
 

 

Current electricity, Electrostatics and capacitor revision questions 

1. (a) State Coulomb’s law of electrostatics (01marks) 

(b) (i) Describe how a conductor may be positively charge but remains at zero 

potential(03marks) 

   (ii) Explain how the presence of a neutral conductor near a charged conducting sphere may 

reduce the potential of the sphere. 

(c) In the figure below, points P and Q are at a distances 30.0cm and 20.0cm from a point charge 

of 4.0μC respectively. 

 

 
 

Calculate 

(i) Electric potential difference between P and Q (05marks) 

(ii) Energy required to bring a charge of +1.0μC from infinity to Q. (03marks) 

(d) Describe with the aid of a diagram an experiment to show that excess charge resides only on 

outside of hollow conductor. 

2. (a)(i) Define e.m.f of a battery. (01marks) 

         (ii) Explain why e.m.f of a battery left standing in a room for long decreases. (02marks) 

   (b) The figure below shows a network resistors connected to show identical cells of e.m.f 1.5V 

and internal resistance 0.8Ω. 



 

Calculate the current supplied by the cells (04marks) 

(c) Describe an experiment which can be carried out to determine the resistance of a wire using 

a potentiometer. (06marks) 

(d) The figure below shows a uniform resistance wire AB, 100cm long and resistance 4.0Ω 

connected with a 2.0Ω resistor through switch K2. When K1 is closes and K2 open, the balance 

length is 53cm. 

                  

 Find the  

(i) Balance length when K1 and K2 are both open (04marks) 

(ii) Internal resistance of cell X if the balance length is 44.1cm when both K1 and K2 are 

closed (01marks) 

3. (a)(i) Define farad. (01mark) 

(ii) Describe briefly the energy transformations that take place when charging a capacitor 

using a dry cell. (02marks) 

(b)(i) What is meant by dielectric constant? (02marks) 

   (ii) A parallel plane capacitor is connected to 100V and then isolated. When a sheet of a 

dielectric is inserted between the plates, the p.d. decreased to 30V. Calculate the dielectric 

constant of the dielectric. (03marks) 



(c) A 60μF is charged from a 120V supply. It is then connected across the terminals of a 20μF 

capacitor. Calculate the 

(i) final p.d. across the combination (03marks) 

(ii) Difference in the initial and final energies stored in the capacitor and comment on the 

difference. (05marks) 

(d) Explain the principles of operation of a lightning conductor. (05marks) 

4. (a) Define the following as applied to a battery: 

(i) Electromotive force 

(ii) Internal resistance 

(b) A battery of e.m.f E and internal resistance, r, is connected across a load of resistance, R. 

Derive an expression for maximum power delivered to the load. (04marks) 

(c) Determined how resistance of a resistor may be determined using a slide wire potentiometer 

(05marks) 

(d) Explain why the potentiometer is more suitable for measuring small resistance than 

Wheatstone bridge (02marks) 

(e) In the figure below, AB is a uniform resistance wire of resistance 2.0Ω, and length 100cm, E is 

a cell of e.m.f 1.5V and D is a driver cell of negligible internal resistance. When switch K is 

closed the balance length AC is 82.5cm. 

 

(i) Find e.m.f of D (03marks) 

(ii) If E and the galvanometer are replaced by a voltmeter of resistance 20.0Ω, find the 

reading of the voltmeter when contact C is placed at the mid-point of AB and the value 

of R is 1.0Ω. 

5. (a) (i) Define electric field intensity and potential difference. (02marks) 

(ii) Derive an expression for electric potential difference between two points a and b in the 

field of a sing point charge +Q (04marks) 

(b) Describe an experiment to show that when two dissimilar dielectrics are rubbed together, 

they acquire equal but opposite charge. 



(c) Two point charges of +5μF and -3μF are placed at points A and B as shown in the figure 

below. 

 

Calculate the  

(i) Electric potential at P (03marks) 

(ii) Work done in moving a charge -3μC from P to Q. (04marks) 

(d) State any two characteristics of an equipotential (02marks) 

6. (a) Define the following 

(i) Capacitance (01mark) 

(ii) Relative permittivity (01mark) 

(b) Two capacitors of capacitances C1 and C2 are connected in series with a battery of e.m.f V as 

shown below. 

 

If the p.d across the capacitor of capacitance C1 is V1 show that  
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(c) Describe an experiment to determine the capacitance of a capacitor using a vibrating reed 

circuit. 

(d) A battery of e.m.f120V is connected to a network of capacitors as shown in the figure below 



 

Calculate the 

(i) Charge on C1 (04marks) 

(ii) Energy stored in C5 (03marks) 

(e) Describe how the effect of a dielectric medium on the capacitance of a capacitor may be 

determined. (03marks) 

7. (a)(i) State the law of conservation of current at a junction in an electric circuit. (01marks) 

(ii) Explain why current from a battery is greater when bulbs are connected in parallel than 

when they are in series across a battery. (03marks) 

(b) A conductor of length L and cross sectional area A has n free electrons per unit volume. The 

average drift velocity of the electrons is v and each electron carries charge e. 

Derive an expression for the current which flows (03marks) 

(c) A battery with an e.m.f of 12V and internal resistance 2Ω is connected to a wire of 

resistance 10Ω. 

(i) Calculate the p.d across the wire. (02marks) 

(ii) What is the p.d across the wire become if a 15Ω resistor is connected parallel to it? 

