
6.1.1.1 Energy stores and systems
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Energy store Description Examples

Magnetic The energy stored when 
repelling poles have been 
pushed closer together or 
when attracting poles 
have been pulled further 
apart.

Fridge magnets, 
compasses, maglev 
trains which use 
magnetic levitation.

Internal 
(thermal)

Total kinetic and potential 
energy of the particles in 
an object, eg the 
vibrations - also known 
as the kinetic energy - of 
particles. In hotter 
objects, the particles 
have more internal 
energy & vibrate faster.

Human bodies, hot 
coffees, stoves or 
hobs. Ice particles 
vibrate slower, but 
still have energy.

Chemical The energy stored in 
chemical bonds, such as 
those between molecules.

Foods, muscles, 
electrical cells.

Kinetic Energy of a moving 
object.

Runners, buses, 
comets.

Electrostatic The energy stored when 
repelling charges have 
been moved closer 
together or when 
attracting charges have 
been pulled further apart.

Thunderclouds, Van 
De Graaff generators.

Elastic 
potential

The energy stored when 
an object is stretched or 
squashed.

Drawn catapults, 
compressed springs, 
inflated balloons.

Gravitational 
potential

The energy of an object at 
height.

Aeroplanes, kites, 
mugs on a table.

Nuclear The energy stored in the 
nucleus of an atom.

Uranium nuclear 
power, nuclear 
reactors.

Gravitational field strength is 
9.8N/kg on Earth.  

(g will be given in the exam). 

Kinetic energy of a moving object 
can be calculated using the 
equation: 
kinetic energy = 0.5 × mass × speed2

E k = ½  m (v) 2

• kinetic energy, Ek, in joules, J 
• mass, m, in kilograms, kg 
• speed, v, in metres per second, 

m/s 

Elastic potential energy stored in a 
stretched spring can be calculated 
using the equation (assuming the 
limit of proportionality has not been 
exceeded:
elastic potential energy = 0.5 ×
spring constant × extension2

E e = ½  k e 2

• elastic potential energy, Ee, in 
joules, J

• spring constant, k, in newtons per 
metre, N/m

• extension, e, in metres, m 

Gravitational potential energy 
gained by an object raised above 
ground level can be calculated using 
the equation:
g.p.e. = mass × gravitational field 
strength × height 
Ep =mgh
• gravitational potential energy, Ep, 

in joules, J 
• mass, m, in kilograms, kg 
• gravitational field strength, g, in 

newtons per kilogram, N/kg 
• height, h, in metres, m 

6.1.1.2 Changes in energy

joule (J)  = unit of energy  

Quantity Unit

Current A

Energy J

Mass kg

Power W

Time s

Temp oc

Height m

Velocity m/s

Extension m

Spring constant N/m

Force N

Gravitational field strength N/kg

Specific heat capacity J/kgoC

• When a force causes a body to 
move, work is being done on 
the object by the force. 

• Work is the measure of energy 
transfer when a force (F) moves 
an object through a distance 
(d).

• When work is done, energy has 
been transferred from one 
energy store to another.

• Therefore Energy transferred = 
work done



(  J / kg °C  )

The amount of energy stored in or released from a 
system as its temperature changes can be calculated 
using the equation: 
change in thermal energy = mass × specific heat capacity 
× temperature change 

• change in thermal energy, ∆E, in joules, J 
• mass, m, in kilograms, kg 
• specific heat capacity, c, in joules per kilogram per 

degree Celsius, J/kg °C 
• temperature change, ∆θ, in degrees Celsius, °C 

6.1.1.3 Energy changes in systems
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RPA: an investigation to determine the specific heat 
capacity of one or more materials. The investigation 
involve linking the decrease of one energy store (or work 
done) to the increase in temperature and subsequent 
increase in thermal energy stored 

Method:
1. Place the immersion heater into central hole at top 

of block.
2. Place the thermometer into smaller hole and add 

drops of oil into the hole to ensure thermometer is 
surrounded by hot material.

3. Fully insulate the block by wrapping it loosely with 
cotton wool.

4. Record the temperature of the block.
5. Connect the heater to the power supply and turn it 

off after ten minutes. After ten minutes the 
temperature will still rise even though the heater 
has been turned off and then it will begin to cool. 

