


US_002-003_Incredible_Body.indd   2 16/03/20   4:25 PM



Written by

Richard Platt

Illustrated by

Stephen Biesty

STEPHEN BIESTY’S

INCREDIBLE

 BODY
CROSS-SECTIONS

US_002-003_Incredible_Body.indd   3 01/04/20   1:12 PM



The eye
8

The brain
12

The ear
10

A journey of discovery
6

Contents

FIRST EDITION
Project Editors Mary Atkinson, Francesca Baines 

Senior Art Editors Peter Radcliffe, Dorian Spencer Davies 
Senior Editor Scarlett O’Hara 

Senior Managing Editor Linda Martin 
Medical Consultant Gabrielle Murphy 

DTP Designer Almudena Díaz 
Production Lisa Moss

REVISED EDITION
Senior Editors Ann Baggaley, Rupa Rao   Senior Art Editor Rachael Grady  

Managing Editors Francesca Baines, Kingshuk Ghoshal 
Managing Art Editors Philip Letsu, Govind Mittal

US Editor Megan Douglass   US Executive Editor Lori Cates Hand    
Senior DTP Designer Sachin Singh    

DTP Designers Pawan Kumar, Dheeraj Singh, Bimlesh Tiwary
Pre-Production Manager Balwant Singh      

Production Manager Pankaj Sharma    
Production Editor Jacqueline Street    

Senior Production Controller Jude Crozier 
Jacket Designer Akiko Kato  

Jacket Design Development Manager Sophia MTT
Publisher Andrew Macintyre   Associate Publishing Director Liz Wheeler

Art Director Karen Self   Publishing Director Jonathan Metcalf

This American Edition, 2020 
First American Edition, 1998  

Published in the United States by DK Publishing  
1450 Broadway, Suite 801, New York, NY 10018

Illustrations copyright © 1998, 2017, 2020 Stephen Biesty
Text copyright © 1998, 2017, 2020 Richard Platt

Compilation copyright © 1998, 2017, 2020 Dorling Kindersley Limited  
DK, a Division of Penguin Random House LLC 

20 21 22 23 24 10 9 8 7 6 5 4 3 2 1 
001-316000-Aug/2020

All rights reserved. Without limiting the rights under the copyright reserved 
above, no part of this publication may be reproduced, stored in or introduced  

into a retrieval system, or transmitted, in any form, or by any means  
(electronic, mechanical, photocopying, recording, or otherwise),  

without the prior written permission of the copyright owner. 
Published in Great Britain by Dorling Kindersley Limited

A catalog record for this book is available from the Library of Congress. 
ISBN 978-1-4654-9145-9

DK books are available at special discounts when purchased in bulk  
for sales promotions, premiums, fund-raising, or educational use. 

For details, contact: DK Publishing Special Markets, 
1450 Broadway, Suite 801, New York, NY 10018 

SpecialSales@dk.com

Printed and bound in China

For the curious

www.dk.com

US_004-005_Incredible_Body.indd   4 01/04/20   1:12 PM



Lymph and 
blood

24

The mouth 
and gut

20

The heart
28Skin and  

muscles
18

Index and 
acknowledgments

32

The nose 
and lungs

30

The kidneys, 
bladder, and 
reproductive 

system
26

The  
skeleton

16

The spinal 
cord and 

nerves
14

US_004-005_Incredible_Body.indd   5 16/03/20   4:25 PM



A 
jo

ur
ne

y 
of

 d
isc

ov
er

y

M
us

cl
es

 
of

 c
he

st

Ey
e

Ea
r

Ri
gh

t 
ce

re
br

al
 

he
m

is
ph

er
e

Sk
ul

l

Le
ft

 c
er

eb
ra

l 
he

m
is

ph
er

e

O
rg

an
s 

of
 

ba
la

nc
e 

Sk
in

Ri
gh

t 
lu

ng

H
ea

rt

Tr
ac

he
a 

(w
in

dp
ip

e)

Li
ve

r

T
he

 lu
ng

s
W

he
n 

St
ev

e 
br

ea
th

es
 in

, o
xy

ge
na

te
d 

ai
r 

in
fla

te
s 

hi
s 

lu
ng

s.
 B

lo
od

 c
ir

cu
la

tin
g 

in
 t

he
 

lu
ng

s 
ex

ch
an

ge
s 

w
as

te
 g

as
es

 fo
r 

th
e 

ox
yg

en
. 

W
he

n 
he

 b
re

at
he

s 
ou

t,
 S

te
ve

 c
an

 u
se

 t
he

 
ex

ha
le

d 
ai

r 
to

 t
al

k 
or

 s
in

g 
(p

p.
30

–3
1)

.
T

he
 h

ea
rt

A
lth

ou
gh

 n
o 

bi
gg

er
 t

ha
n 

hi
s 

fis
t, 

St
ev

e’
s 

he
ar

t 
is

 a
 h

ar
d-

w
or

ki
ng

, 
po

w
er

fu
l p

um
p.

 It
 s

qu
ee

ze
s  

an
d 

re
la

xe
s 

co
ns

ta
nt

ly
 t

o 
ci

rc
ul

at
e 

bl
oo

d 
ar

ou
nd

 h
is

  
bo

dy
 (

pp
.2

8–
29

).

S
ki

n 
an

d 
m

us
cl

es
St

ev
e’

s 
sk

in
 is

 h
is

 la
rg

es
t 

or
ga

n.
 It

 p
ro

vi
de

s 
a 

ph
ys

ic
al

 b
ar

ri
er

, p
re

ve
nt

s 
hi

m
 fr

om
 g

et
tin

g 
to

o 
ho

t 
or

 c
ol

d,
 a

nd
 g

iv
es

 h
im

 a
 s

en
se

 o
f 

to
uc

h.
 T

he
 

“m
ea

t”
 o

n 
St

ev
e’

s 
bo

ne
s 

is
 m

us
cl

e 
tis

su
e.

 A
s 

 
w

el
l a

s 
al

lo
w

in
g 

St
ev

e 
to

 m
ov

e 
pa

rt
s 

of
 h

is
 b

od
y,

 
m

us
cl

es
 h

el
p 

ke
ep

 h
is

 b
od

y 
w

ar
m

 (
pp

.1
8–

19
).

 

T
he

 s
pi

na
l c

or
d

R
un

ni
ng

 s
tr

ai
gh

t  
do

w
n 

hi
s 

ba
ck

 in
si

de
  

a 
fle

xi
bl

e,
 b

on
y 

tu
be

  
(t

he
 v

er
te

br
al

 c
ol

um
n)

,  
St

ev
e’

s 
sp

in
al

 c
or

d 
ke

ep
s  

hi
s 

br
ai

n 
in

 t
ou

ch
 w

ith
 n

er
ve

s 
th

ro
ug

ho
ut

 h
is

 b
od

y 
(p

p.
14

–1
5)

. 

T
he

 b
ra

in
Pr

ot
ec

te
d 

by
 a

 h
ol

lo
w

 b
al

l o
f 

bo
ne

, S
te

ve
’s

 b
ra

in
 is

 t
he

 c
on

tr
ol

 c
en

te
r 

of
 h

is
 b

od
y.

 T
he

 c
er

eb
ru

m
, t

he
 la

rg
es

t 
pa

rt
 o

f 
th

e 
br

ai
n,

 e
na

bl
es

 
St

ev
e 

to
 t

hi
nk

. I
t 

is
 d

iv
id

ed
 in

to
 t

w
o 

ha
lv

es
 c

al
le

d 
he

m
is

ph
er

es
. 

D
iff

er
en

t 
pa

rt
s 

of
 t

he
 c

er
eb

ra
l h

em
is

ph
er

es
, a

nd
 o

th
er

 p
ar

ts
 o

f 
th

e 
br

ai
n,

 in
te

rp
re

t 
m

es
sa

ge
s 

fr
om

 h
is

 s
en

se
s,

 c
on

tr
ol

 m
ov

em
en

t,
 a

nd
 

w
or

k 
au

to
m

at
ic

al
ly

 t
o 

ke
ep

 h
is

 h
ea

rt
 b

ea
tin

g 
(p

p.
12

–1
3)

.

