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Department of Physics
North-Eastern Hill University

Shillong-793022
THE STRUCTURE OF SYLLABUS FOR M.Sc. PHYSICS (NEP-2020)
	Semester
	Course Number
	Course Name
	Credits

	I
	PHY-CC-500
	Classical Mechanics
	4

	
	PHY-CC-501
	Mathematical Physics
	4

	
	PHY-DSEC-502
	Quantum Mechanics I
	4

	
	PHY-DSEC-503
	Laboratory I
	4

	
	PHY-GEC-504
	 Electronics and Instrumentation
	4

	                                                TOTAL
	20

	II
	PHY-CC-505
	Quantum Mechanics II
	4

	
	PHY-CC-506
	Electrodynamics
	4

	
	PHY-DSEC-507
	Statistical Mechanics
	4

	
	PHY-DSEC-508
	Laboratory II
	4

	
	PHY-RM-509
	Research Methodology in Physics
	4

	
	PHY-SEC-510
	Computational Techniques in Physics /MOOCs Course
	4

	                                                                               TOTAL
	24

	III
	PHY-CC-600
	Condensed Matter Physics
	4

	
	PHY-CC-601
	Nuclear and Particle Physics
	4

	
	PHY-CC-602
	Atomic and Molecular Spectroscopy
	4

	
	PHY-DSEC-603
	Solid State Physics/High Energy Physics/Laser Physics/Nuclear Physics/MOOCs Courses
	4

	
	PHY-DSEC-604
	Laboratory III/ Computational Techniques Laboratory
	4

	
	PHY-DSEC-605
	Experimental Techniques in Physics
	4

	                                                                               TOTAL
	24

	IV
	PHY-DSEC-606
	Dissertation
	16

	
	
	Viva-Voce
	04

	                                                                                                    TOTAL
	20


I Semester M.Sc. (Physics)

PHY-CC-500:  Classical Mechanics
(Total Credits: 4)
Unit-1:
 
Lagrangian formulation: Hamilton’s Variational Principle and derivation of 


Lagrange’s equations; velocity-dependent forces; dissipation. Charged particle 


in an electromagnetic field. Symmetry principles and conservation laws. Virial 


Theorem. 







(15)

Unit-2:

Two-body problem:  central forces, classification of orbits and differential 



equation for orbits. Kepler’s problem. Scattering in laboratory and center-of-


mass frames, transformation of cross-sections and energies from one frame to 


another. Coulomb scattering. Kinematics of decay of a particle (into two 



particles).
 






(12)
Unit-3:

Rigid Body Motion:  Fixed and Moving coordinate systems, orthogonal 



transformations  Euler angles, angular momentum, rotational kinetic energy. 


Principal axes transformation, Euler equations, force-free motion of a rigid 


symmetric top.







(11)
Unit-4:    

Legendre transformation; Hamiltonian equations; Significance of Hamilton’s 


function. Cyclic coordinates and conservation theorems. Poisson Brackets: 


Poisson Bracket of angular momenta with coordinates, Canonical 




transformation theory.  Contact transformation. Integral invariants.
(11)
Unit-5:

Special Theory of Relativity:



Lorentz transformations. Four dimensional formulation. Force Momentum and 


energy in relativistic mechanics. Properties of space-time in relativity. Two 


body decay of a particle.




           
(11)

Text Books:

1.
H. Goldstein, C. Poole and J. Safko, Classical Mechanics, Pearson Education Asia (2002)

2.
N.C. Rana and P.S. Joag, Classical Mechanics, Tata McGraw Hill (2001)

3.
L.D. Landau and E.M. Lifshitz,  Mechanics, Addison Wesley  (1960)

4.
J.V.Narlikar, An Introduction to relativity, Cambridge University Press (2010) 
Reference Books:

1.
J.B. Marion, Classical Mechanics of Particles and Systems, Academic Press (1999)

2.
L.D. Landau and E.M. Lifshitz, Classical Theory of Fields (Course of Theoretical Physics 
Vol II), Addison Wesley  (1960)

3.
W. Hauser, Introduction to the Principles of Mechanics, Addison Wesley (1965)

4.
W. Greiner, Classical Mechanics, Springer 2003.   

5.
D. Bohm, The Special Theory of Relativity, Routledge, London (1996)
I Semester M.Sc. (Physics)
PHY-CC-501: MATHEMATICAL PHYSICS

(Total Credits: 4)

Unit-1:

Functions of a Complex Variable




Analytic functions; Derivatives of analytic functions, Series of analytic 



functions; Tailor series and Laurent Series; Zeroes and isolated singular points 


of an analytic functions.The calculus of residues; Theorem of residues; 



Evaluation of integrals; Contour integration involving Jordan Lemma; The 


principal value of an integral; Multi-valued Lemma; Riemann surfaces; 



evaluation of an integral involving a 
multi-valued function. Analytical 



continuation; Dispersion relations.
   



(20)
Unit-2:

Vectors and Matrices 




Linear vector spaces; linear operators; Matrices; Co-ordinate transformations; 


Eigen value problems; Diagonalization of matrices; Spaces of infinite 



dimensionality. (10)

Unit-3:

Special Functions





Associated Legendre differential equation and functions; Generating function;




spherical harmonics; orthonormality. Bessel’s equation; Bessel function; 



Spherical Bessel, Neumann and Hankel functions. Expansion of a plane wave 


into partial waves.Laguerre and associated Laguerre differential equation and 


functions; Generating 
function; Airy functions; Recurrence relations; 



Orthonormality. Hypergeometric and confluent Hypergeometric functions.


 


 






(20)

Unit-4:  

Integral Transformations



General properties of Laplace transforms; inverse Laplace transforms; Appli-




cations of Laplace transforms; Convolution theorem; Solution of differential




equations with Laplace transforms.  




  (10)

Text Books:
1. J. Mathews and R. L. Walker, Mathematical  Methods of Physics ,W.A.

    Benjamin, 2nd edition (1970).

2. G. B. Arfken and H.J.Weber, Mathematical Methods for Physicists, Academic

    Press, 5th Edition (2000).

3. P. Dennery and A. Krzywicki, Mathematics for Physicists, Dover Publications (1996).

Reference Books:
1.  H. Margenau and G. M. Murphy, the Mathematics of Physics and Chemistry 

     (2 Volumes), Van Nostrand Reinhold Inc., 2nd Edition, (1967).

 2.  J. T. Schwartz, Introduction to Matrices and Vectors, Dover Publications,

      (2001)

3.  A. W. Joshi, Matrices and Tensors in Physics, Wiley-Eastern Ltd,

     3rd Edition (2000).

I Semester M.Sc. (Physics)

PHY-DSEC-502: Quantum Mechanics I

(Total Credits: 4)
Unit-1.

Introduction and Review: Ensemble and Copenhagen interpretation. Schrödinger  



Equation; Admissible wave functions; Stationary states; One dimensional 



problems; The square well  potentias, harmonic oscillator by operator methods.



