Y8PHYSICS

In Year 8 we cover three main topi&ergy Wavesand Radioactivity.

All three represent really important ideas in Physics which Physicists did not really get to grips with until the
later nineteenth and early twentieth centuries. Energy ovilsscurrent structure to the ScotsmelamednVatt,
JamesJoule andWilliam, LordKelvin along with Ludwig Boltzmanrand NicholasCarnot. Kelvinhas the
scientific temperature scale named after him amdso worked on waves, but most famously another
Scotsma, James Clerkaxwell worked out the equations which describe light as a wave.

Kelvin was known for speaking his mirden if that meant he was later proved wrongnéof hisscientific
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understandinghow it had cooled. This was because he did not know to take into account heating by
radioactive decay. Understanding thaticlearNI RAF G A2y g+ a (GKS OFdzaS 2F YSt @Ay
the three types of radiation waby kiwi, working in Manchester, Ernest Rutherford, but the term radioactivity

was first applied byarie Curie She is stilthe only person to win a Nobel Prizelinth Physiceand Chemistry

as well as being thmother of a Nobel wining daughter

"No balloon and no aeroplane will

THINGS YOU NEED TOVHREMEMBERED FRYWI ever be practically successful.”

In Y7 we covered: Lord Kelvin, 1902

1 Measurement and Units:

You arerequired to know the following units:

Quantiy sedin o Fomis Sl base uni pase unt.
Length or distance l,dors metres m
Area A metressquared m’
Volume v metrescubed m’
Mass m kilograms kg
Time torT seconds S
Temperature Tord degrees Celsius °Cc
Speed or Velocity v metresper second m/s
Density kilograms pemetre cubed kg/m3
Force newtons N
Pressure pascals Pa

You are alsoequired to remember the meaning abmmon unit multipliers:

Larger: Mega, M, one million times & kilo, kne thousandimes
Smaller:milli, m, one thousandth& centi, c,one hundredth(centimetresis a very common unitout

where possiblaisingcenti should be avoided)

1 Material Properties:




You arerequired to remember that metals are good conductors of electricity and that elastic
materials change their shape when a force is applied.

You should alscememberthat objects flat when their density is lower than the density of the fluid
they are in, and that the upwards force experienced by an object in a fluid is agikbdust or
buoyancy.

You should also remember that the formula for density is giveh by—

1 Forcesand Motion:
You arerequiredto remember that:

Weight is the force due to gravity which is measured in newtons and on Earth always acts
G261 NRa idotte 91 NI KQa

Objects accelerate in the direction of thiesultantforce acting on them

Friction is a force with alwaysacts in the opposite direction to motion

Mean or average speed is given by the formula -

You should also remelper that the formula for pessure is given by the formula -

1 Space
You should remember that:

The sun is a fairly ordinary stahichglows hot because nuclear fusion is occuriim@s core

The planets in our sat system orbitthesud SOl dza S 2F (KS adzyQa €I NBS
The earth orbits the sun in a year and rotatgsundits axis in a day

¢tKS SINIKQa |EA&E 2F NRGFGAZ2Y A& G Fy Fy3afs i
the day length andy changirg the area thathe incominglight from the sun is spread over.
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through those hilges we get high tides.

1 Practical Work:
You are required to remember that:

A well designed experiment has an independent variable, a dependent variable and that as
far as possible all other variables are kept the same (controlled).

A well designedPhysicexperiment will produce a line graph which can be interpreted to tell
us about the Physics of the process being investigated.

All the data from an experiment should be recorded. Usually this is done in a table with the
independent variable in the leftmostolumn (units should be in the column headings and
not with the data)

It is important to record the precision of the instrumentised as this gives an estimate of
uncertainty. All values should be recorded to the full precision of the instrument evbis if
means that zeroes follow a decimal place, e.gnétresmeasured with a tape marked with
millimetre divisions would be recorded as 2.000m.

When calculating values from experimental data it is the significant figued not the
decimal placesthat matter. Calculated values shoulc bbounded to the same number of
significant figures as the data.



Physics write ups have a set pattern which may differ from CherfiginyBiology2. al his structure is laid
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1 Maths:
You are required tde able to rearrange formulas to make any term in the formula the subject.
Thisis a tough skill and is ongu will work on in Maths lessoral the way through to A level, but
please try to change the bject of the formula without just guessing amdthout resortingto formula
triangles
As in Year 7, most Y8 formulaes of the form:

W , 0, 0
0 60 P 0 €0 +«
0 0
Where the lack of mathematicaymbol between thd and Cmeans they are bemmultiplied.

You are required to remember thahe number ofsignificant figures is more important in Physics
thanthe number ofdecimal places:

0.08 and 3.08 are both to two decimal places, but tledly has one significant figure,
the second has tee.

You should remember that we introduced the idea of powers of 10 last yeax1,000 = x1dand ,
—™=x10%. Your calculator is likely to give you answers using this notation and so being aware of it
will be useful in Year 8 and will beceraery important as you pursue Physics further.

1 ENERGY

1.1 ENERGYDEFINED

In day to day languagenergyis something that youmust have in order do anythingand is used up as you
work or play.

In Physicsthe use of the wordd 9 y S NBitifar; Wikipedi R S & O NJ tbeSpiopentyiithatl niust e
transferred to an object in order to perform work @mor to heatg the objecé @

There are however three big difference between the Physiaefinition and our casual use:

f ¢KS GSN)Y ag2NJ] ¢ ,Kdudlyblt nai dlvidys Coiinecte8 to ynkcfiadical motiorn
t Kéeairda a2 NJidg inkolved yhariting yolr Boméviork \bithe mechanical movement
of yourpen.

