Science
Introduction
Children gain knowledge about the world by linking reading with observation and
experience. They should be encouraged to view the world scientifically: to ask questions
about nature; to seek answers through observation and study; to collect, count, measure
and make observations.
As children amass information, their hypotheses may be based on intuition more than
solid knowledge. Balancing a child’s personal observations with well-expressed scientific
fundamentals will guide his or her understanding in the right direction. Book learning
also provides knowledge not likely to be gained by simple observations, such as the nature
of the planets or the structure of a cell.
The topics that follow are consistent with those offered to children in countries that
have had outstanding results from teaching science in the primary grades. We have also
included biographies of people who have contributed to our advancement in science and
who have researched some of the topics covered in this chapter. Our list of suggested
resources at the end of the chapter can help you to take your child’s investigations of
science even further, and we also recommend the following to help your child to learn
even more.


You cannot go wrong starting with London’s world-famous Science and Natural
History Museums in Kensington, but they are not the only such places in the United
Kingdom. They offer a wealth of online material which may prompt you to make a
visit in person. The National Museum of Scotland in Edinburgh offers a wide range of
interactive resources for exploring Science, and the Discovery Museum in Newcastle
is also recommended. The Museum of the History of Science at Oxford is free
but rather more serious in approach than the pricier At-Bristol Science Centre, which
is interactive.
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A planetarium is a special domed theatre where views of the night sky and other
pictures can be projected on the ceiling. There is a major planetarium at the Royal
Observatory in Greenwich but more local ones are open at Chichester, Armagh,
Stockton-on-Tees and elsewhere. The visitor centre at Jodrell Bank near Manchester
is the ideal place to find out about the work of a radio telescope.



The Royal Society has resources on its website that are designed for Key Stage 2. Go to
invigorate.royalsociety.org and see many additional online resources listed at the end
of this chapter.



The Royal Institution Christmas lectures are broadcast on BBC television and there is
a rich archive available online at www.richannel.org/christmas-lectures so you don’t
have to wait until Christmas to watch them. The lectures are so popular that there is a
Wimbledon-style ballot to get tickets.

Classifying Animals
What Do They Have in Common?
A dolphin isn’t much like a tiger, and you would never mistake a badger for a butterfly!
Even though these creatures are very different, they all have something in common. They
are all living creatures that move and breathe and have babies. They are all animals.
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Now, name a kind of bird. Eagle, owl,
robin, blue jay, flamingo, ostrich, macaw,
duck – there are so many different kinds
of birds. They come in different sizes and
different colours. Some are dull brown
and some are brightly coloured. But
whatever their size or colour, they all
have feathers and wings, and they all
lay eggs. That is what makes them
all birds.
Name a kind of insect. You have
many to choose from: ants, bees,
ladybirds, flies, crickets. Do you
remember from Year 3 what insects have in
common? All insects have six legs, three main
In Year 3 we learnt
body sections and a tough exoskeleton. No
about Aristotle, who
matter whether they are black or green, or
classified many living things.
whether they have dots or stripes, or whether
they have wings or no wings – as long as they
have six legs, three body sections and an exoskeleton then they are insects.
Whenever you group things that have a lot in common, you are classifying. When we
classify things, it helps us to understand and talk about them. Many living things can be
classified as animals: horses, dogs, cats, monkeys, robins, flies, whales, jellyfish, worms
and even you! But what about pine trees or rosebushes or blades of grass? They’re not
animals. They are plants.
When scientists want to classify the living things in the world, they begin by dividing
things into these two very big groups: animals and plants. (They use other big groups as
well, which you’ll learn about in a later year.)

Does It Have a Backbone?
When we classify things, we often need to take a big group, such as animals, and break it
into smaller groups. Scientists classify animals into two smaller groups by examining their
skeletons. Reach your hand around behind you and run your fingers up and down the
centre of your back. That long, bumpy ridge you feel is your backbone, which is also called
your spine. It is made of a stack of small bones, each one called a vertebra [VUR-te-bra].
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That is why animals with backbones are called vertebrates
[VUR-teh-brayts].


Where is the backbone on this skeleton?

You have a backbone.
So do horses, dogs, cats,
fish, birds and frogs.
Many animals have
backbones, but many do
not. An animal that does
not have a backbone is
called an invertebrate, a
word that means ‘no
backbone’. Can you think of an animal
with no backbone? How about a little
creature that droops like a noodle
and slithers through the soil?
at’s right, an earthworm
does not have a backbone.
Neither does a moth, an oyster or a spider. ey are
all invertebrates.
Now you know how scientists divide animals into two big groups: invertebrates (which
have no backbone) and vertebrates (which do have a backbone).

Classifying the Vertebrates
Now let’s see how scientists divide the vertebrates into five smaller groups, called classes.
The five classes of vertebrates are:
fish

amphibians

reptiles

birds

mammals

Let’s learn about what makes a fish a fish, what makes a
bird a bird and so on. As you learn about the different features
of each class, try to name some animals in that class.

Fish


Fish are cold-blooded.



Fish live in water.



Fish use gills to ‘breathe’ and
take oxygen from the water.
Can you spot the red gills of this fish?
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Cold-blooded and warm-blooded
Fish, amphibians and reptiles are cold-blooded. Birds and mammals are
warm-blooded. What do we mean by cold-blooded and warm-blooded?
Snakes are cold-blooded animals,
which means that their body
temperature changes according to
the temperature around them.
Some animals get the warmth they
need from the air or water around
them. When it’s hot outside, their
body temperatures rise. When it’s
cold, their body temperatures
drop. These animals are called coldblooded. It doesn’t mean that their
blood is always cold. It means their body temperatures go up or down
depending on the temperature around them.
Other animals stay nearly the same
temperature no matter whether the air
around them is hot or cold. These animals
are called warm-blooded. Mammals – like
pandas – and birds are warm-blooded.
Are you cold-blooded or warm-blooded?
On winter days, you might shiver with
cold, and on hot summer days, you might
feel like you’re about to melt, but
your body temperature normally stays
steady around 37° Celsius. So that makes
you warm-blooded.



Most fish are covered with scales.



Most fish hatch from eggs laid by the
female outside her body.



Goldfish, trout and sharks are
different kinds of fish.
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Amphibians
Tadpoles live underwater. When they grow into
frogs, they live on land. In Year 3, we read about the
lifecycle of frogs, which are amphibians.


Amphibians are cold-blooded.



Amphibians live part of their lives in water and
part on land. (The word amphibian means ‘living
in two places’.)



When they are young, amphibians have gills to
take oxygen from the water. When they grow up,
most amphibians develop lungs that allow them
to take oxygen from the air.



Amphibians usually have moist skin with no scales.



Frogs, toads and newts are amphibians.
Tadpoles grow into frogs.

Reptiles

The little tortoise is getting a ride.



Reptiles are cold-blooded.



Reptiles have dry, thick, scaly skin.



Reptiles breathe with lungs.



Reptiles hatch from eggs.



Snakes, lizards, tortoises and turtles are reptiles.

Birds
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Birds are warm-blooded.



Birds have feathers and wings.



Most birds can fly.



Birds breathe with lungs.



Birds hatch from eggs. Most birds build
nests in which to lay their eggs.



Robins, parrots, chickens and eagles
are birds.

Most birds feed their young until
they are big enough to leave the
nest and survive on their own.
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Mammals


Mammals are warm-blooded.



Mammals have hair on their bodies.



Mammals breathe with lungs.



Baby mammals need care and
feeding.



Female mammals produce milk for
their young. (Mammals are the only
animals that do this.)



Horses, cats, dogs, pigs, monkeys
and humans are mammals.



Most mammals live on land, although some mammals live in water. Whales and
dolphins live in the water, but they are mammals and not fish. They breathe with
lungs, not gills, and they need to come to the surface to breathe air.

Mother pigs produce milk for
their piglets.

Some mammals, like this humpback whale, swim deep underwater
but swim up to the surface for air.
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Ecology
Living Things
Depend on
Each Other
Close your eyes and
imagine it’s a cool
summer day, and
you’re sitting by a little
pond. Look around in
your imagination. How many different living things are in this pond environment?
You might see a frog or a newt, ducks or a heron. You might see dragonflies skimming
the surface of your imaginary pond. Hear that buzz? Is it a fly or a mosquito? Both of them
can be found near a pond. If the water is clear and still, you might be able to see the fish
that live underwater. If it’s late in the day, you might notice some bats.
If you were walking at the edge of this pond, what living things would you hear and
see? They all share the pond environment.
And don’t forget all the plants. Plants are living things, too. Think how many plants
live near, and even in, a pond. Little plants grow right up to the pond’s edge, and some
plants grow underwater.
ere are also creatures,
too small to see, living in
the mud and in the water.
All these living things
depend on each other, and
on the kind of world a
pond setting provides. In
other words, these plants
and animals share the pond
as their habitat.

A pond at Bourne Mill
in Colchester.
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This deer is also part of the
pond’s ecosystem.

In Year 2, we learnt about many diﬀerent
living things and their habitats – including the
woodland, underground, desert and water
habitats. Let’s see how some of the creatures
living in and near the pond’s freshwater
habitat depend on one another. Green bushes
grow at the edge of the pond. e bushes
absorb light from the sunshine. eir roots
take in water and nutrients from the soil near
the pond. e bushes use sunlight, water and
nutrients to grow big and healthy.

A tadpole swims up and nibbles on one of the roots. But watch out, little tadpole! What’s
that coming up behind you? It’s a hungry fish. Chomp! e fish eats the tadpole in one gulp.
A few months later the fish grows old and dies. Its body sinks to the bottom of the pond.
Down under the water, tiny worms and bacteria – those creatures so tiny you can’t see
them – break down the dead fish’s body as they use it for food. Nutrients from the
decaying flesh and bones of the fish settle into the soil at the bottom of the pond. Those
nutrients are absorbed by the roots of the bush growing at the water’s edge. And so we’re
back where we started. This is one cycle in nature.
Look how many ways the living things of this pond depend on each
other – and we haven’t talked about how birds like herons catch fish
to eat them, or how mammals
like deer can come to drink
Explore ponds online at
water at the pond’s edge! All
www.coreknowledge.org.uk/science.php
these creatures, living together,
are part of a cycle of nature.

How Natural Cycles Work
The pond’s cycle of nature depends on three groups of living things:
producers

consumers

decomposers

Producers make their own food. Can you name a kind of living thing that makes its
own food? Not your parent in the kitchen, but something in nature that uses sunshine
and water and nutrients from the soil? A plant produces its own food. Plants are
producers. In our pond, the plants at the pond’s edge are producers.
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Can you trace the cycle of producers, consumers and decomposers in this pond?
All living things need energy to live, and all living things need food for energy. In our
pond, the tadpole eats the plants. Then the fish eats the tadpole. The tadpole and the fish
are consumers, since both of them consume (or eat) other living things. Are you a
consumer? Yes, indeed. You eat plants and you may eat other animals. If you eat a chicken,
lettuce and tomato sandwich, you are eating plants (the lettuce, tomato and the wheat in
the bread) and an animal (the chicken). You and all the other animals in the world are
consumers, because you consume food to get the energy you need.
When plants and animals die, they provide food for the decomposers. To ‘decompose’
means to break something down into smaller pieces. In the pond, the little worms and
bacteria are decomposers because as they seek food to eat, they decompose the body of
the dead fish and break it into smaller pieces. They eat some, but they drop some, too.
Those pieces become part of the soil at the bottom of the pond.
You can see how producers, consumers and decomposers connect in a kind of natural
cycle. Plants produce food. Animals eat plants, or they eat other animals that have eaten
plants. When plants and animals die, decomposers break down their remains, leaving
nutrients in the soil. Plants use those nutrients to produce their own food. And so, like a
circle, this cycle of nature goes on and on.
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Fossils
Have you ever made a sandcastle? Did you fill a bucket with wet sand
and then turn it upside down to make a tower? You used the bucket
as a mould. That tells you something about how fossils were made.
They are made of rock, not just sand. The sandcastle lasts only until
the sea comes in over it. A fossil lasts a very long time, millions of years
in fact, but it takes a long time for the rock to form.
Living things have soft parts,
which decay quickly after they
die, and hard parts, which last
longer. You know that there are
hard bones under your softer
skin, muscles and blood vessels.
If an ancient body is dug up it’s
usually just the skeleton and
A fossil of a fish that lived many,
teeth that have survived.
many years ago.
Similarly, the shells of snails and
limpets last longer than the
living creatures inside them. When these creatures die, sand and mud
can cover the shell and start the long, slow process of turning into rock
or stone. The shell is a mould, like the bucket for the sandcastle. In
time, the sand and mud turn into rock that is formed around the shell
and takes on its shape. This is a fossil. It is like a three-dimensional
picture in stone of something that was alive before the rock formed.
Most fossils are small. Look on a pebbly beach (although some beaches
are better than others). On beaches along the Jurassic Coast in Dorset
you have a good chance of finding a stone with a print of a broken
sea shell from long, long ago. You have a small chance
of finding a whole shell
fossil, a dinosaur bone or
even a whole dinosaur!
In Year 2 we first learnt about
The animals are extinct
the dinosaurs and other animals
that have become extinct.
but these fossils help us
learn about them.
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Ammonites are seashells from
animals that are extinct. If you
found an ammonite like the
one on the right, someone
could cut it open and you’d
see how beautiful it is inside,
like you can see on the left.
Plants can become fossils too.
Coal is a plant fossil, for
example. Amber is particularly
beautiful, formed when sticky
resin went solid and eventually
hardened into stone. Sometimes
the resin caught an insect,
which was then preserved
for thousands and thousands
of years.