T
he

 e
ar

s 
St

ev
e’

s 
ea

rs
 a

llo
w

 h
im

 t
o 

en
jo

y 
lo

ud
 

ro
ck

 m
us

ic
—

or
 h

ea
r 

a 
pi

n 
dr

op
.  

T
he

y 
al

so
 h

av
e 

an
ot

he
r 

im
po

rt
an

t 
fu

nc
tio

n.
 F

lu
id

 fl
ow

in
g 

in
 c

ur
ve

d,
 b

on
y 

tu
be

s 
de

ep
 in

si
de

 t
he

 e
ar

 g
iv

es
 S

te
ve

  
a 

se
ns

e 
of

 b
al

an
ce

, s
o 

th
at

 
he

 c
an

 s
ta

nd
 u

pr
ig

ht
 

an
d 

w
al

k 
w

ith
ou

t 
fa

lli
ng

 o
ve

r 
 

(p
p.

10
–1

1)
.

“E
X

T
R

A
O

R
D

IN
A

RY
 E

X
PL

O
R

A
T

IO
N

 S
Q

U
A

D
 r

ep
or

tin
g 

fo
r 

du
ty

! O
ur

 m
is

si
on

: 
to

 e
xp

lo
re

 a
nd

 m
ap

 e
ve

ry
 c

or
ne

r 
of

 a
n 

un
kn

ow
n 

te
rr

ito
ry

—
th

e 
hu

m
an

 
bo

dy
. T

he
 c

ho
se

n 
su

bj
ec

t: 
St

ep
he

n 
Bi

es
ty

; g
en

de
r—

m
al

e;
 p

ro
fe

ss
io

n—
ar

tis
t. 

W
e 

ha
ve

 
tr

ai
ne

d 
fo

r 
m

on
th

s 
fo

r 
th

is
 u

ni
qu

e 
ex

pe
di

tio
n 

an
d 

ar
e 

pr
ep

ar
ed

 fo
r 

ev
er

y 
ob

st
ac

le
—

w
e 

w
ill

 w
rig

gl
e 

th
ro

ug
h 

th
e 

tin
ie

st
 v

ei
n,

 o
r 

le
ap

 t
hr

ou
gh

 a
 p

or
e 

of
 h

is
 s

ki
n.

 W
e’

re
 e

qu
ip

pe
d 

fo
r 

al
m

os
t 

an
y 

si
tu

at
io

n,
 w

ith
 s

cu
ba

 e
qu

ip
m

en
t, 

m
ou

nt
ai

ne
er

in
g 

ge
ar

, a
nd

 h
ur

ric
an

e-
pr

oo
f 

ja
ck

et
s.

 S
te

ve
’s

 b
od

y 
is

 a
lw

ay
s 

ho
t, 

so
 w

e 
w

on
’t 

ne
ed

 a
ny

 t
he

rm
al

 u
nd

er
w

ea
r. 

Bu
t 

w
e 

ha
ve

 
tw

o-
w

ay
 r

ad
io

s 
so

 t
ha

t 
w

e 
ca

n 
co

m
m

un
ic

at
e 

w
ith

 e
ac

h 
ot

he
r. 

Fa
st

-f
lo

w
in

g 
pi

pe
lin

es
 a

nd
 

hi
gh

-s
pe

ed
 n

er
ve

 h
ig

hw
ay

s 
co

nn
ec

t 
ev

er
y 

lim
b 

an
d 

or
ga

n 
of

  
St

ev
e’

s 
bo

dy
, s

o 
tr

av
el

in
g 

ar
ou

nd
 s

ho
ul

d 
be

 e
as

y.
  

W
e 

es
tim

at
e 

th
at

 w
e’

ll 
co

m
pl

et
e 

ou
r 

m
is

si
on

 in
  

ro
ug

hl
y 

24
 p

ag
es

.”
 

T
he

 e
ye

s
A

 m
ir

ac
le

 o
f 

m
in

ia
tu

ri
za

tio
n,

 S
te

ve
’s

 e
ye

s 
ar

e 
m

or
e 

po
w

er
fu

l 
th

an
 t

he
 m

os
t 

ad
va

nc
ed

 m
ov

ie
 c

am
er

a.
 S

ix
 m

us
cl

es
 t

ur
n 

ea
ch

 e
ye

 s
o 

th
at

 h
e 

ca
n 

lo
ok

 in
 m

an
y 

di
re

ct
io

ns
. A

 b
un

dl
e 

of
 n

er
ve

 f
ib

er
s 

ca
rr

ie
s 

si
gn

al
s 

fr
om

 h
is

 e
ye

s 
to

 h
is

 b
ra

in
, 

w
he

re
 t

he
 im

pu
ls

es
 a

re
 in

te
rp

re
te

d 
as

 im
ag

es
 (

pp
.8

–9
).

6

st
ep

h
en

 b
ie

st
y’

s 
in

c
re

d
ib

le
 b

o
d

y 
•

US_006-007_Incredible_Body.indd   6 16/03/20   4:25 PM



Te
nd

on
 o

f 
 

th
ig

h 
m

us
cl

e

Pa
te

lla
 

(k
ne

ec
ap

)

St
om

ac
h

K
id

ne
y

D
eo

xy
ge

na
te

d 
bl

oo
d

O
xy

ge
na

te
d 

bl
oo

d

Ve
rt

eb
ra

l 
co

lu
m

n

Ri
b 

ca
ge

Sp
in

al
 c

or
d

Th
ig

h 
m

us
cl

es

Fe
m

ur

Ti
bi

a

Fi
bu

la

M
us

cl
es

 o
f 

fo
ot

Ab
do

m
in

al
 

m
us

cl
es

An
us

Bl
ad

de
r

Ly
m

ph
 

no
de

s

Im
m

u
n

e 
te

am
“W

e’
re

 t
he

 p
ur

pl
e 

pr
ot

ec
tio

n 
sq

ua
d,

 d
ef

en
di

ng
 S

te
ve

’s
 b

od
y 

ag
ai

ns
t 

at
ta

ck
 f

ro
m

 b
ac

te
ria

 a
nd

 
vi

ru
se

s 
th

at
 c

ou
ld

 m
ak

e 
hi

m
 il

l.”

H
o

rm
o

n
e 

te
am

“W
e’

re
 t

he
 g

re
en

 t
ea

m
. W

e 
th

in
k  

of
 o

ur
se

lv
es

 a
s 

m
an

ag
er

s.
 U

si
ng

 
St

ev
e’

s 
bl

oo
d 

fo
r 

tr
an

sp
or

ta
tio

n,
 w

e 
ca

rr
y 

ch
em

ic
al

s 
th

at
 k

ee
p 

hi
s 

bo
dy

 
ru

nn
in

g 
sm

oo
th

ly.
”

B
lo

o
d

 t
ea

m
“W

e’
re

 t
he

 t
ra

ns
po

rt
at

io
n 

te
am

 t
ak

in
g 

bl
oo

d 
ar

ou
nd

 
th

e 
bo

dy
. 

Te
am

s 
in

 li
gh

t 
re

d 
co

at
s 

ca
rr

y 
ox

yg
en

at
ed

 
bl

oo
d,

 t
ea

m
s 

in
 d

ar
k 

re
d 

ta
ke

 d
eo

xy
ge

na
te

d 
bl

oo
d.

”

N
er

ve
 t

ea
m

“W
e’

re
 t

he
 m

es
se

ng
er

s 
in

 b
lu

e.
 

To
 k

ee
p 

St
ev

e’
s 

bo
dy

 u
nd

er
 

co
nt

ro
l, 

w
e 

ca
rr

y 
el

ec
tr

ic
al

 
si

gn
al

s 
al

on
g 

ne
rv

e 
fib

er
s 

le
ad

in
g 

to
 a

nd
 f

ro
m

 h
is

 b
ra

in
.”

