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expansion and contraction

When substances are heated they expand (get bigger). The opposite happens when they are cooled; they 
contract (get smaller). When substances expand because of an increase in temperature, it is called thermal 
expansion.

Heating and cooling
What happens to particles when they are heated or cooled? When a substance expands or contracts, the particles 
inside do not change size, but the space between the particles changes.

Heating causes the following changes.
• In solids, the particles vibrate more and take up more room.
• In liquids, the particles move around more quickly and the distance between them increases.
• In gases, the particles move around each other at a higher speed and move much further apart.

Cold Hot

As a result of the particles moving further away from each other, the substance expands, causing an increase in 
length, area or volume.

Examples of thermal expansion and contraction
When substances expand or contract because of their temperature, a number of things can happen. Here are 
some examples.

• Fence wire expands in summer, making the wire 
longer; as a result, fences become loose.

• Overhead power lines can expand in summer and 
hang down. The lines must be hung so that when 
they droop down, they are still sufficiently high 
above the road.

• Houses often creak due to the expansion and 
contraction of roofing iron and timber as the 
temperature changes during the day.
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• In old houses, doors expand in the heat and are difficult to open and close.
• Railway tracks made of steel expand in the summer heat. Gaps are left at joints, to prevent rails bending and 

breaking, or buckling and perhaps causing a derailment.
• Metal-framed windows need rubber spacers, because metal expands in the heat in summer. Without the 

spacers, the window frames would bend and buckle.
• If glass is heated and then quickly cooled, the glass can shatter because of rapid contraction.
• Car engines generate huge amounts of heat, which would cause the internal metal parts to expand if they 

were not cooled. The expansion would cause the engine to ‘seize’. Cars have a cooling system to prevent this 
happening.

• Jar lids that fit very tightly can be removed more easily after they have been held under hot water, because 
the heat causes the metal lid to expand away from the jar.

• Most large bridges include expansion joints (two metal combs facing each other with teeth interlocking). 
When heat causes the bridge to expand on a hot day, the two sides of the expansion joint move together. As 
the bridge cools down and contracts, the sides move away from each other. If the expansion joint were not 
there, the bridge could buckle.

expansion joint

Applications of thermal expansion
Some everyday pieces of equipment work because of thermal expansion.

Thermometers
Thermometers work because the substance inside them expands and contracts easily with changes in 
temperature.

The most common thermometer is made from a length of capillary tube (a very fine glass tube). The tube is sealed 
at one end and expanded at the other to form a small bulb. The bulb is usually filled with alcohol or mercury, 
because both these substances expand and contract at a much faster rate than the capillary tube itself expands or 
contracts with changes in temperature.

When the bulb changes temperature, the alcohol or mercury inside expands or contracts, moving up or down the 
capillary tube. The amount the liquid moves depends on the temperature of the bulb.

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 100

alcohol (or mercury)

stem – calibrated according to a scale,
e.g. Celsius scale

thin-walled glass bulb 

small bore – a small change 
in temperature produces a 
noticeable change in the 
liquid level

safety bulb – accommodates 
extra expansion if necessary
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Thermostats
A thermostat controls the temperature of a heating or cooling system, for example in an air conditioner, 
refrigerator or toaster. Thermostats switch heating and cooling devices on and off.

One common thermostat uses a bimetallic strip. A bimetallic strip consists of two thin strips of different metals 
placed back to back. When the strip is heated, one of the metals expands more than the other metal does. The 
side that expands more causes the strip to bend. When the strip bends far enough, it closes an electrical circuit. 
When you change the temperature on a thermostat, you vary the distance the bimetallic strip must bend to close 
the circuit.

The diagram shows an example of a bimetallic strip. 
The bottom metal (unshaded) expands more when 
heated than the top (shaded) metal does. As the 
temperature of the oven increases, the strip bends 
upwards until it finally touches the contact. When this 
happens, the circuit is complete and the switch turns 
off or on, depending on the temperature required. 

contact

bimetallic strip

wire

In an air-conditioning unit, when the circuit closes, the air conditioner begins to work, cooling the room. When 
the room cools, the metal contracts. This causes the bimetallic strip to straighten, opening the circuit and 
stopping the air conditioner.