1 In Physics heating and doimgprk are both ways of transferring energy and are batkasured in
joules.

ENERGY CANNOT BE USIEPIUST CHANGESEEL.2 ENERGYAWS
1 1.21The Law of Conservation of Enexgy

The equivalence between mechanical work and heat was conclusively shown by James Joule. He performed
experiments using eledtr motors and using fine sieves through which he squeezed viscous lignideth
caseshe found close agreement between the amount of mechanical work and the resulting he#tirigs

most famous experiment reported to the British Association of Scienin 1845(see the red boxhe used

falling weights to spin paddle wheels in water and thus heat the water.
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definition of the unit of energy, which is namec On the Mechanical Equivalent of Ifeat.

after him: By Tawes P. JovLe®.
. . . . [Brit. Assoc. Rep. 1345, Trans. Chemical Sect. p. 81, Rand before the
1 One joule (1J) is the work done in pushi British Asociation st Cambridge, June 1845,

or pu”'ng Something with a force of one Tur author gave the results of same experiments, in order to

. confirm the views he had already derived from experiments

newton for the distance of one metre. on the heat evolved by magneto-electricity, and from expe-

1 4.18 joules (4_18J) is required to heat riments on the changes of temperature produced by the con-

densation and rarefaction of elastic fluids.  He exhibited to

one gram of pure water by one deQre the Section an apparatus consisting of a can of peculiar con-

Celsius. struction filled with water. A sort of paddle-wheel was placed

in the can, to which motion could be communicated by means

L. . of weights thrown over two pulleys working in contrary direc-

Thesedefinitions will be used at GCSBut are not tious. He stated that the force spent in revolving the paddle.

required in ¥8. However, ypu are requied to wheel produced a certain inerement in the temperature of the

i i i water ; and henee he drew the conclusion that when the tem.

know that the unit of energy is thejoule. Its perature of a ponnd of water is increased hy one degree of

symbol is a capital nothing that looks like a smal Fahrenheit’s seale, an amount of vis viva is communicated to

L it equal to that sequired by a weight of 890 pounds after
J will be accepted. falling from the altitude of one foot.

The fact that work andheat are the samdeads to
an incredibly important result in Physics which Is

known as thel®™ Law of Tlermodynamics or more generallyThe Law of Conservation &nergyand
understanding and applying the Law of Conservation of Energy is require®in Y

1.2BNERGYAWS

1.2.1 The Law of Conservation of Energy
The Law of Conservation of Energy states that Hyyeicannot be created or destroyed it can only be
transformed from one form into another.

Energy is transformed from one type into another when work is done.

For example if you drag a weight along a table for one metre with a force of one newton then tgfithion

above one joule of mechanical work is done. When you stop dragging the weight stops, so the question is
given the Law of Conservation of Energiere did that one joule of energy come from and where did it end
up?

IN

Friction

Figure 1.2.1 Thilorizontal forces acting on a block being dragged along a table.

The force applied to pull the weight along will have been opposed by friction. Wherever two surfaces slide
across each other (dynamic friction) both surfaces heat up. So the 1J expendeddnilp heating theable

and the weightWe say that the Thermal Enerdgr the Internal Energyof the weight andof the surface has

been increased by 1¥ou might expect to be able to feel a temperature increase, but 1J is nothing like enough
to make anoticeable difference to the temperature of a table or a metal weightu would need very



sensitive Kito prove the temperature rise.hie fact that he was able to demonstrate a consistent temperature
rise in a similar situatioh & 6 K& W2 dzf iSfendousS E LISNA Y Sy i

Thisanswers where the energy went to, but where did it come from? Well it came from you and you are

powered by a set of chemical reactions whichiratitely derive from respirationthe reaction of sugars

acquiredfrom your food with oxygen. Yocantherefore be regarded as a store of chemical energgu are of

course inefficient (see later) so more than one joule will have been expended by you to achieve one joule of

work, we say that your chemical energy store has been depleted by at least Thé extra has not

disappeared; it haszarmed up your musclg&s 2 NJ NI} 6§ KSNJ WAY ONBIFaSR GKSANI ¢ KSNXI

1.2.2Energy Types
There are a number of ways that energy can be stored within an object. Some are obvious:

f  Thermal Energ{Thermal Energy forms par 2 F |y 2 0 2 S O lloa&ciehtigtiieSwalatet 9y S NH
different, but up to GCSE are used interchangeapiy N2 (2 F @2AR &l &Ay3 2N & NJ
because technically it is incorrgcThermal Energy increases with temperature and can onlycambr
zero at-273C (absolute zero)You have to be careful however, an iceberg, because of its size, will
have more thermal energy than a kettle full of boiling water.

1 Chemical EnergyYou should understand from your Chemistry that some chemicals atg likgo
through chemical reactions which release enewgyile forming more stable compounds. Burning is a
good example of such a reaction. We say that chemicals that are likely to react in this way are a store
of Chemical Energy.

1 Kinetic EnergyAnyobjed in motion can be regarded as storing Kinetic Energy, the faster it is going or
the more mass it has, the more Kinetic Energy it has.

1 Nuclear EnergySome atoms have unstable nuclei (see Nuclear Radiation) and naturally decay (their
nuclei change to a merstable form, releasing energy in the process), others can be made to change
their nuclei by Nuclear Fission (nuclear power stations) or Nuclear Fusion (trendusther stark
These atoms are regarded as stores of nuclear energy.

Other energy stores ara consequence of position, and are therefore less obvious:

1 Gravitational Potential EnergfGPE) An object above a surface will fall when released because of
gravity. Energy must be expended to get that objecitschigher position anagnergywill be rdeased
when it falls Therefore, while in position the object must hava store of Gravitational Potential
Energy. The higher it is with respect to the surfaared the more mass it hathe more GPE it has.

i1 Electrical Potential EnergyCharged particlesxperience forces attracting or repelling them from
other charged particlesBy the same reasoning as fpravitywhere the position above a surface gave
rise to GPEthe position of a charged object with respect to other charges gives rise to Electrical
Paential Energy.

1 Magnetic Potential EnergyMagnets and Magnetic Materials are attracted and repelled by other
magnets. The position of a magnetic object with respect to other magnets gives rise to Magnetic
Potential Energy.

