7. PHYSICS

PAPER—1

Unit-: Mathematlcai Physics

1. Comp!ex vanab!e Ceuchye theorem L,auchy e mtegral tormu!a CIBSSIfICa’GGﬂ of smgulant[es

branch point and branch cut, Recldue theorem evaluation of integral USiﬂQ residue. theorem

2. Special functions: Basic propertles and solutlons (seres expansmn recdrrence and.

'orthogonahty relations) of Bessel LCegendre, Laguerre functlohs fSqution of mhomogeneous

partial d:fferentla! equatlon by method of Green’s funotion

3. Tensors: Cartesian {ensors, covariant, oohtravarlant and mixed tensor, tensor algebra,

e

_properties of eymmetric and anti symmetric tensor.

-mfnitesmai) Eu!ers :ang[es' Eulers th" r

Unit- ll Ciass:cat Mechamce

1: Hamtttons pnncsple Ham;ltons prlhc:pte Lagranges equatlon from Hamlltons pnnc:lple .

Solutlon of Lagrahge equatron of motron for Szmpie harmon:o osolflator Ham lton equatlons of

motion cahomcal equatlohs from Varaatlona[ pranelpie pnncrple of Ieast ac:taon a

2 Canomcat transformatlon Generat:ng function and Legendre transformatlon lhtegrai

invariant of F‘o]neare Lagrdhge dﬂd Poieson 5 braokete

3 ngld body lndepe'dent coordinatee ©

: pnnospal axis transtormatlon angutar momentum and kmet[c ehergy' of rotatuon in terms of'Eu[er’s

angles. Euler's equatnon of mot;on torque free mottoh of rlgld body heavy symmetncat top wth

" one point flxed

Unit-i: Ciass;cal Electrodynamlcs ,

1. Electrostatics and Magnetostatics Scalar and vector poten’ual Gauge transformation
multiple expanston of (r) scalar potential and electrostatic energy due to static charge dlstnbutton
(i) vector potent[at due to statlonary current drstnbutlon ‘Electrostatic and magnetostatlo eneroy,

Poynting ‘s theorem, Maxwell's stress tensor

2. Relativistic electrodynamics: Equation of motion in an electromagnetic field, eleotromagnetic
field tensor, covariance of Maxwell's equation, Maxwell's equations as equations of motion,
Lorentz transformation laws for electromagnetic field, and the fields due to point charge in uniform
motion, Field invariants , covariance of Lorentz force equatmh of motion, and equation of motion of

& charged particle in an eleetro*nagnetrc field.
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* Energy momentum tensor and conser\!atloﬂ laws for electromagnetic field, Relativistic Lagrang|an \_/

anci Hamiltonian of a charged particle in an electromagnetic field. « g

Unit-lV: Quantum Mechanics-|

1. Wave pa.CKEt: Gaussian wave packet, spreading of wave packet, coordinate and momentum

representation, x and p in these representation, Dirac delta function.

2. Operator method in Quantum Mechamcs Formutation of Quantum Mechanics in vector

space language, uncertalnty product of two arbitrary operators, one dlmensmnal harmonlc
oscillator by operator method. Matrix representatlon ot operators, Schrodinger, Heisenberg and

mteractuon plctures Dtrac bracket notatlon

3. Symmetry, mvartance pnncrple and conservatton Laws: Space translational invanance

time translational lnvanance and rotational invariance and conservation laws.

\

4. Angular momentum: Angular momentum algebra, addition of two angular momenta j 1=1/2,

j_2=1/2. Clebsch— Gordon Coeftcients examples, matrix representaﬂon of j 1=1/2 andj 2= 1

Spm angular momentum Paull spin matnces and thelr properties eigen value and ergen functlon

5: Approxrmatton methods Time. mdependent perturbatson theory, Flrst and second order '

correctton fo. energy and etgen functions, Degenerate perturbat|on theory, epphcatlon to one

I_ electron system relatiwstic mass correctron Spln Orbtt couphng, Zeeman effect Imear Stark

| etfect Fme structure o ‘spectral lme ot H trke atom

Unit- \f Statrstrcai N’echamcs

1.. Objectwes of Classnca! Statrst:cai Mechamce Boltzmanns postutates of - entropy, micro

canomca[ ensemb

2y Canomca! ensembte Expressmn for entropy, canomcal partitlon functton He[mhottz free

energy, energy fluctuatron -

3. Grand canomcat ensembte Grand canon;cat pa“tttlon functzon ohemtca[ potential; densrty

ﬂuctuatlon chemlcal potentra! of an ldeal gas '

