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Science
Introduction
This chapter explores the circulatory and respiratory systems, electricity, atoms, chemistry,
geology and meteorology. It also profiles several eminent scientists.
Parents and teachers can supplement this chapter by taking children to science
museums and doing simple science experiments. Many books of fun, safe experiments
are now available. Children should also be encouraged to view the world scientifically: to
ask questions about nature and seek answers through observation; to collect, count and
measure; to start a rock collection or monitor weather conditions; or learn about wind by
flying a kite.
There are many excellent places where you can go to explore science. You cannot go
wrong starting with London’s world-famous Science and Natural History Museums in
Kensington, which also offer a wealth of online material that may prompt you to make a
visit in person. The National Museum of Scotland in Edinburgh and the Discovery
Museum in Newcastle each offer a wide range of interactive resources for exploring
science. The At-Bristol Science Centre offers a fantastic, hands-on experience and, at
the Eden Project in Cornwall, you can see jungles and waterfalls in the world’s largest
undercover rainforest.
Hands-on experience is so important that some educators now reject the very idea of
teaching young children about science from books. But book learning should not be neglected
altogether. It helps bring system and coherence to a young person’s developing knowledge
of nature and provides essential building blocks for later study. Book learning also provides
knowledge not likely to be gained by simple observations; for instance, books can teach us
about things that are not visible to the naked eye, like white blood cells, subatomic particles
and continental dri. Diﬀerent kinds of experiences – experiments, field trips and book
learning – are necessary to ensure that gaps in knowledge will not hinder later understanding.
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The Human Body
Circulation and Respiration
Put your hand on your chest and feel your heart beat. Now take a deep breath and feel the
air expanding your chest. Every time your heart beats, blood pumps through a network
of blood vessels, from the heart to all the parts of your body. Every time you breathe in,
air fills your lungs. Oxygen in that air travels from your lungs into your bloodstream,
ready to refresh the cells in your body.
The heart and the blood vessels are parts of your body’s circulatory system. The lungs
and windpipe are parts of your respiratory system. These two systems work together to
keep you alive. To understand them, though, let’s study them separately.

The Heart
The heart is a powerful muscle. It works
every second of every day, from the
moment you are born until the day you
die. Most of the time, you don’t even
know it is working. But if you sprint up
some stairs, you can feel it working
harder, thump-thump-thumping as it
pumps blood through your body.
Your heart is about the size of your fist.
It is divided into four chambers. The top
two chambers are called the atria (each
one is called an atrium); the bottom two,
the ventricles. Valves in between the
ventricles and atria open and close to
allow the blood to flow through the heart.
Blood needing oxygen comes into the
heart through the right atrium. It
squeezes through a valve and into the
right ventricle. From there, it flows out to
the lungs for a new supply of oxygen.
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Can you put your hand over your
own heart and feel it beat?
(Run around the room and try it
again if you can’t feel it at first.)
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Aorta

Right Atrium
(Upper Right
Chamber)

Right Ventricle
(Bottom Right Chamber)

Left Atrium
(Upper Left
Chamber)

Left Ventricle
(Bottom Left Chamber)

From the lungs, it flows
back into the left atrium
of the heart, squeezes
through a valve into the
left ventricle and then is
pumped out of the heart
through the aorta, the
biggest blood vessel of
all. Can you trace the
flow of blood through the
heart on our diagram?
The aorta divides and
branches out to take the
blood to all the different
parts of the body.

The Blood Vessels
e heart pumps blood through your body
in hollow, stretchy tubes called blood
vessels. e blood vessels that carry the
oxygen-rich blood away from your heart
are called arteries. e blood vessels that
carry blood back to your heart for more
oxygen are called veins.
Smaller blood vessels, called capillaries,
branch oﬀ from arteries and veins. e
tiny capillaries bring blood in contact with
Your blood flows through
the cells in the body. Capillary walls are so
blood vessels.
thin that nutrients, oxygen and waste
products pass back and forth through them easily. Capillaries connect arteries and veins.
ey are the endpoint of arteries, through which oxygen and nutrients are delivered, and
the starting point of veins, which pick up and carry waste materials away.
You can see some capillaries by looking in the mirror and gently pulling down on your
lower eyelid. See those tiny red squiggles on your eyeball? Those are capillaries.
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This diagram shows the circulatory system.
Arteries are shown in red and veins are
shown in purple.
Aorta

Heart

Vein

Artery

Capillaries

Blood Pressure and Heart Rate
Each time the heart pumps, the stretchy
blood vessels swell and shrink as the blood
flows through them. The pushing force,
caused by the pumping heart, that moves
blood through the body is called blood
pressure. Blood pressure is one of the things
that nurses and GPs check to make sure that
your circulatory system is working properly.
A doctor is taking the girl’s
blood pressure.
290
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Your pulse, or heart rate, indicates how often your heart squeezes to pump blood
through your body. To measure your heart rate, press your fingertips on the pulse point
in your wrist. Use a watch or timer and count the number of pulses you feel in 30 seconds.
The average human heart rate is about 90 pulses a minute, so you will probably count
about 45 in half a minute.
But what happens to your heart rate when you exercise? Hop on one leg ten times, then
circle your arms over your head ten times. Now measure your heart rate again. When you
exercise, your cells use lots of oxygen and soon need more. That’s why exercise makes you
breathe harder and makes your heart pump faster.

What Is Blood and Why Do We Need It?
Blood never stops moving through your
body. It delivers nutrients from food and
oxygen to the cells in organs, muscles,
bones and nerves. It picks up waste
materials from the cells in your body and
carries that waste to organs that can
process it. Cells give off a gas called
carbon dioxide, which the blood carries
to the lungs. When you breathe out, you
release carbon dioxide.
If you look at blood under a
microscope, you can see tiny objects of
several different shapes, all floating in
a thin, clear liquid. The liquid part of
blood is called the plasma. The most
common shapes you would see floating
in the plasma are the red blood cells.
There are over 25 trillion – that’s
25,000,000,000,000! – red blood cells in
This photo of red and white blood cells shows them as they would appear
under a microscope, magnified to many times their real size. Can you see
the red blood cells, which look like doughnuts with the centres not quite
punched out? The white cells with the bumpy surfaces (lymphocytes) are
designed to fight infection.
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one person’s body. Red blood cells contain a substance called haemoglobin. It’s the
haemoglobin that does the work of carrying oxygen and carbon dioxide.
Looking through the microscope, you would also see white blood cells. White blood
cells are like a team of soldiers that travels in the blood, ready to fight disease at a moment’s
notice. When an infection develops, white blood cells attack.
If you have ever had a cut, then you’ve seen platelets in action. Platelets are tiny solids
in the blood. Their job is to help stop bleeding. Platelets make blood coagulate, or get
thicker, so a scab develops, protecting the wound while it heals.

Cleaning the Blood
Because your red blood cells work hard,
they only last for about four months
before they die and are replaced by new
ones. Red blood cells die at a rate of eight
million a second! That means a lot of
dead red blood cells are floating in your
blood right now.
Removing those dead blood cells is one
of the jobs of the liver, your body’s largest
organ. The liver breaks down dead cells
and reuses what it can as nutrients.
The spleen, another cleansing organ,
helps to filter your blood and remove
harmful wastes.
The liver helps keep your
blood healthy.

Understanding and Preserving Your Heart
For a long time, people did not know that the heart pumps blood in a circuit through the
body. One of the people who helped us to understand this was an English doctor named
William Harvey who lived from 1578 to 1657.
Harvey suggested that the heart was at the centre of a blood-circulating system. For a
while no one believed him. A few years later, though, the newly invented microscope was
292

6 UK Year 5 Science_CK5 15/08/2013 14:41 Page 293

Science

used to investigate his claim. Through the microscope, doctors watched blood flowing in
the tail of a live fish and realised Harvey had been right.
Today we know much more about the circulatory system and how to keep it healthy.
For example, we understand that exercising makes your heart muscle grow stronger, and
can help you live longer.
Eating sensibly is another key to a
healthy heart. If you eat more fat than
your body can use, it may build up on
the inside of blood vessels like crud in
an old sink pipe or limescale inside a
kettle. Then less blood flows through
and less oxygen gets to the fingers and
toes, brain and heart. When the heart
does not receive enough oxygen, heart
muscle cells die. The result is called a
heart attack.

Jogging is a good way to keep
your heart healthy.

What’s Your Blood Group?
In 1900 Karl Landsteiner, a doctor from Austria, discovered that not everyone has the
same type of blood. For years doctors had been trying to perform transfusions – that is,
helping badly injured people by giving them blood from another person. It seemed like a
good idea, but the patients often died.
Landsteiner noticed that when he mixed blood from two different people in a lab, the
blood cells would often clump together and clot. After many experiments, he concluded
that there were four different types of blood, called blood groups. He named them Type
A, Type B, Type AB and Type O. One type of blood just wouldn’t flow well in the veins of
a person with a different type of blood. From that point on, doctors understood that people
donating and receiving blood had to match in blood type.

The Lungs
You breathe in and out more than 20,000 times a day. Each time, you replenish the oxygen
in your body’s systems and release carbon dioxide that your body cannot use. Your lungs
and your respiratory system work together with your heart and circulatory system to keep
you healthy and keep your cells alive.
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Nose
Mouth

Voice Box

Throat

Windpipe

Lung

Your lungs are put to work each
time you breathe in and out.

Inside your chest, on either side of your
heart, are two inflatable sacs called ‘lungs’.
ey are like warm, wet sponges inside. ey
expand and contract as your breathing fills
them with air, then pushes the air out again.
Take a deep breath and imagine the air filling
those two warm, wet sacs inside your chest.
As you take a breath, air flows through
your nose or your mouth and travels down
the windpipe, or trachea [TRA-kee-ah]. It
moves past the voice box and into tubes
inside your lungs called bronchi [BRON-key].
Bronchi branch into smaller and smaller
tubes. At the very ends of the tiniest bronchi
are air sacs called alveoli [al-VEE-oh-lye].
ese alveoli contain tiny capillaries where
the respiratory and the circulatory systems
meet. Haemoglobin in red blood cells absorbs
the oxygen from the breath you took and
carries it to all the cells in your body.
Windpipe

Bronchi
Alveoli

Capillaries
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The process happens in reverse, too. As blood circulates through your body, it picks
up carbon dioxide, which is of no use to your body. When the red blood cells carrying the
carbon dioxide reach the capillaries in the alveoli, they unload the waste products into the
lungs. Then you breathe out and get rid of the unneeded gas.
Breathing in and out happens because of the diaphragm [DIE-uh-fram], which is a
stretchy sheet of muscle underneath your lungs. When the diaphragm arches down, it
opens up space in your lungs and air rushes in to fill them. When the diaphragm arches
up, it pushes the lungs together and forces air out of them, through the windpipe.

