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SECTION A [40 Marks]: ANSWER ALL QUESTIONS 

QUESTION Al [40 Marks] 

A A 

(a) Let a = i + j k and b = i 2j 3k. Find a unit vector perpendicular to 
both c = a band d = a + b. (5) 

(b) 	Let F(x, y, z) = 3x2yi + (x3 + y3)j + Ok. 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) - 4sinti +4 cos tj 8k. 

Finel 

i. the velocity of the particle, 	 (2) 

ii. the speed of the particle, 	 (2) 

iii. the acceleration of the particle, 	 (2) 

iv. the unit tangent vector T, 	 (2) 

v. the curvature K, and the radius of curvature R, 	 (2) 

vi. the unit principal norillal N, 	 (2) 

vii. the tangential cOlllponent of acceleration, 	 (2) 

viii. the normal cornponent of acceleration. 	 (2) 

(d) A train takes time T to perform a journey. It first travels with uniform 

T


acceleration for a time then travels with uniform speed V for a time 
n 


(n 2) T and finally travels under uniform retardation for a time T. 

n 	 n 

1. Prove that the average speed of the train is 

(n 

(5) 

ii. 	If the length of the journey is 64 km, the time taken to complete the 
journey is T 50 minutes, and the uniform speed is V = 96 km/h, find 
the tillle taken to complete that part of the journey that is under this 
uniform speed. (4) 

OF SECTION A TURN OVER 
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i SECTION B: ANSWER ANY THREE QUESTIONS I 

QUESTION B2 [20 Marks] 

(a) Two points 	A and B are at a distance d apart. A particle starts from 


point A and Illoves in the direction Ji'i} with initial velocity (J, and unifonn 

acceleration a. At the same instant, a second particle moves from point B 

in the direction of .8A with initial velocity 2u and uniform retardation a. 


i. Show that the particles collide at time 

T=~ 
3u 

after the beginning of motion. 	 (7) 

11. 	 Show that if the particles collide before the second particle returns to 
B, then 

(5) 

(b) A ball is thrown vertically upwards with speed 18 m/s. Find the greatest 
height reached and the time taken to reach this height. (Leave your answer 
in terms of g.) (8) 

QUESTION B3 [20 Marks] 

(a) At time t 0 a particle of mass 2 kg falling under gravity is positioned at 
the origin and is travelling vertically downward with speed 10 m/s. Suppm~e 
that the resisting force at speed v is -O.5v N. Find the speed v(t) and the 
distance travelled z(t) at any time t. (12) 

(b) The acceleration of a particle moving in a straight line is given by 

a 
10 

4 + 5y1v 

(in m/s2) where v (in m/s) is the speed of the particle at distance x (in 
metres) from the origin. Suppose the particle started from rest at the origin. 
Determine the distance covered when the particle has reached a speed of 16 
m/s. (8) 

OVER 
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QUESTION B4 [20 Marks] 

(a) A particle is projected with speed V at angle of elevation B. Show that the 

horizontal distance x travelled is given by 


V 2 

= - sin 2B. 
9 

(8) 

(b) A projectile is fired with an initial speed of 200 m/s and an angle of elevation 

60°. Assuming 9 10 m/s2, find 


i. the velocity vector of the projectile at any time t, (3) 

ii. the position vector of the projectile at any time t, (3) 

iii. the range of the projectile, (3) 

iv. The maximum height reached. (3) 

QUESTION B5 [20 Marks] 

In cylindrical coordinates (p, B, z)) the position vector of an arbitrary point 
(x, y, z) is given by 

A 

r = pcos Bi + psin Bj + zk. 

Find 

(a) p, 8 and z, (5) 

(b) the position vector r in tenns of p, iJ and z, (3) 

(c) p, 8, and~, the time derivatives of p, iJ and z, (6) 

(d) the velocity v in terms of p, iJ and z, (3) 

(e) the acceleration a in terms of p, e and z. (3) 
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QUESTION B6 [20 Marks) 

(a) Show that 
x(t) = Cl coswot + c2 sinwot 

can be written as 

where A = vicr 
x(t) = A cos (wot + ¢) 

c~ and ¢ = arctan ( - C2/Cl) . (6) 

(b) Find the amplitude and phase constant for the block-spring system with 
position given by 

x(t) - V3 cos wot - sinwot. 

(4) 

(c) A block of mass rn is attached to a spring with spring constant k and is free 
to slide along a frictionless surface. At t = 0, the systern is stretched at an 
amount Xo 0 from the equilibrium position and is released fronl rest. 

Find the period of oscillation of the block and find the speed of the block 
when it first returns to the equilibrium position. (10) 

OF EXAMINATION 



