
273  |  Qatar science scheme of work  |  Grade 11 foundation  |  Unit 11FP.2  |  Physics 2 © Education Institute 2005 

GRADE 11F: Physics 2 

Temperature and heat 

About this unit 
This unit is the second of five units on physics for 
Grade 11 foundation. 

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 12F and 
Grade 10F. 

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 use 
the Celsius scale of temperature. They should know that heat can be 
transferred by conduction, convection and radiation, and be able to explain 
how convection currents are caused. The should know that the joule is the 
SI unit of energy, and 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. 
 

Expectations 
By the end of the unit, students define and measure temperature and 
know how thermal energy moves from place to place. They know that heat 
is transferred by conduction, convection and radiation and can give 
examples of each. They know that some substances are better conductors 
than others, that convection currents are the basis of weather patterns and 
that some surfaces radiate and absorb heat better than others. They use the 
concepts of specific heat capacity and specific latent heat to calculate heat 
transferred to bodies.  

Students who progress further explain the concepts of specific heat 
capacity and specific latent heat in terms of the kinetic particle model and 
understand the importance of the unusually large specific heat capacity of 
water. 

 

Resources 
The main resources needed for this unit are: 
• freezing mixture of ice and salt 
• apparatus to make alcohol-in-glass thermometer 
• ethanol coloured with dye 
• model domestic water system 
• apparatus to demonstrate thermal conductivity of metal rod 
• samples of building materials used for thermal insulation 

• thermometer with blackened bulb 

• Leslie’s cube 
• converging lens and/or concave mirror 
• dry sand 
• joulemeters 
• 1 kg blocks of metal (aluminium, steel) manufactured for use with low-

power electrical heaters 
• hexadecanol (or other solid with well-defined melting point below 100 °C) 
• copper calorimeter 
• Internet access 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• terms relating to temperature: thermometer, temperature scale, calibrate 
• terms relating to heat transfer: thermal equilibrium, heat, conduction, 

convection, radiation, infrared, convection current, vacuum 
• terms relating to heating and cooling: specific heat capacity, specific latent 

heat 
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Standards for the unit 

11 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

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. 

 

 

 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. 

 

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

10F.23.1 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. 

11F.21.3 Know that heat is transferred by conduction, convection and radiation; 
explain conduction and convection in terms of particle movement. 

 

 

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. 

11F.21.4 Know the causes of convection currents in air and water and understand 
how these can affect climate and weather. 

 

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. 

11F.21.5 Know that heat can be radiated through a vacuum and that this is how the 
heat from the Sun reaches Earth. 

 

8.16.6 Know and use the joule as the unit of 
energy.  

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. 

12F.20.4 Know that in practical systems energy 
loss, particularly in the form of waste 
heat, always occurs and use the 
concept of efficiency to solve 
problems. Calculate conversion 
efficiencies relating energy input to 
useful energy output. 

2 hours 

Temperature 
 

5 hours 

Heat transfer 
 

4 hours 

Heating and 
cooling 

 11F.21.7 Show an understanding of the importance of the unusually large value of 
the specific latent heat and the specific heat capacity of water, in terms of 
heat regulation in the body and the impact of the oceans on climate. 
 

 

Unit 11FP.2 
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Activities 

Objectives Possible teaching activities Notes School resources 

Measuring temperature 
Divide the class into groups and set each the task of using the Internet to find out how one type 
of thermometer works.  

Hold a reporting-back session in which students explain the operation of various types of 
thermometer to the rest of the class. Discuss the advantages and disadvantages of each. 

If available, demonstrate examples of each type of thermometer. You might also wish to show 
and discuss a constant-volume gas thermometer.  

Establish that all thermometers involve some physical parameter that changes with 
temperature, and that the changes must be reproducible and must be easily measured and 
displayed. 

 
ICT opportunity: Use of the Internet. 

Suitable examples include:  
• liquid-in-glass (mercury and alcohol);  
• electrical resistance;  
• thermocouple;  
• liquid crystal;  
• bimetallic.  

(Note: ‘digital thermometer’ refers to the mode of 
display rather than the underlying mechanism 
which usually involves electrical resistance.) 