What can you spot inside these
pieces of amber?

Depending on Each Other
If one part of the cycle of nature changes, other parts
may feel the change. This happened not long ago in
the south-western United States, in Arizona. For
centuries, wolves and deer had lived side by side in the
forests in Arizona. The wolves, which are carnivores
(meat eaters), killed and ate the deer. The deer, which
are herbivores (plant eaters), ate moss, leaves, fruits
and twigs. Then people moved in and began farming
in that part of Arizona. The wolves started eating the
cows and sheep on the farms. To protect their animals,
the farmers killed the wolves. They kept on hunting
the wolves until there were no wolves left.
When farmers killed wolves to protect their cows and sheep, they changed
the balance of nature.
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What do you think happened? Without the wolves to eat some of the deer, more deer
lived. More and more deer went looking for food, and they ate all the green plants they
could find. They even ate the very young trees. As the years passed, no trees grew big
enough to make seeds from which new trees could grow. Finally, there were no plants left
for the deer to eat. The forest was destroyed, and the deer began to starve.
People did not realise that the wolves were an important part of the natural cycle in
their habitat. When this link disappeared, the balance of nature changed. Since then,
people have brought wolves back to northern Arizona and set them free. The number of
deer is decreasing, and the trees are beginning to grow again.
Wolves became extinct in the UK hundreds of years ago because farmers here also killed
them to protect their livestock. Other animals in the UK that have become extinct include
beavers and wild boar. When each of these animals has disappeared from its habitat, the
ecosystem has changed.

A Web of Living Things
You have been learning about cycles of nature. You’ve read about producers, consumers
and decomposers, and how they all depend on each other. You also read about what
happens when part of a natural cycle changes.

These animals all share an ecosystem. Who eats what?
See how many ways one kind of animal depends on another.
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In learning about these things, you have been studying ecology. Ecology is the study of
the relations between living things and their environment – the world around them. (The
word ‘environment’ comes from a French word for ‘all around’.)
In nature, living things depend on each other in an ecosystem, which is another word
for ‘environment’. The pond you have been thinking about is an ecosystem. It includes
the pond itself, the stream that flows into it, and the surrounding woodland, as well as the
community of creatures living in and near the pond, all affecting each other and depending
on each other.
You can imagine an ecosystem as being something like a delicate, invisible web that
holds life together for a group of living things. It changes whenever anything new comes
into the web or anything old leaves it. If one or two strands of the web get damaged, the
web might still hold together. But if too many strands are broken, that web changes its
shape altogether. That is what happened in the Arizona ecosystem when the farmers got
rid of the wolves, and what previously happened here in the UK.
As you can see from the example of the wolves, human beings are part of ecosystems,
too. People are part of the world of nature, and we can do things to affect it. Let’s look at
some of the things people do to the environment.

Hold Your Breath!
Have you ever smelt the exhaust coming out of a lorry or bus? Have you ever seen thick
smoke pouring from a factory’s chimney?
Exhaust and smoke often
contain harmful chemicals that
pollute the air. To pollute means
to make something dirty or
impure or unsafe.
Cars, lorries and some buses
are one cause of air pollution.
Their engines burn fuel, usually
some petrol or diesel oil. From
their exhaust pipes these
vehicles put out harmful
emissions. (Emissions are what
cars and other vehicles put in
the air as a result of burning
300
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fuel in their engines.) Now imagine a city full of cars, lorries and buses, every one of them
burning fuel and releasing emissions. When city air gets so dirty that the sky starts looking
brown, it is called smog, a word made from the two words ‘smoke’ and ‘fog’. If people
breathe in too much smog, it can damage their lungs. When London experienced bad
smog in the 1950s, the law was changed to stop people burning so much fuel with bad
emissions, especially coal for heating. We don’t ever want our cities to get that bad again.
Factories can also pollute the air with their smoke and emissions. There are now laws
in place to regulate pollution coming from factories.

Should You Drink the Water?
Go to a sink, turn on the tap and out
comes a nice clear stream of water. Do
you know where that water comes from?
People get most of their water from lakes,
rivers and water under the ground. If you
live in the countryside, your water may
come from an underground well. This
water is often very pure because it has
passed through layers of sand and soil
and rock that help to filter out particles
and leave the water clean and clear.

Litter pollutes the environment, too.

Cities oen get their water from rivers
and lakes. e city engineers use manmade filters to clean it. en they add small
amounts of chemicals, such as chlorine, to
kill germs. (You’ve probably smelt chlorine
in the water of a swimming pool.)

Of course, we only want to drink water that is clean and pure. But water can get
polluted. Whenever people litter and don’t put their rubbish in the bins, then this litter
can be swept by rain into rivers and lakes so that it pollutes the water and makes the water
dangerous to drink.
In the past, factories could pollute water by dumping chemicals and waste products
into lakes and rivers. Now there are careful limits in the UK about how much is safe.
Sometimes farmers put chemicals, such as fertilizers and pesticides, into the soil, and then
the rain washes these chemicals into nearby rivers, lakes and underground water supplies.
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Too much of these chemicals and other particles would pollute the water and make it
harmful for people and other animals to drink.
In Year 3 we learnt about the water cycle. If water evaporates into polluted air, the water
that comes down as rain and flows into rivers and lakes can also become polluted by the
air. That’s another reason why it’s not safe to drink water straight from rivers and lakes.

The Human Body:
The Skeletal and Muscular Systems
Muscle and Bone
Imagine that you’re eating a nice turkey drumstick.
(Or, if you’re a vegetarian, imagine someone else
eating that drumstick!) The drumstick has skin,
muscle and bone. When you eat the meat, do you
know what you’re eating? You are eating muscle.
Do you know what part of a chicken the drumstick is?
It’s the lower leg. Now touch your own lower leg, which
is also called your calf, between your knee and your
ankle. Your calf has skin, muscle and bone, too. You can
see and touch the skin. You can feel your muscles when you
flex your foot. You can also feel the hard bone of your shin.
ere are two big bones in your lower leg, called the tibia and
the fibula. e bone you feel along your shin is the tibia, the larger
of the two lower leg bones. e fibula is deeper inside your muscle.
See all the muscles in this picture?
Can you feel any of them in your own body?

Bones and Connections
Most of your body is soft and squishy, but not your bones,
which are very hard. Your bones give your body its shape, the
way a stiff clothes hanger gives shape to a floppy shirt. Your
bones also protect the soft organs inside your body.
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Is your skeleton inside or out?
In Year 3 we learnt that insects have an exoskeleton, which means that
their bodies are made of a tough outer layer surrounding softer
insides. Human beings have an endoskeleton, which means that their
soft skin and muscles surround the hard bones inside their bodies.

skull
cranium
shoulder blades
scapula

backbone
spinal column

rib

sternum

humerus

ribcage
radius

hipbone
pelvis

finger bones

tibia

ulna

thighbone
femur
kneecap
patella
fibula

toe bones

All your bones put together
make up your skeleton. From
head to toe, an adult’s skeleton
is made up of 206 bones. That’s
a lot of bones!
Bones come in many shapes
and sizes. The biggest bone in
your body is your thighbone,
also called your femur [FEEmer]. The smallest bone in
your body is a tiny little bone
inside your ear, called the
stirrup. It’s about the size of a
grain of rice!
Lift your arm and bend it.
Your arm bends at your elbow.
Your elbow is a joint. A joint is
a place where your bones come
together. At each joint, the
bones are connected by strong,
stretchy tissue, like big rubber
bands, called ligaments. Joints
make it possible for you to
bend, twist, run, chew, kick a
ball, touch your toes and hold
a pencil. Can you point to some
other joints in your body?
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Touch the tip of
your nose. at tough
stuﬀ you feel is
called cartilage. In
some places in your
body, such as in your
knee, cartilage keeps
bones from rubbing
together. When you
were born, your
skeleton was made of
cartilage. But as you
Can you see in this X-ray where the bones in this
grew up, hard bone
person’s arm come together to bend at the elbow?
replaced the so cartilage.
Let’s learn about your most important bones.

The Skull
The bones in your head are called your skull. Your skull surrounds and protects one of
the most important organs in your body, your brain. The top part of your skull is called
the cranium. It is made up of eight bones that fit tightly together to act like a helmet
around your brain.

The Spinal Column
Run your hand gently down the centre of a friend’s back and feel how bumpy it is. Those
bumps are your twenty-four vertebrae, stacked on top of one another. Stretchy ligaments
join the vertebrae into a long, flexible chain of bones called the spinal column, the spine
or the backbone. A thick pad of cartilage provides a cushion between each vertebra.
When someone tells you to stand up straight, you straighten your spinal column. Your
spinal column helps hold up your head and upper body. Your spine can bend forward,
back and sideways. It can swivel in both directions. All of these movements are possible
because of the way the bones, ligaments and cartilage join.

The Ribs
Start just under your armpits and run your fingers along your sides. Do you feel ribs?
Your ribs connect with cartilage to a hard bone in the centre of your chest called the
sternum, or breastbone. From your sternum, your ribs curve around and connect to your
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spinal column in your back. You have twelve ribs on each side of your body and together
they form your rib cage. Your rib cage is a strong yet flexible set of bones that protects
your lungs, heart and stomach.

The Scapula
How many ways can you move your arms? You can point down to the ground. You can
lift your arms above your head. You can swing your arms forward and back. Your arms
can move in all these directions because of the way they are attached to your body at the
shoulder bone, or scapula [SKAP-yoo-luh]. The word ‘scapula’ comes from the Latin word
for ‘shovel’. Your scapula looks a bit like the blade of a shovel. It’s a big, flat, triangular
bone that joins the arm to the spine. People often call the scapula the shoulder blade.

The Pelvis
When you sit down, stand up, walk or run, you are moving your pelvis. e pelvis is a set of
bones at your hips. Your legs connect to your upper body at the pelvis. e word ‘pelvis’ comes
from the Latin word for ‘basin’ or ‘sink’. If you look at the pelvis on a skeleton, you can see
why that name fits. e bones that make up the pelvis come together in a shape like a big bowl.
e bowl shape of the pelvis protects your intestines and other digestive organs. When a baby
is growing inside a mother’s body, the mother’s pelvis cradles the baby until birth.

Inside your bones
Bones are living,
growing parts of
the body. Bones
feel hard, but
they are not
solid. While the
outside of most
bones is like a
hard shell, inside
the bone is light
and spongy. This
spongy part of your bones contains the substance called marrow.
Red bone marrow produces new blood cells for your body.

305

What Your Year 4 Child Needs to Know

Will You Sign My Cast?

Sometimes bones break, but they do grow back together. To examine a broken bone, a
doctor looks at a special kind of picture taken with an X-ray machine. X-ray machines
use a sort of invisible light, called X-rays, that can travel through muscle but not bone.
This creates a picture that shows the bones inside your body.
Here’s an X-ray image of a boy’s arm after
he broke it. To help it heal, his doctor
carefully lined up the broken pieces of bone.
Then she put a cast around his arm. He had
to wear the cast for six weeks to hold the
bone in place and protect it while new bone
cells were growing.
This X-ray shows a broken arm.

Many Muscles
Let’s pretend that you’re a powerful Olympic athlete. Now,
show me your muscles – stand up, stretch out your arms,
then bend them at the elbow as you curl your fists towards
your head.
When you do that, you are tightening the muscles
on the upper part of each arm, called the biceps [BUYseps]. So you’ve shown me two of your muscles. But did
you know you have about 650 muscles in your body?
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Some muscles, such as the ones in your
ears, are as tiny as a thread. Other
muscles, such as the hamstring muscles
in the back of your leg, are thick and
wide. Where do you think your biggest
muscle is? It’s called the gluteus maximus
[GLOO-tee-us MAX-i-mus], and it’s the
muscle you sit down on (your bottom).
You use your muscles when you walk,
run, jump, swim, skate, ride a bicycle,
play tennis or football. Every time you
move, you use your muscles.

You use hundreds of different
muscles when you play tennis or
any other sport. Exercise helps
keep your muscles strong.

Even when you’re not exercising, you
use muscles. When you read, your neck
muscles hold your head up and your eye
muscles move your gaze across the page.
When you smile, you use about fifteen
different face muscles. When you frown,
you use more than forty different face
muscles. So smile – it’s easier than frowning!
When you move, your muscles work in
pairs. When you bend your arm, you
tighten your biceps, while another muscle
on the lower part of your arm, called the
triceps, relaxes. Can you point to the
biceps and triceps in this picture? Can
you feel them in your arm?
When you stretch your arm out
straight again, the opposite occurs: the
biceps relaxes and the triceps tightens.
That’s how many muscles work in your
body. When one pulls tight, a companion
muscle relaxes.