(03marks) 

(d)(i) Define electrical resistivity and state its units (02marks) 

    (ii) Describe an experiment to determine the resistivity of the material of a wire using an 

ammeter, meter rule and voltmeter 

8. (a) (i) Define temperature coefficient of resistance and state its units. (02marks) 

     (ii)Explain why temperature coefficient of resistance is positive for metals. (03marks) 

(b) (i) Derive the conditions for balance of meter bridge. (05marks) 

     (ii) Explain why the meter bridge is unsuitable for comparison of low resistances. (02marks) 



(c) A standard resistor is connected across the right hand gap of a meter bridge and a coil X 

across the left hand gap of meter bridge. When the coil is heated to a temperature of 400C, the 

balance length is 525mm from left-hand end of the bridge. 

When the temperature of X is raised to 1000C, the balance point is 546mm from the left end. 

(i) Calculate the temperature coefficient of resistance of the coil X (06marks) 

(ii) Why are standard resistors made of alloys such as constantan and magnesium? 

(02marks) 

9. (a) Derive an expression for energy stored in a capacitor of capacitance, C, charged to voltage, V. 

(04marks) 

(b) A parallel plate capacitor with plate area of 2 x 10-2m2 and plate separation of 5.0x 10-3m is 

connected to a 500V supply. 

(i) Calculate the energy stored in the capacitor (04marks) 

(ii) If the space between the plates is completely filled with oil and the total charge in the 

capacitor becomes 4.42 x 10-8C. Find the dielectric constant of the oil (03marks) 

(c) Explain how a lightning conductor may protect a building from damage by lightning. 

(05marks) 

(d) Describe an experiment to show that charge on a hollow conductor resides on the outer 

surface. (04marks) 

10. (a)(i) Define electrical resistivity. (01mark) 

(ii) Explain how length and temperature of a conductor affect its resistance. (04marks) 

(iii) The figure below shows a circuit-voltage graphs for a metallic wire at two different 

temperatures T1 and T2. 

 
State which of the two temperatures is greater and explain your answer (03marks) 

 (b) (i) Derive the balance condition when using a meter bridge to measure resistance. (03marks) 

       (ii) State two precautions taken to achieve an accurate measurement. (02marks) 

 (c) The figure below shows two resistors P and Q of resistance 5Ω and 2Ω respectively connected 

in the two gaps of the meter bridge. 



                     

 A resistor X of cross-sectional area 1mm2 is connected across P so that the balance point is 

66.7cm from A. if the resistivity of wire X is 1.0 x 10-5Ωm and the resistance wire AB of the meter 

bridge is 100cm long, calculate the length of X. (04marks) 

(d) Explain how electrons attain a steady drift velocity when current flows through a conductor. 

(02marks). 

11. (a) (i) Explain equipotential surface. (04marks) 

(ii) Give an example of an equipotential surface (01mark) 

(b) (i) State coulomb’s law. (01 marks) 

    (ii) with the aid of a diagram, explain the variation of electric potential with distance from the 

center of charged metal sphere (03marks) 

(iii) Two metal plates A and B, 30cm apart are connected to a 5kVd.c supply as shown in the 

figure below. 

 
When a small charged sphere, s, of mass 9.0 x 10-3kg is placed the plates, it remains 

stationary. Indicate the forces acting on the sphere and determine the magnitude of the 

charge on the sphere. (04marks) 

 (c) (i) Define electric field intensity. (01marks) 

     (ii) With the aid of a diagram, explain electrostatic shielding. (04marks) 

 (d) Explain briefly why a neutral metal body is attracted to a charged body when brought near it. 

(02marks) 



12. (a) (i) What is meant by capacitance of a capacitor? (01mark) 

(ii) A parallel plate capacitor is connected across a battery and charged fully. When a dielectric 

material is now inserted between its plates, the amount of charge stored in the capacitor 

changes. Explain the change. (04marks) 

(iii) Describe an experiment to determine the relative permittivity of a dielectric. (04marks) 

(b) A network of capacitors of capacitances 40μF, 50μF and 70μF is connected to a battery of 9V 

as shown in the figure below 

 

Calculate 

(i) Charge stored in the 50μF capacitor. (05marks) 

(ii) Energy stored in the 40μF (03marks) 

(c) Explain corona discharge 

13. (a)(i) Define temperature coefficient of resistance (01mark) 

(ii) Explain the origin of the heating effect of electric current in metal conductor. (03marks) 

(iii) Describe with the aid of an I-V sketch the variation of current with p.d across a 

semiconductor diode. (02marks) 

(b) A cell, a bulb, a switch and a thermistor with negative temperature coefficient of resistance 

are connected as shown in the figures (i)  and (ii) below 

 

(i) Explain what would happen when in figure (i) switch K is closed (04marks) 

(ii) If the bulb in figure (i) is removed and the circuit connected as shown in figure (ii), 

explain what would happen when switch K is closed (03marks) 



(c) State the law of conservation of current at the junction (01mark) 

(d) Two cells A of e.m.f6V and internal resistance 2Ω and B of e.m.f3V and internal resistance 1Ω 

respectively are connected across a uniform resistance wire Cd of resistance 8Ω as shown in the figure 

below 

 

If X is exactly in the middle of the wire CD, Calculate the 

(i) Power dissipated in CX.(04marks) 

(ii) P.d across the terminals of cell A.(02marks) 

14. (a)(i) Define capacitance of a capacitor (01mark) 

    (ii) Describe briefly an experiment to show the effect of placing a sheet of glass or mica between 

the plates of a capacitor on capacitance. (05marks) 

(b) Describe how the unknown capacitance of a capacitor can be determined using a ballistic 

galvanometer. (04marks) 

(c) Explain briefly how a charged capacitor can be fully discharged. (02marks) 

(d) A 3μF capacitor is connected in series with a 6μF capacitor. The combination is then connected 

in parallel with 1μF capacitor to 12V battery as shown in the figure below 

 
Calculate 

(i) Charge stored on each capacitor (05marks) 

(ii) Energy stored in the 6μF capacitor when fully charged (03marks) 

 

15. (a) (i) Define the following; electric field intensity and electric potential at a point (02marks) 

