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GRADE 8: Physical processes 3 

Heat and temperature 

About this unit 
This unit is the third of four units on physical 
processes for Grade 8.  

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 consolidation activities, look at the scheme of 
work for Grade 4 and earlier units in Grade 8 and 
for extension activities look at Grades 9 and 11. 

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 
life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should be familiar with the 
concept of temperature and with simple means of measuring it. They should 
have a general understanding of heat as an energy form.  
 

Expectations 
By the end of the unit, students distinguish between temperature and 
heat. They know that heat is transferred by conduction, convection and 
radiation, and that radiation can occur in a vacuum. They know that the heat 
conductivity of different materials varies. They know the cause of convection 
currents and how these affect the weather. They know how the nature of a 
surface affects how well it absorbs and radiates heat. 

Students who progress further apply their knowledge to explain everyday 
applications of conduction, convection and radiation and understand how 
ocean currents are generated and how they influence weather patterns 

 

Resources 
The main resources needed for this unit are: 
• a variety of different kinds of thermometer 
• datalogger and temperature sensor 
• equipment for determining fixed points, ice, uncalibrated thermometers 
• pair of parabolic reflectors, radiant heater 
• powdered charcoal, aluminium foil 
• metal beakers such as a calorimeter 
• conductivity rods, wax, drawing pins 
• Leslie’s cube 
• potassium permanganate crystals, straw 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• thermometer, Celsius, datalogger 
• conduction, convection, radiation 

UNIT 8P.3 
12 hours 
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Standards for the unit 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 8 standards 
 EXTENSION STANDARDS 

4.14.1 Estimate temperature using touch, 
and measure it accurately using a 
liquid-in-glass thermometer. 

8.17.1 Know that temperature is a measure of how hot something is and the 
common unit of temperature is the degree Celsius. 

11F.21.1 Define temperature and explain how a 
temperature scale is constructed. 
Know how different types of 
thermometer work and list their 
advantages and disadvantages. 

 8.17.2 Know that the amount of heat energy in an object depends on the mass of 
the object and what it is made of as well as how hot it is. 

11F.21.6 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. 

 8.17.3 Know that heat is transferred by conduction, convection and radiation, and 
cite everyday examples of each. 

11F.21.2 Recognise that thermal energy is 
transferred from a region of higher 
temperature to a region of lower 
temperature and that regions of equal 
temperature are in thermal 
equilibrium. 

3 hours 

Heat and 
temperature 
 

3 hours 

Conduction 
 

3 hours 

Convection 
 

3 hours 

Radiation 

4.14.3 Know that substances differ in their 
conducting and insulating properties. 

8.17.4 Know that some materials are better conductors of heat than others; know 
the differences in the ability to conduct heat between solids, liquids and 
gases, and between metals and non-metals, and know some applications 
of these differences. 

 

  8.17.5 Explain the cause of convection currents in air and water.  

  8.17.6 Show how convection currents in air cause weather features  

  8.17.7 Know that the nature of a surface influences how well it absorbs and 
radiates heat. 

 

  8.17.8 Know that heat can be radiated through a vacuum and that this is how the 
heat from the Sun reaches the Earth. 

9.20.6 Know that the electromagnetic 
spectrum can be considered as a 
spectrum of different forms of the 
same radiation, and that each part of 
the spectrum, of which visible light is 
one, has different properties and 
applications. 
 

Unit 8P.3 



249  |  Qatar science scheme of work  |  Grade 8  |  Unit 8P.3  |  Physical processes 3 © Education Institute 2005 

Activities 

Objectives Possible teaching activities Notes School resources 

Estimating and measuring temperature 
Recall earlier work from Grade 4. In particular, ask the class which sense they would use to 
estimate temperature. Recall that the back of the hand is particularly sensitive to temperature. 
Recall the unit of temperature – the degree Celsius – and show the class a number of different 
kinds of thermometer. 

Organise students into groups and give each group a liquid-in-glass thermometer and show 
them how to use it. Challenge students to estimate (individually) and then check by 
measurement the temperature of different objects (e.g. the air around them, a windowsill in the 
sun, the outside temperature in and out of the sun, beakers of water at different temperatures. 
Ask individuals to write down their estimates in one column of a table and the actual checked 
temperature in another column. 

Ask the class how a thermometer works. You may need to remind them of work done in 
Grade 7 on expansion and particle theory. 