See how, when you bend your arm, your biceps muscle tightens.
When you straighten your arm, your biceps muscle relaxes and
your triceps muscle tightens. Try it.
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Voluntary and Involuntary Muscles
When you tighten your biceps, you use
voluntary muscles. Voluntary muscles are the
ones you can control. You can choose whether
to make a header, kick a ball or raise your hand
or sit down. Whenever you do these things, you
are using voluntary muscles.
But your body also depends on many muscles
that move whether or not you want them to.
These are called involuntary muscles. For
example, your heart is an involuntary muscle. It
keeps on pumping blood without your telling it
when to do so. Involuntary muscles in your
intestines work automatically to help you digest
the food you eat. Involuntary muscles work all
the time, whether you’re awake or asleep, and
whether or not you think about them.
This boy is using voluntary muscles to
jump for the header, as well as other
involuntary muscles inside his body.

Connecting Muscles and Bones
Muscles make you move by pulling on the bones of your
skeleton. To do this, the muscles must be attached to the
bones. Throughout your body, strong fibres called tendons
connect muscles to bones.
Your largest and strongest tendon is called the Achilles
[a-KIL-eez] tendon. It connects your calf muscle to your heel
bone. It’s easy to find your Achilles tendon. Gently pinch the
back of your foot, just above your heel. Do you feel something
like a strong, tough rope? Wag your foot up and down and
feel how the Achilles tendon stretches and relaxes.
The Achilles tendon stretches from the calf to the heel.
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Why is it called the Achilles tendon? A myth from ancient Greece tells of a boy named
Achilles who was destined to become a great
warrior. When he was a baby, his mother
Read more myths
dipped him in the river Styx. She believed its
from Ancient Greece
water would protect him from all harm. But
starting on page 52.
when she dipped him, one part of his body
never touched the water – his heel, by which
his mother was holding him upside down in the river.
Achilles grew up to become the mightiest and most feared warrior in the Trojan War.
It seemed that no sword, spear or arrow could harm him. But when a poisoned arrow
pierced his heel, he died. Today people still use the phrase ‘Achilles’ heel’ to refer to a
person’s special weakness.

The Human Body:
The Brain and Nervous System
Your Powerful Brain
Cerebellum

Cerebrum
Inside your body there’s an organ that
you use to think, talk, listen, look,
hear, smell, taste, dream, feel, make
decisions and remember. Sounds like
a computer, phone, camera, television
and scrapbook all rolled into one,
doesn’t it? It’s your brain, which
connects with your nerves to do all of
these things.

Medulla

The human brain has three main parts.

Your brain is in charge of everything
you do. It’s like the prime minister of
your body. It keeps your heart beating.
It makes sense of the information
coming to it from your sensory
organs – your eyes, ears, nose, tongue,
and skin. It sends orders all over your
body. It stores information in memory,
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such as the aroma of orange peel, your best friend’s favourite colour or the way to solve
the maths problems you learnt last week.

A curious fact
A groove runs down the middle of your
cerebrum and divides it into two halves: right
and left. Here’s an interesting fact: the right
half of your cerebrum controls the left half
of your body, while the left half of your
cerebrum controls the right half of your body.
This model shows the two halves of the
cerebrum from above.

The human brain is a pinkish-grey, wrinkled, spongy organ. An adult’s brain weighs
about three pounds. The brain is divided into three main parts, which you can see in the
picture on the last page. The cerebrum [seh-REE-brum] is by far the biggest section, about
nine-tenths of your brain. Most brain activity takes place in the outer layer of the
cerebrum, called the cerebral cortex. It’s full of deep, wiggly grooves. Different parts of the
cerebrum do different things. Some parts understand speech, other parts store memories,
others control how hungry you feel, others control eye movements, and so on.
Deep in the back of your brain lies the cerebellum [ser-ee-BELL-um]. It coordinates
your balance and movements. When you first ride a bicycle, for example, you have to
concentrate really hard. Soon you learn to balance and move your body easily, without
even thinking about what you’re doing. When that happens, your cerebellum is in control.
The medulla [me-DULL-lah] or brain stem, lies even deeper than the cerebellum. It
controls involuntary body functions. What are some involuntary body functions you can
think of? Did you think of your heartbeat, breathing or digestion?

You’ve Got Nerves
You’ve probably seen telephone lines running from pole to pole, carrying messages back
and forth from homes and businesses the world over. If you imagine your brain as your
central communications headquarters, then you can think of your nerves as the wires
running throughout your body.
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The medulla connects your brain to a thick bundle of
nerve fibres called your spinal cord. The spinal cord
runs through your backbone, through a hole in each
vertebra. The spinal cord connects to many nerves that
stretch throughout your body, branching
out to your legs, arms, toes and fingers.
Your nerves carry messages back and
forth to and from your brain. How does
this work? Let’s see what happens in the
nervous system when you lean down
towards a rose. First your eyes send
signals along special nerves to the brain.
Your brain recognises the image of a
flower, then compares the image with
others in your memory and recalls that
this kind of flower often has a pleasant
smell. Your brain sends signals
through your spinal cord and nerves
What signals might be travelling
to many muscles, giving the orders
through this boy’s nervous system?
that make you bend closer to the
flower. Your brain then sends a
message to breathe in deeply. The scent of the rose comes into your nose, then signals of
that scent travel through nerves to your brain. Ah, the sweet smell of a beautiful rose!

Reflex Responses
Imagine that you’ve just sniffed that lovely rose. You reach to bring the flower closer to
you when suddenly a sharp thorn pricks your thumb. Without thinking, you jerk your
hand away.
When this happens, it is called a reflex action. Reflex actions happen almost instantly,
without the brain’s sending a message to perform the action. When you touched the sharp
thorn, a signal of pain raced from your finger to your spinal cord, which then sent back an
immediate command to your muscles, saying, ‘Get back!’ Your body didn’t wait for your
brain to receive the pain message and respond to it. Instead, your reflexes took over and
saved you from feeling even more pain. Your reflexes will work the same way if, for example,
you accidentally touch something hot, such as a dish that’s just been taken out of the oven.
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Has a doctor ever tested your reflexes? Try this.
Sit in a chair and cross one leg loosely over the other.
Ask someone to give you a gentle tap just below the
kneecap. If the tap comes gently in just the right
place, your leg will kick out automatically. You
didn’t have to think about it – it’s a reflex.
When is the last time you sneezed? That was a
reflex, too, as is blinking.
A doctor may use a soft rubber hammer
near your knee to test your reflexes.

Light and Vision
Fast and Straight
You walk into a dark room, flick on the light switch and, presto, the room instantly fills
with light. It seems to happen all at once. That’s because light travels fast – amazingly fast!
The speed of light is 186,000 miles per second. Light travels so fast that in the time it takes
you to blink your eyes three times, light could travel to the moon and back!
Rays of light travel in straight lines. You can see this by making shadows. In a darkened
room, shine a desk lamp or flashlight at a wall. Now hold this book in front of the light.
What happens? The light doesn’t bend or curve around the book. Instead, the book blocks
the rays of light, which are travelling in straight lines. That’s why you see the shadow of
your book on the wall. You can also make shadow figures using your hands. See how many
different figures you can come up with!
Your book or hand does not let light pass
through it because it is opaque [oh-PAKE].
Opaque materials block light. A wooden
door is opaque. So is a metal can. Can you
name some other things that are opaque?
Can you make a shadow figure like this
using one hand? Your hand blocks
the rays of light and casts a shadow.
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Some materials are the opposite of opaque: they
are transparent. Transparent materials are clear.
You can see through them. They let light pass
through almost unchanged. Glass and water
are transparent.
You can only see these fish
because both the glass bowl
and the water are transparent.

Mirrors Flat and Curved
When you need to look your best, you wash your face, comb your hair, then look at your
reflection in a mirror, right?
A mirror reflects light, which means that the light that hits it bounces back. How does
this happen? First the light passes through the transparent glass part of a mirror. The back
of the glass is coated with a special silver paint. When the light hits the silver surface, it
bounces back through the glass. Shine a torch at a mirror, and you can see how almost all
the light is reflected.
e mirrors that hang on the walls at home or school are flat mirrors. A flat mirror is also
called a plane mirror (like in maths, where plane figures are flat, two-dimensional shapes).
When you look in a plane mirror, you see a reflection that looks almost exactly like yourself.
But even though you see a clear image of your smiling face, the image is reversed. If you
hold this book up to a mirror, the writing will look backwards. But if you hold backwards
writing up to a mirror, you can read it! Use a mirror to read this secret message:

?si ht ekil e man r u oy eti rw u oy na C
Some mirrors are made with curved glass. Mirrors that curve inwards are called
concave. (To help remember this name, think of a ‘cave’ as something hollow.) The inner
surface of a shiny spoon can work as a concave mirror, because the surface curves inwards.
Concave mirrors make objects appear larger than they are. This also happens with some
car rear-view mirrors.
Mirrors that curve outwards are called convex. Have you ever seen your face reflected
in a shiny ball, like a Christmas tree ornament? The surface of the ornament curves
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Have you ever seen yourself in funfair mirrors?
These ones make this street look quite funny!
outwards, so it works as a convex mirror. It collects light rays from a wider area and
reflects them to your eyes as a smaller image. Objects reflected in a convex mirror look
smaller than they really are.
Funfair mirrors can make people look very tall, very short or like they have some very
strange shapes. How do these mirrors work? The reflection you see is made of light rays,
bouncing back to your eyes. Funhouse mirrors are curved – concave and convex shapes –
so they bounce light rays back in odd directions.
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Lenses
Put an apple in a bowl of water. What do you see?
From the side, like in this picture, the part of the
apple that’s underwater looks a lot larger than
the part above the surface, doesn’t it? Why?
What do you see when looking from the top?
This apple floating in a bowl of water
looks a bit odd because the light rays
speed up and change course just a bit as
they move between the water and the air.
Whenever you see something, you are seeing light rays bouncing off it. The light travels
from the apple, through the water and the glass, then through the air before it reaches
your eyes. Transparent materials allow light to pass through, like we saw with the fish in
the glass fishbowl of water on page 313. But light moves less quickly through transparent
materials than through air. So, water and glass slow light down much more than air,
which you can see particularly well when your apple is half-in and half-out of the water.
The light rays change course just a little when they move from water to glass, then from
glass to air. It is called refraction. Light leaving the water is bent closer to the surface.
Those slight changes in the course
of the light rays travelling between
What’s heat haze?
the apple and your eyes make the
partly-submerged apple look crooked
Sometimes on an extremely hot
and misshapen.
day you can see ‘heat haze’. This is
when some air gets hotter or more
humid than the rest and changes
the speed of light. Light rays get
bent as they pass through and
things beyond the haze look
distorted or ‘hazy’. It doesn’t often
become hot enough for this to
happen in the UK, but perhaps you
can see heat haze if you are abroad
in Spain, America or other hot
countries in summer!

Now try putting a pencil in a
straight-sided glass that is half full of
water. What do you see? Does it also
look crooked when seen from the
side? When looking from above,
things in water appear shallower than
they really are.
The top of the water is flat but the
area where it touches the glass is curved.
A curved, refracting surface is a kind
of lens.
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Lenses, lenses everywhere! Can you name each of these things with lenses?

Sometimes we want to change the path of light rays coming from the things we are
viewing in order to see them better. For that, we use things called lenses. If you have
looked through a magnifying glass or binoculars, or if you wear glasses, then you
have looked through lenses.
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A lens is a curved piece of transparent material, usually glass or plastic. We say that a
lens ‘bends the light’, but actually, the curve of the lens makes the light rays change course.
That’s how a magnifying glass works.
When you hold a magnifying glass at the
We looked at pictures taken
right distance from a book, the words
through microscopes and
learnt about Antonj van
come into focus and look bigger. The
Leeuwenhoek’s in Year 3,
light rays coming from the page of the
and we’ll look at pictures
book have travelled through the lens glass
taken through telescopes
and changed course slightly to appear
on pages 341 and 344.
larger to your eyes. They look as if they
have come from a larger book.
Lenses can make things look bigger or smaller. Have you ever looked through a pair of
binoculars? Binoculars use lenses to make faraway things look bigger. But what happens
when you look through binoculars the wrong way around? ey make things appear smaller.
Because of lenses, we can see the world better than we ever could with only our eyes.
Lenses in telescopes help us see things far away, as far away as the moon, planets and stars.
Lenses in microscopes help us see tiny things close-up, including things we cannot see
with our eyes alone, such as the cells in our body or the little creatures that live in a drop
of pond water.
Now go back to the pencil
in the glass of water. Without
the water, the pencil in the
glass looks ordinary. It’s not
the glass that is changing its
appearance. Add the water
and the pencil, seen from the
side, looks thicker in the part
that is underwater. The water
acts as the lens. Now take the
pencil out and hold it behind
the glass of water. Does that
change how it looks? You
might move the pencil le and
see it appear to move right.
But tip the water away and the
glass is no longer a lens.

