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INTRODUCTION
Thermocolour film is a fascinating material that changes colour depending on the temperature. This 
makes it an ideal resource for allowing pupils to explore qualitative ideas about hot and cold, temperature 
differences and energy flows. This booklet aims to provide suggestions for introducing thermocolour film 
into KS3 and KS4 science lessons.

The film allows a very wide range of phenomena to be explored much more readily than using a 
thermometer. Each of the sections in this booklet illustrates how the film can be used in different science 
topics, and includes ‘Classroom activities’ with practical suggestions and ‘Background science’ for those 
who want to know more. In addition, there is also a section that explains how thermocolour film works, 
and useful references and websites are listed at the back of the booklet.

From an early age, children 
develop intuitive ideas about 
‘hot’ and ‘cold’, but te mperature 
is a subtle concept. Often, pupils 
find it difficult to distinguish 
clearly between the concepts of 
heat and temperature, and they 
may be misled by associations 
between temperature and 
their subjective impressions 
of how warm something is. 
Making measurements with 
thermometers is essential in 
developing an understanding 
of temperature, but following 
complicated temperature 
changes may not be easy 
using conventional thermometers. The thermocolour film provides a striking visual means of displaying 
temperature changes. It responds quite rapidly, and since different regions of the film can be at different 
temperatures, spatial variations in temperature are shown. 

When pupils use the thermocolour film for the first time, they should spend a little time becoming familiar 
with it. Putting the card on their fingertips allows them to see the range of colours produced – from black 
to brown through to green and blue. The range over which it changes colour is about 25oC to 30oC. It is 
important for them to realize that the colour shown when it is hot (dark blue) is quite similar to the colour 
when it is cold (black) so they should be careful not to confuse the two. 
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CONDUCTION 
Thermal conduction involves energy flowing from a higher temperature to a lower temperature, and as 
a result the temperatures tend to become equal. Because thermocolour film makes visible the variation 
in temperature of an object, it is ideal for showing how energy moves along a conductor due to a 
temperature difference. 

CLASSROOM ACTIVITIES
Remove the backing from a piece of thermocolour film (it is self-adhesive), and stick it onto a tin lid. Put a 
metal block in some warm water for a little while, then remove and put the tin lid on top of it. (Caution: 
make sure that the water is not too hot and take care when handling the metal block.) The colour of 
the film changes to blue in the middle of the card first and then gradually spreads out until the whole 
film changes colour. Alternatively, you could also use a rod of metal heated at one end, following the 
temperature change using a piece of film, and could compare the conductivity of different materials.

Energy ‘spreading out’

A simple ‘conjuring trick’ relies of the property of metals being good conductors. The conjuror asks an 
audience member to chose one coin out of a bag of coins, to pass it around the audience for inspection 
(eg to read the date) and then replace it in the bag. It is easy for the conjuror to identify the chosen coin 
since it warmer than the others. This effect can be demonstrated using the thermocolour film. 

Pupils can put some small objects (e.g. a coin, a rubber, a paper-clip) on the 
film, and note if anything happens. Then they should hold each object in their 
hands, and put it on the film. Objects that are at room temperature will have 
no effect on the film, but if they are held in the hand for sufficient time, they 
will warm up to the same temperature as the hand.  However, some objects 
(e.g. a coin) will warm up faster than others (e.g. a rubber) depending on their 
conductivity, and will also make the film warm up faster when placed on it.

BACKGROUND SCIENCE
Just as water runs down ‘gravity slopes’, so energy runs down ‘temperature slopes’. Something that is hot has 
a higher concentration of energy than when it is cold. The atoms or molecules of a hot material on average 
have more energy than those in a cold material. When the molecules of a hot material collide with the 
molecules of a cold material, energy gets passed more often from those of the hotter material to those of the 
colder material, just because the first have more to give than the second. Thus the energy flow is driven by a 
temperature difference, and the temperature difference tends to disappear as energy ‘spreads out’.

Something that may puzzle pupils is predicting what will happen if you blow on the film. Perhaps 
it will get colder – after all, we blow on a cup of tea to cool it down. But perhaps it will warm up 
because we blow on our hands on a cold day to make them warmer. Some pupils may think that 
it depends on the shape of our mouth as we blow. When they try it, they will see that the film 
warms up - our breath is warmer than room temperature.

