PHYSICS SYLLABUS FOR
RECUITMENT TEST
UNIT 1: Units and Measurements

Units of measurements. System of units. SI Units. Fundamental and derived
units. least count. Significant figures. Errors in measurements. Dimensions of
Physics quantities. Dimensional Analysis and its Applications.

UNIT 2: Kinematics
The frame of reference, motion in a straight line, speed and velocity, uniform
and non-uniform motion, average speed and instantaneous velocity. uniformly

accelerated motion. velocity-time, position-time graph, relations for uniformly
accelerated motion, relative velocity.

Motion in a plane, projectile motion, uniform circular motion.
UNIT 3: Laws of Motion

['orce and inertia. Newton’s first law of motion. momentum. Newton's second
Law of motion. impulse, Newton’s third Law of motion. Law of conservation of
lincar momentum and its applications. equilibrium of concurrent forces,

Static and Kinetic friction. laws of friction. rolling friction.
Dynamics of uniform circular motion, centripetal force and its applications:
vehicle on a level circular road, vehicle on a banked road.

UNIT 4: Work, Energy and Power

Work done by a constant force and a variable force, Kinetic and potential energies,
work-energy theorem, power.

The potential energy of a spring. conservation of mechanical energy.
conservative and non- conservative forces. motion in a vertical circle. Elastic
and inelastic collisions in one and two dimensions.

UNIT 5: Rotational Motion

Centre of mass of a two-particle system. centre of mass of a rigid body. Basic
concepts of rotational motion. moment of a force. torque. angular momentum,
conservation of angular momentum and its applications.

The moment of inertia. the radius of gyration. values of moments of inertia for
simple geometrical objects. parallel and perpendicular axes theorems and their
applications. Equilibrium of rigid bodies, rigid body rotation and equations of
rotational motion. comparison of linear and rotational motions.

UNIT 6: Gravitation

The universal law of gravitation. Acceleration due to gravity and its variation

by vith altitude and depth. Kepler's law of planetary motion. Gravitational potential

\‘C:/_/'/l energy. gravitational potential. Escape velocity. motion of a satellite. orbital
9 velocity. time period and energy of satellite.

UNIT 7: Properties of Solids and Liquids

Ilastic behaviour, stress-strain relationship. Hooke's Law. Young's modulus,
bulk modulus and modulus of rigidity.



Pressure due to a fluid column, Pascal's law and its applications, effect of gravity
on fluid pressure. viscosity, Stoke’s law, terminal velocity, streamline and
turbulent flow. critical velocity. Bernoulli's principle and its applications.

Surface energy and surface tension. angle of contact, excess of pressure across a
curved surface, application of surface tension: drops. bubbles and capillary rise.
Heat. temperature, thermal expansion. specific heat capacity, calorimetry,
change of state. latent heat. Heat transfer: conduction. convection and radiation.

UNIT 8: Thermodynamics

Thermal equilibrium and the concept of temperature. zeroth law of
thermodynamics. heat. work and internal energy. The first law of
thermodynamics. isothermal and adiabatic processes. The second law of
thermodynamics: reversible and irreversible processes.

UNIT 9: Kinetic Theory of Gases

Equation of state of a perfect gas, work done on compressing a gas, kinetic
theory of gases: assumptions. the concept of pressure, kinetic interpretation of
temperature. RMS speed of gas molecules, degrees of freedom, law of
equipartition of energy and applications to specific heat capacities of gases,
mean free path. Avogadro's number.

UNIT 10: Oscillations and Waves

Oscillations and periodic motion: time period. frequency. displacement as a
function of time. periodic functions. Simple harmonic motion (S.11.M.) and its
cquation. phase. oscillations of a spring: restoring force and force constant,
energy in S.H.M.: kinetic and potential energies. simple pendulum: derivation
of expression for its time period.

Wave motion. longitudinal and transverse waves, speed of the travelling wave,
displacement relation for a progressive wave, principle of superposition of
waves. reflection of waves, standing waves in strings and organ pipes,
fundamental mode and harmonics, beats.

UNIT 11: Electrostatics

Lleetric charges: conservation of charge. Coulomb's law forces between two
point charges. forces between multiple charges. superposition principle and
continuous charge distribution.

