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- MASTER OF SCIENCE EXAMINATION, 2619
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PHYSICS
Classical Mechanics - I
Paper - PHY/TG/101

Time : Two hours : Full Marks : 40

Answer any four questions.

1. (a) Define allowed displacements and virtual displacements. for a con- . ... .. .

strained system of N particles, obeying.v holonemic, rheonomous con-

straints given by fi(r;.ra,...ry)y for i=1,... 0.

(b) Show by simple diagrams, the allowed and virtual displacements, in the

cases of (i) a simple pendulum with support moving vertically downward

with velocity u, and (ii) a double pendulum with fixed support.

. (c). Show that in both the above cases the zero virtual work principle holds.

((24+4)+4)

2. Consider a bob of mass m hanging from a fixed support by a ‘massless spring’
having spring constant k. The pendulum oscillates in a plane, however its

length is not a constant.

{(a}) Find the Lagrangian and Lagrange’s equations for the system.
(b) Find the generalised momenta.

(¢c) Hence find the Hamiltonian for the system. ((2-—?'3)”1‘:-2-_%3)

3. (a) Draw the phase space diagram of a one dimensional harmonic oscillator.
Also draw the diagram when a velocity dependent friction is present

(you fnay consider the deceleration to be linear in velocity).
|

(b) A particle is executing motion in an attractive central field. Show that

its energy and angular momentum are conserved. ((242)+(3+3))

4. Two equal masses, m each, are attached to fixed walls and to each other
by identical springs, each of spring constant k. The masses execute one

dimensional motion on a frictionless horizontal table.



-(a) Find the Lagrange’s equation for the system.
(b) Find the first and second normal modes of m-.otion‘

(c) Give physical interpretation and schematic description of the two

modes. -

(4+4+2).

(a) The Hamiltonian of a one-dimensional simple harmonic oscillator is,

H( _r 1 2 2
q,p)~§-n-;+§qu.

Consider a simple transformation (H(q,2); 9, p) — H'(Q,P);Q,P),

ITVRLSNQ. P=V2muPeosQ . M(Q,P) = H(g.p).

Derive the generating function of the above transformation, and the

explicit expression for the transformed Hamiltonian H(Q, P).

(b) Define Poisson Bracket. Derive the relation connecting {F, G}, . and
{F, G} ia.ry» Where {Q;, P} are the canonically transformed positions

~and momenta from {qk.De}. . : ((243)+(1+4))

(a) Consider an inertial Lab frame and a rotating frame with common ori-

. b ) . — 3 o~
gin. A vector 7 is represented in the two frames as 7 = Do T € =

3

. ot ]
i=m1 Ly 0 €5

i. Derive the equations connecting velocities as observed in the Lab
and rotating frames.
ii. Also obtain the equations connecting the corresponding accelera-

tions.
(b) For a rigid body moving with one point fixed,
i. Write down the rotation matrices Ry(a), R,(8), R.(v) for rotation
by angles a, 8 and 7 about axes z, ¥ and z respectively.

ii. Define Euler angles. Hence obtain a general rotation matrix R,
corresponding to FEuler rotations (¢, 8, ) about z, 2’ and 2’ axes
successively. ((2+3)+(1+4))
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(b) A particle is executing motion in an attractive central field. Show that
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(a) The Hamiltonian of a one-dimensional simple harmonic oscillator is,

X A S
(qsp)——%+§m¢uq‘
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i. Derive the equations connecting velocities as observed in the Lab
and rotating frames.
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tions.
(b) For a rigid body moving with one point fixed,
i. Write down the rotation matrices Ry(a), Ry(8), R.(7) for rotation
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ii. Define Euler angles. Hence obtain a general rotation matrix R,
corresponding to Fuler rotations (¢, 8, W) about z, 2’ and 2’ axes
successively. ((243)+(1+4))



