Syllabus for Physical Science/Physics (SCPH24)

Note:

i. There will be one Question Paper which will have 100 questions.

ii. All questions will be compulsory.

iii. The Question Paper will have two Parts i.e. Part A and Part B

iv. Part A will have 50 questions based on Research Methodology

V. Part B will have 50 questions based on Subject-Specific Knowledge.

I. Mathematical Physics

Linear vector spaces. Eigen values and Eigen vectors. Linear ordinary

Differential equations of first & second order. Special functions. Partial

Differential equations. Green’s function. Fourier and Laplace Transforms. Complex analysis:
analytic functions, poles and residues, Series expansion, and evaluation of integrals.

Il. Classical Mechanics

Lagrangian and Hamiltonian formalism. Equations of motion. Central
Force problem. Conservation laws. Small oscillations and normal
Modes. Special theory of relativity.

lll. Electromagnetic Theory

Gauss’s law. Laplace and Poisson equations, boundary value Problems. Ampere's law.
Electromagnetic induction. Maxwell's Equations. Scalar and vector potentials. Gauge invariance.
Conservation laws for electromagnetic fields. Electromagnetic waves in free space. Dielectrics
and conductors. Reflection and refraction of Electromagnetic waves. Dynamics of charged
particles in static and Uniform electromagnetic fields.

IV. Quantum Mechanics

Wave functions and operators. Heisenberg uncertainty principle.

Schrédinger equation (time-dependent and time-independent).

Eigenvalue problems (particle in a box, harmonic oscillator, hydrogen Atom). Tunnelling. Orbital
and spin angular momenta. Addition of Angular momenta. Time-independent perturbation
theory. Variational Method. Time dependent perturbation theory: Fermi's golden rule and
Selection rules. Identical particles and indistinguishability.




V. Thermodynamics and Statistical Physics

Laws of thermodynamics and their consequences. Thermodynamic Potentials. Legendre
transformation. Maxwell relations. Chemical Potential, phase equilibria. Micro-canonical,
canonical and grand- Canonical ensembles and partition functions. Free energy and its
Connection with thermodynamic quantities. Classical and quantum Statistics. Ideal Bose and
Fermi gases. Blackbody radiation and Planck’s distribution. First- and second-order phase
transitions.

VI. Atomic & Molecular Physics

Quantum states of electrons in an atom. Relativistic corrections of Atomic energy levels. LS & JJ
couplings. Zeeman, Paschen-Bach &Stark effects. Magnetic resonance. Born-Oppenheimer
approximation. Electronic, rotational, vibrational and Raman spectra of diatomic molecules.
Lasers: spontaneous and stimulated emission, Einstein A &B coefficients. Optical pumping,
population inversion, rate equation.

VII. Condensed Matter Physics

Bravais lattices. Reciprocal lattice. Diffraction and structure factor. Bonding of solids. Elastic
properties, phonons, lattice specific heat. Free electron theory of metals and electronic specific
heat. Drude model of electrical and thermal conductivity. Hall Effect and thermoelectric power.
Band theory of solids: metals, insulators and semiconductors. Superconductivity: Type-I and
type-Il superconductors. Magnetism: types of magnetic ordering and Curie-Weiss law.

VIII. Nuclear and Particle Physics

Basic nuclear properties: size, shape and charge distribution, spin and parity. Binding energy,
semi-empirical mass formula, liquid drop model. Nuclear force. Single-particle shell model, its
validity and limitations. Rotational spectra. Elementary ideas of alpha, beta and gamma decays
and their selection rules. Fission and fusion. Nuclear reactions. Classification of fundamental
forces. Elementary particles and their quantum numbers (charge, spin, parity, isospin,
strangeness, etc.).

IX. Electronics

Semiconductor devices (diodes, junctions, transistors, and field effect devices), device
characteristics. Operational amplifiers and their applications. Digital techniques and applications
(registers, counters, comparators and similar circuits).

X. Research Methodology and Experimental Methods

Data analysis. Error estimation. Measurement of electrical resistivity, Hall coefficient, magnetic
susceptibility and thermal conductivity. Interference and diffraction experiments. Spectroscopic
measurements such as Zeeman Effect, Electron Spin Resonance, and Raman Effect.
Experimental determination of fundamental constants such as Planck’s constant, e/m, and
Boltzmann constant.







