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Keyword Definition

electromagneti | A group of waves that all travel at the same speed in

C waves a vacuum, and are all transverse.

frequency The number of vibrations (or the number of waves)
per second. One hertz (Hz) is one wave per second.

infrared (IR} EM radiation that has a longer wavelength than
visible. We can feel infrared radiation as warmth.

interface The boundary between two materials.

refraction The change in direction when a wave goes from one
medium to another.

transverse A wave in which the vibrations are at right angles to

wave the direction the wave is travelling.

ultraviolet (UV)

EM radiation that has a shorter wavelength than
visible light. Used to detect forged bank notes.

Key facts to remember:
All EM (electromagnetic) waves are transverse waves.

Al | EM waves travel at the same speed (velocity) through a vacuum
(space) at 300 million m/s.

EM waves are grouped based on their wavelengths and frequency.
There are 7 basic EM waves. Radio waves, microwaves, infrared,
visible light, UV, Xrays , gamma waves.

Our eyes can only detect a small part of this spectrum —visible light.

Different colours of light have different wavelengths from longest to
shortest: red, orange, yellow, green, blue, indigo, violet. (ROYGEIV)
or pneumaonic; Richard Of York Gave Battle In Vain)

red
orange
yellow
green
blue
indigo
violet

white light

vacuum A place where there is no matter at all.

visible light Electromagnetic waves that can be detected by the
human eye.

gamma rays Electromagnetic radiation with the shortest
wavelengths and highest frequencies.

microwaves Electromagnetic radiation with a longer wavelength
than infrared radiation but a shorter wavelength than
radio waves.

radio waves Electromagnetic radiation with the longest
wavelengths and lowest frequencies.

visible Electromagnetic waves that the human eye can

spectrum detect. The colours that make up white light (red,
orange, yellow, green, blue, indigo, violet).

X-rays Electromagnetic radiation that has a shorter
wavelength than ultraviolet radiation but a longer
wavelength than gamma rays.

oscillations Movements back and forth. In radio aerials,
oscillations are repeated changes in voltage and
current.

Mutation A change in the DNA instructions in a cell.

Wave Speed Equation

wave speed (m/s) = frequency (Hz) x wavelength (
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Short
wavelength,

high frequency

Long wavelength,

low frequency

Part of
EM

spectrum

Uses of EM
waves

Sterilising food and
medical equipment.

To Remember

Radio waves have the LOWEST
frequencies and LONGEST

wavelength.

Gamma waves have the HIGHEST
frequencies and SHORTEST

wavelengths.

//-— Potentia) danh
\ImrreaSEs o
Nereasing f,
fquency |

Practise questions:

All the long waves in the electromagnetic
spectrum are used in communication.
Which part (or parts) of the electromagnetic

spectrum is used:

a) totransmit mobile phone signals

b) to transmit radio and TV broadcasts

c) tosend information along optical fibres
d) by lighthouses to warn ships of danger
e) tosend remote control signals to TVs?

Gamma .
Detection of cancer .
rays and treatment or mutation or
cancer damage to
Obeerving The it | cells in the
serving the interna
structure of ocbjects, body
}{-rqys airport security
scanners, medical x-
rays
Security marking, damage to
flucrescent lamps, surface cells &
detecting forged bank eyes, leading
uv notes, disinfecting to skin cancer
water and eye
conditions.
sunburn.
- . Vision, photography,
Visible light llumination
cocking, thermal skin burns
imaging, short range
communications,
Infrared optical fibres, television
remote controls,
security systems
cocking. internal
microwaves | communications and heating of
satellite transmissions body cells

Radio
waves

broadcasting,
communications,
satellite transmissions

GCSE 6 mark question:

Infrared and vultraviolet waves have
different frequencies. Both types of

wave can have harmful effects on

humans.

Compare and contrast the harmful
effects of infrared and ultraviolet waves.
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SCIENCE: Electromagnetic Spectrum

HIGHER ONLY- Long Wavelengths

EM waves for Communication

Radio waves are transmitted easily through air. They do not
cause damage if absorbed by the body. They can also be
reflected to change their direction.

How radio waves are produced:

Radio waves are produced by oscillations in electrical
circuits. AC are made up of oscillating charges. As the
charges oscillate, they produce oscillating electric and
magnetic fields. A metal rod can be used as an aerial to
receive radio waves. The radio waves are absorbed by the
metal and cause oscillations in electric circuits connected to
the aerial.

Discovering infrared:

Herschel (1738-1822) put dark, coloured filters on
his felescope to help observe the sun safely. He
noficed different coloured filters heated up the
telescope to different extents. He used a prism
to split sunlight into a spectrum and put a
thermometer in each of the colours in turn.

| The oscillations cause
radio waves to spread
out from the aerial.

<'<T: ___:) | Radio waves

i —
i | 4 cause an
Current moves Sif:!i??r?
up and down the receivin
in the aerial. . g
_ A aerial.
transmitting receiving
aerial aerial
radio transmitter radio receiver
circuits circuits

Practise GCSE question questions:
Describe how are radio waves are produced
and detected®?
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Energy Stores

Chemical In Chemicals— e.g. in fuels or batteries
Kinetic In maving objects
Thermal In warm objects

Elastic Potential

In stretched or compressed objects

Energy Transfers

Gravitational Due to the position of an objectin a
Potantial gravitational field

Nuclear In the nucleus of atoms

Magnetic Magnetic objects in a magnetic field
Electrostatic Charged objects in an electric field

By Forces When a force moves through a
distance

By Heating Because of a temperature difference
e.g. Convection, Conduction

By Electricity When a charge mowves through a
potential difference

By Radiation e.g. Electromagnetic waves or sound

Energy Transfers by Heating

Conduction Transfers energy by passing vibrations
between particles in solids

Convection Transfers energy in fluids {liquids and
gases). Warm fluid is less dense and
rises, setting up a convection current

Radiation Infra-red radiation is absorbed and

emitted by objects.

Gravitational Field Strength is given the symbol g and has a
value of 10 Nfkg on Earth.

Law of Conservation of Energy: Energy cannot be created or destroyed, only transferred
from one store to another

1 mv?
Kinetic Energy (J) = 3 *x mass (kg) x speedz l::l'l'l,r"sz KE=T
Change in gravitational=mass (kg)x gravitational * change in AGPE=mgAh
potential energy () field strength { N/kg) height (m)

Energy Efficiency: Key Facts and Equations

Efficiency tells us how much energy is transferred to a
useful store.
Itis a number between 0 and 1.

GCSEF‘Od
Efficiency

Useful Energy Transferred (J)
Total Energy Input (1)

Canyou come up with a
mnemaonic to help you
remember the Energy
Stores? What about the
Energy Transfers?

Energy that is not usefully transferred is wasted.

Energy is often lost to the surroundings by heating.
The energy is spread out (dissipated) and is wasted.

In mechanical (moving) systems this energy loss is
minimised by using lubrication to minimise friction.

You need to remember all
three equations on this
page for your exams. Take
some time to memaorise
them now!

In systems where thermal energy is useful insulation is
used to slow down energy transfer to the surroundings

Sankey diagrams show how much enargy is transferred

Flow Diagrams show
The width of the arrow corresponds to the amount of energy

Energy Transfers

Energy
stored in

Energy
stored in

& moving hot

car brakes
[kinetic [thermal

energy) energy)
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Renewable Energy Resources —

GCSEPod:
Energy
Hesoures

Check Your Understanding

Describe the energy transfers for a petrol driven lawnmower,
starting with the energy stored in the fuel and finishing with
where the energy ends up.

