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Elasticitv and Plasticitv of materials

Support

t,Tdttual length '1' metai trnre

tl
ll
lp
Ir

t---l load (rorce'F')

The force produces an equal and opposite force at the support (Newton's third).

Hooke's Law states oThe extension oe' is directly proportional to the force applied (F).

F: ke

Where k: stiffness constant

When applied to a stretching (or compressing) spring, k is called lhe sprins stiffness or sprins
constant

The value of k is the same value whether the forces are tensile or compressive. k is dependent on
the material being used.

You can improve the accuracy of the length measurements using a setsquare and by taking the
readings at eye level to reduce parallax errors. You might also measure the mass of each slotted
mass using a digital balance. To obtain reliable results, aim to take at least six different readings
and repeat each one. .
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Exteflsi*sl

Here a load is applied to a metal wire and the corresponding extension plotted on a graph. Notice
how the dependent variable for this experiment (extension) has unusually been plotted along the x-
axis.

When the extension is in direct proportion to the load applied the metal is elastic. This means that
the wire will return to its natural length '1' rvhen the load has been removed.

When it 
" 

tora becomes great enough and the wire no longer exhibits elasticity, a point 'E' on the
graph is reached called the elastic limit.

H,r*kes law regi+rr

Beyond this any further increase in load will cause the wire to become permanently stretched. ,/\
When all the force is removed, the material will be lonler than at the start. 

f\
NB. Some maf6ri?ls e.g. rubber only obey Hooke's law forreally small extensions. /< J 

" 
\

What is the stiffness constant [al called the force constant?1. - - 15N

Ouestion: A spring has h forcb constant: 5N/m. A weight of 25 Newtons is applied to it. How
much does it extend? .4 35- = etref,

yl:" Tlr* lt,noanf tf&
ri t^ukA fr-rxhd tt*

Ouestion: Force: k x extension. A weight of 15N is applied to a spring. It stretches by 2cm.

1'. K= 'r0

N
^ D*il 6r"t,-.-l

tt,? br Lr.1 ,

N,3
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The elastic energy stored
graph

F*r*r p1J

20N

in a spring is equal to the area underneath a Force versus extension

9%sWi*
? {r4a --{d

tl &rte*rian {ar} 0.50m

Question: What is the energy stored in the spring shown in the graph when a load of 20N is
applied?

er.

Ouestion: Another way to calculate elastic potential energy is from a formula: _ L

E:%xkxextens ior.:%ke2 nOW-./
Consider a second spring with a force constant k: 12Nm-1. It is extended by 20cm. How much
elasticpotentialenergydoesitcontain? 

€ = O,{X tL y0 *

-4

2-
K 0.23

Spring Force fNewtons] Extension [m] Force constant
tk' 

,t s .. G

Elastic Potential
enersy lJoulesl

A 10 0.23 rt.To o .5 y ffJ,',
B t2 0.34 3T, ?'
C t4 0.4s <r. I
D 45 0.54 Y,3, ,3
E 48 0.65 7 7 , Y.tF'
F 60 0.98 6l ;L

e r- 7k"-Work and power

When a force moves an object, we say that work has been done. K =2E
e

r The more massive an object, the more work is done because a greater force is required.

o When the object or trolley is moved a larger distance more work is done. 
"

When a person climbs stairs or jumps in the air the force moved is their weight.

Ouestion: Now complete the following table:
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is needed to do work. Energy comes from food. The more work is done the more energy is

A machine gets the energy it needs to do work from an energy source such as electricity, or energy
resources such as gas or oil.

Work and energy are measured in joules.

Ouestion: What unit is used to measure;

Mass
Work
Energy

ouestion: write down two things that affect the amount of work done by a force.

work is done when a force moves in the direction in which the force acts.
Work done (oules) : force x distance moved

Example: A clown weighs 700N. What work does he do against gravity when he jumps g0cm?

Work done: force x distance moved

: 700 x 0.8 : 560J

Santosh weighs 600N. He is out walking and comes to a steep hill.lkm long marked with a slope of
20%. This is sometimes called a'l in 5' hill. It means that for every kilomiter traveled along the

-t19I" 
u vertical height of 0.2km is climbed. The amount of work Santosh does in walking up the

hill is:

Work done: force x distance moved : 600 x0.2=
Question: Would Santosh do more work if he ran,

t20J
instead of walked, up the hill? Explain your

does Paul do w]ren he li a box weighing 2|OX off the floor to a shelf

The rate at which work is done is called power measured in joules / second. .E {0D Tgillet
Imagine a wooden block is pushed with a force of 30 Newtons over a distance of 10 metres in 10
seconds.

This means that 30 Newtons x 10 metres : 300jou1es of work has been completed,

Thishasbeencompletedin l0secondsandso30joulesofworkhasbeendonepersecond.

Hence Power (Joules / second or watts) : work done (J) / time taken (s)

Power

How much
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The Eurostar train provides a high-speed service through the Channel tunnel. When the tram

achieves 300km/h with its engine operating at 2MW, the amount of work done in 2 hours, or energy

transferred in 2 hours is calculated by:

Power (J / s) : work done (I) / time (s)

Work done : power (J / s) x time (s)

Now the number of seconds in two hours: 120 x 60

So work done:2 000 000 x (120 x 60): 14 400000 000 J

Gravitational potential energv and kinetic energv

When an object is raised higher above the earth, it gains gravitational potential energy (a form of
stored energy). The size ofthis stored energy is given by the equation:

Gravitational potential energy (J) : mgh

Where m : mass of object in kilograms
g: 10N/kg
h: change in height above ground in meters

Question: A man has a mass of 70kg. He climbs some a ladder and raises 5m above the ground.

How extra gravitational potential energy does he acquire?

Where m: mass of parachutist
v : velocity of parachutist

Ouestion: A parachutist of70kg falls from an aeroplane and reaches a

hjs kinetic energy? l,z/t .{
:eaches a velocity of 5m/s. What is

.5,*70 r5L= Y1tfalnt

Ouestion: How much gravitational potential energy does this ball have originally at the beginning
of s-tep 1 relative to ground level? How much kinetic energy does it have at this point?

> I - -?

7{f
======aQuestion: How much gravitational

much kinetic energy does it have at

potential energy does the ball have half way down its fali?
this point?

