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FOREWORD 
 

All over the world, science educators declare that practical experiences are an essential part of 
learning science. However, in many countries these experiences are not provided in the 
majority of their primary and secondary schools.  There are several reasons for this: cost, 
safety, waste disposal and teacher preparation.  To help overcome these problems, 
microchemistry kits and workbooks were designed by the RADMASTE Centre. In cooperation 
with UNESCO and IUPAC, these have been brought to the attention of educators in more than 
40 countries. This has led to pilot projects and wider implementation in many of these countries. 

Another consequence has been the motivation to extend our work into other areas of science. 
We have begun with electricity and, with this workbook, now introduce microelectricity. 

The microelectricity kits are designed to be easy to use, robust and versatile. They should 
therefore be useful in all countries, just like the traditional, larger equipment.    So students now 
can do most of the same experiments as students were intended to do before, but more safely 
and at less cost.  

The workbook is a different matter.  Each country has its own school curriculum and its own way 
of delivering that curriculum.  Indeed, each teacher is an individual, and in each classroom the 
story is a little different. This workbook therefore provides a starting point only.  The worksheets 
were originally designed at the RADMASTE Centre, University of the Witwatersrand in South 
Africa to suit the South African curriculum.  Using them, teachers and students in any country 
should be able to complete successfully a wide range of basic electricity experiments with the 
microelectricity kits. 

We hope that this experience is enjoyable, and that the teachers will improve and modify the 
experiments in the light of their experience. 

In modern laboratories around the world, science is increasingly done on the small scale. This is 
because it costs less, is safer and is less damaging to the environment. This workbook can help 
school science to quickly pick up this trend and make personal experiences accessible to all 
students. 

 

Prof J D Bradley 
DIRECTOR: RADMASTE Centre 
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CHAPTER 1 
 

A. THE ELECTRIC 
CURRENT 

 



ACTIVITY 1 - GET TO KNOW YOUR MICRO-ELECTRICITY  KIT 
 
Nowadays everything is going “micro”, which of course means “small”. This micro fever, ranges from computers 
and Hi-Tech equipment to laboratory equipment. Micro-things become more and more affordable, they are easy to 
carry and easy to store. 
 
In schools all over the world, micro-equipment invades the classrooms and changes the way of teaching and 
learning. Work with your micro-electricity kit and you will find out why. 
        
What you need 
micro-electricity kit, an A4 sheet of white paper 
 
WHY DO WE USE ELECTRIC CIRCUITS? 
1 We use electric circuits to transfer electrical energy to various electrical devices. These devices transform 

the electrical energy into other forms of energy, which we find useful! 
a Make a list of five devices which you can find at home, or you see in the shops, which work with 

electricity. 
b What are these devices used for? 
c What energy transformation/s take place in these devices? 

 
WHAT IS AN ELECTRIC CIRCUIT? 
2 An electric circuit is a closed path or “loop”, made out of materials which are good conductors of electricity. 

But this is not enough! 
 

a Phoka is a learner in your group. He takes a piece of wire.  He 
connects the ends of the wire together. He says: “This is an electric 
circuit!”.  
Is Phoka right? Is there an electric current in Phoka’s wire loop? 

b What must Phoka do to have an electric current in his loop? 
Explain to him. 

 
c Phoka connects a 1,5 V cell across his wire. Did he make an 

electric circuit? 
d Andile, who is also a learner in your group, has her doubts about 

Phoka’s circuit. She says: “This is the most useless circuit I have 
ever seen! It is of no use!” 

P

Is Andile right? Is Phoka’s circuit a “useless“ circuit? Explain. 
e So finally, what is an electric circuit and what parts does it need 

to be made of to make it “useful”? 
 
What to do: Work steps 1 to 4 below, individually. 
1 Put the A4 sheet of paper flat on your desk in front of you. Put your micro-electricity kit on the A4 paper. 
 
2 Empty the contents of the kit on the white paper, one by one.  
 
3 Look at the diagram of all the components in the kit. Find the name of each component in the diagram. 
 
4 Divide your components into four parts/categories, 

i the power sources and any other accessories which you think go with them. 
ii the electrical devices, which you think “will do something” when you connect them in a circuit. 
iii components which you think you can use for the connections, i.e. which you can use to connect a 

power source to an electrical device to complete a closed conducting path. 
iv components which do not belong in any of the above three categories. Think of ways you can use 

these components with your kit. 
5 Look at how the other members of your group have divided their components. Discuss any differences. 
 

Here are some ideas of how to use some of the components in the kit. But of course, you may have better 
ones. You must try your ideas! 
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Phoka’s wire-loop

hoka’s second wire-loop



 
 
 
 
 
 
 
TASK 1 - MAKE YOUR OWN CIRCUIT 
6 The following diagram, shows a simple 

electric circuit - for inspiration!   
Your task is to make a bulb glow, using 
components from your micro-electricity kit.  

we

Each learner in your group must make a 
different circuit. And each circuit must be 
different from the one shown in the 
diagram. 

 
When you have finished, discuss the 
circuits you and your group have made. 
Discuss which connections or components you found the easiest to use. Discuss which type of 
connection/s you found more firm or sturdy.  

 
 
TASK 2 - FIND OUT HOW IT WORKS 
7 In your micro-electricity kit, you will find a little red bulb, the LED. This is a diode. 

Diode is a Greek word for “Two-Way”. 
 

Your task is to find out how it works. How can you make it glow? Why is it called 
“Two-Way”? 
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Springs stand inside the small
lls of the comboplate

1,5 V cell

You can put springs in the
small wells of the comboplate

Use the comboplate as
your electricity board

Bend spring to insert a
connecting wire or a metal strip

Clamp the cell holder
between two springs

Insert the pins of the LED
inside two springsInsert metal strips in the springs
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ACTIVITY 2 - LIGHTEN UP,  PREDICT AND EXPLORE 
 
What is electricity? What is an electric current? These are not easy questions, yet electricity is so much part of our 
lives. The more we learn about it, the more we learn to respect nature and the energy it provides us! 
 
In the past you made simple circuits and you learned how to light up a bulb. This Activity is nothing new, but 
hopefully it will challenge you to think, and refresh your memory ..... not bad for starters! 
 
What you need 
a micro-electricity kit 
 
PART A 
1 The diagram alongside, shows what a bulb looks like 

inside. 
 
2 Predict which of the bulbs in the following figures will 

light up. Work on your own.  
a Record your predictions in the table on the next page. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
b Compare your predictions with those of other members of your group. Where you differ explain the reason 

for your prediction.  Make a group prediction and record it in the table on the next page. 
 
PART B 
3 Test your group predictions using the micro-electricity kit equipment.  

a Record your observations in the table on the next page. 
b Compare your observations with your predictions. Explain the results you observe. Add your 

comments in the table on the next page. 
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4 To conclude, what is necessary to make a bulb light up? 
 

TABLE 

Bulb Your Prediction Group’s Prediction Observation  Comments 

A     

B     

C     

D     

E     

F     

G     

H     

I     

J     

K     

L     

M     

N(1)     

N(2)     
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ACTIVITY 3 - CAR HEADLIGHTS 
 
To use the electrical energy in cells or batteries to make light bulbs glow we need a closed circuit. There are two 
common types of circuits, the series circuits and the parallel circuits.  In a series circuit, all the parts of the circuit 
are connected, one after the other, so there is only one path for the transfer of electrical energy. In a parallel circuit, 
the parts are connected so that there is more than one path.  
 
Organise yourselves in pairs or groups of three. Select one person to take notes. Discuss the following factors 
about the main headlights of a car (or taxi): 
 
Χ during which part of the day are the headlights of a 

car used? 
 
Χ the importance of passenger safety when 

designing car headlights 
 
Χ what would happen if one of the car headlights 

was broken for example, by a stone thrown up 
from another car? 

 
Χ the electric circuit in a car which connects the car battery to the two headlights.  
 
After you have noted down your answers to the above points, draw a diagram representing an electric circuit which 
consists of the two headlights of a car, the car battery (source of electrical energy) and the wires that connect the 
headlights to the car battery.  
 
What you need    
a micro-electricity kit  
 
What to do      
Select parts of the micro-electricity kit and set up a circuit to 
represent your circuit drawing of the headlights of a car.  
 
When you have finished the above Activity get together with 
your group and work through this section. 
 
1 Which circuit, series or parallel, describes the circuit you have constructed? Explain. 
 
2 You can spend a lot of time drawing the real parts (components) of a circuit. It is much easier to use 

symbols to represent the components of a circuit. 
On the next page there are some of the symbols used to draw circuit diagrams.  
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2.a Use some of the symbols to draw a circuit diagram of the circuit below. 

