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 WHAT IS HEAT?

Moving particles
Everything – solids, liquids and gases – is made of particles (atoms and molecules). The particles are always 
moving. In a solid, the particles vibrate about a fi xed position; in a liquid, the particles glide over each other; and 
in a gas, they bump into each other.

Solid Liquid Gas

The movement of particles produces the form of energy called heat energy or thermal energy. Everything has 
heat energy. Even in the coldest parts of space, ‘matter’, such as ice particles in a comet, has some heat energy.

Heat energy is the total energy of all the moving particles in a substance. The more the particles are moving, the 
more heat energy a substance has – and the hotter it is.

The amount of heat energy depends on three things:
• the speed of the particles in the substance (shown by the temperature of the substance)
• the number of particles in the substance (shown by the volume, or mass, of the substance)
• the type of particles in the substance.

Particle speed
Which has more heat energy, a glass containing 500 mL of water that has a temperature of 50 °C, or the same 
shape and size of glass with 500 mL of water at 70 °C?

50 °C 70 °C

The glass with water at 70 °C has more heat energy. Both glasses contain the same type of particles (water 
particles) and the same number of particles (because they contain equal volumes of water – 500 mL each). 
However, the water at 70 °C has a higher temperature, which means its particles are moving faster than those in 
the other glass, so it has more heat energy.
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Number of particles
Which has more heat energy, a gigantic iceberg or a pot of boiling water?

  

The iceberg has more heat energy than the pot of boiling water. Both the iceberg and the pot of boiling water 
contain the same type of particles (water particles). However, there is a big difference in temperature between the 
two. The iceberg’s particles are moving more slowly than the particles in the boiling water. The other difference 
is the number of particles. The iceberg has many more particles inside it than does the pot of boiling water. 
Even though the iceberg’s particles are moving more slowly, there are many more of them moving at this slower 
speed. So overall, the iceberg has more heat energy than the pot of boiling water.

Type of particles
Which has more heat energy, 200 g of butter on a plate at room temperature, or 200 g of olive oil in a measuring 
cup at room temperature?

The olive oil has more heat energy than the butter. Both the butter and the olive oil contain the same number 
of particles (since they have the same mass), and their particles have the same speed (since the temperature is 
the same for both). However, because they are made of different particles, their heat energy is different. The oil 
particles are a liquid at room temperature, whereas the butter is a solid. The oil has absorbed more heat energy 
to change to a liquid and therefore contains more heat energy.

Energy changes
Other types of energy can be changed into heat energy. Light, sound, electrical, chemical or even nuclear energy 
can make a substance’s particles move faster and so cause the substance to heat up.

For example, when a light bulb is turned on, electrical 
energy is changed to heat (and light) energy in parts of 
the light bulb. The photo shows the heat inside a light 
bulb. The lightest parts are the hottest.

47 °C

27 °C

17 °C

38 °C
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The following table gives some other examples of energy changes that produce heat energy.

Lighting a match – a person strikes a match against a rough surface, 
changing mechanical energy into heat energy (and light energy)

Food being eaten – chemical energy (in food) is changed to heat 
energy (in your body)

Burning wood – chemical energy (in wood) is changed to heat energy 

Nuclear reactions in atoms in the Sun – nuclear energy is changed to 
heat (and light) energy

Measuring energy
Throughout history, different units have been used to measure energy. An example is the calorie (cal). These 
days, heat energy is measured in joules, J. A joule is the amount of energy needed to raise the temperature of 
one kilogram of a substance by one degree Celsius. Other units are sometimes used. For example, kilojoules, kJ, 
are used when the amount of energy is large. One kilojoule is equal to one thousand joules.

Different substances and activities have, and use, different amounts of energy.
 • A can of lemonade contains about 160 000 J (160 kJ) of energy
• One fried egg has about 960 000 J (960 kJ) of energy in it
• Walking for one hour uses 600 000 J (600 kJ) of energy
• Watching television for one hour uses 20 000 J (20 kJ) of energy
• One kilogram of body fat contains the equivalent of 37 000 000 J (37 000 kJ). (Therefore, to lose 1 kg of body 

fat in a week you need to use an extra 5 000 kJ of energy each day.)
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 What is heat?
1. a. What is ‘heat energy’?

b. Name three things that affect the amount of heat energy an object has.

c. Name and give the abbreviation for the unit of measurement for heat.

