PHYSICS IGCSE 2012 EXAM REVISION

By Samuel LeesAfairéhn Guillot
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guantity unit symbol other units
SIUNIT§ mass kilogram Kg g
length metre m cm
time second S h, min
area square metre nt cm
volume cubic metre n’ cm
force newton N -
weight newton N -
pressure pascal Pa N/m
energy joule J kwh
work joule J -
power watt W -
frequency hertz Hz -
PD, EMF volt Vv -
current ampere A -
resistance ohm Y -
charge coulomb C -
capacitance farad F -
temperature Kelvin K -
degree Celsius °C
specific heat capg joules per kilogram ° Celsiug J/(kg°C) J/(g°C)
specific latent heg joules per kilogram Jikg Jig
latent heat joule J -
speed metres per second m/s cm/s or km/h
acceleration metres per second per seco| m/$§

1.1 Length and time

Length

YArule(ruler) is used to measure length for distancesthgtaeter imenSbuanit for length is the meter (m)
yrdfind otite volume oégular objegtu can use a mathdaratigalou just neadake a couple of

length measurements.

yro measure the volamerefjular objemi have to put the objeeasuoraylindewith water. When

you add the object it displaces the water, making the water level rise. Measure

this rise. This isothene of your object. Linear scale
Wicrometers (0.5mm
Anvil - spindle Sleeve Thimble Ratchet markings)
: : j-_ 10 paie e _/E_ﬂ/ Rotating
d main . CUE scale
| | scale rotating ——5 | (0.01mm
\ i scale = markings)
N 40
N Frame

Rotate the thimble until the wire is firmly held between the anvil and the spindle.

To take a reafinsglook at the main scale. This has a linear sddle teagliingesraite every millimetre
theshorter ones denote half a millimetr&hehéoean the rotatingdsttie.2 numberthe scale

on the right it wollcbben + 0.46mm = 2.96mm

Time

YA interval of time is measured yshgSllarksfor time is the second(s)

yro find the amount of time it takes a pendulum to make a spin, time ~25 circles and then divide by
as the number of circles.



1.2 Speed, velocity and acceleration
ySpeed the distance an objedhradives frame. It is measetds/second (m/s) or kilometres/hour
(km/h).

speed = distance moved / time taken
Distance/time graptispeed/time graphs
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yCalculating distance travelled:
-with constant speed: speed x time
-with constant acceleration: (final sppedd)/mhitigleriod of acceleration
yAcceleration is the change peveloitiof timeasured in mpénesecond per secondpont®/s
average acceleration = change in velocity / time taken

a=v-u/s
An increase in spepdsgiaacceleratioa decrease in speeegatave acceleration / deceleration /
retardation.
ylf acceleration is not constant, the speed/time graph will be curved.
yThalownwards acceleration of an object is causedappgrevihostidien an objeetfalin
(falling with nothing holdiBgjietp)are slowed down by air resiataresistance is edoualftoce
of gravity, the object hasteeachaldvelocithis means thilt gtay atanstant velocity. (This varies for
every objette valuggdbravity) on Earting®owevEdm/an be usedrfost calculations.
Gravity can be measured by using:

Gravity = 2 x height dropped / (time)

g=2h7t
This only works thibenis no air resistance, so a vacuum chamber is required.
1.3 Mass and weight
yMasghe property of an object that is a meas\feereissaneetito accetbmsahount of matter it
contains, and itende in a gravitational field.
yWeighs the force of gravity acting omeeasbjedtjin Newtogs/emdy the formula:

Weight = mass x acceleration due to gravity
yWeightéand hence masses) may bewsingparealance
1.4 Density
yTo determine the deadiguif place a measuring cylinder onrdibh#enceabering cylinder with
some liquid. The change in mass is the mass of the liquid and the voluihenisisbdaenfomtltascale
Density = mass / volume

yTo determine theydehait object you use the methods seetitioridfind out volume and then
weigh the object and then use the formula.
1.5 Forces
1.5 (a) Effects of forces
y fote may produce a cls@m®and shape of @bty acceleration or deceleration or a change in
direction depending on the direction of the force.
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elastic limit

Force

failure

proportional lumit

e.g. copper
0 —>
0 Extension
Experiment:
A A
8cm
ﬁ 11 cm
| i — - | - L o 24 cm
(a) 3cm W‘
v V 16 cm
®
o - {c) ,
y iadhgegultaribrceof two or more faotieg along the same line
5 5 10
* + > =

5
= ==

y3 r r 1 N2prngsextehd in proportion to load, as long as tipeg@odiahatisr their
Load (N) = spring constant (N/mm) x extension (mm)
F=k x
yLimit oproportionalitgoint at which load and extension are no longer proportional
Elastiimitpoint at which the spring will not return to its original shape after being stretched
Force mass acceleration
Forces are measured in Newtons. 1 Newton is the amount of force needed to gi# &g an accelerat
think aboutitusingthegf ¢ r  ¢f Us BNwWL 4t rmoérfs?d) e ersn
Circular motions
An object at steady speed in a ¢g@Neay@laitcelerating as its direction is changing, but it gets no clos
thecentre
yCentripetal foie#h force acting towardsréod aanitcleis a force thatéslethot caused by) a
circular motion, for example when you swing a ball on a string round in a circle, the tension of the s
centripetal fdfaee string is cut then the ball will travel in a straight line at a tangent to the circle at th
JonNn sfBéor e Jfws pff (ynNfJrprUs edss) L wl)
yCentrifugal foedeknowasthenonexistent fors¢héorce acting away fromrgtod aemicle. This is
whatakes a slingshot go outwards a3 lyeweptrifilgal force is the reaction to the centripetal force
(yn{JrrUs Joédsn Lwl). 6] ows [(ONNRfumNn miwferrgrf
centripetal force = mass x {fetaditys