1 Elastic Potential EnergyStretching or compressing an object requires work and therefore energy,
and when the object is released there is a release of energy. Elastic Potential Energy is the energy
stored and depends on the amount of stretch or compression and the stiffness of thd.objec

There are also ways of moving energy from one place to another via waves, two of which aresofignied
as distinct energy types:



f Light C2NJ SEI YLX ST G(GKS adzyQa GKSNXYI f SYySNHe& A& NI RA
S I NJuKa@eivia digt waves. Whildravelingin between the sun and us it can be regarded as Light
Energy. The same process is occurring in Thermal Energy transfer via Radiation (****).
1 Sound Sound relies on the movement of particles and so could be regarded as some ctombafa
kinetic and potential energies, but it is often easier to regard it as a single energy type, although not
an energy store.

Finally, probably the most importarmmethod in our modern world focconverting one form of energy to
anotheris via electridy.

1 Electrical Energy(this is not the sameas although it is relatedo, Electrical Potential Energy).
Electrical Energy can be regarded as the method of transfer of energy in, for example, changing the
Chemical Energy in a cell into the Kinetic EnerfggroElectric Motor. It is very difficult to store
Electrical Energy without first turning it into some other foramd so like Light and Sound, Electrical
Energy is a transfer not a store.

In Year 8, and all the way up to GCSE, a common exam questioasis you to identify the forms that energy
is being stored in before and after work has been done, and to identify the methods of transfer.

Examples oNaming EnergieBuring Transfes:.

1. A simple circuit
Complete the flow diagram showing the energy tramsfmation occurringin a circuit with a cell and

an electric motor
Final energy

Starting energy Type of work

H Electrical
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2. Aloudspeaker running on mains electricity:
Type of work
Starting energy Final energy

Electrical

Mechanical

Here, even though Electrical Energy is not a store, we do not know what transfers took place in the
mains system and sacceptElectrical Bergy as the starting point. The missing boxes are Sound which
seems like it should be the final energy, but is really only a step in the transformation, and Thermal
the electrical work, mechanical work and the sound all eventually just tl§ligheat up the
surroundings.

3. Eating breakfast

Typeof work Final energy

Starting energy Chemical Chemical

Mechanical




Here the first box is Chemical. Your breakfast will be a chemical energy store that your body performs

more chemistry upon to convert it into a form that your body can use orestYour bod® Qa OKSYA Ol f
SYSNEHe &ai2NB gAtft Ifaz KF@S (G2 LINRPGARS I+ fAGGES ¢
start the biochemistry. Finally the chemical processing and mechanical wof&rpeed by your body

will produceheat and so Thermd&nergy inceases; the right hand empty box.

As you get to GCSand definitely at A level, the questions will be less about filling in the blanks and more
about using formulas for the different energigsput numbers on the transfers.

1.2.3Efficiency
It is compicated, but & its simplest the ¥ Law of Thermodynamics says that systems tend towards disorder.
That is energy which is organized and concentrated ends up being spread out, the proper word is dissipated
The dissipated energysually ends up just heatgthe environmentup by a tiny bit(you will havenoticed that
Thermal was airial form in all three examples above).

The firstand second laws together give probably the miogportant rule for Engineers:
You can never convert all of the starting eneirgg just the final energy form that you want.

In other words any natural or mamade system or device which converts energy will waste some of that
energy.

Efficiency(symbol' ¢ the lower case greek letter elds the measure of how good a system is at converting its
starting energy into the desired, useful final energy.
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Or in symbol form:
— or -bp — pmm

The Law of Conservatiaf Energy says that thiheoreticalmaximum value that efficiency could have is 100%
because we cannot make energy. The fact that in a device some energy is always wasted, however, means that
in realityefficiency mustalways be less than 100%

Examplef Efficiency Calculations
1. For every 100J of electrical energy input an electric motor produces 77J of Thermal Energy, the rest is
YAYSGAO® 2KIG Aada GKS Y2(i2NRa LIBNDSy(l3s STFAOASYORK

Kinetic Energy ithe useful outputE, of a motor, which is given lifie difference between the input and
the waste

E =10077 = 23]

Use:
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Motor Efficiency = 23%

An old fashioned light bulb transfers only 1% of

its input energy as visible light. If a bulb rec&&@3 of

electrical energy, how much energy is emitted as light?

Use:

We wantE, so rearrange:
—p

olo

pTT

p T

¢ P YT pdd
1.8J is produced as visible light

A modern LED light bulb has an efficiency
12%, how muchinput electrical energy is
necessary for an LED to produce 1.8J
light?

Use:
-p — p m 1t and rearrange to makg
thesubject O — pTmTm
Gives:
O — pmumnpd

An LED light requires 15J of input energy
produce 1.8J of visible light

A power station needs to produce enoug
electricity for 150000 LED bulbs in Jerséy
per household)to produce 1.8J ofvisible
light energyeach
a. If the power station has an
efficiency of 0.32how much input
chemical errgy is needed to mke
enough electrical energy?

From question 3 the necessar
electrical energy for one bulb to
make 1.8J of lights 15J, therefore
for all of Jersey:

= 15x150,000 = 2,250,000J

Carnot worked out that for what is known as a
Heat Engine, (a device that transforms Thermal
Energy) the maximum possible efficiency is
given by:
- YO
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Where T is the starting temperature and T, is
the output, or exhaust, temperature.
For example, if a coal-fired power station uses
steam to spin its turbines and the steam enters
the turbines under pressure at 300°C and leaves
at 100°C then you might think that the Carnot
Efficiency is:

CTM™p T np -0
OTT
Unfortunately, as we will see at A level, these
calculations must be done using the Kelvin
Temperature Scale. To convert degrees Celsius
into Kelvin we have to add 273 (absolute zero
being -273°C). Hence the maximum possible
efficiency is really only:

UX ~0XO

VXO

That is, even if there were no friction in the

pmm—o b

turbines, no electrical heating of the generators

u,pniyt h e
35% of the chemical energy released by burning

and no heat | ost

the coal could leave the power station as

electricity.




Therefore 2,250,0003 the electrical energy that the paw station must outputk,.

This time the efficiency is a decimal not a percentage therefore to find the input ergrgythe
power station use:

and rearrange to makEg the subject

Gives:

XmopguT

The power gation requires an input of 7.MJ (million joules) of chemical energy.

