
Knowledge Organiser - Forces 

Forces 
 

A push or pull applied by one object on another is 
a force. 
 
Force is measure in Newtons (N). 
 
Forces between object can be either: 
 
Contact: 

             
 
Non-contact: 

             
Gravity             Electrostatic          Magnetic 
 
Scalar quantities – has magnitude (size) only. 
Example – speed, distance 
 
Vector quantities – have magnitude and 
direction. 
Example – velocity, displacement. 
Displacement is measured in a straight line from 
start point to end point.   
Velocity is speed ins a particular direction. 

 

Speed 
 

Speed tells us how fast an object is moving. 
 
Speed (v) = distance (d) 
                     Time (t) 
 
To convert km/h into m/s multiply by 1000/3600 
To convert m/s to km/h multiply by 3600/1000 
 
Average speed is calculated as speed changes 
during a journey. 
 

Distance – time graphs 
 

 
A) Stationary object 
B) Constant speed 
C) Stationary to increasing speed 
D) Increasing to stationary 

 
The gradient of a distance-time graph is equal to 
the speed of an object. 
 
HTIER – Tangents to distance-time graph 
 

 
 
 

Acceleration 
 
Acceleration happens when the velocity of an 
object increases. 
 
Deceleration happens when the velocity of an 
object decreases – it has negative acceleration. 
 
Remember – a faster increase in velocity is  a 
greater the acceleration.  A car which high 
acceleration reaches a high speed in a shorter 
time. 
 

Calculating acceleration 
 

Acceleration = change in velocity 
                            time taken 
 
      a (m/s2) =      ∆v  (m/s) 
                               t (s)  
 
Worked example: 
A car accelerates from 10m/s to 60m/s in 12s.  
Calculate the acceleration. 
 
a (m/s2) =      ∆v  (m/s) 
                           t (s)  
 
a (m/s2) =      (60 - 10) 
                           12s 
 
            =    4.17 m/s2 
 

HTier ONLY - Motion in a circle 
To maintain constant speed, direction changes.  
This means the velocity changes as velocity is a 
vector.  When the velocity changes it accelerates.  
There is a force acting at the centre of the circle in 
the same direction as acceleration causing the 
change in velocity to maintain the constant speed. 

To find the speed at a 

particular point by drawing a 

tangent to the line and 

measuring the gradient of the 

tangent. 

Gradient = (140 – 20)  =120m 
                   (9s – 4s)       5s 

               = 24m/s 
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Velocity – time graphs 
 
Velocity-time graphs show how the velocity of a 
moving object changes over time. 
 

 
The sketch graph shows parts of the journey 
where velocity is positive or negative. 
 
The gradient of a velocity-time graph shows how 
the velocity changes with time.  A steep gradient 
shows the acceleration is large. 
 

H Tier ONLY – Displacement 
 
Displacement is equal to the area under a 
velocity-time graph.  This is the distance the object 
travelled. 
 

1. Divide the area under the graph into 3 
simple shapes. 

 

 
 
 
 
 
Total distance travelled = 125 + 100 + 25 = 250 m. 

Calculating motion 
 

Uniform motion is caused when acceleration is 
constant. 
 
Calculating uniform motion uses the equation: 
 

v2 = u2 + 2as 
where 
v = final velocity in m/s 
a = acceleration in m/s2 
s = displacement in m 
u = initial velocity in m/s 
 
Worked example: 
A car accelerates from 7.0 m/s at 3.5 m/s2 for the 
next 11 m.  What is the final velocity? 
 
u = 7.0 m/s 
a = 3.5 m/s2 
s = 11m 
 
Substitute values into the equation:  
 
v2 = u2 + 2as 
 
v2 = 72 + (2 x 3.5 x 11) 
    =  49 + 77 
    =  126 
 
Therefore v = √126 
    = 11 m/s (to 2 sig figs) 
 
Remember when an object is slowing down v will 
have a smaller value than u. 
 
Rearranging gives: 
 

a = (v2 – u2) 
     2s 

Vertical motion 
 
Remember: 
Gravity of a falling object has an acceleration of 
approx. 9.8 m/s2 (assuming no air resistance); 
Deceleration if thrown up = - 9.8 m/s2 

Acceleration when falling = + 9.8 m/s2 
 
The equation can only be used when an object 
travels with constant uniform acceleration in a 
straight line.  
 
Worked example: 
A ball is thrown vertically upwards at 18 m/s.  
Calculate how high it goes assuming gravity = 9.8 
m/s2. 
 
We take velocity as 0, as at the highest point the 
ball will be momentarily stationary. 
 
u = 718 m/s 
a = - 9.8 m/s2 
v =  0 m/s 
 
v2 = u2 + 2as 
 
0 = (18)2 + (2 x -9.8 x s) 
0 = 324 – 19.6s 
19.6s = 324 
 
s = 324 / 19.6 
   =  17 m (to 2 sig figs) 
 

Area = ½ bh 
          = ½ x 5 x 50 
         = 125 m 

Area = bh 
          = 2 x 50 
         = 100 m 

Area = ½ bh 
          = ½ x 1 x 50 
         = 25 m 
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Weight and mass 
 

Mass is the amount of substance present in an 
object.  It is measure in kilograms. This does not 
change. 
 
