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Heat

Heat energy and temperature
The particles of a substance are moving. If the substance is a gas or a liquid, the particles are free to move 
in any direction. In a solid, the particles vibrate about a fixed position. The temperature of a substance is 
the average kinetic energy of its particles. Because temperature is a measure of average energy, the quantity 
of the substance does not affect its temperature.

Temperature is measured in degrees Celsius, °C. Ice melts at 0 °C and water boils at 100 °C.

The heat in a substance is the total energy of all the particles of the substance. Because heat is a measure 
of total energy, a greater quantity of the substance will have more heat than a lesser quantity at the same 
temperature.

Heat is measured in joules, J.

Specific heat capacity
To raise the temperature of a substance, heat energy must be given to its particles. The specific heat 
capacity, c, of a substance is the amount of heat energy that must be given to one kilogram of the 
substance to raise its temperature of by one degree Celsius.

Specific heat capacity is measured in joules per kilogram per degree Celsius (J kg–1 °C–1).

The increase or decrease in the temperature of a substance is linked to the amount of heat gained or lost by 
the substance by the equation:

Q = mc∆T
where:

• Q is the amount of heat energy absorbed or given out by the substance (J)

• m is the mass of the substance that is being heated or cooled (kg)

• ∆T is the change in temperature (°C).

The power of a heating device or extractor is the rate at which energy is gained or lost while the 
temperature changes.

Power, P, can be calculated using the equation:

P = 
E
t

where:

• E is the energy gained or lost 

• t is the time taken.

Power is measured in watts, W. Another common unit is the kilowatt (kW).

1 kW = 1 000 W.
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Heat transfer
Heat energy is transferred from one place to another by conduction, convection and radiation.

When heat energy is transferred by conduction, the more vigorous vibration of the particles of the hot 
region of a substance causes adjacent particles to vibrate faster, thus spreading the heat energy throughout 
the substance.

hot cold
conduction

Heat energy is absorbed by particles, 
causing them to vibrate more, collide 
with neighbouring particles and 
transfer heat through the solid.

Conduction is the only way heat is transferred through a solid. Metals are good conductors of heat. Liquids, 
gases and non-metal solids are poor conductors of heat. A substance that is a poor conductor of heat is 
called an insulator. Air is a particularly poor conductor of heat, so materials that are designed to provide 
good insulation often contain a high proportion of trapped air.

If the faster moving (higher temperature) particles of a substance physically move from one place to 
another within the substance, the heat is transferred by convection.

The flow of different temperature particles through a liquid or gas is called a convection current.

Liquids and gases transfer heat by convection. Convection currents occur because, if a region of a gas or a 
liquid is heated, it expands, becomes less dense, and hence moves upwards through the denser regions of 
the substance. The hotter substance that has risen is replaced by the colder substance, creating a circular 
movement of the substance – the convection current.

Radiation occurs when heat is transferred by infrared radiation. Infrared radiation is a type of 
electromagnetic radiation and can thus travel through a vacuum.

Radiant heat energy is produced by hot objects. The nature of the surface of the hot object affects the 
amount of radiant heat energy produced. Black, matt surfaces are the best radiators; shiny, white surfaces 
are the worst radiators.

When radiant heat energy falls on a substance, the heat energy can be absorbed by the surface particles, 
causing the temperature of the surface of the substance to rise. The radiant heat energy can also be 
reflected. When this happens, heat energy is not transferred to the substance.

Black, matt surfaces are the best absorbers, and so the worst reflectors, of radiant heat. Shiny, white 
surfaces are the best reflectors, and so the worst absorbers, of radiant heat.
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Dull, dark-coloured
surfaces absorb a
large amount of

radiation and reflect
very little.

Shiny, light-coloured
surfaces reflect a
large amount of

radiation and absorb
very little.
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The surface heats up rapidly. The surface warms only slightly.
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States of matter
There are three state of matter – solid, liquid and gas. When a substance changes from one state to 
another, it is undergoing a phase change.

