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To find the rate of a 
reaction at an 
particular instant in 
time, you need to draw 
a tangent to the curve 
and calculate the 
gradient.

This graph shows the 
volume of hydrogen gas 
produced over time in 
the reaction between 
magnesium and 
hydrochloric acid. 

Use the graph to 
calculate the rate of 
reaction at time = 40s.

Calculating rate of reaction

Mean rate of reaction = 
𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡 𝑢𝑠𝑒𝑑

𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛

Mean rate of reaction = 
𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑓𝑜𝑟𝑚𝑒𝑑

𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛

1) What is the mean rate of reaction in g/s 
when 10g is used up in 30s? Rate = 10/30 = 

0.33g/s

2) What is the mean rate of reaction in g/s 
when 15g is formed in 55s? Rate = 

0.15/0.55 = 0.3 g/s

3) What is the mean rate of reaction in 
cm3/s when 45cm3 of gas is formed in 16s? 
Rate = 45/16 = 2.8 cm3/s

1) Which size of marble 
chips has the highest 
rate of reaction?

2) How can you tell this 
from the graph?

3) Why is the final loss 
of mass the same?

This graph shows the volume 
of carbon dioxide produced 
over time in a reaction.

Draw tangents to the curve 
at t=0s, t=25s and t=50s and 
use the gradients to describe 
the change in the rate of 
reaction as the reaction 
proceeds.

Describe and explain the shape and gradient of 
the curve of volume of gas produced against time 
for a chemical reaction. The concentration of 

reactants is highest at the start so the rate is fastest 

and the gradient steepest. As the reaction proceeds 

the concentration of reactants falls and the rate falls 

until eventually the reaction stops and the gradient is 

zero,

9-1 Science AQA C8– Rate of chemical reaction

This graph shows the loss in mass for 10g of 
small marble chips and 10g of large marble 
chips in excess 1.0 M hydrochloric acid.

Gradient = 82/60

= 1.4cm3/s

The gradient at t=0s is 

steeper than at t=25s 

which is in turn steeper 

than the gradient at 

t=50s. The reaction 

starts quickly but the 

rate slows down an 

eventually stops when 

the reactants are used 

up.



If a reaction produces a gas you can measure the rate using three 
alternative experimental arrangements.

Describe the method and sketch the shape of graph 
you would expect to obtain for each of these 
experimental arrangements. Correctly label both 
axes.

1) Gas syringe

• Set up the equipment as shown in the diagram

• Put the reagents into the conical flask and 

quickly replace the bung

• Start the stop clock

• Record the volume of gas collected every 30s 

until the volume stops changing.

2) Upturned measuring cylinder

• Set up the equipment as shown in the diagram 

making sure the upturned measuring cylinder 

is full of water.

• Put the reagents into the conical flask and 

quickly replace the bung

• Start the stop clock

• Record the volume of gas collected every 30s 

until the volume stops changing.

3) Mass lost 

• Set up the equipment as shown in the diagram

• Place the flask on the balance 

• Add the reagents and the cotton wool stopper

• Start the stop clock

• Record the mass of the flask every 30s until 

the mass remains constant.

9-1 Science AQA C8– Measuring rate of chemical reaction



The reaction between sodium thiosulfate and hydrochloric acid proceeds 
according to the following equation:

Na2S2O3 (aq) + 2HCl(aq) → 2NaCl(aq) + S(s) + SO2(g) + H2O(l)

3) Describe, using the diagram to help you, a method 
Student A could use to test the hypothesis. Measure 

15cm3 of hydrochloric acid using a measuring cylinder.

Pour into a conical flask. Place onto a white tile with a black cross 

marked on it. 

Measure 15cm3 of 0.04moldm-3 sodium thiosulfate in a measuring 

cylinder. 

Pour into the conical flask and start the stop watch.

When the cross can no longer be seen due to the precipitate stop 

the timer.

Record the time and repeat for a range of concentrations of 

sodium thiosulfate.

9-1 Science AQA C8– Investigating the effect of change in concentration on rate of reaction

1) Use the equation for the reaction to explain why it goes cloudy as it 
proceeds. The reaction produces a solid precipitate of sulfur

2) Student A is interested to discover how changing the concentration of 
sodium thiosulfate affects the rate of reaction. 

a) State the dependent and independent variables  that the student 
should investigate. The independent variable is the concentration of 

sodium thiosulfate. The dependent variable is the time taken to go 

cloudy.

b) Develop a hypothesis that describes how you expect the 
dependent variable to change as the student changes the 
independent variable. As the concentration of sodium thiosulfate 

increases the time taken to go cloudy decreases.

c) Explain your hypothesis using collision theory. As the concentration 

increases the frequency of successful collisions also increases, which 

increases the rate of reaction.

d) What are the main control variables in this investigation? 
Concentration of hydrochloric acid, volume of hydrochloric acid, 

volume of sodium thiosulfate and temperature.

Conc. 
Na2S2O3

/moldm-3

Time/s

Exp 1 Exp 2 Exp 3 Average

0.20 20 18 19 19

0.16 23 23 24 23

0.12 32 30 34 32

0.08 46 20 45 46

0.04 95 92 97 95

4) Complete the final column in this 
table of results.

5) Sketch the graph on the axes 
provided.

6) Give a conclusion that explains 
whether your hypothesis was 
correct. As the concentration increases 

the time taken to form the precipitate 

decreases because the rate of reaction 

increases due to an increase in the 

frequency of successful collisions.



Concentration of reactants in solution

9-1 Science AQA C8– Factors which affect the rate of chemical reaction

Pressure of reacting gases Surface area of solid reactants
Temperature

Presence of a catalyst

Explain in terms of collision theory 
why increasing concentration 
increases the rate of a reaction.

As concentration increases, the number 

of particles in the same volume 

increases. So the frequency of 

successful collisions increases. 

Explain in terms of collision theory 
why increasing  pressure increases 
the rate of a reaction.

As pressure increases the volume decreases 

and the particles are closer together. The 

frequency of successful collisions increases.

Explain in terms of collision 
theory why increasing surface 
area increases the rate of a 
reaction.

As surface area increases the number of 

particles available to react increases. The 

frequency of successful collisions increases. 

Explain in terms of collision theory 
why increasing temperature increases 
the rate of a reaction.

As temperature increases a greater 

proportion of molecules have the activation 

energy. The frequency of successful 

collisions increases.

Explain using activation energy and 
collision theory why a catalyst 
increases the rate of a reaction.

A catalyst provides and alternative route for 

the reaction which has a lower activation 

energy.

Collision theory

In order to react particles must collide with sufficient  energy. The minimum amount of energy that particles must have to 

react is called the  activation energy.

In order to react particles must be in the correct  orientation. 

The higher the number of collisions per second, the  frequency of collisions, the greater the chance that particles will collide 

with sufficient energy and in the correct orientation.

Catalysts

Catalysts change the rate of chemical reactions but  are not used-up during the reaction. Different  reactions need different 

catalysts. Enzymes act as catalysts in  biological systems.

Catalysts  increase the rate of reaction  by providing a different route for the reaction that has a lower activation energy. 

[energy,  frequency, minimum,  route, used-up, activation,  lower,  increase, collide,  orientation, correct,  enzymes,  

biological]



In some chemical reactions, the 
products of the reaction can react to 
produce the original  reactants. Such 
reactions are called reversible reactions
and are represented:

A+B       C+D
The direction of reversible reactions 
can be changed by changing the 
conditions. 

Give three examples of what is meant 
by “reaction conditions”: 

1) Temperature

2) Pressure

3) Concentration

9-1 Science AQA C8– Reversible reactions and dynamic equilibrium

If a reversible reaction is exothermic in 

one direction, it is endothermic in the 

opposite direction. The same amount of 

energy is transferred in each case.

Label the colours of the copper sulfate 

in the reversible reaction below.

Colour A - Blue Colour B - White

Explain why equilibrium could be 
established in the flask on the 
left but not on the flask on the 
right.

Circle the sentence(s) that are 
completely correct:

• At equilibrium the amount of 
reactants and products is the 
same.

• At equilibrium there is a fixed 
amount of reactant and 
product and the reaction has 
stopped.

• At equilibrium there is an 
unchanging amount of reactant 
and product but the reaction is 
still proceeding in both 
directions.

• At equilibrium the rate of the 
forward and reverse reaction 
is equal and the amount of 
reactants and products is 
changing.

• At equilibrium the rate of the 
forward and reverse reaction 
is equal and the amount of 
reactants and products is 
equal.

• A catalyst does not change the 
position of equilibrium it just 
speeds up the forward and 
reverse reactions by the same 
amount.

• In the presence of a catalyst 
equilibrium is reached more 
quickly because the forward 
reaction goes faster than the 
reverse reaction.