                                         





(11)
Unit-2. 
Dirac bra and ket notation. Equations of motion: Schrödinger, Heisenberg and Dirac 

representations; equations of motion in the representations. Application to linear 


harmonic oscillator.                              




(11)                             


  

 
Unit-3.  
Three   dimensional   problems:  Separation of   variables; orbital   angular  

          

 momentum; spherical harmonics. Free particle in spherical polar coordinates,  

           

harmonic oscillator in Cartesian and polar coordinates. Coulomb problem in 

           

spherical and  parabolic coordinates.                                                

(16)

Unit-4. 
Spinors and their transformation properties. Pauli spin matrices. Identical Particles 

and Statistics. Addition of Angular momenta. Clebsch-Gordon coefficients. 


Wigner-Eckart Theorem.      






(11)

Unit-5.
 
Symmetry in Quantum Mechanics. Reflections, time reversal, space inversion, 


particle exchange. Displacement in space and time, rotational symmetry. 



Conservation laws.  (11)

Text Books:

1.
E. Merzbacher, Quantum Mechanics, John Wiley (1999)

2.
G. Aruldhas, Quantum Mechanics, Prentice Hall (2002)

3.
L.I. Schiff, Quantum Mechanics, Tata McGraw Hill (2010)

4.
A. Messiah, Quantum Mechanics, Dover (1999)

5.
S. Gasiorowitz, Quantum Mechanics, Wiley (2003)

6. 
V.Devenathan, Quantum Mechanics, Narosa Publishing  House, SecondEdition (2012)

7.
B.H.Bransden and C.J.Joachain, Quantum Mechanics, Second Edition, Pearson  


Education (2005)
8.
N. Zettili, Quantum Mechanics: Concepts and Applications, Wiley India Pvt. Ltd. (2016)

Reference Books:

1.
K. Gottfried, Quantum Mechanics, Benjamin (1986)

2.
J.J. Sakurai, Modern Quantum Mechanics, Addison-Wesley (1990)

3.
V.K. Thankappan, Quantum Mechanics, New Age Int. Pub. (1996)

4.
P.T. Mathews and S. Venkatesan, Quantum Mechanics, Tata McGraw Hill (2001)

5.    
L. D. Landau and E. M. Lifshitz, Quantum Mechanics (Course of Theoretical   

            Physics, Vol.3), Butterwort Heinemann (1999) 
     




I SEMESTER M.Sc. (Physics)

PHY-DSEC-503: LABORATORY - I

(Total Credits: 4)
Study of phase difference in an RC circuit and calibration of an Oscillator using Lissagous figures.

To study the phase shift oscillator

To study the Wein bridge oscillator

To study the Schmidt trigger circuit

To study Op-amp characteristics.

To study Op-Amp as an adder, differentiator and integrator.

To study Biot-Savarts law.

Measurement of speed of sound in air using Lissagous pattern. 
Determination of difference in wavelength (∆ λ) of Na using Fabry-Perot interferometer.

To study the Energy level jumps in Na.

To verify Beer-Lamberts Law using UV visible Spectrometer.

To determine the wavelength of He – Ne laser using a Ruler.

To measure attenuation and bending losses of an optical fiber.

To measure reflectivity curves of a glass sheet for parallel, perpendicular and un-polarized light.

Study of transient response of series LCR circuit.
Note: Students are required to perform a minimum of 12 experiments from this list.

Books and manuals:  

1. 
W.T. Eadie et al., Statistical Methods in Experimental Physics, North-Holland Publishing 

     
Company (1971).

2.  
M. Nelkon and J.M. Ogborn, Advanced Level Practical Physics, ELBS (1983).

3. 
L.K. Maheshwari and M.S. Anand, Laboratory Manual for Introductory Electronic  

  
 Experiments, New Age International Publishers, Wiley Eastern Ltd (1995).

4. 
Nuffield Guide to Apparatus, Western Printing Services (1968).

5. 
B. Saraf et al., Physics Through Experiments, Vikas Publishing House (1979).

6. 
Nuffield Physics Through Experiments, Vols. III & V,Western Printing Services (1968).

7. 
L. R. Ingersoll et al, A laboratory Manual of Experiments in Physics, McGraw Hill Book 

   
Company (1953).

8. 
J. R. Taylor: An Introduction to Error Analysis, Oxford University Press (1982).

9. 
M. Sayer and A. Mansingh, Measurement, Instrumentation and Experimental Design in 
Physics and Engineering, Prentice Hall of India (2000).

11. 
A. J. Diefenderfer and B. E. Holten, Principles of Electronics and Instrumentation, Saunders 

     
College Publication (1994).

12. 
J. Christos and C. Halkias, Electronics, Tata McGraw Hill (1991).

13. 
D.Chattopadhyay, P.C.Rakshit and B.Saha, An advance course in practical Physics, New  

     
Central Book Agency (1997)

I Semester M.Sc. (Physics)

PHY-GEC-504: ELECTRONICS AND INSTRUMENTATION
(Total Credits: 4)
Unit-1: 
Amplifiers and Oscillators



Analysis of transistor amplifier in CB and CE configurations in terms of h-



parameters,two stage cascaded amplifier; Low frequency gain;


High frequency gain,Miller effect,Push-Pull amplifier; MOSFET enhancement and 

depletion type, p and n channel MOSFET; gate and drain characteristics; 


Phase shift oscillator; Wein Bridge Oscillator; Unijunction relaxation oscillator;
 

Crystaloscillator. Multivibrators: Astable, Monostable and Bistable, Schmitt Trigger.











(20)

Unit-2: 
Negative Conductance Microwave Devices:


The IMPATT Diode; Read Diode; The TRAPATT Diode. Gunn effect;



Ridley-Watkins-Hilsum (RWH) mechanism; Modes of operation of Gunn oscillator. 











(11)

Unit-3: 
Digital Electronics and Measurements:



Logic gates. Boolean Algebra; De Morgan’s theorem; Karnaugh maps; DTL;



TTL logics; Flip-Flops; RSFF, JKFF counters; Shift Register. Analog -



Digital (A-D) and Digital – Analog(D-A) conversion; Digital-Analog (D-A)
 

ladder networks.Essential components of a computer system; 


semiconductor memory. 






(12)

Unit-4:
 Modulation, Demodulation and Analog Measurements:



Modulation: Amplitude modulation (AM); modulation factor; side band 


frequencies in amplitude modulated(AM) wave; Frequency modulation(FM):
 

modulation index; Demodulation; principle of Amplitude Modulation; 


and Frequency Modulation detection; Photo-multiplier tube;  Oscilloscope; 

 
Lissajous figures.






           (10)

Unit-5: 
Semiconductor lasers:


Population inversion at a junction; Basic semiconductor laser;
           

Hetrojunction lasers.







(7)

Text Books:
1.  B. G. Streetman and S. Banerjee, Solid State Electronic Devices Prentice Hall, 5th Edition ( 2003).

