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Using Internet links 

This book contains descriptions 

of websites where you can find 
out more about the human body. 
To visit them, go to the Usborne 
Quicklinks Website at 
www.usborne-quicklinks.com and 
enter the keywords "complete body." 

What you need 

Most of the websites listed in this book can 
be accessed using a standard home 
computer and a browser (the software that 
lets you look at information on the 
Internet). Some sites need extra programs, 
known as plug-ins, to play sound or show 
videos. If you go to a site and do not have 
the right plug-in, a message will come up 
on the screen . There is usually a button on 
the site that you can click on to download 
the plug-in. Alternatively, go 
to Usborne Quickl inks 
and click on Net Help 
to find links to 
download plug-ins. 

Th is microscope picture 
shows a tiny embryo made 

up of just a few cells on the 
point of a needle. Over nine 

months, it will grow into a fully 
formed human being. 

Site availability 

The links in Usborne Quicklinks are regularly 
updated, but sites may sometimes be 
temporarily unavailable. If a website closes 
down completely, we will, if possible, 
replace it with an alternative. You will find 
an up-to-date list of sites on the Usborne 
Quicklinks Website. 

Downloadable pictures 

Some of the pictures in this book can be 
downloaded from the Usborne Quicklinks 
Website and printed out for your own 
personal use - for example, as illustrations 
for homework. They must not, however, be 
copied or distributed for any commercial 
purpose. Downloadable pictures have a * 
symbol beside them. To print out or copy 
these pictures, follow the instructions at 
www.usborne-quicklinks.com 

Internet safety 

When using the Internet, please follow the 
safety guidelines displayed on the Usborne 
Quicklinks Website at www.usborne
quicklinks.com. The websites described in 
this book and listed in Usborne Quicklinks 
are regularly reviewed, but Usborne 
Publishing is not responsible for the 
availability or content of any website other 
than its own. 

Microscope and X-ray pictures 

Many of the microscope and X-ray images 
in this book, such as the one on the left, 
have had extra color added to them to 
make them clearer. They do not always 
show the real colors of the human body. 
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The X-rayon this page shows 
the ribs, backbone and 
collarbone inside a human torso. 





Body 

Building Blocks 


The human body is amazingly complicated. 

It's made up of hundreds of different organs, 

tubes, tendons, tissues and other body parts, 


each with its own job to do. In turn, these 

parts are made up of millions of microscopic 

units called cells. Inside cells are the smallest 

body parts of all - the genes that make us 

human. They tell cells how to do all the 


things they need to do to make our bodies 

work and keep us alive. 


Almost every cell in your body contains a set of chromosomes, 
where your genes are stored. In the set shown on the opposite 
page, the last pair of chromosomes match, showing that they 
came from a female . In a male, the last pair .of chromosomes 
do not match, and the pair is called XY instead of XX. 



Your amazing body 

The human body is an amazing machine. Even 

though you rarely think about it, your body 
is always busy. You have dozens of different 
organs, masses of muscles and bones, miles 
of blood vessels, millions of cells, and a 
brain more powerful than any computer, 
all working together to keep you alive. 

Body parts 
Your body is made up of 
many different parts and 
substances. Here are the 
main ones: 

• Organs are body parts that 
do a particular job for the rest 
of your body. For example, 
your brain controls your 
body, and your lungs collect 
the oxygen your body needs. 

• Body tissues 
include fat, 
bone and 
muscle. 

• Body fluids. Your 

body contains many 

different fluids (liquids). 

Blood is the most important 

one. The others include tears, 

sweat, and stomach juices. 


• Water makes up 70% of 

your body. It's found in your 

blood, and in and around the 

cells that make up your body. 


Your brain, eyes and skin 
are ali examples of 

organs. Skin is the 
biggest organ of all. It 
covers and protects 
your whole body. 

Red blood celis, an important part of blood, 
shown at about 3, 000 times life-size. 

GOING WRONG : 

Body breakdowns 
Although your body is 
amazing, it can go wrong . 
Look out for these Going 
Wrong boxes throughout 
the book. They explain all 
kinds of body breakdowns 
and problems, like what 
causes a heart attack, why 
teenagers get zits, and 
what makes you vomit. 



The body parts in this 
picture have been Eye a 
colored so you can tell Nose ,; 
them apart. In real life, 
most body parts are 
pink or reddish-purple. 

Skin 

Nerves carry messages 

between the brain 


and the body. 

The spine is a column of bones in 
the back. These bones form the 
central part of the skeleton and 
protect the spinal cord, which hangs 
down from the brain and carries 
information to and from the body. 

Humerus (upper arm bone) 

••r :'. 	 Joint - a link between 
bones that allows them 
to move and flex . 

* 
Small intestine 

The kidneys are in the middle 
of the back. They filter waste Large intestine 
chemicals from your blood 

Radius (forearm bone) 
and control the amount of 

water in the body. Ulna (forearm bone) 


Carpals (wrist bones) 
Blood vessels ..... ,t 

Metacarpals (hand bones) 

.<..... -.• -- Phalanges (finger bones) 
Artery (carries blood 
away from the heart) • ~,. 

Vein (carries blood 

back to the heart) ;. 


Muscle 

Look inside 
This picture shows how body parts r! 	 Tendon - a type of tough, 

stringy body tissue that are arranged inside your body. 
connects muscles to bones. 

Most of your organs are neatly 
packed together inside the chest 
and the abdomen (the part of the 
body between the chest and the 

-+----,--- Tibia (lower leg bone) legs). The head also has a few 
organs, including the brain, eyes Fibula (lower leg bone) 

and ears. The biggest organ, your 
skin, covers your whole body. INTERNET LINK 

For a link to a website where you 
The rest of your body, including arms can see amazing scans of the inside 

of the human body, go to L.and legs, is 	made up of body tissues  www.usborne-quicklinks.com ~ 
including bones, muscles and fat. 
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Skeletal systemBody systems 
M ost of your body parts ,work together in 

Ribs -----fj~ 
groups called body systems. For example, 

Spine -----J~your digestive system is a set of organs, tubes and 
Pelvis - --111--+body tissues that helps you eat and digest food. 


You have ten main body systems altogether. 

Femur ----HI. 

This system 
includes the Tangled together 
bones that give 
your body its Your body systems are all Some body parts belong to 
shape, and the 

intertwined with each other. For more than one system. Your joints that link 
them together. * example, th~,«circulatory system ~hroat, for example, is part of 

"'if " 0reach~8%intf!. ,~ ;~;lgih~r bodX/>;i;.lY9,,§~1g~,§Si.~~ sxs,~em and ;'
h 

systems totiike .ood to them. ''''w pan:''of'your respiratory system, Nervous system 
ri' .·- , :'!I.-- Brain1t;;:~r.:::::;;;~.._~because you use it for 

,." both swallowing 
"and breathing. Spinal cord 

Nerves - ---1 

Your nervous 
system includes 
your brain and 
spinal cord, and 
the network of 
nerves that links 
them to the ' 
rest of your body. 

I' Nerves 

* 

Endocrine system 
The blood 

vessels of your Pituitary  ----li-"ll 

circulatory system gland 

reach all around 

your body. In th is 

X-ray you can see 

the blood vessels that 


The glands 
supply blood to the 

of your 
brain, which is part of 

endocrine 
your nervous system. 

system make 
hormones See the systems 
chemicals that 
control the way 

INTERNET LINK These pictures show your 
your body works, 

main body systems, each in a grows and For a link to a website where you can 
changes. find facts, images and a quiz about separate diagram. In real life, 
This picture 

the main body systems, go to .... they are all tightly packed shows the main 
www.usborne-quicklinks.com ~ 

glands in a male. together inside your body. * 
10 
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Muscular system Skin, hair and nails Digestive system 
Hair on head - 

't"...htl Mouth 
Esophagus

Biceps 
muscle Fine hair all 
in arm ----+ over body -------= Liver '", 

Abdominal fH L Stomach ~ 
(stomach) 

Intestines
muscles 

Fingernails --' The digestive 
system breaks 
down food and 

This body system extracts useful 

Your muscles protects you from chemicals 

hold you up dirt and danger, from it. The 

and make and helps to leftovers 

your body control your leave your 

parts move. temperature. body as waste. 

* 

Respiratory system Circulatory system- Veins (blood 

Mouth ~ vessels carrying 

Trachea Heart pumps 
blood around 

blood toward 
the heart) 

the body. 
Lymph 

Arteries (blood nodes 
vessels carrying 
blood away 

This system 
from the heart) 

Your immune 
takes air into your This huge body system and 
body and extracts system carries lymphatic system 
useful oxygen from blood all around are connected to 
it. It also takes your body. The your circulatory 
waste gases out of blood delivers system. They include This is a common 
your blood so that oxygen, food and white blood cells and type of white 
you can breathe Qther chemicals to lymph nodes, which kill blood cell called 
them out. * all your cells. * germs and fight diseases. a lymphocyte. 

Urinary system Reproductive system A woman's ovaries 
make egg cells. 
Her womb is 
designed to hold 
a growing baby, Men and women 
which is bornhave different 
through a passagereproductive 
called her vagina. Kidneys IJ!I E systems. 
Womb 

Bladder • Ovary
A man's testes 

VaginaYour kidneys make sperm 
filter waste water and cells. They 
poisonous chemicals leave the man's 
out of your blood. body through Penis People reproduce 
The waste is stored his penis. They (make babies) by 
in your bladder can swim into joining a woman's 
and comes out a woman's egg cell and a 
of your body body through man's sperm cell 
as urine. her vagina. together.* * 
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This is a diatom, a tiny single-celled plant, 
shown 300 times bigger than in real life. 
Many living things have only one cell. 

What is a cell? 

A cell is a tiny living unit with 
its own protective "skin." 
Inside, a cell has several parts, 
called organelles, which help 
it to work. The cells that 
make up your body are 
working all the time to keep 
you alive. They make body 
chemicals, carry messages, 
and help you to think, 
move, eat and breathe. 

This is a microscope photo 
of human fat. You can see 
how it is made up of 
clusters of round fat cell . 

Cells 
Your body is made up of cells. Whenever you 

look at your hand or at a drop of blood, 
you're looking at millions of cells packed tightly 
together. But on their own, most cells are too 
tiny to see. In all, you have 50 trillion to 100 

trillion cells in your body. 

INTERNET LINK 

For a link to a website where you 

can find out a lot more about 

different types of cells, go to L.. 

www.usborne-quicklinks.com ./JSt'C' 


Making proteins 

Your cells make chemicals 
called proteins, which help to 
make new cells or are used to 
do different jobs around your 
body. Proteins are made up of 
simpler chemicals called 
amino acids. By combining 
amino acids in different ways, 

your cells can make 
thousands of 

different kinds 
of proteins. 

Kinds of 	cells 

The human body has over 
200 kinds of cells, including 
muscle cells, blood cells, 
nerve cells, liver cells, fat cells 
and skin cells. Different kinds 
of cells do different jobs. Here 
are some of them: 

* 	 Red blood cells are 
shaped like flattened 
balls . They carry oxygen 
around your body. 

Muscle cells are 
long and thin. They 
can shorten themselves 
to make muscles work. 

...-- Nerve cells carry messages 
around your brain and 

to and from other 
parts of your body. 

Women's egg cells are some 
of the biggest human cells. 
They are just big enough 
to see with the naked eye. 

http:www.usborne-quicklinks.com


Inside a cell 
Although body cells can look 
very different from each other, 
most of them have the same 
parts. The skin around a cell is 
called the cell membrane. 
Each cell also has a control 
unit called a nucleus. The 
cell's other parts, or 
organelles, float around in a 
watery jelly called cytoplasm. 

This picture shows a typical cell, 
cut open to reveal its main parts. 

Ribosomes are 
organelles that 
make new 
proteins. 

This is the 
endoplasmic 
reticulum . 
It transports 
proteins 
made by the 
ribosomes to 
other parts 
of the cell . 

Lysosomes destroy old, 
damaged organelles and 
any dangerous substances 
which get into the cell. 

Inside the nucleus 
The cell nucleus controls what 
happens inside the cell, 
including the jobs the cell 
does and the proteins it 
makes. The nucleus can do 
this because it contains 
complicated instructions 
called genes, which are made 
of long strands of a chemical 
called DNA. You can find out 
more about genes and DNA 
on the next page. 

The cell is full of runny The nucleus controls 
cytoplasm. It is mostly everything that happens 
made of water, with in the cell, using 
thin strands of protein chemical signals. It also 
running through it. contains the instructions 

for making new cells. 

The cytoskeleton 
is made of tiny 
tubes and threads 
that help to give 
the cell 
its shape. 

The mitochondria turn food particles and oxygen 
into energy, so that the cell can keep working . 

Making new cells * 
Every second, millions of cells 
in your body die, and new ones 
have to be made. Most cells 
make new cells by dividing into 
two. But some kinds of celis, 
such as heart muscle celis, do 
not keep dying and being 
replaced. You keep the same 
ones for your whole life. 

The Goigi complex stores 
proteins made by the 
ribosomes. It may also prepare 
the proteins for different uses. 

Some cells have finger-like 
shapes called cilia on the 
outside. They help the cell 
to move things like food 
particles toward it. 

* 

The cell membrane 
protects the cell and 

holds it together. It also controls 
the way substances such as food 
particles and water pass into and 
out of the cell. 

These pictures show 
how a cell divides. 
First, the cell grows to 
twice its original size. 

The nucleus makes a 
copy of its DNA and 
splits into two nuclei. 

The enlarged double 
cell begins to split in 
two down the middle. 

Finally, the two new 
cells separate from 
each other. 

1 3 




Genes and DNA 

The way your body grows, the way it 

works, and what you look like are 
all decided by what your cells do. But 
how do cells know what to do? The 
answer is genes. They are the 
instructions inside a cell nucleus 
that tell the cell how to work. 

What are genes? 

Genes are instructions made of 
strings of chemicals. They tell 
your cells how to build your body 
and bQw¢t.O'1.irn~l<-€ .the substances

71'3$1'$#8" 
they neea.'ftiiSmeans genes 
control the way your body grows 
and the way it works from day to 
day. Everyone has a complete set 
of human genes, with slight 
differences that make each 
person unique. Most of the cells 
in your body contain a copy of 
your complete set of genes. 

What is DNA? 

DNA is the substance 
that genes are made of. 
The letters DNA are 
short for a chemical 
called deoxyribonucleic 
acid. It has a long, thin 
shape like a twisted 
ladder. Each cell 
contains 46 long strands 
of DNA (23 pairs). Each 
of these strands is called a 
chromosome. A gene is a 
section of DNA that makes 
up part of a chromosome. 
Each chromosome has many 
different genes along it. * 

In real life, 
chromosomes are 
found inside the cell 
nucleus. In this diagram, 
a chromosome has been 
enlarged and its DNA has 
been unwound, so that you 
can see how it works. 

'...i---T-

Chromosomes 
are made of a 

chemical called DNA. 

DNA is made up 
of four chemicals 

known as bases, 


arranged in a 

spiral ladder 

shape. 

In a gene, the pattern 
of the fou r bases acts as 
a code for a particular 
body substance. 

-=r--Cell 

T--- Cell wall 

-:--7-- "'-"- Cytoplasm 

--T--~=----- Cell 

Chromosomes (strands 
of DNA) are stored 
inside the cell nucleus. 

A gene is a section 
of a chromosome. 

There are many 
:---- genes on each 

chromosome. 