Graph A Graph B

Use graph A and B above to answer the following questions.

1) Which graph shows a reaction where there are more reactants than products at 
equilibrium? Give a reason for your answer. Graph B. The line for the concentration of 

reactants is higher.

2) At what point in the reaction (beginning, middle or end) is the rate the highest? Give a 
reason for your answer. Beginning – the concentration of reactants is highest.

3) After the dotted line on both graphs the concentration stops changing. What does 
this tell you about a) the yield; and b) the rate of the reaction? a) The yield is higher 

for the equilibrium shown in graph A. b) The rate of the forward reaction equals the rate of 

the reverse reaction at this time.

Label the colours of the cobalt chloride 

in the reversible reaction below.

Balance the following equation

CoCl2.6H2O      CoCl2 + 6 H2O

Colour A - pink Colour B - blue

The flask on the left is a closed 
system. Reactants and products 
cannot be exchanged with the 
surroundings.



Equilibrium and yield

9-1 Science AQA C8– The effect of changing conditions on equilibrium

The effect of changing concentration

If the concentration of a reactant is 

increased, more products will be 

formed until equilibrium is reached 

again.

If the concentration of a product is 

decreased,  more reactants will react 

until equilibrium is reached again.

A+B       C+D

What effect will removing C have on 

the position of this equilibrium? 

Removing C will cause the position of 

the equilibrium to move to the right.

The effect of changing temperature

Circle the correct word (exothermic 
or endothermic) in your answer

If the temperature of a system at 
equilibrium is increased: the amount 
of product increases for an 
[exothermic/endothermic] reaction.

If the temperature of a system at 
equilibrium is increased: the amount 
of product decreases for an 
[exothermic/endothermic] reaction.

If the temperature of a system at 
equilibrium is decreased: the amount 
of product increases for an 
[exothermic/endothermic] reaction.

If the temperature of a system at 
equilibrium is decreased: the amount 
of product decreases for an 
[exothermic/endothermic] reaction.

Presence of a catalyst

The diagram above models a reaction at 
equilibrium. If the ants move at 
constant speed the position of the 
equilibrium will not change.

To change the position of equilibrium 
we need to change the reaction 
conditions.

When conditions are changed,  Le 
Chatelier’s principle helps us to predict 
the way the system will respond to the 
change.

State Le Chatelier’s Principle

Making changes to the pressure, 
temperature or concentrations of a 
reaction can alter the position of the 
equilibrium. 

Le Chatelier’s principle states that 
any change made to a reaction which 
is in equilibrium, will result in the 
equilibrium position moving to 
minimise the change made.

What effect does the presence of a 
catalyst have on the position of 
equilibrium?

A catalyst provides and alternative route 

for the reaction which has a lower 

activation energy.

NH4Cl(s)          NH3(g) + HCl(g)   ΔH = +ve

For the reversible reaction above, state the change (if any)  to the position of 

the equilibrium in a closed system when subjected to the following conditions: 

1) Increase in temperature – moves to the right

2) Decrease in temperature – moves to the left

3) Increase in pressure – moves to the left

4) Decrease in pressure – moves to the right

5) Removing NH4Cl – moves to the left

6) Adding more NH3 – moves to the left

The effect of changing pressure

An increase in pressure causes the 

equilibrium to shift towards the side 

with the smaller number of molecules 

as shown by the symbol equation for 

that reaction. 

[larger/smaller]

A decrease in pressure causes the 

equilibrium position to shift towards 

the side with the larger number of 

molecules as shown by the symbol 

equation for that reaction.

[larger, smaller]



The combustion of hydrocarbon fuels 
releases  energy. During combustion the 
carbon and the hydrogen in the fuels are 
oxidised, The complete combustion of a 
hydrocarbon fuel produces water and 
carbon dioxide.

[water, oxidised,  carbon dioxide, energy]

Self assessment
Red/Amber/Green/Gold:

I need help with:

Most of the hydrocarbons in crude oil are alkanes. What is 

the general formula for an alkane?

For the alkanes below give the correct name and molecular 

formula for the compound shown, the first is done for you.

Describe how crude oil was 
formed in rocks. Crude oil was made 

from the remains of plankton and other 

ancient biomass compressed in mud over 

millions of years.

Most of the compounds in crude 
oil are hydrocarbons. Describe 
what a hydrocarbon is. 
Hydrocarbons are compounds made from 

hydrogen and carbon only.

9-1 Science AQA C9 – Carbon compounds as fuel and feedstock

LPG 3-4 carbon atoms used in 
camping stoves

Petrol 6-10 carbon atoms. Used 
as car fuel

Diesel oil 9-16 carbon atoms 
used as car and lorry fuel

Kerosene 12-19 carbon atoms 
used as aircraft fuel

Examples of fuels 
from crude oil

Solvents Lubricants

Polymers including plastics Detergents

Examples of non-fuel 
materials synthesised 

from crude oil

Describe how the SIZE (Mr) of 
molecules affects:

Melting and boiling point

Flammability

Viscosity

C6H14 + 9½ O2 → 6 CO2 + 7 H2O

C8H18 + 12½ O2 → 8 CO2 + 9 H2O

Methane
CH4

Ethane 

C2H6

Propane 

C3H8

Butane 
C4H10

Describe how the fractional distillation of crude oil works. Use the 
terms evaporation and condensation in your answer. Crude oil Is 

heated at the bottom of the tower. It evaporates and rises towards the 

top. As it rises it cools and condenses. The different fractions have 

different boiling points so condense at different temperatures.

Balance these two 
alkane combustion 
equations

Melting and boiling point 

increases with increasing 

Mr

Flammability decreases 

with increasing Mr

Viscosity increases with 

increasing Mr



Draw a molecule of pentene

Hydrocarbons can be broken down 
(cracked) to produce smaller, more useful 
molecules.

Describe the conditions used for catalytic 
cracking.

Zeolite catalyst

Temperature of 450ºC

Slight pressure

Describe the conditions used for steam 
cracking.

Takes place in a steam cracker 

High temperatures (400-900ºC)

High pressure 9 up to 7000kPa

Which two types of hydrocarbon are 
produced by cracking.

Alkanes and alkenes

Balance and complete the equations below as examples of 
cracking, given the formulae of the reactants and products.

C10H22 → C8H18 + C2H4

C22H46 → C12H24 + C6H14 + 2 C2H4

C12H26 → C8H18 + 2C2H4

C14H32 → 2 C6H14 + C2H4

C12H26 → C9H20 + C3H6

C13H28→ C9H20 + 2C2H4

9-1 Science AQA C9 – Cracking and alkenes

Name the following alkenes:

Self assessment
Red/Amber/Green/Gold:

I need help with:

Alkenes are more reactive than alkanes. 
Describe how you could test the gas produced 
in the experiment above for the presence of 
an alkene. Give the reagent and the expected 
result.

Bromine water is used to test for alkenes. It is an orange 

solution. When an alkene is added the orange solution turns 

colourless. When an alkane is added to the bromine water it 

remains orange 

Describe the ways in which the main products 
from cracking are useful.

Alkenes can be used to produce polymers and as starting 

materials for the production of many other chemicals. Shorter 

chain alkanes such as petrol are useful as fuel.

What is the general formula for the 
homologous series of alkenes?

CnH2n

Ethene Propene Butene
Alkenes are hydrocarbons with  the functional group C=C.

Alkenes react in combustion reactions in the same way as other  hydrocarbons , but they tend to burn in 

air with smoky flames due to incomplete combustion.

Alkenes react with hydrogen, water and the halogens, by the addition of atoms across the carbon-carbon 

double bond so that the double bond becomes a single carbon-carbon bond.

[double, combustion, incomplete, addition, functional, smoky, single]



Describe how it is possible to tell a pure 
substance apart from a mixture of substances 
using chromatography. 

The Rf value of a sample is compared against the 
Rf value of a sample of substance known to be 
pure.

Pure substances

In chemistry, a pure substance is a single element or compound not mixed with 

any other substance.

Pure elements and compounds melt and boil at specific temperatures. Melting 

point and boiling point data can be used to distinguish pure substances from 

mixtures.

[point, distinguish, mixtures, melt, temperatures, pure, mixed] 

1) The melting point of pure lead bromide is 373ºC. In an electrolysis 
experiment a group of students observe that the lead bromide starts to 
melt at 365ºC. What does this tell you? A lower melting point indicates 
that a substance is impure.

2) The boiling point of water is 100ºC. When you add salt (NaCl) would you 
expect it to rise or fall? If a substance is impure the boiling point will be 
higher than the pure substance. With NaCl the boiling point will increase.

3) The melting point of water is 0ºC. When you add salt (NaCl) would you 
expect it to rise or fall? If a substance is impure the melting point will be 
lower than the pure substance. With NaCl the boiling point of water will 
decrease. 

