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Investigating heat

Heat and the particle theory

We can use the particle theory you learnt about

in ScienceWorld 1 to explain heat. When the

temperature of an object is raised, the particles

have more energy and move more rapidly. When direction

the temperature is lowered, the particles lose of heat

energy and move more slowly. transfer
When a hot object comes into contact with a ‘

cold object, heat flows from hot to cold until both

objects are at the same temperature. The rapidly

moving particles in the hot object transfer some hot cold

of their energy to the particles in the colder object object

object. The larger the temperature difference the

faster the transfer. Cool objects in warm places

take in energy from their surroundings. For

example, an ice block melts quickly on a hot day.

Warm objects such as a cup of hot coffee lose

heat energy to their cooler surroundings. HEAT TRANSFER

Heat transfer has

stopped.
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Both objects are at the same temperature.
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Heat energy can be transferred in three different
ways. In each case the direction in which it flows
is always from a higher temperature to a lower
temperature.

1 CONDUCTION
This is how heat energy
is transferred through solids.
Some solids conduct heat better
than others.

~ACITIIRVAITsY-

1 You will need a glass rod about 20 cm
long, and a metal rod' the same! length
and thickness as the glass one.

Use vaseline to stick a paperclip about
5 cm from the end!of each rod. Then
lay the rods across a tripod so that the
paperclips hang down as shown.

3 Heat the ends of both rods equally.

 Which paperclip falls off first? What
does this mean?

vaseline

TN

paperchp

glass rod

Investigating heat

2 CONVECTION
This is how heat

energy is transferred in
liquids and gases.

RADIATION
This is how heat energy
is transferred

through space, from
a hot object to a
cooler object.

Conduction

A metal rod in contact with a hot flame quickly
becomes hot. The heat is transferred along the
rod by the process of conduction. The particles
in the end of the rod gain energy from the flame.
This causes them to vibrate faster and collide
more energetically with each other. This process
continues like a chain reaction from particle to
particle along the rod. As a result, heat energy is
transferred from the hot end of the rod to the

cooler end.

Heat energy is
transferred along
the rod.

As the rod is heated the particles
vibrate faster. They bump into

- neighbouring particles and make
E them vibrate faster too.

As you saw in the activity, some solids
conduct heat better than others. Substances
which conduct heat well are called good
conductors, and most metals are good conductors.
Substances like glass, which are poor conductors
of heat, are called insulators. Most plastics are
poor conductors of heat, so those that do not
melt easily are used to make handles for
saucepans, kettles, frying pans and irons.
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Investigating heat

Handles made of these substances allow you to
pick up hot objects without the heat being
conducted to your hand. Plastic foam is a good
insulator, and is used in the walls of refrigerators
to keep heat out.

heat from stove

Liquids do not conduct heat very well. The
set-up below shows that water is a poor
conductor of heat. Even though the water boils at
the top of the test tube, the ice at the bottom
melts only slowly. If water was a good conductor
of heat the ice would melt quickly.

boiling water

iceblock weighted with wire

Gases are also poor conductors of heat. You
can demonstrate this by holding your hand
beside a burner flame. If air was a good
conductor of heat your hand would quickly be
burnt, but it isn’t.

.

You may have seen birds fluffing up their
feathers on cold days. This is to trap air between
their feathers. Because air is an insulator, it slows
down the loss of heat from the bird’s skin to the
surrounding cooler air. Woollen jumpers,
sleeping bags and the batts used to insulate
houses also work by trapping air.

The wetsuits worn by surfers and divers are
made of foam rubber which has bubbles of air
trapped in it. A thin layer of water is trapped
between the suit and the diver’s skin. Being a
poor conductor, this water helps to prevent the
diver’s body heat from escaping.

waterproof
neoprene
\ Wetsuit
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Fill a large beaker with water and
allow it to stand until the water is
completely still.

Carefully drop half a teaspoon of used
tea leaves down one side of the beaker,
making sure not to disturb the water.

Heat underneath the tea leaves as
shown.

- Suggest why the tea leaves rise.

' Draw a diagram showing the movement
of the tea leaves.

tea leaves
-

Convection

The movement of the tea leaves in the activity
demonstrates the movement of heat energy by
the process of convection. This process can be
explained using the particle theory. When water
particles at the bottom of the beaker are heated
they gain more energy and move more rapidly.
Because of this they move further apart than the
particles above them. Hence the warm water
near the bottom is less dense than the water
above it. This warmer water therefore rises and
colder water moves in to take its place. This
movement of particles, called a convection current,

continues until all the water in the beaker is at
the same temperature.