Which object gets warmer?
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INSULATION
A very common investigation in school science is to measure how quickly water cools in containers with 
and without insulation. What we want pupils to understand from this kind of work is that insulation acts 
as a barrier to energy flow from a higher to a lower temperature. However, many pupils may see the 
role of insulation very differently – as a material that actively makes things warmer. Everyday language 
often reinforces this idea – for example, we may talk of a polystyrene cup keeping the water hot or of 
putting on some gloves to get our hands warm.

CLASSROOM ACTIVITIES
Wrap a pair of gloves around a piece of thermocolour film, and 
ask pupils whether they think that the film will warm up. Many 
may think that it will, and are surprised when it does not. These 
pupils are seeing the gloves as something that can actively make 
the film warmer. 

So an interesting question to pose to pupils is if the gloves do 
not warm up the film, why is it that we wear them make our 
hands warmer? To understand this, pupils could put a glove on 
one hand and hold onto the film with both hands at the same time. They may be surprised to see that 
the hand without the glove makes the film warm up more than the gloved hand. Seeing insulation as a 
barrier to energy flow is an idea that can help pupils to make sense of this – more energy is escaping from 
the hand without the glove.

If you ask pupils whether wrapping a blanket around someone will make them feel warmer, they will 
all know the answer. To see if they really understand the role of insulation as a barrier to energy flow, 
try asking them what would happen if you wrapped a blanket round some frozen food. Would it thaw 
quicker or slower?

BACKGROUND SCIENCE
Energy flows from a higher to a lower temperature. How quickly it does this will depend on a number of 
factors including the level of insulation. One difficulty for pupils in understanding insulation is that, not 
unnaturally, use their own perceptions of the effects of insulation on themselves. However, the human 
body is not the easiest system to understand! 

Our bodies are normally maintained at a higher temperature than the surroundings, and so there is a 
constant energy flow from our hands to the air around them. The gloves act as a barrier to energy flow and 
help to maintain this temperature difference. More energy stays in and less escapes to warm up the film. 

If insulation is seen as a barrier to energy flow, then in the case of the gloves placed around the film, 
clearly the insulation has no effect – there cannot be an energy flow if the room and the film are at the 
same temperature.

Will the gloves make the film warmer?

 A glove reduces energy flow from the hand
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Some objects are at a lower temperature than the surroundings, and so there is an energy flow from 
the surroundings to the object. If the object is insulated, the insulation acts as a barrier to energy flow 
and again helps to maintain the temperature difference – so insulated objects that are colder than 
their surroundings tend to warm up more slowly. This is a situation that many pupils have difficulties in 
understanding, not only because they see insulation as active, but also because some may see cold objects 

becoming warmer because ‘coldness’ escapes.

FEELING HOT AND COLD
A metal spoon feels colder to the touch than a spoon made of wood and plastic even though they are 
at the same temperature. So it is not surprising that a very commonly held belief is that a metal is in 
some way inherently colder than other substances. Many pupils are surprised that a thermometer in a 
block of metal and a thermometer in a block of wood show the same reading if they are left to stand at 
room temperature.

CLASSROOM ACTIVITIES
We perceive a metal objects to be colder than a plastic object even though they are at the same 
temperature, because of a difference in their thermal conductivities. The effect is easily demonstrated 
using a piece of thermocolour film. Onto the surface of the film, put a coin (e.g. 1p) and a piece of 
plastic of similar size (e.g. a tiddlywink), and press on each with a finger. The film will warm up faster 
under the coin than under the plastic counter because the thermal conductivity of metal is greater than 
that of plastic.

It is also possible to see the effect of different thicknesses. For example, using two 1p pieces instead of 
one, the film takes longer to warm up.

BACKGROUND SCIENCE
Our subjective feelings of temperature are not easy to interpret. What we perceive when we touch an 
object is not its temperature but is related to how quickly energy leaves our fingertips. If our bodies were 
at the same temperature as the room, then there would be no flow of energy when we touched objects 
at room temperature. But our bodies are maintained at a higher temperature than the room, and so 
whenever we touch an object at room temperature there is a flow of energy from our body to the object. 
How quickly it flows depends on the thermal conductivity of the object.

If we touch a metal object, energy is conducted away from our fingertips more quickly than for a plastic 
object. Thus, the fingertips touching the metal cool faster than those touching the plastic. What we feel 
is not the different temperatures of the objects but the different temperatures of our fingertips.

