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INSTRUCTIONS TO CANDIDATES

Attempt THREE questions only.

Assume where necessary:
Acceleration due to gravity 	g 	= 9.8ms-2
Electron charge 			e	= 1.6 x 10-19C
Election mass 				= 9.1 x 10-31kg
Radius of Earth 				= 6.4 x 106m
Radius of the sun 				= 7.0 x 108m
Radius of orbit of the Earth 		= 1.5 x 1011m
Speed of light in vacuum 			= 3.0 x 108ms-1
Wien’s constant 				= 2.9 x 10-3mK
Specific heat capacity water 		= 4.2 x 103Jkg-1K-1
Planck’s constant h				= 6.63 x 10-34Js
Specific latent heat of steam 		= 2.26 x 106Jkg-1
Stefan’s – Boltzmann’s constant,          = 5.67 x 10-8Wm-2K-4
Thermal conductivity of Iron		= 80Wm-1K-1
Universal gravitational constant, G	= 6.67 x 10-11Nm2kg-2
Avogadro’s number, NA			= 6.02 x 1023 mol-1
Density of water 				= 1,000kg m-3
Density of mercury 				= 13,600kg m-3
Gas constant, R				= 8.31J mol-1K-1
Young’s modulus for Copper 		= 1.2 x 1011 Pa
Young’s modulus for steel 			= 2.0 x 1011 Pa
The constant, 1/4			= 9.0 x 109 F-1m



SECTION A

1. (a) 	(i) State the work energy theorem. 				(1 mark)
(ii) State Newton’s laws of motion. 				(3 marks)

(b)	A bullet of mass 20g travelling at 100ms-1 embeds itself in the centre of the block of wood of mass 1Kg suspended by light vertical string 1m in length.
(i) State the factor upon which the angle of swing  depends. (1 mark)
(ii) Calculate the maximum inclination of the strings to the vertical. 
(5 marks)
(c) 	Explain the terms time of light and range as applied to projectile motion. 
(4 marks)
(d) 	A particle is projected at an angle of 20o to the horizontal and just clears a vertical wall 60m away and of height 80m. Find the: 												
	(i) speed of projection. 						(3 marks)
	(ii) angle which the particle makes with the horizontal as it passes through the wall. 								(3 marks)

2. (a) 	State the conditions under which a body is in equilibrium under the action 
of coplanar force. 							(2 marks)
(b) 	Explain the terms stable equilibrium, unstable equilibrium and neutral equilibrium. 								(3 marks)
(a)      A uniform ladder which is 10m long and weighs 300N leans with its upper  
end against a smooth vertical wall and its lower end on a rough horizontal ground.  The bottom of the ladder is 6m from the base of the wall.
Calculate the magnitudes and directions of the forces exerted on the ladder by the;
(i) Wall 								(5 marks)
(ii) Ground 								(3 marks)
(b)      Describe an experiment to measure the centre of gravity of an irregular 
body in form of a card board. 					(4 marks)
(c)      State the laws of static friction. 					(3 marks)

3. (a) 	(i) Define tensile stress, strain and Young’s modulus of elasticity. 
(3 marks)
(ii) Derive in terms of Young’s modulus and strain an expression for the 
energy stored in a unit volume of a stretched wire. 		(3 marks)

(b) 	Describe an experiment to determine Young’s modulus for steel. 
(6 marks)
(c) 	A vertical steel wire 350cm long, diameter 0.100cm has a load of 8.50Kg applied at its lower end.
Find the:
(i) Extension 							(3 marks)
(ii) Energy stored in the wire 					(2 marks)
(d) 	The velocity V of a compressed wire travelling along a rod made of material of Young’s modulus E and density  is given by  V = , show that this formular is dimensionally consistent. 		(3 marks)


4. (a) State Kepler’s laws of planetary motion. 				(3 marks)

(b) (i) A satellite is launched in a circular orbit of radius. R and moves round the earth whose mass is M.  Show that the radius of the orbit is given by
R = 					(4 marks)
(ii) Explain the effect of frictional resistance on the motion of such a satellite in 
orbit. 									(4 marks)

(c) Describe an experiment to measure the surface tension of a liquid by capillarity method.									(6 marks)

(d) A conical pendulum is made to oscillate with a period of 2.0 seconds.  The string makes an angle of 60o to the vertical at the point of suspension when displaced.  Calculate the radius of the circle described. 			(3 marks)


SECTION B
5. (a) 	(i) Define specific latent heat of vaporization. 			(1 mark)
(ii) With the aid of a labeled diagram, describe an electric method for the determination of the specific latent heat of vaporization of water. 
(6 marks)
	(b)	In such an experiment, a heating coil is immersed in water contained in 
Dewar flask.  The water is kept boiling and the steam condensed by a cooling device.  The p.d across the heating coil, the heater current I and the mass m of water condensed in 10 minutes for various values of V and I are given below.
	V(volts)
	30
	40

