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C
a
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roll 4 cm
d
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m
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C
a

rd
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rd
roll 3 cm
d

ia
m

eter

Position of ‘m
ovem

ent ind
ica

tor’. This is
just to show

 you how
 the ea

r w
orks. The

sense cells d
o this job insid

e your ea
rs.
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P
rogram

m
e of study Sc4  (iv)

P
upils should learn that sounds are heard because

they travel to the ear and that they can do so via a
variety of m

aterials

Sc4 (5f)
K

now
 that sound is produced by a vibrating object

and travels as a w
ave

Sc2 (5a)
B

e able to nam
e and outline the functions of the

m
ajor organs and organ system

s in m
am

m
als

A
ctivities

T
his poster consists of a diagram

 of the internal
structure of part of the ear and tem

plates so that the
m

iddle portion of the poster can be turned into a
w

orking m
odel.

P
upils w

ill need a postcard or record card, a card roll
from

 inside a kitchen tow
el roll (diam

eter 4 cm
), a

card roll from
 an alum

inium
 foil dispenser (diam

eter
3 cm

), tw
o elastic bands, tw

o pieces of thin plastic
sh

eet (from
 a carrier b

ag
), a sm

all b
ead

, a p
ap

er
fastener, sticky tape, and card from

 w
hich to cut out

the ossicles and the m
ovem

ent indicator. Tem
plates

for these are provided on the right for the teacher to
copy as needed. C

onstruct the ‘ear’ as follow
s:

1
Fasten pieces of plastic sheeting securely around
one end of each cardboard roll. 

2
C

ut out the ear ossicles (‘bones’), and fold in the
places m

arked. 
3

P
unch a hole through the card and the ‘bones’

an
d

 rotate so th
at th

e h
ole b

ecom
es slig

h
tly

en
larg

ed
. L

ocate th
e sm

all b
ead

 th
rou

g
h

 th
e

fastener behind the ‘bones’ and rotate so that the
hole becom

es slightly enlarged. Locate the sm
all

bead through the fastener behind the ‘bones’ and
then secure on to the postcard. M

ake sure that
the ‘bones’ can m

ove quite freely. 

4
Tape the card rolls into position and then glue
the flaps on the ‘bones’ to the plastic, arranging
them

 as show
n in the poster. It can be glued into

position, or just held carefully in place.

P
upils can either blow

 the m
em

brane or use the
blunt end of a pencil to push the plastic sheet from
inside the left-hand card roll so that it m

oves the
‘bones’. R

epeated pushing behind the flap attached
to the sheet w

orks m
ost effectively. T

he bones should
vibrate and push against the second plastic sheet.
T

his should vibrate gently and cause the indicator to
m

ove. 

B
ack

grou
n

d
 in

form
ation

P
upils should appreciate that the m

odel of the ear
im

itates how
 w

e hear m
ost sounds. Im

agine a loud
bang m

ade as a door is slam
m

ed. T
he noise sets off

vibrations or sound w
aves w

hich travel through the
air in all directions. V

ery quickly som
e of these reach

the ear, and the pinna directs them
 into the channel

w
hich ends in the eardrum

. T
he vibrating air causes

th
e eard

ru
m

 to vib
rate, th

e ear ossicles m
ove

backw
ards and forw

ards thus causing the m
em

brane
on the oval w

indow
 to vibrate. T

his is the m
ovem

ent
that pupils w

ill see in their m
odel. T

his vibrating
m

em
brane m

akes the liquid inside the cochlea m
ove

(lik
e rip

p
les on

 a p
on

d
) an

d
 th

is stim
u

lates th
e

sensory cells w
hich send m

essages to the brain w
hich

interprets the sensory inform
ation and w

e ‘hear’ the
sound.

T
he poster show

s the cochlea as a straight tube so
that it is easier to understand how

 it w
orks. It is

actually coiled up. T
he balancing apparatus is joined

to th
e coch

lea, b
u

t th
is h

as b
een

 left off. T
h

e
E

ustachian tube is show
n as this is im

portant in
relation to our ability to hear. It is connected to the
throat, and allow

s the pressure inside the ear to be
th

e sam
e as th

e air ou
tsid

e. T
h

is h
elp

s stop
 th

e
eardrum

 from
 being displaced or even bursting. A

com
plete diagram

 w
ith full labelling is provided on

the right to help w
ith any questions w

hich m
ay arise

from
 these om

issions.
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E
xten

sion
 activities

T
he w

hole ear is em
bedded in the tem

poral bone
w

hich m
akes up the side of the skull, and sounds can

b
e tran

sm
itted

 d
irectly th

rou
g

h
 th

e b
on

e to th
e

hearing m
echanism

. P
upils m

ight like to investigate
this. H

old a ticking w
atch near to one ear and m

ove
it slow

ly aw
ay u

n
til th

e sou
n

d
 can

n
ot b

e h
eard

.
(Q

uartz and battery w
atches usually do not tick.)

