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GRADE 9: Physical processes 1 

Pressure 

About this unit 
This unit is the first of seven units on physical 
processes for Grade 9. 

The unit is designed to guide your planning and 
teaching of lessons on physical processes. It 
provides a link between the standards for 
science and your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 10 and Grade 7. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 
 

Previous learning 
To meet the expectations of this unit, students should already know that 
forces can cause objects to move and change shape. They should be able 
to measure forces and calculate area and density. 
 

Expectations 
By the end of the unit, students calculate the pressure exerted by a force. 
They know that pressure in a fluid depends on its depth and density, and 
that the pressure at any point in it is the same in all directions. They know 
that gases and liquids can be put under external pressure and describe 
some applications of this. 

Students who progress further calculate the pressure at different depths 
in water. They apply mathematical calculations to practical applications of 
pressure. They explain how an aneroid barometer works. They trace the 
historical development of the steam engine and know how this influenced 
the development of our understanding of some branches of physics. 

 

Resources 
The main resources needed for this unit are: 
• energy conversion kit, including a steam engine driving a generator 

powering bulbs or a motor 
• centimetre square graph paper 
• aneroid barometer with visible mechanism 
• a variety of everyday materials, in particular, drink cans, plastic bottles, an 

oil can 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• pressure, force, area, density, depth 
• newton, pascal 
• hydrostatic pressure, air pressure, steam pressure 
• manometer, barometer 

UNIT 9P.1 
6 hours 
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Standards for the unit 

6 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

7.16.3 Give and explain everyday examples 
of how forces can cause objects to 
change shape. 

9.18.1 Calculate the pressure exerted by a force knowing the area over which it 
acts. 

 

7.17.3 Calculate the density of liquids, 
gases and regular and irregular 
solids. 

9.18.2 Know that pressure in a fluid depends on the depth and density of the fluid, 
and that the pressure at any point in it is the same in all directions. 

10A.27.7 Understand and use the term 
pressure in the contexts of pressure 
exerted by a solid object and fluid 
pressure, and derive and use the 
relationship p = ρgh. 

2 hours 

Pressure 
 

4 hours 

Pressure in fluids 

 

 9.18.3 Know that gases and liquids can be put under external pressure and 
describe some applications of this. 

10A.27.8 Explain, in terms of the particle model, 
the hydraulic transmission of a force 
and know and explain quantitatively 
some common applications. 
 

Unit 9P.1 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introduction 
Challenge students to try to break an egg by squeezing it in their hand lengthwise. This is very 
difficult. Ask them what will happen if they squeeze two? Try the same activity with walnuts. 

Hammer three 2.5 cm nails quite close together the same short distance into the centre of the 
flat side of a flat piece of wood about 10 cm square. Hammer just one nail into a second piece 
of wood. Give the pieces of wood to students and ask them, in turn, to place the pieces of 
wood, nails downward, on the palm of each hand and put a bag of sugar on each. Tell them to 
note the difference. 

These are starter activities designed to raise questions rather than produce answers at this 
stage. You may explain them now, but a better idea would be to return to them later in the unit 
and ask for explanations. Discuss the observations. Draw attention to the forces applied in each 
case. The two forces in each activity were the same but the effect was different. The difference 
between the two in each case was the area over which the force acted. 

 

 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

Footprints in the sand 
Create an area outside where there is some sand, at least 10 cm deep, that can be made wet. 
Tell students to work in groups and ask one member of each group to stand in the sand, first on 
flat feet, then on their heels and finally on their toes. Ask groups to compare the depth of the 
three sets of footprints. In the discussion, bring out the fact that in each case the force exerted 
was the same but the area changed. Refer to pressure as a measure of a force spread over the 
area upon which it acts. In SI units, this will be measured as the force per square metre. 

  

2 hours 

Pressure 
Calculate the pressure 
exerted by a force knowing 
the area over which it acts. 

Force, area and pressure 
Introduce the mathematical relationship p = F/A. and the SI unit of pressure, the pascal (Pa)  

To help students get an intuitive idea of pressure, and of the size of a pascal, ask them to work 
out the pressure on the floor when they stand on it. They should measure their weight in 
newtons find the area of one foot by drawing around one shoe on cm2 graph paper. Remind 
them that they have two feet and that they must change the area to square metres. Recognise 
that some students will have difficulty converting cm2 to m2 and use discretion whether you work 
in pascals or N cm–2. 

