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Semester-V 

(NEP Syllabus) 

PH5123: Introduction to Classical Mechanics and Quantum Mechanics 

  TOTAL HOURS 45 

 

UNIT I: Lagrangian Formulation: 

Constraints: - Holonomic and Non-holonomic constraints, Scleronomous and 

Rheonomous constraints, Degrees of freedom, generalized coordinates, Configuration 

space, Principle of virtual work, D’ Alembert’s principle, Lagrange’s equations, Kinetic 

energy in generalized coordinates, Generalized momentum, First integrals of motion and 

cyclic coordinates.  

Conservation Laws and symmetry properties: - Homogeneity of space and conservation 

of linear momentum. Isotropy of space and conservation of angular momentum, 

Homogeneity of time and conservation of energy.                                            (10 hours) 

Self-study:- Noether's theorem (qualitative)                                                        (1 hour) 

Hamilton’s principle:  

Deduction of Hamilton’s principle from D’Alembert’s principle, Lagrange’s equation from 

Hamilton’s principle.                                                                                             (4 hours) 

 

UNIT II: Matter waves:  

Failure of classical mechanics and introduction to quantum mechanics (qualitative), de 

Broglie hypothesis, de-Broglie equation, different forms- both non-relativistic and 

relativistic cases. Davisson and Germer experiment, G.P Thomson experiment, 

properties of de-Broglie waves, phase velocity, concept of wave packet- group velocity, 

relation between phase velocity and group velocity for non-relativistic particles. 

Heisenberg’s uncertainty principle - different forms.                                          (9 hours)  

Concept of wave function, conditions for an acceptable wave function of a de- Broglie 

wave, probability density, Born’s interpretation of wave function, normalization condition, 

operators – eigenvalue equation, eigenfunction, eigenvalue, expectation values and 

commutation relations (between x, p, L, H, V & E operators).                            (4 hours) 

  



Self-study: - Application of uncertainty principle-Wave concept applied to Bohr orbit, 

Non-existence of electron inside the nucleus, size of the Bohr atom.                     (2 hours)  

 

UNIT III: Schrodinger’s equation and its applications:  

Setting up of Schrodinger’s wave equation- both time-dependent and time-independent 

cases.  Particle in an infinite potential well in one dimension-expression for energy and 

eigenfunction, Extension to three dimensions (no derivation) – degeneracy. Equation of 

continuity, probability-current density. Step potential in one dimension- Setting up of the 

wave equation and its solutions for both E>Vo and E<Vo cases, reflection and 

transmission coefficients for E>Vo case (no derivations), barrier penetration, and its 

transmission coefficient (qualitative).                                                                    (9 hours) 

Harmonic oscillator - expression for energy, zero-point energy and mention of waveforms.  

Hydrogen atom- setting up of azimuthal, polar and radial equations and their significance 

(qualitative) - quantum numbers, n, l, ml and ms.                                                   (4 hours)  

Self-study:- Tunneling effects- alpha decay and tunnel diode (qualitative), Quantum dots  

(2 hours) 

Text Books: 

1. Classical Mechanics - Aruldhas, G., (3rd Edition) 2012, PHI Learning Pvt. Ltd 

2. Modern Physics-Tipler, P.A., Llewellyn, R.A., (5th Edition), 2007, Freeman and 

Company 

 

Reference Books: 