DNA contains four different 
chemicals, called bases. In a 
gene, the bases are arranged 
in a sequence that acts as a 
code for a particular body 
protein (a type of body 
substance). When a cell needs 
to make a protein - such as 
keratin, which is used to 
make hair - it finds the right 
gene and reads the code. 
Then it fits chemicals together 
in the right order. The 
chemicals it uses come from 
food, and are delivered to 
your cells in your blood. 

14 



This is a printout of the pattern of bases in 
a sample of human DNA. Scientists use 
powerful computers to read DNA patterns. 

Passing on genes 

The genes inside your cells are 
unique to you (unless you're 
an identical twin, as identical 
twins have the same genes). 
Your own special set of 
genes is made of a 
mixture of half your 
mother's genes, 
and half your 
father's genes. 
They came from 
the cells in your 
parents' bodies 
that were used 
to make you. 
This is why 
people often 
look similar 
to their 
parents. 

In this family, 
you can see that 
both the children look 
a little like their mother. Each 
of them has inherited a copy 
of half of the genes inside her 
cells, and half of the genes 
inside their dad's cells. 

DNA fingerprinting 

Because most people have 
their own, unique DNA 
patterns, DNA testing (also 
called DNA fingerprinting) 
can be used to identify 

people. For example, the 
DNA patterns in blood cells 
left at a crime scene will only 
match the DNA of someone 
who was there. This helps 
police scientists, called 
forensic scientists, to identify 
crime suspects. Th is monkey is a type of 

early clone. She was made 
by dividing a cell in two 
before it grew into a baby. 

BODY SCI ENCE: Cloning 
'.:.:~z.~~., . 

. '11 W«1'WP'1:l($''''{I//-7,.zl'k· · CIomng means ma Ing 
an exact @0~py@of a living 
thing by' ~:pying its 

:i-. '//'.@'f.a.(..

DNA. SdellJti5,f$
r 

, bave 
• ::S;" .~ 

worked ouf'l1ow to take 
the DNA from an animal's 
cell, and insert it into an 

>.<\\,pnncellthat has .had 

scientists .· h"""iO~dn:~ ....."" 
several kinds 
and may be able to done 
humans too. 

INTERNET LINK 

For a link to a website where you can 
find out how to make an edible model 
of a DNA molecule, go to ..... 
www.usborne-quicklinks.com ~ 
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Muscles 

and Bones 






F BODY SCiENCE:"B6tl€ aetectiveS"~"2'."~' 
~~ 

Archaeologists often find the bones of 
people who died centuries ago. They can 
reveal a lot about how people used to live. 
For example, minerals found in bones show . 
what people ate. 

An archaeologist 
brushes dirt 
from some old 
bones found 



Join ts 

W herever two bones 

meet, there's a 
joint. There's one at 
each elbow, knee, 
shoulder and hip, and 
dozens in your hands, 
feet and spine. Joints let 
your skeleton flex, so 
that you can move your 
body around. 

This picture shows a cut

away of a hip joint, which 

is a ball-and-socket joint. 

It joins the femur (thigh

bone) to the pelvis. 


Pelvis 

Li~aments 
hold the 

Cartilage 
"shock 
absorbers" 

u'
I 

oo""membrane 
holds the Femur 
synovial fluid in . 

Types of joints 

You have lots of different 
kinds of joints, allowing your 
body to move in different 
ways. Here are some of them: 

Your 
spine has 
many cartilaginous 
joints. The vertebrae 
(spine bones) are 
linked by discs of 
cartilage, so the 
spine can twist 
and bend . 

Ball-and
socket joints 

are in your 

shoulders and hips. A 


ball on one bone fits 
into a cup-shaped 
socket in the other. 
This kind of joint can 
move in any direction . 

Oil and cushions 

If your bones scraped together 
when you moved, it would be 
very painful (and creaky). 
Instead, most joints are kept 
well-oiled by a liquid called 
synovial fluid. It's held around 

A pivot joint, 
like the one 
at the top 
of your neck, 

allows one 
bone to rotate 
against another. 

In gliding joints, 
bones simply 
slide over each 
other. There are 
some of these in 
your wrists. 

Hinged joints, 
found in fingers, 
elbows and 
knees, work like 
a door hinge. 
They flex in one 
direction only. 

the joint in a pocket called 
the synovial membrane. 
Bones also have cushions of 
rubbery cartilage at the ends. 
They act like shock absorbers 
when your joints move. 

20 



This is an artificial hip joint, This is an X-ray picture of a dislocated 
used to replace a hip that has finger. You can see where the first 
been damaged by injury or and second phalanges (finger bones) 
disease. The long, pointed have been pushed apart. 
part is inserted into the thigh
bone, while the plastic socket 

is attached to the pelvis to 
replace the original socket. 

t of place 
Joints can sometimes be 

dislocated in an accident. 

When this happens, the bones 

in the joint get pushed away from 

each other and the joint stops working. A 

dislocated joint hurts a lot, but doctors can 

usually fix it by pushing it back together. 


Ligaments 
Ligaments hold together the two 

This photo shows how thebones on either side of a joint, to stop 
dislocated finger looks from 

them from falling apart. Ligaments are like the outside. It may be 
possible to push the bones very thick, tough elastic bands. A sprain happens 
back into position without 

when a ligament gets pulled too far and is damaged. the need for an operation. 

Double-jointed people don't really have double INTERNET LINK 


joints. They just have extra-long, 
 For a link to a website where you 
stretchy ligaments, which can answer quiz questions and watch 

a movie about joints, go to L.allow their joints to move www.usborne-quicklinks.com f)TK'o 
farther than most peoples'. 

Are you supple? 
If you're supple, it means your ligaments are stretchy 

and your joints are very flexible. Being very supple 
means you can bend your body into lots of 

positions, such as touching your toes, doing 
the splits or putting your foot behind your ear. 
Some people are naturally more supple than 

others, but you can make your joints more 
flexible by doing exercises such as yoga to 

stretch your ligaments. 

A contortionist is someone who can move their body into unusual 
positions. This contortion ist is performing in the street in Shanghai, China. 

21 
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Muscles and tendons 

our bones and joints are arranged so that theyYcan move - but not by themselves. They 

need muscles. Muscles lie next to bones and 
pull them into different positions, so that you 
can walk, run, kick a bailor peel a banana. 

This picture shows how skeletal 
muscles are wrapped around 

your bones, covering them 
up. Like bones, most 
muscles have Latin names 
which scientists around the 
world can understand. 

Trapezius (helps 
...,----- you shrug your 

s.houlders) 

Pectoralis 
major (these 
muscles are 
often called 
"pecs.") 

External 
oblique 

Thumb 
flexor 

~'""i-- muscle 
(bends 
thumb) 

Quadriceps 
~--- (straightens 

your knee) 

Sartorius (bends 
your knee) 

Gastrocnemius 
(helps you jump) 

Skeletal muscles 
The muscles you use to move around 
are called skeletal muscles, because 
they're mostly attached to your 
skeleton. You have over 600 of them 
altogether, and they make up nearly 
half of your total body weight. 
Each muscle is a red, stretchy 
bundle that can contract (get 
shorter) and relax again. It is 
this contracting movement 
which makes muscles pull on 
your bones to make you move. 

Muscles in pairs 
Muscles can only pull - they 
can't push. So muscles often 
have to work in pairs to make 
body parts move. For example, 
you use one muscle to bend 
your arm, and another to 
pull it straight again. 

* 


1 The biceps muscle bends 
your arm by pulling 

your forearm bones upward. 

Deltoid 

(lifts your - -E-- , 


shoulder) 


Triceps -- 
(unbends 
your elbow) 

Brachioradalis 

Tibialis -~h\ 

anterior 

2 The triceps 
muscle 

makes your arm 
straight again 
by pulling on 
the back of 
your elbow. 
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INTERNET LINK 

For a link to a website where you 
can find out lots of useful facts about 
muscles and tendons, go to ..... 
www.usborne-quicklinks.com ~ 

Muscle fuel 
Just like cars and electric drills, 
muscles need a supply of fuel 
to give them the energy they 
need to work. Muscle fuel is a 
mixture of the food you eat 
and the oxygen you breathe in . 

Oxygen 

Energy 
stored 

Food in ATP 

Inside your muscle cells, oxygen and food 
are combined to make energy. 

Energy is stored in your 
muscles in a chemical called 
ATP (adenosine triphosphate), 
ready for when you need it. 

Why muscles ache 
When you use your muscles a 
lot, for example to run a race, 
the energy in your ATP gets 
used up. Your muscles need 
more oxygen, so you breathe 
faster to take in as much air 
as possible. But if the oxygen 
doesn't reach your muscles 
fast enough, they try to 
make energy without it. 
This works for a while, but 
not very well . It releases a 
poison called lactic acid 
into your muscles, making 
them hurt. This tells your 
body to stop and rest until 
you have recovered. 

Sprinters push 

their muscles to 


the limit when they 

run. After a race, a 


sprinter is exhausted 

and has to rest so that 

the oxygen his or her 

muscle cells have used 


up can be replaced. 


Tugging tendons 
The end of each muscle narrows into 

a tough cord called a tendon, 
which is attached to a bone. 
When the muscle contracts, the 
tendon pulls on the bone. 

This diagram shows the 
complicated network 
of tendons inside 
your hand. They Tendons 
are attached to 
muscles in your arm. 

* 
You can feel one of the biggest 
tendons in the body, the Achilles 

tendon, just above your heel. It 

feels hard like a bone, but if you 

press it, it will bend slightly. 

This tendon joins strong 

muscles in your calf to the bone 

in your heel. It's used to pull up 

your heel when you walk or run . 
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How muscles work 

Every time you decide to make a movement, like 

scratching your nose or pushing a button on 
your phone, there's a complicated chain of events 
inside your body. Your brain, nerves and muscles all 
have to work together to make the movement 
happen. But they do it so fast, you hardly notice. 

Message to move 
When you want to move, your 
brain sends a message to your 
muscles. Electrical and chemical 
signals trav~1 down your spinal 
cord, then branch off along 
nerves leading to your muscles. 
At the ends, your nerves 
divide into thousands of 
nerve endings. Each 
muscle cell has a nerve 
ending touching it. The 
signal travels through 
the nerve endings and 
onto the muscle cells, 
telling them to act. 

This diagram shows the parts of 
a muscle. Each muscle contains 
many tiny, string-like muscle 
cells, w hich contract to make 
the whole muscle contract. 

Muscle 

* 


INTERNET LINK 

For a link to a website where you 
can f ind out more about how 
muscles work, go to ..... 
www.usborne-quicklinks.com .r~ 

Muscle cell (sometimes 

known as a muscle fiber) 


Muscles under 
the microscope 

But how do muscle 
cells actually get 
shorter? Each muscle 
cell contains two 
different kinds of 
thin strands or 
filaments, which 
overlap each other. 

When they receive 
the signal to contract, 
they lock into each 
other and pull closer 
together, making the 
muscle cell shorter, 


and so making the 

muscle contract. 


This microscope photo shows muscle 
fibers (red) and nerve endings pressing 
against them (green). 

Actin 
filament 

Myosin f ilament 

This is what happens inside a muscle 
f iber when your muscle contracts. 

Contracting 

Myosin 
filament 

Actin 
filament 

Relaxing 	 * 
Myosin -c:::!1II1111111 IIIIIIIIIIID-

filament -allllllllill IIIIIIIIIIID-

Actin ~IIIIIIIIIII 1111111111...-.. 
fi lament 	 ~ ~ 

-a1ll1111111111111ll1ll1D
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Amazing muscles 
The biggest muscles in the 
body are the gluteus maximus 
muscles in your buttocks. But 
the one that can exert the 
most force is the jaw muscle, 
or masseter. It's quite small, 
but it can make your jaws 
press together very hard. The 
pressure of a normal person's 
bite can be up to 200 pounds 
- the same as the weight of a 
fully grown man. 

The masseter muscles are 
at the sides of the face . 

They pull you r 
upper and 

lower jaws 
together. 

* 
Making faces 
Muscles aren't just for 
strength and getting around . 
They are also important 
because they allow us to 
communicate with each 
other. Your face has about 80 
small, precise muscles for 
moving your mouth and 
tongue into different shapes 
to make words, and for 
making different facial 
expressions. For example, 
when you grin, you're 
using about 1 7 
different face 
muscles. A frown 
uses even more 
muscles - about 43. 

Body building 
It's possible to 
build up muscles 
and make them 
stronger by doing 
exercises. When you exercise, 
your body gradually makes your muscle 
cells thicker and stronger, and your 
muscles grow bigger. This usually 
happens about a day after the 
exercise, not immediately. 

The muscles in our fa ces allow us to 
communicate all kinds of thoughts 
and fe elings, such 
as fear, anger or 
playfulness. 

A 19th-century 
illustration showing 
a strongman lifting 
six people at once. 
Strongmen and 
bodybuilders 
increase their 
strength using 
special exercises. 



Moving without thinking 

OU don't have to remember Squeezing along 
Yto squeeze food along 

your intestines or make 
your heart beat all day 
long, but these things 
still happen. They're 
done by your 
involuntary muscles. 

Smooth muscle 

Involuntary muscles are made 
from a kind of muscle called 
smooth muscle. Instead of 
being attached to your 
bones, smooth muscle is 
found in organs such as the 
eyes and stomach. It helps 
them to work without you 
even thinking about them. 

Part of your brain is always 
hard at work keeping control 
of your smooth muscles and 
checking that they're working 
properly. But this isn't the 
part you use for thinking, so 
it doesn't feel as if you're 
using your brain at all. 

This picture shows human smooth muscle 
under a microscope. Instead of being 
striped like skeletal muscle, it's made up of 
bundles of long cells with pointed ends. 

Smooth muscles are found in many 
of the tubes, such as intestines, 

Gall bladder that carry food and liquid around 
inside your body. They are 
arranged in ring shapes, and 
work by squeezing to push food 
or liquid along. This pushing 

Rings of smooth ------~ 
muscle in the 
cystic duct squeeze 
tightly to push the 
bile along. 

Hardworking heart 

The heart is made of a special 
kind of involuntary muscle 
called cardiac muscle. 
It's the hardest
working muscle in 
your body. It works 
non-stop, squeezing 
and relaxing about 
100,000 times a day 
to pump blood 
around your body. It 
never gets tired out or 
needs a rest. 

You can sometimes feel your 
heart muscle beating 
(pumping) if you put your 
hand near the top of your 
chest. It beats faster when 
you exercise, because your 
muscles need extra blood so 
that they can work harder. 
Your heart can also beat faster 
if you're scared or excited. 

effect is called peristalsis. 

Your gall bladder makes a liquid 
called bile that helps you digest 

food. This diagram shows how 

smooth muscles move the 


bile to your intestines. 


Gradually 
the bile is 

squeezed all 
the way to your 
small intestine. 

In this 
computer-generated 
image of a pumping heart, the 
heart muscle is shown in blue. 

INTERNET LINK 

For links to two websites where you 
can see animations showing peristalsis 
and the heart beating, go to ..... 
www.usborne-quicklinks.com ./')7Iir' 
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Your pupil is the 

black hole that lets 


light into your eye. The 

iris (the colored part) 

is a smooth muscle 


that surrounds it and 

controls its size. 