What about Smoking?
Smoking cigarettes is one of the worst things you can do to your lungs and heart. Every
pack of cigarettes carries a health warning, like this:

Smoking kills
or
Smoking seriously harms you and others around you
When a person inhales cigarette smoke,
4,000 different chemicals invade the lungs.
Some of these chemicals are poisons that cause
lung cancer. Others make the platelets sticky so
that your blood clots when you don’t want it to,
and you may have a heart attack. Cigarette
smoke also contains sticky, black tar. When tar
clogs the nooks and crannies of a smoker’s
lungs, the alveoli can become so stiff that they
cannot expand and pass oxygen to the blood.
With less of their lungs working, smokers
cannot exercise without running out of breath.
The heart pumps harder and harder, but less
oxygen reaches their cells.
An unhealthy, smoker’s lung is covered
in black tar and white poisons.
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Chemistry
Cutting a Cube
Have you ever wondered what would happen if
you tried to cut something into smaller and
smaller pieces? Could you go on doing this
forever? Or is there some ‘smallest’ piece, beyond
which you cannot go?
Take a look at the big cube on the right. Let’s
imagine it is made from only one elemental
material, like aliminium, gold or graphite. Now,
imagine using a knife to cut the cube in half
along all three directions, so that the big cube
becomes eight smaller cubes. Next, you cut each
of the small cubes into eight smaller cubes.
How many cubes do you have now? If you said 64, you are correct!
How many rounds of cutting can we do? Eventually, we will have to use a different
cutting technique, because our knife will be too thick. But, no matter what we do, and no
matter what element the cube is made of, we can only perform about 30 rounds of cutting.
After that, we will have reached the very smallest piece of the material that still has the
properties of that material. This smallest piece is called an atom.
Atoms are extremely small: a human hair has a width of about 100,000 atoms! Not all
atoms are the same size. For example, an aluminium atom is larger than a helium atom.
But even the largest atoms are far too small to see with your eyes.

What Are Atoms Made Of?
As atoms are so small, you might suppose they are the smallest things in the universe. Not
really. An atom is simply the smallest part of a material that retains any property of that
material. But atoms themselves are composed of even smaller things!
All atoms, whether helium or aluminium or hydrogen or oxygen, are composed of tiny
particles called protons, neutrons and electrons. Protons and neutrons are tightly packed
in the centre of the atom, called the nucleus. Electrons are found on the outside of the
atom. Protons have positive electric charge (shown by the symbol +), electrons have
negative electric charge (−) and neutrons have no charge at all. Just as the north pole of
296
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one magnet repels the north pole of another magnet,
positive electric charges repel each other. Negative
electric charges also repel each other. But, just as the
north pole of one magnet will attract the south pole
of another magnet, positive and negative electric
charges attract each other.

We learnt about
magnetic attraction
in Year 3.

Drawing an Atom
Maybe you’re wondering what all these parts look like. It would be helpful if we could
draw a scientifically accurate picture of atoms. Unfortunately, it is impossible to draw a
completely accurate picture of an atom. Any picture we try to draw of an atom shows
some characteristics correctly but shows other characteristics incorrectly.
This is one possible way to draw a hydrogen atom.
Some things about this drawing are accurate. For example, it
shows the proton at the centre and the electron on the outside.
But scientists now realise that some things about this picture are
incorrect. They have learnt that the electron is more like a fuzzy
cloud of negative charge that surrounds the nucleus. It does not
really move around and around the proton, and it does not just
exist at one particular distance from the proton. It can exist at a
lot of different distances at the same time – so drawing it like a planet orbiting a sun is
misleading. Maybe we should draw a hydrogen atom more like this.
Do you see the trouble we are having? Scientists know that the
electron is more like a fuzzy cloud, but they also know that it stays
away from the nucleus. In a sense, the electron cloud spins. But
how do we draw that?
Pictures are still very helpful, though. For the purposes of this
chapter, we will use the simple, not-quite-right picture of electrons
in orbit around a nucleus. At least this kind of drawing helps us
keep track of the number of particles contained in the atom.

Larger Atoms
Hydrogen is the smallest atom. e second smallest atom is helium. Helium has two
electrons, one more than hydrogen has. How many protons do you think a helium atom
has? If you said two, you are correct! is is because all atoms are electrically neutral – which
is a way of saying that there are equal numbers of positive and negative charges, and they
297
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cancel each other out, just as positive two plus
negative two equals zero. Since a helium atom
has two electrons (negative charges), it must
also have two protons (positive charges) to
make all the charges exactly cancel out or
equal zero.

Learn more about
positive and negative
numbers on page 211.

e next question is: how many neutrons does a helium atom have? It is not possible
to guess how many neutrons an atom has, because neutrons have no electrical charge.
But through careful experiments, scientists have determined that most (but not all) helium
atoms have two neutrons. About one out of every million helium atoms has only one
neutron. But all helium atoms have two electrons and two protons.
ere are diﬀerent types of atoms, such as hydrogen and helium, but there are not
diﬀerent types of electrons, protons and neutrons (which are like ingredients that make
diﬀerent atoms). Scientists strongly believe that all electrons are exactly the same. It doesn’t
matter whether they come from hydrogen, helium or any other atom or from atoms on the
Earth, Mars or a star in a faraway galaxy. All electrons are identical. And the same is true
for protons and neutrons.
Because of this, all atoms of a given type are identical. For example, all ‘regular’ helium
atoms (the ones with two neutrons) are identical.

Can We Break Open an Electron?
You might be saying to yourself: ‘I thought atoms were the smallest thing. But it turns out
that they can be broken into electrons, protons and neutrons. Can these particles be broken
into pieces, too?’
at’s a good question. At present, scientists believe that electrons cannot be broken into
anything smaller, but they think that protons and neutrons can be broken into smaller
particles called ‘quarks’.
Can quarks be broken into still smaller particles? Scientists don’t know. Scientists make
discoveries all the time and we don’t have all the answers yet.

Different Kinds of Atoms
Remember our definition of an atom as ‘the smallest particle of a material that retains
any property of that material’? In fact, that definition only applies to a material containing
only one kind of atom. A collection of identical atoms is called an element.
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This word may be new to you, but the idea isn’t. When you see a piece of aluminium
foil and ask what it is made of, the answer is ‘aluminium’. Aluminium is an element. Do
you know what a drinks can is made of? Aluminium. Aluminium foil and aluminium cans
are made of the same element. Atoms are labelled as elements according to the number
of electrons they contain, which is also the same number of protons they contain. The
diagram below shows a single atom of each of the first six elements. Notice how each atom
has one electron more than the previous atom?
These are only the first six elements. Scientists have discovered more than one hundred
elements. After carbon, the next two are nitrogen (N) and oxygen (O). Other elements
you may know about are copper, silver, gold, silicon and uranium.

Hydrogen

Boron

Helium

Carbon

Lithium

Beryllium

This chart shows a single
atom of each of the first
six elements, with their
abbreviations. Can you
count the number of
electrons each has? You
know that it has an equal
number of protons inside.
Atoms seldom stay on their own. Atoms
stick together or bond in small patterns,
called ‘molecules’.
Here’s a simple way of drawing a
water molecule. Water is made of
two hydrogen (H) atoms and one
oxygen (O) atom, so we also call it H2O.
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Few things are made of only one element. Many are a combination of two or more.
For example, the smallest particle of water is made of two hydrogen atoms and one oxygen
atom. Because it is made of three atoms – two of one element and one of another – we
can’t call water either an ‘atom’ or an ‘element’. This smallest unit of water is a ‘molecule’,
which means atoms that combine to make up a particle of something new.
ere are millions of other substances
made of molecules, rather than single
elements, such as sugar, salt, alcohol and
petrol. Even odours consist of molecules.
When you smell perfume, some of the
molecules of the perfume are travelling
through the air and into your nose. at’s
how you smell things! Many substances –
like milk, paint and concrete – are
mixtures of diﬀerent kinds of molecules.
Living things are the most complicated of all. Trees, flowers, fish, dogs and human beings
are made up of many diﬀerent kinds of molecules. And, in living beings, these molecules
don’t always stay in the same configuration, or order. e molecules in you or in your dog
are constantly breaking apart, moving around and recombining to form new molecules.
Yet everything we have been talking about here is composed of electrons, protons and
neutrons. Take those three basic units and combine them many, many, many diﬀerent ways,
and you get the huge variety of stuﬀ that makes up the universe.

Measuring That Stuff
To measure the amount
Learn more about
of a substance, scientists
measuring mass in
use the term mass.
metric and imperial
In the metric system,
units on page 260.
mass is measured in
kilograms. For example,
one pint of milk has a
mass of about 0.59 kilograms. An object’s mass is the same
everywhere in the universe, as long as it doesn’t lose any
molecules or pick up any extra ones.
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At first, mass might sound like weight, the number
you get when you stand on a scale to find out how
We learnt about
heavy you are. But weight depends on how much
gravity in Year 4.
gravity there is, and mass is the same no matter what
the gravity. For example, the pint of milk will weigh
less on the Moon than on the Earth, because there is much less gravity on the Moon.
But the mass of the pint of milk is the same at either location.

ere is another measurement scientists make to describe the things they’re studying.
ey ask how much space an object occupies, and they call their answer volume. In the
metric system, volume is oen measured in litres. ere are two ways to measure volume.
You can calculate it with geometry or you can determine it through a process called water
displacement. With geometry, you can measure the height and the area of the base of your
milk container and use those numbers to calculate its volume. (We will be learning more
about this in Year 6.) Or, using water displacement, you can submerge the milk container
in water and see how much it makes the level of the water rise. Both methods will show you
the volume of the container of milk.
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This container of
milk displaces its
own volume of
water, which you
can measure by
reading the
markings on the
jug. You may
have to use your
finger to keep
it completely
submerged!
In Year 3 we learnt how Archimedes measured the volume of the king’s
crown using water displacement in his bath.
If we know both the mass and the
volume of an object, we can calculate another
measurement important to scientists: density.
Density is mass divided by volume. Objects with more
density have more mass packed into the same space.
For example, pour out the milk from your
container and fill it with sand. Now the milk
container has the same volume but higher
mass, and therefore higher density.