You will remember from Y7 that rounding your answer to the same number of significant figures as in the
question is correct, BUT you should make sure jtoat have written down the answer to more significant
figures in your workings.

b. WSNES2Qa LIRgSN) atldAzy dzaSa RASa&MIwhan Ada FdSt o
completely burnt, what mass of diesel is needed to provide the energy calculated it 2

If one kilogram produces 48 million jouleilograms produces x 48 million joules. So to find

O ® T Y which rearrangesto @ @ —
Which gives:
W —— T T ohkgy

Therefore just under 1509 afiesel must be burnt to provide 1.8J of light energy from each of
150,000 LEDs in Jersey

(1.8J by the way would be about 3 seconds worth of light from a normal lamp, so six hours of lighting would
require over 1000kg of diesahd that is assuming thatevare all using supesfficient LED light3!

1.2.4Sankey Diagrams
The information necessary to perform an efficiency calculation can be difficult to extract from a written
question. This difficulty is addressed by using a form of energy flow diagrame whe width of the arrows
indicates the amount of each energy type. This is called a Sankey Diagram.



Sankey Diagram Examples
1. Work out the percentage efficiency of the device whose Sankey Diagram is shown in Figure 1.5.1

Useful
Input Output
Energy Energy
2000J

Waste Energy

Figure 1.5.1 A basic SaykBiagram

Looking at Figure 1.51 you can see that it shows the energy flow for some device which converts most of
its input energy into a useful output, but that some energy is wasted. Because we know that the arrow
thickness is proportional to the amounf energy and because a grid has been added to the diagram, we
can work out the amounts for each energy arrow.

Input Energyl = 2000J and is represented by 4 large squares

Therefore 1 large square is equivalent to 500 Waste Energy is 1 large ageior 500J.
The useful output energy,, is 3 large squares so:

E,=1500J

Use:

b 0O pLTT o
- o pnncnnrpnnx

The efficiency of the device is 75%.



2. A 2008 GCSE Question:

(a) The diagram shows the energy transformations in a fuel burning power station.

| : \Electrical
: '-}_))cnergy
Toput H T O T T § SEREE AR SRNNNY
energy L =mE e
from| {111 ] 1T |

ful-

~— | -
i 1 =

—
|| Heat energy

1 | W
0

(i) Name one fuel that is burned to provide the energy source for a power station.

0 mark)

The answers to a(i) could bepal, oil or natural gas

(ii) Use the diagram and the equation in the box to calculate the efficiency of the
power station, ‘ ‘

1
]

useful energy transferred by the device
total energy supplied to the device

efficiency =

Show clearly how you work out your answer.

(2 marks)

Note that GCSEs no longer give you the equatitve way that they di in 2008, you &ve to
memoriseall the equations

This question is interesting because it does not give you any values, therefore you have to work out
the energies in terms of grid squares. This does not matter because efficiencgtis. gIn Physics a

ratio is a vale arising from the two things beingpmpared by divisiotaving the same unit the

ratio itself, therefore, does not have a unilthough related, hisis different tohow the word ratio is

used in Maths)

The input energyk;, is represented by 20 smaljjuares.



The Useful Output Energl,, is the Electrical Energy which is represented by 6 small squares.
So using:

(e}

()
(0] c_nn&

The answer to a(ii) is that tHeéower Station Efficiency is 0.3.



1.2.5Calculations for the WincEfficency Experiment
Most groups will carry out an experimeto test the Efficiency of a Model MEh.

| %

pply set to 5V

oule Meter

Bench Clamp

Mass,m

Fgure 1.2.5xperimental setp for testing the efficiency of a model winch using a joule meter

In this experiment the independent variable is the méitsed, the dependent variable is efficiency which is
calculated from several variables recorded in the experiment, and the important control variable is the height
the mass is lifted through.

Calculating the efficiency requires the total input energy fritwe power supply to be recorded for each test.
Thisisdone using the joule meter which records the electrical giyethat passes through it from Input to
Load. The useful output energy for a winch is the Gravitational Potential Energy gain. Althowggjuiton
for this isnot required in the Y8 exams yamust use it for this experiment:

"00 O & ‘M



m is the mass lifted in kdp the height the mass is lifted through in m agds known as the gravitational fiab
strength and which on earth EON/Kkg.

So if in one test you lifted 150¢g through 77cm the calculation for useful output enargldve:

m=0.150kg
h=0.77m
g=10N/kg

O ™MUTPT T X PP LD

Since the best experimental data you have here is only two significant figures this would be rounded to 1.2J in
your table.

If, for example, the input electrical enerdy, recorded on thequle meter for this test was 8J then the
efficiency for this test is:

(0]

o
Youwill need to perform theséwo calculationausing your numberfor each testyou did.There is no need to
write out workings for every one.

A tablefor this experiment; assuming you did three repeats and went up in 50g steps might loothkkene
below (The results in thissxampletable are made up. Mke sure you use your own

Lift height,h /m 0.77¢ control variable, same for all

Total Input Energy recorded on joule metgr, /J Calculated Calculated
Mass,m /kg Repeat 1 Repeat 2 Repeat 2 Average GPER, /J Efficiency,
0.050 7 6 6 6.3 0.49 0.08
0.100 8 7 7 7.7 0.77 0.10
0.150 8 8 8 8 1.2 0.15
S OXX;

Your graph wilthen be a plot of Mss on thex-axis and fficiency on they-axis. This experiment does not
usually prauce a straight line, so you will need to think about how to draw your line of best fit.



1.2.6Power
When work is being done and energy is being transfornoedvhen heating and cooling is occurring that
thermal energy is moving from one object toaher, it often makes more sense to talk about the energy
moved per second than the total amount of energy. For example it makes no real sense to talka ainociear
power station having an output G00MJ of electrical energpecause it will output thiin half a £cond, and
will continue to outputtwice that every secondor the whole time it is running. Instead we talk about the
power station producing 1000MJ per second.