Weight is the force acting on the mass in a 
gravitational field.  Weight can change according 
to the gravitational force.  It is measured in 
newtons. 
 
Weight = mass x gravitational field strength 
 
Different planets and stars have differential 
gravitational field strengths therefore weight can 
change. Mass remains constant. 
 

Forces and motion 
 

Newton’s first law 
 

 
 
Objects have several forces acting on them.  
When a number of forces are replaced by a single 
force – with the same effect – this is called the 
resultant force.  
 
When the forces are in balance, they cancel each 
other out and the resultant force is zero.  The 
object behaves as if no forces are acting on it. 
 
Newton’s first law states if the resultant force is 
zero then it will: 

- If stationary – remain stationary; 
- If moving, remain at constant speed in a 

straight line. 
e.g. a rock resting on the ground, walking at 
steady speed on a treadmill. 

Resultant forces 
 
When several forces are acting on an object the 
combined effect can be calculated.  The combined 
force is called resultant force. 
 

 
 

Free-body diagrams 
 
 

Free-body diagrams show the magnitude and 
direction of the forces acting on an object.  The 
force arrows always start from the centre of the 
point. 

 

 

H Tier ONLY – Finding forces using vector 
diagrams 

 

 
Using the magnitude and directions of the forces 
acting construct the diagram above.  Use a scale 
appropriate to the magnitudes of the forces (e.g. 
1cm = 10N) 
 
The resultant force (R) is the imaginary line from A 
to B.  The magnitude can be found by measuring 
the length of the line and applying the scaling. 
 

The direction is found by measuring the angle ᶿ. 
 
Using a single force of known direction, it is 
possible to find the two forces which combined to 
produce the resultant force: 
 

 
Draw a scale diagram of the force at the angle 
given to the horizontal.  Draw a straight line down 
to the x-axis and measure the length of the line  
Fx = horizontal component of the force.   
Repeat for y-axis.   
Fy = vertical component. 

A 

B 
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Forces and acceleration 
 

Newton’s second law 
 
Force, mass and acceleration are linked by the 
equation: 
 

F = ma 
 
Where: 
F = the resultant force in N 
m = mass in kg 
a = acceleration in m/s2 
 
Worked example: 
A car has a mass of 1250 kg.  What force is 
needed to give it an acceleration of 7 m/s2. 
 
F = ma 
   =  1250 x 7 
   =  8750 N 
 

H Tier ONLY – Inertia 
 

Massive objects are hard to start moving and to 
stop. The reluctance to start movement is called 
inertia. 
 
Inertial mass is the measure of how difficult it is 
to change the velocity of an object.  It is defined by 
the ratio equation of: 
 
Inertial mass =    force         . 
                           acceleration 

Newton’s third law 
 
Newton’s third law states that whenever two 
objects interact the forces, they exert on each 
other are equal and opposite. 
 

 
 

The forces in the pair: 
- Are the same; 
- Act in opposite directions; 
- Act on different objects. 

 
H Tier ONLY - Momentum 

 
Momentum is dependent upon the mass and 
velocity of an object. 
 

Momentum = mass x velocity 
      p          =    m        x     v 

 
p = momentum in kg m/s  
m = mass in kg 
v = velocity in m/s 
 
Changes in momentum happening if an object 
stops suddenly.  For example, if a car suddenly 
stops its momentum is zero.  The larger the force 
applied the quicker its momentum becomes zero. 
 
This is calculated combining formula already met: 
F= ma  and a = (v-u)/t 
 
 
 

Since momentum = mv the equation becomes: 

 
F = m (v – u)       or    F =   m∆v 
           t                                  ∆t 
 
Worked example: 
A car of mass 1500kg is moving at 14 m/s when it 
hits a wall.  The force on the car is 5600N.  
Calculate the stopping time. 
 
F =   m∆v 
           ∆t 
 
Ft = m (v-u) 
 
t = m (v –u) 
          F 
 
t = 1500 x (14 – 0)     =   21000 
             5600                    5600 
 
t = 3.75 s 
 
Crumple zones on cars are designed to increase 
the time it takes for a car to stop – the momentum 
does not change as quickly.  This reduces the 
force on the car occupants. 
 

H Tier ONLY – Conservation of momentum 
 
This is used to calculate the velocities before and 
after a collision.  The principle is that the total 
momentum before a collision is equal to the 
momentum after the collision (in a closed system). 
 
The equation used is: 
 

m1u1 + m2u2 = (m1 + m2) v 
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Keeping safe on the road 
 
The time taken for the driver to stop a moving car 
when reacting to a stimulus is called reaction 
time. 
 
Thinking distance – the distance travelled during 
the reaction. 
 
Braking distance – the distance travelled before 
the car stops after the brake has been applied. 
 
Stopping distance = thinking + braking distances 
 
Factors affecting stopping distance are: 

- Driver tiredness; 
- Influence of drugs/alcohol; 
- Distraction; 
- Road conditions – ice/wet 
- Car had bald tyres; 
- Car has poor brakes; 
- The car speed is great. 