     (ii) Show that the electric field intensity at a point is equal to the negative potential gradient 

at that point. (04marks) 

(b) (i) Explain with the aid of a diagram, how an insulated metal sphere can be charged by 

induction using a negatively charged rod. (03marks) 

     (ii) Describe how a gold leaf electroscope can be used to detect the presence of a charge on 

the body 



(c) (i) Write down the equation for the electrostatic force between two isolated point charges in 

a vacuum. (01mark) 

   (ii) Sketch the electric field lines between two negatively charged spheres carrying unequal 

charges and use the sketches to explain a neutral point. (02marks) 

(d) A charged polystyrene sphere of mass 2g is suspended by affine nylon thread between two 

plates 5cm apart as shown in the figure below 

 
When a p.d of 2000V is supplied across the plates, the thread attached to a sphere deflects 

through an angle of 300. Calculate the charge on the sphere. 

16. (a) Describe an experiment to verify Ohm’s law, (04marks) 

(b) Derive an expression for combined resistance of three resistors in parallel. (04marks) 

(c)(i) Explain the principle of operation of a slide wire potentiometer. (04marks) 

   (ii) Two cells A and B connected in series give a balance length of 80.0cm along a 

potentiometer wire. When Cell B is reversed, the balance length falls to 15.0cm. If the 

e.m.f of cell A is 1.5V, calculate the e.m.f of cell B. (04marks) 

(d) A battery of e.m.f 20.0V and internal resistance 4.0Ω is connected to a resistor of resistance 

10.0Ω. Calculate 

(i) power generated (02marks) 

(ii) efficiency of the circuit (02marks) 

17. (a)(i) Define capacitance and dielectric constant. (02marks) 

(ii) State the factors which affect the capacitance of a capacitor. (02marks) 

(b) A capacitor of capacitance C1 is charged by a battery of e.m.f, V0. The charging battery is then 

removed and the capacitor is connected to uncharged capacitor of capacitance, C2. Show that 

the loss of energy after connection is given by 
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(c) Describe an experiment to measure the capacitance of a capacitor using a ballistic 

galvanometer. (05marks) 

(d) A capacitor, X of 5.0μF and another, Y of 8.0μF are connected in series with a 20V supply. 

 Calculate the; 

(i) Charge on X (04marks) 

(ii) Potential drop across X (02marks) 



18. (a)The voltage versus current graphs for two wires A and B of the same material, same radii and 

at  the same temperature are shown in the figure below 

 
Account for the difference between the graphs 

(b) Three identical cells are connected in series with resistors of 3Ω and 5Ω. A current of 1.2A 

flows in the circuit. When the two resistors are connected in parallel across the three cells in 

series, the current in the circuit is 2.2A. Calculate the 

 (i) internal resistance of each cell(03marks) 

(ii) e.m.f of each cell (1mark) 

(iii) power dissipated in the 3Ω resistor for parallel connection (04marks) 

(c) Two students X and Y performed separate experiments using a potentiometer arranged as 

shown below and both obtained a balance point. 

 X increased the value of R 

 Y decreased the value of S 

      
Explain what happened to the position of balance point when 

(i) X increases the value of R (02marks) 

(ii) Y decreases slightly the value of S from an initially large value (02marks) 

(d) Describe an experiment to determine the e.m.f of a thermocouple (06marks)  

19. (a) Define the following 

(i) Capacitance (01mark) 

(ii) Dielectric (01mark) 

(b) Describe an experiment that can be used to show how capacitance of a capacitor depends on 

permittivity of dielectric. (04marks) 

(c) A capacitor of capacitance C, is fully charged from a 200V battery. It is then discharged 

through a small coil of wire embedded in thermally insulated block of heat capacity 250KJ-1. 

If the temperature rose by 0.4K, Calculate C. (04marks) 



(d)(i) State three properties of an equipotential surface. (03marks) 

   (ii) What is meant by charge quantization? (0marks) 

(e) With the aid of a labelled diagram, describe the structure and action of a Van de Graff 

generator. (06marks) 

20. (a) (i) State Coulomb’s law of electrostatics (01marks) 

(ii) Sketch the electric field pattern for positively charged metallic sphere and for negative 

point charge. (02marks) 

(b) (i) Define electric field intensity and electric potential at a point. (02marks) 

    (ii) What is the relationship between them? (01mark) 

(c) Two charges of 1.0 x 10-5Careplaced 10cm apart as shown in the figure below 

 

Calculate the 

(i) Electric field intensity at P (06marks) 

(ii) Electric potential at P (03marks) 

(d) Two conducting spheres A and B supported on insulating stand are placed in contact. A 

negatively charged rod is then held near sphere A. the spheres are then separated after which 

the rod is removed. With the aid of suitable diagrams, explain the processes which occur. 

(05marks) 

21. (a) What is meant by electromotive force of a cell? (01mark) 

(b) Describe an experiment to determine e.m.f and internal resistance of a cell using ammeter, a 

resistance box and voltmeter. (05marks) 

(c) (i) Define temperature coefficient of resistance (01mark) 

    (ii) Explain why the resistance of a thermistor reduces when current is passed through it. 

(02marks) 

(d) (i) Derive the balance conditions for Wheatstone bridge. (04marks) 

     (ii) Explain one reason other than faulty apparatus and poor electrical contact, why it may not 

be possible to obtain balance in a Wheatstone bridge in an experiment to compare two 

resistances. (02marks) 



(e) In an experiment to investigate the variation of resistance with temperature, a nickel wire 

and a 10Ω standard resistor were connected in the left-hand gap and right-hand gap 

respectively of Meter Bridge. When the nickel wire was at 00C, a balance point is 40cm from 

the end of the bridge adjacent to the nickel wire.  When the nickel wire is at 1000C, the 

balance point is 50cm from the same end of the bridge.  

