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1. Answer any five of the following questions                                                   𝟓 × 𝟐 = 𝟏𝟎 

a) State principle of virtual work for a system of coplanar forces acting on a particle. 

b) Define stable and unstable equilibrium with example. 

c) What is the laws of limiting friction. 

d) Find moment of inertia of a uniform rod of length 2𝑎 and mass 𝑀 about an axis 

through the middle point and perpendicular to the rod. 

e) Find the equation of motion of a rigid body about a fixed axis. 

f) What is impulsive force and write the equations of motion under impulsive forces. 

g) Prove that a planet has only a radial acceleration towards the sun. 

h) The position of a particle of mass 𝑚 moving in space referred to a set of 

rectangular axes at any instant t is (𝑎 cos 𝑛𝑡, 𝑎 sin 𝑛𝑡,
1

2
𝑎𝑡2). Find the magnitude 

and direction of the velocity. 

2. Answer any four of the following questions                           𝟓 × 𝟒 = 𝟐𝟎 

a) A lamina in the form of an ellipse is rotating in its own plane about one of its foci 

with angular velocity 𝜔. This focus is set free and the other focus, at the same 

instant is fixed. Show that the ellipse now rotates about it with angular 

velocity  𝜔 (
2−5𝑒2

2+3𝑒2). 

b) A uniform rod OA, of length 2𝑎, free to turn about its end O, revolves with 

uniform, angular velocity 𝜔 about the vertical OZ through O, and is inclined at a 

constant angle 𝛼 to OZ. Show that the value of 𝛼 is either zero or cos−1 (
3𝑔

4𝑎𝜔2). 

c) Forces P, Q, R act along the lines 𝑥 = 0, 𝑦 = 0 and 𝑥 cos 𝛼 + 𝑦 sin 𝛼 = 𝑝. Find 

the magnitude of the resultant and the equation of its line of action. 

d) A body consisting of a cone and a hemisphere on the same base, rests on a rough 

horizontal table. The hemisphere being in contact with the table. Show that the 

greatest height of the cone, so that equilibrium may be stable is √3 times the 

radius of the hemisphere. 

e) Find the Centre of gravity of the arc of the curve 𝑥
2

3⁄ + 𝑦
2

3⁄ = 𝑎
2

3⁄  lying in the 

first quadrant. 

f) A particle is projected from the origin with a velocity whose components along 

the axes are (0, − 𝑎
𝑝⁄ , 𝑉) under a force per unit mass whose components along 

the axes are (𝑎 cos 𝑝𝑡, 𝑎 sin 𝑝𝑡, 0). Find the path of the particle. 

 



 

3. Answer any one of the following questions                                   𝟏𝟎 × 𝟏 = 𝟏𝟎 

a) i) A uniform rod rests in limiting equilibrium within a rough hollow sphere, if the 

rod subtends an angle 2𝛼 at the centre of the sphere and if 𝜆 be the angle of 

friction, show that the angle of inclination of the rod to the horizon is 

tan−1 [
sin 2𝜆

cos 2𝛼+cos 2𝜆
].                                                                                             5 

ii) State and prove principle of conservation of energy.                                      5 

b) i) A string of length 𝑎 forms the shorter diagonal of the rhombus of four uniform 

rods, each of length 𝑏 and weight 𝜔, which are hinged together. If one of the rods 

be supported on a horizontal position prove that the tension of the string is 
2𝜔(2𝑏2−𝑎2)

𝑏√4𝑏2−𝑎2
.                                                                                                         5 

ii)  A uniform rod of length 2𝑎 and weight 𝜔 is turning about its end O and starts 

from the position in which it was vertically above G. When it has turned through 

an angle 𝜃, show that the horizontal and vertical reaction at O are 

 
3

4
𝜔 sin 𝜃(2 − 3 cos 𝜃) and  

𝜔

4
(1 − 3 cos 𝜃)2 , respectively.                            5 

∗∗∗ 