 

 
 

2.b Use the circuit symbols and draw a circuit diagram to represent your circuit of car headlights.  
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ACTIVITY 4 -  MAKING AN ELECTRIC  
CURRENT DETECTOR 

 
In Grade 7 you met the concept of electrical energy and some of its many uses. Think of a torch for example. 
Energy stored in the cells of the torch, transfers to the bulb and the bulb glows.  
 
To transfer electrical energy we need an electrical circuit. An electrical current transfers energy in a circuit. There 
are some substances which allow an electric current in them(conductors) and other substances which do not allow 
an electric current (insulators).  
 
What you need    
a micro-electricity kit 
 
What to do      
Work in pairs. Use different parts of the micro-electricity kit to construct a device that can detect the presence of an 
electric current. The following criteria (things you need to do) must be considered when designing your detector. 
 
Χ the device must be easy to use 
Χ the device must show whether a current is present or not. 
 
When you have constructed your device, test it on as many objects around you as possible. Before you test an 
object, predict whether it is a conductor or insulator. Enter your results in the table below. 
 

TABLE 
 

Tested object  Current Prediction 

Υ yes  

Ψ  no 

Confirmed Prediction 

Υ right   

Ψ wrong 

Explanation 

eg. a nail Υ  Υ  metals conduct 
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 What to discuss 
1 Describe each part of your current detector and how it contributes to the working of the detector. 
 
2 The objects that you tested today were all solids. Discuss whether some gases and liquids can conduct 

electricity? If they do, could your detector be used to test these substances? Explain. 
 

3 How do conductors and insulators make our day to day living easier and safer? Give at least four 
examples. 
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ACTIVITY 5 - THE CURRENT IN A SERIES CIRCUIT 
 
In a series circuit there is only one closed path for the current. The strength of the current is the same anywhere in 
the circuit. 
 
What you need    
a micro-electricity kit 
 
What to do      
Work in pairs or groups of three. Use the micro-electricity kit to construct the series circuits given in the figures 
below. Complete the given table. Remember to predict the brightness of the bulb before you close the switch. 
 

Bulb’s position Brightness Prediction Bulb brightness 

Before switch   

After switch   

Before battery   
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close the switch 

position 1: 
before the switch

observe the
brightness of
the bulb; 
write
observation in
the table

close the switch position 3: 
before the battery observe the

brightness of the
bulb; 
write observation
in the table

close the switch position 2: 
after the switch

observe the
brightness of the
bulb; 
write observation
in the table



What to discuss 
1 Thando is a Grade 8 learner. When he was asked by his teacher to describe the current in a series circuit 

he said the following: 
 

“The strength of the current before the light bulb is bigger. This is because the current  goes 
through the light bulb and gets used up.” 

 
Discuss Thando’s statement.   

 
2 In your micro-electricity kit is a part called a resistor.   
 

A resistor is a specially designed device to reduce the current in a circuit. Some parts of a circuit cannot 
work properly if they have large currents in them. If you ever get the chance, look inside a radio or TV. You 
will see many, many resistors. 

 
Predict the brightness of the light bulb in your series circuit if you were to replace one of the copper strips 
with a resistor. Set up such a circuit and test your prediction. (You may need to add an LED to your series 
circuit.) 

 
How accurate was your prediction? Discuss. 
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ACTIVITY 6 - LIGHT BULBS IN SERIES  
 
In an earlier Activity you designed the circuit of a car’s headlights. Let’s see what would happen if we connected 
the following car lights in series: - two car headlights and one other car light, eg, an indicator light. 
  
What you need    
a micro-electricity kit 
 
What to do      
Work in pairs or groups of three. Use the micro-electricity kit to construct the series circuits given in the figures 
below. Complete the given table. Remember to predict the brightness of the bulb/s before you close the switch.  
Note: Only pack away your circuits at the end of the Discussion section. 
 

Bulbs Brightness Prediction 
for each bulb 

Brightness of each bulb 

1   

1 and 2   

1, 2 and 3   

close the switch 
observe the brightness of the bulb;
write observation in the table
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close the switch 
observe the brightness of the bulbs;
write observation in the table

close the switch 
observe the brightness of the bulbs;
write observation in the table



What to discuss 
1 Describe the changes of the brightness of the bulbs, in terms of electrical current, each time another bulb is 

added in series. 
 
2 In an earlier Activity you met an electrical device called a resistor.  
 

a What similarities are there between the extra light bulbs added in series and the resistor. 
 

We call the property of a substance that reduces current strength, resistance. 
 

b Each light bulb has a certain resistance. Discuss, in terms of resistance, how the addition of each 
light bulb affects the current in a series circuit. 

 
3 Predict what will happen if you unscrewed the first light bulb in the last series circuit you set up. Test your 

prediction. Explain the result. 
 
4 Let’s consider the possibility of connecting two car headlights and an indicator light in series. What 

disadvantages and advantages would there be? 
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ACTIVITY 7 - LIGHT BULBS IN PARALLEL 
 
In an earlier Activity you met the circuit of car headlights. Car headlights are connected in parallel. Let’s look at the 
advantages of connecting the headlights in parallel. 
 
What you need    
a micro-electricity kit 
 
What to do      
Work in pairs or groups of three.  
1 Use the micro-electricity kit to construct 

the parallel circuit as shown on the right.  
2 Predict whether the other bulbs will glow 

if you unscrew one bulb. 
3 Test your prediction. 
4 Predict whether the other bulbs will glow 

if you unscrew two bulbs. 
5 Test your prediction. 
6 Complete the given table.  
 
 

Bulbs ‘Glow’ Prediction for each bulb ‘Glow’ of each bulb 

Remove 1 bulb   

Remove 2 bulbs   
 
What to discuss 
1 How do light bulbs connected in parallel differ to light bulbs connected in series? 
 
2 You are given some examples of some common circuits below: 

Christmas tree lights,  traffic lights (robots), torch, ceiling lights in the home, street lights;  
   a Which circuits are parallel and which are series? 

b Give the reasons for your choices. 
 
3 COMPLETE THIS QUESTION ON YOUR OWN. After everyone has finished the questions compare 

answers. If you disagree set up the circuits to check. 
 

You are given some circuit diagrams. Chose the correct multiple choice answer 
for each. 

 
a If the light bulb M suddenly “burns out”, what happens to light bulb N? 

A It glows exactly as before 
B It glows brighter 
C It glows less bright 
D It does not glow 

 
b Which bulb/s will glow with the same intensity (same brightness)? All 

the bulbs are identical. 
A 1 and 2 
B 2 and 3 
C 1, 2 and 3 
D 3 and 4 
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Copper or zinc strips
inserted in the springs

Close the switch

Remove one bulb, observe
remove another bulb, observe

M

N

1 2 3

4



 
c Which bulb must be removed from the  

circuit to make ALL the other bulbs go out? 
A 1 
B 2 
C 3 
D 4 

 
 

d Lebala, a Grade 8 learner connects three light bulbs called P, Q and R to two cells. Which circuit 
diagram corresponds exactly to the circuit she set up. 

P 
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ACTIVITY 8 - CELLS AND MORE CELLS 
 
Most torches work with two or even four 
cells connected together. Motor powered 
toys usually work with two cells. When 
we join two or more cells together, we 
get a battery of cells, or a battery. A cell 
is a portable source of electrical power. 
What is the difference between a cell 
and a battery?  
Let us discover some facts about cell 
connection. 
 
What you need 
a micro-electricity kit, prestik/plasticine, 
different kinds of torches if available (or 
other devices that work with batteries), 
multimeter 
 
1 The diagram on the right, shows 

several electrical devises, some 
of which are probably familiar to you.  
a Which of these devices have you used yourselves? 
b Which of these devises work with batteries? Discuss with your group. 

 
 2 Most of these devices need more than one 1,5 V cells to work. Is there any particular way to connect 

several cells together, and how? 
 
What to do 
Form groups of 4 or 6 learners. Within your group work in pairs 
since you are going to use more cells than each kit provides. 
1 Set up the circuit, as in the diagram on the right.  
 
2 Connect the bare ends of the insulated wires to one cell. 

Keep them in place with your fingers. Note and record the 
brightness of the bulb in the table on the next page. 

 
a What potential difference (voltage) does a single 

cell provide to your circuit? 
b Guess what should be the reading of a voltmeter connected across the bulb in your circuit? Record 

your guess. 
tential difference across the bulb. 

ble 

o 

ee 

c Measure and record the p
Record your answers in the
given on t

o
d  ta

he next page. 
 
3 Repeat ing tw

cells in 

hr

step 2, this time connect
series. 