Expansion and contraction
1. a. What is ‘thermal expansion’?

b. Describe what happens to the particles in a solid when the solid is heated.

c. Name three things that can increase in a substance when the substance expands.

2. a. Describe an everyday situation where thermal expansion can be useful.

b. Describe an example, from everyday life, of where thermal contraction can be a problem.

3. a. What is the function of a thermostat?

b. Describe a bimetallic strip and state what happens to the strip when it is heated.

Answers
p.  66
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4. Explain why a balloon taken from a warm room goes down if the balloon is put in a freezer.

5. Explain what might happen to a bridge if it were not built with expansion joints.

6. Many aerosol cans state that the can should not be exposed to temperatures exceeding 50 °C, which can 
occur in cars, or when the can is put near heat sources such as heaters, stoves or open flames. Explain why.

7. In summer, power lines and telephone lines hang down between the posts. Explain why engineers do not 
tighten the lines up.

8. Explain why it is dangerous to put a tin of food such as baked beans into a fire, or to heat the tin without 
opening it first.

9. In the last 100 years, the temperature of the oceans and lakes on Earth has increased. Explain the effect of 
increased temperature on the water in oceans and lakes, and suggest what effect this might have throughout 
the world.

10. The photograph shows an expansion joint in a railway line that gets  
very hot in summer and very cold in winter. Explain the purpose of  
the joint.

     

expansion joint
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11. Carry out the following experiment in a group.

•  Take a glass bottle (place a small stone inside 
to help weigh it down) and pull the lip of a 
balloon over the top.

•  Put the bottle with the balloon in a pot of water 
and begin to heat the pot of water.

 Observe what happens as the water heats up. Remove the pot from the heat and observe what happens as 
the pot cools. Explain the results.

Observations:

Explanation:

12. The person in the hot-air balloon in the photograph has just ignited the gas burner. Using the idea of thermal 
expansion, explain why the balloon will lift the basket off the ground.
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specific heat capacity

Raising the temperature of a substance requires heat energy. How much heat energy is needed to change the 
temperature of a substance depends on:
• what the substance is
• the amount of substance being heated
• the temperature change that occurs.

The amount of heat energy needed to raise the temperature of one kilogram of a 
substance by one degree Celsius is the specific heat capacity of the substance.

Specific heat capacity is measured in joules per kilogram per degree Celsius (J kg–1 °C–1). Substances have 
different specific heat capacities, some of which are shown in the following table.

Substance Specific heat capacity

(J kg–1 °C–1)

Substance Specific heat capacity

(J kg–1 °C–1)

water 4 200 marble 880

concrete 3 350 glass 470

brick 2 300 iron 460

ice 2 100 copper 400

aluminium 900 lead 130

Substances such as water, which have a high specific heat capacity, require a lot of heat energy to make them 
increase in temperature. These substances take a long time to heat up and therefore to cool down.

Substances such as lead, which have a low specific heat capacity, heat up quickly because they require far less 
heat energy to increase their temperature by the same amount. They also cool down quickly.

For example, if equal volumes of water and cooking oil are heated on identical heating elements, for the same 
amount of time, the oil reaches a far higher temperature than the water does. This is because the specific heat 
capacity of cooking oil is 1 670 J kg–1 °C–1 while that of water is 4 200 J kg–1 °C–1. Because of its comparatively 
low specific heat capacity, cooking oil reaches a high temperature quickly. 

Example: Deep frying
Deep-fried food is put into hot oil at a 
temperature of from 160 °C to 190 °C. The 
food is quickly boiled in oil, making it crisp on 
the outside while it stays moist on the inside.

Deep-frying in hot oil
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Water’s high specific heat capacity
Water has a very high specific heat capacity. This property of water has many applications.

Land and sea breezes
The specific heat capacity of water is far greater than that of the land. As a result, it takes a much longer time to 
heat the sea than it does to heat the land.