 
Rapid deceleration can cause: 

- Heating damage caused by friction; 
- Injury; 
- Loss of control of the vehicle. 

 
H Tier ONLY  

 
A rapid change in momentum can cause injury to 
the passengers due to the high forces exerted.   
The seat belts and air bags are designed to bring 
passengers to rest over a longer period of time. 
 
To estimate the forces needed to sop the vehicle 
you use the following equations together: 
v2 = u2 + 2as 
followed by 
F = ma 

Moments 
 

A moment is a turning effect.  The point the 
moment acts around is called the pivot/fulcrum.  
The size of the moment is dependent on: 

- Size of the force; 
- Perpendicular distance from the pivot to 

the line of action of the force. 
 
The equation used is: 
 

moment = force x perpendicular distance 
 

M = Fd 
 
The unit of moment is newton-metre (Nm). 
 
Moments are described as clockwise or anti-
clockwise depending on their direction. 
 

 
When a beam is balanced it is in equilibrium.  The 
sum of the clockwise moments is equal to the sum 
of the anti-clockwise moments. 
 

 

Centre of mass is when the weight of an object is 
considered to be acting at a single point.  An 
object becomes unstable when the vertical line 
through its centre of mass falls outside its base.  
This point acts like a pivot and causes a turning 
effect. 
 
A lever uses the moment of a force. 
 

 
The effort force pushing down produces a 
clockwise moment about the pivot.  This is greater 
than the anti-clockwise moment caused by the 
load at the other end.  The load is lifted.  The lift is 
small due to the load being bigger than the effort 
force. 
 
Levers allow the movement of a large force using 
a smaller force.  The energy transferred to the 
load is the increase in the gravitational potential 
energy: 
 
Ep = m g h 
     = weight of load x vertical height increase. 
 
The work done by the effort force is: 
 
W = Fd 
    = effort force x distance moved along the line of action 

 

The distance moved by the effort force must be 
greater than the distance moved by the load force, 
the effort force is smaller than the load force 
according to conservation of energy principles. 



Gears are used to transmit the rotational effect of 
a force from one part of a machine to another.  A 
small gear will transfer energy quickly but with a 
smaller force. 
 
Linked gears are in contact.  The direction of the 
rotation can be changed.  Smaller gears rotate 
faster than larger ones.  Larger gears rotate slowly 
but with more force. 
 

 
 

Pressure in a fluid 
 
A fluid can either be a liquid or a gas.  The 
pressure in a fluid causes a force normal to (at 
right angles to) any surface.  The pressure in a 
fluid acts in all directions. 
 
Pressure is worked out using the force being 
applies over an area. 
 
pressure, p = force normal to a surface 
                         area of that surface 
 
p = F 
      A 
 
Pressure is measured in pascals (Pa) when a 
force is in N and the area in m2.   
 
1 Pa = 1 N/m2 

H Tier ONLY – Pressure at different depths in a 
liquid 

 

 
 
The deeper in water you go, the pressure 
increases.  This is caused by the greater weight of 
water above. 
 
Pressure at certain depths in a liquid depends on 
the height of the liquid above the base (h), the 
density of the liquid (p) and the gravitational field 
strength (g): 
 
p = h p g 
 

H Tier ONLY – Floating and sinking 
 
When an object floats it experiences a greater 
pressure on its base, compared to the top surface.  
This creates a resultant force upwards called 
upthrust. 
 
The density of the object placed n water 
determines whether it floats or sinks. 
 
If the object sinks – its density is greater than the 
water and its weight is greater than the upthrust. 
 
If the object float – its density is equal to the water 
and its weight is equal to the upthrust. 

Atmospheric pressure 
 

Air exerts a pressure. 

 
When air particles are removed from a can there 
is a difference between the pressure inside 
compared to outside.  The outside particles exert 
a greater pressure and the force causes the can to 
collapse. 
 
Atmospheric pressure is caused by the amount of 
air above it.  The higher up a mountain the lower 
the atmospheric pressure.   
 

Forces and energy in springs 
Forces can stretch and squash a spring.  Elastic 
deformation occurs when the spring returns back 
to its original length when the force is remove.  
Inelastic deformation occurs when the spring is 
permanently altered. 
 
There is a linear relationship between the 
amount of force applied and the stretch of the 
spring.  The force is directly proportional to the 
extension.  Beyond the limit of proportionality the 
relationship becomes non-linear. 

 



Knowledge Organiser - Waves 

Describing waves 

 

 
 

Amplitude (metre, m) – maximum 

displacement from its undisturbed position.  

 

Wavelength (metre, m) – distance from the 

point on one wave to the next. 

 

Frequency (Hertz, Hz) – number of waves per 

second.  A frequency of 5Hz means there are 

5 complete waves passing a point in 1 

second. 

 

Frequency = 1 ÷ time period (s) 

                  f = 1 / T 

 

Time period (T) is the time taken to complete 

one wavelength.  It is the reciprocal or inverse 

of the frequency: 

T = 1 

      f 

 

Wave Speed (metres per second, m/s) – 

speed at which the energy transfers through 

a media. 