 
4 Repeat step 2, this time connecting t

cells in series. 
 First connect one cell,
 

then two cells,
Prestik/plasticine to

then three cells keep cell in place
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Portable radio

Personal Computer (P.C.) Lap top

calculator

Torch

Sewing machine

Photographic
Camera

Iron

Coffee machine

Side lamp

Bare ends of
insulated wires



 
TABLE 

Number of 
cells 

Brightness of 
bulb 

Guessed  
Potential Difference 

across bulb (V) 

Measured  
Potential Difference 

across bulb (V) 

Comments 

     

     

     
 
What to discuss 
1 A car battery is 12 V. How many cells must we connect in series to make a car battery? 

 
2 You have two torches. One torch works with two cells. The other 

torch works with four cells. The diagram shows how the cells are 
inserted in the torch in each case. 

 
a Are the two cells in the first torch connected in series or in 

parallel? 
 

b Is it possible that the four cells in the second torch are 
connected in series? Explain. 

 
c If there are torches available in class, take a look at the 

connection of the cells inside them. Discuss how  the cells 
are connected. 

 
3 Sipho’s torch works with two cells.  
 

a Is there a way to make Sipho’s torch work with just one cell? If you think 
the answer is yes, explain how.  
(If a torch is available, you might want to make it work with a smaller 
number of cells.) 

 
b What difference would one cell instead of two make to the light of the torch? 

 
4 Put two cells in your cell holder.  
 

a How are the cells connected in the cell holder? 
 

b How are you going to connect four cells in series, while 
the cells are inside two cell-holders? 

 
c What will be the potential difference across all four cells 

connected as in step 4b? 
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The two cells are inserted
like this in the torch

The four cells
are inserted like
this in the torch

How are you going
to connect the cell-
holders to have
four cells in series?



ACTIVITY 9 - FRUIT COCKTAIL 
 
In a world without batteries, everyone would be less mobile. You would have to plug in your torch, your portable 
radio, your electronic games. There would be no digital watches or mobile phones, not to mention calculators.  
Cars that use batteries to start their engines and to work their electrical circuits, wouldn’t go anywhere. Fortunately, 
batteries provide mobile power! 
 
What we call a “battery” is in fact two or more cells connected together. If we want more power, we simply join 
more cells together. A torch, often has more than two cells connected together. This way there is enough power for 
a strong beam of light. 
 
There are cells of all sorts of shapes and sizes. How does a cell work? Is it difficult to make a cell? Let us find out in 
this Activity. 
 
What you need 
your micro-electricity kit, a multimeter,  
a lemon and a potato, various other fruits or vegetables 

nails and metal strips other than the ones provided in the kit 
(optional),  sharp knife 
 
What to do 
1 Take all the metal strips from the kit (and other metal 

strips or nails if available). The strips must be clean and 
shiny - if not, clean them with the sandpaper.  

 
2 Cut the potato in half. Stick two copper strips in one half 

of the potato. Connect the copper strips to two cells and 
leave it. You will use the potato in Investigation 2. 

 
Continue with the following steps. 
 
 

3 Cut the lemon in half. Use the one half. Make some slits with 
the knife, to allow the juice to circulate. 
 
4 Stick two different metal strips in the lemon, as shown in the 
diagram. The strips must not touch each other!  
 
5 a Touch the strips to your tongue. How does it feel? Compare the 
“taste” with that of a cell. 
 
 b Connect the metal strips to the voltmeter (multimeter). What 
happens? 
 
 c Is the lemon with the metal strips an electric cell? Explain. 
 
 d If yes, which metal strip is the positive terminal? Which one is the 

negative? 
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Copper
strips

Potato cut in half

pring

Two cells in
cell-holder

Lemon cut in half

Connect
voltmeter/multimeter
to the strips

Spring



INVESTIGATION No 1 
6 Use different combinations of metal strips in the lemon. Also try strips of the same metal.  

Use different fruits or vegetables.  
Each time connect the metal strips to the voltmeter. Record the reading. 

 
7 Prepare a table to record: 
Χ the fruit or vegetable you use 
Χ the metals you use 
Χ the reading on the voltmeter 
Χ  which metal strip is the positive terminal 
 
8 a Which fruit and which combination of metal strips makes the strongest cell? Explain. 
 

b Investigate how many of these cells must you connect in series to make the LED glow. 
 

c Make a rough drawing, showing how you connect the cells to the LED. 
 
INVESTIGATION No 2 
You need the potato with the two copper strips connected to a cell. 
 
9 Look at the slits in the potato, where the copper strips are inserted. Note which strip is connected to the 

positive, and which to the negative terminal of the cell.  
 
10 Remove the copper strips from the potato to look inside the slits.  

Compare the two slits. What do you see? 
 
11 Maria  wants to make a cell. She puts one magnesium and one copper strip in a lemon. Maria wants to 

know which is the positive terminal of this cell. 
 

Luckily you have a fresh potato and two copper strips. Help Maria to find out which is the positive terminal 
of her cell. 
Explain how you are going to do that! 

 
12 Remember when you finish, to remove the strips from the fruits and to clean them! 
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B. EFFECTS OF THE 
ELECTRIC CURRENT 
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ACTIVITY 10 - ELECTROPLATING 
 
What you need 
your micro-electricity kit 
distilled water, tap water, salt, two pencil leads (optional) 
 
What to do 
1 Fill the large wells F1, F2, F3 and F4 of the comboplate 

with the liquids shown in the diagram on the right. 
2 Take the two short copper strips from the kit. Hold each 

strip with one hand. If you also have pencil leads, do 
the same as with the copper strips. 

 

 
 
 
Dip the copper strips for a few seconds into well F1 (filled with 
distilled water).  
 
Then for a few seconds into well F2 - (filled with distilled water 
and salt).  
 
Then for a few seconds into well F3 - (filled with tap water).  
 
Then for a few seconds into well F4 - (filled with tap water and 
copper sulphate).  

 
What did you see happening in each well?  
 
3 Keep the liquids in the large wells of the comboplate. In addition, set up the circuit, shown in the diagram 

below.  
 

NOTE: For the connections, all 
insulated wires must have bare 
ends of at least 1 cm. If not, 
remove some of the insulation 
with a pair of scissors, careful 
not to damage the wire inside. 

P

 
4 Look at the two free ends of 

the wires in your circuit.  
 

Which one of these free ends 
corresponds to the negative 
terminal of the battery and 
which one to the positive? 
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F1 F2 F3 F4

Tap water with ½
teaspoon copper
sulphate

Tap water 
Distilled water
with ½
teaspoon salt

Distilled
water 

Copper strips

LED

Connector

Comboplate

Red wire
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5 Take the two copper strips 

again. This time, touch the 
copper strips to the free bare 
ends of the wires.  
(You can use springs to 
attach the wires to the 
copper strips, as shown in 
the diagram.)  

 
Repeat step 2. Record what 
you see happening in each 
well.  

 
Write your observations in 
the table below. 

 
TABLE 

What did you see?  
Well 

 
Solution 

LED 
Does it glow? 

Negative terminal Positive terminal 

F1     

F2     

F3     

F4     
 
What to discuss 
1 What is the difference between distilled water and tap water? 
 
2 In which well/s did you not see any change?  
 
3 What caused the changes you observed in the wells? 
 
4 a Why do we have an LED connected to the circuit?  

b In this Activity, which solutions (and in which wells) conduct an electric current? 
c Is distilled water an insulator or a conductor? 

 
5 In this Activity, you observed the effect of an electric current as it passed through several materials.  
 

a What kind of effect was that? Chose the best answer from the list below.  
Explain your answer to the others in your group. 
(i) a heating effect 
(ii) a magnetic effect 
(iii) a chemical effect 
(iv) other effect (specify) 

 
b In this Activity, on which materials (the metal strips; the solutions) did the electric current have an 

effect? 
 
6 What would you do to make an ugly old key look like new with copper or another metal coating?  What else 

would you like to electroplate? 
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ACTIVITY 11 - COMING ATTRACTION 
What you need 
your micro-electricity kit 
 
What to do 
1 Prepare a circuit, as shown in the 

diagram on the right. Use a 3 V battery. 
Do not connect the bare ends of the 
insulated wires yet! 

 
2 Put the magnetic compass at different 

positions around the wires and the other 
components of the circuit. The diagram  
below gives some examples of where to 
put the compass.  

 
 
 
At each new position of the compass, wait until the 
pointer stops shaking, and then touch the bare ends 
of the insulated wires. Complete the table below with 
your observations. 
 
 
 
 
 
 
 
 
 

Position of magnetic compass Observations 

On top of (black) negative wire  

Under negative wire  

Next to negative wire  

On top of (red) positive wire  

Under positive wire  

Next to positive wire  

On top of the bulb  

Next to bulb  

On top of the battery  

Next to battery  

Other (specify)  
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insulated wire

Put the compass at different
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3 Put the magnetic compass under the 
straight black insulated wire, as in the 
diagram on the right.   
Note that the straight black insulated wire is 
on top and parallel to the pointer of the 
compass. (You might have to turn the whole 
comboplate until you achieve this 
orientation.) 