6. Record the highest temperature that it reaches 
and calculate the temperature rise during the 
experiment.

Power is defined as the rate at which energy is transferred or 
the rate at which work is done. 
• power, P, in watts, W
• energy transferred, E, in joules, J
• time, t, in seconds, s
• work done, W, in joules, J

An energy transfer of 1 joule per second is equal to a power of 
1 watt 

Improving accuracy:
• Place the metal block on a heatproof mat to reduce the thermal energy lost to the table surface by 

conduction.
• Wrap the metal block in a thermal insulator to reduce the thermal energy lost to the air.
• Place the electronic balance on a flat, level surface to get an accurate reading of the mass.
Improving precision: 
• Use a data logger rather than a thermometer to reduce the random error & add more decimal places.
• Ensure the immersion heater and block begin at room temperature to reduce the error in repeat readings.
• Ensure the same thickness and type of insulator is used for every repeat measurement reduce anomalies.

6.1.1.4 Power



Useful energy output
total energy input       x 100%

OR
Useful power output
total power input        x 100%

Efficiency can be represented as a decimal or 
percentage. It has to be <100% (or <1.0) as all energy 
transfers involve wasted energy.

0.8 x  100 =    2%                          0.8 x 100 =    20%   
40                                                        4

In a closed system 
there is no net 
change to the total 
energy

The rate of cooling 
of  a building is 
affected by the 
thickness and 
thermal 
conductivity of its 
walls.
Higher thermal 
conductivity = 
higher rate of 
energy transfer 
= house cools 
down quicker.

Increase efficiency by 
insulating or streamlining/ 
lubricating to reduce 
friction.

Whichever rod gets 
hottest first at the other 
end is the best 
conductor. The material 
that heats the quickest is 
said to have a higher 
thermal conductivity

Energy cannot be created or 
destroyed, only transformed from one 
form to another (Law of conservation 
of energy).
“Work done” is another way of 
describing energy transfer.

6.1.2.1 Energy transfers in a system
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• where there are energy transfers in a 
closed system, there is no net change 
to the total energy. 

• In all system changes energy is 
dissipated, so that it is stored in less 
useful ways. This energy is often 
described as being ‘wasted’. 

• Unwanted energy transfers can be 
reduced, eg. through lubrication and the 
use of thermal insulation. 

• The higher the thermal conductivity of a 
material the higher the rate of energy 
transfer by conduction across the 
material. 

6.1.2.2 Efficiency

Investigate thermal 
conductivity using rods 
of different materials
(NOT RPA)

6.1.3 National and Global energy resources
• Main energy resources available for use on Earth include: fossil fuels (coal, oil and gas), 

nuclear fuel, biofuel, wind, hydro-electricity, geothermal, the tides, the Sun and water 
waves. 

• A renewable energy resource is one that is being (or can be) replenished as it is used. 
• A Non-renewable energy source cannot be replaced after it has been used. It is finite
• The uses of energy resources include: transport, electricity generation and heating. 











• Current has same value at any point in a single 
closed loop. 

• Measured with Ammeter

Time 
(s)

Charge in Coulombs 
(C)

Current in 
Amps 

(A)

switch (open)

switch 
(closed)

cell

battery

lamp

fuse

voltmeter

ammeter

diode

resistor

Variable 
resistor

LDR  (light 
dependent 
resistor

thermistor

LED (light 
emitting diode)

Knowledge Organiser – 6.2 Electricity

6.2.1.1 Standard circuit diagram symbols6.2.1.2 Electrical charge and current

Electric current is a flow of electrical charge. 
Size of current is rate of flow of electrical charge. 

Charge flow, current and time are linked by the 
equation: 
charge flow = current × time 

Potential
Difference in 
Volts 

(V) Current 
in 
Amps 

(A)

Resistance 
in Ohms
(Ω) 

• Potential difference is the amount of 
work energy required to move an electric 
charge (Coulomb) from one point to 
another

• Current (I) through a component depends 
on the resistance (R) of the component 
and the potential difference (V) across 
the component. 

• The greater the resistance of the 
component the smaller the current for a 
given potential difference (pd) across the 
component. 