2.  J. J. Brophy, Basic Electronics for Scientists, McGraw-Hill, 5th Edition (1990).

3.  SantiramKal , Basic Electronics: Devices, Circuits and IT Fundamentals  

4.  K. C. Gupta Microwaves, New Age International Pub., 1st Edition,(1983).

5.  A. J. Malvino, Electronic Principles , Tata McGraw-Hill Education, 6th Edition (1998).

6.  J. D. Ryder, Electronics Fundamental and Applications: Integrated and Discrete Systems,  
     Prentice Hall of India Learning, 5th Edition, (2009).

7.  D. C. Tayal, Principles of Electronics , Himalaya Publishing House,1st Edition (2001).

8.  S. L. Gupta and V. Kumar Handbook of Electronics, Pragati Prakashan, (2006).

Reference Books:
1. A. J. Diefenderfer and B.E. Holten, Saunders Principles of Electronic Instrumentation,
    College Pub., 3rd Edition (1994).

2. H. V. Malmstadt, C. G. Enki and S. R.Crouch, Electronics Instrumentation, ,Benjamin (1981).

3. M. L.  Sisodia and Vijay Laxmi Gupta Microwaves: Introduction to Circuits, Devices and   

    Antennas, New Age International, 1st Edition, (2001).

4. Samuel Y. Liao Microwave Devices and Circuits, Prentice Hall, 2nd Edition (1985).

II Semester M.Sc. (Physics)

PHY-CC-505:  Quantum Mechanics II






(Total Credits: 4)
Unit-1.
 
WKB approximation; connection with classical limits, validity of WKB 



approximation. Connection formulae; application to bound states, Tunneling in one 

dimension.  








(10)                                                                                                                                                                                 






 
Unit-2.

Stationary perturbation theory: Non-degenerate case; first order and second orders for 

energy 
and wave functions, perturbation of one dimensional harmonic oscillator by 

potentials of the type bx2  and cx3, Degenerate case; first order Stark effect in 


hydrogen; Zeeman effect without electron spin.   



(10)     
Unit-3.

Time dependent perturbation theory; first order transition probabilities; constant 


perturbation. Transition to continuum. Harmonic perturbation. Fermi’s golden rule. 

Sudden and adiabatic approximations.           



(10)                                                                                                  










Unit-4.

Scattering Theory: Asymptotic behaviour of scattering wave function; relation to 


cross sections. Green’s function for scattering problem; Green’s functions with 


different boundary conditions; Scattering integral equations; Born approximation and 

its validity criteria; Scattering by screened Coulomb potential. Partial waves and 


phase shifts. Scattering amplitude; optical theorem.     


 (15)  
Unit-5.

Relativistic wave equations:  Klein-Gordon equation. Difficulty with probability 


interpretation. Dirac equation; Four component solutions for free particle; Negative 

energy 

solutions  and antiparticles; Covariant form of Dirac equation; 4-


current density. Properties of (-matrices. Dirac equation in the presence of 



electromagnetic field; non-relativistic reduction; spin and magnetic moments.
                   











(15)                               

Text Books:

1.
E. Merzbacher, Quantum Mechanics, John Wiley (1999)

2.
G. Aruldhas, Quantum Mechanics, Prentice Hall (2002)

3.
L.I. Schiff, Quantum Mechanics, Tata McGraw Hill (2010)

4.
A. Messaiah, Quantum Mechanics, Dover (1999)

5.
S. Gasivowitz, Quantum Mechanics, Wiley (2003)

6.
D.J.Griffiths, Introduction to Quantum Mechanics (2nd Edition), Pearson Education. Inc 
(2005)
Reference Books: 

1.
K. Gottfried, Quantum Mechanics, Benjamin (1986)

2.
W. Greiner, Quantum Mechanics, Springer (2002)

3.
V.K. Thankappan, Quantum Mechanics, New Age Int. Pub. (1996)

4.
B. Craseman and J.D. Powell, Quantum Mechanics, Addison Wesley (1998)

5.
P.T. Mathews and S. Venkatesan, Quantum Mechanics, Tata McGraw Hill (2001)

6.     
L. D. Landau and E. M. Lifshitz, Quantum Mechanics (Course of Theoretical 

             Physics, Vol.3), Butterwort Heinemann (1999) 
7.     
J.D. Bjorken and S.D. Drell, Relativistic Quantum Mechanics, McGraw Hill (1970)

8.
J.J. Sakurai, Advanced Quantum Mechanics, Pearson Education (2004)

II Semester M.Sc. (Physics)

PHY-CC-506: Electrodynamics

(Total Credits: 4)
Unit-1:

Dirac-delta functions and its properties, Concepts of point charge, Green 



function for the sphere, Boundary value problems with azimuthal symmetry, 


Addition theorem for spherical harmonics.     


(10)
Unit-2: 

Plane electromagnetic waves and their propagation. Maxwell’s equations, 



Propagation of electromagnetic waves in isotropic and anisotropic dielectrics, 


Propagation of E.M. waves in conducting media and in rarefied plasma, 



Reflection and refraction of E.M. waves, Fresnel formulae, Brewster’s law and 


polarization of E.M. Waves, Total internal reflection and critical angles, 



Linear and circular polarization, Stokes parameters.      

(12)











Unit-3:

Radiating system:  Poynting theorem of complex fields vectors, Green 



functions for the wave equations, Concepts of retarded potentials. Fields and 


radiation of localized oscillating sources, Electric and Magnetic dipoles, 



electric quadrupole fields, Center fed linear antenna, multipole expansion of 


electromagnetic fields. 





(12)
Unit-4: 

Special theory of relativity: Matrix representation of Lorentz transformation, 


Infinitesimal generators, Thomas precision, Invariance of electric charge, 



Covariance of electrodynamics, Transformation of electromagnetic fields.
 











(13)


                                                                                                       

Unit-5:       

Radiation by moving charges: Lienard- Wiechert potentials and fields for a 


point charge, Total power radiated by accelerated charge, Larmor’s formula, 


Angular distribution of radiation emitted by an accelerated charge in arbitrary 


extremely relativistic motion.





13)














     
Text books:

1. J.D. Jackson ,Classical Electrodynamics, John Wiley and Sons,3rd Edition(1998)

2. S.P.Puri Classical Electrodynamics, Narosa Publishing House (2011)

3. D. J. Griffiths, Introduction to Electrodynamics, 3rdEdition,Pearson Education, Delhi (1999)

4. S.L.Gupta,V.Kumar and S.P.Singh Electrodynamics, ,19th Edition, Pragati Prakashan, Meerut(2011)

5. Ashok Das ,Lectures on Electromagnetism, , Hindustan Book Agency(2013)

6. Walter Griener, Classical Electrodynamics, Springer (1998)

II Semester M.Sc. Physics

PHY-DSEC-507: Statistical Mechanics

(Total Credits: 4)

Unit-1:  
1-Dimensional  random walk:









Binomial, Gaussian and Poisson distributions: mean and dispersions;



Central limit theorem; Extension to several  variables.
     

