Lesson Plan for BSc 1¥* Semester

Mechanics

NMonth ‘ 7 Topics
bgéfbégﬁdicular and

Moment of Inertia, Radius of (-iyr‘ation.rfheorems of

iy | Rig_‘id hnd_\'. \
parallel axis (with proof). - 1

CAugust Moment of Inertia of ring, Disc, Angular Disc, Solid cylinder, Solid sphere, HO_“OWJ\
Rotational

Triangular plate, Torque, nal |
f angular momentum, Rolling |
d plane, Fly |

ate, Square plate, Solid cone,
Law of conservation 0
y rolling down an incline

" sphere. Rectangular pl
| Kinetic Energy. Angular momentum,
motion. condition for pure rolling, acceleration of bod
wheel. Moment of Inertia of an irregular body. o
" Deforming force, Elastic limit, stress, strain and their types, Hooke’s law, Modulus of
rigidity. Relation between shear angle and angle of twist, elastic energy stored/volume 1n |
" an elastic body, Elongation produced in heavy rod due to its own weight and elastic |
- potential energy stored in it, Tension in rotating rod, Poisson’s ratio and its limiting value, |
Elastic Constants and their relations. Torque required for twisting cylinder, \

Hollow shaft is |
stiffer than solid one. Bending of beam, bending moment and its magnitude, Flexural |
rividity. Geometrical moment of inertia for

beam of rectangular cross-section and circular |

cross-section. Bending of cantilever (loaded by a weight W at its free end), weight of |

" cantilever uniformly distributed over its entire length. Dispersion of a centrally loaded |
| beam supported at its ends, determination of

k elastic constants for material of wire by ‘
5‘ | Scarle’s method. J
CGetober | Michelson’s Morley experiment and its outcomes, Postulates of special theory of relativity,
" { orentz Transformations, Simultaneity and order of events, Lorentz contraction, Time ‘.

" dilation. Relativistic transformation of velocity, relativistic addition of velocities, variation
relativistic Doppler effect, relativistic kinematics,

~of  mass-energy equivalence,
~ transformation of energy and momentum, transformation of force, Problems of relativistic

|
i
|
\
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| dynamics. \
Law of gravitation, Potential and field due to spherical shell and solid sphere. Motion of a \
' particle under central force field, Two body problem and its reduction to one body problem
" and its solution, compound pendulum or physical pendulum in form of elliptical lamina |
" and expression of time period, determination of g by means of bar pendulum, Normal
| coordinates and normal modes, Normal modes of vibration for given spring mass system,
' possible angular frequencies of oscillation of two identical simple pendulums of length (1)

" and small bob of mass (m joined together with spring of spring constant (K).
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Lesson Plan for BSc 3" Semester

Thermodynamics and Statistical Physics

“Topics

Fhermody namic-systems, variables and equation of state, thermal equilibrium, Zeroth law of
thermody namices: Concept of heat, work and its sign (work done- by the system on the system) & its
path dependence.
First law of thermodynamics- its significance and limitations, internal energy as a state function,
- different types of process-isochoric process, isobaric process, adiabatic process, isothermal process,
cyelic process. Reversible and irreversible process, First law and cyclic process; Second law of
thermodynamics and its significance, Carnot theorem; Absolute scale of temperature, Absolute
Zcio and magnitude of each division on work scale and perfect gas scale, Joule’s free expansion,
Joule Thomson effect. Joule-Thomson (Porous plug) experiment, conclusions and explanation,
analytical treatment of Joule Thomson effect, Entropy, calculations of entropy of reversible and
irreversible process. T-S diagram, entropy of a perfect gas, Nernst heat law (third law of
thermodynamics): Liquefaction of gases, (oxygen, air, hydrogen and helium) solidification of
helium below 4K, Cooling by adiabatic demagnetization. |
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Derivation  of  Clausius-Clapeyron  and  Clausius latent heat equations and their
' significance, specific heat of saturated vapours, phase diagram and triple point of a
- substance, development of Maxwell thermodynamical relations, Thermodynamical functions:
~ Internal energy (U), Helmholtz function (F), Enthalpy (H), Gibbs function (G) and the relations
- between them, derivation of Maxwell thermodynamical relations from thermodynamical
functions. Application of Maxwell relations: relations between two specific heats of gas,
. Derivation of Clausius-Clapeyron and Clausius equation, variation of intrinsic energy with
~volume for (i) perfect gas (ii) Vander wall gas (iii) solids and liquids, derivation of Stefan’s
| law. adiabatic compression and expansion of gas & deduction of theory of Joule Thomson

effect.

