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2.14 know that current is the rate of flow of charge 

2.15 know and use the relationship between charge, current and time: 

charge = current × time 

Q = I × t 
2.16 know that electric current in solid metallic conductors is a flow of negatively charged 

electrons 

2.17 understand why current is conserved at a junction in a circuit 

(d) Static charge

Students should: 

2.22P identify common materials which are electrical conductors or insulators, 
including metals and plastics 

2.23P practical: investigate how insulating materials can be charged by friction 

2.24P explain how positive and negative electrostatic charges are produced on 
materials by the loss and gain of electrons 

2.25P know that there are forces of attraction between unlike charges and forces 
of repulsion between like charges 

2.26P explain electrostatic phenomena in terms of the movement of electrons 

2.27P explain the potential dangers of electrostatic charges, e.g. when fuelling 
aircraft and tankers 

2.28P explain some uses of electrostatic charges, e.g. in photocopiers and inkjet 
printers 

(c) Moving charge



Electric charge 

Students will be assessed on their ability to: 

2.22 identify common materials which are electrical conductors or insulators, including metals

and plastics 

The main difference between conductors and insulators is that conductors have free electrons 

and insulators don’t. In conductors, electrons can flow freely through the material which allows 

electrical current to flow easily. 

The particles of the insulator do not permit the free flow of electron. 

Insulators: plastic, wood, rubber 

There is a significant difference between pure water and normal tap water. Pure (distilled) water is 

NOT a good conductor of electricity, where tap water is, because it contains impurities. 

2.23 describe experiments to investigate how insulating materials can be charged by

friction 

For example, if polythene (a type of plastic) is rubbed with a dry cloth, electrons are transferred 

from the cloth to the polythene. The polythene gains electrons and becomes negatively charged, 

the cloth loses electrons and becomes positively charged. 

http://www.gcsescience.com/o57.htm
http://www.gcsescience.com/o56.htm


2.24 explain that positive and negative electrostatic charges are produced on materials

by the loss and gain of electrons 

Insulators can transfer charge by friction. When the surface of one insulator rubs against another, 

electrons can be transferred. Remember that electrons are the only charges capable of 

moving, the rest of them (protons and neutrons are ‘trapped’ inside the nucleus). 

2.25 understand that there are forces of attraction between unlike charges and forces

of repulsion between like charges 

Opposite charges attract (positive and negative).  

Like charges repel (two positives or two negatives). 

These forces get weaker the further apart the two charges are. 

2.26 explain electrostatic phenomena in terms of the movement of electrons

Electrostatic phenomena include many examples, some as simple as the attraction of the plastic 

wrapper to your hand after you remove it from a package, to the apparently spontaneous explosion 

of grain silos. Others are the damage of electronic components during manufacturing and the 

operation of photocopiers. Electrostatics involves the buildup of charge on the surface of objects 

due to contact with other surfaces. This could be from a buildup of electrons on one surface or the 

removal of electrons from another surface. 

2.27 explain the potential dangers of electrostatic charges, eg when fuelling aircraft and

tankers 

Any accumulation of charges represents a danger, because there will be a potential difference 

(voltage) between the charges and the Earth. Larger the number of accumulated charges, larger the 

voltage. If the connection between the charges and the Earth is made by a person, there is a high risk 

of electric shock; there are high chances of sparks appearing which could lead to fire. 

When fuelling a car, petrol runs through pipes and nozzle and due to friction, electrostatic charges 

are created.  The risk of caching fire considerably increases when aircrafts r tankers are fuelled, 

because of the increased amount of fuel needed. Aircrafts are earthed: a metal wire is connected 

between the metallic part of the aircraft and the ground, so all electrostatic charges are safely 

conducted through the wire away from the aircraft. 

http://www.gcsescience.com/pe37.htm
http://www.gcsescience.com/pfm32.htm
http://www.gcsescience.com/a1-atom-electron-neutron-proton.htm
http://en.wikipedia.org/wiki/Surface


2.28 explain some uses of electrostatic charges, eg in photocopiers and inkjet printers. 

An inkjet printer uses electrostatic charge to direct the tiny ink droplets to the correct place on the 

page. Coloured ink is passed through a very small hole called a nozzle which separates the ink into 

many tiny droplets. The tiny droplets are given an electrostatic charge. 

http://www.google.co.uk/url?sa=i&rct=j&q=Earthed+aircrafte&source=images&cd=&cad=rja&docid=fWjkcdGWqobjCM&tbnid=MNQ3fTx-djJM5M:&ved=0CAUQjRw&url=http://www.flankers-site.co.uk/be-200.htm&ei=zgmvUYnCBZCihgeTjIGAAg&bvm=bv.47380653,d.ZGU&psig=AFQjCNECgDvpTxjZedR5MnfhAEeqjjg_Xg&ust=1370512180152795
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(a) Units

Students should: 

1.1 use the following units: kilogram (kg), metre (m), metre/second (m/s), 
metre/second2 (m/s2), newton (N), second (s) and newton/kilogram (N/kg) 

(b) Movement and position

Students should: 

1.3 plot and explain distance−time graphs 

1.4 know and use the relationship between average speed, distance moved and time 
taken: 

taken time
moved distance

speed average =

1.5 practical: investigate the motion of everyday objects such as toy cars or tennis balls 

1.6 know and use the relationship between acceleration, change in velocity and time 
taken: 

taken time
velocity in change

onaccelerati =

t
uva )( −

=

1.7 plot and explain velocity-time graphs 

1.8 determine acceleration from the gradient of a velocity−time graph 

1.9 determine the distance travelled from the area between a velocity−time graph and 
the time axis 



Syllabus points:  

1.3 plot and explain distance-time graphs

You need to be able to plot accurate distance-time graphs. Skills tested here will include: 

 plotting points accurately

 labelling axes with quantities and units

 selecting an appropriate scale (filling over half the page, avoiding weird scales)

Distance-time graphs and velocity-time graphs are some of the only graphs in physics where you 

connect the points dot-to-dot. 

The shape of a distance-time graph helps describe the motion of the object. 

A flat line shows that the object’s distance is not changing; i.e. they are not moving/they are 

stationary. The gradient of a distance time graph tells you the average speed between the two 

points in the time selected. This is because the              . As the gradient 

of a flat line is zero, the speed is zero. 