Hunt for old windows
But aren’t windows made of glass? Why
don’t windows bend the light and make
things look funny? The two sides of a
window, the inside and outside, are
parallel. (Do you remember parallel lines
from Year 3?) Light entering the glass from
the air gets bent but it gets straightened
again as it leaves. Some very old windows
aren’t perfectly parallel. What you see
through them gets distorted. See if you can
find some of these windows near where
you live in old or historic buildings!
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What Colour Is Light?
What colour is sunlight? You might think
it has no colour at all, but scientists call
the light that comes from the sun white
light. What’s amazing is that the white
light of sunshine is actually made up of
all the colours in the rainbow!
You can prove it if you have a prism,
which is a wedge-shaped piece of clear
glass. If you hold the prism near a sunny
window, the light will shine through and
make a rainbowlike band of colours.
When light goes through a prism, the
glass slows it down and changes its
course. We say the light is refracted. The
prism bends the rays of light, but the rays
of each colour bend differently so we can
see all of the colours coming out the other
side of the prism, like in this picture. Red
bends the least and violet bends the most.
This shows that, even though light may
appear to be white or colourless, light is
really made up of all colours.

A prism separates white light into
the spectrum of colours: red, orange,
yellow, green, blue, indigo and violet.

How Your Eyes See
Close your eyes and what do you see? Nothing, of course! But why? You might say,
‘Because my eyes are closed, silly!’ Or you could answer: ‘Because no light is coming into
my eyes.’
You see things because light bounces off them, and then this light enters your eyes.
Another way of saying this is that things reflect light, and we see the reflected light. But
that’s just the beginning. Let’s find out what happens when you see.
Look at the picture of the eyeball and its parts. Rays of light first pass through your cornea
[KOR-nee-uh], a transparent covering on the outside of your eye. (Remember, ‘transparent’
means ‘clear’ or ‘see-through’, like glass.) Next the light goes through the pupil, which is a
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Somewhere over the rainbow
Is there a pot of gold at the
end of a rainbow? Rainbows
are so unusual and beautiful
that you almost want to
believe the magical stories
about them. When you see a
rainbow in the sky, you see
sunlight reflected off water
droplets in the sky. The
droplets work like prisms to
refract the sunlight and
separate it into a combination of colours called the spectrum. The
colours of the spectrum always appear in the same order: red, orange,
yellow, green, blue, indigo and violet. You can use a funny sentence to
help you remember that order: Richard Of York Gave Battle In Vain. The
first letters of each word spell ROYGBIV, which reminds us of the order
of the colours in a rainbow. On a sunny day, you can make a little
rainbow by turning on a hose and putting your thumb over the end to
make the water come out as a mist. When the light bounces off the
droplets of mist, you should see your own little rainbow.

Cornea

Eyebrow

Eyelash

Iris

Pupil

The parts of an eye.
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Optic Nerve

Cornea

Pupil

Iris

Lens

Retina

hole in the middle of the iris. The
iris, the coloured part of your eye,
helps the pupil open and close.
On a bright sunny day, the iris
makes the pupil grow smaller to
let in less light. In a dark room,
such as a theatre, the iris makes
the pupil grow wider to let in
more light. (By the way, the iris is
an involuntary muscle – it works
without your thinking about it.)

A cross-section of the eyeball.

Look deep into my iris
The iris, the colourful part of your eye, gets its name from Iris, the
goddess of the rainbow in ancient Greek mythology. Look at your eyes
in a mirror. What colour are they? Brown, blue, green? The parts of your
eye that you can see make up only a small portion of the entire eyeball.
Much of the eye is inside the skull, protected behind hard bone.
The pupil opens and closes to let
more or less light into the eye,
responding to the amount of light
coming into it. Which picture shows
the eye on a bright, sunny day?
Which shows the eye in a dark room?
Want to see your iris at work? Go into
the bathroom and turn the light on.
Look at your eyes in the mirror and
see how small the pupil is (the black
circle in the centre of your eye). Now
turn the light off and count slowly to
20. Flick the light back on and –
quick! – Iook at your pupils. They
grew larger in the dark, because of
the work of the iris muscle.
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After light rays pass through the iris, they go through the lens. Muscles attached to the
lens change its shape just a little bit, to help the lens focus. The lens focuses the light rays
onto the surface at the back of the eyeball, called the retina [RET-in-ah].
Inside the retina, light rays change into electrical signals. These signals travel along the
optic nerve to your brain. The brain makes sense of the signals and recognises the image
as, for example, a tree, cat, car or the letters on this page. It all happens so fast you don’t
even notice. All you do is open your eyes and see.
Lens
Image

Retina

Light passes through the lens in the eye
and makes an upside-down image on the retina.
Then why don’t we see things upside down?
Because the brain turns that image right side up. Smart brain!

Getting in focus
In some people’s eyes, the lenses don’t change and focus as well as they
should. Those are the people who need glasses. A person who can see
things close-up but needs glasses to focus on things far away is called
near-sighted. A person who can see things far away but needs glasses
to focus on things close-by – in order to read, for example – is called farsighted. Glasses made of differently shaped lenses correct each of those
seeing problems.
There are even glasses designed to help people see both far away and
close-up. They are called bifocals. Can you guess why? Here’s a hint: The
prefix ‘bi-’ means ‘two’. Bifocal glasses are made from two differently
shaped lenses. They help a person’s eyes focus in two different ways, to
see close-up and to see far away.
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Sound and Hearing
Good Vibrations
An alarm clock rings, a dog barks, a voice
calls: ‘Time to get up.’ Every day is full of
familiar sounds. But what exactly is sound?
Sound is caused by a back-and-forth movement called vibration. Try this. Close your lips
and hum. While you’re humming, feel your throat under your chin. Do you feel a tingling?
It is caused by something moving back and forth very fast. When you hum, the vocal cords
in your throat are vibrating back and forth, which makes the air around them vibrate. ese
vibrations of air strike your eardrums and make them vibrate, to create the sound you hear.
Here’s a way you can see how sound makes the air vibrate. Stretch a piece of cling film
over the surface of a bowl and fasten it tightly with a rubber band. Sprinkle a few grains
of dry rice, salt or sugar on the film. Now take a big pan, hold it near the bowl and strike
it with a spoon a few times. Do you see the grains jump when you hit the pan? That is
because the pan is vibrating, which causes the air and then the plastic to vibrate. We call
the vibrating air sound waves. When you hit the pan, sound waves travel through the air
and cause the plastic to vibrate, which in turn makes the grains jump.
Sound waves move out from a vibrating object in all directions, making the air move
back and forth in a way that we can’t see. Sounds compress and decompress the air,
pushing and then relaxing, making invisible vibrations. Those back-and-forth vibrations
spread out from the source that made them, getting weaker as they get farther away. That’s
why you hear your friend standing right next to you more clearly than you hear someone
calling from across the street.

What Does Sound Travel Through?
Sound can travel through all kinds of matter: through gases, through liquids and through
solids. Every time you speak, you prove that sound travels through gases, since the sound
of your voice is travelling through air, which is made of gases like oxygen. Lightly touch
your fingertips to the side of a speaker when the sound is coming out. Try it with an iPod
stereo speaker, television or radio. Do you feel the vibrations?
Can you think of an example that proves sound travels through liquid? Have you ever
heard someone’s voice underwater in a swimming pool? It sounded funny, but you could
hear it. That sound was travelling through a liquid. Some animals, like whales and
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dolphins, depend upon sound
that travels through the water.
Whales sing underwater and can
hear each other from more than a
mile away.
At first, you might not think that
sound travels through solids, since
we build walls to keep out sounds.
But in your room, sometimes you
hear laughter or talking from the
room next door, don’t you?

Humpback whales sing and
communicate underwater because
sound can travel through liquid.

Try this. Drum your fingers on
a table. Now rest your ear right
on the table’s surface and drum
your fingers on it again. Doesn’t it
sound louder? That’s because
the sound is travelling through
the solid table.

Voices from a distance
Our word ‘telephone’ comes from two old Greek words: tele, which
means ‘at a distance’ and phone, which means ‘sound’.
You can make your own telephone that will let you hear a friend’s voice
at a distance. You’ll need two paper or plastic cups, two paper clips and
about five metres of string or strong thread. Have an adult help you poke
a small hole in the bottom of each cup. Stick one end of the string into
each hole, and knot it tightly around a paper clip. You take one cup and
your friend takes the other. Walk apart from one another until the string
stretches out straight and tight. Now when you whisper or talk into your
‘telephone’, your friend should be able to hear you through it.
How does this work? Remember, sound can travel through solids. When
you talk into the cup, you make it vibrate. The vibrating cup makes the
string vibrate. The vibrating string makes the bottom of the other cup
vibrate. Those vibrations go into your friend’s ear, and that’s when your
friend hears the sound of your voice.
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The Speed of Sound
Remember how fast light travels? Faster than anything else – an amazing 186,000 miles
per second. That’s about 300,000 kilometres per second, or about 300 million metres per
second! Sound travels much more slowly than light. In warm air, sound travels at about
340 metres per second, or about 770 miles per hour. Of course, that’s still very fast
compared to a car going 70 miles per hour on the motorway! But there are jet aeroplanes
that can fly as fast as the speed of sound. We say that they ‘break the sound barrier’. In
2012 the first man jumped and fell faster than the speed of sound. He survived because
he had a special space suit and parachute.
Here’s an example that shows how light travels faster than sound. During a
thunderstorm, a crash of thunder and a bolt of lightning happen at the same time.

Twice the speed of sound
In 1962, British and French designers
began a plan to take people as fast
as possible around the world. They
chose to build a supersonic airliner,
which they called the Concorde. The
sleek shape, sound and name of
Concorde became very popular and easily recognisable, and often
people would pause what they were doing to watch one fly by.
What made a Concorde special? It was very, very fast. It could
travel faster than sound, twice as fast in fact. It could travel faster than
the Earth spins, so passengers going west would arrive in New York
earlier in the day than when they set off in London. They seemed to
be travelling back in time! The flight took about three hours, which
was under half the time that it took an ordinary aeroplane. It helped
that the Concorde was stylish too, with graceful curves to help it move
through the air.
The last Concorde passenger flight was in 2003. Why did it stop? Mostly
because to go so fast meant burning such a lot of fuel. Since there
weren’t many of this type of aeroplane, looking after them was also
expensive. The remaining Concordes are now in museums.
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When you’re far away, though, you see the lightning before you hear the thunder. Why?
Because the light travelled much, much faster to your eyes than the sound did to your
ears. How far away? Since sound travels through air at 340 metres per second, three
seconds is about a kilometre and five seconds is about a mile.

Loud and Quiet
If you’re listening to digital radio and your favourite song comes
on, you might say, ‘Turn it up!’ and increase the volume.
When you turn up the volume, you are making the sound
louder. A scientist might say that you are increasing the sound’s
intensity. How far away you can hear a sound depends on its
intensity. A quiet sound, like a whisper, doesn’t travel very far.
But a really loud sound can travel for hundreds of miles. More
than a hundred years ago, when a volcano exploded on the
island of Krakatoa, the sound could be heard in Australia,
almost three thousand miles away!
How would you arrange the sounds below in order of
intensity, from quietest to loudest?
Big Ben
(or church bells)

A rocket
blasting off

A doorbell

A cat
miaowing
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High and Low
Pretend that you’re an opera star. Sing the
highest note you can sing. Now sing the
lowest. When we describe how high or low
sound is, we are talking about the sound’s
pitch. A bird singing makes a high-pitched
sound. A dog growling makes a low-pitched
sound. Think of a flute and a tuba. Which
instrument makes high-pitched sounds?
Which makes low-pitched sounds?
When you sing a high note, your vocal
cords vibrate very fast, hundreds of times
a second. When you sing a low note,
your vocal cords vibrate more slowly. Faster
vibrations make a sound with a higher
pitch. Slower vibrations make a sound with
a lower pitch.

How high is the highest note
you can sing?
See more about high
and low pitches in
the Music chapter.

Try this. Take a large rubber band and loop it around a drawer knob. Pull it tight and
pluck it. Now loosen it and pluck it again. Can you hear the difference? When it’s pulled
tight, the rubber band makes a higher-pitched sound. Is the rubber band vibrating faster
when it’s loose or when it’s pulled tight?