6.2.1.3 Current, resistance and potential difference

• Measured with Voltmeter 
• Voltmeter must be connected in parallel

Current, potential difference and resistance
can be calculated using the equation: 

potential difference = current × resistance 

RPA: use circuit diagrams to set up and check 
appropriate circuits to investigate the factors 
affecting the resistance of electrical circuits. 

• the length of a wire at constant temperature 
• combinations of resistors in series and 

parallel. 

• Metal atoms (ions) in a wire have delocalised electrons which are 
free to move and carry the charge.  

• Electrons moving around the circuit collide with the ions. 
• This is called resistance. 

Units of resistance = ohms, Ω

Components with high resistance often get hot (e.g. filament lamp). 
• Electrons colliding with the ions transfer energy as heat and light. 
• Causes the ions to vibrate more, increasing the resistance even 

more. 
• This makes it harder for the electrons to pass through without 

collisions.

E.g. What is the resistance of a component if 12 V causes a current of 2 A through it?
R = V / I     =  12V / 2A   =  6Ω

Resistance

IV:  Length of a wire

Hazard   Consequences   Control measures              
Heating   Minor burns      Set up circuit before
of wires                               closing the switch

IV: resistors 
in series or parallel

• In series, the 
resistance of the 
network is equal to 
the sum of the 
other resistances.
• In parallel, the 
resistance of the 
network is less than 
either of the other 
resistances.



• Resistance of components such as lamps, diodes, 
thermistors and LDRs is not constant; it changes 
with the current through the component. 

• SEE RPA

• Resistance of a thermistor decreases as the 
temperature increases. 

• Low temperature = High resistance
• Used in heat activate fire alarms and thermostats

• Resistance of an LDR decreases as light intensity 
increases
Low light levels  =   high resistance. 

• An LDR can be used in lights that come on when 
it’s dark. 

6.2.1.4 Resistors

• Current through an ohmic conductor (at a 
constant temperature) is directly 
proportional to the potential difference 
across the resistor. 

• Resistance remains constant as the 
current changes. 
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The current through a 
resistor at constant a 
constant temperature 

is directly 
proportional to the 
potential difference 
across the resistor.

The resistance 
of a bulb

increases as the 
temperature of 

the filament 
increases.

The current 
through a diode

flows in one 
direction. It has 

very high resistance 
in the opposite 

direction. 

RPA: use circuit 
diagrams to construct 
appropriate circuits to 
investigate the I–V 
characteristics of a 
variety of circuit 
elements, including a 
filament lamp, a diode 
and a resistor at 
constant temperature 

For components connected in series: 
• same current (A) through each component 
• total potential difference (V) of the power supply is 

shared between components 
• total resistance of two components is the sum of the 

resistance of each component. 
Rtotal = R1 + R2 resistance, R, in ohms, Ω 

For components connected in parallel: 
• potential difference across each component is the 

same
• total current through the whole circuit is sum of the 

currents through the separate components 
• total resistance of two resistors is less than the 

resistance of the smallest individual resistor. 

6.2.2 Series and Parallel circuits

Charge is a property of a body which 
experiences a force in an electric field. 
Charge is measured in coulombs (C).

Since electrons are so small and one 
electron will not have much of an 
effect anywhere, it is more useful to 
refer to packages of electrons. 
One coulomb of charge is a package 
equivalent to 
6,250,000,000,000,000,000 electrons.

One volt is the potential difference when one coulomb of charge transfers 
one joule of energy.



230V

• Network of cables and transformers linking 
power stations to consumers

• Step-up transformers = higher potential 
difference

• Reduced energy loss because resistance is 
lower in cables (high volts = fewer amps for 
same power)

• Step-down transformers = decrease potential 
difference to safe level for domestic use 
(about 230V in UK)

• Underground cables protected from bad 
weather but get damaged by diggers in 
building projects

G

H

A= neutral wire, close to 0V.
B= earth wire, 0V, only carries current if 
there’s a fault, stops appliance becoming 
live.
C= live wire, 230V between earth and live.
D= Fuse, internal wire melts when current 
is too big so breaks the circuit.

E= cable grip
F= three-core cable, copper wire = flexible 
and good conductor, plastic coating.
G= brass pins, hard wearing, good conductor
H= plastic casing is an insulator

Knowledge Organiser – 6.2 Electricity

• The rate at which energy is transferred by an 
appliance is called the power.

• The energy transferred by an appliance 
depends on how long it is switched on for and 
the power of the appliance.

