
Energy transfers by heating
Big idea: energy is conserved

Key Vocabulary

Heat Thermal energy – measured in Joules 
(J)

Temperature How hot or cold something is. 

thermometer A piece of equipment used to measure 
the temperature of something

Conduction Heat transfer by particles colliding with 
each other. This is the primary method 

of heat transfer in solids.

Convection Heat transfer in fluids (liquids and 
gasses). As the hotter parts of the fluid 

spread and become less dense they 
‘float’ on top of cooler fluid creating a 

convection current

Infra-red 
radiation

Part of the electromagnetic spectrum. 
Similar to visible light but with a longer 

wavelength. What you feel as heat 
when you put your hand near 

something hot.

Insulation Material to reduced conduction. 
Typically a non-metal or a material with 

air pockets such as fibreglass. 

Greenhouse 
gases

Gasses with absorb and re-emit 
infrared radiation causing the 

greenhouse effect. E.g. carbon dioxide.

Specific heat 
capacity

The amount of energy required to raise 
the temperature of 1kg of a material by 

1 degree.
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A measure of the average kinetic 
energy of the particles in the 

substance

Conduction
Non-metal:
In a non-metal the atoms which are being heated start to 
vibrate more, this causes them to bump into the atoms 
around them passing the energy on. This process is 
relatively slow meaning non-metals are typically poor 
conductors. This is why saucepan handles are often made 
of wood or plastic, they don’t get hot quickly!

Metals
In a metal there are free electrons which can move around 
in the material. This means that when those electrons gain 
energy by being heated they can move much more quickly 
through the material. This makes metals good conductors 
of heat. The body of a saucepan is made of metal as it can 
conduct the heat quickly from the heat source underneath 
into the food.

Specific heat capacity

All materials store heat, the specific heat capacity of a material tells you about 
how much heat that material can store. It is an intrinsic property of a material, 
similar to how density is an intrinsic property.

The specific heat capacity of a material tells you how much energy you would 
need to raise the temperature of 1kg of a material by 1 °C. the Specific heat 
capacity can be calculated using the equation below. This equation IS given you 
on the equation sheet in the exam.

𝐸𝑛𝑒𝑟𝑔𝑦 𝐽 = 𝑚𝑎𝑠𝑠 𝑘𝑔 × 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 ℎ𝑒𝑎𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ൗ
𝐽
𝑘𝑔 ∙ °𝐶 × 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 (°𝐶)

Worked example

If the specific heat capacity of water is 4200 J/kg °C, how much energy would it 
take to raise the temperature of 2kg of water from 20 degrees to 50 degrees?

𝐸𝑛𝑒𝑟𝑔𝑦 = 2𝑘𝑔 × 4200 Τ𝐽 𝑘𝑔 ∙ °𝐶 × 30°𝐶

𝐸𝑛𝑒𝑟𝑔𝑦 = 252000𝐽

𝐸𝑛𝑒𝑟𝑔𝑦 = 252 𝑘𝐽

Infra-red radiation (IR)
IR is electromagnetic radiation with a slightly longer wavelength than visible light. As IR and 
visible light are so close they act in a very similar way, for example they are reflected more 
by shiny white materials and absorbed by matt black materials. 
IR can be used to see in the dark by special cameras as all materials give off an amount of 
infrared light depending on the material and it’s temperature.
IR can travel through a vacuum, otherwise you wouldn’t feel any warmth from the sun!

The greenhouse effect
Energy from the sun hits the surface of the earth, some of it is reflected back into space 
and some is absorbed. The absorbed energy warms the surface of the planet so it gives 
off more IR. This IR is absorbed by greenhouse gasses in the atmosphere before being 
remitted in a random direction. This means some of the absorbed IR will be reemitted 
back towards the earth, raising it’s temperature. The more green house gasses there 
are, the more heat will be trapped by the atmosphere.
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Required practical – Insulation

This practical is designed to allow you to test how good different 
materials are at insulating. 

1. Wrap 1 layer of each of your chosen insulation materials around 
sperate beakers. Leave one beaker uncovered as a control.

2. Freshly boil water and measure out 100cm3 into the beakers using 
a measuring cylinder.

3. Put a lid with a thermometer onto each beaker. Once the 
thermometer reads a certain temperature e.g. 85 degrees.

4. Read and record the temperature every minute for 15 minutes
5. Plot a graph of temperature against time. Put all of your data onto 

the same graph as shown.
6. The quicker the line drops, the worse the insulation as it lets the 

heat out more quickly.

Insulation
Materials designed to keep heat in, whether a 
Jumper for you or fibreglass for your house is 
designed to trap pockets of air. Air is a bad 
conductor of heat due to gasses not having many 
particles to collide with the surface. 

The diagram shows how a double glazing 
window uses this effect to keep your house 
warm.

Reducing heat loss in homes
Many things can be used to reduce heat loss in 
homes. Some examples are; double glazing 
windows, curtains, loft insulation, draught 
excluders, cavity wall insulation, curtains, and 
carpets. Installing these into your home will 
reduce the heat lost and therefore reduce your 
heating bills.

Pay back time
All of the above methods of reducing heat loss in 
your home cost money to install but save you 
money over time. We can work out how long it 
will take for something to pay for itself in savings 
by working out the payback time.

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑡𝑖𝑚𝑒(𝑦𝑒𝑎𝑟𝑠) =
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑠𝑡 (£)

𝑠𝑎𝑣𝑖𝑛𝑔 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 (
£

𝑦𝑒𝑎𝑟
)

Required practical – Specific heat 
capacity

In this practical you are asked to find the specific heat capacity (SHC) of 
a metal. We typically use 1kg aluminium cylinder.

1. The metal block will have two holes in, one for the heater and one 
for the thermometer. Make sure you put a drop of oil into each 
hole to improve the heat transfer

2. Insert the thermometer and wait a couple of minutes for the 
thermometer reading to settle before taking the initial temperature

3. Turn on the heater and wait for it to heat up before inserting it into 
the metal block and turning on the joulemeter.

4. Once the temperature of the block has risen 10 degrees record the 
energy added on the joulemeter.

5. You now have the energy added, mass of the block, and the 
temperature change and can use the equation overleaf to calculate 
the specific heat capacity for the material  the block is made from.

6. To reduce errors in the experiment you can cover the block in 
insulation to reduce heat lost to the surroundings.
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