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	Phy.401
	Classical Mechanics and Statistical Physics
	100
	4
	3

	Phy.402 
	Mathematical and Computational Physics
	100
	4
	3

	Phy.403
	Electrodynamics and Plasma Physics
	100
	4
	3

	Phy.404
	Quantum Mechanics
	100
	4
	3
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	400
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	Phy.405
	Lab 1:General
	80
	8
	5

	
	Lab 2:Electronics
	60
	8
	5

	
	Lab 3:Computational Physics
	60
	8
	5

	
	Total : 
	200
	
	


Paper I
Phy 401 : Classical Mechanics and Statistical Physics

Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

. 

Unit-1 : 

Lagrangian formalism : Constraints, D’Alembert’s principle, Lagrange’s equations, generalised coordinates, simple problems on Lagranian formalism, Hamilton’s variational principle, for holonomic  and  non-holonomic systems, Derivation of Lagrange’s equations from variational principle, conservation theorems and symmetry properties.

The two body central force problem, Equations of motion and first integrals, the equivalent one dimensional problem and classification of orbits. The Virial Theorem, the differential equation for the orbit and integrable power law, potential Bertrand’s Theorem.  The Kepler problem, Scattering in a central force field, Transformation of the scattering problem to laboratory coordinates.

Unit-2 : 

The rigid Body Motion: The independent coordinates of a rigid body, orthogonal transformation, Properties of transformation matrix, Euler angles, Cayley Klein Parameters, Euler’s Theorem , Finite and infinitesimal rotations. 

Angular momentum , tensors and Dyadics, the Inertia Tensor ,Eigen values of Inertia Tensor, Methods of solving the rigid body Problems and Euler Equations of motion.

 Torque free motion of a rigid body. The heavy symmetrical top with one point fixed, Precession of equinoxes and of satellite orbits, Precession in a magnetic field.

Unit-3 : 

Hamiltonian formalism : Legendre Transformation and Hamilton’s equations of motion, cyclic coordinates and conservation Theorems. Routh’s procedure and oscillations about steady motion, Hamilton’s equation from a variational   principle of least Action

The Equation of Canonical transformation, Different   forms of generating function F, Poisson brackets, Lagrange brackets, Jacobion’s identity, Angular momentum Poisson Bracket relations.

Unit 4 :

 Hamilton Jacobi equation, The Harmonic oscillator problem. Hamilton’s characteristic function, separation of variables in the Hamilton-Jacobi equation. Action angle variables in the Hamilton-Jacobi equation. Action angle variables for systems of  one degree of freedom.

The problem of  small oscillation-The Eigen value  equation and the principle axis transformation, frequencies of free vibration and normal coordinates. Free vibrations of a linear tri atomic molecule.

Unit-5 :

Formulation of Quantum Statistics: Density Matrix Liouvilly theorem – classical and  quantum mechanical , micro-canonical, canonical and grand canonical ensembles, an electron in magnetic field, a free particle in a box, linear harmonic oscillator ,systems consisting of  indistinguishable particles, density matrix and partition function  of  a system of particles.

Statistical mechanics of interacting particles: Van der Waals forces, partition function of a real gas, cluster expansion, Virial  expansion of equation of state.

Books Suggested:

Goldstein, H. : Classical Mechanics, Addison-Wesley

Landau and Lifshitz  : Mechanics, Pergamon Press

Takwale & Purnanik (TMK) : Classical Mechanics, TMH
Patharia, R.K.  : Statistical Mechanics, Pergamon Press

Paper-II

Phy 402 : Mathematical and Computational Physics

Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

Unit1 : 

Complex variables : Analytical functions, Cauchy Riemann conditions, Cauchy’s integral theorem. Cauchy’s integral formula. Taylor and Laurent’s Series expansions, Cauchy’s residue theorem. Simple examples of Contour integration . 

Fourier integral and Fourier transform, Convolution theorem.

Properties of gamma function, error function and Dirac delta functions.

Unit 2 : 

Special functions: Series solution of the Linear differential equations with variable coefficients, Legendre, Bessel, Hermite, Laguerre, Associated Laguerre Polynomials and their generating functions, recurrence relations, orthogonal properties and Rodrigue’s formula.

