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Chapter 2: Structure and function of body system

s
B1

Know
ledge organiser

M
ulticellular organism

s are m
ade up of m

any cells and have five levels of organisation:

cell
the sm

allest building block of 
an organism

tissue
a group of specialised cells 

w
orking together

o
rg

an
a group of tissues w

orking 
together

o
rg

an  
system

a group of organs w
orking 

together

m
ulticellular 
o

rg
anism

a group of system
s w

orking 
together

increasing
 co

m
p

lexity

Plant and anim
al organs

The respiratory system
 is involved in: 

•  breathing in oxygen (for resp
iratio

n
) 

•  breathing out w
aste carbon dioxide.

R
espiratory system

Skeleton

trachea

m
outh

nose

ribcage

heart

lung

diaphragm

bronchus

bronchiole
alveolus 
(air sac)

m
uscle

rib

M
easuring

 lung
 vo

lum
e

W
hen you breathe out fully into the plastic tube,  

air from
 your lungs pushes w

ater out of the bottle.

vo
lum

e o
f air in the p

lastic b
o

ttle

=

lung
 vo

lum
e

plastic 
tube

plastic jug
(full of 
w

ater)

tank 
w

ith 
w

ater

A
ll the bones in your body m

ake up your skeleton. 

The four m
ain functions of the skeleto

n
 are to:

•   support the body        •   protect vital organs

•   help the body m
ove  

•   m
ake blood cells (in the b

o
ne m

arro
w

).

Jo
ints occur betw

een tw
o or m

ore bones.  
They allow

 the skeleton to bend. 

Three types of joint are:

1   H
ing

e jo
ints  

forw
ards/backw

ards m
ovem

ents only, e.g., knees

2  B
all-and

-so
cket jo

ints 
    m

ovem
ent in all directions, e.g., shoulders

3   Fixed
 jo

ints 
no m

ovem
ent allow

ed, e.g., the skull

In a joint:  •  your bone is protected w
ith cartilag

e 

                •   the tw
o bones are held together by lig

am
ents.

brain – controls the body

heart – pum
ps blood

 around the body

lungs – take in oxygen 
and rem

ove carbon 
dioxide

liver – rem
oves toxins

(poisons from
 the blood)

and produces bile to
help digestion

stom
ach – digests food

kidney – �lters the 
blood and produces 
urine

intestines – absorb
nutrients from

 food
bladder – stores urine 

stem
 – holds 

the plant upright

leaf – absorbs 
sunlight for m

aking 
food during 
photosynthesis

root – anchors the 
plant into the ground, 
and takes up w

ater and 
m

inerals from
 the soil

jaw
 bone

sternum

hum
erus

collar bone

ulna
radius

tibia

kneecap

ankle

�bula

fem
ur

pelvis

vertebral colum
n 

(backbone)

skull

W
hat happens w

hen w
e breathe?

W
hen yo

u 
b

reathe in 
(inhale)

•  m
uscles betw

een ribs contract
•  ribs are pulled up and out
•  diaphragm

 contracts and flattens
•  volum

e of the chest increases
•  pressure inside the chest decreases
•  air rushes into the lungs

com
position of  

inhaled air:

W
hen yo

u 
b

reathe o
ut 

(exhale)

•  m
uscles betw

een ribs relax 
•  ribs are pulled in and dow

n
•  diaphragm

 relaxes and m
oves up

•  volum
e in the chest decreases

•  pressure inside the chest increases
•  air is forced out of the lungs

com
position of  

exhaled air:

M
uscles

M
uscles are a type of tissue – lots of m

uscle cells w
ork together to cause m

ovem
ent.

Types of m
uscle include:

•  card
iac (heart) m

uscle   •  sm
o

o
th m

uscle   •  skeletal m
uscle

M
uscles are attached to bones by tend

o
ns.

M
uscles produce m

ovem
ent by co

ntracting
 (getting shorter). 

If a m
uscle contracts it pulls the bone, causing it to m

ove. 

A
ntag

o
nistic m

uscles

P
airs of m

uscles that w
ork together are called antag

o
nistic m

uscles.  
W

hen one contracts the other relaxes.

For exam
ple, biceps and triceps w

ork together to bend and straighten the forearm
.

alveolus        antagonistic        bone        bone m
arrow

        contract        cartilage        diaphragm
        exhale        inhale        joint        ligam

ent        lung        m
ulticellular        organ         

organ system
        respiration        respiratory system

        ribcage        skeleton        tendon        tissue        trachea        volum
e

M
ake sure yo

u can w
rite d

efi
nitio

ns fo
r these key term

s.
 