A straight line shows that the object is travelling the same amount of distance each second; i.e. they 

are moving at a constant speed. The gradient of a distance time graph tells you the average speed 

between the two points in the time selected. This is because the              . 

As the gradient of a straight line is constant, the speed is constant. A steeper gradient means a 

greater (i.e. faster) speed. 
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A curved line represents a change in speed. This could be an increase (acceleration) or a decrease 

(deceleration). If the gradient of the line is increasing (shallow to steep) then the speed is increasing 

(acceleration); if the gradient of the line is decreasing (steep to shallow) then the speed is decreasing 

(deceleration). The gradient of a distance time graph tells you the average speed between the two 

 . points in the time selected. This is because the          =  

1.4 know and use the relationship between average speed, distance moved and

Speed is defined as how far an object travels in a given time. You are probably used to the speed of 

cars being measured in miles per hour (i.e. how many miles you would travel if you moved at that 

speed for a whole hour). So travelling at 60 mph you would move 30 miles in half an hour and 120 

miles in 2 hours.  

In physics we use the metric system, so the standard units for the quantities are: 

 distance moved; metres, m

 time taken; seconds; s

 average speed; metres per second; m/s

There are two categories of speed; average speed and instantaneous speed. Both have a very similar 

equation;  
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speed = 
distance moved
time taken

average speed = total distance moved
total time taken

instantaneous speed = 
distance moved
time taken



This makes a little more sense when comparing 2 objects moving the same distance in the same 

time. 

In the graph above the blue line (top line) has the same gradient throughout and shows the object 

moving as a constant speed. We can find the speed of this by finding the gradient. In this case 

50 m/10 s = 5 m/s. 

The red line (lower line) has 2 distinct gradients; for the first 5 seconds the object travels 10 m so has 

an instantaneous speed of 10 m/5 s = 2 m/s. In the next 5 s it travels 40 m so has an instantaneous 

speed of 40 m/5 s = 8 m/s. However, they have still travelled a total of 50 m in 5 s so their average 

speed is 50 m/ 10s = 5 m/s. 

1.5 investigate the motion of everyday objects such as toy cars or tennis balls

How would you go about investigating the motion of an everyday object? This could be a toy car 

on a slope or a ball rolling along a surface. 

1) You could measure out the distance between 2 points using a ruler, mark these points with

some sort of marker. Then start the stopwatch when the object passes the first marker. Stop

the stopwatch when it goes past the second marker. You should repeat this a couple of

times to ensure that you are collecting consistent data. To find the average speed of

everyday object you just need to divide the distance between markers by the average time

measured on the stopwatch.

2) The next method uses light gates and works in a similar way; set up two light gates so that

the everyday object passes through both. Light gates consist of a beam of light and a

detector. When the beam of light is broken by something this sends a signal to a computer

or datalogger. Measure the distance between these light gates with a ruler. When the

everyday object passes through the first light gate the computer or datalogger it is conneted

to will start a stopwatch. When the everyday object passes through the second light gate the

stopwatch will be stopped. Again you can find the average speed by dividing the distance

between light gates by the average time taken.
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3) The next method is to use a high speed camera and markers in the scene. Measure out a

distance and mark with cone markers again. Video the everyday object moving past the two

cones. Watch back the video and look at the time when the everyday object goes past the

first cone. Let the video continue playing and then look at the time when it reaches the

second cone. Then do the distance measured divided by time taken to get average speed.

4) The final method is to use a ticker tape timer. This device marks a dot every 0.02 s on a piece

of ticker tape (thin piece of paper). The other end of the ticker tape is attached to the

everyday object. Once the everyday object has moved the ticker tape is processed. This

involves marking a dot and then moving on 5 more dots; this represents 0.1 s of travel

(5 x 0.02 s = 0.1 s). The speed of the everyday object is equal to the length covered by 5 dots

divided by 0.1 s.

   5cm 

Above, each section of 5 dots (which represent 0.1 s of travel) are the same length; this 

means the everyday object is travelling at a constant speed. In this example the everyday 

object is moving at 5 cm/0.1 s = 50 cm/s 

Above, the distance between dots has increased; however, the time between dots is still the 

same. This means the everyday object is moving further in the same amount of time; i.e. it is 

accelerating. 

Above, the distance between the dots has decreased; however, the time between dots is the 

same. This means the everyday object is moving less far in the same amount of time; i.e. it is 

decelerating.  

1.6 know and use the relationship between acceleration, velocity and time:

Acceleration is the rate of change of velocity (remember that rate in physics means “per unit time” 

so acceleration is the change in velocity per second). The unit for acceleration is m/s2 or m/s/s. This 

is because it is the change in velocity (m/s) per second (/s) i.e. metres per second per second. 

Velocity is essentially speed in a given direction (for example a velocity of −5 m/s would mean 

moving down at a speed of 5 m/s). We’ll look more at this in another set of notes. For now, don’t 

worry too much about it. 

acceleration = change in velocity
time taken

(v-u)
   ta=



Change in velocity is equal to the final velocity (v) minus the initial velocity (u). For example if a car 

accelerates from 10 m/s to 20 m/s in 5s the acceleration will be:                         = 2 m/s2

If the change in velocity is negative then the acceleration will be negative i.e. a deceleration. For 

example if a car brakes from 30 m/s to 10 m/s in 4 s the acceleration will be                        = -5 m/s2

This is equal to a deceleration of 5 m/s2.  

1.7 plot and explain velocity-time graphs

You need to be able to plot accurate velocity-time graphs. Skills tested here will include: 
 plotting points accurately

 labelling axes with quantities and units

 selecting an appropriate scale (filling over half the page, avoiding weird scales)

Distance-time graphs and velocity-time graphs are some of the only graphs in physics where you 

connect the points dot-to-dot. 

The shape of a velocity-time graph helps describe the motion of the object. 

This velocity-time graph shows the velocity remains at zero. This means the object is not moving. 

As the gradient of a flat line is zero, the acceleration is zero. 
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A flat line shows that the object's velocity is not changing; i.e. they are moving with a constant velocity. The 
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A straight line shows that the objects velocity is changing at a constant rate; i.e. they are accelerating 

with a constant acceleration. The gradient of a velocity-time graph tells you the acceleration 

between the two points in time selected. This is because the              . 

As the gradient of a straight line is constant, the acceleration is constant. 

