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Units for IGSCE:

guantity unit symbol other units
Sl Mass kilogram Kg g
UNITS | length metre m Cm
Time second S h, min
Area square metre m? cm?
volume cubic metre m3 cm?
Force newton N -
weight newton N -
pressure pascal Pa N/m?
energy joule J KWh
Work joule J -
power waltt W -
frequency hertz Hz -
PD, EMF volt \Y -
current ampere A -
resistance ohm Y -
charge coulomb C -
capacitance farad F -
temperature Kelvin K -
degree Celsius °C
specific heat joules per kilogram ° JI(kg°C) J/(g°C)
capacity Celsius
specific latent joules per kilogram Jikg J/g
heat
latent heat joule J -
speed metres per second m/s cm/s or km/h
acceleration metres per second per m/s?
second

1. General physics
1.1 Length and time

Length:
A Aule (ruler) is used to measure length for distances between 1mm and 1meter; the Sl

unit for length is the meter (m)

ATo find outareéghler objert, yourtan usefa mathematical formula, you
just need to make a couple of length measurements.

ATo measur e tamieregular bhjesteouddve to put the object into
measuringcylinder with water. When you add the object it displaces the water, making
the water level rise. Measure this rise. This is the volume of your object.
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Rotate the thimble until the wire is firmly held between the anvil and the spindle.

To take a reading, first look at the main scale. This has a linear scale reading on it. The
long lines are every millimetre the shorter ones denote half a millimetre in between.
Then look at the rotating scale. Add the 2 numbers, on the scale on the right it would be:
2.5mm + 0.46mm = 2.96mm

Time:
AAn interval of time is measured unsl(B)ng cl ocks
ATo find the amount of time it takes a pendul

then divide by the same number as the number of circles.
1.2 Speed, velocity and acceleration
ASpeed is the distance an object moves in a time frame. It is measured in
metres/second (m/s) or kilometres/hour (km/h).

speed = distance moved / time taken
Distance/time graphs and speed/time graphs:
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A C aating distance travelled:
-with constant speed: speed x time
-with constant acceleration: (final speed + initial speed)/2 x period of acceleration
A Acceleration is the change in velocity per
per second, or m/s? or ms™.
average acceleration = change in velocity / time taken



a=v-uls
An increase in speed is a positive acceleration, a decrease in speed is a negative
acceleration / deceleration / retardation.
A I'f acceleration is nraphwitbhecusredant , the speed/
A The downwards acceleration of an object is
when an object is in free fall (falling with nothing holding it up). Objects are slowed
down by air resistance. Once air resistance is equal to the force of gravity, the object
has reached terminal velocity. This means that it will stay at a constant velocity. (This
varies for every object). The value of g (gravity) on Earth is 9.81m/s?. However
10m/s?can be used for most calculations.
Gravity can be measured by using:

Gravity = 2 x height dropped / (time)?

g=2h/t?
This only works when there is no air resistance, so a vacuum chamber is required.
1.3 Mass and weight
AMass: the property of an object that is a measure of its inertia (a resistance to
accelerate), the amount of matter it contains, and its influence in a gravitational field.
AWeight is the force of gravity acting on an object, measured in Newtons, and given by
the formula:

Weight = mass x acceleration due to gravity
A Wei ght s rpasses) mdy bercengared using a balance
1.4 Density
A To determine the density of a |liquid place
the measuring cylinder with some liquid. The change in mass is the mass of the liquid
and the volume is shown on the scale, then use the formula:

Density = mass / volume

A To determine the density of an sebtipreldto you u
find out volume and then weigh the object and then use the formula.
1.5 Forces
1.5 (a) Effects of forces
A férce may produce a change in size and shape of a body, give an acceleration or
deceleration or a change in direction depending on the direction of the force.
A Extension/load graph:
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A Fi n diesubanttfdroe of two or more forces acting along the same line:
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AH o o k e 6 sspringswxtend in proportion to load, as long as they are under their
proportional limit.
Load (N) = spring constant (N/mm) x extension (mm)
F=kx
ALimit of proportionality: point at which load and extension are no longer proportional
Elasticlimit: point at which the spring will not return to its original shape after being
stretched
Force = mass x acceleration
Forces are measured in Newtons. 1 Newton is the amount of force needed to give 1kg
an accelerationof Im/s2( i f you think about it using the e
force = mass x acceleration then 1 Newton = 1kg x 1m/s?)
Circular motions
An object at steady speed in a circular orbit is always accelerating as its direction is
changing, but it gets no closer to the centre
KCentripetal force is the force acting towards the centre of a circle. It is a force that is
needed (not caused by) a circular motion, for example when you swing a ball on a
string round in a circle, the tension of the string is the centripetal force. If the string is cut
then the ball will travel in a straight line at a tangent to the circle at the point where the
string was cut (Newtonds first | aw)
AcCentrifugal force also known as the nonexistent force is the force acting away from
the centre of a circle. This is what makes a slingshot go outwards as you spin it. The
centrifugal force isthe reactont o t he centri petal force (
same magnitude but opposite direction to
centripetal force = mass x velocity? / radius
Newtonds | aws are not in there:syl |l abus but if
Ne wt o filéawsof Motion: If no external force is acting on it, an object will, if stationary,
remain stationary, and if moving, keep moving at a steady speed in the same straight
line