Breathing 
Breathing is an unusual kind 
of involuntary movement. 
Normally, you breathe 
without thinking. Your brain 
unconsciously controls a set 
of muscles that make your 
chest expand, sucking air 
into your lungs. When these 
muscles relax, your chest 
shrinks and you breathe out. 

Letting in light 
The iris, the colored part of 
the eye around the pupil, is 
a smooth muscle. If you try 
making your pupil bigger 
and smaller by thinking 
about it, you can't do it. But 
your brain can tell the iris to 
contract or relax, depending 

on how much light there is. 

To see this working, look in a 
mirror in a dimly lit room. Your 

pupil will be quite large. Then ask 
someone to switch the light on 

while you watch. The iris will 
shrink your pupil, so that it 

doesn't let in too much light. 

However, you can control 
your breathing if you 
want to. This is very 
useful. It lets you 
do things like play 
the trumpet, 
blowout a 
candle or hold 
your breath 
underwater. 

These pictures show how muscles in your chest make you breathe. 

Breathing in 

Lungs ::. 

Rib 
muscles 

Diaphragm ~~.~ 

To breathe in, muscles attached to your 
ribs pull your chest out and up, and your 
diaphragm moves down. This makes 
your lungs expand, and air is sucked in. 

Breathing out 

.. 
Lungs 

Rib 
muscles 

* 
To breathe out, your diaphragm 
pushes upward and your rib muscles 
squeeze your ribs together. Your 
lungs shrink and push air out. 

To playa 
wind instrument, 
you have to be able 
to control your 
breathing carefully. 



Reflexes 
Reflexes make you do things like pull away from 

pain, or shut your eyes when you see a bright 
light. You move before you even have a chance to 
think about it. This can save vital time when 
you're in a dangerous situation. 

Reflex responses 

Have you ever touched a hot 
surface and pulled your hand 
away before you even felt the 
pain? That's a reflex response. 
Your nerves feel the heat and 
send a message to your spinal 
cord. It sends a message to 
pull your hand away at once. 

At the same time, a pain 
message is sent to your brain, 
but it takes a bit longer to get 
there. By the time you realize 
your fingers are burning, 
you've already taken action . 

This diagram 
shows how a Pain 
reflex action message 
makes you pull to brain 
your foot away 
when you step 
on a thumbtack: 

Pain 
message 
to spinal 
cord 

--- Thumbtack 

The blin k refl ex makes 
you close your eyes 
w hen something is 
th rown in your face. 

Spinal 
cord 

Spinal cord 
tells your 
muscle to 
pull your 
foot away. 

* 

A doctor checks the reflexes of a newborn 
baby to make sure it is healthy. 

Danger alert 

Your reflex responses are 
always on the alert to keep 
you out of danger. You blink 
to protect your eyes if 
something comes near your 
face, or if you see a bright 
light. You sneeze if your nose 
is irritated by dust, and jump if 
you hear a loud bang. These 
things are all signs that your 
nerves are in good working 
order. Doctors sometimes test 
reflexes to make sure there's 
nothing wrong with your 
nervous system . 



Skin, Hair 

and Nails 


You need skin to hold all your insides 

together and keep dirt and germs out 

of your body. Skin also helps to stop 

your body from getting too dry, too 

wet, too hot or too cold - and if it's 


damaged, it can repair itself. 

Hair and nails may not look like skin, 


but they're made of the same 

substance - a protein called keratin. 

They too help to protect your body. 


,. ~--- -." :..a.~_ ,'- • ' .. ..c 

A magnified image of human skin, 
covered with drops of sweat 



What is skin? 

Skin isn't just the 

outside of your body. 
It's an organ, just like 
your brain and heart. In 
fact, it's the biggest of all 
your organs, and it has 
several vital jobs to do. It 
protects your insides, feels 
things, and keeps you at 
the right temperature. 

Skin cells 

Skin cells are mostly made of a 
tough protein called keratin. 
They are constantly moving up 
from the deeper layers of your 
skin to the surface, where they 
form a flaky, dead layer. About 
40 million dead skin cells fall off 
you each day, to be replaced 
by new cells from underneath. 

The surface of human skin, magnified 
to hundreds of times life-size 

This diagram sh ows a 
cross section through Hair -----,~ 
human skin, much 
bigger than in real life. 

Hair pore 
(hole) 

Under the skin 

Skin has two main layers. The top layer, the epidermis, is the 
skin you can see on your body surface. The lower layer, or 
dermis, is thicker and contains blood vessels and sweat glands. 

Skin sensations 

Skin keeps you in touch with the outside 
world. It's full of tiny receptors that can 

tell whether you're cool or warm, or 
touching something soft, hard, 

rough or smooth. Each receptor 
is attached to a nerve that 

sends signals to your brain 
about what you can feel. 



How big? 
If you spread out an average 
adult's skin, it would take up abolJt 
2.2 square yards - about as much 
space as a single bed. It would be 
heavy too, because skin makes up 
eight to ten percent of your whole 
body weight. For an average 
man, that's around 15 
pounds - as heavy 
as three thick 
winter coats. 

,/! ,. , 

./Lt 
Why don't you soak up 
water like a sponge when 
you swim in the sea? It's 
because skin is waterproof. 

hair pore. Dirt, oil and bacteria 
collect underneath, making a 
swelling which appears as a 
sore, red bump. 

Zit ~, 

* 

Teenagers often have zits 
because hormones (chemicals 
in their bodies) make their skin 
produce extra sebum. 

INTERNET LINK 

Fingerprints 
Under a magnifying glass, 
you can see the unique 
patterns and swirls 
in a fingerprint. 

The skin on the tips of 
your toes and fingers 

grows in patterns of 
tiny ridges that help 
you grip things. 
When you touch a 
hard surface, these 
patterns leave a 

fingerprint - a mark 
made of grease and 

sweat from your skin. 
No two people have the 

same patterns. That's 

why fingerprints are used 


to track down criminals. 
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Skin changes 

our skin changes a lot. Staying the same YYou might have seen it 

Your body likes to stay at 
soaked with sweat when the same temperature 
you're hot, covered in around 98.5°F. Just a few 
goosebumps when you're degrees hotter or colder 
cold, or tanning after being than that, and you could 

in the sun. Or you might be in danger! Yet you can 
play sports on a boiling have had a big scab that's 
hot day, or go sledding in now gone away. These are 
the snow, without coming

all part of the skin's job of 
to any harm. That's partly 

reacting to the outside because your skin's 
world and keeping you safe. working all the time to 

keep you at 
a healthy 

temperature. 

If part of your skin (such as 
your face) is left bare, your body can 
keep it warm by sending more blood to the 
surface. That's why people get rosy cheeks when it's cold. 

GOING WRONG: Sore and itchy 
Some people have skin allergies. They may get a sore, 

itchy rash if they touch the thing they're allergic to 
which could be cat hair, metal objects such as earrings, or 

strong detergent. If you're allergic to something, there's 

usually no cure. You just have to stay away from the thing 

that gives you a rash. 


Warming up 
When you're cold, your skin 
makes goosebumps. 

Hair stands on end. - ---1 


Air trapped by hair - -#-

Each hair root is linked to the 
skin surface by a tiny muscle. 
In the cold, this muscle 
contracts, pulling your hair 
upright and making a bump. 
The upright hairs help you 
.keep warm by trapping 
warm air near your skin. 

Cooling down 
Hair lies flat. - ---'" 

When it's warm, the hairs relax and lie 
flat, and your skin releases drops of sweat. 

You have around three 
million sweat glands in your 
skin. When you feel hot, they 
release drops of sweat that 
make your skin wet. The 
sweat turns into water vapor 
and escapes into the air. To 
do this, it uses up energy 
and takes heat from your 
skin, so you cool down. 

32 



Growing skin 
Have you ever run out of skin? Probably not, 
because skin gets bigger whenever you need 
it to. As you get taller, put on weight or grow 
bigger muscles, your skin expands to keep 
you covered. Even when you grow very fast, 
your skin keeps up. For example, when a 
woman is pregnant, she grows a big tummy. 
Her skin expands to cover the bump. Then, 
after the baby is born, it shrinks again. 

This is a piece 

of SKin grown in a lab. 


Scientists can take a few 

skin cells and grow them 


quickly into sheets of 

new skin. It can be used 


to repair skin injuries 

such as burns. 


INTERNET LINK 

For a link to a website where you 

can find out more about " 
... ~~;;;. 
sunburn and suntans, go to L.. 

www.usborne-quicklinks.com ~ 


Scabs and scars 
Skin sometimes gets cut or scraped by 
accident. When this happens, blood 
cells join together in a clot to stop 
you from bleeding. The clot hardens 
into a scab to cover the wound and 
keep germs out. Underneath, the 
skin repairs itself. Finally the scab 
falls off, leaving just a scar. 

This microscope picture shows blood cells 
forming a clot. They are held together by 
a thread-like substance called fibrin . 

Skin and sun 
Your skin uses sunlight to make vitamin D, 
which keeps bones healthy. But staying in the 
sun too long can damage skin. If you're in the 
sun a lot, your skin makes extra supplies of a 
dark chemical called melanin, which protects 
you from the sun's rays. This makes lighter 
types of skin get darker, or tan, in the sun. 

These are thermal imaging pictures of a man sunbathing. The 
hottest areas appear red, and the coldest appear blue. You 
can see how the man's skin heats up as he lies in the sun. 

If you have dark skin, it means you 
already have lots of melanin 
and sun protection . But 
however much you 
have, it can't protect 
your skin completely. 
Too much sun can 
lead to sunburn, 
and can even cause 
skin cancer. 

http:www.usborne-quicklinks.com


Hair and nails 

Hair, fingernails and toenails are made out 

of keratin, a tough protein which is also 
found in skin. Like the outer layer of your 
skin, your hair and nails are mostly dead. 
They have no nerves, and they're the only 
parts of the body people regularly cut off. 
For some people, the way their hair 
and nails look is an important 
part of their personality. 

Th is picture shows human head hairs 
100 times bigger than life-size. 
Some of them have "spli t 
ends," caused by ha irs 
fraying as they 
grow. 

Hair everywhere 

Hair grows almost everywhere 
on your body. There are only a 

few non-hairy places, including 
your lips, the palms of your 

hands and the soles of your feet. 

The hair on your head is the 
thickest, so it's easy to see. You can 

probably also spot fine hairs on your 
forearms. But you'll need a 

magnifying glass to see 
the tiny hairs on your 

knuckles and on the 
tip of your nose. 

INTERN ET LI N K 

For a link to a website where you 

can f ind out lots more about 

hai r and nails, go to L.. 

www.usborne-quicklinks.com ~ 


How hair grows 

Each hair grows out of a hair follicle, 

which is like a tiny tube in your skin. 

The follicle contains a hair root made 

of keratin cells. As the follicle makes 

more hair cells, the hair is 

pushed up and out. 


This cutaway 
diagram shows 
a strand of hair 
and the skin 
around it. 

gland releases 

sebum, which 


oils and softens 

the hair. 


Hair 

root 


Hair 

fo llicle 


The average human body has around 
five million hair follicles. Every 

day, hundreds of hairs fall 
out, and have to start 

growing again. 
Each follicle has a 

six-month rest 
every few years. 

Th is is a magnified 
picture of a sl ice of 
skin from a human 
scalp. The dark ci rcles 
are hair foll icles. 
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Healthy, shiny hair 
"Healthy" hair grows from healthy follicles. 
They use protein and minerals from your 
bloodstream to make hair. Eating healthy 
foods, like vegetables and fish, makes your 
hair grow thick and shiny. Hair conditioner can 
also make hair shine. It works by smoothing down 
tiny scales, called cuticles, on the hair's surface. 

The cross sections of different types of hair are different shapes: 

~-
Curly or frizzy hair is Straight hair Wavy hair 
flat or kidney-shaped has a round is oval in 
in cross section. cross section. cross section. 

Nails 
Nails are the human version of claws. 
Unlike tigers and other wild animals, we 
don't need claws to catch food, but nails 
are still very useful. They protect the 
ends of your fingers and toes from 
knocks. They also make handy tools. 
If you had no nails, how would you 
scratch an itch, open an envelope, 
peel off a sticker or undo a knot? 

Hair, nails and beauty 
The ancient Egyptians were dying 
their hair and painting their nails 
over 4,000 years ago, and hair and 
nails have been an important part 
of human appearance ever since. 
In most cultures, shiny hair is a 
sign of youth and beauty. Billions 
of products for washing, dying, 
curling and shining hair, and 
decorating fingernails and 
toenails, are sold every year. 

Most people trim their nails to 
keep them short. But if they're 
not trimmed, nails keep 
growing. This picture shows the 

world's longest nails, which 
belonged to Shridhar 

Chillal of India. 

How nails grow 
The part of a nail you can see 

is dead, but each of your nails 
grows out of a living nail bed. 

The nail bed is under and behind 
the nail. At the bottom of each nail, 

under your skin, is the nail root, 
where layers of keratin are formed 

and pushed out toward your fingertips. 

Fingernails grow slowly - around 0.1 in a 
month. Toenails are even slower. Both 
types of nails grow faster 
in hot weather. 

The lunula is a 
This cutaway diagram of a finger crescent-shaped 
shows the main parts of a fingernail. area of pale skin 

under the bottom 
of the nail. 

The cuticle is a flap 
of skin protecting the 
bottom of the nail. ~ 

Fingernail 

Fingertip 

35 





The Brain 

and the Senses 


Do you know where the fastest, most powerful 
computer in the world is? It's inside your head. 
The human brain is an incredibly complicated 
calculating machine. It receives, processes and 

sends millions of messages every minute to help 
you sense things, make decisions and control 

your body. Your sense organs, such as eyes and 
ears, collect information from oU,tside your body 
and send them to your brain, so that it knows 

what's going on around you. 

l~_____ __:_ · .- ~..-:_ .. 

This microscope picture shows some 
of the billions and billions of tiny cells 
inside a human brain. 





Off with his head! 
Long ago, when criminals were 
often executed by beheading, a 
French doctor named Dr. Beaurieux 
did some experiments on severed 
heads. He claimed they could still 
see and hear for a few seconds after 
being chopped off. It took up to 25 
seconds for the brain to run out of 
oxygen and lose consciousness. 

The French 
revolutionary 
leader 
Robespierre 
being 
beheaded 
by guillotine 
in 1794 



How the brain works 

The brain is amazingly complicated. In fact, it's 

so complicated that even top brain scientists 
don't know exactly how it works. However, they 
do know that nerve cells use electricity and 
chemicals to send messages zooming around 
your brain, and to and from your body. 

A system of nerves 

Your brain is part of a vital 
body system called the 
nervous system. Connectors 
called nerves link your brain to 
every part of your body. This 
lets your brain find out what's 
happening around you, and 
send instructions to your body 
to tell it what to do. 

The whole nervous system is 
made up of nerve cells. They 
are usually known 
as neurons or 
neurones. 

The nervous 
system is made 
up of nerves 
that reach all 
around your 
body. Signals 
constantly 
travel along 
them to and 
from your 
brain. 

and spinal 
cord are shown 
in yellow. They are 
known as the centra l 
nervous system. 

The network 
• of nerves 
reaching to the 
rest of your body 
is shown in blue. 

Neurons 

There are three main 
types of neurons in your 
nervous system: 

Sensory neurons collect 
information from your 
sense organs, and 
carry it to your brain. 

Motor neurons carry 
instructions from your 
brain to your muscles, 
telling them to do things, 
such as picking up a coin. 

