estimators, basic 
estimators, maximum likelihood, method of moments, least 
squares, the straight line fit, fitting binned data, chi square 
distribution and errors, linear least squares and matrices, non-
linear least squares, kinematic fitting. Covariance and Correlations 
Probability and Confidence: Probability and confidence levels, 
student’s t-distribution 
Taking Decisions:  Hypothesis Testing, interpreting experiments, 
goodness of fit, the two sample problem, analysis methods for 
several samples 
Monte Carlo Methods: Random number generation, Markov 
chain, applications of Monte Carlo calculations in various physical 
systems. 
Experiments: Handling of experimental data in ROOT GUI object 
oriented programming. 
 

Suggested Books  1. R.J. Barlow, Statistics: A Guide to the Use of Statistical Methods 
in the Physical Sciences, Wiley Publishing 

2. J. R. Taylor, An Introduction to Error Analysis, 2nd edition, 
University Science Books 

3. P.R. Bevington, D.K. Rabinson, Data Reduction and Error 
Analysis, 3rd edition, Mc Graw Hill. 

4. L. Lyons, Statistics for Nuclear and Particle Physicists, 
Cambridge University Press, 1986 

5. F. James, Statistical Methods in Experimental Physics, 2nd 
edition, World Scientific Publishing 
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1. Course Code PH 797 (Autumn Semester) 

PH 798 (Spring Semester) 

2. Title of the Course Ph.D. Seminar Course 

3. Credit Structure  

 

L-T-P-Credits 

0-2-0-2             

4. Name of the 

Concerned 

Discipline 

Physics 

5. Pre–requisite, if 

any  

None 

6. Scope of the 

Course 

 

7. Course Syllabus In this course a Ph.D. student has to present 

seminar/presentation or a series of presentations on a 

topic(s) chosen by him/her in consultation with his/her 

Ph.D. Thesis Supervisor/ Faculty Advisor. The frequency of 

seminar/presentation will be decided by the Course 

Coordinator.   

8. Textbook None 

9. Other references  Books and research publications in various journals  

 

 

 

 

 

 

 

 

 

 


