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INSTRUCTIONS TO CANDIDATES:

Answer five questions, including atleast one but not more than two from each of the sections A, B, and C.

Non-programmable scientific calculators may be used.
Assume where necessary.

Acceleration due to gravity, g 



=  
9.81ms – 2 

Avogadro’s number, NA




=
 6.02 × 10 23  mol – 1 
Electron charge, e 





=  
1.6 × 10 – 19 C

Electron mass 





=  
9.11 × 10 – 31 kg 
Gas constant, R 





= 
8.30 J mol – 1 K – 1 
One electron volt (eV)




=  
1.6 × 10 – 19 J

Plank’s constant, h 




= 
6.6 ×10 – 34 J s
Speed of light in a vacuum, c 



= 
3.0 × 108 ms – 1 

Stefan’s Boltzmann’s constant, δ


=  
5.67 × 10 – 8 W m – 2 K – 4 
Unified mass unit, u




= 
1.66 × 10 –27  kg
Universal gravitational constant, G 


= 
6.67 × 10 –1 1  N m2 kg – 2 
SECTION A:
1.
(a)
(i)  
State Newton’s laws of motion.


           
(03 marks)


(ii)
Use Newton’s laws to show that F = ma


(02 marks)

(b)
(i)
State the principle of conservation of linear momentum.












(01 mark)



(ii)
Two particles of masses 2.5 kg and 3.0 kg moving at speeds of 

2 ms – 1 and 1.2 ms – 1 respectively in a direction at right angles to each other collide in a perfectly inelastic collision. 

Calculate the magnitude and direction of the final velocity of the particles.






(05 marks)

(c)
(i)
Define the terms Intensity of gravity and Gravitational constant.












(02 marks)


(ii)
Explain why the rotation of the earth about its axis affects the value 

of acceleration due to gravity, g at the Equator.
(03 marks)
(iii)
Show that the magnitude of potential energy of a satellite is twice the magnitude of its kinetic energy.


(04 marks)
2.
(a)
(i)
Define coefficient of viscosity.



(01 mark)


(ii)
Explain the effect of temperature on the viscosity of a gas.












(03 marks)
(b)
(i)
Derive an expression for the terminal velocity of a steel ball bearing 

of radius, r and density ρ, falling through a liquid of density δ, and coefficient of viscosity η.




(04 marks)
(ii)
Sketch acceleration – time graph for the motion of the steel ball bearing above.





(01 mark)

(c)
(i)
State Stoke’s law.





(01 mark)

(ii)
Describe an experiment to determine the coefficient of viscosity of oil of known density using Stoke’s law.


(06 marks)

(d)
(i)
State Bernoulli’s principle. 



(01 mark)

(ii)
Explain why it is not advisable to stand by the road side when a fast moving trailer is passing.




(03 marks)

3.
(a)
Define the terms Elastic limit and proportional limit.

(02 marks)
(b)
Figure 1 shows the variation of F, the load applied to two wires X and Y, and their extensions, e. The wires are both made of Iron and have the same length. 
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(i)
Which wire has a smaller cross-sectional area? Explain.


(02 marks)


(ii)
Explain how you would use the graph for X to obtain a value for the Young’s modulus of iron, listing down the additional measurements needed. 






(04 marks)
(c)
A uniform steel wire of density 7800 kg m–3 weighs 16 g and is 250 cm long. It lengthens by 1.2 mm when stretched by a force of 80 N. 

Calculate the :-


(i)
value of Young’s modulus for the steel wire.

(03 marks)

(ii)
energy stored in the wire.




(02 marks) 

(d)
(i)
Define relative density of a substance.


(01 mark)

(ii)
Describe an experiment to determine the relative density of a liquid using Archimedes’ principle and the principle of moments.









(06 marks)
4.
(a)
(i)
What is meant by Simple Harmonic Motion?

(01 mark)

(ii)
Define the terms amplitude  and period as applied to oscillatory motion. 






(02 marks)

(b)
Sketch graphs to show variation of;



(i)
kinetic energy with time,




(01 mark)


(ii)
total energy with time of an object performing simple harmonic 

motion.






(01 mark)

(c)
(i)
Show that a simple pendulum oscillates with S.H.M. when displaced 

slightly from its equilibrium position, and derive an expression for the period of the motion.




(06 marks)  

(ii)
Explain how you would use the above expression to obtain the value of acceleration due to gravity.



(04 marks)
(d)
Figure 2 shows a mass of 0.8 kg being suspended from the free ends of two springs of force constants 120 Nm – 1 and 60 Nm – 1 respectively.
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Calculate the:


(i)
extension produced.




(03 marks)

(ii)
tension in each spring.




(02 marks)

SECTION B:

5.
(a)
What is meant by the following as applied to thermometry?



(i)
Kelvin.






(01 mark)



(ii)
triple point.






(01 mark)

(b)
The electrical resistance RT of a certain thermometer varies with 

temperature, T,  Kelvin according to the equation, 
RT = Ro[1 + 5.0 × 10–3 (T – To)] where Ro is the resistance at To. 

Given that the resistance at the triple point of water is 101.6 ohms and 165.5 ohms at 600.5 K, what is the temperature when the resistance is 132.5 ohms?







(04 marks)

(c)
(i)
What is meant by a cooling correction?


(01 mark)

(ii)
Explain how a cooling correction can be obtained for a poor conductor.