Because water is so common on Earth, it is used as the
basis of the metric system. Cold water has a density of exactly
one kilogram per litre. But which do you think is more dense,
water or ice? If you said water, you are correct. When water
freezes, the molecules move apart slightly. The mass stays the
same, but the volume increases. Since density is mass divided
by volume, freezing water makes its density decrease. Ice is a
little bit less dense than water. This is why ice cubes float in
a glass of water.
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Can there be a volume, or space, in which there is no matter at all, not even air? Yes. It
is called a vacuum (no, we’re not talking about a vacuum cleaner like a Hoover!). You can
imagine a vacuum in your mind, but it is rare to find a perfect vacuum in the real world.
Even in outer space, a few atoms float around. When a certain space contains many fewer
atoms than normal, we can call it a partial vacuum.
Here is an experiment that will show you the eﬀect of a partial vacuum. Ask an adult to
help you try it. Find an old empty plastic bottle and put it somewhere where it does not
matter if it gets a bit wet. Remove the cap, boil a kettle and – being very careful – pour in
some boiling water, enough to cover the bottom. Notice that the inside of the bottle goes
misty. It is now full of water and water vapour, which pushes the air out of the bottle. Screw
the cap back on tightly and wait for about thirty minutes. What do you think will happen?

A small amount of boiling water was poured into both of these
bottles. The bottle on the left had its top left off so that air could
get back in to replace the water vapour as it turned back into water.
The bottle on the right had its top screwed on tightly.
As the water vapour turns back to water, a partial vacuum is created. Air cannot get
back in to your closed bottle, but it can push on the bottle so that the sides go in. If you
had a metal container with stronger sides, it could hold the partial vacuum without
collapsing but you would find it hard to get the top off again and it might break.
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Solutions
You may have noticed that oil and water don’t mix very
well. Try pouring a little oil and water into a bottle and
shaking it. You will see that they separate again when you
put the bottle down. One way of explaining this is to say
that water molecules stick to each other really well, but they
don’t stick to oil molecules very well.
But what if you put a spoonful of sugar into a glass
of warm water and stir it up? If you stir long enough,
the sugar seems to disappear. Unlike oil, sugar molecules
blend well with water molecules. Sugar is one of a
certain kind of molecule that attracts water molecules well,
pulls them apart and manages to mingle in between those
water molecules.
When this happens, we say the sugar has dissolved in
water. We call the water the solvent and the sugar the
solute. The sugar is still there, even though you can’t see it!

Try dissolving sugar in
water at home.

Of course, you can’t go on adding sugar to the solution
forever. A solvent (in this case water) can only dissolve a
certain amount of a solute (in this case sugar). When the
maximum amount of a solute is dissolved in a solvent,
we say that the solution is saturated.

Electricity
Zap!
Someone knocks at the door. You shuffle across the carpet to open it. But when you touch
the doorknob, you feel a zap on your fingertip. What’s going on? While unloading the
tumble dryer, your sister’s socks keep sticking to your pyjamas. After blowing up a balloon
and rubbing it on your sleeve, it can stick to the wall. Why is that? You’re in your bedroom
in the dark and, when you take off your sweater, you see tiny sparks. Where did they
come from?
The answer to each of these questions lies in the movement of tiny electrons.
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Static Electricity
Electrons, as you remember, are the
subatomic particles that zip around the
nucleus of an atom. Electrons have a
negative electrical charge, while protons
in the nucleus have a positive electrical
charge. Attraction between opposite
charges keeps electrons from flying free
of the atom, but it doesn’t hold them
very tightly. When objects rub together,
electrons can get knocked loose and go
off on their own.
For instance, as clothes tumble together
in a dryer, electrons from atoms in some
pieces of clothing rub oﬀ onto other
This boy’s hair is standing on end
pieces. Your sister’s fuzzy socks might lose
because of static electricity.
electrons while your pyjamas pick them
up. e socks end up with more protons than electrons, and thus more positive electrical
charge than negative electrical charge. e pyjamas, on the other hand, end up with more
electrons than protons: they become negatively charged. at means that the socks and
pyjamas develop opposite charges − and, as you’ve learnt already, opposite charges attract
each other. at’s why the socks and the pyjamas cling together in the dryer.
When rubbing, or friction, makes an electrical charge build up, that charge is called
static electricity. As you take off your sweater, it rubs against your shirt, picks up extra
electrons, and builds up a charge. The sparks you see in the darkness are electrons flowing
away in a sudden discharge of static electricity.
The zap you felt from the doorknob is discharged static electricity, too. As you rubbed
your feet against the carpet, your body picked up extra electrons, which flowed to the
doorknob when you reached for it.

Making Light out of Electricity
When you turn on a light, you are starting up a flow of electrons through an electric
circuit. This is called an electric current. It all happens with just the flick of a light switch.
Let’s see what is really happening at the level of electrons.
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Here is an example of a simple circuit, consisting of four parts:
1. a circular copper wire
2. a light bulb of the old kind, such as you might find in a car, cooker or fridge
3. a battery
4. a switch
e battery is the source of energy. It has a positive and a negative pole. When the switch
is turned on, electrons travel through the wire, making the full circuit from the negative pole
of the battery, through the switch and the light bulb, and back to the positive pole of the
battery. is is called a closed circuit, because the electrons complete a full loop.

filament

A closed circuit allows electricity
to flow around the circuit.

An open circuit stops the
flow of electricity.

When the switch is turned off, the circuit is broken and the flow of electrons stops. This
is called an open circuit, because there is a gap in the circuit, so the electrons cannot
complete a full loop.
Take a look at an ordinary, older-style clear light bulb. Do you see the two wires sticking
up? Stretched between them is a very fine wire called a filament. When you turn on the
switch and create a closed circuit, electrons travel around the circuit and through the light
bulb. However, compared with the rest of the circuit, the filament is a much narrower
passageway for the electrons. It’s as if traffic moving in eight lanes has had to merge onto
a one-lane bridge, and the result is a traffic jam which backs up all the way around the
circuit.
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is electrical traﬃc jam is called resistance – the
narrow filament resists the fast flow of electrons. And
it is this resistance in the filament which causes heat
to be produced. As the electrons squeeze and jostle
their way through the narrow filament, they collide
with the atoms in it causing them to vibrate, get hot
and even glow! anks to resistance, light bulbs can
turn electricity into light.
This LED lightbulb is
Perhaps you have noticed how hot a filament
more energy-efficient than
bulb gets when it’s on? In the past, many fingers
the old filament bulbs.
were burned by impatient people who tried to
change the lightbulb before it had cooled down.
Nowadays we don’t see many filament-type lightbulbs around. That’s because we have
found more efficient ways of producing light from electricity. Light-emitting diodes
(LEDs) and fluorescent bulbs are much colder when they’re on, so less electrical energy is
wasted as heat. All the better for impatient fingers too!

Conductors and Insulators
Most household wires that carry electrical current are made of copper, the same metal
that gives pennies their red-brown colour. Electrons move readily between the atoms in
copper, so electricity flows well through copper. That makes copper a good conductor of
electrical current. Other metals make good conductors, too.
Some materials do not conduct electrical current very well at all (in other words,
electricity will not flow through them). These materials are called insulators.
You see examples of conductors and insulators every day. Anything that you plug into
a wall socket for electricity uses a cable made of both a conducting and an insulating
material. The wire inside is probably copper, but the part that you see on the outside is
made of plastic or rubber. The copper conducts the electricity, but the plastic or rubber
insulates it from your hands. Thanks to the insulation, you don’t get a shock when you
touch the cable.
The last thing you want to do is to become part of an electrical circuit! Respecting the
power of electrons could save your life. Your body makes tiny amounts of its own
electricity but that is different. Electricity from the mains or a big battery can do a lot of
damage. Avoid fiddling around inside electrical appliances, especially when they are
plugged in. Water is a good conductor, so it is especially important not to touch light
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switches or appliances when your hands are wet or when you are in water. In other words,
don’t use your hair dryer while you are in the bath. The shock could kill you.

Insulating material
(rubber)

Conducting
material (copper)
The electrical cables for televisions, radios
and other electrical appliances contain
insulating materials and conducting
materials. If conducting materials are
exposed, they can be dangerous!

Insulation also prevents bare wires
from touching each other. When bare
wires touch, current can flow between
them and take a shortcut instead of
completing the full circuit. This
shortcut means that the current can
avoid any resistance inside the device
being powered (remember the narrow
one-lane bridge of the filament in a
bulb?). Immediately, the electric
traffic jam is cleared and the electrons
can race through the thick wires
easily. This is called a short circuit.
In a short circuit the device won’t
work – aer all, what electron would
choose a traﬃc jam over a fast moving
motorway? But worse still, the
speeding electrons will collide violently
with the atoms in the wires, making
them hotter and hotter. e situation
can get dangerous, because the wires
can become hot enough to start a fire.

Some good safety measures include replacing frayed cables, keeping pets from nibbling
wires and keeping cords away from heaters and places where they can be rubbed or pinched.
Overloading a circuit by plugging in too many appliances can cause wires behind the walls
to heat up, too. Safety devices such as fuses and circuit-breakers are designed to interrupt the
circuit if too much current threatens to heat up the wiring. A fuse is a tiny ceramic tube
surrounding a thin metal strip. If too much current runs through the fuse, the metal strip
melts, breaking the circuit and stopping the flow of electricity before the wires get too hot.

Electromagnets
Electric current can be switched on and off by opening and closing a circuit. Some magnets
can be turned off and on in the same way. They are called electromagnets.
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If you were to take an iron nail and wrap an insulated electrical wire around it about
ten times, then connect it to a circuit, you would be making a very simple electromagnet.
When you close the circuit (or turn the system ‘on’), the current flows through the wire
coiled around the nail. That movement of electricity creates a magnetic field that changes
the ordinary nail into a magnet. The more times the wire is coiled around the nail, the
stronger a magnet that nail becomes. Switch off the electric current, and the nail loses
most of its magnetic force of attraction. It becomes an ordinary nail again.
Magnets that can be turned on and off are
useful in many ways. Television receivers,
loudspeakers, metal detectors as well as
motors and brakes in some cars depend on
electromagnets to work. Cranes move tons of
steel using powerful electromagnets. They
can use those magnets to pick up loads and,
with a flick of the switch, drop those loads.
Electromagnets are also used in special
trains called ‘maglevs’ (for ‘magnetic
levitation’). Instead of wheels that run on a
This Chinese maglev train flies
track, maglev trains use electromagnets that
along
its magnetic track at speeds
run along a guide rail. Electric current flows
of up to 300 miles per hour.
through the electromagnets. The magnetic
pole in the tracks attracts the pole of the
train’s magnets and pulls it along, but the magnetic field pushes it away so the train cars
hover above the guide rail and glide smoothly along at high speed.

