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GRADE 10A: Physics 3 

Properties of matter 

About this unit 
This is the third of seven units on physics for 
Grade 10 advanced. 

The unit is designed to guide your planning and 
teaching of physics lessons. 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 11A and Grade 9. 

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 be able to 
calculate speed from measurements of distances and time intervals. They 
should know that forces can change the speed and direction of motion and 
can produce deformation. They should also know the effects of air 
resistance, water resistance and friction, and be able to represent forces 
diagrammatically using arrows. 
 

Expectations 
By the end of the unit, students explain observations such as expansion, 
freezing, melting, boiling, evaporation, crystallisation, the Brownian motion 
and fluid pressure in terms of particle interactions. They have knowledge of 
the anomalous expansion of water and its importance. They understand 
density, flotation and pressure in solids and fluids, which they apply to 
hydraulics and pneumatics. 

Students who progress further use the concept of expansivity to solve 
numerical problems. They derive and use the expression p = ρgh, and relate 
the upthrust on a floating body to the weight of fluid displaced.  

 

Resources 
The main resources needed for this unit are: 
• gas syringe with sealed end 
• large crystal(s) (e.g. copper sulfate) 
• smoke cell and low-power microscope (to show Brownian motion) 
• apparatus to show thermal expansion of solids 
• bimetallic strip 
• molecular models showing the shape of water molecules and the 

structure of ice 
• freezing mixture of salt and ice (or access to a freezer) 
• ethanoic acid 
• top-pan balance, measuring cylinders, balloons and/or other apparatus 

requested by students for density determination 
• manometer 
• gas syringes of different cross-sectional areas and rubber connecting 

tubes 
• wide measuring cylinders 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• terms relating to observational phenomena: expansion, freezing, melting, 

boiling, evaporation, crystallisation, Brownian motion, expansion, fluid 
• terms relating to microscopic explanation: kinetic particle model 
• terms relating to quantitative analysis: pressure, density, upthrust, weight, 

expansivity 
 

UNIT 10AP.3 
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Standards for the unit 

9 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 10 standards 

EXTENSION STANDARDS 

7.11.2 Know of, and cite evidence for, the 
movement of particles in solids, 
liquids and gases, and draw 
diagrams to represent particles in 
solids, liquids and gases; know that 
this process is called diffusion. 

10A.27.1 Describe the kinetic particle model for solids, liquids and gases, and relate 
the difference in the structures and densities of solids, liquids and gases to 
the spacing, ordering and motion of particles. 

 

10A.27.2 Use the kinetic particle model to explain fluid pressure, freezing, melting, 
boiling, evaporation, crystallisation and the Brownian motion. 

11A.28.3 Know that heat is transferred by 
conduction, convection and radiation; 
explain conduction and convection in 
terms of particle movement. 10A.27.3 Use the kinetic particle model to explain thermal expansion of solids and 

liquids. List some of the problems this phenomenon can cause and how we 
solve them, and also list ways in which we make use of this phenomenon. 

10A.27.4 Use the concept of expansivity to solve numerical problems related to 
thermal expansion. 

7.11.3 Explain, in terms of the particle model, 
a variety of common phenomena, 
such as thermal expansion, gas 
pressure, the compressibility of gases 
(but not liquids and solids) and the 
regular growth of crystals in a 
saturated solution. 

10A.27.5 Explain how the anomalous expansion of water results in ice forming on 
the surface of water and not at the bottom, and understand the importance 
of this to the survival of living things.  

11A.28.6 Define, explain in terms of the kinetic 
particle model and use the concepts of 
specific heat capacity and specific 
latent heat. Offer explanations for the 
relative magnitudes of these quantities 
and for differences between materials. 

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

10A.27.6 Know and use the concept of density.  

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

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. 

 

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

 

2 hours 

The kinetic 
particle model 
 

3 hours 

Thermal 
expansion 
 

2 hours 

Density and 
pressure 
 

2 hours 

Fluids 

7.17.4 Know that the weight of an object is 
less in water because of the upthrust 
of the water acting on it. 
 

10A.27.9 Understand why some objects float on water but others do not, and relate 
upthrust on a floating body to the weight of the fluid displaced. 

 

Unit 10AP.3 
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Activities 

Objectives Possible teaching activities Notes School resources 

2 hours 

The kinetic particle model 
Describe the kinetic particle 
model for solids, liquids and 
gases, and relate the 
difference in the structures 
and densities of solids, liquids 
and gases to the spacing, 
ordering and motion of 
particles. 