-- -a_---,---,-

How
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Question: Why does the ball not bounce up to the same hei t of 10m?

increase'rnore and
more as he accelerates, displacing more and more air. Then eventually the parachutist falls at a "

final terminal velocity. When this occurs, the kinetic energy of the parachutist does not change any
more. It becomes equal to the maximum amount of energy needed to overcome frictional forces
(work done overcoming frictional forces).

The work done in overcoming frictional forces at this point: change in gravitational potential

Question: Can you calculate
wlpnit hit the

J

fa[s 7nL itreaches A
its lerminal velocity
at(A).

h"l4 &1 h4f feath . ik Of ,

waste tneftnal, sound and strucrural energy was

brh

1l,vst loarru,

{ot

Hn*r 2-()ru* fu W** k(*
2o-7=l3,,.4k @

.., Gla -- rwk) 0'0 { x7 -8, /
(k J: I*.,i frr$(.ryh*Lr\lll?tzuv&-,Il,'vu v'rt $"**i*ri )--.ry---:-,t L

uestion: How could a skydiver fatling in a streamlined posirion .,"1, o"*.i K 6 ; ?r'i f 0'l *

- rulril
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energy needed

,,[ bell is initially 20m
I above the ground

I

I

I

I

I

to reach the terminal velocity

-{l,wrefuf SPIC h,c arrns c^tf t

a,t L^ tv\ C,iiPtf ulitl, a,ir dt hQ 
,-h'k 

drtr;"} h'tfsk rla^'_!,i d
:1

3.+l =0:{xo'05 r vul

Ouestion: Calculate the kinetic energy and
hence the work done to overcome frictional
forces when the ball reaches terminal
velocity.

= Q" 0 {r7.t x;A = f,
When this happens, what is the terminal

/
u-t rea4{ Lt ri

ils + lttt/1

Yle*w(= rmf(4;l;
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The FtinciFle of the consefiration of enerHg ielis us:

gravitrtioual poteni.id ener;5r at top = lcinetic energr at bottom * energr ttansfetted (heaUsound/due to frictiotr)

energy (b) kinetic energy?

Speed of a roller coaster

Kinetic energy :%mt?

Gravitational potential energy is transferred to kinetic energy as the train falls.

Ifthe gravitational potential energy doubles, the kinetic energy produced can double.

Imagine that a mass of 1kg has a kinetic energy of 1 joule. Substituting into the equation we get:

| : % x1 x r' and therefore 1 = v 2

Theref,ore if we double the kinetic energy

2: new velociqr 2 I

A motor fustly hauls a kaitr up ints the air, givir-rg it a 1ot of
gravitatiotral p otentiel enetgr. The ttain is then rele as e d

c on retling gra:ritational p oteritial enerry into hinetic EnerilI as

it. falis. Each peak is lower thuq the one before b ecause some

enerry is kmsferred to hert and sor.md due to ftictron and air

resistanc e.'

How a roller coaster works

E

:
Question: When has the train most (a) gravitational

h
potential

We can therefore say that by doubling the kinetic energy, the velocity increases by Fv
Also, if K.E .c v 2

Let v : I Therefore if v: 2(velocity doubles), then K.E, oc 22

Thus K.E oc 4 And the kinetic energy quadruples.

Ouestion: What happens to the kinetic energy if the mass doubles?

L t'le fr^ofu-*o= q*,
tuMt'K€

a_,

K€
hUlYrNJ -.) 11 /-



Why do t ler coas r ride
.t
trl

Ouestion: On long roller coaster rides the trains are given a short tu,M^^d#,-Wr?{W

l:oYiiW,jIlrt t r;{ v'*!!r d, ryr#/ l,t try.hs Lyf y

^t
The force of attraction on a mass due to **u, * *r"*.,*n t l; h ?-f4f; D *
whenra,ingrreery a:E:lON/kgonEarrh S;,,YryL+ k !9!fr"Lt
Exampre l*,(;"ffiC/*f ruAf 6"

Sadaf has a mass: 54kg 11lA AWS UWI l'

Therefore she weighs 54 x 10:540N on Earth - ---:*'

Sadaf only weighs 90N on the moon.

This means that gravitational field strength on the Moon is less than on Earth
W: mg so g:.Y7 I m:90 / 54: 1.6 N/kg
Ouestion: A Moon buggy has a mass of 10kg. Find its weight:

heishts of
, i;k peaks on a ro|

xfeat?d

(a) on'unn 
Wn iql*t'= fi*q- = {c x 'l .r :F a"Al

Temperature and heat

Consider a swimming pool containing thousands of gallons of water at a temperature of 20C. Now
consider a small cup fulI df water at the same temperature of 20C. What can we say about these
two?

The answer is that the swimming pool contain must contain many thousands of joules of heat
energy, to get its temperature to 20C whereas the cup of water contains just a fraction of those joules
to achieve 20C. This can be demonstrated by heating both by 25C. The cup of water very quickly
raises its temperature whereas the swimming pool takes much longer with a high power heater to
reach25C.

So what use is the tqmperature scale?

Well it does not by itself tell us how much heat energy is in somethingl However it enables us to:
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(1) Compare two similar substances of the same volume and indicate which has most heat.

Temperature in this way is a measure of 'hotness'
(2) Show how quickly a substance gains or loses heat energy.
(3) Cold objects (little heat) tend to have a low temperature and increase in temperature as they

gain heat.
(4) Temperature differences between two ends of the same substance can help indicate the

direction that heat energy will flow.

Question: Mrs Collins takes a loaf of.bread out of the freezer an hour before tea. Why does she

take thq bre.ad out so gqrly?

t) tre
t Bru

Consider the fb
J

owmg mpera

Temperature pictures

0

32.5

32.0

31.5

31.0

30.5

0

5

2S.n

28.5

Descrintion of temnerature difference Direction heat flows
Your hand feels cold when you touch an
ice cube. Lta,,d 4 tce CuLg
You open a window in your house and

the room gets colder \uruse 4 outrde
Leave a cup ofcoffee on a table and it
cools down

->Atrhffw
Walk outside and you start to feel colder atrsL,n
Blow warm air onto a wet patch of skin
and your skin cools down. s[c,i + atr
Nitrogen freezes atll}C and boils at

-196C. When a lump of ice at -5C is
dropped into liquid nitrogen, the nitrogen
boils.

tc e -> !L;h a7e/\
,l

hrre in a the m can be measured using colour as the scale.

0

10
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Temperafure is measured on an arbitrary scale. Temperature is a measure of the average kinetic
energy of the particles in a substance measured in degrees Celsius.