Draw a sankey diagram for a television. For every 100) of energy
transferred in to the TV 60U are wasted as thermal energy, 10)
are transferred as (useful) sound energy. How is the rest of the
energy transferred, and how much?

What is the efficiency of the TV in the question above?

Won't run out, usually better for the environment

Converts sunlight into electricity e.g. solar panels. Only useful in daylight

Why does oiling the chain of your bike make it more efficient?

Some central heating systems have hot-water tanks to store hot
water. How are these made more efficient?

What is the law of conservation of energy?

2. Hydroelectricity

Uses falling water to turn turbines. Water can be pumped uphill to store
energy for later. Dams flood land that could be used for farming.

If I lift a 3kg mass from the floor to my shoulder {1.8m) how
much gravitational potential energy does it gain?

3. Wind Turbines

Use wind to generate electricity. Only useful when its windy. Unsighthy.

Assuming 1'm 100%: efficient how much energy did | use to lift
the mass?

4_Tidal Power

Uses flow of water from tides to turn turbines. Only available at certain, but

predictable, times. May affect wildlife.

If | throw a 500g ball at 1.5 mys how much Kinetic Energy does it
have? Remember to convert the mass into kg.

5. Wave Power

Uses motion of waves to generate electricity.

A 20kg person climbs up a 10m diving board. Calculate how
much gravitational potential energy they have.

If the person jumps off the diving board state how much kinetic
energy they have just before they hit the water. (Remember the
law of conservation of energy)

Fossil Fuels
Gas
Qil
Coal

Mon-renewable Energy Resource — Finite resource that will run out one day

6. Biofuels Crops grown and burnt to produce electricity. Takes up land that could be
used for food production.
7. Geothermal Uses hot rocks underground to heat water. Only available in some places.

Contribute to Global Warming as they release Carbon Dioxide.

Use this number to work out how fast they are travelling as they
hit the water.

Do the same calculations for a 120kg person climbing the same
diving board. What do you notice?

Muclear Fuels

Don‘t contribute to Climate Change.
Froduce nuclear waste which is difficult to dispose of.

6 Mark Question

There are several large-scale energy resources which are
suitable alternatives to fossil fuels in some situations.

Two of these alternatives are hydro-electric power and solar
powWer.

Compare hydro-electric power with solar power as energy
resources for the large-scale generation of electricity.
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Absorb

When a wave disappears as the energy it
is carrying transfers to the medium
through which it is travelling

2. The eardrum is a thin
membrane which vibrates
with sound waves

3. These tiny
bones amplify

the vibrations

Reflection

When a wave bounces off a surface
instead of passing through it or being
absorbed

Refraction

The change in direction when waves go
from one medium to another

1. Sound ent r5|[
the ear cana l\

Transmit

When a wave passes through a material
and is not absorbed or reflected

Ultrasound

Sound waves with a frequency above
20 000 Hz, too high for the human ear to
detect

Infrasound

Sound waves with a frequency below
20 Hz, too low for the human ear to
detect

4. Vibrations are passed
to the liquid inside the
cochlea

5. Tiny hairs in
the cochlea
convert the
vibrations into
electrical
signals called
impulses

auditory nerve to the brain

6. Impulses are passed along neurones in the

Total Internal
Reflection

The reflection of a ray of light inside a
medium when it reaches an interface.
TIR only happens when the angle of
incidence inside the material is greater
than the critical angle

| Adetector

S

Critical Angle

The angle of incidence above which total
internal reflection occurs

senses the
reflected pulse.

An ultrasound
pulse is emitted
by the boat

Real Image

An image through which light rays pass,
so that it can be seen on a screen

Virtual Image

An image that light rays do not pass
through, they only appear to come from
the image

P Wave Longitudinal seismic waves that travel
through the Earth
5 Wave Transverse seismic waves that travel

through the Earth

The wave speed and
time is known, so the
distance can be
calculated

Seabed

Remember the total distance travelled
by the wave is 2x the distance from the
boat to the seabed.

Example Calculation

Sound travels at 1500 m/sin
seawater. If the pulse takes
0.04 seconds to return to the
boat how deep is the water?

Distance = speed x time
travelled
Distance = 1500 x 0.04
travelled

= 60 metres

Depth of = ¥: Distance

water travelled
=¥ x 60
=30m
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Total Internal Reflection Experiment
We use a semi-circular glass block so the light
enters the block along the normal and isn't
refracted.

Critical Angle

J

—

If the angle of incidence is less than the
critical angle then most of the light is
refracted.

If the angle of incidence is equal to the
critical angle then most of the light is
refracted along the interface.

If the angle of incidence is greater than
the critical angle then all the light is
reflected: Total Internal Reflection

Law of Reflection:
angle of incidence = angle of raflection

Incident ray

hormal

Beflected ray

diffuse reflection

specular reflection
Angle of
reflect

Very smooth surfaces reflect light evenly,
this is specular reflaction. Most surfaces
are rough and scatter light in all
directions, this is diffuse reflection.

Light and Colour

See Year 7 Knowledge Organiser on Waves

Coloured filters absorb all but the colour they transmit. So a green filtar
transmits green light and absorbs the rest.

Coloured objects absorb all but the colour they reflect. So a yellow object reflects
only yellow light and absorbs the rest.

White objects reflect all the colours of light that fall on them. Black objects
absorb all the colours of light that fall on them.

Thicker lensas have shorter focal lengths. They are said to have a higher
power.

o . Converging Lens:

[ 1. Focal Point  yf object is outside 2x focal length
image is real, upside down and
smaller.

If object is inside focal length

Vo image is virtual, right way up and
A enlarged.

Principal Axis I

Diverging Lens:

Produces virtual image, smaller,
right way up and closer to lens
than object.

Check Your Understanding

Describe in bullet points how a
human is able to hear a drum. You
should describe how the wave is
transmitted and detected.

A bat emits a sound wave,
travelling at 340 m/s. The wave is
reflected from a wall and returns
50 milliseconds later. How far
away is the wall?

Draw a diagram to show how a
blue filter absorbs and transmits
light.

What will happen if this light is
now passed through a red filter?

Draw a diagram to show how a
purple object absorbs and
transmits light. Assume purple
light is made up of blue and red
light waves.

Draw a ray diagram to scale for an
object S5cm away from a
converging lens with focal length
L.3cm.

Write out the law of reflection.

Exam Question

Explain the meaning of the term
critical angle. You may use a
diagram to help your answer.

As the temperature of an object
increases more energy is emitted
at higher frequencies.

To keep an object at a constant
temperature the energy emitted
must equal the energy absorbed.
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= '5 Radiation Range (em) Stopped by [field
0= Aloh il A particle made of two protons and two neutrons, emitted power deflection
= "5 pha particie as ionising radiation from some radioactive isotopes.
oo o Deflected
.o o . A high spged glec‘_cron, emitted as ionising radiation from ) Highly towards
5",) 5 Beta particle some radioactive isotopes. Alpha 35 ionising Paper negative
< ] c A high energy photon, emitted as ionising radiation from plate
o amma ray some radioactive isotopes. Deflected
Beta about 15 lonising Aluminium  |towards
Nucleon A particle found in the nucleus (neutron or proton). positive plate
The number of protons and neutrons in the nucleus of an Lead or
Mass number Weakly Concrete,
atom. Gamma much longer |, None
v b : | —h | h : ionising though some
umber of nucleons in the nucleus, another term for mass
Nucleon number | .\ opor gets through

Atomic number

The number of protons in the nucleus of an atom. Also
known as the proton number.

lon

An atom or group of atoms with an electrical charge due to
the gain or loss of electrons

lonising radiation

Radiation that can cause charged particles (ions) to be
formed. It can cause tissue damage and DNA mutations.

