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A [40 Marks]: ANSWER ALL QUESTIONS 


9UE~TION Al [40 Marks] 

A A 

(a) Let a = -i + 2j k and b = 2i 
both c = b - a and d = 2a + b. 

3k. Find a unit vector perpendicular to 
(5) • 

(b) Let F(x, y, z) = 2xy2i+ (2X2Y+2yz2)j+2y2Zk. Show that F is a conservative 
vector field and find a scalar potential for F. (10) 

(c) A particle moves along the space curve defined by 

r(t) = Acoswti + Asinwtj, 

where A and ware positive constants. Find 

i. the velocity of the particle, 

ii. the speed of the particle, 

iii. the acceleration of the particle, 

iv. the unit tangent vector T \ 

v. the curvature /'i, and the radius of curvature R, 

vi. the unit principal normal N, 

vii. the tangential component of acceleration, 

viii. the normal component of acceleration. 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(d) A lift ascends 380 metres in 2 minutes travelling from rest to rest. For 
the first 30 seconds, it travels with uniform acceleration and for the last 20 
seconds, it travels with uniform retardation. For the rest of the time, it 
travels with uniform speed. 

i. Find the uniform speed in m/s. 

ii. Find the uniform acceleration in m/s2. 

iii. Find the time taken by the lift to ascend the first 200 metres. 

(3) 

(2) 

(4) 

OF SECTION A - TURN OVER 
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SECTION B: ANSWER ANY THREE QUESTIONS 


QUESTION B2 [20 Marks) 

(a) Suppose that the trajectories of two particles are given by 

rl(t)=t2i (7t-12)j t2k 
r2(t) (4t - 3)1 t2j + (5t - 6)k 

respectively. Deternline whether or not the particles collide. 	 (3) 

(b) At time t, the speed v of a particle moving in a straight line is given by 

(5 t2)X2 

v=---
10t2 

where x is the distance covered after time t. If at time t = 1, the particle 
has covered a distance x = 5/3, find an expression for x in terms of t. (5) 

(c) 	A ball which is thrown vertically upward with speed u reaches a particular 

height h after a time tl on the way up and a time t2 on the way down. Let 

9 be the acceleration due to gravity. Show that 


i. u ~9(tl + t 2 ), 


.. hIt t
11. = 29 1 2, 

iii. the maximum height reached is 

19(tl + t2)2. 

(12) 

QUESTION B3 [20 Marks) 

(a) 	An object is dropped from a cliff of height H. After it has travelled a 

distance D, a second object is dropped. Show that at the instant when the 

first object reaches the bottom of the cliff, the second object is at a distance 

d above it given by 


d=2VDH-D. 

(14) 

(b) A force of 20 N acts in the direction of the positive z-axis on a body of mass 
4 kg. The body starts at the origin with initial velocity v(O) - i j (where 
Vo is in m/s). Find its position vector and its speed at tinle t. (6) 

OVER 

http:4917;./20.18
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QUESTION B4 [20 Marks] 

(a) A projectile is fired with an initial speed of 100 mls and an angle of elevation 
30°. Assuming 9 = 10 m/s2, find 

i. the velocity vector of the projectile at any time t, 

ii. the position vector of the projectile at any time t, 

iii. the range of the projectile, 

iv. The maximum height reached. 

(3) 

(3) 

(3) 

(3) 

(b) At time t 0 a body of unit mass is located at x = d and is travelling with 

speed u. It is acted upon by a force k away from the origin. Show that 
x 

( 
u 2- V2) 

X = dexp 2k ' 

where 7) is the speed of the particle at any tiIHe t. (8) 

QUESTION B5 [20 Marks] 

In polar coordinates (p, &), the position vector of an arbitrary point (x, y) is given 
by 

r = p cos &1 p sin &j. 

Find 

(a) p and 9, 

(b) the position vector r in terms of p and iJ, 

(4) 

(4) 

(c) pand iJ, the time derivatives of p and 9, 

( d) the velocity v in terms of p and iJ, 

(e) the acceleration a in terms of p and iJ. 

(4) 

(4) 

(4) 

OVER 
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QUESTION B6 [20 Marks] 

(a) Consider a particle with mass m, velocity vector v and position vector 
r. Show that if the particle is moving under a central force, its angular 
momentum is conserved. (5) 

(b) Show that movernent under a central force occurs in a plane which is per
pendicular to the angular momentum L. (5) 

(c) When a 4 kg mass attached to a spring, it is observed to oscillate with a 
period of 2 seconds. Find the period of oscillation if a 6 kg mass is attached 
to the spring. (5) 

(d) A simple pendulum of length 0.6 m with a block of mass 5 kg has a maximum 
speed of 1.2 m/s. Find the maximum height reached by the block. (Assume 
9 = 10 m/s2

,) (5) 

OF EXAMINATION 