 
Connect the bare ends of the insulated 
wires and look at the pointer of the 
compass. Record what happens.   

 
 

4 Now reverse the wires from the battery as in the 
diagram on the left. 
 
a Before you close the circuit, predict which one of 
the following will happen to the pointer. Explain your 
prediction to the others in the group. 
 
i the pointer will not deflect this time 
ii the pointer will deflect the same as in 3 
iii the pointer will deflect in the opposite direction of 
that in 3 
 
b Connect the bare ends of the insulated wires and 

look at the pointer of the compass. Record what happens.   
Compare your observations  with 3.  

 
What to discuss 
1 a In which positions around the circuit did the pointer of the magnetic compass deflect the most? 
 

b In which positions did you not notice a deflection? 
 

c When the circuit was incomplete, that is, when you did not touch the bare ends of the wires, did 
you see any deflection of the compass pointer at any position? 

 
2 What would be the difference in your observations, if you were to use the 9 V battery instead of the 3V 

battery? You may try it. 
 
3 In general, what deflects a magnetic compass? 
 
4 What causes the magnetic compass to deflect in this Activity? 
 
5 In conclusion, as far as you saw in this Activity, what is the connection between an electric current and 

magnetism? Discuss with your group and write it down. The spokesperson of your group will present it to 
the rest of the class. 
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ACTIVITY 12 - FIELDING 
 
What you need 
your micro-electricity kit 
stiff paper, toilet paper roll, a pair of scissors, 
two different colour pens (for example blue and red) 
 
What to do 
Work in pairs. 
1 Cut a circle out of stiff paper.  Cut the toilet paper roll in half (see diagram above right.) 

 
2 Set up your components, as shown in the diagram on 
the left. Use a 3 V battery. 
 
Do not connect the bare ends of the insulated wires  yet! 
 
3 Put the toilet paper roll and paper circle over the 
vertical wire, as shown in the diagram below right. 

4 Connect another insulated wire to the top of 
the vertical wire. 

 
Rest two magnetic compasses on the circle 
of stiff paper on opposite sides of the vertical 
wire, as in the diagram below. 

 
Where do the pointers of the compasses 
point to? 

 
5 Now touch the free bare ends of the insulated wires 
for two seconds. Look at the compass pointers.  
 
a What do you see? 
 
b Use the blue pen to draw an arrow on the circle, to 
show the direction in which the tips of the pointers move. 
 
6 Change the position of the compasses on the circle 
to another position.  For each new position, repeat step 5. 
 
7 Record the direction of the current in the vertical 
wire. 
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8 What do you expect to happen if you swop 
the red and black wires of the battery, as in 
the diagram alongside? 

 
9 Now connect the battery as in the diagram. 

Repeat steps 5, 6 and 7. Use a different 
colour pen to mark the arrows on the circle.  

 
What to discuss 
Maria reads in her textbook, that: 
“The magnetic field around a current carrying wire is 
“pictured” with concentric circles (i.e. with a common 
centre), around the wire. These circles are closed 
loops.” 

 
 
The textbook shows this diagram on the left. 
1 From what you saw in this Activity, is this 
diagram correct? Explain to the others in your group. 
 
Maria’s textbook also says that: 
“If you hold the current carrying wire with your right 
hand, with your thumb pointing in the direction of the 
current, then the rest of your fingers show the direction 
of the magnetic field.” 
This is called the  right hand rule. The diagram on the 

right shows how this rule works. 
 
2 Use the right hand rule, and complete the diagrams shown below right. 
 
3 The diagram below, shows a 

current carrying wire. Sipho puts 
a paper under the wire. He then 
puts a magnetic compass next 
to the wire, as shown on the 
diagram. What will the direction 
of the pointer be? 

4 In the last two Activities, you 
saw that an electric current has 
a magnetic effect.  
a What is this effect? 

 
b Do you think that this 

effect is important, or 
that it could be of any 
use? 
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ACTIVITY 13 - THE STRONGEST OF THEM ALL! 
 
What you need 
your micro-electricity kit, steel nail or steel paper clips,  
small steel pins or iron filings, prestik/plasticine  
 
What to do 
Note: In your micro-electricity kit you will find a coil of copper wire. This 

copper wire is coated. You must remove the coating from both 
ends of the wire. You do this by rubbing the ends with the sand 
paper. 

 
1 Prepare the set up shown in the diagram on 

the right.  Stand the coil vertically on the 
desk. Place the compass inside the coil. 
a Where does the pointer of the 

compass point to? 
 

b Connect the free end of the coil, to 
the right (as in diagram) spring. 
Where does the pointer of the 
compass point to this time? 
 

c Disconnect the ends of the coil from 
the springs, and connect them the 
other  way round. Where does the 
pointer of the compass point to this 
time? 

 
2 In your micro-electricity kit, you have a 

piece of plastic straw. Wind about half the 
length of the copper wire around the straw. 
Do not cut the rest of the copper wire!  

 
Lie the straw on your desk. 
Note: The windings must be in the same 
direction! 

 
 
3 Connect the ends of the copper wire to 
your circuit, as in the diagram on the left.  
 
a Bring the compass close to the straw at 
different positions.  
What happens? 
 
b Move one the end of the straw close to 
the pins. What happens? 
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4 Now, insert the iron nail inside 

the straw, as shown in the 
diagram on the right. 
a Bring the compass 

close to the straw. 
What happens? 

 
b Move one end of the 

straw close to the pins. 
What happens? 

 
5 Disconnect the copper wire 

from the springs. Wind some 
more wire around the straw.  
Repeat steps 3 and 4. 

 
 
6 Replace the iron nail with the steel nail or straightened paper clips. 
Repeat steps 3 and 4. If you have steel paper clips, straighten up two of 
them and insert them in the straw. You may also try the same thing with 
some of the strips in your kit. Record your observations in a table. 
 
What to discuss 

A coil of wire, like the copper wire wound around an empty straw, is called a solenoid. The word “solenoid” is a 
Greek word meaning “hollow pipe”.  If you put an iron bar inside the solenoid, you have an electromagnet. 
 
1 In this Activity, you inserted an iron nail inside your solenoid. The solenoid with the nail is an 

electromagnet.  
a Do you think this name is suitable? Explain. 
b Does a solenoid connected to a battery produce a magnetic field around it? Explain. 
c In this Activity, how did you make a stronger electromagnet? 

 
2 If you were to use the 9 V battery instead of the 3 V battery you used in this Activity,  how do you think this 

change would affect your electromagnet? 
 
3 Sibongile reads in her text book : “An electromagnet is similar to a bar magnet.”  

Sibongile asks: “Then where is the south and north pole of the electromagnet?” 
a Explain to Sibongile how to find the north and south pole of an electromagnet. 
b How can you change the north and south poles of your electromagnet? 

 
4 Diagram A, shows the magnetic field lines 

around a bar magnet. Their direction outside the 
magnet, is always due south.   
With the help of diagram A, find the north and 
south poles of the electromagnet shown in the 
diagram B. (Hint: Use the right hand rule). 

 
5 In conclusion, which factors affect the strength 

of your electromagnet? 
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CHAPTER 2 
 

CURRENT ELECTRICITY 
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ACTIVITY 1 - RATES AND FLOWS 
 
INTRODUCTION 
We all  know  what we can do with electricity. Once we get electricity at home, we can’t live without it! But what is 
an electric current?  
 
ELECTRIC CURRENT - An electric current has to do with moving electric charges. But, this is not enough! When 
charges move in random directions we do not have a current.  It is only when the charges move, overall, in the 
same direction, i.e. when the charge “flows”, that we can start thinking of current. We are nearly there!  An electric 
current is how fast or how quickly the charge flows.  
 
MIND YOUR LANGUAGE! - We could say: “Current is the quickness of flow”, but we use the word “rate” instead 
which means the same, how fast. So, electric current is the “Flow Rate” of the electric charge. 
 

“An electric current is not the movement of charge. 
 An electric current is not the flow of charge. 
 An electric current is the rate of flow of charge.” 

 
FLOW RATE? -  
The figure shows a very large  water tank. There is a tap near the bottom of  
the tank. You hold an one litre bottle in front of the tap. It takes 6 seconds to fill 
the bottle with water.   
 
 
 
How fast does the water flow through the tap? One litre of water flows every six 
seconds. This is the flow rate of the water through the tap. And it can be 
measured! 
 
HOW MUCH? - Now, the charge is not measured in litres, it is measured in 
coulomb (in the S.I. system). 
Χ 1 litre (l) can be an amount of water. 
Χ 1 coulomb (C), is an amount of electric charge. 
 