Connector neurons are 
in your brain and spinal 
cord. They process 
information and pass it 
around to each other. 

This large diagram The axon is 

shows a con nector a long tube 
neuron in your stretching from 
brain . It's really too one end of the 
t iny to see. 

receive messages 
from other 

neurons. 

axon is protected 
by this thick 

covering, called a 
myelin sheath. 

At the end, the 
axon splits into 
branches which 

pass signals on to 
the dendrites of 
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Speedy signals 

Signals zoom around your 
nervous system very fast. You 
can see a coin, decide you 
want it, and pick it up within 
a second, yet this involves 
signals passing through 
millions of neurons. How do 
they send such speedy 
messages? In this picture, you 
can see how signals jump 
from one neuron to the next. 

1 Messages travel along neurons in 
the form of electricity. This 
happens almost instantly. 

2 The signal travels to the tip of 
the axon branch. The axon then 
releases a chemical (shown here 
as green dots). 

3 The chemical jumps across a 
tiny gap to the dendrite of 
another neuron, which 
picks up the signal. 

INTERNET LINK 

For a link to a website where you 
can find lots more amazing 
facts about the brain, go to L.. 
www.usborne-quicklinks.com ~ 

Brain tangle 

Inside your brain, billions and 
billions of connector neurons 
are linked together in a 
complicated network. They 
are constantly sending signals 
to each other and forming 
connections with each other. 
This is how your brain 
remembers things, does 
calculations, makes decisions 
and thinks up ideas. (You can 
find out more about this on 
pages 50-51.) 

This is a microscope photo 
of just a few of the huge 
network of connector 
neurons inside a 
human brain. 

Amazing neurons 

• You have over 100 billion 
neurons in your body in all. 

• Each neuron in the brain 
can be connected to 
thousands of others, and 
can receive over 100,000 
signals every second. 

• Messages whizz around 
your nervous system at up 
to 270mph. 

• Neurons that reach from 
your spinal cord to your 
toes are the longest cells in 
the body. rh"~tre ~too 
narrow to see: bdt they can 
be up to 4ft long. ~ 
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Seeing 

T he five senses - seeing, hearing, touch, taste and smell 

are your brain's tools for detecting the world around you. 
Seeing is one of the most important senses for humans 

and most other animals. Your eyeballs collect light patterns 
and send signals to your brain, and your brain works out 

what they mean. Sometimes, though, the 
brain gets it wrong - or even makes up 

things that aren't really there. 

-- These are the optic nerves. 
They are bundles of neurons that 

carry signals from the backs of 


the eyeballs into the brain. 


The labels on 
this picture show 
the main parts of 
a human eye. 

The pupil 
The retina is ---~ is the hole 
the area of that lets light 
light-sensitive into the eyeball. 
cells at the When images When you look at 
back of the eye. pass through something, light 

the lens, they reflected from it shines 
flip over and hit through the pupil and 

Most of the eyeball is filled The lens is a the retina the lens inside your 
with a clear, thick jelly transparent disc just The iris is the colored upside down. eye, and hits the back 
called vitreous humor. behind the pupil. part of the eye. of your eyeball. 

Amazing eyeballs Cells for seeing Into the brain 

Your eyeballs are the sense Inside the back of each Because your eyes are so near 
organs that let you see. They eyeball is a patch of light your brain, the signals don't 
collect light patterns and turn sensitive cells called the need to travel up your spine 
them into signals, ready to retina. It is made of over 100 to get there. Instead, the 
send to the brain. Each million "rod" cells, which optic nerve leads right into 
eyeball contains a lens that detect white light, and about the brain from the back of 
focuses images onto the back six million "cone" cells, each eyeball. Each optic nerve 
of the eyeball. which detect red, blue or is made up of millions of 

green light (so you can see neurons, all connected to the 
in color). Each cell converts light-sensitive rod and cone INTERNET LINK 

the light it detects into an cells. The optic nerves send
For a link to a website where you 

can do lots of online experiments to electrical signal, which is the signals to the visual 

do with vision, go to L.. 
 then carried along the optic cortex - the part of the brain 
www.usborne-quicklinks.com ~ 

nerve and into the brain. that processes images. 

42 

http:www.usborne-quicklinks.com


The brain's job 
GOING WRONG: Color blindness 

As soon as the brain receives light 
signals from the optic nerve, it 
starts to interpret them (work 
them out). Firstly, it flips images 
right side up, so they make 
sense. Then, it decides what you 
can see. It matches shapes and 
movements against images in its 
memory, so you can understand 
what's going on around you. 

When you look at th is picture, you actually see the 
wheels as two ovals. But your brain recognizes 
them as two round wheels seen from different 
ang les, and tells you that you are seeing a bike. 

Bossy brain 

Sometimes, the brain takes over 
and sees only what it wants or 
expects to see. Try this experiment: 

PARIS 

IN THE 


THE SPRING 


Did you see the second "THE" ? 
Most people don't the first time 
around, because their brain decides 
it's useless and ignores it. 

The retina has different In color-blind people, 
types of cone cells for there are fewer types of 
detecting different cone cells. This usually 
colors. Most people's makes it hard for them 
eyes can see a wide to tell the difference 
range of colors. between red and green, 

especially in dim light...:.:....- Scientists have found 
. ..~••f'I ••••••.r••••.c .:.••••• that most color-blind.. .-.:. ... ~.. ~.,·~·:·'~::b people are male.• ~•••~• • • •••••t\;. ~...·:.tt••• a41....•.. .~ .O"'S.... .~••~••~ ~-I·••••••\,...... , ••~••• ...

• ••• • ...., • • \wo . ~~ ••.,•••·..•••••...:.·1.·.·",.·••. · o....t!'."•••••••~.·.i·.':••..••••J...... This is a color blindness test. 
••••• c .......e• •••• •• «~ 
 If you can see a number in. ··.J!···1 •.. ••'..•••!e~.!'..•••.••.•.•... :'..... :•.••. . •..._.

~.. the circle, you're probably..~~.~.:.O~C.·•.....•.••. not color-blind. If you can't,....::f.. ... :\•..~••......
•••••~........ ::..... f ••••• it may be because you are 


. t! ....."'• • ••• 
color-blind and find it hard to 

tell the difference between 
.•~•••~.'!.\,.~.•..e!• • 

- l ... ··.·.t.M·,·•••.:.•••~.""i••• green and red.·w••~..• 
This is a microscope photo of 
light-detecting rod cells (th~ 
longer shapes) and color
detecting cone cells (the shorter 
pointed shapes) in the baek of 
the eye. They are shown about 
6,000 times bigger than life-size. 



Hearing 

There's a lot more to your ears than meets 

the eye. The part you can see, attached 
to your head, is called the pinna, or outer ear. 
It's just the start of a sequence of parts leading 
into your head. Together, they turn sounds into 

signals your brain can understand. 

This diagram shows the many 
parts that make up your ear. 

Oval 
window 

The semicircular canals 
Eardrum help you to balance. They 

AP....k--- - send signals to your brain 
along a nerve called the 
vestibular nerve . 

.~_"",-=,----- Vestibular nerve 

The auditory 
nerve carries 
sound signals 
from the cochlea * 
to the brain. 

_/
'\-' 

The pinna 
acts like a Incus 
satellite dish, The Eustachian 
catching The malleus, incus and stapes are three tiny tube connects 
sounds and bones inside your ear. (The stapes is the smallest your ear to 
directing them bone in your whole body.) These three bones your nose 
into the ear carry sou nds from your eardrum to your cochlea. and throat. 
canal. 

Sounds into signals 

Every sound you can hear is 
made up of sound waves. 
Sound waves work by making 
tiny particles of air vibrate 
back and forth. The particles 
bump into each other, making 
the sound waves spread 

Air vibrations enter 2 The vibrations pass from 3 Tiny hairs inside the 
through the air and into your l your ear and travel the eardrum along the cochlea detect the 

along your ear canal. malleus, incus and stapes, vibrations. They turn them ears. Here's what happens 
They hit your eardrum through the oval window into electrical signals and 

when your ears hear a sound: and make it vibrate too. and into the cochlea. send them to your brain. 
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This microscope photo 
shows clumps of sensitive 
hairs inside your cochlea, at 
about 12,000 times life-size. 

Volume and pitch 

Louder sounds make bigger 
vibrations in the air. Your ear 
can tell how loud a sound is 
by the size of the vibrations. 
High-pitched sounds make 
fast vibrations, and low
pitched sounds make slow 
ones. Your cochlea has 
different types of hairs which 
are sensitive to different 
vibration speeds. By checking 
which hairs have been set off, 
your brain can work out how 
high or Iowa sound is. 

These computer displays show the 
different kinds of sound wave patterns 
made by two different voices. We can 
recognize people's voices because our 
brains can tell the difference between 
different sound wave patterns. 

This patient is having her ear 
syringed. The wax will be flushed 
out of her ear into the bowl. 

Balancing 

As well as hearing, 
your ears help you 
balance. Next to 
the cochlea is a 
set of tubes 
called the 
semicircular 
canals. As 
you move 
around or tilt 
your body, 
liquid inside these 
tubes swirls around 
and makes tiny 
hairs bend. 

Like your hearing 
hairs, balancing 
hairs are 
attached to 
neurons leading 
to your brain. 
They tell the brain 
what angle you are 
at so you can keep 
your balance. 

Dogon people from 
Mali balancing on 
stilts as part of a 
traditional ceremony 

GOING WRONG: Ear wax 
Your ears make wax to protect 

themselves from water and 
dirt. Sometimes, too much 
ear wax can collect in 
your ear and block your 
ear canal, making you 

deaf. A doctor or nurse may 
have to squirt water into 
your ear with a syringe 
to force the wax out. 



Tasting and smelling 

Taste and smell are important senses. They help 

you detect danger, by tasting whether the 
food you're eating has gone bad, or by smelling 

smoke if your house is on fire. Tasting and 
smelling are also closely connected to 

your emotions, and can often bring 
back memories. 

This nerve 

carries smell 


signals into your 

brain to 


be 'processed . 


This picture shows a smell-detecting 
cell under a microscope, You can 
see two cilia hanging off it. 

• 

* • 

Skunks have 
special glands 
that make one of 
the smelliest 
substances in the 
world. They spray 
it at enemies to 
scare them away. 

Up your nose 

Smelling is done by a 
sensitive patch of cells at the 
top of the inside of your 
nose. It's only the size of a 
postage stamp, but it's 
covered in over 200 million 
tiny, dangling thread-like 
shapes, called cilia. 

There are about 20 types of 
cilia. Each one detects 
different types of smells. 
When a smell wafts up your 
nose, it triggers a particular 
combination of cilia. They 
send signals along neurons 
to your brain, and your brain 
analyzes the information to 
work out exactly what the 
smell is. 

What is a smell? 
To set them off, the cilia have 
to be touched by molecules 

(tiny particles) of the 
substance you're sniffing. 
A smell is really just a few 
molecules of something 
smelly that have floated 
away from it and found 
their way up your nose 
- whether it's stinky 
cheese, expensive 
perfume, or a dog 
mess on the ground. 
When you sniff at 
something to get a 
better smell, you're 

simply breathing extra 
bits of it up your nose. 
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Taste buds 
The tongue does its tasting 
using taste buds. They are 
found in the papillae - the 
bumps you can see when you 
look at your tongue in the 
mirror. Each taste bud 
contains nerve endings that 
are sensitive to different tastes. 

Particle of food 

Taste bud To brain 

This diagram shows a tiny papilla on your 
tongue, containing many taste buds. 

When you eat, pieces of food 
enter the small gaps around 
your papillae and touch the 
taste buds. As soon as the 
taste buds detect a taste, they 
send a signal to your brain. 

BODy'SCIENCE: Synesthesia 
Some people get their 
senses all mixed up. This 
strange condition is 
called synesthesia 
(Greek for "together
senses"). For example, 
when a synesthetic 
person tastes an orange 
drink, she may see 
flashing lights. When she 
hears a sound, such as a 
bell ringing, she may 
experience a touch or 
color sensation too. 

Tasting team 
Most scientists say the tongue 
can detect four main tastes: 
sweetness, saltiness, sourness 
and bitterness. Some think 
there is also a fifth taste called 
"umami," or savoriness. But 
you can taste many more than 
five flavors, because your nose 
and tongue work as a team. 
When you eat, molecules of 
food waft up your nose, giving 
you extra clues about what 
you are tasting. To test this, 
try eating food while holding 
your nose. Does it taste the 
same as usual? 

This is a close-up of the surface 
of a human tongue . The bumps 
all over it are the papillae. 

INTERNET LINK 

For a link to a website where you can 
find out lots more about taste buds 
and how they work, go to L.. 
www.usborne-quicklinks.com ~ 

Store of sensations 
An average person can detect 
thousands of different smells 
and tastes. But how do you 
know which is which? The 
answer is that your brain has 
a huge "library" of different 

tastes and smells locked 
away in its memory. Every 

time a sensation comes 
in, the brain compares it 
with its memories to 
find out whether it's 
chips or cola, perfume 
or sweaty socks. 

A strong smell from a dead 
fish can warn you that it 

has gone bad and is 
not safe to eat. 
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Sensation and pain 

Touch is usually the last sense people 

think of, but it's probably the 
most important. You could manage 
without sight or hearing, and 
having a cold or flu can take away 
your senses of taste and smell. But 
if you couldn't feel pressure or 
pain, you'd be in big trouble. 

Skin sensors 
You have several different types 
of touch receptors in your 
skin. They feel different 
kinds of sensations, such 

shows where 
the brain is 

feeling pain. 

This computer-
generated 
brain scan 
shows 
activity in 
the brain 
when a 
person is 
feeling pain. 

When a receptor is triggered, a 
signal travels along the neuron 

and up your spinal cord to 
your brain. Your brain tells you , /-~~----ir- Neuron 

as heat, cold, pressure where in the body the signal 
and pain. Each came from, so you feel as if 
receptor is linked to that's where the sensation is. 
your brain by a long 

The diagram below shows some of the 
neuron (nerve cell). different touch receptors in human skin. receptor 

Heat 

Sensitive spots 
Some body parts are better at 
feeling than others. Hands, for 
example, have more touch 
receptors than knees, and can 
detect touch sensations more 
accurately. To test this, ask a 
friend to close their eyes and 
guess how many fingers you 
are pressing against their 
hand, face or leg. 

* 
Light pressure 

BODY SCIENCE: Phantom limbs 
Some people who've had an arm or leg 
amputated (cut off) can still sense their 
missing limb. The limb itself has gone, 
but the part of the brain that was 
connected to it still works - so it can 
"feel" the limb itching or aching. 

An athlete who has had one of his 
legs amputated competes in the 
long jump at the Paralympic Games. 

Th is diagram 
shows how touch 
receptors in your 
skin are linked to 
your brain by 
neurons. You 
actually feel pain in 
your brain, not in 

your skin. 
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Pain override 
You can sometimes hurt 
yourself badly and not feel 
it. This is because the brain 
can release chemicals that 
kill pain for a few minutes. 
These emergency painkillers 
can be useful, for example 
by giving you time to 

A Hindu man wearing a spike through escape from an accident. 
his face during a religious festival 

No pain, no gain 
What's the point of pain? Wouldn't 
it be better if we didn't have it? In 
fact, pain is very useful. It's the body's 
way of warning you something's gone 
wrong. For example, the pain of a broken 
leg tells you to keep your leg still and get 
to hospital. A sharp pain might tell you 
you've pricked yourself with a 
pin or have a splinter, and this 
makes you pull it out. 