Use the kinetic particle model 
to explain fluid pressure, 
freezing, melting, boiling, 
evaporation, crystallisation 
and the Brownian motion. 

 

Observations and explanations 
Set up some demonstrations to show aspects of the behaviour of matter. Either show these to 
the whole class or set them up around the room and have students visit each in turn in a 
‘circus’. Ask students to explain each in terms of particle motion and hence ascertain the extent 
of their existing knowledge of the kinetic particle model. 

Establish key points concerning the arrangement of particles in gases, liquids and solids and 
the way particles move in each state of matter. Emphasise that all the particles are constantly 
performing vibrational and/or translational motion and that increasing temperature is linked with 
increasingly vigorous motion. Introduce the term kinetic particle model and explain that ‘kinetic’ 
means ‘moving’.  

Divide the class into small groups. Allocate a different phenomenon (e.g. melting, gas pressure) 
to each group and ask them to demonstrate, to the rest of the class, how it can be explained 
using the kinetic particle model. Encourage students to use a variety of visual aids (e.g. they 
could dramatise the process using themselves as particles, they could draw and display cartoon 
diagrams, they could download and display appropriate Java applets from the Internet).  

 
Suitable demonstrations include:  
• an ice-cube melting; 
• an open container of perfume (or other non-

toxic odorous liquid) that can be smelled from a 
distance; 

• a beaker of boiling water; 
• a gas syringe with the end sealed and the 

plunger part way out (ask students to push 
the plunger); 

• large crystals (e.g. copper sulfate or 
aluminium chromium sulfate) for cleaving 
(these might need to be grown in advance 
from a saturated solution); 

• a smoke cell under a low-power microscope.  

ICT opportunity: Use of the Internet and Java 
applets. 

Enquiry skill 10A.3.4 
 

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

 

 

3 hours 

Thermal expansion 
Use the kinetic particle model 
to explain thermal expansion 
of solids and liquids. List 
some of the problems this 
phenomenon can cause and 
how we solve them, and also 
list ways in which we make 
use of this phenomenon. 

Use the concept of expansivity 
to solve numerical problems 
related to thermal expansion. 

Explain how the anomalous 
expansion of water results in ice 
forming on the surface of water 
and not at the bottom, and 
understand the importance of 
this to the survival of living things.

Thermal expansion: friend or foe? 
Demonstrate thermal expansion of a liquid and a solid. For a liquid, fill a large glass flask to the 
brim with coloured water, insert a stopper with a long open-ended glass tube so that the water 
enters the tube and heats the flask gently. For a solid, clamp a metal rod at one end, rest the 
free end on a cylinder (e.g. a piece of wooden dowel) to which a pointer is attached, heat the 
rod with a Bunsen burner and observe the rotation of the pointer. 

Ask students to suggest how expansion might be explained using the kinetic particle model. 
Perform a demonstration using students as particles. Tell them to stand very close together and 
‘vibrate’ by jostling each other gently with their elbows; increase the temperature by telling 
students to vibrate more vigorously – they will push each other further apart.  

Discuss with students situations in which thermal expansion can be a problem and how the 
problem can be addressed. Where possible, illustrate with photographs (e.g. showing bridges 
built with ‘expansion gaps’ to prevent buckling or cracking as temperature changes). Discuss 
and show examples making use of thermal expansion (e.g. liquid-in-glass thermometer).  

 

 
 
 
 

 
 
 
Safety: Handle hot metal carefully and ensure 
students do not touch it.  

 
 

Unit 10AP.3 
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Objectives Possible teaching activities Notes School resources 

Bimetallic strip 
Demonstrate that different materials expand by different amounts for the same rise in 
temperature. Clamp rods of various materials (e.g. brass, steel, copper, glass) so that exactly 
the same length of each protrudes from the clamp. Heat all the rods equally with a Bunsen 
burner and ask students to carefully observe the positions of the free ends.  

Demonstrate the behaviour of a bimetallic strip. The bimetallic strip needs to be held in a clamp 
at one end and placed in series with a bulb and battery: the fixed end is connected to the circuit 
with a crocodile clip and the free end is touching a fixed metal contact. As the strip is heated, 
the free end bends away from the contact and breaks the circuit. Ask students to suggest 
explanations: they should realise that the two metals expand by different amounts for the same 
rise in temperature and the one that expands more forms the outside of the curve. 

Ask students to give examples of devices that are thermostatically controlled (e.g. heating, air-
conditioning). Set them a task: design and make an electric circuit that use a bimetallic strip to 
switch off a light bulb when the temperature rises. Ask students how the circuit can be adapted 
so that the lamp is off when the strip is cool. If time is short, this activity could be demonstrated.  

