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WEST BENGAL STATE UNIVERSITY

B.Sc. Honours 1st Semester Examination, 2019

PHSACORO02T-PHYSICS (CC2)

MECHANICS
Time Allotted: 2 Hours Full Marks: 40

The figures in the margin indicate Jull marks.
Candidates should answer in their own words and adhere to the word limit as practicable.
All symbols are of usual significance.

Answer Question No. 1 and any fwo from the rest

L. Answer any fen questions from the following: 2x10=20
(a) Find the equation of motion for center of mass vector of an isolated system
consisting of two particles interacting under a central force.

(b) A solid cylinder of mass 1 kg, length 20 ¢cm and diameter 4 cm rotates about its
own axis. Find the kinetic energy necessary to rotate the cylinder at 100 r.p.m.
2
(c) Power supplied to a particle of mass 2 kg varies with time as P m—:-i-;— Watt (¢ in

second). If velocity of the particle at 7 = 0 is zero. Find the velocity of the particle
at t=2s,
(d) A rocket is set for vertical projection. If the exhaust speed is 10’ms ™', how much

gas must be ejected per second to supply the thrust needed (i) to overcome the
weight of the rocket (ii) to give the rocket an initial vertical upward acceleration

of 19.6 ms™. Given mass of the rocket = 6 x 10°kg .
(¢) Suppose the radius of gyration and the distance of the centre of mass of a body

from the axis of rotation are ‘¢’ and ‘R’ respectively. Explain which of them is
bigger.

(f) Differentiate clearly between inertial and non-inertial frame of reference.

(g) A metal wire does not change its volume when stretched, find the value of the
Poisson’s ratio of the metal.

(h) How much energy would have to be supplied to break up the earth completely
(i.e. remove all masses to o).

(i) The radius of the earth is 6400 km, its mean density is 5.62x10° kg-m™ and the
Gravitational constant is 6.658x10™"" S.I. units. Calculate the potential at the
earth’s surface, assuming earth to be a solid sphere.

() Show that areal velocity of a particle moving under central force is constant.

(k) What do you understand by Quality factor (Q)? Give brief explanation.

(1) A rod of length 1 m moves past an observer standing on the ground with velocity

3x10"m/s, along the direction of its length. What is the apparent length of the
rod with respect to the observer?

(m) What do you understand by the terms “proper length of a body” and “proper
time”?

(n) Describe briefly about trilateration in the case of GPS system.
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2. (a) Write down the expression of Newton’s 2™ Jaw of motion in an accelerated frame 2
of reference. Give brief explanation of the terms involved.
(b) Starting from Newton’s law show that, 2

ij(x)dx - mv} — S mv?
: 7 b 7 a

a

(¢) Two balls of masses m and 3m moving with velocities of equal magnitude but 3
opposite direction undergo linear elastic collision. Find the final velocities of the
two balls.

(d) Define the centre of mass of a body. Show that it is unique for a body. 142

3. (a) Determine the moment of inertia of a solid cylinder of mass M, length L and 4

radius R about the axis perpendicular to its length and passing through its centre
of mass.

(b) Two horizontal capillary tubes are connected together in series so that a steady 3

stream of water flows through them. The first tube is 0.4 mm in internal radius

and 256 cm long while the other is 0.3 mm in internal radius and 40 cm long. The

pressure of water at the entrance is 8 cm of mercury above the atmosphere and

that at the exit is atmospheric (76 cm of Hg). Calculate the pressure at the

junction of the tube.

(c) A horizontal wire of length 2/ and cross-section «a is tightly fixed to rigid 3

supports at both ends. A weight W is suspended from the mid-point of the wire.

Show that depression ‘d” of the mid-point is given by

& = _”f_
Yo
4. (a) A particle of mass m moves under the action of a central force whose potential is 4

V(r)=krl(k >0)

For what energy and angular momentum will the orbit be a circular of radius a
about the origin.

(b) An artificial satellite circles around the earth in the plane of the equator 4
concentric with earth in such a way that the direction of rotation of the satellite is
same as the direction of rotation of the earth about its own axis. Find the
expression for time-period of the revolution of the satellite. Sketch the
appropriate figure.

(¢) Write down the expression for coriolis force. Describe the effect of coriolis force )
on moving bodies on earth.

5. (a) Find out the energy of a particle executing simple harmonic motion. 3

(b) Write down the equation of motion of a damped harmonic oscillator and identify 2
the damping factor. Graphically illustrate that how the energy of a damped
oscillator varies with time.

{¢c) Two reference frames S and S’ are moving with a uniform velocity ‘v’ relative 5
to each other. If ‘@’ and ‘u’’ are velocities of a body in the two frames
respectively, then using Lorentz transformation equations, show that,
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‘¢’ is the velocity of light.
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