 
Different kinds of thermometer to show to 
students include: 
• a normal liquid-in-glass thermometer (not 

mercury); 
• a clinical thermometer; 
• a datalogger with a temperature sensor; 
• a chromothermal patch used for measuring 

body temperature. 

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

 

Calibrating a thermometer 
Show the groups how to determine the lower and upper fixed points of the Celsius scale using 
condensing steam and melting ice. Give them the necessary equipment and ask each group to 
calibrate a thermometer. 

Set, as a homework or library task, some research into the history of the Celsius scale of 
temperature. In the following lesson, ask students to summarise the main features of what they 
have found out about Anders Celsius and his temperature scale.  

 
Safety: Care should be taken when generating 
steam to avoid steam burns. 

Enquiry skills 8.1.6, 8.2.2 

 

3 hours 

Heat and temperature 
Know that temperature is a 
measure of how hot 
something is and the 
common unit of temperature 
is the degree Celsius. 

Know that the amount of heat 
energy in an object depends 
on the mass of the object and 
what it is made of as well as 
how hot it is. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Measuring temperature change – datalogging 
Demonstrate the use of a datalogger with a temperature sensor. Challenge the groups to 
produce ideas on solving a problem that involves the measurement of temperature. Ideas they 
may come up with include:  
• How fast does the inside of a car heat up if it is left in the sun?  
• How does that rate of heating compare with the rate of heating in the same car parked in the 

shade?  
• What is the temperature difference between the outside and the inside of a window?  
• How does the temperature of an aquarium change during the day?  
• How fast does a cup of coffee cool down?  
Students will be able to suggest many of their own. 

A particularly interesting one is the Mpemba effect (after the Tanzanian student who discovered 
it) in which the temperature of two identical (except for temperature) samples of water placed in 
a freezer are plotted. One sample is placed in when hot and the second when cold. The results 
are counterintuitive. 

 
Enquiry skills 8.3.3, 8.4.1 

 

    

Unit 8P.4 
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Objectives Possible teaching activities Notes School resources 

The difference between temperature and heat 
This should be done as a demonstration after students have become familiar with the use of the 
datalogger. Heat up different quantities of water in two identical kettles; say 500 cm3 in one and 
1000 cm3 in the second. Plot the heating curves using a temperature sensor in the same 
position in each kettle.  

Ask students to explain why one heats up more slowly than the other and lead on to a 
clarification of the difference between temperature (hotness) and heat (energy). 

  

 

Using a clinical thermometer 
Show students a clinical thermometer and ask them for any differences that they can see 
between it and a normal thermometer. They should note the limited range and also the 
constriction in the fluid column. Show an enlarged diagram of the constriction and explain its 
purpose and use. 

The use of the clinical thermometer may be demonstrated but the temperature of the armpit 
should be taken, not the mouth, for safety reasons. 
 

  

Introduction 
Perform an introductory activity such as asking two students to hold a rod in a Bunsen flame. 
One rod should be made of copper and the second should be made of glass. Ask them to take 
the rod out of the flame and put it down carefully when it is beginning to get too hot to hold. Ask 
the class for ideas why one rod heated up faster than the other 

  3 hours 

Conduction 
Know that heat is transferred 
by conduction, convection 
and radiation, and cite 
everyday examples of each. 

Know that some materials 
are better conductors of heat 
than others; know the 
differences in the ability to 
conduct heat between solids, 
liquids and gases, and 
between metals and non-
metals, and know some 
applications of these 
differences. 

 

Compare the conductivity of different solids 
Lead on to a discussion of how well different substances conduct heat and ask for ideas on how 
the heat conductivity of different rods may be compared. The class will be able to suggest a 
mechanism based on what they have just seen. Ask if anyone can think of a way of taking the 
temperature of the end of a rod a given distance away from a heat source. Some ideas may be 
forthcoming. A useful way is to stick a drawing pin onto the rod with wax; this will fall when the 
wax melts. The opposite end of the rod can be heated in a flame (or in water). Give out rods of 
different materials to each group and any other equipment needed. 

Collect together the results and discuss them. It will be clear that: 
• metals conduct heat much better than non-metals; 
• some metals conduct heat better than others. 

List the substances in order of conductivity. 