Students will recognise that the pascal is a very small unit and that we therefore often use 
kilopascals (kPa). Newton per square centimetre (N cm–2) is also commonly used. 

Set some graded questions involving the pressure equation. Ensure that the initial ones are 
simple. 
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Objectives Possible teaching activities Notes School resources 

Introduction to hydrostatic pressure 
Demonstrate the three-holed can experiment to show that the pressure is greatest at the bottom 
of the can. Also ask students to put their hand in a polythene bag and place the bag in a bucket 
of water to see how difficult it is to move their fingers because of the water pressure. 

  

Measuring hydrostatic pressure 
Ask students, in groups, to make a rubber diaphragm with a balloon over a funnel. Tell them to 
connect the funnel to a manometer and record the manometer readings as the funnel is 
lowered into a bucket of water. A plot of depth against manometer difference gives a straight 
line. The same experiment may be done with methylated spirits (which is less dense than 
water) and a different straight line will be obtained, with the pressure lower than water. Ask 
students to draw conclusions from these observations. 

The same equipment can be used to show that the pressure at a particular depth is the same in all 
directions. Tell students to turn the diaphragm around to point in all directions at a fixed depth. 

Discuss all the observations made so far. Conclude that the pressure under a fluid is 
proportional to the depth of the fluid and its density. 

Introduce more advanced students to the mathematical relationship p = ρgh and set them 
problems based on it. 

 

Enquiry skill 9.4.5 

 

 

The pressure of the atmosphere 
Demonstrate the collapsing can experiment as follows. Boil water in the bottom of an oil can to 
displace the air, close the top and allow it to cool. The can will collapse. Pouring cold water on it 
speeds up the process. 

Make a few small holes with a needle near the bottom of a plastic bottle and then fill it with water 
and screw the top on. While the top is on, no water will come out, but you can make the bottle spray 
water by opening the top. Challenge students to explanation this. The similarity between the pressure 
of the atmosphere and pressure exerted by your hands can be shown by squeezing the closed bottle. 

Show, by a display, how the pressure of the atmosphere decreases with height. Link this to the 
activity showing how pressure increased with water depth. Recall the work done in Grade 7 on 
the density of air at the bottom of the atmosphere, and how surprisingly heavy it is. 

 

Many oil cans have plastic inserted caps rather 
than metal ones. These often leak in this activity 
and it does not work well. Plastic bottles that are 
easy to squeeze can also be used but the steam 
has to be passed into them from another 
container. A simpler way is to place a plastic 
bottle in warm water up to its neck for a while, 
screw on the top and then take it out of the water. 

The mass of the air in an average laboratory is 
about 200 kg: the same as four Grade 9 students. 

 

4 hours 

Pressure in fluids 
Know that pressure in a fluid 
depends on the depth and 
density of the fluid, and that 
the pressure at any point in it 
is the same in all directions. 

Know that gases and liquids 
can be put under external 
pressure and describe some 
applications of this. 

 

The aneroid barometer 
Show students an aneroid barometer and explain that it works using a mechanism that detects 
changes in atmospheric pressure by detecting the side of a sealed can of air that can expand and 
contract according the outside pressure on it. Challenge students to design and make one using a 
glass jar and a balloon and anything else they need. At some stage they will have to be reminded 
that another factor that causes the change in the volume of a contained mass of air is temperature. 
Suggest that they read their barometer each day when it reaches a certain temperature. 

Discuss the units of atmospheric pressure that are commonly used. Explain that the bar is the 
same as 100 kPa, which is about the pressure of the atmosphere at sea level. Explain the 
origins of the older unit that is still sometimes used: millimetres of mercury. Ask groups to keep 
a record of changes in the air pressure day by day and see whether these changes relate to 
other weather phenomena, such as wind and temperature. 

 
Safety: It is often advised that Fortin barometers 
should not be used in schools. If they are used, 
cover the mercury reservoir with a layer of oil. 

Enquiry skill 9.4.5 
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Objectives Possible teaching activities Notes School resources 

Applications of fluid pressure 
This activity can be done either as a demonstration model or by students in groups. Make a 
model of a fluid transmission to show the action of a braking system. Use a small diameter 
syringe at one end and a larger diameter syringe at the other. Show that a large force can be 
exerted at the wide end using a small force at the narrow end because the pressure at both 
ends must be equal.  

