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What you are studying and why
Subject: Physical Science Unit S4

At the end of this unit you should be able to:

1. describe the kinetic theory model of solids, liquids and gases and use
it to explain various effects such as diffusion and pressure.

2. Understand the difference between voltage, current and resistance,
and series and parallel circuits

3. carry out calculations to work out the running costs of different
electrical devices

4. know about transformers and a few uses of electromagnetism.

Matter
Matter is stuff – the stuff around us, solids, liquids and gases. The Kinetic 
Theory of Matter is a complicated way of describing a model for what is 
happening inside all this stuff. It is an idea that people have developed 
over many years.  There are a few key ideas in this theory:  

• Matter is made up of particles that are constantly moving.

• All particles have energy, but the energy varies depending on
whether the substance is a solid, liquid or gas. Solid particles
have the least energy and gas particles have the most amount of
energy.

• The temperature of a substance is a measure of the average
movement (kinetic) energy of the particles.

• There are spaces between the particles of matter.

• There are attractive forces between particles and these become
stronger as the particles move closer together.

The diagram below summarizes these ideas.

Matter and electricity 

temperature 

liquid 

gas 

solid 

molecular interactions 
molecular motions 

MSCE S :
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S4: Matter and electricity

You can see from the diagram that the particles in a solid are arranged in a 
very orderly way: when we increase the temperature of the solid, the particles 
in the solid acquire more energy and they begin to vibrate more strongly. 
They stay in their fixed arrangements but move backwards and forwards 
more quickly (imagine children sitting on the floor but all waving their arms 
and legs). This normally causes the solid to expand very slightly because the 
same number of particles takes up more space. The more the temperature 
of the solid is increased the greater the energy transferred and the particles 
begin to move even more. The structure becomes less and less ordered until 
eventually, at the melting temperature, it changes into a liquid. 

In a liquid the particles are still in contact but able to move from their 
previously fixed positions. (Imagine the children now moving slowly round 
the room – they constantly bump into each other.) Adding even more heat 
causes the particles to move faster and faster until they completely separate 
and the liquid becomes a gas.  

In a gas the particles are very spread out – they hardly ever touch each 
other, and they move very fast. (Imagine now the children running round 
outside in a very large area.) 

Activity 1

Solids, liquids and gases have very different properties. Complete the 
following table of properties for solids, liquids and gases (if it helps,think of 
water as ice,water and steam). 

solid liquid gas

hardness and density dense

shape fixed

volume fixed

compressible? yes

Talk to your tutor about your ideas for this activity.

Diffusion
Why is it that we can often smell food cooking from outside the kitchen? 

Just like the dust particles referred to above, some of the molecules of food 
float free from its surface as it cooks and collide with molecules of air. After 
millions of such collisions some find their way into our nostrils and we smell 
the food! This can happen, of course, even when food is not being cooked: 
an orange being peeled, for example, produces a strong aroma in the air. 
The process responsible for the movement was mentioned in the answer 
to Activity 3 and its effect is diffusion, the movement of particles from one 
area to another.

Pressure
When a gas is trapped inside a container the gas particles move in straight 
lines in random directions until they collide with other gas particles or the 
walls of the container. If the container is heated up from the outside some of 
the heat energy is transferred to the particles inside and they move faster ( we 
say they have more kinetic energy). They collide more frequently with each 
other and the walls of their container. This is what is meant by pressure. The 
higher the temperature of a gas the higher its pressure.
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Electricity

Electrical current
Electrical conductors allow electrons to flow through them easily. Metals are 
excellent conductors of electricity. The electrons in the outer shells of their 
atoms are only weakly held by their positively charged nuclei. This means 
that they have a tendency to ‘wander off’. We call these ‘free’ electrons.