Electric field: electric field due to a point charge. electric field lines. electric

dipole. electric field due to a dipole. torque on a dipole in a uniform electric

ficld.

Electric flux. Gauss's law and its applications to find field due to infinitely long

uniformly charged straight wire. uniformly charged infinite plane sheet and

uniformly charged thin spherical shell.

Electric potential and its calculation for a point charge, electric dipole and

"\, system of charges, potential difference, equipotential surfaces, electrical
potential energy of a system of two-point charges and of electric dipole in an

\u_,r/ electrostatic field.

Conductors and insulators. dielectrics and electric polarization, capacitors and
capacitance. the combination of capacitors in series and parallel and capacitance
of a parallel plate capacitor with and without dielectric medium between the
plates. energy stored in a capacitor,



UNIT 12: Current Electricity

Electric current: drift velocity. mobility and their relation with electric current.
Ohm's law, electrical resistance, 1-V characteristics of Ohmic and non-ohmic
conductors. electrical energy and power. electrical resistivity and conductivity,
series and parallel combinations of resistors. temperature dependence of
resistance.

Internal resistance, potential difference and emf of a cell. a combination of cells
in series and parallel.

Kirchhoff's laws and their applications, Wheatstone bridge, Meter Bridge.

UNIT 13: Magnetic Effects of Current and Magnetism

Biot-Savart law and its application to the current carrying circular loop.
Ampere's law and its applications to infinitely long current carrying straight
wire and solenoid.

lForce on a moving charge in uniform magnetic and electric fields. force on a
current-carrying conductor in a uniform magnetic field. the force between two
parallel currents carrying conductors-definition of ampere. torque experienced
by a current loop in a uniform magnetic field: Moving coil galvanometer. its
sensitivity and conversion to ammeter and voltmeter.

Current loop as a magnetic dipole and its magnetic dipole moment, bar magnet as
an equivalent solenoid. magnetic field lines. magnetic field due to a magnetic
dipole (bar magnet) along its axis and perpendicular to its axis. torque on a
magnetic dipole in a uniform magnetic field. paramagnetic diamagnetic and
ferromagnetic substances with examples, the effect of temperature on magnetic
properties.

UNIT 14: Electromagnetic Induction and Alternating Currents

Electromagnetic induction: Faraday's law. induced emf and current. Lenz’s law,
eddy currents. self and mutual inductance.

Alternating currents. peak and RMS value of alternating current/voltage,
reactance and impedance, LCR series circuit, resonance. power in AC circuits,
wattless current, AC generator and transformer.

UNIT 15: Electromagnetic Waves

Displacement current, electromagnetic waves and their characteristics,
transverse nature of electromagnetic waves, electromagnetic spectrum (radio
waves. microwaves. infrared. visible. ultraviolet, X-rays. Gamma rays),
applications of electromagnetic waves.

UNIT 16: Optics

Reflection of light, spherical mirrors, mirror formula. Refraction of light at
plane and spherical surfaces, thin lens formula and lens maker formula. total
internal reflection and its applications, magnification. power of a lens,
combination of thin lenses in contact. refraction of light through a prism,
microscope and astronomical telescope (reflecting and refracting) and their
magnifving powers.

Wave optics: wavefront and Huygens ‘Principle. laws of reflection and
refraction using, Huygens principle. Interference:  Young's  double-slit
experiment and expression for fringe width. coherent sources and sustained
interference of light. Diffraction due to a single slit. width of central maximum.
Polarization: plane-polarized light. Brewster's law. uses of plane- polarized
light and Polaroid.



UNIT 17: Dual Nature of Matter and Radiation

Dual nature of radiation. Photoelectric effect, Hertz and Lenard's observations.
Einstein's photoelectric equation, particle nature of light. Matter waves: wave
nature of particle, de- Broglie relation.

UNIT 18: Atoms and Nuclei

Alpha-particle scattering experiment. Rutherford's model of atom. Bohr model.
energy levels, hydrogen spectrum. Composition and size of nucleus, atomic
masses, mass-energy relation, mass defect. binding energy per nucleon and its
variation with mass number, nuclear fission and fusion.