Geology
Layers of Planet Earth
Have you ever wondered what it would be like to journey down, down, down to the centre
of the Earth? To get there, you would have to dig a hole 3,872 miles deep, through four
different layers of the earth.
The top layer – the layer on which you live – is called the crust. The crust is about 25
miles deep, made of solid rock.
Once you dig through the crust, you reach a very hot second layer called the mantle.
Here it is so hot that instead of hard rocks, the Earth’s material flows like incredibly
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thick syrup. Geologists call the most runny parts of the mantle magma. In some places,
the mantle can be 1,800 miles deep.
Continuing down towards the centre of the earth, you come next to the third layer –
the outer core. This layer, made of searing hot liquid metal, is nearly as thick as the mantle.
Deeper still, you reach the inner core at the Earth’s centre, estimated to be about the size
of the Moon. Here at the inner core, the temperature is hotter than at the surface of the Sun!
But the pressure from all the layers of Earth around the inner core keeps it from melting.

Crust

Mantle

Outer Core

Inner Core

Layers of the Earth

The word ‘geology’ comes from the Greek word gaia [guy-ah], which
means ‘Earth’. Geology is the study of the Earth, its matter and its history.
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Earthquakes
It was early morning on 18 April 1906, in the city of San Francisco, California. Eva
Campbell was fast asleep when her bed began to lurch violently across the room. Her
whole house was trembling: ‘It rocked like a ship on a rough sea... Quiver after quiver
followed... until it seemed as if the very heart of this old earth was broken and was
throbbing and dying away slowly and gently.’
On that terrible morning, San Francisco was shaken by one of the most destructive
earthquakes ever. Many people died, crushed by falling buildings or trapped in fires that
started when gas lines broke.
More recently, devastating
earthquakes destroyed many
buildings in China’s Sichuan
Province in 2008 and again in
2013, as well as in Haiti in
2010. An earthquake is a
sudden and violent shaking of
the Earth’s crust. Earthquakes
can be strong enough to shake
buildings and bridges off their
foundations, to open cracks
so big that cars fall into them,
Earthquakes destroyed many buildings in
and to cause huge avalanches.
Sichuan Province in 2013.
On the other hand, some
earthquakes can be so mild that people don’t even notice them. In fact, an earthquake
happens somewhere in the world every 30 seconds.
Geologists record the vibrations from
earthquakes with machines called seismographs.
Seismographs measure tremors underground
and plot them like a graph. Normally, the
ground is stable and the seismograph plots a
fairly straight horizontal line but, during an
earthquake, it measures and draws the size of
the tremors like in this picture.
This seismograph is measuring ground
movement during an earthquake.
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To compare the magnitude, or strength, of different earthquakes, geologists often use
a chart called the Richter [RIK-ter] scale. The Richter scale gives scientists a way to
compare earthquakes. An earthquake measuring 2 on the Richter scale is 10 times stronger
than an earthquake rated 1. No earthquake has ever measured greater than 9 – thank
goodness, because when an earthquake measures 9 on the Richter scale, its magnitude is
equal to an explosion of 200 million tons of dynamite!

Earth’s Moving Plates
The Earth’s crust is something like a big, messy jigsaw puzzle, made of many pieces
called plates. The line where two plates meet is called a plate boundary. Some plates are
locked tightly together where they meet. Others move past each other. Some move apart,
and can create deep cracks in the Earth’s crust. Other plates will even overlap at their
boundaries and lie on top of each other.
Wherever two plates move past each other, geologists say there is a fault. San Francisco
sits right on a fault called the San Andreas Fault, which runs the length of California, and
that is one reason why California experiences so many earthquakes. In Iceland, the
European continental plate is moving away from the North American continental plate.
It feels as if the
ground we stand on is
solid and motionless,
but in fact the plates that
make up the Earth’s
crust move. They push,
pull and rub against
each other.
What makes the plates
move? Like ras on
water, the Earth’s plates
float on the mantle.
When the mantle moves,
so do the plates. e
There are deep fault lines between the
mantle is always flowing.
continental plates in Iceland that move
Hotter rock rises to the
about one inch farther apart each year.
surface, cools, then sinks.
ese movements jostle the plates.
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The sliding of rock against rock in the Earth’s crust can cause pressure to build up
over time, until suddenly – CRACK! – the rock fractures, stored energy is released, and
the ground trembles.
Sometimes, an earthquake happens on the ocean floor. Its energy pushes seawater into
a giant wave called a tsunami [soo-NAH-mee]. A tsunami can travel more than 400 miles
per hour. As it approaches shore, where the water is shallower, it grows taller and taller,
pushed by the energy behind it. A tsunami can grow as tall as a ten-story building before
the curling wall of water crashes down on land.

Placeholder
image

TSUNAMI

Vertical drop
caused by earthquake

Ocean floor

Earthquakes beneath the ocean can send gigantic waves,
called tsunamis, tumbling towards land.

Volcanoes
Volcanoes are like safety valves for the planet’s furnace. They release built-up pressure
from inside the Earth. Volcanoes form when hot magma from the mantle squeezes up
through weak spots in the Earth’s crust, usually where plates meet. The volcano erupts
when that incredibly hot liquid comes gushing out of the Earth. Once it flows out of a
volcano, magma is called lava. A volcanic eruption can keep going for hours, days, even
months. Ash and hunks of fiery rock spew from the opening in the Earth, and over time
they pile up and harden into a mountain.
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Sometimes volcanoes erupt
quietly, without a lot of noise and
explosions. Glowing-hot lava
oozes out from the opening on top
and runs down the sides of the
volcano. Other times volcanoes
erupt violently, flinging hot lava,
gases and pieces of rock into the
air. Volcanoes often erupt many
times over the course of centuries,
like Mount Stromboli in Italy.
Sometimes they erupt quietly and
Stromboli is one of the most active
sometimes explosively, building
volcanoes on Earth.
up a mountain of layers of
hardened lava. Other times, volcanoes like Eyjafjallajokull in Iceland erupt, sending
cinders and ash into the sky which we read about in Year 2.

World-Famous Volcanoes
Mount Vesuvius, on the western coast
of Italy, erupted in A.D. 79 and buried
the ancient Roman cities of Pompeii
and Herculaneum in ash and cinders.
Twenty thousand people were killed.
The tons of ash almost perfectly
preserved Pompeii for centuries.
Archaeologists digging in the area
more than 1,500 years later unearthed
the entire town, complete with
houses, shops, restaurants, temples,
signs and paintings. Even the bodies
of people who had lived in Pompeii
were well preserved, trapped and
hardened by ash.

Will it erupt?
An ‘active’ volcano is one that is
erupting or is expected to erupt
sometime in the future. ‘Dormant’
means a volcano has not erupted
for a while, and no one knows for
sure whether it will ever erupt
again. ‘Extinct’ means the volcano
has not erupted since humans have
been recording history, and
probably never will again.

Krakatoa, a volcano on an Indonesian island, erupted in 1883 with an explosion
so powerful that it was heard almost 3,000 miles away. Volcanic ash shot 17 miles up
into the Earth’s atmosphere, darkening the skies for almost 20 hours. The force of the
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eruption created a 30-metre-high
tsunami that took the lives of 36,000
people on the nearby islands of Java
and Sumatra. The ash sent into the
atmosphere by Krakatoa changed the
colour of sunsets around the world for
months after the eruption.
When Mount St Helens, in
Washington state in the United States,
erupted in 1980, 230 square miles of
forest were blown down or burned. e
winds from the blast were measured at
more than 600 miles per hour, and trees
were flattened for 15 miles around.
Rocks as big as a hilltop tumbled down,
filling up a valley 150 feet deep – the
largest landslide in recorded history.
Hot ash, a metre thick, blanketed the
area nearest the volcano. Despite all this
devastation, life has returned to Mount
St Helens in the years following the
eruption. Plants have sprouted through
the ash. ese plants have created a
little bit of soil in which more seeds,
brought by the wind, have taken root
and begun to grow. Scientists predict
that by 2200, a forest will cover Mount
St Helens once again.

Ash
Lava

MAGMA

When a volcano erupts, hot magma forces
its way through the cracks in the Earth’s
crust and erupts on the surface as lava.

When the lava erupting from this volcano
cools, it will form a new layer of rock.
The top of Mount St Helens blew off during the eruption
of the volcano in 1980, but plants are starting to grow back now.
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Hot Springs and Geysers
In some places in the world, a lot of
volcanic activity is going on under the
Earth’s surface. Magma that is forcing its
way up through the crust heats up water
that has seeped down through cracks.
Sometimes the hot water bubbles up to
the surface and forms steamy ponds
called hot springs. Sometimes the Earth’s
underground shape makes that hot water
shoot up into the air, creating geysers.
Geysers form when water collects in
underground caves and chambers. The
water gets hotter and hotter, until finally
it boils and turns to steam. Just like
the steam pressure that makes a kettle on
the hob whistle, the force of this
underground steam blasts through the
cracks in the Earth’s crust.

Iceland not only has active volcanoes
but also geysers, like this one.

Some areas of the Earth have famous
geysers and hot springs. In Iceland, the
Strokkur geyser erupts regularly about
every four to eight minutes, and sometimes
the water can go up to 40 metres high. e
Yellowstone National Park, in the United
States, sits on a hot spot of underground
volcanic activity. One famous geyser at
Yellowstone erupts so regularly that it is
called Old Faithful. In New Zealand,
Rotorua is known for its hot springs,
bubbling mud and geysers.

Learn more about
New Zealand on
page 100.
Hot springs in Rotorua, New Zealand
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Drifting Continents
If you could go back in time 300 million years –
before the time of the dinosaurs – and look
down from space, the Earth would look very
different. Geologists believe that, back then, the
continents we know today were crowded
together in one giant land mass. They have
named that land mass ‘Pangaea’ [pan-JEE-uh] a
word made up from the Greek for ‘all the Earth’.
Over 100 million years, the super-continent of
Pangaea gradually broke into pieces. Oceans
flowed in between the newly-formed continents.
Even though the continents only drifted a few
inches apart each year, a few inches per year for
millions of years adds up to a lot of changes.
Geologists call those changes continental drift.
Can you recognise the shapes of any of today’s continents in Pangaea?
It drifted apart over millions of years.

Building Mountains Over Time
From space the Earth looks like a smooth blue and white
marble. But down here on the planet, we know its surface is
anything but smooth. The land is wrinkled and bumpy.
Mountains poke up from every continent and from the
ocean floor. Scientists divide mountains into several
categories based on how they were formed.

Dome-shaped mountains
Volcanoes can build mountains by spitting out piles of
lava, cinders and ash, like we saw on page 314. Volcanic
mountains can also form without an eruption. Magma
beneath the surface swells and pushes up a mountain-sized
bump. Before it finds a vent, the magma cools and hardens
into dome-shaped mountains. Ben Nevis, Britain’s highest
mountain, is a dome mountain.