Newt o
t he




Ne wt o i & of @otion: F=m x a -acceleration is proportional to the force,
and inversely proportional to mass
Newtons 3" law of motion: if object A exerts a force on object B, then object B will exert
an equal 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 a pivot (Nm) = force (N) x distance from pivot (m)
Moments of a force are measured in Newton meters, can be either clockwise or
anticlockwise.
ATurning a bolt is far teeaistaneerfronwthetpiiotia wr ench b
massively increased, and so is the turning effect (this also applies to pushing a door
open from the handle compared to near the hinge).
A I'f you have a beam on a pivot then:
-if the clockwise moments are greater, then the beam will tilt in the clockwise direction
and vice versa.
-if clockwise moments = anticlockwise moments then the beam is in equilibrium.
The onl thlng WhICh i snét really easy about

1
Moments about A:
clockwise moment = 500N * 2m
= 1000Hm

anticlockwise moment =Y * 5m

/\ ¥ Moments balance so:
5Ym = 1000Hm

So: ¥ = 200N

X = 500N - ¥

= 500N - 200N

A ) B = 30m
\Fm

L]

1.5 (c) Conditions for equnlbrlum

A albéam is in equilibrium, there is no resultant moments.

1.5 (d) Centre of mass

Centre of mass is an imaginary point in a body (object) where the total mass of the
body can be thought to be concentrated to make calculations easier

/ pin or nail

card

B
Q

_— plumbline

To find the centre of gravity on a flat object, use the following steps:



1. Get a flat object.

2. Get a stand and a plumbline (a string with a weight on it).
3. Punch 3 holes in your object.
4. Hang your object from the hole, and attach the plumb line to the same hole.
Draw a vertical line where the plumb line is.
5. Repeat step 4 for all the other holes. Where the lines meet is the centre of gravity.
(FIY the string should be able to swing freely, so should not touch the paper)

For stability the centre of mass must be over the centre of pressure.
1.5 (e) Scalars and vectors

A saalar is a quantity that only has a magnitude (so it can only be positive) for
example speed. A vector quantity has a direction as well as a magnitude, for example
velocity, which can be negative.
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1.6 Energy, work and power

1.6 (&) Energy
A An

object

may have

vectors

(Pythagorasos

e n e r(lgneticenergya ar beeause bf

its position, for example a book on a shelf has gravitationalpotentialenergy - it can fall
off the shelf. Energy can be transferred from one type to another for example if the
book falls off the shelf its gpe is turned into ke. Energy is stored for example the book
stores gpe, or a starch molecule stores chemicalenergy in its bonds. An object can
transfer its energy to another object too, for example conducting heat.

Energy type

What is it?

Example

Kinetic energy

energy due to motion

any moving object

Gravitational
potential energy

energy from the potential to
fall

a book on a shelf

Chemical
potential energy

energy stored in chemical
bonds

glucose molecules have energy,
but starch has more bonds so
stores more energy

Strain or elastic
potential energy

something compressed or
stretched has the potential to
do work

compressed spring and stretched
elastic band

Nuclear potential
energy

energy released when
particles in atoms are
rearranged or an atom splits

energy is released when atoms are
made to decay in nuclear power
stations

Internal energy

kinetic + potential energy

Electrical

the energy carried by

energy transferred from a battery
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potential energy | electrons to a bulb

Radiated | Light | energy carried in light waves | light from the sun

energy Sound | energy carried in sound sound from a loudspeaker
waves

A Tdomservation of energy principle: energy cannot be created or destroyed, when
work is done, energy is changed from one form to another. The most everyday example
of this is when we move, our cells turn chemical energy (in glucose bonds) into thermal
and kinetic energy.
Kinetic energy (J) = %2 x Mass x Velocity?
ke=%xm x v?
Gravitational Potential Energy (J) = Mass (kg) x Gravity (m/s?) x Height (m)
gpe=mxgxh

1.6 (b) Energy resources
ARenewable source of energy: is inexhaustible, for example solar, hydroelectric, wind
etc.
Non-renewable source of energy: is exhaustible for example fossil fuels
Auels can be burnt (or nuclear fuel can be forced to decay) in thermal power stations to
transform the chemical energy stored to thermal energy which makes steam which turns
turbines (kinetic energy) to produce electricity

-advantage: cheap, plentiful, low-tech

-disadvantage: harmful wastes - produces greenhouse gases and pollutant
gases, radiation...
Aydroelectricdams: river and rain water fill up a lake behind a dam. As water rushes
down through the dam, it turns turbines which turn generators
Aidalpowerscheme: a dam is built across a river where it meets the sea. The lake
behind the dam fills when the tide comes in and empties when the tide goes out. The
flow of water turns the generator.

-advantage: no greenhouse gases are produced

-disadvant age: expensive, canb6t be built everyw
Avaveenergy: generators are driven by the up and down motion of the waves at sea.

-advantage: does not produce greenhouse gases

-disadvantage: difficult to build
KAyeothermalresources: water is pumped down to hot rocks deep underground and
rises as steam.

