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2 ½  hours  

Instructions to Candidates 

Attempt five questions, including at least one, but not more than two question from each of the sections, A, B and C 
Non programmable scientific electronic calculators may be used 

Assume where necessary: 

Acceleration due to gravity, g 

= 9.81ms – 2 
Electron charge, e 



= 1.6 x 10 – 19 C 

Electron mass 




= 9.11 x 10 – 31 kg 

Planck’s constant h 



= 6.6 x 10 – 34 Js 

Speed of light in a vacuum, c 


= 3.0 x 108 ms – 1 

Avogadro’s number Na


= 6.02 x 1023 mol – 1 
Gas constant, R 



= 8.31 J mol – 1 K – 1 

Charge to mass ratio, e/m 


= 1.8 x 1011 kg – 1 

Permittivity of free space (o


= 8.85 x 10 – 12 Fm – 1 

Permeability of free space (o


= 4(x10– 7 Hm– 1 
The constant 
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= 9.0 x 109 F – 1 m 

SECTION A:
1. (a) (i) Distinguish between real and virtual objects 


            (2 marks) 

(ii) Describe how the position of an image in a plane mirror can be located by method of 

      no parallax. 






             (3 marks)

(b) (i) If the direction of the incident ray is kept constant, show that the angle of 


rotation of the reflected ray is twice the angle of rotation of the mirror. 
 (3 marks) 


(ii) Describe how an optical lever in a mirror galvanometer is used to measure small 


      electric currents. 






             (5 marks) 

(c) (i) What is meant by radius of curvature of a convex mirror? 
             (1 mark) 


(ii) An object is placed 25.0cm in front of a converging lens of focal length 15.0cm. A 


     diverging mirror is placed behind the lens with its reflecting surface facing the lens. 


     The mirror is then moved towards the lens until the rays are incident normally on it. 


     The separation of the lens and the
mirror is 7.5cm. Determine the focal length of the 


     diverging mirror. 






              (4 marks) 

(d) What do you understand by the term spherical aberration of a concave mirror? Illustrate 


your answers with a diagram. 




              (2 marks) 


2. (a) Define the following terms as applied to a convex lens.

(i)  Principal focus 






             (1 marks) 

(ii) Centre of curvature 





             (1 marks)

(iii) Conjugate points 






             (1 marks)

(b) (i) The deviation d produced by a prism of small angle A is given by d = A (n – 1) Use
        the  result to show that the focal length of a thin converging lens of refractive index n is 


     given by 
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(4 marks) 


(ii) The lens shown below is made of air and is surrounded by water of refractive index 


      1.33. 
[image: image1.wmf]o

p

4

1


Determine the power of the lens. 





(3 marks) 
(c) Describe how the refractive index of a material of a glass prism of known refracting angle 


can be determined by a spectrometer. 



(05 marks) 

(d) (i) What is meant by the term exit pupil as applied to a telescope. 
(1 mark) 


(ii) The objective of an astronomical telescope in normal adjustment has a diameter of 

      25cm and a focal length of 200cm. The  eye piece has a focal length of 5cm.Find the 


      position of the eye ring and its diameter. 



(4 marks) 

3. (a) Distinguish between 
(i) Transverse and longitudinal wave propagation. 


(1 mark) 

(ii) Mechanical and electromagnetic waves 



(2 marks) 

(iii) Stationary and progressive waves 



(3 marks) 

(b) The displacement y at any point for a wave can be represented by the equation 
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. Give the meaning of each of the terms in the equation. 











(3 marks) 

(c) State 

(i) the principle of super position of waves. 



(1 mark)

(ii) the conditions necessary for interference of waves to occur.
(2 marks) 

      (d) (i) Write down the equation of a wave which will superpose with the wave in (b) above to 


     form a stationary wave. 





(1 mark)

(ii) Hence write down the equation of a stationary wave. 

(1 mark) 

(e) The curves in the diagram below represent two waves which are propagated in the same 


direction and along the same line.


(see graph attached) 


Write down the 

(i) amplitude 

(ii) wavelength 

(iii) phase difference between y1 and y2



(2 mars)

Given that the velocity at the wave is 400cms – 1 

(iv) Write down the equations separating waves y1 and y2 

(2 marks) 

4. (a) Define 
(i) frequency 

(ii) velocity of a wave 





(3 marks) 

(b) Describe an experiment to illustrate interference of sound waves. 
(5 marks) 

(c) (i) State Doppler’s principle 





(1 mark) 


(ii) An observer  moving at 15ms – 1 approaches a stationary source of sound of 


      frequency 100Hz. Calculate the apparent frequency. 

(4 marks) 
(d) (i) Distinguish between nodes and antinodes 



(2 marks) 


(ii) The distance between a node and the nearest antinode is 15cm, calculate the 


      frequency of the wave if it has a velocity of 330ms – 1 

(5 marks)

SECTION B:

5. (a) (i) Distinguish between magnetic flux density and magnetic flux linkage. (2 marks) 
(ii) Describe the construction and working of a moving coil galvanometer. (6 marks) 

(iii) Explain the modifications on the features in a (ii) above which are necessary to make 

       it a ballistic galvanometer. 