Do you see the
snow on top of
Ben Nevis’s dome?
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Folded mountains
Imagine a tea towel, spread on the table. Now picture what happens when you push the
edges toward the centre. The more you push, the more the towel wrinkles and crumples
into folds. The same kind of thing has happened to the crust of the Earth in different
places, making formations called folded mountains.

Mt Everest is the tallest mountain in the world.
It is in the Himalayas, which are folded mountains.
The Earth’s tallest mountains, the Himalayas, formed 45 million years ago when two
crustal plates collided deep beneath an ancient ocean. The tremendous force of the impact
made the ocean floor between the plates bend and fold into mountains and valleys. You
may have a hard time believing that the Himalayas were once part of an ocean floor, but
fossils of sea creatures can still be found embedded in the rock on the mountains’ peaks!
The Alps in Europe are folded mountains, too.

Fault-block mountains
Sometimes, when plates meet on a fault
line, the rock is brittle. Then the crust
cracks into huge blocks. Sometimes when
plates push against each other one side
gets slowly tilted into a ridge. One side is
steep, the other gently sloping. If the
plates are stretching apart, a block in
the middle can move downwards like a
The Vosges are fault-block mountains.
giant ditch and the blocks on either side
get slowly lifted. These are all called
fault-block mountains. On either side of the river Rhine are areas of fault-block mountains,
called the Vosges in France and the Black Forest in Germany.
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Making Rocks
Mountains are made of rocks, but what are rocks
made of? Rocks are made of chemicals called
minerals. ere are over 2,000 kinds of minerals
on Earth. Some rocks are made of a single mineral,
and others are combinations. To classify a given
rock, geologists consider how it was formed.

We first looked at
different kinds of
minerals in Year 2.

Rocks that were made from cooling magma or lava are called igneous [IG-neeus] rocks.
The name comes from ignis, the Latin word for ‘fire’. Heavy, speckled granite; light,
powdery pumice; black, glassy obsidian – even though they all look different, these are all
igneous rocks. They started as hot magma and cooled into rock.

When this lava flow from a volcano
in Hawaii cools and hardens,
the rocks will be igneous rocks.

Rocks that were made when layer
upon layer of sand and debris settled
down together are called sedimentary
rocks. eir name comes from the
Latin word sedo, which means ‘settle
down’. Over millions of years, layers of
sediment pressed down in the bottom
of ancient oceans and rivers. e
pressure cemented tiny grains together
into rock. Limestone is a sedimentary
rock, made mostly of the compressed
bones and shells of millions of tiny
sea creatures. Sandstone is another
sedimentary rock.
The last family of rocks is called
metamorphic [met-uh-MORE-fick]
rock. This family gets its name from
the Greek word metamorphosis, which
means a transformation or change of
shape, because metamorphic rocks are
The Falkenstein in Germany is a
sandstone peak. Can you make
out the layers of sand that have
build up over the years?
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Marble is often sculpted into
beautiful artwork. We saw
some examples from ancient
Greece in Year 3.

rocks that have changed form. Some
metamorphic rocks have changed through
heat. When magma collects underground, it
heats the surrounding rock to such high
temperatures that the minerals become
cooked. They change into new minerals, and
the rocks containing them change form.
Others have changed through pressure.
Immense weight, like the weight of a
mountain, can press down and change
minerals. Marble, for example, used for its
beauty in sculpture and buildings since the
time of the ancient Greeks, is a metamorphic
rock. Heat and pressure underground turn
limestone into the rock we know as marble.

From Boulder to Rock to Pebble to Soil
While plate movement is building mountains up, other forces are wearing them down.
Wind, water, ice and plant roots crack and crumble rock over time, taking huge boulders
and turning them into fist-sized rocks, then pebbles, then sand and finally into tiny
particles that contribute to the Earth’s soil. This process is called weathering.
Imagine a boulder on a mountainside. After a million years a little crack appears in its
surface. When it rains, water trickles into the crack. On chilly nights – and there are many
chilly nights on the top of a mountain – the water in the crack freezes and expands. Like
a wedge, that ice pushes the sides of the crack in the boulder wider and wider apart. The
processes of freezing, thawing and freezing again work on the crack until it becomes a
network of cracks. Particles of dust and dirt carried by wind and water settle into those
cracks. Seeds blown by the wind land in the soil collected in the cracks. The seeds sprout,
and small plants’ roots push against the sides of the cracks and make them wider still.
Then one sunny day, a jagged piece of the
boulder cracks off and somersaults down
How long does it take for an
the side of the mountain, crashing into
entire mountain to crumble away?
other boulders in its path and chipping
Geologists have calculated that a
pieces off them. That’s the first step in the
mountain gets approximately 7.5
boulder’s crumbling journey from big
cm shorter every 1,000 years.
rock to future soil.
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The ocean weathers rocks as well. Have you ever noticed that most of the pebbles
on a beach are round and smooth? Rocks and sand tumble together in the surf, grinding
off all the rough edges. Over time, the action of the waves turns rocks into pebbles and
then into sand.
Water and wind, plants and ice, all
cause physical weathering. But rock also
gets weathered by chemicals that occur
naturally in the Earth. When water mixes
with certain gases from the atmosphere,
for example, it sometimes results in a
weak acid called ‘acid rain’, which can eat
away at the surface of rocks. Some plants
also produce weak acids which seep into
the Earth and affect the rock
around them. These are examples of
chemical weathering.

The face of this gargoyle has
been worn away by physical
weathering and acid rain.

Erosion
Weathering is just one way that the surface of
the Earth changes. Another way has to do with
gravity. Because of gravity, water, soil and
rocks are constantly tumbling down Earth’s
slopes, hills and mountains. is process is
what we call erosion, another important way
that the surface of the Earth changes.

We learnt about
coastal erosion
in South West
England in Year 4.

Suppose a small pebble slides down a mountain slope, and heavy rains wash it into a
stream. The pebble is carried by rushing water over a waterfall and down the mountain,
where the stream empties into a river. The pebble falls to the river bottom and is pushed
along by the current. It tumbles among other pebbles, rocks, sand and soil. Gradually it
becomes a rounder, smoother and smaller pebble than it was when it began its journey,
its sharp edges worn away by the constant rubbing against other pebbles and sand on the
riverbed. As the pebble approaches the sea, it may be deposited on one of the islands at
the river’s delta, or swept out to sea.
Every day, this process of erosion is happening on Earth. Streams and rivers carry
millions of tons of sediment – rocks, pebbles, sand and soil – from land to ocean daily.
Why don’t the oceans fill up with sediment? The answer is: because nature recycles.
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Over millions of years, layers of sediment are squeezed into sedimentary rock on the ocean
floor, which has as many mountains and valleys as the surface of the Earth above water.
The deepest undersea valleys are places where the Earth’s plates meet. There, sedimentary
rock is pressed down into the mantle, where it melts into magma. The magma circulates
under the Earth’s crust and, when it finds weak spots, it shoots up lava which builds up
new mountains – and the cycle begins again.
Wind can also change rock and soil on the surface of the Earth. Windblown sand,
especially in desert areas, works like a sand-blaster over time, smoothing sharp rock edges
or carving away softer rock on cliffs and mountainsides. Wind can carve unusual rock
formations, creating caves, towers and arches.
Ice is a rock carver, too.
Huge masses of ice and
snow called glaciers [GLAYsee-ers] form on high
mountains and in very cold
regions. Glaciers are like
rivers of ice that are
hundreds or even thousands
of years old. Even though
they seem frozen solid and
motionless, glaciers creep
slowly downhill. Stones
trapped by glaciers scrape
Can you spot the tiny red dots to the left of the
the ground beneath them
Briksdal Glacier in Norway? Those are people!
and carve grooves in the
rock. Large glaciers carve out the landscape.
About 10,000 years ago, the Earth emerged from an Ice Age, a period of more than a
million-and-a-half years when colossal glaciers, nearly two miles thick, moved over much
of what is now North America, northern Europe and northern Asia. The glaciers gouged
out huge areas as they advanced and grew. At the end of the Ice Age, when the glaciers
melted, the holes gouged out by the glaciers filled up with water. Today we call some of
those water-filled, glacier-made holes in the north-west of England the Lake District!

Layer upon Layer
If you were to dig a hole in the ground, going down a metre, you would see several layers
of different colours of soil.
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The top layer, probably darker than the
rest, is the topsoil. Topsoil contains tiny
pieces of weathered rock mixed with humus
[HYOO-mus], or decaying matter from
plants and animals. Air and water move
through the tiny spaces between grains of
topsoil. Plants spread broad networks of
roots in the topsoil, and their roots help hold
the soil down and prevent erosion. As plants
die, they decay and add to the humus, which
will feed future plants – another one of
nature’s many recycling projects.
Beneath the topsoil, the next layer down is
called the subsoil. It is made mostly of
weathered rock and clay, with very little
humus. While topsoil replenishes itself every
year, it takes hundreds of thousands of years
for the subsoil to form. Some tree roots grow
long enough to reach the subsoil.

Can you see the roots of the grass
in the topsoil, and four different
colours of subsoil that are exposed?

Under the subsoil is a layer made of solid
rock, called the bedrock. Bedrock is far enough underground to be well protected from
wind, water and freezing, and so it has not weathered into soil.

Meteorology
The Fascinating World of Weather
The sky darkens with threatening storm clouds. Suddenly, there’s a brilliant flash – crackle
– ka-BOOM! Thunder rumbles around and rattles the windows. ‘It must be the angels’
bowling night,’ someone says, or ‘That’s Thor, the Viking god, in his big boots clomping
across the sky.’ All around the world, all through history, human beings have made up
stories to explain the powerful forces that we witness as weather.
Human beings have also spent centuries making a scientific study of the weather. The
study of weather is called meteorology, coming from a Greek word meteoros, meaning
‘high in the air’ and the suffix -ology, meaning ‘study of ’. The people who study weather
are called meteorologists.
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Layers of Air
Weather happens because our planet
is wrapped in layers of air, called the
Earth’s atmosphere, and because the
Sun is constantly bombarding the
Earth with energy. Without an
atmosphere, Earth would look like the
Moon – a waterless, lifeless hunk of
rock. Our atmosphere is constantly
absorbing energy from the Sun, and
that energy moves around from place
to place, creating weather.
The Earth’s main
atmospheric layers.
Earth’s atmosphere is made of five main layers of air: the outermost layer, the exosphere
[EX-oh-sfeer]; the thermosphere [THURM-oh-sfeer]; the mesosphere [MEZ-oh-sfeer];
the stratosphere [STRAT-oh-sfeer]; and the lowest layer, which touches the surface of the
Earth, the troposphere [TROH-poh-sfeer].