-advantage: no carbon dioxide is produced

-disadvantage: deep drilling is difficult and expensive
Auclear fission: uranium atoms are split by shooting neutrons at them.

-advantage: produces a lot of energy from using very little resources

-disadvantage: producing radioactive waste
Kolarcells: are made of materials that can deliver an electrical current when they
absorb light energy
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Asolarpanels: absorb the energy and use it to heat water
-advantage: does not produce carbon dioxide
-disadvantage: variable amounts of sunshine in some countries
AEfficiency: how much useful work is done with the energy supplied.
Efficiency (%) = Useful Work Done (J) / Total Energy Input (J)
Efficiency (%) = Useful Energy Output (J) / Total Energy Input (J)
Efficiency (%) = Useful Power Output (W) / Total Power Input (W)
Al'n the sun, energy i s crnecdeardusdion: hydragenqiicleia pr oc
are pushed together to form helium.
1.6 (c) Work
Awork is done when ever a force makes something move. The unit for work is the Joule
(J). 1 joule of work = force of 1 Newton moves an object by 1 metre (again, if you
employ the formula its common sense)
W=Fxd
Work done (J) = Force (N) x Distance (m)
1.6 (d) Power

Power (W) = Work done (J) / Time Taken (s)
1.7 Pressure
Alf a heavier person steps on your foot, it h
someone with high heels steps on your foot then it hurts more than if someone with
large flat shoes does it, so we know that if force increases, pressure increases and if
area decreases, pressure increases and vice versa.
Pressure (Pa) = Force (N) / area (m?)
P=F/A
AThe barometer has a tube with vacuum at the
pressure of the air pushes down on the reservoir, forcing the mercury up the tube. You
measure the height of the mercury in the test tube, and the units used are mm of
mercury. ~760 mm of mercury is 1 atm.
A Ananometer measures the pressure difference. The height difference shows the
excess pressure: the extra pressure in addition to atmospheric pressure.

Barometer Manometer
™
. vaccum
- MErcury
lenghth —— glass tube
measured |
mercury

APressur e i n Hydrostaiicgressire It inceehsesevith depth and given by
this formula:
p="xgxh
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Pressure (Pa) = Density (kg/m?) x Gravity (m/s?) x Height (m)
2. Thermal physics
2.1 Simple kinetic molecular model of matter
2.1 (a) States of matter

COCO0 [ D000 ¢
e | Qo00r | ©
COOO0 | O0TQ |
OO0 OO0 Oy

Solid: fixed shape and volume

Liquid: has fixed volume but changes shape depending on its container

Gases: no 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. Atoms vibrate but candédt change position.
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 move quickly, gases spread out to fill up the container and

exert equal pressure on all surfaces.

3. They collide with each other and bounce in all directions.

AThe hotter a materi al is, the faster i1its par
have.

AThe pressur e gmtsieesis duetethetpartcias callidimg on the

container walls.

Alf the volume is constant, then increasing t
Alf you | ook at smoke through a microscope, y
motion. This is known as Brownian motion. The smoke particles have very little mass

but are larger enough to be seen. They collide with the air particles randomly and move

in different directions, to give a random motion.

ALiquids and gases do causdofthenweak facedof attraction.s h a p e
Gases can be compressed because there is plenty of space between the particles;

solids can6ét because such space does not exi s
because they are held tightly together by the attractive forces, but can vibrate.

2.1 (c) Evaporation

Avaporation: constantly occurs on the surface of liquids. It is the escape of the more

energetic particles. If the more energetic particles escape, the liquid contains fewer high

energy particles and more lower energy particles so the average temperature

decreases.
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AEvaporation can be accelerated by:
-increasing temperature: more particles have enough energy to escape
-increasing surface area: more molecules are close to the surface
-reduce the humidity level in the air: molecules in the water vapour return to the liquid
at around the same rate that particles escape the liquid, when the air is humid. If the air
is less humid, fewer particles are condensing.
-blow air across the surface: removes molecules before they can return to the liquid
2.1 (d) Pressure changes
The relationship between pressure and volume of a fixed amount of gas at a fixed
temperature can be expressed by the formula:

Pi1xVi=P2x V2
Thisis also knownas B o y | e 6. $hislisgraven by the kinetic theory. If the volume is
halved and the same amount of gas is on the inside of the container, twice as many
impacts will occur on the surface.
2.2 Thermal properties
2.2 (a) Thermal expansion of solids, liquids and gases
ASol i ds, dassepexpahdwhanrthiy are heated as the atoms vibrate more
and this causes them to become further apart, taking up a greater volume.
AEveryday applications and consequences:
-hot water is used to heat up a lid of a jar, to make it expand, so that it is easier to
remove
-the liquid in thermometers expand and contract when temperature changes, the
volume of the liquid taken up in the tube can be used to find out the temperature
-bimetal thermostat: when the temperature gets too high, the bimetal strip bends, to
make contacts separate until the temperature falls enough, then the metal strip will
become straight again and the contacts touch, to maintain a steady temperature
-overhead cables have to be slack so that on cold days, when they contract, theydo n 6 t
snap or detach.
-gaps have to be left in bridge to allow for expansion (rollers allow the bridge to expand)
A AFor a fixed mass of gas at constant pressu
Kelvint e mper atur e. 0
AExpansi on i s ,thendiduidssand lowest irgsaligse s
2.2 (b) Measurement of temperature
AA physical property that varies with tempera
temperature for example:
-liquid-in-glass thermometer: the property is thermal expansion. As temperature rises
or falls, the liquid (mercury or alcohol) expands or contracts. The amount of expansion

can be matched to a temperature on the scale.