Wave speed = frequency x wavelength 

                    v = f x λ 

 

Transverse waves 

Wave moves perpendicular to the direction 

of energy transfer. E.g. ripples on water, 

electromagnetic spectrum.   

 

 
 

Longitudinal wave 

 
Wave moves parallel to the direction of 

energy transfer. E.g. sound. Note – the 

particle does not travel, it is the transfer of 

energy.  Compression is an area when the 

waves are bunched up.  Rarefaction is when 

the waves spread out. 

 

Sound waves are longitudinal. 

 

Method of measuring waves on a ripple tank 

 
 

Wavelength = distance of n waves 

                                    n waves 

 

Frequency is how many waves past a point in 

1 second 

 

Wave speed is time how long one wave takes 

to travel the tank. Tank length ÷ time. 

 

Method of measuring waves on a string 

 
 

 



Sound waves 

Sound waves are longitudinal.  They transfer 

energy by the vibration of particles.  To 

measure a sound wave a cathode ray 

oscilloscope (CRO) is used to display the 

sound waves on graphs of potential 

difference against time – so they look like 

transverse waves. 

 

 
 

Sound waves can change speed when it is 

transmitted across a boundary medium to 

another.  When the speed changes there is a 

change in the wavelength but no change in 

frequency.  This is because the number of 

waves leaving the medium in a second is the 

same as the number of waves entering the 

medium. 

 

Measuring the speed of sound 

 

Sound travels via vibrations, and happen 

quicker in solids due to the proximity of the 

particles. 

  

To work out a sounds speed; 

 

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

 

 

An echo is a reflection of the sound wave.  

But remember to double the distance in an 

echo! 

 

 
 

HT ONLY – Echo sounding 

 

Ships use high frequency sounds waves to find 

the depths of sea beds of locate shoal of fish.  

This is echo sounding. 

 
 

Example: A ship sends out a sound waves 

and receives an echo after 1 second.  The 

speed of sound in water is 1500m/s.   

How deep is the water? 

 

Time to reach the seabed = 0.5s 

 

Distance = speed x time 

                = 1500 m/s x 0.5 s 

                = 750 m 

Reflection and refraction of waves 

 

Waves can reflected or absorbed or 

transmitted at a boundary between two 

different media.  

 
Reflected: same angle 

 
The dashed line represents the normal.  It is 

drawn at 90o to the boundary and is the line 

from which all angles are measured. 

 

When a wave is reflected off a surface – the 

angle of incidence (i) is equal to the angle of 

reflection (r).  This is the law of reflection. 

 

Ray diagrams: 

- Drawn with a ruler  

- Draw an arrow for direction 

- Draw a normal at 900 to the point of 

entry of the ray 

- Angles labelled 

 

 

 

Traces 1 and 2 

show a wave with 

the same 

frequency, but 

wave 2 has a 

higher amplitude. 
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Refracted: 

 
A wave changes direction when it enters a 

different medium – refraction. The glass block 

above is denser than the air, so the light slows 

down and bends towards the normal.  The 

refracted angle (r) and is smaller than the 

incident angle (i).  Light exiting the block 

returns the speed it enters.  Bending away 

from the normal with a larger refracted angle 

in comparison to the incident angle. 

 

 
 

The direction of refraction depends on: 

- Angle it hits the boundary 

- The density of the material. 

 

Higher density materials slow down the wave.  

 

 

Refraction of waves required practical: 

 

Draw around the block 

Draw a normal at 900 to the block 

Use a protractor to draw the angle of 

incidence to the normal 

Place block on outline and shine light down 

angle. 

Draw ray of refraction leaving the block 

Remove block and line up the incident and 

refracted rays. 

 

 

HT ONLY – Hearing 

 

Human hearing is between 20Hz and 20 000 

Hz (20kHz).  Young children have higher range 

of frequencies compared to adults.  The 

range of hearing is reduced if a person is 

exposed to loud sounds for a long period of 

time. 

 

 
 

Sound waves reaches the ear as vibrations in 

the ear. 

Sound wave is transferred to the eardrum (a 

taut skin vibrating) and through other parts of 

the ear (the tiny bones vibrating), and finally 

as an electrical impulse to the brain. 

 

The vibrations have a frequency.  The 

passages of these vibrations between air, 

solid and fluid over the ear works at different 

ranges.  This causes the restrictions in human 

hearing. 
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H TIER ONLY – Ultrasound 

Ultrasound is a sound wave with a frequency 

waves above 20 kHz. 

 

When a sound wave meets a boundary 

between two material, some sound is 

absorbed, reflected and the rest is 

transmitted through.  The strongest reflections 

(echo) occurs when the sound wave hits 

something where the speed of sound is very 

different. 

 

H TIER ONLY - Uses of ultrasounds 

In industry: 

- Find gaps or cracks in metal objects 

such as oil pipelines; 

- Measure the thickness of objects due 

to ultrasound being reflected from 

both surfaces. 

 

In medicine: 

- Check unborn baby development (as 

less damaging to cells like X-rays); 

- Measure blood flow in an artery. 