P
lace earplugs or cotton w

ool into both ears and
check that the ticking sound cannot be heard. P

lace
the w

atch firm
ly against the bone im

m
ediately in

front of the ear, and see if the ticking can be heard.
T

ry d
ifferen

t p
arts of th

e sk
u

ll. Sou
n

d
s can

 b
e

transm
itted through a range of m

aterials. P
upils

m
ig

h
t lik

e to in
vestig

ate th
is b

y m
ak

in
g

 m
od

el

telephones of different m
aterials (eg yogurt pots,

plastic bottles, chocolate boxes) and transm
itting

gentle sounds along different solid or hollow
 tubes.

Q
uiet sounds are essential for this to w

ork, otherw
ise

the sound w
ill also be transm

itted through the air.

C
ross-cu

rricu
lar lin

k
s

M
u

sic
Look at how

 different m
usical instrum

ents generate
sounds. Investigate the instrum

ents used in different
cultures and countries.

T
ech

n
ology

C
on

stru
ct m

u
sical in

stru
m

en
ts from

 recyclab
le

m
aterials.
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rests

C
o

a
l m

in
e

O
il field

G
a

s field

Pow
er tra

nsferred
 in

w
a

tts
(energy tra

nsferred
 ea

ch second
)

3000 W

Pow
er tra

nsferred
 in

w
a

tts
(energy tra

nsferred
 ea

ch second
)

1500 W

Pow
er tra

nsferred
 in

w
a

tts
(energy tra

nsferred
 ea

ch second
)

60 W

Pow
er tra

nsferred
 in

w
a

tts
(energy tra

nsferred
 ea

ch second
)

16 W
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Sc4 (3b)
K

now
 that there is a range of fuels used in the hom

e

Sc4 (4b)
U

nderstand that an energy transfer is needed to
m

ake things w
ork

P
rogram

m
e of study Sc4 (ii)

T
hey should survey, including the use of secondary

sources, the range of fuels used in the hom
e and at

school, their efficient use and their origins

A
ctivities

P
upils could begin this topic by finding out w

hich
fuels are used in their hom

es. It is surprising how
m

any w
ill be unaw

are of this, especially those w
ith

central heating w
here the fuel used is less obvious.

T
his inform

ation can be collated by the teacher and
record

ed
 b

y p
u

p
ils on

 th
e p

oster. G
rou

p
in

g
 th

e
inform

ation – fuels used for space heating, those
used for cooking helps to m

ake the bar chart easier
to use. Som

e pupils w
ill use several different fuels,

generally fossil fuels. P
upils m

ight like to consider
how

 their chart w
ould be different if they lived in a

d
evelop

in
g

 cou
n

try in
stead

 of on
e w

ith
 read

ily
available supplies of fossil fuels.

T
h

e secon
d

 activity is p
rob

ab
ly b

est set ou
t b

y
glueing the pictures onto thin card and m

ixing them
up. For sim

plicity, each of the five groups of pictures
cou

ld
 b

e cop
ied

 on
to a d

ifferen
t colou

r of card
.

P
upils should then colour the pictures and use them

for several tasks: W
hich of the four fuels w

ould they
use in the terraced house? W

hich fuel is best for the
other types of hom

es (they m
ay need extra copies of

the pictures)? M
atch the fuels to the correct raw

m
aterial. M

atch the household appliances to their
pow

er ratings (see B
ackground inform

ation).

E
ach of these questions could be used as the basis for

discussion and research.

For exam
ple, reasons for selection of fuels in the

h
om

es –
 availab

ility, cost an
d

 con
ven

ien
ce.

E
nvironm

ental effects. H
ow

 w
ere coal, oil and gas

form
ed

? W
h

y is electricity u
sed

 in
 so m

an
y

household appliances? W
hich m

achines use m
ost

energy?

T
he follow

ing scenario could be put to pupils for
them

 to investigate: Im
agine that grandm

a lives in a
terraced house in a tow

n. It takes 50 000 kJ to w
arm

a room
 for 24 hours. A

ll the different types of fuel
are available but can grandm

a afford them
, given

that she has £1.40 to spend on heating the room
 for

a w
eek? 