• Also known as “work done” by the components 
in the circuit when charge flows.

E.g. What is the potential difference between 
two points if 5 C of charge shifts 10 J?
V= E/Q  
= 10J / 5C  
= 2 volts

Potential
Difference 

(V) 

Energy 
transfer 
(J) E

Q   x V

Charge  
(C)

6.2.3.1  Direct and alternating potential difference

6.2.3 Domestic uses and safety

• a live wire may be dangerous even when a 
switch in the mains circuit is open 

• It is dangerous to provide any connection 
between the live wire and earth. 

6.2.3.2 Mains electricity

6.2.4 Energy Transfers

power = potential 
difference × current 
P = V I

6.2.4.2 Energy transfers in everyday appliances

power = 
current2 ×
resistance 
P = I2 R 

• power, P, in watts, W
• potential difference, V, in volts, V
• current, I, in amps, A 
• resistance, R, in ohms, Ω 

6.2.4.1 Power

6.2.4.3 The National Grid

• energy transferred, E, in joules, J 
• power, P, in watts, W 
• time, t, in seconds, s 
• charge flow, Q, in coulombs, C 
• potential difference, V, in volts, V

































Scalar quantities have magnitude (size) only. 
▪ Represented by a number. 
Example: speed and distance.

Vector quantities have magnitude and direction. 
▪ Represented by a number and an 

arrow. 
Example: velocity and displacement.

6.5.1.2 Contact and non-contact forces

A force is a push or pull that acts on an object when 
it interacts with another object. 
A force is a vector quantity.

• Contact forces – the objects are touching each 
other.

Example: friction, air resistance, and tension.
• Non-contact forces – the objects are separated.

Example: magnetic and gravitational force.

Weight is the force acting on an object due to gravity. 
This can be calculated by:
Weight (N) = mass (kg) x gravitational field strength 

(N/kg)
W = m x g

The weight of an object acts at an object’s ‘centre of 
mass’.
The weight and mass of an object are directly 
proportional.
Weight is measured using a newtonmeter.

Forces acting in opposite directions will leave 
behind an overall force called a resultant force.
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6.5.1.1 Scalar and vector quantities

6.5.1.3 Gravity

6.5.1.4 Resultant forces

Free body diagram: models the forces 
acting on an object. The object or 'body' 
is usually shown as a box or a dot. The 
forces are shown as thin arrows pointing 
away from the centre of the box or dot.

Resolving forces: Two forces can be added together 
to find a resultant force. A single force can be 
resolved (broken down) into two component 
forces at right angles to each other.
In the diagram of a toy trailer below, when a child 
pulls on the handle, some of the 5 newton (N) force 
pulls the trailer upwards away from the ground and 
some of the force pulls it to the right.

Vector diagrams:  can be used to resolve the pulling force into a 
horizontal component acting to the right and a vertical 
component acting upwards.
Draw a right-angled triangle to scale, in which each side 
represents a force. 
For the toy trailer example above, draw:
• a line representing the 5 N force at 37°
• a horizontal line ending directly below the end the first line
• a vertical line between ends of the two lines
• arrow heads to show the direction in which each force acts
Measure the lengths of the horizontal and vertical lines. Use the 
scale for the first line to convert these lengths to the 
corresponding forces.

6.5.1.4 HT only
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6.5.2 Work Done and Energy Transfer

When a force causes an object to move a distance, work is 
done on that object.

Work done (J) = Force (N) x distance (m)
W = F x s

RPA: Investigate the relationship between force and extension for a spring

When a force acts on an elastic object, the object will extend a proportional 
amount until it is permanently deformed (won’t return to original shape).

By adding more weight to a spring and measuring its extension; the 
extension of a spring can be found.
You may also have to use the equation in the equation sheet to find the 
elastic potential energy.

Force (N) = spring constant (N/m) x extension (m)
F = k x e

• work done, W, in joules, J 
• force, F, in newtons, N 
• distance, s, in metres, m
• One joule of work is done when a force of one newton 

causes a displacement of one metre. 
• 1 joule = 1 newton-metre 

6.5.3 Forces and elasticity

• To change the shape of a stationary object (by stretching, 
bending or compressing), more than one force has to be 
applied 

• The extension of an elastic object, such as a spring, is 
directly proportional to the force applied, provided that 
the limit of proportionality is not exceeded. 