Energy per second is the quantPpwer. Although the unit joules per second wdube correct power has its

own unit namewatts (symbolWo Yy I YSR | FGSNJ WFHYSa 2140 6K2 Ay@SyuaSR
sell his steam engineSo a nuclear power station produces 1000M\W\elgfctricity, thatis one billion joules of
electricalenergy every second.

The formula for powerP, is:
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Although often, the rearranged form with Energy Transferteds the subject, is more useful:
O 00
Remember that Time Taken, in this formula must be in seconds.

Power Examples
1. If the input to an electric motor is 40W, a) how much energy will be converted if the motor runs for 10
minutes, and b) if the motor efficiency is 22% how much energy is dissigate heat in that 10 minutes?

a) Use:

0 00
But remember that must be in seconds so:
t = 60x10
O TmempPpTmn T NHT
The energy converted will be 24,000024kJ

b) WeknowE = 24000, %=22, we can therefore find the useful outpHj:

b — pmmo o 2 o — ¢immugym

However, the question asked ftite heatdissipatedthat isthe Thermal Energhpst to the
surroundings Thiswill definitely not be the useful output from the electric motofhe heat dissipated
must be the waste energy. The stadenergy is givehy the difference between the Totaiput and
the Useful @tput:

O O O ¢grinmogymuyxkT

The energy dissipated as heat will be just under 19,000J or 19kJ.



2.

Because efficiency is a ratio it does not matter if the efficiency is calculated using Total Input Enangly,
Useful Output Energyg,, or Total Input PowelR, and UsefuDutput Power P,. Just make sure both terms are

If an electric heater useg8kJ of electrical energy in¥ A ydzi S&a 6KIF G Aa GKS KSIF {8

Note that the question is in kilojoules (kJ), one kilojoule is 1000 joules so:

O xYpnnmx gy

Remember that time must be in seconds and use:

v - — @UW

The power rating of the heater is @W

If a television has a power rating of 33.5W hawany hoursmust it be turned on for for 1M of
electrical energy to have been used?

Note that 1MJ is one million joules.
Use:

And rearrange to make time the subject:
o -

G ks

However, the question asks for the answer in hours, not seconds, so we need to divide by 60 and 60 again.

8

& w phaurs

You could leave the answer like that, but your calculator has a useful button:

Figure 1.2.6'he degrees (ordurs), minutes and seconds button on a calculator

If you can find and press thimitton your calculator will tell you that 8.2919 hours is 8 hours 17 minutes

and 30.75 seconds.

For the TV to use 1MJ of electricity will require it to run for just unddrairs 20 minutes.

1.2.7Power in Sankey Diagrams aBfficiency @lculations

power, or both terms are energy, you cannot have a mix of the two in an efficiency calculation.

Just as Energy flow through a device can be illustrated with a Sankey Diagram so can the Power flow,

remember Bwer is just Energy per second.



Sankey Diagram problems and Efficiency problems are as likely to be in terms of Power as Energy. It does not
alter the maths, just the units involved.

Power Examples Continued

4. An Electric motor has a 40W input amal 22% effciency. a) What is its useful output power, b) How

much power is dissipated as heat, ¢) How much Thermal Energy will have been dissipated in 10
minutes?

a) Use:

And rearrange to makB, the subject:

The Useful Output power is 8.8W
b) The Heat dissipated = Wastd=x, P, =31.2W
10 minutes is 600 seconds so to find Thermal Energy Dissipated use:
O 00 oMo pYXE T
The Thermal Energy dissipated in 10 minutes is just under {i3kJexactly the same as in example 1)

5. A 2007 GCSE Questiomdrthe valuesl, 2, 3 and 4
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The efficiency of the television is ...4...



Notice that the Examiners have tried to make this question easier by usiag the units instead of W,
that way you do not have to understand power to do this questiare will use watts.

500W is shown by 20 small squares therefore one small square represents 25W.

1) Transformed as heat and wasted is 10 small squares, 1(R&BA/

2) Transformed as lighB small squares, 8x2260W

3) Transformed as sound; 2 small squares, 2x36\W

4) Light and sound are the useful outputs from a TV so the Useful Power OB§pu200+50 = 250W

Use:

The efficiency of the TV is 0.5

1.3SUMMARY FORNERGYAWS

Youneed toknow that:

1 In Science the wordsnergyandwork have particular meanings.

1 Energy is a quantity that is always consergetlis never created or ddroyed.

9 It is a quantity that exists because of rules for how the universe behaves, the Laws of
Thermodynamics, rather thapmeinga physical thindjke a liquid

1 Energy is transferred by doing work or by heating.
1 Energy can be referred as taking diffeent types or formsDifferenttypes havedifferent equatiors
which you will learn as you carry on through Physics.
1 Energy tends to become spread apdissipated
1 Energy has the unit joules, J.
1 You can never transfer all of your input energy into the faffroutput energy that you want.
1 Efficiency ', measures how good the energy transfer, from total input energy to useful output
energy, is.
9 Efficiency is a ratiq it does not have a unit.
9 Efficiency is always less thar(dr as a percentagéess thanl00%)
1 Poweris the energy transferred per second.
1 Power has the unit watts, W.
~ O o~ o
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9 Efficiency can be calculated using Power as well as Energy.
(o] . 0
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1 Sankey Diagramare a way of showing the flow of energy or power through a device.

1.4HEAT

In Physics the terntleat may only be used to describ&drmal energythat is being transferredit can be a
noun: heat; the thermal energy being transferred, or a verb, to hela¢ process of transferring thermal



energy into an object. To cool; is the process of transferring thermal energy out of an object, and when we say
G1SSLI) 022t¢ 6S YSIYy LINB@SyiAy3da GKSNXIE SySNEHe& FTNRBY GN

l'a g AlGK oSy 9B theeveiylay, ZasualiusageX Y & & halekactly the same. You have to
be careful to use the Physics language correctly.

Controlling the movement of heat is incredibly importafrom keeping our houses and ourselves warm in
winter to keepingvaccines cool when they are being distributed in hot third world countries.