During the day, the surface of the sea warms up more slowly than the surface of the land. As the temperature of 
the land increases, the air directly above the land heats up. The air becomes less dense and rises. By comparison, 
the air above the sea is cooler and denser, so it moves towards the land to take the place of the warm air, 
forming a sea breeze.

At night, the reverse takes place. The land cools down more quickly than the sea. The air above the sea is 
therefore warmer than the air above the land. Air above the sea rises, and the cooler, denser air from above the 
land moves in to take its place. This is a land breeze.

land
sea

land
sea

 A land breeze during the night A sea breeze during the day

Car radiators
Because of its high specific heat capacity, water is used to cool car radiators, since water can absorb large 
amounts of heat energy from the engine of the car without its own temperature becoming too high. Water is 
circulated throughout the car engine and heat energy is absorbed into the water. The water is then pumped 
back to the radiator where the heat energy transfers into the metal core of the radiator and then out to the 
surrounding air. The cooler water recirculates, back through the engine.

warm water enters 
the radiator from 
the car’s engine

heat energy is transferred 
from the water to the 
radiator and then out to 
the surrounding air

cool water is 
recirculated into 
the engine

Hot-water bottles
Hot-water bottles of various sorts have been used since 
the 16th century to provide warmth, most commonly in 
bed, but also to parts of the body. Because water has a 
high specific heat capacity, water takes a long time to 
cool down. The hot-water bottle stays warm for a long 
time.

Hot-water bottle
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Other everyday examples of specific heat capacity
In the kitchen
Substances such as metal tend to have low specific 
heat capacities and therefore heat up quickly. This 
property is useful in metal cooking utensils, such 
as pots and pans. Other substances, such as plastic 
and wood, have higher specific heat capacities, so 
they take longer to heat up, and can be used for 
handles.

plastic 
handle

steel 
pot

Kitchen pot

Clay ovens
Clay ovens, such as those sometimes used to cook 
pizzas, have high specific heat capacities. When 
a fire is lit inside the oven, the clay reduces heat 
transfer to the surrounding air because it takes such 
a long time for clay to heat up. High temperatures 
for cooking can be achieved inside the oven.

Clay oven

Houses
When building houses in climates where 
temperatures can be high during the day, people 
have traditionally used materials with very high 
specific heat capacities. It takes large amounts 
of heat energy to change the temperature of the 
building materials, so the materials do not usually 
heat up enough to heat the interior of the house, 
which stays cool. Rammed earth, mud and adobe 
houses are examples of this type of building.

Homes in temperate climates often have concrete 
floors and walls. Concrete has a very high specific 
heat capacity. It absorbs and holds heat during the 
day. As the air temperature drops at night the heat 
moves from the warm concrete areas to the cooler 
air and other surfaces in the room.

Mud houses in Syria

Concrete in building
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Specific heat capacity
1. a.  State the three things that determine how much heat energy is needed to change the temperature of a 

substance.

      
b. What is meant by the ‘specific heat capacity’ of a substance?

c. Write in words: ‘100 J kg–1 °C–1’.

2. a.  Complete the following sentence to describe what effect a high specific capacity has on the time it takes 
to heat up a substance. ‘A substance with a high specific heat capacity ...’

b.  Put one of the following words in each of the spaces in the following sentences. You do not need to use 
all the words.

 high    long    low    short 

 i.  A substance with a  specific heat capacity takes a long time to heat up or cool down.

 ii.  A substance with a low specific heat capacity takes a  time to heat up and cool down.

 iii.  A substance with a  specific heat capacity requires only small amounts of heat energy 
to change its temperature.

3. a.  Water has a high specific heat capacity. Describe two ways in which water is used that make use of this 
property of water.

b. Give two other examples (not including water) where specific heat capacity is important in everyday life.

4. If a substance has a high specific heat capacity, does it take a lot of heat energy or only a little heat energy to 
increase that substance’s temperature? Explain your answer.

5. On a hot summer’s day at the beach, the sand can be unbearably hot while the water is cool. Explain this 
observation in terms of specific heat capacity.