YNJJrrUs Jwf{s wsN [r] ¢ér [JoN stLlwumfs mff] o¢e



y N [ [fayolthmtiolf no external for is acting on it, an object will, if stationary, remain stationary, ar
keep moviaga steady speed in tistragghtline
y N [ ["Hay of gnotiBB= m x a -acceleration is proportional to timersejyaproportional to mass
Newton$law of motidmbject A exerts a force on object B ythiexeobgcegual but opposite force on
object A
or, more simply:
To every action there is an equal but opposite reaction
1.5 (b) Turning effect
Moment of a force about &Nbimptforc@N )X distance from pinot
Momenbf a forceragasureddwton metees) be eitblerckwiseranticlockwise
yrurning a bolt is far easier with a wrench because the distance from the pivot is massively increase
turning effect (this also applies to pushifngm doehaepeie compared to néar the hinge
ylf you have a beam on a pivot then:
4f thelackwise moments are gnediter bigem will tilt in the clockwise diceersa.and
4f clockwise moments = anticlockwise moments taquilibeido@am is in

LN 4t JodbrE [odbpe st Uf sNwL Lt Nwst wmr ]

[ 2m T Im ]
Moments about A:
e clockwise moment = 00N * 2m
. = 1000Hm
M X anticlockwise moment =Y * 5m
A Moments balance so:
JY 8Ym = 1000Nm
17 So: Y = 200N
[ X =500M-Y
1 = 500N - 200N
A ‘ 500N E ﬂ J0ON
|

1.5 (c) Conditions for equilibrium

ylf a beam is in equilibrium atheselism moments

1.5 (d) Centre of mass

Centrefmasssan imaginary point in a body (objetbtalimeasttie
body cée thought to be concémirzdkd calculations easier

To find the mmftgravity on a flat object, use the following steps:

1. Get a flat object.

2. Get a stand @hahattine(a string with a weight on it).

3. PuncHh8les in your object.

4. Hang your object from the hole, and attach the plumb line to th
Draw a vertical line where the plumb line is.

5. Repeat step 4 for all the otheeredies.iMes meet isrdafgranity .
(FIY the stshguld be able to swing freely, so should not touch the

_ pin or nail

cork o

stand—

_— plumbline

Fosstabilitthe centre of mass must be over the centre of pressure.

1.5 (e) Scalars and vectors

yAscalaisa quantity that only has a niemititateonly be positive) for examyaetegeadti has
adirection as well as a magniexa@enple velocity, which can be negative.

yMore waystovadtbis yt | owaEr s ys Us [ oNr BN wrn [ oN ) ws wy




11 km, E

1Mkm, N + 1 km, E = 11km, N R
12 + n? - g?
a2 - Rr?
156 = R
1.6 Enerqy, workpamger
1.6 (a) Energy
y dr rmiNnJ r wt @ WRinstienegyordbeepusengiitp pg§itony forexeamppefa ook

on a shelf gesvitationabtenti@nergyit can fall off the shelf. Energgrestarbdrbm one type to

another for example if the book falls off the shelf its gpe is tustee dotoekanipiertheibook stores

gpe, or a starch molecuthstoreginergin its bonds. An object can transfer its energy to,another objec
for exampbmducting heat.

Energy type | What is it? example

Kinetienergy | energy due to motion any moving object

Qavitational | energyom the potential to fall a book ashelf

potential ener

Chemical energy stored in chemical bonds glucoseolecules have energy, but star

potential ener

more bonds so stores more energy

Srairor elastic
potential ener

something compressed or stretc
the potential to do work

compressed spring and stretched elag

Nuclegvotentia
energy

energy releashdn particles in atg
are rearranged or an atom splits

energy Is released when atoms are m
in nuclear power stations

Intern&nergy | kinetic + potential energy -

Hectrical the energy carried by electrons | energyansferred from a battery to a bl
potential ener

Radiatq light | energy carried in light waves light from the sun

energy | soun( energy carried in sound waves | sound from a loudspeaker

yTheconservation of energy priengrigy cannot be created or dbsinoyedk is done, energy is
changed from one form to anotheremjuaymnesample of this is wioee vour cells turn chemical
energynglucodmndsnto thermal and kinetic energy.
Kinetic energy (J) = % x Mass X Velocity
ke =% x mPx v
Gravitational Potential Energy (J) = Mass (kg) ¥ GFeigyni(itm
gpe=mxgxh

1.6 (b) Energy resources
yRenewaldeurce of energy: is inexhaustible, for example solar, hydroelectric, wind etc.
Nonrenewabdeurce of energy: is exhaustible for example fossil fuels
yuelsan be bujtnuclear fuel can be forced to decay) in thernaltzmstorsictenmscal energy
stored to thermal energy which makes steam which turngy)rturers dkice eteetrrity
-advantage: cheap, plentiah low
-disadvantage: harmful pragteses greenhouse gases and pollutant gases, radiation...
yhydroelectdamsriver and rain water fill up a lake behind a dam. Astivateg mubleetatiownturns
turbines which turn generators




ywidabowescheme dam is built across a river where it meets the sea. The lake behind the dam fills \
comes in and empties when the tide goes out. The flow of water turns the generat

-advantagwo greenhouse gases are produced

disadvantagd Y N{ sO1 N, puwyr Ul mN mfdyf] NINBIJONEN
ywavenergygenerators are driven by the up and down motion of the waves at sea.

-advantagdoes not produce greenhouse gases

-disadvantadjfficult to build
yeothermasourcesvater is pumped down to hot rocks deep underground and rises as steam.

-advantag® carbon dioxide is produced

-disadvantadeep drilling is difficult and expensive
ynuclear fissiamanium atoms are split by shooting neutrons at them.

-advantageroduces a lot of energy from using very little resources

-disadvantgg®ducing radioactive waste
wolacells are made of materials that can deliver an electrical sontehgithemetigyy ab
ysolapanetsabsorb the energy and use it to heat water

-advantag®oes not produce carbon dioxide

disadvantaggriable amounts of sunshine in some countries
yEfficiencfitow much useful work is done with the energy supplied.