2. Using examples, describe three different energy changes that result in heat energy being produced.

3. There are two objects – an iceberg and a glass of boiling water. Which of the two objects has the most heat 
energy, and why?

 Object with most heat energy: 

 Reason: 

4. Explain why people are not burned when the white-hot sparks (over 1 000 °C) from a sparkler hit their hands 
on Guy Fawkes Night, yet can be burned by a teaspoon of boiling water (only 100 °C).
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5. The diagram shows two cups of the same 
sort of coffee. Cup A has 100 mL of coffee at 
100 °C, and cup B has 100 mL of coffee at 
80 °C. Which cup of coffee has the most heat 
energy? Explain your answer.

A B

 100 mL 100 mL
 100 °C 80 °C

 Cup with most heat energy: 

 Explanation: 

6. 1 000 g of water and 1 000 g of oil are in two identical pots. The pots are heated for three minutes on a 
stove element on ‘high’. At the end of the three minutes, the temperature is taken for both substances. The 
temperature of the oil is much higher than the temperature of the water. Explain why, although the oil has a 
higher temperature than the water has at the end of three minutes, they both contain the same amount of 
heat energy.

7. The diagram shows two beakers, one containing a litre of water at 100 °C, and one containing 200 mL at 
100 °C.

A

1 litre of
water 200 mL of

water

B

 Which beaker will cool the fastest, and why?

L1 Heat LWB.indd   5L1 Heat LWB.indd   5 5/4/16   9:35 AM5/4/16   9:35 AM



© ESA Publications (NZ) Ltd  –  ISBN 978-0-908340-22-4  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

 TEMPERATURE

Particle speeds
Because particles are always moving in a substance, the substance contains 
heat energy. However, the particles do not all move at the same speed.

For example, air is a mixture of particles, mainly gases such as oxygen, nitrogen, water 
vapour, and carbon dioxide. The particles of each gas move in various directions and at 
different speeds, from slow to very fast.

Kinetic energy
When objects move, they have kinetic energy. This is often called ‘moving’ energy. Kinetic energy is the energy 
an object has because of its motion. Because particles do not all move at the same speed, they also do not all 
have the same kinetic energy. The average kinetic energy of all the particles in a substance is its temperature 
(symbol T).

What is temperature?
Temperature is not energy; it is a measure of energy. Temperature gives us a measure 
of how hot or cold a substance is, because the hotter a substance is, the faster its 
particles are moving and therefore the more kinetic energy its particles have. Because 
temperature is an average, the number of particles and the size of the container the 
substance is in do not affect its value. The temperature of a small cup of boiling water 
is the same as the temperature of a large pot of boiling water. Even though the large 
pot is much bigger than the cup and holds millions more water molecules, the average 
kinetic energy of the water in the pot is the same as that of the water in the small cup.

Measuring temperature
Temperature scales
Temperature is usually measured with a thermometer. Thermometers have a scale to 
represent the average kinetic energy of the particles in the substance being measured. 
Two common scales are:
• Celsius (°C) temperature scale
• Fahrenheit (°F) temperature scale.

Both scales have two points around which the scale is calculated. The points are the 
freezing point and the boiling point of water. On the Celsius scale, water has a freezing 
point of 0 °C (zero degrees Celsius) and boils at 100 °C, whereas on the Fahrenheit 
scale, water freezes at 32 °F and boils at 212 °F. The Celsius scale is used in science.

Absolute zero
At a temperature of absolute zero, particles stop moving and therefore produce no 
heat energy. Absolute zero is the lowest temperature possible. On the Celsius scale, 
absolute zero is –273 °C, while on the Fahrenheit scale, absolute zero is –460 °F. 

Scientists have never been able to cool a substance to absolute zero, but they have come very close.

The average temperature of the universe is very near to absolute zero, at –270 °C.
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80˚

60˚

40˚
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 HEAT TRANSFER – RADIATION

Any hot object gives off thermal radiation, also called infrared radiation.

The following infrared images are of a boy and a hairdryer. They were taken using a camera that is sensitive to 
infrared radiation. The boy and the hairdryer are giving off thermal radiation.