You will knowrfom Chemistry that everything imade from particles such as atoms or molecules, and dimat
a microscopic scale those particles are alwayslomlymoving

In Year 8Physicsyou are required to be able tanderstand anddescribe the three main physicalquesses
that allow heat to move. You should also understand fifi@n object increases its temperature thodject it
now hasmore thermal energy anthe particles ttat make upthe object are moving faster.

1.4.1 Temperature
Temperature is a familiar ideave all recognise a hotter day or a cooler day and know that the hotter day will
have a higher temperature. We also all know that certain physical processes, likeghing of water, happen
at certain temperatures. Being familiar with something, and being able to define it to the satisfaction of a
physicist are different things however.

Physicists define an object as being at a higher temperature than anotherefy tile two are put in contact,
heat moves from the hotter one to the cooler one.

So if you took a block of ice out of the freezer-88°C and placed it into liquid nitrogen at96°C thermal
energy would move from the cold ice into the very cold liquitlogien. The ice would get coldeand the ice
would heat the liquid nitrogerausing it to boil. This because18°C is a higher temperature thath96°C.

On the scientific, or Kelvitemperature scaléemperature is proportional to the average kinetinergyof the
individual particles in the objectThat KE, on a microscopic scale, is particle vibrations in a solidamehoim
particlemovement about in a liquid or a gas.

Temperatureon any scale i measure of how fast the particles that make up arjeob ae moving
microscopically

Two objects have the same temperature if, when in contact, there is no overall movement of heairfeota

the other. The average kinetic energies of their particles will be the same. Two objects at the same
temperature wil probablynot have the same total thermal energies, because they are probably made from
very different numbers of particles.

Temperature scales aréefined by taking two physical processes that occur at different temperatures and
using them as your fixegoints, you can then decide how many divisions to chop the gap upTiis.makes

sense if you think abouhe degrees Celsius scale. Anders Celsius chose the freezing of water and the boiling of
water at normal atmospheric pressure to be his two phyisigacesses. He then decided that there should be
one hundred divisions between them, and that the freezing off water would be the zero point on his scale. So
the freezing point of water is°C and the boiling point is 100 because of decisions that Qetsimade 250

year ago, not because there is anything especially important about those numbgrs behavior of water.

Temperatures are measured by calibratsmmething thatphysicaly change when the temperature changes
Calibrating means setting scag agains known values.



The physical change that we most often use is the expansion of aldhtie alcohol, coloured with a dye, in
the bottom of a thermometer heats up it expands. As the alcohol expangsiueezed up a narrow tube. The
higher up he tube the alcohofteades, the higher the temperature. We read the temperature by comparing
the alcohol in the tube with the scale which was calibrated and marked on at the factory.

Hot and cold are not things, they are relative. Most things are hot @egbto the surface of Pluto and most
things are cold compared to the interior of the sun.

Temperatures are changed by there being an overall movement of thermal energy into or out of an object.

1.4.2 Thermal Expansion

You will remember from your chemistithat solids, liquids and gases are different from one another in two
keyaspects

1 Thespacing betweemparticles. @mpared to the particle sizethe spacings arduge for gases, and
small for liquids and solids

I The organisatiorof the particles. The averagpositions of each particle atenchanging and usually
havea repeating pattern for solids, batre randomand movindor liquids and gases.

Usuallyincreasing the thermal energy within an object will increasekimetic energyof its particles, whether
they are moving randomly or held in place and just vibrating. The faster moving particles then spread out a
little to allow for that movementndthe exterior dimensions of the object expand

A weltknown exception to thet § KAy 34 SELJI yR
point:

Volume

Temperature {°C)

Figure 1.1 ¢ KS OKIy3IS Ay ftAldAR gl (685NDa 02 {

The particular bonding between water molecules, and the shape of the water molecules, thatatise
best arrangement of water molecules to form ice crystals is really unusual in having more space bet
the molecules than liquid water does. Ice therefore takes up more volume, has a lower density, than
water. In changing from ice to water (melgj) the gap between water molecules falls. As the
temperature rises the spacing continues to fall a little, and then increases, giving the smallest space
between molecules and the smallest volume &4Above? 461 G SNDR& SELI yaAzy
liquids.

Objects usually expand as their thermal energy rises, astémjperature rises.



The particles that make up the object do not expaugdt is the spacing between them that changes.

1 A gas going from about room temperature to 100 degrees hotter will increase in volume by about a
third (33%)

1 Aliquid doing lhe same terperature change wiihcrease in valme by between 2 and0%

1 A solidwill increase in volume by somewhere between 0.01 and 1%

In general metals increase in length by only ten millionths of their original length for €@ry
temperature rise. However, if you think about a train track that is 200km long (London to Bristol ma
a one degree temperature change will caube tength to increase by 10 millionths, so the increase

given by:

CMMPMINMTE—— CM

A temperature rise of just®C will cause the track to get twaetreslonger, which would be enough to
cause the track to bend, and might endanger the trainhé track were a single piece of metal.

1.5HEATTRANSFER

1.5.1 Heat Transfer in Nemetallic Solids Conduction
Heat transfer in solids is via a process called maé€onduction

A method ofvisualisingthe structure of solids is to imagine each atom as a small heavy ball joined to its
neighboursby springs, where the springs are the bonds. Now imagine a Bunsen burner being applied to one
end of your solid. Those @ins at that end will have more thermal energy and will vibrate very much faster.
The strongly vibrating atoms are attached to all of the rest by the springs and so the vibrations get transferred

along the solid.

Figure 1.51 An atomic lattice representdxy a series of spheres connected by spfings

Conduction in nommetallic solids works by passing thermal energy through the solid by vibrational energy
being passed from atom to atom.

! http://cnx. org/contents/C20Nv@5/ThermalExpansiorof-Solidsan
2 hitp://www.sr.bham.ac.uk/xmm/structures2.html



http://cnx.org/contents/C20NI-lv@5/Thermal-Expansion-of-Solids-an
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The molecules within plastics are huge in comparison with most molechlégsthe bonds that hold the
molecules together to form a solid are weak and irregular compared with many othemetals. This means
that the vibrations are not easily passed from one molecule to the next. Plastics are poor conductors of heat.

