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INSTRUCTIONS TO CANDIDATES

· Attempt five questions, including at least one, but not more than two questions from each of the sections A, B, C and D
· 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 10-19C

· Electron mass = 9.11 x 10-31kg

· Planck’s constant, h = 6.6 x 10-34Js

· Speed of light in a vacuum C = 3.0 x 108ms-1
· Avogadro’s number NA = 6.02 x 1023mol-1
· Gas constant, R = 8.31J mol-1K-1
· Charge to mass ratio, e/m = 1.8 x 1011Ckg-1
· Permittivity of free space [image: image2.png]


o = 8.85 x 10-12Fm-1
· Permeability of free space µo = 4[image: image4.png]


 x 10-7Hm-1
· The constant  1     =  9.0 x 109F-1m
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SECTION A

1(a)(i)Distinguish between linear magnification and angular magnification. 










(02mks)
  (ii)
Derive an expression for the angular magnification of a compound microscope in normal adjustment. 






(03mks)
(iii)
A compound microscope has an objective of focal length 1.6cm and an eye piece of focal length 2.5cm.  If the distance between the objective and eyepiece is 22.1cm, determine the magnifying power when the final image is at infinity. 








(03mks)
(iv)
In what ways does a refracting telescope differ from a compound microscope?








(02mks)
(b)
An astronomical telescope is used to view a scale that is 300cm from the objective lens.  The objective has a focal length of 20cm and the eye piece has a focal length of 2cm.  Calculate the angular magnification when the telescope is adjusted for minimum eye strain. 



(03mks)
(c)(i)
Draw a labeled diagram to show the optical parts of the projection lantern. 











(02mks)

  (ii)
A certain slide projector produces an image 175cm high at a distance of 5m from an object 3.5cm high.  Calculate the object distance and the focal length of the projection lens. 






(03mks)
(d)
What advantages does a reflecting telescope have over a refracting telescope?








(02mks)
2(a)
Explain with the aid of ray diagrams the following terms as applied to a converging lens. 







(03mks)

(i)
focal point 

(ii)
linear magnification 
 (iii)
conjugate points 

(b)(i)
Explain with the aid of labeled diagrams the terms spherical aberration and chromatic aberration.  State how the two defects can be minimized in optical systems. 








(03mks)
(ii)
A concave lens of radii of curvature 20cm is made of glass of refractive indices for red and violet lights of 1.643 and 1.685 respectively.  A small incandescent lamp is placed on the axis of the lens at a distance of 35cm from the lamp.  Find the separation of the images formed in the red and violet constitutes of the light. 





(04mks)
(c)(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. 











(04mks)
(ii)
Describe how an optical lever in a mirror galvanometer is used to measure small electric currents. 






(04mks)
 (d)
Explain the terms deviation and dispersion as applied to refraction of light by a glass prism. 








(02mks)
SECTION B

3(a)
Explain with the aid of sketches where appropriate the terms frequency, wavelength, velocity as applied to wave motion.  Deduce an expression relating these quantities. 






(03mks)

(b)
Distinguish between transverse and longitudinal wave propagation.  Give examples where each mode of propagation is assumed to apply. 
(03mks)
(c)
The displacement y at any point for a wave can be presented by the equation 




y = A sin 2[image: image8.png]
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(i)
Give the meaning of each of the terms in the equation. 

(03mks)

(ii)
What is the significance of changing the sign of the term x/[image: image12.png]


 in the equation?












(02mks)
(d)
The displacement y at any point and at any time t for a wave propagation in the positive x-direction is given by


y = 0.5 sin 2[image: image14.png]


 (1000t – 3x) where x and y are in metre and time t in seconds. State for the wave motion. 





(09mks)

(i)
the amplitude 


(ii)
the frequency 


(iii)
the wave length 


(iv)
the velocity 

4a(i)
State the conditions for the formation of stationary waves.

(02mks)
  (ii)
Distinguish between stationary and progressive waves. 

(02mks)
  (iii)
A wire of mass 1.0 x 10-2kg and diameter 6.0 x 10-4m is stretched between two rigid supports 1.0m apart.  The tension in the wire is 60N.  Find the change in the frequency of the fundamental note when the temperature of the wire is lowered by 100K, given that the speed V1 of a transverse wave propagating in the wire is given by  V = [image: image16.png]©)°



 where T is the tension and µ is the mass per unit length of the wire. (Young’s modulus and coefficient of linear expansion of the material of the wire are respectively 2.0 x 1011Nm-2 and 1.5 x 10-5K)







(05mks)
(b)
A steel wire of length 40.0cm and diameter 0.025cm vibrates transversely in unison with a tube, open at each end and of effective length 60.0cm, where each is sounding its fundamental note.  The air temperature is 27oC.  Find the tension in the wire (Assume that the velocity of sound in air at OoC is 331ms-1 and the density of steel is 7800kgm-3)




(04mks)
 (c)
A vertical wire of length l, cross-section area A and made of material of density [image: image18.png]


 is fixed at its upper end and supports a mass of m volume V at other.  If the mass of the wire is negligible compared with m, use the following data to calculate the frequency of the fundamental mode of transverse vibration of the wire. 