1. Classical Mechanics- Goldstein, H, Safko, Poole, (3rd Edition), 2011, Pearson New 

International Edition 

2. Classical Mechanics- Rana. N, Jog, P, (2nd Edition), 2017, McGraw Hill Education 

3. Fundamentals of Classical Mechanics- Gupta, A.B., 2022, A.B. Book House 

4. An Introduction to Mechanics- Kleppner. D, Kolenkov, R, (2nd Edition), 2014, 

Cambridge University Press 

5. Classical Mechanics – Kibble, T, Berkshire F.H, (5th Edition), 2004, Imperial 

College Press 

6. Mechanics: Course of Theoretical Physics-Vol 1- Landau, L.D, Lifshitz, E.M., (3rd 

Edition), 2010, Elsevier Publishing 



7. Classical Mechanics- Upadhyaya, J.C., (3rd Edition), 2019, Himalaya Publishing 

House 

8. Feynman Lectures-Vol.3-Feynman, R. P, Leighton, R. B. Sands, M, (New 

Millennium Edition) 2013, Pearson Education 

9. Introduction to Quantum Mechanics- Griffiths, D.J., (2nd Edition), 2013, Pearson 

10. Quantum Mechanics Theory and Applications- Ghatak, A. Lokanathan, S. (6th 

Edition), 2012, Trinity Press 

11. Concepts of Modern Physics- Arthur Beiser, Mahajan, S., Rai Choudhury, S. (7th 

Edition), 2017, McGraw Hill Education 

12. Quantum Mechanics-Vol.1-Cohen-Tannoudji, C. Diu, B. Laloe, F.1977, John Wiley 

& Sons 

13. Quantum Mechanics- Merzbacher. E, (2nd Edition), 1970, John Wiley & Sons. 

14. Modern Physics, J. B. Rajam, S. Chand & Co. (2014) 

15. Modern Physics, H.S. Mani and Metha.(problems), Affiliated East-West Press, 

(2014) 

 

PH 5P1 General Physics Laboratory 
List of Experiments: 

 
1. Wavelength of Laser by diffraction using a steel ruler 

2. Application of CRO to study Lissajous figures 

3. Emissivity of an object that is close to a black body 

4. Michelson Interferometer 

5. Young’s double slit experiment 

6. Estimating Stefan’s constant 

7. Dielectric constant of a nonpolar liquid 

8. Hysteresis curve of a ferro-magnetic material 

9. Particle size measurement-lycopodium 

10. Gouys method for magnetic susceptibility 

11. Tunnel diode characteristics 

*Any other relevant experiment that the Department of Physics deems fit to be 

included. 



Semester-V 

(NEP Syllabus) 

PH5223: ELEMENTS OF ATOMIC AND MOLECULAR PHYSICS 

UNIT I: 

Atomic Spectra: Review of atom models, (Thomson’s model, Rutherford’s model, 

Bohr’s model, Sommerfeld’s relativistic atom model and Vector model). Space 

quantisation, spin electron hypothesis. Spectrum of H. Various quantum numbers n, l, 

s, j, ml, ms, mj. Pauli’s exclusion Principle. Spectroscopic notation of state of atoms, 

Coupling schemes, L-S coupling, and j-j coupling schemes.             (8 hours)                                                          

Magnetic moment due to orbital motion. Magnetic moment due to spin. Stern -Gerlach 

experiment -Experimental procedure and interpretation of result. Spin-orbit coupling. 

Expression for the spin orbit interaction energy (Qualitative). General selection rules. 

Fine structure - separation of sodium lines.                                                      (5 hours)                                                                                           

Self-Study: fine structure of Hydrogen atom.                                               (2 Hours) 

UNIT II: 

Zeeman effect - Larmour precession, Normal Zeeman effect, expression for Zeeman 

shift (on the basis of vector atom model), Anomalous Zeeman effect             (4 hours) 

Molecular spectra: Different regions of molecular spectra-Energy level diagram of a 

molecule, pure rotational motion – diatomic molecule as a rigid rotator, expression for 

the rotational energy, rotational spectrum- selection rule. Intensity of spectral line.                                        

Pure vibrational spectrum - mention of vibrational energy levels – selection rule. 

Rotational – vibrational spectrum, selection rules. Electronic Spectra of Diatomic 

molecules: The Born-Oppenheimer approximation, Intensity of vibrational-electronic 

spectra, Franck-Condon Principle (Qualitative)                                              (9 hours) 

Self-study: Stark Effect and Paschen-Back Effect                                       (2 Hours) 

UNIT III: 

Scattering and Raman effect: Coherent and Incoherent scattering, Rayleigh 

scattering. Raman Scattering. Quantum Theory of Raman effect, Pure Rotational 



Raman spectra: Linear molecules, symmetric top molecules, asymmetric top 

molecules, Raman activity of vibrations. Intensity, depolarisation ratio of Raman lines. 