L A set of wavelengths of light or other electromagnetic
spectrum
Absorption A spectrum of light (or other EM radiation) that includes
P black lines. Caused by some wavelengths being absorbed
spectrum by the material that the light (or radiation) passes through.
O T Charged particles with a high energy that come from stars,

neutron stars, black holes and supernovae.

Geiger-Muller
(GM) tube

A device that can detect ionising radiation and is used to
measure the activity of a radioactive source.
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When an unstable nucleus changes by giving out ionising
radiation to become more stable.

Decay
(radioactive)

2
-
wn

&

i

The anti-particle of an electron, having the same mass but

Positron opposite charge. Positron emission is a form of beta decay.

The average time taken for half of the radioactive nuclei in
a sample of radioactive material to decay.

Half-life
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Radioactive decay

Radioactive decay is when nuclear radiation is ernitted by unstable stormic nuclei sa that they become mare stable. It is
a roAdom process. This radiation can knock electrons out of aloms in a process called ionisation.
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Living cells can be damaged or killed by ionising Radiation dose, measured in sievert [5v], measures the

radiation.

The risk depends on the hall-life of the source
and the type of radiation.

Alpha radiation s very dangerous inside the body
because it affects all the surrounding lissue.
Cutside the body it only afects the skin and eyes
because it canmol penetrate further.

Beta and gamma radiation are dangerous
cultside and inside the body because they can
penetrate into tissues,

Muclear radiation in medicine

Exploration of internal organs
Gamma-emitling tracers are injected or swallowed by
a pﬂ!iEﬁL Gamrma cameras can then create an irnagp
showing where the tracer has gone.

The hall-life of the trscer must be shart encugh so that
st of the muclei will decay shortly after the image is
taken to limit the patient's radiation dose (normally
abeut six hours).

Muclear fission Muclear fusion

HNuclear fission is when a large unstable nuscleus
absorbs an extra neutron and splits into bwo srmalber
nuclei of roughly equal sire.

During nuclear fission:

= gamrma radiation is ernitbed and energy is released
= two o three neutrons are emitted that can go on to

health risk af expasure ta radiation. It depends on the
type and armount of radiation.

Background radiation is radiation that is around us all
thie time. It cormes fram:

= natural sources like rocks and cosmic rays

= nuclear weapons and nuclear accidents.

Background radiation is abways present but the levels are
higher in Some locations and in some jobs.

Control or destruction of unwanted tissue

1 Marrow beams of gamma radistion can be focused on
tumour cells o destroy them. Gamma is uwied because
it can penetrate tumours from outside the body.

2 Beta- or gamma-emitting implants can be surgically
placed ingide (or mext to} turnours. Their hall-lives
must be long enough to be effective, but short
enough that it does nat cantinue to irradiate the
patient after treatment.
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cause a chain reaction. E /a § - Qo
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Thee chain reaction in a power station reactar is F & Q @
controlled by absarbing neutrons. : "“-‘a ~@n
- n
Nuclear explosions are uncontrolled chain reactions. C
O rare o ccasions an unstable nucleus splits apart c \ G n
without absorbing a reutron. This is called : -~
spontaneous fission. : —=
: @

Irradiation versus contamination

When luel rods are remaved from the reactor, they

when an prevented by
ar\e.sl.br\ed in Large tanks in water for up to a year abject is shislding, removing,
Lty oy irradiation expased of maving away
Machines are then used to open up fuel rods and o nuclear e from the source of
extract the unused plutonium and uranium. Ay radiation radiation

material that is left then has to be stored securely haren

when object remaing

4 they have Lats of radisactive isatopas with omsofs | TOUEh | ated toradistion
lang hall-lives. This is done to prevent radioactive dinactive | CTisatiON a5 lang &t is
contaminatian, contamination | L cortaminated
anarin an coriamination can be
albject very diffieislt b ramave

Protection against irradiation and contamination

¥ou can protect against irradiation and contamination by:
+ maintaining a distance from the radiation source

+ limiting time near the souree

= shielding fram the radiation.

R T ﬁ

Studies an the effects of radiation should be published, shared

Cantamimation :an bad
[ ————

with other scientists, and checked by peer review as d:::r:::
they are impartant far human health. radnas e

Muclear fusion in the future

Huclear fusion is when two light nuclsi join o Fulture fudion reactors could meet energy needs for a growing
rake a heavier one. population. This is because:

Some of the mass is converted to enengy and q * The fuel for fusion reactors is easily available as heavy hydrogen
transherred as radiation. is naturally present in sea waber.

Muclear fusion in the suns core releases = The product, helium, s an unresctive gas and non-radioactive

energy. A fusion reactor has to be at a very %0 is harmless.
high temperature sa the nuclsi can avercome + The ensrgy released could be used to generate slectricity in
their repulsion. Ehies Tt are,

atom activity atomic numbear background radiation beta chain reaction

gamma Geigar-Miillar tube
Tiass furmibar et dacline
radiation dose radicactive decay

alpha

comtamination
half-life

plum pudding model

fission fusion
isotope

pear revidw

count rats slactron

ionisation  irradiation nautron

FI'DTA’JI'I

spontangows  Lracer
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Energy Something that is needed to make
things happen or change

Power The amount of energy transferred per
second. Units Watts (W)

Watts (W) Unit of power. 1 Watt = 1 Joule per
second

Work done Energy transferred when a force acts

through a distance

Action-reaction
forces

Pairs of forces on interacting objects.

Force field The space around something where a
non-contact force affects things (e.g. a

magnetic field or gravitational field)

MNormal contact The force that acts at right angles to a

farce surface as a reaction to a force on that
surface

Mon-contact A force between two objects that are

force not touching. Gravity, magnetism and
electrostatic forces are all examples of
non-contact forces,

work done (J)

= force (N) x distance moved in direction of force (m)

E=Fd
__ work done (J) _E
power (W) " time raken (=) P r

Check Your Understanding

& mark question: Al walks directly up a hill and he takes 12
minutes to get to the top. Bev walks up the same hill on a
shallower path that zig zags as it goes up. She takes 15
minutes to get to the top. Explain who has exerted the
greater power, and whao has transferred more energy while
getting to the top of the hill. Include any assumptions you
make in your answer.

- f f Scal
- 33kN Thrust | 10

40kN |

RS |
| 1 w.‘“ i J sl LT f
] ‘.H‘H.; H""""‘—-«

Resultant Fur-::T 10kN weight
N 1

1t/

1) Draw arrows to represent the forces. The arrows
should be at the correct angles and the length
should represent the size of the force on the scale.
2) Draw lines to make a parallelogram.

3) Join the diagonal to show the resultant force.
Measure this line and use the scale to work out the
size of the resultant force.

Free body force diagrams show all the forces acting on
an object.

All the forces shown need to be acting on the same
object.