F
u

el
E

n
ergy k

J
A

p
p

roxim
ate cost 

p
er d

ay (p
en

ce)

C
oal

50 000 from
 1.6 kg

20
W

ood
50 000 from

 3.5 kg
15

N
atural gas

50 000 from
 1.25 m

3
21

O
il

50 000 from
 1.16 l

15

P
ossible answ

ers:
Terraced house: G

randm
a probably requires instant

heat so oil and gas are good. C
oal could be used but

sh
e m

ay n
ot b

e ab
le to carry it an

d
 it d

oes n
ot

provide instant heat. A
s cost is also a consideration

for g
ran

d
m

a, g
as is n

ot an
 op

tion
 as it is too

expensive. 

A
n isolated farm

: a w
ood fire is m

ost likely or they
m

ay be able to get oil or coal delivered.

A
 school: gas or oil are m

ost suitable.

A
 m

obile hom
e: gas cylinders are m

ost suitable. O
il

or w
ood fuelled stoves could also be used.

B
ack

grou
n

d
 in

form
ation

U
n

til ab
ou

t 3
0

0
 years ag

o w
ood

 w
as th

e m
ajor

source of energy. T
his w

as replaced by coal partly
because coal transfers m

ore energy for the sam
e m

ass.

Fossil fuels contain m
ore energy per unit m

ass than
w

ood
 

b
ecau

se 
th

e 
p

lan
t 

m
aterial 

h
as 

b
een

concentrated as com
pression etc has occurred.
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T
he m

ost im
portant factor in selecting a fuel m

ust
b

e availab
ility –

 h
en

ce d
evelop

in
g

 cou
n

tries u
se

d
ifferen

t fu
els in

 d
ifferin

g
 am

ou
n

ts. C
ost an

d
convenience depend on the situation and location of
the hom

e.

W
hen fuels are burned the energy is transferred as

heat. In cars this takes place in an enclosed space so
that kinetic energy can be obtained. (See P

oster 6.)
E

lectricity is a convenient w
ay of transferring energy

generated from
 a fossil fuel (or nuclear pow

er.) T
his

is read
ily availab

le, h
en

ce its u
se in

 h
ou

seh
old

appliances.

P
ow

er ratings indicate the transfer rate in Joules per
secon

d
 (J/s) p

er secon
d

 or w
atts (W

) u
sed

 b
y a

m
achine (1W

 =
 1Js -1).

O
ven

 3
0

0
0

 W
, K

ettle 1
5

0
0

 W
, L

am
p

 6
0

 W
,

T
V

 120 W
, R

adio 16 W
, V

acuum
 cleaner 600 W

.

T
o find out w

hich m
achines use m

ost energy the
w

attage and the tim
e in use needs to be know

n.

W
atts

T
im

e
E

n
ergy u

sed

B
ake a cake

3000
40 m

ins
7200 kJ

B
oil a kettle

1500
5 m

ins
450 kJ

U
se a lam

p
60

2 hrs
43.2 kJ

Listen to m
usic

16
1 hr

25.2 kJ

E
xten

sion
 activities

T
he oil, gas and coal industries are very extensive

and provide m
uch scope for project w

ork. T
here are

resource packages available from
 the industries, and

m
an

y excellen
t scien

ce an
d

 g
eog

rap
h

y b
ook

s on
th

ese su
b

jects. P
u

p
ils cou

ld
 fin

d
 ou

t ab
ou

t th
e

energy exchanges that w
e do not w

ant to happen eg
loss of heat from

 hom
es and factories. E

stim
ates for a

hom
e suggest that heat loss is divided am

ongst the
follow

ing areas: w
alls 35%

, roof 25%
, floor 20%

,
w

indow
s 10%

, draughts 5%
, chim

neys 5%
.

T
hey could look at the m

ost popular m
ethods of

energy conservation, how
 they w

ork and the cost
involved. 

C
avity w

all insulation
Saving £60 - £80

Loft insulation
Saving £50 - £60

T
herm

ostats on radiators
Saving £15 - £30 for
1°C

 reduction

D
ouble glazing

Saving £20 - £30

D
raught proofing

Saving £20 - £30

B
uy energy efficient m

achines
Saving on a fridge 
freezer £20

Low
 energy bulbs

Saving up to £8 per 
light bulb

Figures based on an average size gas centrally heated,
sem

i-d
etach

ed
 h

ou
se for on

e year b
u

t d
oes n

ot
in

clu
d

e costs of m
aterials. (F

rom
 D

ep
artm

en
t of

E
nvironm

ent booklet.)

C
ross-cu

rricu
lar lin

k
s

M
ath

em
atics

M
any of the figures could be presented as bar charts

or pie charts. P
upils could calculate energy used by

different appliances.

T
ech

n
ology

O
lder pupils could m

ake a m
odel house from

 a shoe
box. U

sing a bulb lit by a battery to provide heat
they could m

onitor heat loss w
hen different types of

insulation are used. (C
are should be taken against

fire and /or using flam
m

able m
aterials next to the

bulb.)
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