 Metal is a better thermal conductor than plastic 
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CONVECTION
Convection, like conduction, results in a flow of energy caused by a temperature difference. There are 
a number of experiments traditionally carried out in school science that demonstrate the existence of 
convection currents (e.g. using potassium permanganate in a beaker of water, or using smoke in air); a 
particular feature of using thermocolour film is that it can make visible the changes in temperature that 
result from convection currents.

CLASSROOM ACTIVITIES
For this demonstration, you will need to obtain a small cardboard box (a tall one is ideal). Remove 
the flaps so that it is open at the bottom. Cut a rectangular hole in one of the sides and cover it with 
thermocolour film. Then put a beaker of hot water in a box, one side of which is made of the film. (It 
helps to cover the beaker with foil to reduce the effect of direct radiation.) As the air is warmed by the 
beaker, the cold air sinks pushing the warm air up - the colour change of the film shows the box filling up 
with warm air from the top to the bottom.

You could also repeat the experiment, but this time putting the beaker of hot water at the top of the box. 
The warm air tends to stay at the top of the box and does not sink to the bottom. This is a variation of the 
well-known experiment in which a weighted lump of ice is inserted into a test tube of water and the upper 
part heated so that the water boils while the ice remains unchanged at the bottom.

BACKGROUND SCIENCE
On Earth, the most spectacular convection currents we can see are those that drive the weather systems. 
Because of the curvature of the Earth (see the later section in this booklet ‘The seasons’), there is a 
temperature gradient from the equator to the poles, and this gradient is responsible for creating winds. 
The actual pattern of winds over the Earth is rather complex, being affected by amongst other things the 
rotation of the Earth, but the overall effect is that hot air rises from the equator and this energy is carried 
by winds to the colder poles. So the convection currents are a mechanism by which energy flows from hot 
to cold.

Though it is the difference in temperature between the equator and the poles that results in the large-
scale movements of air across the Earth, there are local variations too. Differences in the temperature 
between regions of land and sea also result in energy flows and convection currents as the following 
section ‘Land and sea breezes’ illustrates.

Hot air rises
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LAND AND SEA BREEZES
During the day, breezes often blow from the sea to the land. At night, the opposite happens, with a 
breeze blowing from land to sea. Why does this happen? These breezes are caused by convection currents 
due to differences in temperature between the land and the sea.

CLASSROOM ACTIVITIES
To demonstrate how the temperature differences arise, stick a sheet of thermocolour film onto a tin lid. 
(The sheet is self-adhesive, so peel off the backing and press onto the metal block to get a good thermal 
contact.) Now shine a desk lamp onto the film. The area in contact with the metal warms up more slowly 
than the rest of the sheet, because the lid has a higher thermal capacity that the film on its own. This 
models the situation with land and sea – the land warms up quickly and the sea warms up more slowly 
(water has a high thermal capacity).

At night, the land cools quicker than the sea. In the model, the tin lid (the ‘sea’) acts as a reservoir of 
energy, and when the lamp is switched off, the film in contact with the metal cools more slowly than the 
rest of the film.

BACKGROUND SCIENCE
During the day, because of its lower thermal capacity, the land tends to be warmer than the sea. Convection 
currents rise over the land, and energy is carried from the warm land to the cooler sea. This causes a breeze 
that blows from the sea to the land.

At night, the situation is reversed, and the sea tends to be warmer than the land. Convection currents rise 
over the sea, and energy is carried from the warm sea to the cooler land. This causes a breeze that blows 
from the land to the sea.

 The ‘land’ warms quicker than the ‘sea’ during the day

Figure 1: Convection currents during the day Figure 2: Convection currents during the night
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RADIATION
Life can exist on Earth because it is maintained at a temperature higher than that of the surrounding 
space by a flow of energy from the Sun. This energy reaches the Earth by radiation. Unlike conduction 
and convection, radiation can pass through space and does not need a material to travel through. Just like 
visible light, infrared radiation can be reflected and absorbed at different surfaces, and can be refracted as 
it passes from one medium to another.

CLASSROOM ACTIVITIES
Put the film on a bench with a lamp shining on it (a 60W reflector is best). Cover one half of the film with 
black paper and the other half with white paper. More radiation is reflected by the white paper and more 
is absorbed by the black paper, so the film under the black paper warms more quickly.