The free electrons move randomly in all directions through the three-
dimensional network of metal nuclei, which are ‘fixed’ in their positions. 
However, if the piece of metal is, say, a copper wire and we make one end 
of the wire positive relative to the other end by connecting it, in a circuit, 
to a battery, the electrons no longer move at random but now all in the 
same direction because they are all attracted  towards the positive terminal 
of the battery. We call this movement of electrons an electric current. The 
magnitude, or size, of a current is measured in amperes or simply amps (A).

free outer energy level electrons 

positively charged 
ions i.e. nuclei 

and inner energy 
level electrons 

e– 
e– 

e– e– 

e– 

e– 

e– 
e– 

e– 

e– 

e– 

+ + +

+ + + +

+ + + +
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S4: Matter and electricity

Series circuits
Electric circuits in which the components follow one another in the same 
piece of conducting wire are known as series circuits. They can contain 
lamps, buzzers, voltmeters etc.

The circuit shown in the top diagram shows two batteries and two lamps 
wired in series. (Note that lamps are often referred to as bulbs.) The 
diagram below shows the same circuit diagrammatically – this is called a 
circuit diagram. Here we use symbols to represent the components. Some 
common circuit symbols are illustrated below.  

symbols for transistors

symbol for a diode

In a series circuit the current is the same all round the circuit. (Imagine the 
current is like water flowing through pipes; if there is no leak the water 
flow is the same at the end as it is at the beginning.) The lamps are like 
barriers in the flow of electrons. They use the energy of the current.  

Now imagine the circuit above with only one lamp instead of two. What 
would happen to the brightness of the lamp?   

bulb bulb

series circuit 

battery 

+ – 

cell batteryswitch 

voltmeter ammeter lamp 

V A 

variable resistor motor resistor 

M 

n-p-n 
E 

C 

B 

b-n-p 
E 

C 

B 
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Yes, that’s correct. It would be twice as bright. Now all the energy of the 
current can be used by this one lamp. What would happen if you put 
three lamps in the circuit? And what would happen if you have three 
batteries instead of two?  

When a current flows through the lamps the electrical energy in the wire 
is converted into heat and light energy in the lamps. We measure current 
with an ammeter which we connect into the circuit. 

The energy for the electrons is provided by the battery. The voltage of the 
battery can be thought of as ‘pushing’ the electrons through the wire and 
around the circuit and through the lamps.  

Voltage is measured in volts and the instrument used for measuring it is 
known as a voltmeter. A voltmeter has to be wired in parallel so that it 
measures the voltage before the current passes through the lamp and 
after it has passed through in order to compare the difference. It is this 
difference that is displayed by the voltmeter reading. Parallel circuits are 
where the current has a choice of paths around the circuit. 

Parallel circuits

In this circuit if either one of the lamps breaks the other will remain 
shining. This is because the current leaving the cell splits into two and 
travels through each branch before resuming the same path back to the 
cell. Also, both lamps shine just as brightly as either would on their own 
because the current flowing through each branch of the circuit carries the 
same voltage, or energy. The current in the main circuit is the sum of the 
currents in the separate branches.  This is illustrated in the diagram below.

V voltmeter component battery 
or cell 

A 

ammeter 

+ –
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We can summarize this as an equation where we use the symbol I for the 
current and I 

Itotal = I1 + I2 + I3

The current in each of the three branches is 3 A, so that in the main circuit 
it must be 9 A.

Resistance
Let us think about the very thin wire that makes up the filament in a lamp. 
This wire is very thin and when the current flows through it it becomes 
very hot, so hot it gives out light. Because it is very thin, it is difficult for 
the current to flow through it, it resists the current.  We say that the wire 
has a certain resistance to the current. (Imagine that you are pushing 
water through a very narrow pipe – this is what is happening when the 
current goes through the filament.) The greater this resistance is, the 
greater the voltage has to be to push the same amount of current through 
the wire. The lamp is an example of a resistor. This resistor does an 
obvious job; i.e. providing light! 

Resistors are useful in electrical circuits; they are commonly used to reduce 
the current.  The picture below shows what these resistors look like.  The 
unit of resistance is called the Ohm ().

The coloured bands indicate the value of the resistor according to a 
universally accepted code. 