B Duiong and Petit Law, derivation of Dulong and Petit law from classical physics; Need of Quantum

- angular frequencies of oscillation of two identical simple pendulums of length (1) and small bob of
| mmass (my joined together with spring of spring constant (k). _

Distribution of N (for N= 2, 3, 4) distinguishable and indistinguishable particles in two boxes of
- equal size, microstates and macrostates, thermodynamical probability, constraints and accessible
- states. statistical fluctuations, general distribution of distinguishable particles in compartments of
 different sizes, B-parameter, entropy and probability; Concept of phase space, division of phase |
| space into cells, postulates of statistical mechanics; Classical and quantum statistics, basic approach
' to these statistics, Maxwell-Boltzmann statistics applied to an ideal gas in equilibrium-energy
- distribution law. Maxwell’s distribution of speed & velocity (derivation required), most probable
. speed. average and r.m.s. speed, mean energy for Maxwellian distribution. :

' statistics- classical versus quantum statistics, Bose-Einstein energy distribution Law, Application of
' B. E. Statistics to Planck’s radiation law, degeneracy and B. E. condensation; Fermi-Dirac energy
distribution Law, F. D. gas and degeneracy, Fermi energy and Fermi temperature; F. D. energy
. distribution Law for electron gas in metals, zero point energy, average speed (at 0 K) of electron
gasand expression of time period, determination of g by means of bar pendulum, Normal
coordinates and normal modes, Normal modes of vibration for given spring mass system, possible

o
| o~



Lesson Plan for BSc 5" Semester

Quantum and Laser Physics

[ Nonth Topics
! | - . - J—
| uly ;' Overview, scale of quantum physics, boundary between classical and quantum
! phummum Photon. Photoelectric effect, Compton effect (theory and result).

\ugust rank-Hertz experiment, de-Broglie hypothesis. Davisson and Germer cxperlment

G.P. Thomson experiment. Phase velocity, group velocity and their rela?lf)n
~eisenberg's uncertainty principle. Time energy and angular momentum, position
~uncertainty. Uncertainty principle from de Broglie wave. (Wave-particle duality).

- Gamma Ray Microscope, Electron diffraction from a slit. Derivation of 1-D time-
wkps.ndun Schrodinger wave equation (subjcct to force, free particle). Time- |
| independent Schrodinger wave equation, eigen values, eigen functions, wave!
!lumuom and its significance. Orthogonality and Normalization of function,
| concept of observer and operator. Expectation values of dynamical quantities.

; | probability current density. 1
Sepiember | (i) Free particle in one-dimensional box (solution of Schrodinger wave equatxon '
cigen functions, eigen values, quantization of energy and momentum, nodes and |
!Jnu nodes, zero point energy). (ii) One dimensional step potential E > Vo |
" (Reflection and Transmission coefficient) (iii) One dimensional step potential E <
_’ Vo (penetration depth calculation). (iv) One dimensional potential barrier, E > Vo |
" (Reflection and Transmission coefficient) (v) One-dimensional potential barrier, E |
Vo (pencetration or tunneling coefficient). (vi) Solution of Schrodinger equation
- for harmonic oscillator (quantization of energy, Zero-point energy, wave equation |
. | for ground state and excited states). |
" October Absorptlon and emission of radiation, Main features of a laser: Directionality, high |
intensity. high degree of coherence, spatial and temporal coherence, Einstein's |
cocfficients and possibility of amplification, momentum transfer, life time of a
level. kinetics of optical absorptlon (two and three level rate equation, Fuchbauer |
landerburg - formula).population inversion: A necessary condition for light |
amplification, resonance cavity, laser pumping, Threshold condition for laser |
' cmission, line broadening mechanism, homogeneous and inhomogeneous line |
- broadening (natural, collision and Doppler broadening).
November | He-Ne laser and RUBY laser (Principle, Construction and workmg) Opuc al
properties of semiconductor, Semiconductor laser (Principle, Construction and
working). Applications of lasers in the field of medicine and industry ]
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