Because infrared radiation is reflected and refracted in the same way as visible light, it can be focused using 
mirrors and lenses. Focus an image of a lamp onto the thermocolour film using a convex lens – this is most 
easily done by putting a sheet of white paper on the film. When a good focus is achieved, remove the paper. 
The film will become warmer at the point where the image of the lamp is formed. 

 

You can also do a similar this using a concave mirror to focus the radiation. Applications of this principle 
include the reflector at the back of a bar fire and the solar furnace. Another experiment is to use an intense 
source of light, for example a projector, and a prism; the thermocolour film is unaffected when placed in the 
visible region of the spectrum emerging from the prism, but warms up when placed in the infrared region.

BACKGROUND SCIENCE
All objects that are above absolute zero temperature radiate energy. The hotter the object, the more 
energy it radiates. The effect of energy being radiated from all objects is that although some energy goes 
from cold to hot, more goes from hot to cold, and the overall energy flow is from hot to cold. So, if you 
stand in front of an electric fire, it radiates more energy to you than you radiate to it, and you get warmer.

You can notice the effect of radiation – or rather lack of it – if you put the heating on in a room that has been 
left cold for a long time. Although the air in the room warms up to a ‘comfortable’ temperature within a fairly 
short space of time, the room will still seem cold, because it takes much longer for the walls of the room to 
reach the same temperature as the air. When the walls are cold, we radiate more energy from our bodies than 
we receive from the walls, which is why we feel the room to be cold.

Black surface absorbs more radiation than white

Focusing infra-red radiation using a lens
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‘TRANSPARENCY’ AND THE GREENHOUSE EFFECT
Many everyday objects are very obviously opaque and do not let light or radiation through them. But the 
greenhouse effect can be surprising to pupils because they may not think of air as something that can 
absorb radiation. The thermocolour film can be used to explore the extent to which ‘transparent’ objects 
really are transparent. 

CLASSROOM ACTIVITIES
Put the card on the desk with a lamp shining on it and wait until it stops changing colour. Put an opaque 
object on it and wait about half a minute. Now take the object away and see what has happened. The 
object leaves an ‘impression’ of the shadow cast by the object where the film is at a lower temperature.

An image formed by an opaque object

Now repeat using some transparent objects on the film, for example a microscope slide and a piece of 
Perspex as in the illustration. (Note that they have been raised a little with some pieces of folded paper to 
avoid them touching the thermocolour sheet – this is to avoid differences in thermal conductivity having 
an effect.)

Objects that are transparent to light are not necessarily 
transparent to the infrared radiation that also comes 
from a light bulb. The greenhouse effect occurs 
because the atmosphere is more transparent to shorter 
wavelength radiation than to infrared.

BACKGROUND SCIENCE
The greenhouse effect is often talked about as 
though it were a ‘problem’ – in fact, if there was no 
greenhouse effect then life would not exist on Earth, 
or certainly not in the way it exists now. The effect 
of the atmosphere is to maintain the average surface 
temperature of the Earth at about 15oC. If Earth did 

not have an atmosphere and there was no greenhouse effect, then the surface temperature would be 
about -18oC. So, it is not the greenhouse effect itself that is a problem, but concerns that changes to the 
atmosphere are leading to an increase in the effect and hence an increase in the Earth’s temperature.

How well does infra-red radation pass through 
‘transparent’ materials?
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The Sun is at a temperature of about 5800 K – a hot body like this emits most of its radiation in the visible 
region of the spectrum (for solar radiation, the peak in the spectrum is at a wavelength of about 0.5 µm). 
About a half of the solar radiation arriving at the Earth’s atmosphere is either scattered or absorbed by 
the atmosphere. The rest reaches the Earth’s surface. This energy is radiated from the Earth’s surface but 
because the Earth (at about 290 K) is much cooler than the Sun, the wavelength is longer - the peak is at 
about 10 µm, which is in the infrared region.

In the atmosphere, the four main greenhouse gases are carbon dioxide, methane, chlorofluorocarbons, 
dinitrogen oxide (nitrous oxide) and water vapour. All of these gases are transparent to visible light, but 
absorb the infrared radiation emitted from the Earth’s surface. It is this that traps a greater proportion of 
energy within the atmosphere and leads to the greenhouse effect. 

THE SEASONS
If children are asked ‘Why is it warmer in the summer than in the winter?’ many will say that it is because 
the Earth is closer to the Sun in the summer. The diagram below illustrates how it is not the distance from 
the Sun but the tilt of the Earth relative to the Sun that causes the seasons. In summer, when the Sun 
appears higher in the sky, the energy is more concentrated on the surface; in winter, with the Sun lower in 
the sky, the energy is more spread out.

