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INSTRUCTIONS: - Answer question one and any other two questions 
 
Constants: Unless otherwise specified take: 

Acceleration due gravity g = 9.8m��� 

Mass of the earth = 5.98 × 10��kg 

Radius of the earth = 6.38 ×  10m 

Universal gravitation constant= 6.67  ×  10���N������ 

Specific heat capacity of water = 4190J/kg.K 

Specific latent heat of vaporization of water = 2.256 x 10J/kg 

Thermal conductivity of Styrofoam = 0.027W/m.K 

Heat of combustion of gasoline = 4.6 x 104J/g 

Stefan- Boltzman constant = 5.67 x10��W/��.�� 
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QUESTION ONE (30 MARKS) 

a)     Given two vectors �� = 2�� + 4�� + 5�̂ and �  � = 3�� + 2�� + 3�̂ where ��, �� and �̂ are unit vectors in 

x,y and z directions. Show that the vector product �� ��  � = −�     �� ��.   (3 Marks) 

b)      Starting from equation $  %&� = '(�& &()*,+
,  show that the work done by the net force on a 

body  is equal to change in kinetic energy �+ − �,     (3 Marks) 

c)       An object moves according to the formula � = - + ./0 where b and C are constant. Determine ; 

(i)   Distance travelled.        (2 Marks) 

(ii)    Instantaneous acceleration       (2 Marks)  

          at time t= 20 seconds, b =8 and C= 0.015 

d)        (i)    Newtron’s first law is a special case of the second law. Explain.  (1 Mark) 

  (ii)   A 20kg block is connected by an inextensible string over a frictionless pulley to a 10kg 

block that is sliding on a frictionless table as shown in figure 1. 

                                   
20kg

10kg

 

Determine the acceleration of the system.      (3 Marks) 

e)      Show that the rate of change of angular  momentum 
12 �
13 is equal to the torque of net force ���%� 

acting on the particle.         (3 Marks) 

f)      A highway curve with radius 350m is to be banked so that a car that is travelling at 24.6m/s will 

not skid sideways even in absence of friction. At what angle should the curve be banked? 

            (3 Marks) 

g)      State Zeroth law of thermodynamics.       (1 Mark) 

h)      What is the difference between tangential and centripetal acceleration for appoint on a rotating 

body.           (1 Mark) 

i)      Distinguish between conservative and nonconservative forces.   (1 Mark) 

j)      Figure 2 is a pV-diagram showing an isotherm for temperature 4�.  
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(i)   On the same axis, draw another isotherm for temperature T2 where isotherm for temperature 

T2 >T1           (1 Mark) 

(ii)  What does the area under an isotherm represent in a pV curve?   (1 Mark) 

k) A body starts motion with initial velocity Vo ad accelerates constantly at acceleration a  and 

after time t it attains velocity V hanging covered distance 5. Show that 26� = 7� −  78�  

(3 Marks) 

l) A thin square steel plate of side 10cm and negligible thickness is heated in a blacksmith forge 

to 800℃. If the emissivity is 0.6,what is the total rate of radiation of energy from the plate? 

           (2 Marks) 

 

QUESTION TWO (20 MARKS) 

a) (i)     A projectile is launched making an angle ∝8 with the horizontal. Show that the equation of  

    the path taken by the projectile take the form � = 6� − -�� where: � and y are horizontal      

and vertical displacements respectively,6 = /6) ∝8 and - =  ;
�<=>?@A >∝=

  g is the 

acceleration due to gravity and 78 is the launching velocity.   (5 Marks) 

(ii)     An archer shoots an arrow into the air at an angle B = 30° above the horizontal. It lands on 

a building 100m away at a height of 20m. 

