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PART'A'
CORE

L lllathernatical Mrthods of Physics

Dinrcnsional anLrlysis. Veclor algebra and veclor calculus. l-inear algebra, rnatriccs, Cayley-Hamilton
1'hcoreni. Eigcnvrlues and eigenvectors. Lincar ordinary diferential equations of first & second order.
Spccral tirnctions (llgrmite, Bessel, Laguerre ond Legendre t'unctions). Fourier series, Fouricr arld Laplace
transfbrnu. Llcrrents of complex analysts, analytic functions; Taylor & Laurent seriesi poles, residues
aod evahration ol integrals. Elelnentary probability lheory, randofi variables. binornial, Poisson and
rror'mal diso ibLrtiors. Central limit lheorem.

Il. ClassicalM€chanics

Newton s laws. Dynamical systen:s, Phase space dynamics, stabiiity analysis. Central force motions.
Iwo body ColLsiorrs - scattering in laboratory and Centre of rnass liames. Rigid body dynamics-
n]onrerlr of rnenia rensor Non-inertial franes and pseudoibrces. Variational principle. Ceneralized
currdrnatcs. Lagrangian and Hafiiltoniar lbr'malism and equations ol moiion. Conservation laws and
eyrlic coordrnirles. Periodic n1otion: small oscillations, nonnal modes. Special theory of relativily-
l-orenlz l'ansfbrnutiorls. relativ;stic kinernatics and mass-energy equivalence.

lll Electromagnetic'Ihe0ry

I-:lec(roslatrcsr Causs's law and its applications, Laplacc aDd Poisson cqualions. boundary value
problerns. Magnetostalrcsr Biot-Savan law, Ampere's theorern. Electrorna!lnelic induction. Maxwell's
cqu.ltions in fiee space and linear isotropic lnedia; boundary conditions on the tields aI inlerfaces. Scalar

arxl vcctor porenuals. gauge invariance. Electromagne(ic waves in fiee space. Dielecnics and conductors.

ltcuccrron and rclia.tron, polarizatlou, Fresnel's law, interftrcnce, cohercnce, and ditliaction. Dynanics
ol uharged pu icles rn stzltrc and unilbrm electronragnctic l'ields.

lV Qu.lntunr l\l rch x oics

Wave-pa11rcle dralrry- Schrddinger equatiol1 (lifie-dependenl and lime-independent). Eigenvalue
problems (paflicle in a box. harmonic oscillator. etc.). TuDneling through a burlier. Wave-tunction io
coordinate and rndmenlum representalions. Comrrutators and Heisenberg unccrtalnt)' principle Dlmc

notation lbr slatc veclors. Motion in a centml potential: orbital angular nlomellttlm. angular momentum
illgcbrr, spiD, uddition ot angular momcntr; Hydrogen atom. S!ern_Gerlach expcrimenl. Tilne_

rndependrjnt prrfulbation lheory and applications. Variational method. Time dependent perturbatron

thcot) and Iemli's golden ru)e. selection mles. ldentical particles. Pauli exclusion principle. spirt-statistics

aonreclion.

V. 'l'hernrodyrnr ic lnd Strtistical Physics

[.aws ol- thermodynamics and their conseL]ueDces. Thermodynamlc potentials, Maxwell relations,

cherrucal polenual, plBse eq!ilibria- Phase space, micro- al1d macro-stales. Micro-canonical, canoolcal
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'rnd tsrand-canon;cal ensenlbles and partilion tunctions. Free energy and its connection with' thcmrodynamic quantities. Classical and quantum statistics. tdeal Bose and Fermi gases. principle of
detailed balance. Blackbody radiation and planck,s distribution law.

Vl. Electronics and Experimental Methods

Semiconductor devices (diodes, junctions, transistors, field effect devices, homo_ and hetero_junction
devices)' device structure, device characteristics, frequency dependence and apprications. opto-eiectronic
devices (solar cells. photo-derectors, LEDS). operational amplifiers and ;heir applicaiions. Digital
techniques and applications (registers, counters, compamtors and similar ctrcuils). A/D and D/A
converters. Microprocessor and mictocontroller basics.