Eﬁﬁ:ﬂ‘lﬂlﬂl’l thraad

mercury/alcohol
reservoir

capillary/bore glass stem glass bulb
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-thermistor thermometer (left): the probe contains a thermistor is a material that
becomes a better electrical conductor when the temperature rises, so a higher current
flows from a battery, causing a higher reading on the meter.

-thermocouple thermometer (right): the probe contains 2 different metals joined
metals to form 2 junctions. The temperature difference causes a tiny voltage which
makes a current flow. A greater temperature difference gives a greater current.
Thermocouple thermometers are used for high temperatures which change rapidly.
They have a large range (-200C° to 1100°C) and can be connected to electrical circuits
or a computer.

digital meter measures e —

current and converts to a

temperature reading D —fa U E

copper wire

/

constantan
wire

probe /
contains

thermistor battery (inside)
supplies current
for thermistor

%

cold
junction

probe contains
temperature-sensing junction

Aixedpoints are definite temperatures at which something happens (when pure water
freezesl/ice melts: the lower fixed point or ice point and when pure water boils: the
upper fixed point or steam point) which are used to calibrate a thermometer.
Acalibratingathermometer (right):

-place thermometer in melting ice. Where the thread is now is 0 °C.

point

Fnding thelower fxed pont_ inding the wpper e poit - )| 3c@ thermometer in boiling water. Where the thread is now is
100 °C.

ASensitivity:

To increase the sensitivity of thermometers you have to put the liquid in a narrower
tube. This makes more distance for same amount of expansion of liquid. Mercury
expands less than alcohol. Sensitivity can be increased by using a material that
expands more during a temperature change.

Range:

The maximum and minimum temperature of thermometers
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Mercury = -39 °C to 500 °C
Alcohol =-115 °C to 68 °C
AResponsiveness:
How long it takes for the thermometer to react to a change in temperature (increased by
making the glass bulb thinner or making the bulb smaller)
Ainearity:
If the sizes of the individual degrees are closer to each other then it is more linear.
2.2 (c) Thermal capacity
AWhen something has ainteina energynincreasesper at ur e, i
Arhermalcapacity: capacity for absorbing thermal energy, given by this formula:
Thermal capacity = specific heat capacity (J/Kg) x mass
ASpecific heat capacity: is the amount of energy needed to raise the temperature of 1
kilogram of a substance by 1°C, the unit for specific heat capacity is J/(Kg°C)
Specific heat capacity = energy transferred / (mass x temperature change)
c=E/(m xqrl)
Energy transferred = mass x specific heat capacity x temperature change
E=mc ol

uonensul

JESLINS
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13A00

Aiddns samod

R A Aexperiment can be carried out to find the specific heat capacity
of a substance. You should know the power of the electric heater, the amount of time it
is left on, the mass of the material being tested and the temperature change. For a
liquid, it can be simply poured in, but for a solid like Aluminium, holes have to be drilled
in for the heater and thermometer.

Power of heater x time left on = energy supplied by heater

Energy supplied by heater / (mass x temperature change) = specific heat capacity

The experiment makes no allowance for any thermal energy lost from the beaker, so the
value of c is approximate.

2.2 (d) Melting and boiling

AwWhen melting or boiling a substance, energy
temperature. The energy absorbed is called the latent heat of fusion/vaporization. A

change of state happens when the particles have enough energy to overcome the

forces between them. In melting, the solid vibrates so much that the particles can break

away from their positions.

The latent 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
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When a substance freezes it is losing the same amount of energy as the latent heat of
fusion

AVeltingpoint is the temperature at which a substance (in solid state) melts (it is equal

to the freezing point)

Boilingpointisthetemp er at ur e at which a substance (in
sayo)

ACondensation and solidification: is when a gas turns back into a liquid. When a gas
is cooled, the particles lose energy. They move more and more slowly. When they
bump into each other, they do not have enough energy to bounce away again. They
stay close together, and a liquid forms. When a liquid cools, the particles slow down
even more. Eventually they stop moving except for vibrations and a solid forms.

Avaporation and boiling: evaporation constantly occurs on the surface of liquids. The

high energy particles escape from the liquid, even at low temperatures. Boiling occurs at
the boiling point (I bet you did not know that) and then the liquid evaporates everywhere
in the liquid (not just on the surface) and is much faster.