Rheostats or variable resistors enable the current to be varied across a 
range. The picture below illustrates a typical rheostat. The sliding contact 
enables the length of wire that the current has to pass through to vary 
thus varying the resistance to its flow.

current here = 9A 

current here = 3A 

current here = 3A 

current here = 3A 

current splits in 3 ways 
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You will find out more about the relationship between current, voltage 
and resistance in a later unit.

There are four main factors that affect resistance:

1. Cross-sectional area (csa). The smaller the csa the greater the resistance.

2. Length of resistor (e.g. wire). The longer the wire the greater the
resistance. As we saw earlier, this fact is made use of in rheostats.

3. Type of material. Different substances have different resistances. Gold
is an excellent conductor because it has a low electrical resistance.
However, it is very expensive. Copper is not quite as good a
conductor but a lot less expensive.

4. Temperature. As the temperature of the wire increases so does its
resistance.

Electrical power
Power is a measure of how quickly one form of energy is converted into 
another. For example with a light bulb, the power is the rate at which 
electrical energy is transferred by a current into another form of energy 
 – light. If you look carefully at an electric light bulb you will see numbers
written on it somewhere.

This bulb has 125 W and 120 V written on its base. The first number, the 
power rating, indicates how quickly this bulb converts electrical energy 
into heat and light energy.   Power has units of watts (W).

A different bulb with a power rating of, say, 160 W, will be brighter because 
it is converting electrical energy into heat and light energy more rapidly.

© Bulbtronics Inc.
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Power ratings of typical electrical appliances are shown in the table below.

Appliance Power rating (W)

Electric kettle 2000

Electric iron 500

Fan 1500

One bar electric fire 1000

Washing machine 1000

Colour television 650

Paying for electricity
When we pay for electricity we have to pay for the amount of electrical 
energy that we have converted into other forms of energy. The units that 
we use are the kilowatt-hour (kWh) 

Energy transferred   =  power (kW)  time switched on (h)

This is simply the number of kilowatts of electrical power x the number of 
hours. There is a cost for each Kilowatt-hour or unit of electricity. Electricity 
meters measure the number of units of electricity used in a building. The 
more units used, the greater the cost. The cost of the electricity used is 
calculated using this equation:

total cost = number of units  cost per unit

Example 2:

What is the cost of running the fire in the table above for 3 hours if each 
unit (kilowatt hour) of electricity costs 25 kwacha.

Answer 2:

Units used = 1 kW  3 hours

Cost = 3 units  25 MWK

= 75 MWK

Activity 2

How much does it cost per year to have two showers a week if heating 
the water for the shower means that the water heater has to be switched 
on for one and a half hours at a time and each unit (kilowatt hour) of 
electricity costs 25 kwacha?

...................................................................................................................

...................................................................................................................

...................................................................................................................

...................................................................................................................

...................................................................................................................

...................................................................................................................

...................................................................................................................

...................................................................................................................
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Electromagnetism
A wire carrying an electric current also has an associated magnetic field 
around it. If a wire is twisted into a coil and a current passed through the 
wire, the coil behaves like a bar magnet and has the same shaped magnetic 
field. This is called an electromagnet. We can make the electromagnet 
stronger by: 

1. increasing the current flowing through the wire

2. using more turns of wire on the coil

3. using a ‘soft’ iron core inside the coil.

Using electromagnets
Electromagnets are very useful. We can change the strength of the magnet 
by changing the size of the electric current. And we can switch the 
electromagnet on and off. A permanent magnet, like an iron magnet, is 
always a magnet.  .

This makes electromagnets useful in a variety of applications such as in 
electric bells, electric door locks, in hospitals to extract tiny iron or steel 
splinters from wounds and in scrap metal yards. In this last application the 
electromagnets are so powerful they are able to pick up whole cars and 
put them down in other places!