Compton effect-expression for Compton shift. Rayleigh scattering and Mie 

scattering(qualitative).                                                                                   (10 hours) 

Black body spectra: Wien’s displacement law, Rayleigh-Jean’s law, Planck’s law of 

radiation: quantum hypothesis, deductions from Planck’s law. CMB Radiations as an 

example.                             (3 hours)                                                                         

Self-study: Applications of Raman Effect, Vibrational Raman spectra.       (2 hours) 

 

Text Book: 

   1. Atomic Physics (Modern Physics) by Dr. S.N. Goshal, S. Chand Publications, 

Year   

       

Reference Books: year 

1. Concepts of Modern Physics by Arthur Beiser ,6th edition, Tata Mc Graw Hill 

(2002). 

2. Atomic spectra & atomic structure, Gerhard Hertzberg: Dover publication, New 

York (1944). 

3. Molecular structure & spectroscopy, G. Aruldhas; Prentice – Hall of India, New 

Delhi (2001). 

4. Fundamentals of molecular spectroscopy, Colin N. Banwell & Elaine M. 

McCash, Tata McGraw –Hill publishing company limited (2004). 

5. Introduction to Atomic spectra by H.E. White, McGraw Hill (1934). 

6. Spectra of diatomic molecules by Gerhard Herzberg, Krieger Publishing Co. 

(1989). 

7. Quantum Mechanics by Jyotrimoy Guha, Books and Allied (P) Ltd. (Chap. 7) 

(2019). 

8. Modern Physics– Murugeshan, Kiruthiga Sivaprasath, S. Chand and Co. 

Ltd(2018). 

9. Modern Physics – Richtmyer, Kennard and Cooper, Tata McGraw Hill (2000) 



 

 

 

 

 

 

 

PH 5P2 Atomic and Molecular Physics Laboratory 

List of Experiments: 

1. e/m by Thomson’s method using bar magnets. 

2. e/m by Thomson’s method using Helmholtz coils. 

3. Ionization potential of Xenon. 

4. Zeeman Effect- Zeeman shift and hence e/m. 

5. Absorption spectra of KMnO4. 

6. Analysis of rotational spectrum of Nitrogen. 

7. Analysis of rotational- vibrational spectra of HBr. 

8. Planck’s constant using photo cell. 

9. Rydberg constant using Hydrogen spectrum. 

10. Fine structure constant using Sodium lamp. 

*Or any other experiments the department deems fit to be incorporated. 



Semester-VI 

(NEP Syllabus) 

PH6123: Elements of Nuclear Physics and Nuclear Instruments 

                                                 TOTAL HOURS 45  

 
UNIT I:  

NUCLEAR STRUCTURE  

Nuclear charge, size, radius measurement- mirror nuclei method, electron scattering, 

mass, spin and binding energy – determination of magnetic dipole moment, electric 

quadruple moment, parity of nuclei, isospin, theories of nuclear composition, proton – 

neutron hypothesis, properties of nuclear forces.                                            (5 hours) 

RADIOACTIVE DECAY 

Radioactive disintegration – law of successive disintegration – transient and secular 

equilibrium –alpha particle disintegration energy – alpha particle spectra. Alpha decay: 

Gamow’s theory, Geiger – Nuttal law. Beta Decay: Beta ray spectra – types of beta 

decay, Pauli’s neutrino hypothesis. Gamma rays –excited states                  (5 hours)                                                                                                  

NUCLEAR MODELS 

Introduction to different nuclear models- Shell model – evidences – theory – energy 

level diagram –spin-orbit interaction – magic numbers –spin and Parity- nuclear 

stability.                                                                                                           (3 hours) 

Self-study: proton and electron hypothesis, Radioactive series, Fission and Fusion, 

