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INSTRUCTIONS: Answer question one and any other two questions  
 
   
QUESTION ONE (30 MARKS) 

a) The position coordinate of a particle which is confined to move along a straight line is given 

by 6122 3 +−= tts , where � is measured in metres form a convenient origin and � in 

seconds.  Determine 

i) The time required for the particles to reach a velocity of 72 m/s from its initial 

condition at � = 0        (3 Marks)  

ii)  Acceleration of the particle when v=30 m/s    (2 Marks) 

iii)  The net displacement of the particle during the interval t=1 to t=4s (2 Marks)  

b) A particle which moves with curvilinear motion has co-ordinates in millimetres which vary 

with the velocity t in seconds  according to ttx 43 2 −= and .
3

1
4 32 tty −= Determine: 

i) Magnitude of the velocity v
r

at sec2=t      (2 Marks) 

ii)  Magnitude of the acceleration a
v

 at sec2=t     (2 Marks) 

iii)  The angles which these vectors make with the x-axis at sec2=t  (3 Marks) 



c) (i)  State the second Newton Law of Motion      (1 Marks) 

(ii) A small inspection car with a mass of 200 kg runs along the fixed overhead cable inclined 

30o to the horizontal and is enrolled by the attached cable at A (g=9.8 m/s2) 

 

 

 

 

 

 

 

(a) Determine the acceleration of the car when the control cable is horizontal and under 

tension T=2.4KN        (2 Marks) 

(b) Find the total force exerted by the supporting cable on the wheels (2 Marks) 

d) A particle of mass � moves under the influence of force field �� = �(
�� �� ��� + ��� �����.  If 

the particle is initially at rest at the orgin show that the power applied on the particle in time 

� is   � =
��

��

�� ��         (5 Marks) 

e)  

 

 

 

 

 

 

 

 

The above diagram shows a small sphere with the position as shown and is acted upon by the 

force F.  Determine the angular momentum and the torque   (2 Marks) 

f) A body weighing 25N is suspended from a spring of constant K=160N/m.  At time t=0 it has 

a downward velocity of 2m/s as it passes through the position of static equilibrium  

Determine  



i) Static spring deflection ( )stδ       (2 Marks) 

ii)  The natural frequency of the system in both rad/sec ( )nw and cycles/sec ( )nf  

(2 Marks) 

QUESTION TWO (20 MARKS) 

a) A particle moves in a force field 

kyzxzjzxxyixyzyF ˆ)36(ˆ)23(ˆ)2( 2233232 −+−++−=
v

 

i) Prove that F is conservative       (4 Marks) 

ii)  Find the potential associated with it      (5 Marks) 

iii)  Find the work done by moving the particle form (-2,-1,-2) to (-1,3,-2) by the force 

field         (3 Marks) 

b) A freighter is moving at a speed of 8 knots when its engines are suddenly stopped.  If it takes 

10min for the freighter to reduce its speed to 4 knots, determine  

i) Speed in knots as a function of the time � during this interval   (4 Marks)  

ii)  Distance (s) in nautical miles moved by the ship in the first 10 min  (4 Marks) 

      The deceleration of ship is proportional to the square of its speed so that 2kva −=  

 

QUESTION THREE (20 MARKS) 

a) To anticipate the dip and hump in the road, the driver of a car applies her brakes to produce 

a uniform deceleration.  Her speed is 100 km/hr at the bottom A of the dip and 50km/hr at 

the top C of the hump, which is 120m along the road from A.  If the passenger experience a 

total acceleration of 3 m/s2 at A and if the radius of curvature of the hump at C is 150m 

 

 

 

 

 

 

i) Determine the velocities VA and VC in m/s at point A and point C  (2 Marks) 

ii)  Find its constant deceleration along the path (at)   (2 Marks) 

iii)  Find the radius of curvature P at point A    (3 Marks) 



iv) Find the acceleration at the inflection point B     (2 Marks) 

v) Find the magnitude of acceleration at point C     (3 Marks) 

b) A particle of unit mass moves along a curve in a force field 

kttjtltF ˆ)3620(ˆ60ˆ)86( 233 ++−−= &  

Where � is the time.  If its initial position is and velocity are respectively given by  
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Find: 

i) The momentum at � = 2       (4 Marks) 

ii)  The kinetic energy at � = 2      (4 Marks) 

 

QUESTION FOUR (20 MARKS) 

a) The 8 kg body is moved 0.2m to the right of the equilibrium position and released from the 

rest at time � = 0 

 

 

 

 

 

 

 

i) Determine the damping ratio      (3 Marks) 

ii)  State whether the system is under damped, critically damped or over damped 

(2 Marks)  

iii)  Determine the damped natural frequency  ( )dω     (2 Marks) 

iv) Work out the displacement in metres      (4 Marks) 

v) Evaluate displacement at � = 2�       (2 Marks) 

b) (i)  Show that the equation � = 4 ��� 2� + 3 sin 2� executes simple harmonic motion  

(4 Marks) 

(ii)  Find the center, time, period and amplitude      (3 Marks) 



 

QUESTION FIVE (20 MARKS) 

A rocket has expended all its fuel when it reaches position A as shown on the diagram 

 

 

 

 

 

 

 

 

 

 

 

At position A it has a velocity of u
r

at an angle θ with respect to the horizontal.  It then begins 

unpowered flight and attains a maximum added height at position B after travelling a horizontal 

distance (s) from A.  Assuming a flat earth with constant gravitation acceleration and neglecting 

any atmospheric pressure 

i) Show that the displacement in x and y direction is given as � = "����# and 

 $ = "�
��# −
&

'
 (�'        (6 Marks) 

ii)  Find the value of t at position B       (3 Marks) 

iii)  Write the expression for h and s      (6 Marks) 

iv) Determine the equation of the path      (5 Marks) 

 

 

 

 

 