The Ozone Layer
Ozone in the stratosphere absorbs ultraviolet radiation from the Sun,
which in high quantities can be very harmful, even deadly, to many
creatures on Earth. In the twentieth century, scientists discovered that
a hole had developed in the ozone layer over Antarctica. This allowed
even more unhealthy amounts of ultraviolet radiation to reach Earth.
These changes mainly affected people living in the Southern
Hemisphere. The further south you go, the greater the amount of
harmful ultraviolet radiation you may encounter. This hole in the
ozone layer was caused by some chemicals produced by humans, such
as chemicals in old fridges and spray cans. In 1987 those chemicals were
banned in 197 countries (the largest international agreement in
history!) and since then the ozone layer has been recovering. Scientists
are keeping a close eye on it and predict that it will have fully repaired
itself within 50 or so years.
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When you breathe, you are inhaling air from the troposphere. But clouds are also in
the troposphere. Most of Earth’s weather happens in the troposphere.
The stratosphere, from about 10 to 30 kilometres above the Earth, contains a tiny
amount of a gas called ozone, which protects us from ultraviolet radiation, part of the
energy that comes from the Sun.
The mesosphere, from 30 to 50 km above the Earth, acts as a protective shield in another
way. Perhaps you have seen shooting stars streaking across the night sky. These are
meteors, hunks of rock streaking through space at incredible speeds. Sometimes they come
so close to Earth that they enter the atmosphere. But when they rub against air in the
mesosphere, all but the largest meteors heat up so intensely that they burn to cinders
before reaching Earth.
The ionosphere, the thermosphere and exosphere are the outer layers of the
atmosphere. They are constantly showered by X-rays, ultraviolet radiation and electrons
sent towards Earth by the Sun. So much energy from the Sun reaches these layers that
temperatures climb over 2,200 degrees Celsius! That’s like the inside of a furnace.
Have you ever climbed into a car that has been all closed up on a hot, sunny day? Then
you know what it’s like when the Sun’s energy shines into a place and gets trapped inside.
It gets hot!
In much the same way, the Sun’s energy shines into the Earth’s atmosphere. Sunlight
passes through the layers of the atmosphere and warms up the land and the oceans. Some
of the sunlight bounces back into the atmosphere and heats up gases in the air. The gases
absorb the heat energy, holding it in the Earth’s atmosphere rather than allowing it to
return to space. Thanks to that process, the Earth is a comfortable place for life instead of
a freezing cold planet.

Uneven Heating
When you look at the weather maps in the newspaper or watch the weather report on TV,
you can see that weather isn’t the same everywhere on Earth – it isn’t even the same in
different cities and towns across the UK! From warm breezes and gentle rains to
hurricanes, blizzards and ice storms, weather is always changing. It changes because the
Earth is heated unevenly, and because heat energy moves around in the Earth’s
atmosphere.
The Sun doesn’t shine with the same intensity on every region of Earth. It shines on
the area near the Equator the most directly of all, so the air around the Equator heats up
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the most. It shines the least directly at the
North and South Poles, so the air at the poles
stays the coldest. These differences in
temperature make the air in the atmosphere
move around.
Have you ever noticed that when you open
an oven, hot air rises up on your face, but
when you open a refrigerator, cold air spills
down on your feet? Hot air rises and cold air
sinks. As air is heated, its molecules spread
Weather reporters watch high
out. It becomes less dense. It is lighter and
and low pressure areas to
puts less pressure on the Earth. When we talk
predict
tomorrow’s weather.
about a mass of warmer, less dense air in the
atmosphere, we call it a low-pressure air
system. Cooler air contains molecules that are more densely packed together, or closer
together. It puts more pressure on the Earth, and we call it a high-pressure air system.
Nearer to the Equator, warm, low-pressure air systems can rise, spread apart and move
towards the Earth’s poles. At the same time further away from the Equator, cooler, highpressure air systems may sink and move towards the Equator in order to fill the spaces
left by the rising low-pressure system. Before long, the intense heat of the Sun nearer to
the Equator heats up these high-pressure systems. They in turn become the next warm,
low-pressure system to rise and move away, and so the cycle continues. Cycling currents
of air such as this, known as cells, operate at many different latitudes around the globe.
This continual exchange of warm and cool air creates wind.

Winds
A famous poem asks, ‘who has seen the
wind?’ No one, of course. But we certainly
see what wind can do. Meteorologists have
developed ways to describe wind by
measuring its speed and direction. For
instance, a north wind at 20 miles per hour
is a wind coming from the north and moving
at miles per hour.
If you see a wind sock fluttering, it is probably a breezy day. If it is blown
straight out like this one, the wind is strong and it might be a gale.
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A wind that blows 10 or 20 miles per hour is called
a breeze. If the wind gusts up to 40 or 50 miles per
hour, it is called a gale. If it travels 75 miles per hour
or faster, it qualifies as a hurricane.
To measure wind speed, meteorologists use an
instrument called an anemometer, with three arms and
a cup at the end of each arm. Wind blows into the cups
and makes the arms spin. By counting its spins during
a certain time period, meteorologists can measure the
speed of the wind.
An anemometer measures wind speed.
The faster the wind, the faster it spins.

Weather Patterns
Some wind patterns continue their movements
We learnt about
almost all the time and in the same general
temperate and
direction. These winds are called the Earth’s
alpine climates
prevailing winds. They are our strongest, most
in Year 3.
persistent winds, and they shape big weather
patterns. Different parts of the globe experience
different prevailing winds. During the Age of Exploration, Christopher Columbus and
other explorers and traders used the prevailing winds, also known as trade winds, to carry
them back and forth across the Atlantic Ocean.
There are many other weather patterns that remain generally constant in certain areas
of the world. Average temperatures, the amount of rainfall or snowfall and the average
amount of moisture in the air (that is, the humidity), all determine the climate of every
region in the world. Climate is the average weather pattern for a region.
Climate is influenced not only by weather patterns but also by geological patterns, such
as whether the region is a large land mass or a group of islands, whether it is flat or
mountainous and whether it is near a body of water. The world has many different
climates. Each climate supports a different group of plants and animals and a particular
kind of human community.
Tropical climates occur in places near the Equator. Temperatures stay hot and day
length changes little throughout the year. Polar climates occur in places near the North
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and South Pole. Temperatures stay cold, even below freezing, and there is extreme
variation in day length between seasons. Imagine how different the animals, plants and
human habitations must be in these two climates.

What sorts of differences would you find in a tropical climate
and a polar climate?

Cloud Families
Clouds can look like big gingerbread men or
two-headed, fire-breathing dragons or your
Aunt Louise. No two clouds look just the
same, but we first learnt in Year 3 that
scientists sort clouds into categories,
according to their shape. Identifying clouds
can help you understand – and even predict
– the weather.
Cirrus [SIH-rus] clouds ride highest in the
troposphere, where the air is coldest. Made
of ice crystals, they look thin and wispy.
Cumulus [KYOOM-yuh-lus] clouds form
on sunny days when updras of warm, wet air
rise to a cooler level. Cumulus clouds are big
and puﬀy, and they usually mean fair weather.
Which two different kinds of clouds can you see in this picture? At the top
are feathery cirrus clouds and, down below, are big, puffy cumulus clouds.
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Stratus clouds look like flat sheets that
can stretch out to the horizons, blocking
out sunshine. One thick type of stratus
cloud, called nimbo-stratus, often carries
a lot of rain.

See pictures of each
of these categories of
clouds in the Year 3 book.

When Push Comes to Shove
Air masses with different levels of humidity and different temperatures are moving
constantly above the surface of the Earth. They don’t always mix. Often they collide.
As you can imagine, a lot of things can happen when wet, low-pressure air meets dry,
high-pressure air. The boundary where one air mass meets another is called a front.
Sometimes a cold air mass wedges itself under a warm air mass. The boundary between
them is called a cold front. The cold air below forces the warm air to rise swiftly. The warm
air cools rapidly and its water vapour forms heavy clouds, full of precipitation. These
conditions result in thunder, lightning and rainstorms, followed by bright, clear weather.
Sometimes a warm air mass overtakes a cold air mass. The boundary between them is
called a warm front. The low-pressure mass of warm air rides up on top of the cold air
and slowly pushes it out of the way. These conditions result in stratus clouds and a long,
steady rain.

Lightning and Thunder
M

Dark, massive clouds signal the
approach of one of nature’s loudest
and most dazzling sound and light
shows: a thunderstorm. As a cold front
moves through an area, especially
during spring and summer, it pushes
up warm, humid air. The moist air
piles up higher and higher into
towering, miles-high, flat-topped
clouds called cumulonimbus.

In cumulonimbus clouds, condensed droplets quickly cool into ice crystals. Strong air
currents jiggle the ice crystals up and down inside the cloud. As the ice crystals crash, bump
and rub against each other, electrons loosen and jostle around as static electricity, just as
they do when your socks and pyjamas tumble against each other in the clothes dryer.
329

6 UK Year 5 Science_CK5 15/08/2013 14:42 Page 330

What Your Year 5 Child Needs to Know

Electrons that have been bumped loose
collect in the bottom of the cloud, giving
it a negative charge. That negative charge
is attracted to the positive charge of the
Earth that is in the ground under the
cloud. Crackle! Zap! A huge amount of
stored energy is released as the negative
electrons rush down towards the
positively-charged ground. The brilliant
white flash of lightning that we see is a
powerful electrical current flowing
through the air.
A lightning bolt heats up the air around
it so that it is five times hotter than the
surface of the sun. at air expands
quickly, and it violently vibrates the air all
around it. ose vibrations reach our ears
when we hear the thunder that so oen
accompanies lightning.
Light travels much faster than sound.
The flash of a bolt of lightning travels to
Lightning strikes over Stonehenge.
our eyes at 186,000 miles per second
(which, you may remember from Year 4,
is the speed of light). Sound from the same event – the clap of thunder accompanying the
lightning bolt – travels only one-fifth of a mile per second.
You can use this information to make a rough estimate of how far away lightning has
struck. As soon as you see a flash of lightning, count the seconds until you hear the
thunder. Divide the number you reached by five, and you have the distance in miles
between you and the bolt of lightning.
And yes, lightning can strike twice in the same place, especially when a building has a
lightning conductor to carry the electricity safely to the ground.