Unit 3 :

Errors in numerical calculations: Fixed and floating point representation, consequences of floating point arithmetic, rounding off of numbers absolute and relative errors. Solution of transcendental and polynomial equations in one variable.  Newton-Raphson method, successive bisection and linear interpolation methods, convergence of these methods. Solution of simultaneous linear equations: pivoting, Gauss elimination and Gauss Seidel method. Eigen values and eigen vectors of matrices, methods to find eigen values and eigen vectors : Jacobi’s method, pointer method.

Unit 4: 

Solution of ordinary differential equations : Euler and Runge-Kutta methods. Predictor-corrector method, error estimate in these methods, finite differences, interpolation and extrapolation, interpolation with equally spaced points: Newton’s formula, interpolation with unevenly spaced points: Lagrange’s formula, curve fitting; least square method. Numerical differentiation, numerical integration: Newton-cotes formula, Trapezoidal and Simpson’s method, Gauss quadrature method, error estimates. Random numbers, generation of random number, Monte Carlo method of numerical integration  

Unit 5 : 

Problem solving through computers : Algorithms and flowcharts. Programming Language FORTRAN: coding rules, variables, arithmetic operations, built-in functions, input/output statements, FORMAT statement, assignment, expressions, relational and logical operators, transfer of control: conditional transfer : arithmetic IF and Logical IF statements, unconditional transfer : GOTO Statement, loops : DO loop, nested loops, Functions and subroutines. Common and type statements, writing and executing a FORTRAN program. 

Books Suggested: 

Arfken : Mathematical Physics, 

Pipes L.A.: Applied Mathematics for Engineers & Physicists, McGraw Hill. 

E.V. Krishnamurthy and S.K. Sen : Numerical Algorithms, Affiliated East-West Press Pvt. Ltd., New Delhi. 

Paper III

Phy 403 : Electrodynamics and Plasma Physics

Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

Unit 1 : 

Curvilinear coordinates : Orthogonal coordinate systems, gradient, curl, divergence and Laplacian in orthogonal coordinate systems. Spherical, polar and cylindrical coordinates, Poisson’s and Laplace Equations, Green’s theorem, formal solution of electrostatic boundary value problem with Green function, Electrostatic boundary value problems: Point charge in presence of grounded conducting sphere, charged sphere, conducting sphere in uniform electric field. Maxwell’s equations: Vector and scalar potentials, gauge transformations, Lorentz and Coulomb gauges, Green’s function for time dependent wave equation. 

Unit 2  : 

Radiation by moving charges: Lienard Wiechart Potentials and fields for a point charge, total power radiated by an accelerated charge, radiation by an extreme relativistic charged particle: Frequency and angular distribution; Thomson scattering, Cherenkov radiation. 

Radiating system and diffraction, localized oscillating source, Dipole fields and radiation, Magnetic dipole and electric quadrupole, centrefed linear antenna. Kirchhoff integral for diffraction by circular aperture, Scattering by conducting sphere. 

Unit  3 : 

Collision between charged particles : Energy transfer in a Coulomb collision, Energy transfer to a harmonically bound charge, Radiation emitted during collisions; Low frequency limit and polarization. Bremsstrahlung in Coulomb collision: Classical, non relativistic and relativistic bremsstrahlung. Spherical wave solutions of the scalar equation, Multipole expansion of E.M field, Energy and Angular momentum of Multipole radiation, its angular distribution: Multipole moments, Multipole radiation in atomic and nuclear systems. 

Unit 4: 

Dynamics of relativistic charged particle: Lagrangian and Hamiltonian for a relativistic charged particle in external electromagnetic fields, covariance of equation  of motion, Euler –Lagrange equation. Motion of a charged particle in uniform static magnetic field, static electric and magnetic fields. Motion of charged particle in non-uniform static magnetic fields. Adiabatic invariance of flux through the orbit of particle, magnetic field. Generalization of Hamiltonian: Canonical Stress Tensor.

Unit 5 : 

Magnetohydrodynamics of Plasma : Basic properties of plasma, Magnetohydrodynamic equations, Magnetic diffusion viscosity and pressure. Magnetohydrodynamic flow between boundaries with crossed electric and magnetic fields, steady state, Pinch effect.

Qualitative aspects of instability in a pinched plasma column, Magnetohydrodynamic waves, High frequency plasma oscillations, short wave length limit of plasma oscillations and Debye screening distance.

Books Suggested: 

Jackson : Classical Electrodynamics, John Wiley.