AMeasure the specific |l atent heat of vaporisa
1) Ice i the apparatus is set up like in the diagram below on the left, you 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 water in beaker in kilograms = latent

heat of fusion

2) Water 1 the apparatus is set up like in the diagram on the right. The electric heater is

|l eft on for a certain amount of time (you don
You need to know: power of the heater, and how long it is left 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

|

|___ stand with clamps to hold
funnel and heater
mass balance

2.3 Transfer of thermal enerqy
2.3 (a) Conduction
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These experiments show which metal is the best conductor (copper and A), and which
is the worst (steel and D)

rods coated with
a thin layer of wax
when cold

whdwu—~-\\‘~

A Comparning four good thermal conductors. Ten minutes or so after A This expeniment shows that water is a poor
the bodling water has been tipped into the tank, the length of melted thermal conductor, The water at the top of the tube
sine s wibieh matarial ic the heet ronductor, can be boiled without the ice melting.
A B Cc D
heated end heated end
before heating after heating

Conduction: in non-metals - when heat is supplied to something, its atoms vibrate
faster and pass on their vibrations to the adjacent atoms. In metals i conduction
happens in the previous way and in a quicker way i some electrons are free to move,
they travel randomly in the metal and collide with atoms and pass on the vibrations.
2.3 (b) Convection

cooler —{~
water
sinks

potassium: m
e ﬂ _ o : :
colour water Convection: as a fluid (liquid or gas) warms up, the particles which
are warmer become less dense and rise. They then cool and fall back to the heat
source, creating a cycle called a convection current. As particles circulate they
transfer energy to other particles. If a cooling object is above a fluid it will create a
convection current (like the freezing compartment at the top of a fridge)

2.3 (c) Radiation

Thermal radiation is mainly infra-red waves, but very hot objects also give out light
waves. Infra-red radiation is part of the electromagnetic spectrum.

Matt Black White Silver

Emitter best Worst

Reflector worst Best
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| Absorber | best | | Worst |
An emitter sends out thermal radiation. A reflector reflects thermal radiation, therefore is

a bad absorber. An emitter will cool down quickly, an absorber will heat up more quickly
and a reflector will not heat up quickly.

thermometer th
matt ermometer

black white

matt
black

metal cube
containing
boiling water

radiant
heater

Comparing emitters The metal cube is filled with boiling water

which heats the surfaces to the same temperature.
T_he thermal radiation detector is placed in turn at the same
distance from each surface and the meter readings compared

C.omparing absorbers The metal plates are placed at the same
distance from a radiant heater. To find out which surface absorbs

thermal radiation most rapidly, the rises in temperature are
compared.

2.3 (d) Consequences of enerqgy transfer

Applications
-sol ar panel

up the pipes containing water

trddiatiorsisuahsorbed byla enattrbladk surface and warms

-refrigerator: the freezer compartment is located at the top of the refrigerator. It cools
down the air which then sinks. Any warm air rises to the top and then is cooled. This
creates a convection current which maintains a cold temperature.

-metals are used in cooking pans because they conduct the heat well

Consequences

-a metal spoon in a hot drink will warm up because it conducts the heat
-Convection currents create sea breezes. During the day the land is warmer and acts as
heat source. During the night the sea acts as the heat source.
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During the daytime, in holj

sunshine, the land heats up
’ more quickly than the sea.
Warm air rises above the
land, as it is displaced by
cooler air moving in from
the sea.

Al night, the reverse
happens. The sea stays
warmer than the land,
which cools down quickly.
Warmer air now rises
above the sea, as itis

displaced by cooler air '

wind away from coast

moving out from the land, —
;_-_;- T ST -..,"_.-;’/
: -o~ e —~ sea warmet than land Ao sy NE
e T T A o E TS T PO = A

-a black saucepan cools better than a white one, white houses stay cooler than dark
ones.

3. Properties of waves, including light and sound

3.1 General wave properties

Awavefront: the peak of a transverse wave or the compression of a longitudinal wave
ASpeed: how fast the wave travels measured in m/s

Arequency: the number of waves passing any point per second measured in hertz
(Hz), given by this formula:

Frequency =1/ period
Awvavelength: the distance between a point on one wave (e.g. the trough) to the
equivalent point on the next wave in meters e.g. from crest to crest or compression to
compression
Amplitude: the maximum distance a wave moves from its rest position when a wave
passes
Meriod: the time taken for one oscillation in seconds

3= wavelength

V = amplitude

Aransversewaves (e.g. light waves) have oscillations at right-angles to the direction of
travel, where as in longitudinalwaves the oscillations are in the direction of travel.
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Transverse waves have crests (peaks) and troughs; where as longitudinal waves (e.g.
sound waves) have compressions and rarefactions.

DIRECTION OF DIRECTION OF
— ENERGY WAVE > e ENERGY WAVE >
i Spring moves up and down . ai L
I I PRI TR
\ A % J:; T m_r- ALE I'~lH|||
N ‘% ‘I-.'_._'/ij, \_-},-JJ AV At A k! ﬂ].lu LIRS
» [ We), Sy Spring
! i 4} P }‘ C 4 t\\“‘i‘]‘ Compression mowves back and forth Rarefaction
{ i r‘.___\ "‘\Qi.\. _-'| v \_\'
N NS
§ A

Reflection, refraction and diffraction of water waves
Refraction:

deep water shallow water shallow water deep water

Reflection:
Water wave reflection at 3 Qlall’l surface
crests
/ ] \

Inormal

direction of
wave

reflective

7 oyl 777 surface
Diffraction:
Water wave diffraction produced by wide and narrow gaps J

) 1)

Reflection: waves bounce away from the surface at the same angle they strike it,
(angle of incidence = angle of reflection).