Conductia occurs in liquids and gases as well. However, the lack of a regtdagementof bonds in liquids

and the lack of any bonding at all between the particles in gases mean that thermal energy cannot be passed
between particles efficiently. Where the fluid free to move, convection (see below) will dominate over
conduction in a liquid or a gas.

1.5.2 Heat Transfer in MetalsConduction
As with nonametals the transfer of heat through a solid piece of metal is cdlledductionand some thermal
energy is mved by vibration just lik@above There is, however, a second process in metals which is more
important.

Metals bond by sharing their outer electrons across the whole crystal. This means that metals have huge
numbers of electrons available to move around. The proper term is that the electrons in a metal are
delocali®d. In fact the electrons can be regarded as a liquid or a gas surrounding the metal ions, this liquid is
NEBFSNNBR (2 a GKS aasSl 2F St SOUNRya¢o

When a meal is heated not only do the ions vibrate faster, the delocalised electrons also bounce around
FILaGgSNY 2KSNB GKS& FFINB FNBS (G2 Y20S> (GKS TFlLald Y20Ay:
taking their heat energy with them. Each electron mowesy a tiny amount of energy, but there are so many

electrons available to move, $0or 1 followed by 22 zeros of them in one gram of copper, that they have a
large effect.

I
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Delocallsed electrons Meta ions

Figure 142 Aisuali$ G A2y 2F G(KS aasSl 2F Sade@dfiNRyaé¢ ad2NNEPdz

The hot electrons spread through the cold electrons to even out their concentration in the same way that
solutes diffuse through a liquid to even out a concentration gradient. Diffusion in liquids is a topic you will
cover in Biology.

3 https://www.youtube.com/watch?v=ZNTEKYRvico



Metals are herefore excellent conductors of heathe rapid diffusion of hot delocali®d electons allows
thermal energy toquickly spreadthrough a piece of metal

1.5.3 Heat Transfer in Gases and Liqui@onvection
In Physics liquids and gases are both refeteds fluids; both flow to take the shape of their container. In day
to day language only liquids tend to be described as fluids.

Liquids and gases can conduct heat, but only slowly. That is kinetic energy can be passed from one particle to
another as theparticles collide. However, particularly in gases, this is a rare eyestt liquids are poor
conductors of heatand gases are very poor conductors of heat

Providing they have the space to move around, liquids and gases will instead quickly transfea laeptocess
calledconvection Convection is a very effective way to transfer heat energy

Convection operates because, as you learnt in Year 7, less dense things will float in more dense fluids because
of a force known as buoyancy or upthrust.

Buoyancycan operate on different parts of the sanfluid if those different parts have different den®s
because they havdifferent temperatures.

Hot, less dense

. water rises
Convection

current

Water cools,
becomes more dense,
sinks

Figure 1.53 Convection in water being heated at the centre of the base
The steps in the convection process:are

Fluid close to a heat source gains thermal energy and expands

This hotter fluidsnow less dense than the cooler surrounding fluid

Buoyancy means that the less dense, hot fluid floats upwards

Cooler fluid is drawn towards the heat source from the side®eplace the rising hot fluid
That cooler fluid is heated and the process repeats.

apr bR

Note that the thermal energy is moved upwards because the warmer fluid moves upwards. The hot particles

FNBE Y2@Ay3 NI GKSNI (AKd, fecatsk e Hidycy Xotcd Bmeb frovhy@vity/ cbidvection

has a direction where the other two heat transfer methods do qat | @i A NJ NR& & S aaturalvfall R2 Say Qi
or go sideways

* https://lwww.ck12.org/physicakcience/Convectioin-PhysicaScience/lesson/ConvectiodSPS/



https://www.ck12.org/physical-science/Convection-in-Physical-Science/lesson/Convection-MS-PS/

In a closed system, like the saucepan of water being heated in figure 1.4.3, conveatiot only effective in

moving the thermal energy upwards, but also mixes the fldidis iscause the rising fluid above the heat
a2dz2NOS Ydzald 06S YIFIGOKSR o6& RSaOSyRAy3 Tt daonRctidni G KS
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Convection currents are impomd ideas for Geography; weathand plate tectonics are both processes that
happen because of convection currents.

1.5.4 HeatTransfer by Radiation
Radiation is a problematic word in Physics. When you read it you prolaibky @f Nuclear Radiation and its
dangers, butt has a wider meaning. In Physics the word tends to used where there is a transfer of energy over
a distance, but the method of that transfer is not obvious. So Nuclear Radiation is an example; energy is bein
Y2@PSR: Ll2aairote OldzaAy3da RIYF3AST oRadiatiah &s alHeafrdhdfer 4SS K2 ¢
process it is usually Infreed light that we are talking about. This is an energy transfer via waves, just like
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Infra-red Radiation, infraed light, is not dangerous and is definitely not Nuclear Radiation.

It turns out that everything hder than absolute zero, which is of course everything, radiates light just because
of its temperature. It is just that most of that light is outside of the visible spectrum. At normal, day to day
temperatures, everything, including usdiates infrared light. Very much hotter things, like the sun, radiate
visible and ultraviolet light as well.

(InfraNBR f A3KG Aa 2FGSy NBEFTSNNBR (2 ¢Wwhich énft Sfraied, BndLIK & & A 2
6KSy 6S ale aL Oly TFTSStSEKBKKS®IGSOYSAYIA b Oy TS5y
produced by the bonfire being absorbed by our skin.)

Light is energy and so to be radiating light is to be losing energy. However we can also absorb light, and so
Gwlk RAFGA2Yyé a4 | kNGROS & day of B ar gdiniig tbedmalleneRys NJ

An object at the same temperature as its surroundings mhbstabsorbing as much energy from its
surroundings as it isadiating. This is because our definition of temperature says that there is nalbve
transfer of thermal energy between objects at the same temperature. Hotter objects will, however, be
radiating more energy than they receive and cooler objects will be absorbing more than they radiate.