UNIT 19: Electronic Devices

Semiconductors. semiconductor diode: 1-V characteristics in forward and
reverse bias. diode as a rectifier: 1-V characteristics of LED, the photodiode,
solar cell, Zener diode, Zener diode as a voltage regulator.

Logic gates (OR. AND. NOT. NAND and NOR).

UNIT 20: Experimental Skills
Familiarity with the basic approach and observations of the experiments and
activities:

1. Vernier calipers -its use to measure the internal and external diameter and
depth of a vessel.

[E¥)

Screw gauge-its use to determine the thickness/ diameter of thin sheet/wire.
Simple pendulum-dissipation of energy by plotting a graph between the
square of amplitude and time.

4. Meter scale - the mass of a given object by the principle of moments.

e

s Young's modulus of elasticity of the material of a metallic wire.

6. Surface tension of water by capillary rise and effect of detergents.

7. Co-cfficient of viscosity of a given viscous liquid by measuring the
terminal velocity of a given spherical body.

8. Speed of sound in air at room temperature using a resonance tube.

9 Specific heat capacity of a given (i) solid and (ii) liquid by method of
mixtures.

10. The resistivity of the material of a given wire using a meter bridge.

1. The resistance of a given wire using Ohm's law.

12. Resistance and figure of merit of a galvanometer by half deflection method.

13. The focal length of

Convex mirror

(i1) Concave mirror and

(iii)Convex lens. using the parallax method.

14. The plot of the angle of deviation vs angle of incidence for a triangular
prism.

15. The refractive index of a glass slab using a travelling microscope.

16, Characteristic curves of a p-n junction diode in forward and reverse bias.

17. Characteristic curves of a Zener diode and finding reverse breakdown
voltage.

18, Identification of diode. LED. resistor, a capacitor from a mixed collection
of such items




Part 2: UGC Syllabus

=

Mathematica
| Methods of
Physics

Dimensional analysis. Vector algebra and vector calculus. Linear a-lgébré. rhatrices,
Cayley-Hamilton Theorem. Eigenvalues and eigenvectors. Linear ordinary
differential equations of first & second order, Special functions (Hermite, Bessel,
Laguerre and Legendre functions). Fourier series, Fourier and Laplace transforms
Elements of complex analysis, analytic functions; Taylor & Laurent series; poles,
residues and evaluation of integrals. Elementary probability theory, random
variables, binomial, Poisson and normal distributions. Central limit theorem. Green'’s
function. Partial differential equations (Laplace, wave and heat equations in two and |
three dimensions). Elements of computational techniques: root of functions,
interpolation, extrapolation, integration by trapezoid and Simpson’s rule, Solution of
first order differential equation using RungeKutta method. Finite difference
methods. Tensors. Introductory group theory: SU(2), O(3).

Classical
Mechanics

Newton’s laws. Dynamical systems, Phase space dynamics, stability analysis. Central
force motions. Two body Collisions - scattering in laboratory and Centre of mass
frames. Rigid body dynamicsmoment of inertia tensor. Non-inertial frames and
pseudoforces. Variational principle. Generalized coordinates. Lagrangian and
Hamiltonian formalism and equations of motion. Conservation laws anc cycii
coordinates. Periodic motion: small oscillations, normal modes Special theary of
relativityLorentz transformations, relativistic kinematics and mass enerpy
equivalence. Dynamical systems, Phase space dynamics, stability analysis. Poisson
brackets and canonical transformations. Symmetry, invariance and Na:n:_'ths.-r’s.i
theorem, Hamilton-Jacobi theory.

%

Electromagn
etic Theory

Electrostatics: Gauss's law and its applications, Laplace and Poisson equations,
boundary value problems. Magnetostatics: Biot-Savart law, Ampere's theorem
Electromagnetic induction. Maxwell's equations in free space and linear 1sotropr
media; boundary conditions on the fields at interfaces. Scalar and vector potenta:
gauge invariance. Electromagnetic waves in free space. Dielectrics and conductors
Reflection and refraction, polarization, Fresnel’s law, interference, coherence, and
diffraction. Dynamics of charged particles in static and uniform electromagnetic
fields. Dispersion relations in plasma. Lorentz invariance of Maxwell's equatio.
Transmission lines and wave guides. Radiation- from moving charges 500 -

and retarded potentials.

