Semester — |
PHYSICS-MJ-01: MECHANICS (Credits: Theory-03, Practicals-01)
Theory: 45 Lectures

Course learning outcome:

1.

oo

Understand laws of motion and their application to various dynamical
situations, notion of inertial frames and concept of Galilean invariance.
He / she will learn the concept of conservation of energy, momentum,
angular momentum and apply them to basic problems.

. Understand the principles of elasticity through the study of Young

Modulus and modulus of rigidity.

. Understand simple principles of fluid flow and the equations governing

fluid dynamics.
Apply Kepler’s law to describe the motion of planets and satellite in
circular orbit, through the study of law of Gravitation.

. Explain the phenomena of simple harmonic motion and the properties

of systems executing such motions.

. Describe how fictitious forces arise in a non-inertial frame, e.g., why a

person sitting in a merry-go-round experiences an outward pull.

. Describe special relativistic effects and their effects on the mass and

energy of a moving object.

appreciate the nuances of Special Theory of Relativity (STR)

. In the laboratory course, the student shall perform experiments related

to mechanics (compound pendulum), rotational dynamics (Flywheel),
elastic properties (Young Modulus and Modulus of Rigidity) and fluid
dynamics (verification of Stokes law, Searle method) etc.

Skills to be learned:

1. He / she shall develop an understanding of how to formulate a physics
problem and solve given mathematical equation risen out of it.

2. Learn the concepts of elastic constant of solids and viscosity of fluids.

3. Develop skills to understand and solve the equations central force problem.
4. Acquire basic knowledge of oscillation.



5. About inertial and non-inertial systems and special theory of relativity

Course Content:
UNIT-I
Rotational Dynamics: Centre of Mass, Motion of CoM, Centre of Mass and
Laboratory frames, Angular momentum of a particle and system of particles,
Principle of conservation of angular momentum, Rotation about a fixed axis,
Moment of Inertia, Perpendicular and Parallel Axis Theorems, Routh Rule,
Calculation of moment of inertia for cylindrical and spherical bodies, Kinetic
energy of rotation, Eulers Equations of Rigid Body motion, Motion involving
both translation and rotation. Moment of Inertia of a Flywheel.
Non-Inertial Systems:
Non-inertial frames and fictitious forces, Uniformly rotating frame, Laws of
Physics in rotating coordinate systems, Centrifugal force, Coriolis force and
its applications.

(11 Lectures)

UNIT-11
Elasticity: Relation between Elastic constants, Twisting torque on a Cylinder
or Wire, Bending of beams, External bending moment, Flexural rigidity,

Cantilever.



Fluid Motion: Kinematics of Moving Fluids Poiseuilles Equation for Flow
of a Liquid through a Capillary Tube, Surface tension, Gravity waves and
ripple .
Viscocity: Poiseuilles Equation for Flow of a Liquid with corrections
(11 Lectures)

UNIT-111
Gravitation and Central Force Motion: Law of gravitation, Gravitational
potential energy, Inertial and gravitational mass, Potential and field due to
spherical shelland solid sphere, Motion of a particle under a central force
field, Two-body problem and its reduction to one-body problem and its
solution, Differential Equation of motion with central force and its solution,
The first Integrals (two), Concept of power Law Potentials, KeplersLaws of
Planetary motion, Satellites:. Geosynchronous orbits, Weightlessness, Basic
idea of global positioning system (GPS), Physiological effects on astronauts.

(11 Lectures)

UNIT-1V

Oscillations: Simple Harmonic Oscillations. Kinetic energy, potential energy,
total energy and their time-average values. Damped oscillation. Equation of
motion and solution(,cases of oscillatory, critically damped and over damped)
Forced oscillations: Transient and steady states; Resonance, sharpness of
resonance , power dissipation, QualityFactor, Bar Pendulum, Katers
Pendulum.