M
u

sc
le

 t
ea

m
“L

ift
in

g,
 p

ul
lin

g,
 a

nd
 s

ho
vi

ng
—

w
e’

re
 t

he
 a

ct
io

n 
te

am
. 

W
he

re
ve

r 
yo

u 
se

e 
ou

r 
or

an
ge

 c
oa

ts
 y

ou
’ll

 
kn

ow
 t

he
re

’s
 s

om
et

hi
ng

 m
ov

in
g.

”

H
o

m
e 

te
am

“M
os

t 
te

am
s 

ha
ve

 s
pe

ci
al

 jo
bs

. 
O

ur
 w

hi
te

 c
oa

ts
 id

en
tif

y 
us

 a
s 

ea
ch

 o
rg

an
’s

 h
om

e 
te

am
, 

he
lp

in
g 

w
ith

 s
pe

ci
fic

 t
as

ks
. 

Th
at

’s
 w

hy
 w

e 
do

 d
iff

er
en

t 
w

or
k 

on
 e

ac
h 

pa
ge

.”

M
ee

t 
th

e 
bo

dy
 p

eo
pl

e 
U

nd
er

st
an

di
ng

 h
ow

 t
he

 b
o

dy
 w

o
rk

s 
is

 e
as

ie
r 

if
 y

o
u 

im
ag

in
e 

th
e 

hu
m

an
 b

o
dy

 a
s 

a 
gi

ga
nt

ic
 b

ui
ld

in
g—

a 
w

ar
eh

ou
se

 o
r 

fa
ct

or
y 

st
af

fe
d 

by
 c

ou
nt

le
ss

 u
ni

fo
rm

ed
 t

ea
m

s 
of

 w
or

ke
rs

. E
ac

h 
te

am
 is

 
re

sp
on

si
bl

e 
fo

r 
a 

di
ffe

re
nt

 t
as

k.
 P

er
ha

ps
 w

e 
sh

ou
ld

 b
e 

gr
at

ef
ul

 
th

at
 t

he
re

 a
re

n’
t 

re
al

ly
 li

tt
le

 w
or

ke
rs

 li
ke

 t
he

se
 c

ha
ra

ct
er

s 
in

si
de

 
ou

r 
bo

di
es

, b
ec

au
se

 s
om

e 
of

 t
he

m
 d

on
’t

 a
lw

ay
s 

se
em

 t
o 

be
 

co
nc

en
tr

at
in

g 
on

 w
ha

t 
th

ey
’r

e 
do

in
g!

Ly
m

ph
 a

nd
 b

lo
od

A
 m

az
e 

of
 t

ub
es

, d
uc

ts
, a

nd
 p

ip
es

 
ca

rr
ie

s 
vi

ta
l f

lu
id

s 
to

 e
ve

ry
 c

el
l i

n 
 

St
ev

e’
s 

bo
dy

. A
rt

er
ie

s 
an

d 
ve

in
s 

ci
rc

ul
at

e 
bl

oo
d,

 s
up

pl
yi

ng
 n

ut
ri

en
ts

, o
xy

ge
n,

 a
nd

 
ho

rm
on

es
, a

nd
 r

em
ov

in
g 

ha
rm

fu
l w

as
te

. 
A

no
th

er
 n

et
w

or
k 

of
 t

ub
es

 c
ol

le
ct

s 
ly

m
ph

, a
 c

le
ar

 f
lu

id
 t

ha
t 

pr
ot

ec
ts

 S
te

ve
’s

 
bo

dy
 a

ga
in

st
 in

fe
ct

io
n 

(p
p.

24
–2

5)
.

T
he

 k
id

ne
ys

 a
nd

 b
la

dd
er

St
ev

e’
s 

ki
dn

ey
s 

ac
t 

as
 f

ilt
er

s,
 p

ur
ify

in
g 

 
hi

s 
bl

oo
d 

an
d 

co
nt

ro
lli

ng
 t

he
 a

m
ou

nt
  

of
 w

at
er

, s
al

t,
 a

nd
 a

ci
d 

th
at

 h
is

 b
od

y 
co

nt
ai

ns
. W

as
te

 p
ro

du
ct

s 
an

d 
ex

ce
ss

 
w

at
er

 c
ol

le
ct

 in
 h

is
 b

la
dd

er
. H

is
 

ki
dn

ey
s 

al
so

 m
an

uf
ac

tu
re

 a
 h

or
m

on
e 

th
at

 h
el

ps
 c

on
tr

ol
 S

te
ve

’s
 b

lo
od

 
pr

es
su

re
 (

pp
.2

6–
27

).

T
he

 g
ut

 
Ex

te
nd

in
g 

 
fr

om
 S

te
ve

’s
  

m
ou

th
, t

hr
ou

gh
  

hi
s 

st
om

ac
h 

an
d 

 
in

te
st

in
es

 t
o 

hi
s 

an
us

,  
St

ev
e’

s 
gu

t 
ex

tr
ac

ts
 n

ut
ri

en
ts

  
an

d 
w

at
er

 fr
om

 t
he

 fo
od

 a
nd

 d
ri

nk
s 

 
he

 s
w

al
lo

w
s.

 O
rg

an
s 

lin
ke

d 
to

 t
he

  
gu

t 
pu

m
p 

o
ut

 c
he

m
ic

al
s 

th
at

 h
el

p 
 

di
ge

st
 fo

od
 (

pp
.2

0–
23

).

T
he

 s
ke

le
to

n
T

he
 fr

am
ew

or
k 

 
th

at
 s

up
po

rt
s 

 
St

ev
e’

s 
bo

dy
 is

  
fle

xi
bl

e,
 y

et
 s

tr
on

g.
 H

is
  

sk
el

et
on

 is
 s

o 
cl

ev
er

ly
 jo

in
te

d 
th

at
 

St
ev

e 
ca

n 
re

ac
h 

an
y 

pa
rt

 o
f 

hi
s 

 
bo

dy
 w

ith
 t

he
 t

ip
s 

of
 h

is
 f

in
ge

rs
.  

H
is

 b
on

es
 a

re
 s

tr
on

ge
r 

th
an

 s
te

el
—

bu
t 

un
lik

e 
m

et
al

, t
he

y 
ha

ve
 t

he
 

ab
ili

ty
 t

o 
m

en
d 

th
em

se
lv

es
 w

he
n 

 
br

ok
en

 (
pp

.1
6–

17
).

7

• a
 jo

u
rn

ey o
f d

isc
o

very

US_006-007_Incredible_Body.indd   7 16/03/20   4:25 PM



The eye
“Wow! These f ibers are so 

stretchy, you could make 
elastic bands from them!”

Ray of  
light

“We pull to open 
the pupil wider.”

Conjunctiva 
(protective 
membrane)

Image seen

“Waagh!”

Egyptian eyewash
Ancient Egyptians used urine for 
eyewash. Other eye treatments 
included the droppings of flies, 
pelicans, lizards, or crocodiles.

Tear duct

The hole in the 
center of  the iris  

is called the pupil.

Iris

Cornea“Which way is the 
optic nerve?”

“Go straight through  
to the retina at the 

back of  the eye.”

The lens is 
flexible, like a 

clear plastic bag.

Eyelid

Eyelashes

Eyelids
Eyelids protect the eyes and 
spread tears across them to 
wash them. Eyelashes keep sweat 
and dust out of Steve’s eyes.

3. Seeing far and near
Behind the iris, a lens helps Steve  

see far and near things equally clearly.  
To focus on close things, Steve tightens his eye muscles. 
This makes the lens bulge, bending light rays strongly.  
Light rays from distant objects need less bending. So Steve 
relaxes his eye muscles, allowing the rubbery fibers to 
stretch the lens into a flatter shape that bends light less.

2. Adjusting brightness
Next, the light passes through the hole  
in the center of the colored part of Steve’s 
eye, a muscular ring called the iris. In bright 
light, the muscle tightens, narrowing the hole 
in the middle. This reduces the amount of 
light entering the eye, so Steve isn’t dazzled.