• Force, F, in newtons, N 
• spring constant, k, in newtons per metre, N/m 
• extension, e, in metres, m
• Also applies to the compression of an elastic object, 

where ‘e’ would be the compression of the object. 

• A force that stretches (or compresses) a spring does work 
and elastic potential energy is stored in the spring. 
Provided the spring is not inelastically deformed, the 
work done on the spring and the elastic potential energy 
stored are equal. 

elastic potential energy = 0.5 × spring constant × extension2

1.E e = ½ k e 2

6.5.4.1.1 Distance and displacement

Displacement is how far an object moves in a straight 
line from start to finish. It is vector.
Distance is how far an object moves. It is scalar. 

• Speed is a scalar quantity. The speed of 
moving objects often varies greatly. 

• The typical speed of sound is 330 m/s.
• The speed at which a person can walk, run 

or cycle depends on many factors 
including: age, terrain, fitness and distance 
travelled. 

• Typical values may be taken as: 
walking ̴ 1.5 m/s
running ̴ 3 m/s
cycling ̴ 6 m/s. 

For an object travelling at a constant speed:

Speed (m/s) = distance (m) ÷ time (s)
v = s ÷ t

6.5.4.1.3 Velocity
Velocity is the speed in a direction.
It is a vector.

(HT only) Motion in a circle involves constant 
speed but changing velocity.

Stationary

Moving back to start

Moving forward (faster)

Moving forward (slowly)

6.5.4.1.2 Speed 6.5.4.1.4  Distance-time relationship

• If an object moves along a straight line, the distance 
travelled can be represented by a distance–time 
graph. 

• The speed of an object can be calculated from the 
gradient of its distance–time graph 

(HT only) If an object is accelerating, its speed at 
any particular time can be determined by 
drawing a tangent and measuring the gradient of 
the distance–time graph at that time 



An object will not move or change speed 
unless a force acts on it. 
• A stationary object will stay stationary.
• A moving object will continue at a 

constant speed.

(HT only) The tendency of an object to stay 
still or stay at a constant speed is inertia.
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6.5.4.1.5 Acceleration 6.5.4.2.1  Newton’s first law 6.5.4.2.2 Newton’s second law

The acceleration of an object depends on mass 
and force. 
• If the mass increases and the force stays 

the same; the acceleration decreases.
• If the mass stays the same and the force 

increases; the acceleration increases.

Force (N) = mass (kg) x acceleration
F = m x a

6.5.4.2.3  Newton’s third law

When two objects interact, the forces they 
exert on each other are equal and opposite.

Acceleration (m/s2) = change in velocity (m/s) ÷ time (s)

a = Δv ÷ t

HT only: The distance travelled 
by an object (or displacement of 
an object) can be calculated 
from the area under a velocity-
time graph.

Uniform acceleration can also be calculated using:

(𝑓𝑖𝑛𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦)2− 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 2

= 2 × 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 × 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

• final velocity, v, in metres per second, m/s
• initial velocity, u, in metres per second, m/s
• acceleration, a, in metres per second squared, m/s2
• distance, s, in metres, m

• acceleration, a, in metres per second squared, m/s2 
• change in velocity, ∆v, in metres per second, m/s 
• time, t, in seconds, s 

• An object that slows down is decelerating. 
• The acceleration of an object can be calculated from 

the gradient of a velocity–time graph. 

Average acceleration can also be calculated using:

(HT only) inertial mass:
• measure of how difficult it is to change the 

velocity of an object 
• the ratio of force over acceleration. 

RPA investigate the effect of varying the force 
on the acceleration of an object of constant 
mass, and the effect of varying the mass of an 
object on the acceleration produced by a 
constant force. 

6.5.4.1.5 Acceleration (HT Only)



6.5.4.3.1 Stopping distance

The stopping distance of a vehicle is the sum of the 
drivers reaction time (thinking distance) and the 
braking distance.
Greater speed = greater stopping distance

6.5.4.3.2 Reaction time

Reaction times vary from person to person but 
are usually in the range of 0.2 s to 0.9 s.

A drivers reaction time is affected by tiredness, 
distractions, drugs and alcohol.

