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The figures in the margin indicate full marks

for the questions

Answer five questions, selecting one from each Unit

UNIT—I

1. (a) Forces P and Q, whose resultant is R,

act at a point O. If any transversal cuts

the lines of action of the forces P, Q, R at 

the points L, M, N respectively, then

show that
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(b) If three forces acting at a point be in

equilibrium, then each is proportional

to the sine of the angle between the

other two. 5

(c) Forces P, Q, R acting along IA
—®

, IB
—®

,

IC
—®

, where I is the centre of the

triangle ABC, are in equilibrium;

show that

P Q R
A B C

: : cos : cos : cos=
2 2 2 5

2. (a) P, Q are like parallel forces. If P is moved 

parallel to itself through a distance x,

then show that the resultant of P, Q

moves through a distance

Px

P Q+
5

(b) If two couples, whose moments are

equal and opposite, act in the same

plane upon a rigid body, then show that 

they balance one another. 6
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(c) Forces equal to 3, 5, 3 and 5 newton

respectively act along the side of a

square, taken in order; find their

resultant. 4

UNIT—II

3. (a) Show that any system of coplanar forces 

acting on a rigid body can ultimately be

reduced to a single force acting at any

arbitrary chosen point in the plane,

together with a couple. 5

(b) Forces L, M, N act along the sides of the

triangle formed by the lines x y+ - =1 0, 

x y- + =1 0, y = 2. Find the magnitude

and the line of action of the resultant. 5

(c) A heavy uniform rod of length 2a rests in 

equilibrium, having one end against a

smooth vertical wall, and being placed

upon a peg at a distance b from the

wall. Show that the inclination of the

rod to the horizontal is

cos- æ
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4. (a) (i) State the laws of statical friction.

(ii) Define limiting friction and cone of

friction. 3+2=5

(b) A uniform ladder rests in limiting

equilibrium with the lower end on a

rough horizontal plane and its upper

end against a smooth vertical wall. If q

be the inclination of the ladder to the

vertical, then prove that tanq m= 2 ,

where m is the coefficient of friction. 5

(c) A uniform wire is bent into the form of a

triangle of sides of lengths a, b, c. Prove

that the distances of the CG of the

whole triangle from the sides are as

b c

a

c a

b

a b

c

+ + +
: :

5

UNIT—III

5. (a) A point executes simple harmonic

motion such that in two of its positions

the velocities are u, v, and the

corresponding accelerations are a, b.
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Show that the distance between the

positions is

v u2 2-

+a b

and the period and the amplitude of the

motion are respectively

2
2 2

2 2
p

b a

u v-

-
 and {( )( )} ( )v u v u2 2 2 2 2 2 2 21

2- - -a b b a

5

(b) A particle of mass m moves in a straight

line, being repelled from a fixed point O

with a force m xm , when its distance from 

O is x. If it starts from O with velocity V,

show that the time taken for the velocity 

to be increased to 2V is

1
31

m
sinh ( )-

5

(c) Assuming that at a distance x from the

centre of force the speed v of a particle,

moving in a straight line, is given by the

relation x aebv=
2
, where a and b are

constants, find the law and nature of

force. 5
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6. (a) When two smooth spheres directly

colliding against each other, prove that

the loss in kinetic energy is

1

2
1 2 1 2

1 2
1 2

2( ) ( )-
+

-e
m m

m m
u u

where m1, m2  and u1, u2  are the masses

and the velocities of impact of the two

spheres respectively. e is the coefficient

of restitution. 7

(b) Two spheres of masses M, m impinge

directly when moving in opposite

directions with velocities u, v

respectively. If the sphere of mass m is

brought to rest by the collision, then

show that

v m eM M e u( ) ( )- = +1 3

(c) Two smooth spheres of masses m, ¢m

and moving with velocities u, ¢u  at

right angles to one another, collide.

Prove that if their directions of motion

after impact are also at right angles,

then

e
m u m u

mm u u
=

+ ¢ ¢

¢ + ¢

2 2cos sin

( cos sin

a a

a a)

where the direction of u makes an angle 

a with the line of centres. 5
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UNIT—IV

7. (a) A particle is projected from O at an

elevation a and after t seconds it has an

elevation b as seen from the point of

projection. Prove that its initial velocity

is g t cos / sin( )b a b2 - . 5

(b) A ball is projected so as to just clear two 

walls, the first of height a at a distance b

from the point of projection and the

second of height b at a distance a from

the point of projection. Show that the

range on the horizontal plane is 

a ab b

a b

2 2+ +

+

and the angle of projection exceeds 

tan -1 3. 6

(c) Particles are projected from the same

point in a vertical plane with velocity 

2gk . Prove that the locus of the

vertices of their paths is the ellipse 

x y y k2 4 0+ - =( ) . 4
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8. (a) A particle is projected in a medium

whose resistance is proportional to the

cube of the velocity and no other force

acts on the particle. While the velocity

diminishes from v1 to v2  and the

particle traverses distance d in time t,

show that

d

t

v v

v v
=

+

2 1 2

1 2 5

(b) A particle of mass m, is falling under the 

influence of gravity through a medium

whose resistance equals m times the

velocity. If the particle be released from

rest, then show that the distance fallen

through in time t is

g
m

e
t

m

t

m
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(c) A heavy particle is projected vertically in 

a resisting medium, the resistance

varying as the velocity. If v1 and v2  are

its velocities at any point in its upward

and downward paths, and t the interval
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between its passage through this point,

then prove that

v v g t1 2+ =  and V v V v e

gt

V- = +
-

2 1( )

where V is the terminal velocity. 5

UNIT—V

9. (a) If the tangential and normal

acceleration of a particle describing a

plane curve be constant throughout,

then prove that—

(i) the radius of curvature at any time

t is given by r = +( )at b 2 ;

(ii) the angle y through which the

direction of motion turns in time t is 

given by y = +A Btlog( )1 . 5

(b) A heavy particle of weight w attached to

a fixed point by a light inextensible

string, describes a circle in a vertical

plane. The tension in the string has

values mw and nw respectively when

the particle is at the highest and the

lowest points of its path. Show that 

n m= + 6. 5
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(c) A particle moves on the outside of the

arc of a smooth vertical circle. If it starts 

from rest down the arc from a point A,

show that it will leave the circle at B,

when

q a= æ
è
ç

ö
ø
÷

-cos cos1 2

3

q and a being the arcual distances of B

and A respectively from the highest

point. 5

10. (a) The earth’s attraction on a particle

varies inversely as the square of its

distance from the earth’s centre. A

particle whose weight on the surface of

the earth is W, falls to the surface of the

earth from a height 5a above it. Show

that the work done by the earth’s

attraction is 
5

6

aW
 where a is the radius

of the earth. 5

(b) A shell of mass m m1 2+ , moving with

velocity u, breaks up into two masses m1

and m2 , which move in the same

direction with relative velocity V. Show

that the energy of explosion is given by

E
m m

m m
V=

+

1

2
1 2
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2

5
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(c) A gun of mass M fires a shell of mass m

horizontally and the energy of explosion

is such as would be sufficient to project

the shell vertically to a height h. Prove

that the velocity of the recoil is 

2 2
1
2

m gh

M M m( )+
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