Your noisemaker: the larynx
You carry a noisemaker around with you wherever you go. It’s called
your larynx [LA-rinks], or voice box, and it’s in your throat. When you
felt your throat and hummed, you were feeling the vibration of
your larynx.
How does your body make a sound? Air travels from your lungs and past
your vocal cords, which stretch open and shut like two thick rubber
bands inside your larynx. You use muscles to relax or tighten your vocal
cords, which changes the pitch of your voice from low to high. You use
your tongue, teeth and lips to form words.
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How the Ear Works
Sound Wave

Eardrum: handle with care
The eardrum is a delicate, airtight
seal. Never poke anything long or
sharp into your ear, because
it could damage your eardrum.
Extremely loud sounds can
damage the eardrum, too. If
sounds are loud enough to feel
uncomfortable, it’s time to move
somewhere quieter or turn the
volume down. Damaged eardrums
are hard to heal. Without healthy
eardrums, you won’t hear well.

Auditory Nerve
Cochlea
Ear Bones

Ear Canal

Eardrum

A cross-section of the ear.
Let’s find out what happens when sound
waves enter your ears.

If you look at someone’s head, you see the outer ear. The outer ear is made of cartilage.
Nature has cleverly designed the outer ear to catch and direct sound waves through an
opening into the ear canal.
The vibrations travel through the air
Read how the dwarf Sindri
inside the ear canal to the eardrum. Like
used an anvil on page 51.
a drum, the eardrum is made of thin
tissue stretched tightly across an opening.
Each of your eardrums is only about as big as the fingernail on your little finger. Sound
waves enter the ear and make the eardrum vibrate.
Next, those vibrations travel through three bones deep inside the ear. They’re called
the hammer, anvil and stirrup. These are the tiniest bones in your body. They get their
names from their shapes. The hammer looks like a tiny hammer. The anvil looks like an
anvil, the heavy iron surface that a blacksmith uses. And the stirrup is shaped like a stirrup,
the metal loop below a horse’s saddle for the rider’s foot.
Vibrations are passed from the hammer to the anvil to the stirrup, and then on to the
cochlea [COC-lee-uh]. The cochlea is a spiral. Can you find it in the picture? Does its
shape remind you of a certain animal? (‘Cochlea’ comes from the Latin word for ‘snail’.)
The cochlea is filled with liquid, which vibrates as sound enters. When the liquid
vibrates, it shakes tiny hairs inside the cochlea. The hairs are connected to nerves that
send signals to a big nerve called the auditory nerve. The auditory nerve carries the signals
to the brain and – ta-dah! – you hear the sound.
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Astronomy
The Universe: Big and Getting Bigger!
On a clear night, go outside and look up at
the sky. What do you see? Is the Moon
shining? Are the stars twinkling?

We call the science of outer
space, planets and stars
astronomy. That word comes
from the Greek word astron,
which means ‘star’.

There you are, a single small person on
this planet called Earth, looking up into the
vastness of space. It seems to go on forever.
But for every star you see, there are billions
more you can’t see. On and on the universe
goes, stretching out in all directions, farther and bigger than anyone can imagine.
The stars in the universe are grouped
into huge galaxies, which are groups of
stars that are held together by gravity
(we’ll learn more about gravity later in
this chapter). Some galaxies, like ours, are
spirals, like paper windmills. Others look
like oozing blobs of light.

Read more starting on
page 354 about Caroline
Herschel and Isaac Newton,
after whom these space
observatories were named.

Our Sun is only a
single star among the
billions of stars that
make up the galaxy we
live in, which is called
the Milky Way. Why is it
called the Milky Way?
On a dark, moonless
night, away from cities,
you can sometimes see a
fuzzy, milky-white stripe
running across the sky.
That white stripe is made
up of the billions of stars
in the Milky Way.
The Andromeda Galaxy, taken by the European Space
Agency’s Herschel and XMM-Newton space observatories.
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Beyond the Milky Way, there are billions more stars in the galaxies that are our closest
neighbours. One of our close neighbours is the Andromeda galaxy, but don’t expect to
travel there soon. Even though Andromeda is closer to us than most other galaxies, it is
2½ million light-years away. That means that light travelling from Andromeda to Earth
takes 2½ million years to arrive! We are looking far, far back into Andromeda’s history.
If anything were watching us now from there, it would be seeing the earth as people started
making tools out of stone.
Beyond Andromeda, there are still billions more galaxies. Astronomers – the scientists
who study outer space – have made an amazing discovery. All these billions of galaxies
are flying out and away from each other. In other words, the universe is getting bigger!
When astronomers observed how galaxies seem to be flying away from each other,
they came up with a theory – an idea or an explanation, based what they had found out –
for how the universe began. Their idea is called the Big Bang theory. Scientists will use
this explanation until a better one replaces it. About 14 billion years ago all the matter in
the universe was packed into a super-dense ball. No one knows exactly what it was or why
it happened, but something caused this ball to explode with a big bang. The explosion
sent chunks of matter flying out into space. Eventually, this matter became the stars,
planets and everything else in our universe.
Just think! All matter came from that super-dense ball that exploded billions of years
ago. And since you are made of matter, that means you are made of the stuff of stars!

How Do We Learn About Outer Space?
Astronomers learn about distant
planets, stars and galaxies by
looking
through
powerful
telescopes, made of lenses and
mirrors that let the human eye
focus on objects far, far away.
As soon as the first telescopes were
invented, in the 1600s, people
began to observe the stars and
planets more closely. What they
learnt also taught them a lot about
this planet of ours called Earth.
The observatory at La Palma in the Canary Islands is set faraway from bright
lights and high on a hilltop so it will be above many of the clouds.
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The biggest telescopes need to be in
Read about some
special buildings in faraway places, where
important, pioneering
city lights don’t make it hard to see out into
astronomers starting
the night sky. The Royal Observatory at
on page 352.
Greenwich outside London is a historic
observatory but, as the city grew bigger, it
became harder to view the stars from there. Other observatories around the world in the
Canary Islands and in Hawaii have better luck seeing the night sky with their faraway
locations and good weather.
Today’s astronomers also use another kind of telescope, called a radio telescope. That
doesn’t mean they listen to radio programmes from far away. Remember X-rays for
looking at bones? Radio waves are another sort of invisible light. Faint signals from distant
stars can be detected with a big, reflective dish and special equipment. They gather
information that might not be seen through telescope lenses.
The first person in space
was a Russian, Yuri Gagarin,
whose rocket took him into
orbit in 1961. The Americans
Neil Armstrong and Buzz
Aldrin were the first people
ever to set foot on the moon
(see the photo on page 339),
and several other American
astronauts also travelled to
the moon between 1969 and
1972. They made everybody
think differently about how
much people are able to
achieve.

The Hubble Space Telescope has been important
in helping us learn more about astronomy.
330

NASA, the American
space agency, built a reusable
spacecraft called the Space
Shuttle. Astronauts could land
it like an aeroplane rather
than parachute into the ocean.
From 1981 to 2011 it flew
many missions to deliver
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scientific equipment or work on satellites. In 1990, the Space Shuttle put the Hubble Space
Telescope into orbit about 370 miles above the Earth. Up there, it is outside the Earth’s
atmosphere which could bend the light like the water in the glass experiment on page 309.
The Hubble Space Telescope is about as big as a bus. It weighs as much as two adult
elephants, or about twelve tonnes! It uses a concave mirror three metres across to collect
light from faraway stars, then radios information about that light back to Earth. It provides
us with many beautiful pictures of space.
There are useful experiments that can be done in the weightless conditions of orbit. To
let people live in space for many weeks on end, countries have worked together to build
space stations. The International Space Station crosses the sky most days. If you can track
it with binoculars you may be able to make out its outline.
Two shuttle missions ended disastrously when all the astronauts died. Their job is
dangerous and requires bravery as well as fitness and scientific skill. It also takes a long
time. Travel to Mars takes months. No food grows there, so astronauts would either have
to take all their food with them or
work out a way of growing it. They
would also need enough air and water
to last, again unless they could make
their own. Planning to live on Mars
would be like planning to live
underwater or in the frozen Antarctic,
only harder and with less chance of
coming home.
Since robots and machines are
capable of sending back pictures
and information, astronomers also
learn a great deal from unmanned
space probes. These spacecraft carry
cameras, computers and scientific
instruments far into space. They send
radio signals back to Earth.
Sometimes astronomers turn those
signals into pictures, like postcards
sent from outer space!

Space Shuttle Endeavour launched in
2008 and carried astronauts to work
on the International Space Station.

One mission was called Galileo after the Italian scientist you’ll read about on page 353.
This spacecraft started to orbit Jupiter in 1995 after a voyage of six years from Earth
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starting on board a shuttle. It dropped a probe
to the surface of the planet and flew as close as it
could to the moons. Much of what we know
about the huge volcanoes on the moon Io and
what may be an ice-covered ocean on Europa
came from this mission.
In 2006, the spacecraft Venus Express reached
its target planet and has sent back pictures and
information, suggesting volcanoes, lightning and
hurricanes on or above Venus’s surface. It does
not sound like an easy place to live.
An image from the Galileo mission of active
volcanic plumes on Jupiter’s moon Io.
During 2012,
the
Curiosity
mission landed a
rover on Mars.
The landing was
so successful that the rover, like a robot car filled with
scientific instruments and cameras, was able to drive about
on the surface, finding out about Mars’s rocks, soil and
atmosphere.
Voyager 2 left Earth in 1977. It passed close to Jupiter,
Saturn, Uranus and Neptune and is still going. After
photographing the planets and their moons, it is now
concentrating on small particles even farther away in space.
The Curiosity rover.

Our Solar System
When we say ‘solar system’, what do we mean? We mean all the planets, moons and other
heavenly bodies that circle around our Sun. ‘Solar’ comes from the Latin word ‘sol’, which
means ‘sun’. ‘System’ means a group of things that move and interact with each other. So
the ‘solar system’ is the group of planets that move in circles around our Sun.
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Hundreds of years ago, people believed that the Sun,
the stars and the other planets circled Earth. It made
Read more about
sense. We saw everything crossing the sky every
Copernicus and his
night. A Greek astronomer called Aristarchus
ideas on page 352.
suggested that Earth circled the Sun, but his idea
didn’t catch on. Then, in the 1500s, a Polish
astronomer named Nicolaus Copernicus [ko-PERN-ick-uss] argued that the Sun appeared
to move across the sky because the earth was spinning right round every day. The planets
were in a system with the Sun, not the Earth, in the middle – a solar system. Not many
people believed Copernicus during his lifetime, but today no one would argue with him.

Our solar system
The Sun is a star like other stars you see at night. The Sun looks bigger and brighter
than other stars because it is closer to us. Even though it’s the closest star, the Sun is still
93 million miles from Earth.
You know that light travels fast. When you turn on a light, think how fast its light
reaches your eyes. For the Sun’s light to travel 93 million miles to reach us here on Earth,
it takes about eight minutes.
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How big is Earth compared to the
Sun? Look at this picture. Very
occasionally the planet Venus appears
in front of the Sun, which you can see
as the black dot on the sun in this
picture. Venus is about the same size
as Earth, but Venus is three to four
times closer to the Sun than the Earth.
Look how small Venus looks
compared to the Sun!
Like other stars, the Sun is a giant
ball of churning, glowing, exploding
gas. On a very hot day on Earth, the
temperature might reach 40 degrees
Celsius. The surface of the Sun is
The Sun with the black dot of Venus
about 5,500 degrees Celsius, and
passing in front.
astronomers believe that the deep
core inside the Sun might be almost 16 million degrees!
The natural world depends upon the energy that comes from the Sun. Without the
light and heat we get from the Sun, life on Earth simply wouldn’t exist. But don’t worry.
The Sun isn’t going away. It’s been around for billions of years and will still be around
billions of years from now.