M
Upthrust
Thrust Drag
" (from engine) Boat
Weight

Vertical Com p-mmnf =240 kN

F Thrust 7!50 kN

>
| | |

Horizontal
component =100 kN  —

Drawing a scale diagram
to resolve forces into
components.

1) Draw force arrow to
scale at the correct angle
2) Draw a rectangle with
the sides in the directions
you are interested in

3) The resolved forces
are the sides of the
rectangle (e.g. vertical and
horizontal)




Rotational Forces

Moment of a force = force x distance normal (perpendicular)
(Nm) (N)  to the direction of the farce (m)

Distance normal to force (0.2 m

F 3

Force (100 N)

Moment=20N m

Pivot

Forces doing work and Forces

and their Effects TRIPLE CONTENT
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Law of moments:
When a system is in equilibrium the sum of the clockwise
moments is equal to the sum of the anticlockwise moments

Clockwise moments: (20x 1) + (10 x 0.4} =24 N m
Anticlockwise moment: 60 x 0.4=24 N m

Gears

The smaller gear has half the
number of teeth of the larger gear
and so must have half the diameter.

For every complete turn of the
smaller gear, the larger gear will
complete half a rotation.

If the small gear turns anti-
clockwise the large gear will turnin
the opposite direction (clockwise).

For any two gears the ratio of the
diameters, or the ratio of the
number of teeth, will tell you how
many times the smaller gear will
turn for each complete turn of the
larger (or vice versa)

Example: If gear A has 48 teeth and
gear B has 16 teeth then gear B will
turn 48/16 = 3 times for every
complete turn of gear A.

Check Your Understanding

A man applies a force of 200 N
on a spanner at a
perpendicular distance of

0.7 m from the bolt. Whatis
the size of the moment?

Some sacks are hanging from a
peint 0.1 m from a pivot. They
are balanced by a weight of
200 N hanging 1 metre from
the pivot and a weight of 10 N
hanging 1.3 m from the pivot.
Calculate the weight of the
sacks.

A rock of weight 6 000 N is
placed on a lever 0.3 m from
the pivot. What force will
someone nead to apply on the
other end of the lever, 2 m
from the pivot, in order to lift
the rock?

How could the person in the
question above adjust the
system so that they need to
apply less force to move the
rock?

Why is it easier to undo a stiff
bolt with a longer spanner?

Gear X has 40 teeth and is
connectad to gear Y which has
10 teeth. How many times will
gear ¥ turn if gear X completes
4 rotations?

If gear X is turned clockwise
which way will gear ¥ turn?

Gear Z, with 20 teeth, is
connected to gear Y. How
many turns will it complete if
gear ¥ completes one turn?




An atom has no charge becsuse it has equal nurnbers
of positive protons and negative electrans.

When electrons are removed fram an atem it
becomes positively charged. When slectrons ane
acded to an stom it becomes negotivaly charged.

Iresuilating materials can became chargad when they
are rubbed with anather ingulating material. This i
because & ectrons sne trandbemed am one material
ber the oither, Materials that gain electrons become
megatively charged and those that lose electrons

Drawing electric fields

A charged object creates an ebectrie field around itsell.

If & charged abject is placed in the electric lield of anather
charged abject it experiences electrostatic farce. This

gu icand that the two charged objects éxert a non-contact
faree an each other:

= Jike charges repel sach ather

= oppasing charges attract each other.

The electric feld, and the foree between twna charged abjects,
Eets sironger as the distancs between Lhe objects decreates,

Drawing electric fields

become positively charged. Electrie fields can be repracented

Pasitive charges da ot usually transler betwesn using & diagram with field lines.

materials, These show the direction af the

Electrie chargs is meauired in coulambs C. force that & cmall positive charge
wiould experience when placed in

R

o ] When drawing electric fields,

I b o bjects have a very stron g el edric field between miake sure:

them, electrons in the air molecules will be strangly * * field lines mest the surlace af

atiracted towands the positively charged abject. If charged abjects at 907

the electric field is strang enough, electrans will be *+  arraws always point sway fram

jpuilbesdl away from the air malecules and cause a low of
electrons between the two objects - this is & spark.

e T T

ﬁ Hey terms
/ )

Electric current

[Ebectric current is when charge flows. The charge in an electric circuit is carmied by electrons.
The unit of current is the ampere (amp, A).
1 ampere = 1 coulomb of charge flow per Sacond
Charga (L) = curment [A) = time (=)

In circuit diagrarmes, current flows fram the positive terminal of a csll or battery to the
negative terminal. This is known as conventional current.

Ir & single chosed loop, the current has the sarme walee at any paint in the cirouit.

Metals are good conductors of electricity because they contain delocalised electrons, which
are free to flow through the structure.

Potential difference (p.d. ) is a measure af how much energy is transiermed bebwesn two

jpeoints in & eircuit. The unit of potential difference is the volt (¥).

= The pd. acrods a component is the work done on it by each coulomb of charge that
passes throughit.

= The pd. scrods a power supply or battery is the enengy transferred to each coulamb of
eharge that passes thraugh it.

For electrical charge to flow through a circuit thers must be a sowrce of patential difference.
Fotential differenca (¥] = anergy transfarred [J)/ charge [T)

paditive changes and lowards negative charges.

ampeare

charge
coulomb
current
electric flald
electrostatic forcs
LY
parallel
potential differances
resistancs
Sarias

static

| thermistor J

Resistance

When electrons move through a

circuitl, they collide with the iong and
atores of the winss and components
in the circuit. This causes resistanoe

Current-potential difference graphs

A graph of current through & companent againat the p.d. across it
{I-V graphi, is known as the com ponent charscberistic.

i Current is directly

proportianal to

Thecurrert through a diode
enly flees imone dirsction

s the fleww of charge. H— V| thepd inan o i | - called the farward
The unit of resistance is the ohm (). alimic conductar f direction. Thers nesds e ba
A leng wire has mere resistance shmic eonduces | & cORRaRE e a minirnum valtape belore
than a shorl wine becsuse &|ectrons : tErmperature, arry current will flow.
enillie with mare ions as they pass * Thve resistance i
through a longer wire. eomatant.
The resistance “"";:*"—"H . s more current flews through the flament, it temperature
ORI TR b RN Ly increaes, The atoms in the wire vibrate maore, and collide mare
Lo e bl el S | often with electrons flowing through it, 2o resistance incresses as
p:::::! Herence: ternperature increases. The retistance of a thermistor decreases
i _ : ! '

= _ current _ resistance Foan e | 20d temperature increases. The resistance of a light dependent

orence = P TR | resistor (LDR) decreates as light intensity inensases.

L]

veR @ The resistance of an ahmic conductor can be faund by calculsting the

._+||—r.¢l
_‘| |...--||—himm

—_— swiltch

— e esite

—#— wariabie pesi sioe

——

_®_dm

HhadmiE

A
— & —
=
®

light depand

ressashor [LDR}

)

gradient at that paint and taking the irverse:

resistance =

I @ saries crcul, the compenents are
coaried o altar thi OTfar in @& singh loop.
1 or Compenent in & series oincwl saops
kg e while ¢eziit will Siog sorg

ey

L
|
{1

||' +'|_--I-,_..|.‘|I|'r|,__.-ﬁ' Ry

Compananis s a hights resstancs
traredar a Lifgar shiane of th tobal pod.
bitaina ¥ om iR fand umet s S s
Hhrosgh all componanisl.