4) Use this information to explain why salt is sometimes added to a pan of 
boiling water for cooking and is spread as grit on frozen roads in winter. 
Adding salt will increase the temperature that water boils at, cooking food 
faster. Adding salt to icy roads will lower the melting point, the 
temperature of water freezes at, so ice does not form. 

Tick the box that most closely describes the type of substance

What does qualitative 
mean?

Test based on an 
observation such as a 
colour change.

What does quantitative 
mean?

Test based on a 
numerical measurement

Self assessment
Red/Amber/Green/Gold:

I need help with:

Gas A burns rapidly with a squeaky pop 

Gas B relights a glowing splint

Gas C turns limewater milky

Gas D turns damp litmus paper white

Identify these gases

9-1 Science AQA C12 – Chemical Analysis

Formulations

A formulation is a mixture that has been designed as a useful product. Many 

products are complex mixtures in which each chemical has a particular purpose. 

Formulations are made by mixing the components in carefully measured 

quantities to ensure that the product has the required properties. 

Formulations include fuel, cleaning agents, paints, medicines, alloys, fertilisers 

and food.

[properties, mixture, medicines, formulations, useful, chemical, purpose, 

complex, fuel, components]

A – H2 B – O2 C – CO2 D – Cl2

In everyday language we describe 
substances such as milk that has had 
nothing added to it as pure. Explain 
how this is different to the scientific 
definition of pure

Milk is a mixture of different 
compounds whereas the scientific 
definition of pure is either a single 
element or compound, not mixed with 
anything else. 

Substance Pure element Pure Compound Impure
Substance

Formulation

Water with a measured 
boiling point of 100ºC

Air exhaled into a 
balloon

Cough and cold remedy 
purchased from a 
pharmacy

Copper wire

Shampoo

Octane with a higher 
than expected boiling 
point.

✓

✓

✓

✓

✓

✓



Describe why an instrumental method 
such as gas chromatography might be 
better than the method you have 
described. Gas chromatography is better 

because it I more rapid, more accurate and 

more sensitive than paper chromatography.

1) What is the stationary phase in 
chromatography? The chromatography 

paper is the stationary phase

2) What is the mobile phase in 
chromatography? The water or solvent 

is the mobile phase.

3) Explain how separation of a mixture 
is achieved using chromatography. 
Different substances in a mixture travel 

different distances up the 

chromatography paper.

4) What is meant by the solvent front 
This is the distance that the solvent has 

moved on the paper. 

Calculate the Rf values for the centre of each of the spots on the 
chromatogram below. 

5) What is the origin in chromatography? 
This is the start line drawn onto the paper 

from where all the substance begin 

travelling up the paper.

6) Give an expression for the Rf value? 

𝑅𝑓 =
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑣𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑣𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑠𝑜𝑙𝑣𝑒𝑛𝑡

7) Why is the Rf value useful? Different 

comlpounds have different Rf values which 

can be used to identify the compounds.

8) Would you expect the Rf value to be the 
same in different solvents? Explain your 
answer. I would expect it to be different 

due to the different relative affinities for 

that compound to the mobile and 

stationary phases.

Self assessment
Red/Amber/
Green/Gold:

I need help with:

9-1 Science AQA C12 – Chromatography

Evaluate the following chromatography experimental 
arrangements. Explain which one is better and why.

Solvent front = 10cm

Rf Blue = 8/10 = 0.8

Rf Purple = 6/10 = 0.6

Rf Yellow = 2/10 = 0.2

Describe how paper chromatography could be used to determine 
whether a prohibited food colouring had been used in a sample of a 
popular orange fizzy drink. [6 marks] 
1. Draw a start line 1cm from the bottom of the paper in pencil

2. Use a capillary tube to place a spot of each standard food colour onto 

the start line. 

3. Use a capillary tube to place a spot of the unknown food colour mixture 

onto the line at the end of the paper.

4. The sheet is held in the solvent (water) and left for separation to take 

place.

5. The position of the spots for the unknown food colouring can be 

compared with the position of the standard food colourings. Rf values 

could be calculated.

A student investigated food dyes using 
paper chromatography,

This diagram shows the apparatus used. 

Write down two mistakes the student 
made in setting up the experiment and 
explain what problems these mistakes 
would cause.
The start line is underneath the water and it 

should be above.

The start line should be in pencil.

This is the better 

experimental arrangement 

because the lid prevents 

the solvent from 

evaporating. The paper is 

suspended vertically and is 

not touching the sides 

preventing wicking from 

affecting the Rf values.

In this arrangement the 

solvent can evaporate and 

the angle of the paper 

might affect the Rf value.



The Earth’s atmosphere today compared with the gases from 
volcanoes

9-1 Science AQA C13 – Chemistry of the atmosphere

Changes in the Earth’s atmosphere

For 200 million years the proportions of different gases in the atmosphere have 

been much the same as they are today.

Theories about what was in the Earth’s early atmosphere and how the atmosphere 

was formed have changed and developed over time. Evidence for the early 

atmosphere is limited because of the time scale of 4.6 billion years. 

One theory suggests that during the first billion years of the Earth’s existence 

there was intense volcanic activity that released gases that formed the early 

atmosphere and water vapour that condensed to form the oceans. At the start of 

this period the Earth’s atmosphere may have been like the atmospheres of Mars

and Venus today, consisting of mainly carbon dioxide with little or no oxygen gas.

Volcanoes also produced nitrogen which gradually built up in the atmosphere and 

there may have been small proportions of methane and ammonia.

When the oceans formed carbon dioxide dissolved in the water and carbonates

were precipitated producing sediments, reducing the amount of carbon dioxide in 

the atmosphere.

[Mars, carbonates, 200 million years, nitrogen, sediments, volcanic, carbon dioxide, 

4.6 billion years, condensed, oxygen gas]

How oxygen increased and carbon dioxide decreased

1) Describe how photosynthesis is responsible for producing and then increasing the amount of oxygen 
in the atmosphere. 
Organisms that can photosynthesise use carbon dioxide and water that were abundant in the Earth’s early 

atmosphere to produce glucose and oxygen. This led to the presence of oxygen in the atmosphere and 

increasing concentration as the number of photosynthesising organisms increased over a period of 1-2 

billion years before multicellular life evolved.

2) Complete the word equation for photosynthesis

Carbon dioxide + water → glucose + oxygen

3) Balance the symbol equation for photosynthesis

6 CO2 + 6 H2O → C6H12O6 + 6 O2

4) Describe the conditions needed for photosynthesis
The conditions needed are light, carbon dioxide and warmth.

5) Give the name of an early organism that could produce oxygen via photosynthesis
Algae

6) Describe how photosynthesis is responsible for reducing the amount of carbon dioxide in the 
atmosphere
Plants and algae absorb carbon dioxide during photosynthesis locking it into their bodies

7) Describe how the formation of sedimentary rocks and fossil fuels has reduced the amount of carbon 
dioxide in the atmosphere.
When plants and animals die the carbon in their bodies becomes trapped in sediment ad in the formation of 

rocks such as limestone and in coal, crude oil and gas.

The history of the Earth

Draw an arrow on the timeline below to mark an approximate timing for each of the following events:
• Formation of the Earth
• First appearance of life on Earth
• Evolution of photosynthesising organisms
• Evolution of multicellular life

5 billion 4 billion 3 billion 2 billion 1 billion Today

Years ago

The history of the Earth

Draw an arrow on the timeline below to mark an approximate timing for each of the following events:
• Formation of the Earth
• First appearance of life on Earth
• Evolution of photosynthesising organisms
• Evolution of multicellular life

5 billion 4 billion 3 billion 2 billion 1 billion Today

Years ago



Which of these sources of information on climate change (a newspaper and a peer 
reviewed journal) is likely to be more reliable? Explain your answer.

Greenhouse gases

Greenhouse gases in the atmosphere 
maintain temperatures on Earth high 
enough to support life.

Name three greenhouse gases:

• Water

• Carbon dioxide

• Methane

How do molecules of gas absorb infrared 
radiation from the surface of the Earth? 
The infrared radiation causes the bonds 

within the molecules to vibrate.

9-1 Science AQA C13 – Chemistry of the Atmosphere

Human impact on the atmosphere

Some human activities increase the amounts of 

greenhouse gases in the atmosphere.

Describe two human activities that increase the amount 

of carbon dioxide in the atmosphere.

• Burning fossil fuels

• Deforestation

Describe two human activities that increase the amount 

of methane in the atmosphere

• Cattle production and farming

• Sending waste to landfill

The greenhouse effect Complete the sentences to describe how the 

greenhouse effect keeps the surface of the 

earth warm.

