
CURRENT ELECTRICITY 
Electric current 
Electric current is the rate of flow of charge in a complete circuit. 
 

Form of charge carrier 
They are: 
(a) Negative ions: These are from atoms or molecules which have gained electrons. 
(b) Positive ions: These are from atoms or molecules which have lost electrons. 
(c) Free electrons: Like those in metallic condition. 
 
Note: 
The strength of electric current depends on 
(i). the size of charge on each carrier that pass a fixed point per second  
(ii). the number of carriers of charge that pass a fixed point per second 
 
 

Effects of a current 
An electric current has three effects that reveal its existence. These are: 
(a) Heating and lighting 

This can be shown by the bulb filament where it’s heated white hot by current. 
(b) Magnetic 

Plotting compass is deflected when placed in field produced by a wire carrying current. 
(c) Chemical 

Bubbles of gas are given off at the wire carrying current in the acid because of the chemical action of 
the current. 

 

The unit of current 
The SI unit of current is Ampere (A). 
 
An ampere is the current which ,if flowing in each of two infinitely long parallel straight wires placed 1m 
apart in a vacuum, produces a force between them of 2 x 10-7Nm-1of  the wire. 
 
One of small unit is mill ampere (mA), microamperes (µA) 

 1mA =
1

1000
 A 

 
Example 1  
Change 200mA to A. 

1mA =
1

1000
 A 

200mA = 
200

1000
A = 0.2A 

 

1µA = 
𝟏

𝟏𝟎𝟎𝟎𝟎𝟎𝟎
𝐀 = 10-6A 

 
 
Ammeter  
It is an instrument that measures current.  
 



An ammeter has very low resistance to current flow so that much of the current passes through it and 
no measurable current are changed into heat due to resistance. 
 
Connecting the Ammeter 
The positive of the cell is connected to the positive of the Ammeter (red terminal in color), while the 
negative of the cell is connected to the negative of the Ammeter (black terminal in color).  
In the circuit the Ammeter should be connected in series with the part of the circuit for measuring 
current. Therefore Ammeter is connected such that current flows directly through it. 
 
Unit of charge 
The SI unit of charge is coulomb (C). 
  
A coulomb is the charge passing any point in circuit when a steady current of 1A flows for 1s. 
  
In general, if a steady current "I"  flows through a point for “t” in seconds; the Charge Q in coulombs 
passing any point is given by: 
   Q = It 
 
 
Example 2 
Calculate the charge passing when a current of 6A flows through a lamp 2s. 

t=2s, I=6A  
Q=It  
= 6x2  
= 12C 

Circuit diagram or electric symbols 
Circuit is a complete path of a conductor in which current flows. Some of the symbols used for various 
parts of an electric circuit 
 

 
 

Series and parallel circuits 
 
Series circuit  
In a series circuit the current is the same at all points, it is not used up.  
 
Arrow on circuit diagrams shows the direction of conventional current. This direction of current is from 
positive to negative.  
 
 



 
 
Parallel circuit 
 

 
In a parallel circuit the total current equals the sum of current in the separate branches  
 
 
Potential difference (p.d) 
Potential difference between any two points in a circuit is the work done for a charge to move from one 
point to another. 
 
The S.I unit of potential difference is a volt (V).The other unit is mill volt (mV) 
 1V=1000mV 

1mV =
1

1000
V 

Example: Change 200mV to V 

1mV=
1

1000
V 

200mV=
200

1000
 = 0.2V  

Other large unit kV,MV. 
1kV = 1000V = 103V. 
 1MV = 1000000V = 106V 
 
Energy changes and potential difference. 
In an electrical circuit, electrical energy is changed into other forms of energy by connecting a device in 
the circuit e.g.  

(i) a lamp changes electrical energy to heat and light electrical energy to heat and light,  
(ii) an electric motor changes electrical energy to mechanical energy,  
(iii) a generator (dynamo) changes mechanical energy to electrical energy. 

 



The greater the potential difference across a device the greater the rate at which electrical energy is 
changed into other forms of energy. 
 
For instance, a lamp marked 240V gives much more heat and light than a lamp marked 12V because the 
greater the potential difference across the device the greater the rate at which electrical energy is 
changed into other forms. 
 
Definition 

A volt is the SI unit of electromotive force, the difference of potential that that carry one ampere of 

current against one ohm resistance. 

Or  
 

Volt =  
𝐰𝐨𝐫𝐤𝐝𝐨𝐧𝐞 𝐢𝐧 𝐦𝐨𝐯𝐢𝐧𝐠 𝐚 𝐜𝐡𝐚𝐫𝐠𝐞

𝐜𝐡𝐚𝐫𝐠𝐞
 

But work done in moving a charge is the electrical energy  

∴Volt =
𝐄𝐥𝐞𝐜𝐭𝐫𝐢𝐜𝐚𝐥 𝐞𝐧𝐞𝐫𝐠𝐲

𝐜𝐡𝐚𝐫𝐠𝐞
 

Electrical energy = Volt x charge  
Electrical energy = VQ  
But Q = It 
 
Electrical energy = ItV 
 
Example 3 
Calculate the potential difference across a device if 6J of electrical energy is changed by the device when 
2C pass it. 

Electrical energy = 6J   
Q = 2C 
Electrical energy = QV  
6 = 2V  
3V =V  

Example 4 
Calculate the energy supplied to a 240V lamp if 0.1A flows for Is 
  I = 0.1A  t = Is  V= 240 

Electrical energy = tlV 
Electrical energy = tlV  
= 1x0.1x240  
= 24J 

Example 5 
Calculate the energy supplied to a 0.24kV device in which 400mA flows for 2s. 

V = 0.24kV = 0.24 X 1000V = 240V. t = 2s.      I = 400mA=
400

1000
 =0.4A. 

Energy supplied = t I V 
                             = 2X 0.4X 240 
                           =192J 

 
 



Measuring potential difference 
A Voltmeter is an instrument for measuring the potential difference. 
 
How to connect a voltmeter 
A voltmeter is connected across the two points where the potential difference is required for measuring. 
i.e. It is connected in parallel.  
The positive terminal (Red in color) of the voltmeter is connected to the positive of the cell and the 
negative terminal (black in color) is connected to negative of the cell.  
 
A voltmeter should have very high resistance not to draw current  from the circuit. 
  
Differences between Ammeter and Voltmeter 

Ammeter                                                                                       Voltmeter 

-In construction Ammeter has very low resistance 

to flow of current. 

 - In construction voltmeter has very high 

resistance to flow of current. 

-In use Ammeter measures current. -In use voltmeter measures potential difference. 

Connected in series Connected in parallel 

Its scale is calibrated in amperes (A). -Its scale is calibrated in volts (V). 

 
RESISTANCE 
Resistance is the opposition of a conductor to the flow of current. 
 
A good conductor has low resistance while a good insulator has high resistance.  
 
In general metals such as copper, silver are good conductors so they have low resistance. However, 
alloys like constantan, nichrome have high resistance. The unit of resistance is ohm (Ω). 
 
Ohm  
Ohm is the resistance of a conductor in which the current is 1A when a potential difference of 1V is 
applied across its ends. 
 
Ohm's law 
Ohm's law state that; the current through a metallic conductor is directly proportional to the potential 
difference across its ends provided temperature and other physical conditions are kept constant. 
 
OR I ∝Vwhen temperature and other physical conditions are kept constant. 
Where I is current through a metallic conductor and V is the potential difference across the ends of the 
metallic conductor. 
∝ is directly proportional. 
 

V∝ I 
V = RI  

Where R is the proportionality constant which is the resistance of the conductor.  



 
Example 
Calculate the resistance of a 240V lamp if the 10A flow through it. 

V = 240V   I = 10A    
V = RI 
240=10R 
24Ω = R  

Ohmic conductors 
These are substances which obey ohm's law. Ohm's law applies to metals and some alloys like 
constantan. 
 
Non-ohmic Conductors 
These are substances which do not obey ohm's law where by the current is not directly proportional to 
the potential difference when temperature and other physical conditions are Kept constant. 
 
 
Limitations to ohm's law 

1. Temperature and other physical conditions, like length have to be kept constant 
2. Current is directly proportional to the potential difference across the ends. 
3. Ohm's law does not apply to semi- conductors like diodes. 
 
Graphs of current (I) against potential difference (V) for ohmic and non-ohmic conductors 
 

 
  

 
Experiment to verify ohm's law. 
 

 
 



Adjusting the rheostat 
The rheostat is adjusted to the maximum value when the switch K is closed. 
Closing K. 
With switch K closed, the reading of ammeter "I" and voltmeter "V" are noted and tabulated. 
 
Gradual reducing of setting 
 The setting of the rheostat is gradually reduced and a series of values for V and I are noted and 
tabulated as below: 
 

  V (V)              I (A) 

  

  A graph of V against current I is plotted.  

 
Note 
-The above experiment can also be used to describe how potential difference varies with current in a 
conductor. 
-The experiment can be used to describe the determination of the resistance of conductor like lamp, by 
replacing the resistor with lamp. 
 
 
Resistor  
A resistor is a conductor intended to have resistance.  
 