When 1 coulomb of charge flows past a point in 1 second, this electric current is exactly 1 ampere  (amp or A). The 
strength of the electric current (or the flow rate of charge) is measured in amperes. 1 A = 1C/1s. 
 
1 The electric charge can move easier in some materials than in others. That is why we have good 

conductors and bad conductors (or insulators) of electricity.  
Maria is very confused now! She rubs two rulers with a cloth. “But I can charge my plastic ruler which is an 
insulator so easily. I find it impossible to charge my metal ruler which is supposed to be a good conductor!” 
Mokone tells her: “That is exactly why you can’t charge the metal ruler, because it is a good conductor!” 
Use Mokone’s remark to explain: 
a Why Maria is able to charge the plastic ruler by rubbing it with a cloth. 
b Why is Maria unable to charge the metal ruler by rubbing it with a cloth? 

 
2 We call  current electricity the branch of electricity that studies electric currents. Why do we call it “current 

electricity” and not for example “moving electricity”? 
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3 Look at the three pairs of diagrams below. 
 
 

 
 
 
 

Diagram (a) - The people are waiting in the queue to 
submit an application form. There is only one 
employee to attend to them. 

 Diagram (b) - This is the same queue of 
people. This time there are three employees 
to attend to them.  

 
 
 
 
 
 
 
 

Diagram (c) - The river flows in the valley.  Diagram (d) - Along the river there is a waterfall. 
 
 
 
 
 
 

Diagram (e) - A bulb is connected to a cell. 
The bulb glows. 

 Diagram (f) - The same bulb is connected to 
two cells. This time, the bulb glows brighter. 

 
a What is common between the three pairs of diagrams? 
b What flows in each pair of diagrams? 
c In each pair of diagrams, explain what causes the flow to change. 

 
4 Give two other examples of flowing things. Explain how to increase their flow. 
 
DESIGN AN INVESTIGATION  
5 Sipho does not understand the concept of flow rate. Therefore, he cannot understand what current 

is. Luckily you are here to help him! 
 

LEARNING BY DOING! - To help Sipho, you can design an activity that models flow rates, like:  
Investigating salt running out of a hole at the bottom of a paper cup.  

 
But first, you must design the activity. Your activity must be planned in such a way that: 

C Sipho measures the flow rate of salt 
C Sipho predicts factors that could change the flow rate of salt 
C Sipho puts his predictions to test 
 
Before you start designing the activity, consider the different steps taken during an investigation. Use these 
steps to guide you. 
If the materials are available, at the end of the Activity you can do a role play of your activity for the other 
groups in class. One person from your group will be Sipho, the others will guide him and challenge him with 
questions. 
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ACTIVITY 2 - AMMETER, TO BE AND NOT TO BE 
 
What you need  
micro-electricity kit, multimeter 
 
YOUR  MULTIMETER - MAKE  GOOD  USE  OF IT! 
1 The diagram on the right shows roughly what your 

multimeter looks like.  The multimeter becomes an 
ammeter, when the pointer points at either of the two 
dots shown in the diagram.   
i In the diagram, the pointer points at the dot 

marked 200 m. It stands for 200 milli-amperes 
(or mA). At this position, you can measure 
currents up to 200 mA.  

ii The dot marked 2000 m, stands for 2000 micro-amperes (or mA). When the pointer points at this 
dot, you can measure currents up to 2000 mA. 

 
SOME  MATHS  NOW 
2 What is  “milli-” and what is  “micro-”?  

a Surely you have heard of millilitres (ml). You have also heard of millimetres (mm). What then is a 
milli-ampere (mA)? 

b When do we use the prefix “micro”? 
c The micro-ampere (mA) is a millionth of an ampere. How many mA make an ampere? How many 

mA make 1 mA? 
 
3 You want to know the current in your circuit, so you must connect an ammeter in the circuit.  
 
i.  

On the one hand, you want the charge 
to pass through the ammeter, so that it 
can measure the current. 
ii. On the other hand, you do not 
want the ammeter to interfere in 
anyway with the current. 

 
a How does one deal with these two points? 

 
  b You want to measure the current in the diagram on the left. Which diagram on the right shows the 

correct way to connect the ammeter and why? 
 

MAKE  SOME  PREDICTIONS   
4 You connect an ammeter at point B of the circuit on the right. The 

ammeter reads 130 mA.  
What will the ammeter read if you connect it at:  
a point C?  
b point D? 
c Compare the current at points C and D with the current at point B. 

 
5 The diagram on the right shows a circuit with two identical bulbs and two 

switches S1 and S2 connected as shown. 
a Which switch/es must you close to make bulb 2 glow? 

 
b If you close switch S1 while S2 stays open, what will happen to bulb 

1? 
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TEST YOUR PREDICTIONS 
 
A  USEFUL TIP: The cell holder is designed to hold two 1,5 V cells. If you want to use one cell only, you can still 
use the cell holder. The diagram on the right shows one way. 
Of course you may have better ideas.... 
 
6 In question 4, you compared the current at points C and D with the current at point B. Test this prediction 

using components from the micro-electricity kit. Use only one 1,5 V cell. 
 
7 Use components from your micro-

electricity kit to prepare the circuit shown 
in the diagram on the right. 
a Use this circuit to test your 

predictions in question 5. How will 
you simulate the action of the 
switches S1 and S2? 

 
b Compare your observations with 

your predictions. If there is 
conflict, explain. 

 
c Remove one bulb (or just unscrew 

it) from the circuit. What happens 
to the other bulb? Explain. 

 
8 Work with the circuit you have just made, but use only one 1,5 V cell. 

a Use the multimeter to measure the 
current:  
i on the left of bulb 1 
ii between bulbs 1 and 2 
iii on the right of bulb 2 
 
In between measurements switch the ammeter 
off.  
Record your measurements in a table.  
When you finish, don’t forget to disconnect the 
cell. 
 
b Compare the three currents you have 
just measured. What is your conclusion? 

9 The diagrams on the right, represent the circuits 
you set up in question 6 and in question 8 
respectively. 

 
Compare these two circuits. Compare what you 
have measured and observed. What conclusions 
can you draw from the information? 
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ACTIVITY 3 - GO WITH THE FLOW 
 
Electrons were discovered in the 1890's.  Rutherford’s “planetary” model of the atom was introduced around 1911. 
Does this mean that this was the beginning of electricity?  
 
Not at all!  At least a century before that, people knew of the existence of two kinds of charge, positive and 
negative. Volta’s battery was made known in the year 1800. There were electric circuits before the discovery of the 
electron. But, scientists assumed that it was the positive charge that was flowing in the wires. Today we know a 
great deal about the structure of metals, so we know that it is the negative charge (the free electrons) that flows in 
the wires of an electric circuit. 
 
However, even today, when we draw an electric circuit, we represent the 
electric current as an arrow starting at the positive terminal of the cell. It looks 
as if the current in the circuit is the flow of positive charge. This is what we call 
the conventional electric current. In electricity, whenever we use the word 
“current” we mean the “conventional current”. 
 
Why do we still use the conventional current today? We know that this is not the real current. The real current is 
the flow of negative charge, which flows in the opposite direction. Does this “convention” affect our results? Let’s 
find out in this Activity! 
 
What you need 
Three A4 sheets of transparent material, like overhead transparencies, 
pens to write on the transparent sheets, sticky tape, cardboard, a pair of 
scissors, ruler, white paper to cover the desk, overhead projector (optional) 
 
What to do 
1 Make a frame out of cardboard. Roughly follow the dimensions shown 

in the diagram above right. 
A

 
2 Take an A4 transparent sheet. Draw  positive charges in regular 

positions, as shown in the diagram on the right. 
 
3 Stick the frame over the sheet with the positive charges, as shown in 

the diagram on the right. 
 
4 Connect two A4 transparent sheets edge to edge, to make a long 

sheet. Draw free electrons in random places, as shown in the 
diagram below. 

 
5 Cover your desk with white paper. 
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6 Put the sheet with the free electrons 

under the sheet with the positive charges, 
as in the right diagram. Lay both sheets 
flat on the desk. 

 
 
7 Slowly slide the sheet with the electrons 

to the right, and keep the sheet with the 
positive charges stationary, as in the 
diagram on the right. Look at the area 
inside the frame only. Describe what you 
see happening inside the frame. 

 
8 Once again, put the sheets as they were 

in step 6 above.   
Slowly slide the sheet with the positive 
charges to the left, and keep the sheet 
with the electrons stationary, as in the 
right diagram. Look at the area inside the 
frame only. Describe what you see 
happening inside the frame. 