Where am 17 
Special receptors around your 
joints tell your brain 
where your body is 
and what position it's 
in. This sense of 
where you are is called 
proprioception. To test it, 
shut your eyes and then touch 
your nose. You can do this 
because your proprioception 
receptors tell your brain 
where all your body parts are. 

This X-ray picture 
reveals a painful broken INTERNET LINK 
bone in someone's hand. 


For a link to a website where you As well as having receptors in 

can find fun experiments to try on your skin, you have them in 

your sense of touch, go to L.. your muscles and bones, so you 

www.usborne-quicklinks.comJ.!lllr. can feel when something 's wrong 


inside your body. 

Some people even seem to 
be able to control pain with 
their minds, allowing them 
to do amazing tricks like 
sticking needles through 
their skin. No one is sure 
how this works, but it shows 
you really do feel pain in 
your brain, not in your body. 

www.usborne-quicklinks.comJ.!lllr




Can computers think? 
Sci-fi films often feature computers and robots 
that are as intelligent as people. But although 
computers can store lots of facts and do fast 
calculations, it's very hard to give them 
consciousness or make them think like humans. 
However, the science of artificial intelligence 
(AI) is devoted to making computers better at 
thinking. One day, they could be as brainy as us. 

This robot is being developed in Japan to be able to make a variety of 
different facia l expressions. This is an early step on the way to making 
computerized robots that can respond to and interact with humans. 



I 

Fool your brain 

Your brain might be the most 

powerful computer in the world, 
but you can still trick it if you know 
how. Here are some experiments and 
illusions to confuse your neurons. 

Blind spot 
Each eye has a blind spot where the optic nerve 
sticks through the retina. Try this test to find it. 
Hold this book up about eight inches from your 
face. Close your left eye, and focus your right 
eye on the square. Then slowly move the book 
closer to you. When the circle is in front of the 
blind spot of your right eye, it will vanish. 

* 
Where the circle was, you see solid yellow, even 
though there's no yellow there. This is because 
your brain fills in the space where it can't see 
anything with the surrounding color. (If you 
look directly at the circle, you'll see it 
again, because your blind spot moves 
as you move your eye.) 

INTERNET LINK 

For a link to a website where you can 

find lots more optical illusions to try 

fooling your brain with, go to L.. 

www.usborne-quicklinks.com ~ 


Optical illusions 
Optical illusions are images that trick your 
sense of sight. Here are two to try: 

[ 
[ [ 

~ ~ .~ ~ 
I I I ~. 

:.,
.•.. :~ : i ~ :* 

All the round dots in this picture are white. Your brain puts 
black dots in them because it is confused by the contrast 
between the white, gray and black areas. 

Look at the dot 
in the middle of 
this picture, then 
move your head 
back and 
forward. The 
pattern in the 
circles makes 
them appear 
to move in 
opposite 
directions. 

Funny fingers 
You can fool your sense of touch 
too. Cross your first and second 
fingers, and touch your nose with 

your crossed fingertips. You only 
have one nose, but it feels as if you 
have two. This is because your brain 
doesn't usually get this kind of signal 

from these parts of your fingers. It 
gets confused and thinks you must be 

feeling two separate things. 
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Breathing 

and Circulation 


All the tim"e you've been reading this book, 
you've been breathing - probably without even 

thinking about it. But why do you need to 
breathe? Your cells can't work unless they get a 
constant supply of oxygen, a gas found in the 

air. You breathe to take oxygen into your body. 
The oxygen is then delivered to every part of 
your body by the constant circulation of your 
blood. If you stopped breathing for just a few 

minutes, your cells would be starved of 
oxygen, and you'd die. 

Blood carries oxygen around your body 
along millions of tubes called blood vessels. 
This microscope picture shows a blood 
vessel cut open. You can see hundreds of 
blood cells (the red discs) inside. 





GOING WRONG: Down the wrong way 
Your throat acts as a passageway for two very 
different things - food and air. At the bottom of 
the throat, there's a flap of muscle called the 
epiglottis. It covers the windpipe when you swallow, 
to make sure food doesn't go down into your lungs. 

However, if you laugh or move suddenly while you're 
eating, food can block your windpipe, making you choke. 
You automatically cough to try to force the blockage out. 



Inside your lungs 
OU couldn't live without your lungs. Their jobYis to take millions of oxygen molecules out of 


the air and put them into your blood, ready to 

be delivered to your cells. At the same time, 

they take waste gases out of your blood. But 

how do they do it? 

Your trachea is lined with In this diagram of a pair ~-- Trachea or windpipe 
millions of tiny finger of lungs, you can see 
shapes called cilia, inside someone's left 

These two large tunnels, 
shown here under a lung. The right lung 

called the bronchi, lead 
microscope. They catch is shown with its 

from the trachea into 
dust and dirt from the covering, called 

the lungs. 
air to stop it from the "pleura." 


entering your lungs. 


The bronchi 
split up into a Breathing tree 
network of 
branchesYour body has two large, spongy, called the 

pinkish lungs that fill up most of your bronchial 
tree.chest. The left one is a bit smaller than 

the right one, because it has a dent 
in it to make space for your heart. 

Inside each lung is a network of 
thousands of tunnels called the 
bronchial tree (because it is tree * 
shaped). The smallest tunnels, at 
the ends of the tree's branches, are 	 Pleura (the Your heart fits The smallest branches at the 

outer covering into a hollow in ends of the bronchial tree called bronchioles. 
of the lung) your left lung . are called bronchioles. 

At the ends of the 
bronchioles are 
six million tiny In and out
bags called 
alveoli. 	 Your lungs seem to breathe 

by themselves. In fact, when 
you breathe in, your lungs are

Each bronchiole 
ends in a cluster being pulled outward by 
of many alveoli. muscles in your chest. To 

breathe out, the muscles 
This is one - --- - 

alveolus. squeeze your chest in again, 


pushing the air out of your 
Each alveolus is lungs. You can see a diagram 
surrounded by 

tiny blood vessels. Blood vessels __---L__--' showing this on page 27. 
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How lungs work 

When you breathe in, each 
alveolus fills up with air and 
takes the oxygen from it. 
The oxygen molecules pass 
through tiny holes in the 
alveolus, into the blood 
vessels all around it. These 
blood vessels are so small, 
only one blood cell can go 
down them at a time. Each 
blood cell picks up a load 
of oxygen as it goes past. 

This diagram shows an alveolus and a 
blood vessel cut in half, so you can 
see how they work together. 

Alveolus ~ .. 

Blood vessel 
leading past 
alveolus 

.. 

Waste gases 

These blood 
cells are returning 
from the body. Their 
oxygen has been used 
up and they are 
loaded up with waste 
gases, which pass into 
the alveolus to be 
breathed out. 

---.. 
Blood is 

. F 
pumped into the lungs along 
blood vessels leading from the heart. 

In return, your blood 

cells drop off some 

waste for the lungs to 

get rid of. This is 

mainly carbon 

dioxide, the waste gas 

made by your cells as 

they work. It floats from 

the blood vessels into 

the alveoli and up the 

bronchioles, and comes out 

in your breath. 


Oxygen 	 These blood cells are loaded up 
with oxygen from the alveolus. 
They are now being carried 
back to the heart to be 
pumped around the body. 

This X-ray shows some of the blood vessels 
that carry blood in and out of the lungs. 

Then what? 

The oxygen is now in your 
blood, ready to be sent to your 
brain, muscles and other body 
parts. But it doesn't go there 
immediately. First, the oxygen
rich blood travels along the 
pulmonary vein and into the 
heart. You can find out about 
that on the next page. 

INTERNET LINK 

For a link to a website where you can 
hear sounds recorded from healthy and 
unhealthy human lungs, go to ..... 
www.usborne-quicklinks.com ~ 
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This picture shows a slice of heart 
muscle through a microscope. The 
heart is mostly made of muscle. 

Where is it? 

Your heart is in the front of 
your chest. It sits between 
the lungs, and in most 
people it's slightly to the 
left side of the body. It's 
covered with a skin 
called the pericardium. 

Heart halves 

The heart has two halves. 
They do two different jobs, 
although they work in the 
same way. Each half has 
two hollow chambers. One 
is called the atrium and the 
other is called the ventricle. 

The atrium and ventricle 
on the left side of your 
heart fill up with oxygen
rich blood coming from 
your lungs, and pump it on 
around your body. 
The right half of your heart 
does the opposite job. It 
fills with used blood, laden 
down with waste carbon 
dioxide gas, and pumps it 
back to your lungs to be 
cleaned up and given some 
more oxygen. 

The heart 
our heart is an amazingly hard-working muscle. YIt's only about the size of your fist, but it's strong 

enough to keep pumping blood around your whole 
body 24 hours a day, never stopping for a rest. Most 
of the time, you forget it's even there. 

This picture shows the inside of the heart and the large 
blood vessels leading to and from it. By following the 
numbers, you can see how the heart does its job. 

1 Two large Superior Aorta (artery leading to 
veins, the vena cava the rest of the body) 

superior vena 
cava and the 

Pulmonary
inferior vena 

artery (leading
cava, bring blood 

from the heart 
from the body 

to the lungs) 
into the heart. 

The outer 
covering of 
the heart is 
called the 
pericardium. 

Inferior ----F
vena cava 

* 

2 The right-hand 
side of the heart 4 The left-hand 

receives the blood coming side of the heart 
from the body, and pumps it 3 After the lungs have pumps the blood out 
into a large blood vessel loaded it up with fresh and around the rest 
called the pulmonary artery. oxygen, the blood enters the of the body through 
This splits in two to carry the left side of the heart through a huge artery called 
blood to your two lungs. the pulmonary veins . . the aorta. 
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Powerful pump 
But how does the 
heart actually do its 
pumping? As the 
heart is a muscle, it 
works by contracting 
(getting smaller) and 
relaxing. Each time a 
chamber in the heart 
relaxes, it opens and 
fills up with a new 
supply of blood. Each 
time it contracts, the 
blood is squeezed out 
and toward its destination. 

These two diagrams 
show the heart filling 
with blood and 
squeezing it out. 

* 

1 The atriums contract, squeezing 
blood into the larger ventricles. 

2 The ventricles contract, squeezing 
blood into the arteries. 

In this X-ray 

of a healthy heart, 

you can clearly see 

the blood vessels 

that surround the 

heart and provide 


it with food 


Flapping valves 
Your heart has four valves 
to make sure that when the 
heart muscle squeezes, the 
blood goes the right way 
instead of going back where it 
came from. Each valve is made 
of a set of flaps which only 
open in one direction. If blood 
tries to move in the other 
direction, they flap shut. 

Valve Valve 
opens closes 
to let to stop 
blood it from 
through. \ coming 

back. 

This flapping makes a "Iub
dup" sound - your heartbeat. 
The "Iub" is made by the two 
big valves in the middle of 
the heart. The sharper "dup" 
is made by the two smaller 
valves at the top of the heart. 

GOING WRONG : 

Heart attack 
The heart has blood vessels 

all around it. They deliver 

the food and oxygen the 

heart needs in order to 

work. A heart attack 

happens if one of these 

blood vessels is blocked by 

a blood clot (a hard lump 

of blood). If the blockage 

is big, your heart runs out 

of fuel and stops working. 


This is a cross section of a heart artery 

containing a build-up of fat. This 

makes a heart attack more likely, as a 

blood clot could easily block the artery. 


INTERNET LINK 

For links to websites where you can see 

a heart pumping, hear heart sounds and 

find amazing heart facts, go to L.. 

www.usborne-quicklinks.com ~ 


Emotions 
Lots of people feel as if 
emotions come from the 
heart, even though they are 
really in the brain. This is 
because feelings like fear and 
excitement make your heart 
beat faster and make you 
breathe more quickly, in case 
you need extra oxygen to help 
you act quickly or run away. 
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Circulation 
C irculation means going around and around 

and that's what blood does inside your body. 
You have a network of thousands of miles of 
blood vessels reaching to every part of your 
body, so that your blood can carry oxygen and 
food to every single cell. 

Delivery system 

As well as taking food and 
oxygen to your cells, blood 
carries all kinds of other 
things around your body. It 
visits your kidneys to drop off 
waste chemicals. It carries 
hormones, which give 
different parts of your body 
instructions, such as "grow 
some hair." And if you take a 
drug, such as a painkiller, 
your blood will carry it to the 
right place. Whatever it's 
carrying, each blood cell only 
takes around 20 seconds to 
make its deliveries and travel 
back to the heart. 

This picture shows how blood 
cells travel down smaller and 
smaller arteries as they move 
away from the heart. After 
dropping off oxygen at a cell, 
the blood cells travel up 
bigger and bigger veins on 
their way back to the heart. 

Blood vessels 

Blood vessels are the tubes that 
blood travels along. There are 
two main types: arteries and 
veins. Arteries carry blood 
away from your heart to its 
destination somewhere in your 
body. Veins carry blood back 
to the heart. 

In pictures, arteries are usually 
red and veins are blue. This is 
because the oxygen-rich blood 
in arteries is redder. The blood 
in your veins has had its 
oxygen used up, and this 
gives it a darker, 
purplish color. 

The aorta is the biggest artery. 
It leads directly out of the heart. 

The biggest vein, which leads back 
into the heart, is called the vena cava. 

This drawing, dating from 1837, shows 
some of the body's main arteries and a 
few of the veins. Near the top you can see 
the aorta, the largest artery in the body. 

Blood cells carrying oxygen 
away from the heart 

Large artery 
Large arteries lead off 
the aorta, and branch 
into smaller arteries. 

Vena cava 
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BODY SCIENCE: 

Feeling a pulse 
Every time your heart 
beats, or contracts, 
arteries allover your body 
swell slightly as blood 
surges through them. You 
can feel this surge, or 

pulse, at several points 
in your body, such 

as your wrist. 

A friend can feel your pulse by 

pressing his or her fingers on your 

w rist, just below your thumb. 


INTERNET LINK 

For a link to a website where you 
can watch a movie about the 
circulation of the blood, go to ..... 
www.usborne-quicklinks.com ~ 

The handover 
After leaving your heart, your 
blood ends up in a network 
of tiny blood vessels called 
capillaries, which lie 
between your cells. The 
blood travels along the 
capillaries, releasing oxygen, 
food and other chemicals, 
which float out of the capillary 
walls and into the cells. Waste 
chemicals from the cells float 
the other way, out of the cells 
and back into the blood. 

Up the hill 
On its way back to the heart, 
your blood can have a tough job 
fighting the force of gravity. Even 
though your heart is still 
pumping it onward, blood starts 
to slow down as it makes its way 
up the veins in your legs and 
arms. To help it along, veins 
have valves in them, similar to 
the valves in your heart. 
With each heartbeat, 
the valves open to let blood 
through, then close to stop it 
from slipping back down. 

Arteriole 

At the ends, blood vessels branch 
Small artery into tiny arteries called arterioles, 

and tiny veins called venules . 

Arteries and veins are 
Small vein 	 connected by minuscule blood 

vessels called capillaries. They carry 

This microscope photo shows blood 
cells inside a capillary. The capillary is 
only one or two blood cells wide. 

Vein va lve 
opens to let 
blood move 
uphil l on its 
way back to 
you r heart. 

* 
Vein valve 
closes to stop 
blood from 
being pul led 
back down 
by gravity. 