 (11)

Unit-2:  
Classical Statistics:





 



Liouville’s theorem. Classical equilibrium statistical mechanics: Concept of 


equilibrium, heat bath, density of states, ensembles. Microcanonical, canonical and 

grand canonical ensembles. Partition functions and their relations to thermodynamics. 

Application of Classical statistics to ideal monatomic gas: Calculation  of 



thermodynamic quantities. Gibbs paradox. Equipartition theorem.

  (12)

Unit-3:  
Quantum statistics:









Quantum statistical mechanics: Pure and mixed states, the density matrix, 



fundamental postulates. Quantum statistics: Quantum gases of independent particles. 

Partition functions; Maxwell-Boltzmann, Bose-Einstein and Fermi-Diracdistributions; 

black body radiation, Bose-Einstein condensation.


              (12)

Unit-4: 
Phase Transitions:










First- and second-order phase transitions. Elementary idea of critical



phenomena, critical exponents. Exact solution of Ising model in one



dimension.







     
(11)

Unit-5:  
Nonequilibrium Phenomena : 







        
 
Approach to equilibrium, Quantum mechanical Liouville’s theorem,

                         Boltzmann’s H-theorem. Fluctuations, Brownian motion, Langevin equation, 


diffusion, Correlations.




       

(14)

Text Books:

1. 
Federick Reif, Fundamentals of Statistical and Thermal Physics, Mc-Graw Hill. (1985).

2.
 R.K Pathria, Statistical Physics, Elsevier (1996).

3. 
R. E. Wilde and S. Singh, Statistical Mechanics: Fundamentals and Modern Applications, 
John Wiley & Sons, 1985.

4.
 K. Huang, Statistical Mechanics, Wiley & Sons, (2000).

5. 
L.D. Landau and E.M. Lifshitz, Statistical Physics (Course of Theoretical  Physics, Vol. 5), 
Butterworth Heinemann (1999).

 Reference Books:

1.
 S. K-Ma, Statistical Mechanics, World Scientific, (1985).

2.
 D. J. Amit and J. Verbin, Statistical Mechanics,World Scientific, (1999).

3.
 N. Goldenfeld, Lectures on Phase Transitions and The Renormalization Group,

 
 Levant Books, Kolkata (2005)
II SEMESTER M.Sc. (Physics)

PHY-DSEC-508: LABORATORY II

(Total Credits: 4)

1. 
To verify Fresnel formula.


2.
To study relationship between wavelength of microwaves in vacuum and 



microwave cavity using Gunn diode.

3.
To determine Lande-g factor by E.S.R. method.


4.
To study acousto optic effect.


5.
To study resistivity of a semiconductor by 4-probe method.


6..
To measure bulk modulus of liquids using ultrasonic interforemeter.


7.
To study Phonon dispersion of a mono-atomic chain of atoms using electronic 


analogue of the chain.


8.
Determination of dielectric constant of  material.


9.
To study the plane of polarization of a laser beam and verify Malus law.

10.
To study Faraday (Magneto-Optics) effect and evaluate Verdet’s constant.


11.
Curie temperature of ferroelectric material.


12.
To determine Curie temperature of ferrielectric material.


13.
To calibrate the γ-ray spectrometer and determine the Energy of γ-ray from an 


unknown source.

14.
To study Decay curve for half life components of irradiated in by a neutron source.


15.
To determine Boltzmann constant using a semiconductor diode.

16.
To determine Stefan’s constant by electrical method.
Books and manuals:

1.  
W. T. Eadie, Statistical Methods in Experimental Physics (Elsevier Science Ltd., 2nd Reprint 
Edition, 1983)
2. 
M.Nelkon and J.M.Ogborn: Advanced Level Practical Physics (Heine-mann Educational 
Publishers, 3rd Revised Edition, 1970).
3. 
L. K  Maheswari and M. M. S.Anand Laboratory Manual for Introductory Electronic 

    
Experiments   (New Age International Publishers, 1st Edition, 2010).

4.  
Nuffield Guide to Apparatus (Longman, 1969).

5. 
B. Saraf  Physics Through Experiment  (Vikas, 1996).

6. 
L.R. Ingersoll  A LaboratoryManual of Experiments in Physics (McGraw Hill, 1942).

7. 
J.R. Taylor  An Introduction to Error Analysis: The Study of Uncertainties in Physical 

     
Measurements (University Science Books, 2nd Edi tion, 1996).

8.  
M. Sayer and A. Mansingh Measurement, Instrumentation and Experiment Design in Physics 

     
and  Engineering (Prentice Hall Of India  Learning,(2005).

9. 
A. J. Diefenderfer and B.E. Holten Principles of Electronic Instrumentation (Saunders 
College Pub., 
3rd Edition, 1994)

10. 
J.Millman and C. C. Halkias , Electronic Devices and Circuits (McGraw Hill, 1967).

11. 
S. S. Kapoor and V. S. Ramamurthy  Nuclear Radiation Detectors New Age International,  
(1986).

II Semester M.Sc. (Physics)

PHY-RM-509: Research Methodology in Physics

(Total Credits: 4)
Unit I:  
(a) 
Statistical Errors: General formula for errors. The relative error of a power, a 


rrot and successive approximations, Taylor series, principle of least square, 


law of 
error for residuals.



(b) 
Computational errors: General floating point errors and complications, 



overflow and underflow.     





(15)                                 

Unit II: 
Probability and Statistics



Fundamental probability laws. General property of distributions. Multivariate 


Gaussian distributions. Fitting of experimental data. 


(15)

Unit III. 
Computational techniques in theoretical and experimental research: Least squares 


fit, etc. 








(15)
Unit IV: 
Research Methodology



Identification of the research problem; literature survey; seminar presentation. 












(15)
 










Text Books:

1.
Mathematical Methods of Physics by J. Mathews and R.L. Walker (W.A.  Benjamin, 2nd 
edition, 1970). 


2.
Mathematical Methods for Physicists by G.B. Arfken and H.J. Weber (Academic Press, 5th 
Edition, 2000).

3.
Mathematics for Physicists by P. Dennery and A. Krzywicki (Dover Publications, 1996).


Numerical and Analytical Methods for Scientists and Engineers using Mathematica by D. 
Dubic 
(John Wiley, 2003).

4.
Matrix Analysis by R.A. Horn and C.R. Jhonson (Cambridge University Press, 1990).

Reference Books:

1.
Methods of mathematical Physics (2 Volumes) by R. Courant and D. Hilbert (Wiley-VCH; 
1st Edition, 1989).

2.
Methods of Theoretical Physics (2 Volumes) by P. M. Morse and H. Feshbach (Feshbach 
Publishing, 2004).

3.
The Mathematics of Physics and Chemistry by H. Margenau and G. M. Murphy (2 Volumes) 
(Van Nostrand Reinhold Inc., 2nd Edition, 1957).