 
9 Imagine that you are so tiny that you can 

stand on a positive charge. 
 

a What will you see if the sheet with the electrons is pulled to the right? 
 

b What will you see if the sheet with the positive charges is pulled to the left? 
 
10 The diagram on the right, shows a simple electric circuit.  
 

a Is the current indicated in the diagram the “real” or the “conventional” 
current? Explain how you know.  

 
b Use the transparent sheets of this Activity to model the flow of charge in this circuit. Which sheet 

must you slide, and in which direction, to model the flow of charge in this circuit? 
 
11 Sipho is a learner in your group. Sipho says:  

“Now, I understand. There is no difference between conventional and real current in an electric circuit”  
Do you think Sipho is right? Explain. 

 
12 In Martina’s group everybody agrees that in a circuit, it makes absolutely no difference if we consider the 

conventional current instead of the real current. They both have the same electrical effects. But Martina 
does not agree at all with the rest of her group.  

 
Martina says: “Do you see this little red bulb in the micro-electricity kit? It is an LED, a diode! It allows 

current in one direction only! If it allows the conventional current, it will not allow the real 
current and vise-versa. This tells me that conventional and real current do not have the 
same effects!”   

 
Explain to Martina why she is wrong! 
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ACTIVITY 4 - ONE, TWO, THREE, ...... TROUBLE! 
 
What you needmicro-electricity kit, multimeter, graph 
paper 
 
What to do 
Work in groups of two or three. Work with one circuit per 
group and combine the components of your kits when 
necessary. 
 
HELP JOE, AND TEST YOUR KNOWLEDGE 
1 Joe’s little sister asked him to put three lights in her doll-house. Joe is a beginner in electricity. He knows 

that to get an electric current, he needs a closed conducting path and a source of power. Joe tries, using 
components from his micro-electricity kit. The diagram above shows how Joe connected his three bulbs 
with one 1,5 V cell. 

 
Joe is absolutely sure that his circuit is correct. He double-checked all the connections, the bulbs are new, 
the cell is new. But the bulbs don’t glow! He tells you: “I don’t understand why I can’t get a current!” 

 
Help Joe! Is there something wrong with the connections? Is there a current in Joe’s circuit? Does Joe 
need to change his circuit? Show him what to do, using components from your micro-electricity kit. 

 
2 Joe is grateful. He manages to make his bulbs glow! Which one of the three diagrams below, shows the 

changes Joe made? Explain why. 

.  
 
3 Joe’s sister is very pleased with the glowing bulbs in her doll-house. But now she wants a very bright light 

for the lounge (of the doll-house)!  
“I want it VERY bright!”, she tells her brother.  
“Leave it to me, that’s easy to do”, says Joe.  

 
The diagram on the right shows what Joe did this 
time. 
And guess what,  Joe’s bulb does not glow! What 
did he do wrong this time? 

 
Help Joe, once more. 
a Is there something wrong with the connections? 

Are the batteries wrongly connected? Are the batteries connected in series or in parallel? 
Is there a current in Joe’s circuit?  What has likely gone wrong? 

 
b Draw a circuit diagram of Joe’s circuit. 
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SOMETHING FOR YOU TO THINK ABOUT 
Most electrical devices, like the resistors in your kit, can be represented by either of the symbols 
shown on the left. Representing components with symbols, saves time when drawing an electric 
circuit! 
 

4 Consider the two diagrams (diagram A and B) on the right. 
In which diagram, (explain your answers) 
a is the electric current greater?  
b is the number of flowing charges greater?   
c is the potential difference across the resistors greater?  
d is the electric energy transferred to the resistors greater? 

 
5 An electronics technician, measures the 

electric current and the potential 
difference across an electrical 
device in a simple electric circuit. 
The diagram on the left shows this 

circuit. Which of the diagrams on the right, 
show the correct use of the ammeter and 
voltmeter? Explain. 

 
INVESTIGATE 
In the following investigation you will connect from one up to four cells in series. To connect the cells, use cell-
holder/s. How will you do this? 
6 Use components from the micro-electricity kit, to set up the components, shown in the next diagram. 

Initially you will connect a single cell (see 
diagram) to complete the circuit.  
a Decide amongst your group, how and 

where to connect the ammeter and 
the voltmeter. If you use a multimeter 
instead, take these measurements 
one at a time.  Measure:  

Χ the current in the circuit and 
Χ the potential difference across the resistor.  

b Record your measurements in a table. 
Repeat steps a and b with two cells connected 
in series, then with three and finally with four cells. 

 
7 Plot a graph of potential difference (V), versus the current (I),  on graph paper. 
 
8 Use your graph to explain or answer the following questions: 

a What happens to the current in an electric circuit, when you connect more cells in series? How is 
this represented on your graph? 

  b What is the relationship between potential difference and current? (What do we call this type of 
relationship?) 

c Use the graph to estimate the current, when the potential difference across the resistor is:  
(i)  3.5 V,    (ii)  7 V,    (iii)   9 V. 

 
9 The diagram alongside shows a simple electric circuit. Assume that the bulb in the diagram is identical to 

the bulbs of your micro-electricity kit.  
a How many cells are connected to this circuit? 
b Are the cells connected in series? Explain. 
c What is likely to happen to the bulb if you connect it to 20 cells in 

series? Explain. 
d How many cells will make the bulb glow brightly? 
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ACTIVITY 5 - ONE AFTER THE OTHER, CAUSING A GREAT      
BOTHER 
What you need 
micro-electricity kit, two multimeters, graph paper 
 
What to do 
Work in groups of two or three. Set up one circuit 
per group and combine the components of your 
kits when necessary. 
Use components from the micro-electricity kit, to 
connect four resistors in series, as in the diagram 
on the right. 

 
1 First complete a circuit by including one 

resistor only (the first resistor on the left of 
the diagram). 
a Measure:  

Χ the current in the circuit and  
Χ the potential difference across the resistor.  

(Decide amongst your group, how 
to connect the ammeter and the voltmeter.)  

 
b Record your measurements in Table 1. 

 
2 Complete a circuit by including two 

resistors (the first two),  then three and 
finally all four resistors. The diagram on 
the right may help you. 
Each time,  
a Measure:  

Χ the current, (I), in the circuit and  
Χ the potential difference, (Vx), across 

each connected resistor.  
Χ  the potential difference, (V), 

across all the connected resistors. 
 
b Record your measurements in 

Table 1. 
 

TABLE 1 
Voltage across each resistor, Vx  

(volts) 
Resistors 
connected 
in circuit 

Current, I 
 

(mA) V1 V2 V3 V4 

 Voltage  across all 
resistors, V 

(Volts) 

1       
1+2       

1+2+3       
1+2+3+4       

3 On the graph paper, plot the potential difference across the first resistor (V1), versus the current (I) in the 
circuit. Then, draw a smooth (best fit) line. 
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Carefully bend the wires of
the resistors and place them
in the springs

Resistors

 R1  R4 R3 R2
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What to discuss 
In the following steps, you will discuss the sort of information you can get from:  
i Table 1, and 
ii the graph of V1 vs I 

 
4 Lebala, is a learner in your group. She has just drawn a nice, clear graph of V1 vs I.  

Lebala says:  “Here is my graph, but so what? Why waste time drawing graphs?” 
 

The learners in your group must explain to Lebala the role of a graph. What information can she get from 
her graph of V1 vs I? How can she use her graph? 

 
Examples of some points you can include in your discussion are: 

Χ What does the graph represent? 
Χ What type of relationship does the graph show? 
Χ Is it necessary to include the origin? Explain. 
Χ How can the graph be useful? Give examples. 
 
5 What information can you get from Table 1? Make a list of all information which you consider important. 
 
6 Lebala looks at Table 1. “We can get more information from Table 1, which I cannot see on the graph. See 

what the text-book says:  
 

POINT 1: The total voltage supplied by the source, is equal to the sum of the voltages 
across each resistor, i.e.   
V1 + V2 + V3 + ....... = V. 

 
POINT 2: The ratio Vx/I remains constant 

where,  
Vx is the voltage across a single resistor and  
I is the current in the circuit.  

 
Lebala says, “There was no need to draw a graph after all!” 

 
a Use your data in Table 1, to see if Points 1 and 2 in Lebala’s text-book are verified by your 

experiment. Record your calculations in a table. Discuss your results with your group. 
 

b Lebala thinks that in this Activity, there is no need to draw a graph. What do you think? Explain. 
 
7 The ratio of V1/I in Table 1, represents a constant quantity called the resistance, (R), of 

the resistor. Every electrical conductor, like the resistors you used in this Activity, has a 
resistance R. Discuss in your group and write down a few sentences on what you 
understand by the term “resistance”. What does the ratio V/I mean? 
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ACTIVITY 6 - FREE ELECTRONS ARE NOT SO FREE! 
 