(05 marks)
(iii)
Explain why a baby must be wrapped well in a woollen cloth on a cold day.






(03 marks)

(d)
(i)
Define specific heat capacity of a substance.

(01 mark)

(ii)
The temperature of 60 g of a liquid contained in a calorimeter is raised from 18°C to 48°C in 520 s, by an electrical heater dissipating at 10.0 W. When 120 g of liquid is used and the same change in temperature occurs in the same time, the power of the heater is 

16.5 W. Calculate the specific heat capacity of the liquid.








(04 marks)
6.
(a)
(i)
Define boiling point of a liquid.



(01 mark)



(ii)
Use the kinetic theory to explain how evaporation causes cooling.












(03 marks)
(b)
(i)
Define the following terms; a saturated vapour and unsaturated 

vapour pressure.





(02 marks)
(ii)
Explain the effect of volume on the saturated vapour pressure at constant temperature.




(03 marks)

(c)
Distinguish between an Isothermal change and an adiabatic change.












(02 marks)
(d)
Two litres of Nitrogen gas at a pressure of 1.01 × 105 Pa, and at a temperature of 27°C is heated at a constant pressure until it doubles. It is then cooled at a constant volume until its pressure is 2.5 ×104 Pa. The gas is then compressed adiabatically to its original volume. The ratio of  [image: image5.png]< |



 for nitrogen.

(i)
Show the above processes on a labelled diagram.
(02 marks)


(ii)
Calculate the final temperature of the gas.

(04 marks)
(iii)
Find the pressure of the gas at the end of the process.









(03 marks)
7.
(a)
(i)
State the assumptions made in the derivation of the gas equation, 
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(02 marks)


(ii)
State Dalton’s law of partial pressures.


(01 mark)



(iii)
Use the expression [image: image9.png]


     to deduce Dalton’s law.












(03 marks)

(b)
(i)
Define coefficient of thermal conductivity.

(01 mark)
(ii)
State two factors that determine the rate of heat transfer through a material.






(02 marks)
(c)
Describe with the aid of a labelled diagram, an experiment to measure the thermal conductivity of aluminium.



(06 marks)
(d)
(i)
State the laws of black body radiation.


(02 marks)
(ii)
The filament of a bulb is 0.5 m long and its radius is 0.1 mm. The filament melts when it is connected across 240 V and the current flowing through it is 0.40 A.


Calculate the temperature at which the filament melts.

(03 marks)
SECTION C:

8.
(a)
State the laws of photo-electric emission.


(04 marks)
(b)
Sodium has a work function of 2.0 eV and is illuminated by radiation of wavelength 150 nm;

(i)
Calculate the maximum speed of the emitted electrons.











(03 marks)

(ii)
Find the threshold frequency.



(03 marks)
(c)
With the aid of a well labelled diagram, describe how the stopping potential of a metal can be measured.



(05 marks)
(d)
(i)
What are positive rays?




(01 mark)

(ii)
In a Bain bridge mass spectrometer, singly ionized atoms of [image: image11.png]35(1






and [image: image13.png]37¢1



  pass into the deflection chamber with a velocity of 

105 ms – 1 . If the magnetic flux density in the chamber is 0.8 T, calculate the difference in the radii of the paths of the ions.










(04 marks)
9.
(a)
What are X-rays?






(01 mark)

(b)
The diagram in figure 3 shows an X-ray spectrum of a metallic target bombarded by 40 kV electron beam.
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(i)
What features does the spectrum show?

(02 marks)

(ii)
Calculate the value for [image: image16.png]


 from the data given on the diagram where h 

is Plank’s constant while e is the electronic charge.
(03 marks)
(iii)
State two changes one would expect to be observed if the energy of the bombarding electrons were increased.

(02 marks) 
(c)
(i)
Describe Millikan’s Oil drop experiment, to determine the charge of 

an electron. 






(06 marks)
(ii)
Explain why large sized oil drops are not used in Millikan’s experiment.






(02 marks)
(d)
In a Millikan’s  experiment, a charged oil drop of density 880 kg m – 3 is held stationary between two parallel plates 6.0 mm apart maintained at a potential of 103 V. When the electric field is switched off, the drop is observed to fall a distance of 2.0 mm in 35.7 s. 

How many excess electrons does the drop carry?

(04 marks)

(Density of air = 1.29 kg m – 3, viscosity of air = 1.8 × 10 – 5 N s m – 2 )
10.
(a)
What is meant by the following terms as applied to radioactivity?


(i)
Decay constant,





(01 mark)



(ii)
Half life.






(01 mark)

(b)
Radium has an isotope [image: image18.png]22¢ Ra



 of half life 1600 years and decays by emission of α – particles and Ɣ – rays. Determine the activity of 10 g of the isotope.







(05 marks)
(c)
(i)
Describe with the aid of a labelled diagram, the structure and action 

of a Geiger-Muller tube.




(05 marks)

(ii)
Explain the anode of a GM-tube is made in form of thin wire and the mica window made thin.




(02 marks)

(d)
(i)
What is binding energy of a nucleus?


(01 mark)

(ii)
Calculate the energy in MeV released by fusing two protons and two neutrons to form a helium nucleus.

(The atomic masses of Hydrogen and Helium are 1.007825 u 

and 4.002604 u , respectively. The mass of a neutron is 1.008665 u)









(05 marks)




          = END =

λ x 10- 10m
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