Refraction: when the water waves pass through shallower water they slow down the
waves. When waves slow down they change direction.

Things to note about refraction:

-waves slow down when they pass from a less to a more dense material and vice versa
-when a wave is slowed down, it is refracted towards the normal (i > r)

-when a wave is sped up, it is refracted away from the normal (i <)

-deep water is denser than shallow water

Diffraction: waves bend round the sides of an obstacle, or spread out as they pass
through a gap. Wider gaps produce less diffraction.

AThe wave equation i s:
Speed (m/s) = Frequency (Hz) x Wavelength (m)
v=fxa
3.2 Light

3.2 (a) Reflection of light
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APl ane (flat) mirrors produce a reflection.
our eyes, but we see them behind the mirror. The image has these properties:

A

< -the image is the same size as the object
-the image is the same distance from the mirror as the object
-a line joining equivalent points of the image and object meet the mirror at a right angle
-the image is virtual: no rays actually pass through the image and the image cannot be
formed on a screen
A Laws of reflection:
Angle of incidence = angle of reflection
The incident ray, reflected ray and normal are always on the same plane (side of
mirror)

3.2 (b) Refraction of light
AExperi ment al de mmioapginrmethodon: 1. t he

A Place a rectangular glass slab on a white sheet of paper fixed on a drawing board.

A Trace the boundary ABCD of the glass slab.

A Remove the glass slab. Draw an incident ray 10 on AB.

A Draw the normal at point of incidence (NN through O)

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

A Place the glass slab within its boundary ABCD.

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

A Remove the glass slab and the pins. Mark the pin points P1, P2, Pz and Pa.

A Join OOl.lt is the refracted ray.

A Measure £, £r and Ze.Zi, Zr and Zegre the angle of incidence, angle of
refraction and angle of emergence respectively.

A L2 oand L= Ze

A Extend O!E backwards. The emergent ray is parallel to the incident ray.
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Ray box method:

Using the ray box pass a ray through a glass slab on a white sheet of paper. Mark two

points on the incident ray with your pen/pencil on the paper, two of the refracted ray, 2

of the emergent ray and the outline of the glass slab. Then by connecting the dots you

can produce a diagram like the one below, a protractor is used to find the angles.

Awhen a passes through a aljfsgpassabelwdl looks i d e d
like this:

ray

Emergent Ray

Incidence Ray

Note: the emergent ray is parallel to the incident ray.

Kcriticalangle: the angle at which the refracted ray is parallel to the surface of the
material. If the angle of incidence is greater than the critical angle there is no refracted
ray, there is total internal reflection. If the angle of incidence is less than the critical
angle the incidence ray will split into a refracted ray and a weaker reflected ray.

t
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weak strong

reflaction reflection total internal

reflaction
i = critical angle i = critical angle i = critical angle
Refractive index = speed of light in vacuum / speed of light in medium
Refractive index =sini/sinr
When the incidence angle is equal to the critical angle, the angle of refraction is 90°
(parallel to the surface). Since sin90° equals 1, then a ray coming the other way (the
arrow is inverted) would have an angle of incidence of 90° and an angle of refraction of
C. I f we apply Snell ds | aw:
n = sin90° / sinc
Sin (critical angle) =1/n
Critical angle = sin(1/n)
HOpticalfibres: light put in at one end is totally internally reflected until it comes out the
other end. This is used in communications where signals are coded and sent along the
fibre as pulses of laser light, and in medicine: an endoscope, an instrument used by
surgeons to look inside the body. It contains a long bundle of optic fibres.
3.2 (c) Thin converging lens
Mrincipalfocus: the point where rays parallel to the principal axis converge with a
converging lens.
Aocal length: distance from the principle focus and the optical centre.
Arincipal axis: the line the goes through the optical centre, and the 2 foci.
HOptical centre: the centre of the lens
Thisisarealimage(lwhen the object iIs further away fro

B

A) A ray through the centre of the lens passes straight through the lens.

B) A ray parallel to the principal axis passes through the focus on the other side of the

lens

C) A ray through FO6 will |l eave the | ens paral

AThi siirtbasimage( when the object is closer to the ¢
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Magnifyingglass: when a convex lens is used like this - an object is closer to a convex
(converging) lens than the principal focus (like the diagram above), the rays never
converge. Instead, they appear to come from a position behind the lens. The image is
upright and magnified, it is a virtual image.

3.2 (d) Dispersion of light

to form a
spectrum

[ S |

T

HEET T | H
ARefracti

on by a prism: When |igh
the incidencerayisnotpar al |l el to the emergent moBy, Since
parallel. If a beam of white light is passed through a prism it is dispersed into a

spectrum. White light is a mixture of colours, and the prism refracts each colour by a

different amount i red is deviated the least and violet the most.