Tornadoes
The most dangerous thunderstorms are the ones that create tornadoes – whirling, funnelshaped clouds that reach down to the surface of the Earth and suck things up. Tornadoes
can be so powerful that they pick up freight trains and toss them around.
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Tornadoes are violently turning spirals of wind that are extremely dangerous.
Meteorologists think that tornadoes are caused by the
interaction of warm, humid updras (or swi winds
moving from the Earth upwards) and cool downdras
(swi winds moving from the sky down to Earth). ey
do not know exactly why the air begins to spin around
and forms the funnel cloud. To find out, scientists track
tornadoes and post measuring instruments in their paths.
Big tornadoes are rare in Britain but they still occur.
A tornado caused this damage
in Birmingham in 2005.

Hurricanes
Hurricanes form over tropical oceans in areas of low pressure. Warm, moist air rises rapidly
from the warm water and forms clouds. More warm, moist air rushes in to replace it. Air
gets sucked up faster and faster, creating storm clouds and a tall, spiralling column of wind.
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During a hurricane, it is not safe to
go outside. There are extremely
strong winds and heavy rain that
can seriously damage buildings.
e column of wind pulls more and more
From above, a hurricane
moisture from the ocean, growing larger and
looks like a spiral of clouds,
picking up speed. e eye of the hurricane is the
with the eye in the centre.
hole in the storm at the centre of the spiral. In the
eye, the air pressure is very low and the winds are, for the moment, calm.
To track hurricanes and learn more about them, meteorologists fly airborne laboratories
directly into the storm. They fly in jets equipped with instruments designed to photograph
and measure the storm from high above.

Forecasting the Weather
When you wake up in the morning, do you sometimes wonder what you ought to wear –
long trousers or shorts, a raincoat or a sunhat? How do you decide? Chances are, you
listen to the weather forecast. It tells you how hot the day is predicted to be, whether it
may rain and how low the temperature will drop after the sun goes down in the evening.
How do people forecast the weather? To predict the weather, people need both a general
knowledge of weather patterns and specific information about what’s happening at the
present moment. A complicated network of instruments, placed all over the world – and
above the world – create pictures of air masses as they move in the Earth’s atmosphere.
Weather balloons carry instruments high into the atmosphere. Radar equipment sends
out signals that bounce off rain and ice crystals inside clouds to create pictures of clouds
and measure how fast they are moving.
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At least every hour, 200 weather stations around the UK record temperature, humidity,
air pressure, wind speed and wind direction. Each station sends those data to the
Meteorological Office, where all this information is combined into a big picture of current
weather conditions. They have a scheme allowing schools to set up weather stations and
join in.
Even with all this information, meteorologists can never be certain exactly what the
weather will bring tomorrow. They are usually very close and thousands of people are
watching to tell them when they get it wrong.

Air moves from areas of high pressure
into areas of low pressure and, as it
moves, the weather changes. The
gauge on a barometer (seen here)
tells whether the air where you
are has high or low pressure.
When the barometer is falling, it
means that air pressure is getting
lower. Clouds will probably move
in and rain or snow may fall.
When the barometer is rising, it
means that air pressure is getting
higher, and you can expect clear skies
and less humidity.
This barometer is falling, showing that it
is fair weather now but it may rain later.

Evolution
Do you have a pet? A hamster, a cat or a guinea pig? Maybe a dog? Does your pet have a name?
Do people ever comment that your pet thinks it is human or that it takes aer its owner?
Obviously, pets are different animal species and are not humans. In Year 3 we learnt
how animals’ babies, or offspring, often look a lot like their two parents, but they are not
exactly alike. Each baby is unique with its own hair colour, eye colour, height and build.
ese are all characteristics. What other characteristics can you think of? ere are many
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characteristics that a baby may share
with one parent, or the other parent, or
both. ese can be characteristics that
you see (such as the ones we
mentioned) or others that you can’t
see, such as intelligence or speed.
When animals have offspring – like
kittens, lambs or puppies – the
parents and the young are from
different generations. Grandparents,
parents and children are three
different generations. In Year 4 we
This cat’s offspring shares many of her
learnt about the classification of
characteristics, but not all of them.
different animals. Cats like the ones
you see as pets are not only mammals – they are also cats; lions are also mammals and a
different type of cat. We say they are a different species of cat. Many, many generations
and years back, these domestic cats and these lions shared a common parent. What
characteristics do they share, and which characteristics are different? And where do these
differences come from?
In the wild, every living thing, or organism, has to compete to live. Not every organism
lives, and not every one has the chance to have offspring. If grandparent lions had
offspring and one was able to run a lot faster than the other, that one would have better
chances of outrunning its prey so that it would have more to eat. This lion would live
longer than its sibling because of its characteristic of being a speedy runner. This means
that this lion would probably have more offspring of its own.
The speedy lion might have offspring that inherit its characteristic of being speedy, and
the offspring might also have the characteristic of having a large, strong build like their
other parent. These baby lions have characteristics that would help them survive better
than other lions, such as their cousins who can’t run as quickly and are perhaps smaller
and not as strong. The characteristics that help our lions survive will make it more likely
for them to have their own offspring and pass on these characteristics to their own babies.
The animals with characteristics that are not as helpful for survival will eventually, after
many generations, die out. An animal that is better adapted to its habitat has more chance
of survival.
Where do those characteristics come from? They happen by accident as organisms
reproduce. e scientific term is genetic mutations. Parents pass their genes to their oﬀspring,
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which help determine
the characteristics of the
offspring. Because each
young animal is slightly
different from each of its
parents, the make-up of
its genes is a bit different.
A baby lion can have fur
that is the lighter colour
of the mother, the darker
colour of the father or a
colour in between with
patterns that are diﬀerent
– a mutation. If it helps
the offspring to avoid
death, then that mutation becomes more common in the next generation too. As animals
reproduce, or have offspring, the babies become more different from their parents, and
even more different from their grandparents because they share fewer genes with them.
The world is full of different species of plants and animals that have adapted to their
surroundings. It takes a long time. Changes that happen by accident will only occasionally
be helpful. But the world is old. The moa in New Zealand was a large, flightless bird.
It had no need to fly because it was big enough to fight off anything that might kill it or
steal its eggs. Mutations that prevented offspring from flying did the Moa no harm. Then
people arrived in New Zealand and found a bird
that was good to eat and could not fly away.
You can see a moa in
They ate so many that the species died out. Moas
the map on page 100.
are now extinct. There was not enough time for
newer generations to evolve a means of escape.
Evolution means gradual change. In biology, it is the idea that all forms of life today
are descended from earlier forms. By the process of natural selection, changes or mutations
are passed on more often if they help an organism survive better in its habitat, so it can
live longer and pass the change on to more offspring. Most varieties with harmful
mutations, or without the adaptations that give a real advantage, eventually die out. The
enormous variety of species we see today – think of cats and lions – results from the great
variety of habitats and selection pressures that shape the evolution of a species. As small
changes happen over many generations, the differences multiply, so that living things
descended from the same parents can end up being very different from each other.
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The Lives of Famous Scientists
Charles Darwin (1809–1882)
Charles Darwin was born in Shrewsbury,
where his father was a doctor. When he
studied at Cambridge, he became interested in
all of the diﬀerent species of plants and
animals that we see in nature. He wanted to
understand why such variety of life existed.
Aged 22, he was invited to sail to South
America, working as a naturalist on the ship
HMS Beagle. For five years he sailed the world
and collected samples of rocks and animals,
just as he had loved collecting shells when he
was a little boy. He found many rocks
containing fossils of things that had lived
millions of years ago but had become extinct.

Charles Darwin

Darwin sketched the different
shapes of the finches he saw
on the Galapagos Islands.
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Out in the Pacific Ocean, far from the
South American coast, the Beagle reached the
Galapagos Islands. Darwin found finches and
tortoises there. There were six species of
finches, similar except for their beaks. Some
birds had big, powerful beaks and others
were thinner and sharper, but with gradual
steps from thinnest to thickest like half-sizes
in a shoe shop. Darwin considered whether
one species from long ago had gradually
separated into several different forms. He
discovered that different species, each with
its own characteristics, had evolved from a
shared ancestor. Now they are called
Darwin’s finches.
Darwin explored the different islands of
the Galapagos, and he found that the
tortoises were gigantic, but they were not all
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the same. On some hot islands they had long necks for feeding on tall, spiky cactus plants.
The tortoises even had a notch in their shells that let them stretch higher. On cooler
islands, there was plenty of grass to eat at ground level and the tortoises had short necks.
It suggested to Darwin that the tortoises had slowly adapted to suit the islands’ different
habitats. The different species of giant tortoises of the Galapagos all shared a common
parent many generations back, but this original species of tortoise evolved to have different
characteristics in the different habitats of the different islands.
When he came home, Darwin spent several years sorting out his ideas. Only when
another scientist, Alfred Russel Wallace, described some similar ideas did Darwin publish
his great book On the Origin of Species by Means of Natural Selection. ‘Natural selection’
was his term for the idea that animals and plants best suited to their environment are more
likely to survive and reproduce. Other people call it ‘survival of the fittest’. e book is
central to our understanding of the theory of evolution. It took many years for people to
accept the idea. Some did not like the thought that we shared common ancestors with apes.
With so many facts to support it, Darwin’s theory was gradually accepted. He joined
the Royal Society and was eventually honoured with a burial in Westminster Abbey, very
near to Isaac Newton. On the Origin of Species is his most famous work but he never
stopped writing, even in old age.

Michael Faraday (1791–1867)
Many questions start out beginning with
‘What would happen if...’ One of the greatest
‘what if ’ question-askers ever was Michael
Faraday. This man’s curiosity led him to
discoveries about electricity that changed
the world.
Faraday was the son of a poor English
blacksmith, someone who made things from
metal. Because the family was poor, Faraday
didn’t go to school. At age thirteen he was
sent off to work as an apprentice to a
bookbinder, to learn how to put books
together. For years Faraday made the most
of his job by reading all the books that came
into the shop to be bound. He also went to
Michael Faraday
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public lectures, where scientists would tell people about their discoveries. Whilst he did
this, Faraday kept a journal of his thoughts.
At one series of lectures by the famous scientist Sir Humphry Davy, Faraday wrote
down everything the speaker said and bound it up to make it into a beautiful book for
Davy. Not long after, Davy injured his eyes and was temporarily blinded by an explosion
in his laboratory. He needed someone to help him so he sent for Faraday and asked if he
would help with experiments. In return, Faraday would be allowed to use the laboratory
and equipment for his own experiments. Faraday made the most of this opportunity. This
would be his lab for the next 50 years.
Faraday’s most famous experiments had to do with electricity and magnetism. A Danish
scientist called Øersted had found out that a magnetic compass needle would move when
an electric current was sent through a nearby wire. This gave Faraday an idea. If the
current could move the magnet, then maybe the magnet could move the current. He
wondered, ‘What if electricity and magnetism are really two examples of the same force
and can be converted back and forth?’
To test this idea, Faraday set up an experiment to see if the
movement of a magnet could produce an electric current. He
made a coil of wire and attached it to a current detector. When
he moved a magnet in and out of the coil, a current was
produced. Next he attached a copper disc to wires and spun
the disc between the two poles of a horseshoe magnet. This
made a steady current through the wires. Faraday had built
the first electrical generator, a machine that makes electricity.
Faraday is remembered as one of the
greatest scientists ever. His discoveries
gave other scientists and inventors the
knowledge they needed to invent electric
motors, generators, the telegraph, the
telephone and just about every other
electrical device we use today.
Faraday gave many lectures
to share scientific knowledge
and experiments with lots
of different people.
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Faraday was also one of the first scientists
to think that it is important to share scientific
Faraday’s work enabled
experiments with everyone, not just other
Alexander Graham Bell to
scientists. He started up the Christmas
invent the telephone, which
lectures for children at the Royal Institution
we learnt about in Year 4.
in order to show them his experiments.
Sometimes his experiments did not go as
expected. Then he would say, ‘The failures are just as important as the successes.’
Michael Faraday was always learning, even from his failures.