(i)
before 








(04mks)
(ii)
after m is totally immersed in water.  Length l = 0.500m, area of cross-section A = 7.50 x 10-7m-2, density [image: image20.png]


 = 8.00 x 103kgm-3, mass = 5.00kg, 

volume V = 3.75 x 10-4m3, density of water = 1.00 x 103kgm-3
(03mks)
SECTION C

5. (a) (i) Define the ampere.                          



  (01mk)

  (ii) Describe how the magnetic flux density at the centre of a coil may be determined using a current balance.                                           

   (05mks)                                                                             

     (b) (i) A rectangular coil of, N, turns measuring a cm by b cm is placed in a uniform magnetic field of flux density, B. If a current of, I, flows through the coil, derive the expression for the magnetic torque experienced by the coil when the normal to the plane of the coil makes angle, θ, with the field.    

 (5mks)
 (ii) Name two devices, and state their functions, whose operations are based on magnetic torque on current carrying conductors.                                     (2mks)                                                  
    (c) A circular coil of 25 turns each of radius 12cm lies on a table. The earth’s magnetic field intensity at the location of the coil is 52.7Am-1 while the angle of dip is 73.00. Find the:

         (i) magnetic flux threading the coil.                                     

  (4mks)                                        

        (ii) torque on the coil when a current of 1.5A is passed through it.      (3mks)                 

6(a)
State the laws of electromagnetic induction. 


(02mks)
(b)(i)
With the aid of labeled diagram, describe the structure and mode of action of an a.c transformer. 







(04mks)
(ii)
What are the main energy losses in a transformer and how are they minimized?








(04mks)
(c)
An a.c transformer operates on a 240V mains.  The voltage across the secondary which has 960turns is 20V. 

(i)
Find the number of turns in the primary




(03mks)
 (ii)
If the efficiency of transfer is 80%.  Calculate the current in the primary coil when a resistor of 4Ω is connected across the secondary. 

(03mks)
(d)
Two long parallel wires X and Y are separated by 8cm in vacuum.  The wires carry currents of 10A each in the same direction.  At what points between the wires is the magnetic flux density zero?




(04mks)
7(a)
Define the terms amplitude and root mean square (rms) value of an alternating current. 







(02mks)
(b)
A sinusoidal alternating current I = 4 sin (100[image: image22.png]


t) amperes flows through a resistor of resistance 2.0Ω.  Find the mean power dissipated in the resistor. Hence deduce the r.m.s value of the current. 



(04mks)
(c)
Describe, with the aid of a labeled diagram how a hot wire ammeter works. 












(06mks)
(d)
An indicator of inductance L is connected across a source of alternating  voltage, V = Vo sinwt.

(i)
find the expression of current which flows.



(04mks)





(ii)
Sketch, using the same axes, the variation with time of the voltage across the indicator and current through it, and explain the phase difference between them.  








(04mks)
SECTION D

8(a)
Distinguish between e.m.f and terminal p.d of a battery. 

(02mks)
b(i)
 Define electrical resistivity. 





(01mk)
(ii)
Explain the factors on which the resistance of a conductor depends. 












(03mks)
iii) 
Derive the expression for resistance of three resistors in parallel.
(03mks)
(c)
Two wires A and B have lengths which are in ratio of 3 : 2.  If the wires are arranged in parallel and current of 1.0A flows through the combination, find the;

(i)
ratio of resistance of wire A to that of wire B.



(04mks)
(ii)
current through wire A.






(04mks)
(d)
Explain why the wire becomes hot when current flows through it. 
(03mks)
9a(i)
State Ohm’s law







(01mk)
(ii)
A conductor of length l and cross sectional area A has n free electrons per unit volume each of charge e.  Find the drift velocity, of these electrons if a current I flows through the conductor 




(04mks)
iii)    Derive the expression for electrical energy dissipated in a resister of resistance, R, when a p.d of, V, is maintained across it for a time, t.                           (03mks)                                 
(b)
Outline the principle of operation of a slide wire potentiometer.
 (04mks)


2.0 v

(c)

1.0Ω



A
     C
B


G


8Ω
S

In the diagram the slide AB is 1m long and has a resistance of 4Ω when switch S is;

(i)
open the balance length AC is 88.8cm.  find the value of the e.m.f E of the cell. 









(03mks)



(ii)
closed, the balanced length is found to be 82.5cm.  Calculate, the internal resistance of this cell. 






(03mks)
(d)
State two advantages of using a potentiometer for measuring voltage. 











(02mks)
10(a)
What is a dielectric material?





(01mk)
  (b)
A capacitor filled with a dielectric  is charged and then discharged through a milliameter.    The dielectric is then with drawn half way and the capacitor charged to the same voltage and discharged through the millimeter again.  Show that the relative permittivity 


[image: image24.png]


=     1


2I’ - I

Where I and I’ are the readings of the milliameter respectively.   
(05mks)
(c)
Describe with the aid of a diagram how you would determine the capacitance of a capacitor. 







(06mks)
(d)
A battery of e.m.f 15V is connected across a system of capacitor as shown in the diagram. 



   2µF


     E = 15V

           4µF
3µF

Find the;

(i)
charge on the 4µF capacitor 




(05mks)
(ii)
energy stored in the 3µF capacitor 



(03mks)
END. 
7