Key term
s

brain – controls the body

heart – pum
ps blood

 around the body

lungs – take in oxygen 
and rem

ove carbon 
dioxide

liver – rem
oves toxins

(poisons from
 the blood)

and produces bile to
help digestion

stom
ach – digests food

kidney – �lters the 
blood and produces 
urine

intestines – absorb
nutrients from

 food
bladder – stores urine 

stem
 – holds 

the plant upright

leaf – absorbs 
sunlight for m

aking 
food during 
photosynthesis

root – anchors the 
plant into the ground, 
and takes up w

ater and 
m

inerals from
 the soil

oxygen, O
2

1
6

%
carbon dioxide, C

O
2

4
%

carbon dioxide, C
O

2

0
.0

4
%

nitrogen, N
2

7
9

%

nitrogen, N
2

7
9

%

oxygen, O
2

2
0

.9
6

%

oxygen, O
2

1
6

%
carbon dioxide, C

O
2

4
%

carbon dioxide, C
O

2

0
.0

4
%

nitrogen, N
2

7
9

%

nitrogen, N
2

7
9

%

oxygen, O
2

2
0

.9
6

%

biceps contractstriceps 
contracts

triceps 
relaxes

biceps 
relaxes

arm
 

bends
arm

 
straightens
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st

    
    

la
rg

e 
in

te
st
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lip
id

    
    

lip
as
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in
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al

    
    

ni
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nt
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ph
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Chapter 1: Forces

P1
Know

ledge organiser

In physics, a fi
eld

 is a special region w
here certain objects experience 

a non-contact force. For exam
ple, w

hen

•   a m
ass experiences a force in a gravitational field 

•    a m
agnetic m

aterial (like iron) experiences a force in a  
m

agnetic field 

•   a charged object experiences a force in an electrostatic field.

A
s you get further aw

ay from
 a m

ass, a m
agnet, or a charged object, 

the field gets w
eaker.

W
eig

ht and
 m

ass
M

ass is the am
ount of ‘stuff’ som

ething is m
ade of – it is m

easured  
in kilogram

s (kg).

W
eig

ht is a force so it is m
easured in new

tons. 

w
eight (N

) =
 m

ass (kg)   ×
                           (N

/kg) 

The g
ravitatio

nal fi
eld

 streng
th

 on E
arth is about 10 N

/kg.

Your w
eight depends on the gravitational field strength but your m

ass 
is the sam

e everyw
here.

Fields and non-contact forces
A

 fo
rce can be a push or a pull.

Forces can be m
easured  

using a new
to

nm
eter.

Forces are m
easured in  

new
to

ns (N
).

C
o

ntact fo
rces occur w

hen objects are touching, for exam
ple:

•   frictio
n

    

•   d
rag

 fo
rces (air resistance and w

ater resistance)

•   support forces (e.g., reactio
n fo

rces)

N
o

n-co
ntact fo

rces w
ork at a distance, for exam

ple:

•  g
ravity    •  m

ag
netic fo

rce   •  electro
static fo

rce

Forces alw
ays occur in pairs. 

The pairs are called  
interactio

n p
airs.

W
hat are forces?

Friction is a contact force that occurs w
hen tw

o objects m
ove against 

each other. It happens because all surfaces have som
e roughness – 

even ones that look sm
ooth.

Friction can be reduced by adding lub
ricatio

n
 (e.g., oil or grease).

Friction is often useful, for exam
ple:

•   you need friction to w
alk across surfaces

•   the brakes on a bike need friction to w
ork.

A
 solid m

oving through a liquid or a  
gas has to push the liquid or gas  
particles out of the w

ay. This  
produces a drag force on the  
solid object.

W
ater resistance and air resistance are drag forces.

D
rag forces can be useful if w

e need to slow
 som

ething dow
n, for 

exam
ple, by using parachutes.

M
aking an object m

ore stream
lined

 w
ill reduce the drag forces on it.

D
rag forces and friction

W
hen the forces acting on an object are the  

sam
e size, but act in opposite directions, w

e say  
that they are b

alanced
.

The balanced forces cancel out, and the object  
is in eq

uilib
rium

.

If the forces are not the sam
e size, and do  

not cancel each other out, w
e say they  

are unb
alanced

.

The larger the difference betw
een unbalanced  

forces, the quicker the object w
ill change speed.

Balanced and unbalanced forces

air resistance               balanced               com
press               contact force               drag force               elastic lim

it               electrostatic force               equilibrium
               extension               field               friction 

gravitational field strength               gravity               H
ooke’s law

               interaction pair               linear               lubrication               m
agnetic force               m

ass               new
ton               new

tonm
eter               non-contact force                

               reaction force               stretch               stream
lined               tension               unbalanced                upthrust               w

ater resistance               weight

M
ake sure yo

u can w
rite d

efi
nitio

ns fo
r these key term

s.
 