  

Calculate the temperature of the nickel wire if the balance length is 42cm. (05marks) 

22. (a) (i) What is meant by electric field intensity at a point? (01mark) 

(ii) Describe how distribution of charge on a charged conductor of the shape shown below 

can be investigated. 

 
 

(iii) Explain how a lightning conductor protects a house from lightening. (04marks) 

(b) (i) what is electric field line? 

     (ii) Derive an expression for electric potential at a point a distance a from isolated charge of 

magnitude Q in air. 

(c) The figure below shows charges q1, q2 and q3 of +46.3μF, -34.7μF and +23.4μF respectively, 

placed in straight line in air. 

 

 Find the force on q3. 

23. (a) Define the following terms 

(i) The farad (01mark) 

(ii) Relative permittivity (01mark) 

(b) You are provided with the following apparatus, a battery, two switches, a capacitor of known 

capacitance, a ballistic galvanometer and connecting wires. 

Describe an experiment that can be carried out using the above apparatus to determine the 

unknown capacitance of a capacitor (05marks) 



(c) The diagram below shows arrangement of three capacitors C1, C2, and C3 of capacitance 8μF, 

2μF and 6μF respectively. 

       

 Calculate the total energy stored; 

(i) In all capacitors when fully charged. (04marks) 

(ii) When the space between the plates of C2 is filled with a dielectric of constant 1.25. 

(04marks) 

(d) A capacitor of capacitance, C, is charged by a battery and then later isolated. When the 

plates of the capacitor are taken apart, deduce what happens to the potential difference 

between the plates. (03marks) 

(e) Explain what happens if a conductor instead of dielectric is placed between the plates of 

charged capacitor. (02marks) 

24. (a)(i) Define electromotive force of a battery. (01mark) 

(ii) A cell of e.m.f, E and internal resistance r, drives current through a resistor of resistance, R 

connected in series with it. Derive an expression for efficiency of the circuit. (04marks) 

(b) Describe with the aid of a diagram how you would standardize a slide wire potentiometer. 

(03marks) 

(c) In the figure below, AB is a uniform resistance wire of length 1m and resistance 4Ω. X is a 

driver cell of e.m.f 3V and internal resistance 1Ω and ES is a standard cell, RS is a standard 

resistor of resistance 10Ω which is connected in series with cell Y of e.m.f 1.22 V and 

internal resistance 0.5Ω 



 

 With switch K1 closed and K2 open, the balance length, AC is 60cm while the voltmeter 

reading is 1.14V.with K1 open and K2 closed, the balance length is 80cm. Calculate the 

(i) E.m.f ES, of standard cell. (03marks) 

(ii) Percentage error in the voltmeter reading (03marks) 

 (d) Describe with the aid of a circuit diagram how you would measure the temperature 

coefficient of resistance of a material in form of a wire. (06marks) 

25. (a) State coulomb’s law of electrostatics. (01marks) 

(b) Derive the relation between electric field intensity, E, and electric potential, V, due to a 

charge at a point. (04marks) 

(c) Two pith ball P and Q each of mass 0.1gare separately suspended from the same point by 

threads 30cm long. When the balls are given equal charges, they repel each other and come 

to rest 18cm apart. Calculate the magnitude of charge on each ball. (06marks) 

(d) Describe how you would investigate the distribution of charge on pear shaped conductor. 

(04marks) 

(e) Explain how a charged body attracts uncharged conductor. (03marks)  

(f) Describe how an electroscope can be used to distinguish a conductor from an insulator. 

(01mark) 

 

26. (a) Define dielectric strength. (01mark) 

(b) (i)Explain briefly how a capacitor in which the potential difference, V0 across the plates, can 

be fully discharged. (02marks) 

    (ii) Sketch a graph showing a variation of potential difference with time for the process in 

(b)(i) above 

(c) (i) Two capacitors of capacitance C1 and C2 are connected in series. Show that the effective 

capacitance, C, is given by  

 𝐶 =  
𝐶1𝐶2

𝐶1+ 𝐶2
 



(ii) A 10.0μF capacitor charged to 200V is connected across uncharged 50μF capacitor. 

Calculate the total energy stored in both capacitors before and after connection 

(04marks) 

(iii) Account for the difference in the energies calculated in (c)(ii) above. (01mark) 

(d)  In the figure below, Q1 and Q2 are point charges of magnitude +5.0μCand -5.0μC respectively 

 
Calculate the 

(i) Electric field intensity at P 

(ii) Potential energy of appoint charge Q3 of 0.8μF placed at P 

 

27. (a) (i) Define electrical resistivity and state its units (02marks) 

(ii) What is meant by e.m.f and internal resistance of a battery (02marks) 

(b)Explain why resistance of a metal increases when temperature of the metal is increased. 

(02marks) 

(c) Describe with the aid of labelled diagram, how a slide wire potentiometer may be used to 

determine the e.m.f of a battery. (06marks) 

(d) 

 

The circuit in the figure above shows a uniform slide wire AB of length 100cm and resistance 

10Ω. The wire is connected in series with a resistor of resistance 5Ω across 3.0V battery of 

negligible internal resistance. A cell of resistance, E and internal resistance, r, is connected as 

shown. With switches K1 and K2 open, the galvanometer, G shows no deflection when AJ is 

75.0cm.  With K1 and K2 closed, the galvanometer shows no deflection when AJ is 65.0cm. Find 

the 



(i) Value of e.m.f, E. 

