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PHYSICS — HONOURS
[For Syllabus : 2019-2020 & 2018-2019]
Paper : CC-2
(Mechanics)

Full Marks : 50

The figures in the margin indicate full marks.
Candidates are required to give their answers in their own words
as far as practicable.

Answer question no. 1 and any four from the rest.

Answer any five questions : 2x5

(a) Show that Newton’s laws of motion remain invariant under Galilean transformation.

(b) A particle moves under the influence of a force F and has an instantaneous velocity 7. Show
daT

that == F.V, where T'is the kinetic energy of the particle.
!

(¢) A particle has total energy £ and the force on it is due to potential field ¥(x). Show that the time
taken by the particle to go from x; t0 x, is

Iy — 1 =Jg.f2-__di___
PN ) Eom
|

assuming the motion to be one-dimensional and that the particle does not reverse its motion.,

(d) What is the rotational period of a binary star consisting of two equal mass M and separated by 3
distance L? [Treat the binary star as a two-body system.] )
(e) Show that the trajectory of a particle moving under a central force is confined in

(f) Angular momentum and angular velocit
Statement.

a plane.
y of a rigid body are not always parallel. Justify the

(2) In streamline flow of Newtonian fluid two streamlines never intersect.— Explain.

(a) If 7 and ¢ denote the unit vectors in plane polar coordinates then,

(i) Prove that 7 and ‘T’ forms an orthogonal co-ordinate system.

(i) Show that # = § ¢ and §=—§ 7.

(iii) Express the acceleration }T'(r) in the plane polar co-ordinate System.
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(b) Set up the equation of motion for a particle falling under constant ‘gravity'with a reslistlve force
that is proportional to its velocity. Find out the velocity as a function of time assuming that the
body starts from rest. Comment on the motion after a large time. (2+2+2)+(1+2+1)

3. (a) Show that for conservative force F(7) the relation curl F(7)= 0 holds.

(b) The components of a force in the xy plane are :
F,=a §P
FJ__ = y3 + 3x2y
Compute the work done in a displacement from the point (1, 1) to (2, 2) along the following paths :
(1) a straight line from (1, 1) to (2, 2)

(ii) a straight line from (1, 1) to (1, 2) followed by another straight line from (1, 2) to (2, 2).
Could the force field be conservative?

. ; . - k » -
(c) A particle of mass m at rest at (a, 0, 0) is subject to a force F B where k is a constant.
X

Find the time taken by the particle to reach the origin. 2+(2+2)+4

(a) A frame of reference S’ rotates with uniform angular velocity @ with respect to a stationary
frame § having common origin. Establish the identity,
d .
— e OER
dt dt

(b) Hence, obtain expression for centrifugal force and coriolis force for the motion of a particle with
respect to the rotating frame.

(c) A particle of mass m is dropped vertically from a height ‘4’ on north pole. What is the expected

deflection of the particle due to coriolis force? 4+4+2

5. (a) Define moment of inertia and principal axis of a rigid body.

(b) Three particles each of mass m are situated at (a, 0, 0,), (0, a, 0) and (0, 0, a). Set up the principal
axes of the system and calculate the principal moments of inertia.

(c) A rigid body rotates about an axis having direction cosines (1, m, n) with angular velocity @ . Show

- _ ; 1
that the kinetic energy of rotation of the body is, 7 = EI(I,m.n)mz' where [\ 1. o is the moment of

inertia of the body about the axis of rotation. 2+4+4
(a) Prove that if the centre of mass of a system of particles

of the system of particles about ‘any’ point is the
about the fixed centre of mass,

remains at rest, the total angular momentum
same and is equal to the angular momentum

(b) If the density of the material within a spherical body varies inversely as the distance from the
centre, show that the gravitational field inside is the same everywhere, 5+5
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(a) Setup Euler’s equation of hydrodynamics for an incompressible fluid.

(b) Use the relation F=Vp for a fluid at rest (where the symbols have their usual meanings) to

establish Archimedes principle.

(c) Water flows through a horizontal tapering tube of circular cross section, the diameter of the entrance
and exit ends being 10 ¢cm and 7.5 cm respectively. The pressure difference at two ends is
10 cm of mercury. What is the rate of flow of water through the tube? 4+3+3