The tilt of the Earth in summer and winter

CLASSROOM ACTIVITIES
Stick a sheet of thermocolour film onto a curved surface (for example, a plastic beaker), and place the 
beaker in sunlight. A gradation in temperature can be clearly seen, showing the effect of curvature – the 
temperature decreases on going from ‘the equator’ to the ‘pole’.

It is better to put the model in direct sunlight to see the 
effects, but if it is not a sunny day, you can use a desk 
lamp instead (60W reflector lamp is best). However, 
because the desk lamp is relatively close, it does not 
make the point so clearly that it is not the distance 
that matters. For the Sun, the equator on the model 
is negligibly nearer the Sun, so the effect is because a 
surface directly facing the Sun is warmer than a surface 
that is at an angle to the Sun.

Modelling the effect of the Earth’s curvature
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With a bit more effort, you could make a model of the Earth from a sphere (for example a foam football 
works well). Like the simple model this also shows the gradation in temperature from the equator to the 
pole. But in addition it shows how the gradation varies with the tilt of the Earth’s axis. A particular point 
on the Earth is warmer in the summer when the axis tilts towards the Sun, than in the winter when it tilts 
away. If using this model, it is probably better to use a desk lamp and then the angles involved can be 
more easily interpreted – if you try to line up the model with the real the Sun, it can get quite confusing!

Modelling temperatures in summer and in winter

You can also see from this model how the temperature at a particular latitude varies during the day as the 
Earth rotates. Summer days are longer and warmer than winter days.

BACKGROUND SCIENCE
The explanation of the seasons involving the tilt of the Earth can serve to reinforce rather than dispel the 
view that it is the distance that causes the seasons – after all if the northern hemisphere is tilted towards 
the Sun, then doesn’t this mean that it is closer and therefore warmer? For this reason it is important to 
have an understanding of the relative distances.

The distance of the Earth from the Sun is about 150 million kilometres (the orbit is not exactly spherical 
so there is some variation). The diameter of the Sun is about 1 400 000 km and the diameter of the Earth 
is about 12 800 km. So, the diameter of the Earth is very small indeed compared to the distance from 
the Earth. Thus, if the Sun-Earth distance is represented by 100 metres, then the diameter of the Sun 
would be just under 1 metre and the diameter of the Earth just under 1 centimetre. Going out into the 
playground or the running track with a large beachball and a marble the correct distance apart is a good 
way of getting a sense of the scales involved – something that textbooks cannot easily convey. Space 
seems very empty!

The average solar radiation arriving at the Earth’s surface is about 165 W m-2. This figure includes all hours 
of a 24-hour day. It will be higher nearer the equator and lower near the poles, and will vary according to 
the season. At the latitudes of the UK, the solar radiation arriving at the Earth’s surface during a winter 
day (averaged over 24 hours) is around 50 W m-2 and during a summer day is around 300 W m-2.
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FRICTION
Sometimes the effects of friction on temperature are very noticeable – for example, car brakes get very 
hot when they are applied. But is it also important for pupils to appreciate that whenever any object 
moves against friction, there is a rise in temperature, even though the change may be so small that it is 
hardly detectable. As a ball rolls along the ground, it slows down and the surroundings warm a little. It is 
useful to be able to show that friction can have this effect even if the energy change is very small.

CLASSROOM ACTIVITIES
If you put a thermocolour sheet on the bench 
and ‘polish’ it with a cloth, it will quickly warm 
up. Because the film has a rather low thermal 
capacity, the effects of friction can be seen 
quite easily, and only a little polishing will show 
a change in the colour of the film. Using a 
thermometer, such temperature changes are 
more difficult to demonstrate.

An alternative is to put a piece of paper over some 
thermocolour film and rub the piece of paper 
with a rubber as though you were getting rid of 
a pencil mark (the paper is for protection as the 
film may be damaged if you rub it directly). Some 
pupils may believe that it the act of pressing, 
rather than the movement, which causes the 
temperature to rise. In fact, pressing with a rubber 
shows clearly that even a large force has no effect 
on the temperature, though moving the rubber 
while pressing with a rather small force causes the 
temperature to rise at the point where the rubber 
is in contact with the paper.