(ii) Internal resistance, r 

(iii) Balance length when K1 is closed, and K2 is open 

28. (a) (i) Define electric potential (01mark) 

(ii) Derive an expression for electric potential at a point which is a distance, r, from a point 

charge Q (04marks) 

(b) Two charges of magnitude 6μF and -10μF are placed at the corners of a rectangle ABCD as 

shown in the figure below 

 

AB = 6cm and BC = 4cm. Point E is the mid-point of AB. Find the work done in taking a point 

charge of 1.6 x 10-10C from D to E. (05marks) 

(c) A negatively charged ebonite rod is brought up to an uncharged pith ball suspended by a silk 

thread. The pith-ball first moves to the rod, touches it and then moves away. Explain these 

observations (04marks) 

29. (a) (i) State Ohm’s law. (01mark) 

(ii)  Give two examples of non-Ohmic conductors and sketch their current-voltage 

characteristic. (03marks) 

              (b) (i) Derive an expression for electrical energy dissipated in a resistor of resistance, R ohms 

carrying current I ampere for t seconds. (03marks) 

   (ii) A network of resistors of 2Ω, 6Ω, 1.5Ω and 3Ω are connected to a 12V d.c. supply of 

negligible internal resistance as shown below 

  

 Calculate the power dissipated in the 6Ω resistor. (04marks) 



 (c) (i) Define temperature coefficient of resistance (01mark) 

                      (ii) Explain why semiconductors have negative temperature coefficient of resistance. 

(02marks) 

         (d) An electric heater consists of 5.0m of nichrome wire of diameter 0.58mm. When connected to a 

240V supply, the heater dissipated 2.5kW and the temperature of the heater is found to 

be 10200C. if the resistivity of nichrome at 100C is 10.2x 10-7Ωm, calculate 

(i) The resistance of nichrome at 100C (03marks) 

(ii) The mean temperature coefficient of resistance of nichrome between 100C and 1000C. 

(03marks) 

30. (a) Define electric potential difference (01mark) 

(b) Explain briefly what happens to the potential energy as two point charges of the same sign 

are brought closer. (02marks) 

(c) Three point charges of +5μC, -3μC and +2μC are placed respectively at three corners of a 

square of side 6.3cm in a vacuum. 

 (i) Sketch the electric field lines due to the charges. (02marks) 

 (ii) Calculate the electric filed potential at the fourth corner of the square (04marks) 

   (iii) Find the electric potential energy, if a charge of -4μC is placed at the fourth corner. 

(02marks) 

(d) Describe, with the aid of a diagram, how a high voltage can be generated using a Van de 

Graaff generator. (06marks) 

(e) Explain how two insulating bodies rubbed together acquire charge. 

31. (a) (i) Define capacitance of a capacitor. (01mark) 

(ii) Drive an expression for energy stored in a capacitor of capacitance C charged to a p.d, V. 

(04marks) 

(b)(i) Explain the effect of placing an insulator between the plates of a charged capacitor. 

(05marks) 

   (ii) State two physical properties desirable in a material to be used as a dielectric in a capacitor. 

(02marks) 

(c)  

  

A battery of e.m.f12V is connected across a system of capacitors as shown in the figure 

above . Find the 



(i) Charge on the 3μF capacitor (03marks) 

(ii) Energy stored in the 4μFcapacitor (03marks) 

(d) Describe a simple experiment to show that capacitance of a capacitor increases with surface 

area of the plates. (02marks) 

 

32. (a) (i) Derive the formula for combined resistance of three resistors in series. (04marks) 

     (ii) Explain why a metal wire becomes hot when an electric current flows through it. 

(04marks) 

(iii) What advantage does the potentiometer have over Wheatstone bridge when used to 

compare two low resistances? (02marks) 

(b)  

       

In the figure above, AB is a slide wire of length 1.0m and resistance 10Ω. X is a driver cell of 

e.m.f 3.0V and negligible internal resistance. When the center –zero galvanometer is connected 

in turns to points e and f, the balance lengths obtained are 45.0cm and 80.0cm respectively. 

Calculate the 

(i) The current flowing through R1. (04marks) 

(ii) Resistances of R1 and R2. (02marks) 

(c) Describe with aid of a diagram, how a calibrated slide wire potentiometer may be used to 

measure thermoelectric e.m.fs. (04marks) 

33. (a) Explain why a redistribution of charge occurs on uncharged metal rod when  a positively 

charged metal sphere is brought near one end (03marks) 

(b) Sketch a graph showing the variation of potential 

     (i) Relative to the earth along the axis of metal rod in (a) from the center of the charged 

sphere to the furthest end of the rod. (02marks) 



  (ii) along the axis of the rod in (a) from the center of the sphere if the rod is earthed. 

(02marks) 

(c) Explain why the electric field intensity close to the surface of a charged conductor is always 

at right angles to the surface of the conductor. (03marks) 

(d) Describe with the aid of a diagram the mode of operation of Van de Graff generator. 

(006marks) 

(e) A proton is fired from infinity with a speed of 3.7 x 106ms-1 towards a stationary charge of  

 +50e. Calculate the speed of the proton at a point 1012m from stationary charge. (Assume 

mass of proton = 1.6 x 10-27kg) (04marks) 

34. (a)(i) What is meant by a dielectric material? (01marks) 

(ii) Explain the effect of a dielectric on the capacitance of a capacitor. (05marks) 

(b) Two capacitors of capacitances, C1 and C2, are connected in series with a battery of e.m.f, V. 

Show that the p.d, V1 across all the capacitor of capacitance, C1 is given by 

𝑉1 =  (
𝐶2

𝐶1+ 𝐶2
) 𝑉   (04marks) 

(c) The figure below shows a network of capacitors connected to a 10V battery. Calculate the 

total energy stored in the network. (06marks) 

       

(d) Describe how the unknown capacitance of a capacitor can be determined using a ballistic 

galvanometer 

35. (a)(i) State Coulomb’s law of electrostatics (01mark) 

(ii) Define the terms electric field intensity and electric potential at a point. (02marks) 

(b) Sketch graphs of variation of electric potential and electric field intensity with distance from 

the center of a charged conducting sphere. (02marks) 

(c) Charges q1 and q2 of -5.0μF and +2.0μF respectively are placed at two opposite corners of a 

rectangle of sides5cm and 10 cm as shown below. 