A curved line shows that the object’s acceleration is changing. If the gradient of the line is increasing 

(shallow to steep) then the rate of acceleration is increasing; in the much more common case of the 

gradient of the line decreasing (steep to shallow) then the acceleration is decreasing. The gradient of 

a velocity-time graph tells you the acceleration between the two points in time selected. This is 

because the gradient =         =  . 
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You may be asked to describe the shape of a velocity time graph; it is important that you focus on 

the shape. Consider the following example: 

The gradient is initially steep. Then it flattens out to a horizontal line. Finally the gradient increases 

again but to a lesser gradient than during the first part of the graph. The motion that this represents 

is an object accelerating with a high constant acceleration, then moves at a constant velocity, then 

accelerates again but with a lower acceleration. 

1.8 determine acceleration from the gradient of a velocity-time graph

As discussed above, gradient =         =

A positive (sloping upwards) gradient shows an acceleration. A negative (sloping downwards) 

gradient shows deceleration. 

1.9 determine the distance travelled from the area between a velocity-time graph and the time axis.

The area between a velocity-time graph and the time axis is equal to velocity × time which is the 

distance travelled. This is sometimes known as the area under a graph. 

The orange line is the velocity-time graph line. The blue shaded area represents the area under the 

graph / area between the velocity-time graph and the time axis. This means the area of the blue 

shapes is equal to the distance travelled.  
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In the example above it is easier to split the objects journey into 2 parts: 

In part one the object is accelerating with a constant acceleration of           (as this is the 

gradient of the line). The area under the graph is equal to ½ x 40 s x 20 m/s (area of a triangle 

½ × base × height). This means that during the accelerating stage of the journey the object has 

moved 400 m. 

In part two the object is moving with a constant velocity (flat line, no acceleration). The area under 

the graph is equal to 20 m/s × 20 s = 400 m. (Care needs to be taken here as the time between 40 s 

and 60 s is 20 s).  

The total distance travelled is 800 m. 

The average speed for this journey would be 800 m/60 s = 13.3 m/s. This means an object travelling 

at 13.3 m/s would arrive at the end point at the same time as the object in the graph. 
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(c) Forces and movement

Students should: 

1.11 describe the effects of forces between bodies such as changes in speed, shape or 
direction 

1.12 identify different types of force such as gravitational or electrostatic 

1.13 understand how vector quantities differ from scalar quantities 

1.14 understand that force is a vector quantity 

1.15 calculate the resultant force of forces that act along a line 

1.16 know that friction is a force that opposes motion 

1.17 know and use the relationship between unbalanced force, mass and acceleration: 

force = mass × acceleration 

F = m × a 

1.18 know and use the relationship between weight, mass and gravitational field strength: 

weight = mass × gravitational field strength 

W = m × g 



1.11 describe the effects of forces between bodies such as changes in speed, shape or direction

Forces can affect bodies in different ways. They can: 

 increase or decrease the speed of an object so cause an acceleration/deceleration; if a ball is

rolling along a table, friction acts in the opposite direction to the motion of the ball and

causes the ball to slow down.

 squash or stretch and object which changes its shape; if you hang a weight from an elastic

band you are applying a force to it. This causes the elastic band to stretch and its shape to

change

 change the direction on object is moving; when you throw a ball in the air its weight is acting

downwards and causes it to decelerate. Once it reaches the top of its flight it stops and then

changes direction and starts to fall back towards the ground. In this case the force (the

object’s weight) caused a change in speed and a then a change in direction.

1.12 identify different types of force such as gravitational or electrostatic

Types of forces include: 

Applied force; 

E.g. a block is pulled with an applied force of 10N to the left.

Frictional Forces; 

Friction always acts in the opposite direction to motion. 

E.g. our sliding block might have a frictional force of 5N to the right.

Friction causes things to heat up and is often the reason why things stop moving. 

Friction can be reduced with lubricants (e.g. oil in an engine) or by a cushion of air (e.g. hovercraft). 

Applied force 

Applied force Friction 



Gravitational Force 

Masses attract other masses. 

We are attracted to the Earth as it has a huge mass (6x1024 kg). 

The gravitational pull we feel when we are attracted to the large 

mass of the Earth is called our weight. 

Gravitational forces also keep planets in orbits around the Sun and 

satellites in orbit around planets. 

Normal Reaction Force 

When an object rests on a solid it feels a reaction force 

 at 90° to the surface. 

 This is equal and opposite to the force of the object 

 pushing on the surface. 

 
W

ei
gh

t 
 

(d
u

e
 t

o
 g

ra
vi

ty
) 

W
ei

gh
t 

 

(d
u

e 
to

 g
ra

vi
ty

) 
N

o
rm

al
 

R
ea

ct
io

n
 

W
ei

gh
t 

 

(d
u

e
 t

o
 g

ra
vi

ty
) 



Air Resistance (Drag) 

Drag occurs when an object moves through a fluid (called air resistance in air etc.). 

Drag is affected by an object’s shape, the fluid it travels in and its speed. 

Like friction, drag opposes motion. 

Thrust 

Thrust is a reaction force. 

It occurs when mass is pushed out the back of something, causing the object to move forwards e.g. 

rockets, letting go of a balloon and jet engines. 

Air resistance 

Thrust Air resistance 



Tension 

In the diagram above a ball is being suspended from the ceiling by one rope and stopped from 

swinging by a second rope. 

Tension acts in strings, chains and cables when they are stretched. 

The force always acts parallel to (i.e. along) the string. 

The opposite of tension is compression. 

Upthrust 

Upthrust can only occur in fluids (gases or liquids) 

 and is the reason things float (also known as buoyancy) 

IT IS NOT THE SAME AS NORMAL REACTION 

FORCE. 
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Spring Force 

A force is required to stretch or compress a spring. 

The extension is directly proportional to the stretching force (Hooke’s Law). 

Lift 

Lift is the force produced due to the flow of a fluid over an aerodynamic surface. 

In aircraft it acts against weight (i.e. against the force due to gravity). 

On a high-speed F1 car it acts downwards (as the rear wing is upside down) and is known as 

downforce. 

http://upload.wikimedia.org/wikipedia/commons/b/b3/Streamlines_around_a_NACA_0012.svg


Electrostatic Force 

The diagram above shows electrostatic attraction (two opposite charges). 

 

The diagram above shows electrostatic repulsion (two similar charges) 

Magnetic Force 

The diagram above shows magnetic attraction (two opposite poles). 

 

The diagram above shows magnetic repulsion (two similar poles). 