1. Sharp pictures
Seeing starts at the cornea, a clear 
window at the front of Steve’s eyes. 
Beams of light bend as they pass through 
the cornea and the fluid-filled chamber 
behind it. The bending focuses the light, 
gathering the rays so that they form a 
clear picture on the eye’s inner surface.

“I operate the  
valves to drain  
tears away down  
the back of  Steve’s  
nose, but when he  
peels an onion, I  

just can’t cope  
with the flow.”

“We work in Steve’s 
tear glands, making 

tears to clean and 
lubricate his eyes.”

Water bed
Between the lens and the cornea  
is a clear liquid called aqueous fluid. 
It holds the lens in place and keeps  
the cornea in shape.

“Our pumping 
replaces all the 
aqueous fluid  
16 times a day.” 

STARTING OUR JOURNEY seemed easy: we planned to climb into Steve’s mouth. 
But as we scaled his face, a hurricane-force wind plucked us into the air and 
sucked us up his nose. The sneeze that followed blasted us down a dark, narrow 
corridor, knocking us both unconscious. When we came around, we thought at 
first we were in a cinema. The domed ceiling and floor were vivid red. Behind us 
a giant lens projected a moving picture onto the wall, but the image was upside 
down! Then it dawned on us—we had reached an eye through Steve’s tear duct. 
Struggling out the same way, we saw cleaners at work. As we watched them, 
one gave us a message. “Take this impulse up the optic nerve to Steve’s brain,” 
he said, “and watch out for those follicle mites. They can give you a nasty bite.”

“Hey guys, let’s do a squint!”
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Cone cells
The six million cone-shaped  
cells work in bright light only. 
They detect colors and give 
Steve a clearer picture of 
objects he studies closely. 5. Seeing cells

Light falling on the retina activates 
special cells shaped like rods and 
cones. The cells send tiny impulses 
down nerve fibers linking the  
eye and brain. Steve’s brain  
(pp.12–13) processes the nerve 
signals, turning them into a picture 
that Steve can understand.

Eagle eyes
Steve’s eyes are sharp enough to pick 
out a golf ball at a distance of 1,500 
yards (1.4 km), but he’s not unusual. 
Most of us can see this well, though 
we may need glasses to make the 
most of our remarkable vision. 

“There are three pairs of  
muscles for each of  Steve’s 

eyes. Between us we can rotate 
his eyeball, and roll it up and 

down, or from left to right.”

Sight problems
Long-sighted people have eyeballs that are 
too short, and need glasses to see nearby 
objects. Short-sighted people have egg-
shaped eyeballs and can’t see distant objects 
without glasses. Steve doesn’t need glasses, 
but a quarter of all children wear them, as 
do most grandparents.

Sclera (white of  the eye)

“We’re the fastest-reacting 
muscles in Steve’s body!”

“This spongy layer 
of  fat provides soft, 
protective padding 
for Steve’s eyeball.”

“This squishy jelly gives 
the eye its circular shape 
and holds the retina  
in place. Light passes 
straight through it.”

4. Projecting the picture
The inside of the eye works like a camera. The 
lens projects a sharp image onto the back surface 
of the eye. There, a layer of light-sensitive cells 
called the retina works like photographic film. The 
image on the retina is upside down, but Steve’s 
brain (pp.12–13) will turn it the right way up.

Rod cells
One hundred and twenty 
million rod-shaped cells 
enable Steve to see shapes 
and movement. They work 
even in the dimmest starlight.

“We swim along the 
arteries to keep them 
supplied with blood rich  
in oxygen and nutrients.”

“I’m off  to 
Steve’s brain!”

Upside-down image 
on Steve’s retina of  
the elephant that 
he is looking atCone cell Rod cell

Sclera  
(white of  the eye)

The blind spot
Everyone’s retina has a “blind spot” 
where there are no nerve cells for 
seeing. The blind spot is the point where 
nerve fibers from all over the retina 
gather together to form the optic nerve.

The optic nerve is made up of  
about a million nerve f ibers, 
linking the eye to the brain 
and enabling Steve to see 
moving images instantaneously. 
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FEELING OUR WAY along a shiny bundle of  nerve 
fibers, we squeezed through a small, circular hole 
where the fibers branched. Should we take the left  
or the right fork? We tossed a coin and chose the left. 
It led to a narrow tunnel, like the inside of  a seashell. 
Baffled, we consulted our map. Only one part of  
Steve’s body looked like this: the inner ear. The 
spiraling, liquid-filled tube changes sound waves into 
nerve impulses. The air-filled middle ear contains  
tiny bones that conduct sound. These delicate 
mechanisms are hidden away deep inside Steve’s  
head. The crumpled flaps of  cartilage on the  
sides of  his head that we call ears do not do  
the hearing. They funnel sound down a short  
tube that leads to the middle ear.

External 
auditory 

canal

Earwax is manufactured  
by the ceruminous glands.

A thick layer of  
skull bone protects 
the inner ear.

“Phew! I hope 
Steve’s earlobes 
don’t grow  
any longer.”

“BUZZ OFF 
you horror!”

“Wow, the echo  
in here is fantastic. 
These walls reflect 
sound brilliantly.”

Sound waves coming from the 
right reach the right ear a split 
second before they reach the 
left ear. This is why Steve can 
tell which direction the sound  
is coming from.

Antihelix 
(Inner rim)

Helix  
(Outer rim)

Sound waves  
hit the 

eardrum, 
making it 

vibrate.

“I move the hairs  
in Steve’s auditory 
canal by operating 
the erector muscles.” 

Hairy filters
The hairs in the external auditory canal 
help keep out dirt and unwanted visitors 
such as wasps. By the way, don’t believe 
what you hear about earwigs. People 
used to believe that they could crawl into 
your ears while you’re asleep and burrow 
into your brain—but it’s not true.

“We’re riding on the 
sound waves traveling 

into Steve’s ear.”

“I’m going around 
the bend here.”

“Hey, watch where 
you’re throwing  

that earwax!”
Lobule 

(Earlobe)

Earlobe is made 
up of  fat and 
connective tissue. 

Malleus 
(hammer) 

The temporalis 
muscle runs in front 
of  the ear to the jaw.

“It ’s going to take 
me forever to clean 
Steve’s ears. They 
seem to get bigger 
every day!”

“This earwax 
comes in handy 

for pelting 
insects.”

Fast growers
Steve’s ears get bigger by about 0.08 in  
(2 mm) every nine years, which is 1⁄4 in 
(6.35 mm) every 30 years. If Methuselah 
really had lived to be 969 years old (as the  
Bible reports), his ears would have been 
bigger than his head, and he could have 
used his earlobes as a hat!

“Hey! can you ’ear me? The  
pinna (outer ear) is shaped to  

collect and guide sound into  
Steve’s external auditory canal.”

2. Banging the drum
The outer ear ends at the eardrum, 
a flattened layer of stretched skin 
that separates the auditory canal 
and the middle ear, providing an 
airtight seal. When the waves hit 
the eardrum, it begins to vibrate. 

1. What’s noise?
Noise produces vibrations that travel 
through the air as sound waves. When 
sound waves reach Steve’s ears, they 
are gathered by the pinna (outer  
ear), which directs them into  
the auditory canal.

Positive identification
Steve’s outer ear is unique: nobody else’s looks 
quite the same. Its shape began to form before 
Steve was born, but has not changed since his first 
birthday. In fact, forensic scientists have suggested 
using ear shape to identify criminals who wear 
masks that cover only the front of their heads.

The ear10
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Oval window
Stapes 

(stirrup)

“Oh no! When he does that  
we all get over-stimulated 

and send messages to the 
brain’s vomiting center.”

Membranes dividing 
the cochlea

Nerve cell

Sensory hairs

The vestibular nerve 
carries signals about 
balance to the brain.

The cochlear nerve 
carries hearing nerve 
impulses to the brain. 

Nerve cells 

“Let’s sneak up Steve’s 
Eustachian tube and give 

him a middle-ear infection!”