Figure 1.4.4 Pictures of a boiling
kettle taken with a visible light

camera (right) and a thermal infra

red camea (left}

Radiation is usually the least effective
heat transfer mechanism of the
three. However, it has a massive
advantageithe other two processes rely on particles, Radiation, beirfg,lidoes not This mean®Radiation

° https://www.youtube.com/watch?v=CIRrU6JuBOc



can transfer heat through a vacuum. This
lucky for us because without this characterist
of Radiation we would receive little energ
from the sun through the vacuum of space.

1.5.5 Heat Transfer by Radiatian

Surfaes
The fact that everything is radiating ant
absorbing heat does not mean that everythin
is radiating the same amount. Even objects
the same temperature do notnecessarily

The rule that a surface good at absorbing will also be
good at emiting thermal energy by radiation is a
frustrating one for engineers. Think how long coffee

would stay hot if it were in a cup with a surface that
absorbed any light energy around, but emitted very littl¢

In 2014 a group of engineers from Stanford Ursitgr
devised a surface that sidestepped the rule. They mad
surface that was an extremely poor emitter and absorb
{ Ay UKS LI NI 2F GKS aLlSol
! is found, but was also a very good emitter and absorbé
in a narrow portion of te spectrum where almost no

light comes from the sky, but a part of the spectrum

where light is made by warm objects. When put onto
their roof in the Califoria sun their deviceooled down
by 5 degrees, becauseitwi ¢ k § gt | zysunlig

— on a Stanford

radiate and absorb thermal energy at the sa
rates, it depends on their surfase

Radiation from and absorption by an objeg
occurs at its surface. Therefore a bigger surfafge
area means that the Radiation process is moj¢

effective. Roof

Bigger surface area being better for Radiationj§s
true even on the microscopic scale. Matt
surfaces are rough on a microscopic scal
giving them a high surface area, shiny surfaci
are smooth, even on a microscopic scale and [
by comparison have a low surface area. Mat
surfaces are good for the Radiation procesk
shiny surfaces are poor.

Other surfacecharacteristics can also have a
effect; in the visible spectrum something is black because it is absorbing much of the light falling on it,
something is white or silver because it is reflecting most of the light falling on it (we will cover this mane whe

we do Colour in Y9). This means that for Radiation, a black surface is good, white or silver surfaces are poor.

The most important idea to understand about Heat Transfer by Radiation is that a surface that is good at
absorbing heat will also be good anitting heat. A surface that is poor at absorbing heat will also be poor at
emitting heat. Any surface will be both absorbing and radiating all the time, which it is doing the most of will
depend on its temperature compared to thediators (things emittig light ¢ not the white things on a wall)
around it.

Large, kack, matte surfaces are good at atrbing and radiating heat energy via ligfgmall, #gver, shiny
surfaces are poor at absorbing and radiating light.

1.6INSULATION

Insulation is designed teeduce the transfer of thermal energy. It is a common misconception that it keeps
things warm, it is just as effective at keeping things cool, its job is to reduce thermal energy transfer in either
direction.

A good insulator is going to be a poor conduabheat and from the discussion above the poorest conductors
are gases. However, gases are good at convection so for a gas to become an insulator it must be trapped in


http://www.nature.com/nature/journal/v515/n7528/full/nature13883.html#affil-auth
http://www.nature.com/nature/journal/v515/n7528/full/nature13883.html#affil-auth
http://www.nature.com/nature/journal/v515/n7528/full/nature13883.html#affil-auth
http://www.nature.com/nature/journal/v515/n7528/full/nature13883.html#affil-auth

placeand it is this technique that most insulators usdrap air (the poor conductdrin place in a matrix of
something that is still a pretty poor conductor itself. Wool, hair, foam rubber, expanded polystyrene, glass
fibre blankets used in the rodfoft) or around a water tanl all examples of creating insulation by trapping

air.

Whenyou go skiing you are advised to wear lots of layers. Eachd&ydothing traps a layer of ait; is the air
that does the insulating.

Trapped air deals with convection and conduction leaving only radiation, most modern insulation will also have
a silvered outside layer to reduce the transfer of heat by radiation.

1.6.1 Insulation and the Home Air Gaps

Figure 1.61 The sites of heat loss in a hofise

Once you have appreciated that insulation is about trapped air then the function of the air gapdretwo
panes of glass in double glazing is obvious, as is the fact that the air in a window cannot be trapped in smaller
spaces as it is in most insulation.

Windows also do something more complex, they allow in visible ghihich is a form of energyuring the

day there is more visible light outside of a house than inside so a room with a window has a overall energy gain

in the visible light region. This energy gain contributes to the warming of the room. The warm room emits

infrared light. Infraredight does not go through glass as easily as visible and it is possible to add coatings that

further reduce the infrared loss. Thus where there is a window by @bght energy entersinfra red light

energy does not leave the room warms up. This is cadl agreenhouse effect The fact that the atmosphere

does something similar on a bigger scale and thatus addipg @O I f G SNAY 3 GKS I GY23&8LIKSNSB!
is why you have heard the term in connection with global warming, but any window, particalaunny one,

will have a greenhouse effect. By night of course a window is just a conduit for the loss of thermal energy.
Curtains, or shutters in France, trap a layer of air between themselves and the window so reducing this loss.

In older houses the alls also often have an air gap between the inner and outer layers of bricks that form the

walls. These are known as Cavity Wallscavity is an empty space inside an objgand are obviously better

at insulating the house than just a single layer atks. However the air gap is usually wide enough for

02y @SOilAzy (G2 200dzNJ FyR a2 Al g2dzZ R 0SS a&itywsINJ AT (K
insulationé¢ R @ iBigi foam or some kind of air trapping fluff pumped into the cavity to ttlag air in the

cavity in place. New houses will tend to have only one layer of bricks withea of strongly insulatingolid

foam sheet screwed to the wall®old Jersey farm houses will probably only have one layer of grgnite

insulation will need to b retro-fitted.

® http://www.home-heatingsystemsand-solutions.com/thermaheatloss.html
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