Nuclear stability                                                                                               (2 hours) 

 

UNIT - II    

NUCLEAR REACTIONS 

Types of nuclear reactions, Conservation laws, Expression for Q-value equation and 

threshold energy. Scattering cross-section, Reaction cross section, Coulomb 

scattering, nuclear scattering, compound and direct nuclear reaction (Qualitative)                                         

(5 hours)                                                                                          

PARTICLE PHYSICS  

Classification of elementary particles - Types of interaction- standard model-  hadrons 

–leptons – baryons – mesons – strangeness – hyperons – antiparticles –antimatter – 

basic ideas about quarks – types of quarks – quark dynamics– symmetry and 



conservation laws -Feynman diagrams– Gell-Mann Nishijima relations, strange 

particle, CPT Theorem.                                                                                   (8 hours) 

Self-study: introduction to QCD, CP violation in k decay                                (2 Hour) 

 

UNIT - III  

NUCLEAR INSTRUMENTATION  

ACCELERATORS  Cyclotron – synchrocyclotron – Betatron                       (2 hours) 

RADIATION DETECTORS: Techniques for radiation detection – detectors for alpha, 

beta, gamma rays. Detectors classifications: Gas filled detectors, characteristic 

curves. Photo multiplier tubes: dark current-pulse resolving power, efficiency of 

detection, Solid state detectors- CCDs      (7 hours)                                                                   

COUNTERS: Proportional counter – GM counter- Scintillation counter.       (2 hours)                                                                                                                                       

 

RADIATION PHYSICS  

Radiation hazards – biological effects of radiation - radiation sickness – radiation units 

and operational limits radiation survey meters – pocket dosimeter –control of radiation 

hazards – radiation therapy – radioisotopes used for therapy – nuclear medicine – 

industrial applications – food preservativation.                                                  (2 hours)                                                                                                                     

 

Self-study: Electron synchrotron – proton synchrotron (Bevatron), Ionization 

Chamber.                                                                                                         (2 Hour) 

 

Text Books:  

1. Modern Physics by R. Murugeshan and S. Kiruthiga, S. Chand Publication, 

Twelfth edition,2005. 

2. Modern Atomic and Nuclear Physics by A. B. Gupta, 4th Ed., Books &Allied. 

 

Reference Books:  

1. The Atomic nucleus, R.D. Evans, McGraw-Hill, Boston(1969). 

2. Radiation detection and measurements Glenn Knoll, 3rd Ed., John Wiley & 

Sons, Inc.(1999). 

3. Physics of nuclear and particles: Vol II, P. Marmier and E. Sheldon, Academic 

Press, (2013). 

4. K. S. Krane, Introductory Nuclear Physics, John Wiley (1988). 



5. A. Das and T. Ferbel, Introduction to nuclear and particle physics, John Wiley 

(1994). 

6. I. S. Hughes, Elementary Particles, Cambridge (1991). 

7. F. Halzen and A. D. Martin, Quarks and Leptons, John Wiley 

8. R. R. Roy and B. P. Nigam, Nuclear Physics: Theory and Experiment, New 

Age (1967).  

 

PH 6P2 Nuclear Physics Laboratory 

List of Experiments: 

1. GM Counter Characteristics – to study the operating voltage  

2. Verification of inverse square law using G-M Counter 

3. Absorption coefficient of Aluminium / Copper using G-M counter 

4. Poisson distribution using radioactive source   

5. Gamma ray analyser 

6. Finding Compton edge using Gamma ray analyser 

7. Analog to Digital converter 

8. Integrator and Differentiator circuits 

9. Clippers and Clampers circuit 

*Or any experiments department deems fit to be incorporated. 