Planets in Motion: Orbit and Rotation
Around the Sun travel the planets: Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus,
Neptune and Pluto. We started learning a bit about the planets in Year 2, and also how
some people call Pluto a dwarf planet because it is so small. More planets are still being
discovered in the universe, so astronomers are thinking of new ways to decide what counts
as a planet. The word ‘planet’ comes from an old Greek word that means ‘wanderer’. But
the planets do not wander aimlessly around the solar system. They travel around the Sun
in fixed paths called orbits, which are shown by the oval pale blue lines you can see in the
image of the solar system on page 333.
As the planets orbit (go around) the Sun, they also rotate. That means they spin around
like a top. Like the other planets, Earth both orbits the Sun and rotates. We say that Earth
rotates around an axis, which is an imaginary line running through the planet from the
North Pole to the South Pole.
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The earth spins around an invisible axis, shown here
by the yellow line that looks like a toothpick.
If you were to spend a day keeping track of the position of the Sun in the sky, it might
appear as though the Sun were moving. Get up early one morning and observe where you
see the Sun. A few hours later Earth has rotated so that it looks as though the Sun has
moved to a different place in the sky. But really, the Sun isn’t moving. It only appears to
move because Earth is rotating on its axis. When evening comes, observe where the Sun
sets. It always sets in the west and rises in the east. We talk about the Sun ‘rising’ and
‘setting’ because that’s what the Sun appears to do. But remember: it only looks that way.
Earth is moving, not the Sun.
It takes a day for Earth to make one complete spin around its axis. When the place
where you live is turned towards the Sun, it is day for you, while it is night for people on
the opposite side of Earth. As Earth continues to rotate, the place where you live turns
away from the Sun, and it becomes night for you.
The Earth doesn’t stand straight up and down on its axis as it spins. It tilts slightly, as
you can see in the picture, and this tilt causes the different seasons. When we have
summer, our part of Earth is tilting toward the Sun. The tilt means that sunlight shines
more directly on us, bringing warm weather. When we have winter, our part of Earth
is tilting away from the Sun. This
position makes the sunlight shine less
In Year 2 we did an
directly on us. The areas tilted away
experiment with a globe
from the Sun receive less sunlight.
and a lamp to understand
Winter is cold because we receive less
what makes day and night.
heat from the Sun.
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People living in different hemispheres experience winter
and summer in different times of the year. Can you see why?
Try this with a globe (or a ball you can mark with a North Pole and South Pole) and a
desk lamp. Shine the desk lamp at the equator. Holding the globe at the poles, tilt the top
(north) slightly toward the lamp. at’s summer for the continents in the Northern
Hemisphere, like Europe and North America, when they receive sunshine more directly.
Now tilt the top of the globe slightly away from the lamp. is makes the continents in the
Southern Hemisphere, like Africa and Australia, receive more direct sunshine. Did you
know that when people in Europe are
enjoying sunny summer days, people in
New Zealand are shivering because it’s the
Happy leap year
middle of winter? Now you know why.
Actually, it takes Earth 365¼ days
Do you know how long it takes for
to make one complete orbit
Earth to make one complete orbit around
around the Sun. To make up for
the Sun? In other words, do you know
those quarter days, we have a
how long it takes Earth to go around the
leap year every fourth year, when
Sun and come back to where it started? It
the month of February has 29
days instead of 28. That extra day
takes one year (365 days) for Earth to
makes up for four quarter days.
orbit the Sun.
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Earth’s Satellite: The Moon
Earth orbits the Sun. And what orbits Earth? The Moon. Another way of saying this is
that the Moon is a satellite of Earth. You may think of a satellite as a device that gets blasted
into space by a rocket and then orbits Earth, sending down radio signals and scientific
measurements. That’s one kind of satellite. In astronomy, the word ‘satellite’ can mean
any heavenly body that orbits another. The word ‘satellite’ comes from the Latin for
‘attendant’, meaning someone who waits on an important person.
On some nights, you might look up at the sky and say, ‘Look, the Moon is shining so
brightly!’ The Moon may look bright, but it does not make its own light, as the Sun does.
The Moon reflects the light cast on it by the Sun.

Moon shapes
Ask a friend to hold a ball up in the air. Have another friend stand a few
feet away and shine a torch at it. Now look at the ball. See how one side
is lit up and the other is darker, in shadow? The Moon has a lit-up and
a shadowy side, just like the Earth.
Find a position to stand where you see half a lit-up ball and half a ball
in shadow. That’s a way to think about what you’re seeing when the
half-moon appears in the sky.
Can you find the position to stand to see a crescent of light? That’s what
you’re seeing when the crescent moon appears.

There are nights when no moon appears in the sky at all, even if the sky is clear. That’s
the time we call the new moon. Of course, the Moon is out there, but you can’t see it. In
fact, when there’s a new moon, the Moon is overhead during the day, but the bright
sunlight makes it impossible to see from Earth. Find it on the diagram on page 338.
The Moon appears to change shape, but the Moon doesn’t actually change. What does
happen? The Moon reflects the light of the Sun. Depending on the position of the Moon
and Sun to our eyes, we on Earth see all, part or none of the Moon. With your finger, trace
how the Sun’s light travels from the Sun to the Moon and then to Earth, where we see it.
Over the course of a month, the Moon may look as if it is changing shape and size, but
what changes is the way the Moon reflects sunlight to our eyes on Earth. It takes 29 days
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for the Moon to go through all its phases, from new moon to full moon and back to new
moon again. When more of the Moon is becoming visible each night, we say the Moon is
waxing. When less of the Moon is becoming visible each night, we say it is waning. It’s fun
to pay attention to the Moon every night for a few weeks, to notice how it waxes and wanes.
What is the Moon made of? Not green cheese! The Moon is mostly a big ball of rock.
There is no atmosphere on the Moon – no air, no water, no clouds, no rain. Nothing grows
on the Moon. All you can see on the lunar landscape are rocks and moon dust. (Remember
from Year 3 that ‘lunar’ is a word for anything that has to do with the Moon. It comes
from ‘luna’, the Latin word for the Moon.)
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When you were little, did you ever
look up at night and see the face of
‘the Man in the Moon’? It is fun to
imagine a face there, even though
what you are seeing are huge
mountains and craters on the surface.
Human beings have visited the
Moon and walked on its surface. On
20 July, 1969, Neil Armstrong on the
Apollo 11 space mission became the
first person to set foot on the Moon.
As he stepped from his spacecraft
onto the Moon’s surface, he said,
Apollo 11 astronauts ‘Buzz’ Aldrin
‘That’s one small step for a man, one
and Neil Armstrong left footprints
giant leap for mankind.’ (The ‘a’
(and a flag) on the Moon.
wasn’t heard in the recording of these
famous words, but audio analysis shows that Armstrong really said ‘a man’.)

The Force of Gravity
What keeps the Moon orbiting around Earth instead of floating off into space? Gravity.
Gravity is a force between bits of matter, attracting every bit to the centre of the Earth or
other celestial bodies.
Gravity is the force that keeps your
feet on the ground. You may not feel
it, but gravity affects you all the time.
When you throw a ball up into the air,
what happens? No matter how high
you throw the ball, it always comes
back down. The gravitational force
between the Earth and the ball pulls
the ball down to the ground. If it were
not for the pull of gravity, the ball
would just keep going up. In fact,
without gravity, if you jumped, you
would keep moving out into space!

Black holes
Astronomers have found some places
in the universe where the force of
gravity is so strong that it captures
everything that comes near it. These
super-dense places pull in everything –
nothing can escape. Their pulling
power is so strong that not even
light can escape from them, which is
why astronomers call these places
black holes.
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Earth’s gravity pulls on the Moon, the Moon’s
gravity pulls on Earth. e moon is moving fast
enough not to fall down and hit the Earth but not
so fast that it disappears oﬀ into space. ose
forces keep the Moon in orbit around Earth. In
the same way, the Sun’s gravity pulls on Earth
and the other planets and keeps them in their
orbits around the Sun.
The power of the pull of gravity between
objects depends on two things: how far apart the
objects are and the mass of each object – that is,
how much matter each object contains. Objects
that are close together and objects that have lots
of mass attract each other strongly. Things that
are far apart and things with small mass attract
only weakly.
Let’s think about what these rules mean. If you
Gravity is the force of attraction
were on the Moon, you could jump much higher
that makes this ball fall back
than you can when you are on Earth. You could
down to Earth.
jump high, like when you’re on a trampoline.
Why? Since the Moon is much smaller than Earth
and contains much less matter than Earth, its gravitational pull is weaker than Earth’s. With
gravity pulling more weakly, you can jump higher. You would even weigh less on the Moon
– only about one-sixth of what you weigh here on Earth. Can you work out, then, how much
you would weigh on the Moon? Divide your weight by six to find out!
Although the Moon has less gravity than Earth, its gravity still affects us. The gravity
of the Moon (with just a little help from the gravity of the Sun) pulls on the waters of the
oceans here on Earth. That gravitational pull causes the tides, which are the regular
patterns by which the ocean’s water level rises and falls.
If you’ve spent a day at the beach, you’ve probably noticed the difference between
low tide and high tide. At low tide, you can play on a broad, sandy beach. But when high
tide comes, the ocean’s water level
rises and covers part of the beach,
leaving less room for you to play. So
Do you remember what we
if your sandcastle gets washed out by
learnt about the tides in
the tide, blame the Man in the Moon!
Year 2? Now you know more.
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When Day Becomes Night: A Solar Eclipse
As the Moon orbits Earth, it sometimes moves right between Earth and the Sun. Then the
Moon blocks our view of the Sun and casts a shadow on Earth. And when that happens,
we on Earth see a solar eclipse.

This picture of a solar eclipse was taken over several minutes when
the Moon passed between the Sun and the Earth and blocked
our view of the yellow ball of the Sun.
As a solar eclipse begins, it looks as if a dark disc is creeping slowly across the face of
the Sun. The disc – which is the Moon – seems just as big as the Sun, but that’s because
the Moon is so much closer to Earth than the Sun. As more and more of the Moon blocks
the light of the Sun, day seems to turn to night, no matter what time it is. The sky darkens.
Stars become visible.

A solar eclipse lasts only a few minutes. The Moon moves out of its position between
the Earth and the Sun. The sky brightens. Hundreds of years ago, before people
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understood about the solar
system, they were terrified by
solar eclipses. They didn’t
understand why the Sun
seemed to be getting darker in
the middle of the day.
Now, when Earth moves
between the Moon and the
Sun, what do you think will
happen? Remember that the
Moon does not make its own
light. It just reflects the light
of the Sun. If Earth blocks
sunlight from reaching the
Moon, Earth will cast a
shadow on the Moon so it will
become invisible for just a
little bit. When that happens,
it’s called a lunar eclipse.

Protect your eyes!
Even when you’re studying the Sun, never
look directly at it, either with your eyes
alone or through binoculars or a telescope.
You could damage your eyes or even blind
yourself. If you happen to be somewhere
where you can see a solar eclipse, here’s a
simple way to view it safely. Poke a little
hole in an index card. Hold it about a metre
above a white piece of paper. A little image
of the sun will be projected by the hole
onto the paper. Alternatively buy a plastic
viewing filter from an astronomical society
like the British Astronomical Association for
a few pounds.

The Inner Planets
Let’s take a quick tour of the solar system. We’ll visit all nine planets, but let’s start with
the four planets closest to the Sun − Mercury, Venus, Earth and Mars. These four are often
called the inner planets.
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Mercury
The closest planet to the Sun, Mercury, was named after the
Roman god Mercury, the swift and speedy messenger of the
gods. The name fits because it is the fastest moving planet;
compared to Earth, Mercury orbits the Sun much more
quickly. A year on Mercury – one complete orbit around the
Sun – takes only 88 of our Earth days.
In 1974, Mariner 10 was the first spacecraft to fly by
A photo of Mercury
Mercury and send back pictures of its surface. We learnt that
taken by Messenger
Mercury gets very hot and very cold – over 400 degrees
Celsius when facing the Sun and down to 160 degrees Celsius
below zero when facing away from the Sun. NASA’s Messenger spacecraft began orbiting
Mercury in 2011 and continues to send back many pictures of its rocks, craters and valleys
to help us learn more about this planet.

Venus
The second planet from the Sun, Venus, gets
its name from the ancient Roman goddess
of love and beauty, perhaps because it
appears to shine so brightly and
beautifully in the sky. In the morning or
the evening, you can often see Venus.
It has been nicknamed the ‘morning
star’ and ‘evening star’ because you can
see it, brighter than any star, just above
the horizon at dawn or dusk. But Venus
isn’t a star. It’s a planet. Thick clouds
always cover Venus. Those clouds reflect
sunlight, making the planet look bright.
Venus is a hot, yellowish planet.

Earth
As you sit at school or lie in your bed, it’s hard to think of Earth as a huge, round planet
spinning on its axis and orbiting the Sun. But like the other planets in our solar system,
Earth is always moving in relation to the Sun. It moves in a nearly round path, speeding
around the Sun at more than sixty thousand miles per hour!
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Astronauts in outer space can look back towards Earth and see
the lights of cities as well as the outlines of continents.
If you were an astronaut looking back at Earth from your spacecraft, you would see a
blue, green and white ball. What do you think the white is? Clouds, lots of clouds. And
the blue is water, lots of water. Nearly three-quarters of Earth is covered with water. All
that water is one of the main reasons there is life on Earth. The green is land.
As far as we know now, Earth is the only planet with life on it. But with all those billions
of other galaxies out there, you can’t help but wonder.

Mars

This image was taken by the Curiosity rover on Mars.
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The fourth planet from the Sun is Mars, named after the Roman god of war. Sometimes
you can see Mars in the night sky, even without a telescope. Mars is nicknamed the ‘red
planet’ because of its orange-red colour. That colour comes from the large amount of iron
compounds, like rust, in the planet’s rocky surface.
For many years, people thought that, among all the other planets in the solar system besides
Earth, Mars was the one most likely to have life. In 1976, two Viking space probes landed on
the surface of Mars and found no life. e Viking probes sent back pictures of a bare, rocky,
dusty planet. A more ambitious mission led by NASA, called Curiosity, sent many pictures
back from Mars in 2012. See a picture taken by the Curiosity rover on page 344.