Efficiency (%) = Useful Work Done (J) / Total Energy Input (J)
Efficiency (%) = UBefeigy Outidit/ Total Energy Input (J)
Efficiency (%) = UBefukr Outpu) (Wotdower Input) (W
yin the sun, energy is created through a muotssssfesithyidrogen nuclei are pushed together to form
helium.
1.6 (c) Work
Works done when ever a force makes something move. Thibulgljdr ol of therk = force of 1
Newton moves an object by 1 metre (agairthié yourerapisycommon sense)
W=Fxd
Work done (J) = Force (N) x Distance (m)

1.6 (d) Power

1.7 Pressure
Jf a heavier person steps on your foot, it hurts more than if a light pershigddezls Hftspseone with
your foot then it hurts more than if someone with large flat shoes does it, so we know that if force in
increasand if area decreases, pressure indmeasesmand

Pressure (Pa) = Force (N) ) area (m

P=F/A

yr'he barometer has a tubeuwith at thatapmercury filemgest. The pressure of the air pushes down on
the reservoir, forcing theupeheutybe. You measure the height of the mercury in the test tube, and th
used arem of mergur760 mm of mercury is 1 atm.
YAmanometereasures the pressure difference. The height diffxeraemesadthextra
pressure in addition to atmospheric pressure.

Power (W) = Work done (J) / Time Taken (s)




Barometer Manometer

oy
- Yaccum
y mercury
lenghth — glass tube
measured |
| I

MEercury

yPressure in liquids isgdilestatpressurdt increasdgh depth and gives foyrttula:
p3 xgxh
Pressure (Pa) = Density) gk@ravity (fhisHeight (m)
2. Thermal physics
2.1 Simple kinetic molecular model of matter
2.1 (a) States of matter
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Solid Liquid Gas

Solidfixed shape and volume

Liquidhas fixedlume but changes shape depending on its container

Gasexo fixed shape or volume, gases fill up their containers

2.1 (b) Molecular model

Solid

1. Strong forces of attraction between particles

2. Have a fixed pattern (lattice)

3. dJ rr stchadggposifon. mf [ puwr U
Liquid

1. Weaker attractive forces than solids

2. No fixed pattern

3. Particles slide past each other.

Gas

1. Almost no intermolecular forces

2. Particles are far apart, and mgesesspigad out to fill up the coxeairesyuamnghessure on all
surfaces.

3. They collide with eadmdtbounce in all directions.

yrhe hotter a material is, the faster its particles move, and the more internal energy they have.
yrhe pressure gases exert on a containpaisicles tmliiding on the container walls.

yif the volume is constant, then increasing the temperature will increase the pressure.

yf you look at smoke through a microscope, you will see the particlesTimeve kmavzigaag motion.
Brownian timn The smoke patrticles have very little mass but are larger enough to be seen. They col
air particles randomly and move in different directions, to give a random motion.




yLiquids and gases do not have a fixed shape bedausesobtlatiragtalk. Gases can be compressed
MNPpWfsN [JONBN ¢5 1 AN[[ T e s esmotexisiNThepartclesif @ N
a solid gaot move because they afetlijgtmhgther by the altnaets/duatn vibrate.

2.1 (c) Evaporation

yE\aporatioreonstantly occurs on the surface of liquids. It is the escapeafttblefiniie rmoeegetic
energeparticles escape, the liquid contains fewer high energy padisegyapartictes fmtbe

average temperature decreases.

JEvaporation can be accelerated by:

{ncreasing temperataoge particles have enough energy to escape

{ncreasing surface: aneae molecules are close to the surface

+educe the humidity lethel airmolecules in the water vapour return to the liquid at around the same r
particles escapdidhid, when the air isf toengal: is less humid, fewer particles are condensing.

blow air across the sur@wm®ves moleculeshmfaa@nt return to the liquid

2.1 (d) Pressure changes

The relationship between pressure and volume of a fixed ateoype et gascatralfexedpressed by

the formula:

PxV=RXx
This is also knodirag | NThisis prough lynettec theory. Vidduene is halved and the same amount of
gas is on the inside of the twigaiasmany impacts will occur on the surface.
2.2 Thermal properties
2.2 (a) Thermal expansion of solids, liquids and gases
yoolids, liquids and gagsesl when they are heated as the atorasdithiateanses them to become
further apart, taking up a greater volume.
JEveryday applications and consequences:
-hot water is used to heat up a lid of a jar, to make it expatodiesndbat it is easier
<the liquidirermometerspand and contract when temperature changes, the volume of the liquid taker
tube can be used to find out the temperature
-bimetal thermasidien the temperature gets too high, the bimetalstrigobhéantts, deparate until the
temperature falls enough, then the metal strip will become straight agdmraathtaim costaatly/touch
temperature
TINBONWN pwmiNs QWU N [ r mN s oudtacke r [ owf ¢
-gaps haventeft in bridge to allow for expansion (rollers allow the bridge to expand)
yyereg w e¢lNn ruwss re cws wf Kewifirsl wyyg wheg.spt
JExpansion is highest in gdspsdghand lowest in solids.
2.2 (b) Measurement of temperature
YA physical property that varies with temperature may be used for measurement of temperature for
diquidnglass thermomettee property is thermal expansion. As teprdelistutteerisgsd (mercury or
alcohaxpands or contraetsnfount of expansion can be matched to a temperature on the scale.

expansion mercury/alcohol
bulb thread reservoir

capillary/bore / glass stem/ glass bulb

<thermistor thermontgkgitkhe probe con&timsrmistor is a material that becoelesteadadtter

conductor when the tempezajis@ a higher current flows from a battery, causing a higher reading on
thermocouple thermofnigtedhe ptme contains 2 diffeetalwinethetalto form 2 junctions. The
temperatdiiference causes a tiny voltage which makes a current flow. A greater temperature differe
greater curr€hermocouple thermometers are used for high temperatures which change rapidly. The
rangeZ00C° to 1100°C) and caretteatdm electrical circuits or a computer.