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

 

2 hours 

Temperature 

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

 

Calibration 
Divide the class into pairs or small groups and give each the apparatus necessary to make a 
liquid-in-glass thermometer. Establish that the liquid will rise further up the tube if the flask is 
warmed. Ask students how they would calibrate their apparatus (i.e. mark a scale on the tube) 
to make a thermometer without using another ready-calibrated thermometer. By careful 
questioning and comment, establish the following procedure for devising a temperature scale 
and calibrating a thermometer: 
• define two ‘fixed points’ that can be reproduced independently (e.g. melting and freezing of 

pure water at atmospheric pressure);  
• assign values to these on a temperature scale (e.g. 0° and 100° on the Celsius scale);  
• mark the height of liquid (or other measurable property) at each of these two points;  
• divide the scale between these marks and extrapolate beyond them. 

Tell students to calibrate their own apparatus. Show them how to place the flask safely into a 
beaker of boiling water and provide access to a freezing mixture of ice and salt. 

Then ask students to use their calibrated thermometers to measure room temperature and 
compare their results with one another and with those from a commercially produced 
instrument. 
 

 
Safety: Take care using boiling water and other 
hot objects. 

Apparatus: small glass flask, stopper, long 
narrow open-ended glass tube and more than 
enough coloured ethanol to fill the flask. Show 
students how to fill the flask and insert the 
stopper so that the liquid rises up the tube.  

You might want to tell students about the 
absolute (Kelvin) temperature scale. Explain that 
this has just one defined fixed point (absolute 
zero) but the unit of temperature change (the 
kelvin) is defined to be exactly the same as the 
Celsius degree. 

Enquiry skills 11F.4.1, 11F.4.2 

 

Unit11FP.2 
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Objectives Possible teaching activities Notes School resources 

Conduction and convection 
Divide the class into small groups and give each a briefing sheet on one aspect of heat transfer 
by conduction or convection. Each group has the task of: 
• preparing and presenting a demonstration to the rest of the class; 
• explaining their results in terms of the kinetic particle model.  

To help with the first part of the task, students will need to review work from Grade 8. For the 
second part, they will need to review work from Grade 10 in which it was established that the 
random motion of particles becomes more vigorous as temperature increases, that heating 
causes expansion and that a substance will float if immersed in a fluid (gas or liquid) of greater 
density. 

During the presentations, ensure that students are familiar with key terms (such as convection 
current) and are using them correctly. 

After all groups have made their presentations, introduce the term thermal equilibrium. Establish 
that heat transfer will occur only between regions of different temperature and that regions at 
the same temperature are said to be in thermal equilibrium (i.e. no net heat transfer can occur). 
Discuss this in terms of the kinetic particle model: if two objects are in thermal equilibrium their 
particles have the same (average) kinetic energy.  

 
Prepare briefing sheets outlining suitable tasks, 
such as: 
• show convection currents in water using a 

crystal of potassium manganate(VII) and in air 
using a paper spiral; 

• demonstrate and explain a model domestic 
water system; 

• show thermal conduction along a metal rod 
(fix thumb-tacks to the rod with wax, heat one 
end of the rod in a Bunsen flame); 

• demonstrate and discuss everyday examples 
of good and poor thermal conductors; 

• devise a demonstration to show that, while 
water readily allows heat transfer by 
convection, it is a poor thermal conductor. 

Enquiry skills 11F.1.4, 11F.4.1, 11F.4.2 

 

Set students a challenge: working in pairs or individually, they should devise and carry out an 
investigation into the insulating properties of materials used for thermal insulation in buildings. 
Tell them that they should first plan their investigations. You might want them to produce written 
plans for approval before proceeding. Plans should indicate the apparatus required, the method 
to be used and how relevant variables will be controlled. They should also include a prediction: 
which material do students think will be the best insulator, and why. Students should produce 
written reports that include a clear statement of results and conclusions, and an evaluation of 
the method used. 

As far as resources and safety permit, allow 
students a free choice of apparatus and 
approach.  

Enquiry skills 11F.1.1–11F.1.5 

 

5 hours 

Heat transfer 

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. 

Know that heat is transferred 
by conduction, convection 
and radiation; explain 
conduction and convection 
in terms of particle 
movement. 

Know the causes of 
convection currents in air 
and water and understand 
how these can affect climate 
and weather.  