4. The snail that hears
Vibrations from the oval window 

travel into a liquid-filled spiral tube.  
It looks like a shell—and its name,  

the cochlea, is the Latin word for snail. 
Membranes divide this bony corkscrew into 
three tubes. When sound makes the stapes 
bone vibrate against the oval window, it  
sends sound waves pulsing through the fluid.

“Hold on to  
your hat! Every  
time Steve  
swallows there’s  
a rush of  air that 
equalizes the air 
pressure on this side 
of  the eardrum.”

Incus 
(anvil)

Vestibulocochlear 
nerve

Nerve impulses

Nerve cell

Sensory hairs detect 
movement of  the jelly.

This jellylike layer moves 
when the head is tilted.

Nerve impulses 
travel toward 
vestibular nerve.

Lateral canal

Posterior canal

Anterior 
canal

Cupula

“Bad news, folks: Steve’s 
going on a white-knuckle 

ride later today.”

“I can just  
see the bone 

that conducts 
the sound 
vibrations 

through Steve’s 
eardrum.”

“These ear-stones are actually rocks. 
They’re made of  calcium carbonate: 
the same stuff  as limestone.”

Standing still
Steve needs to balance even when he’s still. Nerves inside two little 
sacs in the inner ear help him do this. A jellylike layer covers the  
nerves, and tiny otoliths (ear-stones) rest on top of the jelly. Gravity 
pulls on the otoliths and the jelly, stimulating the nerves. Depending  
on which nerves are stimulated, Steve can tell which position he’s  
in—standing upright, lying down, or standing on his head. 

On the move
When Steve nods, shakes, or tilts his head, three semicircular canals 
(tubes) in the inner ear give Steve his sense of balance. Liquid in one  
of the canals moves. It rushes past a jellylike blob called the cupula, 

stimulating nerves in the base. Steve senses movement 
when his brain receives signals from the nerves.

“Keep those vibrations 
going, lads!”

“The cochlea makes nearly three 
turns, packing a long tube into a 
small space, like a French horn.”

“Aaaah! Loud sounds damage the 
delicate hair cells in the cochlea. 
They never grow back, so Steve had 
better be careful or he’ll go deaf.”

5. Hairy hearing
The sound waves move the 
membranes that divide  
the cochlea lengthways. The 

movement rubs tufts of tiny 
sensory hairs. These hairs 
are the real organs of 
hearing. Cells attached  
to them generate nerve 
impulses, which Steve’s 

brain recognizes as sounds.

3. Bony transmitters
The vibrations of the eardrum 
pass along to three tiny bones— 
the malleus (hammer), incus 
(anvil), and stapes (stirrup). 
These bones transmit the 
vibrations. The stapes bone 
presses on a skin-covered  
hole, the oval window,  
which leads to the  
inner ear.
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The brain

Ventricles

“We enable Steve to 
recognize basic sound 
qualities, such as the 

beat of  music, and to 
distinguish between 

low and high notes.”

Nerve impulses

WE LEFT THE EAR AS WE HAD ENTERED: along a bundle of  nerves. We 
chased a nervous impulse as it swooped inside Steve’s skull and dived 
into his brainstem, but then lost it in the cerebellum. Searching would 
have been pointless: there are 100 billion nerve cells in a brain. Each 
is connected to thousands of  neighbors, making the brain more 
complex than any computer. It needs to be. Steve’s brain must 
carry out many tasks just to keep him alive. The brainstem keeps 
his heart beating and lungs breathing. The cerebrum, which makes 
up nine-tenths of  the brain, enables him to think, and helps store 
memories. It also interprets nervous impulses from his senses and 
enables him to control his muscles. The brain is one of  Steve’s 
largest organs; it weighs around 3 lb (1.4 kg).

Frontal lobe (area) 
of  the cerebrum

Inner
layer

Middle  
layer

Meninges

“Our job is thought elaboration. Without us, 
Steve would feel, but he couldn’t think.”

Cerebrum
The wrinkled cerebrum is divided into two halves, 
which are joined by a “bridge” called the corpus 
callosum. The cerebrum is responsible for what 
we call intelligence: it integrates Steve’s ability to 
speak, read, write, understand and remember 
things, plan ahead, and have original thoughts. 

Outer 
layer

Gray matter

Corpus callosum

“Just testing the cushioning 
effect of  the meninges.”

The brain’s “skin”
Three “skins,” together called the 
meninges, enclose and protect  
the brain. Cerebrospinal (brain  
and spine) fluid is absorbed into  
the blood in tiny outgrowths  
from the middle cobweb-like layer.

The brain’s inner room
Nerves carrying Steve’s sensations converge on a region called the thalamus 
(inner chamber). The thalamus relays nervous impulses to the cerebrum,  
but can interpret sensation on its own: it helps Steve realize he is in pain, but 
other areas of the brain tell him where it hurts. The hypothalamus keeps  
Steve’s autonomic nervous system working; it helps him control the 
movements of his heart, gut, and bladder, makes him hungry and thirsty,  
feel angry or aggressive, and stops him from falling asleep during the day. 

Left and right brain
The two sides of the cerebrum 
look very similar, and share much 
of the work of thinking. However, 
each side has special tasks. The left 
side enables Steve to figure out 
problems logically, speak and write, 
and understand science and 
numbers. The right side is his 
creative side. He gets his vivid 
imagination and artistic ability 
from here, as well as his 
appreciation of music.

“If  we’d been working 
overtime when Steve was 

younger, we could have 
made him grow into an 

8-ft (2.5-m) giant.”

Growth control
Like some other  
glands, the pituitary 
manufactures hormones—
control chemicals distributed 
in the bloodstream. One of 
the functions of the pituitary 
gland is to control growth. 

“Phew! It smells just like that chicken 
farm Steve worked at when he was a 

boy. We’re the sniffers: our close 
links with Steve’s “emotional brain” 
(see top right) explains why smells 

bring back such vivid memories.”

“We operate Steve’s muscles; when 
we send out commands, different 
parts of  the body obey. Each one  
of  us controls different muscles.”

“Hello! What’s it like over there? 
Here in the motor cortex they 

never seem to rest. There’s 
always some muscle that 

needs moving.”

Thinking takes place only 
in the gray cells at the 

surface of  the cerebrum. 
The creases give Steve’s 

brain a large surface 
area. If  it were a smooth 

ball, his head would 
need to be nearly twice 

as big for him to have 
the same intelligence.
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“We interpret  
the information 
coming from 
Steve’s eyes. We 

recognize shapes, 
color, and 

movement.”

Nerve f ibers

“Here we turn 
Steve’s thoughts 
into speech.”

Mid-brain
Medulla

“We make sense of  
messages coming from 
Steve’s ears. Without us, 
he’d hear sound but wouldn’t 
be able to tell the difference 
between speech and music.”

Pituitary 
gland

Cerebral cortex

Thalamus

Hypothalamus

Crossroads
Some of the  
nerve fibers  
linking the brain  
and body cross over  
in the medulla. This  
is why the left of the  
brain controls the right  
side of the body, and vice  
versa. Other nerve fibers,  
such as those in the optic nerve, 
cross elsewhere in the brain.

“Without our work, Steve could  
not coordinate his movements: he 
couldn’t catch a ball, or draw—or 
even stand up without falling over.”

“We’re making cerebrospinal fluid 
and are always busy because it has 
to be renewed three times a day.”

Cerebrospinal fluid
The brain floats in clear cerebrospinal fluid. About 
a coffee cup full protects the brain from damage 

and nourishes it. The fluid carries the nutrients 
the brain needs and removes waste products. 

Cerebellum
Although cerebellum 
means “small brain,” it’s 
actually quite a big part 
of the brain: only the 
cerebrum is larger. The 
cerebellum monitors 
Steve’s balance and 

movement, and makes 
sure his muscles are 

obeying the commands  
that they are given.

“We sense temperature, give Steve 
a sense of  touch and pain, and let 
him know the position of  his limbs. 
We let Steve know where the 
sensation is coming from  
so that he can react.”

The limbic
system

The pons is 
a vital bridge 

between 
mid-brain 

and medulla. 