Short wave ultraviolet radiation (A) from the sun 

passes through the atmosphere and warms the 

surface of the earth. 

Long wave infrared radiation is given of by the 

warm Earth (B).

Most escapes to outer space allowing the Earth to 

cool.

But some infrared radiation is trapped by gases in 

the air including carbon dioxide, methane and 

water. Keeping the earth warm.

[escapes, gases,  water, warms, methane, short 

wave, carbon dioxide, cool, long wave, infrared] 

A
B

Global warming

Increasing levels of carbon dioxide caused by 

burning fossil fuels increase the amount of heat

retained. This melts the polar ice and releases 

methane which accelerates the warming effect 

causing the Earth’s surfaceto heat up. 

[fuels, carbon dioxide, surface, methane]

Causes of global climate change
Give one reason why it is difficult to produce models for future climate change.

Complex system

Many different variables

Many alternative theories

Describe how carbon dioxide helps to maintain temperatures on Earth

Carbon dioxide allows short wave radiation to pass through the atmosphere to the 

surface of the Earth

Short wave radiation is absorbed warming the surface

Carbon dioxide absorbs the long wave radiation from the surface.

This figure shows the change in mean global air temperature from 1860 to 2000.

Explain how human activities have contributed to the main trend shown from 
1910 onwards

The increase from 1910 is due to release of greenhouse gases. 

Burning fossil fuel and deforestation contributes to net CO2 emissions

Farming and sending waste to landfill contributes to CH4 (methane) emissions

The peer reviewed journal is likely to be 

more reliable because the articles have 

been reviewed by members of the 

scientific community and the results of 

their studies have been communicated 

widely. The newspaper might be biased 

and the evidence is gives might be 

untested by the scientific community.



Self assessment
Red/Amber/
Green/Gold:
I need help with:

9-1 Science AQA C13 – Chemistry of the atmosphere

Describe five potential effects of global climate change, use the visual clues to help you

Weather is expected to 

become more extreme. 

Hurricanes are likely to 

be stronger and floods 

and droughts will 

become more 

common.

Ice is melting, 

releasing trapped 

methane gas from 

beneath its surface 

which may accelerate 

global warming further 

as it is a powerful 

greenhouse gas. 

Less fresh water will be 

available for 

communities that rely 

on glacial melt water as 

their source of 

freshwater. It may also 

impact hydroelectric 

power generation.

How much hotter is it predicted 
that global temperatures could 
rise by 2050  if emissions are  
not reduced?

0-1ºC     2-5ºC 5-10ºC

If sea levels rose by 2m which of 
these major cities would be 
threatened?

London     Paris   Amsterdam

Habitat loss due to melting 
polar ice caps is a problem for 
which species?

Polar bears   Whales   Tigers 

Rising temperatures can cause 
droughts which can cause 
famine in equatorial regions. 
What is a famine?
A famine is where crops fail and 

there isn’t enough food to eat.

Global 
Climate 
Change

Sea levels are rising 

threatening coastal 

areas and low lying 

countries such as the 

Maldives. This may 

cause loss of habitat 

for humans and wildlife

Species have been 
impacted by rising 
temperatures eg

penguins and polar 
bears



The carbon footprint can be reduced by reducing emissions of 

carbon dioxide and methane. 

Why are these actions likely to have only a limited benefit? A large 

amount of methane and carbon dioxide has already been emitted which has 

begun the process of global warming leading to other effects such as melting the 

polar ice caps and sea warming. This in turn reduces the amount of CO2 which 

remains dissolved in the oceans and releases methane trapped below ice. This 

causes further warming which perpetuates the effects Only actively reducing the 

amount of CO2 by planting new forests or carbon capture would have a significant 

effect. 

Climate interactions are complex.

The carbon footprint

The carbon footprint 
is the total amount of 
carbon dioxide and 
other greenhouse 
gases emitted over 
the full life cycle of a 
product, service or 
event.

9-1 Science AQA C13 – Chemistry of the atmosphere

Using electric cars would reduce 
emissions from fossil fuels if 

clean energy from renewables is 
used.

Increasing the percentage of our 
electricity generated using 

renewables such as solar, wind 
and tidal.

Plant trees and forests and 
reduce deforestation so that CO2

could be removed by 
photosynthesis.

Carbon capture and storage 
focuses on preventing the CO2

produced from being emitted into 
the atmosphere.

Give four ways carbon 
dioxide emissions could 

be reduced

Metal ore is extracted from the ground using 
heavy machinery burning fossil fuel. The reduction 

process for aluminum is electrolysis which 
requires heat energy and electricity both of which 

increase emissions of carbon dioxide. 

The manufacturing process will require machinery 
to flatten and then shape the metal into a can and 
applying a surface design. This will require energy 

that increases CO2 emissions. 

Cans may be sent to landfill where they will take 
up space increasing the need to excavate new 

landfill sites. Alternatively they may be collected 
and transported for recycling which might not even 

take place in the UK. Recycling involves using 
energy to separate the waste before recovering 

the metal and purifying and reshaping it for use in 
new items all of which require energy and emit 

CO2.

Metal ore, finished metal cans, product and used 
cans will all be transported during their lifetime by 
lorries and cars and ultimately a recycling lorry or 
bin van. All these vehicles will use diesel or petrol 

fuel and cause CO2 emissions.

How is carbon dioxide 
emitted during some of the 

main stages of the life 
cycle of a soft drinks can?

Extracting raw materials Making the can

Disposal and recycling Transportation at different 
stages in the life cycle

Reduction in agriculture in 
particular cattle and animal 

farming.

Send less waste to landfill 
where it decomposes releasing 

methane,

Reduce global warming so that 
methane locked in the 

permafrost and under frozen 
lakes is not released into the 

atmosphere.

Capture the methane released 
at landfill and use it as a source 
of natural gas burning it to form 

CO2

Give four ways 
methane emissions 
could be reduced

Describe how the seas and oceans can decrease the amount of carbon 
dioxide in the atmosphere. Carbon dioxide dissolves in sea water and rain 

water Insoluble carbonates are formed from the shells of sea creatures, 

corals and sediments, But warm seas hold less carbon dioxide so it cannot 

absorb the extra CO2. 

Describe how carbonate rocks release carbon dioxide into the 
atmosphere by geological activity.
Carbonate rock is heated/subducted close to the magma and is melted.

The rock is thermally decomposed and released as CO2 through volcanoes.



Balance the following equations for the complete and incomplete 
combustion of octane

Complete combustion
C8H18(l) + 12 ½ O2(g) → 8 CO2(g) + 9 H2O(l)

Incomplete combustion
C8H18(l) + 10 ½ O2(g) → 5CO2(g) + 9 H2O(l) + 2 CO(g) + C(s)

Complete the equation to show the formation of sulfur dioxide from 
sulfur in fossil fuels when the fuels are burnt.

S(g)  + O2(g) → SO2(g)

Pollution from fuels

The combustion of fuels is a major source of atmospheric pollution. Most fuels, including coal, 

contain carbon and/or hydrogen and may also contain some sulfur.

The gases released into the atmosphere when  fuel is burned may include carbon dioxide, water 

vapour, carbon monoxide, sulfur dioxide and oxides of nitrogen. Solid particles and unburned 

hydrocarbons may also be released that form particulates in the atmosphere. 

Carbon dioxide is formed by complete combustion of hydrocarbon fuel. Carbon monoxide and 

carbon particles are formed by incomplete combustion of hydrocarbon fuel. Nitrogen oxides are 

formed when nitrogen from the air reacts with oxygen at the high temperatures in a car engine. 

Sulfur dioxide is formed when sulfur found in fossil fuels burns in air. 

[sulfur dioxide, fossil, nitrogen, particulates, combustion, complete, sulfur, gases, hydrocarbons, 

incomplete, high,  carbon, pollutants, engine, carbon monoxide] 

9-1 Science AQA C13 – Atmospheric pollutants from fuels 

The table gives information about the pollutants produced by cars using diesel or 

petrol as a fuel

Compare the pollutants from cars using diesel with those from cars using petrol.

Diesel releases more oxides of nitrogen and particulate matter than petrol which will 

contribute to acid rain and global dimming. Petrol on the other hand does not contribute to 

global dimming but higher CO2 emissions will contribute to global warming to a greater 

extent than diesel.

Problems from pollution
Draw a line from each pollutant to an environmental impact caused by 
the pollutant. There may be more than one correct answer.

Fuel Relative amounts of pollutants

Oxides of nitrogen Particulate matter Carbon dioxide

Diesel 31 100 85

Petrol 23 0 100

Oxides of nitrogen

Particulate matter

Sulfur dioxide

Carbon dioxide

Carbon monoxide

Acid rain

Flooding

Global Dimming

Global Warming

Toxic colourless 
and odourless gas

Photosynthesis

Respiratory 
problems



Using the Earth’s resources 

Humans use the Earth’s resources to to provide warmth, shelter, food and transport.

