R | MP 1.2

First Semester M. Sc in Physms Exammatlon, May 2015
CLASSICAL MECHANICS -

Time : 3 Hours  Max Marks
Instruction : Answer all questions.
1. a) Define center of mass for a system of particles.

b) Prove that the total angular momentum of a system of particles is conserved
in the absence of applied torques. Obtain an expression for angular frequency
of a charged particle moving in magnetic field. -

~ OR
2. a) With schematic diagrams, write down the equations of constraints in the case
of a simple pendulum moving in the xy plane and a particle moving on or
~ outside the surface of a sphere of radius a.. '

;b) Starting from D’Alembert’s principle obtain Lagrange S equaﬂons of motlon
for the conservative system.. o

3. a) Solve the inverse Kepler problem using Binet’s equation and show that-the
central force may be in the form of universal law of gravitation.

b) State Hamilton's least action pnnc:lple Derive Hamilton’s equations from the
vanatlonal prmc:ple e ;

. ©R | | |
4. a) Explaln the term Canonical transformatlon Obtam SImpIetlc condltlon for a
- ‘canonical transformation. ‘ :

e CdA .
b) Express the total time derivative o of a function A(p,, q,, t) in terms of the

Poisson bracket of A with the Hamiltonian H.

5. a) Describe Hamilton-Jacobi method for solving the equation for a ohe
dimensional linear harmonic oscillator and obtain the solution.

b) State and prove parallel axis theorem.
OR
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| 6 | ) What are the principal moments of inertia of a rigid body ? Classn‘y ngtd

‘bodies based on their principal moments of inertia. 5
- b) Setupthe Euler equatlons:‘of motton forangld body 10
e a) D|scuss the simultaneity in relativity. | __5
: ) Obtaln the Lorentz covariantform of Newton’s second law of motion. Determlne
~ the 4 component of the 4-force atong the world line of the particle assumlng
that the rest mass of the partlcle is fmtte real and non-zero tt does not vary :
along the world line. L 10
‘8. a) Obtain the ekpression for relat’ivis‘tto energy of*a“particte ofrestmassm. 5
b) Whati is the dn‘terence between inertial mass and gravrtattonal mass ? Describe .
o _the EGtvos expenment to demonstrate the tdentlty between lnertlal mass and
gravutauonal mass 10
9. Answer any four ot the followrng s e R e e ke ?‘-‘“(4x5=20)

| ) Venfy whetherF (3)(2 3y ) |+(4>< 6xy)1 rsaconservatlveforce or not

b) erte down the Lagrange s equattons when the Lagranglan tunctlon is -

L=aq (- qk)}/

c) One of the attempts at combining the two sets of Hamltton s equatlons rnto‘

tries to take g and p as forming a complex quantity. Show directly from
‘Hamilton’s equations of motion that for a system of one degree of freedom

* thetransformation Q= q + ip, P.= Q* is not canonical if the Hamtltoman is left -

unaltered. Can you find another set of coordinates Q', P" that are related to
Q, P by a change of scale only and that are canomcal ?

d) Using the fundamental P0|sson brackets ‘show that the foltowrng transformatlon is
canonlcal :

Q= 1/gqe cosp and P = 2qe sin p



7 S Bl 3. | e
e) A rigid body in motion has ¢ = 2k and the moment of inertia tensor is

_ 0
= 0
8
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. Calculate the angula‘r‘ﬁmomentum vector L of the rigid bodly.

f) If T be the klnetlc energy, G the external torque about the lnstantaneous axis
x aT
and & the resultant angular velocﬂy, show that “ctt“ =G®,

g) At what speed does amatter stickmove ifits length is observed to shrinkto 0.75 m.

h) A body of mass 10 m is moving W|th a velocity ¥ = -2 I+ 7z 1, calculate all

components of its four ~momentum.