The Asteroid Belt
Between Mars and Jupiter, the fifth planet from the Sun, is the asteroid belt, which is made
up of thousands of chunks of rock and metal that are orbiting the Sun. Some asteroids are
as small as a rugby ball. Others are as big as a mountain. The biggest asteroid, called Ceres,
is 600 miles across. That is one quarter of our Moon’s diameter!
Where did the asteroids come from? Scientists think they are bits and pieces left over
from when the solar system was first formed that didn’t join up enough to become planets.
Sometimes asteroids change orbit and some have orbits that cross those of the inner
planets. Some scientists think that one such asteroid, 8 miles or so across, might have hit
Earth about 65 million years ago, creating enormous waves, fires and a thick cloud of dust
that blocked out the sunlight for years. These scientists think that this terrible disaster
wiped out much of the life on our planet, including the dinosaurs.

The Outer Planets
Now you have learnt about the four inner planets in the solar system. Can you name them
again? The inner planets are all solid and rocky. But when we move to the outer planets,
we find that four of them are made mostly of liquid and gas. These four, called the gas
giants, are Jupiter, Saturn, Uranus and Neptune. After them comes the best known ‘dwarf ’
or minor planet, tiny Pluto.

Jupiter
Jupiter, the largest planet in our solar system, was named aer the Roman king of the gods.
Jupiter is over a thousand times larger than Earth. Jupiter is mostly made of hydrogen, in
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liquid form inside the planet and as gas
on its surface. Strong winds swirl that
gas into colourful clouds of red,
orange, yellow and brown.
Imagine looking up and seeing
many moons in the sky. Galileo, the
great Italian astronomer who lived
around 1600, looked through a
telescope and discovered four moons
around Jupiter. If you can hold a pair
of binoculars steady, you could see
them for yourself. Since then,
astronomers have found twelve more
The Juno spacecraft left Earth in 2011
moons and many smaller orbiting
and should arrive at Jupiter in 2016
rocks. In the 1990s, a space probe
to study this planet.
travelled toward Jupiter. It was called
the Galileo – can you guess why? In 1995, Galileo reached Jupiter. In 1999, it flew past one
of Jupiter’s moons, called Io, and sent back amazing pictures like the one on page 332.
We’re looking forward to seeing more pictures and learning much more about Jupiter
when the Juno spacecraft arrives there in 2016.

Saturn
Saturn, the second largest
planet in our solar system,
was named after the
Roman god of the harvest.
This planet looks different
from all the rest because
of its spectacular rings.
Astronomers know that
the rings are made of ice,
dust and rock, but they
Saturn has easily recognisable rings.
aren’t sure where all that
stuff came from. Some
think the rings may be the remains of a moon that shattered long ago. As of now, 53 moons
still orbit Saturn, but astronomers continue to find new, small moons.
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Uranus
The farther we get into outer space, the less we know about the planets.
Uranus, the seventh planet from the Sun, was named after the father
of all the Greek gods. Uranus has rings as well, but they are much
fainter than Saturn’s. Until 1986, only five moons were known to
circle Uranus. Then the Voyager 2 spacecraft flew by and sent back
information showing ten more moons around the planet.
Can you spot the blue moon Ariel and its shadow as it passes in front of the
blue-green planet Uranus?

Neptune
The last of the four gas giants, Neptune, is the eighth
planet from the Sun. It was named after the Roman
god of the sea. This planet is so far away that it
takes about 165 Earth years to complete one orbit
around the Sun. We learnt a lot about Neptune
when the Voyager 2 spacecraft flew by the planet in
1989. It also showed us that Neptune is a frozen and
stormy planet, bluish in colour, with the strongest
winds in the solar system, travelling up to twelve
hundred miles per hour!
The Hubble Space Telescope took this photo of Neptune.

Pluto
Far out in the dark, cold reaches of space, you’ll find the smallest planet of our solar
system, Pluto, named after the Roman god of the underworld. Most of the time, Pluto is
the farthest planet from the Sun. Sometimes its orbit crosses inside the orbit of Neptune –
but not again until the twenty-third century. Mark that on your calendar about 200 years
from now!
Only the most powerful telescopes on Earth can see Pluto. Astronomers did not even
discover this small planet until 1930. In 1978, astronomers found one moon around Pluto
and named it Charon, after the man in Greek mythology who took souls to the
underworld. In 1992, astronomers found a belt of small, icy objects the same sort of
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An artist shows how the New Horizons spacecraft will take
photos to help us learn about Pluto and its moons.
distance from the sun as Pluto and called it the Kuiper [KIE-pah] belt. Because it is not
even the biggest in that region, astronomers started to call Pluto a ‘dwarf planet’ in 2006.
Ceres, the biggest asteroid, and Eris, the largest known object in the Kuiper belt, were
awarded the same title. The definition may change again in the future because, like major
planets, Pluto is big and round and orbits the sun.
In 2006, the New Horizons spacecraft left Earth headed towards Pluto. It is scheduled
to arrive in 2015. This mission will be the first to travel to Pluto and will let us learn much
more about it.
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A solar system model
You can make a model of the solar system. It will give you an idea of
just how spread out it all is. Our scale will be tiny. We’ll make our planets
bigger, so you can see and touch them, but really we are thinking about
the distances of planets from the Sun.
You need nine beads, some pipe cleaners, some polyester sewing thread
(or string) and some scissors to cut them. Stand a stick or a pole up in
the ground. A cricket stump is ideal. It stands for the sun so the planets
can orbit it.

Inner planets
You know that four planets are much nearer the Sun than the others.
We will model them with pipe cleaners. You have four inner planets, so
you need four pipe cleaners and four beads.
The distances from the centre are:
Mercury 4 cm



Venus 7 cm



Earth 10 cm



Mars 15 cm

Curl one end of a pipe cleaner around the stump or pole, then, with a
ruler, measure a straight section the right distance from the pole. Bend
the other end upwards, through the middle of a bead and bend the tip
over to stop the bead falling off. You may have to join two pipe cleaners
together for Mars, if one is too short.

Outer planets
The five planets of the outer solar system need to be a lot further away.
We’ll now use the sewing thread for the five outer planets. Tie a bead
to the end, measure the correct distance, allowing some extra for tying
up, then tie the other end around the central pole. You probably need
to be outside for this part. The distances are:
Jupiter 50 cm  Saturn 1 m  Uranus 1.9 m  Neptune 3 m  Pluto 3.9 m

349

What Your Year 4 Child Needs to Know

Orbits
Now do you see how big the solar system really is? The Sun is a long way
from the Earth. It is so far away that, although it is far bigger than the
Earth, the Sun looks small in the sky. And yet the distance to Neptune is
many times further again.
When you have made the model, try making some planets start to orbit.
Hold the bead that represents your chosen planet and move anticlockwise around the pole for the Sun. Try to keep the pipe cleaner or
the thread straight and watch out for tangles. Think about how to keep
the other threads out of the way while a planet is orbiting. The orbit is
just like a thread keeping our planets the right distances from the Sun.
Earth’s orbit is bigger than Venus’s orbit, Jupiter’s orbit is even bigger
and Pluto’s orbit is even bigger than that. This gives us an idea of how
big the solar system is.

Dirty Snowballs and Shooting Stars
Chunks of matter called comets and meteors are
hurtling through space. Astronomers think that,
like asteroids, these heavenly bodies may be left
over from the beginnings of the solar system.
Comets are sometimes called dirty snowballs
because they’re made of ice, rock and dust. When
a comet passes near the Sun, the Sun’s rays melt
some of the ice, which causes a huge tail of gas and
dust to form. e tail of a comet can stretch out for
hundreds of thousands of miles!

Halley’s Comet in 1986

Millions of comets orbit the Sun. Sometimes a comet that passed close enough to Earth for
people to see will come back hundreds of years later and be visible again. e English astronomer
Edmund Halley predicted that a big comet, seen in 1531 and 1607, would return in 1758.
He was right, and scientists named the comet aer him. Halley’s comet last came into view in
1986. It takes about 76 years for it to return to Earth’s view. You can look forward to seeing it
in the year 2061. ere are many other comets, too, like Comet Lovejoy which was seen in 2011.
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Comets don’t appear very often, but on many nights you might be able to see something
bright streak across the night sky. These shooting stars, as they’re often called, are not
really stars at all. They are meteors, bits of matter that soar through space and sometimes
cross the path of Earth. When a meteor falls through Earth’s atmosphere at a super-fast
speed, it gets so hot that it burns up and makes the fiery streak you might see in the sky.
Scientists estimate that several hundred million meteors enter Earth’s atmosphere
every day! Most burn up and never reach the ground. A meteor that made it to the ground
is called a meteorite.
Most meteorites are made of iron and rock. Scientists are very eager to collect and study
all the meteorites they can find. What might these scientists be hoping to find?

Constellations:
Shapes in the Stars
Long ago, when the earliest humans looked up into
the night sky, what thoughts do you think passed
through their minds? As they stared at the stars, they
began to see shapes and patterns – bears and lions,
maidens and heroes. ese ‘join the dots’ pictures
that people have imagined in the stars are called
constellations. ey have names like Leo (the Lion),
Taurus (the Bull) and Orion (a legendary hunter).

By joining the stars like
in this outline, you can
see the Great Bear and
other constellations in
the night sky.

One star pattern you can easily see is called the
Plough, which looks like a blade with a long handle.
The Plough is part of the constellation called Ursa
Major, or the Great Bear. Since the Earth travels
along its orbit and moves through space during the
year, constellations appear to be flipped when you
view them at different times of the year.

Read the legend ‘The Hunting of the Great Bear’
to learn more about this constellation on page 44.
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You can use the Plough’s stars to find which way is north. Find the two stars furthest
from the handle. Let your eyes follow an imaginary line starting at the bottom star, going
through the top one, then keep going. The first bright star you see, brighter than any others
around, is Polaris, or the Pole Star. Polaris is part of another constellation. It’s the brightest
star in the Little Bear. You need a clear, dark night to see any of the others.
Stars and constellations were important to sailors, who used them to determine compass
directions. You can do that, too. When you look at the Pole Star, you are facing north.
Once you know where north is, you can find your way south, east or west.

The Lives of Famous Scientists
Nicolaus Copernicus
Today we know the real reason why the Sun seems to go around Earth every day. It’s
because Earth spins on its axis, and the view of the Sun from any one point of Earth
changes as it spins. It’s Earth that moves.
But five hundred years ago, people believed that Earth was still and the Sun moved
around it. Nicolaus Copernicus [nick-o-LOUSS co-PER-ni-cus] was brave enough to
question that belief.
Copernicus was born in Poland in 1473. He studied astronomy at a Polish university.
Then, wanting to learn more, he travelled to Italy. If you can find Poland and Italy on a
map, you will see that he had to cross the Alps to make that journey. Some say he and his
brother walked the whole way across the Alps, just to get to Italy to study. In the Italian
city of Bologna [buh-LON-ya], he studied not only astronomy but also medicine and law.
When he travelled home to Poland,
Copernicus’s work kept him from
studying astronomy all the time. He was
a priest in a cathedral and he also helped
run the government in the part of the
country where he lived. No matter what
work he did, though, he kept thinking
about and studying the planets in every
minute of free time.
Nicolaus Copernicus
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Copernicus wrote down his proofs for why Earth must revolve around the Sun. Pope
Clement VII heard about them and his court asked for a copy to read. Friends told
Copernicus he should publish his ideas in a book so that more people could read them. But
Copernicus was not ready. He knew that rumours about his ideas were upsetting some
people, who didn’t want to change their minds about the importance of Earth in the universe.
Finally, a younger man named Rheticus came to work with Copernicus on a book. The
book was called De Revolutionibus Orbium Coelestium, which is Latin for ‘About the
Revolutions of the Planets in the Sky’. Copernicus waited so long to write and publish his
book that not long after he received a printed copy in his hands, he died, at the age of 70.
Now we consider that book to be the vital step to our understanding that Earth and the
other planets in our solar system travel around the Sun.

Galileo Galilei
Scientists are always trying to discover new
things. Two aspects of this are diﬃcult. One is
making the discovery in the first place. e
other is persuading other people to change
what they think and agree with your new idea.
The story of Galileo Galilei is about a man
who made many discoveries but had trouble
persuading other people that he was right.
He was born in 1564 in Pisa and while quite
young he became Professor of Mathematics
there. The town is famous for its beautiful
leaning tower, which was where Galileo
conducted one of his experiments.

Galileo Galilei

Experiments are a big part of how scientists
persuade other people of the truth of their
ideas. You try something out and predict what
the result will be. Better still, you can repeat
the test and get other people to try it out for
themselves, with the same results.