Key term
s

W
hen you stand on the floor:

•   your w
eight pushes the particles in the floor together

•   the bonds betw
een the particles are co

m
p

ressed

•   the com
pressed particles push back and support you.

A
 support force that balances 

the w
eight of an object is  

called the reaction force.  
U

p
thrust is another exam

ple  
of a support force.

R
eaction forces

bond

You com
press the bonds 

w
hen you exert a force.

S
om

e objects – like springs – can be stretched
 w

hen pulled.  
The am

ount they stretch by is called the extensio
n

.

A
 force called tensio

n
 m

akes a spring return to its original length  
(unless it has gone beyond its elastic lim

it).

H
ooke’s law

 states that the  
extension of a spring doubles  
w

hen you double the force. 
This m

eans there is a linear  
relationship betw

een force  
and extension.

H
ooke’s law

E
xtension x

0
0

Force F
6

 N
2

 N

2
 N

2
 N

gravitational
field strength

force exerted by
S

am
 on S

ophie
force exerted by
S

ophie on S
am

a solid m
oves 

through a gas
a solid m

oves 
through a liquid

force F

extension x

bond
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A
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sc
ill
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 v
ib

ra
ti
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at
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sf
er
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gy
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ot

 tr
an

sf
er

re
d.

 W
av

es
 c

an
 b

e 
lo

ng
itu

di
na

l o
r 

tr
an

sv
er

se
.

A
m

p
lit

ud
e 

– 
di

st
an

ce
 fr

om
 th

e 
m

id
dl

e 
to

 th
e 

to
p 

or
 

bo
tt

om
 o

f t
he

 w
av

e

W
av

el
en

g
th

 –
 d

is
ta

nc
e 

be
tw

ee
n 

a 
po

in
t o

n 
th

e 
w

av
e 

to
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xt
 w
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e

Tr
o

ug
h 

– 
bo

tt
om

 o
f t

he
 w

av
e 

  P
ea

k 
– 

to
p 

of
 th

e 
w

av
e

Fr
eq

ue
nc

y 
– 

ho
w

 m
an

y 
w

av
es

 g
o 

pa
st

 a
 p

ar
tic

ul
ar

 p
oi

nt
 in

 
a 

se
co

nd
, m

ea
su

re
d 

in
 h

er
tz

 (H
z)

 o
r 

kH
z

If 
w

av
es

 m
ee

t t
he

y 
su

p
er

p
o

se
. T

hi
s 

m
ea

ns
 th

ey
 a

dd
 u

p 
or

 c
an

ce
l 

ou
t, 

de
pe

nd
in

g 
on

 if
 th

ey
 a

re
 in

 ti
m

e 
w

ith
 e

ac
h 

ot
he

r 
or

 n
ot

.

Pr
op

er
ti

es
 o

f 
w

av
es

S
ou

nd
 is

 p
ro

du
ce

d 
by

 v
ib

ra
tio

ns
, w

hi
ch

 m
ak

e 
ai

r 
m

ol
ec

ul
es

 o
sc

illa
te

. 

S
ou

nd
 is

 a
 lo

ng
itu

di
na

l w
av

e.

W
av

es
 c

an
 b

e 
re

fle
ct

ed
 fr

om
 a

 s
ur

fa
ce

. T
he

 w
av

e 
hi

tti
ng

 th
e 

su
rfa

ce
 is

 
th

e 
in

ci
de

nt
 w

av
e,

 a
nd

 th
e 

w
av

e 
bo

un
ci

ng
 o

ff 
is

 th
e 

re
fle

ct
ed

 w
av

e.

A
 re

fle
ct

ed
 s

ou
nd

 w
av

e 
is

 h
ea

rd
 a

s 
an

 e
ch

o.
 T

he
 ti

m
e 

de
la

y 
of

 a
n 

ec
ho

 c
an

 b
e 

us
ed

 to
 w

or
k 

ou
t t

he
 d

is
ta

nc
e 

to
 a

n 
ob

je
ct

. 

U
lt

ra
so

un
d

 (w
av

es
 >

20
 k

H
z)

 is
 u

se
d 

to
 m

ak
e 

im
ag

es
 o

f u
nb

or
n 

ba
bi

es
, i

n 
m

ed
ic

al
 s

ca
ns

, a
nd

 fo
r 

un
de

rw
at

er
 (s

on
ar

) s
ea

rc
he

s.

