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Syllabus for Entrance Test for M.Sc Physics 

 
Note: - There will 50 multiple choice questions of two marks each. There will 

be no negative marking. 

 
Basic ideas of Vector Calculus, Gradient, Divergence, curl and their physical 

significance. Laplacian in rectangular, cylindrical and spherical coordinates. Coulomb’s Law for 

point charges and countinuous distribution of charges. Electric field due to dipole, line charge 

and sheet of charge. Electric flux, Gauss’s Law and its applications. Gauss’s divergence theorem 

and differential form of Gauss’s Law. Green’s theorem. 

Work and potential difference. Potential difference as line integral of field. Electric 

potential due to a point charge a group of point charges, dipole and quadrupole moments, long 

uniformly charged wire, charged disc. Stoke’s theorem and its applications in Electrostatic field, 

curl E=0. Electric fields as gradient of scalar potential. Calculation of E due to a point charge 

and dipole from potential. Potential due to arbitrary charge distribution and multipole moments. 

Physical interpretation of Maxwell’s equations, E.M. waves and wave equation in a medium 

having finite permeability and permitivity but with conductivity. Poynting vector, Impedance of 

a dielectric to EM waves. EM waves in a conducting medium and Skin depth. EM wave velocity 

in a conductor and anomalous dispersion. Response of a conducting medium to EM waves. 

Reflection and transmission of EM waves at a boundary of two dielectric media for normal and 

oblique incidence. 

Postulates of special theory of relatively. Lorentz transformations, observer and viewer 

in relativity. Relativity of simultaneity, Length, Time, velocities. Relativistic Dopper effect. 

Variation of mass with velocity, mass-energy equivalence, rest mass in an inelastic collision, 

relativistic momentum & energy, their transformation, concepts of Minkowski space, four vector 

formulation.  

Simple harmonic motion, energy of a SHO. Compound pendulum. Torsional pendulum 

Electrical Oscillations Transverse Vibrations of a mass on string, composition of two 

perpendicular SHM of same period and of period in ratio 1:2. 

Brief introduction to need and development of quantum mechanics, photoelectric effect, 

Compton effect, Wave particle duality, de Broglie hypothesis, Uncertainity principle, Guassian 

wave packet. Operator correspondence. Normalization and probability interpretation of wave 

function. Superposition principle.  

Expectation value, Probability current and conservation of probability. Admissibility 

conditions or wave function. Ehrenfest theorem, Eigen function and eigen value. Operator 

formalism, orthogonal system, expansion in eigen functions, Hermitian operator, simultaneous 

eigen function, equation of motion. 

Fundamental postulates of wave mechanics, Schrodinger equation for a free particle and 

equation of a particle subject to forces. Schrodinger equation, Application to stationary states for 

one dimension, Potential Barrier, rectangular potential well, degeneracy, Orthogonality, Linear 

harmonic oscillator. Schrodinger equation for spherically symmetric potential for hydrogen 

atom. Spherical harmonics and their solution. Physical significance of quantum number.  

Degeneracy. 

Concepts of current and voltage sources, p-n junction, Biasing of diode, V-I 

characteristics, Zener diode, Rectification: half wave, full wave rectifiers and bridge rectifiers, 

Efficiency, Ripple factor, Qualitative ideas of filter circuits (LC and π filters), Photonic devices 

(solar cell, photodiode and LED). 



Junction transistor : Structure and working relation between different currents in 

transistors, Sign conventions, Amplifying action, Different configurations of a transistor and their 

comparison, CB and CE characteristics, Structure and characteristics of JEFT, Transistor biasing 

and stabilization of operating point, Voltage divider biasing circuit. 

Constituents of nucleus, non-existence of electrons in nucleus, Nuclear mass and 

binding energy, features of binding energy versus mass number curve, nuclear radius, angular 

momentum and parity, qualitative discussion of two-body nuclear forces, nuclear moments, 

magnetic dipole moment and electric quadruple moment. 