Heat is a measure of the internal energy in a substance and is expressed as a number in joules. It is
a measure of the total amount of kinetic energy of all the particles in a substance. It is measured in
Joules.

Question: On the thermogram above, show the direction that heat will flow in the hand.

Ouestion: Using the above definitions of temperature and heat energy, explain why a cup of water
and the water in a swimming pool;

than the cup ofwater. ,--

Explain your answer

e{
"{"{1,h,

i.il'fsr

i,vht

UES!2=-"
a kettle ol water at 10C2

tfu ,"f ts
heat energy

%r

an

e
have the same

,a{aa,(

tLX,
the s

,l##{fi
t,

ating. If you-coild ke
stopped vibrating, this would happen at absolute zero or 173C.

If an objecf is warmer"than its surr6undings, then energy flows from the objoct to its surroundings.
The hotter that object is, the faster it loses heat energy.

Question: Which will cool down quicker - a kettle of w

vJtS un
an lce cuhe'

en&
t at room

y doesa metal biumirrium window me feel oold when you touch it?

Ouestionl
$ratlrrt

temperature as its surroundings?

' degree Celsius is caGd the specific heat capacity.u-:

Different materials have different specific heat capacities.

+5. l'n

'Ti',,ryW'g' sP*ir*r'*t"6"'it' hrrL6
| - 

'{Theamount of energy'needed to change the temperature of one kilo;-futsubstance

i-4 redl'er fhqi
: paylicles down,untrl they

,&
Vwrttl-s

n ublte.r *{
@We'tycr
^fi,/ auVu-/ t-'ltut 'hq

Onv,ocftcL -

at is atthe sam

ffitueWs,
ay on" fs ofiZcl:

When we transfer heat epergy.into a substance thi€ is shown by a rise in its temperature.

11
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Some specific heat capacities are given in the table below:

Material Specific heat capacity (lkglc)
Water 4200
Aluminium 880
Copper 380
Cookins oil t200

Heat energy. transferred = mass r specific heat capacit-v x temperature chang 
" 

(* e)

A€ -. v+tc LA
Ouestion: A kettle contains 1.5kg of water at a temperature of 1BC. How much energy is needed to
bring the water to the boil?

'l.oo -
Question: A copper saucepan has a mass of 1.5kg. It is used to cook potatoes. Calculate how
much extra energy is needed to raise the temperature of the saucepan from 15C to 100C (specific
heat capacity of copper : 390 YK9IC).

Ouestion: 190MJof energyareneededtomelt500kgof aluminium at660C. Calculate
latent heat of aluminium.

the temperature of 2kg of oxygen by 1C?

oil from 20C to i B0C?

Ouestiff i-he amount of energy yor, 
"uh-rlut"d 

io B is less than what is actually needed. p

why. (--
)rflttl"e fa

€-

Water has a very high specific heat capacity and needs a lot of energy to raise its temperature. This
is why water is used in central heating systems to transfer thermal energy from the boiler to the

t2

,ific

E

Ouestion: The specific heattapacity of oxygen is 913 J/Kg/C. How much energy is needed to raise

Question: Calculate the energy transferued when 80kg of water in a tropical freshwater fish tank is
heated from 10C to 25C.

, --D)
Ouestion: How much energy is needed to heat a 5009 aluminium pan containing 1 kg of cooking

€ = /S TA

,lrf Jir*t/,
lain

rh
Ex

I

70 )( I
tw_20)

the speci



radiators. It can store much larger amounts of thermal energy than a liquid with a lower specific
heat capacity. This also means that the water does not need to be pumped very quickly around the
central heating circuit.

Question: Rearrange the specific heat capacity equation to make specific heat capacity the subject
of the equation; t = vtAC

;r*4
Question: Explain why water is used to cool car en

from 20C or heating 25Ag of water from 20C to 50C?

' ( l+t frH TUrutt\ Pt€frT
Ouestion: Which-one'of the following fuilfrequire mdre energy? Heating 5kg of copper to 150C

fx TJ.l.\
?-41

oc

a)
2l*: o, 

"r,ergy 
is,ruft;;; J

Prt/€--) \
il iryith a mass of 5kg. The temperature

A liquid in a beak6r is heated to a certain temperature.

. How much liquid there is in the beaker
o What the liquid is.
. The rise in temperature

The amount of energy needed.depends on:

Mark on this graph the melting and
boiling point temperatures of water.

temperature
t-l

0)K'l Graph showing how the temperature of ice
changes as it is heated.

TyM

ttu,elh;*,
offi=4-l-'

hme

Question: Label the graph on page 4 with the letters A - D.

(A) Ice gets hotter. The water molecules inside it vibrate backwards and forwards more
vigorously as their intemal energy increases.

increases from 20C to 60C.

What is the specific heat capacity of the material?

nt h6at

13



(B) As the ice cube receives more energy with time, these vibrations become so vigorous that

bonds between the water molecules are broken. It takes energy to break these bonds. As

energy is put into the ice it is used up breaking bonds. The temperature does not rise and

stays the same. The ice melts.
The heat needed to change the state of solid to liquid in this way is called latent heat.

(C) The water molecules can now move freely as a liquid has been produced. As they receive

more heat energy they have more kinetic energy shown by a rise in the temperature.

:

(D) Even in a liquid there are still weak bonds between the water molecules holding them

together. However, now as more heat is put into the liquid it is used up breaking these

' bonds. The molecules can escape each other and evaporate away. The temperature stays

the same. The liquid is now boiling.
The heat needed to change the state of liquid to gas in this way is called
Iatent heat.

Ouestion: Energy transler does not always involve a rise or fall in temperature.

Explai n why metals e at reom per turer appear e touch.,QA (

Aaury,e{

tl,\a- llrv.fdjan 
object without a change in its

natal ll4lo [vY. IvY._.^4. ! .

The amount of energy needed to change the state ol lkg of an ob.lect wtthout a change tn I

temperature is called the specific latent heat. The units : I lKg

Different materials have different specific latent heats

When we transfer energy into one state e.g. solid, the amount of heat needed to break bonds

befween particles to change it into another state e.g. liquid is the specific latent heat.

Question: Mohammed says that when you heat a solid object it gets hotter. Anne says that this is

P : l* yh ":'i Tit'i': lfl^i l^'lF'. ff :'r lpfli': "::*'' rlll. ptulaf< 
"

I
il" " t"o t ireat of fusion (for melting a substance) is not the same value

Material Specific latent heat of
fusion (J/kg)

Specific latent heat of
vaporisation (J/kg)

Water 334 000 2 260 000

Lead 24 500 811 000

Ethanol 108 000 85s 000

Heat energy r.urr*r"..* c htent heat

Ouestion: Calculate the energy transferred when the i.5kg of water in a kettle changes from liquid
to gas at 100C. Specific latent heat (water - steam) :'2 260 000 J/Kg.