Does something heavy fall faster than something light? Galileo climbed the tower and
dropped a big weight and a small weight off the top at the same time. Let’s hope he checked
first that no one was standing underneath! He dropped the weights at the same time and
353

What Your Year 4 Child Needs to Know

they hit the ground at the same time. Was
that what you expected? It was not what
See a photo of the
Aristotle taught would happen. Although
‘leaning tower of
Aristotle was a great thinker, he was not
Pisa’ on page 183.
right about everything. Despite Galileo’s
demonstration, some teachers at the
university still wanted Aristotle to be always right, so Galileo lost his job there.
Happily, Galileo knew some people with
influence. They helped him get a job in Padua
We read about
in Italy, where he learnt about the telescope.
Aristotle in Year 3.
He designed his own that was even better than
those traditionally used, and he could even see
mountains on the face of the Moon and the moons of Jupiter. Seeing that the moons were
circling another planet convinced Galileo of the truth of Copernicus’s theory: the Earth
was not the centre of the universe.
In 1610 Galileo moved back to live near Pisa, but he still had enemies there. They tried
to make trouble for him with the Church by altering one of his letters in which he
explained why Copernicus’s theory did not go against what the Bible said. The troublemakers succeeded. The Catholic Church declared that Copernicus was wrong.
Galileo still had friends in high places. One of his friends became Pope Urban VIII,
head of the Roman Catholic Church, in 1623. For now, Galileo was welcome to discuss
Copernicus’s theory, so long as he remembered to call his work a ‘hypothesis’, meaning
that other explanations were still possible. This worked nicely until 1630, when Galileo
wrote a book stating that the Sun was at the centre of the solar system and that the Earth
orbited it. The Pope then turned on Galileo and he was made to say that Copernicus’s
theory was wrong (although it wasn’t).
Galileo was forced to move to outside Florence, where he was not allowed out of his
house. Still, his later life was fairly comfortable. He had time to put his writings in order
and publish them in different countries. In the year that Galileo died, Isaac Newton was
born in England, and he was able to build upon some of Galileo’s ideas.

Isaac Newton: Discoverer of Gravity
Isaac Newton is one of the most famous scientists, and he lived from 1643–1727.
The first story everyone hears about Isaac Newton is that he was sitting in a garden
under a tree when an apple fell on his head. You or I might have thought ‘Ouch!’, or eaten
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the apple or saved it to go in a
pie. Newton thought more deeply
than that. He started wondering
why it fell down – not up – or
even why it fell at all.
At first it seems obvious. All our
lives everything we’ve seen fall has
fallen down. It’s altogether harder
to work out what makes things
start falling.
No, the apple didn’t really hit
his head. It’s a good story,
Isaac Newton
though, and he did get ideas
when he watched an apple fall. It occurred to him that the same gravity that pulled the
apple to earth might also be pulling the Moon around the Earth in circles.
Isaac Newton studied just about anything he could. His greatest book was called
Mathematical Principles of Natural Philosophy. Natural philosophy means wanting to know
about how things are, which includes all of science. A lot of what you have learnt about light
came from Newton’s experiments. He found that a prism could split light into diﬀerent
colours, and he built an improved telescope using a curved mirror instead of lenses.
It wasn’t easy being a genius. Newton was born after his father died. He grew up in a
Lincolnshire village called Woolsthorpe, where his mother wanted him to be a farmer.
He studied at Cambridge University, where he needed to work as a college servant to pay
his way. When Cambridge was afflicted by the Great Plague, he retreated to Woolsthorpe
and made some great discoveries there, including the theory of gravity. Who would ever
imagine you could learn so much from an apple?
Anyone who has tried to understand a ball
bouncing or an athlete running owes a lot to
Learn more about
Isaac Newton. He worked out the laws of how
the Great Plague
objects move that work in all known cases until
on page 164.
they move so quickly they are close to the speed
of light, or are so small that nothing can measure
them. His theories were the best that science could offer for two and a half centuries.
One of Newton’s friends was Edmond Halley [HAL-ee] the observer of the comet, but
Newton made enemies too. He argued with Astronomer Royal, John Flamsteed, over when
to publish a book on astronomy, and he reacted badly to criticism from Robert Hooke,
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another scientist in the Royal Society. The worst argument of his life was over mathematics
with Gottfried Leibniz [GOTT-freed LIBE-nits] because both men had a similar idea
around the same time, and each wanted to claim the discovery as his own.
Even if the people he quarrelled with disliked him, many more people have every reason
to be grateful to Isaac Newton. His book Mathematical Principles contained so many
central scientific ideas, expressed so very clearly, that they have set our standard for
scientific discovery ever since.

Caroline Herschel

Caroline Herschel

Caroline Herschel was born in 1750 in Hanover, which
is now in Germany. As her mother did not think that
girls should be educated, she was forced to do little else
except housework for many of her early years. However,
Caroline was very curious and desperately wanted to
learn. Although her father had never gone to school to
receive a formal education, he did his best to teach her
what he knew. When Caroline was a child, a comet
passed over Hanover. Her father took her out to view
it and then helped her learn about the constellations.
A comet is an object in space that is made of dust and gas
and, since it travels around the Sun, it can only be viewed
during specific times when it is passing overhead in the
sky. Learn more on page 350.

Caroline’s father was a
musician who played the
See a picture of an oboe in the
oboe, and her four brothers
Year 2 book and read more about
all learnt to be musicians as
woodwind instruments on page 207.
well. One of her brothers,
William Herschel, became an
organ player who moved to
Bath, and Caroline later moved to England to join him. Caroline helped her brother
and, in return, William taught her how to be a singer. Caroline began to give singing
performances in Bath and Bristol.
William was also very interested in learning about mathematics and astronomy.
He taught Caroline mathematics and English, and she learnt about astronomy as she
helped him with his hobby of making telescopes in his free time. Soon the pair began to
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spend every spare moment focusing on astronomy: they made telescopes, observed the
night sky and made mathematical calculations using the information they recorded from
their observations. These were a bit like the missing number problems you solved, and
they figured out the missing numbers to learn how far different planets and stars were
from Earth using other numbers they knew.
In 1781, William made a big discovery! He found a new planet in our solar system –
Uranus. King George III began to pay William to conduct research about astronomy, and
William and Caroline gave up their work in music to work on astronomy. William and
Caroline both made observations of the night sky, but Caroline’s own research was often
put to one side as she helped William with his observations at night and, during the day,
she made mathematical calculations for him to understand the information he collected.
Caroline knew her maths very well and was able to complete the equations accurately.
Whenever she could, Caroline made her own observations and, in 1786, she discovered
her first comet! Since it was very rare for women to be scientists at that time, Caroline
became well-known and journalists wrote articles about her discovery. When King George
III heard the news, he began to pay her to work as William’s assistant.
Over the next eleven years, Caroline discovered eight new comets while also working
as William’s assistant. After that, she started a new project of correcting the official star
catalogue, which contains information on all the stars we know about. In 1798, Caroline
sent her new catalogue to the Royal Society, which included 560 stars that hadn’t been
included before.
After sending this large catalogue to
the Royal Society, Caroline continued to
help William with his work and she also
began to share all that she knew with her
young nephew, John Herschel. Caroline
taught John mathematics and astronomy,
amongst other subjects, and he followed
in his father’s and his aunt’s footsteps as
a successful astronomer and mathematician.
Caroline was now well-known for her
work and she was invited several times to
the Royal Observatory by members of the
Royal Family.

Caroline Herschel discovered the
Wizard Nebula in 1787.
Later, after William died, Caroline moved back to Hanover. She researched nebulae,
which are clouds of dust or gas that are between stars. She made a catalogue of 2,500
nebulae to help not only John with his research but also many, many different astronomers
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who read her work. In 1828, the Royal Astronomical Society awarded its gold medal to
Caroline for her research on nebulae. Years after she died, a minor planet was named
Lucretia after Caroline Lucretia Herschel to honour her work in astronomy.

Alexander Graham Bell
Even as a boy, Alexander
Graham Bell was fascinated
by sound. ‘How do the vocal
cords make noise?’ he asked.
‘How does the ear hear?’ He
and his brother dissected the
larynx of a sheep, then built a
machine of tin and rubber,
designing it to work like the
sheep’s vocal cords. When they
blew through the machine, it
made a noise.
Bell was born in 1847 in the
United States. His father and
his grandfather were teachers
who taught students who
could not speak or hear. Many
of their students had been
deaf all their lives. Bell’s father
and grandfather invented
‘visible speech’, which showed
deaf people how to move
their mouths to pronounce
different letters.

Alexander Graham Bell demonstrated his
invention – the first telephone.

e young Bell learnt that when air vibrations come into the ear, we hear sounds. A friend
of his father’s had demonstrated that principle to him by scattering sand on top of a drum,
then playing the violin nearby – just like the experiment we tried on page 316. Vibrations
from the violin made the drumhead vibrate. e sand, in turn, vibrated and shied around.
In those days, around 1860, people had two ways to communicate over long distances.
They could write letters or use the telegraph, which had been invented by Samuel Morse
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in 1840. The telegraph worked by sending electrical pulses through long wires. By
following a code, now called Morse code, the pulses spelled out words.
Alexander Bell wondered whether wires could carry more complicated signals. Could
they carry the sounds of the human voice? In an electrical shop in Boston, Bell and another
inventor named Thomas Watson began building machines to test the idea.
Bell designed a machine with two parts that worked like the voice box and the ear,
connected by electrical wire. One part of the machine, the transmitter, turned sounds into
electricity and sent them through the wire. The other part, the receiver, turned the
electrical signals back into sound.
In March 1876, the invention finally worked. Alexander Graham Bell spoke into the
transmitter: ‘Mr Watson! Come here – I want to see you!’ Thomas Watson, 20 metres
away in the next room, heard the words quite clearly.
In June 1876, Bell showed his invention at America’s Centennial Exhibition in
Philadelphia. The emperor of Brazil was there. He held the receiver to his ear, and from
the far end of the hall, Alexander Graham Bell spoke into the transmitter, reciting words
from Shakespeare’s play Hamlet: ‘To be, or not to be: that is the question.’
For his new invention, Bell received the Centennial Prize. Later that year, Bell and
Watson attached their instruments to telegraph wires and spoke to each other between
Boston and Cambridge, Massachusetts, two miles apart. It didn’t take very long before
people wanted telephones. Within a year, hundreds of households in Boston were
connected by telephone wires.
Throughout the rest of his life, Alexander Graham Bell continued experimenting. He
worked on early versions of phonograph records, air conditioners and X-ray machines.
He even designed a circular kite. But he will always be remembered for his most important
invention: the telephone.
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Suggested Resources
Books
General
Ultimate Book of Science (Oxford Children’s) 2010

Animals and Reptiles
Encyclopedia of Animals (Dorling Kindersley) 2006
A Colony of Ants and Other Insect Groups by Anna Claybourne (Raintree) 2013
Everything You Need to Know About Animals by Nicola Davies (Kingfisher) 2013
The Kingfisher Science Encyclopedia by Clive Gifford, Peter Mellet, Martin Redfern, et al.
(Kingfisher) 2005
Big Book of Awesome Animals by Lynn Huggins-Cooper (QED) 2009
A Rookery of Penguins and Other Bird Groups by Jilly Hunt (Raintree) 2013
Interesting Invertebrates by Heidi Moore (Capstone Global) 2011
Classification of Animals by Casey Rand (Raintree) 2010
Look Inside a Pond by Louise Spilsbury (Raintree) 2013
Discover Science: Reptiles by Belinda Weber (Kingfisher) 2011

Ecology
Eyewitness: Ecology by Brian Lane (Dorling Kindersley) 2005
Ecosystems (Planet Earth) by Jim Pipe (TickTock) 2008

Fossils
The Fossil Girl: Mary Anning’s Dinosaur Discovery by Catherine Brighton (Frances
Lincoln) 2006
Discover Science: Rocks and Fossils by Chris Pellant (Kingfisher) 2011
How Does a Bone Become a Fossil by Melissa Stewart (Raintree) 2010
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Human Body
Human Body: A Children’s Encyclopedia (Dorling Kindersley) 2012
Let's Grow: Muscles and Bones: A Cross-Curricular Song by Suzy Davies (A & C Black) 2005
Understanding Your Muscles and Bones by Rebecca Treays (Usborne) 1997
Body: An Amazing Tour of Human Anatomy by Robert Winston (Dorling Kindersley) 2005

Astronomy
The Kingfisher Space Encyclopedia (Kingfisher) 2012
Inside Stars (Inside Series) by Andra Serlin Abramson, Mordecai-Mark Mac Low
(American Museum of Natural History) 2011
Eyewitness: Astronomy by Kristen Lippincott (Dorling Kindersley) 2008
Eyewitness: Space Exploration by Carole Slott (Dorling Kindersley) 2009

Mobile Apps
GoSkyWatch Planetarium (GoSoftWorks) app for iPad [free]
Planets (Dana Peters) app for iPhone and iPad [free]
SkyView Free – Explore the Universe (Terminal Eleven) app for iPhone and iPad [free]

Online Resources
At-Bristol Science Centre: www.at-bristol.org.uk
Core Knowledge UK Science: www.coreknowledge.org.uk/science.php
Discovery Museum, Newcastle: www.twmuseums.org.uk/discovery
Edinburgh’s Camera Obscura: www.camera-obscura.co.uk
Glasgow Science Centre: www.glasgowsciencecentre.org
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
Scale of the Universe 2 by Cary and Michael Huang: htwins.net/scale2
Science Museum, London: www.sciencemuseum.org.uk
ThinkTank, Birmingham Science Museum: www.thinktank.ac
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