Demonstrate a car jack that works using fluid pressure. Measure the force needed to lift a 
student.  

Discuss the advantages of the pneumatic tyre and tyre pressure, and also the importance of 
maintaining the tyre at the correct pressure. 

Discuss other applications of fluid pressure, such as the pneumatic drill, pneumatic brakes on 
lorries and applications of hydraulics and pneumatics in manufacturing. 

Encourage more advanced students to study some of the applications quantitatively. 

  

 

Steam pressure 
Ask students to collect information and pictures for a class exhibition entitled ‘Steam pressure 
through the centuries’. The earliest example is ‘Hero’s engine’. Some students may wish to try 
to make a working model of Hero’s engine using ideas from the Internet. Make sure that 
students recognise that steam pressure has been, and still is, important because it is easy to 
generate by heating water in a sealed container.  

The exhibition should show: 
• the development of the steam engine and the uses to which it has been put; 
• how the invention of steam power – the beam engine – started the Industrial Revolution by 

introducing a more useful alternative to water power; 
• how the needs of the Industrial Revolution, in turn, stimulated technological development of 

steam power; 
• the refinement of steam power by James Watt, which arose from the need to make the steam 

engine small enough to be used for transport and so stimulated the development of railways; 
• how steam power was later adapted to satisfy the need for electricity (see Unit 9P.2).  

Students should also realise that much of our understanding of heat, mechanics and, later, 
electricity came about because of the need to make machines, like the steam engine, to do 
work that was previously done by people. 

Set up a working model stream engine and use it to generate electricity to power bulbs. 
 

 

ICT opportunity: Use of the Internet. 

Enquiry skills 9.2.1, 9.2.7 

Enquiry skill 8.2.2 is also relevant if the 
contribution of James Watt is considered. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Taleb wants to pump up his car tyre. His pump has a piston with an area of 7 cm2. He 
pushes the handle down with a force of 175 N. What pressure does he exert on the air 
in the pump? (N cm–2) 

The air pressure in the tyre is 27 N cm–2. What pressure would be needed in the pump 
in order to pump more air into the tyre? 

Another of Taleb’s car tyres exerts a pressure of 30 N cm–2 on the road. The area of the 
tyre in contact with the road is 95 cm2. What is the force exerted by the tyre on the road? 

QCA Key Stage 3, 2002, level 7 

area = 7 cm2

175 N

  

Two syringes are connected together as shown in the diagram on the left below. A force of 20 N is 
applied to the piston in syringe A. Calculate the pressure that the piston in syringe A exerts on the 
oil. Give the units. 

Calculate the force needed to just prevent the piston in syringe B from moving out. Give the unit. 

The diagram on the right shows the brake pedal used to operate the brakes in a car. The foot 
applies a force of 50 N. Calculate the force applied to the piston P. Give the unit. 

The brake fluid pushes another piston, Q, which is attached to the car’s brakes. Piston Q has an area 
which is eight times larger than piston P. Calculate the force on the car’s brakes. Give the unit. 

 

Assessment 
Set up activities that 
allow students to 
demonstrate what they 
have learned in this unit. 
The activities can be 
provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the 
teaching activities or can 
be new experiences. 
Choose tasks and 
questions from the 
examples to incorporate 
in the activities. 

 

 

20 N

syringe A piston A, area = 0.5 cm

plastic tube

oil

syringe B

piston B, area = 5 cm 

2

2  

 
QCA Key Stage 3, 2001, level 8 

 

 

pivot of pedal

piston P

brake fluid

5 cm

20 cm

50 N

brake pedal
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 Examples of assessment tasks and questions Notes School resources 

 Explain the following observations. 

a. The footprint of a small gazelle is deeper in the soil than the footprint of an 
elephant in the same place. 

b. A man exerting a force of 100 N can use a jack to lift the axle of a lorry when 
the weight on the axle is 40 000 N. 

c. Divers and astronauts have to wear heavy reinforced suits when they make 
deep dives or walk in space. 

d. If a pin hole is made near the bottom of a plastic bottle of water with the top 
screwed on, the water does not come out; if the top is unscrewed, it does. 

e. When wire cutters are used to cut wire, it is quite easy to start the cut, but as 
the blades sink deeper into the wire, more force has to be used on the 
handles. 

f. High-heeled shoes can damage wooden floors. 

g. The best athletes often train in places that are at high altitudes. 
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