 
Sets of conductivity rods made from different 
substances are commercially available. They 
should include copper: aluminium, glass, iron 
and brass. If the rods are heated with water, 
wood can also be used. 
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Objectives Possible teaching activities Notes School resources 

 

 

Conductors and insulators. Cooling curves 
Question the class to find out what they know about the use of thermal insulation – what is it 
used for and what is it made of? The discussion should include natural thermal insulation, such 
as the fur of animals, as well as clothes and the insulation of buildings and water pipes. 

Collect together samples of materials that can be used to insulate. Show students examples of 
various materials that could be used for heat insulation (e.g. polystyrene, bubble wrap, felt, 
paper). Challenge them to devise a fair investigation to compare the insulating properties of 
different materials. If possible, allow each group to use a datalogger. 

 
 
 
 

Enquiry skills 8.1.1, 8.3.3 

 

 

The cooling of water in a standard container surrounded by different insulating materials is the 
most common method for this investigation but, if groups devise alternatives, they should not be 
discouraged as long as the equipment is available. At the end of the investigation, ask each 
group to give a short presentation on what they did and found out and the steps they took to 
make the investigation fair (which should, in all cases, include an uninsulated control). 

Summarise what students found out about the effectiveness of different insulating materials. 
Note that most effective insulators are effective because they trap air inside them and gases are 
effective insulators. Provide comparative figures for thermal conductivity of solids, liquids and 
gases and, through discussion with the class, draw general conclusions from them. 
 

  

Introduction 
Ask each student to place the back of their hand about 5 cm from their neighbour’s body. Then 
ask them to place it the same distance above their neighbour’s head. They should notice a 
difference, though it is not very significant. Ask them to do the same with a filament light bulb or 
a candle and the difference will be much greater. Discuss possible reasons why most of the 
heat given off by a warm body rises up above it. 

  3 hours 

Convection 
Know that heat is transferred 
by conduction, convection 
and radiation and cite 
everyday examples of each. 

Explain the cause of 
convection currents in air and 
water. 

Show how convection 
currents in air cause weather 
features 

Convection currents in water and air 
Show the class how to set up two common investigations into convection. One investigates 
convection in a liquid and involves heating the bottom edge of glass beaker containing water 
and a tiny potassium permanganate crystal just above the flame in the water. The second 
involves a candle in a clear plastic trough with a lid containing a chimney at either end. The 
candle is placed below one chimney and a burning paper straw (not a plastic straw) or rope is 
placed near the other. In the first case, a circular convection current is set up in the water; the 
moving water is stained pink by the crystal. In the second case, the convection current due to 
the candle sucks smoke in at the cold chimney and out above the candle. 

Tell some groups to set up one investigation and some, the other. Ask them to demonstrate 
their work to their neighbours. 

Discuss what causes convection and why. Refer back to the movement of particles, thermal 
expansion and density, studied in Grade 7, and deduce that hot fluids will become less dense 
and rise. This movement sets up convection currents. Draw diagrams showing this for one, or 
both, of the examples. 

  



252  |  Qatar science scheme of work  |  Grade 8  |  Unit 8P.3  |  Physical processes 3 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

Convection currents and weather patterns 
With the help of some pictures (from the Internet) explain how convection currents in the air 
cause weather patterns. Refer, where possible, to patterns that students are aware of, including 
the ‘sea breeze’ that blows off the sea during the day and off the land during the night. This is 
the same as the candle effect – during the day the land heats up more than the sea and during 
the night the sea is warmer than the land. Show the convection current pattern in the two cases. 

Discuss the weather patterns in Oman and Yemen, where summer rains fall as moist wind is 
drawn off the sea towards the hot Saudi desert, resulting in rain on the high land when the air 
cools as it rises over the mountains. 

Encourage more advanced students to discuss the origins of major ocean currents and their 
effect on the world’s weather patterns. 
 

  

Introduction 
Carry out a short starter activity to raise interest. A simple one is to place two small metal 
sheets outside in the sun. They should be identical except that one is painted white and the 
other black. Ask the students to touch them. Another possible starter activity is to paint part of 
the back of the hand of each student with charcoal paint and on the other hand stick some thin 
aluminium foil. Then tell them to hold the backs to their hands towards a heater (or the sun). 

Discuss the questions raised by the results with the class. 

 
Safety: Make sure students are a safe distance 
from the heater – the blackened part of the hand 
can easily burn if held too close to a heater 

 

Heating up water in different containers 
Ask students, in groups, to set up several metal containers of water, each identical except for 
the colour of the outside of the container. One container should be shiny, one should be painted 
white and a third should be painted matt black. Place them all in the sun with a thermometer (or 
a temperature sensor connected to a datalogger) in each. Tell students to record, in a table, the 
change of temperature of each over time and then plot graphs showing the changes, all on the 
same axes. Some assistance may be needed. 