Quantum
Physics

Wave-particle duality. Schrodinger equation (time-dependent and time-
independent). Eigenvalue problems (particle in a box, harmonic oscillator, etc.).
Tunneling through a barrier. Wave-function in coordinate and momentum
representations. Commutators and Heisenberg uncertainty principle. Dirac notation
for state vectors. Motion in a central potential: orbital angular momentum, angular
momentum algebra, spin, addition of angular momenta; Hydrogen atom. Stern
Gerlach experiment. Timeindependent perturbation theory and applications.
Variational method. Time dependent perturbation theory and Fermi's golden rule,
selection rules. Identical particles, Pauli exclusion principle, spin-statistics
connection. Spin-orbit coupling, fine structure. WKB approximation. Elementary
theory of scattering: phase shifts, partial waves, Born approximation Relativistic
quantum mechanics: Klein-Gordon and Dirac equations. Semi-classical theory of

radiation.




2 Thermodyna
45 mics and
Statistical
Physics

Laws of thermodynamics and their consequences. Thermodynamic potentials,
Maxwell relations, chemical potential, phase equilibria. Phase space, micro- and
macro-states. 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. Principle of detailed
balance. Blackbody radiation and Planck's distribution law. First- and second-order
phase transitions. Diamagnetism, paramagnetism, and ferromagnetism_ Ising mode!
Bose-Einstein condensation. Diffusion equation. Random walk and Brownian
motion. Introduction to non-equilibrium processes.

285 | Electronics
and
Experimental
Methods

Semiconductor devices (diodes, junctions, transistors, field effect devices, homo-
and hetero-junction devices), device structure, device characteristics, frequency
dependence and applications. Opto-electronic devices (solar cells, photo-detectors,
LEDs). Operational amplifiers and their applications. Digital techniques and
applications (registers, counters, comparators and similar circuits). A/D and D/A
converters. Microprocessor and microcontroller basics. Data interpretation and
analysis. Precision and accuracy. Error analysis, propagation of errors. Least squares |
fitting, l

2 Atomic and
87 Molecular
Physics

Quantum states of an electron in an atom. Electron spin. Spectrum of helium and
alkali atom. Relativistic corrections for energy levels of hydrogen atom, hyperfine
structure and isotopic shift, width of spectrum lines, LS & JJ couplings Zeeman
Paschen-Bach & Stark effects. Electron spin resonance. Nuclear magnetic resonant

chemical shift. Frank-Condon principle. Born-Oppenheimer approximation
Electronic, rotational, vibrational and Raman spectra of diatomic molecules,
selection rules. Lasers: spontaneous and stimulated emission, Einstein A & B
coefficients. Optical pumping, population inversion, rate equation Modes of
resonators and coherence length.

2% Condensed
Matter
Physics

Bravais lattices. Reciprocal lattice. Diffraction and the structure factor Bonding
solids. Elastic properties, phonons, lattice specific heat. Free electron theory and
electronic specific heat. Response and relaxation phenomena. Drude model of
electrical and thermal conductivity. Hall effect and thermoelectric power. Electron
motion in a periodic potential, band theory of solids: metals, insulators and
semiconductors. Superconductivity: type-l and type-Il superconductors. Josephson
junctions. Superfluidity. Defects and dislocations. Ordered phases of matter:
translational and orientational order, kinds of liquid crystalline order. Quasi crystals

Zq Nuclear and
Particle
Physics

L
4

Basic nuclear properties: size, shape and charge distribution, spin and parity

Binding energy, semi empirical mass formula, liquid drop model. Nature of the
nuclear force, form of nucleon-nucleon potential, charge-independence and charge-
symmetry of nuclear forces. Deuteron problem. Evidence of

shell structure, 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, reaction mechanism, compound

and direct reactions. Classification of fundamental forces Elementary particies and
their quantum numbers (charge, spin, parity, isospin, strangeness, etc.). Gelimann
Nishijima formula. Quark model, baryons and mesons. C, P, and T invariance.
Application of symmetry arguments to particle reactions. Parity non-conservationin '
weak interaction. Relativistic kinematics.