Nerve cell 

Capillary 

blood all the way past your other cells so 
that it can deliver oxygen and food to them. 
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In the blood 
lood does a vital job as your body's delivery system, Bcarrying food, oxygen and waste to and fro. But 

The human 
blood in this 
test tube has been 
separated into its 
different parts. The 
plasma is the yellow liquid . 

What's in blood? 

Blood is made up of four 
main ingredients. The first is 
a liquid called plasma. It's 
90% water, mixed with 
protein and salt molecules. 
Plasma carries food 
chemicals, waste products, 
and warmth around the 
body. Floating in the plasma 
are three types of blood 
cells. In a drop of blood this 
big.... there are roughly: 

• 250 million red blood 
cells, which carry oxygen 
around the body. They look 
like flattened balls with a 
dimple in each side. They 
are bright red and give 
blood its color. 

• 13 million platelets (also 
called thrombocytes). These 
are really just parts of cells. 
They help your blood clot 
when you cut yourself. 

• 375,000 white blood 
cells. They're like an army of 
soldiers, fighting germs that 
get into the body. They are 
part of your immune system 
(see page 80). 

what is blood actually made of, and how does it 
work? These two pages take a closer look at your 

blood, so you can find out about its interesting 
ingredients and amazing abilities. 

A red blood cell's life 

The average person has about nine pints of 
blood rushing around their body, 

containing about 25 trillion red blood 
cells. Each individual red blood cell 

lives for about four months. They 
start life in your bones, where 

two million of them are made 
Plasma -- every second . As new blood 

cells join the bloodstream, old 
blood cells go to your liver or 

This is a microscope spleen to be broken down and 
picture of the three 
types of blood cells: turned into waste. 
red blood cells, 
white blood cells 
and platelets. 

White 
blood cell 
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This microscope picture shows blood 
cells clumping together to form a 
clot inside the body. 

Blood shortage 

If you sit in a squashed-up 
position, your feet might not 
get enough blood. Your body 
tells you something's wrong 
by giving you pins and 
needles. If you stand up too 
quickly, you might feel faint or 
dizzy as your brain goes short 
of blood for a few seconds. 

Your body recovers from 
these things quite quickly. 
But if you actually lose blood, 
from an injury for example, it 
takes your body a few weeks 
to replace it. And if you lost 
more than a th ird of your 
blood at once, you probably 
wouldn't survive. 

INTERNET LINK 

For a link to a website where you can 
find games, quizzes and screensavers 
all to do with blood, go to L.. 
www.usborne-quicklinks.com ~ 

Blood clots 

Platelets in your blood 
help it to clot, or stick 
together, to make 
scabs. If your body 
senses a cut or other 
wound, platelets and 
red blood cells gather 
around it. They 

release a chemical 
that turns some of 

your plasma into a 
stringy substance called 

fibrin. The fibrin makes a net 
across the wound, and the 
blood cells get caught in it, 
forming a scab. 

Clots sometimes form deep 
inside your body too. They 
can be dangerous if they 
break away and lodge in an 
artery in your heart or brain, 
which can cause a heart 
attack or a stroke. 

Here's what Blood 
happens when 
you cut 
yourself: 

1 Blood 
flows to 

the surface of 
your skin and the 
cut starts to bleed. 

* 
/ 	 ~ Scab~ ~' ~, 

•• 	 Fibrin 
threads 

2 The plasma forms stringy fibrin, and 
the blood cells lump together into a 

clot. It dries and hardens into a scab. 

, 


Hospitals store blood for blood 
transfusions in plastic bags like this. 

BODY SCIENCE: 

Blood types 

Did you know you might 
have a different type of 
blood from your best 
friend? There are four 
types of blood, called A, 
B, AB, and O. They don't 
look different, but they 
contain slightly different 
chemicals. 

When someone loses a 
lot of blood, they can be 
saved by a blood 
transfusion - an injection 
of blood donated by 
someone else. But it has 
to be the right type. If a 
person is injected with 
the wrong type, their 
white cells will think the 
new blood cells are 
germs, and w ill try to 
attack them . 
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The lymphatic system 


The lymphatic system is 
made up of a network 
of tubes called lymph 
vessels, and lumps 
called lymph nodes. 

A longside your blood vessels, you 
have a network of lymph vessels· 

over your body to drain away liquid . 
Dotted along them are lumps called 
lymph nodes, which fight diseases. 

Leaky tubes 
Your blood vessels constantly leak liquid into 
the spaces between your cells. Cells need 
some moisture in order to work, but the 
surplus, called lymph, seeps into the lymph 
vessels to be recycled. At the top of your 
chest, the lymph flows back into your blood. 

Lymph nodes 
Some of your lymph vessels contain bean
shaped lumps called lymph nodes. There are 
clusters of them in your armpits, neck and 
major organs.The lymph nodes are full of 
white blood cells that attack harmful 
bacteria. So if any germs have found their 
way into your lymph, they get caught by 

the lymph nodes before they can 
reenter your blood. 

all 


This microscope picture shows the 
germ-fighting cells inside a lymph node. 

Swollen "glands" 
When you're unwell, your 
lymph nodes work extra-hard 
at fighting germs to help you 
get better. This can make 
them swell up and feel sore. 
This is what happens when 
you have "swollen glands" 
but the swellings are really 
lymph nodes, not glands. 

This doctor is feeling the lymph 
nodes in a patient's face and 
neck to see if they are swollen . /
The way lymph nodes swell 
up can give doctors useful 
clues about what kind of 
illness a patient has . 



Eating and 

Drinking 


Your body cannot work without a regular 

supply of food and water. Food chemicals act as 


fuel to give you energy, just like gasoline in a 

car. They are also used to build new cells. Water 


is even more important. Most of your body is 

made of water, but you lose a lot of it every day 

in sweat, in your breath and down the toilet. So 

you have to drink plenty of liquids every day to 


make sure you don't dry out. 


This is a microscope photo of a gast ric pit 
on the inside of your stomach. Gastric pits 
release acidic juices that help to break 
down and dissolve your food . 



•Taking In food 

Have you ever wondered why you eat 

and drink? Apart from tasting good, 
food is essential to your body. It gives your 
cells energy for all kinds of jobs, such as 
moving, breathing and thinking. It also 
provides all the materials your body is 
made of, such as proteins, minerals and fat. 

Food's journey 
Everything you eat and drink goes 
through a series of organs and tubes 
inside you, called your digestive system. 
This important body system is like a long 
tunnel all the way through your body. It 
breaks food down into smaller and 
smaller pieces and then into chemicals, 
and soaks them up into your blood. 
Whatever is left over at the end comes 
out when you go to the toilet. 

Food facts 
• It takes food up to three days to 
complete its journey all the way 
through your digestive system. 

• An adult's digestive system is 
about 30ft long -	 as long as a 

large classroom. 

• 	 An average person 
takes in about 

4.4lbs of food 
and drink 
every day. In 
your lifetime, 
you will 
probably 

consume over 
11 O,OOOlbs of 
food. That's the 
same as eating 
ten elephants. 

Your liver, and 
your pancreas 
and gall bladder 
(not shown in th is 
picture), make 
juices that help to 
d issolve and 
digest your food. 

* 

The bladder 
stores liquid 
waste, or urine, 
until you go to 

-,--

U
. 

This picture 
shows the main 
parts of the 
digestive system. 

The esophagus 
is a tube that 
carries food from 
your mouth to 
your stomach. 

The stomach is a 
st retchy bag that 
can hold a whole 
plateful of food. It 
breaks food down 
by squeezing it and 
soaking it in acid . 

From your 
stomach, food 
passes into a long, 
winding tube 
called the small 
intestine, which 
extracts usefu l 
food chemicals. 

Leftover waste 
travels into the 
large intestine . 
The large intestine 
soaks up spare 

La rge water, collects the 
intesti ne leftovers into 

lumps, and carries 
them to your 
bottom. 

Rectum 

Solid waste leaves your body 
the toilet. through a tube called the rectum. 



/ 


GOING WRONG: Food in a bag 

If someone has had a complicated 
operation on their intestines, they may be 
unable to eat for several weeks. People 
who are in a coma can 't eat either. 
Instead, doctors feed a liquid full of food 
chemicals directly into their blood, 
through a " cent ral line" - a tube inserted 

This is a drip bag 
full of liquid food, 
also known as "total 
parenteral nutrition ." 
The opening at the 
top of the bag can be 
attached to a tube, 
which carries the food 
directly into the 
patient's bloodstream. 

into a large vein in their chest. 

In your mouth 

Your mouth is a munching 
machine designed to grind any 
type of food into a soft pulp. 

?-:;;.--~" - . 

Bolus (ball of food) 

being swallowed 


Teeth 

* 

\\. , \1 ' 	 Bolus on its 
way down the 
esophagusTo the 
Esophagus 

As soon as you take a bite of 
toast, tomato or whatever else 
you're eating, three mouth 
mechanisms spring into action : 

• Your teeth slice and crunch 
the food up into smaller bits. 

• Your tongue pushes food 
around your mouth to make 
sure your teeth can reach it. 

• Your saliva glands release 
saliva (spit), which mixes with 
the pieces of food to make a 
wet, gloopy mush. 

Down the hatch 

When you're ready to 
swallow, your tongue rolls 
a small ball of mushy food, 
called a bolus, to the back of your 
mouth. There, a set of flaps closes 
off the tubes to your nose and 
lungs, and forces the bolus down 
your esophagus. Once it's 
started, swallowing is a 
reflex reaction (see 
page 28), so you 
don't have to think 
about doing it. 

Gravity helps food 
travel down your 
esophagus to your 
stomach. Your 
esophagus also 
has bands of muscle 
around it, which 
squeeze the food 
along. This means 
you can eat lying 
down, or even 
upside down. 

As this X-ray picture 
shows, the esophagus 
runs down the neck just in 
front of the neck bones. This 
person has swallowed a safety pin, 
which is lodged in her esophagus. 



In your stomach 

A t the end of your esophagus, lumps of food 

squeeze through a narrow gap and plop into 
your stomach - a large, J-shaped, stretchy bag 
designed to hold an entire dinner. This is where 
chips, cheese and chocolate start breaking down 
into the useful chemicals your body really needs. 

This picture shows a human 
stomach with the front cut away, so 
that you can see all its main parts. 

The top end of the stomach 
is called the fundus. 

Inside view 
Your stomach is mostly on the left-hand 
side of your body. In an adult, the empty 
stomach is about the size of a fist, but a 
big meal can stretch it to the size of a 
melon. Food usually spends four or 

The esophagus carries food from 
your mouth into your stomach. 

Food is squeezed into your - - - f--
stomach through this hole, called 
the lower esophageal sphincter. 

Food leaves the 

five hours moving through the 
stomach, from the top end 
(called the fundus) to the 
bottom end (the pylorus). 
As the food moves along, 
strong muscles squeeze 
and squish it to grind it 
down into a mushy soup. 

This microscope photo shows one of the 
gastric pits inside a human stomach, 
1,500 times bigger than life-size. Gastric 
juice comes out of the middle of the pit. 

Acid bath 
All over the inside of your 

stomach, there are about 
three million small holes, 
called gastric pits. They 
release a liquid called 
gastric juice. This juice 
contains a strong acid 
and other chemicals 

which mix with food 

and help to dissolve it. 


But why doesn't the acid 

dissolve your stomach too? 

The answer is that the stomach 
is lined with slimy mucus to 
protect it from the acid. If a 
piece of stomach does get 
dissolved, it can repair itself. 

stomach increase its 
surface area and allow it 

to stretch as it gets fuller. 

This 1827 cartoon shows a man having 
the contents of his stomach pumped out. 
Stomach pumping is still used to remove 
poison or drugs from the stomach . 
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GOING WRONG: 

Throwing up 
If you've ever thrown up, or 

vomited, you'll know what 

your stomach contents look 

like. Vomiting can happen if 

you eat rotten or poisonous 

food, if you eat too much, or if 

you're dizzy, nervous, or 

unwell. Your stomach squeezes 

tightly, forcing food up your 

esophagus and back out of 

your mouth. When you vomit, 


Fairground rides canthe strong stomach acid makes 
make you dizzy, and may 


your mouth and nose sting. even make you throw up. 


Stomach rumbles Leaving the stomach 
You can often hear your By the time your stomach has The chyme is squirted 
stomach making rumbling, squashed and squeezed your through the pyloric sphincter, 
squelching and squirting food for a few hours, and a hole at the bottom end of 
sounds. You can hear these mixed it with acid, it's the stomach, into the next 
sounds even better if you put changed from the mushy part of your digestive system 
your ear right next to balls you swallowed into a - your intestines, or guts. You 
someone else's stomach. The thick, creamy mixture called can find out what happens 
noises are made by food and chyme (pronounced "kime.") there on the next page. 
air sloshing around inside the 
stomach, and being squirted 
out of the stomach through 
the pyloric sphincter. 

Gases trapped inside your 
stomach can make similar 
noises. Sometimes they 
escape from the stomach, 
bubble up the esophagus and 
come out of your mouth as a 
burp or belch. 

INTERNET LINK 

For a link to a website where you 

can find out more about vomiting 

and how it works, go to ..... This is an X-ray of a human stomach. The large, yellowish blob at the top right is 

www.usborne-quicklinks.com.lJ.lll::. a liquid called barium, which shows up well in X-rays. Patients swallow it before 


an X-ray, so that doctors can see the digestive system clearly in X-ray pictures. 
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This microscope 
picture shows the 

surface of one of the 
tiny finger-shaped villi 

inside a small intestine. It's 
covered with thousands of even 

tinier finger shapes, called microvill i. 

The small intestine 

From your stomach, liquidized food is 
squirted into a tube called the small 
intestine. It's called "small" because 
it's narrow, but in fact it's very-long 

- about foW timeS" the length of. your 
\,pf,;l,0'ifWhol~~oay: If"f jlt oiled up' in a series;'<@ 

of loops below your stomach. The 
small intestine is lined with 
millions of finger-shaped 
stalks, called villi. As food 
is slowly squeezed along, 
useful chemicals soak 
into tiny blood vessels 
inside the villi. 

Food chemicals soak through 

the surface of each villus and 

into the blood vessels inside. 


Artery Vein carryi ng 
ca rrying blood food-rich blood 
into villus away from villus 

In the intestines 

Every single cell in your body needs food 

in order to keep working. But cells can't 
make use of food until it has been broken 
down into tiny molecules. So your 
intestines - also called guts - prepare food 
for your cells. They break it down into all 
the different chemicals it's 
made of, and pass 
them into your 
bloodstream. 

This is a view into a 
real smal l intestine. It 
was taken using an 
endoscope, a tube 
which can be inserted 
into the body to look 
in~ide it. 

. ij://.{2.9.: :;(<. "'. .~ 

The aiagram below 
shows where the liver, 
stomach and small intestine 
are found in your body. 

As the food travels 
through the long small 
intestine, it gradually 
soaks into the tiny villi 
lining the intestine wa ll s. 

Through the liver 
After entering you r blood, the 
food chemicals go to your 
liver. This amazing organ has 
over 500 different jobs. Here 
are some of the things it does: 

• Sorts out the food chemicals 
your small intestine has 
collected, and sends them off 
to different parts of your body. 

• Filters out any garbage. 

• Makes bile, a liquid your 
intestines use to digest fat. 

• Converts food chemicals 
into useful body substances. 