Transformers
Transformers are devices that are used either to increase or decrease the 
voltage in circuits with alternating current (AC) (AC is current from a 
generator or from a power station). Direct current (DC) is from a battery. 
If you have electricity supplied from a power station or from a generator 
it is usually around 240 V. But a mobile phone only needs a voltage 
of 5 V. So we need to use a mobile phone charger which reduces the 
voltage. Transformers that reduce the voltage are known as step-down 
transformers, those that increase it are know as step-up transformers.  

Transformers are often not very efficient. They lose energy as heat energy – 
you can feel the heat from a transformer.  

Transformers have two coils to change the voltage. The relative number 
of turns in each coil will determine how much the transformer steps up or 
steps down the voltage.  
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This is summarised as follows:

secondary voltage/primary voltage = number of turns in 
secondary coil/number of turns in primary coil or,

Vs/Vp = Ns/Np

Where primary means the starting voltage and secondary is the output 
voltage.  

Transformer calculations:

Example 3: 

Consider the top diagram. 

(a) What will be the voltage in the secondary coil? 

(b) Is this transformer step-up or step-down?

Answer 

(a)  If Vs/Vp = Ns/Np

   Then, Vs =  (Vp Ns)/ Np

       =  (20 V  1000)/2000

   =  10 V

(b) The voltage in the secondary coil is lower than that in the primary. 
Therefore this must be a step-down transformer.

Practice questions
1. Refer to the table below which gives the melting and boiling points

of a number of elements, and then answer the questions that follow. 
(Data from  http://www.chemicalelements.com.)

Element Melting point (°C) Boiling point (°C)

Copper 1083 2567

Magnesium 650 1107

Oxygen –218.4 –183

Carbon 3500 4827

Helium –272 –268.6

Sulfur 112.8 444.6

Np = 2000 

Vp = 20V 

Ns = 1000 

Np = 500 

Vp = 120V 

Ns = 2000 
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(a)  What state of matter (i.e. solid, liquid or gas) will each of these 
elements be in at room temperature?

(b) Which of these elements has the strongest forces between its 
atoms? Give a reason for your answer.

(c)  Which of these elements has the weakest forces between its 
atoms? Give a reason for your answer.

2. What is the approximate voltage produced by power stations?

• 230 V

• 25,000 V

• 400,000 V

3. A transformer produces 100 V from an input of 50 V. What does this
tell you?

• It is very efficient.

• It is a step-up transformer.

• It is a step-down transformer.

4. A 250 W computer is switched on for 4 hours. How many units of
electricity does it use?

• 1000

• 62.5

• 1

5. A 2 kW electric fan is switched on for 30 minutes. How many units of
electricity does it use?

• 1

• 15

• 60
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How am I doing?


Difficult 

(Tick this box if you still 
need a lot of work on 
this section)

Fine

(Tick this box if you still 
need a little work on 
this section)


Easy 

(Tick this box if you 
feel confident that 
you understand this 
section well)

The main ideas of 
kinetic theory

Use kinetic theory to 
explain diffusion and 
pressure

Know the circuit 
symbols and be able to 
draw series and parallel 
circuits

Understand the 
differences between 
voltage, current and 
resistance

Calculate the cost 
of running electrical 
devices

Be familiar with an 
electromagnet and 
transformers

Notes on what to do next: 

Signed (by Scholar): ………………….........………………. Date: ……….………

Signed (by Tutor): ..…………………………….........……… Date: ……….………
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Answers to activities

Activity 1

You could have suggested those summarised in the table below.

solid liquid gas

hardness & density hard and dense dense

shape fixed fixed not fixed

volume fixed fixed not fixed

compressible no no yes

Activity 2

Cost of each shower = 1.5 hours  3 kW  25 Kwacha

= 112.5 Kwacha

Cost per week  = 2  112.5 Kwacha

= 225 Kwacha

Cost per year  = 225 Kwacha  52 weeks

= 11700 Kwacha

Answers to practice questions
1. (a)    copper solid

 magnesium solid

oxygen – gas

carbon – solid 

        helium – gas

sulfur – solid

 (b)  carbon – because it has the highest melting temperature.