(3 marks) 

(b) A capacitor of capacitance 200(F is fully charged to 10V.When the capacitor is 


discharged through a ballistic galvanometer, it gives a maximum throw of 20 divisions. A 


coil of 25 turns each of area 10cm2 is placed with its plane perpendicular to a uniform 


magnetic field. The coil is connected in series with the ballistic galvanometer. When the 


coil is rotated through 180o, the galvanometer gives a throw of 15 divisions. Calculate the 


magnetic flux density, if the total resistance of the circuit is 3(. 

(5 marks) 

6. (a) State the laws of electromagnetic induction. 




(02 marks) 
(b) With the aid of a labelled diagram, describe the structure and mode of operation of a d.c 


generator. 








(06 marks) 

(c) A circular coil of 200 turns and cross-sectional area 0.5m2 is placed with its plane 


perpendicular to a horizontal magnetic field of flux density 5 x 10 – 4 T. The coil is 


rotated about a vertical axis at 20 revolutions per second. Determine the magnitude of 


the maximum induced e.m.f. 






(3 marks) 

(d) A d.c motor whose armature resistance is 2( is operated on a 250V mains supply. A back 


e.m.f of 230V is induced in the motor. Find the 


(i) armature current 







(03 marks) 


(ii) efficiency of the motor. 






(03 marks) 

(e) Explain the importance of back e.m.f in the motor. 



(03 marks) 

7. (a) (i) What is meant by root-mean square value of an alternating current? 
(1 mark)

(ii) Describe with the aid of a labelled diagram, the structure and action of a hot wire 

      ammeter.








(5 marks) 

(iii) What is meant by the term reactance?




(1 mark) 

(b) In the diagram below, VL is the voltage drop across the inductor.



(i) Draw a vector diagram to show the orientation of VL with respect to current, I.

(1 mark)

(ii) Using the same axes, sketch graphs to show the variations of VL and I with time. 

(2 marks) 


(c)  


The bulbs P and Q have the same rating. P is connected in series with a capacitor C across an a.c. source while Q is connected in series with an identical capacitor across a d.c source of e.m.f equal to the root mean square voltage of the a.c. as shown in the figure above. 

Explain why bulb P lights continuously while bulb Q does not. 


(5 marks) 
(d) A 240 V, 60Hz alternating voltage is applied across a capacitor of capacitance 10(F. 


Calculate the 

(i) the root mean square value of the current which flows.
(4 marks) 

(ii) power expended.





(1 mark)

SECTION C

8. (a) (i) Define capacitance.                                                                                    (1mk)
(ii) Write down an expression for the capacitance of a parallel plate capacitor. Identify 

      each term in your expression.                                                                        (2mks)
(iii) Describe a simple experiment to illustrate two factors on which the capacitance of 

       capacitor (ii) above depends. 





(4 marks)

(b) Derive expression for the effective capacitance of two capacitors C1 and C2. 


(i) in series 








(2 marks) 


(ii) in parallel 








(2 marks)

(c) If a potential difference V is applied across the two capacitors C1 and C2 in series shown 


below, show that V1 is given by the expression,
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(d) 

Using the circuit shown above, Calculate, 

(i) the capacitance of this combination of capacitors.


(3 marks) 

(ii) the potential difference across the 2.0(F capacitor. 


(3 marks) 

9. (a) Define electric field intensity and electric potential 



(2 marks) 
(b) Obtain an expression for the electric field intensity at a point a distance x from a point charge, Q situated in vacuum 






(5 marks) 

(c) Explain how charging by rubbing results into equal opposite charges. 
(3 marks) 

(d) State coulombs law of electrostatics. 




(1 mark) 

(e) Charges of +4(c, (3(c, +2(c, and (5(c are placed at the corners of a rectangle PQRS 3m by 4m in that order and a charge of (6(c placed at the centre of the rectangle.

(i) Draw a diagram showing forces on the (6(c. 



(1 mark) 

(ii) Calculate the resultant force experienced by a charge of (6(c placed at the centre of the 

rectangle.








(5 marks) 

(f) Explain how lightening conductor  prevents a tall building from lightening.  (3 marks) 

10. (a) (i) State Ohm’s law.







(1 mark) 
(ii) Give two examples of non-Ohmic conductor and Sketch their characteristic voltage – currents graphs 







(2 marks) 

(b) (i)  Explain why a metal heats up when current flows through it. 

(2 marks) 


(ii) A battery of e.m.f E and internal resistance, r is connected to a resistor of variable 


     resistance R. Obtain the expression for maximum power dissipated in a resistor.












(4 marks) 

(c)  A conductor of length ( and cross section A has n free electrons per unit volume each of 


charge e. Find the expression for the draft velocity, V, of these electrons. If a current, I, 


flows through the conductor. 






(4 marks0 

(d) A resistor of 1000( is connected in series with a one metre length of a potentiometer wire of resistance 5(. A balance length is obtained when a standard cell of e.m.f 1.018V connected across the 1000( resistor and 48 cm of the potentiometer. When a thermocouple is connected across the wire, a balance point was obtained across 12.25cm of the potentiometer wire, calculate the e.m.f of the thermocouple. 

(5 marks) 

END
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