  

3 hours 

Radiation 
Know that heat is transferred 
by conduction, convection 
and radiation and cite 
everyday examples of each. 

Know that the nature of a 
surface influences how well it 
absorbs and radiates heat. 

Know that heat can be 
radiated through a vacuum 
and that this is how the heat 
from the Sun reaches the 
Earth. 

 Leslie’s cube 
Give out a Leslie’s cube apparatus to each group. Ask them to fill it with hot water from a kettle 
and place identical thermometers the same short distance from each different side. Tell them to 
record the temperature of the thermometers after a short interval of time and then list the 
temperatures in order, noting the colour of the side of the cube next to them. 

 

Good Leslie’s cube equipment can be made 
from soft drink cans 
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Objectives Possible teaching activities Notes School resources 

Consolidation 
Discuss the results of the investigations. Students will note that black painted bodies gain and 
lose heat faster than white bodies and shiny bodies lose and gain heat more slowly than either. 
Describe this kind of heat loss and gain as radiation. 

Discuss some of the implications and applications of the observations, for example: 
• machinery designed to lose heat, such as a car radiator, is painted matt black; 
• the inside of a white car heats up more slowly in a hot climate than the inside of a dark car 

(this could be tested); 
• how the structure of a vacuum flask relates to its function (this involves conduction too); 
• how colour, material and design are used in making clothes suitable for hot weather. 

  

The energy from the Sun 
Discuss how the heat energy from the Sun gets to the Earth. Note that, because space is a 
vacuum, and conduction and convection both require a medium, the heat from the Sun arrives 
at the Earth in the form of radiation. 

Extend this discussion with more advanced students to include the issue of global warming. 
Plastic bottles containing just air and air enriched with carbon dioxide can be sealed with a 
temperature sensor inside. When they are heated with radiant heat from a light bulb, more heat 
is absorbed by the air enriched with carbon dioxide, causing its temperature to rise slightly 
faster than the control bottle. This can be done as a demonstration or as group work if sufficient 
materials are available. 

 

 
 
 

 
 

 

 

Demonstration using parabolic reflectors 
An impressive demonstration of radiant heat can be done with two parabolic reflectors. 
(Students will be aware of the use of these in instruments such as torches and satellite TV 
dishes.) Radiation can be focused to a point by them. If a radiant electric heater is placed at the 
focus of one parabolic reflector, the radiation can be projected in a beam across the room to 
another, where it can focused on a match head, which lights. The beam itself is invisible and 
only slightly warm. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

A metal spoon, a wooden spoon, and a plastic spoon are placed in hot water. After 15 seconds, 
which spoon will feel hottest?  

A. The metal spoon. 

B. The wooden spoon. 

C. The plastic spoon. 

D. The three spoons will feel the same.  

TIMSS Grade 8, 1994 

  

Explain the following observations: 

a. Metal kettles and pans usually have plastic or wooden handles. 

b. Windows in air-conditioned buildings often consist of two layers of glass with an air space in 
between them. 

c. In some windows in modern buildings, the glass is coated with a very thin transparent layer of 
metal. 

d. Car radiators are always painted matt black. 

e. Hot water heaters are usually surrounded by a layer of polyurethane foam. 

  

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. 

The two diagrams show air movement near a coastline during the day and night. Explain what 
causes these different wind patterns. 
 

 

 

 
 

Unit 8P.3 
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 Examples of assessment tasks and questions Notes School resources 

a. The table shows the temperature of a pottery beaker of coffee left to cool down. Plot the 
curve on some graph paper. 

 

Time (s) 0 10 20 30 40 50 60 70 80 90 

Temperature 
(°C) 

90 80 73 61 56 52 48 45 43 41 

 

b. Some cold milk was added to the coffee at one point. When was the milk added? 

c. Draw curves to illustrate the cooling curve that you would expect if the coffee was left to cool 
in: 

 i. a metal cup; 

 ii. an insulated plastic cup. 

 Explain the shape of your curves. 

d. If the coffee was made in a vacuum flask it would remain hot for much longer. Give two 
reasons for this 

  

 

Design, make and test a solar cooker that uses principles of focusing radiation and trapping 
heat. 
 

Enquiry skill 8.1.3  
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