	I(A)
	1.25
	1.50

	M x 10-3Kg
	8.50
	14.75



From the table above determine the:
(i) Specific latent heat of vaporization. 			(6 marks)
(ii) Rate of heat loss to the surroundings. 			(2 marks)
(c) 	State three advantages of the continuous flow rate method over the method of mixtures in the determination of specific heat capacity. 
(3 marks)
(d) 	State two factors which control the rate of cooling of a body. (2 marks)

6. (a)	Explain the essential steps involved in setting up a Celsius temperature 
scale. 									(5 marks)
(b)	How is the centigrade temperature scale defined on the scale of a platinum resistance thermometer? 				(2 marks)
(c)	The resistance of an element of a platinum thermometer is 4.00 at the steam point.  What temperature on the platinum resistance scale would correspond to a resistance of 9.34? 				(2 marks)
(d)	By the use of a clearly labeled sketch, describe how a thermocouple is used to measure temperature. 					(5 marks)
(e)	Explain one application of a bi – metallic element. 		(4 marks)
(f)	State two advantages of a thermocouple used in (d) above.	(2 marks)

	
7. (a) Define the following:
(i) Heat capacity. 							(1 mark)
(ii) Specific latent heat of vaporization 				(1 mark)

(b) (i) Define a cooling correction. 					(2 mark)
(ii) Describe an experiment to determine cooling correction in the method of mixtures to determine specific heat capacity. 				(6 marks)
(iii) State four advantages of continuous flow method for determining specific heat capacity of a liquid.					 	(2 marks)

(a) In an experiment to determine the specific heat capacity of a liquid, the liquid flows past an electric heating coil and in steady state, the inlet and outlet temperatures are 10.4oC and 13.5oC respectively.  When the mass rate of flow of liquid is 3.2 x 10-3kgs-1, the power supplied to the coil is 27.4W.  The flow is then changed to 2.2 x 10-3kgs-1 and to maintain the same inlet and outlet temperatures, the power is adjusted to 19.3W.
(i) Explain why two sets of data are obtained. 			(2 marks)
(ii) Calculate the specific heat capacity of the liquid.		(4 marks)
(iii) Find the rate of heat loss to the surroundings. 		(2 marks)

SECTION C
8. (a) Describe with the aid of a labeled diagram, the action of an x – ray tube. 
(5 marks)
(b) The diagram below shows an X – ray spectrum of a metallic target bombarded by 40KV electrons.






Intensity






0.313 	     0.5		           0.6		 x10-10m

(i) What features does the spectrum show? 				(2 marks)
(ii) Calculate the value for h/e from the data on the diagram where h = Planck’s constant and e = electric charge. 				(4 marks)
              (iii) Name two changes one would expect to be observed if the energy of the 
bombarding electrons were increased. 				(2 marks)

     (c) Explain the production of the following spectra in an X – ray tube:
(i) continuous spectra 						(2 marks)
(ii) Line spectra 							(3 marks)

(d) X-rays of wavelength 1.0 x 1.010m are diffracted from a set of planes of rubidium chloride.  The first diffraction maxima occurs at 8.8o.  Calculate the interplanar spacing. 							(2 marks)

9. (a) A G. M tube is exposed to a constant flux of alpha particles.  The characteristics curve below shows how the recorded count rate depends on the tube voltages V across the tube.
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(i) Give a labeled sketch of a Geiger-muller tube and explain its principle of operation with reference to what happens when an alpha particles enters the tube. 									(7 marks)
(ii) Explain briefly the form of the curve.					(2 marks)
(iii) Suggest a suitable voltage range for the operation of the tube. 	(1 mark)

(b) State three differences between alpha and beta particles. 		(3 marks)
(c) Calculate the energy released when 10kg of  undergoes fission according to

 +  +  + 

Mass of  = 235.04u
Mass of  = 140.91u
Mass of  = 91.91u
Mass of  = 1.01u								(5 marks)

10.      (a) (i) Describe briefly the steps involved in the determination of the charge 
of an electron by Milkan’s oil drop experiment. 			(7 marks)

(ii) A charged oil drop of mass 6 x 10-15kg falls vertically in air with a steady velocity between two long parallel vertical plates 5mm apart.  When a p.d of 3000V is applied between the plates, the drop now falls with a steady velocity at an angle of 58o to the vertical.  Calculate the charge Q on the drop. 						(5 marks)

	    (b) Carbon – 14  decays by emission of beta particles
		(i) Write an equation for the decay 				(1 mark)
		(ii) Outline the use of carbon – 14 in carbon dating. 		(5 marks)

(c) Explain why neutrons are preferred to charged particles for inducing   
nuclear reactions. 							(2 marks)
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