Electrostatic force Electrostatic force 

+ -

S N S NMagnetic force Magnetic force 

S N N S Magnetic force Magnetic force 

Electrostatic force Electrostatic force + +



1.13 understand how vector quantities differ from scalar quantities  

Scalar quantities, such as mass, only have a magnitude (e.g. a carrot has a mass of 1kg). 

Vector quantities have a magnitude AND a direction (e.g. I walked 10m north and then 5m east). 

Distance (scalar) is a measure of how far an object has travelled. This is used to calculate speed. 

Displacement (vector) is a measure of how far and in which direction an object has travelled. This is 

used to calculate velocity. 

Consider a 400m race. 

The distance travelled by a runner is 400 m. If they take 60 s then their speed is 

400 m/60 s  = 6.7 m/s. However, their displacement is zero; this is because they have returned to 

their starting position. This makes their velocity zero too as 0m/60s = 0m/s. 

Speed (scalar) is a measure of how quickly an object is moving. 

Speed = distance/time 

Velocity (vector) is a measure of how quickly an object is moving and in which direction. 

Velocity = displacement/time 

Both are measured in metres per second (m/s). 

Acceleration is another vector. 

An object can be travelling at a constant speed but can still be accelerating; if you travel at a constant 

speed of 10 m/s but in a circle then your direction is continually changing and so too is your velocity. 

Because your velocity is changing, you are accelerating.  



Here is a list of scalar quantities and vector quantities: 

Scalar Vector 

Speed Velocity 

Distance Displacement 

Time Acceleration 

Mass Force 

Energy Momentum 

Temperature Moment 

Area Current 

Volume 

Density 

Frequency 

Charge 

Power 

Resistance 

Activity 

Pressure 

It’s easy to remember the first two; speed/scalar and velocity/vector based on their first letters. As 

there are so many scalar quantities, it’s easier to remember the 7 vector quantities and remember 

that the rest are scalar. 

Examples which confuse people are: 

Temperature; as you can have negative temperatures, people assume temperature is a vector. 

However, if you work in Kelvin, the lowest temperature is 0 K so there are no negative values. 

Charge; as there are positive and negative charges people assume charge is a vector; however, it’s 

just that there are two types of charge (positive and negative), they could have had any other name. 

They don’t have a direction, so they aren’t vectors. 

Current; while charge doesn’t have a direction, current does because it is to do with which direction 

the charges are moving in. 

1.12 understand that force is a vector quantity  

Force is on the vector list. Force is a vector quantity. 

This should be obvious; when drawing free body force diagrams we use arrows which indicate the 

direction of the force. We know that weight always acts towards the centre of the Earth so we 

always draw weight as an arrow pointing downwards. 

When describing a force always include a direction; this can be with an arrow or by stating “5 N to 

the right.” 

1.14 understand that force is a vector quantity 

Force is a vector quantity. 

It needs a direction and you need to take note of direction during calculations. 



1.15 calculate the resultant force of forces that act along a line

If forces are acting in the same direction then you get a larger total force. 

The total or resultant force in this case would be: 

If forces are acting in different directions you get a smaller total force. 

Here the total or resultant force would be: 

Think of it this way; if you want to help someone move a heavy object you either both push in the 

same direction, or one pushes and the other pulls in the same direction. 

Both will give a resultant force of 20 N to the left. 

10N 

10N 

20N 

10N 5N 

5N 

10N 

10N 

10N 10N 



1.16 know that friction is a force that opposes motion

Friction is a force which always opposes motion. So if an object is moving to the left then friction 

will be acting to the right. If an object is falling downwards through the air then friction from the air 

(air resistance/drag) will be acting upwards.  

Friction is the reason things come to a stop in everyday life. If you push a ball it will roll for a bit and 

then stop; this is because there is a resultant force which is causing the ball to decelerate (see 1.15 

below)  

Similarly to drive at a constant speed, the engine of a car has to produce a driving force equal and 

opposite to the friction caused by the road on the tyres and by the air on the car’s body. 

If you know the direction of the frictional force you know that the object is moving in the opposite 

direction. 

Friction is often the reason energy transfers are not 100% efficient, as energy is transferred into 

thermal energy due by friction. 

1.17 know and use the relationship between unbalanced force, mass and acceleration:

resultant force = mass × acceleration, F = m × a 

Force is measured in newtons (N). The force in this equation is the resultant/total/unbalanced force. 

Whatever you call it, you need to take into account all of the forces acting in the direction of 

movement. 

The driving force is 10 N to the left and the frictional force is 4 N to the right. This means the 

resultant force is 6 N to the left. So the acceleration is 6 N/3 kg = 2 m/s2 to the left (don’t forget, 

acceleration is a vector). 

This equation is often quoted as Newton’s Second Law. It tells us that if there is no resultant force 

acting there will be no acceleration. This means either; 

 a stationary object remains stationary

 a moving object will continue to move at the same velocity in a straight line

The second of those often causes confusion. People often assume you need a driving force to keep 

moving; this Aristotelian view is incorrect. You only need a driving force if there is a frictional force 

acting. If you throw an object in space where there are no particles in the way it will continue to 

move in a straight line at a constant speed. When you throw a ball in the air the only force acting on 

it is the gravitational pull of the Earth. This is why it slows down on the way up, stops, then falls, 

accelerating downwards. 

For a constant mass (i.e. for a given object), the acceleration of it will be directly proportional to the 

resultant force applied. So if you double the force you double the acceleration. 

3kg 
10N 4N



1.18 know and use the relationship between weight, mass and g:

weight = mass × g, W = m × g 

A person’s weight is caused by the force of attraction between their mass and the mass of the 

planet. 

Mass is fixed and is determined by the number of, and types of, atoms in an object. It is measured in 

kilograms (kg). 

Weight can change if you go to different parts of the solar system; this is because the gravitational 

field strength (g) on different planets is different to the gravitational field strength on Earth. On Earth 

g = 10N/kg. This means each 1 kg of mass has a weight of 10 N. Weight is measured in newtons (N), 

as it is a force. 

Elsewhere things are different; for example, on the moon g = 1.6 N/kg. Here things would feel 

around 6 times lighter. However, on Jupiter g = 25 N/kg so things would feel 2.5 times heavier. 

Non-scientists often use the terms mass and weight for the same thing (i.e. people say my weight is 

70 kg, whereas they mean their mass is 70 kg). The problem is that we have no verb for finding our 

mass (you’d generally say that you are weighing yourself and not “massing” yourself). 