digital meter measures
current and convertstoa
temperature reading

copper wire

probe

contains

thermistor battery (inside)
supplies current
for thermistor

cold
junction

probe contains
temperature-sensing junction

yFixegbointsre definite temperatures at whichampeeth{mgpersvater freefies melts: liheer
fixed pointrice poirgnd whenrevater boils:upper fixed pardteam
point whichre used to calibrate a thermometer. I ot
yCalibratirghermometgight): |
place thermomatezlimge. Where the thread is now is 0 °C. =
place thermometer in boiling water. Where the thread is now is :
ysensitivity
To increase the semditivéiymometers you have to put the liquid in
tube. This makes more distance for same amount ofMgpaunyion (
expands less than alcohol. Sensitivity can be increased by using
expands more during a tempegature chan
yRange
The maximum and miemperatofeéhermometers Finding th lower fixed point  Finding the upper fxed pont
Mercury39 °C to 500 °C
Alcohot#l5 °C to 68 °C
yResponsiveness
How long it takes for the therneawiet@atchange in temperature (increased by making the glass bulb
or making the bulb pmaller
JLinearity
If the sizes of the individual degrees are closer to each other then it is more linear.
2.2 (c) Thermal capacity
WWhe something has a rise in tentpetatoat eneiggreases.
yrhermabpacitycapacityr absorbing thermal energy, given by this formula:
Thermal capgei specific heat capabgy(dass
yBpecific heat capasitiile amount of energy needed to raise the tesgpmratfra sfiistdnce by 1°C,
the unit for specific pacityc#(Kg°C)
Specific heat capacity = energy transferred / (mass x temperature change)
c=E / (I‘T‘an) | thermometer
Energtransferred = mass x specific heat capacity x temperature
E = mqrl

YArexperimecdn be carried out to find the specific heat capacity of a sut
know the power of the electric heater, the amount of time it is left on, th
being tested and the temperature change. For a liquid,etidantae sxmalg:
like Aluminium, holes have to be drilled in for the heater and thermome
Power of heater x time left on = energy supplied by heater
Energy supplied by heater / (mass x temperature change) = specific he ‘.
The experiment makes no allowance for any thermal energy lost from tl._ ___.._., _f‘ssten e

|

power supply

|

1

electric
heater

water



of ¢ is approximate.

2.2 (d) Melting and boiling

WWhen melting or boiling a substance, energy is put in, but there is no change in teniperature. The
called thaent heat of fusion/vaporigatitange of state happens when the particles have enough ener
overcome the forces between them. In melting, the solid vibrates so much that the particles can bre
positions.

The laté heat of fusion is the amount of energy needed to melt 1Kg of a substance.
The latent heat of vaporisation is the amount of energy needed to boil 1Kg of a substance
When a substance freezes it is losing the same amount of enefiggi@s the latent heat of

WMeltingoints the temperature at which a(substahstate)ts (it is equal to the freezing point)
yBoilingoints the temperature at which a(subgqtadcate) ¢ 1 s ( Y{rf nr(r Uf] s uwt |

yCouensaticaandsolidificatiomwvhen a gas turns back into a liquid. When a gas is cooled, the particles
energy. They move mo@aistbwly. When theydaaghiother, they do not have enough energy to
bounce away again. They stay close together, and a liquid fwyois, iMapardicles slow down even
more. Eventually they stop moving except for vibrations and a solid forms.

yEvaporatiamdoilingevaporation constantly occurs on the surface of liquids. Theebagipenergy particle
from the ligengin at low temperatures. Boiling occurs at(iHeebgnglidanat know that) and then the
liquid evaporates everywhiggaith(that just on the surface) and is much faster.

Weasure the specific lantdp@isation/fokion

1) Icélthe apparatus is set up like in thelovagrathe yeit need to know the power of the heater, how
long it is left on for, how much water is produced in kilograms then you do the following calculations
Power x time = energy transferred

Energy transferred / mass = latent heat of fusion

So, (power of heater x time left on) / mass of Wikigramkstakéheat of fusion

2) Watkthe apparatus is set up like in tbe thiagrgiithe electric heater ioleét oertain amount of
I¢er (trf nrrVUl ou N Jr mréy wil [JoN JwfNE,
on for.

Power of heater x time left on / change in mass = latent heat of vaporization.

electric heater

——— finely crushed ice

beaker

40W electric heater = ——— glass funnel water

1

. |___ stand with clamps to hold
funnel and heater
5 255 2 mass balance
4
e R

2.3 Transfetharmal energy
2.3 (a) Conduction




Thesexperimsrshowhich metal is the best cangpetoafiyl and whicthe worseg! am)

boikng r rods coated with
water \ » a thin layer of wax
\ P s when cold
S

bolng
water

: 0 >
on N \
{ 4
Auminium % gauze to
{rap ke
copper
<

sold wax -

melted wax

A This expeniment shows that water is a poor
thermal conductor, The water at the top of the tube
can be boiled without the ice melting

A B c D

A Companng four good thermal conductors. Ten minutes or so after
the bodling water has been tipped into the tank, the length of melted

w e wihich matarial ic the he<t conductor.

\\1 /4

heated end

heated end

before heating after heating
Conductiom nometalsvhen heat is supplied to something, its atoms vibrate fastbratm@hpass on their

to the adjacent atoms. lbquethlstiongeys in the previous way ¢ * ' -
quicker wadsome electrons are free to move, they travel randon —

and collide with atoms and pass on the vibrations. — .
2.3 (b) Convection water L e

Convectioas #uidliquid or gagsyms up, the particles which are v i
become less dense and rise. They then cool and fall back to tt
creating a cycle calbedection currekd particles circulate they tre

energy to other pattialesoling objabbige a fluid it will create a potassium A
convection current (like the freezing compartment at the top of i H
2.3 (c) Radiation colour water

Thermal radiation is maiely werges, but very hot objects also give out-tigghtradime $s (pdira of
the electromagnetic spectrum.