The symbol is: 
 
 
 
 Factors affecting resistance of a resistor 

(a) Length of conductor 
Increasing length of conductor increases the resistance of a conductor because this would be 
similar to connecting several resistors in series.  

 
(b) Cross sectional area 

Increasing the cross sectional area (thickness increase) decreases the resistance of conductor 
because this would be similar to connecting several resistors in parallel so their combined effect 
is smaller than the smallest resistor connected.  



From above it’s noted that thick conductors have low resistance while thin conductors have high 
resistance. 

 
(c) Temperature 

For pure metals, the resistance is increased when temperature increases because of the 
expansion whereby molecules move further away from each other. 

 
For semiconductors and carbon, increasing temperature decreases the resistance. 

 

Resistance in combination 

(i) Series combination 

  

For series arrangement, the same current I flows through the resistors but each resistor has its own 

P.d. across 

For r1,   V1 = r1I ……………….. (i) 

For r2,   V2 = r2I ……………….. (ii) 

For r3,   V3 = r3I ……………….. (iii) 

V = V1 + V2 + V3 

    = r1I + r2I + r3I 

    = I(r1 + r2 + r3) 

Resultant resistance, R = 
𝑉

𝐼
 = (r1 + r2 + r3) 

Advantages of series arrangement 
-The main advantage of series arrangement is that a low voltage appliance can be connected to a high 
voltage supplier because the supplied voltage is shared among loads connected in series. 
-All appliances will receive the same current irrespective of value of resistance. 
 
Disadvantage of series arrangement 
-A disconnection in any of the appliances causes rest not work. 
-If one of the appliances is faulty, all of them have to be checked in order to find the faulty one. 
-The effective resistance is greater than that of the smallest resistor. 

 



(ii) Parallel arrangement 

 
The p.d. across each resistor is the same = VAB 

By conservation of current, I = I1 + I2 + I3 

From Ohm’s law, I = 
1

𝑅
 , where R is combined resistance of the resistors 

                                 ∴ I = 
𝑉𝐴𝐵

𝑟1
 + 

𝑉𝐴𝐵

𝑟2
 + 

𝑉𝐴𝐵

𝑟3
 

                                       = 𝑉𝐴𝐵 [
1

𝑟1
+

1

𝑟2
+  

1

𝑟2
 ]   

                            
1

𝑅
=  

𝐼

𝑉𝐴𝐵
 =[

1

𝑟1
+

1

𝑟2
+  

1

𝑟2
 ]   

 
Advantages of parallel arrangement of resistors (appliances). 
-Each appliance or load operates at the full mains voltage supply. i.e. each appliance operates at a 
voltage the same as that of the source of electrical energy. 
-If one of the appliances has a disconnection the others continue operating normally. 
-It is easier to find the faulty appliance as it does not require checking all appliances connected in 
parallel. 
-The effective resistance is less than the resistance of the smallest resistor connected in parallel. 
 
Disadvantages of parallel arrangement of appliances.  
-Low voltage appliances cannot be connected to high voltage supply since appliances in series operates 
at full mains voltage supply. So supplied voltage is not shared. 
 

 
Example 6 
Calculate the effective resistance of each of the following:  
(a) 
 



  
For parallel part 

1

𝑅
 =

1

1
  + 

1

2
=

2+ 1

2
 

1

𝑅
 =  

3

2
 

2

3
 Ω = R  

R = 0.67Ω 
Effective resistance of circuit  

R = 2 + 3 + 0.67  
= 5.67Ω 

 
(b) 

 
 

For parallel 
Resistors 1Ω, 2Ω, 1Ω, are in series so  

R = 1 + 2 + 1 = 4Ω 
 This is in parallel with other 4Ω resistor 
I/R = ¼ + ¼  

= 
1+1

4
= 

2

4
 = ½  

R = 2Ω 
So effective resistance = 2 + 2 = 4Ω 
 
 
  



ELECTROMOTIVE FORCE 
Open circuit 
An open circuit is one which is not supplying current to the external load. 
 

 
  

When a circuit is connected to the cells as shown below, the voltmeter gives a potential difference 
called electromotive force (E.M.F). 
 

 
                         
 
Electromotive force (e.m.f) 
E.m.f is the energy supplied by the source of electrical energy to transfer 1C of charge around a 
complete circuit which includes the source. 
 
OR; e.m.f is the ratio of power supplied from the source to the current it delivers.  
  
OR; e.m.f of the source of electrical energy is its terminal potential difference on open circuit. 
 
The e.m.f of cell is 1.5V, this means that the energy of 1.5V is supplied by the source of electrical energy 
of to transfer 1C of charge round a complete circuit which include source 
 
Closed circuit 
A closed circuit is when the cell or source of electrical energy is supplying current through the external 
circuit. 
 

 
 
The voltmeter reading is the terminal potential difference.  
Terminal potential difference is the potential difference across the cell or source of electrical energy 
when current is being delivered through the external circuit. 



The value of terminal potential difference is less than electromotive force because of the opposition to 
flow of current inside a cell or source of electrical energy which is called internal resistance. Internal 
resistance(r) is the opposition to flow of current inside cell or source of electrical energy. 
 
Circuit equation 
From the definitions of electromotive force and terminal potential difference, electromotive force E = 
potential difference across external circuit (terminal p.d) VT + Potential difference due to cell internal 
resistance VL 

 
But VT = Rl where I is current being supplied to external circuit "R" is the effective resistance of the 
external circuit. VL = rl 

where "r" is the effective internal resistance of source of electrical energy or cell. 
From E = VT + VL  

E = IR + Ir  
 

Experiment to determine internal resistance of a cell 

 
- A voltmeter is connected directly across the terminals of the cell and its reading E s recorded. 

- the cell is then connected in series with the ammeter and a resistor of known resistance, R 

The voltmeter V is connected across the resistor and readings I and V from the ammeter and 

voltmeter respectively are recorded.  

- internal resistance, r = 
𝐸− 𝑉

𝐼
 

 
 

Examples 7 
1. A voltmeter reads 3V when connected across the terminals of battery on an open circuit and 2.6v 
when the battery sends 0.2A through a lamp. Calculate  
(i)       Electromotive force of the battery 

e.m.f = voltmeter reading when circuit is open  
= 3.0V 

(ii)    Terminal p.d = Reading of voltmeter when current is being supplied. 
= 2.6V 

iii)    Internal resistance of the battery  
 E=VT + VL  

 3.0 = 2.6 + VL  

 3.0 - 2.6 = 0.4V = VL  

 But VL = r I 
 I = 0.2A 
 0.4 = rx0.2  

 
𝟎.𝟒

𝟎.𝟐
= 𝐫 



 2Ω = r  
 
Examples 8 

  
Calculate: (i) Current flowing in the circuit 

E= 12V, r = 1Ω R = 3 Ω 
E= I ( R + r)  
12 = I(3 +1) 
12 = 4I 
12

4
= I  

3A = I  
 (ii) p.d across 3Ωresistor 
R = 3Ω, I = 3A  
  VT = RI 
  = 3 x 3  
  = 9V 
 
Arrangement of cells Series arrangement 
This is when the positive of one cell is connected to the negative of another cell as shown below; 

                  
 
If the cells are identical Such that electromotive force (e.m.f) of each cell is “e” and the internal 
resistance of each cell is r. 
Then total internal resistance rT= r + r + r= 3r. 
The total e.m.f E = e + e + e = 3e 
 
In general; For "n" identical cells connected in series, the effective internal resistance rT = nr and the 
total e.m.f E = ne 
Example: Two cells each of e.m.f I.5V and internal resistance 0.1Ω. 
 Effective internal resistance rt= nr = 2x0.1= 0.2Ω 
Total e.m.f E = ne = 2 x 1.5= 3.0V 
 
Parallel arrangement of cells 
This is when the positive of one cell is connected to the positive of another cell or the negative of one 
cell is connected to the negative of another a shown below. 
 



 
If n identical cells each of internal resistance rand e.m.f e 
Are connected in parallel, the total e.m.f E = e. 
Where e is the electromotive force for each cell. 

Effective internal resistance rT =
𝐫

𝐧
 

E.g. two cells each of e.m.f I.5V and internal resistance 1Ω are connected parallel.  
 
Then effective internal resistance 

rT = 
𝟏

𝟐
 = 0.5Ω Total e.m.f E = 1.5V (it will be equal to e.m.f of one cell). 

Note:    The effective internal resistance rT obtained should be considered to be in series with the 
effective resistance R of the external circuit. 
 