Properties of 

waves & EM 

Spectrum 



(a) Units

Students should: 

3.1 use the following units: degree (°), hertz (Hz), metre (m), metre/second (m/s) and 
second (s) 

(b) Properties of waves

Students should: 

3.2 explain the difference between longitudinal and transverse waves 

3.3 know the definitions of amplitude, wavefront, frequency, wavelength and period of a 
wave 

3.4 know that waves transfer energy and information without transferring matter 

3.5 know and use the relationship between the speed, frequency and wavelength of a 
wave: 

wave speed = frequency × wavelength 

v = f × λ  
3.6 use the relationship between frequency and time period: 

period time
frequency

1
=

T
f 1
=

3.7 use the above relationships in different contexts including sound waves and 
electromagnetic waves 

3.8 explain why there is a change in the observed frequency and wavelength of a wave 
when its source is moving relative to an observer, and that this is known as the 
Doppler effect 

3.9 explain that all waves can be reflected and refracted 



(c) The electromagnetic spectrum

Students should: 

3.10 know that light is part of a continuous electromagnetic spectrum that includes radio, 
microwave, infrared, visible, ultraviolet, x-ray and gamma ray radiations and that all 
these waves travel at the same speed in free space 

3.11 know the order of the electromagnetic spectrum in terms of decreasing wavelength 
and increasing frequency, including the colours of the visible spectrum 

3.12 explain some of the uses of electromagnetic radiations, including: 

• radio waves: broadcasting and communications

• microwaves: cooking and satellite transmissions

• infrared: heaters and night vision equipment

• visible light: optical fibres and photography

• ultraviolet: fluorescent lamps

• x-rays: observing the internal structure of objects and materials, including for
medical applications

• gamma rays: sterilising food and medical equipment.

3.13 explain the detrimental effects of excessive exposure of the human body to 
electromagnetic waves, including: 

• microwaves: internal heating of body tissue

• infrared: skin burns

• ultraviolet: damage to surface cells and blindness

• gamma rays: cancer, mutation

and describe simple protective measures against  the risks



3.2 explain the difference between longitudinal and transverse waves

Waves move energy from one place to another transferring energy but without transferring matter. 

Think of waves lapping onto the beach.  Only the wave energy moves towards the beach and not 
the water itself, otherwise all the sea would eventually end up on the land. 

There are 2 main kinds of waves:          1. Longitudinal Waves 2. Transverse Waves

The slinky spring can show both longitudinal and transverse waves as shown below. 

The ripple tank can show transverse water waves. 

Examples of Transverse Waves Examples of Longitudinal Waves 

All waves in the electromagnetic spectrum including light 
S Waves – Seismic 
Water Waves 

Sound 
P Waves – Seismic 

Longitudinal Waves:  The oscillations (vibrations) are 
parallel to the direction of energy transfer. 

Transverse Waves:  The oscillations (vibrations) are at 
900 to the direction of energy transfer. 

A vibrating bar creates plane (straight)waves which 

are observed by shining light through them.  We 

can take measurements from crest to crest which 

gives us the wavelength.  We can count the number 

of waves that pass a point in one second which 

gives us the frequency. 

We can make circular waves using a dipper just like 

dipping your finger in to a pool of water. 

http://en.wikipedia.org/wiki/File:Simple_ripple_tank.svg
http://en.wikipedia.org/wiki/File:Simple_ripple_tank.svg


3.3 know the definitions of amplitude, wavefront, frequency, wavelength and period of a wave

Amplitude = maximum displacement from the undisturbed position (in metres m) 

Wavelength = minimum distance between similar points on a wave (eg crest to next crest) in metres 

The distance between a crest and a trough is equal to twice the amplitude and is known as the wave height. 

Wavefront = a line joining all the points of a group waves at the same part in their cycle (e.g .all peaks). 

This is perpendicular to the wave  direction. Distance between adjacent wavefronts is equal to the wavelength.



3.6 use the relationship between frequency and time period: 

time period = 1/frequency 

Frequency = number of oscillations (vibrations) per second (in hertz, Hz)

Period = time to complete one oscillation (in seconds, s)

3.5 know and use the relationshsip between speed, frequency and wavelength of a wave:

 wave speed = frequency × wavelngth

v = f λ

Don't forget that wave speed is still a speed so speed = distance ÷ time still applies.

Make sure that time period is in seconds.

3.7 use the above relationships in different contexts including sound waves and electromagnetic 
waves 
You need to apply these calculations and descriptions to different types of wave.  

3.8 explain why there is a change in the observed frequency and wavelength of a wave when its 
source is moving relative to an observer, and that this is known as the Doppler Effect.



3.9 explain that all waves can be reflected and refracted

All waves can be:

1. Reflected – bouncing off a surface

2. Refracted – bending as they change speed

wavefronts

pas
Stamp



3.10 know that light is part of a continuous electromagnetic spectrum which includes radio,
microwave, infrared, visible, ultraviolet, x-ray and gamma ray radiations and that all these waves 
travel at the same speed in free space 

Visible light is part of a family of waves called the electromagnetic spectrum which includes radio, 

microwave, infrared, visible, ultraviolet, x-ray and gamma ray radiations and all these waves travel at 

the same speed in free space.  They span a continuous range of frequencies and wavelengths as seen 

below.   

Common properties of electromagnet spectrum waves are: 

1. They are all transverse waves

2. They travel the same speed in a vacuum (free space) = 300 000 000 m/s



3.11 know the order of the electromagnetic spectrum in terms of decreasing wavelength and
increasing frequency, including the colours of the visible spectrum 

One way of remembering the order of the EM spectrum (in increasing energy/frequency) is 

Red Monkeys In Vietnam Use Xylophones Greatly (i.e Radio, Microwaves, Infra-red, Visible, 

Ultra violet, X-ray and Gamma). 

Radio has the longest wavelength, the lowest frequency and the lowest energy 

Gamma has the shortest wavelength, the highest frequency and the highest energy. 

The order of magnitude (size) of each key wavelength is as follows: 

Visible light: 400 to 700 nm (a nanometre is 1 x 10-9) 

Microwaves: 10-2 m which is the order of centimetres 

Radio Waves: metres to kilometres 



3.12 explain some of the uses of electromagnetic radiations, including: 

3.13 explain the detrimental effects of excessive exposure of the human body to 
electromagnetic waves, and describe simple protective measures against the risks. 