4. Quantum Statlstlcal Mechanlcs Plancks law of black body radiation, equation of state for
ideal Fermi gas at: low den51ty-htgh temperature and at h|gh density-low temperature, theory of

white dwarf star, . r_el,atr_on between chemical potential and Fermi energy.
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Unit-I: Quantum Mechanics-ll

1. WKB Appfoximation: Connection formulae, B'ohr quahtization rule, barrier penetration and a-
decay, |

2. Variational method: He atom as an example, First order perturbation, exchange degeneracy.
3. Time dependant perturbation thééryzlllnter-acﬁpﬁ '[':_ai'cﬁ'l_rg Transition probability, constant and
harmonic perturbation, Fermi Golden Rule, electric dipole radiation, selection rule, Spontaneous

.emission, Einstein’s A and B coefficients, Principle of Laser

4. identical Particles: Symmetric and anti- symmetric wave functions, Slater determinant,

symmetnc and anti- symmetric wave functlons of two identical spln Y2 particles.
Umt Il Re!atlvrstlc Quantum Mechanics and Field theory

1.: D:rac Equatlon Dlrac equa’uon propertles of Dirac y—matr[ces Non re!atlwstac reducﬂon of
Dirac equatlon magnehc moment of eiectron Spm Orbxt coupling, Covanance of Dlrac equatlon

and bllmear covarmts

2, Solut{on of Drrac Equaﬂon Free partlcle solution of Dlrac equatton and its phys;cal

lnterpretation pro;eotnon operator for spln and energy

Umt-lil Electromcs
1. Amphﬂers: Frequency rel{sponSe-'Q'f linear amplifier, amplifier pass band, R-C, ,L—C and

transformer coupled émp!iﬁer, feed back amplifier, book-strapping the FET, stability, noise.

2. Oscillators: Feedback criteria for oscillation, phase shift, Wien bridge, crystal controlled and
Klystron oscillators, multi vibrators- astable, monostale and bistable.

3. Digital Circuits: Logic fundamentals, Boolean theorem, Ld'gic gates-RTL,DTL,TTL, RS flipflop,
JK flip-flops. ' |

4.Boolean algebra: De Morgan theorem, AND,NAND,NOT,NOR gates(CMOS,NMOS), MOS
- circuits.

Unit-1V: Condensed Matter Physics

1. Band Theory of Solid: Bloch equation, empty lattice band, nearly free electron bands, no of
states in band, tight binding method, effective mass of electron in the band, concept of holes,

clessification- of metal, semiconducior and insulator, intrinsic and extrinsic semiconduclors,

“intrinsic carrier concentration,
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constants of gases, Lorentz internal fields,. static dielectric constant of solids, classical theory L ]

electronic polarization and optical absorption, Clausius-Mossotti equation, elementary idea of
ferroelectricity.

3. Magnetic Properties of Solids: Origin of Magnetism, quantum theory of diamagnetism,
paramagnetism, Pauli Paramagnetism, Ferromagnetism, Curie-Weiss law, ferromagnetic domarn

ferri and anti ferromagnetism,

| 4. Superconductmty Phenomenoiogtcal descrrptron of superconductwrty, Meissner effect, Type-

I and type«!I superconductors London s equatron outlmes of BCS theory.
Unit-V: Nuclear and Particle Phys;cs.-,_ :

1. Nuclear Properties: Basic nuclear properties: nuclear size, nuclear radius and charge
distribution, nuclear form factor, mass and 'b’erzdirtg energy, Angular momentum, parity and

symmetry, Magneticdipole . moment and electric quadrupole moment

2. TWo body ‘bound state: Propertres ot deuteron Schrodrnger equatron and its solution for
ground state of'deuteron -Ims radrus sprn dependence of nuc[ear forces e!ectromagnetrc

moment and magnetac drpole moment of deuteron and the necessrty of tensor forces.

i

3. B- decay B- emission and' etectron capture Fermi's theory of allowed B-decay, Selectron rules

for Fermr and Gamow~Te[ler transrtlons Parrty non- conservatron

4 Nuclear Reactions .and -Fission: leferent types of reactrone ‘Quantum mechanical theory,
Resonance scatterrng and reactrons Nuctear ﬁssron Expenmentat features spontaneous fission,

hqurd drop model bamer penetratron statistrcal model ]

‘2 Dielectric Propertres of solids: Electronic and ionic polarization of molecules, static dlelectrtc Lo



