




Heat Transfer Methods:

 Conduction, 

 Convection 

 Radiation



Heat Transfer

Heat always moves from a warmer place to a cooler place.

Hot objects in a cooler room will cool to room temperature.

Cold objects in a warmer room will heat up to room temperature.
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Heat equilibrium



When you heat a metal strip at one end, the heat travels to the other end.

As you heat the metal, the particles vibrate, these vibrations make the 

adjacent particles vibrate, and so on and so on, the vibrations are passed 

along the metal and so is the heat. We call this?

Conduction



Metals are different

The outer electrons of metal atoms drift, and are free to move.

When the metal is heated, this ‘sea of electrons’ gain kinetic energy 
and transfer it throughout the metal

Insulators, such as wood and plastic, do 

not have this ‘sea of electrons’ which is 

why they do not conduct heat as well as 

metals.

Q



Why does metal feel colder than wood, if they 
are both at the same temperature?

Metal is a conductor, wood is an insulator. Metal conducts the heat away from your 

hands. Wood does not conduct the heat away from your hands as well as the metal, 

so the wood feels warmer than the metal.



Convection
What happens to the particles in a liquid or a gas when you heat them?

The particles spread out and 
become less dense.

Q



Fluid movement

Cooler, more dense, fluids sink through 
warmer, less dense fluids. 

In effect, warmer liquids and gases rise up. 

Cooler liquids and gases sink 



Why is it windy at the seaside?



Cold air sinks

Where is the freezer compartment put in a fridge?

Freezer compartment

It is put at the top, because  
cool air sinks, so it cools the 

food on the way down.

It is warmer at the bottom, 
so this warmer air rises and 
a convection current is set 

up.



The third method of heat transfer

How does heat energy get from the Sun to the Earth?



Radiation

Radiation travels in straight lines

True/False

Radiation can travel through a vacuum

True/False

Radiation requires particles to travel

True/False

Radiation travels at the speed of light

True/False 
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Thermal conduction

Metal bar

According to kinetic theory, all materials are made up of tiny, moving 

particles.  In a solid these particles tend to vibrate around a fixed spot.



Metal bar

Heat 

Thermal conduction



Metal bar

As the bar is heated, the particles 
tend to vibrate more.

Heat 

Thermal conduction



Metal bar

As the bar is heated, 
the particles tend to 
vibrate more.
Thermal energy is 
transferred from the 
hot end to the cold end 
as the particles pass on 
their increased kinetic 
energy to other 
particles along the bar.Heat 

Thermal conduction



As the bar is heated, the particles tend to vibrate more.
Thermal energy is transferred from the hot end to the 
cold end as the particles pass on their increased kinetic 
energy to other particles along the bar.

Heat 

Thermal energy transferred by conduction

Thermal energy transfer is increased if:

1. Temperature difference across ends of bar is increased.

Thermal conduction



Conductors and insulators

Metals are the best thermal 
conductors. They feel cold
to the touch as heat is 
quickly conducted away 
from your hand.

Non-metals tend to be poor 
conductors. A polystyrene 
tile feels warm to the touch 
because it stops your hand 
from losing thermal energy.

Poor conductors are 
called insulators.

Liquids are poor 
conductors, and gases
are the worst of all.  
Many insulators have 
tiny pockets of 
trapped air.

Thermal conduction



Comparing conductors

HEAT

Drawing 
pin held on 
with 
vaseline.

AluminiumSteel 

Thermal conduction



HE
AT

AluminiumSteel 

Material Time for pin to 
fall (secs)

Aluminium 125

Brass 189

Copper 73

Steel 340

Conclusion:
Copper is the best conductor of 
thermal energy, steel is the worst.

Material 
Textbook relative 

conductivity values.

Aluminium 204

Brass 109

Copper 385

Steel 16

Comparing conductors

Thermal conduction



Conductivity of water

Boiling water

Gauze 

Ice  

As the top of the tube is heated, the water boils
and turns into steam.
The ice trapped at the bottom of the tube does 
not melt.

This experiment shows 
that water is a poor 
conductor of thermal 
energy (heat).

Thermal conduction



Using insulating materials

1.  Double-glazed windows; two sheets 
of glass with air between them.

Thermal conduction

2.  Wall cavity filled with plastic foam, 
beads, or mineral wool.



Thermal conduction
Explaining conduction

In a metal, there are many tiny 
electrons fixed inside the atoms.  

Some, however, are ‘loose’ and free to 
drift between the atoms.  If the 

metal is heated then the free 
electrons begin to move more quickly 

(they have more kinetic energy).

These free electrons are moving 
randomly within the metal.  They may 
collide with the atoms and make them 

vibrate more quickly.  This means 
that the thermal energy is 

transferred rapidly to all parts, 
making metals good thermal 

conductors.

Any material that conducts will have 
particles vibrating and pushing on 

neighbouring particles.  But in metals, 
this energy transfer through the 

movement of free electrons means 
that they conduct energy much more 

quickly.



Using insulating materials

Thermal conduction

3.  Loft insulation – glass or mineral 
wool, with air trapped between the fibres.

4. Plastic foam lagging around the 
hot water storage tank.





Thermal conductivity measurement

Apparatus

process 



Metal Rod

Insulator

Hot Vapour Inlet

Coold Water Inlet

Hot Water OutletVapour Outlet

Heating vessels Cooling vessels

θ1

θ2 θ3 θ4

θ5



Hot 
Vapour

Insulator

Water
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