II Semester M.Sc. (Physics)

PHY-SEC-510: Computational Techniques in Physics

                                                             (Total Credits: 4)

Unit-1: 
Matrices and Linear Equations:  Addition, subtraction, and multiplication of matrices, 

Inversion of matrices, Jacobi transformations of a symmetric motion, Determinant of 

a matrix, Transpose of a matrix, Solution of equations by matrix methods, Gauss-


Jordan 
elimination Method, Eigen values and Eigen vectors. 

(15)
                                                                                           

Unit-2: 
The Solution of Numerical, Algebraic and Transcendental Equations: 

         

Equations in one Unknown: Finding approximate values of the roots, finding roots 

by repeated application of location theorem, The Newton-Raphson method its 


convergence and its geometric significance.




 (15)                                                                                              

Unit-3: 
Solution of Ordinary Differential Equations:

   

 (a)  
Equation of the first order: Euler’s method and its modifications, 



the Runge-Kutta method,Checks, Errors and Accuracy.                                                                                                                                                       
   

 (b)  
Equation of the second order and systems of simultaneous Equations:  



Milne’s-predictor and corrector methods, Boundary value problems, 

           


conditions for Convergence.





(15)                                                                                                           

Unit-4: 

Numerical Integrations:




(a)
Classical formulas for equally spaced abscissas: Simpson’s Rule, 




Trapezoidal Rule, Gaussian quadrature formula.
                                        

(b)   
Computation of factorials; computation of square roots; recurrence 




relations.               

               
(c) 
 Monte-Carlo Methods: Random number generations, Checking the 



randomness of a sequence, Monte-Carlo integration.
      

(15)

Text Books:
1. 
V. Rajaraman, Numerical Analysis, Wiley Eastern (1990)

2.
W.H. Press, S.S. Teukolsky, W.T. Vetterling and B.P. Flannery, Numerical Recipes in  

             FORTRAN, Cambridge University Press (1992).

3.
 S.S. Sastry, Introductory Methods of Numerical Analysis, Prentice Hall of India (2002)

4.
 M.K. Jain et al., Numerical Methods for Scientific and Engineering Computation, New Age 
 International Publishers (2002)

5.
 H.M. Antia, Numerical Methods for Scientists and Engineers, Hindustan Book Agency 
(2002)

6. 
K.P.N.Murthy, Monte-Carlo Methods in Statistical Physics, University Press (2004)

7. 
John R Taylor, An Introduction to Error Analysis, University Science Books, Sausalito, 
California (1997)

8.
Philip R.Bevington and D.Keith Robinson, Data Reduction and Error Analysis for the 
Physical Sciences, McGraw-Hill (2003)

9.
B.P.Demidovich and I.A. Maron, Computational Mathematics, Mir Publishers, Moscow 
(1981).
III Semester M.Sc. (Physics)

PHY-CC-600: Condensed Matter Physics

(Total Credits: 4)

Unit-1:  
Phonons: Quantization of lattice vibrations, dispersion relations for acoustic and 


optical 
phonons, energy gaps, heat capacity, thermal conductivity and thermal 


expansion.

     
  
Electron gas: Density of states, Fermi energy, heat capacity, electrical

     
 
conductivity and thermal conductivity, Wiedemann-Franz law.                (10)

Unit-2:   
Nearly Free Electron Gas:







      
 
Schrödinger equation of an electron in a periodic potential. Bloch Theorem.

       

Energy gaps at zone boundaries. Approximate solution near a

     
  
zone boundary. Energy bands and their role in properties of metals,

      
  
insulators and semiconductors. Holes in energy bands. Hall effect.            (10)

    Unit-3: 
Fermi Surfaces of Metals: 




            

    
 
 Shape of Fermi surfaces in the free electron and nearly free electron

  

models. Tight binding approximations. Electron orbits, hole orbits,

 

and open orbits. Quantization of orbits in a magnetic field.



de Haas–Van Alphen effect and its role in experimental determination 



of Fermi surfaces.







(10)

Unit-4: 
Superconductivity: Phenomenology and Electrodynamics:




Type-I and Type-II superconductors. London penetration depth and



coherence length. Cooper pairs and their role in BCS theory. Flux



quantization in a superconducting ring. Vortex state. Estimation of



two critical fields in Type-II superconductors. Josephson effect.                   (10)

Unit-5: 
Magnetic Properties of Solids:



 



(a) 
Diamagnetism and Paramagnetism: Langevin diamagnetism. Quantum




theory of paramagnetism. Application to rare earth and iron




group ions. Paramagnetic susceptibility of conduction electrons.



(b) 
Ferromagnetism and Anti-ferromagnetism: Mean-field theory. Heisenberg




model. Magnons. Dispersion relation for one dimensional




ferromagnetic and anti-ferromagnetic models. Heat capacity at




low temperatures. Ferromagnetic domains.



(12)

Unit-6: 

Simple liquids and Liquid Crystals:




Radial distribution function and structure factor in liquids, Classification of 


liquid crystals and concept of order parameter in liquid crystals.  

(8)                                         

Text Books:

1. 
Charles Kittel, Introduction to Solid State Physics, John Wiley & Sons  Inc. (2005).

2. 
H. Ibach and H. Luth, Solid State Physics, Springer, New Delhi (2009).

3.
N.W. Ashcroft and N.D. Mermin, Solid State Physics, Horcourt Asia

    
Pvt. Ltd. (2001)

4. 
J.M. Ziman, Principles of the Theory of Solids, Cambridge University

   
Press (1979)

5. 
M.S. Rogalski and S.B. Palmer, Solid State Physics, Gordon and Breach

  
 Science Publishers (2001).
6.
P.M. Chaikin and T.C. Lubensky, Principles of Condensed Matter Physics, Cambridge 
University Press (2000).

7.
S. Chandrasekhar, Liquid Crystals, Cambridge University Press (1992).
8.
J.-P. Hansen and I.R. McDonald, Theory of Simple Liquids, Academic Press (2005)

Reference Books:

1.
Charles Kittel, Quantum Theory of Solids, John Wiley & Sons Inc., New York (1987).

2. 
J. Callaway, Quantum Theory of the Solid State, Academic Press, New York (1991).

3. 
P.W. Anderson, Concepts in Solids, World Scientific Publishing Co. (2009).

4. 
P.G. deGennes and J. Prost, The Physics of Liquid Crystals, Clarendon Press (1993).
III Semester M.Sc. (Physics)

PHY-CC-601: Nuclear and Particle Physics

(Total credits: 4)

Unit-1:    
The nuclear Force: Short range force, general form of the nucleon-nucleon potential, 

exchange forces.  Meson theory of nuclear forces: Concept of exchange of particles,  

The Yukawa potential, general form of the pion-nucleon interaction, nucleon-nucleon 

potential. Low energy nucleon-nucleon scattering:  the scattering length, the effective 

range theory, spin dependence of n-p scattering. The Deuteron: The deuteron wave 

function, simple considerations using central potential, deuteron radial wave function, 

the effect of the tensor potential, the electric quadrupole moment.   