Matt Black White Silver
emitter best worst
reflector worst best
absorber best worst

An emitter sends out thermal radiation. A reflector reflects thermal radiation, therefosdlis a bad absc
cool down quickly, an absorbapwnibreegtiickly and a vaflexibheat up quickly.



metal cube

thermometer thermometer
= matt
black white

matt
black

7

;. ”?it
o /

meter e containing
boiling water
heater
Comparing emitters The metal cube is filled with boiling water Comparing absorbers The metal plates are placed at the same
which heats the surfaces to the same temperature. distance from a radiant heater. To find out which surface absorbs
The thermal radiation detector is placed in turn at the same thermal radiation most rapidly, the rises in temperature are
distance from each surface and the meter readings compared. compared.

2.3 (d) Consequences of energy transfer

Applications )

Ssrlws YW NL: JeN sfrUs [ onNnsr wl ipesigontainjifiggvatgr ¢ s
srefrigerator: the freezer compartment is located at the top of the refrigerator. It cools down the air w
Any warm air rises to the top and then is cooled. This creates a convection currematurech maintains
-metals are used in cooking pans because they conduct the heat well

Consequences

-ametapoon in a hot drink will warm up because it conducts the heat

-Convection currents create sea breezes. During the day the land is weceldbingdrectsgis heat sou
the sea acts as the heat source.

)\
; . S )
| During the daytime, in hot A air cools % -~

sunshine, the land heats up

more quickly than the sea

v q o S
Warm air rises above the ,/ V/l "

| cool dr sinks

land, as it is displaced by

cooler air moving in from ',

the sea wind towards coast

? g s - o - = O >‘__AA-‘_'
- ‘:'_ as ar @A = < - P -
! Al night, the reverse l ?? g »

| happens. The sea stays
| warmer than the land,
which cools down quickly.

| warm air rises
Warmer air now rises

above the sea, as it is ’\
displaced by cooler air ©.
' moving out from the land

“r -~ -~ = -~ = S -
~— “~r “~ sea warmes than land

-a black saucepan cools bettetdlmreawltiie houses stalyazodink ones.

3. Properties of waves, including light and sound

3.1 General wave properties

Wavefranihe peak of a transverse wave or the compression of a longitudinal wave

ypeedhow fast the wave rimaeslsredrirs

yFrequencthe number of waves passing any pomepsusghertd (Hz)iven by this formula:
Frequency = 1/ period




Wavelengthe distance between a point on one wave (e.g. the trough) to the equivalent point on the
meters.g. from crest to crest or compression to compression

YAmplitudéhe maximum distance a wave moves from its restpesiamseghen a

yPeriodthe time taken for one ossélatindsn

)= wavelength

V' = amplitude

ylransverseavege.g. light wakaspscillations ataighie® the direction of ikdnegk as in
longitudinalavetheoscillations are in the directiof eiStraxsd walagerestgpeaks) anoughs
where as longitudinal{evgvesund waaasgompressioasdarefactions

DIRECTION OF > . DIRECTION OF >
ENERGY WAYE ENERGY WAYE
- Spring moves up and down
), T SN 11
19772) ) i1 | | R
@, [ s e 1 uRTRRRRY
“) W), NY Spring
N \) 7 J & '\“‘ Compression moves back and forth Rarefaction
) ) ) &
\ \\ \ N \\\
W) LYY
LANS S

Reflection, refraction and difiohetairr waves
Refraction:

deep water shallow water shallow water deep water

Reflection:

crests

normal

direction of
wave

reflective
surface

Diffraction:

P ) J

Reflectiomnvavdsounce away from the surface at the same angle they strike it, (angle of incidence = ¢
reflection).




Refractiomhen the water waves pass through shallower water they slow down the waves. When we
they change direction.
Things to noteugéfaction:
-waves slow downtlhdepag®m a less to a more densandateealersa
-when a wave is slowed down, it is refracted tovards the normal
-when a wave is sped up, it is refracted away(ifrom) the normal
-deep watedesser than shallow water
Diffractionvaves bend round the sides of an obstacle, or spread out as they pass through a gap. Wi
produce less diffraction.
yr'he wave equation is:
Speed (m/s) = Frequency (Hz) x Wavelength (m)
v="f®
3.2 Light
3.2a) Reflection of light
ylane (flat) mirrors produce a reflection. Rays fronf the obj(A'K_
mirrortmour eyes, but we see them behind the mirror. The =
properties:
the image is the same size as the object
the image isstimae distafroen the mirror as the object
-a line joining equivalent points of the image and object me
right angle
the imageidualno rays actually pass through the image ar
cannot be formed on a screen
yLaws of refien:
Angle of incidence = angle of reflection
The incident ray, reflected ray and normal are always on tl
(side of mirror)
3.2b) Refraction of light
JExperimental demonstratioptidaltpen method

Place a rectangular glass wshateshaet of paper fixed on a drawing board.

Trace the boundary ABCD of the glass slab.

Remove the glass slab. Draw an incident ray 1O on AB.

Draw the normal at point of incithenagl{NN

Fix two pins P and Q on the incident ray 1O.

Place tigéass slab within its boundary ABCD.

Looking from the other side of the glass slab fix two pins R and S such that your eye and the fee
in one straight line.

Remove the glass slab and the pins. Mark,tie Rampdmts P

Jon OOIt is the refracted ray.

10. Measui<l, £r and Ze. Zi, Zr and Ze gre the angle of incidence, angle of refraction and ang
of emergence respectively.

11, £ = 2 and i = Ze ) o
12. Extendi©backwards. The emergent ray is parallel to the incident ray.