 
Example 9:    
Eight cells each of e.m.f. 1.5V and internal resistance 0. 1Ωare connected in circuit as shown below 

  
Calculate (i) current in the circuit 
Cells in series 

n = 8, e=1.5V 
Total e.m.f = ne = 8x1.5= 12V 
r = 0.1Ω.                   n=8 

Effective internal resistance rT = nr = 8x0.1=0.8Ω 
For parallel resistors 
𝟏

𝐑
 =

𝟏

𝟐
 +

𝟏

𝟑
 

 = 
3+2

6
=

5

6
= 1.2Ω 

Effective external resistance R  
R= 1.2+1   
= 2.2 Ω 
E = I(R + r)  
12 = I (2.2 + 0.8)  
12 = 3.0 I 
𝟏𝟐

𝟑,𝟎
= 𝐈  



4A = I 
(ii) The ammeter A" reading A 
Ammeter A reading is equal to current through 3Ω resistor P.d across; 
 The parallel voltage VP = IRP 

1

𝑅
= 

1

2
 + 

1

3
 

1

𝑅
 = 

3+2

6
 =   

5

6
 

RP  =  
6 

5 
= 1.2Ω 

But I = 4A 
VP = IRP = 4 X 1.2 = 4.8V 

Since 3Ω and 2Q are in parallel so the p.d is the same  
V = 4.8,  R = 3Ω  
V = RI  
4.8 = 3 I 
4.8

3
 = I 

I=1.6A 
 
Example 10 
Three identical cells each of e.m.f 1.5V and internal resistance 0.1Ωconnected in circuit as shown below 
Calculate the current in the circuit,  
For parallel 

 
1

𝑅
 = 

1

1
 +

1

2
=

2+1

2
  =  

3

2
 

  = 2 

  R = 
2

3
Ω = 0.67Ω 

Effective external resistance R 
  R = 0.67 + 1 
  = 1.67Ω 
  = 1.67Ω 
  n= 3, r = 0.1 
Effective internal resistance = r/n (since the cells are in parallels) 

       r = 
0.1

3
 = 0.03Ω 

Total e.m.f of three cell = e (for one cell) 
= 1.5V (since cells are in parallel) 
E = I(R + r) 
1.5 = I(1.67 + 0.03) 
1.5

1.7
 = I 

0.88A = I 
Note; If the cells have negligible resistance then r = 0 in the circuit equation E = I(R + r) 
 
ELECTRIC POWER AND ENERGY 
Power is the rate at which energy is changed from one form to another. So electric power is the rate at 
which electrical energy is changed to other form of energy. 
The SI unit of power is watt (W). A watt is the rate of working of 1Js-1. i.e. 1W = 1Js-1. 
So a lamp with a mark 100W means that 100J of electrical energy changes into heat and light each 
second. 
 



Battery    
(Each   Cell has e.m.f of 1.5V) 

 
Ammeter reading = 3A.  
Voltmeter reading = 1.5 x 4 = 6V  

Considering the above circuit 
(i) The voltmeter reading of 6V means 6J of electrical energy are changed to heat and light for  

Since 1Volt=
1Joule

1coulomb
 . So; 6V = 

𝟔J

𝟏s
 

(ii) The ammeter reading of 3A means 3C pass through the lamp each second. 

Since current I = 
𝐜𝐡𝐚𝐫𝐠𝐞(𝐐)

𝐭𝐢𝐦𝐞(𝐭)
 .So;3A = 

𝟑𝐂

𝟏𝐬
 

Hence in each second 6 x 3 = 18J of electrical energy are changed in the lamp.  
 Electrical energy = charge (Q) x Potential difference (V)  

Electrical energy = QV  
But Q = It 

Electric energy = tlV  
                   Electric power 

Electrical Power = 
𝐄𝐥𝐞𝐜𝐭𝐫𝐢𝐜𝐚𝐥 𝐞𝐧𝐞𝐫𝐠𝐲

𝐭𝐢𝐦𝐞 𝐭𝐚𝐤𝐞𝐧
 

P =
𝐭 𝐈 𝐕

𝐭
 

 
P = IV  
Units: watts 
 
From ohm's law V = 1R  
Then P = IV 

I x IR 
         P = I2R 
    

Also from ohm's I = V/R 
P = V/R x V 
P = V/R 
P = V2/R 
 
 
 
Example.11 
A device connected to a 12V supply a current of 12A. Calculate  

(i) Electrical power consumed by the device 



V = 12V   ,    I =12A 
P = VI 
= 12x 12  
=144W  

(ii) Energy consumed in 1 hour 
t =1h = 60x60s  
V=12VI =12A  

Energy = t IV 
= 60x60x12x 12  
= 518400J 

Example. 12 
An electrical flat iron is marked 250V, 1000W. Calculate  
(i). the current through the electrical flat iron 

V = 250V   P=1000W 
P = VI 
1000 = 250 x I 
1000/250 = I 
4A = I 

(iii). its resistance 
P = 1000W I = 4A  
P = I2R 
1000 = 4 x 4 x R  
1000 = 16 R 
62.5Ω 

 
Commercial unit of electricity 
The commercial unit of electrical energy is kilowatt hour (kWh) 
A kilowatt hour is the electrical energy used by a 1000W appliance in 1 hour. 
Relationship between kWh and joule (J) 

1kWh = 1000W x 1h 
           = 1000Js-1x 60 x 60s   (since 1000W = 1000Js-1 AND 1h = 60 x 60s) 
          = 3,600,000J = 3.6 x 106J 

When calculating the total cost of electricity the following should be noted: 
(i) Total power consumed should be expressed in kiloWatt (kW)  
(ii) Total time taken should be expressed in hours  
(iii) Then 
Total cost = Total power (P) in kW x Time in hours (t) x Cost per unit 
Note: Kilowatt hour is usually called unit. 
 
Example 13 
Calculate the cost of running four 60W lamps and five 100W lamps for 5 hours if electrical energy costs 
10/= per unit.  
Total power = 4 x 60 + 5 x 100= 240 +500 =740W 
For commercial 

Total power in kW = 
𝟕𝟒𝟎

𝟏𝟎𝟎𝟎
𝐤𝐖 

Total time = 5 hours  



Cost per unit = 10 /= 

Total Cost = 
740

1000
 X 5 x10 

=37/= 
 
Note; An electric lamp marked240V; 60W means that when the lamp is connected to a 240V supply, it 
dissipates energy at the rate of 60Js-1 
 
Example 13 
A lamp of 100W is run for 5 hours on 250V mains. Find (a) current taken from the mains 

V = 250V,  Power = 100w 
Watt = Volt x Ampere 
100 = 250 x Ampere 
100

250
 = Ampere 

Amp = 0.4A is the current taken.  
(b). resistance of the lamp filament 

Power = 12R 
100 = 0.4x 0.4xR 
100 = 0.16 xR 
100

0.16
 = R 

625Ω = R 
(c) Energy dissipated in 5 hours 

Energy = Vlt 
V =250V  I = 0.4A  t = 35 x 3600s  

Energy = 250 x 0.4 x 5 x 3600  
= l.8x106J 

(d) Cost of the energy consumed if the cost per unit is 0.60/= 
Total power = 100W  
For commercial 

Total power = 100W =
100

1000
  =0.1kW  

Total time = 5 hours  
Cost = 0.1x5x0.60  
= 0.30/= 

Example 14 
A 2kW electric heater is used for 10 hours each week and a 100 W lamp is used for 10 hours each day. 
Find 
(i)  the total energy consumed each week.  

Energy consumed by heater = 2 x 10 =20kWh  
 Energy consumed by a lamp =0.1 x 10 x 7 =7kWh  
Total energy consumed = 7 + 20 = 27kWh  

(ii)   Total cost for each week if each unit cost sh100  
Total Cost = power (kW) x cost per unit x time (h) 

= 27x100 
= 2700/= 

Example 15 



A house contains the following appliances; 2.0kW electric kettle, 30W DVD player, five 75W bulbs, two 
100W bulbs and 3.5kW fridge. If the fridge is used for 5h , kettle for 45minutes , 100W bulb for 10h , 
75W bulb for 10h and DVD player for 5h calculate the ; 

(i) Total electrical energy consumed in a day. 
(ii) Cost of electricity used in a month of 30 days. If the cost per unit is sh.400 
Solutions 

     (i)       In a dayfor; kettle, energy consumed = 2kW x 
45

60
 h = 1.5kWh 

DVD player, energy consumed =
30

1000
kWx 5h = 0.15kWh 

75W bulbs, energy consumed by 5 bulbs = 
75

1000
 kW x 10h x 5 = 3.75kWh 

                    100W bulbs, energy consumed by 2 bulbs = 
100

1000
kW x 2 x 10h = 2 kWh 

Fridge, energy consumed = 3.5kW x 5h = 17.5kWh 
             Total energy consumed in a day = 1.5 + 0.15 + 3.75 + 2 + 17.5 = 24.9 kWh 
(ii)Total cost = 24.9 kWh x 30 x 400 = 298800/= 

 

Filament lamp 
Filament is a small coil of tungsten wire which becomes white hot when current flows through it. The 

greater the potential difference across, the greater the rate at which electrical energy is changed into 

heat and light.  

Tungsten metal is commonly used for making filaments for bulbs because tungsten has a very high 

melting point that can withstand too much heat dissipated by high resistance of the filament. Glass bulb 

Argon or nitrogen filament bayonet cap connections to lamp. 

 
 
 
Filament lamp contains nitrogen or argon gas not air to reduce evaporation of tungsten which would 
otherwise condense on the bulb and blacken it. The coiled coil, being compact, is cooled less by 
convection currents in the gas. 
 