 

H TIER ONLY - How ultrasound scans work 

 

 
 

 

 

 

 

H TIER ONLY - Seismic waves 

Earthquakes happen when two parts of the 

Earth’s crust slide past each other suddenly.  

Seismic waves pass through the Earth and 

travel around its surface.  These seismic waves 

can cause damage to houses and other 

structures. A seismometer is used to measure 

and detect the seismic waves from an 

earthquake or explosion. 

 

There are two types of seismic waves:  

P waves (longitudinal) travel through solid and 

liquids 

S waves (Transverse) travels through solids 

only.  

 

 
P and S waves spread out in all directions 

from an earthquake.  As travel through solids 

and liquids P waves are refracted away by 

entering a region of lower P wave velocity.  

They are detected directly on the opposite 

side to the earthquake.  Showing refraction 

when reaching a region of higher velocity. 

 

The larger S wave shadow zone on the 

opposite side of the Earth to an earthquake, 

where no S waves are detected.  Since S 

waves cannot travel through liquids, part of 

the centre of the earth must be liquid. 

By analysing the size of P and S shadow zones 

from several earthquakes it is possible to work 

out the depth within the Earth at which a 

liquid area slows down P waves and stops S 

waves. 

 

The electromagnetic spectrum 

 

Family of transverse waves transferring energy 

from a source to an absorber. 

 

All travel at the same speed through a 

vacuum or air.  Unlike sound waves which 

cannot travel through a vacuum – they need 

a material to transfer their energy 

 

 

Wavelength: 101m – 10-12m 

Frequency: 108m – 1020m 

 

The shorter the wavelength the further it can 

travel through other materials. 

 

Humans can only detect visible light.  The 

region of visible light can be separated into a 

spectrum of colours 

 

Wavelength and speed affects how it is 

transmitted, absorbed, reflected or refracted 

by a media, and use. 

 

 

When a pulse of 

ultrasound waves pass 

through a lot of different 

materials the returning 

echoes can be 

recorded.  Reflections 

from different layers 

return at different times.  

The depth is calculated: 

Speed = distance/time 

Data collected builds up 

an image 
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Shorter wavelengths transfer more energy.  

This means they are harmful to living cells.  

They can be used to kill or shrink cancers 

(gamma) or in medical imaging for diagnosis 

(X-rays). 

 

Ionising radiations  (ultra-violet, gamma and 

X-rays) can: 

- Kill cells; 

- Cause mutations of genes leading to 

cancers. 

 

Non-ionising radiations (infra-red, 

microwaves) having heating effects.  The 

radiation is absorbed by water molecules.   

Infra-red only heats the surface as its radiation 

is not transmitted very far into the food. 

 

Microwaves are absorbed about 1Cm into 

the outer layers of the food before being 

absorbed.  This causes the outer layers of fat 

and water molecules to vibrate more 

transferring the energy to the centre of the 

food. 

 

Radar 

 

Developed during WW2 to detect aircraft 

outside the normal range of sight and 

hearing.  Uses microwaves passing through 

the atmosphere via pulses emitted by a 

transmitter.  Reflected microwaves are 

detected by a receiving antenna.   

 

Radio and microwaves for communication 

A transmitter send a signal to a receiver.  

Radio waves travel through air at the speed 

of light.  The path needs to be a straight line 

with no large obstructions such as hills or 

buildings, so transmitters are placed on towers 

that are hundreds of metres tall. 

 

HT ONLY - Radio waves are alternating 

currents at the same frequency as the wave 

cause oscillations in magnetic field, causing a 

wave. The wave then induces an oscillating 

electrical current in the receiver. 

 

Microwaves are used to transmit mobile 

phones signal.  The base stations are placed 

on high buildings or masts to give better 

communication over large distances.  Some 

may be sent via a satellite. 

 
 

HT ONLY – Reflection and refraction of radio 

signals 

 

Radio waves are refracted in the upper layers 

of the atmosphere (ionosphere) the amount 

depends on the frequency of the wave. 

 

Waves with long wavelength and low 

frequency are refracted the most by the 

ionosphere.  Microwaves with short 

wavelengths are not refracted or reflected 

and pass through the ionosphere.  This is 

reason why microwaves are used for satellite 

communications. 

 

Colour 

 

An object transmitting light is either 

transparent or translucent.  A transparent 

object can be seen through.  A translucent 

object transmits light but can’t be seen 

through.  An opaque object does not let light 

through it. 

 

White light can be split into a spectrum of 

colours using a prism: 
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Determining the colour of an object 

Light striking an opaque object is either 

absorbed or reflected.  Wavelengths 

reflected are the ones seen, and is the colour 

the object appears to be.  Wavelengths not 

reflected are absorbed by the object. 

 

 
Black object 

Absorb ALL 

Red object 

Reflects RED 

Absorbs REST 

White object 

Reflects ALL 

 

Colour filters 

 

 
 

The colour of an object will appear to 

change colour when a filter is applied – as 

the wavelength is reflects is absent.  It will 

appear BLACK as it absorbs the wavelength 

hitting it.  A white object will appear to be the 

colour of the filter – as it will reflect the 

wavelength hitting it. 

