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15.6 MATHEMATICAL STATISTICS (MS)

The Mathematical Statistics (MS) test paper comprises Mathematics (40% weightage) and Statistics 
(60% weightage).

mAtHEmAtiCs

sequences and series: Convergence of sequences of real numbers, Comparison, root and ratio 
tests for convergence of series of real numbers.

differential Calculus: Limits, continuity and differentiability of functions of one and two variables. 
Rolle’s theorem, mean value theorems, Taylor’s theorem, indeterminate forms, maxima and minima 
of functions of one and two variables.

integral Calculus: Fundamental theorems of integral calculus. Double and triple integrals, 
applications of definite integrals, arc lengths, areas and volumes.

matrices: Rank, inverse of a matrix. Systems of linear equations. Linear transformations, 
eigenvalues and eigenvectors. Cayley-Hamilton theorem, symmetric, skew-symmetric and 
orthogonal matrices.

stAtistiCs

Probability: Axiomatic definition of probability and properties, conditional probability, multiplication 
rule. Theorem of total probability. Bayes’ theorem and independence of events.

Random Variables: Probability mass function, probability density function and cumulative distribution 
functions, distribution of a function of a random variable. Mathematical expectation, moments and 
moment generating function. Chebyshev’s inequality.

standard distributions: Binomial, negative binomial, geometric, Poisson, hypergeometric, uniform, 
exponential, gamma, beta and normal distributions. Poisson and normal approximations of a binomi-
al distribution.

Joint distributions: Joint, marginal and conditional distributions. Distribution of functions of random 
variables. Joint moment generating function. Product moments, correlation, simple linear regres-
sion. Independence of random variables.

sampling distributions: Chi-square, t and F distributions, and their properties.

Limit theorems: Weak law of large numbers. Central limit theorem (i.i.d. with finite variance case 
only).
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Estimation: Unbiasedness, consistency and efficiency of estimators, method of moments and meth-
od of maximum likelihood. Sufficiency, factorization theorem. Completeness, Rao-Blackwell and 
Lehmann-Scheffe theorems, uniformly minimum variance unbiased estimators. Rao-Cramer in-
equality. Confidence intervals for the parameters of univariate normal, two independent normal, and 
one parameter exponential distributions.

testing of Hypotheses: Basic concepts, applications of Neyman-Pearson Lemma for testing simple 
and composite hypotheses. Likelihood ratio tests for parameters of univariate normal distribution.

15.7 PHYSICS (PH)

mathematical methods: Calculus of single and multiple variables, partial derivatives, Jacobian, im-
perfect and perfect differentials, Taylor expansion, Fourier series. Vector algebra, Vector Calculus, 
Multiple integrals, Divergence theorem, Green’s theorem, Stokes’ theorem. First order equations and 
linear second order differential equations with constant coefficients. Matrices and determinants, 
Algebra of complex numbers.

mechanics and General Properties of matter: Newton’s laws of motion and applications, Velocity and 
acceleration in Cartesian, polar and cylindrical coordinate systems, uniformly rotating frame, cen-
trifugal and Coriolis forces, Motion under a central force, Kepler’s laws, Gravitational Law and field, 
Conservative and non-conservative forces. System of particles, Center of mass, equation of motion 
of the CM, conservation of linear and angular momentum, conservation of energy, variable mass 
systems. Elastic and inelastic collisions. Rigid body motion, fixed axis rotations, rotation and trans-
lation, moments of Inertia and products of Inertia, parallel and perpendicular axes theorem. Principal 
moments and axes. Kinematics of moving fluids, equation of continuity, Euler’s equation, Bernoulli’s 
theorem.

oscillations, Waves and optics: Differential equation for simple harmonic oscillator and its general 
solution. Superposition of two or more simple harmonic oscillators. Lissajous figures. Damped and 
forced oscillators, resonance. Wave equation, traveling and standing waves in one-dimension. Energy 
density and energy transmission in waves. Group velocity and phase velocity. Sound waves in media. 
Doppler Effect. Fermat’s Principle. General theory of image formation. Thick lens, thin lens and lens 
combinations. Interference of light, optical path retardation. Fraunhofer diffraction. Rayleigh criterion 
and resolving power. Diffraction gratings. Polarization: linear, circular and elliptic polarization. Double 
refraction and optical rotation.

Electricity and magnetism: Coulomb’s law, Gauss’s law. Electric field and potential. Electrostatic 
boundary conditions, Solution of Laplace’s equation for simple cases. Conductors, capacitors, di-
electrics, dielectric polarization, volume and surface charges, electrostatic energy. Biot-Savart law, 
Ampere’s law, Faraday’s law of electromagnetic induction, Self and mutual inductance. Alternating 
currents. Simple DC and AC circuits with R, L and C components. Displacement current, Maxwell’s 
equations and plane electromagnetic waves, Poynting’s theorem, reflection and refraction at a di-
electric interface, transmission and reflection coefficients (normal incidence only). Lorentz Force 
and motion of charged particles in electric and magnetic fields.