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

Radiation 
Set up a circus of activities to illustrate heat transfer by radiation. Tell students, in pairs, to visit 
each in turn and use the apparatus to help them answer questions including the following: 
• What is the source of the radiation?  
• How is the radiation detected?  
• What evidence is there that the radiation travels in straight lines?  
• What types of surfaces are good at emitting, absorbing or reflecting the radiation?  
• Which materials absorb the radiation and which let it pass through easily? 

Ensure that students have addressed the questions posed during the circus. Check that they 
know that a vacuum is an absence of any material substance. Introduce the term infrared 
radiation and establish that it is closely related to visible light. Display images from the Internet 
to show that even objects that are very cold by everyday standards emit radiation. (Look for 
images of buildings and other objects obtained using thermal imaging cameras and/or images 
of cold astronomical objects made with infrared-sensitive telescopes.)  

 
Suitable examples include:  
• Herschel’s experiment (sunlight passes 

through a prism to produce a visible 
spectrum; a thermometer with a blackened 
bulb detects ‘heat’ radiation beyond the red);  

• Leslie’s cube (a metal cube with different 
surfaces, filled with hot water; radiation is ‘felt’ 
by holding a hand a few centimetres from 
each face; a matt black face emits most 
radiation and shiny silver least);  

• a lens or curved mirror that can focus solar 
radiation onto a match head.  

Enquiry skills 11F.1.1, 11F.4.1. 11F.4.2 
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Objectives Possible teaching activities Notes School resources 

Climate and weather 
Use examples of climate and weather to sum up and apply what students have learned about 
heat transfer. Begin with a whole-class session to establish some key principles:  
• Earth is heated by solar radiation travelling through a vacuum; 
• solar radiation is more intense and undergoes less atmospheric absorption at low latitudes; 
• Earth’s atmosphere is transparent to visible and some other radiation but absorbs much 

infrared radiation; 
• radiation is readily absorbed by dark rock but is reflected from light-coloured surfaces and 

water. 

Tell students to form small groups and assign to each one example of a weather- or climate-
related phenomenon. Their task is to use the Internet and other information sources to find out 
about its importance and to produce a large colourful wall poster explaining the phenomenon in 
terms of heat transfer. They should include an acknowledgment of the sources consulted.  

 
Suitable examples include:  
• El Niño events; 
• the origin of tropical storms; 
• land and sea breezes; 
• the greenhouse effect and possible global 

warming. 

You might wish to defer this activity until after 
students have studied heating and cooling and 
know of the anomalously high specific heat 
capacity of water. 

ICT opportunity: Use of the Internet. 

Enquiry skills 11F.1.6, 11F.1.8, 11F.2.2, 11F.3.4 
 

 

Specific heat capacity 
Place two identical metal cans on the front bench. Put a measured mass of water at room 
temperature in one and an equal mass of dry sand in the other. Measure and record the 
temperature of each. Ask students each to write down their own prediction, with reasons, of 
what will happen when both containers are heated for the same period of time over an equally 
strong Bunsen flame. Ask students to indicate by a show of hands who thinks the temperature 
rises will be the same, who thinks the water will get hotter and who thinks the sand will get 
hotter, then ask a few students to give the reasons for their predictions. 

Heat both containers for a few minutes then stir and measure their temperatures. The sand will 
be noticeable hotter than the water. 

Discuss how the relationship between heat input, mass and temperature rise depends also 
upon the nature of the substance. Introduce the term specific heat capacity and establish the 
relationship Q = mcθ, where Q is heat input (or output), m mass, c specific heat capacity and 
θ the change in temperature. 

 
Make sure that the water and sand have both 
been allowed to reach room temperature 
beforehand. Adjust the Bunsen flames so that 
both are of similar size and intensity.  

Some students may predict equal temperature 
rises because the masses are equal. Some may 
predict that the water will get hotter on the 
grounds that sand, being solid, is ‘more difficult’ 
to heat. Some may predict that the sand gets 
hotter as it occupies a smaller volume. 

Enquiry skill 11F.1.2 

 

 

Review work from Grade 8 to establish the joule as the SI unit of energy. Ask students to derive 
the SI units of c and establish that these are J kg–1 °C–1. 

Provide plenty of algebraic and numerical examples of calculations involving specific heat 
capacity. 

This also relates to Standard 10F.21.1.  

4 hours 

Heating and cooling 

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. 