 

Visible light 

 

Each colour of visible light has its own 

wavelength/frequency. 

 
Smooth surface reflection causes light to 

reflect in a single direction. This is called 

specular reflection. 

Rough surface reflection causes scattering. 

This is called diffuse reflection. 

 

 

Lenses 

Lenses 

Convex lens – light rays are refracted towards 

the normal as they enter the lens, and away 

when they leave the lens.  The lens makes the 

rays move towards (converge) with each 

other. 

 
The horizontal line is called the principal axis.  

Light rays travelling parallel to the principal 

axis are refracted to pass through the 

principal focus (F).  Light rays are focussed at 

this point. 

 

Focal length is the distance from the centre of 

the lens to the principle focus. 

The image produced can be either real (if 

focussed on a screen) or virtual. 

Concave lens – Light rays are refracted away 

from each other.  Light rays travelling parallel 

to the principle axis are refracted so they 

appear to have come from the principal 

focus.   

 
A screen placed at the principal focus of a 

concave lens would not show an image.  The 

image produced is always virtual.  The virtual 

image is at the point the light appears to 

have come from. 

 

Images and magnification 

 

To draw ray diagram: 

- Draw ray from object parallel to 

principal axis, refracting through 

principal focus; 

- Draw ray from object through the 

centre of the lens – this ray does not 

change direction. 

 
 

The image is real, inverted and magnified. 
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Forming a virtual image 

When an object is placed between the 

principal focus and a convex lens a virtual 

image is produced.  The image is the right 

way up and magnified. 

 

 
 

A concave lens always forms a virtual image 

that is the right up and smaller than the 

object. 

 

 
 

Lenses are represented on ray diagrams as: 

Convex lens :  

Concave lens:  

 

Magnification 

 

Magnification can be calculated by: 

 

Magnification = 
𝐼𝑚𝑎𝑔𝑒 ℎ𝑒𝑖𝑔ℎ𝑡

𝑂𝑏𝑗𝑒𝑐𝑡 ℎ𝑒𝑖𝑔ℎ𝑡
 

 

This is a ratio, so no units! Both of the heights 

has to be the same units. 

 

Emission and absorption of infrared radiation 

All objects emit (give out) and absorb (take 

in) infrared radiation.  The hotter an object 

the more infrared it emits in a given time. 

 

When infrared radiation strikes an object, the 

radiation may be absorbed, transmitted, or 

reflected back. 

 

A transmitter is a body that transmits all of the 

radiation that reaches it. 

 

 
 

The surfaces of an object determines how 

well it absorbs or emits infrared radiation.  A 

dull black surface is the best emitted of 

infrared radiation.  White or silvery surfaces 

are poor emitters. 

 

A good emitter of electromagnetic radiation 

is also a poor absorber of radiation. 

The perfect black body 

Black surfaces are good absorbers of 

radiation.  A perfect black body is an object 

that absorbs ALL of the ration.  It appears to 

be black.  It would be the best possible 

emitter too. 

 

The intensity and peak wavelengths of the 

radiation emitted depends on the object’s 

temperature.  The hotter the object the more 

radiation it radiated in a given time.  The 

relative brightness of the different colours 

emitted changes as the temperature 

increases.  This explains why a heated object 

first appears red, then yellow, then white. 

 

Temperature of the Earth 

The Earth absorbs radiation from the Sun and 

emits infrared radiation.  The re-radiated 

energy is absorbed by the greenhouse gases.  

The temperature of the Earth depends on the 

rate of absorption from the sun, the rate of 

emission of radiation and the rate of 

reflection of radiation into space. 

 
This radiation balance can be changed by: 

- Cloud cover affecting rate of 

reflection of solar radiation; 

- Increasing of greenhouse gases by 

human activities. 
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Knowledge Organiser – Electromagnetism 

Magnetism and magnetic forces 

Poles of a magnet are the place where the 

magnetic force is the strongest. 

 

A bar magnet has a north pole and a south 

pole.  

 
Like poles repel.  Opposite poles attract. 

 

A magnetic force is a non-contact force. 

 

Magnetic fields 

A magnetic field is the region around a 

magnet where the force acts on another 

magnet or on a magnetic material. 

 

 
The arrows show which way a compass would 

point if it was placed in the magnetic field.    

The magnetic force runs from the north pole 

to the south pole of the magnet. 

 

Induced magnetism and magnetic materials 

Iron, some steels, nickel and cobalt are 

magnetic materials.  They can be 

magnetised.   

 

Iron makes a temporary magnet – losing its 

magnetism as soon as the magnetising force 

is removed. 

 

An induced magnet is a material which 

becomes a magnet when placed in a 

magnetic field.  Iron does this – when it is 

removed from the magnetic field it loses 

magnetism. 

 

A permanent magnet produces its own 

magnetic field.  They are made from nickel, 

cobalt and some steels. 

 

To test if a material is magnetic place it near 

a magnet and it will be attracted. 

 

Compasses and magnetic fields 

A compass contains a small bar magnet.  