A paralial girousit & made up of s of Mo
loes Trniggh which cumat can Thew. 1 o
branch of & paralial circuit shops working, the:
other beanchis will no? e aflecied

gy

L
Ul

oareant sphts
&l & junction

Thi: total resilance of tes o Mord SMpenants
in paralled is always s than e smal st
reEtancs of sy biaach. This & beroids
adiding & | oop 8o thi circuit provi dis anotharn
routi for thi curmant To Sie, 50 mone curmnt
il Sioe i okal Evess thioesgh th pod. has rat
changad. Adding mon: PESHTES @b paralkl
decraases this total nesstance of & circull.




Why do transformers improve efficiency?

A high patential difference across the trarsmission A leser currert in the cables meand less elsctrical power
cabiles rmeans that a lower ourrent is needed to i% wasted due to hmdmﬂﬂﬂ. since the power
" s et e lrmﬂu’lhtsamumnmtnfpﬂmr.m lost in heating a cable is:

»vary kg carant Somn

T s bt it poveer (W) = currant. (A] = potential diferencs (V) E

Acell or & battery provides a direct
current (de). The current only flows

in ane direction and is produced by a
direct potential difference.

Mains electricity provides an altermating
current [ae). The current repeatedly
reverses direction and is produced by an
alternating potential difference.

The positive and negative terminals af

an alternating power supply swap over
with & regular frésquency.

Tha Earth are o sty
e o oy e apelance
bacorrang ren. Tha patwrraal
difsrarce of the Esrds wirm
i . onilly carmias @
curerd f $Seee o & el

Funa cosrected io e
Irvm wwn. H tha lovn wrn
1Tude an appiusoe

power (W) = curment® (A] = resistance (1)
Whan Hes hapeem the fua

ks and doconaects the P =¥ @ e @
bpaping to0 el arcw wfe Thiis riakes the National Grid an efficient way to transler
Tha Irem wrs s dargerzea - ENErgy.

becmas & ham & hgh polerts
citterasce of 2I0C Fhis weuld
coumn & g curment i Sow
through you # you fouched i

e mestral e
complaie the coeud
t han & patarrial
differarce af 0

I 100% efficien cy is avayurmed:
primary potantial . primary . sscondary potential . secondary
difference current

Flmtic o s ot wars differanca current
costirge and plag cne becsam
i 5 g slsctesl mulsor

Mout slectrcal azsiencem. n the UK
e conrecied io e T sung &
Hesscom bl Coppar m omsd for the
warms becane & s good sectrosl

The frequency of the mains electricity
supply in the UK is 50Hz and its voltage

is X0 condscio mnd & banch wawly.

The Mational Grid

The National Grid is & nationwide network of cables and trandborrmers that link
power stations Lo homes, offices, and other cansurmers of mains electricity.

Transformers are devices that can change the potential diference of an
alternating current.

Electrical appliances transler energy.

For examiple, an haindryer trandlers
energy electrically fram a eherical
store (e.g., the fuel in & power

¥ can eakulate the charge flow using the equation:
@ changs fow [C) = curment (4] x time (=]
Q=0

station) to the kinetic energy store
Powses shalians geterals e icity nfmthniuidemthair'dqﬂmd

at an alemating potential

Thi cables. in the Mational Grid transhar Homis and offices sa slctrical power

ahectrical power at @ potential difference  supplied at a potenatial diffesen ca of 2300 et e e By transh o2k £} | appikance wiivn o

ibiaruaca of about 25000V, o sp o 400 000, tothe thermial energy stare of flowes through it using:
the heating filaments inside the
hairdryer. @ enargy transfarred [J] = charges flow [T} » potantial differance (V)
When you turn an electrical E=ov

difference of the rmains supply
eauses charge (carried by electrons)
o faw through it

Your can fird the energy transerned by an electrical appliance using the equation:

@ energy trarsfarred ()] = powar (W) = tims (=)

Siep-up irinslormmers an wGed 1o inCreass e polential
difdareaca Trom thi power stabon bo the trarcmission cables.

Step-down (rmslommens e wid 10 decsdsa the potantial
ditferance from tha traremicson cables to the maire sepply
in ez aned officas S0 that it is sale o wse.

By making the grid potential diference much higher, 8 smaller current is needed to transfer the same power.
Therefore, the Mational Grid is an efficient way to transfer power due to less heating loss in the wire.

altermating current coulamibs

step-down transformear

altarnating potantial difference
fuse National Grid

charge flow
short circuit

direct currant

step-up transformar

diract potantial diff eremnce
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The Solar System

Everything that orbits the Sun including:

Planets — large objects that orbit a star — Mercury, Venus,
Earth, Mars, Jupiter, Saturn, Neptune, Uranus

Dwarf planets — too small to be considered a planet — eg Pluto
Moons — natural satellites that orbit a planet

Artificial satellites — human made that orbit other objects
Asteroids — consist of metal and rock that orbit the Sun
Comets — consist of ice and dust that orbit the Sun — orbits are
typically highly elliptical

Gravity

Theories of Solar System structure

* The model of the Solar System has changed over time as new

evidence has been collected.

1. Geocentric model: Earth is at the centre of the Solar System.
Developed as the Sun, Moon and planets are observed to move
across the sky in a repeated fashion. No telescopes existed to give
more information. Accepted from ancient Greeks to 1500°s

2. Heliocentric model: the Sun is at the centre of the Solar System.
Adopted as more evidence gathered through development of the
telescope. Galileo observed moons orbiting Jupiter proving not
everything orbited Earth.

The force from gravity between objects results in
orbits

An object in a circular orbit at constant speed is
constantly accelerating

Centripetal force acts towards the centre of the
orbit

The force of gravity depends on the mass of the
body creating it (the higher the mass the stronger 5
the gravitational force) AND the distance to the
object (the closer you are the stronger the force).
The closer to an object you are the faster you need
to travel in order to stay in orbit around it

Theories of the creation of the Universe

* The universe is expanding. This observation lead to development of models to
explain its creation.

1. Steady state: The universe has always existed as it is currently observed and

will always remain this way. As it expands new matter is being constantly

created. This results in the density of the Universe remaining constant. There

no beginning or end to the Universe.

The Big Bang: At the start of the Universe all matter occupied a single point.

This point was extremely dense and hot. It then ‘exploded’ — space expanded

and is still doing so. Finite age to Universe of ~13.8 billion years.

*  Big bang current accepted model for creation of Universe based on current
evidence.

Red-shift
* Gives evidence of galaxies moving away from each other and expansion * Low frequency electromagnetic (EM) radiation (mainly in

of the Universe. Can be explained using State state or Big Bang.

Cosmic Microwave Background (CMB)

the microwave region of the EM) can be detected from all

Different elements absorb different fixed frequencies of light - each parts of the Universe

element has a fingerprint like pattern of absorbed frequencies.
Light from distant galaxies has these patterns but at slightly lower

* Can only be explained by big bang model as it shows
Universe has a beginning — CMB radiation is leftover

frequencies than expected (ie the pattern is shifted towards red light). energy of initial explosion

Measurements demonstrate all galaxies are moving away from us

quickly

The further the galaxy from us the bigger the red shift therefore more

distant galaxies are moving away faster than nearer ones
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Life cycle of stars

1.
2.

Star formed from cloud of dust and gas called a nebula
Gravity pulls dust and gas together forming a protostar.
Density and temperature increases. At high enough
temperatures hydrogen nuclei undergo fusion to form helium
nuclei. Huge amounts of energy released during fusion
keeping core hot.

Main sequence star — stable period. Outward pressure from
thermal expansion balances inward force from gravity. The
larger the star the shorter this stable period lasts.

Hydrogen in core runs out. Force from gravity becomes
greater then outward pressure from thermal expansion. Star
compressed increasing density and temperature. Quter
layers then expand becoming a red giant if star is small or a
red supergiant if star is large. Surface cools and so becomes
red.

Small to medium sized star— ejects outer layer of dust and
gas — hot dense solid core remains — white dwarf

Big star — undergo more fusion — expand and contract several
times as balance shifts between thermal expansion and
gravitational compression - eventually explode in a
supernova

Exploding supernova ejects outer layers — very dense core
remains — a neutron star. If massive enough this collapses
forming a black hole.

Telescopes

* Allow us to see distant objects through diffraction and
reflection

* |Image quality can be improved by increasing the aperture or
guality of the object lens (lens that light enters telescope
through)

* Telescopes in space have a clear view than those on Earth

= Earth's atmosphere absorbs many frequencies of EM radiation

* Light pollution on Earth makes it hard to see dim objects in
space

*  Atmospheric interference minimised by putting telescopes on
mountains and dark places

* Different regions of EM spectrum studied to gain as much
information about Universe as possible.

* Earliest telescopes used visible light — from 1940s onwards
telescopes were developed for all regions of EM spectrum

* X-ray telescopes show high-temperature events like exploding
stars

* Radio telescopes discovered CMB

* Modern telescopes are used alongside computers enabling
better images to be created, the collection and storage huge
amounts of data 24 hours a day without humans and faster
analysis of data.
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Evidence that the that the core of the Earth must be magnetlc Magnetic
A compass needle is a magnet. [ materials

Compasses always point to the Earth’s

*Nickel
North Pole (Magnetic North). elron
The North Pole is a magnetic south
pole (because it attracts the north of *Steel
bar magnet). NS *Cobalt

Uses for magnets Unlike poles attract,
*Loudspeakers like poles repel
*Compasses

*Generators
*MRI scanners

*Door locks

A magnetic field is induced around a wire when the wire is carrying a current
The Right Hand Rule r“""'"::'_':_:"' o
*The magnetic field is strongest near the wire AR

s b

*The strength of the field increases if the —t J:_-
electric current increases " el

Induced magnets are
only magnets when they
are in the field of
another magnet

Magnetism and EM Induct

PHYSICS

How to find the shape of a magnetic field

N
- Current
&
L] Platting
N ‘ PR COMPass £ - \
s, =t
S . RN
A ™,
-:‘I. ¥ ) 11
b S
S e \i
T L -
| Cordboard
N S {| sprinkled with
| irgn filings

Place a compass at different places around magnet to show the shape and
direction of the magnetic field. Iron filings show the field strength but not the
direction. Closer together field lines show a stronger field

E|:
1B
Lol
E-\.
3|
2
e

Bar magnet Uniform magnetic field
Different strength and direction Same strength and
in different places direction throughout

3

", —_— &

Sclenoids

A solenoid is a coil of wire that is carrying a

Wagrets

current i
A
A e
el Seakl Ty |

The magnetic fields reinforce in the centre of
the solenoid to make the field strongest here.
They cancel out on the outside to make the
field weaker here. The field is uniform inside
the solenoid.

o Ea’e&a‘urﬂﬁyﬂef
A solenoid is an
electromagnet (a OB AL
magnet you can turn (| ) J JJ ) "J ) Jprom
on by switching on the [ ’
current) — |

SuprEty
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When a wire moves relative to a magnetic field,
an electric current is induced in the wire (wow!)

Factors affecting the strength of the current produced

1. Number of turns in the coil of wire ¢
2. How fast the magnet is moving
3. Strength of the magnetic field

The Motor Effect

When the magnetic field from a permanent magnet
interacts with a magnetic field from a wire, it pushes it. This
force is called the motor effect. An equal and opposite
force acts on the magnet.

Fleming’s Left Hand Rule

links the direction of the magnetic
field, the direction of the current and
the direction of the force.

First Finger — Field (B)

Second Finger: Current {1}

Thumb: Motion (F)

magnetic fields point north to south
electric currents flow + to -

Te be able to use:

Force = Magnetic Flux Density x Current x Length F=BIL

Magnetic flux density (B) is a measure of the strength of a
magnetic field in an area; it is measured in Tesla (T) or N/Am

Transformers
The National Grid uses transformers to transport electricity with a
smaller current and a higher potential difference . This improves
efficiency by reducing heat loss in transmission lines.
How Transformers work
Transformers consist of two coils wire would around an iron core.
1. Alternating current supplied to the primary coil
2. Creates a continuously changing magnetic field
3. The iron core carries the magnetic field to the secondary coil
4. A changing potential difference is induced in the secondary coil
5. The size of the potential difference depends on the number of
coils the secondary and primary coils have

_—Used at power stations o
g (low current means less N U“fne‘fezear\::e'::?jg I{rw A
. heat loss due to AN d mp: f
“—_resistance in wires) p ichis safer)
Step up SYep dowm
1 =
— ()
8 b L
-
E'_,,_.-l p— e : E ;
m p = T -
- p  C
£ a:
= | J @
("5 ]

Step-down transformers
decrease potential difference
(and increase current)

Step-up transformers
increase potential difference
(and decrease current)

If a transformer is 100% efficient, the energy per second
(power) going in, must be the same as the power coming out

Vo x1p =V, x, secondary

current
secondary p.d

primary p.d.
primary current

* Energy is always conserved, so the power in the secondary coil
must equal the power in the primary coil (P=E/t)
* P=|V, so as potential difference increases, current decreases
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SR e e e st Using induced currents (motion = current)

S The Cail
S Atiracts o

VRS et
o ‘ Mg

Whaen the N Pole
of the magnet is
moved swsy from

"“———— The magnetic field of the current opposes the original change, For example, if a magnet is moved
into a coil of wire, the induced magnetic field tends to repel the magnet back out of the coil.

¥ A coil of wire, wound onto an iron core, is rotated in a permanent magnetic field. i
Alternators use two slip

\ rings and dynamos use one
split ring commutator to

pole o The Coll
q  Repels @

W e
=

|
1
1
1
1
:
W s
When the N pele ¥ connect to the external
f th ot | . .
pilerieperpeia : circuit. The commutator*
the coil, end of Il e * d
coil becomes N L] e T swaps the connections
Pole 1 magnetio feld h If h
In the lab: currentscan || i ror. o " " every haif turn so the
§ . : nerator . . n r B! i
be induced by movinga | ( geit cia :’ )% VAT ( dge era )0 Hananan current in the external
: Sy () an alternator)3d| v - a dynamo s ircui i
. magnet relative to a wire | . ! y v circuit always flows in the
B e ——— B e ————————— same direction.
A microphone converts the pressure variations in sound waves into variations in current Motors (current = motion)
in electrical circuits (motion = current). The reverse effect is used in loudspeakers and
2 This side of the molor pivot This sxde 15 pushed
headphones (current = motion). is pushed upward 5 Sownmard
3. The diaphragm moves i \
1. Sound waves cause a coll of wire backwards - ¢
variations in air pressure. ¥ and forwards. Magne |
Cone maves in and out 4 ) 3
n.i :
o
b = connecting
(7] Q. wires
-
© 2
v A ;
% E 2. The pressure
variations make a permanent
= diaphragm vibeate. magnet

Carbon brushes W The metal spiit-ring

make electrical contacts commultator is split so

between the crcut and that the current changes

the maotor draction every half tum
a

I} >

Magnetism equations

.

To be able to use: > i

The force on a conductorin a
magnetic field is used to cause
rotation in electric motors.
potential difference across primary coil number of turns in primary coil V r & Real motors contain many coils of

potential difference across sec ondary coil  number of turns in secondary coil V N wire
s Bl

Use the turns ratio equation for transformers to calculate either the missing voltage or
the missing number of turns
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Keyword

change of state

Definition

The changing of matter from one state to
another, for example from solid to liguid.

state of matter

One of three different forms that a
substance can have: solid, liquid or gas.

physical change

A change in which no new substances are
formed, such as changes of state.

chemical A change that results in the formation of
change new substances.
density The mass of a substance per unit volume. It

has units such as kg/m?®or g/cm?®.

kinetic energy

A term used to describe energy when it is
stored in moving things.

sublimation

When a solid changes directly to a gas
without becoming a liquid first.

specific heat
capacity

The energy nesded to raise the temperature
of 1 kg of a substance by 1 °C.

specific latent
heat

The energy taken in or released when 1 kg of
a substance changes state.

temperature

A measure of how hot or cold something is.

Density is a measure of how much space (volume)

a particular number of particles (mass) occupies.

Practical: To find density of a substance; mass and

volume must be measured.

Apparatus: Measuring cyliner, Displacement

(Eureka) can, balance

Finding the mass of the substance

Use a balance (remember the unit (g)

Finding the volume

+ Liquids: use a measuring cylinder (unit =cm?)

* Regularsolids (e.g. a cube): use a ruler and
geometry

+ Irregular solids (e.g. a stone), find the volume of
water that is displaced when the objectis
submerged in water using a displacement can.

+ Calculate the density (mass + volume).

thermal energy

A term used to describe energy when it is
stored in hot objects. The hotter something is,
the more thermal energy it is storing. It is
sometimes called heat energy.

dabsolute zero

The temperature at which the pressure of a
gas drops to zero and the particles stop
moving. Itis =273 *C or 0 K.

To memorise:

) Eureka can
5

kelvin (K) The unit in the Kelvin temperature scale. One
kelvin (1 K] is the same temperature interval
as 1 °C.

Kelvin A temperature scale that measures

temperature temperatures relative to absolute zero.

scale

Density = mass = volume
kg/m?) (ka)  (m?) —~Maasunng
Or Eyﬂlﬂﬂfﬂ
g/em®) (@) (om?, -
== olume o
- -4 Sloné
f ——
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Core Practical:
Investigating water part 1

T

solid

melt l T freeze

SSeeeesers

liquid

boil l Tcondense

Particles vibrating on the
spot.

Fixed shaped because
the particles are
arranged in a pattern
Incompressible because
the particles are all
touching one another

Particles can move past
each other

Liquids can flow because
the particles are free to
move past one another
Incompressible because
the particles are all
touching one another

Particles collide with
each others and with the
walls of their container
Gases can flow because
the particles are free to
maove past one another
Compressible because
the particles are not
touching one another

Method:
1.
2.

3.

Fill @ beaker with crushed ice.

Place a thermometer into the beaker and record
the temperature of the ice.

Using a Bunsen burner, gradually heat the beaker
(1/2 air hole open and half a turn of gas tap).

4. Every 20s record the temperature and the current
condifion of the ice (e.qg. parfly melted,
completed melted)
5. Continue this process until the ice melts into water
and this water begins to boil.
6. Plot a graph temperature against time.
gas | f
thermometer
h;.._,l.._l:,u % liquid and gas \
— | . i |beaker
crushed ice ?:-L*. |
Tomperature (C) jaub '-P“?“- L)
. " Tl X —\\ gauze
."il -I".
j \
}llr ! | tipod / '\
»® neling / HEAT \
solid

Time
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Aim: To find the specific heat capacity of water.

Method

1.

2.

Put a polystyrene cup in a beaker onto a
balance, and zero the balance.

Then fill the cup almost fo the top with water
and write down the mass of the water. Carefully
remove the cup from the balance.

Put a thermometer in the water and support it as
shown in the diagram.

Put a 12 V electric immersion heater into the
water, making sure the heating element is
completely below the water level. Connect the
immersion heater to a joulemeter.

Record the temperature of the water, and then
switch the immersion heater on. Stir the water in
the cup gently using the thermometer.

After five minutes, record the temperature of the
water again and also write down the reading on
the joulemeter.

Considering your results:

Divide the mass of water by 1000 1o find the mass
in kilograms.

Subtract the tfemperature of the water after five
minutes from the starfing temperature to find the
temperature change.

Calculate the specific heat capacity of water
using the equation.

Core Practical: Investigating water part 2- Specific heat capacity of water

thermometer
S

beaker _

o 8

water

power

joulemeter ~ supply

|
[-T=]

o0
(=2

immersion heater

How to Reduce
vnwanted heat loss:
Insulate the
container which
holds the
substance being
heated

Sources of error

Immersion heater might not
be completely in the
substance being heated
Heat energy not all
transferred to the substance
being heated, some will be
transferred to the
surroundings.

Equation to calculate specific heat
capacity

() =

mc AT

2 = energy transfered )
= mass of substance (ko)
o = specific heat capacity
AT = temperature change (K or°C)

change in thermal energy = mass x specific heat capacity x change in temperature
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Specific latent heat is the amount of energy
required to change the state of 1kg of a
substance.

Specific latent heat equation
thermal energy needed for a change of state (J) =
mass (kg) x specific latent heat (J/kg)

Energy is needed to make a substance melt
or evaporate. The amount of energy
depends on the mass of the substance and
on its specific latent heat. The energy
transferred during a change of state is called
latent heat. For heating, latent heat is the
energy gained to cause a change in state.
For cooling, it is the energy released by a

change in state.

Q=ml
Q = thermal energy needed

for a change of state (J)

m = mass (kg)

m x L

L = specific latent heat
(J/kg)

phase change
(vapourisation)

Temperature

phase change

‘.;g:-
L (melting)

Energy Input

: 1. Brick has a specific heat capacity of
| 840J/kgeC. ;
 Calculate how much energy the 800kg |
. heater in photo A stores when the bricks
are 40°C above the air temperature in the
room.
2. The specific latent heat of evaporation |
| for water is 2257kJ/kg. How much energy

does it take to evaporate Skg of water at
100°C?

e e e e e e e e e e = o =




KS4: Autumn Term

SCIENCE: Particle Model

ST IVO

i ACADEMY

S
- o
= P
N
s

"
4
%

Gas Pressure

Gas particles are far apart and move
around quickly. The temperature of a
gas is a measure of the average
kinetic energy of the gas particles.
Pressure increases if a gas is heated
because the particles will collide with
the walls of the container more
frequently and with greater speed.