;.;;""''o "( /a/e'rl\\- W)
fl,s ,

1.5 x

latent heat ofvaporisation (for boiling and evaporating a substance).

A{= L z6c ooo
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k, " '*7u;"1"J, 
i7^nv7ri'ic heat capacity and specific latent heat?- I gvd,

ea
t ot tusr w"{,, 4l

,7'4

Ouestion: Calculate the energy transferred from a glass of coke to melt 100g of ice cubes at 0C
(specific latent heat (ice - water) : 340 000J/Kg). _ 7 I - -

t luvY r---:E = 1).1 x STU uau JqUEJ
OtreTTffinftomplete the following text on intermolecular bonds witl-the words that follow:

Ouestion: What is the difference
dt/\

Ouestion: What is the difference between

Ouestion: How much

Question: The amount of energy needed to melt a lump of

":*, r"""&offfolrd= , Lf l,7o)1

cat9
nsatrcfr

.

Question: Why is the latent heat of vaporisation of a substan"e t igtf? unit tut"kn* !r?*r,

U) t\€ = ML = L 3s+w: 6rryr

'17 -* o-

hb^r
ef= €,w?,7,
49e /\u/en
-Jeharget rt-cnt, c@.fe

theread? Ag = vv L t{er*
lead was !.gkJ. What was the mass of

= A€ =4700

(B) f\A,^= wt L,r^a y

(think about the energy needed to loosen the bonds between solid particles to produce weaker bonds

':tr;?:'l.,ff,j?Fii;t;iti;i,t.WA*ffffiiP*'ri:';a';p)tffiY'y' s4),
fum(fiq, #f, #,t#M# #, -?"il!!smg, k #,,W,? r"H lW

lPiit'5,iqr--t----*-

(a) Evaporate 0.5kg lead?

(b) Evaporate 6kg of ethanol?

Furuil

Mr*r = q4!ry-:l7trr
-W{at' t f*
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Conduction. convection and radiation

Energy is transferred through solid materials by conduction. The particles in a solid are always
vibrating, even though they are fixed in posiiioh by forces between them. When the particles are
hotter, they have more energy and so vibrate more.

When you heat one end of an object, the particles start vibrating more. The particles collide with
other particles. Kinetic energy is transferred from one particle to its neighbourb, in the same way
that energy is transferred from the cue ball when it collides with another ball on a snooker table.
Energy can be conducted through the solid by particles colliding with each other.

Heat eneigy can also move from one place to another by convection. In this process, particies that -

are rnoving abqut can carry energy with them. This occurs in fluids i.e. liquids and gases.

A third way that heat can travel is between particles in the form of a pure electromagnetic energy
wave called infrared.

bv

7l

infrared radiatiun

-)

/71

-/
/

Particles in a fluid (gas and liqui{ can
e about carqring heat with them by

cun'rection. Heat cf,n pass between

More otr conductors

Question: Complete the following text using the words that follow:

Some materials such as metals are goodfuftlhfifconductors. Energy is conducted through them
easily. Their particles are close together in a regular pattern and so the vibrations are passed on

easily. This is why a radiator is made of metal.

s. 
"tnAfgtwlSdo 

not 
"ordrr"t 

heat very well - they are called thermal ,N&! Materials
..r.h uiiildlni plastics are insulators and they transfer heat slowly. mi@gare close
together but the pauern is not a.s regularis in a metal. Thiq means thag enerly gnly passes slowlyT
rrom one parricre to anorheffl e" detdcaltbd BlatW ti ,!l"c lVti fu\-ra"lfo
Cprrv' hod- erwr?i "Fffi{ avid 

-;fr),;' fi- a irtta,(qnducr) .
Liquid dnd gases are poorlhb"rlut eaaliffithe-particles in a liouid are not in anv reeular
arrangement, so it is much more difffiffi .ffiTfr;"n.igy to be passei onby (O\fu)ftfuin a gas,

the particles are {ar apafl so gases are u"ty PMY conductors. norUt"-glrfig *o.t . using a layer
of gas benveen the panes of glass. I

Possihle worrls: therrnal condrrctors materials. T*ifr*.-ryr. conduction- insulators

IW.d@br h;Ies

tkc

,,\ 16

Fadcles tr a solid vil:rate to and fro
colliding into each ntl:er and
kansfening heat by condr-rction.

ffi'al*PW -4F-
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Energv transfer tly free electrons

Metals have many electrons that are free to move through the metal. Metals are also good
conductors of electricity because of these electrons. The free electrons gain more kinetic energy
frorn collisions as the metal is heated. They transfer the energy vay quickly as they travel through
the metal.

IIt,

tt
tttt

tt

tt

ilileoo
oo*oiloo?oo
ileoec

heat N

=)

free eleckorrs move thr+ugh the metal, transfemng
the energr more quickly

Heat energy transfer in liquids and gases

Fluids (liquids and gases) are poor conductors ofheat. They can still transfer heat, because the
particles are fiee to move. When moving particles carry energy from one place to another this is
called convection. For instance hot air rises and is replaced by cold air.

For example, when particles of air gain more energy, they move faster and that part of the air
expands. The density of this region of air decreases because there is the same number of particles
but in a larger space

The cooler fluid nearby is denser than the heated fluid. The denser cooler fluid falls to the bottom,
and so the less dense hotter fluid rises. This movement is called a convection current.

Ouestion: Why can convection currents occur in liquids?

T, ns I ab;"l fiwevu e nl- (ruw, hiht

cold day. Why does he feel cold?
the hcatielu

,yhed off on a

Ouestion: Give an exampPe of a good

4
Ouestion: Harry is sitting

r and explain why it is. mtL f/nera

(avw t'd (tl^rrnd tnsu
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Why are liquids and gases poor thermal conductors?

ctw(*h; =rjtu ilu a/rv

G)

\

Ouestion: Fully annotate the diagram using the numbered text statements below:

-/
(1) Roof tiles are conductors U/
(2) Over the floor of the loft can be piaced loft insulatigpr.-fhis'contarns trapped alr, whlch a(

an excellent insulator. It traps air-preventin g cgryx{ton and is also a poor conductor of heat.

