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Instructions:

1. Answer question ONE (compulsory) and ANY TWO questions.
2. Candidates are advised not to write on the question paper.

3. Candidates must hand in their answer booklets to the invigilator while in the examination room.
QUESTION ONE
(Compulsory)


(30 Marks)
a. Calculate the net torque, giving the magnitude and direction, on the beam in Figure 1. When rotated about point P            



 (3 marks)
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Figure 1
b. A 90-N uniform beam of wood 12m long is supported by two pivots A and B, each 1m from each end of the beam. A 360-N monkey is seated on the board 3m away from pivot B. Determine the reactions on the pivots


(3 marks)

c. A 100.0 N uniform ladder 18 m long leans on a smooth vertical wall. The coefficient of static friction between the ladder and ground is 0.42. The ladder makes a 55˚ angle with the ground. How far along the length of the ladder can a 70kg painter climb before the ladder begins to slip.                     



(4 marks)
d. Eight identical balls each of mass 8 kg are located on the margin of a square loop such that 4 are at the corners while 4 are at the centers of the sides. If the square loop is of side 10cm, determine the moment of inertia of the system if it is rotated

i. on the vertical plane with the line joining the two masses on the horizontal sides of the square being the axis of rotation.   2 marks
ii. On the inclined plane with one of the diagonals of the square being the axis of rotation     (3 marks)
e. Two bodies with masses m1 and m2 moving at initial velocities u1 and u2 respectively undergo a perfectly elastic collision. Their velocities after impact are v1 and v2 respectively.     Show that   
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 (3 marks)

f. Show that the moment of inertia I of a thin spherical shell (hollow sphere) of mass M and radius R is given by 
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(3 marks)

g. An object of mass m rotates about an axis of radius r at a linear velocity v. show that this mass has a rotational kinetic energy given by 
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                          (3 marks)

h. Define Relativity and state its two postulates. 



(3 marks)
i. Define the term frame of reference hence distinguish between an inertial reference frame and non-inertial reference frame.
     



(3 marks)
QUESTION TWO


(20 Marks)
a. Define torque and state its SI unit.  





 (2marks)
b. Show that the net torque due to a couple of forces each of magnitude F separated by a perpendicular distance d is given by 
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(3 marks)
c. A uniform horizontal beam 15.0 m long and weighing 300 N is attached to a wall by a pin connection that allows the beam to rotate. Its far end is supported by a cable that makes an angle of 60ͦ with the horizontal. A person weighing 750 N stands on the beam at 4.5 m from the wall while a 1000 N sack is suspended freely at 4.5 m from the supporting cable end, find 
i) the magnitude of the tension in the cable. 


(4 marks)
ii)  the magnitude and direction of the force exerted by the wall on the beam.      


(4 marks)
d. Five objects of masses 10m, 30m, 20m, 40m and 50m are respectively distributed in a Cartesian plane at (2,4); (5,0); (-4,-2); (-3, 3) and (0,0). Where should a sixth mass weighing 60m be placed so that the center of gravity of the whole system be at (1,3).      (3 marks)
QUESTION THREE


(20 Marks)
a. Two blocks with masses m1 and m2 are attached by a string as in Figure 2 over a pulley with mass M. The pulley, which turns on a frictionless axle, is a hollow cylinder with radius R over which the string moves without slipping. The horizontal surface has coefficient of kinetic friction µ. 
             m1




m2






                     h

                                                                                                                Figure 2

j. Show that the speed of the system when the block of mass m2 has dropped through a height h, is given by
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                                                        (7 marks)
iii. Obtain a similar expression for v if the pulley would be a solid sphere with similar dimensions (5 marks)
b. A solid ball, a solid cylinder and a hoop all of equal masses M and uniform radii R are placed side by side without touching each other up a smooth inclined plane of height 4m. The two are simultaneously released to roll freely down the incline. In which order will they leave the base of the incline?     (8 marks)
QUESTION FOUR                
a. A light string is used to fetch water from a bore hole using an axle machine. The axle on which the string winds is an empty spherical shell. A bucket of mass 3.0 kg is tied on the string and the string unwinds as the bucket falls freely into the borehole. Determine the angular speed of the axle when the bucket falls through a height of 8m.       (4 marks) 
b. A playground is made of merry-go-round in form of a disk of radius 2.00 m and a mass of 700kg. the merry go round is rotating about a frictionless vertical axle. As a child of mass 25.0 kg stands at a distance of 1.00 m from the axle, the system (merry go-round and child) rotates at the rate of 14.0 rev/min. The child then proceeds to walk towards the edge of the merry-go-round. Determine the angular speed of the system when the child reaches the edge of the merry go round                                                           (4 marks)
c. i.
Distinguish between elastic and inelastic collision

ii.
Show that if two bodies m1 and m2 are involved in an inelastic collision, then the ratio of their total initial kinetic energy to their total final kinetic energy is given by the equation
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(4 marks)
d. A 900-kg jet flying due east with a speed of 250.0 m/s accidentally plunges into 500-kg boulder flying due north at 300.0 m/s. If the collision is perfectly inelastic, calculate the velocity of the fused system just after the accident                    (4 marks)
e. A bullet of mass m1 moving with initial speed v1 collides inelastically with a block of mass m2 that is suspended as a pendulum. After the collision, the block-bullet system rises to some height h. show that the initial velocity of the bullet is given as 
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                                                       4 marks
QUESTION FIVE


(20 Marks)
a. Using well labeled frames of reference obtain the Galiliean coordinate transformations.










(8 marks)
b. Present the full account of the Michelson- Morley experiment                      (12 marks) 
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