INVESTIGATION No 1 : THE THICKNESS OF A CONDUCTOR 
 
What you need 
micro-electricity kit, multimeter  
 
PREDICT 
a The diagram on the right, shows two metallic conductors of the same 

length and material. Which conductor offers more resistance to an 
electric current, the thin one or the thick one? Justify your prediction. 

 
What to do 
1 Use components from the micro-

electricity kit, to prepare the circuit 
shown in the diagram alongside. 
Connect a magnesium ribbon 
between springs A and B. The 
multimeter must be off. 
(A resistor is included in the circuit 
to reduce the current, since the 
multimeter can only read small 
currents - up to 200 mA.) 

 
a When you are ready, 

switch on the multimeter. 
Record the current 
measurement  in Table No 1 on the next page. Disconnect the multimeter. 

 
b Use the multimeter to measure the potential difference across the magnesium ribbon. To do this, 

discuss between your group: 
i What changes you need to do to the circuit?  

(Hint: where is the closed path?)  
ii How and where will you connect the multimeter? 
iii In which position will you set the knob of the multimeter? 

 
c Record the potential 

difference across the 
magnesium ribbon in Table 
No 1. 

 
d Calculate the resistance of 

the magnesium ribbon (R=V/I) 
and record the result in Table 
No 1. 

 
2 Repeat steps 1a to d above, but this 

time connect a second magnesium 
ribbon between springs A and B, as 
shown in the diagram on the right. 
Repeat once more with three 
magnesium ribbons between springs 
A and B. 
Each time, record measurements and calculations in Table No 1. 
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Clamp a magnesium ribbon
between springs A and B
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cell holder To read current, set knob

of multimeter to 200 mA
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 A  B
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TABLE No 1 

The Effect of the Thickness of a Conductor on its Resistance 
No of magnesium 

ribbons 
Current 

(mA) 
 

P. D. across ribbon/s 
(V) 

Resistance of 
ribbon/s  
(V/mA) 

Resistance of 
ribbon/s  

(V/A = ohms) 

1     

2     

3     
 
3 Joe did the same experiment, but instead of magnesium ribbons, he used the copper strips from his micro-

electricity kit. He measured the current with one, two, three copper strips on top of each other. The 
following table shows some of his measurements. 

 
Number of  

copper strips 
Current (mA) P.D. across 

copper strips 
(V) 

1 1010 0 

2 1019 1 

3 1014 0 
 

Joe is worried. He cannot come to any conclusion. Luckily your group is about to help him! 
a Compare Joe’s current measurements with your current measurements in Table No 1.  List at least 

two important differences between the two sets of measurements. 
b Compare Joe’s and your measurements of the potential difference across the strips. What are your 

comments? 
c Why are the connecting wires in a circuit mostly made out of copper? 

 
4 a What happens to the resistance of a magnesium conductor when you increase its thickness? 

b Do the results of this investigation confirm your prediction at the beginning of the Activity? Explain. 
 
5 Imagine that you are a free electron in an electric circuit.  

i Initially, the circuit is made up of a cell and some copper wire. 
ii Then, somebody connects a thin conductor in the circuit. 
iii After a while, the thin conductor is replaced by a thick conductor. 

 
 
 

a Explain what changes you would experience as you move around the circuit, in each case. 
b In a few sentences, prepare a group report to explain the effect of the thickness of a conductor on 

its resistance.  
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INVESTIGATION No 2 : THE LENGTH OF A CONDUCTOR 
 
What you need 
micro-electricity kit, multimeter  
 
PREDICT 
a The diagram on the right, shows two metallic conductors of the same 

cross section and material. Which conductor offers more resistance to 
an electric current, the long one or the short one? Justify your 
prediction. 

 
What to do 
1 Use components from your micro-electricity kit to set up the components as shown in the diagram 

alongside. The diagram shows  three magnesium ribbons connected in a row. 
Spring D is not clamped onto the comboplate.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a Your task is to measure the current in the circuit and the potential difference across the 
magnesium ribbon/s when:  

 
i only one magnesium ribbon is included in the circuit  
ii two magnesium ribbons are included in the circuit 
iii all three magnesium ribbons are included in the circuit. 

 
b Record your measurements in Table No 2. 
 
c In each case, calculate the resistance of the magnesium ribbon/s (R=V/I) and record the result in 

Table No 2. 
 
  

TABLE No 2 
The Effect of the Length of a Conductor on its Resistance 

 
No of magnesium 

ribbons 
Current 

(mA) 
 

P. D. across ribbon/s 
(V) 

Resistance of 
ribbon/s  
(V/mA) 

Resistance of 
ribbon/s  

(V/A = ohms) 

1     

2     

3     
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What to discuss 
 
2 a What happens to the resistance of a magnesium conductor when you increase its length? 
 

b Do the results of this investigation confirm your prediction at the beginning of the Activity? Explain. 
 

c In a few sentences, prepare a group report to explain the effect of the length of a conductor on its 
resistance.  

 
3 What would you expect to observe in this investigation, if instead of magnesium ribbons you used the 

copper strips from the kit? 
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INVESTIGATION No 3 : THE MATERIAL OF A CONDUCTOR 
 
What you need 
micro-electricity kit, multimeter  
 
PREDICT 
a The connecting wires of electric circuits are usually made out of copper wire. However, copper is a fairly 

expensive metal. Why don’t we use zinc wires which would be more cheaper?  
 
b In this investigation, you will use roughly similar strips made out of magnesium, copper and zinc. Predict 

which strip will have the greatest resistance, and list the three materials in order of increasing resistance. 
Justify your answer. 

 
What to do 
1 Use your micro-

electricity kit to set 
up the components 
as shown in the  
diagram alongside. 

 
 
 
 
 
 

Connect each of the three metallic strips (one at a time) between springs A and B. 
 

a For each strip, measure the current in the circuit and the potential difference across the strip. 
b Record your measurements in Table No 3 on the next page. 
c In each case, calculate the resistance of the strip (R=V/I) and record the result in Table No 3.  

 
2 Now that you are experts in measuring resistance, why not measure the resistance of some more devices 

from your micro-electricity kit (bulb, LED, resistors). In this case, bring the springs A and B closer, as in the 
following diagram.  

 
a For each device, measure the current in the circuit and the potential difference across the device. 
b Record your measurements in Table No 3. 
c In each case, calculate the resistance of the device (R=V/I). Record the result in Table No 3.  
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TABLE No 3 

The Effect of the Material of a Conductor on its Resistance 
 

Type of Conductor Current 
(mA) 

 

P. D. across 
conductor 

(V) 

Resistance of 
conductor  

(V/mA) 

Resistance of 
conductor  

(V/A = ohms) 

Magnesium ribbon     

Copper strip     

Zinc strip     

Bulb in bulb holder     

LED     

Resistor type 1     

Resistor type 2     

 
 
3 Andile wants to light up her bulb to be as bright as possible. See the 

diagram on the right.  Which strips should she use for that purpose, the 
zinc or the magnesium strips? Explain. 

 
 
 
 
 
 
 
4 a In which one of the circuits on the left, is the 
potential difference across the two springs greater? 
 
b In which one of the circuits (Diagram A or Diagram B), is 
the current stronger? 
   Explain. 
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INVESTIGATION No 4 : THE TEMPERATURE OF A CONDUCTOR 
 
What you need 
micro-electricity kit, multimeter,  
hot water, a plastic lid from a coffee jar or similar dish, cold water or ice-blocks (optional) 
 
PREDICT 
a What happens to the particles of a material when its temperature rises? 
 
b Predict which metallic conductor offers more resistance to the flow of electric charge, 

i) a conductor at 20 oC or 
ii) a conductor at 80 oC. 
Justify your answer. 

 
In this investigation, you will calculate and 
compare the resistance of a conductor at 
two different temperatures. 
 
What to do 
1 Use your micro-electricity kit to set 

up the components as shown in 
the  diagram on the right. 

 
a Measure the current in the 

circuit and the potential 
difference across the 
magnesium strips. Record 
your measurements in the 
Table No 4 on the 
following page. 

T
c

 
b Calculate the resistance of the strips (R=V/I) and record the result in Table 4.  

 
2 Fill the lid or shallow dish with hot water. 

Immerse the magnesium ribbons in the hot 
water, see the following diagram. 

 
While the ribbons are in the hot water, repeat 
steps 1a and 1b above. 