Fluorescent lamp 
Structure 
A Fluorescent tube is made of a glass tube containing mercury vapour. The inside part is coated with a 
fluorescent powder. The tube has electrodes at either end. 
Action 
When the fluorescent tube is switched on, the current from the electrodes causes the mercury vapour 
to emit ultraviolet radiation. This ultraviolet radiation causes the powder to fluoresce  
Advantages of a fluorescent lamp over a filament lamp: 

(i)  Fluorescent lamp do not heat up unlike the filament lamp for which 90% of the electrical 
energy supplied becomes heat and only 10% becomes light. 

(ii) Fluorescent lamp is five times efficient compared to filament lamp. 



(iii) Fluorescent lamp lasts 3000h compared with 1000h life of filament lamp. 
(iv) Though costs more to install but the running cost are much less for fluorescent lamp 

compared with filament lamp 
 
Electric heating 
Heating elements are made from nichrome wire which is an alloy of nickel and chromium because 
nichrome is not oxidized when current heats it red hot. 
 
Sources of electromotive force (e.m.f) 

i) Cells 
ii) Accumulators 
iii) Ac and d.c generators 
iv) Thermo couples 
v) Photo cell 

 
 

Exercise 
1.  

 

The total resistance in the above circuit is 

A.  0.8Ω   B.  5.0Ω    C.  8.0Ω    D. 

 1.25Ω 

2.  

 

The ammeter in the above diagram indicates the current through  

 A.  lamp P only         B.  lamps P and Q   

 C.  lamps Q,R and S       D. lamps P,Q,R and S 

3. An electric motor is connected by a cable to a 240V supply. The p.d across the motor is 239V 
when the current flowing is 5A. The resistance of the cable is 



A.  0.2Ω    B.  5Ω    C. 47.8Ω    D.  48Ω 

4.  

 

A galvanometer G is connected in the circuit as shown in the above figure . The galvanometer is 

intended to measure 

A.  the p.d across R      B.  the power dissipated by R   

C.  the resistance of R      D.  the current through R 

 

5. A high voltage d.c may be obtained from a low voltage d.c by use of 
A. a dynamo   B. an induction cell   C. a generator   D. boost converter 

6. Which of the following is true about a transformer?  
A.  the efficiency is 100%   

B.  the magnitude of the e.m.f induced in the secondary doesnot depend on the e.m.f 

induced in the primary coil.  

C.  there are no power losses as the core is well laminated 

D.  passing direct current through the primary has no effect on the secondary coil. 

7.  

 

Three identical lamps are connected as shown above. What  is the reading on the voltmeter? 

A.  1.0V   B.  1.5V     C.  2.0V    D.  3.0V 

8. The magnitude of a force on a conductor carrying electric current in a magnetic field does not 
depend on the  



A.  length of the conductor    B.  magnitude of the current  

C.  magnetic field.      D.  direction of the current 

9.   

 

     Calculate the current in the 2Ω resistor in the circuit in the above figure  

A.  0.5A    B.  0.8A     C.  2.0A    D.  2.8A  

10. Which one of the following circuits is recommended for wiring electric lamps in a house  

 

A. A   B. B  C. C  D. D 

11. The main function of a step-up transformer is to 
A.  increase current      B.  increase voltage  

C.  increase resistance       D.  change a.c to d.c 

12.   

 



In the circuit diagram in the figure above, the ammeter reading is 0.2A. The reading in volts 

shown by the voltmeter is 

A.  6         B.  8       C.  10            D. 12 

 

13. In a house wiring system, all connections to power points are in parallel so as to 
A.  supply the same current 

B.  operate the same voltage 

C.  minimise the cost of electricity 

D.  consume the same amount of energy 

14.   

 

What is the reading of voltmeter V in the circuit in the above figure? 

A.  2.0V     B.  4.0V    C.  5.0V   D.  10.0V 

15. A current of 5 A flows through a given point in a circuit of 2 minutes. Calculate the quantity of 
charge that passes the point 
A.  2.5 C   B.  10 C   C. 300 C   D. 600 C  

Charge = It = 5 x 2 x 60 = 600C 

16.  

 

In the circuit above the readings of the ammeter, A and voltmeter V, when switch S is opened 

and closed respectively are as shown in the table below  

 

 

 

 

 

Ammeter reading Voltmeter 

reading 



 

 

 

The internal resistance of 

cell E is  

A.  0.0Ω    B.  0.5Ώ  

 C. 1.0Ω    D. 1.5Ω  

17. Which of the following sets contains only good conductors of heat? 
A.  copper, wood, air,        B.  Silver, gold, rubber   

C.  iron, mercury, copper      D.  Magnesium, paper, wool 

18. The main function of a step-up transformer is to 
A.  change a.c to d.c    B.  change d.c to a.c    

C.  increase the current      D. increase voltage 

19. A thermopile is an instrument which converts 
A.  heat energy to electrical energy  

B.  electrical energy to light energy  

C.  light energy to electrical energy  

D.  chemical energy to heat energy 

20. A house has four 75 W lamps and five 100 W lamps. What will be the cost of running the lamps 
for 10 hours if the cost per kWh is sh.50 
 

A.  sh.250        B.  sh. 400   

C.  sh. 50,       D.  sh. 787.5 

 
21. An electric heater is used to heat 0.2kg 0f water for 200s. find the p.d across the heater of the 

current through it is 0.5A and the temperature of the water rises by 250C 
A.  145V   B.  175V    C.  210V   D.  240V 

22. A current of 2A flows in a circuit in which two resistors each of 3Ω, are connected as shown in 
fig.4 calculate p.d across XY  

S is open 

 

0.0A 4.5V 

S is 

closed 

3.0A 3.0V 



 

A.  1.5V  B.  3.0V  C.  6.0V  D.  12.0V 

23. Rectification of alternating current means 
A.  stepping up alternating current by a transformer 

B.  converting alternating current into direct current 

C.  stepping down alternating current by a transformer  

D.  generating alternating current from a dynamo  

24. A transformer can’t function normally with a d.c because a d.c  
A.    has an extremely high heating effect 

B.   reduces the efficiency of the transformer 

C.  Cannot produce a changing magnetic field 

D.  Cannot provide high voltages required for power transmission 

25. Which of the following circuit diagrams shows the correct positions for a lamp and a switch in a 
lighting circuit? 

 

26.  

 

Calculate the effective resistance for the arrangement in figure 4 



A.  0.7Ω      B.  2.8Ω      C.  3.0Ω    D.  6.8Ω 

27.  

 

Which one of the following statements is true about the circuit in figure 5 

A.   When S1 and S2 are closed, both bulbs P and Q light 

B.  When S1 is open and S2 is closed, both bulbs P and Q do not light 

C.  When S2 is open and S1 is closed, bulb P lights but bulb Q does not 

D.  When S1 and S2 are open, both bulbs P and Q light 

28. What device could be connected to the secondary of a transformer in order to get a d.c in the 
output? 
A.  Diode   B.  resistor   C.  Rheostat D.  Thermostat 

29. Metals are good conductors of heat because 
A.  they are ductile     B.  they contain free protons  

C.  they contain loose electrons   D.  their atoms can be easily displaced 

30. Which one of the following is the most economical means of transmitting electricity over long 
distances  
A.  at a high voltage and a low current  B.  at a high voltage and a high current  

C.  at a low voltage and a low current  D.  at a low voltage and a low current  

31. In which of the following devices is kinetic energy converted electrical energy? 
A.  An accumulator      B.  A dynamo 

C.  An electric motor     D.  A combustion engine 

32.  

 



The voltage supply in the circuit in the above figure is  

A.  0.25V  B. 4.0V   C. 25V   D. 250V                                 

                    

33. To determine the value of resistor R, a voltmeter, a rheostat and an ammeter must be 
connected in the gaps X, L and M as shown in the figure below 

 

Which one of the following arrangements gives the correct circuit ? 

 X L M 

A Voltmeter                 rheostat                           ammeter      

B Ammeter                  voltmeter                          rheostat 

C rheostat                    voltmeter                          ammeter 

D Ammeter                   rheostat                          voltmeter 

 

34. A battery of e. m. f. 12 V is connected across two resistors of 6 Ω and 3Ω  as shown in the figure.  

      
Which of the following statements is true about the circuit? The 
A. p.d across 6Ω  is half the p.d across 3Ω    

B. p.d across 6 Ω is twice the  p.d across 3Ω    

C. p.d across 6Ω  is equal to p.d across 3Ω     

D. reading of the voltmeter V is greater than 12V   

35. An electric heater which operates from 240V mains draws 15A for 40 minutes. Calculate the cost 
of electricity, given that electricity costs 9.00 per kilowatt hour   
A. sh.1.44   B. sh.21.60    C. sh.960   D. sh.1296 

36. Two coils of wire of resistances 2Ω   and 3 Ω are connected in series to a 10V battery of 
negligible internal resistance. The current through the 2Ω    resistor is 
A. 0.5 A    B.  2 A    C. 5 A   D. 50 A  



37. A bulb of resistance 1.5Ω   is connected to a cell of e.m.f. 2.0V. find the energy dissipated in 45s.
 A.  60 J    B. 67.5 J   C.  90 J  D. 
 120 J 

38. The transformer cores are laminated to  
A. Reduce eddy currents  

B. decrease the resistance of the coils . 

C. determine the energy lost by the transformer 

D. Distribute the voltage out put equally with in the transformer. 

39. Which of the following only works with a direct current? 
A.  Electric lamp.      B. Transformer.   

C.  Electroplating.      D.  Electric bell. 

40. For safety in house, a fuse and a switch are connected to 

 Fuse Switch 

A Live wire Neutral wire  

B Neutral wire Earth wire 

C Live wire Live wire 

D Earth wire Neutral wire 

41. In figure below, the ammeter A reads 4A and the voltmeter V reads 4V. Find the value of R. 

 

 

A.  1Ω      B.  2Ω  

C.  3Ω      D.  4Ω 

42. A rectifier is used to 
A.  step up an a.c voltage.    

B.  amplify an a.c current.  

C.  change an a.c voltage to a.d.c voltage.  



D.  change a.d.c. voltage to an a.c. voltage. 

43. When a 240V supply is connected across an electric appliance, a current of 200mA flows in the 
circuit. What is the electric power supplied to the appliance 
(a) 1.2W  (b) 48.0W (c) 48000.0W (d) 120000.0W 

44. Three cells each of e.m.f 2V and negligible internal resistance are connected to two resistors as 
shown in the circuit in the figure.  
 