Florence Nightingale (1820–1910)
Florence Nightingale was born in
1820 into a wealthy family. So it
was clear what she was expected
to do when she grew up: she
should marry a rich gentleman
and bring up a wealthy family.
But Florence had other ideas.
She loved to use her mind. She
was fascinated by mathematics.
When a young man asked her to
marry him, she thought long and
hard, and then said no. She
believed that she was destined to
lead another sort of life.
Florence Nightingale worked tirelessly
When she told her family that
to help wounded soldiers.
she wanted to work as a nurse in
a hospital, they were shocked.
In those days, hospitals were dirty, dreary places. Wealthy people paid doctors to come
to their homes to take care of anyone who was ill. Only people with little money stayed in
hospitals. And that often made things worse, since most hospitals were so filthy that
diseases spread faster there than anywhere else. But Florence Nightingale understood that
hospitals could, and should, be kept clean. She had visited a hospital in Germany where
women took excellent care of patients. The place was clean and people often became well
there. She decided to devote her life to improving medical care in Britain.
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In 1854, Britain went to war in a part of Eastern Europe called the Crimea (which is
now part of the Ukraine). The Government asked Florence Nightingale to go with 40 other
nurses and run the hospital for British soldiers. She found the hospital dirty and full of
diseases, and the soldiers cold, starving and badly wounded.
Florence Nightingale worked as hard as she could to keep British soldiers from dying.
She was called ‘the lady with the lamp’, because she worked through the night, carrying a
lamp to light her way. She became famous around the world for the good work she was
doing. After the war, Florence Nightingale wrote many reports with careful facts and
figures to show that fewer people would die if hospitals were cleaner.
The hospitals began to do what she said they should. She also helped start a nursing
school in London. She spoke out for the poor, saying that they deserved good, clean
medical care. Thanks to her work and ideas, nursing is a respected profession today.

Elizabeth Garrett Anderson (1836–1917)
Like Florence Nightingale, Elizabeth Garrett
was a very determined woman who followed
her dreams, even if it meant going against
what was expected of women at that time.
Garrett was a clever child, and her
determination to become a doctor, the first
female doctor to qualify in England, is what
makes her stand out. Garrett paved the way
for women to be able to go to university and
study the same medical degrees as men.
Garrett grew up in a large family in East
London and had eleven brothers and sisters.
Her family wasn’t very well off but her father
became a prosperous businessman and sent
her to a good school. She was also influenced
by two very successful women.
One of these was Emily Davies, who
campaigned for women to be allowed to go
to school and also to university. Nowadays
everyone in this country receives an
education but, when Garrett was young, not
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many girls went to school. Even if they were lucky enough to go to school, young women
were not allowed to go to university. Davies helped to change this, and worked to open
the first college in England for women – Girton College at Cambridge University, which
opened in 1869. Like Davies, Garrett wanted women to gain rights in society, and they
worked together to campaign for women to be able to receive university education, to
have access to more jobs and to vote for the politicians they wanted.
Elizabeth Garrett also met Elizabeth Blackwell, who was the first woman to receive a
medical degree and become a doctor in the United States. Inspired by both Emily Davies
and Elizabeth Blackwell, she decided that she would delay getting married and become a
doctor. Only men were doctors then and Garrett’s decision surprised many people. Some
people were angry because they didn’t think women should (or could!) become doctors.
It was very difficult for Garrett to become a doctor. Medical schools wouldn’t accept
women at that time, and all of her applications were rejected. She decided to go to a
nursing school where she went to classes for doctors instead of the ones for nurses.
However, women weren’t supposed to join these classes and, when some of the male
students complained, she was forced to leave the school. When Garrett learnt that the
Society of Apothecaries didn’t officially say in their rules that women weren’t allowed, she
studied hard and eventually earned a certificate allowing her to become a doctor in 1865.
Garrett then set up her first medical practice and, later, she founded St Mary’s
Dispensary for Women and Children in Marylebone. (A dispensary is a place that can
give out medicine prescribed by a doctor.) Here she treated women and children who
wanted to see a female doctor. Garrett’s dispensary did very well and people thought she
was a very good doctor. She became a visiting doctor at the East London Hospital, which
is also where she met her future husband James Anderson.
Although Elizabeth Garrett Anderson had become a successful doctor with her medical
certificate, she still wanted to earn a medical degree as male doctors did. No university in
Britain would allow her in to study, even though she was a good doctor already. She found
out that she could study for a medical degree at the University of Paris, so she taught
herself to speak and read French and then earned her medical degree in Paris.
Elizabeth Garrett Anderson went on to open the New Hospital for Women in London
(which is now named after her), and at that time she let only women work there. By
challenging the medical system and fighting for women’s rights, she made it easier for
other women to become doctors. In 1876 the Government decided to change the law and
allow women to study medicine at university and, nowadays, lots of women are doctors.
She fought tirelessly for women’s rights throughout her life and in 1908 became the first
female mayor in England, of a town called Aldeburgh on the Suffolk coast.
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Charles Drew (1904–1950)
Charles Drew was born in Washington DC in 1904. When Drew was fieen, his sister died
of tuberculosis. As he watched her condition deteriorate, Drew wished he could do something
to help. It was then that he first thought about the possibility of becoming a doctor.
There was only one problem with this idea: Drew was an African-American. In those
days, much of American society was segregated, or separated, on racial lines: black people
and white people went to different schools and could not sit together in restaurants or on
buses. Only a handful of universities would accept African-American students – and
medical school would be another hurdle beyond university. But Charles Drew managed
to succeed against the odds.
In secondary school, Drew was a strong student and an outstanding athlete. Eventually
he was offered a scholarship to a university called Amherst College. At Amherst, Drew
was a star athlete who played American football. He could probably have become a
professional athlete, but he remained interested in science and medicine. In 1928, he
entered a medical school in Canada and began his lifelong study of blood.

Charles Drew
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Earlier in this chapter you learned a
little about blood and the various
substances it contains. But much of what
we know today was not known in the
1930s and ’40s, when Charles Drew was
studying blood. Doctors did know that
people who lost a lot of blood could be
given new blood in a procedure called a
blood transfusion, but it wasn’t easy to get
a blood transfusion in 1940. ere was no
way to keep blood fresh or take it where
people might need it. Charles Drew
discovered that if he removed the solid
cells (like red blood cells) in blood, and
kept only the liquid part, called plasma,
the blood could be stored for a long time.
It could then be used in transfusions
whenever and wherever it was needed.
Aer making this discovery, Drew set up
the first blood bank in New York City.
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When the Second World War started in 1939, many people were wounded and needed
blood transfusions. Charles Drew suggested sending plasma instead of whole blood.
He started collecting blood, separating the plasma and shipping it safely to injured people.
His work saved thousands of lives.
When America joined Britain in fighting the war, Charles Drew became the first
director of the blood bank of the American Red Cross. He led efforts to collect blood for
American soldiers and sailors. But the Army told the Red Cross to keep blood donated by
African-American people separate from blood donated by white people. Some white
people disliked black people so much that they did not want to get any ‘black’ blood, even
if it might save their lives. Charles Drew explained that this was not right: there is no such
thing as ‘black’ and ‘white’ blood: blood is blood. But no one listened. This made Drew
very angry. To make his point, Drew resigned from the Red Cross in protest. The Red
Cross continued to segregate blood on racial grounds throughout the Second World War,
but civil rights reformers eventually persuaded the organisation to stop this racist practice.
After resigning from the Red Cross, Drew returned to Washington DC, where he taught
medicine at Howard University and became famous as a surgeon. He died in 1950, after
a tragic car accident.
By using his talents to help other people, Charles Drew set an example for people of all
races. He proved that it is what you achieve in life, not the colour of your skin, that shows
your true worth as a person.

Suggested Resources
Books
General
Ultimate Book of Science (Oxford Children’s) 2010

Human Body
Human Body: A Children’s Encyclopedia (Dorling Kindersley) 2012
Little Brainwaves Investigate the Human Body by Caroline Bingham (Dorling Kindersley)
2010
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Picture This: Human Body by Margaret Hynes (Kingfisher) 2013
Controlling the Blood by Penny Preston (Franklin Watts) 2010
Body: An Amazing Tour of Human Anatomy by Robert Winston (Dorling Kindersley) 2005

Geology
Investigating Rocks by Will Hurd (Raintree) 2009
My Tourist Guide to the Centre of the Earth by Lizzie Munsey (Dorling Kindersley) 2013
Sweeping Tsunamis by Louise Spilsbury (Raintree) 2010
Shattering Earthquakes by Louise Spilsbury (Raintree) 2010

Meteorology
Our Earth in Action: Weather by Chris Oxlade (Franklin Watts) 2009
The Science Behind Weather by Darlene Stille (Raintree) 2012

Online Resources
At-Bristol Science Centre: www.at-bristol.org.uk
Discovery Museum, Newcastle: www.twmuseums.org.uk/discovery
Glasgow Science Centre: www.glasgowsciencecentre.org
Met Office Education: http://www.metoffice.gov.uk/education
Museum of the History of Science, Oxford: www.mhs.ox.ac.uk
Natural History Museum London: www.nhm.ac.uk
Royal Institution Christmas lectures: www.richannel.org/christmas-lectures
‘Invigorate, bringing science to life’ at the Royal Society invigorate.royalsociety.org
Science Museum, London: www.sciencemuseum.org.uk
ThinkTank, Birmingham Science Museum: www.thinktank.ac
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