Natural resources, supplemented by agriculture, provide food, timber, clothing and fuels.

Finite resources from the Earth, oceans and atmosphere are processed to provide energy and materials.

Chemistry plays an important role in improving agricultural and industrial processes to provide new products 

and in sustainable development, which is development that meets the needs of current generations without 

compromising the ability of future generations to meet their own needs. 

[processed, sustainable, future, agriculture, finite, industrial, natural, resources]

9-1 Science AQA C14 – Using the Earth’s resources and sustainable development

Finite and renewable resources

Sort these resources into finite and renewable:  wood, cotton, crude 

oil, sugar, clay, coal, stone, sand, slate, natural gas, metal ore, water, 

rice, minerals  

Describe an object that 
used to be made of wood 
that is now made of plastic

Toys used to be made of 

wood but are now more 

commonly made of plastic 

which is easier to shape, 

mould and clean.

Wood, crude oil, coal, natural 
gas

Sandstone, slate, granite, 
marble, limestone and 

carbonate rocks

Precious metals, metal ore clay aggregate, sand, water

Give four examples of 
natural resources

cotton, timber, silk, wood rubber
rice, corn, food, maize, sugar, 

meat, milk

plastic, PVC, polyethene, 
polystyrene, polyester, teflon

ceramics, glass, carbon fibre, 
pottery

Give four examples 
of agricultural or 

synthetic products

Describe how recycling plays a key 
role in sustainable development.
Recycling materials reduces:

• The use of limited resources

• The use of energy sources

• Waste

• The environmental impact

• We could also reduce or limit use 

in the first place.

What does sustainable 
development mean?
Development that meets the 

needs of current generations 

without compromising the 

ability of future generations to 

meet their own needs. 

Describe an object made 
of cotton that is now made 
of a polymer. Clothing used 

to made mainly of cotton, 

there are now synthetics 

such as polyester and nylon 

that are widespread and 

cheap.

Finite: metal ore, 

crude oil, stone, 

clay, coal, sand, 

slate, minerals, 

natural gas

Renewable: wood, 

cotton, sugar, rice, 

water

Using and preserving resources – data question
World demand for copper for the year 2011 was about 20 million tonnes.
World reserves of copper are estimated to be 700 million tonnes.
Most of the copper used is obtained from copper ores, which are mined.

Use this information and your own knowledge to justify the statement:
“Copper should be recycled”. 
• Recycling conserves supplies of ores so copper will be available for longer. At 

present rate of usage copper ore will run out in 35 years. 

• Recycling conserves supplies of fossil fuels or energy. 

• Mining scars the landscape and produces noise and dust pollution. It also 

destroys wildlife habitats. 

• Recycling reduces the need for mining. 

• Extraction uses fossil fuels which produce carbon dioxide, a greenhouse gas 

which causes global warming and sulfur dioxide causing acid rain.



Describe the difference between 
potable water and pure water. 

How can we tell that water is pure?

• Pure water does not contain any 

dissolved substances.

• It has a boiling point of 100ºC.

• Dissolves substances generally 

increase the boiling point above 

100ºC.

United Kingdom water supply

What is the original source of most potable water in the 
UK?

Rainwater

Where is drinking water in the UK collected from?

Rivers, lakes aquifers, reservoirs

There are three stages in making water potable. Describe 
what happens in each stage.

Water of appropriate quality is 

essential for life. For humans, drinking 

water should have sufficiently low levels 

of microbes and dissolved salts. 

Water that is safe to drink is called 

potable water. This water is not pure 

water because it contains dissolved

substances.

[dissolved salts, potable, quality, 

microbes, dissolved]

A student collected a sample of water from a lake and filtered it using filter 

paper to remove solid particles. Describe how the student could show that the 

filtered water contained dissolved salts without using a chemical test.

Put a sampler of the filtered water in an evaporating basin.

Heat over a Bunsen burner using a tripod and gauze.

OR 

Allow to evaporate on the windowsill.

There will be crystals of salt left in the basin after the water has evaporated.

9-1 Science AQA C14 – Potable water

This diagram shows the apparatus used in the distillation of sea 
water. 

Potable water from sea water

Sea water has so many substances dissolved in it that it is undrinkable . However, if supplies of fresh water are limited, desalination of salty 

water or sea water is needed to remove the dissolved substances.

Desalination can be done by distillation or by processes that use membranes such as reverse osmosis. These processes require large amounts of 

energy, so it is very expensive. It is only used when there is not enough fresh water. In reverse osmosis sodium and chloride ions pass through the 

membrane but water molecules do not. This is because water molecules are smaller and uncharged.

[desalination, smaller, distillation, fresh dissolved, energy, membranes, ions, water, seawater, remove]

Desalination

1. What is desalination? 
Removing salt from water

2. Why might you need to 
desalinate water? Countries 

with little fresh water rely on 

desalination to provide 

freshwater for drinking.

Sedimentation – large particles sink to the 
bottom. A flocculant may be added to 
make smaller particles stick together into 
large ones

Filtration – Removes fine particles by 
passing through sand.

Sterilisation – kills microbes, sterilizing 
agents include chlorine, ozone or 
ultraviolet light.

1. Explain why the water in the flask is heated 

To evaporate the water

2. What is the role of the condenser? To cool 

and condense the steam so it can be collected 

as liquid water.

3. Explain the purpose of the thermometer. To 

measure the temperature as pure water boils 

at 100ºC

4. Why doesn’t the salt evaporate? The boiling 

point of the salt is much higher than the water.



Put the following sewage treatment processes in the 
correct order.

This is a diagram of a septic tank

1) Describe how a septic tank works Septic tanks allow anaerobic 

bacteria to develop that treat the sewage by decomposing it. The 

treated water leaks out through finger drains on to the land and the 

remaining sludge collects in the tank.

2) Explain why some rural communities need septic tanks
Systems for dealing with sewage depend on the density of the 

population. In rural areas each household cannot be connected to a 

drain system to has their own individual sewage treatment system.

Waste water treatment

Urban lifestyles and industrial processes 

produce large amounts of waste water that 

require treatment before being released 

into the environment. 

Sewage and agricultural waste water require 

removal of organic matter and harmful 

microbes. 

Industrial waste water may require removal 

of organic matter and harmful chemicals.

[industrial, microbes, chemicals, agricultural, 

treatment, organic, waste]

Self assessment
Red/Amber/
Green/Gold:
I need help with:

9-1 Science AQA C14 – Waste water treatment 

Explain why it is more difficult to produce drinking water from 

waste water than from water in lakes.

Waste water must go through more processes to make it suitable to 

drink because it contains more organic matter, more microbes and toxic 

chemicals or detergents. 
Agriculture Industry

Sewage
Domestic 
appliances

How does water from the sea end 
up in rivers, lakes and aquifers? 
Water from the oceans evaporates, 

condenses to form clouds, moves 

over high ground and precipitates 

water as rain into rivers, lakes and 

aquifers

Screening and 
grit removal

Sedimentation

Anaerobic 
digestion

Aerobic biological 
treatment

Describe how each of these factors contribute to waste water 

Agriculture is by far the biggest user 

of water. Agricultural waste water can 

cause problems to ecosystems by 

having too much nutrient causing 

eutrophication.

Industrial waste water may contain 

pollutants such as organic matter 

and harmful chemicals that require 

extra treatments before it can go 

back into the freshwater cycle.

Sewage contains harmful microbes 

and may also contain flushed 

sanitary products and hormones 

from the contraceptive pill.

Water from domestic washing 

machines, dishwashers and 

showers will contain organic 

material, soap, detergents and 

other cleaning chemicals.

Screening and 
grit removal

Sedimentation
Anaerobic 
digestion

Aerobic biological 
treatment



Corrosion
Corrosion is the destruction of materials by 
chemical reactions with substances in the 
environment. Rusting is an example of corrosion.

Show on the triangle below the three things that 
must be present for rusting to occur.

Describe how coatings such as greasing, painting or 
electroplating can prevent corrosion. 
Coatings provide a barrier which prevent oxygen and water 

from reaching the surface of the metal and causing 

corrosion.

Describe how coating with a more reactive metal can 
prevent corrosion.
The more reactive metal acts as a sacrificial metal. It 

corrodes in preference to the metal it is there to protect. For 

example coating iron with more reactive zinc protects the 

iron.

Copper can be extracted from its ore 
using displacement by scrap iron. What 
is meant by the term displacement?

Displacement is where a more reactive 
element (iron) can displace a less reactive 
element (copper) from a solution of its ions 
Dropping scarp iron into copper sulfate 
solution will form a precipitate of copper 
metal. 