• Keeps a handy store of 
spare vitamins and minerals. 
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What about water? Food into fat 


As well as eating food, you 
have to drink water or other 
drinks to stay healthy. 

This diagram 
shows how 

70% 	 much of a 

human body is 

made of water. 


1 * 
Water makes up about 70% 
of your body, and as it 
escapes in sweat, breath and 
urine, you need to replenish it 
several times a day. Like food 
chemicals, the water in 
whatever you eat or drink 
soaks into your blood 
through your intestines. 

INTERNET LINK 

For a link to a websi te where you can 
find out which foods make up a good 
diet, and playa game, go to L... 
www.usborne-quicklinks.com ~ 

What happens if you eat too much 
food? Your cells only use as much as 
they need, so what's left over has to 
be stored. Your liver can store 
some foods, such as vitamins. 
But most spare food is turned 
into fat, which is stored in 
layers under your skin. You 
have lots of fat cells there, 
and they can grow bigger to 
hold more fat whenever 
they need to. 

Being obese (very fat) 
can be unhealthy, but 
you do need some 
fat under your skin 
to keep you warm 
and provide a 
cushion around 
your bones. 

Obese people, like this 
man, have a large 
amount of spare fat 
stored in their body. It 
usually builds up most 
around the abdomen. 

BODY SCIENCE: What's in food? 

Like all substances, food is made up of tiny atoms of different 
elements. The main elements in food are hydrogen, oxygen, 

carbon and nitrogen. Different foods can also be divided 
into these main food groups: 

• Proteins are found in meat, cheese and beans. 
They' re used to repair the body and build cells. 

• Carbohydrates are found in sugar and in foods 
such as bread and pasta. They give your cells energy. 

• Fats are found in butter, oil and meat, and in 
foods such as nuts and avocados. 

• Many foods also contain small amounts of 
Avocados contain lots vitamins and minerals. For example, milk contains 
of vitamins and fat. the mineral calcium, which is used to build bones. 
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Waste 
Not everything you eat ends up being used by 

your body. All the time, your digestive system 
is collecting the waste food, water and chemicals 
you don't need, and storing them for when you 
go to the toilet. This makes sure the rest of your 
body stays clean and healthy inside. 

Lumpy leftovers 

Once food has passed 
through your stomach and 
small intestine, most of the 
useful food chemicals have 
been extracted from it. 
What's left is mostly pieces of 
food that you can't digest, 
such as skins, seeds, stalks 
and other tough parts of fruit 

" "", '" 

", 	 al}d yegetables. They move 
from the small intestine into 
the' large intestine (also called 
the bowel or colon). 

Your large 
intestine Intestine 
makes a 1:1+--+- squeezes 
squeezing here. 
action to 
push lumps 
of waste Waste is 
along. This pushed 
action is alor)g. 
called 
peristalsis. 

* 
The tough, leftover waste in 
your large intestine is called 
fiber. Although it doesn't 
provide food, fiber is useful 
because it helps to sweep 
your digestive system clean 
as it moves along. As the fiber 
and other waste travels past, 

the large intestine extracts 
water from it, drying it 

into solid lumps. 

This is an X-ray of a real human large 
intestine. To make the intestine easy to see, 
it has been filled with a liquid containing 
barium, which shows up well in X-rays. 

Bowel bacteria 

Your large intestine contains 
millions of bacteria - tiny living 
organisms that aren't part of 
your own body at all. They 
don't usually harm you - in 
fact, some of them make 
useful vitamins which help 
your body. But they do feed 
on the leftovers in your bowel, 
so they are growing and 
breeding there all the time. 

When you go to the toilet, lots 
of these bacteria come out of 
your rectum along with the 
leftover food. In fact, up to a 
third of each lump of waste is 
made of bacteria. 

Millions of E. coli bacteria like these 
live in everyone's large intestines. 
They are usually harmless, but they 
can make you ill if they get into your 
food. That's why people wash their 
hands after going to the toilet. 



Waste water 

Your body has a separate 
system to get rid of spare 
water, along with some waste 
chemicals from the blood. It's 
called the urinary system, and 
its main organs are the 
kidneys. Most people have 
two of them. They're in the 
middle of your back, 
behind your stomach. 

The urinary 
system includes 
two kidneys, a 
bladder, and 
all the tubes 
that lead in 
and out of 
them and 
connect 
them 
together. 

The ureter is 
a tube that ' i 

carries urine 
from the 
kidney to 
the bladder. 

Bladder with " 
a section cut 
away to show 
the inside 

A ring of muscle here keeps the 
bladder closed most of the time. 'bd 

Each kidney contains up to a 
million tiny filtering units, 
called nephrons. All the blood 
in your body goes through 
your kidneys and through the 
nephron filters. They take out 
waste chemicals and spare 
water, and return the clean 

blood to your 
bloodstream. 

Left 
kidney 
cut in half 

* 

The microscopic 
nephrons are 
found in these 
sections inside 
each kidney. 

Urine enters the 
bladder here. 

The bladder stretches 
_ ._- and gets bigger as it 

fill s up with urine. 

The urethra carries urine 

Bladder bag 

When the kidneys have done 
their work, you're left with a 
smelly, watery liquid called 
urine. It is collected and 
stored in your bladder - a 
tough, stretchy bag at the 
bottom of your abdomen. 

--- out of the body. 

Most of the time, a set of 
strong muscles holds your 
bladder and your rectum 
tightly closed. This means 
that the waste can be safely 
stored until you feel like 
going to the toilet. 

GOING WRONG : 

Kidney failure 

If your kidneys go wrong, 
poisons can bui ld up in 
your body, making you ill. 
People whose kidneys 
don't work have to have 
their blood cleaned by a 
machine called a dialysis 
machine, or else have a 
new kidney transplanted. 
You can survive with just 
one kidney, so people 
sometimes donate one of 
theirs to a relative who 
needs a kidney transplant. 

This doctor is holding a kidney that 
is waiti ng to be transplan ted into 
its new owner. 

INTERNET LINK 

For a link to a website where you 
ca n see an animation showing how a 
kidney transplant works, go to 
www.usborne-quicklinks .com ~ 
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Health 

and Medicine 


The human body is an amazing machine, but 
it doesn't always work perfectly. Almost 

everyone gets minor illnesses, such as colds, 
chicken pox and eczema. Some people are 

unlucky enough to get a serious disease such 
as diabetes or cancer. Throughout history, 

humans have been discovering and developing 
medicines to cure and prevent diseases, and 
millions of illnesses, including many serious 

ones, can now be stopped. Today, more of the 
world's people are healthy than ever before. 

This microscope picture shows 
Salmonella bacteria. They are sometimes 
found in food, and can make you very 
sick with food poisoning . 

". 



Health and sickness 

W hen you're healthy, it means your 

body is working properly and you feel 
good. Unfortunately, though, our bodies 
can go wrong. The next few pages are 
all about what happens when you're 
unwell, and what your body - and 
your doctor - can do about it. 

Staying healthy 
Your body can't just stay healthy by This X-ray 
itself. It needs good food, clean water, pictur-e shows 

an area of lu ng exercise and many other things. Here are cancer (the orange 
the main ingredients for a healthy life : blob) in a human lung _ 

• You need clean water for washing and 
drinking, and a good diet that includes protein, 
carbohydrates and fruit and vegetables. 

• Exercise keeps your heart, blood vessels and 
muscles healthy. 

• Sleep helps your body to refresh and repair 
itself. You spend about a third of your life asleep. 

• Clean, safe surroundings. People who live in 
, polluted places or work with dangerous 

chemicals have a much greater 
chance of getting sick. 

• Sunshine. Too much sun 
can damage your skin, 	but 

your body needs daylight. 

Swimming is a good form of 
exercise that uses most of 

the muscles in your body. 

Going wrong 

There are lots of things that can go wrong 
with your body. Here are some of them: 

• Genetic diseases. Mistakes in your 
genes cause diseases such as cystic fibrosis . 

• Cancer happens when some of the cells 
in your body multiply too fast. It can 
sometimes be caused by faulty genes . 

• Poor nutrition. Eating too much, too 
little, or unhealthy food can make you ill. 

• Organ failure. Sometimes body organs, 
such as the heart or kidneys, stop 

working properly. 

• Injuries. Your body can be 
damaged 	by injuries, such as 
broken bones, cuts or burns. 

• 	 Allergies happen when 
your body reacts badly 
to something 	like 
pollen or cat hair. 

• Mental illnesses. 
These affect your 
moods and the way 

behave. 



INTERNET LINK 

For a link to a website where you can find 
facts and activities to do with medicine 
since prehistoric times, go to L.. 
www.usborne-quicklinks.com ~ 

Th ese are 
Legionella 
bacteria, 
which can 
cause a deadly 
disease called 
Legionnaires' disease . 

Germ attack 
Many illnesses are caused by germs. They are 
tiny creatures, such as bacteria and viruses, 
that try to invade your body as part of their 
own life cycles. They cause flu, measles, 
stomach upsets, AIDS, tetanus, and 
thousands of other illnesses. 

Here are some types of 
germs. In real life, they 
are too small to see . 

E. coli 

What is medicine? 
Medicine is the science of trying to 
cure, control and prevent illnesses. 
When you're unwell, your symptoms (the 
things that look or feel wrong with your 
body) help doctors to decide what illness you 
have. They may then choose a drug, 
treatment or operation to help you get better. 

Medicine can't fix everything 
that goes wrong with the 
body. But scientists and 
doctors are always 
finding out more 
about why we get 
diseases and how 
to cure them. 

This researcher is studying a 
deadly germ that can cause 
a disease called anthrax . 
Scientists need to find out 
how germs cause diseases 

so that th ey can 

design medicin es 


to cure them . 
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Diseases 

In order to cure diseases, doctors and 
scientists have to understand how they 

work. But diseases can be so clever and 
complicated that some of them still manage 
to outwit us . These two pages look at some of the 
most common diseases, and what causes them. 

These pictu res 
show how 
viruses work: Virus 

1 A virus attaches 
itself to the outside 

of a cell and inserts its 
genes into the cel l. 

2 The genes 
hijack the 

cell and instruct it to 
make lots of copies 
of the first virus. 

3 The new 
. viruses ' 

burst Gut of the 
cell and infect 
other ce lls. 

How germs work 

Many diseases are caused 
by germs that find their way 
inside your body. Like all living things, germs 
want to survive. They try to get into your body 
because it can give them what they need. 

• Bacteria need food, warmth and moisture, so the body is 
perfect fo r them . Millions of bacteria live inside you all the 
time. Many are harmless, but some can cause illnesses. 

• Viruses are smaller than bacteria. They invade cells and 
force them to make more viruses of the same type. Then the 
new viruses escape to invade other cells . Viruses cause many 
d iseases including colds and chicken pox. 

• Other germs include worms that like to live inside your 
body, tiny animals called protozoa, and fungi, which can 
give you skin diseases such as athlete's foot. 

This microscope photo shows 
vi ruses attacking a bacterium 
and inserting thei r genes into it. 
Viruses that attack human cells 
work in the same way. 



What is cancer? 
Cancer is a name for a group of over 100 

diseases that affect different parts of the body. 
It happens when a group of cells starts to 
grow and reproduce too fast, making a 
lump called a tumor. Some tumors are 
"benign," or harmless . But cancer tumors 
are "malignant," which means they are 
dangerous. They can spread around the 
body and invade different organs, 
stopping them from working. 

Cancers are caused by genes inside 
cells going wrong. This can happen 
because the cells are irritated or 
damaged by something like cigarette 
smoke or asbestos. It's also possible for 

This is a microscope picture of a cancer ce ll. people to inherit cancer-causing genes 
Cancer can sometimes be cu red by cutting 

the cancerous cells out of the body. from their parents. 


Body breakdown 
Many illnesses are caused by 
body parts breaking down. As 
people get older, their organs 
begin to weaken and wear out. 

This diag ram shows how one type 
of hea rt disease happens. 

Blood vessels * 
Heart disease is a common type 
of body breakdown. Fatty lumps 
clog the blood vessels around 
the heart, so it's hard for blood 
to get through. If the blood 
flow is totally blocked, it can 
cause a heart attack. 

INTERNET LINK 

For a link to a website where 
you can play lots of games to 
do with different germs, 
go to www.usborne- ..... 
quicklinks.com F)7Ic' 

Genetic diseases 
Genes are instructions 
that tell your cells how to 
grow and make body 
substances (see page 
14). If you have a genetic 
disease, it means your 
genes have mistakes in 
them and can't make all 
the chemicals your body 
needs . For example, 
people with hemophilia 
can't make a chemical 
that helps blood to clot 
and form scabs. If they 
cut themselves, they can 
lose a lot ol blood. 

BODY SCIENCE: 

Spreading diseases 
To survive and reproduce, 
germs have to travel from 
person to person . They have 
clever ways of doing this. 
For example, a cold virus 
makes you sneeze. This 
sends a fine spray of mucus 
(snot), containing copies of 
the virus, into the air. Other 
people breathe it in and 
catch the virus themselves. 

This photo shows 
the pattern of snot 
droplets sprayed 
into the air 
by a sneeze. 
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The immune system 

YOu're always surrounded by 

germs, so why aren't you always 
ill? The answer is your amazing 
immune system. It's constantly on 
guard to keep germs, bugs and 
poisons out of your body. If they do 
get in, your immune system goes 
into deadly battle against them. 

INTERNET LINK 

For a link to a website where you can find out 
more about what causes allergies, go to L. 
www.usborne-quicklinks.com ~ 

Body barriers 

The immune system's first line of defense is 
your skin. As well as acting as a barrier to 
germs, skin releases a bacteria-killing acid to 
zap germs that land on you . However, they 
can still get in through holes in your body, 
such as your mouth, nostrils, ears and eyes. 
To stop them, there are germ-killing 
chemicals in your saliva (spit), tears, ear wax 
and even in the mucus (snot) up your nose. 

Tears wash germs and 
dust out of your 
eyes. They 
also contain 
chemicals 
that kill 
germs. 

White cell battles 

Sometimes germs get into your body 
through cuts and grazes. When this 
happens, special cells called white 
blood cells rush to the affected 
area and destroy 
as many germs 
as they can. 

The blue 

blob in this 


picture is a type of 

white blood cell. 

It kills germs by 


swallowing 

them up. 


These pictures 
show how a 
wh ite blood cell 
kills a germ : 

1 A wh ite blood 
cell closes 

in on a germ 
and reaches 2 The w hite blood 

cell wraps itself 
around it. around the germ 

and sucks it in. 
Germ 

3 The white blood 
cell su rrounds th e 

germ completely, . 
and breaks it down *into ha rmless bits. 

However, white cells don't always win. If a cut is 
badly infected with germs, you'll see sticky yellow 
pus seeping out of it. This is made of the bodies 
of white blood cells that died in the battle. 

http:www.usborne-quicklinks.com
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Allergies 

An allergy is your immune 
system making a mistake. It reacts to 

something harmless, such as pollen, as if 
it were a germ. Your body then makes lots 
of a chemical called histamine, which is 
meant to help your blood vessels release 

germ-fighting white cells. All the extra 
histamine can make you sneeze or feel itchy. 

Feeling feverish? 

Some types of 
mosquitoes spread 
a disease called 
malaria when they 
bite. It can give you 
a very bad fever. 

Sometimes, if you have an illness such as flu, 
white blood cells release a chemical called 
Interleukin-l. It gives you a fever (a high 
temperature) and makes you feel tired. Your 
body does this because the extra heat helps 
to kill germs, while the tiredness makes sure 
you rest until you're better. 