(12)                                                                                                                   
Unit-2:    
Nuclear Models: Binding energies of nuclei:  plot of B/A against A, semi empirical 

mass formula. Mass parabolas: Prediction of stability against β decay.  Nuclear shell 

model, the evidence that led to the shell model, main assumptions of the single 


particle model, spin-orbit coupling in nuclei for single particle shell model, parabolic 

potential, square well potential, predictions of the shell model. Collective excitations: 

Vibrational and Rotational model spectra.                   


  (10)

Unit-3: 
Nuclear Reactions: Conservation laws, kinematics governing nuclear reactions, Q- 

value,  cross section of nuclear reactions, neutron reactions at low energies, Coulomb 

effects 
in nuclear reactions, neutron reactions, compound nucleus hypothesis, Breit 

Wigner one level formula for resonance reactions. Elements of direct reactions 


(qualitative), energetic of fission and fusion, neutron induced fission, chain reaction, 

and hydrogen burning in the sun. 





(10)
Unit-4:   
Beta Decay: Fermi’s theory, classification of nuclear transitions, neutrino mass, parity 

violation in β decay. Gamma decay: Electric and Magnetic multiple radiation, 


selection rules, internal conversion, nuclear isomers. 


 (9)                                       

          
Unit-5:       
Interaction of charged particles and γ radiation with matter:



Linear attenuation coefficients, Compton scattering, photo electric absorption, and 

pair production. Stopping power and range energy relations. Detectors for charged 

particles and   gamma rays . 



     


 (9)
 Unit-6:     
Sub-nuclear Physics: Proliferation of elementary particles, classification of 


elementary particles and their interactions. Quark model, Conservation laws.  (4)                                            

 
Text books :
1. 
S.N. Ghosal, Atomic and Nuclear Physics Vol-II, S. Chand and Company Ltd. (1998)

2. 
S.M. Wong, Introductory Nuclear Physics, Prentice Hall Inc. (1990)

3.
B.L. Cohen, Concept of Nuclear Physics, Tata Mc Graw Hill Publishing Company Ltd. 
(1973)

4. 
R.D. Evans, The Atomic Nucleus, Tata Mc Graw Hill Publishing Company Ltd. (1955)

5. 
S.S. Kapoor and V.S. Ramamurthy, Nuclear Radiation Detectors, Willey Eastern Ltd. (2001)

6.         K. Heyde, Basic Ideas and concepts in nuclear physics, Overseas Press (2005)

7.         B.P.Roy and R.R.Nigam, Nuclear Physics (theory and Experiment), New Age International 
Pvt Ltd Publishers ( 2006)

8.         B.R. Martin, Nuclear and Particle Physics: An Introduction, John Wiley and Sons ((2009).

Reference books:
1. 
W.N. Cottingham and D.A. Greenwood, An Introduction to Nuclear Physics, Cambridge 

University Press. (1986)

2.         V. Devanathan, Nuclear Physics, Narosa Publishing House. (2011)

3. 
S.B Patel, Nuclear Physics: An Introduction, New Age International (P) Ltd Revised edition   
(2011) 

III Semester 
M.Sc. (Physics)

PHY-CC-602: Atomic and Molecular Spectroscopy
(Total credits: 4)

Unit-1:

Notations of angular momentum state and spectral terms, L-S and J-J 



coupling, Fine structure of hydrogenic atom, energy shifts, Fine structure of 


spectral lines, Intensities of 
fine structural lines, The Lamb Shift, Hyper fine 


structure and isotope shifts, magnetic dipole 
hyperfine structure, electric 



quadrupole hyperfine structure.       




(15)       



                     

Unit-2:

The electromagnetic field and its interaction with charged particle, Transition 


rates, Absorption, Spontaneous and stimulated emission, population inversion, 


Einstein A and B coefficients, Types of LASERS, Working principle of He-


Ne LASER







(10)




                                                                 


                                                                                                      
Unit-3:

Interaction of one electron atoms with external electric and magnetic fields, 


Stark effect, Linear and quadratic stark effects, Zeeman effect, Linear and 



quadratic Zeeman effects, the Paschen-Back effect.                      
(12)                                                
Unit-4:

Theories of molecular bond formation, Ionic bonding, Valence bond treatment 


of  hydrogen molecular ion ( 
[image: image1.wmf]2

H

+

), The LCAO (Linear Combination of Atomic 


Orbitals) method, Heitler- London treatment of 
[image: image2.wmf]2

H

 molecule, Rotational and 


vibrational spectra of diatomic molecules. Rotational Raman spectra (linear 


and symmetric top molecules), vibrational Raman spectra.

(12)










Unit-5:

Molecular symmetry: Symmetry elements and point group, proper and 



improper rotations,  Molecular point groups, Matrix representation of 



symmetry operations, Character table for 
[image: image3.wmf]23

 and C

VV

C

 point groups, The great 


orthogonality theorem, Reducible and irreducible representation for simple 


molecules as H2O and NH3 .                                             

 (9)                               









 

Textbooks:
1.
B.H.Bransden and C.J.Joachain, Physics of Atoms and Molecules ,Pearson Education, 2nd 
Edition(2003)

2.
C.J.Foot, Atomic Physics(Oxford master series in Physics),Oxford University Press, First 
Edition(2004)

3.
W.Demr’oder, An introduction to Atomic, Molecular and Quantum Physics,Springer, First 
Edition (2005)

4.
C.E.Burkhardt and J.J.Leventhal, Topics in Atomic Physics,Springer.1st Edition(2005)

5.
G.Aruldhas, Molecular Structure and Spectroscopy,PHI Learning Pvt, 2nd Edition(2009) 

6.
O.Svelto, Principle of Lasers,Springer, 4th  Edition(2009)

7.
M.Karplus and R.N.Porter, Atoms Molecules: Introduction Students Physical Chemistry, 
Benjamin-Cummings,1st  Edition(1971)

8.
M.Tinkham, Group theory and Quantum Mechanics ,Dover Publications (2003)

III Semester M.Sc. Physics

PHY-DSEC-603: Solid State Physics

(Total Credits: 4)

Unit-1: 
Plasmons, Polaritons, and Polarons: 



Dielectric functions of electron gas. Plasmons. Electrostatic screening.



Mott metal-insulator transition. Polaritons. Electron-electron interactions.



Polarons. Peierls instability of linear metals.


         
 (12)

Unit-2:
Dielectric and Optical Properties:  



Macroscopic electric field and the local electric field at an atom. 




Ferroelectric crystals. Landau Theory of phase transitions. Optical 




reflectance. Kramers-Kronig relations. Excitons. Raman effect in 


crystals.







(11)

Unit-3: 
Superconductivity - BCS Theory:  



Electron-phonon-electron interaction. Superconducting ground state.



Elementary concept of energy gap. Critical temperature.

(11)

Unit-4: 
Nanostructures:  



Electronic structure and electrical transport in 1D systems. Electronic



structure and electrical transport in 0D systems.