Alternative methods of extracting metals

The Earth’s resources of metal ores are limited. Copper ores 

are becoming scarce and new ways of extracting copper from 

low-grade ores include phytomining and bioleaching. These 

methods avoid traditional mining methods of digging, moving 

and disposing of large amounts of rock. 

Phytomining

Phytomining uses plants to absorb metal compounds. The 

plants are harvested and then burned to produce ash that 

contains the metal compounds.  Plants will naturally absorb 

compounds from the soil through their root system. There 

are certain plants that can absorb toxic metals and collect 

them in their leaves. These plants can remove these toxic 

metals from the environment and are called 

hyperaccumulators. 

[ash, metal, hyperaccumulators, root, compound, harvested, 

toxic, soil, plants] 

Bioleaching

Bioleaching uses bacteria to produce leachate solutions that 

contain metal compounds. These can then be processed to 

obtain pure copper by displacement using scrap iron and by 

electrolysis. Bioleaching is a cleaner process than the 

traditional leaching that uses cyanide. 

[compounds, copper, cyanide, electrolysis, leachate, cleaner, 

processed, bacteria, displacement]

The nails in the following test tubes are left for 6 days.  

Which nails would you NOT expect to corrode?

2, 3, 4

Which nails would you expect to corrode?

1, 5, 6

Which nail would you expect to corrode the most and 
why?

1, because it has the largest surface area of iron in contact with air 
and water.

Explain why magnesium is more 
effective than zinc in protecting 
iron from rusting.

Sacrificial protection works better where 
the metal to be sacrificed is much more 
reactive than the metal to be saved. It is 
the relative reactivities that is 
important.

Self assessment
Red/Amber/Green/Gold:

I need help with:

Add the correct number of electrons to each of the 
following half equations to show the redox process taking 
place when metals corrode 

Fe → Fe3+ + 3e-

Zn → Zn2+ + 2e-

Al → Al3+ + 3e-

Cr→ Cr3+ + 3e-

9-1 Science AQA C14 – Alternative methods of extracting metals and corrosion

metal

oxygen water



What do we mean by the term 
‘objective’ and is an LCA an objective 
process? An objective process is one 
where the data can be interpreted in 
one way, LCA’s are subjective and can 
be swayed by the person’s viewpoint.

Life cycle assessment

A life cycle assessment (LCA) is carried out to assess the environmental impact of a 

product in each of these stages of its life. It is sometimes called a cradle to grave 

analysis. It not only considers the useful life of a product but also the materials and 

energy it takes to make the product and what happens to it on its disposal.

Use the information you have filled into the grids to the left to answer the 

following questions:

1) Which raw material is the most sustainable? Wood is more sustainable than 

crude oil as trees can be replanted.

2) It takes 0.5MJ of energy to make a plastic bag and 1.5MJ of energy to make a 

paper bag. How will this affect the CO2 emitted during manufacturing? More 

CO2 will be emitted during the manufacture of the paper bad than the plastic 

bag because more energy is required.

3) Which type of bag is easier to dispose of? The paper bag is heavier so takes 

more energy to transport to landfill. However it biodegrades unlike the plastic 

bag.

4) Do you agree that plastic bags are more environmentally friendly than paper 

bags? Yes – because they take less energy to manufacture and can be reused 

many times. No – because they are made from non-renewables and do not 

biodegrade.

5) Will someone else’s LCA grid look exactly like yours? No, an LCA is done using 

your judgment of what to include and requires value judgments. These are 

swayed by a person’s views.

9-1 Science AQA C14 – Life cycle assessment (LCA)

1. Extracting and processing raw 
materials Paper is made from trees. 
Trees are renewable, we can plant 
more. However felling trees for wood 
is destructive to habitats which may 
take many years to recover.

2. Manufacture and packaging The wood 
must bee processed to turn it into 
paper. This uses chemicals, energy and 
water The more stages the more 
energy will be required.

3. Use and operation during its 
lifetime Paper shopping bags are not 
as strong as plastic, they may tear or 
be damaged by water. They are often 
thrown away after 1 use.

4. Disposal at the end of its useful life 
At the end of their life, paper bags are 
transported for recycling or landfill. 
Paper bags weigh more so take more 
energy to transport to landfill but they 
are biodegradable.

Complete each section of the LCA grid to assess the environmental impact of paper bags

Complete each section of the LCA grid to assess the environmental impact of plastic bags

1. Extracting and processing raw 
materials Plastics are made from 
crude oil, a non-renewable resource 
via fractional distillation. Extracting 
crude oil uses energy and ay be 
harmful to the environment if there 
is an oil leak.

2. Manufacture and packaging The 
crude oil must be chemically processed 
to turn it into plastics. This uses a large 
amount of energy and may involve a 
number of stages, The more stages the 
more energy is used.

3. Use and operation during its 
lifetime Plastic bags are strong, they 
can be reused many times and may 
then be used as bin liners.

4. Disposal at the end of its useful life
At the end of their life plastic bags 
usually end up in landfill. Plastic is non-
biodegradable. It is not broken down by 
microorganisms, It could be recycled 
but this also uses energy.

If you saw am LCA in an advertising 
campaign what might affect the 
reliability of the information? LCA’s 
can be devised that are selective or 
abbreviated when evaluating a 
product and can be misused to reach 
pre-determined conclusions eg in 
support of claims for advertising 
which may be biased.



Knowledge Organiser - Forces 

Forces 
 

A push or pull applied by one object on another is 
a force. 
 
Force is measure in Newtons (N). 
 
Forces between object can be either: 
 
Contact: 

             
 
Non-contact: 

             
Gravity             Electrostatic          Magnetic 
 
Scalar quantities – has magnitude (size) only. 
Example – speed, distance 
 
Vector quantities – have magnitude and 
direction. 
Example – velocity, displacement. 
Displacement is measured in a straight line from 
start point to end point.   
Velocity is speed ins a particular direction. 

 

Speed 
 

Speed tells us how fast an object is moving. 
 
Speed (v) = distance (d) 
                     Time (t) 
 
To convert km/h into m/s multiply by 1000/3600 
To convert m/s to km/h multiply by 3600/1000 
 
Average speed is calculated as speed changes 
during a journey. 
 

Distance – time graphs 
 

 
A) Stationary object 
B) Constant speed 
C) Stationary to increasing speed 
D) Increasing to stationary 

 
The gradient of a distance-time graph is equal to 
the speed of an object. 
 
HTIER – Tangents to distance-time graph 
 

 
 
 

Acceleration 
 
Acceleration happens when the velocity of an 
object increases. 
 
Deceleration happens when the velocity of an 
object decreases – it has negative acceleration. 
 
Remember – a faster increase in velocity is  a 
greater the acceleration.  A car which high 
acceleration reaches a high speed in a shorter 
time. 
 

Calculating acceleration 
 

Acceleration = change in velocity 
                            time taken 
 
      a (m/s2) =      ∆v  (m/s) 
                               t (s)  
 
Worked example: 
A car accelerates from 10m/s to 60m/s in 12s.  
Calculate the acceleration. 
 
a (m/s2) =      ∆v  (m/s) 
                           t (s)  
 
a (m/s2) =      (60 - 10) 
                           12s 
 
            =    4.17 m/s2 
 

HTier ONLY - Motion in a circle 
To maintain constant speed, direction changes.  
This means the velocity changes as velocity is a 
vector.  When the velocity changes it accelerates.  
There is a force acting at the centre of the circle in 
the same direction as acceleration causing the 
change in velocity to maintain the constant speed. 

To find the speed at a 

particular point by drawing a 

tangent to the line and 

measuring the gradient of the 

tangent. 

Gradient = (140 – 20)  =120m 
                   (9s – 4s)       5s 

               = 24m/s 
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Velocity – time graphs 
 
Velocity-time graphs show how the velocity of a 
moving object changes over time. 
 

 
The sketch graph shows parts of the journey 
where velocity is positive or negative. 
 
The gradient of a velocity-time graph shows how 
the velocity changes with time.  A steep gradient 
shows the acceleration is large. 
 

H Tier ONLY – Displacement 
 
Displacement is equal to the area under a 
velocity-time graph.  This is the distance the object 
travelled. 
 

1. Divide the area under the graph into 3 
simple shapes. 

 

 
 
 
 
 
Total distance travelled = 125 + 100 + 25 = 250 m. 

Calculating motion 
 

Uniform motion is caused when acceleration is 
constant. 
 