(3) Shiny foil can be placed over the in$e of wall blocks. In the winter this can radiate heat back

into the house. 
-/

(4) Shiny foil can be placed over the out@wall blocks. In the summer this can radiate heat

away lrom the house. ./

Fcontains trapped air, which acts as

Air cools. It conisacts and

air con:rection .
current carynng
heat tt heat.l

\ Airnearthe heater gets watm /\-'- and e4pands. It helongs less dense 44l
than the surroutrding air ffid rises

heat ,londrlcled through ceiling

air con rection
crureni canying
heat. h

\ \

wafiu air is in contact u.ith the tmdersurface of the ceilitlg

Air cools. It contracts sfld
becomesmore detrse andfills. -\ \

\j
air coirve ction

:t*,*", 
carynng

IItsUL- I

Air ne ar the he ater gets warm ,/
and expands. It belongs less dense y'
than the swtotruding air snd ris e s.

(5) Cavity wall fbam contains trapped air preventin gh€{rr""ction currents

18
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(6) Outer layer ofbricks are poor conductors

(7) Draught strips around doors and windows are cheap and effective and prevent heat loss by
convection. Curtains also do this.

(B) Radiators are designed to maximise energy transfer through convection by having openings in
the top to allow hot air to rise as cooler air is brought into the room.

Question: Explain how double-glazinghelps insulate a home. Use the words infrared radiation,

;nall a
conygc,tign and conr

(n l-rl -fa sn ,"f

Question: 'Conduction in a solid is due to the transfer of kinetic energy from one parlicle to
another'. Explain this statement.

radiation' 
Keeping homes warm

Houses transfer energy to their surroundings. Energy flows from the hotter region to the colder one,
from the heat source (the house) to the cold sink (the surroundings). This cools the house and
wafins the surroundings.

Just by turning down the thermostat by 1C you can save 10o% of your household energy costs.

Insulation in a loft reduces energy loss from the roof. Fibreglass, or a similar material is placed
between the joists. Fibreglass contains a lot of gaps in its structure. Air is trapped in these gaps.

Air is a good thermal insulator and a poor thermal conductor. However, if there is nothing in a wall
cavity but air, the air can move around and transfer heat from the inner wall to the outer wall
through convection. The cavity is filled with an insulating material, which has small pockets of air.
In new homes, solid foam boards are put inside the cavity walls. Older homes can have foam
injected.

Infrared ltdiation isaiElectromagnetic w6y'e, lille light. It can travel through a vacuum, like light A q

#tr;J'*::T:Jff :Hi::*Hl:Tffi::H$"ffi il;l#:."":El,TJJr,TH|,'#:"X6W"ird
f,ss u"- rn" norr" o, ,".-"31O /Z*{

Ouestion: On page 1 1, there is a diagram of a house. Show heat loss from the house by

L9



Cross-section of 4 rl14ffllrd

hghtrffeight

c+ncrete block

+uter wali +f
brichs

aster

p+lystyrene

Question: The caviry wall insulation prevents air convection 
"ro"rti.- 

lnsulation in lofts consists of
fibreglass, mineral wool, or rock wool. Does this do the same? Can the same be said for double-
glazing which either has two glass panes sandwiching a gap of ur or a vacuum?

OueStion; coinplete the table below:

Method of insulatins the home Heat tr,ansfer prevented

. Loft insulation Convection

Cavitv wall insulation cand"ufu\ /
Double slazing c6Yducfiq.(l lars /qw
Thick carnet fu),uch;
Ouestion: This question is about the cost of insulating a house. At the moment the house has no
loft insulation, cavity wall insulation or double-glazing.

(a) Use the data provided to decide which method of insulation provides the best value for
money.

(b) How many years do you have to wait before the double-glazing has paid
for itself?

o Yearly heating lr, a. house: f,7oo
. Cosi of double-glazing: f,3000. This would reduce the fuel bill by 20Yo ayear'
o Cost of loft insulation: f450. This would reduce the fuel bill by 30o/o ayear
p Cost of cavity wall insulation: f,i200. This reduces the fuel blllby 25%.

( hint;.Start your answer like this; f3000 of double glazingwill save 20l10OX fTAolyear.
Hence, f3000 of double-glazing will save f 140 ayear

Hence, 3000/3000 or for every f1 spent on double gJazing,140/3000 =
saved/year off the annual fuel bill

'4VC{

e

L0.046

(,)

/rhtl ,L fravpc4, I
t tatf)

r@r'
.ht
IrtW tr3ry W.'o

rns*lolTa* ffir;&:' {7n xo s - il,o ru/r
7ou7 bafu

q t_f{o le' 
Drt ,,ln-.r, f4'P "': ?. t4 LreaH .
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lnsulation Tvpical cost (f,) Tvpical annual savins (3)

Cavitv wall 400 80
Double slazins 3000 50

Drausht-nroofine 80 20
Loft 250 100

When you have calculated how much is saved

f3000, we can then calculate how long it will

Payback time = cost of insulatton I annual saving

The unit of payback time is years. - "'"1
- Ouestion: Which insula'tion saves the most mciney per year?

lnF T

by double-glazing each year, then divide this into
take before the double-glazinghas paid for itself.

An average home emits
about 7 tonnes of carbon
dioxide each yearl

We can also calculate how long it will take for annual savings from the fuel bill after installing a

type'of insulation, to pay.bacli ihe original cost. t 
. . '

: Calculate the payback time for loft insulation

Ouestion: Calculate the yuu.t tt-" r", olr[,ff0-"orr.

?2
Closing the curtains and fitting double-glazing cut down energy loss through windows. Sorire

people put aluminium foil behind radiators (why?)
Ouestion: Double-glazing saves more money each year than draught proofing. Describe how
double-glazing reduces energy transfer. Explain why it is not sensible to have double-glazing fitted
unless need to be rep

e, ,sa

Ouestion: Complete the following text'using the words that tt*S ul,t

6 - t - - . ... .kat all the water in the boiler. A radiator is designed to maximise the energy transfer from the
(xWaterinthecentral@4"temintoaroom6yhavingalargesurfacearea.

A U\0[ other applia4ces and f"utrr", ke desigrred tb minimise Pfihkfmnsfers such as'cavity wall

D Ai 615hlfuhmd double gtazed windo*'s' 'l
.7tl ,^Ir^-1r.. ^r-*^-+ r.^-+i-^ i-.r.r.+i^- ^rrffanioI {- I I Possible words: element, energy. heating, installation, currentsbeu . '- 

- -hw lsw
l

i
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A traditional coal fire set in the wall of a

room can be more than 50oh efficient.