“We  
integrate  

colors, shapes,  
and movement so that Steve’s brain 
can recognize what he’s looking at.”

Cerebellum

“Whoops! 
Here comes an 
impulse. Steve 

has pricked  
his f inger.”

The emotional brain
The limbic system, Steve’s “emotional 
brain,” is in the middle of his brain. It 

controls pleasure and pain, and gives him 
the urge to run away when he’s in danger. 
It also plays an important part in memory: 

this is why he never forgets intensely 
pleasant or really horrible experiences.

Brainstem
Linking the spinal cord to the brain,  
the brainstem—made up of the  
mid-brain, pons, and medulla—is more  
than a telephone exchange for nerve  
signals. It controls many of the actions that  
we do without thinking. For example, the  
brainstem helps control Steve’s heartbeat.

Gray and white matter
Nerve cells make up the gray skin of the 
cerebrum—the cerebral cortex—which 
is about as thick as your hand at the 
palm. The white nerve fibers underneath  
carry signals between the nerve cells  
and other parts of the brain, and the  
rest of Steve’s body.
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WHEN THE RED BLOOD CELL we were riding slowed down we jumped 
off, landing under the skin of  Steve’s chin. Besides protecting his body, 
this supple leathery layer keeps him cool, gives him a sense of  touch, 
and even makes vitamins! But after a close shave with a razor blade we 

decided to retreat to somewhere safer. We snuggled down into a facial muscle, planning 
to rest, but it was hopeless. It turned out that the muscle was attached to the corners 

of  Steve’s mouth, and he was laughing at his own jokes! Giving up hope of  sleep, we 
split up and explored other parts of  Steve’s skin and muscles.

Skin and muscles

Fiber

Fibrils

Biceps

Cuticle

“There she blows! This 
disgusting pus is caused 

by oil blocking a hair 
follicle, making it 

infected. We call it a zit.”

Narrowing 
the eye

If  Steve tried all the 
muscles out in 

different combinations, 
he could pull 7,000  

different faces. 

Muscle tone
When Steve lies down to rest, his muscles relax 
and his body goes limp. But even at rest, muscles 
never relax completely; a few fibers are always 
contracting, giving muscles a firmness called tone.

Ligaments are stretchy 
enough to allow free 
movement, yet tough 
enough to stand up to 
powerful pulling forces.

The sartorius muscle that 
crosses the thigh is the longest 
muscle in Steve’s body.

The muscles 
running outside 
the rib cage help 
Steve breathe.

Nail

Nail structure
The nails on Steve’s  
fingers and toes are made of 
cells rich in a tough protein 
called keratin. Nails grow  
from special cells hidden  
under the cuticle.

Fingerprints
The patterns of ridges and 
furrows on the skin of Steve’s 
hands are unique—nobody else 
leaves fingerprints that are quite 

the same as his. 
Pricking the skin and 
injecting dye beneath  
it makes a permanent  
mark called a tattoo. 

Ligaments
Actions such as running put  
great stress on Steve’s joints. 
Ligaments stop his bones from flying 
apart. These bands of rubbery tissue 
are fixed to the bones close to where 

they meet at each joint (pp.16–17). 

Muscle filaments
The smallest fibrils are so tiny that  
if a human hair were a tube,  
150 million fibrils would  
fit inside. They give the  
muscle its pulling ability.  
When a nervous impulse  
from the brain reaches  
them (pp.12–13),  
filaments inside the fibrils  
slide past each other, making  
the muscle contract.

The largest muscle 
f ibers are as thick as 

a human hair, and 
the smallest are a 

tenth as thick. 

Muscle structure
Muscles are made like bundles of 
bundles of bundles. Look closely  
at one and you’ll see it’s made of 
many tiny fibers, all aligned the 
same way. With a microscope, 
you could see that each fiber is 
also a bundle of even smaller 
threads. These threads are 
themselves bundles of even 
smaller threads called fibrils. 

Pulling down 
the corners  
of  the mouth

Flaring the 
nostrils

Furrowing 
the brow

Frowning muscles
Steve may use nine muscles when he frowns—
to furrow his brow, narrow his eyes,  
widen his nostrils, and  
pull down the  
corners of  
his mouth.

“Come and look at these 
tendons—his hand’s  
like a rope factory.”

Muscles and movement
To move his body, Steve uses muscles—bundles 
of fleshy tissue fixed to his bones. Each muscle is 
made of small fibers that contract (get shorter) 
or relax (lengthen) when a nerve signal reaches 
them. By shortening or lengthening, the muscles 
may cause bones to move, or lips to smile.
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When Steve plays 
squash for seven 

minutes, his muscles 
produce enough 

heat to boil water 
for four cups of  tea.

Skin contains pigment to protect  
it from the damaging effects of  

sunlight. Sunlight speeds up pigment 
production, which is why skin tans.

“Looking after 
these hairs is a 
breeze. My last 
job was on a 
sheep, and its 
fleece grew three 
times as fast.”

Muscles in  
his tongue 
contract when 
he sticks it out.

Deltoid

Dermis

Tiny, hard scales 
cover a softer, 
flexible core.

Hair
The hair that’s visible above Steve’s scalp  

is completely dead. It’s mostly made of 
keratin. Hairs are alive only at the 
root, where growth takes place. 

Achilles tendon

Epidermis

Steve’s skin flakes 
off  constantly and is 
continually replaced. 

Lifting the corner 
of  the mouth

Pulling the 
mouth up

Raising the 
upper lip

TricepsWidening 
the eyes

Dermis
Beneath the epidermis is a tough, stretchy 
layer containing blood vessels, nerves, and 
hair follicles. This layer is thin over Steve’s 
joints where it has to be especially flexible, 
and is thickest on his palms and soles. New 
skin cells are manufactured here and 
migrate through the epidermis, where they 
are eventually shed. 

Tendons are so 
tough and 

elastic that 
those of  animals 

were once used 
to strengthen  
archery bows.

Tendons
Muscles aren’t always  
attached directly to the bones they  
move. Sometimes a tough tissue called  
a tendon links the bone to a distant 
muscle. The tendon acts like a rope: 
muscular contractions pull the tendon,  
and the tendon in turn pulls the bone.

Head hair
Steve’s scalp is similar to skin 
elsewhere on his body. The  
main difference is that the  
hairs on his head grow longer, 
coarser, and faster than the  
fine hairs that cover the skin  
on the rest of his body.

Oil glands produce 
a waxy goo that 
helps waterproof  
the skin. 

Epidermis
The outer layer of Steve’s skin is about as 
thick as a piece of good-quality writing 
paper. Nine-tenths of its cells manufacture 
keratin. Keratin collects on the skin surface, 
making it waterproof, and protecting the 
layers below. Most of the remaining cells 
produce pigment or help protect Steve 
from infection.

Protective skin
All that separates Steve from  

the world around him is 22 square feet 

(2 m2) of skin. Besides keeping his body 
in, skin also keeps water, dirt, and 

microbes out, and helps regulate  
his body temperature.

Many different kinds of  
nerves lie just beneath 

the skin’s surface. They 
allow Steve to detect 
heat, cold, pressure, 

touch, vibration, tickle, 
and pain (pp.14–15).

The skin of  Steve’s 
eyelids is thinner 
than anywhere else.

Pulling up 
the brow

Smiling muscles
A big, hearty grin may use 
eight muscles—to pull up the 
brow, to widen the eyes, to 
raise the upper lip, and to pull 
up the corners of the mouth. 

“No, YOU come HERE! 
I’m busy with the  
plumbing in Steve’s skin.”

Muscles at work
During activity, Steve contracts (shortens)  
some of his muscles and relaxes others. To  
ensure that every part of Steve’s body can  
move back as well as forward, each muscle  
has another one opposing (working against)  
it. For example, the biceps bends the arm  
at the elbow. The triceps straightens it. 