There are different ways to measure reaction 
times. 
• One simple method involves dropping a ruler 

between someone’s open thumb and 
forefinger. 

• The higher the reaction time needed to grasp 
the falling ruler, the further the ruler falls 
before being stopped.

6.5.4.3.3 Factors affecting braking distance 1

The braking distance of a car can be 
affected by:
• wet or icy road conditions
• faulty tires or brakes.

When a force is applied to the brakes of a vehicle, work done between the brakes and the wheel reduces the 
kinetic energy of the vehicle.

• This would increase the temperature of the brakes.
• Large decelerations may lead to brakes overheating and maybe the loss control.

6.5.5. Momentum (HT only)

Momentum is a property of moving objects. 
Momentum can be calculated by the equation:

Momentum (kg m/s) = mass (kg) x velocity (m/s)
p = m x v

• momentum, p, in kilograms metre per second, 
• kg m/s mass, m, in kilograms, kg
• velocity, v, in metres per second, m/s 
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6.5.4.3.4 Factors affecting braking distance 2

In a closed system, the total momentum before an 
event is equal to the total momentum after the 
event; this is called conservation of momentum.

• Conservation of momentum explains why a gun or cannon recoils backwards 
when it is fired. 

• When a cannon is fired, the cannon ball gains forward momentum and the 
cannon gains backward momentum. 

• Before the cannon is fired (the ‘event’), the total momentum is zero. This is 
because neither object is moving. 

• The total momentum of the cannon and the cannon ball after being fired is 
also zero, with the cannon and cannon ball moving in opposite directions.















1) Transverse waves

Waves can either be transverse or longitudinal.

2) Longitudinal waves

In transverse waves, the particles in the wave move perpendicular to 
the direction of the wave. 
An example is a ripple on water or an electromagnetic wave.
It is the wave that travels NOT the water. 

Amplitude: the maximum displacement of a point on a wave from the 
undisturbed point.

Wavelength: the distance between a point on a wave and the same 
point on the next wave. Measured in metres (m).

Frequency: the number of waves passing a point each second. 
Measured in Hertz (Hz)

Period: time span of one wave in seconds

𝑃𝑒𝑟𝑖𝑜𝑑 𝑇 =
1

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 (𝑓)

𝑊𝑎𝑣𝑒 𝑠𝑝𝑒𝑒𝑑 𝑣 = 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑓 × 𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ(λ)

In longitudinal waves, the particles in the wave move parallel to the direction of the wave. An 
example is a sound wave.

Remember: the 
waves move 
not the 
particles!

Remember: the 
waves move 
not the 
particles!

RPA: Measuring frequency, wavelength and speed of waves in solid 
and a liquid

Wavelength: Measure the length of a 
number of waves then divide by the number 
of waves to calculate the wavelength. It may 
be more practical to take a photograph of 
the card.

Frequency: Count the number of waves 
passing a point in ten seconds then divide by 
ten to record frequency.

Wave speed: Calculate the speed of the waves using 

𝑊𝑎𝑣𝑒 𝑠𝑝𝑒𝑒𝑑 𝑣 = 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑓 × 𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ(λ)

Knowledge Organiser – 6.6 Waves

6.6.1.1 Transverse and longitudinal waves

6.6.1.2 Properties of waves

period, T, in seconds, s 
frequency, f, in hertz, Hz 

Wave speed is the speed at which the energy is transferred (or the 
wave moves) through the medium.  Measured in m/s



6.6.2.1 Types of electromagnetic waves

Electromagnetic waves are transverse waves that transfer energy from a source to an absorber.
All electromagnetic waves travel at the same speed as each other through a vacuum or air.

RPA: Investigating the absorption or emission of IR 
radiation by nature of surfaces 

6.6.2.3 Properties of electromagnetic radiation 2

Changes in atoms and atomic nuclei can generate or absorb electromagnetic radiation. Gamma rays, X-rays 
and ultraviolet waves are ionising and can have hazardous effects on human body tissues. The effect 
depends on the dose and type of radiation.
• UV rays can age skin prematurely and increase risk of skin cancer.
• Gamma rays and X-rays can mutate genes and cause cancer.

(HT only) Radio waves can be produced by oscillations in electrical circuits. 
(HT only) When radio waves are absorbed they may create an alternating current with the same frequency 
as the radio wave itself, so radio waves can themselves induce oscillations in an electrical circuit. 