N o a ks wde

© ®



Ray box method

Using the ray box pass a ray through agidstweshbeairof paper. Mdairkdvem the incident ray with

your pen/pencil on thengmpénetrefracted ray, 2 of the emergent ray and the outline of the glass slab
connecting the gou can produce a diagram like the one below, a protractor is used to find the angle:
WWhen a ray passes through a parallel sided transparent material its passage will look like this:

Emergent Ray

Refracted Ray

Incidence Ray

Note: the emergent ray is parallel to the incident ray.
yCriticadnglethe angle at which the refracted ray is parallel to the surface of the material. If the angle

greater than the critical angle there is no refraotedliragrriaéreflectibine angle of incidence is
less than thiéaal angle the incidence ray will split into a refracted ray and a weaker reflected ray.

critical
angl

stron ,
g total internal

weak
reflaction reflection reflaction
i < critical angle i = critical angle i = critical angle

Refractive index = speed of light in vacuum / speed of light in medium



Refractive index #/smr
When the incidence anglaasiegeatical ahglengle of refraction is 90° (parallel to the surface). Since
sin90° equalthén a ray coming the other way (the arrow is inverted) would have an angle of inciden
anangle of refracionod e [ N W) 14t F(N44Us 1 w{:
n = sin90° £sin

Sin(critical angle) =1/n

Critical angle ={dim)
YOpticdlbreslight put in at one end is totally internally reflected until it comes out the other end. This
communications sijasds are coded and sent along the fibre as pulses of laser light, and in medicine
endoscope, an instrument used by surgeons to look inside the body. It contains a long bundle of of
3.2 (c) Thin converging lens
WPrincipébcusthe poinhereays parallel to the prinapalvaxigath a converging lens
yFocdkengthdistance from the principle fooyieaicctere
WPrincipal axtbe line the goes through the optical centre, and the 2 foci.
yOptical centthe centkthe lens

Thisisreaimagé [ oN[ [ N rmiNpf o¢s ®Bf B] oNB W wyt esvry

A)A ray through the centre of the lens passes straight through the lens.
B)A ray parallel to the principal axis passes tlooulgh ttlediosige of the lens

9) d BWl Joesrfcee U [o6L14 LNWIN [ON LN[S ) WBUW

yrhis isvartual image{ eNn[{ [ N rminNpnf ¢ nNnlrsNs [r [ ON 7]

WMagnifyirglasswhenaonvex lens is used likedhjsct is @oso a convex (convergihghltdres

principal focus (like the diagram above), the rays never converge. Instead, they appear to come fro
the lens. The image is upright and magnified, it is a virtual imaae.
3.2 (d)ispersion of light

yRefraction by a prism: When light is refracted by a prisir
isnoparalledl oN N NBEN[ [ B uppparallgid «®
a beam of white light is passed througlispenssititd & ,,@ﬂge“;co"e
spetrum White light is a mixture of colours, and the prism
colour by a different Bneduistdeviated the least and violet
3.2 (e) Electromagnetic spectrum

VAll electromagnetic waves:

travel at the speed of light/8 x 10

-do naotee@ medium to travel through i.e. can travel through a vacuum
-can transfer energy

5 U
Oompgsggt'nto S son




-are produced by particles oscillating or losing energy in some way

-are transverse waves

yJses:

Radievavetradio and television communications

Microwavésatellite television and telephones

Infraredelectrical applignadmnt heaters andrgrillsie controlléesefdsions and intruder alarms
XraydUmedicineréy photography and killing cancer cells) and security

yeafety issues:

XraydJis a mutagecaise cancer (mutations)

Microwavdsause internal heating of body tissues

yonochromatight of a single wavelength and colour (used in lasers)

3.3 Sound

yProduction: sound waves come from a vibrating sdaums feradoeginfselze loudspeaker cone vibrates,
it moves forwards and backwards, which squashes and stretches the air in front. As a result, a seri¢
(squashes) and rarefactions (stretches) travel out through the air, these are sound waves.

ysound wavedargitudinahey have compressions and rarefactions and oscillate backwards and forw
yHumans can hear frequencies betwe@0R{ and 20

ysound waves nesztlairfa material) to travel

through. el Fmasane
JExperimeflYhen sound reti#fas a wall, it vk S5 - i s
come back to you. This is whaisyaednear

If you know the distance between you at:
and measurelbow it takes for the echo tc:
you can figure out the speed of sound inzgiii | -~ - Hasigedi Do DR T D L
Remembetatke into acctattthe sound has A —

Motion of air molecules Propagation of

gone there and back associated with sound.  S0UNd
Hgher frequeYicst higher pitch
Larger amplitddeuder sound

yCompressidmngh pressure section of the wave
Rarefactiolow pressure section of the wave

b3,

yBpeed of sound is highest in solidgO@@mésetben in liquids (pure water: 1400m/s) and slowest in ga:
(air: 330n)/s

4. Electricity and magnetism

4.1 Simple phenomena of magnetism

YMagnets have threperties

-has anagnetieldaround it

-has 2 oppopiaegN\orthor nordeeking pateouthor soudeeking polich exert forces on other
magneiske polespeand unlike patasct

-will attract magnetic maiedalsipermaneoitemporarynagnetism in them.

-will exert little or nomoaceamagnetic material

ynducemhagnetismagnets attract materials by inducing magnetism in them, in other words the mate
a magnet as well. The side of the material facing the magnet will become the opposite pole as the r
JFerrousateriahagnetianything which contains iron, nickelndrecotzajnetised
WoHerrousnaterialoamagnetic e.g. copaketchyputtanoodasgravy (poefm.

WWagnetisatiorethods:

{nducing magnetism produces a weak magnet. It can be nsagrkatigéith sinenghgl lmf a magnet, in

one direction.

the most effective method is to place the metal inslengjémitigiagsen largEliBaCt currént

throughe coil.

yDemagnetisatoethods:




-SMASH IT WITH A HAdAdpiRdG etc.

-heating to a high temperature

-solenoid method but with alternating current

yron vs. st@eln issoffferromagnetic material meaning ** **+"
magnetise and demagnetise easiharS§erebisagnetic
material meaning it is hard to magnetise argbftemagr
ferromagnetic materials are used to create temporarn
example the magnelttslittziars in a rubbish dump, or th
in a circuit breaker. Hard ferromagnetic materials are DI v
permanent magnets like fridge magimetsagnsets. The pointer of the compass is pointing towards
The magnetic field lines go from north to south. The | the direction of the field

magnet canfbund by placing a compass nearfthe may,....

needle will point the direction of the magnetic field line.