Bacteria multiply 
on the skin in the 

warm, sweaty 
conditions of   

the armpit and  
create a smell. 
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 o
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CLINGING TO A GLUCOSE MOLECULE, we surfed along Steve’s veins. 
Eventually, the blood splashed into a rounded room. No sooner was 

it full of blood than a drain opened in the floor, and the walls closed in, forcing 
the blood out. We were in Steve’s heart! It was no bigger than his fist, but 
powerful enough to squeeze 75 times each minute. It works like a pair of  
pumps. Each has two chambers. The lower chambers, called ventricles,  
do most of the pumping. Above each one is an atrium, which works as 
a temporary blood store. One-way valves at the exit from each atrium 
and ventricle stop blood from flowing backward. As the atria contract, 
followed fractionally afterward by the ventricles, the exit valves close 
making the relentless “lubb-dupp” beat.

Right  
pulmonary  

veins

Conducting 
f ibers in 

atrium

Sinoatrial node

Superior  
vena cava

The heart

Right atrium

Right ventricle

Epicardium

Inner serous 
pericardium

“There’s just enough 
liquid to scuba dive in.”

The aorta  
is the biggest 
blood vessel 
in the body.

Papillary muscles

Pericardial 
fluid

Thick, f ibrous tissue 
acts like a skeleton to 

which the muscles and 
valves are attached.

Pulmonary valve
This major vein leads into the 

right atrium, bringing back blood 
from the kidneys and other 

parts of  the body to the heart.

Cuff  of  three-pointed valve

The three-pointed 
valve is open to 

allow blood to flow 
from the right atrium 
to the right ventricle.

Outer f ibrous 
pericardium

Bags of protection
The heart is covered  
and protected by a  
multilayered sac, the 
pericardium, which also 
prevents it from bursting!  
In between the inner layers 
there is a slippery pericardial 
fluid—just 0.5–1.7 fl oz  
(15–50 ml) is all  
that’s needed. 

“We’re the timing team. The 
electrical impulses we create 
travel down conducting f ibers 
to keep the heart beating in 
perfect rhythm.”

What blood does
The blood flowing around 
Steve’s body supplies his 
tissues with the oxygen and 
nutrients they need to live, and 
carries away waste products. It 
also contains substances that 
influence the temperature of 
his body, and contains cells 
that fight infection.

In full flow
At each beat, Steve’s heart pumps about  
3 fl oz (90 ml) of blood. That’s about a soup bowl 
full every three beats. Blood vessels channel the 
blood around. There are two types. Arteries  
carry blood out from the heart. It returns to  
the heart along another set of tubes called veins. 

Left or right?
Perhaps you are wondering why the right side of  
the heart is on the left-hand side of the page? Think 
about it. When Steve is facing you, on which side do 
you see his right hand?

2. Squeeze!
Next, the three-pointed valve closes and the right ventricle 
contracts. This pushes blood out through the pulmonary valve 
into the arteries leading to the lungs. The lungs remove carbon 
dioxide from the blood and replenish the oxygen supply.

1. At ease
At the start of every cycle of the heartbeat,  
the muscles relax momentarily. Blood pours  
into the right atrium. As the atrium contracts  
a three-pointed valve opens and blood surges  
into the right ventricle.
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Deoxygenated blood 
from the heart 
muscle returns 
along the great 
cardiac vein.

The heart muscle has its own 
blood supply. It flows along 
the coronary arteries, which 
branch off  the aorta just 
where it joins the heart.

Powerful pumper
Steve’s heart is fantastically 
strong and reliable. Each day it 
pumps enough blood to fill 70 
bathtubs. When Steve is around 
75 years old, his heart will have 
pumped 4 billion times. 

Left 
pulmonary 
veins

Fibrous tendons

Blood gushes out of  the arch of  the aorta through 
three arteries to travel to the head and body.

Aortic valve

Mitral valve

Left atrium

“That crowd on the 
right are a bunch of  
slackers. They only 
have to pump blood 
around the lungs. Here 
on the left we have to 
pump blood around 
the whole body. That’s 
why the muscles on 
the left of  the heart 
are much thicker than 
those on the right.”

“This big valve is 
called the mitral 
valve because it 
looks like a miter—
the funny hat that 
bishops wear.”

Nucleus

Fibrous 
skeleton

Left ventricle

“Careful, the 
pericardium is 
slipperyyyeee!”

“We pull on  
these f ibers to  
stop the mitral  
valve from turning 
inside out.”

Independent muscle
The muscle wall of the heart is called the 
myocardium. It’s unlike any other muscle in the 
body. If it were left to beat on its own, without 
input from the brain, it would beat at about 100 
beats a minute. However, nerve impulses usually 
slow it down to about 75 beats a minute, and  
can slow it down or speed it up as necessary.

Descending 
aorta

“We carry the electrical timing 
impulses along this special conduction 
system. But don’t worry, we aren’t in 
any danger of  getting an electric 
shock, it would take a quarter of  
a million hearts to power a flashlight.”

The pulmonary arteries are the only arteries 
in Steve’s body to carry deoxygenated blood, 
rather than oxygenated blood. 

“We’re delivering red blood cells. When they 
come back from the lungs charged with oxygen, 
the cells are bright scarlet. On their tour of  the 
body the cells give up the oxygen and change 
color. They return to the heart a duller color.” 5. Squeeze harder!

Finally, the mitral valve shuts and the left ventricle 
contracts. This forces blood up and out through 
the aortic valve into the aorta. From there, the 
blood flows on to supply the rest of the body.

4. Squeeze again
The right atrium squeezes a fraction before its 
partner on the left. When both atria squeeze, 
they force blood down into both ventricles.

3. Back from the lungs
It takes about six heartbeats for the blood to 
go all around the lungs and return to the heart. 
When the heart muscles relax, blood, rich in 
oxygen from the lungs, whooshes into the left 
atrium. Blood gushes down from the atrium 
through the mitral valve into the left ventricle.
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CLINGING TO A CARBON DIOXIDE MOLECULE, we rode the  
frothing red tide right through Steve’s pulsing heart and beyond,  

into a wide pipe. The pipe divided into two narrower tubes, then forked again,  
and again, until the tube was almost too narrow to squeeze through. The  
noise of  rushing air was almost deafening: we were in Steve’s lungs. These two 
spongy bags almost fill his chest. His windpipe supplies them with air from his 
mouth and nose. Each branch of  the airway ends in a tiny air-sac, surrounded 
by blood vessels. Here, deep in the lungs, Steve’s blood exchanges poisonous 
carbon dioxide gas for life-giving oxygen. Steve’s respiration (breathing) ensures 
a regular supply of  fresh air. Inhaling (breathing in) fills the lungs with fresh, 
oxygen-rich air. Exhaling (breathing out) discharges the stale air and allows Steve 
to talk, sing, shout, and tell terrible jokes.

Vocal chord

Windpipe

Blood supply
The right side of Steve’s heart pumps blood to the 
lungs along a wide artery. This divides into smaller 
and smaller branches, to form a network of tiny 
blood vessels that carry blood to each air-sac.

Lightweight organs
The word lung comes from a  
Greek word meaning “light.”  
Because of the air they contain, the 
lungs are the only organs of the body 
that are light enough to float in water.

The nose and lungs

Steve’s voice box is visible 
on his throat—it’s known 

as his Adam’s apple!

Pulmonary veins Pulmonary artery

Chest muscles

Clavicle (collar bone)

Muscles 
connecting ribs

Rib

Warm, slimy maze
Behind Steve’s nose is a cavity that acts as an 
“air conditioner” when he breathes in. Its 
surfaces are warmed by blood and covered in 
mucus (snot). The air that flows over them is 
made ready to enter the lungs—it gets warmer 
and damper, and the mucus traps any dust.

Voice box
When Steve breathes out, air passes through 
his voice box. To talk or sing, Steve tightens 
muscles to stretch his vocal chords (flaps  
of skin) in the path of the air. The chords 
vibrate, making a sound. The tightness of  
the chords changes Steve’s pitch of speech.

Windpipe
A broad windpipe channels air from 
Steve’s mouth and nose into his lungs. 
It divides into two tubes, the right 
and left bronchi, giving each lung  
a separate air supply.