 (c)  helium – because it has the lowest melting temperature.

2. 25,000 V

3. It is a step-up transformer.

4. 1000.

5.  1.
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Glossary

 Ammeter The device we measure current with in a circuit. An ammeter must be connected in 
series in a circuit.

Amperes (Amps, A) The SI unit of electricity. The greater the size of the current, the bigger the number 
of amps (A).

Diffusion This is the process in gases and liquids responsible for the movement of particles 
from one area to another.

Electric current or 
electricity

This is the overall movement of electrons when a voltage is applied across the ends 
of a conductor. Current is given the symbol ‘I’ in equations.

Electrical 
conductors

Electrical conductors allow electrons to flow through them easily. They are said to 
have high electrical conductivity and, almost always, good electrical conductors are 
good thermal conductors. The opposite of a conductor is an insulator.

Electrical power Power is a measure of how quickly electrical energy is converted into another form. 
The unit of electrical power is a watt.

Electromagnet This is a magnet that is created by passing an electrical current through a coil of 
wire. The strength of the electromagnet can be increased by increasing the current 
flowing through the wire, using more turns of wire on the coil and using a ‘soft’ iron 
core inside the coil.

Free electrons The electrons in the outer shells of their atoms are only weakly held by their 
positively charged nuclei. This means that they have a tendency to ‘wander off’ or 
migrate through the material. When a voltage is applied, all the charges move in one 
direction and it is this effect that constitutes the electrical current we call electricity.

Kilowatt-hour 
(kWh)

This is a standard measure of the total units of electricity used by an appliance. It is 
calculated using the equation:

Energy transferred = power (kW)  time switched on (h)

Kinetic theory of 
matter

This is a scientific model to explain how matter behaves and also to predict its future 
behaviour.

Matter Matter is made up of particles that are constantly moving.

Ohms (Ω) The SI unit of resistance is the ohm.

Parallel circuit A circuit where the components are connected across each other in branches. 
Although they are more complicated, their advantage over series circuits is that even 
when one component fails, the whole circuit will continue to work normally.

Power Power is a measure of how quickly one form of energy is converted into another 
form. It is a measurement of rate, i.e. the conversion per second. The unit of power 
is a watt.

Pressure In terms of gas and liquid particles, pressure is what is caused by the collisions they 
have on the container walls. The more particles there are, or the more energy they 
each have, the greater the pressure. This is why the higher the temperature of a gas 
the higher its pressure.

Resistance This is a measure of how much a conductor or component resists the flow of 
electrons. The higher the resistance, the harder it is for the electrons to flow and 
therefore the lower the current. Resistance can be affected by four factors: length, 
cross-sectional area, material and temperature.
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Rheostats or 
variable resistors

These enable the current to be varied across a range. They usually have a sliding 
contact which enables the length of wire that the current has to pass through 
to vary, thus varying the resistance to its flow. A dimmer switch to control the 
brightness of a light is an example of a variable resistor.

Series circuit A circuit where the components are connected in a continuous electrical loop. 
Although they are simple, the disadvantage of series circuits is that when one 
component fails, the whole circuit ceases working.

Step-down 
transformer

A transformer that increases the input voltage.

Step-up 
transformer

A transformer that decreases the input voltage. 

Temperature The temperature of a substance is a measure of the average kinetic energy of the 
particles. In the SI system, the units of temperature are degrees Celsius (°C).

Transformers Transformers are devices that are used either to increase or decrease the voltage in 
circuits with alternating current (AC). (AC is current usually from a generator or a 
power station, and direct current (DC) is from a battery.)

Voltage This is a measure of the electrical push all the electrons are given in a circuit.

Voltmeter The device we measure voltage with in a circuit. A voltmeter must be connected 
across or in parallel with the component.

Volts (V) The SI unit of voltage.

Watts (W) The SI unit of power. One watt means that one joule of energy is being covered 
every second.
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