BACKGROUND SCIENCE
Historically, this phenomenon was central to the development of the law of conservation of energy; by 
measurement an equivalence was established between mechanical work done and thermal energy. The 
definition of mechanical work is:

 work = force x distance

Thus, if one object acts on another it is not doing any work unless it acts over a distance. This is illustrated 
by the pressing of an object on the thermocolour film – this does not cause it to warm up unless the 
object moves over the film.

Rubbing the film with a cloth

Does the film warm up when you press on it?
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In everyday language we might say that rubbing the thermocolour film produces ‘heat’. However, 
‘heat’ is a term that causes a lot of argument about the way it is used at school level. Strictly speaking, 
heat is the energy transferred from one body to another due to a temperature difference. It is not the 
energy contained in a body. What is usually referred to as the heat energy in a body is more correctly its 
internal energy. So, if two objects are rubbed together and get warm, the rubbing is not ‘producing 
heat’; rather it is increasing the internal energy of the objects. At school level, this is also referred to as 
thermal energy. 

Of course, after the objects have been warmed by rubbing, they will tend to cool down as energy flows 
from the objects to the cooler surroundings. This is where the use of the term ‘heat’ would be scientifically 
correct – it is a flow of energy due to a temperature difference.

However, there is a danger in being too ‘purist’ about the use of the term ‘heat’. Definitions about the term 
and insistence on its correct use are best left for those students who later study thermodynamics at a more 
advanced level. What is important at this stage is to try to move pupils understanding on from everyday 
notions of ‘heat’ to the concept of the energy in objects at different temperatures and how it flows.

EVAPORATION
The temperature of our bodies is regulated by the cooling effect of sweating. When water evaporates, 
energy is carried away in the water vapour, and the temperature of the water left behind drops. This can 
be demonstrated very simply using thermocolour film.

CLASSROOM ACTIVITIES
Warm the card by putting it between your hands or under a desk lamp.  Smear some water on the film, 
and wait. Repeat this, but blowing on the water after putting it on the film. Putting cold water onto the 
film makes it cooler, but the cooling effect is much more marked when water vapour is encouraged to 
escape. Bring you mouth near to the film and breathe on it with a short sharp ‘blow’ – this produces a 
clearly visible cooling of the film.

The cooling effect of evaporating water

It is worth exploring with pupils whether they think that they lose more water through sweating in a car 
with the windows open or shut. Many may think that it is when the windows are shut, as this is when 
there is a lot of sweat on the skin. This demonstration shows that it is not the amount of sweat on the 
skin that is important, but the rate at which it evaporates – and this is much faster with air currents to 
blow the water vapour away.
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BACKGROUND SCIENCE
Many of the phenomena discussed so far have resulted in temperature differences tending to disappear. 
Where temperature differences have been created, these have resulted from an external action – for 
example, rubbing the film results in a temperature rise due to mechanical work being exerted on the 
film. Evaporation, though, is an interesting phenomenon, because it just happens by itself, and results 
in a spontaneous cooling of the evaporating liquid below room temperature. If energy tends to ‘spread 
out’ and temperatures become equal, then how does it happen in this case that a temperature difference 
is created? If we could create temperature differences at will then perhaps we could create a perpetual 
motion machine!

The answer is that though we gain a temperature difference we have lost something else. When water 
evaporates, its molecules escape into the atmosphere - instead of being concentrated in one place, the 
water molecules spread out. This is what drives the change. Any spontaneous change in the Universe is 
always driven by either matter or energy – or both – spreading out. 

STEADY STATES
Many systems need to be actively maintained to keep them in a steady state - centrally-heated rooms, 
living things, the Earth. An analogy is what happens if you try to walk up a ‘down escalator’ – you need to 
‘keep moving to stay where you are’. Using thermocolour film allows qualitative ideas about steady state 
thermal systems to be easily investigated. 

CLASSROOM ACTIVITIES
With older pupils, putting a finger on the film 
can lead to a more sophisticated discussion 
about why there is a gradation in temperature 
around the point where the fingertip is in 
contact with the film. To begin with, the film 
warms up by conduction through the film, 
but after a while a steady state is reached. At 
each point on the film, the energy escaping is 
balanced by the energy input and a constant 
temperature is maintained – the further from the 
finger, the lower the temperature.