Modes of decay of radioactive nuclides and decay Laws, chart of nuclides and domain 

of instabilities, radioactive dating, constituents of Cosmic rays, Beta decays: β-, β+ and electron 

capture decays, allowed and forbidden transitions (selection rules), parity violation in β decay, 

Alpha decay : Stability of heavy nuclei against beak up, Geiger-Nuttal law, barrier penetration 

as applied to alpha decay, reduced widths, deducing nuclear energy levels, Gamma transitions : 

Excited levels, isomeric levels, Gamma transitions. 

Energy loss of electrons and positrons, Positrons annihilation in condensed media, 

Stopping power and range of heavier charged, derivation of Bethe-Bloch formula, interaction of 

gamma rays with matter. 

Historical introduction, fermions and bosons, particles and antiparticles, Classification of 

particles, types of interactions, electromagnetic, weak, strong interactions, gravitational 

interactions, Quantum numbers and conservation laws, isospin, charge conjugation, Yukawa 

theory, Introduction to quarks and qualitative discussion of the model, high energy physics 

units. 

Crystal structure, Symmetry operations for a two dimensional crystal, Two dimensional 

Bravais lattices, Three dimensional Bravais lattices, Basic primitive cells, Crystal planes and 

Miller indices, Diamond and NaCl structure. 

Crystal diffraction : Bragg’s law, Experimental methods for crystal structure studies, Laue 

equations, Reciprocal lattices of SC, BCC and FCC, Brag’s law in reciprocal lattice, Brillouin 

zones and its derivation in two dimensions, Structure factor and atomic form factor. 

Band theory : Kronig-Penney model, Metals and insulators, Conductivity and its variation with 

temperature in semiconductors, Fermi levels in instrinsic and extrinsic semiconductors, 

Qualitative discussion of band gap in semiconductors, Superconductivity, Magnetic field effect 

in superconductors, BCS theory, Thermal properties of superconductors. 

Phase space and its division into elementary cells. Three kinds of statistics. The basic 

approach in the three statistics. Maxwell Boltzman (MB) statistics applied to an ideal gas in 

equilibrium. Experimental verification of Maxwell Boltzman law of distribution of molecular 

speeds. Need for quantum statistics-Bose-Einstein (B.E.) statistics. Derivation of Planck's law of 

radiation. Deduction of Wien displacement law and Stefan's law from Planck's law, Fermi-Dirac 

(F.D.) statistics, Comparison of M.B., B.E. and F.D. statistics. 

Statistical definition of entropy, Change of entropy of a system, Additive nature of 

entropy, Law of increase of entropy. Reversible and irreversible process and their examples. 

Work done in a reversible process, Examples of increase of entropy in natural processes, 

Entropy and disorder. Brief review of terms and laws of thermodynamics. Carnot's cycle, 

Entropy changes in Carnot cycle. Applications of thermodynamics to thermoelectric effect. 

Change of entropy along a reversible path in a P.V. diagram. Entropy of a perfect gas. Equation 

of state of an ideal gas from simple statistical consideration, Heat death of the universe. 

  



Model Questions 

 
Q1.A Zener diode, when used in voltage stabilization circuits, is biased in  

a) Reverse breakdown region below the breakdown voltage 

b) Reverse breakdown region 

c) Forward bias region 

d) Forward bias constant current mode 

 

Q2. For non-dispersive medium, 

a) Phase velocity > group velocity 

b) Phase velocity < group velocity 

c) Phase velocity = group velocity 

d) None of the above 

 

Q3. A particle moves in two dimensions on the ellipse x2+4y2=8. At a particular instant, it is at the 

point (x,y) =(2,1) and x-component of its velocity is 6 (in suitable units). Then the y- component of its 

velocity i  

a) -3 

b) -2 

c) 1 

d) 4 

 

Q4. The acceleration due to gravity (g) on the surface of the Earth is approximately 2.6 times that on 

the surface of Mars. Given that the radius of Mars is about one half the radius of Earth, the ratio of the 

escape velocity on Earth to that on Mars is approximately 

a) 1.1 

b) 1.3 

c) 2.3 

d) 5.2 

 