Amazing antibodies 

Some white blood cells make chemicals called 
antibodies, which can protect against bacteria, 
viruses and poisons. There are millions of 
different antibodies. Each one is designed to 
fight a particular type of germ. 

Antibodies disable germs by sticking onto 

them and making them useless. 
 -:::

-:;; 
.,
"- . 

.r-- Antibodies _ C' 

.-: '" 

\\ 
r(' t 

I} 
Disabled virus ." 

... 

If you don't have the antibody for a particular 
germ, your body may take a while to learn how 
to make it. This is why you can catch a cold, 
have it for a week and then get better. 

I 
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Drugs and treatments 

our immune system does its best toYfight diseases, but sometimes it needs 

help from medical treatments and drugs. 
They can make you feel better, cure 

illnesses and even save your life. 

Drugs often come 
in the form of pills 
or capsules that are 
easy to swa llow. 

What is a drug? 
A drug is a chemical that 
changes the way your body 
works. There are thousands of 
drugs with many different 
effects. For example, aspirin 
numbs pain, caffeine keeps 
you awake, and beta blockers 

"~ ~#/#b.~J#9-~ down .yozur heart. 

Medical drugs 
Medicines are drugs that are 
used to treat illnesses. 
Scientists are always studying 
different drugs to see if they 
can be used as medicines. 

Antibiotics, for example, 
which kill bacteria, are very 
important medicines. Doctors 
first started using them 
widely in the 1940s, and 
since then they have saved 
millions of people from 
deadly infections such as 

whooping cough and TB 
(short for tubercu losis). 

How aspirin works 

Unlike an antibiotic, the drug 
aspirin works by blocking 
pain messages to your brain. 
These pictures show how. 

When you hurt yourself, your nerves 
send a "pain" message to your brain. 

Brain 

Nerves 

A protein called COX-2 helps this to 
happen. It makes chemicals that tell 
your nerves to send the "pain" signal. 

~hen ,}(oJ,! take aspir:i!1, Y9ur blood 
carries aspirin molecules all around 
your body. They bind onto COX-2 
proteins and stop them from working. 

This means fewer pain chemicals are 
released. Your brain stops getting the 
pain message, and the pain stops. 



Are drugs dangerous? 
Drugs can be harmful if they 
are used wrongly, and many 
are addictive. This means your 
body starts to depend on them 
and can't manage without 
them. Some dangerous drugs, 
such as cocaine, are illegal, but 
others are part of everyday life. 

This old drawing shows tobacco and a 
man smoking it. Tobacco contains a very 
addictive drug called nicotine. This is why 
people who smoke cigarettes can get 
addicted and find it hard to stop. 

This woman is wearing 
a Gamma Knife 
Radiosurgery helmet, 
used to treat brain 
cancer. It works 
by focusing 
many beams 
of radiation 
at a brain 
tumor to 
kill it . 

helmet can aim a 
separate radiation 
beam at the part 

of the brain where 

BODY SCIENCE: The placebo effect 

Placebos are fake medicines that contain no drugs at all. 
New drugs are often tested by seeing if they work better 
than a placebo. However, scientists have found that even 
a placebo can make patients feel better. This is called the 
placebo effect. It suggests that your brain can actually 
control some illnesses by itself. 

More treatments 
Besides drugs, doctors use 
many other treatments and 
cures. Here are some of them: 

• Radiotherapy is used for 
some types of cancer. It uses 
radiation to kill cancer cells. 

• Topical medicine, such as 
eczema cream, is rubbed 
directly onto the skin. 

• A special diet, such as a 
low-fat or sugar-free diet, can 
help with illnesses such as 
heart disease or diabetes. 

• Physiotherapy involves 
doing specially designed 
exercises in order to help 
repair weak or damaged 
muscles and bones. 

• If something's wrong inside 
your body, you might need 

an operation. You can find 
out more about this on 

the next page. 



Operations 

Sometimes the best Why operate? 

way to cure an illness 
Here are some of the reasons

is to open up your body people have operations: 
and fix your insides. This • Tumor removal. Tumors 
is called surgery, or an are lumps that can grow 
operation. Operations 	 inside the body. People 

sometimes have operations take place in the hospital, 
to have them cut out.

in a room called an 
• Goodbye appendix. If youoperating room. Before get appendicitis, a body part

the operation, a specially called the appendix swells up 
and has to be removed.trained doctor called an 

anesthetist gives the 
patient a drug called an 

This overhead lamp anesthetic, so he or she shines a bright light at 

won't feel any pain. 	 the operation site to 
help the surgeons see --- 

Then the operating team what they are doing. 

can start work. 

This picture shows a surgical 
team in the middle of 
performing an operation. This nurse passes 

the surgeons the 
tools they need. 

This surgeon is working on 
the patient's insides. He may

This be removing a tumor or 
tray holds replacing a body organ. 

sterilized medical 
tools ready to be 

passed to the 

• New body parts. An 
organ transplant replaces a 
bad organ, such as a diseased 
kidney, with a working one. 

• Heart bypass. This heart 
operation replaces a clogged 
blood vessel with a new one. 

• What's wrong? Doctors 
sometimes do operations just 
to look inside the body to find 
out if something is wrong. 



Here are some of the Forceps are similar to tongs. They 

tools that surgeons, are often used to hold, lift or move 

anesthetists and body parts during an operation . 

nurses use during ' -' 

an operation. 7 =----- _ "':'"'---'" "
11~----:S=__.. -.?- ~--

Needles 
are used to 
inject anesthetic 
and other drugs. 

INTERNET LINK 

For a link to a website where you can 

take a virtual tour of one of the world's 

oldest operating rooms, go to t..... 

www.usborne-quicklinks.com ~ 


The anesthetist stays 
near the patient's head 
and makes sure he or 
she can't feel anything . Surgical 

assistants hel p 
the anesthetist 
to monitor the 
patient's heart 
rate and Surgery long ago 
breathing . 

Until the 1800s, doctors 
amputated limbs with no 
anesthetic. The fastest 
surgeons were the 
most popular, as the

For a major 
operation, the pain was over sooner. 
patient has a Thousands of years
general 
anesthetic, which ago, people used an 
means he or she operation called is completely 
unconscious . trepanning. It 

involved 
The patient is cutting holes 
covered in a in the skull,
cloth to keep 
germs away perhaps to let out evil 
from the spirits that people 

believed lived in the head. 

Bacteria ban 
Operations are risky, because 

germs can get into the 
body and make the 

patient even more ill 
than they were before. 
So operating rooms 
and tools must be 
kept spotlessly clean. 
The operating team 
must wash their hands 

carefully and wear very 
clean clothes, gloves, 

hats and face masks. 

Stitched up 
After an operation, the hole is 
sewn up with special stitches 
called sutures. People who 
have had an operation usually 
have a faded scar where their 
body was cut open. 

Th is picture shows a fresh post-operative 
scar on a man's head. It was left by an 
operation to remove a brain tumor. 

This skull, thought to be about 2,300 years 
old, was found in Denmark. It belonged to 
someone who had a trepanning operation 
while they were alive. 
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Complementary medicine 

The treatments described 

earlier in this book are all 
part of "conventional 
medicine" - the kind you 
usually get from your doctor. 
However, many people also 
get good results from 
"complementary" medicines. 
These range from plant 
remedies to massage, 
acupuncture and hypnosis. 

Acupuncture 

Acupuncture is a 
Th is acupuncture model shows some of the 

traditional Chinese acupuncture points on the head and face. 

p~iEntsiT~,E~I"liJIe-t1':@'r~~e)"fll:e- · 

treatments, such as 
acupuncture, are so effective 
that conventional doctors now 
prescribe them. However, some 
experts think complementary 
medicine works mainly because 

of the placebo effect (see 
~~~~ page 83). 

Homeopathy 

Homeopathy is a kind of 
complementary medicine 
that was invented about 200 
years ago. Instead of changing 
the way your body works, a 
homeopathic remedy contains 
a chemical that gives you the 
illness you have already. But it 
is diluted so much that only a 
trace of the chemical 
remains. It is said to work by 
stimulating your body to 
react against the chemical 
and cure your illness by itself. 

INTERNET LI NK 

For a link to a website where you can 
find out more about complementary 
medicine, go to L.. 
www.usborne-quicklinks.com ~ 
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Body Changes 
As you go through life, your body changes. 

You start by growing from a single cell into 


a newborn baby, and then continue to grow 

for the next 20 years, changing from a child 


into an adult. If you're female, your body 

may change a lot as it expands to let a 


new baby grow inside it. From the age of 30, 

your body starts to shrink. As you grow old, 


your bones become weaker, your skin wrinkles 

and your senses become less acute. 


This microscope picture shows part of 
the pituitary gland. It's a gland in your 
brain that releases chemicals called 
growth hormones, which make your 
body get bigger as you grow up. 



Conception and birth 

Your body is changing all the time, 

from the moment life begins. 
Between conception - the moment 
life starts - and birth, you grow 
over five million times bigger as 
you change from a single cell to 
a newborn human being. 

Conception 

Conception happens when 
two cells, one from a man 
and one from a woman, join 
together to make a new cell 
that can grow into a baby. 

The cells that can do this are 
called reproductive cells . Male 
reproductive cells are cal led 
sperm cells, and female ones 
are called egg cells. 

Sperm and eggs have only 23 
chromosomes each, not 46 
like normal body cells (see 
page 14). When they join 
together they make a whole 
cell called a fertilized egg, 
WhiCh can grow into a baby. 

~ Sperm cell 

In this picture, a 
man's sperm cell 
and a woman's 
egg cell are 
join ing together. 

Egg cell 

After they have 
joined, they 
become a sing le 
fertilized cell that 
can tu rn into a baby. * 

In this 
microscope 
photo, sperm ce lls 
are crowd ing around 
an egg cell . One of 
them w ill break into the 
egg, making a fert il ized egg . 

Sexual intercourse 

So how do a sperm and an 
egg join up? The main way is 
called sexual intercourse, or 
sex. Men and women have 
different sex organs. They fit 
together so that sperm cells 
can get into a woman's body 
and join up with an egg cell. 

The man's main sex organ is 
the penis. During sex, it fits 
inside a woman's vagina, a 
tube between her legs. Sperm 
cells travel out of the penis 
and up the vagina. If a sperm 
cell meets an egg cell inside 
the woman's body, they join 
up and make a fertilized egg. 
It moves into the womb, an 
organ in the woman's body, 
to grow into a baby. 
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Being pregnant 

When a woman has a baby 
growing inside her, she is 
pregnant. The baby lives in 
the mother's womb for about 
nine months, and takes food 
and oxygen from her body. 
So the mother has to eat and 
breathe for two living things 
(or more if she's having twins 
or triplets). 

As the baby gets bigger, the 
womb swells up to more than 
20 times its normal size, and 
the woman's other organs 
can get very squashed. 
Meanwhile, her body makes 
hormones (see page 92) to 
help the baby grow. They can 
make the mother feel sick and 
dizzy, or make her want to 
eat strange foods. 

This is a newborn 
baby. Just after 
bi rth, doctors cut 
and clip the umbilical 
cord, which joins the 
baby to its mother inside the womb. 
You can see the clip in this picture. 

Growing in the womb 

In the womb, the fertilized egg 
doubles to make two cells. 
These cells double to make 
four cells. This happens again 
and again, and the baby gets 
bigger and bigger. It grows a 
head, organs and limbs. Over 
nine months, one cell 
becomes a fully formed baby. 

This picture shows 
a tiny embryo - a 
very sma ll unborn 
baby. It is about 
three days old 
and is made up of 
just a few cells. 

* 
This embryo is 
about six weeks 
old . It has already 
developed a head, 
arms and legs. 

This X- ray shows a baby that's just about to 
be born . It has turned upside down, ready 
to come out of its mother's body headfirst. 

Being born 

When a baby is ready to be 
born, it usually turns upside 
down, and muscles around 
the womb squeeze it head
first toward the vagina . Then 
the muscles slowly squeeze 
and push the baby out. This 
process is called labor. Some 
babies are born another way, 
in an operation called a 
Caesarean. Doctors cut open 
the womb, lift the baby out 
and sew the womb up aga in . 



Getting bigger 

As well as learning a lot, 
growing up means getting 
bigger. When you are 
growing up, your body 
makes millions of new cells 
to help your bones, muscles, 
skin and other body parts to 
grow longer and thicker. 

Not all body parts grow at 
the same rate. For example, 
an adult's legs are up to five 
times longer than a baby's, 
but your head changes 
much less in size. 

Growing up 
It takes a long time to change from a baby into 
an adult - up to 20 years. In this time, you grow 

about three times taller and 20 times heavier than 
when you were born. You also learn more than at 
any other time of your life. 

Early learning 

The first few years of life are However, each experience a 
when you learn the most. baby has makes new 
New babies cannot see clearly, connections form in its brain, 
make decisions or understand allowing small children to 
words, because they do not learn things very fast. At the 
have a fully developed set of age of two, for example, 

connections in their brains children can memorize up to 
(see page 51 ). ten new words every day. 

Children learn to 
talk, and to do INTERNET LINK 
all kinds of 
other things For a link to a website where you can 

too, by watching read more about what happens to your 
and copying their body during puberty, go to .... 

parents and other www.usborne-quicklinks.com ~ 
people around them. 

S.Sh --------------------------------------------------- 

S.Oh ------------------- - ---------------- 
4.Sh ____________________________________ _ 

4.0h ______________________ _ 

3.Sh ---------------------- 
3.0h -- - _________________ _ 

2.Sft ---------- 

2.0ft ---- - ---- 

1.Sh -- _e_ ---
1.0ft -a ----
O.Sh --~----- ------- --------- ---------- ----- 
O.Oh -- ____________________________________________________________ _ 


*Newborn 20 months 7 years 13 years 18 years 
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Getting old 

Everyone grows old and 

eventually dies. But why? The 
answers are partly to do with 
hormones, and partly to do with 
instructions stored in the DNA 
inside our cells. Our bodies also 
grow old because they wear 
out, through being used 
for a whole lifetime. 

Hormone loss 

As you grow older, your 
body makes less and less of 
some types of hormones. 
Since hormones help to keep 
your body healthy, this means 
that you get weaker and less 
healthy as time goes on. 

This is a mi crosco pe photo of the inside 
of a bone affected by osteoporosis. This 
makes bones weaker and more brittle 
as you get o lde r. 

For example, your bones 
break more easily when you 
are old . As people get older, 
especially women, their bodies 
make less of the hormone 
estrogen. This can cause 
osteoporosis, which makes 
bones th inner and weaker. 

This e lde rly man has 

grayin g hair and deep 

w rin kles on his fo rehead 

and a round his eyes . 


Wearing out 

Another reason you get old 
is that your body parts wear 
out. Your joints get worn down, 
so it's painful to walk . The lenses 
in your eyes grow stiffer, so it's 
hard to focus on things. Some 
older people go deaf, because 
their eardrums are less springy. 

The blood vessels in your 
body also grow weaker, 
so they can't squeeze 
blood around your body 
very well . Your organs 
and muscles don't get 
very mu ch oxygen, so 
they gradually slow down 
and stop working so well. 

Most people's teeth start to wea r 
o ut as they get o lder. Some 
peop le end up havin g their teet h 
ta ken out, and wearing fal se ones 
like these instea d . 
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