You can make a simple yet effective ‘steady state box’ to explore the behaviour of a steady state system 
maintained at a temperature higher than its surroundings. It serves as a model of a centrally-heated room, 
or of the human body or of the Earth. It consists of a small cardboard box with two holes. In one hole, 
insert a lamp (12V 24W would be suitable) connected to variable power pack; cover the other hole with a 
piece of thermocolour film.

Why is there a gradation in temperature?
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Adjusting the lamp to a low setting, the box can be made to remain at an intermediate temperature (i.e. 
the colour of the film stays green). You can also in addition try using a cold hair dryer directed at the film 
to maintain a constant temperature. If the energy input or output is changed, then the temperature will 
change until it reaches a new equilibrium. Try, for example, changing the setting on the power pack, the 
temperature control on the hair dryer or the level of insulation.

Models of steady state systems

A useful analogy for interpreting the behaviour of the ‘steady state box’ is the ‘steady state bottle’. In 
this case, the steady state is maintained by a flow of matter, the volume of water in the bottle staying 
constant when the rate of water flowing in balances the rate of water flowing out of the bottle. Changing 
the input or output will change the volume of water in the bottle until it reaches a new steady state.

BACKGROUND SCIENCE
There is more than one way of staying the same. A bottle of red wine on a dinner table and a human 
being may each remain at an approximately constant temperature, but for very different reasons. The 
wine stays at the same temperature because it is at the same temperature as the surroundings.  A human 
body needs to maintain itself at a temperature that is different from the surroundings; energy escapes due 
to the temperature difference between the warm body and the surroundings, and this must be balanced 
by an equal energy input from metabolism. 

So, some things stay the same because there is no tendency for them to change. Others stay the same 
because some difference (for example, a temperature difference) is actively maintained. For the ‘steady 
state box’, the temperature difference is maintained by a flow of energy, the temperature of the box 
staying constant when the rate of energy flowing in balances the rate of energy flowing out of the box. 
There are many examples of such ‘steady state systems’ - a system that is maintained in the same state by 
a constant flow of energy or matter or both.  These include simple domestic situations, biological systems, 
and large-scale phenomena, such as a centrally-heated room, a flame, a saucepan kept boiling, a living 
organism, an ecosystem, a tornado, the Earth, and so on. 
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BACKGROUND SCIENCE: 
LIQUID CRYSTALS AND THERMOCOLOUR FILM
The practical work in this booklet is concerned with looking at the use of thermocolour film to follow 
temperature changes. However, thermocolour film is in itself an interesting material, and so this section 
includes a brief explanation about how it works. More information can be found in the ‘Reference and 
further reading’ section.

In essence, the film consists of a dispersion of liquid crystals laid on a black background. Increasing the 
temperature of the material changes the orientation of the molecules of the liquid crystal, which in turn 
determines the wavelength of the scattered light. Thus, as it warms, the colour of the film changes from 
black to orange to yellow to green to blue. Films are manufactured for a variety of temperature ranges, 
though most useful for school science is one that changes colour over the range 25oC to 30oC. 

LIQUID CRYSTALS
We are so accustomed to using the term 
‘liquid crystal’ because of its application in 
electronic displays, that it is easy to forget 
what a strange combination of two words the 
term represents. A liquid, after all, consists of 
particles that are moving at random and have 
no fixed positions; in a crystal, the particles are 
perfectly ordered. 

Note that in the diagram of the solid shown, there are two kinds of order:

•  position – the particles are arranged in a regular repeating pattern
•  orientation – the particle are all pointing in the same direction

A liquid crystal is a material that is in an intermediate state between a liquid 
and a solid, its particles being more ordered than in a liquid, but less ordered 
than in a solid. An example is shown in the figure on the right. Here, the 
particles do not have any positional order – they are arranged randomly like 
the particles in a liquid. However, the particles are all aligned in the same 
direction and this gives it more order than a normal liquid.

There are various ways that the particles in a liquid crystal can be arranged 
so that it has some degree of order. The particular way illustrated here 
– orientational order but no positional order - is called the nematic phase.

Arrangements of particles in liquid and crystal phases

Arrangements of particles in 
a nemtic liquid crystal phase
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The existence of a ‘liquid crystal’ phase was first discovered in the late 19th century. A standard procedure 
for characterising organic compounds then (and now) was to measure its melting point. When this 
was applied to the newly synthesised cholesteryl benzoate (a derivative of cholesterol), an entirely new 
behaviour was found. The melting appeared to be a two-stage process, the crystals first turning to a 
cloudy liquid at 145.5oC and then to a clear liquid at 178.5oC. Moreover, it was found that the optical 
properties of the intermediate phase were different in different directions – an apparently extraordinary 
behaviour for a material that appeared to be a liquid. It is now known that the cloudy liquid was in fact a 
nematic phase, while the clear phase was the true liquid phase.