 

Calculate the 

(i) Electric potential at A (04marks) 

(ii) Electric field intensity at A (05marks) 

(d) (i) What is meant by corona discharge? (02marks) 

    (ii) Explain how the lightning conductor works (04marks) 

 

36.  (a) Define current density and the ohm and state their units. (03marks) 

(b) (i) sketch the current versus voltage characteristic for a gas discharge tube (01mark) 

    (ii) Explain the main features of the graph in (b)(i) above. (03marks) 

(c)  

         

The figure above shows a cell of e.m.f, E and internal resistance, r, connected to a 

voltmeter, V, and variable resistor R. 

Explain how the value of V varies with R. (04marks) 

(d)  



       
In the figure above, R1 and R2 are resistors of 10Ω and 90Ω respectively. If the cells have 

negligible internal resistances, find the value of X for which G shows no deflection. (04marks) 

(e) Describe how the internal resistance of a cell can be measured using a slide wire 

potentiometer. (05marks) 

 

37. (a) (i) Define capacitance and state its units (02marks) 

(ii) With the aid of a labelled diagram, describe an experiment to measure capacitance of a 

capacitor. (05marks) 

(b) A capacitor is charged by a 30V d.c supply. When the capacitor is fully charged, it is found to 

carry charge of 5.0μC. Calculate the: 

(i) capacitance of the capacitor. (02marks) 

(ii) energy stored in the capacitor (03marks) 

(c) Derive the expression for effective capacitance of three capacitors C1, C2 and C3 respectively 

connected in series. (04marks) 

(d) Describe briefly an experiment to show the effect of varying the distance of separation of the 

plates of a capacitor on capacitance. (04marks) 

38. (a) Define the terms electrical resistivity and temperature coefficient of resistance (02marks) 

(b) (i) Explain why the temperature coefficient of resistance is positive for metals. (03marks) 

   (ii) what is a super conductor (01marks) 

(c) The temperature coefficient of resistance of two wires A and B of diameters 1.20mm and 

0.80mm are 0.0004K-1 and 0.0003K-1 respectively. If the ratio of their resistances at 00C is 1.5, 

calculate 

 (i) the ratio of resistances at 1000C 

     (ii) their electrical resistance at 1000C 



 

(d) (i) Derive the balance condition for Wheatstone bridge. (04marks) 

    (ii) Explain why the Wheatstone bridge is not suitable for measuring very low or very high 

resistances. (04marks) 

39. (a)(i) Define electric potential and electric field intensity. (02marks) 

(ii) What is the relationship between electric potential and electric field intensity? (01mark) 

(b)  

                 

Three point charges of +6.4μC, -6.4μC and 3.2μC are arranged in line as shown in the figure 

above. Find the field intensity at P. (06marks) 

(c) (i) Explain with the aid of a diagram, how a charged body cab be screened against external 

electric fields (03marks) 

   (ii) Describe briefly how the sign of a charge on a given body can be detected using a gold leaf 

electroscope (04marks) 

(iii) What is meant by action points in electrostatics? (04marks) 
 

40. (a) define the farad (01mark) 

(b) Describe briefly the energy transformations that take place when charging a capacitor using 

a dry cell. (03marks) 

(c) The capacitance of a variable radio capacitor can be can be charged continuously from10pF 

to 900pF by turning the dial from 00 to 1400. With the dial set at 1400, the capacitor is 

connected to a 9V battery. After charging, the capacitor is disconnected from the battery and 

the dial turned to 00. Calculate the  

(i) charge on capacitor. (03marks) 

(ii) energy stored in the capacitor with the dial at 1400. (03marks) 

(iii) work required to turn the dial from 1400 to 00 if the friction is neglected. (03marks) 

(d) Describe an experiment to determine the effect of area of overlap on capacitance of a       

parallel plate capacitor (04marks) 

(e) Explain why the capacitance of a capacitor Changes when a dielectric is placed between its 

plates. (04marks) 

41. (a) (i) Define a volt. (01mark) 

(ii) Derive the formula for the combined resistance of three resistors in parallel. (04marks) 

(iii)   



 
In the circuit above, has negligible internal resistance. Find the ammeter and voltmeter 

readings (04marks) 

(b) (i) Draw a labelled diagram of a meter bridge and derive the relation for balance. (05marks) 

     (ii) Explain why the balance point should be close to the middle of the wire (02marks) 

(c) A coil of a wire has resistance of 30Ω at 200C and 34.5Ω at 600C. Calculate its temperature 

coefficient of resistance. (04marks) 

42. (a) Explain the principle of a slide wire potentiometer. (03marks) 

(b)(i) Using a labelled diagram, describe how an ammeter is calibrated using a slide wire 

potentiometer. (06marks) 

    (ii) What is the advantage of the potentiometer over an ordinary voltmeter in measurement 

of voltages? (02marks) 

(c) Two cells A and B connected in series, give a balance length of 758mm along a potentiometer 

wire. When cell B is reversed, the balance length falls to 123mm. If the e.m.f of cell A is 1.5V, 

calculate the e.m.f of cell B. (04marks) 

(d) The resistance of a nichrome element of an electric fire is 50.9Ω at 20.00C. When operating 

on a 240V supply, the current flowing through it is 4.17A. Calculate the steady temperature 

reached by the electric fire if the temperature coefficient of resistance of nichrome is 1.7 x 

10-4K-1 

43. (a) Explain the meaning of an equipotential surface as applied to electric field. (02marks) 

(b) With the aid of a diagram, describe an experiment to show that excess charge resides only 

on the outside surface of a hollow conductor. (05marks) 

(c) State Coulomb’s law of electrostatics (01mark) 

(d)  

                  
Two point charges P and S of -17.6μC and -9.0μC respectively are placed in a vacuum at a 

distance of 21cm apart. When a third charge, R, is placed midway between P and S as 

shown above, the net force on S is zero. 