Answers
p.  66
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6. Two identical pieces of iron are heated until they are red-hot. One piece of hot iron is then dropped into 
some water and the other into an equal volume of cooking oil. Both liquids are at the same temperature to 
begin with. Which liquid would have the highest temperature, one minute after the iron was dropped into it? 
Explain your answer.

7. (Use the table at the start of this section 
to help answer this question.)

 A student weighs out 50 g each of iron, 
aluminium, lead and copper. She then 
places the four samples on a hotplate for 
10 minutes and heats them.

copper aluminium

lead iron
Assuming the samples were all at the same temperature to begin with, predict the order (from highest to 
lowest) of the final temperatures of each sample, and explain how you worked out the order. 

 Order: 

  Highest temperature       Lowest temperature

 Explanation: 

8. Explain, in terms of specific heat capacity, why it is an advantage to put copper on the bottom of a cooking 
pot that is made of iron.

       

9. Abby heated a pot of water for five minutes and tried to cook potato chips in the boiling water, while Zak 
cooked potato chips for the same length of time in a similar-sized pot of cooking oil. Explain, in terms of 
specific heat capacity, why Zak’s chips were crisp and brown while Abby’s ‘chips’ were soft and white.
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ansWers

Achievement Standard 90943 (Science 1.4)
What is heat? (page 4)
1. a.  Heat energy is the total energy of all the moving particles in a 

substance.

b. number of particles; speed of particles; type of particles

c. joule (J)

2. Here are three examples, but check with your teacher if you have a 
different example: lighting a match – mechanical energy changes to 
heat (and sound) energy; turning on a light bulb – electrical energy 
changes to heat (and light) energy; eating food – chemical energy (in 
food) changes to heat energy (in body).

3. Iceberg. Both the iceberg and ice have the same type of particles and 
(probably) the same temperature, but there are far more particles in the 
iceberg, which means it has more heat energy.

4. Cup A has the most heat energy. Both cups contain the same type 
of particles (coffee), and the same number of particles (volume of 
100 mL). However, cup A has a temperature of 100 °C, so its particles 
are moving faster than those in cup B, giving it the most heat energy.

5. Both the oil and the water have the same number of particles (mass of 
1 000 g), and they are heated for the same amount of time. The oil has 
more heat energy (shown by its higher temperature) than the water at 
the end of three minutes because of the type of particles it contains.

6. Across: 4. kilojoule; 6. vibrate; 8. electrical; 9. heat; 11. joule; 
12. particles

 Down: 1. number; 2. chemical; 3. hot; 5. speeds; 7. thermal; 
10. calorie

7. Nuclear reactions in atoms in the Sun.

Temperature (page 7)
1. a.  Kinetic energy is moving energy; the energy an object has 

because of its motion.

b. Temperature is the average kinetic energy of all the particles in a 
substance.

2. a. Celsius and Fahrenheit scales

b. Celsius

3. a.  Absolute zero is the temperature at which all particle motion 
stops, and no heat energy is produced.

b. Celsius scale: –273 °C; Fahrenheit scale: –460 °F

c. The universe

4. As water molecules move, they bump into the food colouring particles 
causing the food colouring to spread. The food colouring spreads more 
quickly in the hot water because the water molecules are moving faster 
since the water is at a higher temperature than cold water. The water 
molecules are therefore bumping into the food colouring more quickly, 
causing it to spread more quickly.

5. The glass and bowl can have the same temperature because 
temperature does not depend on the number of particles or the size 
of the container the substance is in. Temperature depends only on the 
kinetic energy of the particles. Since in both the glass and bowl the 
water particles have the same average kinetic energy, the water in both 
is the same temperature.

6. Both boil at the same temperature because the boiling temperature of 
water is not related to how many particles there are.

7. a. Celsius b. absolute zero c. temperature

 d. Fahrenheit e. thermometer f. universe

g. freezing point h. energy i. kinetic

A F R E E Z I N G P O I N T

B T E M P E R A T U R E C K

S S B F G R C A H O I V Y I

O J Q A B A E X E A S J G N

L A M H R I L V R P L R X E

U T N R O P S N M Z E E R T

T E Q E M E I N O N C N Y I

E X B N N H U P M M U L D C

Z E M H E R S T E N E R G Y

E T I E H N E R T A F A E X

R Q H I U N I V E R S E V L

O R I T U C T J R P X E R E

Temperature and animals (page 12)
1. Living things need heat energy to stay alive, since heat energy is 

needed for all bodily functions.