Panofsky and Phillips: Classical electricity and Magnetism, Addison Wesley. 

Landsu and Lifshitz : Classical  Theory of Field, Pergamon Press

Landau and Lifshitz  : Electrodynamics of Continuous Media, Pergamon Press

Reitz and Milford : Foundation of Electromagnetic Theory, Addition Wesley.

Paper IV

Phy 404 : Quantum Mechanics

Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

Unit-1 : 

General Formalism of Quantum Mechanics: Wave function, admissible wave function, Copenhagen and Statistical interpretation of quantum mechanics Analysis of Stern Gerlach Experiment leading to the concept of complex vector space

Vectors, examples of linear vector spaces, norm of a vector, orthonormality and linear independence, basis and dimensions, Completeness (Closure property), Hilbert space, sub spaces. Operators; Equality, product, sum, power, function, inverse of operators, eigen values and eigenvectors of an operator. Positive definite, continuous and bounded operators, Hermitian operators, Unitary operators, Projection operators, Completeness of eigen functions, Bra and Ket notations for vectors, Dirac Delta function, Representation theory, Matrix elements of change of basis, Unitary transformation. Coordinate and momentum representations. Gaussian wave packets

Measurements in quantum mechanics, expectation values, compatible and incompatible observables, base kets as simultaneous eigen kets of maximal set of commuting observables, examples, Heisenberg’s uncertainty principle

Unit-2: 

Simple harmonic oscillator, Hydrogen atom, Pictures, Invariance principle and conservation laws, Angular momentum: One dimensional simple harmonic oscillator: Eigenfunctions and eigenvalues by solving Schrodinger equation and also by operator method, creation and annihilation operators, Orbital angular momentum operators L2 , Lx, Ly and Lz .Spherical harmonics, Solution of Schrodinger equation for Hydrogen atom, energy levels and stationary state wave functions 

Schrodinger picture, Heisenberg picture and Interaction picture 

Invariance principle and Conservation laws : Symmetry and conservation laws, Displacement in space- conservation of linear momentum, displacement in time-conservation of energy, rotations in space-conservation of angular momentum, space inversion-parity

Spin angular momentum and total angular momentum. Matrix representation of operators Jx, Jy, Jz and J2. Pauli spin matrices. Addition of two angular momenta, Clebsch Gordan coefficients, properties of C.G. coefficients (without proof): symmetry, orthogonality and recursion relations. Irreducible tensors and Wigner Eckart theorem and its applications.

Unit-3 : 

Theory of scattering and Identical particles: Theory of scattering : The scattering experiments, relationship of the scattering cross-section to the wave function, the scattering amplitude, method of partial waves, expansion of a plane wave in terms of partial waves, scattering by central potential V(r), zero energy scattering, the scattering length, scattering by a square well potential, effective range, resonance scattering (No derivation), The Born approximation, the integral equation for scattering, Criterion for validity of Born approximation, scattering of electrons by atoms.

Identical particles: The identity of particles, the indistinguishability principle, symmetry of wave function, spin and statistics, the Pauli’s exclusion principle, illustrative examples, construction of wave function of two electrons in the L-S coupling and j-j coupling schemes and allowed states for equivalent electrons, allowed states of two nucleons and two bosons, ortho and para Helium, scattering of identical particles, case of spin half and spin zero particles.

Unit-4 : 

Approximate methods-WKB method, Variation method and Time independent perturbation theory: The WKB approximation: Principle of method, the WKB wave function, Criterion for the validity of the approximation, connection formula, applications to the one dimensional bound system, penetration of a potential barrier. 

The variation method : Principle and Applications to linear harmonic oscillator, Helium atom

Time independent perturbation theory: Non-degenerate case, Applications to anharmonic oscillator (x4) and linear harmonic oscillator, Degenerate case- applications to linear Stark effect and Zeeman effect in the Hydrogen atom. 

Unit-5 : 

Time dependent perturbation theory and Relativistic wave equation; Methods for time dependent problems; Time dependent perturbation theory, constant perturbation, Transition to continuum, Fermi’s golden rule, harmonic perturbation, radiative transitions in atoms, dipole transitions, selection rules.

Relativistic wave equation : Introduction, the Klein Gordan equation, the Dirac equation, Properties of Dirac matrices, The free Dirac particles, equation of continuity, non-relativistic limit, spin orbit coupling, hole theory.