During a phase change, heat energy is either absorbed or released but the temperature of the substance 
does not change. Latent heat, L, is the amount of heat energy absorbed or released when one kilogram of a 
substance changes its state (or phase) while the temperature remains constant. The amount of heat energy, 
Q, needed to change the state of a mass, m, of a substance can be found from the equation:

Q = mL

The variation of the temperature of a substance that is being heated or cooled can be shown on a heating 
or cooling curve.
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Thermal spring: liquid H2O → gaseous H2O

You may use the following data for any of the questions that follow: 

 Specific heat capacity of water  = 4 200 J kg–1 °C–1

 Latent heat of fusion of ice  = 3.3 × 105 J kg–1

 Latent heat of vaporisation of water = 2.3 × 106 J kg–1
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Questions: Heat

Question One: Out on the paddock

Martha lives in a small house on a farm. One early morning, before leaving the house for work, she looks 
out of her window and sees frost on the paddock. The frost consists of small ice crystals. Martha observes 
that the frost melts in the morning sun.

a. What is the name of the process by which heat is transferred from the sun to the paddock?

b. The graph below shows the heating curve of water.
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 Referring to sections B and D of the graph above, explain why there is no change in temperature, 
although the water is being continuously heated.

 Year 2020
Ans. p. 120
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c. If every square metre of frosty paddock receives 750 W of solar energy, calculate the maximum amount 
of frost that could be melted on one square metre of paddock in one minute.

 The latent heat of fusion of ice (water) is 330 000 J kg–1

d. Eventually the melted water will evaporate in the sunlight.

 Explain, in terms of kinetic theory, why the latent heat of vaporisation of water is much greater than 
the latent heat of fusion of water.

 In your answer, you should:

 • define the term ‘latent heat’

 • compare the anangements of particles and the forces in all relevant states of matter

 • explain why energy is required to achieve the relevant phase changes.
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Question Two: It’s cold inside
Martha’s house is poorly insulated, and gets very cold overnight. On many mornings, moisture in the air 
has condensed to water on her windows.

a. State how the average kinetic energy and the average speed of the water particles changes when steam 
undergoes condensation on the cold windowpane.

b. To help insulate her home, Martha plans to get her 
windows fitted with double glazing. A typical double-
glazed windowpane is shown in the diagram. It consists of 
a strong aluminium frame that holds two sheets of glass 
with a vacuum between them.

 Describe the process of heat loss through the windows, 
and explain, in terms of relevant types of heat transfer, 
how double glazing would minimise this heat loss.

 Year 2020
Ans. p. 121
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c. Martha has TWO small 1 000 W heaters to heat her home. On a normal morning, Martha’s home 
contains 172 kg of damp air.

 Martha runs her TWO heaters for 45 minutes.

 Show that the most the temperature in her home would increase is 17.4 °C.

 The specific heat capacity of damp air is 1 800 J kg–1 °C–1.

d. In actual fact, Martha’s home increased in temperature by only 12 °C.

i. Calculate how much energy was lost.

ii. Explain possible reasons for the energy loss.
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Question Three: Growing grapes 
Martha manages a small vineyard on her property. Her grapes grow on trellises close to the ground. On calm, 
windless mornings, a layer of very cold air can build up near the ground. In extreme cases, this can lower the 
temperature down to the freezing point of water, causing a frost and potentially damaging the crops. 

Martha’s success as a grape grower depends on her ability to protect her crops from frost. Therefore, she 
has invested in equipment that helps her observe and manage heat transfer on her vineyard.

a. Martha measures the air temperature with a simple thermometer. It consists of a very thin glass tube 
that contains a coloured liquid. When the liquid warms up, it pushes up the tube and Martha can read 
its temperature off a scale.

 Explain, in terms of kinetic theory, why the liquid rises up the tube when it warms up.

b. Explain the term ‘convection’.

c. Explain why the convection currents can cause damage to the crops.

  

 Year 2020
Ans. p. 121
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d. Martha operates a selective inverse sink (SIS) frost-protection system. The SIS consists of a large fan that 
is built into the lower part of a tall, chimney-like tower. When switched on, the fan draws in cold air 
from the ground, pushes it up through the tower, and out into the atmosphere.

 Explain how the SIS warms the vineyard at ground level.