Type of Wave Uses Detrimental effects 

Gamma Rays 
Sterilising food and medical equipment. For 
radiation therapy. 

Can cause cancer and mutations of 
cells 

X-rays
Observing the internal structure of objects and 
materials and medical applications 

ultraviolet fluorescent lamps 
damage to surface cells and 
blindness 

visible light optical fibres and photography 

infrared heaters and night vision equipment skin burns 

microwaves cooking and satellite transmissions internal heating of body tissue 

radio waves broadcasting and communications 

You may be asked about how to limit the amount of damage from EM waves. The easiest way is to 

avoid exposure (e.g. don’t go outside when the sun is out to avoid UV etc.). Gamma can be reduced 

by lead and concrete shielding. Infra-red can be reduced by shiny silvery surfaces.  

Try not to confuse skin burn and sun burn when discussing dangers of IR and UV as these are 

different processes.  



Density, 

Pressure and 

Pressure at 

depth



(a) Units

Students should: 

5.1 use the following units: degree Celsius (°C), Kelvin (K), joule (J), kilogram (kg), 
kilogram/metre3 (kg/m3), metre (m), metre2 (m2), metre3 (m3), metre/second (m/s), 
metre/second2 (m/s2), newton (N) and pascal (Pa) 

(b) Density and pressure

Students should: 

5.3 know and use the relationship between density, mass and volume: 

volume

mass
  density =

V
m

=ρ

5.4 practical: investigate density using direct measurements of mass and volume 

5.5 know and use the relationship between pressure, force and area: 

area

force
  pressure =

A
Fp =

5.6 understand how the pressure at a point in a gas or liquid at rest acts equally in all 
directions 

5.7 know and use the relationship for pressure difference: 

pressure difference = height × density × gravitational field strength 

p = h × ρ × g 



5.1 use the following units: degrees Celsius (oC), kelvin (K), joule (J), kilogram 

(kg), kilogram/metre3 (kg/m3), metre (m), metre2 (m2 ), metre3 (m3), 

metre/second (m/s), metre/second2 (m/s2 ), newton (N), pascal (Pa).  

Quantity Quantity symbol Units Symbol 

Temperature Tc Celsius oC 

Temperature T Kelvin K 

Energy E Joule J 

Mass M Kilogram kg 

Density ρ kilogram/metre3 kg/m3 

Distance d metre m 

Area A metre2 m2 

Volume V metre3 m3 

Velocity v metre/second m/s 

Acceleration a metre/second2 m/s2 

Force F newton N 

Pressure P pascal Pa 

5.3 know and use the relationship between density, mass and volume:

density=mass / volume   ρ = m/V 

 If you pack more mass into the same volume, it’s more dense

High Density  Low Density 



 If you pack the same mass into a smaller volume, it's more dense

Low density High Density 

Remember!  

Just because something has more mass doesn't mean it's more dense. 

Density is not a measurement of how heavy something is, or a measurement of 

how big something is – it’s a combination of these two things together. Be 

careful not to use the words “heavy” or “light” when what you mean is “dense” 

or “not dense”/“low density”. 

Calculating Density 

 The standard unit for mass is the kilogram (kg). 

 The standard unit for volume is the metre cubed (m3). 

 Therefore the standard unit for density is kilogram per metre cubed 

(kg/m3). 

 You may also see g/cm3 used quite often.

1g/cm3 = 1000kg/m3

Make sure when calculating density that you’re working in kilograms and 

metres cubed, not grams and/or centimetres cubed.  

It is generally easier to convert g kg and cm m before you complete the 

calculation however, you can find the density in grams per centimetre cubed and 

then convert to kilograms per metre cubed: 1 g/cm3 = 1000 kg/m3. 

volume

mass
Density 

V

m




5.4 investigate density using direct measurements of mass and volume  

Regular Objects (Eg Cube) 

 Find the mass of the solid using a top-pan balance in kg

 Using a ruler measure the length, width and height of the object in

metres

 Find the volume of the solid by multiplying l x w x h

 Use the formula to find the density 

Irregular Objects (Eg Rocks) 

 Find the mass of the solid using a top-pan balance in kg

 Drop an object in water and find it volume by seeing how much water it

DISPLACES (pushes out of the way). The water which is displaced has

the same volume as the object.

Measuring Cylinder Eureka Can 

 Use the formula  to find the density 

Key points 

 Always find the mass before placing objects in water

 Use enough water to cover the object but not too much that it overflows

 Be careful not to allow splashes as you place the objects in the water

 If you have more than one identical objects (eg marbles) use multiple

marbles to find the mass and volume and find an average before

calculating the density  reduces error in readings.

V

m


V

m




5.5 know and use the relationship between pressure, force and area:

pressure =force / area  p=F/A 

Pressure is proportional to force 

 If you double the force you double the pressure 

Pressure is inversely proportional to area 

 If you double the area you halve the pressure 

For the same force the pressure will increase if the area is decreased 

Low Pressure High Pressure 

For the same area the pressure will increase if the force is increased 

Low Pressure High Pressure 

 The standard unit for force is the newton (N). 

 The standard unit for area is the metre squared (m2). 

 Therefore the standard unit for pressure is: 

 newton per metre squared (N/m2).

OR 

 Pascal (Pa)

Key points 

 Make sure that when you calculate pressure that you are working in

newtons and metres squared.

 You cannot calculate pressure using mass, and will need to convert mass

to weight (by multiplying by g = 10m/s2) if the weight is not provided

Area

Force
essure Pr

A

F
P 



 Converting from centimetres squared to metres squared is difficult, so

work in metres from the very start.

5.6 understand that the pressure at a point in a gas or liquid which is at

rest acts equally in all directions 

At any point in a fluid (liquid or gas) the forces from each direction are 

equal. This only applies if the fluid isn’t moving(eg a static fluid) – watch out for 

“What assumption did you make?” questions. 

5.7 know and use the relationship for pressure difference:

Pressure difference = density × g x height P = ρ × g x h 

The deeper the water the greater the 

pressure because the weight of the water is 

greater  

The crab at the bottom of the diagram would 

have more pressure exerted on it than the fish 

half way up. 

The pressure does not depend on the weight of 

the object but only the height of the fluid. 

 The standard unit for density is the kilogram per metre cubed (kg/m3). 

 The standard unit for height is the metre (m). 

