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INSTRUCTIONS TO CANDIDATES 
Answer five questions, including at least one, but not more than two from each of the sections A, B and C

Assume where necessary:
Acceleration due to gravity, g 			=		9.81ms-2
Electron charge, e					=		1.6 x 10-19C
Electron mass 					=		9.11 x 10-31kg
Mass of the earth 					=		5.97 x 1024kg
Plank’s constant h					=		6.6 x 10-34 Js
Stefan’s constant 					=		5.67 x 10-8Wm-2k-4
Speed of light 					=		3 x 108ms-1
Avogadro’s number NA				=		6.02 x 1023mol-1
Gas constant R					=		8.31Jmol-1k-1
Universal gravitational constant	G	=		6.67 x 10-11Nm2Kg-2
Radius of the earth				=		6.4 x 106m
Radius of the sun 					=		7 x 108m
Radius of earth’s orbit about the sun 		=		1.5 x 1011m



SECTION A
1. a)	(i) State the laws of dynamic friction 					(3marks)
		(ii) Define coefficient of dynamic friction.			(1mark)
     b)	A block of mass 2.0kg placed on a horizontal table is pulled by a mass M 
          using an inextensible string that passes over a frictionless pulley as 
           shown in figure 1.
			  	2.0kg 			     M

		                                       pulley 

                       Table 			     

								   Fig. 1
	The block moves with a constant velocity when M = 600g.
(i) Calculate the coefficient of friction between the block and the table.
(ii) Find the acceleration of the block and the tension in the string when M is replaced with another mass of 1000g.	(4marks) 
       c)  (i)	Explain why a body falling through a viscious fluid eventually 
                   attains a terminal velocity.					(5marks)
(ii) Calculate the terminal velocity of a spherical ball of radius 0.5cm and density 1,800kgm-3 falling through a liquid of density 1,000kgm-3 and coefficient of visiosity 1.3 x 10-3NSm-2. (4marks) 

2. a)	(i) Define surface tension.						(1mark)
	(ii) Explain the occurrence of surface tension using molecular theory.
											(3marks)
     b)	A U – tube with limbs of diameters 8.0mm and 3.0mm contains water of 
         surface tension 7 x 10-2Nm-1, and angle of contact zero. Find the 
         difference in the levels of the water in the two limbs. 
         (Density of water = 1000kgm-3)						(4marks)
  c) (i)	State Archimedes principle.					(1mark)
             (ii)	An alloy of silver and gold weighs 35.2g in air and 33.13g when 
                   fully submerged in water. Given that the densities of silver and 
                   gold are 10.5gcm-3 and 18.90gcm-3 respectively.
Find the mass of silver within the alloy.			(4marks)
	d) (i)	Write Bernoulli’s equation and define the symbols used.										
	   (ii)	State one practical application of Bernoulli’s principle.	(1mark)
(iii) A tank filled with water has a hole of radius 2.0cm at a point 4.0cm below the water level. Calculate the mass of water that flows out of the hole per second. 			       		  	(4marks) 
3. a)	Define 
	 (i)	Gravitational field strength 					(1mark)
	(ii)	Escape velocity 							(1mark)
         (iii)	Acceleration due to gravity					(1mark)

b) A planet of mass 6.0 x 1024kg has a density of 5.5 x 103kgm-3 stating   any assumptions made, find the acceleration due to gravity at a point 8.0 x 106m above the surface of this planet.	(6marks)

c) (i)	Explain why a bicycle rider must lean towards the centre of a 
	circular path as he rides round it.				(2marks)
             (ii)	Draw a sketch diagram showing the forces acting on a bicycle rider 
                   round a circular track inclined at angle  to the vertical. (2marks) 
            (iii)	If  is the coefficient of static friction between the bicycle and the    
                   ground, derive an expression in terms of  and , for the bicycle 
                   rider to move safely round the track.				   (3marks)
	d) (i)	What is meant by period of a satellite.			(1mark) 
             (ii)	A satellite orbits the earth at a height of 7.0 x 106m above the 
                    earth’s surface. Calculate the period of the satellite.	(3marks)