 In your answer, you should:

• explain why a layer of very cold air can build up near the ground when Martha does not run the SIS

• discuss, in terms of relevant types of heat transfer, how the SIS helps to achieve a net flow of heat 
energy to the ground.

 You should draw and label the movement of air on the above diagram to support your written answer.
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Question Four: House heating 
Useful information: 
Specific heat capacity of dry air = 1 006 J kg–1 °C–1 
Specific heat capacity of water = 4 200 J kg–1 °C–1

a. State the meaning of the phrase ‘the specific heat capacity of water is 4 200 J kg–1 °C–1’.

During winter Abi uses an electric heater to heat her house. She has a house that contains 600 kg of dry air.

b. Calculate the amount of heat energy required to raise the temperature of all the air in Abi’s house from 
16 °C to 21 °C.

c. Abi’s house has poor ventilation. During the course of the day, some of the air particles in her house are 
replaced by water particles, and so the air becomes humid.

  Explain why it would take more energy to raise the temperature of 600 kg of humid air from 16 °C to 
21 °C than it did for 600 kg of dry air.

d.  On a cold day Abi uses a heater to keep the air in the house at a constant temperature. Every 5 minutes 
the house loses 150 kJ of heat to the outside environment through the roof, windows, walls, and gaps. 
The efficiency of the heater is 85%.

 i.  Calculate the total power used by the heater to keep the air in the house at a constant temperature.

 ii.  Abi installs insulation in the ceiling of her house.

   If the same power heater is used, explain how the temperature inside the house after insulation has 
been installed would compare with the temperature inside the house before insulation was installed.

 Year 2019  
Ans. p. 121
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Note : The Achieved (A), Merit (M) and Excellence (E) ratings 
given with answers supplied are based on professional 
judgements made by the author.

Achievement Standard 90937  
(Physics 1.3): Demonstrate understanding 
of aspects of electricity and magnetism

1.3 Static electricity

Question One: Electroscopes
a. The process is charging by friction. (A)

b. P = 
E
t  = 

12.5 × 10–3

1.5 × 10–3  = 8.333 = 8.3 W (M)

c. 

  Opposite charges attract, so the positively charged glass rod 
attracts negative electrons upwards into the metal disc. This 
leaves the metal plate and the gold leaf with a positive charge. 
Because like charges repel, the gold leaf is repelled away from 
the metal plate. (M)

d. 

  When the electroscope is negatively charged, there is an 
excess of electrons that are evenly distributed over the 
metal disc and metal plate, so the leaf will be repelled away 
from the stem. When the metal disc is earthed, the excess 
electrons flow down into earth, leaving the electroscope 
uncharged. Because there is now no force pushing the leaf 
away from the stem, it falls back to lie against the stem. (E)
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Question Two: Jumping on a trampoline
a. Static electricity is the presence of charged particles that are 

free to move but the forces acting on them are such that they 
remain stationary. (A)

b. i.  When Ewan lands on the mat, the mat stretches 
downwards and so there is rubbing between the  
surface of the mat and the soles of Ewan’s feet. This 
rubbing causes electrons to be rubbed off the mat  
onto Ewan’s feet.  (M)

 ii. 

   (M)

c. i.  Polypropylene is an insulator, so when Ewan’s negatively 
charged feet touch the polypropylene mat, even though 
it is positively charged, electrons cannot flow across 
from his body, so Ewan does not feel a shock. The metal 
of the frame is a conductor, so when Ewan’s negatively 
charged hands touch the metal, the electrons on Ewan’s 
body flow from his body into the metal so Ewan feels a 
shock. (E)

 ii.  If the mat was made of a material that conducts 
electricity he would not become significantly charged at 
all. This is because any electrons that might be rubbed 
off the mat onto his feet would be attracted back onto 
the mat rather than allowed to build up and spread over 
his body. (E)

d. P = IV and P = E
t

 ⇒ P = 1.25 × 10–5

2.5 × 10–4
 = 0.050 W

 P = IV ⇒ I = P
V
 = 0.050

3 500
 = 1.4286 × 10–5 = 1.4 × 10–5 A (M)

Question Three: Van de Graaff generator
a. 

(A)
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