(i) Determine the charge on R (05marks) 

(ii) Calculate electric potential at position of R (05marks) 

(iii) Sketch the electric field lines corresponding to the charge distribution (02marks) 

44. (a) (i) define electrical resistivity and state its units (02marks) 



(ii) Describe with the aid of circuit diagram, an experiment to determine the electrical 

resistivity of a given wire using a meter bridge. (07marks) 

(iii) The resistivity of mild steel is 15 x 10-8Ωm at 200C and its temperature coefficient is 50 x 

10-4K-1. Calculate the resistivity at 600C. (05marks) 

(b)  

                  

Resistors of 2Ω and 4Ω are connected in series with power supplies of 12V and 8V as shown in 

the figure above. Calculate 

(i) The reading of voltmeter (04marks) 

(ii) The power dissipated in the 4Ω resistor (02marks) 

45. (a) Define the following 

(i) Capacitance of capacitor (01mark) 

(ii) Dielectric constant (01mark) 

(b) Explain the effect of dielectric on the capacitance of a capacitor. (04marks) 

(c) Derive an expression for energy stored in a capacitor of capacitance, c, charged to a voltage, 

V. (05marks) 

(d)  

           

In the figure above, C1, C2, and C3 are capacitors of capacitances 3μF, 2μF and 2μF 

respectively, connected to a battery of e.m.f 100V. 



(i) Calculate the energy stored in the system of capacitors if the space between the 

plates of C1 is filled with an insulator of dielectric constant 3, and the capacitors are 

fully charged. (06marks) 

(ii) Account for the change in energy stored by an isolated parallel plate capacitor when 

the plate separation is doubled. (03marks) 

46. (a) (i) Define electrical resistivity and the ohm. (02marks) 

(ii) Describe an expression to determine the electrical resistivity of a material in form of a 

wire using a meter bridge. (07marks) 

(b)  

 

In the figure above wire AB of length 1.00m has a resistance of 10Ω. If point C is the midpoint of 

AB, and the voltmeter reading is 2.0V, find the value of R. (06marks) 

(c) Describe the current versus voltage characteristics of a 

(i) semi-conductor diode (02marks) 

(ii) filament lamp (02marks) 

(d) Why does Ohm’s holds at constant temperature only? (01mark) 

47. (a) Define the terms dielectric constant and capacitance (02marks) 

(b) An air capacitor of capacitance 400μF is charged to 180V and then connected across an 

uncharged capacitor of capacitance 500μF. 

 (i) find the energy stored in the 500μF capacitor. (04marks) 

(ii) With the capacitor still connected a dielectric of dielectric constant 1.5 is inserted between 

plates of the 400μF capacitor. 

If the separation between the plates remains the same find the new p.d across the two 

capacitors. (03marks) 

(c) (i) state the characteristics of an equipotential surface. (02marks) 

    (ii) Describe how a conductor can be charged at zero potential (03marks) 

(d) Describe with the aid of a diagram how a high voltage can be generated using a Van de Graff 

generator. (06marks) 

48. (a) (i)State coulomb’s law (01marks) 



(ii) Show that the electric flux through a spherical surface enclosing a charge in vacuum is 

Q/E0 

(b) Define the term electric field intensity and electric potential (02marks) 

(c)  

 

Three point charges Q1, Q2, and Q3 of magnitude +5μF, +6μF and -20μF respectively are situated 

along a straight line as shown in figure above. Calculate the electric field 

(i) Intensity midway between Q1 and Q2 (03marks) 

(ii) Potential midway between Q1 and Q2 (03marks) 

(d) (i) Explain why two insulating bodies rubbed together acquire equal and opposite charges. 

(03marks) 

     (ii) Describe how a gold leaf electroscope can be used to verify the observation in (d)(i) above 

(06marks) 

  

49. (a) State ohm’s law (01mark) 

(b) Describe with the aid a circuit diagram, an experiment to determine the relationship 

between the resistance and the length of the wire. (06marks) 

(c) A dry cell gives a balance length of 84.8cm on a potentiometer wire. When a resistor of 

resistance 15Ω is connected across the terminals of the cell, a balance length of 75.0cm is 

obtained. Find the internal resistance of the cell. (04marks) 

(d) A battery of e.m.f 18.0V and internal resistance 3.0Ω is connected a resistor of resistance 8Ω. 

Calculate the: 

(i) Power generated (02marks) 

(ii) efficiency. (02marks) 

(e) If the 8Ω resistor in (d) is replaced by a variable resistor, sketch graphs to show the variation 

of power and efficiency with the load. (03marks) 

(f) Explain why a metal wire gets hot when current is passed through it. (02marks) 

 

50. (a) Define electric potential. (01mark) 

(b) Obtain an expression for the electric potential at a point a distance, r, from a point charge, Q, 

situated in a vacuum. (04marks) 

(c)  



         
Two point charges A and B of charges +0.10μC and +0.05μC are separated by a distance of 

8.0cm along the horizontal as shown in the figure above. Find the electric field intensity at P. 

(09marks) 

(d) Sketch the electric field pattern due to the charge distribution in (c). (02marks) 

(e) Explain how a lightning conductor works. (04marks) 

51. (a) Sketch the electric field lines between two large parallel metal plates across which a p.d is 

applied. (01mark) 

(b) (i) Describe, with aid of a diagram, how you would investigate the factors which affect the 

capacitance of a parallel plate capacitor. (07marks) 

    (ii) Calculate the capacitance of parallel capacitor whose plates are 10cm by 10cm separated 

by an air gap of 5mmm. (02marks) 

(c) A hollow spherical conductor of diameter 21.4cm carrying a charge of 6.9 x 10-10C is raised to 

a potential of 50V. Find the permittivity of surrounding medium. 