Show an understanding of 
the importance of the 
unusually large value of the 
specific latent heat and the 
specific heat capacity of 
water, in terms of heat 
regulation in the body and the 
impact of the oceans on 
climate. 

Demonstrate how the heat output from a small electrical heater can be recorded using a 
joulemeter, and how such a heater can be used to heat a specially designed metal block. Ask 
students to suggest how this apparatus can be used to determine the specific heat capacity of a 
metal. Discuss the need to insulate the apparatus to reduce heat loss and the need to ensure 
even distribution of heat (if using a poor conductor, it must be able to be stirred). 

Ask students to work in pairs to determine the specific heat capacity of a solid or a liquid. Ask 
them each to write their final result on the OHP or board. Discuss any similarities and 
differences with the whole class. 

Suitable substances include: 
• various metals (use specially designed 1 kg 

blocks); 
• water; 
• paraffin; 
• dry sand. 
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Objectives Possible teaching activities Notes School resources 

Students who have used the same substance will not all get exactly the same result. Discuss 
the accuracy and precision of the measurements and any sources of systematic error such as 
heat loss. Point out that in theoretical calculations it is customary to ignore heat loss as it is 
difficult to quantify. 

If time permits, ask students to determine specific heat by a ‘method of mixtures’. For 
example, ensure that a copper calorimeter of known mass is initially at room temperature. 
Insulate it to prevent heat loss. Heat a known mass of water and record its temperature. Pour 
the hot water into the calorimeter, stir and record the new temperature. Given that water has 
c = 4.2 × 103 J kg–1 °C–1, calculate c for copper. 

If using liquid or sand, ensure that the heater is 
fully immersed and stir before measuring 
temperature. Ideally, more than one pair of 
students should determine c for each substance. 

If you have the relevant apparatus, it would be 
appropriate to demonstrate and discuss a 
continuous flow method for determining specific 
heat capacity.  

This work also relates to Standards 10F.21.2, 
10F.21.3. 

Enquiry skills 11F.1.1, 11F.1.3, 11F.1.5, 
11F.4.1, 11F.4.2 

 

It should be apparent from the previous activity that different substances have different values 
of c. In particular, water has a much higher specific heat capacity than other substances. Ask 
students to suggest explanations, in terms of the kinetic particle model, for substances having 
different specific heat capacities. 

Establish, by questioning and by example calculations, that a high value of c means that a large 
input or output of energy results in only a small temperature change. Discuss with students 
situations where the high specific heat capacity of water is particularly important, including the 
following. 
• The human body contains a high proportion of water. This helps to maintain a near-constant 

body temperature despite changes in surrounding air temperature, and this constant 
temperature in turn helps to maintain correct functioning of the biochemical processes within 
the body.  

• The oceans have a moderating effect on climate and weather. Inland locations experience a 
far greater seasonal and day–night temperature variation than those close to the sea. As an 
illustrative example, use the following to compare the effects of solar heating of land and 
ocean. 

 At sea level, solar radiation provides about 700 J m–2 s–1. 
 Water has c = 4.2 × 103 J kg–1 °C–1 and density ρ = 1 × 103 kg m–3. 
 Sand and rock typically have c = 8 × 102 J kg-1 °C–1 and density ρ = 2.5 × 103 kg m–3.  
 Assuming all the incoming energy is absorbed evenly throughout the top metre of land or 

water, calculate the rise in temperature after 5 hours of solar heating.  
 It would be useful to discuss with students the likely validity of the assumptions made. 

 

You will need to decide how much detail in 
terms of particles is appropriate for your 
students. This will be determined in part by their 
knowledge of chemistry. 

One major reason for differences in c is simply 
the masses of the particles (atoms or 
molecules). Most metals have very similar heat 
capacities per atom (or per mole): at any given 
temperature, all atoms have, on average, the 
same kinetic energy regardless of their mass. A 
metal such as lead, with high atomic mass, has 
a much lower c than one, such as aluminium, 
with low atomic mass, simply because 1 kg of 
lead contains fewer atoms than 1 kg of 
aluminium. A similar argument applies to the 
heat capacities of monatomic gases. 

Substances whose molecules can rotate and 
vibrate have higher specific heat capacities than 
those made from single atoms, since energy 
must be supplied to increase the vibrational and 
rotational motion as well as the translational 
kinetic energy.  