 
Safety: Handle hot metal carefully and ensure 
students do not touch it.  
 
 

You might need to remind students that a 
complete circuit is required for the bulb to light.  

 

 

Expansivity 
It will be appropriate to treat expansion quantitatively with some students. Introduce the concept 
of (linear) expansivity α and the expression L = L0(1 + αT), where L0 is the length of the sample 
at 0 °C and L its length at temperature T. Provide students with plenty of numerical and 
algebraic examples to practise using this expression. 

 
This activity also relates to Standard 10A.25.1. 

 

 

Freezing water 
Demonstrate how freezing water can break a container. Fill a metal screw-top canister to the 
brim with water and close it firmly. Immerse the canister in a freezing mixture of ice and salt to 
reduce its temperature below 0 °C, or wrap the canister in cloth and put it in a freezer. As the 
water freezes, it will crack the container (sometimes audibly). 

Students should appreciate that, according to the simple kinetic particle model, a liquid should 
gradually contract as it cools, solidify with negligible change in volume, and continue to contract 
after freezing. Water is unusual in that it expands on freezing. Use pictures and molecular 
models to show that the change from a disordered liquid made from V-shaped water molecules 
occupies a smaller volume than the ordered arrangement in a crystal of ice.  

Set up two boiling-tubes, one containing water and the other containing ethanoic acid. Support 
them with clamp stands and immerse both in a freezing mixture of ice and salt. Students should 
observe that ice forms first on the surface of the water, but that in ethanoic acid the solid forms 
first at the bottom of the tube. Establish that, as a substance contracts, its density increases 
(see later) and that the relative densities of solid and liquid determine whether the solid floats or 
sinks. Ethanoic acid (and most other substances) behave according to the simple kinetic 
particle model, whereas water is unusual and does not.  

Discuss the importance of water’s anomalous behaviour for the survival of living things. 
(Creatures can live under the surface of frozen seas and lakes where the water remains liquid 
because it is insulated to some extent from the low ambient air temperature above the ice.)  
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Objectives Possible teaching activities Notes School resources 

2 hours 

Density and pressure 
Know and use the concept of 
density. 

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. 

Density 
The previous discussion of freezing water should have revealed the extent of students’ 
knowledge of density. If necessary, remind them of the relationship ρ = m/V between density ρ, 
mass m and volume V and establish the SI units of density as kg m–3. Provide some examples 
for students to practise calculations; include some in which the volume is given in other units 
(e.g. mm3) and check that students are able to carry out the necessary conversion. 

Divide the class into small groups and ask each to ‘brainstorm’ possible methods for finding 
density: ask some groups to suggest methods for the density of a liquid, some for a gas and 
some for an irregular solid. They may recall work from earlier grades. Hold a reporting back 
session and ask for comments on the suggestions.  

Each small group should carry out at least one density determination using one of the 
suggested methods (more if time permits) and communicate their results to the rest of the class. 

Ask students to estimate the volume of their classroom and hence the mass of air it contains 
(they will probably be surprised by the answer).  

 
This activity also relates to Standard 10A.25.1. 

Enquiry skills 10A.1.1, 10A.1.5, 10A.3.4 
 
 
 
Possible methods include the following:  
• Liquid: fill a container of known capacity; weigh 

the container when full and when empty and 
hence determine the mass of liquid. 

• Gas (air): weigh an empty balloon on a 
sensitive balance, inflate it and weigh again; 
expel the air and collect it by displacement of 
water to determine its volume at normal 
atmospheric pressure. 

• Irregular solid: find the volume by 
displacement of water.  

 

 Pressure 

Question students about their knowledge and understanding of the term ‘pressure’. If necessary 
remind them of the relationship p = F/A between force, F, acting on an area, A, and the resulting 
pressure, p, and establish the SI unit of pressure as the pascal, Pa, where 1 Pa = 1 N m–2. On 
the board or OHP, show the derivation of the expression p = ρgh by considering a column of 
liquid or a solid with cross-sectional area A and height h. 

Ask students to estimate (not calculate) the area of their feet and hence the pressure they exert 
on the floor.  

Provide students with numerical and algebraic examples involving calculations of pressure. 
Include a calculation of the approximate height of the atmosphere using the density of air 
determined earlier. Approximate values: p = 105 Pa and ρ = 1 kg m–3. Ask students to discuss 
limitations of this calculation (e.g. it assumes uniform density). 