 
Repeat this step with cold water if available. 
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TABLE No 4 

The Effect of the Temperature of a Conductor on its Resistance 
 

 Current 
(mA) 

 

P. D. across 
ribbons  

(V) 

Resistance of 
ribbon/s  
(V/mA) 

Resistance of 
ribbon/s  

(V/A = ohms) 

Conductor in cold water     

Conductor at room 
temperature 

    

Conductor in hot water     
 
 
3 a Compare your results with your prediction. What happens to the resistance of the magnesium 

ribbon as the temperature rises? 
 
b What do you expect to happen to the resistance of a material, if its temperature keeps on 

dropping? Discuss between your group things like: 
Is it possible for the resistance of a material to become exactly zero?  
At which temperature would that be?  
Is there a minimum temperature in nature?  
Have you ever heard of superconducting materials, if so what?  
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ACTIVITY 7 - PARALLEL CELLS 
 
What you need 
micro-electricity kit 
multimeter 
 
PREDICT 
Before we start an experiment, it is advisable to have an idea of what to expect. What changes do you expect to 
observe as you connect more cells in parallel? For example, what would be the difference between the two 
diagrams shown above? 
 
What to do 
Work in groups. Work with one circuit per two learners in order to combine the components of the kits when 
necessary. 
1 Use the 1,5 V cells and cell-holders from two micro-electricity kits.  Connect four 1,5 V cells in parallel. The 

following diagrams show you how to do this. 

 
 

 
 

 
 
2 Is the diagram in step 3 a closed circuit? If so, draw the path of the electric current on the diagram. 
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Diagram A

+ -

Diagram B

Clamp two cells in each cell-holder, with
similar poles facing in the same direction

Cell-holder

STEP 1

Insert two copper strips to
connect the top and bottom
of the cells

STEP 2

Insert two more copper strips
at the top and bottom of the
cells. 

Bend the ends of these
copper strips and clamp
them onto two springs.

STEP 3

Multimeter

Connect the multimeter
to the springs 



 
3 Clamp the two springs onto a comboplate to 

keep them steady. You will take measurements 
using four, three, two and finally one cell, see 
diagram on the right. In between measurements 
remember to switch the multimeter off. 

 
Measure the current in the circuit and the 
potential difference across the springs in the 
following cases: 

 
a When nothing is connected between 

the springs, except the multimeter. 
b When a bulb in a bulb-holder is 

connected across the springs. 
c When a resistor is connected across 

the springs. 
Record your measurements in the following 
table. 

 
 

TABLE 

No resistance between 
springs 

Bulb in bulb-holder Resistor 
 

No of cells 
in parallel 

P.D. 
(V) 

Current 
(mA) 

P.D. 
(V) 

Current 
(mA) 

P.D. 
(V) 

Current 
(mA) 

4       

3       

2       

1       
 
4 What changes in the circuit when you add more cells in parallel? 
 
5 a Compare the results in the table with your prediction at the beginning of this Activity. Discuss 

possible reasons in the case of disagreement. 
b Which two factors determine the electric current in a circuit?  
c Which of these two factors is more likely to interfere with the current in this Activity? Explain why. 

 
6 Are there any advantages of connecting cells in parallel?
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ACTIVITY 8 - FIRST CONTACT WITH THE LOOPS 
 
What you Need  
micro-electricity kit, multimeter 
 
YOUR  MULTIMETER AS A VOLTMETER  
1 The diagram on the right roughly shows what your 

multimeter looks like. The multimeter becomes a voltmeter, 
when the pointer points at any of the dots shown on the left 
hand side of the multimeter, as shown in the diagram.   
a What is the voltage provided by the power sources 

of your micro-electricity kit? 
b Which dot in the diagram is nearest in value to these 

kinds of voltages? 
 
2 You want to know the potential difference across the bulb in the diagram on the left. How do you connect a 

voltmeter?  
a Do you connect the voltmeter in the same loop with the bulb, so that the current 
can pass through the voltmeter? 
b Do you need to make a new loop? Will this cause the current in the circuit to 
branch (some current through the voltmeter)?  
c How do we deal with these two points?  
Remember a meter connected in a circuit 
must not interfere with the circuit.  

  d Which diagram on the right represents the correct  
connection of the voltmeter? 
 

3 The following diagram shows two circuits made with 
components from the micro-electricity kit. 

 
a Draw a circuit diagram for each of the circuits 1 and 2. 
b Discuss the role of the multimeter in each circuit. 

Is it used as an ammeter or as a voltmeter? 
Explain. 

c Discuss in your group, whether these circuits are 
series or parallel circuits. Explain. 

d How many loops are there in each circuit? 
Hint: There is no loop without a power source! 

e How many loops do you see in the diagram 
alongside? Indicate the loops in the diagram.  
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TO INVESTIGATE 
4 Use components from your micro-electricity 

kit to set up the circuit shown in the diagram 
alongside. Use a single 1,5 V cell. 

 
a Investigate what happens to the total 

current in the circuit, when you add 
more bulbs in parallel. (Take your 
measurements quickly!!! Remember 
to switch off the multimeter between 
measurements.) 
Take measurements of one, two and 
then three bulbs in parallel. Prepare 
a table to record your measurements and observations. 

 
b Measure the potential difference across each bulb when three bulbs are connected in parallel. 

Record measurements and observations.  
 

When you finish your measurements, do not disconnect the three bulbs. 
 
5 Replace the single cell with two cells in the cell holder. All bulbs should glow. 
 

a Remove one bulb (or just unscrew it) from the circuit.  What happens to 
the other bulbs? 

b Repeat with the other bulbs. What happens? Explain why. 
 
6 The diagram on the right shows a circuit with three identical bulbs and three 

switches S1, S2 and S3 connected as shown. 
 

a If switches S1, S2 are closed and S3 is open, which bulbs will glow? 
b If switches S1, S2 are open and S3 is closed, which bulbs will glow? 
c If switches S3 and S1 are closed and S2 is open, which bulbs will 

glow? 
d In this circuit, is it possible to have only bulb 2 glowing? Explain. 

 
7 List what have you discovered in this Activity, about: 

a The current in a parallel circuit. 
b The potential difference across components in a parallel circuit. 

 
COMPARE SERIES AND PARALLEL CIRCUITS 
8 a What happens when you remove one bulb/component  

i from a series circuit? 
ii from a parallel circuit? 
Explain. 

 
b What happens to the current in a circuit, as you connect more bulbs/components  

i in series? 
ii in parallel? 
Explain. 

 

Advanced Teaching and Learning Packages – Microelectricity – Part 1: Chapter 2           Page 60 

Clamp a copper strip to connect the two
contacts in one compartment of the cell
holder.
Insert a 1,5 V cell in the other compartment
of the cell holder.

Two 1,5 V cells  in
the cell-holder 

S1


	Grade8_electricity.pdf
	ADVANCED LEARNING PACKAGES - MICROELECTRICITY EXPERIENCES
	CONTENTS
	FOREWORD
	INTRODUCTION

	PART I : STUDENT WORKSHEETS
	CHAPTER 1 A. THE ELECTRIC CURRENT
	ACTIVITY 1 - GET TO KNOW YOUR MICRO-ELECTRICITY KIT
	ACTIVITY 2 - LIGHTEN UP, PREDICT AND EXPLORE
	ACTIVITY 3 - CAR HEADLIGHTS
	ACTIVITY 4 - MAKING AN ELECTRIC CURRENT DETECTOR
	ACTIVITY 5 - THE CURRENT IN A SERIES CIRCUIT
	ACTIVITY 6 - LIGHT BULBS IN SERIES
	ACTIVITY 7 - LIGHT BULBS IN PARALLEL
	ACTIVITY 8 - CELLS AND MORE CELLS
	ACTIVITY 9 - FRUIT COCKTAIL

	B. EFFECTS OF THE ELECTRIC CURRENT
	ACTIVITY 10 - ELECTROPLATING
	ACTIVITY 11 - COMING ATTRACTION
	ACTIVITY 12 - FIELDING
	ACTIVITY 13 - THE STRONGEST OF THEM ALL!



	Grade9_electricity.pdf
	CHAPTER 2: CURRENT ELECTRICITY
	ACTIVITY 1 - RATES AND FLOWS
	ACTIVITY 2 - AMMETER, TO BE AND NOT TO BE
	ACTIVITY 3 - GO WITH THE FLOW
	ACTIVITY 4 - ONE, TWO, THREE, ...... TROUBLE!
	ACTIVITY 5 - ONE AFTER THE OTHER, CAUSING A GREAT BOTHER
	ACTIVITY 6 - FREE ELECTRONS ARE NOT SO FREE!
	INVESTIGATION No 1 : THE THICKNESS OF A CONDUCTOR
	INVESTIGATION No 2 : THE LENGTH OF A CONDUCTOR
	INVESTIGATION No 3 : THE MATERIAL OF A CONDUCTOR
	INVESTIGATION No 4 : THE TEMPERATURE OF A CONDUCTOR

	ACTIVITY 7 - PARALLEL CELLS
	ACTIVITY 8 - FIRST CONTACT WITH THE LOOPS