Data interpreration and analysis. precision and accuracy. Error analysis, propagation of erro6. Least
squares fitting,

PART 'B'
ADVANCED

L Mothematical Methods of physics

G.een's frnclion. Panial difrerentiar equations (Laprace, wave and heal equations in two and three
dimensions). Elemcnts of computational techniques: root of functions, interpolation, extrapolation,
ihlegrtion by trapezoid and Simpson's rule, Solution of first order differential equation using Runge-
Kutta merhod. Finire difference methods. Tensors. Infoductory group rheory: SU(2), b(3).

IL Classical Mechanics

Dynamical systems, Phase space dynamics, stability analysis. poisson brackets and canonical
lransformations. Symmetry, invariance and Noether.s theorem. Hamilton-Jacobi theory.

III. Electromagnetic Theory

Dispersion relations in plasma. Lorentz invariance of Maxwell's equation. Transmission lioes and wave
guides. Radiation- tiom moving charges and dipoles and retarded potentials.

lV. Quantum Mechrnics

Spin-orbrt coupling, fine structure. WKB approximation. Elementary theory of scattering: phase shifts,
partial waves. Born approximation. Relativrstic quantum mechanics: Klein-cor.don and Dirac equations.
Semi-classtcal theory of radiation.

V. Thermodynamic and Statistical Physics

I'irst- and second-ordcr phase tralsitions. Diamagnetism, paramagnetism, and ierromagnetism. Ising
model. Bose-Einstein condensation. Diffusioh equation. Random walk and Browniah motion.
Inlroduclion to nonequilibrium processes.

Vl. electroni(s and Experimental Methods

Linear and nonlinear curve fitting, chi-square lest. Transducers (temperafure, pressure/vacuum, magnetic
fields, vibmtion, op(ical, and pa(icle detectors). Measurement and control. Signal conditioning and
recovery. Impedance rnatching, amplification (Op-amp based, instrumentation amp, feedback), filtering
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and.noise reduction, shielding and grounding. Fourier transforms. lock-in detector. box-car integrator.^ modulalion techniques.

High frequency devices (including generators and detectors).

VIl. Atomic & Moleculer physics

Quantum states olan electron in an arom. Electron spin. Spectrum ofhelium and arkali atom. Rerativistic
conectiors-for energy levels ofhydrogen atom, hyperfin; structure and isotopic shift. width ofspectrum
lines, LS & JJ couplings. Zeeman, paschen-Bach & Stark effects. Elecrron spin resonance. Nuclear
magnetic resonance. chemical shift. Frank-Condon principle. Born_Oppenheimer approximation.
Lllectronic' rotational, vibralional and Raman specrm or diaromic morecures, selection rules. Lasers:
spontaneous and stimulated emission, Einstein A & B coefficients. Optical pumpi'g, population
inversion, rate equation. Modes ofresonators and coherence length

VIll. Condensed Matter Physics

Bravais lattices. Reciprocal tartice. Diffracrion and the stru*ure facror. Bonding of sorids. Erastic
propenies, phonons. lattice specific heat. Free electron theory and electronic specific'fieat. Response and
relaxation phenorncna. Drude model of eleolrical and thermal conductivity. Hall effect and
thermoelectric power. Erectron motioo in a periodic potential. band th€ory of solids: metars, insurators
and semiconductors. Superconductivity: type-l and type_ll superconductom. Josephson junclions.
Strperfluidity. Defects and dislocations. ordered phases oi matter: rranslarional and orientational order.
kinds ofliquid crysralline order. euasi crysrals.

IX. Nuclear and Particle physics

Basic nuclear propenies: size. shape and charge disrribution. spin and parity. Binding energy. semi-
empirical mass formula, liquid drop model. Narure o[ rhe nuclear loice, torm of nuclcon-nucleon
potential, charge-independence and charge-symmetry of nucrear forces. Deuteron probrem. Evidence of
shell structure, single-particle shell model, its validity and Iimita(ions. Rotationai spectra. Elementary
ideas of alpha, beta and gamma decays and lheir selection rules. Fission and fusion. Nuclear reactions,
reaction mechanism, compound nuclei and direct reactions.

Classification of fundamental forces. Elementary particles and their quantum numbers (charge, spin,
parity, isospin, srrangeness, e(c.). Ce mann-Nishijima formula. euark model, baryons andrn".o-nr. C, p,
and_T invariance. Application of symmetry arguments to particre reactions. parity non-conservation in
weak interaction. Relativistic kinematics.
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