Water has a particularly high c because (a) its 
molecules have low mass, so there are more 
per kilogram than in substances with more 
massive particles, and (b) there are weak bonds 
between the molecules and energy is 
associated with the stretching and twisting of 
these as well as the interatomic bonds within 
molecules. 
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Objectives Possible teaching activities Notes School resources 

Changing state 
Give each pair of students a test-tube containing a low-melting-point solid, a thermometer and a 
stop-clock. Show how the tube can be heated by supporting it in a clamp and immersing into a 
beaker of water heated by a Bunsen burner. Tell students to heat their samples until they melt 
then continue to heat for a further minute or so. They should then stop heating and remove the 
beaker of water so that the sample in the tube can cool freely with the thermometer inserted. 
Tell them to record the temperature at regular intervals (e.g. every 20 s) and plot a graph of 
temperature against time. They will notice that after a while the temperature ceases to fall, even 
though it is well above room temperature. Encourage them to observe that the sample is still 
emitting heat (which can be detected by holding a hand a few centimetres from the tube) and 
that the sample is in the process of solidifying. 

Discuss the results and ask students to suggest explanations in terms of kinetic particle theory. 
Establish that melting requires an input of energy to enable the particles to move freely; their 
potential energy, though not their kinetic energy, must increase. Solidification requires that this 
energy be emitted. Explain that energy associated with a change of state at constant 
temperature is known as latent heat and introduce the term specific latent heat.  

Point out that melting and vaporisation both involve a change of state, and hence both involve 
latent heat, so it is important to distinguish latent heat of melting from latent heat of vaporisation. 
You might wish also to point out that fusion is often used synonymously with melting. 

Discuss the SI units of latent heat and establish that they are J kg–1.  

 
This work also relates to Standard 10F.21.1. 

Safety: Use a non-carcinogenic low-melting-
point substance (e.g. use hexadecanol not 
naphthalene). 

 
 

 

Demonstrate the following experimental method for determining the specific latent heat of 
melting of ice: 
• place crushed ice in a large filter-funnel so that it completely covers a small electric heater; 
• place a measuring cylinder under the funnel to collect water; 
• using a joulemeter to record the energy input, heat the ice until it is partially melted.  

Then ask pairs of students to carry this out for themselves and compare their results with those 
obtained by other pairs. They should state any assumptions they have made and consider the 
accuracy and precision of their measurements.  

Divide students into small groups and challenge them to design a method for determining the 
specific latent heat of vaporisation of a liquid. Check that their plans are safe and feasible, then 
provide suitable apparatus so that they can carry out their procedures.  

Ask students to compare their experimental values for the specific latent heats of melting and 
vaporisation of water and to suggest explanations for their very different values: vaporisation 
involves a large volume change so energy is needed, loosely speaking, to push the surrounding 
air out of the way.  

Provide plenty of examples of numerical and algebraic calculations using latent heat.  
 

This work also relates to Standards 10F.21.2, 
10F.21.3. 

Enquiry skills 11F.1.1, 11F.1.5 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Draw a labelled series of sketch diagrams to explain heat conduction along a metal rod in terms 
of particle motion. 

  

Explain why rooms at the top of a building without heating or air-conditioning are often warmer 
than those near the bottom. Include the following terms in your answer: density, convection, 
current, expand.   

  

A student says ‘I’ve seen pictures of the Sun that show convection currents near its surface, so 
heat from the Sun must reach Earth by convection.’ Explain whether or not the student is right 
about the way energy travels to Earth from the Sun.  

 
 

A silver spoon, with mass 50 g and at a temperature 20 °C, falls into a cup containing 300 g of 
tea at 80 °C. Silver has specific heat capacity c = 232 J kg–1 °C–1 and water has 
c = 4.2 × 103 J kg–1 °C–1. By making suitable assumptions, calculate the resulting temperature of 
the tea. 

  

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. 

An electric heater supplies energy at a rate of 2000 J s–1. How long does it take to raise the 
temperature of 500 kg of water from 25 °C to boiling point and then to vaporise 50 g of the 
water? (Water has specific heat capacity c = 4.2 × 103 J kg–1 °C-1 and specific latent heat of 
vaporisation l = 2.3 × 106 J kg–1.) 
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