Semester-VI 

(NEP Syllabus) 

PH 6223: Elements of Condensed Matter Physics and Devices 

Total number of hours: 45 

UNIT I: 

Crystal structure-Unit cell and its characteristics, seven crystal systems, and   

Bravais- lattices. Symmetry elements in crystals - cubic crystal. Miller indices, Inter 

planar spacing, Lattice directions, planes. Wigner - Seitz cell, Concept of reciprocal 

lattice point, calculation of reciprocal lattice point of SC, BCC and FCC lattices. Lattice 

directions and planes using miller indices. Structure of first Brillouin zone. Geometric 

structure factor. Atomic form factor 

                                                                                                                           (10 hours) 

X-rays: X-ray production and spectra. X-ray diffraction. Formulation of Bragg and Von 

Laue condition.                                                                                                  (3 hours) 

Self-study: Liquid crystals- classification properties and applications.            (2 hours) 

 

UNIT II:   

Properties of solids 

Classical free electron theory of metals- Drude -Lorentz Expression for electrical 

conductivity of metals, Ohm’s law, Thermal conductivity of metals - Wiedmann-Franz 

law.                                                                                                                    (3 hours)                                                            

Band theory of solids  

Free electron gas in three dimension. Fermi-Dirac distribution function. Fermi energy- 

Density of states for free electrons; Expression for Fermi energy and kinetic energy 

at T=0K and T>0K (qualitative). 

Bloch Theorem -The Bloch function; One dimensional Kronig-Penney Model. Velocity 

of electron in periodic potential. Energy Vs Wave vector relationship (E Vs k), 

distinction between conductors, semi-conductors, and insulators. 

Intrinsic semiconductors-concept of hole- concept of effective mass and energy gap. 

Expressions for carrier concentration in an intrinsic semiconductor.                                                                                                                   

                                                                                                                   (10 hours)  

Self-study: Formation of energy bands in solids.                                        (2 hours) 

 



 

UNIT III: 

 Superconductivity 

Introduction, experimental facts-zero resistivity, critical field, Meissner effect, 

persistent currents, superconducting magnets, magnetic levitation, isotopic 

effect.  Cooper pairs, BCS theory (qualitative) -Type-I-and Type-II superconductors, 

high temperature superconductors-applications                                             (3 hours)                                                                                                                                                                

Self-study: DC and AC Josephson Effect (qualitative)                                   (1 hour) 

Dielectric Materials: 

Electric susceptibility-Dielectric Constant-Electronic, ionic, orientational and Space-

charge polarizations-Frequency and temperature dependance of polarization-

Internal field-Clausius -Mosotti relation.                                                        (5 hours) 

Self-study: Uses of dielectric materials.                                                       (1 Hour) 

Specific heat of metals-Introduction-classical theory, Dulong and Petit’s law -

Einstein theory - Debye’s theory.                                                                 (3 hours) 

Solid state Devices -Solar cells, photoconductivity, light dependent-resistors. Light 

emitting diodes.                                                                                              (2 hours)  

 

Text book: 

1. Solid State Physics- S.O. Pillai, New Age International, Eighth edition (2018). 

 

References: 

1. Kittel's Introduction to Solid State Physics, Wiley India Edition (2019). 

2. Solid state physics- M.A. Wahab, Narosa Publications, II edition, (2005). 

3. Fundamentals of Solid-State Physics –A.J. Dekker, Laxmi Publications (2008). 

4. Thermodynamics and Statistical Physics- Singhal, Agarwal, Pragati Prakashan 

(2017). 

5. Fundamentals of Statistical and Thermal Physics, Sarat Book House (2010) 

6. Statistical Mechanics, B.K. Agarwal, M. Eisner, New Age International (2012) 

 

 



PH6P2 Condensed Matter Physics Laboratory 
 
List of Experiments:  
 

1. Fermi energy of copper. 

2. LDR – Characteristics. 

3. Planck’s constant using LED. 

4. Analysis of X-ray Photograph-powder method. 

5. Diode as a temperature sensor. 

6. Solar cell – Fill factor, inverse square law. 

7. Determination of dielectric constant. 

8. Determination of resistivity by Four probe method. 

9. Characteristics of solid-state devices. 

10. Hall effect. 

• Or any experiments department deems fit to be incorporated. 