3.2 (e) Electromagnetic spectrum

AAl'l el ectromagnetic waves:

-travel at the speed of light: 3 x 108m/s

-do not need a medium to travel through i.e. can travel through a vacuum

-can transfer energy

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

-are transverse waves

AUses:

Radiowaves i radio and television communications

Microwaves i satellite television and telephones

Infrared i electrical appliances (radiant heaters and grills), remote controllers for

televisions and intruder alarms

X-rays i medicine (x-ray photography and killing cancer cells) and security

ASafety issues:

X-rays T is a mutagen, it cause cancer (mutations)

Microwaves i cause internal heating of body tissues

Aonochromatic: light of a single wavelength and colour (used in lasers)

3.3 Sound

AProduction: sound waves come from a vibratin
the loudspeaker cone vibrates, it moves forwards and backwards, which squashes and
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stretches the air in front. As a result, a series of compressions (squashes) and

rarefactions (stretches) travel out through the air, these are sound waves.

ASound wdongitsidinalr tieey have compressions and rarefactions and oscillate

backwards and forwards.

AHumans can hear frequeOlGHzes between 20 and 2
ASound wa v medium éendterial) to travel through.

Increased Atmospheric
Pressure Decreased Pressure

TN Pressure T N Vo N TN
A

- .
Mation of air molecules Propagation of

sssocisted withsound.  Sound AExperiment: When sound reflects off of a
wall, it will come back to you. This is what you hear as an echo. If you know the
distance between you and the wall, and measure how long it takes for the echo to
sound, you can figure out the speed of sound in air. Remember to take into account that
the sound has gone there and back
AHi gher fYrasigherpitch y
Larger amplitude Y louder sound
ACompression: high pressure section of the wave
Rarefaction: low pressure section of the wave

ASpeed of sound is highest in solids (concret
1400m/s) and slowest in gases (air: 330m/s).

4. Electricity and magnetism

4.1 Simple phenomena of magnetism

AMagnet s hpaoperties:these

-has a magneticfield around it

-has 2 opposite poles (North or north-seeking pole and South or south-seeking pole)
which exert forces on other magnets. Like poles repel and unlike poles attract.

-will attract magnetic materials by inducing (permanent or temporary) magnetism in
them.

-will exert little or no force on a non-magnetic material

Anducedmagnetism: magnets attract materials by inducing magnetism in them, in
other words the material becomes a magnet as well. The side of the material facing the
magnet will become the opposite pole as the magnet.

Acerrous material: magnetic i anything which contains iron, nickel, or cobalt can be
magnetised

ANon-ferrous material: non-magnetic e.g. copper, grass, ketchup, butter, wood, ass-
gravy (poop) etc.

Aviagnetisation methods:

-inducing magnetism produces a weak magnet. It can be magnetised strongly by
stroking with one end of a magnet, in one direction.

-the most effective method is to place the metal in a long coil of wire (solenoid) and
pass a large DC (direct current) through the coil.

Aemagnetisation methods:
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-SMASH IT WITH A HAMMER, dropping etc.
-heating to a high temperature
-solenoid method but with alternating current

;

)

2

The pointer of the compass is pointing towards
the direction of the field

Al ron vs. sofefarbmagnetic maieria s a
meaning it will magnetise and demagnetise easily. Steel is a hard ferromagnetic
material meaning it is hard to magnetise and demagnetise. Soft ferromagnetic materials
are used to create temporary magnets, for example the magnets which lift cars in a
rubbish dump, or the magnet in a circuit breaker. Hard ferromagnetic materials are used
to create permanent magnets like fridge magnets, horse-shoe magnets.

The magnetic field lines go from north to south. The north pole of a magnet can be
found by placing a compass near the magnet. The needle will point the direction of the
magnetic field line.

4.2 Electrical guantities

4.2 (a) Electric charge

Metecting charge:

You can detect an electrostatic charge using a leaf electroscope.

Insulator @- Metal cap

e | Metal stem

Vacuum

——Gold leaf

"~ Earthed metal

cage If a charged object is placed near the cap,
charges are induced. The metal cap gets one type of charge (positive or negative) and
the metal stem and gold leaf get the other type of charge so they repel each other.
AThere are 2 tposittveandrfegatvear ge s :

AUnl i ke charges attract and |ike charges repe
Alectricfield: a region in which an electric charge experiences a force

AConductors: materials that let electrons pass through them. Metals are the best
electrical conductors as they have freeelectrons. This also makes them good thermal
conductors

Ansulators: materials that hardly conduct at all. Their electrons are tightly held to atoms
and hardly move, but they can be transferred by rubbing

AThe SI unit Go@lonbQ.r ge is the

Electric field lines :
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AnducedCharge: a char ge t ha tncharggd pbjeet besabise of@ a n
charged object nearby, for example if a positively charged rod is brought near a small
piece of aluminium foil. Electrons in the foil are pulled towards the rod, which leaves the
bottom of the foil with a net positive charge. The attraction is stronger than the repulsion
because the attracting charges are closer than the repelling ones.

4.2 (b) Current

ACurrent: a flow of charge, the Sl unit is the Ampere (A).

A Aammeter measures the current in a circuit. It is connected in series, the current is a
rate of flow of charge.

Charge (C) = current (A) x time (s)
C=Ixt

A T kcenventionalcurrentdirection is the direction the positive particles would travel
in. This is the opposite of what actually happens, as it is the negative particles
(electrons) that move. Conventional current is indicated with arrows on the lines (wires).
Conventional current goes from the positive side (long line in cell drawing) to the
negative side (short line in cell drawing). Actual current goes from the negative side
(short line in cell drawing) to the positive side (long line in cell drawing).