Veins
Tiny veins carry oxygen-enriched blood 
away from the air-sacs. They merge to 
form bigger blood vessels, piping the 
blood back to the left side of the heart, 
which pumps it on to the rest of the body.

“The muscle team makes 
Steve’s breathing 

amazingly versatile. If  he 
goes for a run, we work 

25 times harder than 
when he’s taking a nap.”

Breathing muscles
Narrow strips of muscle link Steve’s 
ribs. By tightening them, Steve lifts 
his chest and makes it bigger. This 
helps lower the air pressure in the 
lungs, drawing fresh air in through 
his nose and mouth. Normally, Steve 
only needs to relax the muscles to 
breathe out. However, when blowing 
up balloons he takes an extra-deep 
breath and forces the air out, 
making the muscles work harder. 

This stamp-sized area in the 
roof  of  Steve’s nose cavity 
gives him a sense of  smell.
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Bronchial tree

Alveoli 
(air-sacs)

Surface of   
the lungs

“Cells in the wall of  Steve’s nose 
constantly replenish the layer of  
snot. If  Steve catches a cold, these 
cells produce masses of  snot to try 
and flush away the infection.”

Branching air-ducts
The airways that lead from Steve’s windpipe 
branch again and again, until they resemble an 
upside-down tree. They have far more endings 
than a tree, however. A large oak tree has 
about a quarter of a million leaves, but a 
human lung divides into millions of tiny air-sacs.

Powerful dome
Stretched across the bottom of Steve’s chest 
is his diaphragm: a thick dome of powerful 
muscle. To breathe in, Steve tightens his 
diaphragm, making it flatter. This lowers air 
pressure in the lungs, sucking air in. Relaxing 
his diaphragm makes Steve breathe out.

Olfactory bulbs

Diaphragm

Bronchiole (airway)

Pleural 
tissue

Alveoli  
(air-sacs)

Pleural cavity

“Steve’s diaphragm 
does most of  the work 

when he breathes.”

A huge spread
To ensure that enough 
oxygen reaches the blood, 
the surface area of the lungs 
is vast—84 square yards 
(70 m2). Spread out flat, the 
lungs would provide enough 
parking space for seven cars!

The walls of  the respiratory 
membrane are incredibly thin. 
Stacked up together, 240 of  
them would only be as thick 
as a piece of  writing paper.

“Simple. The red cells  
are flexible. They change 
shape and squeeze 
through in single f ile!”

“I hate this job, but 
someone’s got to clean the 
boogers out of  Steve’s nose.”

In his lifetime, Steve will 
breathe out enough hot 
air to inflate 250 two-
person hot-air balloons.

Tiny hairs inside Steve’s nose sweep  
snot back 1⁄4 in (6 mm) every minute.  
This just isn’t fast enough when Steve 
catches a cold, so he gets a runny nose.

“Every drop of  
blood in Steve’s 
body must flow 
through his lungs 
once a minute to 
be replenished 
with oxygen.”

“Red” blood cells look 
purple when they reach the 
lungs. They turn crimson 
when they have been 
recharged with oxygen.

Oxygen mover
Oxygen in the lungs combines with 
saucer-shaped red blood cells. The  
cells carry the oxygen around the 
body and release it where it is needed.

“Whoa! Careful, it ’s 
really slippery here!”

“Without us, 
Steve wouldn’t 
enjoy his food!”

The nose
Steve’s nose is the first line of protection for 
his delicate lungs. Coarse nostril hair filters 
out insects and large particles of dust that 
might harm the lungs if he breathes them in. 

Pleura
A double layer of slippery skin lines  
the lungs and chest cavity to stop  
them rubbing against each other as 
Steve breathes. A slithery fluid “oils”  
the space in between them.

Swapping gases
The airways of the lungs end in minute 
air-sacs. Blood vessels supply each one. 
The walls of the air-sacs are thin 
enough to allow oxygen and carbon 
dioxide gases to pass through, but thick 
enough to keep back the blood. Waste 
carbon dioxide in the blood passes into 
the air-sac to be exhaled. Oxygen from 
fresh air Steve has breathed in passes 
the other way into the blood.

“These blood vessels 
are only half  the 

width of  a red blood 
cell. How does blood 
flow through them?”
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Index 
A
adenoids, 24
adrenal gland, 26
adrenaline, 26
antibodies, 25
anus, 23
anvil, 11
aorta, 29
appendix, 23
aqueous f luid, 8 
artery, 24, 25, 28, 30
atrium, 28–29
auditory canal, 10
autonomic nervous system, 12, 15
axons, 14

B
balance, 11
bile, 21
bladder, 7, 15, 25, 26
blind spot, 9
blood, 7, 24–25, 28–29
blood cells, 16, 17

red, 31
white, 24

blood f iltration, 26
blood vessels, 24, 25, 28
bone marrow, 16, 17
bones, 16–17
brain, 6, 9, 11, 12–13
brainstem, 13
breathing, 16, 30–31
bronchi, 30

C
capillaries, 24
carbon dioxide, 31
cartilage, 17
central nervous system, 14
cerebellum, 13
cerebral cortex, 13
cerebrospinal f luid, 12, 13
cerebrum, 12, 13
coccyx, 15
cochlea, 11
cornea, 8

D
defense systems, 25
dendrites, 15
dermis, 19
diaphragm, 31
digestion, 20–23

E
ear, 6, 10–11
eardrum, 10
ejaculation, 27

enzymes, 22
epidermis, 19
epiglottis, 20
esophagus, 20
eye, 6, 8–9
eyelids and lashes, 8

F
fever, 25
f ingerprints, 18
follicle mites, 8
foot, 17 
frowning, 18

G
gall bladder, 21, 22
gastric glands, 22
germs, 24–25
growth, 12
gut, 7, 20–23

H
hair, 19
hammer, 11
hand, 17
hearing, 10–11
heart, 6, 28–29
hormones, 7
hypothalamus, 12

I
immune system, 7, 24–25
infection 24–25
inf lammation, 25
intelligence, 12
intestines, 22–23
iris, 8
islets of  Langerhans, 23

J
joints, 16–17

K
kidneys, 7, 26

L
lens, 8–9
ligaments, 18
limbic system, 13
liver, 21
lobules, 21
lungs, 6, 28–29, 30–31
lymph, 7, 24–25

M
medulla, 13
memory, 12–13
meninges, 12
motor nerves, 14
mouth, 20
movement, 18–19
muscles, 6, 7, 18–19
myocardium, 29

N
nails, 18
nerves, 7, 14–15
neurotransmitter, 14
nose, 30–31

O
optic nerve, 9
ovaries, 27
oxygen, 30–31

P
pain, 12, 14
pancreas, 22–23
peeing, 15, 27
penis, 27
pericardium, 28
peristalsis, 20
pharynx, 20
pinna, 10
pituitary gland, 12–13
pleura, 31
pyloric sphincter, 22

R
rectum, 23
ref lex action, 14
reproduction, 27
reproductive system, 27
retina, 9
ribs, 16
rod and cone cells, 9

S
saliva, 20
seeing, 8–9
semen, 27
semicircular canals, 11
senses, 14
sensory nerves, 14, 15
sexual intercourse, 27
skeleton, 7, 16–17
skin, 6, 18–19, 25
skull, 16
sound waves, 10
speech, 30

sperm, 27
spinal cord, 6, 14–15
spine, 16–17
spleen, 24
stirrup, 11
stomach, 21–22
stomach acid, 22, 25
swallowing, 20

T
taste buds, 20
tear ducts, 8
teeth, 16, 20
tendons, 19
testicles, 27
thalamus, 12
thinking, 12
throat, 20
thymus gland, 24
thyroid gland, 20
tongue, 20
tonsils, 24

U
ureter, 26
urine, 25, 26, 27

V
vaccination, 25
vagina, 27
vas deferens, 27
veins, 24, 25, 28, 30
ventricle, 28–29
vertebrae, 15
villi, 23
voice box, 30

W
windpipe, 30
womb, 27
wrist, 17
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