Discuss and demonstrate the operation of a manometer. Use a manometer to explore how 
pressure increases with depth under water, and to show that the pressure is the same in all 
directions. Discuss how this can be explained using the kinetic particle model: particles in a fluid 
are free to move in all directions. 
 

 

This activity also relates to Standard 10A.25.1. 
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Objectives Possible teaching activities Notes School resources 

Hydraulics 
Demonstrate the operation of a hydraulic force transmission system. Use rubber tubing to join 
two gas syringes of different cross-sectional area, ensuring that both syringes are approximately 
half full of air or water. Ask students to predict the relationship between the force applied to 
piston 1 and the force exerted by piston 2, and guide them through the following argument. 
Within a closed system, the pressure within a fluid is constant; the pressure can be found by 
dividing the applied force F1 by the area A1 of piston 1. The second piston exerts the same 
pressure p so F1/A1 = p = F2/A2. Hence if, for example, piston 2 has twice the area of piston 1, it 
exerts twice the force. 

Invite students to experience pushing in one piston while feeling the force exerted by the other. 
Provided the areas are not too similar, they should notice the difference in force. 

Ask students to suggest examples of where such a system might be used (e.g. hydraulic brakes 
and jacks). Provide examples for students to calculate and explain quantitatively. 

 
With some students, it might be useful to point 
out that a hydraulic force transmission system 
does not ‘give something for nothing’. If the 
second piston has twice the area of the first, it 
only moves through half the distance. If students 
are familiar with the concept, they can 
appreciate that the work done on one piston is 
equal to that done by the other. 

 

 
2 hours 

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

Understand why some 
objects float on water but 
others do not, and relate 
upthrust on a floating body to 
the weight of the fluid 
displaced. Flotation 

Begin with a display of objects floating and sinking in water. Include some objects that are solid 
and made of uniform material (e.g. wooden block, iron nail) and some that are hollow (e.g. steel 
can). Ask students to say why some float while others do not. The behaviour of solid objects 
can be described in terms of density: it the (average) density is less than that of water, the 
object will float, but this simple picture is more difficult to apply to objects such as a hollow steel 
can.  

Give each pair or small group of students a wide measuring cylinder, a forcemeter and a 
selection of objects small enough to fit in the cylinder. Ask them to recall work from earlier 
grades and hence explore the forces involved in flotation. Discuss the results and establish that, 
if an object floats, its weight in water is zero and, if an object sinks, its weight is reduced by an 
amount equal to the weight of water it displaces. In either case, the object experiences an 
upthrust equal to the weight of water it displaces. If time is short, this activity could be 
demonstrated.  

In discussion, give students practice in describing and explaining why some objects float and 
others sink. An object floats only if it can displace its own weight of water; if it cannot do so even 
when fully immersed, it sinks.  

Provide examples of calculations for students to practise dealing with flotation and to help 
reinforce earlier work on density.  
 

 
It is important that students appreciate that 
weight is a force (not mass). Use forcemeters 
calibrated in newtons (not kilograms).  
 
 
 

The expectation is that students should part-fill 
the measuring cylinder with water and note the 
volume occupied. They should then weigh an 
object in air and in water, noting the difference in 
weight and the volume of water displaced. Given 
the density of water as 1 kg m–3 or 1 g cm–3, they 
can then calculate the mass displaced and 
multiply by g to find its weight. Or they could 
weigh an empty container then weigh it again 
when holding the volume of water displaced. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

By sketching suitable diagrams, explain what happens to the particles in a liquid when it 
evaporates.  

  

If overhead power cables are hung from pylons during the day, it is important that the cables 
are left slack. By considering what happens to the temperature at night, explain what would 
happen if the cables were pulled tight during the day.  

  

A piece of copper wire is 2.60 m long at 22 °C and has expansivity 1.7 x 10–5 °C–1. How long is 
the wire when its temperature is (a) 0 °C, (b) 30 °C? 

  

A scuba diver reaches a depth of 150 m. What is the water pressure at this depth? (Density of 
water ρ = 1 x 10 kg m–3, acceleration due to gravity g = 9.81 m s–2.) 

  

In a hydraulic braking system, a force of 600 N is applied to a piston of area 0.01 m2. What is the 
pressure within the fluid? If the system is to exert a force of 18 000 N, what must be the area of 
the second piston?  

  

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. 

 
Using the terms weight, density and upthrust, explain carefully why steel bars sink in water 
but steel ships can float. (Density of water = 1 x 103 kg m–3, density of steel = 8 x 103 kg m–3.) 
 

  

 

 

Unit 10AP.3 
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