Efficiency

room may not be very efficient. A fire in the centre of a

Useful energy output
Efficiency: x 100%

Total enerry input

Ouestion: Explain why a coal fire in tire centre of a room is more efficient than one against an

Cfeate a,h
47rXlt burns

dlr ,,
4l^latli1yL'_ €(lnv.?t C u{rrv n h n

would the useful energy out be of is fire i
100 joules of stored chemical energy in gas per second?

Ouestion: Complete the following table A[al, ryf x rffrthcy =n utt H

in the Sankev diamam below

300 T-

ilre
utp

#ie.;!;ffi #;ffi ;5;''';;';;;#;;;;;;;'.td"';h";;;',*",;?i'*i;;;;;fa)
and the best way to mbke sure that energy is not wasted. M y1*

J-
Energy efficiency is not just about heating,homes. Everything that transfers energy wastes so*e of '
the enOrgy as heat to the surroundings. Degigqers of household appliances have to consider where

energy may be lost and how they can reduce the loss.

Ouestion: How much useful light energy does the bulb shown
produce?

'l5llflT nl
electrical

enErsl

t;rbT: tLrD J-=
120.0J +fheat
enerry to the

surroundings

tw oli
Infrared radiation,
convection or conduction

DescriPtion 
= l'no r/ E x +:winhome ,% '.1 '.

I

T"f,q.4,
Pure electromagnetic radiation. This'6an move,in all
directions in-between air molecules.

Coal fire warming arow{by) w

-
I lAl* Ir'1'l 1v- -

C{r^vo(,ho*

This occurs when particles such as.air molepules move
from one place to another carrying heat energy with them.
Particles in fluids i.e. liquids and gases can do this.

Warf *t Al f
arnvethi Cun
6nn rcd.ita

This occurs when one particle collides into another

transferring heat energy to each other. Occurs more in a
solid because particles are close to each other and they
vibrate more when heated.

t

)yeu l,p*:
ele^le"f? t. ^

Buildines that.arcenersy efficient are well insulated and make sure that as fittfeX.rii 
", ,"*i{r" I nt\

enerff/
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Ouestion: Calculate the efficiency of this bulb.

Worked example

A television with efficiency of 600/o converts electrical energy into 252k1of light energy and 18kJ

of sound energy. Calcu-late the wasted energy.

(1) Calculate the useful energy-

Now useful energy :252kJ+ iSkJ :"27OkJ ,/
(2) Calculate the total energy input

Therefore 60%: (270 ltotal energy input) x 100%

Now divide both sides by 100 
.

Therefore 0.6:27.0 I total energy input

Total energy input: 270 I 0.6:450kJ

(3) Waste energy: Total energy input - useful energy

Ouestion: What does a Sankey diagram show? h

Ouestion: A kettle is supplied with 500kJ of electrical energy. It transfers 99kJ to the kettle itsel
and its surroundings as heat energy, and lkJ is transfer;ed into sound energy. The rest ofthe energy

(a) What is the efficienclof the kettle?

logen bulb fas an effici 30J into light energyi

(a) Calculate Jhe total enelgy input

0,/z

is transferred to the water as heat energv' 
nqafr'r#H-4 f-o uralar'rL

illle.
wft{ft

'et
i
I

(b)cd.;i#'

Lso
{wt

(") Draw a Sankey diagrbm for this light bulb

r

7Ol= LtGt+r--

23
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National and global energy resources

Every second for 5000 million years, the Sun has been giving out enormous amounts of energy,
mostly as light and heat.

Question: Complete the following text using the words that follow:

Th" tt/4{ the source of energy for the Earth. Without solar energy there would be no life on
Earth.

(1) Light from the Sun allows plants 
'r. 

Dh^0 tW Ynil^9Q14-

(2) fffr,from the Sun provides the warmth for living things to survive.

ru$;;4Zg I I changes light into electricity. A solar C€flrr"rlight from the Sun. The larger the a fgq .

of a photocell, the more electricity is produced.

Photocells are used in places where mains electricity is not easily &Mtkbh , L
ovides 

^ Dtf€C"J*ent 1a'c.1The large area of photocells on the Intemati o"ul )fld4SLation pr
supply io *n the spacecraft. -T--

Possible words: Space, available. cell, area, Heat. Sun. photostnthesise. photocell

The Sun loses 4 000 000 OtiOt<g

of mass every second.

. *'
It still has mass left lo last"for
another 5 000 000 000 years!

.- Electricitv from lisht

The direct curent from a'photocbll is similar to the current from a battery. It is- in one direction.
They have many advantages over other eiectrical systems. They produce Direct Current (D.C), like
a battery.

Ouestion: These advantages ale listed below. Use them to complete the table on the next page.

. They are very robust and need little maintenance.
o No fuel or lengthy power cables are needed.
. They do not contribute any pollution to the atmosphere in the form of dust or greenhouse

gases.

Property of photocell How this property is an advantage

Last long time
Cort^ elfeth,b

Use them almost anynvhere
No rrtad faqptewt

Environmentally friendly
kJ o Co, eru t(c uyl{

Don't need to supply a fuel €AunlSwe {Y +[tt
I

The renewabl

NboiQ

f.



rl

ffi;,;;u*;M:"";;; ;, ;;;;' ;; ;, * o,.*"!W# ̂itt

Renewable energv

Queqtlqu-Complete the following text using the words that follow:

photocell, the en-rgy from the Sun can be used for heating.

A solar water heater onthe roof of a building is made t o lWlfufi?$gt[, Inside each
lar

collector is a series of small tubes.'These toU". p"*r 
" 
i", u6\A1k-piut".

The black plate absorb - Sfinlill?u.*, the water passing through the tubes.

li
t-

rnfia red heat

I

Warrned water then rises to the e t- tanks as it is heated. Colder water sinks down to the

eellecfar W
Possible words: collector, storage, sunlight, electricity, renewable, rectangular, black

A Sslsl watet heater on the toof of a house is made ftom tectangular c ollectors

vqter passes ltuougil
these tubes

Sun's,movement across the sky.'

steam tb
tLrbure '

.1
Curved mir-rori can foous the Sun's light and heat. A single curved min:or can be
used as a solar overi. They are..most effective iithey point directly at"and traekthe

watet used
inhome

tubes pass over a black
piate which gets hot and
wE rns the water

ll 'l
ll -,'
r[1,;,
I c+ntau:urg

t no*",e water

I " eirued
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Wind

The temperature difference between land surfaces causes convection current. The movement of air
is usually called wind. Wind is used to turn a wind turbine and produce electricity.