(11)

Unit-5: 
Noncrystalline Solids and Defects:



(a) Glasses. Low energy excitations in amorphous solids.



(b) Point Defects: Lattice vacancies. Diffusion. Color centres.



(c) Line defects: Shear strength of single crystals. Dislocations.



(d) Surfaces and Interfaces: Surface electronic structure. Magneto resistance in two 

     dimensional channels.  





 (15)
Text Books:

1. Charles Kittel, Introduction to Solid State Physics, (8th edition) John Wiley & Sons Inc. (2005).

2. H. Ibach and H. Luth, Solid State Physics, Springer, New Delhi (2009).

3. N.W. Ashcroft and N.D. Mermin, Solid State Physics, Horcourt Asia Pvt. Ltd., 2001.

4. J.M. Ziman, Principles of the Theory of Solids, Cambridge University Press (1972).

5. M.S. Ragolski and S. B. Palmer, Solid State Physics, Gordon and Breach Science Publishers 
    (2001).

Reference Books:

1. 
Charles Kittel, Quantum Theory of Solids, John Wiley & Sons Inc., New York (1987).

2. 
J. Callaway, Quantum Theory of the Solid State, Academic Press, NewYork (1991).

3. 
P.W. Anderson, Concepts in Solids, World Scientific Publishing Co. (2009).

4. 
P.M. Chaikin and T.C. Lubensky, Principles of Condensed Matter Physics,Cambridge 
University Press (1995).
5. 
S. Datta, Electronic Transport in Mesoscopic Systems, Cambridge University Press(1195)
III Semester M.Sc. (Physics)

PHY-DSEC-603: High Energy Physics

(Total credits: 4)
Unit-1:  
The Dirac equation



The Dirac equation; covariant form of Dirac equation; proof of covariance; space  



Reflection, Bilinear co-variants; Non-relativistic reduction and the magnetic of 


electron.                






(9)
Unit-2: 
Hole theory


Negative energy solutions; charge conjugation and positrons; vacuum polarization; 

time Reversal; CPT transformation.




                (8)

Unit-3: 
Propagator theory


The non-relativistic propagator; Definitions and properties of Green’s functions; 


the Propagator in positron theory.






               




(10)

Unit-4: 
Applications of Propagator theory



Coulomb scattering of electrons and positrons; Spin averaged cross sections; 



Electron scattering from a Dirac proton; Trace theorem.                   (11)

Unit-5: 
Feynman rules and applications



Higher order correction to electron-proton scattering and Feynman rules; 



Bremsstrahlung and infrared catastrophe; Compton scattering and Klein-Nishina 


formula; Grossing symmetry; Pair annihilation into Gama rays; electron-electron and 

electron-positron scattering; the Bhabha cross section; Polarization in electron 


scattering. 







(22)









Text and Reference Books:

1.
J.D. Bjorken and S.D. Drell, Relativistic Quantum Mechanics McGraw Hill, First 
edition(1998)

2.
D.H.Perkins, Introduction to High Energy Physics, Addision Wesley(2000)

3.
M.Leon, Particle Physics An introduction, Academic Press(1973)

4.
D.J.Griffiths, Introduction to Elementary particles, John WILEY (2000)

5.
J.EmonersonSymmetry principles in particle Physics, Clarendon Press, Oxord(1972)

6.
Walter Griener and Reinhard Joachim, Quantum Electrodynamic, Springer(2009)

7.
J.J.Sakurai, Advanced Quantum Mechanics, Addison Wesley(1967)

9.
Walter Griener, Relativistic Quantum Mechanics, Springer(1990)

10.
L.Lahiri and P.Pal,A First Book of Quantum Fielf Theory, Narosa Publishing House(2005)

11.
M.E.Peskin and D.V.Sehroeder, An Introduction to Quantum Field Theory, Addision 
Wesley(1995)

12.
F.Mandle and G.Shaw, Quantum Field theory, John Wiley and Sons(1984)

13.
F.Halzen and A.D.Martin,Quarks and Lepton: An Introductory Course in Particle 
Physics,John Wiley 
and Sons(1984).
III Semester M.Sc. (Physics)

PHY-DSEC-603: Laser Physics






       (Total credits: 4)








Unit-1:

Lasers and line broadening, Line broadening  mechanism, homogeneous and 


in-homogeneous line broadening and  pumping schemes in lasers optical 



pumping, pumping efficiency, pumping rate, electrical pumping, electron 



impact excitation, excitation by near resonant energy transfer, hole burning.











(10)
                  









                                               

Unit-2:

Mode discrimination with Fabry-Perot cavities, the Fox and Li modes, 



Fresnel-Kirchhoff’s integral formula, form for plane parallel resonator, 



confocal resonators, generalized confocal resonators and regions of high loss, 


optical pumping, mode selection, importance of unstable resonators. (10)                                                                         

Unit-3:

Laser threshold conditions, rate equations for three level lasers and four level 


lasers, 
continuous wave laser behavior, pumping power requirements and 



output power from three level and four level lasers for steady state operation, 


Ruby laser, Argon ion laser ND-YAG laser, Semi-conductor lasers, diode 



lasers, free electron laser, titanium sapphire laser, Excimer and dye lasers.
  











(12)                                                                                                                     

Unit-4:

Monochromaticity and frequency pulling, transient laser behavior, step pump 


excitation, single mode oscillation, Q switching, pulse shapes, mode locking 


of lasers, active and passive mode locking. Monochromaticity, degree of 



spatial and temporal coherence and their measurements, Relation between 



temporal coherence and monochromaticity, directionality and brightness of 


light beams. 







(15)

Unit-5:

Second harmonic generation, Rayleigh scattering, Raman scattering, 



Stimulated Raman emission, self focussing, laser cooling, laser trapping, laser 


assisted collision, laser isotope separation, laser speckling and holography.
    `
 










(13)                                                                        

Text Books:

1. 
O. Svelto, Principles of Lasers, Plenum Press, 4th Edition (1998)

2. 
K. Thyagrajan and A.K Ghatak, Theory and Applications of Lasers, Macmillan India Ltd., 
(1999)

Reference Books:

1.
R. Loudon, The Quantum Theory of Light, Clarendon Press (1983)

2.
A. Yariv, Quantum Electronics, John Wiley and Sons (1989)

3.
W.T. Silfvast, Laser Fundadmentals, Cambridge Undiversity Press (1996)

4.
H.G. Unger, Introduction to Quantum Electronics, Pergamon (1970)

5.
A.E. Siegman, Lasers, University Science Books, Mill Valley, CA (1986)

6.
J.T. Verdeyen, Laser Electronics, Prentice-Hall Englewood Cliffs, NJ, 2nd Edition (1989)

7.
B.B. Laud, Lasers and nonlinear Optics, Wiley, Newyork (1986)

8.  
Matt Young, Optics and Lasers, Springer-Verlag, Berlin (1993)

9. 
B.H. Bransden and C.J. Joachain; Physics of Atoms and Molecules, Pearson Education 
(2004)
III Semester M.Sc. (Physics)

PHY-DSEC-603: Nuclear Physics

(Total credits: 4)
Unit-1:

Shell Model:  Deviations from extreme single particle shell model and simple 


explanations, and configuration mixing for 2 levels . Nordheim rules for odd 


Z-odd N nuclei with simple delta function interactions; Rotational Bands in 


distorted odd–A nuclei. Nilsson model 



(10)
                                                                                         

Unit-2:

Elementary Scattering Theory: Collisions with spin: general theory---spin & 


channel spin, collision channels with spin, the scattering wave function and 


the scattering matrix, cross-sections and inverse reactions.