Books Suggested: 

Quantum Mechanics, V.K. Thankappam, (New Age International)

Modern Quantum Mechanics, J.J.Sakurai,(Addison Wesley)

A text book of Quantum Mechanics, P.M.Mathews and K. Venkatesan. (Tata McGraw-Hill).

Quantum Mechanics,  L.I. Schiff (McGraw-Hill)

Quantum Mechanics Vol.I & Vol.II ,Cohen tannaudji, Diu and Laloe.(Wiley Interscience)

EXPERIMENTS FOR PRACTICAL WORK
Lab. 1 : General Laboratory

Note: Students are required to perform at least 8 experiments from the following :
1. To determine and compare slit widths from the study of Fraunhoffer Diffraction pattern.

2. To measure Brewster angle and hence to find the refractive index of given material. 

      3.
To determine basic laser beam parameters of a given laser. 

      4.
To study magneto-optic effect and hence to determine Verdet constant of a given material. 

      5.  To study electro-optic effect and to determine Kerr constant of a given material.

      6.
To determine Planck's constant.

     7.
To determine paramagnetic susceptibility of given material.(solution) 

     8.
To determine young's modulus of glass by Cornu's method.

     9.
To determine critical potentials with the help of Franck- Hertz's experiments.

    10.
To study Zeeman effect and hence to determine the splitting in spectral lines.

Lab. 2: Electronics Laboratory

Note: Students are required to perform at least 8 experiments from the following :
1. Study of negative feedback : Frequency response, input and out put impedance 

2. Study of astable multivibrator

3. Characteristics of SCR and its application in controlled rectification

4. Study of video amplifier

5. Fourier analysis of a square pulse

6. Study of differential amplifier

7.  Study of operational amplifier and its applications 

8. Life time measurement of reverse recovery and open circuit voltage decay methods.

9. UJT as saw tooth wave generator

10. Study of Basic logic gates  

11. Study of combinational logic gates 

12. Study of junction capacitance 

Lab. 3 : Computational Physics Laboratory

Note: Students are required to perform at least 8 experiments from the following :
1. Using given raw data from experiments, find out the frequency distribution by dividing the data in classes of equal interval. Draw a histogram for the frequency distribution.

2. Using the given frequency distribution of experimental data arranged in classes of equal interval obtained the theoretical distribution using normal distribution model. Use Chi square test to check the validity of the model.

3. For combination of independent measurements with unequal errors use the method of optimization to get minimum standard deviation.

4. Using the method of least square fit, find the equation of regression line for the given data. Calculate confidence limit of the regression estimates, and use significance test to check the regression estimates, also calculate correlation coefficients for the regression line.

5. (a) Using normal distribution model calculate error estimates in (i) One single measurement (ii) in measurements (b) Calculate distribution function for scaled events.

6. Calculate and plot energies and radial wave functions for a square well potential for a few lower l-values.

7. To study the Gaussian wave packet scattering from square well and  potential barrier.

8. To calculate the angular distribution for orthonormal wave functions of bound states of Hydrogen atom for different quantum numbers.

9. (a) Given the formula for differential cross section for scattering of a particle from a target, Using Gauss Quandrature method of numerical integration calculate total cross section. (b) Expt. No. 9 may be divided in two experiments. 

10. Using Runge-Kutta method for second order differential equation, find the numerical solution of the equation for velocity of the magnetohydrodynamic fluid flowing between boundaries under crossed electric and magnetic fields. 

11. Using Runge-Kutta method for first order differential equations., find the numerical solution of the differential equation for magnetohydrodynamic fluid flowing between boundaries under crossed electric and magnetic field.

12. Find the inverse of a (3x3) square matrix using the conventional method and the generalized method. 

13. To write a programme to compute the Clebech Gordan Coefficients.

14. To calculate the roots of an algebraic and transcendental equation by using different techniques

15. Interpolation of data for photoelectric cross section to desired range using the Lagrange’s interpolation formula. Also calculate the remainder and error in the interpolation formula. 

16. Using Runge-Kutta-Gill method find numerical solution of a first order differential equation.

17. Numerical integration by using Simpson’s Rule for the wave function as well as the probability density of the Harmonic Oscillator for the specified range.

18. Using Monte-Carlo method integrate numerically the given function in one variable.
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