2. a.  ‘Warm-blooded’ means ‘able to keep a constant body 
temperature’.

b. All mammals (e.g. dogs, cats, sheep) and all birds (e.g. penguins, 
chickens)

3. a.  ‘Cold-blooded’ means unable to keep a constant body 
temperature.

b. Any insect, reptile, amphibian, or fish (check with your teacher if 
you have something different)

4. a.  Sweating, panting, moulting, having increased surface area of 
body parts (any three)

b. Fur, hair, wool, blubber, feathers, dark pigmentation, shivering, 
hibernation, migration (any three)

c. Lying in the sun, increasing surface area exposed to sun, dark 
pigmentation (any two)

d. They can hibernate, migrate, or crowd together (any two).

5. Tuatara are reptiles. All reptiles are cold-blooded, so they depend on 
the environmental temperature to warm them up. In cold conditions, 
their body temperature is low. As a result, their body movements are 
slow when it is cold.

6. Mammals are found in all environments because they are warm-
blooded. Because they are warm-blooded, mammals are not 
dependent on the environmental temperature, and can be active 
regardless of the external temperature. As a result, mammals can live 
all over the world, in many different environments.

7. Reptiles are cold-blooded; their body temperature remains the same as 
that of their environment. In Antarctica, temperatures are far too low 
for reptiles to warm themselves, so they cannot survive there. However, 
birds are warm-blooded. Their body temperature stays constant and 
they can survive in the low Antarctic temperatures.
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8. (Example answer)

 The walrus has hair covering its body, which helps to insulate the 
body and prevents heat loss as air is trapped between the hairs. It 
has a thick layer of blubber beneath its skin, which also insulates the 
body, preventing loss of heat from inside organs, because heat does 
not move through blubber easily. The walrus’s skin is dark coloured. 
The dark pigmentation absorbs sunlight, helping to warm its body. 
Although not obvious from the photo, walrus shiver when they are 
cold. The movement generates body heat. All these methods help the 
walrus maintain a constant body temperature despite the very low 
environmental temperature of the Atlantic Ocean.

9. a.  The speed of velociraptors – scientists thought dinosaurs must have 
been warm-blooded, to provide enough energy to move so quickly.

 b. The layers of bone deposits in dinosaur fossils

 c. Tyrannosaurus and Allosaurus.

 d. Tuna, sharks, sea turtles (any two)

 e.  They sometimes relied on their own body heat to keep warm, 
while at other times their temperature was subject to the external 
environment.

 f.  They could grow larger than any other animal and dominate their 
ecosystem.

Expansion and contraction (page 17)
1. a.  Thermal expansion occurs when a substance gets bigger because 

of an increase in temperature. The substance expands because 
the particles move further apart as they gain heat energy.

b. The particles in a solid move more quickly and become further 
apart when they are heated.

c. The substance’s length, or area, or volume

2. a.   One example is using thermal expansion to help remove a jar lid. 

b. One example is the shattering of a hot glass in cold water.

3. a.  A thermostat is used to regulate the temperature of a heating or 
cooling system.

b. A bimetallic strip is two strips of metal joined. One of the metals 
expands more than the other when heated, causing the strip to 
bend to one side.

4. In a warm room, the particles in the balloon are far apart. When the 
balloon is put in a freezer, the particles slow down and move much 
closer together, causing the air inside to contract. As a result, the 
balloon deflates.

5. On a hot day, the bridge would expand because of the increase in 
temperature. If there were no gap for the bridge to expand into, the 
bridge might bend/buckle. Expansion joints are put in a bridge to 
prevent damage to the bridge.

6. Aerosol cans are full of liquid. When the liquid is heated, its particles 
move faster and as a result move further apart, causing the liquid to 
expand. As the liquid has nowhere to expand into, it will bend out the 
sides of the can. The pressure on the sides could be enough to cause 
the can to explode.