One end is a north pole and the other a south 

pole.  The south pole is attracted to magnetic 

north pole.  This how the magnetic field 

opposite is plotted. 

 

The Earth’s magnetic field 

 

 
 

The magnetic effect of a current 

When a current flows in a wire a magnetic 

field is created by the current. 

 

 
If the current direction is reversed , the 

magnetic field direction reverses. 

 

 

The Earth behaves as if there 

is a bar magnet inside it.  

The geographic north pole is 

a magnetic south pole.  A 

compass will point towards 

geographical north and is 

the north-seeking pole. 

The closer the field 

lines around a magnet 

– the higher the 

strength of the 

magnetic field.  The 

Earth’s magnetic field 

is strongest at the 

poles. 

The effect can be 

investigated using plotting 

compasses.  The strength of 

the magnetic field 

decreases with distance 

from the wire.  The further 

from the wire the field lines 

get further apart.  The higher 

the current, the stronger the 

magnetic field. 

 

 

The right hand grip rule 

shows the direction of the 

magnetic field. 

 

 



The magnetic effect of a solenoid  

When the wire becomes a loop the field lines 

are squashed together. 

 

A solenoid is a long straight coil of wire.  When 

a current passes through a solenoid the 

magnetic field of all the coils combines to 

produce a magnetic field like that of a bar 

magnet. 

 

 
The polarity is determined by looking at the 

end of the solenoid and seeing which way 

the current passes. 

 

HT ONLY - The kicking wire (motor effect) 

 
When a wire, with current, is placed between 

the poles of a magnet the two magnetic 

fields combine – the resultant magnetic field 

is stronger.  This produces a force on the wire 

making it move.  This is the motor effect.  The 

direction of the force and motion are 

perpendicular to both the magnetic field and 

the current. 

HT ONLY – Fleming’s left hand rule 

 
Electromagnets 

A simple electromagnet is formed by a coil of 

copper wire (solenoid) wrapped around an 

iron core.  This magnetises the core, creating 

an electromagnet 1000 times stronger than 

the coil.   

 
An electromagnet is temporary – it can be 

switched off when there is no longer a 

magnetic field caused by the current. 

 

The electric bell 

 
The iron strip is attracted to the 

electromagnet.  This breaks the circuit, 

stopping the current flow and switches off the 

electromagnet.  The spring pulls the strip 

back, so contact is made and the sequence 

begins again. 

The relay 

A relay is a magnetic switch.  It uses a small 

current to switch on a larger current. 

 

HT ONLY – Calculating the force on a 

conductor 

The stronger the force on a current-carrying 

conductor the more powerful the motor. 

 

The strength of a magentic field is called the 

magnetic flux density.   

 

 
Force on a wire 

The force (f) in N on a wire carrying a current 

at right angles to the magnestic field is 

proportional to: 

- The current, I, in A 

- The length of the wire in the field, L, in 

m 

 

So, F is proprtion to IL.  Using the equation: 

 

F = BIL 

 

Where B is the magentic flux density.  Unit  

tesla (T). 

 

The force on the wire can 

be increased by 

increasing: 

- Size of magnetic 

field 

- Current in the wire 

- Length of the wire 

Pushing the 

switch completes 

the circuit this 

magnetises the 

electromagnet 

and makes the 

hammer hit the 

gong. 

The closer the lines 

the stronger the field.  

The magnetic field 

inside the coil is 

much stronger than 

outside. 



HT ONLY - Electric motors 

 
A current passing through a coil placed in a 

magnetic field a force on each side of the 

coil is created.  Fleming’s left hand rule shows 

the forces on each side are in opposite 

directions and the coil moves.  The coils starts 

to spin. 

 

A direct current (d.c.) motor has a split-ring 

commutator rotates with the coil between 

two carbon brushes.  This allows the motor to 

continue to spin without reversing the 

direction at each vertical position. 

 

Practical motors have curved pole pieces 

producing a radial field.  The coil is always at 

right angles to the magnetic field increasing 

the force and keeping it constant as the coil 

turns. 

 

The direction of the motor turns and can be 

reversed by reversing the current or reversing 

the direction of the magnetic field. 

HT ONLY – A.C. Motors 

 
A.C. motors have slip rings instead of split-ring 

commutater.  As the coil rotates the direction 

of the current passing through the coil 

reverses direction.  When the coil has 

completed half a turn the direction of the 

current has reversed. 

 

HT ONLY – Moving-coil loudspeakers 

 
The moving-coil loudspeaker has a 

permanent and an electromagnet.  The 

electromagnet moves backwards and 

forwards.  The coil is attached to the cone.  

The outer edge of the cone is fixed and does 

not move. 

 

A cylindrical magnet produces a strong radial 

magnetic field at right angles to the wire in 

the coil.  A signal in the form of varying 

current flows through the coil.  This causes a 

change in the magnetic force causing the 

coil to move in and out setting up vibrations in 

the air. 

Headphones and loudspeaker work in the 

same way.  The difference is the size.  A 

headphone only moves the volume of air 

inside the ear canal. 