So
un

d 
w

av
es

H
ea

ri
ng

 d
am

ag
e 

be
 c

au
se

d 
by

 a
 n

um
be

r 
of

 fa
ct

or
s,

 fo
r 

ex
am

pl
e:

•
a 

ho
le
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e 
ea

r 
dr

um
 (g

ro
w

s 
ba
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ur
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ly

)
•

ca
na

l b
lo
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ed
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ith
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ax
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ur
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ud
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 in

ju
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, c
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si
ng

 d
am

ag
e 

to
 th
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ha
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 th
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ch

le
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er
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an
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H
ea
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ng
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se
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 m
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Chapter 3: Light

P1
Know

ledge organiser

Lum
ino

us objects are sources of light. 

N
o

n-lum
ino

us objects do not produce their ow
n light.

W
hen light hits an object it can be  

ab
so

rb
ed

, refl
ected

, or transm
itted

.

If an object is:

transp
arent – m

ost light is transm
itted

translucent – light is scattered

o
p

aq
ue – no light is transm

itted so a shadow
 is produced.

Light can travel through gases, som
e solids and liquids, and 

com
pletely em

pty space (a vacuum
). 

The speed of light in a vacuum
 is about 300 000 km

/s.

D
istances in space are m

easured in lig
ht-tim

e. R
em

em
ber that  

light-tim
e is a distance (not a m

easure of tim
e).

A
 light-m

inute is the distance light travels in one m
inute.

A
 light-year is the distance light travels in one year.

H
ow

 does light travel?

absorb        angle of incidence        charge-coupled device        colour        converging        convex        diffuse scatt
ering        filter         focal point        focus        incident ray        law

 of reflection        lens         

light-tim
e        lum

inous        norm
al        opaque        photoreceptor        pixel        prim

ary colour        prism
        real im

age        refraction        retina        secondary transm
it        spectrum

        specular reflection        

reflection        translucent        transm
it        transparent        virtual im

age        

M
ake sure yo

u can w
rite d

efi
nitio

ns fo
r these key term

s.
 

Key term
s

transm
itted

absorbed

re�ected

A
 p

rism
 refracts different colours of light by different am

ounts.  
This disperses light into a continuous sp

ectrum
 of colours.

The p
rim

ary co
lo

urs of light are red
,  

g
reen

, and b
lue.

S
eco

nd
ary co

lo
urs are produced w

hen  
any tw

o prim
ary colours are m

ixed.

Filters subtract colours from
 w

hite light,  
so that only one colour of light is transm

itted.

O
bjects appear to be different colours because they reflect som

e 
colours of light and absorb others. 

B
lack objects absorb all colours and w

hite objects reflect all colours.

Colours of light

green

yellow

red

m
agenta

blue
cyan

w
hite

The law
 o

f refl
ectio

n
 states that:

The ang
le o

f incid
ence is equal  

to the ang
le o

f refl
ectio

n
.

Im
ages in m

irrors are virtual –  
they look like they are behind  
the m

irror.

W
hether or not you can see a clear reflected im

age depends on how
 

sm
ooth the surface is:

R
efractio

n
 is w

hen light changes direction w
hen it travels from

  
one m

ed
ium

 (m
aterial, such as air or w

ater) to another.

R
efraction happens because light travels at different speeds in  

different m
aterials. 

R
ays of light w

ill be refracted:

•    tow
ards the no

rm
al if they slow

  
dow

n, such as going from
 air to glass

•    aw
ay from

 the norm
al if they speed  

up, such as going from
 w

ater to air.

Lenses use refraction to spread out or fo
cus light. 

C
o

nvex (or co
nverg

ing
) lenses (like the ones in your eyes) are 

shaped to focus the light to a point – called the fo
cal p

o
int.

R
efl

ection and refraction of light

m
irror

norm
al

angle of
incidence

angle of
re�ection

re�ected
ray

incident
ray

candle
virtual im

age
of candle

m
irror

sm
ooth

surface
rough
surface

a)
b)

sp
ecular refl

ectio
n

d
iffuse scattering

norm
al

line

air

angle of
refraction r

angle of
incidence i

glass

parallel rays
converging lens

focal point

Light entering your eye is refracted by the lens,  
focusing it on the retina and creating an  
inverted im

age.

P
ho

to
recep

to
rs detect the light hitting your  

retina and send an electrical im
pulse to  

your brain.

H
ow

 do eyes and cam
eras w

ork? 
C

am
eras w

ork in the sam
e w

ay as your eye 
– light passes through an opening and a real 
im

ag
e is form

ed on a screen or film
. 

D
igital cam

eras now
 have a charg

e-co
up

led
 

d
evice (C

C
D

) instead of film
 – w

hen light hits 
a p

ixel it produces an electrical charge.
object

retina and im
age

cornea

lenspupil

iris

optic nerve