7. In summer, the particles in the power lines are far apart and as a result 
the wire has expanded and lengthened. In winter, when the temperature 
falls, particles move closer together, causing the wire to contract and 
shorten. If the engineers tightened the wires during summer, in winter 
the contraction of the wires could cause the wires to snap.

8. If you put a sealed tin in a fire, or if you heat the tin, you cause the 
particles inside to move further apart, and the substance inside 
expands. If the substance has nowhere to expand into, it puts pressure 
on the sides of the tin and could cause the tin to explode.

9. The increased temperature of the water in lakes and oceans causes water 
particles to move further apart and the water to expand. The volume of 
the water increases. With an increase in volume, there is a rise in water 
levels – which could put homes beside lakes and oceans under water.

10. The joint allows room for the metal rails to expand when they are hot 
without bending, breaking or buckling and perhaps causing a derailment.

11. Observations: The balloon inflates as the water heats. Once the pot 
cools, the balloon deflates.

 Explanation: The heat from the warm water causes the air in the bottle 
to expand, which causes the balloon to inflate. When the heat source is 
removed, the air cools. The air contracts, causing the balloon to deflate.

12. The gas burner heats the air inside the balloon, making the air expand 
and rise, which lifts the balloon and basket.

Specific heat capacity (page 23)
1. a.   What the substance is; the amount of substance being heated; 

the temperature change that occurs.

b. Specific heat capacity of a substance is the amount of heat 
energy required to change the temperature of 1 kg of the 
substance by 1 °C.

c.  100 J kg–1 °C–1 means that 100 J of heat energy is required to 
change the temperature of 1 kg of a substance by 1 °C.

2. a.  For example: A substance with a high specific heat capacity takes 
longer to heat up. Or:  A substance with a high specific heat 
capacity requires large amounts of heat energy to change its 
temperature.

b. i. high ii. short iii. low

3. a.  For example: car radiators; hot-water bottles; as a coolant in 
refrigerators or air-conditioning systems. 

b. For example: in cooking utensils; in building materials; for heat 
storage devices such as clay ovens.

4. An object with a high specific heat capacity requires a large amount 
of heat energy to change its temperature. This is because specific 
heat capacity tells us how much heat energy is required to change the 
temperature of 1 kg of a substance by 1 °C; therefore if the amount is 
large it means a lot of energy is needed.

5. Sand has a lower specific heat capacity than water; therefore sand 
increases in temperature more, for the same amount of heat energy 
absorbed, than water does.

6. The cooking oil would reach a higher temperature than the water in one 
minute because oil has a lower specific heat capacity than water and will 
therefore increase in temperature more in the same amount of time.

7. Order: lead (highest), copper, iron, aluminium (lowest)

 Explanation: Lead has a very low specific heat capacity (130 J kg–1 °C–1) 
compared with the other three metals, so it will increase in temperature 
far more quickly than the others, because it needs less heat energy 
to increase its temperature. Aluminium has the highest specific heat 
capacity of the four metals (900 J kg–1 °C–1) and therefore will reach 
the lowest temperature of the four metals, because it needs more heat 
energy to change its temperature.

8. Copper has a lower specific heat capacity than iron, so it increases in 
temperature more quickly than iron because it requires less energy than 
iron to change temperature. The copper bottom of the pot will reach 
cooking temperature more quickly than if the bottom were made of iron.

9. The oil in Zak’s pot heated up quickly because of the oil’s comparatively 
low specific heat capacity and boiled at approximately 160 °C, so 
the potato chips cooked quickly at a high temperature, making them 
crisp and brown. In comparison, the water in Abby’s pot heated up 
slowly because of water’s high specific heat capacity and boiled at 
only 100 °C, so the potato chips cooked slowly at a comparatively low 
temperature, leaving the potato soft and white.

Phase changes and latent heat (page 28)
1. a.  A phase change takes place when matter changes from one state 

to another.

b.  i. melting ii. condensation iii. sublimation

c. i. heat added ii. heat removed iii. heat added 
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