(d) (i) show that the effective capacitance, C, of two capacitances, C1 and C2, connected in series 

is given by 

 𝐶 =  
𝐶1+ 𝐶2

𝐶1+ 𝐶2
 (04marks) 

 

(ii)  A 20μF capacitor is charged to 40V and then connected across uncharged 60μF 

capacitor. Calculate the potential difference across the 60μF capacitor. 

52. (a) Derive the condition for a Wheatstone bridge to be balanced. (04marks) 

(b) (i) Define temperature coefficient of resistance. (01mark) 

(ii) When a coil X connected across the left hand gap of a meter bridge is heated to a 

temperature of 300C, the balance point is found to be 51.5cm from the left-hand end of 

the slide wire. When the temperature is raised to 1000C, the balance point is 54.6cm 

from the left end. Find the temperature coefficient of resistance of X. (06marks) 

(c) (i) 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. 

(iii) A battery of e.m.f 6V and internal resistance 1Ω is connected across a network of 

resistor  as shown in the diagram below 



 
Find the current supplied by the battery. (04marks) 

53. (a) State coulomb’s law of electrostatics (01marks) 

(b) (i) Define electric field intensity and electric potential. (02marks) 

     (ii) Two identical conducting balls of mass, m, are each suspended in air from a silk  thread of 

length L. when the two balls are each given identical charge, q, they move apart as shown in the 

figure below 

 
 

If at equilibrium each thread makes a small angle θ with the vertical, show that the separation, 

x, is given by 

𝑥 =  [
𝑞2𝐿

2𝜋𝜀𝑚𝑔
]

1

3
 ; where ε is permittivity of air 

(c) (i) Define the term capacitance of a capacitor. (01mark) 

(ii) State the factors that affect capacitance of a capacitor (03marks) 

(iii) Show that the energy stored n a capacitor of capacitance, C charged to a p.d V is equal 

to  
1

2
𝐶𝑉2 . (03marks) 

(d) The plates of parallel plate capacitor each of area 2.0cm2are 5mm apart. The plates are in 

vacuum and potential difference of 10,000V is applied across the capacitor. 

Find the magnitude of the charge on the capacitor (04marks) 

 

54. (a)Define temperature efficiency of resistance and electrical resistivity. (02marks) 

(b) A nichrome wire of length 1.0m and diameter 0.72mm at 250C, is made into a coil. The coil is 

immersed in 200cm3 of water at the same temperature and current of 5.0A is passed through 

the coil for 8minutes until when the water starts to boil at 1000C. 

Find  



(i) The resistance of the coil at 250C. (02marks) 

(ii) The electrical energy expended assuming all of it goes into heating the water (02marks) 

(iii) The mean temperature coefficient of resistance of nichrome wire between 00C and 

1000C. (06marks) 

(c) Describe, with the aid of circuit diagram how a slide wire potentiometer can be used to 

measure e.m.f of a cell. (04marks) 

(d) An accumulator of e.m.f 2.0V is connected across a uniform wire of length 1.0m and 

resistance 8.0Ω. A cell of e.m.f 1.50V is connected in series with a galvanometer and 

connected across a length L of slide wire. The galvanometer shows no deflection when L is 

90.0cm. Find the internal resistance of an accumulator.  (04marks) 

55. (a) Distinguish between e.m.f and terminal p.d of a battery. (02marks) 

(b)(i) define electrical resistivity (01mark) 

  (ii) Explain any two factors on which the resistance of a conductor depends. (05marks) 

(c) Two wires A and B have length which are in ratio 4:5, diameter which are in ratio 2:1, and 

resistances in ratio of 3:2. If the wires are arranged in parallel and a current of 1.0A flows 

through the combination, find the 

(i) Ratio of resistance of wire A to that of wire B (04marks) 

(ii) Current through wire A (03marks) 

(d) Explain why a wire becomes hot when current flows through it. (05marks) 

56. (a)(i) state Ohm’s law (01marks) 

(ii) State the factors which affect the resistance of a conductor. (02marks) 

(iii) A conductor of length L and cross section area A has free electrons per unit volume each 

of charge e. find the drift velocity, v, of these electrons if a current, I, flows through the 

conductor. (04marks) 

(b) Outline the principle of a slide wire potentiometer. (04marks) 

(c)  

 

In the figure above the slide wire AB is 1m long and has resistance 4Ω. When switch S is: 

(i) Open the balance length Ac is 88.8cm. find the value of the e.m.f of the cell (03mark) 

(ii) Closed, the balance length is found to be 82.5cm. Calculate the internal resistance of a 

cell.(04marks) 

(e) State two advantages of using a potentiometer for measuring voltage (02marks) 

57. (a) What is a dielectric material 



(b) A capacitor filled with a dielectric is charge and then discharged through a milliammeter. The 

dielectric is then withdrawn half way and the capacitor charged to the same voltage, and 

discharged through the milliammeter again, show that the relative permittivity, Er of the 

dielectric is given by 

𝐸𝑟 =  
𝐼

2𝐼′−𝐼
  where I and I’ are the readings of the milliammeter respectively. (06marks) 

(c) Describe with the aid of a diagram how you would determine the capacitance of a capacitor. 

(05marks) 

(d)   

 
A battery of e.m.f 15V is connected across a system of capacitors as shown above, find the 

(i) Charge on the 4μF capacitor (04marks) 

(ii) Energy stored in the 3μF capacitor. (04marks) 

 

 

 

 