4. a)	What is meant by a conservative force? Give two examples.	(2marks)
    b)	(i) Distinguish between damped and free oscillation.		(2marks)
          (ii) Sketch displacement – time graphs for damped and free oscillations.								
    c)	(i) Define simple harmonic motion.					(1mark)
	(ii) Give two examples of bodies executing simple harmonic motion.
											(1mark)
         (iii) Draw a graph of velocity against displacement for a body 
               describing simple harmonic motion.				(2marks)

    d)	A mass of 0.2kg is placed on a scale pan of negligible mass hanging on a 
         spring of constant 40Nm-1. The mass is then depressed 3.0cm below the 
         equilibrium position and released. Calculate the;
(i) Frequency of the oscillations.					(3marks) 
(ii)	Velocity of the mass when it is 1.0cm above the equilibrium 
          position.								(3marks)
(iii)	Maximum amplitude of oscillation for the 0.2kg mass to stay in 
          contact with the pan throughout.				(4marks) 
SECTION B
5. a) (i) Define heat capacity of a substance and state its units.	(2marks)
       (ii) With the use of a labeled diagram, describe the continuous flow method 
             of determining the specific heat capacity of a liquid.           (5marks)
       (iii) State any two disadvantages of the continuous flow method described 
             in (ii) above.								(1mark)
    b)	In a continuous flow experiment to determine the specific heat capacity 
         of a liquid, the following results were obtained.
	Voltage V/volts 
	Current/ A 
	Outflow temperature 0c
	Inflow temperature 0c
	Volume of liquid collected per minde cm3/min

	12.0
	5
	24
	20

	192

	10.0
	3
	24
	20

	84


Given that the density of the liquid is 1000kgm-3, use the above information to find;
(i) The specific heat capacity of the liquid.			    (4marks) 
(ii) The power loss to the surrounding.			    (2marks)

    c) (i) State Newton’s law of cooling.					    (1mark)
        (ii) Describe an experiment to verify Newton’s law of cooling. 	   (4marks)
       (iii) An electric heater rated 520W is used to raise the temperature of 2.5kg   
             of a liquid from 200c to 1000c in 25 minutes. Given that room       
             temperature is 200c and the rate of heat loss at 1000c is 16W. 
             Estimate the specific heat capacity of the liquid.		(3marks) 

    d)	Explain why a metal surface feels cooler to the touch than a wooden 
          surface at the same temperature.					(3marks) 

6. a) (i) Distinguish between an adiabatic and an isothermal change. (2marks)
       (ii) Define molar heat capacity of a gas at constant volume Cv.    (1mark)
       (iii) Explain why the molar heat capacity at constant volume differs from 
             molar heat capacity at constant pressure Cp.		        	 (2marks)
(iv) Derive the expression Cp – Cv = R for n moles of a gas.	 (4marks) 

b)  (i)	Define partial pressure of a gas.					(1mark)
    (ii)	State Dalton’s law of partial pressures.				(1mark)
    (iii)	 A sealed container at a temperature 270c contains water, 
          saturated water vapour and air all at 270c. The total pressure inside the 
          container is 1.0 x 105Pa. If the saturated vapour pressure of water at 
           270c is 2.1 x 103Pa and the total pressure inside the container is 
           1.184 x 105Pa when the temperature is raised to 800c, find the 
           saturated vapour pressure of water at 800c			(4marks)

c) One mole of an ideal gas is initially at a pressure of 1.0 x 105Nm-2 and a 
    temperature of 250c. It undergoes a reversible adiabatic expansion to twice 
    its volume, followed by a reversible isothermal compression to its original 
    volume. Calculate the final temperature and pressure of the gas. (5marks) 