(8)








                                                                                  




Unit-3: 
(a) 
Models of Nuclear Reactions: The optical model for elastic scattering. 



Average interaction potential for nucleons; energy dependence of the 



potential; spin-orbit coupling; average potential for complex projectiles; 



imaginary potentials and absorption; analysis of scattering experiments.






(b)
Compound nucleus resonances: Basics concepts; resonances with charge 



particles; angular momentum and spin; limits on the cross-sections; R-matrix 


theory of nuclear reactions for description of resonances.              



(c) 
Direct Reactions: Kinematics of stripping and pick up reactions. Plane wave 


and distorted Born Approximation; inelastic scattering; stripping and pick up 


reactions, Deuteron stripping and pick-up. 



(20)












                                                                                                      











 Unit-4: 
Nuclear Reactor Physics: the basic types of nuclear reactors, Uranium enrichment and 

the simple reactor designs, the nuclear reactor working and their classification on 


various parameters, energy based classification of neutrons, the thermal diffusion 


length, the Fermi Age equation for fast neutron diffusion.  


(10)


      

Unit-5: 
Nuclear techniques:



(a) 
Detection of Radiation; Position sensitive counter; Semiconductor detector 


(Ge(Li) and HPGe); Semiconductor detectors for charged particle 




identification.( δE-E time of flight  and (δE-E telescope methods); 




Scintillation detector NaI(Tl); Gamma ray spectroscopy-Energy resolution, 


Detection efficiency, peak area determination. 
 
               








                                                                               
 

 (b) 
Production and detection of neutrons (3He, BF3 counters and plastic 



scintillator); Neutron activation technique for trace element analysis (basic 


idea).     







 (12)            





                                                                                                                        
Text Books:

1.
S.S. Kapoor and V.S. Ramamurthy, Nuclear Radiation Detectors, Wiley Eastern Limited 
(1993)

2. 
S.N. Ghosal, Atomic and Nuclear Physics, Vol. II, S. Chand & Co. Ltd. (1994)

3.
G.F. Knoll, Radiation Detection and Measurement, John Wiley & Sons (1989)

4.
R.M. Singru, Introduction to Experimental Nuclear Physics, Wiley Eastern Ltd.(1980)

5.
A. Preston & R.K. Bhaduri, Structure of the Nucleus, Addison-Wesley Publishing Company 
(Latest Edition)

6.
G.R. Satchler, Introduction to Nuclear Reactions, Macmillan Press Ltd. (2001) 

7.
S.M. Wong, Introductory Nuclear Physics, Prentice Hall of India Pvt. Ltd. (1993)

8.
Shatendra Sharma, Atomic and Nuclear Physics, Published by Dorling Kindersley (2013).

9.
Basic Ideas and concepts in nuclear physics  by K. Heyde  Overseas Press (2005).

References Book:

1.
W.R. Leo, Techniques for Nuclear and Particles Physics Experiments, Narosa Publishing 
House 
(second Edition)

2.
B.C. Cohen, Concept of Nuclear Physics, McGraw Hill  (Latest Edition)

3.
R.R. Roy and B.P. Nigam,  Nuclear Physics Theory and Experiment, Wiley Eastern Ltd. 
(Latest Edition)

III Semester M.Sc. (Physics)

PHY-DSEC-604: Computational Techniques Laboratory

(Total Credits: 4)

1.
To find the (a) Transpose, Inverse, eigen values and eigenvectors of a matrix

 
                   (b) to diagnolise a matrix.

2.  
To integrate a function by (a) Trapezoidal Rule (b) Simpson”s Rule and (c) Gauss- 

 
Legendre Method and verify analytically.

3. 
To solve an equation using (a) Newton Raphson Method and (b) Bisection Method and

 
verify analytically.

4.  
To solve simultaneous equations using Newton Raphson Method and verify analytically.

5.         To explore the regions of (a) Stable fixed points (b) Periodic and (c) Chaotic solutions

            of a Logistic map, Lyapunov exponents.

6.  
Use Runge Kutta Method to solve differential equations of (CR, LR and LCR circuits).

7.    
Use Monte-Carlo Method to simulate radioactive decay when the daughter element

   
is also radioactive.

Text Books:
1.
R.C. Verma, P.K.Ahluwalia and K.C.Sharma, Computational Physics An Introduction, 
New Age International (1999)

2.
C. Xavier, FORTRAN 77 and Numerical Methods, New Age International (1996) 

3.
E.W. Schmid, G. Spitz and W. Losch, Theoretical Physics on the personal Computer, 
Springer-Verlag (1990)
4. 
W.H. Press, S.S. Teukolsky, W.T. Vetterling and B.P. Flannery, Numerical 

 
Recipes in FORTRAN, Cambridge Univ. Press (1992)

5. 
M.K. Jain, S.R.K.Iyengar and R.K.Jain., Numerical Methods for Scientific and  

          
Engineering Computation, New Age  International (2003)

III Semester M.Sc. Physics
PHY-DSEC-605: Experimental Techniques in Physics

Unit - I    :       With Electron and X-rays:

         

Electron and X-ray diffraction (From Crystals and Liquids), X-ray 




Fluorescence (XRF), Rutherford Back Scattering (RBS). 


(15)                                                                                       

Unit - II    :     With Nuclear Particle/Radiation:



Neutron diffraction (From Crystals and Liquids), Neutron Activation 



Analysis (NAA), Tracer Technique Gamma Ray Spectroscopy, Multi-Channel 



Analysers (MCA) for pulse analysis.     




(15)

Unit – III    :   With Longer Wave-Length Radiations




Production Techniques of UV/Visible, Microwave, IR radiations.  

                        Spectroscopic Techniques: IR,  FTIR, UV-VIS, Raman.                        
(15)

Unit – IV    : 
Nuclear Magnetic Resonance: Line width, motional norrowing, etc. Electron Spin 

Resonance. 








(15)                                                                                                                                    

References:

1. 
A.C. Milissinos and J. Napolitano, Experiments in Modern Physics, Academic Press (2003).

2.
G.F. Knoll, Radiation Detection and Measurement, John Wiley and Sons (1989).

3.
B. Saraf, Physics Through Experiments, Vikas Publishing House (1979).

4.
R.A. Dunlap, Experimental Physics: Modern Methods (1988).
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