Air convection cr.urents produce winds

High ::r the atrno sphere,
- the air cools. It gets

cr:01e1 c ontracts, L ecomes

more dense mdfalls

FrJJmg air creates a

llgh airpressure

region at regron (EJ

on the Eadh
Regron of the Eorth(A) is

warmrdhythe Sun. The dr
gets wanrl e:'pands, gets

less dense anddses.

These winds drive wind farms - collections of aero generators -, which produce electricity. Wind
turbines are usually placed on hills where there is little obstruction to the movement of air.

Regron (A) is a

low air pres sure

re gior - air rises

Re$onp) is a

highpressr-ue

feglon
14-\r-

Explain why winds tend to move inland from the sea UIarM air o-xPatds
r - , ---l l^,--e/tC{

'*uo)

A home thatuses4V&lar heating makes use of direct sunlight for heating purposes.

The home has large W@tsouth-facing walls and small windows in its nofth-facing walls. This
allows light u"O 

l@Pom 
the Sun to be used and reduces the need for electricity.

During the day, the Sun warrns ,r',"tih!li^d floor of a room.

At night the energy is radiated back into the room from the warm walls 
^^O P(Af ,

n
Curved solar reflecto rsfuL$nergy from the Sun.

t

Possible words: focus, floor, walls, windows, heat, passive
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Ki netic en er sy-Ilaullfel

Moving air has kinetic energy which is transfered by a wind turbine into electricity.

Question: Why should south-facing walls in homes in the U.K be large and north-facing ones
small?

llLa{ tvn Unt Sala,f e
Ouestioh: Why are the reflecting surfaces Sol

a itl* af Ala,a

-ttitl t

cfllectors curved?

S

More on passive solar heating
The greenhouse effect

Question: Use the above diagram to help number the following statements in order.

(1) Infrared heat radiation from the Sun has a relatively short wavelength and can pass through
glass.

(2) These hot substances then radiate infrared heat radiation away, which is less energetic and

has a longer wavelength.
(3) As a consequence the room or gteenhouse gets hotter.
(4) Dark substances, suqh as a green plant, absorb this radiation. The plant becomes hotter.
(5) This radiation is not energetic enough to pass out through the glass.

To make sure that curved, parabolic, metallic, solar reflectors work as efficiently as possible, they
are computer controlled to track the sun.

Wind farm - friend or foe?

Wind farms produce electricity without producing carbon dioxide, which contributes to global watming.

However, some people do not like theml

27



Disadvantaqes of wind turbines

(1) They say they have a poor visual impact and make noise.
(2) They do not work if there is little wind and must be shut down if speeds are greater than

88km/h.
(3) You need about 1500 wind turbines to replace one coal-fired power station.
(4) It is impossible to increase supply when there is extra demand (e.g. when Coronation Street

starts).
It is difficult to find a suitable place to build wind turbines - they need to be spaced out and
built in places that are windy enough.
Although the wind is free, its expensive to set up a wind fann, especially out at sea.

Ouestion: For each of the following people, consider the above list and state, which may be their
main concem with wind turbines:

(a) Person who lives near a wind turbine.
(b) Government deciding on a future energy policy for the country
(c) A town council with little available spare land for development

Question: Read the following and underline all advantages in green. Underline all disadvantages in
red.

Fossil fuels are burnt to release their heat energy. At the moment, these fuels are readily available,
and they are a concentrated source ofenergy (a little bit ofcoal gives a lot ofheat). But burning
fossil fuels causes acid rain and produces carbon dioxide (greenhouse gas). Also, we buy most of
our fossil fuels from other countries - which means that we don't have control of the price or
supply.

Biomass is matter from plants (like wood or straw) or animals (their manure) that can be burned
directly, or fermented to produce methane that's also bumt.
Biomass is renewable - we can quickly make more by growing more plants and rearing more
animals. Burning methane does produce carbon dioxide - but this is CO2 that the plants took out of
the atmosphere when they were growing - the process is 'carbon neutral' overall. Recently we
have started to use more biom4ss in the IlK. You do need a lot of biomass to replace one lump of
coal, and it takes a lot of room to grow it. But we don't need to import straw and manure from other
countries.

Nuclear power stations use the heat released by uranium (or plutonium) atoms as they split during a

nuclear reaition. Lots of energy is produced. Nuclear powff does not produce smoke or carbon
dioxide.

Carbon dioxide is a greenhouse gas that causes global warming.

Nuclear power stations do produce some waste. The waste is radioactive.

(5)

(6)

Ouestion: Wind turbines are cheap to run, produce no polluting waste and wind power is
renewable. How is this an advantage in a world where global warming is now a ma;or problem?
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. LowJevel waste is diluted in water as it goes into the sea. Most nuclear power stations are

therefore built near to the coast.

. High-level radioactive waste is harmful to living things. It should never be dumped at sea.

It is stored in steel drums buned underground. Some sites are nearly 1 kilometre deep.

These sites obviously cannot be built near to earthquake zones. This waste is near to
humans could be a serious cancer risk.

Photodells abs6rb energy flom the Sun and convert it into electricity. Again they produce no
pollution, but their power output is vanable.

Wind turbines convert energy from the movement of the wind into electricity. This too produces no
pollution, but their power output is variable.

Ouestion: Comnlete the followins table:

Nam0 of fuei Fossil-fuel Non-renewable
(eventually will
run out)

Renewable Does it produce
pollution?

Coal

* x ,-/
Natural gas X
oil

K
Biomass fuel x X CC.

Nuclear (uranium)

x { 4,
Energy efficiency 4"

buf (

GrJur"JLI _
l obrorLl1.-

,r

a

te

Energy efficiency is a measure of how well a device transfers energyr

)IT)Efficiency: Useful electrical energy output /O
0',;.*rr, ** C

A power station is not very eflJcient:

r For every 100 f of 
".r".gl 

stored in coal, 15J is wasted in the boiler.

. A. fuilher 45J is wasted in the cooling towers and 5J in tlre generator.