Calculating uniform motion uses the equation: 
 

v2 = u2 + 2as 
where 
v = final velocity in m/s 
a = acceleration in m/s2 
s = displacement in m 
u = initial velocity in m/s 
 
Worked example: 
A car accelerates from 7.0 m/s at 3.5 m/s2 for the 
next 11 m.  What is the final velocity? 
 
u = 7.0 m/s 
a = 3.5 m/s2 
s = 11m 
 
Substitute values into the equation:  
 
v2 = u2 + 2as 
 
v2 = 72 + (2 x 3.5 x 11) 
    =  49 + 77 
    =  126 
 
Therefore v = √126 
    = 11 m/s (to 2 sig figs) 
 
Remember when an object is slowing down v will 
have a smaller value than u. 
 
Rearranging gives: 
 

a = (v2 – u2) 
     2s 

Vertical motion 
 
Remember: 
Gravity of a falling object has an acceleration of 
approx. 9.8 m/s2 (assuming no air resistance); 
Deceleration if thrown up = - 9.8 m/s2 

Acceleration when falling = + 9.8 m/s2 
 
The equation can only be used when an object 
travels with constant uniform acceleration in a 
straight line.  
 
Worked example: 
A ball is thrown vertically upwards at 18 m/s.  
Calculate how high it goes assuming gravity = 9.8 
m/s2. 
 
We take velocity as 0, as at the highest point the 
ball will be momentarily stationary. 
 
u = 718 m/s 
a = - 9.8 m/s2 
v =  0 m/s 
 
v2 = u2 + 2as 
 
0 = (18)2 + (2 x -9.8 x s) 
0 = 324 – 19.6s 
19.6s = 324 
 
s = 324 / 19.6 
   =  17 m (to 2 sig figs) 
 

Area = ½ bh 
          = ½ x 5 x 50 
         = 125 m 

Area = bh 
          = 2 x 50 
         = 100 m 

Area = ½ bh 
          = ½ x 1 x 50 
         = 25 m 
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Weight and mass 
 

Mass is the amount of substance present in an 
object.  It is measure in kilograms. This does not 
change. 
 
Weight is the force acting on the mass in a 
gravitational field.  Weight can change according 
to the gravitational force.  It is measured in 
newtons. 
 
Weight = mass x gravitational field strength 
 
Different planets and stars have differential 
gravitational field strengths therefore weight can 
change. Mass remains constant. 
 

Forces and motion 
 

Newton’s first law 
 

 
 
Objects have several forces acting on them.  
When a number of forces are replaced by a single 
force – with the same effect – this is called the 
resultant force.  
 
When the forces are in balance, they cancel each 
other out and the resultant force is zero.  The 
object behaves as if no forces are acting on it. 
 
Newton’s first law states if the resultant force is 
zero then it will: 

- If stationary – remain stationary; 
- If moving, remain at constant speed in a 

straight line. 
e.g. a rock resting on the ground, walking at 
steady speed on a treadmill. 

Resultant forces 
 
When several forces are acting on an object the 
combined effect can be calculated.  The combined 
force is called resultant force. 
 

 
 

Free-body diagrams 
 
 

Free-body diagrams show the magnitude and 
direction of the forces acting on an object.  The 
force arrows always start from the centre of the 
point. 

 

 

H Tier ONLY – Finding forces using vector 
diagrams 

 

 
Using the magnitude and directions of the forces 
acting construct the diagram above.  Use a scale 
appropriate to the magnitudes of the forces (e.g. 
1cm = 10N) 
 
The resultant force (R) is the imaginary line from A 
to B.  The magnitude can be found by measuring 
the length of the line and applying the scaling. 
 

The direction is found by measuring the angle ᶿ. 
 
Using a single force of known direction, it is 
possible to find the two forces which combined to 
produce the resultant force: 
 

 
Draw a scale diagram of the force at the angle 
given to the horizontal.  Draw a straight line down 
to the x-axis and measure the length of the line  
Fx = horizontal component of the force.   
Repeat for y-axis.   
Fy = vertical component. 

A 

B 
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Forces and acceleration 
 

Newton’s second law 
 
Force, mass and acceleration are linked by the 
equation: 
 

F = ma 
 
Where: 
F = the resultant force in N 
m = mass in kg 
a = acceleration in m/s2 
 
Worked example: 
A car has a mass of 1250 kg.  What force is 
needed to give it an acceleration of 7 m/s2. 
 
F = ma 
   =  1250 x 7 
   =  8750 N 
 

H Tier ONLY – Inertia 
 

Massive objects are hard to start moving and to 
stop. The reluctance to start movement is called 
inertia. 
 
Inertial mass is the measure of how difficult it is 
to change the velocity of an object.  It is defined by 
the ratio equation of: 
 
Inertial mass =    force         . 
                           acceleration 

Newton’s third law 
 
Newton’s third law states that whenever two 
objects interact the forces, they exert on each 
other are equal and opposite. 
 

 
 

The forces in the pair: 
- Are the same; 
- Act in opposite directions; 
- Act on different objects. 

 
H Tier ONLY - Momentum 

 
Momentum is dependent upon the mass and 
velocity of an object. 
 

Momentum = mass x velocity 
      p          =    m        x     v 

 
p = momentum in kg m/s  
m = mass in kg 
v = velocity in m/s 
 
 
Centre of mass is when the weight of an object is 
considered to be acting at a single point.  An 
object becomes unstable when the vertical line 
through its centre of mass falls outside its base.  
This point acts like a pivot and causes a turning 
effect. 
 
 
 

Keeping safe on the road 
 
The time taken for the driver to stop a moving car 
when reacting to a stimulus is called reaction 
time. 
 
Thinking distance – the distance travelled during 
the reaction. 
 
Braking distance – the distance travelled before 
the car stops after the brake has been applied. 
 
Stopping distance = thinking + braking distances 
 
Factors affecting stopping distance are: 

- Driver tiredness; 
- Influence of drugs/alcohol; 
- Distraction; 
- Road conditions – ice/wet 
- Car had bald tyres; 
- Car has poor brakes; 
- The car speed is great. 

 
Rapid deceleration can cause: 

- Heating damage caused by friction; 
- Injury; 
- Loss of control of the vehicle. 

 
H Tier ONLY  

 
A rapid change in momentum can cause injury to 
the passengers due to the high forces exerted.   
The seat belts and air bags are designed to bring 
passengers to rest over a longer period of time. 
 
To estimate the forces needed to sop the vehicle 
you use the following equations together: 
v2 = u2 + 2as 
followed by 
F = ma 
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Knowledge Organiser - Waves 

Describing waves 

 

 
 

Amplitude (metre, m) – maximum 

displacement from its undisturbed position.  

 

Wavelength (metre, m) – distance from the 

point on one wave to the next. 

 

Frequency (Hertz, Hz) – number of waves per 

second.  A frequency of 5Hz means there are 

5 complete waves passing a point in 1 

second. 

 

Frequency = 1 ÷ time period (s) 

                  f = 1 / T 

 

Time period (T) is the time taken to complete 

one wavelength.  It is the reciprocal or inverse 

of the frequency: 

T = 1 

      f 

 

Wave Speed (metres per second, m/s) – 

speed at which the energy transfers through 

a media. 

Wave speed = frequency x wavelength 

                    v = f x λ 

 

Transverse waves 

Wave moves perpendicular to the direction 

of energy transfer. E.g. ripples on water, 

electromagnetic spectrum.   

 

 
 

Longitudinal wave 

 
Wave moves parallel to the direction of 

energy transfer. E.g. sound. Note – the 

particle does not travel, it is the transfer of 

energy.  Compression is an area when the 

waves are bunched up.  Rarefaction is when 

the waves spread out. 

 

Sound waves are longitudinal. 

 

 

 

 

 

Method of measuring waves on a ripple tank 

 
 

Wavelength = distance of n waves 

                                    n waves 

 

Frequency is how many waves past a point in 

1 second 

 

Wave speed is time how long one wave takes 

to travel the tank. Tank length ÷ time. 

 

Method of measuring waves on a string 

 
 

 



Sound waves 

Sound waves are longitudinal.  They transfer 

energy by the vibration of particles.  To 

measure a sound wave a cathode ray 

oscilloscope (CRO) is used to display the 

sound waves on graphs of potential 

difference against time – so they look like 

transverse waves. 

 

 
 

Sound waves can change speed when it is 

transmitted across a boundary medium to 

another.  When the speed changes there is a 

change in the wavelength but no change in 

frequency.  This is because the number of 

waves leaving the medium in a second is the 

same as the number of waves entering the 

medium. 

 

Measuring the speed of sound 

 

Sound travels via vibrations, and happen 

quicker in solids due to the proximity of the 

particles. 

  

To work out a sounds speed; 

 

Speed (m/s) = distance (m) ÷ time (s) 

 

 

Reflection and refraction of waves 

 

Waves can reflected or absorbed or 

transmitted at a boundary between two 

different media.  