4.2 (c) Electro-motive force

AThe maxi mum voltage a c eeledtromodive fopce (EMR),.c e
measured in volts. When a current is being supplied, the voltage is lower because of
the energy wastage inside the cell. A cell produces its maximum PD when not in a
circuit and not supplying current.

4.2 (d) Potential Difference
MPotentialdifference, or PD for short, is also known as voltage. Voltage is the amount
of energy the cell gives the electrons it pushes out. Voltage is measured in volts (V)
and is measured by a voltmeter (connected in parallel). If a cell has 1 Volt, it delivers 1
Joule of energy to each coulomb of charge (J/C).

Voltage = Energy / Charge

Volts = Joules / Coulomb

V=E/C

4.2 (e) Resistance
Resistance (Y) = potential difference (V) / current (A)
R=V/I
AFactors affecting resistance:
-Length




Double the length = double the resistance (proportional)

-Cross-sectionalarea
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Half the cross-sectional area = double the resistance (inversely proportional)

-Material
Better conductor = less resistance
-Temperature

For metal conductors higher temperature = more resistance
For semi-metal conductors higher temperature = less resistance
The V =IR law can be investigated with the following apparatus:

battery
(or low voltage supply)

=
variable

resistor ammeter

voltmeter
stirrer - -
3 i
1)
i '/ water to
nichr ‘ xeep
e ome 50 nichrome
2 Wi at constant
= : temperature

4.2 (f) Electrical energy

0.4}

03t

0.2}

{'11 B

Electrical power = Voltage (V) x Current (A)

P=VxI
Electrical energy (J) = power (W) x time (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
Component | Symbol Function
Source Cell | Cell: Supplies electrical
energy.
Battery - The larger terminal (on the
left) is positive (+).
Direet Current 5 o Battery: Supplies electrical
Alieniding Coesian energy. A battery is more than
oo one cell. The larger terminal

(Mains Supplv)

Switch

(on the left) is positive (+).
DC: flows in one direction
AC: flows in both directions

Allows current only to flow
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when the switch is closed

Fixed Restrict the flow of current.
resistor
Variable Used to control current (by
resistor varying the resistance)
Lamp Transducer which converts
electrical energy to light
Ammeter Measure current
Voltmeter Measure voltage

Magnetising < | dondét know
coil correct symbol

Transformer Two coils of wire linked by an

iron core. Transformers are
used to step up (increase)
and step down (decrease) AC
voltages. Energy is

transferred between the coils
by the magnetic field in the
core. There is no electrical
connection between the coils.

Bell Transducer which converts

electrical energy to sound

Fuse A safety device which will
‘blow' (melt) if the current
flowing through it exceeds a
specified value, breaking the
circuit

Relay An electrically operated
switch, for example a 9V
battery circuit connected to
the coil can switch a 230V AC
mains circuit

(the one on the left is the
o6normally cl os
electromagnet is used to pull
away the contacts and vice
versa)

s
.
N
o

or

Diode A device which only allows
current to flow in one
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direction.

A transistor amplifies current.
It can be used with other
components to make an
amplifier or switching circuit.

Transistor

4.3 (b) Series and parallel circuits

AThe current at any point in a series circuit
A The current splits at each branch in a para
greater than the current in one branch

ACombining Resistors:

In series:

Rtotal = R1 + R2

In parallel:

Riotal = 1/(1/R1 + 1/R2)

AThe combined resistance of 2 resistors in pa
itself

AThe advantages of putting |l amps in parallel

-if one lamp breaks, the other still works

-each lamp gets maximum PD

Ain series: PD across the supply = PD across

Ain parallel: Current across the source = sum

4.3 (c) Action and use of circuit components
A Mdotentialdivider divides the voltage into smaller parts. To find the voltage (at Vout)
we use the following formula:

Vout = Vin X ( R2/ Riotal )

Rz Vour

AA variabl e ppotestiomeies Isthe samei astherone(above but using a
variable resistor; it acts like a potential divider, but you can change the output voltage.
Arhermistor: input sensor and a transducer. It is a temperature-dependent resistor. At
higher temperature there is less resistance.

Aight dependent resistor (LDR): input sensor and a transducer. When light intensity
increases, resistance decreases.

KCapacitor: store small amounts of electric charge. If a capacitor has a higher
capacitance (in uF microfarads) means they can store more charge. They are used in
time-delay circuits.

ARelay: a switch operated by an electromagnet
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Connect to 2nd circuit
2nd switch

Iron armature

1st switch
Normally closed relay (symbol):

Normally open relay (symbol):

|

Miode: a device that has an extremely high resistance in one direction and a low
resistance in the other, therefore it effectively only allows current to flow in 1 direction
(the arrow on it is pointing in the conventional current direction).Forwardbias is when
the diode is pointing in the direction of the conventional current and reversebias is the

opposite

It can be used in a rectifier. A rectifier turns AC current into DC current.

Diodes work when the PD exceeds 0.6V so the PD vs. current graph would look like

this:



