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2.1 Explain that a scalar quantity has magnitude (size) but no specific 6.16 Compare alpha, beta and gamma radiations in ferms of their 5.23 Recall that radio waves can be produced by, or can
direction abilities o penetrate and ionise :

themselves induce, oscillations in electrical circui
Alpha, beta and gamma radiation can penetrate different materials due to
their differing nature.
H ' Alpha - easily stopped by a few
Magnitude: sheets of paper.

Beta - penetrates paper but
paper Al-plate pb.piock  STopped by a thin sheet of
aluminium. 3 1

Magnus : greatness and tudo: size

Gamma - only stopped by thick
lead or several metres of concrete.

Fancy word for "amount of a thing"

Al-plate Pb-block

= All three types of radiation { '-_K' “ 4 b ‘, 1_-7 ' ‘,',_"
. 2 1 cause ionisation of other atoms. : N e =
A nyTh | ng YOU can pUT a numbet" on. = e Al-plte Pb- block + Radio signals are produced when an alternating current is
. ) . . . P r 5 s WuR If these atoms are in living cells ) passed through a wire in a radie transmitter.
L 1 1 y 1 1 ] - it can cause damage which could 5 L . ) ) . )
| I t t t 11 B lead to cancer. ¢ *+ Theoscillating (vibrating) particles in the wire produce a
C radio wave which is modulated and boosted so it can carry
Pb - block Alpha has the highest ionising the signal over a great distance.
64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 50 81 82 83 B4 85 56 §7 B3 69 90 91 97 91 54 9596 power, then Beta. Gamma has +  When this radie signal reaches another antenna (e.g. aerial
6 1828 . = A the lowest. on a radic) the radic waves cause oscillations in the wire.
= & M RN +  This produces an alternating current of the same

paper Al-plate Pb - block frequency as the radie signal.




2.1 Explain that a scalar quantity has magnitude (size) but no specific
direction

Magnitude:
Magnus : greatness and tudo: size
Fancy word for oOamou,]

Anything you can put a number on.
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2.2 Explain thata VECIOI quantity has both magnitude (size) and a
specific direction

Vector:
Vehere : to carry or move
Fancy word for oOoOsomet hi

Anything you can put a
number AND a direction on.

23 Newtons Right



2.4 Recall vector and scalar quantities, including: a displacement/distance b

velocity/speed c acceleration d force e weight/mass f momentum g energy

Scalars Vectors
‘.- Lift




2.4 Recall vector and scalar quantities, including: a displacement/distance b

velocity/speed c acceleration d force e weight/mass f momentum g energy

Scalars

Direction
Speed
Mass
Temperature

Energy

Vectors

Displacement
Velocity
Forces (including weight)
Acceleration

Momentum



2.5 Recall that velocity Is speed Iin a stated direction

The base units for velocity are m/s.

An object at rest has a velocity of Om/s

A car travelling at 15 m/s comes to rest in a distance of 14 m when the brakes
are applied.

Calculate the deceleration of the car.
Use an equation selected from the list of equations at the end of this paper.



2.6 Recall and use the equations: a (average) speed (metre per second, m/s) = distance (metre, m)
time (s) b distance travelled (metre, m) = average speed (metre per second, m/s) x time (S)

Distance Travelled

m
distance travelled(m) = average speed (?) x time(s)

Average Speed

m distance (m)
speed (?)= time(s)
m
m=—XS

S




2.7 Analyse distance/time graphs including determination of speed
from the gradient

Distance - time graphs can be used to represent the motion of an
object.

The different gradients (steepness) of line on the graphs show
different motions of the object.
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2.8 Recall and use the equation: acceleration (metre per second squared, m/s2) =
change in velocity (metre per second, m/s) +time taken (second, s) v 1l allt

Acceleration

change in velocity (%)

acceleration(—) =
(52 time taken (s)

- (v—u)
ot

a




2.9 Use the equation: (final velocity) 2 ((metre/second) 2, (m/s) ) d (initial velocity) 2 g(metre/second) 2,
(m/s) 2) = 2 x acceleration (metre per second squared, m/s ?2) xdistance (metre, m)v ?1 2@g2xax X

\ 14

U O C WOWW
The equation is on the back of the booklet.

BE AWARE

If the velocity is 2m/s then when substituting in make sure
you write:

22m/s NOT 2m/s 2




2.10 Analyse velocity/time graphs to: a compare acceleration from gradients qualitatively b calculate
the acceleration from the gradient (for uniform acceleration only) ¢ determine the distance
travelled using the area between the graph line and the time axis (for uniform acceleration only)

VELOCITY
VELOCITY
VELOCITY

TIME TIME TIME

L ———

Velocity -time graphs can represent the motion of a body.

The steeper the slope of the graph, the greater the acceleration it
represents

Constant velocity it is represented by a  horizontal line .
Constant acceleration it is represent by a  straight sloping line




2.10 Analyse velocity/time graphs to: a compare acceleration from gradients qualitatively b calculate
the acceleration from the gradient (for uniform acceleration only) ¢ determine the distance
travelled using the area between the graph line and the time axis (for uniform acceleration only)

N _ _
60— Velocity - Time Graph
m ——
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2.10 Analyse velocity/time graphs to: a compare acceleration from gradients qualitatively b calculate
the acceleration from the gradient (for uniform acceleration only) ¢ determine the distance
travelled using the area between the graph line and the time axis (for uniform acceleration only)

From a velocity - time graph can show you the velocity, the acceleration
and the distance travelled of an object.

USE THE AXES

The velocity : From reading off

the axes on the graph. o A
The acceleration : Found from 20 1 x :
the gradient of the line on the
velocity - time graph. = ] \L

10 ray , | .
The distance travelled : The / | \
area under the line  ona fp=/annsanms pmman ——' —\
velocity - time graph is the | \
distance travelled. 0O S5 10 15 20 25 30

Time (seconds)



Velocity (m/s)
Velocity (m/s)

Time (s)
Time (s)
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2.11 Describe a range of laboratory methods for determining the

speeds of objects such as the use of light gates

Equipment

Ruler and stopwatch

Light gates

Video analysis

NS AR AR

| dn 1 2 3 + 5 & . B
atfefutathitfala e Rl ool e Bl ln b diderdiduceetidngs?

Distance measurement

Time measurement

Ruler measures distance Stopwatch measures

travelled

Size of object,
measured with a ruler

Distance moved from
frame to frame
observed on a ruler in
the pictures

time taken

Light gate connects to
a timer, which gives
the reading

The time between
frames is known




2.11 Describe a range of laboratory methods for determining the
speeds of objects such as the use of light gates

Light gates are used in the core
practical.

1 m.st

They are used to find the speed of
an object

If you measure the time between
two light -gates you can find the
acceleration.

3S




2.12 Recall some typical speeds encountered in everyday experience for wind and
sound, and for walking, running, cycling and other transportation systems

Method of travel Typical speed (m/s)
Walking 1.5
Running X2 3
Cycling 6

Car 13 - 30
Train 50
Aeroplane 250

The speed of sound in air is about
330m/s but this can change
depending on the temperature and
air pressure.

The speed of wind can range from
2m/s (light breeze) to 20m/s in a
gale




2.13 Recall that the acceleration, g, in free fallis 10 m/s 2 and be
able to estimate the magnitudes of everyday accelerations

Acceleration of a falling object is
10m/s?.

Remember this for calculation questions
ot hey donodot say somet i




2.20 Explain that an object moving in a circular orbit at
constant speed has a changing velocity (qualitative only)

A swinging ball is constantly changing direction. Therefore it is
also changing velocity.

Therefore it is also accelerating.

The resultant force that causes the change in direction is a
centripetal force.




2.20 Explain that an object moving in a circular orbit at
constant speed has a changing velocity (qualitative only)

VELOCITY ALWAYS rum S0




2.21 Explain that for motion in a circle there must be a resultant force known
as a centripetal force that acts towards the centre of the circle



2.22 Explain that inertial mass is a measure of how difficult it is to change the velocity of an
object (including from rest) and know that it is defined as the ratio of force over acceleration

Inertia is a property of matter. It is the resistance of the object to change
its motion (speed and/or direction).

Mass is a measure of the amount of inertia an object has

The more inertia (or mass) an object has the harder it is to get that object to
change its motion.

To find out which of two objects has the most inertia:

Apply an equal force to both of them when they are at rest.
The one that has the greatest acceleration has the lowest inertia dit was
easier to get it to change its motion.

2000N
Outwards




2. 23 Recall and apply Newtono6s third | aw
collision interactions and relate it to the conservation of momentum in collisions

Actioni contrarium semper et aegualemesse
reactionem ; sive corporum duorum actiones in

se mutuo semper esse aequaleset in partes
contrarias dirigi .

To any action there Is always an equal and
opposite reaction; or the actions of two bodies
upon each other are at all times equal and
always opposite in direction




2.23 Recall and apply Newtonds third | aw
collision interactions and relate it to the conservation of momentum in collisions




2. 23 Recall and apply Newtondos third

collision interactions and relate it to the conservation of momentum in collisions

O I € The force of the

The force of the The force of the
Earth on the mug mug on the table

The force of the mug
on the Earth

a Ww



¢CKAY3IA R2Yy QO Y20S dzy At GKSe | LJ2 1 S
There are always two forces acting ON an object that affects the motlon.

Objects at rest stay at rest and objects in motion stay in motion UNTIL a force acts on the

. 10m/s? ‘ 5m/s?

Big things accelerate less than small things with the same amount of force.
With a constant force, the acceleration of an object is proportional to the mass

Obj

5N

=
LN

NS

When two objects interact, the forces interact. They are the same size, but opposite direc
There is always one force acting ON the object and another acting FROM the object

Every action force has an equal and opposite reaction force.



2.24 Define momentum, recall and use the equation: momentum (kilogram metre per second, kg
m/s) = mass (kilogram, kg)  x velocity (metre per second, m/s) p Omiv

Momentum

m m
momentum (Kg. ?) = mass(Kg)x velocity(?)

p=mxvV




2.25 Describe examples of momentum in collisions

total momentum before an event = total momentum after the event

We assume no other forces are acting in the system

3 m/s 0O m/s

l s%a . ) ' g‘s.e.‘!'

2 Kg 8 Kg 10 Kg

Lva

)

First calculate the momentum of both trolleys before the collision:

2 kg trolley =2 x3 =6 kg m/s

8 kg trolley =8 x0=0kg m/s

Total momentum before collision =6 + 0 = 6 kg m/s

Total momentum (p) after collision = 6 kg m/s (because momentum is conserved)

Mass (m) after collision = 10 kg



2.25 Describe examples of momentum in collisions

total momentum before an event = total momentum after the event

We assume no other forces are acting in the system

3 m/s 0O m/s

l s%a . ) ' g‘s.e.‘!'

2 Kg 8 Kg 10 Kg

Lva

)

Next, rearrange p = m x v to find v:

S (IO 2 ) ( ‘
U - ) : L
a PTIL Q

The blue trolley was travelling to the right before the collision and has a positive
value.

@ a i

Because the velocity after the collision is positive, both trolleys must be moving
to the right after the collision



2. 26 Use Newtonds second | aw as: f or

momentum (kilogram metre per second, kg m/s) + time (second, S)
= MmXxv =Mmx
P B (v —u) ~_(mv-mu) ! “
a=—— f= ()
(v —u)
f me '

t
(0o 00)
f

(4p)
f



2.27 Explain methods of measuring human reaction times and recall
typical results

O
Wait for green 298 ms

Click to keep going

Testing reaction time:

Dropping a ruler and catching it:

The distance travelled can be
converted into a reaction time.

The quicker itods
the reaction time.
OR

Use an online timer. It makes you
click and records the time between
stimulus and reaction.

0.2s 6 0.9 seconds average time



2.28 Recall that the stopping distance of a vehicle is made up of the

sum of the thinking distance and the braking distance

Stopping distance = thinking distance + braking distance

30mph (EIT 23m

Thinking distance

40mphEP4iy I 24m 36m

SOmph BEELT: l 53m

60mMph TP 73m

70mph 21m l 96m

Distance (meftres)



2.29 Explain that the stopping distance of a vehicle is affected by a range of factors including: a the mass of the
vehicle b the speed of the vehicle ¢ the driverds react
road f the amount of friction between the tyre and the road surface

Stopping distance = thinking distance + braking distance

The stopping distance is affected by many factors.

a the mass of the vehicle e

b the speed of the vehicle

c the driveros r

d the state of the vehi cl

e the state of the road

f the amount of friction between the tyre and the road surface




2.29 Explain that the stopping distance of a vehicle is affected by a range of factors including: a the mass of the
vehicle b the speed of the vehicle ¢ the driverds react
road f the amount of friction between the tyre and the road surface

Factor Affecting Braking How this factor affects braking distance
Distance
Speed Increasing speed increases braking distance
Weight of Vehicle Increasing weight of vehicle increases braking distance

Icy Roads Braking distance increases due to reduced friction
between tyre and road

Wet Roads Braking distance increases due to reduced friction
between tyre and road

Poor Brake Condition Braking distance increases

Bald Tyres Braking distance increases when wet.




2. 30 Describe the factors
Including drugs and distractions

Stopping distance = thinking distance + braking distance

Factor Affect on Reaction
Alcohol Increases
Caffeine Decreases

Tiredness Increases

Distractions Increases

affecti

Time




2.31 Explain the dangers caused by large decelerations and estimate

the forces involved in typical situations on a public road

When braking there is a force applied to the brakes. This reduces the
kinetic energy of the vehicle and causes the brakes to heat up.

The faster a vehicle travels, the greater the braking force needed to stop
it in a certain distance.

A greater braking force produces a greater deceleration.

Large decelerations may cause the brakes to overheat, and the driver may
also lose control of the vehicle.




Topic 27 Motion and forces

1. Define the term: scalar quantity

2. Define the term: vector quantity

3. Explain the difference between vector and scalar quantities

4. List some vector and scalar quantities

5. Define the term velocity

6. State the equation for acceleration

7. Describe three ways of measuring speed in a classroom.

8. State the general speeds of wind and sound, and for walking, running, cycling, driving and flying
9. State the acceleration due to gravity.

10.St ate Newtonds First | aw

11.St ate Newtonds second | aw. |l nclude the gene

12. Define weight and include the equation.

13. Describe how weight is measured

14. Describe how changing mass changes acceleration.
15. Describe how to measure human reaction times.

16. State some typical reaction times in humans.

17. State the equation for stopping distance.

18. Describe some factors that affect stopping distance.
19. Describe some factors that affect human reaction time.



Topic 21 Motion and forces

ONOOUGhWNE

A quantity with only magnitude

A quantity with magnitude and direction

Vector quantities have direction, scalar does not.

Vector: forces, velocity, displacement. Scalar: mass, distance, speed, temperature
The speed of an object in a given direction

a=(viu)ht

Stopwatch and meter ruler, light gates, video

State the general speeds af 80 m/s, 330m/s, and for 1.4m/s, 3m/s, 6m/s, BBm/s and
250m/s

10m/g

. Objects at rest stay at rest, objects in motion stay in motion unless a force acts on them
11.
12.
13.
14.
15.
16.
17.
18.
19.

The acceleration of an object is proportional to its mass. F=m x a

Weight is the force acting on an object due to gravity. W=m x g

Newton meter

Increase mass, acceleration decreases proportionally. V.V

Place hand on edge of table, drop ruler, measure distance before catch / online reaction time tc
0.27 0.6s

Stopping distance = thinking distance + braking distance

Road condition, brake condition, mass of vehicle

Stimulants, depressants, tiredness, distractions (phones radio etc.)



3.1 Recall and use the equation to calculate the change in
gravitational PE when an object is raised above the ground:

& = Delta means change
eGPE = mx g x &h

Change in GPE (J) Mass (Kg) Gravitational Field Change in
Strength (N/m  2) height (m)

The blue box has greater GPE stores

True / False

1Kg 1Kg



3.2 Recall and use the equation to calculate the amounts of energy
associated with a moving object:

KE =1 xm X V2

| N

Kinetic Energy (J) Mass (Kg) Velocity (m/s)

)
.
Hf
|



3.3 Draw and interpret diagrams to represent energy transfers

There are processes or pathways through which energy is
shifted.

)
8
Energy can be shifted / transferred between stores by: C X

A Mechanical work ing (a force moves something) CHEMICAL GRAVITY KINETIC THERMAL
A Electrical work ing (charge moves through p.d.)
A Heating by particles (conduction, convection)
A Heating by radiation (IR, light, other EM)
A Heating by vibration (air resistance, sound) m . S
. e
ELASTIC VIBRATION NUCLEAR ELECTRIC-MAGNETIC
Chemical Elastic . Elastic Chemical Heat Store i
Sjore n Store in Describe the energy Store in sﬁ}:ﬁ Surroundings

transfers in a stretching
elastic band




3.4 Explain what is meant by conservation of energy

The total amount of energy in a
oOcl osed systemo6 doe\s not

The STORES can change but
they will always equal the original
amount




3.5 Analyse the changes involved in the way energy is stored
when a system changes,

ineti . . Kinetic . .
Ehnee;ré; Gravitational Energy Gravitational

Describe the energy transfers in each

of these situations

a) an object projected upwards or
up a slope

b) a moving object hitting an obstacle

c) an object being accelerated by a
constant force

d) a vehicle slowing down

e) bringing water to a boil in an
electric kettle




3.5 Analyse the changes involved in the way energy is stored
when a system changes,

i : : Kineti . .
Kinetic vlbr'!a‘“on E:,]neer.gl;:( VIbI"CITIOH

Energy (Thermal, Drag) (Sound) Thermal

Describe the energy transfers in each
of these situations

a) an object projected upwards or up
a slope

b) a moving object hitting an
obstacle

c) an object being accelerated by a
constant force

d) a vehicle slowing down

e) bringing water to a boil inan
electric kettle




3.5 Analyse the changes involved in the way energy is stored
when a system changes,

Chemical
Energy
(Fue

Describe the energy transfers in each

of these situations

a) an object projected upwards or up
a slope

b) a moving object hitting an obstacle

c) an object being accelerated by a
constant force

d) a vehicle slowing down

e) bringing water to a boil inan
electric kettle

Chemical
Eneﬁg

(Fue

Kinetic
Energy

Thermal




3.5 Analyse the changes involved in the way energy is stored

when a system changes,

Kinetic
energy

Describe the energy transfers in each

of these situations

a) an object projected upwards or up
a slope

b) a moving object hitting an obstacle

c) an object being accelerated by a
constant force

d) a vehicle slowing down

e) bringing water to a boil in an
electric kettle

Kinetic
energy

Thermal




3.5 Analyse the changes involved in the way energy is stored
when a system changes,

Chemical G
energy Vibration  Thermal

Describe the energy transfers in each

of these situations

a) an object projected upwards or up
a slope

b) a moving object hitting an obstacle

c) an object being accelerated by a
constant force

d) a vehicle slowing down

e) bringing water to a boil in an
electric kettle




3.6 Explain that where there are energy transfers in a closed
system there is no net change to the total energy in that system

80J Kinetic Store

10J Thermal Store (air)




3.7 Explain that mechanical processes become wasteful when they cause a

rise in temperature so dissipating energy in heating the surroundings

Unwanted energy transfers result in
energy stores that are not useful.

In mechanical systems this is usually due
to internal combustion or friction.

The waste energy that is dissipated is
usually heat.




3.8 Explain, using examples, how in all system changes energy Is
dissipated so that it is stored in less useful ways

Different devices have different efficiency values. No device can be more 100%
efficient.

Devices can waste in many ways, for example:

Friction (thermal energy) between the moving part of a car or motorbike
Sound energy when a hair drier is being used
Electrical circuits heating (thermal energy) up due to resistance

Thermal energy being lost from the roof or wall of a house



3.9 Explain ways of reducing unwanted energy transfer including
through lubrication, thermal insulation

Mechanical devices can be made more

efficient by lubrication this reduces W‘

i\\\\'\ﬁ\.\\\

energy transferred by friction
e.g. engine oll

Having good insulation reduces the rate
of thermal energy transfers
e.g. loft insulation




3.10 Describe the effects of the thickness and thermal conductivity
of the walls of a building on its rate of cooling qualitatively

Thermal insulation is often used to reduce unwanted energy transfers.

Thermal

All the energy used to heat a home is Material Conductivity

eventually transferred as thermal o Wim € T

energy to the surroundings. Polyurethane foam 0.03

The diagram, shows the percentage Fibreglass 0.04

energy lost through different parts of Wool felt 0.05

he buildin Wood 0.15

the bui g. Plaster 0.50

Glass 0.80

: . Brick 1.00

Thg higher th.e thermal conductivity, the C[;ﬁcrete 104
guicker heat is transferred through the

material.

Houses are often built from brick, concrete, wood and glass. All have quite high
thermal conductivity values. Insulation uses materials with low thermal conductivity,
such as fibreglass in the loft, foam in wall cavities and trapped gases in double
glazing.



3.11 Recall and use the equation for efficiency

The amount of useful energy you get from an energy transfer, compared to the
energy put in, is called the EFFICIENCY

This calculation will result in a decimal value which can be multiplied by 100 to
give a percentage efficiency.

Efficiency =dseful energy transferred by the devige
(total energy supplied to the device)

The wind turbine produces 120 MW of electrical energy for every 500 MW of
kinetic energy provided by the wind.

Efficiency = ( useful energy transferred by the device)
(total energy supplied to the device)

= 120 = 0.24 efficient
500

or 0.24 x 100 = 24 % efficient




3.12 Explain how efficiency be increased

To increase efficiency, more useful energy needs to be transferred.
This means reducing wasted energy.
Energy is usually wasted as dissipated heat.

Yi QOEQT "O¥E 0'@eaQ1 "M 0QEM T "Q
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Topic 37 Conservation of energy

State the equation for gravitational potential energy.
State the equation for kinetic energy.

Describe the law of conservation of energy.

Describe the meaning of a closed system.

Describe what is meant by wasted energy.

Describe what happens to wasted energy.

Define the term dissipated.

Describe the effect of lubrication on energy dissipation.
Describe the effect of insulation on dissipation.

10 State the equation for efficiency

11. Describe how to increase efficiency (lubrication and insulation)
12.Define nonrenewable energy

13. Define renewable energy

14.Describe 4 noiienewable energy sources

15. Describe 8 renewable energies.

©CONOOAWNE



Topic 31 Conservation of energy

20.GPE=mxgxh

21.KE=05xmx ¥

22.Energy is not created, not destroyed, only turned from one form to another

23. A collection of objects that can transfer energy between them, but no extra energy is
added and none removed.

24.Energy that is transferred inwseful ways.

25. Dissipated into the environment

26.Lost to the surroundings

27.Reduces transfer of energy due to friction

28.Reduced transfer of energy due to heating

29. Efficiency = useful energy / total energy

30. Reduce uruseful energy transfers through lubrication and insulation

31.Energy resources that will run out

32.Energy resources that are replaced as fast as they are used.

33.Nuclear, coal, natural gas, crude oll

34.Hydro-electric, wind, solar, tidal, wave, biofuels



4.1 Recall that waves transfer eneray and information without
transferring matter

©2011. Dan Russell

Follow the red dot with your eyes.

It OSCILLATES (vibrates) but does not move away
from 1 tdos original pl ace.



4.2 Describe evidence that with wat_er and sound waves it Is the
wave and not the water or air itself that travels

Sound waves

Water Waves

A If you throw a small rock into a
duck pond (obviously avoiding the
ducks)

A You will see ripples form and
move across the waters surface

A The ripples cause water particles
to vibrate up and down

A The duck does not get carried to
the edge of the pond it just bobs
up and down

In this GIF the red dc

represents the duck

A

Do o Do D>

If you hit a drum you will create a
sound wave

The sound wave travels to your ear
and you hear the drum sound

Sound waves causeair particles to
vibrate back and forth

The air particles do not travel from
the drum to your ear

Only energy is transferred and not
the particles

In this GIF the red dot
represents air particles

)

7

Longitudinal Wave

;-Ef‘m




4.3 Define and use the terms frequgncy and wavelength as applied

to waves
Frequency & the number of waves that pass a point per second.

How frequently did the buses pass the stop.

Wavelength & the distance between two points in waves
What is the wavelength of this earthquake?
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4.4 Use the terms amplitude, perioa, wave velocity and  wavefront

as applied to waves

(seconds)

Amplitude is how much the particle
oscillates or how much energy is in an EM
wave.

Look at the Y -axis, what is the amplitude.
The scale is in meters.

The wave period is how long it takes one
full wave to pass a certain point.
The equation is 1 / Frequency

What is the period of this wave?



4.5 Describe the difference between Io_ﬁgit_udinal and transverse waves by
referring to sound, electromagnetic, seismic and water waves

Waves can oscillate up and down or side to side.
Up and down waves oscillate perpendicular to the direction of the wave

Side to side waves oscillate parallel to the direction of the wave.

< >
= >
Longitudinal Transverse
Parallel to direction of travel Perpendicular to direction of travel




4.6 Recall and use both the equations below for all waves: wave speed (metre/second, m/s) =
frequency (hertz, Hz) ~ wavelengih (metre, m) v=f ~ | wave speed (metre/second, m/s) = distance
(metre, m) + time (second,s) v= t

Wave velocity can be calculated using two equations.

Velocity (v) = frequency (f) x wavelength (A)
v=fxA

And

Velocity (v) = distance (X) + time (t)

X
V= —
L



4.7 Describe how to measure the vglocity of sound In air and ripples
on water surfaces

%

<
e————————————————————ly D | )
100m Q“

The cannon fires and the stopwatch is started (you can see a flash
of light which takes almost zero time to travel 100m). When the
sound reaches the observer the stopwatch is stopped. The time was
0.3s This will give the time for sound to travel 100m.

In the laboratory, a sound from a

loudspeaker passes two microphones a set
distance apart. The time recorded for the
sound to travel this distance is measured and
speed is calculated using the same formula as
above.




4.10 Explain how waves will be refracted at a boundary in terms of
the change of direction and speed

Air

glass

Pempendicul ar Air

Light wave fronts at an angle hit the new medium at
different times and change speed and direction.

The speed changes, as does the wavelength, but the
frequency does not.



4.11Recall that different substances may absorb, transmit,
refract or reflect waves in ways that vary with wavelength

White light is made up of a mixture of colours.

Different colours have different wavelengths. Red light has a
longer wavelength than blue light. Red wavelengths travel faster
through dense mediums than blue wavelengths.

This is why blue light refracts more than red.




4.17 Core Practical: Investigate the suitability of equipment to measure the
speed, frequency and wavelength ofa wave ina solidand a fluid

Core practical 2: Measuring waves in solids and liquids
m | 7 -
| L addl = i/l

R 1 b
i s @

Hit the bar with a Use an app like
metal headed hammer, Phthox' to measure
this will cause a sound the frequency of the

Hang a metal bar on
rubber bands to allow it
f eq move ent. Mleasur;\e_
The dar. | bgr‘”’,g‘,’,gfe"m IS wave to be created. wave. Use v = f x A

Measure he

Set up the ripple tank Use a known .

with a synchronous frequency on the wavelength with a
strobe light so the wave aenerator b ruler. A”callipers would
waves appear ad jus?ing the kno be more accurate.

stationary.



Topic 417 Waves

Waves transfer and without transferring

Define the term wavelength

Define the term frequency

Define the term amplitude

Define the term period

Define the term wave velocity

Describe longitudinal waves

Describe transverse waves

State whether these are longitudinal or transverse: sound, EM, P waves, S waves and

waves.

10. State the equation for wave speed when you have frequency and wavelength

11. State the equation for wave speed when you have distance and time

12.Define the term refraction

13. Describe what happens to the wave speed of different wavelengths when travelling thr
glass.

14.Describe how to measure angles of light rays

15. Define the term normal line

16. Define the term angle of refraction

17.Define the term angle of incidence.

O©CONOOAWNE



Topic 41 Waves

35.Waves transfer information and energy without transferring matter

36. The distance between two points in a wave

37.The number of waves per second

38. Either, the distance that particles move from resting or the relative field strength of th
wave

39.1/ frequency the amount of time taken for one complete wave to form.

40.The speed of a wave in a given direction

41.0Oscillations are parallel to the direction of energy travel

42.0scillations are perpendicular to the direction of travel

43. State whether these are longitudinal or transverse: L, T, L, Tand T.

44.v = f X

45.v=x/t

46. A ray of light bending after crossing a medium of differing density

47.Decreases

48.Use a ray box, measure form the normal to the ray

49. A 90° angle from the medium border

50.The angle from the normal to the refracted ray

51.The angle from the normal to the incidence ray



5.7 Recall that all electromagnetic waves are transverse, that they
travel at the same speed in a vacuum

gamma ray ultraviolet infrared radio
X-ray visible microwave
IS =
shorter wavelength longer wavelength
higher frequency == g lOwer frequency
higher energy lower energy
M
T
i
Y

A

Electromagnetic waves are
transverse waves that transfer
energy from the wave source to an
absorber.

All electromagnetic waves travel
at the same velocity in a vacuum:
300 000 000m/s.




5.8 Explain, with examples, that all_electromagnetic waves transfer
energy from source to observer

Detected by heat
sensors in the

Infra red waves | hand
\L
:‘k v

/\/\ \ 7
e~

>

Heater

Detected by cells

Torch Visible light waves in the retina
>
Radio
transmitter i Detected by the
Radio waves aerial in the radio
%

VA VA VA VA VN

>




5.9 Core Practical: Investigate refractio_n_in rectangular glass blocks in
terms of the interaction of electromagnetic waves with matter

Dr‘aw a nor'mal line. This is
O° 'ro ‘rhe medium
Mar' a spot on
The ou that the
normal m‘l‘er‘secfs

Mark where the ray
exits the medium at
two points so you
can draw a line.

Core practical 3: Investigating refraction

Mar'k out a gles at
0° intervals from

’r e normal using a

profractor.

Draw anofher' nor
line at the omT w er'e
the refracted ray
exits the medlum

Shme The r'a fr‘onLThe
arked ang les to t

i‘ Irst spot on the
oundary of the

medium.

Connect the enfrance point

and exit pom‘r with a line.
Megasure the angles of
erence an r'efr'achon

from normal to the ray




5.10 Recall the main groupings of the continuous electromagnetic spectrum including (in order) radio
waves, microwaves, infrared, visible (including the colours of the visible spectrum), ultraviolet, x -
rays and gamma rays

gamma ray ultraviolet infrared radio
X-ray ‘visible . microwave
IS =
shorter wavelength longer wavelength
higher frequency g i lOWer frequency
higher energy lower energy

T AAVAVANZANSZ N

MICRONWAVE INFRARED


https://academo.org/demos/virtual-oscilloscope/

5.11 Describe the electromagnetic spectrum as continuous from radio waves to gamma rays and that
the radiations within it can be grouped in order of decreasing wavelength and increasing frequency

gamma ray ultraviolet infrared radio
X-ray ‘visible . microwave
L &
shorter wavelength longer wavelength
higher frequency g i lOWer frequency
higher energy lower energy

T AAVAVANZANSZ N

MICRONWAVE INFRARED


https://academo.org/demos/virtual-oscilloscope/

5.20 Recall that the potential danger associated

with an

electromagnetic wave increases with increasing frequency

-&-‘-‘-‘-‘-$-

Long wavelength

Low frequency

Low energy

Less dangerous

Short wavelength

High frequency

High energy

More dangerous



5.21 Describe the harmful effects on people of excessive eﬁosure to electromagnetic radiation, including: a
microwaves: internal heating of body cells b infrared: skin burns ultraviolet: damage to surface cells and eyes,
leading to skin cancer and eye conditions x -rays and gamma rays: mutation or damage to cells in the body

Health risks of high energy electromagnetic radiations: High frequency radiations have
high energy . They can have a hazardous effect on human tissue .

A microwaves: can cause internal heating of body cells

A infrared : can cause skin burns

A ultraviolet : can damage the surface cells and eyes, leading to skin cancer and eye
conditions

A x-rays and gamma rays : can cause mutation or damage to cells in the body

Radio | Microwave| | Infrared | | Visible | |Ulraviolet| | X-Ray ﬂ:“l;“
|m -
Long wavelenglh | - Short wavelangth
Low Treguancy = | High freguancy
Low anargy - High anargy

The hazard from high energy radiations also depends on the  dose.
Radiation dose is a measure of the risk when exposed to these radiations.

B& Radiation dose is measured in Sieverts

‘:‘

.




5.22 Describe some uses of electromagnetic radiation radio waves: including broadcasting, communications and satellite transm issions microwaves: including cooking, communications and

satellite transmissions infrared: including cooking, thermal imaging, short range communications, optical fibres, television remote controls and security systems visible light: including vision,
photography and illumination e ultraviolet: including security marking, fluorescent lamps, detecting forged bank notes and di sinfecting water x -rays: including observing the internal
structure of objects, airport security scanners and medical x -rays gamma rays: including sterilising food and medical equipment, and the detection of cancer and its treatment
Type Application
Low : Television, radio broadcasting and satellite
frequency Radio .
long transmissions
wavelength

Cooking, communications and satellite

Microwave A
transmissions

Cooking, thermal imaging, short range
Infrared communications, optical fibres, T V controls
and security systems

Visible Vision, photography and illumination

Security marking, fluorescent lamps,
Ultraviolet detecting forged bank notes and disinfecting
water

Observing the internal structure of objects,

X-rays : : :
) y airport security scanners and medical x -rays
Hig e :
frequency Sterilising food and medical
Wa\slgl‘;r;gth Gamma rays | equipment, and the detection of cancer and its

treatment




5.23 Recall that radio waves can be produced by, or can
themselves induce, oscillations Iin electrical circuits

A Radio signals are produced when an alternating current  is
passed through a wire in a radio transmitter.

A The oscillating (vibrating) particles in the wire produce a
radio wave which is modulated and boosted so it can carry
the signal over a great distance.

When this radio signal reaches another antenna (e.g. aerial
on a radio) the radio waves cause oscillations in the wire.

This produces an alternating current  of the same
frequency as the radio signal.




5.24 Recall that changes in atoms and nuclei can a generate radiations over
a wide frequency range b be caused by absorption of a range of radiations

Changes within the nucleus of
an atom can result in the
emission of gamma waves. This
occurs during the radioactive
decay of some unstable atoms.

Input energy could be:

light, heat, electricity, X rays

etc

Energy out will be a type of

electromagnetic radiation

l.e.

X ray, ultra violet, visible,
infra red, microwave or radio waves.

Atoms can receive energy from external

sources.
Thi s energy can
to a higher energy level

cause

When the electron falls back to its
original energy level it will release the

stored energy in the form of a
electromagnetic radiation.

photon of



Topic 51 Light and the electromagnetic spectrum

State whether EM waves are longitudinal or transverse

State the order of the EM spectrum from high wavelength to low wavelength.
State the order of the visible light spectrum from high to low frequency

State the type of EM wave that can be detected by eyes.

Describe some uses of the EM spectrum.

Describe how frequency can affect energy transfer

Define the term spectrum.

Describe the harmful effects of the three highest frequency EM waves.

ONOOGhRWNE



Topic 51 Light and the electromagnetic spectrum

52. Transverse

53.Radio, Micro, Infrared, visible light. Ultraviolet,-¥ays, Gamma rays

54.Violet, Indigo, Blue, Green, Yellow, Orange, Red

55. Visible light

56. R-communication, Mcommunication / cooking;heating, Vphotography, UM forgery. X
and G- medical

57.Increasing frequency increases energy transfer

58. A continuous scale between two extreme points.

59.Can cause mutations and cancer



6.1 Describe an atom as a positively charged nucleus, consisting of protons and neutrons,
surrounded by negatively charged electrons, with the nuclear radius much smaller than that of the
atom and with almost all of the mass in the nucleus

/)
J

PROTON NEUTRON

Mass Charge Location

Proton 1 + (positive) nucleus

Neutron 1 no charge nucleus
Electron 1/1835 negligible | - (negative) shells




6.2 Recall the typical size (order of magnitude) of atoms and small
molecules

. —— 9 x1013 atoms
in this dot of ink

o

Radius of an atom 1 x 10 -10m



6.3 Describe the structure of nuclei of isotopes using the terms atomic (proton) number and mass
(nucleon) number and using symbols in the format using symbols in the format

The isotopes have the same number of protons and the same
number of electrons . Only the number of neutrons changes In an

Isotope.
Carbon 12 Carbon 13 Carbon 14
12C 13C 14C
6 6 6
o e S
6 protons 6 protons 6 protons

6 neutrons 7 neutrons 8 neutrons



6.4 Recall that the nucleus of each element has a characteristic positive charge, but that isotopes
of an element differ in mass by having different numbers of neutrons

The nucleus is always
positive.

This is because the
protons cannot easily
escape the nucleus

(unless there is a lot of
energy putin 6t hat 0
radiation!!)




6.5 Recall the relative masses and relative electric charges of
protons, neutrons, electrons and positrons

The type of atoms depends on the amount of protons.
The atomic number means the amount of protons

The mass number is the number of protons and neutrons.

Electrons Protons Neutrons
-1 +1 0




6.6 Recall that in an atom the number of protons equais the number
of electrons and is therefore neutral

protons + neutrons
= mass number | 1

protons
= atomic number
=6

N




6.7 Recall that in each atom its electrons orbit the nucTeus at
different set distances from the nucleus

Electrons are arranged in orbits or
energy levels around the nucleus.
Energy levels can hold a maximum of:
2 e” in the first level

8 e in the second level

8 e in the third level

Electrons change orbit when there is
absorption or emission of
electromagnetic radiation.




6.8 Explain that electrons change orbit when there is gbsorption or
emission of electromagnetic radiation

Electrons can absorb electromagnetic radiation . This excites the
el ectron and can c ahigkeeenaergyletelo. 0 u
It can then release this energy as an electromagnetic wave by  falling
back to its original energy level.

Electromagnetic The electron can emit
radiation > this stored energy as o
absorbed by the electromagnetic
electron causes it radiation.
to move to a higher As it loses energy the
energy level. electron returns to its

original energy level.




6.9 Explain how atoms may form positive ions by Iosiﬁg outer
electrons




6.10 Recall d8¢bhataamphas) @ 9+ (positr

and neutron radiation are emitted from unstable nuclei in a random process

A The nuclei of some atoms are unstable.
A To become more stable these nuclei give out radiation.
A This process is called radioactive decay.

Unstable
atom

Mucleus Decays to Another Nucleus — i Stable
| L Q( b atom
A j—l

Parent Nucleus S Daughter Nucleus

Different radioactive isotopes decay at different rates and emit different
types of radiation.



6.11 Recall 6t heatta athiphwas) @ O+ (pos
are ionising radiations

Alpha, Beta and Gamma
radiation cause
nucleons to be ejected
from the nucleus.
Causing an ion to be
formed.




6.12 Explain what is meant by background radiation

A Background radiation is the constant , low level radiation in the environment.

yukterez.ist.omg
Radon gas from‘ ‘BU“W“EIS and Muclear power | | Other sources

the ground the ground and weapons

test

Artificial
sources

Food and drink ﬁc rays Medical




6.13 Describe the origins of background radiation from Earth and
space

A This can be natural radiation from rocks, building materials, cosmic rays etc.

A Radioactive pollution from nuclear testing, nuclear power and industrial/medical
waste also contributes to background radiation.

A Everyone receives background radiation but people who work or live in locations
with high levels of radiation receive additional doses of radiation

A Some nuclear workers, medical staff, military and industrial workers may have

higher doses due to working with radioactive sources.

Radon gas from Buildings and Nuclear power

Cther sources
the ground the ground and weapons

test

'Ii |
Artificial
SOUrCes

|
Food and drink ﬁc rays Medical



6.14 Describe methods for measuring and detecting radioactivity
limited to photographic film and a Geiger dMudiller tube

Count- rate = number

Ionizing radiation

ACtIVIt — rate at Ionized gas atom V\T
VILY ) ﬁ | of decays recorded
which a source of Ancde [ VTGS \
N : each second by a

unstable nuclei +°
decays, measured in
becquerels ( BQg).

Radioactive— detector (e.g. Geiger-
Muller tube)

0.016 SEC.
N




6.15 Recall that an alpha particle is equivalent to a helium nucleus, a beta particle is
an electron emitted from the nucleus and a gamma ray is electromagnetic radiation

Alpha(symbol" or;He ) consist @t protons and 2 neutrons
emitted from the nucleus. They havepasitive charge as
they contain 2 (+) protons.

Beta Minus(symbol - o Je. ) consist of aglectronemitted from
the nucleus. This results from a neutron splitting into a proton ¢
an electron. Beta particles areegativelycharged.

Positron(symbol *or Je. ) are released when a proton becorae
neutron and a positronPositron particles arpositively charged.

Gamma raygsymbol') areelectromagnetic radiation
emitted from the nucleus. Gamma radiation hasmass
andno electrical charge.



6.16 Compare alpha, beta and gamma radiations in terms of their
abilities to penetrate and ionise

Alpha, beta and gamma radiation can penetrate different materials due to

their differing nature.

— Q®
) (111
1111
(11]!

(I 1]
13) )

e 111!

5cm - range of typical alpha in air

@ @ PN
<> =S
TR

)

paper

paper

Al - plate

Al - plate

Al - plate

Pb - block

Pb - block

Pb - block

Pb - block

e el

Al -—Plate Pb - block

Alpha 0 easily stopped by a few
sheets of paper

Beta 0 penetrates paper but
stopped by a thin sheet of
aluminium.

Gammad only stopped by thick
lead or several metres of concrete .

All three types of radiation
cause ionisation of other atoms.

If these atoms are in  living cells
it can cause damage which could
lead to cancer.

Alpha has the highest ionising
power, then Beta. Gamma has
the lowest.



6.17 Describe how and why the atomic model has changed over time including_reference to the plum
pudding model and Rutherford alpha particle scattering leading to the Bohr model

Pre 1900

Pre 1911

1911 to present
,/7\‘\\

discovery of the
electron, atoms
were thought to
betiny spheres
that could not
be divided

the electronled to
the plum pudding
model of the atom.
Theplum pudding
model suggested
the atom is a ballof
positive charge
with negative
electrons
embedded in it

Sphere Plum pudding Nuclear model
model
Beforethe Thediscovery of Alphascattering experiment; mass of

the atom is concentrated in the
nucleus, which is charged

Niels Bohrg electrons orbit nucleust
different distances

Later experiments; positive charge in
nucleusdivided into whole number of
smaller particles with positive charge
James Chadwick 20 years after
nucleus accepted provided evidence
for existence ofheutrons in nucleus




6. 18 Descri be todhexaypameutoa besomesfa pr@ton
plus an electron)

A Neutrons split to form a proton and an electron.
A Imagine the neutron contains an equal amount of  positive

and negative charge
A This is why they are neutral.

A When the neutron splits, the negative charge is removed
and the positive remains.

. proton

neutron

electron



6. 18 Descri be todhexaypameutoa besomesfa pr@ton
plus an electron)

A Protons split to form a neutron and a positron.
A Imagine the neutron contains 2 parts of  positive and 1 part

negative charge
A This is why they are positive.

A When the proton splits, the  positive charge is removed and
equal parts negative and positive charge remain.

A It is now a neutral neutron.
. poistron
proton ,:

neutron



6.20 Explain the effects on the atomic (proton) number and mass
(nucl eon) number of radioactive ¢

Nucleus loses 2 protons and 2
74  neutrons.

S T . , 238 234 4
@ &8 Atomic number will reduce by 92U — Th +ZHe
& '%‘};ﬁ 2 and atomic mass by 4 20
I @
<
e
<
Nucleus loses an electron
which is produced when a
c _~=% neutron turns into a proton. So 14 »
@ W‘ mass stays the same  but C —— N + %
£ e atomic number of the 6 7 -1
8 S product increases by one
m

\\\ No particles are emitted so
there is no change to the

99 99
" nucleus. Atomic mass and 0 T¢ — 3 Te +7
atomic number stay the same.

Gamma emission



6.21 Recall that nuclei that have undergone radioactive decay often
undergo nuclear rearrangement with a loss of energy as gamma radiation

Nuclei that have undergone radioactive
decay often undergo nuclear rearrangement
with a loss of energy as gamma radiation

. No particles are emitted during gamma ray
release.

X

Gamma (v) decay



6.22 Use given data to balance nuclear equations in terms of mass

and charge

1.Americium 241 decays by alpha emission.
=[] O J [ )

2.Carbong 14 decays by beta emission.

|=O | !

3.Bismuth¢ 211 decays by alpha emission
4.Polonium¢ 204 decays by alpha emission
5.Radong 224 decays by alpha emission
6.Uraniumc 235 decays by alpha emission
7.Neptunium¢ 237 decays by alpha emission
8.Strontium ¢ 90 decays by beta emission
9.Phosphorus; 32 decays by beta emission
10.Nickelc 63 decays by beta emission
11.Leadg 209 decays by beta emission

12 Hydrogeng 3 decays by beta emission

3. 251Bi - 20Tl + 4a
4.204po — 200p} 4 4q
5. 224Rn — 220P0 + ja
6. 235U - %iTh + 4a

7. 23INp - 233Pa + 3«
8. 295r = 297 + _Se
9.32p —» 325 4 %
10.53Ni = 23Cu + e
285Pb — 203Bi + _Je

12.2H - 3He + _Ye



6.23 Describe how the activity of a radioactive source decreases
over a period of time

”:?:&33 :::: :::: 33333:3333 :2:::::::3 The Chan eiS
S33s8888 soosetest: eocsiiiti: soieccstis d
'§.:.:§§:: $:3s5258ss Jissssges seetcasess
“ L ] o -0 20 0000990000 Sc0OOOOGORO
“ :3 00 .oQ: 00000C0R0" 0000000600
000“. ® 2000020000% 9000000000 000000 OB0O
0000000 ORS® 0w B 1 I8 2000000000 2000000000
L 4 A
100 ¢

R 11 1111 1
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6.24 Recall that the unit of activity of a radioactive isotope is the

Becquerel, Bqg

Activity =rate at
which a source of
unstable nuclel
decays, measured in
becquerels ( BQg).

Radioactive
rock

Count- rate = number
of decays recorded
each second by a
detector (e.g. Geiger-
Muller tube)



6.25 Explain that the half -life of a radioactive isotope is the time taken for half
the undecayed nuclei to decay or the activity of a source to decay by half

Radioactive decay is a random process so the likelihood of a decay taking place
IS a probability problem. For this reason, the  half - life of an isotope is given
rather than saying how long it will take to fully decay.

The half - life of a radioactive isotope is the time it takes for the number of
nuclei of the isotope in the sample to  halve, or the time it takes for the count
rate from a sample containing the isotope to fall to half its initial level.

PHYSICS PAPER 3
DURATION: 2 hrs

RRRR

3R

s ST Tal
s LaTaTal

It turned out to be a killer paper. Half-life was 30 minutes.



6.26 Explain that it cannot be predicted when a particular nucleus will decay but half -life enables

the activity of a very large number of nuclei to be predicted during the decay process

If you know the start and finish count rate
and the time taken, you can calculate the
half life.

Radioactive sample of Fermiwg52

)
3 g

Example:

The count rate of an isotope is 1008 Bq.
This falls to a count rate of 126 over a
period of 21 days.

:

Corrected count rate
(Counts per minute)
3 2

3

1008 mm) 504 mm) 252 mm) 126

M
n
[

1 2 3 'u'ul_l_: x ; | ; ¥ :‘ T g
Time {hours)
3 half lives for count rate to fall to 126. It a|WayS takes 1.2 hours for the count
rate to halve.
These 3 half lives took 21 days so each half Half life of Fermium - 252 = 1.2 hours.

life took 7 days.

Half life if this isotope = 7 days



6.27 Use the concept of half -life to carry out simple calculations on the
decay of a radioactive isotope, including graphical representations

Cosmic rays can cause neutrons to be released in the atmosphere. These neutrons can
cause atmospheric nitrogen to decay into radioactive carbon 14.

This is, in turn, turned into radioactive CO , (about 1 in 1 trillion times)

The CO, is absorbed by plants by photosynthesis and then by animals through the food
chain.

When organisms die, they no longer take in C -14.

So, we can use the amountofC-14 i n a dead organism to figur
half life.
For C-14, this is 5700 years! J e
® o
o © o N

Nitrogen Atoms

@ Neutrons Q Carbon-14 Atoms
= & {
N — - W q
3 — AN
b N




6.29 Describe the dangers of ionising radiation in terms of tissue damage
and possible mutations and relate this to the precautions needed

Radioactive materials are hazardous to life . Nuclear radiation can ionise
(add or remove electrons) substances within the human body. This can
change the way cells behave, damage DNA or destroy human cells.

Body part Effect of ionising radiation

Hair Hair loss

Skin Can cause burns or lead to skin cancers

Reproductive organs| High doses can cause sterility or mutation
In offspring

Thyroid Exposure to radioactive iodine can destro
the cells in the thyroid or cause cancers

Bone marrow Can cause leukaemia or other blood cang

Rapidly dividing cells like cells that produce hair or those in the
reproductive organs are most susceptible to ionising radiation.



6.31 Explain the precautions taken to ensure the safety of people exposed to
radiation, including limiting the dose for patients and the risks to medical personnel

Radioactive materials are hazardous, so certain  precautions can be taken
to reduce the risk when using radioactive sources. These include:
A wear protective clothing to prevent the body becoming contaminated

should radioactive isotopes leak out
A limit the dose and monitor exposure using detector badges, etc




6.32 Describe the differences between contamination and irradiation
effects and compare the hazards associated with these two

Irradiation  is when an object or Contamination is when a
person is exposed to radiation. radioactive source is in contact
Protection from irradiation means ~ With an object or person. The
stopping the radiation from radioactive substance rather
reaching you. than the emissions are present

“ NN

A

_ _ The object remains radioactive
Medical dressings are often until the contamination is

Irradiated but present no danger removed or decays naturally.
to the user.



Topic 67 Radioactivity

©CONOOR~WNE

Describe the structure of the atom fully, including all masses, charges and locations.

State the size of the nucleus in standard form.

Define the term isotope including the term atomic number and nucleon number.

State the relative masses and relative electric charges of protons, neutrons, electrons and posi
Describe the result of the absorption or emission of EM radiation.

Define the term emission.

Describe how positive ions are formed

Describe the location of all nuclear radiation source

Describe the term ionisation

. Define the term background radiation

. Describe the origins of background radiation.

. Describe how to use photographic film to detect radiation

. Describe how to use a Geigéfiller tube for measuring radioactivity

. Describe the structure of alpha, beta minus, positron and gamma radiation.

. Describe alpha, beta and gamma properties including penetration and ionisation capabilities.

. Describe how and why the atomic model has changed over time: plum pudding, Rutherford anc
.Describe thdecayr ocess of D

.Descri be the process of b+ decay

. Describe the effects on the atomic (proton) number and mass (nucleon) number of radioactive
. State the unit of nuclear activity

. Describe the term half life

. Describe the dangers of ionising radiation



Topic 67 Radioactivity

60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.

Protori mass 1, charge +1, nucleus Neutnmass 1, charge none, nucleus Eledtmass 0, chargd,, shells
1x10¥m

Same number of protons different number of neutrons.

Protonmass 1, charge +1 Neutromass 1 charge none Electrorass 1/1835, chargé

Electrons jump shells when EM is absorbed. Atoms release EM when atoms fall down shells
Release of energy or matter from a nucleus

Loss of electrons

The nucleus

The gain or loss of electrons from a neutral nucleus

The constant low level radiation present in the environment

Cosmic rays from space, radon gas from the ground, building materials, medical

Photographic film reacts to radiation, showing dark areas where nuclear radioactive decay is strongest
Place sample a set distance from the Gelifdter tube and determine count rate for set amount of time.
Alphai 2 protons, 2 neutrons Beta Negativieigh powered electron, Positrorpositron, Gamma EM wave
A low pen. , high ionisation, #nedium pen., medium ionisatignhigh pen. low ionisation

PPi cloud of-vecharge, ¥e chargesinthecloud-Ri r ed U at g o l-éectfoosiinishellss a w

Neutron decays into proton and emits high power electrons

Proton decays into neutron and emits positron

Uproton decrease by -pwofompaach-l6ecrease by 4.
BequerelBQ)

The time taken for the activity to decrease by half

Can cause cancer / mutation of DNA

n

L



8.1 Describe the changes involved in the way energy is stored when

systems change

o m—
Q0 o
$58 L O
ooooo o "

CHEMICAL GRAVITY KINETIC THERMAL

mf P ) (S

ELASTIC VIBRATION NUCLEAR ELECTRIC-MAGNETIC

There are processes or pathways through which energy is shifted.

Energy can be shifted / transferred between stores by:
Mechanical work ing (a force moves something)
Electrical work ing (charge moves through p.d.)
Heat ing by particles (conduction, convection)
Heating by radiation (IR, light, other EM)

Heat ing by vibration (air resistance, sound)

o T JTo I I



8.2 Draw and interpret diagrams to represent energy transfers

In a closed In a closed
energy system energy system

there can be all the energy
E out > can be

transfer of Ein
energy but not accounted for

Closed
Energy
system

mass. There is no even when
change to the energy stores
total energy in change.

the system.

The diagram shows the energy transfer for a energy ™ &
light bulb. All the electrical energy store can

be accounted for as light energy and thermal

energy.

The thermal energy is not useful in this case

and can be considered to be dissipated or Thermat eneray

owasted energy.



8.3 Explain that where there are energy transfers in a closed
system there is no net change to the total energy in that system

In a closed In a closed
energy system energy system

there can be all the energy
E out > can be

transfer of Ein
energy but not accounted for

Closed
Energy
system

mass. There is no even when
change to the energy stores
total energy in change.

the system.

The diagram shows the energy transfer for a energy ™ &
light bulb. All the electrical energy store can

be accounted for as light energy and thermal

energy.

The thermal energy is not useful in this case

and can be considered to be dissipated or Thermat eneray

owasted energy.



8.4 ldentify the different ways that the energy of a system can be changed a
through work done by forces b in electrical equipment c in heating

I Transfer

Forces
Friction, Work, Gravity

Electrical Work
Through the wires in a circuit

Heating

Radiation: sun or metal objects
Conduction: oscillation
Dissipation: lost to the
surroundings in mechanical work.



8.5 Describe how to measure the work done by a force and understand
that energy transferred (joule, J) is equal to work done (joule, J)

When a force causes an object to move through a
distance, WORK IS DONE on the object. So a force does
work on an object when the force causes a displacement
of the object.

Work done can be calculated using the equation:

work done (J) = force (N) x distance moved in the direction of the force (m)

E=Fxd



8.8 Recall and use the equation to calculate the change in
gravitational PE when an object is raised above the ground:

When an object is raised above ground level it
gains gravitational potential energy (GPE).
This stored energy can be released if

the object is allowed to fall.

A pile driver is a machine that lifts a heavy weight then drops it on a post to
drive it into the ground.

Recall and use the equation to calculate the change in
gravitational PE when an object is raised above the ground:

change in G.P.E (J) = mass (kg) x gravitational field strength (N/kg)
change in height (m)

&GPE = mx g xa&h

The pile driver hammer has a mass of 120 kg and it is raised to a height of 4 m
above the ground. How much G.P.E will it have?
eGPE = mx g xah

eGPE=120x10x4
The G.P.E gained is: a&GPE=4800J



8.9 Recall and use the equation to calculate the amounts of energy
associated with a moving object:

Moving objects have kinetic energy.

The long-jumper is using her kinetic energy to
carry her body as far as possible. The more
Kinetic energy she has, the longer her jump will
be. Her kinetic energy depends on her mass
(which she can not change) and her velocity (she can run faster!).

Recall and use the equation to calculate the amounts of energy associated with a
moving object:

kinetic energy (J) =% x mass (kg) x speed2 (m/s)
KE=%mv2

If her mass is 46 kg and she is travelling at 8 m/s, her kinetic energy during her
jump will be:

KE =Y2m v2

KE =% x 46 x 82

The energy transferred in the jump is: KE = 1472 J



8.10 Explain, using examples, how in all system changes energy is
dissipated so that it is stored in less useful ways

Energy can be stored, transferred or dissipated

not be created or destroyed.

In a closed energy
system there can
be transfer of
energy but not
mass. There is no
change to the
total energy in the
system.

E in

No mass change

Closed

Energy E out
system

The diagram shows the energy transfer for
a light bulb. All the electrical energy store
can be accounted for as light energy and

thermal energy.

The thermal energy is not useful in this case

and can be considered to be dissipated or

owastebo

energy.

- but can

In a closed

energy system

all the energy

can be accounted

for even when
energy stores
change.

Electrical

eeeeeeeeeeeee

Light energy




8.11 Explain that mechanical processes become wasteful when they cause a

rise in temperature so dissipating energy in heating the surroundings

Work Done Against Frictional Forces

When work is done against
frictional forces on an object
there Is a temperature
Increase of the object.

A bicycle pump gets hot in use
as work is done in compressing
the gas, causing the pump to
get hotter.



8.12 Define power as the rate at which energy is transferred and
use examples to explain this definition
Power - the rate at which energy Is transferred

the rate at which work is done

(rate means ohow quicklyo
Power Is measured in joules per second

1 J/s =1 Watt

An object which transfers energy does so at a certain rate.
The metal filament in this light bulb transfers the

electrical energy store into heat and light.

This bulb transfers 2400 joules of energy in 60 seconds.



8.13 Recall and use the equation: power (watt, W) = work done (joule,

J) +time taken (second, s)P [ Et

An object which transfers energy does so at a certain rate.
The metal filament in this light bulb transfers the

electrical energy store into heat and light.

This bulb transfers 2400 joules of energy in 60 seconds.

Power can be calculated using the following equation: =

power (W) = work done (J)

time taken (s)

-
I
Im

P=2400/60 =40J/s

Sothisisa 40 Watt light bulb.



8.15 Recall and use the equation: efficiency = useful energy
transferred by the device / total energy sup plied to the device

The amount of useful energy you get from an energy transfer, compared
to the energy put in,is called the = EFFICIENCY

This calculation will result in a
decimal value which can be
multiplied by 100 to give a
percentage efficiency.

Efficiency = ( useful energy transferred by the device)
(total energy supplied to the device)

A wind turbine energy transfer

The wind turbine produces 120 MW of electrical energy
for every 500 MW of kinetic energy provided by the
wind.

Efficiency = (useful energy transferred by the device)

(total energy supplied to the device)

= 120 = 0.24 efficient
500

|’i\netic or0.24 x 100 = 24 %
ergy

WIND TURBINE GENERATOR




Topic 81 Energyi forces doing work

1.

o0 AWN

1.
8.

9.

Describe some changes involved in the way energy is stored when systems change

Define the term closed system

State the different ways that the energy of a system can be changed

Define the term work done

State the equation for calculating work done when you have force and distance mov
State the equation to calculate the change in gravitational PE when an object is rais:
above the ground.

State the equation to calculate the amounts of energy associated with a moving obje
Define the term dissipation

Define the term power

10. State the equation for calculating power when you have the energy transferred and

time taken.

11. Define the term Watt.
12. State the equation for efficiency.



Topic 81 Energyi forces doing work

82. Any reference to stores and transfers

83. A group of objects that do work with no energy coming in and no energy coming out.
84.Forces (mechanically), heating, electrical transfer

85.When a force moves and object

86.W=Fxd

87.GPE= mxgxh

88.KE =0.5xmx¥

89. Energy lost to the surroundings

90. The amount of energy transferred in a unit of time.

91.P=E/t

92.Joule per second

93. Efficiency = useful energy transferred / total energy transferred



9.10 Explain ways of reducing unwanted energy transfer through
lubrication

Stainless steel Glass



9.10 Explain ways of reducing unwanted energy transfer through
lubrication

Surfaces are never perfectly smooth, if we use a microscope
we see irregularities, when two surfaces touch these
Il rregul arity'"s ointerlocko wit




9.10 Explain ways of reducing unwanted energy transfer through
lubrication

We can reduce friction using lubricants which prevent
ol nterl ockingo




Topic 91 Forces and their effects

Define the term contact force

Define the term noicontact force.

Describe some contact forces

Describe some neoontact force.

State Newtonds First L aw

Describe how to reduce unwanted energy transfers in mechanical systems.
Describe how to reduce unwanted energy transfers in heated systems.

NogohkwhE



Topic 91 Forces and their effects

94. A force that acts when objects touch

95. A force that acts when objects do not touch

96. FrictionT 2 surfaces moving opposite, Contact e st i ng bet ween 2 s

97.Weighti force of gravity, Magnetisitbetween opposite magnetic poles, Electrostatic
opposite electric fields

98. Objects at rest stay at rest and objects in motion stay in motion unless a force acts age

99. Lubricationi reduces friction. Insulatioh reduces heating

100Insulationi reduces heating



10.1 Describe the structure of the atom, limited to the position,
mass and charge of protons, neutrons and electrons

D alO ~RE C RE C (JC
narticle
Protons 1 +1
Neutrons 1 0
Electrons Y 1635 -1
Copper Electrons

Nucleus

Time: 0 seconds



10.2 Draw and use electric circuit diagrams representing them with the conventions of positive and
negative terminals, and the symbols that represent cells, including batteries, switches, voltmeters,
ammeters, resistors, variable resistors, lamps, motors, diodes, thermistors, LDRs and LEDs

® © ®
Lamp | =
® ]
—0F— — ]

Light dependent resistor Thermistor

Pa
% [~
L1
Variable resistor Light emitting diode

— | 1 I|__|
— [ I L L

Fuse | cai Batory

battery switch

light bulb




10.3 Describe the differences between series and parallel circuits

@

- The current is the same everywhere (I ;=1,)

Q-PIQ - The p.d. is shared.

The p.d. depends on the resistance.

£
9% |

20  3Q - The total resistance increases with added
r I ’-‘ Total resistance resistors. (R =R, + R))
I+ =50 + V
d | total
|
- The p.d is the same across all the ’,‘O,a,
components.

- V=V, =V, @’

- The current is conserved at junction, this '

means it is shared among the branches. C V
- 1
2

total — | 1 + I2
- Total resistance DECREASES as you add _®l
resistors — — — 2




10.4 Recall that a voltmeter is connected in parallel with a component to
measure the potential difference (voltage), in volt, across it

Measures the voltage in a circuit.
(how much energy is transferred)

\V\ R 1y
e R How much fuel did | use for my W\ /,
\\ // . . N
drive to Germany in my ~
E

N ’
~ W P Voltswagen Golf?
E F

n W



10.5 Explain that potential difference (voltage) is the energy transferred
per unit charge passed and hence that the volt is a joule per coulomb

Charge: The number of oOpacketso of electro
Joule: the unit of energy

Coulomb: the unit of charge

AT
D |4 |AA
I =



10.6 Recall and use the equation: energy transferred (joule, J) =
charge moved (coulomb, C) x potential difference (volt, V) E [0 Q [V

Work is done when charge flows in a circuit.

The amount of energy transferred by electrical work can be calculated

using the equation:

Also:

Energy transferred = Charge flow

E=QV

(C) x Potential difference (V)

Name Equation symbol Unit Unit Symbol
Energy transferred E Joules J
Power P Watts W
Time t Seconds S
Charge flow Q Coulombs C
Potential difference V Volts V




10.7 Recall that an ammeter is connected in series with a component

to measure the current, in amp, in the component

Measures the current in a circuit.
(the rate of flow of charge)

Why do the police stand in the
road to see how fast you are
driving?




10.8 Explain that an electric current as the rate of flow of charge
and the current in metals is a flow of electrons

An electric current is the flow of electrical charge , usually electrons , around a
circuit .

The size of the electric current is the rate of flow of electrical charge. In a

series circuit (one with a single loop of wire) the current is the same at any point
of the loop.

Time: 0 seconds
























































































































































































































































































