Unlike conduction and convection, which both require particles for the heat to travel through, radiation does not 
need any contact between the heat source and the heated object. Radiation is the transfer of heat energy from 
one place to another without the need for a medium (particles). Thermal radiation can travel through a vacuum 
(an empty space where no particles are present).

An example of radiation is when we feel the heat of the Sun on our skin – even though the Sun is not touching 
us.

Thermal radiation is a type of electromagnetic radiation, like light, and thermal radiation travels at the same 
speed as light, 3 × 108 m s–1.

When thermal radiation reaches an object, one of three things can happen.
• It can pass straight through the object – e.g. non-refl ective glass.
• It can be absorbed – e.g. by a dull, dark surface.
• It can be refl ected – e.g. from a shiny surface.

When radiant heat is absorbed by an object, the heat causes a change in the temperature of the object.

Factors affecting radiation
Colour and texture of the surface
Surfaces absorb and refl ect radiant heat differently. The best absorbers are rough, dark-coloured surfaces, while 
the best refl ectors are smooth, shiny surfaces.
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Shiny, light-
coloured surfaces 

reflect a large 
amount of radiation 

and absorb very 
little.

Dull, 
dark-coloured 

surfaces absorb a 
large amount of 

radiation and 
reflect very little.

 The surface heats up rapidly The surface warms up only slightly
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As well as being good absorbers of radiant heat, dark-coloured surfaces are also good emitters (radiators) of 
radiant heat.

 Radiates heat quickly Radiates heat slowly

Surface temperature
The higher the temperature of the substance, the more quickly the substance emits radiant heat.

80 °C
At room 

temperature 
of 30 °C

40 °C

 Radiates heat quickly Radiates heat slowly

The lower the temperature of the substance, the more quickly the substance absorbs radiant heat.

At room 
temperature 

of 30 °C
10 °C 20 °C

 Absorbs heat quickly Absorbs heat slowly

Surface area
An object with a large surface area emits (or absorbs) more radiation than an object with a smaller surface area.

Smaller surface area radiates less       Larger surface area radiates more
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Everyday examples of radiation

Example Explanation

Greenhouse Greenhouses (called glasshouses when they are made 
of glass) trap radiant heat energy. During the day, 
radiant heat from the Sun passes through the glass, 
because glass is transparent. The heat is absorbed 
by the plants and soil. As the plants and soil warm 
up, they begin to emit radiant heat. As a result, the 
temperature within the glasshouse increases over time.

Teapots and 
kettles

Teapots and kettles are often silver or a light colour. 
Shiny or light-coloured surfaces reduce the loss of 
radiant heat by refl ecting heat back into the pot.

Emergency 
blanket

Survival blankets are thin sheets with both sides 
made of shiny, silver-coloured foil. The foil refl ects the 
person’s radiant heat back, keeping the person warm 
and preventing hypothermia.

Solar panels Solar panels can heat water. They are a dark colour to 
maximise absorption of radiant heat from the Sun.

Heat sinks Heat sinks are parts that transfer heat away from 
objects such as refrigerators, air-conditioning units, and 
computers. They have a large surface area, to maximise 
radiation of heat.
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Car radiators
Heat energy from the car engine must be removed quickly to prevent the engine from overheating. The radiator 
is black so it emits thermal radiation, and it has fi ns to increase its surface area, so as much heat as possible is 
emitted.

fi ns

hot water runs down tubes

thermal radiation is emitted from 
each fi n, increasing loss of heat

Fins in car radiator increase the amount of thermal radiation emitted

Heat transfer –  Radiation
1. a.  What is the main difference between radiation and the heat-transfer processes of conduction and 

convection?

b. What is thermal radiation and how fast can it travel?

c. What is a vacuum?

2. a. Describe the three things that can happen to thermal radiation when it reaches an object.

      
b. Choose the correct words to put in the spaces in the following sentences.

 dark    dull    light    rough    shiny    smooth 

  The surface of an object affects the amount of radiant heat the object absorbs. Surfaces that are

 , , and  are better absorbers than

 surfaces that are , , and 
3. a. Name three factors that affect the amount of radiant heat absorbed or emitted from a surface.
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