The remaining energy is converted to electricity

Fuel energy input : waste enefgy output + electrical energy output

Eiample

A coal-fired powff station generates 200MJ (200 000 000J) of electrical anergy per second. 400
MJ of energy is wasted per second as heat and noise.
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Calculate

(a)Energyused(energyinput):usefule1ectricalenergyoutput*waste"n",oIfr
: 200MJ + 450MJ: 650MJ

(b) Efficiency: (200MJ I 650 MJ) , 100%: 30.77%

How many joules of energy are lost to the environment each second?

Ouestion: Calculate the energy efficiency of a power station where 67Yo of the available energy is
lost to the environment.

,40'g{ .? 2 d7o9@ ikltt
Ouestion: A power station is 35o/o efficient. It produce! 2 million joules of energy each second.

6rrc INft4T

rl)

t N Aut corr To eun4ouuewi-= 2 oro 0oo=
loo oro N

The elec
and lights have a powff rating of less than 100 watts. This means that each second they c
joules of electricity into other forms of pnergy. A typical toaster or kettle has a power rat
least 2000 watts (2 kilowatts).

These appliances need a constant supply of electricity via the National Grid from power stations,

which use fuels to produce electricity.

A fuel contains stored potential energy, which can be released as heat. Fossil fuels are burned
to release this heat

Biomass can be burned but more often it is allowed tq ferment. Fermentation generates methane,

yhich is burned. 
,

Uranium atoms are unstable and their atoms split to release energy. This reaction in a nuclear
power stption has to be carefully controlled.

DisadvantagesTypi: of power" station Advantages

t)EratqY PfatdoA atl f
nilfo #'tt+rert€ &ilduv

$r

s
(,oal d

-.
0 rut

'Coal '

a^r

S. frryruNatural Gas 
=s
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Nuclear Power t^^hl* lwek
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Global warming and Climate Change

The Earth's ayerage temperature has fluctuated over the centuries. Sometimes it has increased and
at other times decreased. This is perfectly natural and often arises from changes in volcanic
activity.

However, since the beginning of the industrial revolution, there has been an abnormally high

. 
increased rate of global warming.

It is believed that this has been 
"urrr"a 

by an increase in the emissions'of greenhouse g'ases ,,rch us

;?*f #ffi iixT,?:*trl ;Tf ";*Sliffi :|:[ 
sases rhev trap inrrared'hea' 

louoo 
in" 

-

Humans are causing an increase in the amount of greenhouse gases

There are several types ofgreenhouse gas that are trapping heat around the Earth.

.. (1) C-arbon dioxide: This is released naturally as a result of respiration. However, as the world's
, popula[ion increases, more forest is being cut down for farmland. The tree stumps that are left are

then bumed. This makes it easier to dig them up. This slash and bum is putting lots of extra carbon
dioxide into the atmosphere.

Question: In what other ways are we putting extraCO2 into the atmosphere?

Glohal Carbon Dioxide Emissions from Fossil Fuel
Eurning, 1751-20[g

(2) Methane: Methane molecules absorb and then radiate back down to Earth, twenty times more
infrared than CO2 molecules. This gas is produce'd by cattle and during the microbial
decomposition of waste in landfill sites. Volcanoes, wetlands and wild animals also produce it

a

naturally.

q
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(3) Water vapour: As the global temperature increases, so does the evaporation of water vapour into
the air. These molecules in turn act to increase global warming because they are significant
greenhouse gases. Power stations also produce water vapour, which can affect the amount in the
local area.

Question: As the frozet arctic tundra melts due to global warming, microbes will be able to feed on
and carry out respiration (CO2) and fermentation (methane) on organic matter in the ground. Even

Sc]f,trs si$l$F rxdi*fi*+r
s rs*1s#.#{$ lF?r rl&lt* iEsr*h
s*)$ *ks,E$FBSFl1#ffi,

Ssess* sI *h*? :i**.{*r#
aMi*{s*} $ds*rsd..$ ttx*ni.qlF,r
;rxs&?61ffi**r,9, sN
s$re**. *s{t$*'r$,
r,s"*rt:ra#j im $*|i,4ttEs4r$is$s
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t1,,,1- SUW@

'- cyqqnlc

@.7
/t^ furvL

ryM
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ifts*{4#i
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Changes to the weather can have human and natural causes

As the global temperatures increase, the polar ice caps will melt. Seawater wili expand in volume
and the sea level will rise flooding smaller islands and leaving less land on which people can live
and grow crops.

The remaining food crops will also struggle to grow. More water will evaporate leaving the soil dry
and drought conditions will prevail. There will be more frequent hurricanes to destroy these crops.

Huricanes form over warm watei - so with more wafin water, you would expect more hurricanes.

Soot and gases produced by factories'wi1l reflect heat from cities back down to Earth increasing
global warming.

Ouestion: As well as global warming produced by mankind, we might be doubly unluc$ if this
also coincides with a natural globai warming phenomenon. Explain how this might be caused by:

(a) Ash and gases thrown into the atmosphere by volcanoes
(b) Changes in the orbit round the Sun

I ttL oULf
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The nucleus of atoms contains.positively charged protons and neutral neutrons. In small atoms, the

protons can just about hold themselves together (qimilar charges repel).

Larger"atoms cannot hold their nuclei together and they break down losing both mass apd energy.

This loss of mass is in the form of alpha (u) and beta (B) particles and radiation in the foim of
gamma (y) radiation.

A11 tlpes of radioactive discharge can knock electrpns off atoms (leaving them as positively
charged ions) or knock electrons onto them (leaving them as negatively charged ions).

@1rqryl
UJq rtNNefM cl;ffi;

33



When atoms in the DNA molecules of living cells are ionised, then that DNA can mutate (change)
and the cell can then grow at an uncontrolled rate into a tumour (cancer).Very high doses of
radiation can kill cells completely.

National and global enerw resources

The main energy resources available for use on Earth include: fossil fuels (coal, oil and gas),

nuclear fuel, bio-fuel, wind, hydroelectricity, geothermal,_the tides, the Sun and water waves. A
renewable energy resource is one that is being (or can be) replenished as it is used. The uses of
energy resources include: transport, electricity generation and heating.

6

Ouestion: Using Intemet research, complete the following two tables:
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Energy resource How it provides energy Renewable
or non-
renewable
energy
resource

How is the energy
resource used?

ftransport, electricity
generation, heating?]
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Is this a reliable
energy resource?
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Energy resource Environmental impact
by using this energy
resource

Pattems and trends in the use
ofthis energy resource

Are there any political, social, ethical
or economic considerations to using
this enersv resource?
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