Determine; The launching velocity and the time of flight.   (5 Marks) 

b) A body has a mass of 232000kg. Determine the difference in its weight when it is on the earth 

surface and when it is 894km above the surface of the earth.   (3 Marks) 

c) (i)    Explain two conditions of static equilibrium.     (2 Marks) 

(ii)   A certain vehicle has 55% of its weight on the front wheels and 45% of its weight in its 

rear wheels. The distance between the axles of the wheels is 2.5m. How far from the rear axle 

is the car centre of gravity?        (3 Marks) 

d) (i)     Show how kinetic energy can be expressed in terms of linear momentum,P (1 Mark) 
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(ii)    State the law of conservation of linear momentum.    (1 Mark) 

QUESTION THREE (20 MARKS) 

a) When calculating the moment of inertia, of an object, can we treat all its mass as if it were 

concentrated at the centre of mass of the object? Justify your answer.   (2 Marks) 

b)  A rotating disc about an axis through its centre O in figure 3 is slowing down to stop. The disc 

angular velocity at / = 0 is 27.5 rad/s and its angular accelearation is constant and equal to -

10rad/s. A line OM on the disc’s lies along the +� − 6�D� 6/ / = 0 

                                                  

O M
X

y

Figure 3

 

(i)  What is the disc’s angular velocity at / = 0.3 seconds?  (3 Marks) 

(ii)        How many revolutions has the disc made at this time.  (3 Marks) 

(iii)     What is the angle between line OM and the � − 6�D� at this time? (3 Marks) 

c) A light non stretching cable is wrapped around a solid cylindrical disc of mass �� and radius 

R.( See figure 4). The cylinder can rotate with negligible friction about a stationary horizontal 

axis. The free end of the cable is tied to a block of mass �� and the block is released from rest 

at a distance h above the floor. As the block falls, the cable unwinds without slipping or 

stretching. 
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Show that the speed of the block as H strikes the floor is given by;   (5 Marks) 
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d) (i)     State the paraxial axis theorem.      (1 Mark) 
 

m)  A rod has a mass 7.2kg. Its moment of inertia EF about an axis 0.3m from its centre of mass 

EF = 0.878��. ��. What is the moment of inertiaEHI about an axis through it centre of mass.

        (3 Marks) 

QUESTION FOUR (20 MARKS) 

a) The end of one of the prongs of a tuning fork executes simple harmonic motion of frequency 

1000Hz and has an amplitude of 0.40mm. 

Determine; 

(i)  Maximum acceleration      (3 Marks) 

(ii)  Maximum speed of the end of the prong.    (2 Marks) 

(iii) Speed of the end of the prong when the end has a displacement of 0.2mm(3 Marks) 

b) A mass m is attached to a horizontal spring of force constant k such that it executes simple 
harmonic motion on a friction less surface (see figure 5) 
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Show that the angular frequency J is given by; 

J = K L
I          (4 Marks) 

c) A solid spherical ball rolls without slipping down a ramp which is inclined at an angle θ to the 
horizontal. Show that the acceleration of the centre of mass 6HI down the ramp is given by; 
 

6HI = N
O  � PD) θ         (4 Marks) 

 
d) A manufacturer supplies some hydraulic machines where Q� = 2)0Q�. Q� is the area of the 

load piston while Q� is the area of effort piston and n is a number specified by the 

manufacturer. Calculate the velocity ratio of the machine when ) = 6  (2 Marks) 

e) Is it correct to say that displacement between two points is single valued while distance 

between two points can have many values? Explain     (2 Marks) 

QUESTION FIVE (20 MARKS) 

a) Distinguish among adiabatic, isochoric and isobaric processes.   (3 Marks) 

b) The pV diagram in figure 6 shows a series of thermodynamic processes. In process HL 300J of 

heat is added to the system. In process LK 1200J of heat energy is added. 

 

 

 

 

 

 

 

Determine; 

(i)   Internal energy change in process HL     (2 Marks) 

(ii)    Work done in process HLK       (2 Marks) 

(iii)  Internal energy change in process HLK     (3 Marks) 
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(iv)  Total heat added in process HGK      (3 Marks) 

c) In a certain gasoline stove, only 30% of the energy released by the burning gasoline goes to 

heating the water in a pot on the stove. How much gasoline must be burnt to heat 1.00kg of 

water from 200C to 1000C and boil away 0.025 kg of the water?  (4 Marks) 

d) A Styrofoam cooler has a total wall area (including the lid) of 0.8�� and wall thickness 2.0cm. 

It is filled with ice and water all at 00CWhat is the rate of heat flow into the cooler if the 

temperature outside the wall is 300C ?     (3 Marks) 