(6 Lectures)



Special Theory of Relativity: Michelson-Morley Experiment and its out-
come, Postulates of Special Theory of Relativity, Lorentz Transformations,
Simultaneity and order of events, Lorentz Contraction, Time dilation,
Relativistic transformation of velocity, Frequency and wave number,
Relativistic addition of velocities, Variation of mass with velocity, Mass less
Particles, Mass-energy Equivalence, Relativistic Doppler effect, Relativistic
Kinematics, Transformation of Energy and Momentum.
(6 Lectures)

Reference Books:

1. An introduction to mechanics, D. Kleppner, R.J. Kolenkow, 1973,
McGraw-Hill.

2. Mechanics, Berkeley Physics, vol.1, C.Kittel, W.Knight, et.al. 2007,
Tata McGraw-Hill.

3. Physics, Resnick, Halliday and Walker 8/e. 2008, Wiley.

4. Analytical Mechanics, G.R. Fowles and G.L. Cassiday. 2005, Cengage
Learning

5. Feynman Lectures, Vol. I, R.P.Feynman, R.B.Leighton, M.Sands, 2008,
Pearson Education

6. Introduction to Special Relativity, R. Resnick, 2005, John Wiley and
Sons.

7. University Physics, Ronald Lane Reese, 2003, Thomson Brooks/Cole.

Additional Books for Reference



1. Mechanics, D.S. Mathur, S. Chand and Company Limited, 2000.

2. University Physics. FW Sears, M.W Zemansky, H.D Young 13/e, 1986,
Addison Wesley.

3. Physics for scientists and Engineers with Modern Phys., J.W. Jewett,
R.A. Serway, 2010, Cengage Learning.

4. Theoretical Mechanics, M.R. Spiegel, 2006, Tata McGraw Hill.

PHYSICS MJ-01 LAB, Mechanics
Contact Hour: 30 Hours

1. To determine the height of a building using a Sextant.

2. To study the Motion of Spring and calculate (a) Spring constant
(b) g (c) Modulus of rigidity.

3. To determine the Moment of Inertia of a Flywheel.

4. To determine g and velocity for a freely falling body using
Digital Timing Technique

5. To determine Coefficient of Viscosity of water by Capillary Flow
Method (Poiseuille’s method).

6. To determine the Young's Modulus of a Wire by Optical Lever
Method.

7. To determine the elastic Constants of a wire by Searle’s method.
8. To determine the value of g using Bar Pendulum.

9. To determine the value of g using Kater’s Pendulum.

Reference Books:



. Advanced Practical Physics for students, B. L. Flint and H.T.
Worsnop, 1971, Asia Publishing House

. Advanced level Physics Practicals, Michael Nelson and Jon M.
Ogborn, 4th Edition, reprinted 1985, Heinemann Educational
Publishers

. A Text Book of Practical Physics, I.Prakash & Ramakrishna, 11th
Edn, 2011, Kitab Mahal

. Engineering Practical Physics, S.Panigrahi & B.Mallick,2015,
Cengage Learning India Pvt. Ltd.

. Practical Physics, G.L. Squires, 2015, 4th Edition, Cambridge

University Press.



Minor | (MN-1) : MECHANICS
(Credits: Theory-03, Practicals-01)
Theory: 45 Lectures

Course learning outcome:

Understand laws of motion and their application to various dynamical
situations, notion of inertial frames and concept of Galilean invariance.
He / she will learn the concept of conservation of energy, momentum,
angular momentum and apply them to basic problems.

Understand the principles of elasticity through the study of Young
Modulus and modulus of rigidity.

Understand simple principles of fluid flow and the equations governing
fluid dynamics.

Apply Kepler’s law to describe the motion of planets and satellite in
circular orbit, through the study of law of Gravitation.

Explain the phenomena of simple harmonic motion and the properties
of systems executing such motions.

Describe how fictitious forces arise in a non-inertial frame, e.g., why a
person sitting in a merry-go-round experiences an outward pull.
Describe special relativistic effects and their effects on the mass and

energy of a moving object.