4.2 Electrical quantities

4.2 (a) Electric charge insulator Metal cap
yDetecting charge @’

You can detect an electrostatic chieafe using a  vacun &) e

electroscope

If echarged object is placed near the cap, charges
The metal cap gets one type of charge (positive ¢
the metal stem and gold leaf get the other type of
repel eacther.

yrhere are 2 types of ghasge®ndegative Sl

ynlike charges attract and like charges repel.

\Electriielda region in which an electric charge experiences a force

yConductarmaterials that let electrons pass through them. Mistetiscalectirelbegirs aavihey
freeelectrond his also makegjtimiinermabnductors

ynsulatorsnaterials that hardly conduct eliealicofiseare tightly held doctoandly move, but they can
be transferred by rubbing

yrhe Sl unit of charg€@itom(cC).

Electrfeeld lines

Gold leaf

ynduceBharge W powsB EN [ owf YwiyiNwssb [ wr frpows
a positively charged rod is brought near a small piece of aluminium foil. Electrons mothe foil are pull
which leaves the bottom of the foil with a net positive charge. The attraction is stronger than the rer
attracting charges are closer than the repelling ones.
4.2 (b) Current
yCurrent flow of charge, the Sl dmipsnighe.
YAnammeteneasures the current inlaisicannected in series, the current is a rate of flow of charge.

Charge (C) = current (A) x time (S)

C=Ixt

yrheonventionalirrendirectiois the direction the positive particlesnvaiiid isatred oppbsiteat
actually happernsisathe negative pdeiet#sons) that move. Conventional current is indicated with arro
the linda/irestonventional current goes from the positive side (long linenegzlidrarden(phorth



line in cell drawing). Actual current goes from (bleonelyaeive cédledrawing) to the positive side (long lin
in cell drawing).

4.2 (c) Eleetnotive force

yrhe maximum voltage a cell can produetesticatietitedqiER| - neasuredaitsWhen a current

is being supplied, the voltage is lower because of the energy wastage inside the cell. A cell produce
when not in a circuit and not supplying current.

4.2 (d) Potential Differenc
yotentidifferencer PD for short, is also kroitage¥oltage isahmount of energy the cell gives the
electrons it pushes out. Voltage is volg8)raddris measureshsnatéconnected in parléel)
cell has 1 \ibttelivers 1 Joeearfy to each coofaindér§d/C).
Voltage = Energy / Charge
Volts = Joules / Coulomb
V =EC

4.2 (e) Resistance

Resistancé)(= potential differen¢e@uent (A)
R=V/I

yFactors affecting resistance:

-Length

Doubkie length = double the réprsiportmnal)

-Crossectionarea

Half the cresstional area = double the (@sistarbeproportional)

-Material

Better conductor = less resistance

-Temperature

For metal conductors higher temperratsistancaore

For semmetal conductors higher temperature = less resistance

The V =IR law can be investigated with the following apparatus:

battery
(or low voltage supply)

foef—— A

0.5
variable
resistor /\ RIEICIEs <A> 0.4}
[V
hﬂ\/bj
. voltmeter ' 0.3}
0.2}
+—— water to 0.1}
keep
nichrome —— nichrome L L L L L
wire at constant ] y
Ui temperature 1 2 3 4 5 \

4.2 (f) Electrical energy

Electrical power = Voltage (V) x Current (A)
P=VxI
Electrical energy (J) = poweini@)s)



E=Pxt

Electrical energy (J) = Voltage (V) x Current (A) x time (s)

E=VxIxt
4.3 Electrical circuits
4.3 (a) Circuit diagrams
Componer| Symbol Function
Source Cell I Cell Supplies electrical energy.
The larger terminal (on tpedéft)
Battery h ..... } (+). ) .
BatterySupplies electrical energy
, . o & battery is more than one cell. Th
Direct Current o O . . "
terminal (on the left) is positive
Alternating Current DC flows in one direction
(Winica Supply) enve AC flows in both directions
Switch _O__/—" Allows current only to flow when
o— is closed
Fixed — — Restrict the flow of current.
resistor
Variable Used to control c(byerdrying the
resistor Aii resistance)
Lamp ' Transducer which converts elec
‘ energy to light
Ammeter Q Measure current
Voltmeter j Measure voltage
Magnetisin m\ < @6 nrrUl Tprr/J
coil
Transformi Two coils of wire linked by an irg
Transformers are used to step u
(increase) and step down (decre
voltages. Energy is transferred k
the coils byrttagnetic field in the
There is no electrical connectior
the coils.
Bell Transducer which converts elec
B energy to sound
Fuse A safety device which will 'blow’
— the current flowing through it exq
— specified vahreaking the cicruit
Relay An electrically operated switch,

example a 9V battery circuit con
the coil can switch a 230V AC
(fJfoN [N [ | O®




since tledectromagnet is used to
away the contactscanersi

Diode A device which only allows currg

L]
in one direction.

Transistor Atransistor amplifies current. It g
used with other components to |
amplifier or switcinaugt.

4.3 (b) Series and parallel circuits

yrhe current at any point in a series circuit is the same

yThe current splits at each branch in a parallel circuit so the total current is always greater than the
branch

yCombining Resistors

In series:

Rotaf: R+ B

In parallel:

Rotaf: 1(1/8-'- 1/3

yrhe combined resistance of 2 resistors in parallel is less than that of either resistor by itself
yr'he advantages of putting lamps in parallel are:

4f one lamp breaks, the otbetsstill

-each lamp gets maximum PD

yin serieBD across the supplcroB®all the components combined

yin parallel: Current across the source = sum of currents in the separate branches

4.3 (c) Action and use of circuit components

YApotentialividedividgthe voltage into smaller parts. To find ¥ewplieges@the following formula:

Vout: \AX ( B/ |:gotal)

R,

R Vour

VA variable potential gvidetigmetés the same as the one above but using a variable resistor; it acts |
potential divider, but you can change the output voltage.

yrhermistonput sensor and a transducer. It is alepapdeaturesistor. At higher temperature there is les
resistance.