 
The reading of the ammeter is 
(a) 0.40 A (b) 0.83 A (c) 1.20 A (d) 7.20 A 

 

45. An electric heater is connected to a 200 V supply. The heating element has a resistance of 10Ω. 
The cost of using the heater for 4 hours if each unit of energy costs Sh.35 is 
(a) Sh.5600 (b) Sh.1400 (c) Sh.560 (d) sh.140 

  

46. Which of the following is true about both alternating current and direct current? 
(i) Cause heating (ii) can be stepped up or down with transformer (iii) Can be used to charge a 

battery 

a) (i) only b) (i) and (ii) c) (ii) and (iii) d) (i), (ii), (iii) 

 

47. the energy transformations involved in a bicycle dynamo is  
a)  electrical to chemical    b)  potential energy to chemical energy                  

c) chemical to light energy   d)  kinetic energy to electrical energy. 

48. An electric lamp is marked 120 W, 240V. What does 120W mean? 
A. Total energy consumed by the lamp. 

B. Rate at which energy is consumed. 

C. Total current flowing through the lamp.   

D. Potent ional difference across the lamp. 

 

49. A moving coil galvanometer can be used to  



A. Measure direct current. 

B. Converting alternating current into direct current 

C. Convert direct current to alternating current. 

D. To measure the peak value of an alternating current. 

50.  

 

 

If each cell shown in fig.1 has an internal resistance of 0.5Ω finds the effective resistance in 

the circuit. 

A. 1.25 

B.7.50 

C. 8.00 

D. 9.00 

51. What is the potential difference across a load, if the energy needed to maintain a current of 0.8 
A in the load for 10 s is 40 J? 

 A. 0.2 V.      B. 3.2 V. 

 C. 5.0 V.      D. 320 V. 

52. The resistance of a wire increases when it 
 A. length is increased.    B. length is decreased. 

C. temperature is reduced.   D. cross-sectional area is doubled. 

53. Which of the following is a non-metallic electrical conductor? 
 A. Brass.      B. Copper. 

C. Graphite.     D. Platinum. 

54. Which of the following appliances consumes 5 kWh of electric energy? 
 A. A 100W lamp left on for 50 hours.   

B. A 250 W drill used for 2 minutes. 

C. A 500 W motor used for 10 minutes.   



D. A 250 W television left on for 20 minutes. 

55. A voltage of 440V is applied to the primary of a transformer of 2000 turns. If the voltage across 
the secondary is 11 kV, what is the number of turns in the secondary coil? 

 A. 50      B. 80 

C. 5.00 x 104     D. 8.00 x 104 

56. Calculate the power wasted as heat in a cable of resistance 0.5 Ω, when it transmits 2 kW at 100 
V. A. 800 W.     B. 200 W.  

 C. 100W.     D. 50 W. 

57. An appliance that uses a current of 3 A is connected to the mains by wires that can carry up to 
5A.  

 The best fuse that can be used for the appliance is 

A.  2A fuse B.  3A fuse   C.  4A fuse D.  5A fuse 

58. In the circuit shown in the figure below, the potential difference across is 

 

 A. R1 and R2 are equal.     B. R1 and R4 are equal. 

C. R2 and R4 are equal.     D. R3 and R4 are equal. 

 

Section B 

59.  A battery of e.m.f 24V is connected in series with a resistor R and a lamp rated 10V, 20W as 
shown below. 

 

If the bulb is operating normally, find 

(i)  the p.d across the resistor  



(ii)  the value of R  

(iii)  the power dissipated in the resistor 

 

60. An ammeter connected in series with a cell and a 2Ω resistor reads 0.5A. When the 2Ω resistor is 
replaced by a 5Ωresistor, the ammeter reading drops to 0.25A. Calculate 

 (i)  The internal resistance of the cell 

 (ii)  the emf of the cell 

61. A torch bulb, lead plates dipped in dilute sulphuric  acid and a battery of .e.m.f 12V are 
connected as shown in the figure below. 

 

(a) (i)  What would be observed if switch K1 is closed. Give a reason for your answer  

(ii)  State what is observed when K1 is opened and K2 is closed (iii) K2 was closed for 

sometime and then opened and K1was closed. State what was observed 

(b)  State the energy changes which take place in (a)(ii)  

62. (a)  Give one reason why transformer cores are 
(i)  Made of iron 

(ii)  laminated 

(b)  A transformer has 200 turns on the primary winding and 3000turns on the secondary. A 

voltage of 1600V is fed to the primary. Calculate the voltage output on the secondary. 

63.  

 

 

A source of emf of 14V is connected as shown in the above figure . If R1= R2=R3=R4=R5=1Ω, find  



(i)  The equivalent resistance of the circuit  

(ii)  the current flowing through R5.  

(iii)  The current through R3 

64. The figure below shows a circuit diagram of a part of a wiring system of a car. H1 and H2 are 
headlamps and P1,P2,P3and P4 are parking lamps 

 

(a)  How can  

(i)  All the lamps be switched on  

(ii)  both headlamps be switched off without affecting the parking lamps 

(b)  State what happens to the lamps if P1 is broken when the lamps are all on. Give a reason 

for your answer 

65. An electrical appliance is rated 240V 60W 
(a)  What do you understand by this statement?  

(b)  Calculate the current flowing through and the resistance of the appliance when the 

appliance is operated at the rated values  

66. (a)  List four different sources of e.m.f . 
(b)  State two advantages of a secondary cell over a primary cell 

67. (a)  Explain why a current does not flow between the electrodes in dilute sulphuric acid until 
a certain value of p.d is exceeded  
 

(b)  Using the same axes, sketch a graph of current against p.d for  

(i)  A torch bulb  

(ii)  A carbon resistor 

68. (a)  Why is an ammeter constructed such that it has a long internal resistance?  
(b)  A milliammeter has an internal resistance of 4Ω and a full scale deflection of 0.015 A. 

calculate the value of the resistor that must be connected to the milliammeter so that a 

maximum current of 5A can be measured. 



69. (a)State ohm’s law? 
(b) 

 

Two resistors of resistances 3Ω and 6Ω are connected across a battery of 4V of 

negligible internal resistance as shown in the above figure. Find the  

(i)  combined resistance  

(ii)  current supplied by the battery 

 

70. A source of e.m.f. 20V and negligible internal resistance is connected to resistors of 2Ω, 2Ω and 
3Ω as shown in figure 11. 

 

Find the ammeter reading when switch K is 

(i)  open  

(ii)  closed 

71. (a)  What is meant by short circuit as applied to electricity?   (1mark)   
(b)  the electric appliance is marked “240V 4Kw”.  

(i)  What does this statement mean?     (1mark)   

(ii)  calculate the current drawn by the appliance in normal use (2marks)  

72. (a)  Define the volt. 
(b) 



 

 

(i) What is the effective resistance in the circuit in the figure. (The cell has 

negligible resistance. 

(ii) What will be the reading of the voltmeter when the key K is closed? 

 

73. A 240 V, 600W water heater is used to boil water for 5 min. 
(a) By what means does heat spread through the water?   

(b) Calculate  

        (i) The current that flows in the heater. 

        (ii) The electrical energy converted into heat. 

74. (a)  Define the coulomb as a unit of charge      (01 mark) 
(b)  A charge of 180C flows through a lamp for 2 minutes. Find the electric current flowing 

through the lamp (02 marks) 

(c)  What is the voltmeter in a electric circuit ?     (01 mark) 

75. (a)      What is meant by resistance in an electric circuit?           (01 mark) 
(b)      Three resistors 2Q, 4Q and 3Q are connected in the same circuit. 