However, there is a further subtlety in the structure of this cloudy 
phase. A molecule of cholesteryl benzoate is chiral (i.e. it has 
an asymmetry which means that it cannot be superimposed on 
its mirror image). It turns out that as a consequence, when the 
molecules stack together, a twisted or helical structure develops 
because of the tendency of the molecules to lie at an angle to 
their neighbours. Each layer consists of molecules all pointing 
in the same direction, as in the simple nematic phase, but at 
a different orientation to the layers above and below it. This is 
illustrated in diagram on the left.

This arrangement of molecules is called the cholesteric phase, 
after cholesteryl benzoate, the first known example. It is also 
called the chiral nematic phase.

THERMOCOLOUR FILM
It is this chiral nematic structure that is responsible for the behaviour of the thermocolour film. This film 
consists of a dispersion of liquid crystals, the molecules of which are oriented in a helix. The pitch of the 
helix is the same order of magnitude as the wavelength of visible light, and this means that it gives rise to 
interference effects. Depending on the pitch of the helix, only certain wavelengths of light are reflected. 
Other wavelengths are absorbed by the black background of the film.

Since the orientation of the molecules changes with temperature, the wavelengths of the reflected light 
are temperature dependent. At a low temperature, the reflected radiation has a wavelength longer 
than that of visible light, and so the film appears black. As the temperature rises, the wavelength of the 
reflected radiation decreases, until eventually it becomes visible – red at first and then passing through the 
colours of the spectrum until it becomes blue. As the temperature rises, the wavelength of the reflected 
radiation becomes shorter than the range of visible light, and the film appears black again.

The cholesteric phase
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REFERENCES AND FURTHER READING
For further information and links to useful websites, visit the ‘Practical science’ section on the SEP website 
(www.sep.org.uk/practical). Some particularly useful references are listed below.

WEBSITES
You can find further information about liquid crystals on the following websites: 

HowStuffWorks (www.howstuffworks.com/lcd1.htm)
This site has some basic information about liquid crystals and their applications, including the ‘mood ring’ 
that uses the same principle as the thermocolour film.

An introduction to liquid crystals (www.eng.ox.ac.uk/lc/introduction_1.html)
This describes the nature of the thermotropic liquid crystalline phase that occurs in some substances in a 
temperature region between the solid and liquid states. In this phase, the molecules show some degree 
of positional or orientational order. The information has been provided by the Liquid Crystal Technology 
Group at the University of Oxford.

Virtual textbook (http://plc.cwru.edu/tutorial/enhanced/main.htm)
This site provides a very comprehensive tutorial environment on polymers and liquid crystals. It includes 
3-D animations and video footage, and also a virtual laboratory where it is possible to carry out simulated 
experiments. This pilot program has been produced as a co-operative venture by Case Western Reserve 
University and Kent State University.

BOOKS AND PAPERS

Teaching approaches
Millar, R (2000) ‘Energy’ in Sang, D (ed.) ‘Teaching secondary physics’ (John Murray)
This chapter has a useful section on teaching about thermal processes on pages 9-20.

Pupils’ understanding
Driver, R, Squires, A, Rushworth, P and Wood-Robinson, V (1994) ‘Making sense of secondary science: 
research into children’s ideas’ (Routledge).
Some of the difficulties that pupils have in understanding concepts such as heat and temperature are 
explored of pages 138-142.

Steady states
Boohan R (1996) ‘Keeping moving to stay where you are: energy flows and temperature differences’, 
Physics Education, Vol 31, No 1, pp 20-23
This provides more information on steady state systems and gives some quantitative examples.

OBTAINING THE THERMOCOLOUR FILM
You can obtain sheets of thermocolour film from Middlesex University Teaching Resources  
(www.mutr.co.uk). At the time of writing, a sheet 150mm x 160mm cost £3.26 and a sheet 460mm 
x 320mm cost £16.50. For class use, the larger sheet could be cut into 24 sheets approximately 75mm 
square – this is an ideal size for carrying out many of the practicals described in this booklet.
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It undertakes a range of activities concerned with the development of curriculum resources 
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