Vectors: Vector algebra. Scalar and vector products. Derivatives of a vector

with respect to a parameter.

(3 Lectures)

Ordinary Differential Equations: 1st order homogeneous differential

equations. 2 nd order homogeneous differential equations with constant

coefficients.

(4 Lectures)



Laws of Motion: Frames of reference. Newton’s Laws of motion. Dynamics
of a system of particles. Centre of Mass.
(6 Lectures)

Momentum and Energy: Conservation of momentum. Work and energy.
Conservation of energy. Motion of rockets .

(4 Lectures)
Rotational Motion: Angular velocity and angular momentum. Torque.
Conservation of angular momentum.

(4 Lectures)
Gravitation: Newton’s Law of Gravitation. Motion of a particle in a central
force field (motion is in a plane, angular momentum is conserved, areal
velocity is constant). Kepler’s Laws (statement only). Satellite in circular
orbit and applications. Geosynchronous orbits. Basic idea of global
positioning system (GPS). Weightlessness. Physiological effects on
astronauts.

(7 Lectures)
Oscillations: Simple harmonic motion. Differential equation of SHM and its
solutions. Kinetic and Potential Energy, Total Energy and their time averages.
Damped oscillations.

(5 Lectures)
Elasticity: Hooke’s law - Stress-strain diagram - Elastic moduli-Relation
between elastic constants - Poisson’s Ratio-Expression for Poisson’s ratio in
terms of elastic constants — Work done in stretching and work done in

twisting a wire - Twisting couple on a cylinder - Determination of Rigidity



modulus by static torsion — Torsional pendulum-Determination of Rigidity
modulus and moment of inertia - B,»,Y by Searles method.

(7 Lectures)
Special Theory of Relativity: Constancy of speed of light. Postulates of
Special Theory of Relativity. Length contraction. Time dilation. Relativistic
addition of velocities.

(5 Lectures)
Note: Students are not familiar with vector calculus. Hence all examples
involve differentiation either in one dimension or with respect to the

radial coordinate

Reference Books:

1. University Physics. F.W. Sears, M.W. Zemansky and H.D. Young, 13/e,
1986. Addison Wesley.

2. Mechanics Berkeley Physics, v.1: Charles Kittel, et. al. 2007, Tata
McGraw-Hill.

3. Physics — Resnick, Halliday & Walker 9/e, 2010, Wiley

4. Engineering Mechanics, Basudeb Bhattacharya, 2 nd edn., 2015,
Oxford University Press

5. University Physics, Ronald Lane Reese, 2003, Thomson Brooks/Cole.

Minor I- LAB: MECHANICS
30 Lectures
1. Measurements of length (or diameter) using vernier caliper, screw gauge

and travelling microscope.



. To determine the Height of a Building using a Sextant.

. To determine the Moment of Inertia of a Flywheel.

. To determine the Young's Modulus of a Wire by Optical Lever Method.
. To determine the Modulus of Rigidity of a Wire by Maxwell’s needle.

. To determine the Elastic Constants of a Wire by Searle’s method.

. To determine g by Bar Pendulum.

. To determine g by Kater’s Pendulum.
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. To study the Motion of a Spring and calculate (a) Spring Constant, (b) g.

Reference Books:

1. Advanced Practical Physics for students, B.L. Flint and H.T.
Worsnop, 1971, Asia Publishing House.

2. Advanced level Physics Practicals, Michael Nelson and Jon M.
Ogborn, 4 th Edition, reprinted 1985, Heinemann Educational
Publishers.

3. Engineering Practical Physics, S.Panigrahi & B.Mallick,2015,
Cengage Learning India Pvt. Ltd.

4. A Text Book of Practical Physics, Indu Prakash and Ramakrishna,
11 th Edition, 2011, Kitab Mahal, New Delhi.