(i)       Draw a diagram to show how they are connected to give 

minimum resistance.                                               (01 mark] 

(ii)      Find the value of the minimum resistance.              (02 marks] 

76.  (a)      Define the ohm as a unit of resistance.    (01 mark) 
……………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………… 



(b) 

 

Figure 12 shows two cells E and E of e.m.fs 1.0 V and 1.5 V and internal resistances of 

1.0 Q and 0.5 Q respectively connected in series with an 8.5 Q resistor. Calculate the 

current flowing through the circuit.                

     (03 marks) 

……………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………… 

 

 

 

 

 

 

 

 

 

 

  



Marking guide 
1.  

 

The total resistance in the above circuit is 

A.  0.8Ω   B.  5.0Ω    C.  8.0Ω   D.  1.25Ω 

Effective  resistance, R of 2Ω and 2Ω resistors in parallel 

1

𝑅
=  

1

2
+  

1

2
=  1; R  = 1 

Effective resistance of R and 4Ω resistors in series = 4 + 1 = 5Ω 

2.  

 

The ammeter in the above diagram indicates the current through  

 A.  lamp P only         B.  lamps P and Q   

 C.  lamps Q,R and S       D. lamps P,Q,R and S 

3. An electric motor is connected by a cable to a 240V supply. The p.d across the motor is 239V 
when the current flowing is 5A. The resistance of the cable is 
A.  0.2Ω    B.  5Ω    C. 47.8Ω    D.  48Ω 

Solution  

P.d across the cable = 240 – 239 = 1V 

R =
𝑉

𝐼
=  

1

5
= 0.2𝛺 

4.  



 

A galvanometer G is connected in the circuit as shown in the above figure. The galvanometer is 

intended to measure 

A.  the p.d across R      B.  the power dissipated by R   

C.  the resistance of R      D.  the current through R 

 

5. A high voltage d.c may be obtained from a low voltage d.c by use of 
A. a dynamo   B. an induction cell   C. a generator   D. boost converter 

6. Which of the following is true about a transformer?  
A.  the efficiency is 100%   

B.  the magnitude of the e.m.f induced in the secondary does not depend on the e.m.f 

induced in the primary coil.  

C.  there are no power losses as the core is well laminated 

D.  passing direct current through the primary has no effect on the secondary coil. 

7.  

  

Three identical lamps are connected as shown above. What  is the reading on the voltmeter? 

A.  1.0V   B.  1.5V     C.  2.0V    D.  3.0V 

Solution 

Let the same current, I, passes through each resistor of resistance, R 

Total resistance by 3R 



∴   𝐼 =  
3.0

3𝑅
=  

1

𝑅
 

Voltage reading V = IR = 
1

𝑅
 𝑥 𝑅 = 1V 

8. The magnitude of a force on a conductor carrying electric current in a magnetic field does not 
depend on the  
A.  length of the conductor    B.  magnitude of the current  

C.  magnetic field.      D.  direction of the current 

9.   

 

     Calculate the current in the 2Ω resistor in the circuit in the above figure  

A.  0.5A    B.  0.8A     C.  2.0A    D.  2.8A  

Current, I = 
𝑉

𝑅
=

4

2
= 2𝐴 

10. Which one of the following circuits is recommended for wiring electric lamps in a house  

 

A. A   B. B  C. C  D. D 

11. The main function of a step-up transformer is to 
A.  increase current      B.  increase voltage  

C.  increase resistance       D.  change a.c to d.c 



12.   

 

In the circuit diagram in the figure above, the ammeter reading is 0.2A. The reading in volts 

shown by the voltmeter is 

A.  6         B.  8       C.  10            D. 12 

Solution 

Total resistance = 30 + 20 +10 = 60Ω 

V = IR = 60 x 0.2 = 12V 

 

13. In a house wiring system, all connections to power points are in parallel so as to 
A.  supply the same current 

B.  operate the same voltage 

C.  minimise the cost of electricity 

D.  consume the same amount of energy 

14.   

 

What is the reading of voltmeter V in the circuit in the above figure? 

A.  2.0V     B.  4.0V     C.  5.0V   D. 

 10.0V 

Solution 

The effective resistance R of 6Ω and 6Ω resistors in parallel, R= 
6 𝑥 6

6+6
= 3𝛺 



Effective resistance of R and 2Ω resistors = 3 + 2 =5Ω 

Current in the circuit = 
𝑉

𝑅
=  

10

5
= 2𝐴 

Reading V of the voltmeter = IR = 2 x 2 = 4V 

 

15. A current of 5 A flows through a given point in a circuit of 2 minutes. Calculate the quantity of 
charge that passes the point 
A.  2.5 C   B.  10 C   C. 300 C   D. 600 C  

Quantity of charge = It = 5 x 2 x 60 = 600C 

16.  

 

In the circuit above the readings of the ammeter, A and voltmeter V, when switch S is opened 

and closed respectively are as shown in the table below  

 

 

 

 

 

 

The internal resistance of cell E is  

A.  0.0Ω    B.  0.5Ώ  

 C. 1.0Ω    D. 1.5Ω  

Solution 

Resistance of the resistor = 
3

3
= 1𝛺 

Let internal resistance be r 

From V = IR 

 

 

Ammeter reading Voltmeter 

reading 

S is open 

 

0.0A 4.5V 

S is 

closed 

3.0A 3.0V 



4.5 = 3(1 + r) 

r =1.5V 

17. Which of the following sets contains only good conductors of heat? 
A.  copper, wood, air,        B.  Silver, gold, rubber   

C.  iron, mercury, copper      D.  Magnesium, paper, wool 

18. The main function of a step-up transformer is to 
A.  change a.c to d.c    B.  change d.c to a.c    

C.  increase the current      D. increase voltage 

19. A thermopile is an instrument which converts 
A.  heat energy to electrical energy  

B.  electrical energy to light energy  

C.  light energy to electrical energy  

D.  chemical energy to heat energy 

 

20. A house has four 75 W lamps and five 100 W lamps. What will be the cost of running the lamps 
for 10 hours if the cost per kWh is sh.50 
A.  sh.250        B.  sh. 400   

C.  sh. 500       D. sh. 787.5 

Solution 

Energy = power x time 

           = (4 x 75 + 5 x 100) x 10 x 60 x 60 

Cost = number of units x cost per unit 

         = 
(4 x 75 + 5 x 100) x 10 x 60 x 60

1000 𝑥 1 𝑥 60 𝑥 60
 𝑥 50 = 400 

 

21. An electric heater is used to heat 0.2kg 0f water for 200s. find the p.d across the heater of the 
current through it is 0.5A and the temperature of the water rises by 250C 
A.  145V   B.  175V    C.  210V   D.  240V 

Solution 

Heat supplied by the heater = heat gained by water 



IVt = mcθ 

0.5 x V x 200 = 0.2 x 4200 x 25 

V = 210V 

22. A current of 2A flows in a circuit in which two resistors each of 3Ω, are connected as shown in 
fig.4 calculate p.d across XY  

 

A.  1.5V  B.  3.0V  C.  6.0V  D.  12.0V 

Solution 

Effective resistance = 
3 𝑥 3

3+3
 = 

3

2
𝛺 

p.d. = IR = 
3

2
𝑥 2 = 3𝑉 

23. Rectification of alternating current means 
A.  stepping up alternating current by a transformer 

B.  converting alternating current into direct current 

C.  stepping down alternating current by a transformer  

D.  generating alternating current from a dynamo  

24. A transformer can’t function normally with a d.c because a d.c  
A.    has an extremely high heating effect 

B.   reduces the efficiency of the transformer 

C.  Cannot produce a changing magnetic field 

D.  Cannot provide high voltages required for power transmission 

25. Which of the following circuit diagrams shows the correct positions for a lamp and a switch in a 
lighting circuit? 



                                  

 Answer s D 

26.  

 

Calculate the effective resistance for the arrangement in figure 4 

A.  0.7Ω      B.  2.8Ω      C.  3.0Ω    D.  6.8Ω 

Solution 

Effective resistance R between 2.0Ω and 3.0Ω resistor, R = 
3 𝑥2

3+2
= 1.2 

Effective resistance between R and 1.8Ω resistors = 1.2 + 1.8 = 3.0Ω 

27.  

 

Which one of the following statements is true about the circuit in figure 5 

A.   When S1 and S2 are closed, both bulbs P and Q light 

B.  When S1 is open and S2 is closed, both bulbs P and Q do not light 

C.  When S2 is open and S1 is closed, bulb P lights but bulb Q does not 

D.  When S1 and S2 are open, both bulbs P and Q light 



28. What device could be connected to the secondary of a transformer in order to get a d.c in the 
output? 
A.  Diode   B.  resistor   C.  Rheostat D.  Thermostat 

29. Metals are good conductors of heat because 
A.  they are ductile     B.  they contain free protons  

C.  they contain loose electrons   D.  their atoms can be easily displaced 

30. Which one of the following is the most economical means of transmitting electricity over long 
distances  
A.  at a high voltage and a low current  B.  at a high voltage and a high current  

C.  at a low voltage and a low current  D.  at a low voltage and a low current  

31. In which of the following devices is kinetic energy converted electrical energy? 
A.  An accumulator      B.  A dynamo 

C.  An electric motor     D.  A combustion engine 

32.  