6.6.2.4 Uses and applications of electromagnetic waves

1. Fill the Leslie cube with boiling water and replace the lid.
2.Leave for one minute to allow the surfaces to heat up.
3.Use the infrared detector to measure the intensity of infrared 
radiation emitted from each surface.

The matte black surfaces emit the most IR radiation. 
The shiny silver emits the least. 

Different types of electromagnetic radiation have many uses:
• Radio waves – TV and radio
• Microwaves – Satellite communications and cooking food
• Infrared – Heating, cooking, and thermal cameras
• Visible – Fibre optic communication
• Ultraviolet – energy efficient lamps and sun tanning
• X-ray and Gamma – Medical imaging and treatment

(If higher tier you need to explain why each type of wave is suitable)

Knowledge Organiser – 6.6 Waves
6.6.2.2 Properties of electromagnetic waves 1

• (HT only) Different substances may absorb, transmit, refract or reflect 
electromagnetic waves in ways that vary with wavelength. 

• (HT only) When electromagnetic waves meet a barrier of a different 
density they change speed and therefore direction. This is refraction.. 



6.7.1.1 Poles of a magnet

6.7.1.2 Magnetic field

The poles of magnet are where the magnetic forces are strongest. Two 
close together magnets will exert a non-contact force on each other.
• Two opposite poles will attract (north and south).
• Two similar poles will repel (north and north or south and south).

6.7.2.1 Electromagnetism

When a current flows through a wire a magnetic field 
is produced. The higher the current, the stronger the 
field.

A permanent magnet produces its own magnetic field.
An induced magnet becomes a magnet when inside a magnetic field. 
Induced magnets lose their magnetism easily.

Magnetic materials always attract a magnet and include iron, cobalt, nickel, and steel.

A compass is a small bar magnet that is attracted to the Earth’s magnetic field. A compass can be used to draw a magnets field.

The field of a magnet always flows from the north pole to the south pole.

The strength of the field increases as the distance from the magnet decreases.

If the wire is wrapped into a coil called a solenoid
the magnetic field becomes strong and uniform.
The magnetic field around a solenoid has a similar 
shape to that of a bar magnet. 

Adding an iron core to a solenoid
increases the strength of the 
magnetic field and turns it into an 
electromagnet.

Knowledge Organiser – 6.7 Magnetism and Electromagnetism

magnetic field : the region around a magnet where a force acts on another magnet 
or on a magnetic material (iron, steel, cobalt and nickel) 

How can we increase the strength of an 
electromagnet?
• Increase the current
• Increase the size and number of coils.



6.7.2.2. Fleming’s left-hand rule (HT) 6.7.2.3 Electric motors (HT)

A coil of wire carrying a current in a magnetic field tends to 
rotate. This is the basis of an electric motor.

The motor effect when a conductor carrying a current is placed in a magnetic field the magnet 
producing the field and the conductor exert a force on each other.

For a conductor at right angles to a magnetic field and carrying a current:

𝐹 = 𝐵 × 𝐼 × 𝑙

F = force measured in Newtons (N)
B = Magnetic flux density in tesla (T)

I = current in amperes (A)
l = Magnetic flux density in tesla (T)

The force on a given length of wire in a 
magnetic field increases when:
• The current in the wire increases.
• The strength of the magnetic field 

increases.

The force is greatest when the direction of the 
current is 90O to the direction of the magnetic 
field.

Knowledge Organiser – 6.7 Magnetism and Electromagnetism

Starting from the position shown in the diagram of the dc motor:
1. current in the left hand part of the coil causes a downward 

force, and current in the right hand part of the coil causes an 
upward force

2. the coil rotates anti-clockwise because of these forces 
3. When the coil is vertical, it moves parallel to the magnetic 

field, producing no force. This would tend to make the 
motor come to a stop, but two features allow the coil to 
continue rotating:

• the momentum of the motor carries it on round a 
little

• a split ring commutator changes the current 
direction every half turn

4. Once the conducting brushes reconnect with the 
commutator after a half turn:

5. current flows in the opposite direction through the wire in 
the coil

6. each side of the coil is now near the opposite magnetic pole
7. This means that the motor effect forces continue to cause 

anti-clockwise rotation of the coil.
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