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Note: Attempt any two parts from each question. All
questions carry equal marks.
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1. (A) P P ACP BCP 
C AB
W
A a B bAB 

P.T.O.
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1 1tan tan sin

2
a b W
a b P 

Equal weights P and P are attached to two strings
ACP and BCP passing over a smooth peg C. AB is a
heavy beam of weight W, whose centre of gravity is a
feet from A,b feet from B; show that AB is inclined to

the horizon at an angle 
1 1tan tan sin

2
a b W
a b P

(B) 2a      


  



 
1tan cot cot
2





A uniform beam of length 2a rests with its ends on two
smooth planes which intersect in a horizontal line. If
the inclinations of the planes to the horizontal are 

and , show that the inclination  of the

beam to the horizontal in one of the equilibrium posi-
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tion is given by  
1tan cot cot
2

and show that

the beam is unstable in this position.

(C) AB AC, 
b A a 


  3sin cosb a

Two equal uniform rods AB and AC, each of length
2b, are freely joined at  A and rest on a smooth vertical
circle of radius a. Show that if 2 be the angle be-

tween them, then 3sin cosb a
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2. (A) 


Find the equation of the central axis of any given sys-
tem of forces.

(B) 

0, ; 0, ; 0,x y z a y z x a z x y a


P.T.O.
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Three forces act along the straight lines

0, ; 0, ; 0,x y z a y z x a z x y a
show that they cannot reduce to a couple.

(C) 


Find the null point of a given plane.
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3. (A) aT 
x  

 2 2 2 24 ( )T a x

Show that in a simple harmonic motion of amplitude a
and period T, the velocity at a distance  x from the

centre is given by the relation. 2 2 2 24 ( )T a x

(B)    r ae 


r 
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A particle describes on equiangular spiral r ae  in
such a manner that its acceleration has no radial com-
ponent. Prove that its angular velocity is constant and
that magnitude of the velocity and acceleration is each
proportional to r.

(C) 


 A particle moves in a plane with an acceleration which
is always directed to a fixed point O in the plane; Find
the differential equation of its path in polar form.
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4. (A)  2 


r v 


3
222 2 V

r



P.T.O.
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A particle describes an ellipse under a force

2distance  towards the focus. If it was projected with

velocity V from a point distance r from the centre of

force, show that its periodic time is 

3
222 2 V

r

(B) M T 
m 
 


m
M




4 1

1
m T e

M e 

A planet, of mass M and periodic time T, where at its
greatest distance from the sun comes into collision
with a meteor of mass m, moving in the same orbit in

the opposite direction with velocity ; if 
m
M

 be small,

show that the major axis of the planet's path is reduced
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by 
4 1

1
m T e

M e

(C)  

   ,      

 log 1A Bt 

A particle is describing a plane curve. If the tangential
and normal accelerations are each constant through-
out the motion, prove that the angle ,  through which
the direction of motion turns in time t is given by

log 1A Bt
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5. (A)       




A particle is projected upwards under gravity (con-
stant) in a resisting medium whose resistance varies
as the square of the velocity. Find the motion.

(B) m 

P.T.O.
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mk V  V 


2

log 1V
g 

A particle of mass m is projected vertically upwards
under gravity, the resistance of the air being mk times
the velocity. Show that the greatest height attained by

the particle 
2

log 1V
g

Where V is the terminal velocity of the particle and
V is the initial velocity..

(C) 


Find the acceleration of a particle in terms of cylin-
drical coordinates.