 

The voltage supply in the circuit in the above figure is  

A.  0.25V   B.  4.0V  C.  25V   D. 250V   

Solution      

V = IR      

   = 1000 x 0.25 

   = 250V   

 

 
33. To determine the value of resistor R, a voltmeter, a rheostat and an ammeter must be 

connected in the gaps X, L and M as shown in the figure below 

  



Which one of the following arrangements gives the correct circuit ? 

 X L M 

A Voltmeter                 rheostat                           ammeter      

B Ammeter                  voltmeter                          rheostat 

C rheostat                    voltmeter                          ammeter 

D Ammeter                   rheostat                          voltmeter 

 

34. A battery of e. m. f. 12 V is connected across two resistors of 6 Ω and 3Ω  as shown in the figure.  

      
Which of the following statements is true about the circuit? The 
A. p.d across 6Ω  is half the p.d across 3Ω    

B. p.d across 6 Ω is twice the  p.d across 3Ω    

C. p.d across 6Ω  is equal to p.d across 3Ω     

D. reading of the voltmeter V is greater than 12V   

35. An electric heater which operates from 240V mains draws 15A for 40 minutes. Calculate the cost 
of electricity, given that electricity costs 9.00 per kilowatt hour   
A. sh.1.44   B. sh.21.60    C. sh.960   D. sh.1296 

Energy used by the heater = IVt = 15 x 240 x 40 

Cost = number of units x cost per unit 

        = 
15 x 240 x 40 x 60

1000 𝑥 60 𝑥 60
 𝑥 9  

        =  shs. 21.6 

36. Two coils of wire of resistances 2Ω   and 3 Ω are connected in series to a 10V battery of 
negligible internal resistance. The current through the 2Ω    resistor is 
A. 0.5 A    B.  2 A    C. 5 A   D. 50 A  

Solution 

Total resistance = 2 + 3 = 5Ω 

Current = 
𝑉

𝑅
=  

10

5
= 2𝐴 



37. A bulb of resistance 1.5Ω   is connected to a cell of e.m.f. 2.0V. Find the energy dissipated in 45s. 
A.  60 J    B. 67.5 J  C.  90 J  D. 120 J 
 
Solution 

Current I = 
𝑉

𝑅
=  

2

1.5
=  

4

3
 

Energy = VIt = 2 𝑥 
4

3
 𝑥 45 = 120J 

 
 

38. The transformer cores are laminated to  
A. Reduce eddy currents  

B. decrease the resistance of the coils . 

C. determine the energy lost by the transformer 

D. Distribute the voltage out put equally with in the transformer. 

39. Which of the following only works with a direct current? 
A.  Electric lamp.      B. Transformer.   

C.  Electroplating.      D.  Electric bell. 

40. For safety in house, a fuse and a switch are connected to 

 Fuse Switch 

A Live wire Neutral wire  

B Neutral wire Earth wire 

C Live wire Live wire 

D Earth wire Neutral wire 

 
41. In figure below, the ammeter A reads 4A and the voltmeter V reads 4V. Find the value of R. 

 

 

A.  1Ω      B.  2Ω  

C.  3Ω      D.  4Ω 



Solution 

Current = 
𝑉

𝑅
=  

4

2
= 2𝐴 

p.d. across R = 12- 4 = 8V 

Resistance of R = 
𝑉

𝐼
=  

8

2
 = 4𝛺 

42. A rectifier is used to 
A.  step up an a.c voltage.    

B.  amplify an a.c current.  

C.  change an a.c voltage to a.d.c voltage.  

D.  change a.d.c. voltage to an a.c. voltage. 

43. When a 240V supply is connected across an electric appliance, a current of 200mA flows in the 
circuit. What is the electric power supplied to the appliance 
A. 1.2W   B. 48.0W  C. 48000.0W  D. 120000.0W 

Solution 

Power = VI = 240 x 0.2 = 48W 

 

44. Three cells each of e.m.f 2V and negligible internal resistance are connected to two resistors as 
shown in the circuit in the figure below.  
 

 
The reading of the ammeter is 

A. 0.40 A  B. 0.83A  C. 1.20 A  D. 7.20 A 

Solution 

Total p.d = 2 x 3 = 6V 

Total resistance = 2 + 3 = 5Ω 

Current = 
𝑉

𝑅
=  

6

5
 = 1.2 

 

45. An electric heater is connected to a 200 V supply. The heating element has a resistance of 10Ω. 
The cost of using the heater for 4 hours if each unit of energy costs Sh.35 is 
A. Sh.5600  B.Sh.1400  C. Sh.560  D.  sh.140 



Solution 

Current = 
𝑉

𝑅
=  

200

10
= 20𝐴 

Energy = VIt = 200 x 20 x 4 x 60 x 60 

Cost = number of unit x unit cost = 
200 x 20 x 4 x 60 x 60

1000 𝑥 60 𝑥 60
 𝑥 35 =140 

  

46. Which of the following is true about both alternating current and direct current? 
(i) Cause heating  

(ii) can be stepped up or down with transformer  

(iii) Can be used to charge a battery 

A.  (i) only  B. (i) and (ii)  C. (ii) and (iii)  D (i), (ii), (iii) 

 

47. The energy transformations involved in a bicycle dynamo is  
a)  electrical to chemical    b)  potential energy to chemical energy                  

c) chemical to light energy   d)  kinetic energy to electrical energy. 

48. An electric lamp is marked 120 W, 240V. What does 120W mean? 
A. Total energy consumed by the lamp. 

B. Rate at which energy is consumed. 

C. Total current flowing through the lamp.   

D. Potential difference across the lamp. 

 

49. A moving coil galvanometer can be used to  
A. Measure direct current. 

B. Converting alternating current into direct current 

C. Convert direct current to alternating current. 

D. To measure the peak value of an alternating current. 

50.  

 

If each cell shown in figure above  has an internal resistance of 0.5Ω finds the effective 

resistance in the circuit. 



A. 1.25  B.7.50  C. 8.00  D. 9.00 

Solution 

Total resistance =0.5 x 3 + 2.5 + 5 =9.0Ω 

 

51. What is the potential difference across a load, if the energy needed to maintain a current of 0.8 
A in the load for 10 s is 40 J? 

 A. 0.2 V.      B. 3.2 V. 

 C. 5.0 V.      D. 320 V. 

 Solution 

 Energy = VIt  

 40 = V x 0.8 x 10 

 V = 5.0V 

52. The resistance of a wire increases when it 
 A. length is increased.    B. length is decreased. 

C. temperature is reduced.   D. cross-sectional area is doubled. 

53. Which of the following is a non-metallic electrical conductor? 
 A. Brass.      B. Copper. 

C. Graphite.     D. Platinum. 

54. Which of the following appliances consumes 5 kWh of electric energy? 
 A. A 100W lamp left on for 50 hours.   

B. A 250 W drill used for 2 minutes. 

C. A 500 W motor used for 10 minutes.   

D. A 250 W television left on for 20 minutes. 

Solution 

Energy = power x time 

KWh = 
𝐸𝑛𝑒𝑟𝑔𝑦

1000 𝑥 60 𝑥 60
 

For A =  
100 𝑥 50 𝑥 60 𝑥 60

1000 𝑥 60 𝑥 60
 = 5 



55. A voltage of 440V is applied to the primary of a transformer of 2000 turns. If the voltage across 
the secondary is 11 kV, what is the number of turns in the secondary coil? 

 A. 50      B. 80 

C. 5.00 x 104     D. 8.00 x 104 

  

56. Calculate the power wasted as heat in a cable of resistance 0.5 Ω, when it transmits 2 kW at 100 
V. A. 800 W.     B. 200 W.  

 C. 100W.     D. 50 W. 

57. An appliance that uses a current of 3 A is connected to the mains by wires that can carry up to 
5A.  

 The best fuse that can be used for the appliance is 

A.  2A fuse  B.  3A fuse   C.  4A fuse  D. 5A fuse 

58. In the circuit shown in the figure 4, the potential difference across is 
 

 

 A. R1 and R2 are equal.     B. R1 and R4 are equal. 

C. R2 and R4 are equal.     D. R3 and R4 are equal. 

 

 

Section B 

59.  A battery of e.m.f 24V is connected in series with a resistor R and a lamp rated 10V, 20W as 
shown below. 

 

If the bulb is operating normally, find 



(i)  the p.d across the resistor  

 24 – 10 = 14V 

(ii)  the value of R  

 Current through the resistor R = current through the bulb  

                                                                     = 
𝑝𝑜𝑤𝑒𝑟

𝑣𝑜𝑙𝑡𝑎𝑔𝑒
 

                                                                     = 
20

10
= 2𝐴 

 Resistance, R = 
𝑉

𝐼
=  

14

2
= 7𝛺 

(iii) the power dissipated in the resistor 

Power = VI = 14 x 2 = 28W 

60. An ammeter connected in series with a cell and a 2Ω resistor reads 0.5A. When the 2Ω resistor is 
replaced by a 5Ωresistor, the ammeter reading drops to 0.25A. Calculate 

 (i)  The internal resistance of the cell 

 Let e.m.f of a cell be V and internal resistance of the cell be r 

 (2 + r) x 0.5 = (5  + r) x 0.25 

 1+ 0.5r = 1.25 + 0.25r 

     0.25r = 0.25 

                         r = 1Ω 

 (ii)  the emf of the cell 

 E = I(R + r) 

                  = 0.5(2 + 1) 

                  = 1.5V 

61. A torch bulb, lead plates dipped in dilute sulphuric  acid and a battery of .e.m.f 12V are 
connected as shown in the figure below. 