7. a) (i) What is meant by a black body?					(1mark)
       (ii) State Stephan’s law of black body radiation.			(1mark)
    b)	The filament of an electric bulb that radiates as a black body is 0.5m 
          long and has a radius of 1.0 x 10-4m. The filament melts when connected 
          across 240V and the current through it is 0.40A.
(i)	Calculate the temperature at which the filament melts.	(4marks)
(ii)	Find the wave length for which the energy radiated by the filament is 
	a maximum. (Wien’s constant = 2.9 x 10-3mk)		(2marks)
    c)	A uniform composite metal of diameter 4.0cm is made of copper and 
         Aluminium and arranged as shown in the figure below. One end is 
         maintained at 1000c and the other kept in melting ice. 
                       89cm                     40cm	

1000            copper                  Aluminium                    melting ice 
		
				
The ice melts at a rate of 5.36g min-1. If the thermal conductivity of Aluminium is 210Wm-1k-1, find, 
(i) The temperature of the interface between Copper and Aluminium.(2mkS)
(ii) The thermal conductivity of copper.					(4marks) 
          (Specific latent heat of fusion of ice = 3.36 x 105Jkg-1)
    d) (i)	Define a thermometric property.					(1mark)
       (ii)	Explain how a Kelvin scale of temperature is established. 	(2marks) 
       (iii) The resistance   of platinum varies with the temperature 0c 
             measured on the gas thermometer according to the equation.
,
             Calculate the temperature as measured by the resistance thermometer 
              when the gas thermometer measures 600c.

SECTION C
8. a)	State the laws of photoelectric emission.				(4marks)
    b)	Define:
		(i) a photon 								(1mark)
		(ii) work function of a metal 					(1mark)
    c)	A 100mW point source emits light of wave length 4.0 x 10-7m.  A caesium 
          surface per second.							(5marks)
 (i)	the number of photons striking the caesium surface per second.
										(5marks) 
          (ii)	the resulting photo – current if 70% of the photons emit photo 
                   electrons.								(3marks)
          (iii)	The maxium kinetic energy of the photoelectrons given that the 
                   work function of caesium is 2.15eV.				(3marks)
    d)	Describe one application of photoelectric emission.		(3marks) 

9. a) (i) State any four characteristics of x – rays.				(2marks)
        (ii) Draw a well labeled diagram of a modern x-ray tube and explain how 
             the intensity of the x-rays produced can be varied.		(4marks)

    b)	(i) State Bragg’s law of x – ray diffraction.				(1mark)
          (ii) Explain briefly the application of x – rays in the study of crystal 
               structures.								(3marks)

    c)	In an x-ray tube operated at 1.5 x 103V, the target is made of a material 
          of specific heat capacity 2.5 x 102Jkg-1k-1 and has a mass of 0.25kg. One 
          percent of the electric power supplied is converted into x –rays and the 
          rest is dissipated as heat in the target, If the temperature of the target 
          rises by 8Ks-1, find; 
    (i)	the number of electrons which strikes the target every second. 	
										(4marks)
    (ii)	the shortest wave length of x –rays produced.		(3marks)
    d)	State any health hazard that can be caused by exposure to x-rays and 
          how this can be minimized.						(3marks)

10.	a)	Define;
	 (i)	Half life								(1mark)
	 (ii)	Decay constant 							(1mark)
      b)	(i) Given the radioactive law Nt = , obtain the relation between  and 
              half life t1/2.								(2marks)
          (ii) The radioisotope  decays by emission of  The half 
                life of the radio – isotope is 28.8 years.
                Determine the activity of 1g of the isotope.			(5marks)
 
      c)	With aid of a labeled diagram, describe the action of an ionization      
          chamber in detecting radiation.					(6marks)

      d)	(i) Define binding energy of a nucleus.				(1mark)
(ii) Sketch a graph showing binding energy per nucleon against mass number and describe the main features of the graph.	(4marks) 

	
					End -
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