 Therefore the standard unit for Pressure is the Pascal (Pa) 

pghP 



 

 

 

Magnetism  



(b) Magnetism

Students should: 

6.2 know that magnets repel and attract other magnets and attract magnetic  substances 

6.3 describe the properties of magnetically hard and soft materials 

6.4 understand the term magnetic field line 

6.5 know that magnetism is induced in some materials when they are placed in a 
magnetic field 

6.6 practical: investigate the magnetic field pattern for a permanent bar magnet and 
between two bar magnets 

6.7 describe how to use two permanent magnets to produce a uniform magnetic field 
pattern 



Magnetism 

The most familiar magnets are the common bar magnet. If a bar magnet is dipped into iron filings, 

the filings cling to the magnet in concentrations near the ends of the bar. 

These regions of apparent magnetic strengths are called magnetic poles. There is both a north 

(seeking) pole and a south (seeking) pole. This comes from the properties of a compass. The north 

magnetic pole ‘seeks’ and points north (toward the north pole of the Earth), and the south magnetic 

pole points south.  

You cannot isolate a single magnetic pole, they always occur 

together. If you break a magnet in two, you get two smaller 

dipole magnets. If you continue to break the magnet into two 

over and over again then you would end up with an atom which 

acts like a little magnet (a magnetic moment). Adjacent atoms, 

and large groups of atoms line up with each other. These groups 

of aligned atoms are called magnetic domains. 

An ordinary piece of iron by itself is not a magnet. This is because the 

magnetic domains are randomly orientated, and their effects cancel.  

In the presence of a magnetic field, the domains are induced into 

alignment, and the iron becomes magnetised. The degree of magnetism 

depends on the degree of alignment. When all the domains are aligned in 

the same direction then the magnetism is at its strongest and the magnet 

is said to be saturated. 



If the magnetic field is removed, thermal motion (vibration of particles) causes the domains to go 

back into a random orientation, and the magnetism is lost. Iron is considered to be ‘magnetically 

soft’ because it loses its magnetism easily when it is removed from a magnetic field. Other material 

such as steel (an alloy of iron) is ‘magnetically hard’ since its domains are ‘locked in’ their alignment. 

These magnets can be destroyed by heating them or striking it on a hard surface to effectively 

jumble the aligned domains. 

Example Use 

Magnetically Hard Steel Permanent magnet 

Magnetically Soft Iron Core of electromagnet, 
transformer core, motor, 
generator 

When magnets are brought close together, it is quickly observed that the magnets attract each other 

in some cases and repel in others. This action is described by the law of magnetism. 

Law of Magnetism 

Opposite poles attract 

Like poles repel 

Attracting Magnets: 

Repelling Magnets: 

You need to be able to sketch these field shapes. 



The force that is felt by a magnet or a piece of magnetic material by another magnet is called the 

magnetic force. Magnetic materials feel a magnetic force when they are in a magnetic field.  

A magnetic field is a region where a magnetic material experiences a force. 

A magnetic field line shows the direction of the force that would act on a small N pole placed there 

(i.e. if you placed a N pole on an arrow facing left the N pole would be pushed left). The field lines 

also show the strength of the field; tightly packed field lines indicate a strong magnetic field.  

The direction of the field runs from North to South or is in the direction of the force experienced by 

a north magnetic pole. If you place a compass in the vicinity of a magnet, the magnetic field can be 

mapped out and is in the direction of the north pole of the compass.  

This method is best carried out on a piece of blank paper. The bar 

magnet is placed in the centre of the paper and the field is traced 

using a compass and pencil. A compass is best started at the edge of 

the North Pole. Once the compass is settled, place a small dot where 

the North pole of the compass is pointing. Move the compass so that 

the south end is lined up with dot that you just plotted and once again 

place another dot where the north end is pointing. If you continue this 

across the page the magnetic field line that you are plotting should 

end at the South Pole. To see the entire shape of the magnetic field 

you should start the compass at the north end in another position and 

repeat on both sides of the magnet.  

The magnetic field can be also be ‘seen’ by using iron filing patterns. 

When iron filings are sprinkled on a piece of paper over a magnet, 

they become induced magnets and line up with the field.  

Some common questions about magnetic fields 

Q Explain what a neutral point is? 

A position between two repelling magnets where the 

resultant field is zero 



 

Q Do magnetic fields have a beginning and an end? 

No, the field lines continue through the magnet forming a closed loop 

 

Q Can magnetic field lines intersect? 

No, they do not cross 

Q How is a uniform magnetic field represented? 

By parallel, equally spaced lines 

Q How do you create a uniform magnetic field with 

two bar magnets. 

If you place two bar magnets North and South poles 

facing then the region between the two poles will 

contain a uniform field. 

 

Magnetic or not? 

A bar magnet easily picks up nails, paper clips and iron filings, and we say that these are magnetic 

materials. On the other hand, a magnet has no observable effect on nonmagnetic materials such as 

wood or aluminium. The magnetic properties of a material depend on the magnetic field of its 

electrons. Common magnetic materials, called ferromagnetic materials, are iron, nickel and cobalt. 

There are more nonmagnetic metals that than magnetic.  

 

 

 

 

 

 

 

 

 



The Earth's magnetic field is similar to that of a bar magnet tilted 11 degrees from the spin axis of 

the Earth. Circulating electric currents in the Earth's molten metallic core are the origin of the 

magnetic field.  



(a) Units

Students should: 

2.1 use the following units: ampere (A), coulomb (C), joule (J), ohm (Ω), second (s), 
volt (V) and watt (W) 

(b) Mains electricity

Students should: 

2.2 understand how the use of insulation, double insulation, earthing, fuses and circuit 
breakers protects the device or user in a range of domestic appliances 

2.3 understand why a current in a resistor results in the electrical transfer of energy and 
an increase in temperature, and how this can be used in a variety of domestic 
contexts 

2.4 know and use the relationship between power, current and voltage: 

power = current × voltage 

P = I × V 

and apply the relationship to the selection of appropriate fuses 
2.5 use the relationship between energy transferred, current, voltage and time: 

energy transferred = current × voltage × time 

E = I × V x t 
2.6 know the difference between mains electricity being alternating current (a.c.) and 

direct current (d.c.) being supplied by a cell or battery 



2.2 understand the uses of insulation, double insulation, earthing, fuses and circuit breakers in a 

range of domestic appliances 

Insulation; this is where a non-conducting material is used to cover wires to prevent the user 

accidentally touching the current carrying wire and receiving a shock 

Double insulation; this is where, in addition to insulated wires, the case of an appliance is made from 

an insulator (such as plastic or wooden case). This means that if a fault develops inside the appliance 

there is no chance of an electric shock as there are insulators between the user and the fault. 