 



 

(a) (i)  What would be observed if switch K1 is closed. Give a reason for your answer  

  Bulb does not light because the plates are not charged 

(ii)  State what is observed when K1 is opened and K2 is closed  

 Bulb does not light because the circuit is not complete 

(iii) K2 was closed for some time and then opened and K1was closed. State what was 

observed. 

 Bulb lights because the lead plates are charged 

(b)  State the energy changes which take place in (a)(ii)  

 Chemical energy in the battery turns into electrical energy that charges the lead plates 

accompanied by chemical decomposition of water 

62. (a)  Give one reason why transformer cores are 
(i)  Made of iron 

 To minimize hysteresis 

(ii)  laminated 

 To minimize eddy currents 

(b)  A transformer has 200 turns on the primary winding and 3000turns on the secondary. A 

voltage of 1600V is fed to the primary. Calculate the voltage output on the secondary. 

From 
𝑁𝑠

𝑁𝑝
=  

𝑉𝑠

𝑉𝑝
 

                       
3000

200
=  

𝑉𝑠

1600
 

    Vs = 24,000V 

63.  

 

 



A source of e.m.f of 14V is connected as shown in the above figure . If R1= R2=R3=R4=R5=1Ω, find  

(i) The equivalent resistance of the circuit  

Effective resistance, R between R3 and R4;  R = 1 + 1  = 2Ω 

Effective resistance, R6 between R, R2 and R1; R6 = 
1 𝑥 1 𝑥 2

1+1+2
=

2

4
= 0.5𝛺 

Effective resistance in the circuit between R6 and R5 = 0.5 + 1 = 1.5Ω 

(ii)  the current flowing through R5.  

 Current = 
𝑉

𝑅
=

14

1.5
= 9.3𝐴 

(iii)  The current through R3 

 p.d across R6= IR = 0.5 x 9.3 = 4.65V 

 current through R = 
4.65

2
 = 2.325𝐴 

 p.d across R3 = IR = 1 x 2.325 = 2.325V 

  

64. The figure below shows a circuit diagram of a part of a wiring system of a car. H1 and H2 are 
headlamps and P1,P2,P3and P4 are parking lamps 

 

(a)  How can  

(i)  All the lamps be switched on  

 Close switched K1 and K2. 

(ii)  both headlamps be switched off without affecting the parking lamps 

 Close switch K1 but open switch K2 

(b)  State what happens to the lamps if P1 is broken when the lamps are all on. Give a reason 

for your answer 

 The remaining lamps will remain lighting because P1 is in parallel circuit with other 

lamps. 



65. An electrical appliance is rated 240V 60W 
(a) What do you understand by this statement?  

When connected to 240V, the appliance dissipates 60Js-1 

(b) Calculate the current flowing through and the resistance of the appliance when the 

appliance is operated at the rated values  

P = VI 

I = 
60

240
 = 0.25A 

66. (a)  List four different sources of e.m.f. 

- lead acid accumulator 
- Alkaline battery 
- Thermocouples 
- Dry cells 
- Electrical generators 
- Solar cells 

 
 

(b) State two advantages of a secondary cell over a primary cell. 

- Rechargeable 

- Have long self-life 

- Cheaper in long run 

 

67. (a)  Explain why a current does not flow between the electrodes in dilute sulphuric acid until 
a certain value of p.d is exceeded  

To overcome high resistance  

(b)  Using the same axes, sketch a graph of current against p.d for  

(i)  A torch bulb  

(ii)  A carbon resistor 

 

68. (a)  Why is an ammeter constructed such that it has a low internal resistance?  
To avoid a reduction in current through the circuit since it is connected in series 

(c) A milliammeter has an internal resistance of 4Ω and a full scale deflection of 0.015 A. 

calculate the value of the resistor that must be connected to the milliammeter so that a 

maximum current of 5A can be measured. 

Solution 

The p.d across the ammeter = p.d across the resistor = 4 x 0.015 = 0.06V 



Current through the resistor = 5 – 0.015 = 4.985 

Resistance of the resistor = 
𝑉

𝐼
=  

0.06

4.985
 = 0.012Ω 

 

69. (a)State ohm’s law? 

Ohm's law state that; the current through a metallic conductor is directly proportional 
to the potential difference across its ends provided temperature and other physical 
conditions are kept constant. 
 
(b) 

  

Two resistors of resistances 3Ω and 6Ω are connected across a battery of 4V of 

negligible internal resistance as shown in the above figure. Find the  

(i)  combined resistance  

 Combined resistance = 
3 𝑥 6

3+6
= 2𝛺 

(ii)  current supplied by the battery 

 Current = 
𝑉

𝑅
=  

4

2
= 2𝐴 

70. A source of e.m.f. 20V and negligible internal resistance is connected to resistors of 2Ω, 2Ω and 
3Ω as shown in figure below 
 

 

 

Find the ammeter reading when switch K is 

(i)  open  

Effective resistance = 3 + 2 = 5Ω 



Current = 
𝑉

𝑅
=  

20

5
= 4𝐴 

(ii)  closed 

Effective resistance R between 2Ω and 2Ω resistors = 
2 𝑥 2

2+2
 = 1Ω 

Effective resistance in the circuit = 3 + 1 = 4Ω 

Current = 
𝑉

𝑅
=  

20

4
= 5𝐴 

 

71. (a)  What is meant by short circuit as applied to electricity?   (1mark)   
 

A short circuit is an abnormal condition in an electrical circuit where the electrical 

current flows through an unintended, shorter pathway of lower resistance instead of 

following the circuit. 

 

(b)  the electric appliance is marked “240V 4Kw”.  

(i)  What does this statement mean?     (1mark) 

  When the appliance is connected to 240V main supplies dissipates 4000Js-1   

(ii)  calculate the current drawn by the appliance in normal use (2marks)  

  Current = 
𝑃

𝑉
=  

4000

240
= 16.7𝐴 

72. (a)  Define the volt. 
A volt is the SI unit of electromotive force, the difference of potential that that carry one 

ampere of current against one ohm resistance. 

 
(b) 

 



 

(i) What is the effective resistance in the circuit in the figure. (The cell has 

negligible resistance. 

Effective resistance of the two 4Ω resistor = 
4𝑥 4

4+4
= 2𝛺 

Effective resistance in the circuit = 2 + 2 = 4Ω 

 

(ii) What will be the reading of the voltmeter when the key K is closed? 

Current in the circuit = 
𝑉

𝑅
=

6

4
= 1.5𝐴 

Voltmeter reading = IR= 1.5 x 2 = 3V 

73. A 240 V, 600W water heater is used to boil water for 5 min. 
(a) By what means does heat spread through the water?   

  Convection 

(b) Calculate  

        (i) The current that flows in the heater. 

  Current = 
𝑃

𝑉
=  

600

240
 = 2.5A 

        (ii) The electrical energy converted into heat. 

  Energy = power x time = 600 x 5 x 60 = 180kJ 

74. (a)  Define the coulomb as a unit of charge      (01 mark) 
 
A coulomb is the SI unit of electric charge, equal to the quantity of electricity conveyed 
in one second by a current of one ampere 

 
(b)  A charge of 180C flows through a lamp for 2 minutes. Find the electric current flowing 

through the lamp (02 marks) 

 C =It 

 I = 
𝐶

𝐼
=  

180

2 𝑥 60
 = 1.5A 

(c)  What is the voltmeter in an electric circuit?     (01 mark) 

A voltmeter is an instrument used for measuring electric potential difference between 

two points in an electric circuit. 

75. (a)      What is meant by resistance in an electric circuit?           (01 mark) 
 
Resistance is a measure of the opposition to current flow in an electrical circuit. 
 



(b)      Three resistors 2Q, 4Q and 3Q are connected in the same circuit. 

(i)       Draw a diagram to show how they are connected to give minimum resistance.                                

(01 mark] 

   

(ii)      Find the value of the minimum resistance.              (02 marks] 

  Resistance = 
2 𝑥4 𝑥 3

2 + 4 + 3
  = 2.7Ω 

76.  (a)      Define the ohm as a unit of resistance.    (01 mark) 
An ohm is the SI unit of electrical resistance, transmitting a current of one ampere when 
subjected to a potential difference of one volt. 

(b) 

 

Figure 12 shows two cells E and E of e.m.f 1.0 V and 1.5 V and internal resistances of 1.0 

Q and 0.5 Q respectively connected in series with an 8.5 Q resistor. Calculate the current 

flowing through the circuit.                 

    (03 marks) 

Total resistance = 1 + 0.5 + 8.5 = 10 Ω 

Total voltage = 1 + 1.5 = 2.5 V 

Current = 
𝑉

𝑅
=  

2.5

10
= 0.25𝐴 

Thank you so much 