\Lightlependent resigt®R): input sensor and a transducer. When light intensity increases, resistanc
decreases.

yCapacitostore small amounts of electric charge. If a capaeaipaichias@highericrofaradans

they can store more charge. Theyiarelelsgccircuits.

yRelaya switch operated by an electromagnet



Connect to 2nd circuit

2nd switch ‘

2
Iron armature

\VAVAVAVAVAVAVAVAVAVAY)

Electromagnet 1st circuit
| ........ '_o/o
1st switch

Normally claséay (symbol): Normally opslay (symbol):

| l

yDiodea device thas an extremely high resistance in one direction and a low resistance in the other,
effectivalyly allows current to flow in 1 direction (tpeiatiogviohieisonventional current
directioRdrwarkiags when the diode is pointing in the direction of the conventistghgsirrent and

the opposite

Itcan be usedriecéfierA rectifierd@ current intoudient.

AU A
VAR VAR l

_D|_ 12V e

NN N

DCOu red black
Diodes work when the PD exceeds 0.6V so the Pvesldclon&nikegréb:
1.0~|
3
d
-0.6 0 +0.6
reverse forward By,
Semiconductor diode The current is not proportional to the PD collector (C)

And if the PD is reversed, the current is almost zero. In effect, the
diode ‘blocks’ current in the reverse direction.

ylrransistoused for amplifying signals and ftirrasittihegyterminamittebaseand

collectoiUsing a transistor, a small currentéaronertir@sity large current inttiee ¢ ©.
conventiooairent direction has to be the same as the arrow for it to work. If nc from
the base to the emitter, the transistor has ddvidbkitheft@ffect

emitter (E)



T .

Currentin a traﬁsigtow ¢
Current gain.£}

In theet upn the righie transistor will switch on and the bulb will light when the resistance is high in tl

resistor. Using thermiatigist@pendeasistor instead of the variabtheesistor,can act by itself for

example a heaterswitch on when it gétsedotohsistor will switch on when the voltage exceeds about O

4.3 (d) Digital electronics

VAnalogugses a whole ramgatifiuousriationts transmit a siDmgitagignals use only 2 states, on and

off. Witn and off signals logic gatasezhtobeanipulatelibgspatesire processors (manipulate the

signals) thag circuits contéiamgist@sd other comporiégis are the logicthateve neeinow:

]

-
»

Gate Symbaol Input A | Input B | Output

NOT Gate o 1
1 o

None

AND Gate o o o
[1] 1 o
1 o o
1 1 1

OR Gate 1] o o
o 1 1
1 o 1
1 1 1

NAND Gate o o 1
o 1 1
1 o 1
1 1 o

NOR Gate o o 1
1] 1 o
1 o o
1 1 o

4.4 Dangers of electricity

yDamaged insulatatact with the wire (live wire especially) due to gap in éhecinsushibmk causes
which can cause serious injury or shock.

yOverheating of calileang extension leads are coiled up, they may overheais Tiewuedntatvar

the heat has less area to escape from a tight bundle. This might cause a fire.

ypamp conditiaser can conduct a current, so if electrical equipment is wet someone might get elec
JFusesa thin piece of wire whichsovedheaty, 1 NJ [ s ([ ®N ef sN Umyr [sU)
live witeefore the swiktiis prevents overheating and catching fire. A fuse will have a specific current \
13A) so when choosing a suitable fuse ymnenwstictsedah have the lowest currentthalue but over
current value of the appliance.

*The plug:




yCirculbreakeran automatic switch which if the current rises over a specified value, the electromagn:
contacts apart, breaking the circuit. The reset button is to rest everything. It works like a fuse but is
can be reset.

reset button

Spring

current current

contacts

i electromagnet
iron catch

4.%Flectromagnetic effects
4.5 (a) Electromagnetic induction

VAN induced EMF can be made in several ways:
1. If a wire is passed across a magnetic field, a small E
this islectrongaetic inductidhthe wire forms part of a col
circuit, the EMF makes a current flow. This can be dete
galvanometdére EMF induced in a conductor is proportic
rate at which the magnetic field lines are cut.by the cor _
The induced EMibe increased by: S g i

-moving the wire faster

-using a stronger magnet

increasing the length of wire in the rofmrestamfield, looping the wire through the field several
times.
The current and EMF direction cad bg: revers

-moving the wire in the opposite direction

‘{urning the magnet round so that the field direction is reversed
The current direction is giyen gy ¢ thand sde 5 ¢ E |

motion

>l .

) 7 2
2,
C
%
<,
1}/ »

2.A bar magneushed iataoil. If the colil is part of a circuit, a current will flow;



The induced EMF (and current) can be increased by:

-moving the magnet faster

-using a stronger magnet

{ncreasing the number of turns in the coll
-f the magnet is pulled asviagctibie of the induced EMF (and current) is reversed
-using the S pole instead of teeddgdsie directiémhe induced EMF (and current)
4f the magnet is held still, there is no EMF
An induced current always flows in a diredijmposestthieathiange which pikdtheced magnet is
moved towards a coil the pole of the coil and magnet next to each other are the same. When the m
away the poles are ofgmmitdte poles affitaef)otgpe (north or soutmtislied by the direction in
which the current is iffithecdtection of the current is gigéthapdhgrip rule

The fingers point in the conventional current direction andldnghtRokab gives the

4.5 (b) A.C. generator

yThe coil is made of insulated copper wire and is rotated bystirmingateefsteafttonthe coil and

rotate with it.brheheare 2 contacts which rub against the slip rings and keep the coil connected to tt
part of the dirasually made of carbon. When the coll is rotated, it cuts magnetic field lines, so an EN
which makes a current flow. Each side of the coil travels upwandpwedsietensairtie tharent

flows backwards then forwlaadkvlaeds etc. so it is an alternating current. The current is maximum wt
coil is horizontal since field lines are being cut at the fastest rate and 0 when the c@ll is vertical, sinc
field linéghe EMF can be increased by:

{ncreasing the number of turns on the coil

{ncreasing the area of the caill

-using a stronger magnet

+rotating the coil faster

