 
Reflected: same angle 

 
The dashed line represents the normal.  It is 

drawn at 90o to the boundary and is the line 

from which all angles are measured. 

 

When a wave is reflected off a surface – the 

angle of incidence (i) is equal to the angle of 

reflection (r).  This is the law of reflection. 

 

Ray diagrams: 

- Drawn with a ruler  

- Draw an arrow for direction 

- Draw a normal at 900 to the point of 

entry of the ray 

- Angles labelled 

 

 

 

Refracted: 

 
A wave changes direction when it enters a 

different medium – refraction. The glass block 

above is denser than the air, so the light slows 

down and bends towards the normal.  The 

refracted angle (r) and is smaller than the 

incident angle (i).  Light exiting the block 

returns the speed it enters.  Bending away 

from the normal with a larger refracted angle 

in comparison to the incident angle. 

 

 
 

The direction of refraction depends on: 

- Angle it hits the boundary 

- The density of the material. 

 

Higher density materials slow down the wave.  

 

 

 

 

 

 

 

Traces 1 and 2 

show a wave with 

the same 

frequency, but 

wave 2 has a 

higher amplitude. 
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The electromagnetic spectrum 

 

Family of transverse waves transferring energy 

from a source to an absorber. 

 

All travel at the same speed through a 

vacuum or air.  Unlike sound waves which 

cannot travel through a vacuum – they need 

a material to transfer their energy 

 

 

Wavelength: 101m – 10-12m 

Frequency: 108m – 1020m 

 

The shorter the wavelength the further it can 

travel through other materials. 

  

Humans can only detect visible light.  The 

region of visible light can be separated into a 

spectrum of colours 

 

Wavelength and speed affect how it is 

transmitted, absorbed, reflected or refracted 

by a media, and use. 

 

 

 

  

  

 
Shorter wavelengths transfer more energy.  

This means they are harmful to living cells.  

They can be used to kill or shrink cancers 

(gamma) or in medical imaging for diagnosis 

(X-rays). 

 

Ionising radiations  (ultra-violet, gamma and 

X-rays) can: 

- Kill cells; 

- Cause mutations of genes leading to 

cancers. 

 

Non-ionising radiations (infra-red, 

microwaves) having heating effects.  The 

radiation is absorbed by water molecules.   

Infra-red only heats the surface as its radiation 

is not transmitted very far into the food. 

 

Microwaves are absorbed about 1Cm into 

the outer layers of the food before being 

absorbed.  This causes the outer layers of fat 

and water molecules to vibrate more 

transferring the energy to the centre of the 

food. 

 

Radar 

 

Developed during WW2 to detect aircraft 

outside the normal range of sight and 

hearing.  Uses microwaves passing through 

the atmosphere via pulses emitted by a 

transmitter.  Reflected microwaves are 

detected by a receiving antenna.   

 

Radio and microwaves for communication 

A transmitter sends a signal to a receiver.  

Radio waves travel through air at the speed 

of light.  The path needs to be a straight line 

with no large obstructions such as hills or 

buildings, so transmitters are placed on towers 

that are hundreds of metres tall. 

 

HT ONLY - Radio waves are alternating 

currents at the same frequency as the wave 

cause oscillations in magnetic field, causing a 

wave. The wave then induces an oscillating 

electrical current in the receiver. 

 

Microwaves are used to transmit mobile 

phones signal.  The base stations are placed 

on high buildings or masts to give better 

communication over large distances.  Some 

may be sent via a satellite. 



 
 

HT ONLY – Reflection and refraction of radio 

signals 

 

Radio waves are refracted in the upper layers 

of the atmosphere (ionosphere) the amount 

depends on the frequency of the wave. 

 

Waves with long wavelength and low 

frequency are refracted the most by the 

ionosphere.  Microwaves with short 

wavelengths are not refracted or reflected 

and pass through the ionosphere.  This is 

reason why microwaves are used for satellite 

communications. 
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Knowledge Organiser – Electromagnetism 

Magnetism and magnetic forces 

Poles of a magnet are the place where the 

magnetic force is the strongest. 

 

A bar magnet has a north pole and a south 

pole.  

 
Like poles repel.  Opposite poles attract. 

 

A magnetic force is a non-contact force. 

 

Magnetic fields 

A magnetic field is the region around a 

magnet where the force acts on another 

magnet or on a magnetic material. 

 

 
The arrows show which way a compass would 

point if it was placed in the magnetic field.    

The magnetic force runs from the north pole 

to the south pole of the magnet. 

 

Induced magnetism and magnetic materials 

Iron, some steels, nickel and cobalt are 

magnetic materials.  They can be 

magnetised.   

 

Iron makes a temporary magnet – losing its 

magnetism as soon as the magnetising force 

is removed. 

 

An induced magnet is a material which 

becomes a magnet when placed in a 

magnetic field.  Iron does this – when it is 

removed from the magnetic field it loses 

magnetism. 

 

A permanent magnet produces its own 

magnetic field.  They are made from nickel, 

cobalt and some steels. 

 

To test if a material is magnetic place it near 

a magnet and it will be attracted. 

 

Compasses and magnetic fields 

A compass contains a small bar magnet.  

One end is a north pole and the other a south 

pole.  The south pole is attracted to magnetic 

north pole.  This how the magnetic field 

opposite is plotted. 

 

The Earth’s magnetic field 

 

 
 

The magnetic effect of a current 

When a current flows in a wire a magnetic 

field is created by the current. 

 

 
If the current direction is reversed , the 

magnetic field direction reverses. 

 

 

The Earth behaves as if there 

is a bar magnet inside it.  

The geographic north pole is 

a magnetic south pole.  A 

compass will point towards 

geographical north and is 

the north-seeking pole. 

The closer the field 

lines around a magnet 

– the higher the 

strength of the 

magnetic field.  The 

Earth’s magnetic field 

is strongest at the 

poles. 

The effect can be 

investigated using plotting 

compasses.  The strength of 

the magnetic field 

decreases with distance 

from the wire.  The further 

from the wire the field lines 

get further apart.  The higher 

the current, the stronger the 

magnetic field. 

 

 

The right-hand grip rule 

shows the direction of the 

magnetic field. 

 

 



The magnetic effect of a solenoid  

When the wire becomes a loop the field lines 

are squashed together. 

 

A solenoid is a long straight coil of wire.  When 

a current passes through a solenoid the 

magnetic field of all the coils combines to 

produce a magnetic field like that of a bar 

magnet. 

 

 
The polarity is determined by looking at the 

end of the solenoid and seeing which way 

the current passes. 

 

HT ONLY - The kicking wire (motor effect) 

 
When a wire, with current, is placed between 

the poles of a magnet the two magnetic 

fields combine – the resultant magnetic field 

is stronger.  This produces a force on the wire 

making it move.  This is the motor effect.  The 

direction of the force and motion are 

perpendicular to both the magnetic field and 

the current. 

HT ONLY – Fleming’s left hand rule 

 
Electromagnets 

A simple electromagnet is formed by a coil of 

copper wire (solenoid) wrapped around an 

iron core.  This magnetises the core, creating 

an electromagnet 1000 times stronger than 

the coil.   

 
An electromagnet is temporary – it can be 

switched off when there is no longer a 

magnetic field caused by the current. 

 

 

HT ONLY – Calculating the force on a 

conductor 

The stronger the force on a current-carrying 

conductor the more powerful the motor. 

 

The strength of a magentic field is called the 

magnetic flux density.   

 

 
Force on a wire 

The force (f) in N on a wire carrying a current 

at right angles to the magnestic field is 

proportional to: 

- The current, I, in A 

- The length of the wire in the field, L, in 

m 

 

So, F is proprtion to IL.  Using the equation: 

 

F = BIL 

 

Where B is the magentic flux density.  Unit  

tesla (T). 

 

The force on the wire can 

be increased by 

increasing: 

- Size of magnetic 

field 

- Current in the wire 

- Length of the wire 

The closer the lines 

the stronger the field.  

The magnetic field 

inside the coil is 

much stronger than 

outside. 



HT ONLY - Electric motors 

 
A current passing through a coil placed in a 

magnetic field a force on each side of the 

coil is created.  Fleming’s left-hand rule shows 

the forces on each side are in opposite 

directions and the coil moves.  The coils start 

to spin. 

 

A direct current (D.C.) motor has a split-ring 

commutator rotates with the coil between 

two carbon brushes.  This allows the motor to 

continue to spin without reversing the 

direction at each vertical position. 

 

Practical motors have curved pole pieces 

producing a radial field.  The coil is always at 

right angles to the magnetic field increasing 

the force and keeping it constant as the coil 

turns. 

 

The direction of the motor turns and can be 

reversed by reversing the current or reversing 

the direction of the magnetic field. 

  

 