Why do balloons get bigger as you blow them up? When
you blow up a balloon, you are filling it with air particles,
The more air particles you add, the bigger the balloon,

O
-

W L% 3 X R
“xmhh‘ / Q A e‘. 5& g -‘P
\a 'r|||ﬂ.--"1\. I/I p ﬂj & ‘».Ip _rl:“
. ,ou-“z\ Rl _.L”m y
\\. ; 1} # g i - am‘ll "'.’j
T G}__yu:_?__. o

Topic Equation

To memorise:

Density = mass +~ volume
(km/m3)  (kg)  (m?)

Equations to be able to use:
change in thermal energy = mass x specific heat capacity
x change in temperature

thermal energy for a change of state
= mass X specific latent heat

Absolute zero 0 Kelvin
No movement of particles

-273°C

Question:
What is the boiling point of water in Kelvin?
Boiling point = 100°C +273= 373K

Useful Links:
https://phet.colorado.edu/en
/simulation/states-of-matter-
basics

-Schoology
https://www.bbc.co.uk/bitesi
ze/guides/z2gjtv4/revision/6

UNITS to Learn:

Kelvin = (K)

Thermal energy = J
Specific heat capacity =
J/kg°C

Specific latent heat = J/kg




Keyword

direct proportion

Definition

A linear relationship in which one variable doubles as the other
does.

KS4: Physics

elastic An elastic material changes shape when there is a force on it but
returns to its original shape when the force is removed.

inelastic An inelastic material changes shape when there is
a force on it but does not return to its original shape when the
force is removed.

extension The amount by which a spring or other stretchy material has

stretched. It is worked out from the stretched length minus the
original length.

Forces and Motion

linear relationship

A relationship between two variables shown by a straight line on
a graph. For a linear relationship the line does not have to go
through the arigin.

non-linear
relationship

A relationship between two variables that does not produce a
straight line on a graph.

60
This graph shows that the
504 foree, F, is proportional to the spring X
extension, x, for both springs.
Fex
404 " )
. The gradient of the line on the
£ araph is the spring constant.
§ 30
S
- 20 spring ¥
104
0 T T T T 1
0 0.1 0.2 0.3 0.4 0.5

Extension (m)

A Force-sxtension graph for two springs. The = symbaol means ‘directly propertional to'

spring constant

A measure of how stiff a spring is. The spring constant is the force
needed to stretch a spring by 1 m.

work done

A measure of the energy transferred when a force acts through a

To calculate the force exerted on a spring.
Extension is directly proportional to Force

distance.

F=kxX

F= force (N)
K= spring constant (N/m)
X= extension (m)

Elastic objects return to their original shape after they've been
stretched, inelastic ones don’t!
Stretching, bending or compressing an object transfers energy

and requires more than one force. One force is needed to hold The spring ked :
one end whilst another force is needed to make the object move. constant, k, of Wo €Xa mple w1
O 3055:;%:6”5 Calculate the spring constant for
2% '.t:% Forces acting on an elastic material (steel strip, spring) stretchy that Spring Xin graph A.
<— force spring is.
ES g Tforce force Pring k=F You can choose
{ = X . H
) ., force — ?‘ % Stretching a rubber band requires | | The spring A any point on
4‘%_“* = constant (k) 50N the graph to
<—force = F7 =,  tWo hands. depends on l=— doffaf
lfDI'CB force / f“:‘-i%ﬂ\ the objecf that 0.5 m read o1T a rorce
. - you are and extension.
bending stretching  compressing -~ _ﬂj stretching. =100 N'f m
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Core Practical: Investigating force and extension
with a spring

Safety: Hazard; Spring recoiling, wear eye protection

Apparatus: spring, clamp stand, 2 clamps ond

bosses, G-clamp, masses, ruler

Method -

1. Secure a clamp stand to the bench using a G-
clamp or a large mass on the base.

2. Use bosses to atfach two clamps to the clamp
stand.

3. Attach the spring to the top clamp and a ruler to
the bottom clamp.

4, Adjust the ruler so that it is vertical and with its zero
level with the fop of the spring.

5. Measure and record the unloaded length of the
spring.

4. Hang a 100g mass (0.1kg) from the spring.
Measure and record the new length of the spring.

7. Add a 100g mass fo the carrier. Measure and
record the new length of the spring.

8. Repeat step 7 until you have added a total of
500qg.

9. Record your resulfs in a suitable table.

10.10. Plot a line graph with extension (y axis) and
force on x axis.

Read the
extension with
your eye level
with the bottom

spring ="

'II— —-————

—d

A

Force (N) Extension of spring Extension of
(length-original spring (m)
length) (cm)

]

of the spring

Force (F)
N

stand —_

Stops

obevying
Hooke's
law here

>

Extension, e

The spring constant, k, of a spring tells you how stretchy that spring

15.

§

5

original

ength | length

extension

weights

~metre rule

FPoint F is the limit of

proportionality,

the equation F=

longer true.

past this point
kx Xisno

Use the gradient of the line (force + extension) to find the spring

constant (k).
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Core Practical: Investigating force and extension with a spring

Two equations:

Hazard Rizk

Precaution To learn off by heart:

Equipment falling

Sharp end of spring

recailing if the spr
breaks

Masses falling to floor if the | Heavy objects faling on feef -

Heavy objects faling on feef -

R bruise/fracture

ing Damage fo eyes and cuts to skin

Use a G-clamp to secure the stand

Wear eye protection and suppert and
genfly lower masses whilst loading the

spring

Gently lower load onto spring and step

F=kxX

To be able to use:
E= V2 kx2

spring fails bruise/fracture back
E To calculate work done for linear relationship (i.e. if
the spring is not stretched past its limit):
ariginal E= ]’(2 kx2
length with
no ft'.lrﬂEH total length E: GHEI’QY
applied R — R —_—_—— with forces -
, applied K= spring constant
exlensian .
X= extension
T T T T T For an elastic object (e.g a spring) the extension is
directly proportional to the force applied. For
example, if the force is doubled, the extension
€ The extension of a spring is not the same as its length. doubles. The relationship is linear.
Worked example W2
Calculate the energy transferred . o _
when a spring with a spring E If a spring is stretched so much that is

constant of 100N/m is stretched

by 0.2 m
E=3xk

x X<

OO0 N/m = (0.2m)?

becomes distorted, force will no longer
be proportional to extension. A non-
linear relationship.

0 Extension (m)
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CONSTRUCTION

ENERGY & UTILITIES

With almost 300,000 basuness tradin g In comtruction,

this secter accounts For 7% of all ompl;ymm in the
UK That's 2.3 milbon jobs.

Carver patha: declriocl o oy

ENGINEERING

The proporticn of young engneers has dropped over
means there will be high demand
for younger workers in the years 1o come!

the ‘ast decade. Ths
Corver pethi: Ehectoone/machars

SCIENCE & RESEARCH

T"AAJ‘. atout S00.000 people work in the ene gy
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Ivy2020 half 3 million people wddbcwwlung

in renewables alone.
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IT & THE INTERNET

Praple .urf‘- qualfications = information technology
Fyoe ane of the highest rates of employment in
the UK.,
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TRANSPORT & LOGISTICS

Betmeen 2016 and 2023, jobs = scerce and research
will grosme at twace the rat

creating 142000 rew obs. One in avery six jobs

will be in science and research.
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urchy and 51
v help you understan
k, anc pves you the ©

and analytical skills meede
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The UK trarsport iex ,*J:'.t;, employs 1.5 millon people
across the country. Over the next 10 years, 100,000
new wukcu will bt required in rail alone,
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