Most hot water systems work by convection.
The heater at the bottom warms the water which
moves upwards, setting up convection currents.
The hot water is drawn off from the top. When a
hot water tap is turned on, more cold water flows
in at the bottom.
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hot water taps

heater

cold water

Convection currents also occur in air. When
you turn on a heater in winter the warm air rises
above the heater. A convection current is then set
up as the cooler air sinks. The same thing
happens on a larger scale to form a sea breeze
(Fig 21). During the day the land is warmer than
the sea, because the sea takes a long time to
warm up. Warm air rises above the land and
cooler air blows in from the sea to take its place.

Warm air
rises over

land. wind
(sea breeze)

i

e

Land is warmer
than sea.
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Radiation

The sun’s rays heat the Earth. However, the
space between the sun and the Earth does not
contain matter, so heat energy cannot be
transferred by the processes of conduction or
convection. Instead, the sun transfers heat
energy by the process of radiation.

All objects transfer some heat by radiation.
The hotter the object the more heat it radiates.
The radiation itself is not hot, but when it is
absorbed by an object it causes the particles in
the object to vibrate more rapidly, thus heating it.

infra-red radiation

radiation
f) absorbed

The curved silver
metal at the back
of an electric
radiator reflects
radiation.

Warm objects radiate heat mainly in the form
of infra-red radiation, which we can feel but cannot
see. It can also be detected by special infra-red
scanners. People are usually warmer than their
surroundings and give off more infra-red
radiation. (See Fig 25 on page14.) This is why
infra-red scanners are used at night by air-sea
rescue helicopters to help find people who are lost.

If a metal object becomes hot enough it will
glow, giving off visible light as well as infra-red
radiation.

Light, infra-red and other forms of radiation
all have the same properties. Firstly, they travel
as extremely high-speed waves which can pass
through a vacuum, such as the vacuum of space.
In a vacuum the speed of radiation is 300 million
metres per second or 3 x 108 m/s. Secondly, the
waves travel in straight lines. And thirdly, they
can be reflected, absorbed or transmitted by matter.

All of these properties of electromagnetic
radiation (see page 134) are applied in micro-
wave cooking. Microwaves are reflected off metals,

.

TRANSMITTED
(passes through
transparent
material)

REFLECTED
(bounces off)

ABSORBED
(taken in)

so they reflect from the inside of the oven onto
the food being cooked. The microwaves penetrate
the food to a depth of between two and four
centimetres, where they are absorbed. This causes
the molecules in the food (mainly water molecules)
to move more rapidly, and hence the food heats
up. The heat is then transferred to other parts of
the food by conduction. This process may
continue for a short time after the food is
removed from the oven. The microwaves are
transmitted through the glass dish, which remains
relatively cool because it absorbs very little
radiation. (Microwaves will also pass through
paper and most plastics.)

source of microwaves stirrer

metal walls

food — |
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Absorbing and emitting radiation

Dark-coloured surfaces are better absorbers of
radiation than light-coloured ones. This is be-
cause light-coloured surfaces reflect more of the
radiation. Bright shiny surfaces are the best
reflectors and the poorest absorbers. This is why
aluminium foil is used to insulate the ceilings and
walls of houses. On the other hand, the absorbing
panels of solar water heaters are painted black so
that the copper pipes inside them absorb as
much of the sun’s radiation as possible. Black
cars become much hotter than white cars when
left in the sun, and dark-coloured clothes are
hotter in summer than light-coloured clothes.
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Controlling heat transfer

An object that is warmer than its surroundings
will lose heat until it is the same temperature as
its surroundings. Similarly, an object that is
cooler than its surroundings will gain heat from
its surroundings. We use insulators to control
this transfer of heat.

Eskys and thermos flasks (see page 157) are
insulated containers to keep food and drink at

‘ . 'l = = Wi l the temperature we want it—either hot or cold.
i Rl e 2 Pizza delivery people put their pizzas in special
| poor absorbers good absorber insulated boxes to keep them warm.
good reflectors poor reflector
| ’ All objects emit (give out) infra-red radiation

if they are at a higher temperature than their
surroundings, but some radiate heat more readily
il than others. Dark-coloured objects radiate heat
more effectively than light-coloured objects.
Rough surfaces also radiate heat more
effectively, due to their greater surface area.

We insulate the walls and ceilings of our
homes. This keeps them cool in summer by
preventing heat from coming in from outside. It
also keeps them warm in winter by preventing
some heat from escaping. (See page 159.)
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