Earthing; where appliances have metal cases an Earth wire is required. If a fault occurs here then the 

live wire could come into contact with the metal case. If a user then touched the metal case they 

would receive a shock as the metal is a conductor. The Earth with is connected to the outer metal 

case of the appliance. If a fault develops then the current passes through the Earth wire to the Earth 

which prevents a user receiving a shock. Earth wires are not required for plastic coated appliances 

(see double insulation). 

Both double insulation and Earthing help prevent electric shocks to users if a fault develops. 

Fuses; these are designed to prevent too much current flowing to appliances. A fuse consists of a 

thin metal wire which is designed to melt at a specific current. When current flows through a wire it 

causes the wire to heat up. If the current is higher than the rating of the fuse, the fuse wire will melt. 

This breaks the circuit and prevents too much current reaching the appliance.  

Circuit breakers; these are similar to fuses in that they prevent too much current flowing. They use 

electromagnetism rather than a melting wire to break the circuit. The benefit of circuit breakers is 

that they can be reset if they are tripped. (whereas fuses must be replaced if the blow). 

Both fuses and circuit breakers help prevent damage to appliances by limiting the amount of current 

flowing to them. 

http://www.google.co.uk/url?sa=i&rct=j&q=3+pin+plug+wiring&source=images&cd=&cad=rja&docid=D16ZeL0o1Kz-oM&tbnid=z5e5g4YfJW_UZM:&ved=0CAUQjRw&url=http://www.bbc.co.uk/schools/gcsebitesize/science/add_aqa_pre_2011/electricity/mainselectrev1.shtml&ei=CQuvUefIHOaO7Qbr2YGQDg&bvm=bv.47380653,d.ZGU&psig=AFQjCNFVEqEd7uowsYzg7RQMnkoPl581xg&ust=1370512507067499


2.3 understand that a current in a resistor results in the electrical transfer of energy and an

increase in temperature, and how this can be used in a variety of domestic contexts 

When current flows through a wire, the wire heats up. Current in a metal wire is caused by free 

electrons which move from negative to positive. These electrons collide with the positive ion lattice 

of the metal and transfer kinetic energy to the lattice. The ions in the lattice start to vibrate more 

and the temperature of wire increases. 

This effect is used to transfer electrical energy to thermal energy e.g. electric hobs, kettles, toasters, 

hair straighteners, hair dryers etc. However, when asked to give an example of this, do not use 

microwave ovens as these use a different method! 

2.4 know and use the relationship:

Power = current × voltage P = I × V 

and apply the relationship to the selection of appropriate fuses 

Electrical power is the rate at which an appliance transfers energy. 

The most common fuse ratings in the UK are: 3A, 5A and 13A 

Example: a hair dryer is rated 1000W, 230V.  

Decide, using the above formula, what value of fuse would be appropriate. 

I = P/V   I = 1000W/230V = 4.3A – a 5A fuse is ideal 

You would not choose a 3A fuse because the hair dryer would not work as the fuse will blow when 

the hair dryer is switched on. 

You would not choose a 13A fuse. Because there will be a chance that the hair dryer will overheat 

and catch fire as nearly three times the usually working current could pass through the hair dryer 

before the fuse blows.  

The fuse selected should be the next highest value above the working current. 



2.5 use the relationship between energy transferred, current, voltage and time:

energy transferred = current × voltage × time E = I × V × t 

When current flows, energy is transferred. This energy transferred depends on the current flowing 

through it, the voltage applied and how long it is on for (measured in seconds!) 

Example: An electric kettle connected to the 230V supply draws a current of 10A. What is the 

energy transferred in 1 minute? 

E = I x V x t;   

E = 10A x 230V x 60s = 138000 J = 138 kJ. 



2.6 know the difference between mains electricity being alternating current (a.c.) and direct 

current (d.c.) being supplied by a cell or battery. 

Direct current (d.c.) – current is flowing in one direction only 

Alternating current (a.c.) – current constantly changes direction (+) to (-) then (-) to (+); this 

usually happens 50 times in one second, so at a frequency of 50Hz. 

Direct Current 

D 

Alternating Current 

http://www.google.co.uk/url?sa=i&rct=j&q=alternating+current+diagram&source=images&cd=&cad=rja&docid=Fm2RUajPByYp1M&tbnid=ohaQ3tgCxoYtTM:&ved=0CAUQjRw&url=http://www.allaboutcircuits.com/vol_2/chpt_1/&ei=bRGvUY38HM2Q7AbCqYCADg&bvm=bv.47380653,d.ZGU&psig=AFQjCNEaz1yT2oyQb7dYx2VfpSl0y4E3Iw&ust=1370513970838622
http://www.google.co.uk/url?sa=i&rct=j&q=&source=images&cd=&cad=rja&docid=F2L0aqZIGsheiM&tbnid=K0YY8_Yyvrp6PM:&ved=0CAUQjRw&url=http://www.tutorvista.com/content/science/science-ii/magnetic-effects-electric-current/question-answers-5.php&ei=jBOvUb3RDbCu7Aa4xID4BQ&bvm=bv.47380653,d.ZG4&psig=AFQjCNHmFUtRG_h3-_ixyU_gc-6A4RVWVw&ust=1370514678512903
http://www.google.co.uk/url?sa=i&rct=j&q=alternating+current+diagram&source=images&cd=&cad=rja&docid=rqN95e0KdWlKJM&tbnid=0GFdSpVHeixjQM:&ved=0CAUQjRw&url=http://www.industrial-electronics.com/Alternating-current.html&ei=vRGvUeXZOILm7Aac8oGYDA&bvm=bv.47380653,d.ZGU&psig=AFQjCNEaz1yT2oyQb7dYx2VfpSl0y4E3Iw&ust=1370513970838622


Batteries are an example of direct current 

 current flows in one direction

 voltage is typically low (around 1.5V for standard AA batteries)

 amount of current decreases as the battery is running out

The mains provide alternating current 

 current constantly changes direction

 voltage is typically high (UK mains is approximately 230V)

 amount of stays constant
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