 

HT ONLY – The generator effect 

When a wire is stationary between the poles 

of a magnet heir is no current in the wire.  If 

the wire is moved cutting across the 

magnetic field lines a potential difference is 

induced.  The passing of the induced current 

along the wire is called the generator effect. 

 

 
The size of the induced potentil differece 

depends on the rate at which the electric 

field changes and can be increased by: 

- Moving the wire or magnet faster 

- Using a stronger magnet 

- Replacing the wire with a coil. 

 

HT ONLY – Using the generator effect 

Moving-coil microphone act like loudspeaker 

but in reverse.  Energy is transferred from the 

moving air into the coil causing a current to 

flow.  A colil is connected to a diaphragm 

with fixed edges.  The coil surrounds a 

permament magnet.  Sound waves vibrate 

the diaphragm causing the coil to move 

backwards and forwards in the gap – causing 

a varying current to flow. 



The dynamo generates a direct current by 

moving a coil in the magnetic field.  As the 

coil turns, it cuts the magnetic field lines 

inducing a potential difference.  This causes 

an induced current to pass through the coil 

and through the circuit, the coil is part of.  The 

split ring commutator rotates with coil 

maintaining a complete circuit. 

 
Each half turn of the sides of the coil connects 

to the opposite side of the circuit.  The 

direction of the current does not change. 

 

The ac generator uses the generator effect. 

The size of the induced current can be 

increased by: 

- Increasing the number of turns on the 

coil; 

- Use of more powerful magnet; 

- Turning the coil faster. 

 

As the coil rotates, cutting magnetic field lines 

it generates a potential difference (PD) 

between the ends of the coil.  The PD is at its 

greatest when the coil is horizontal as the 

moving coil cuts through the field lines.  When 

the coil is vertical and parallel to the 

magnetic field direction, no lines are being 

cut and so the PD is zero.  Continued rotation 

produces a negative PD.  The basis of 

alternating current. 

HT ONLY – Transformers 

A transformer changes the size of an 

alternating potential difference. 

 

 
A step-up transformer increases the potential 

difference – it has more coils on the 

secondary coil than the primary coil.   

 

A step-down transformer decreases the 

potential difference – it has more coils on the 

primary than the secondary coil. 

 

The ratio of potential difference across the 

primary and secondary coils depends on the 

ratio of number of turns on each coil. 

 

 
Efficiency compares the power output from a 

machine with the input.  Using the power 

calculation of current x potential difference 

efficiency can be calculated using: 

 

VS x Is = Vp x Ip 

 

A step-down transformer produces lower 

potential difference with a greater current.  A 

step-up transformer has a lower current.  

When this power is distributed through the 

power lines the energy losses are less making 

distribution more efficient. 

 



Knowledge Organiser - Space 

The Solar System 

 
The Sun is the centre of our solar system.  It is 
orbited by 8 planets, and one dwarf planet (Pluto). 
 
The four inner planets are made of rock and are 
relatively small.  Scientists have discovered that 
there was once water on Mars.  This presence of 
water has been indicated by deep river channels, 
deltas and lake beds. 
 
        Mercury    Venus          Earth           Mars 
 

 
 

Venus has the highest temperature as its 
atmosphere traps the heat from the Sun. 
 
The inner and outer planets are separated by an 
asteroid belt (between Mars and Jupiter) 
 
 
 
 

The four outer planets are gas planets.  They are 
much larger. 
 
           Jupiter          Saturn           Uranus   Neptune 
 

 
 
Pluto is classed as a dwarf planet – it is a small 
planet on the outer solar system.  It has a different 
orbit to the other planets. 
 
Planets orbit a central Sun.  They do not emit 
their own light, but reflect that from the Sun.  
Planets are spherical, have a strong gravitational 
field which clears other material out of its orbit.  A 
dwarf planet is spherical but has a weak 
gravitational field.  A moon orbits a planet and 
does not emit light. 
 
Orbits of planets, moons and artificial satellites 
 
The Sun has a massive mass which produces a 
huge force of gravity keeping our solar system 
together and in orbit around it. 
 
The planets orbit the Sun in a circular motion.  
Each planet orbits at a different speed and this is 
related to the distance from the Sun. 
 
 

 
 

The Earth’s moon is a natural satellite.  It orbits 
the Earth every 27.3 days.  Only one side of the 
moon is seen from the Earth due to the rotation 
and orbit speed are the same. 
 
Artificial satellites orbit the Earth and are used 
for telecommunications, weather reporting, spying 
and space exploration. 
 
HT ONLY – A satellite orbits at constant speed 
and distance in a circular motion.  As velocity has 
a magnitude and direction – to maintain constant 
speed the direction of motion keeps altering so 
does the velocity. 
 

 
To launch a satellite the following needs to be 
considered – height of launch and speed of travel.  
The launch is as at right angles to the direction of 
gravity – this prevents the satellite escaping into 
space away from the Earth’s gravitational pull. 
 



The Sun and other stars 
The Sun is our nearest star.  It is one of billions 
making up the Milky Way galaxy. 
 
Space contains huge nebulae -  clouds of dust, 
hydrogen and helium gas.  These can be referred 
to as the birthplace of stars. 
 

 
 

A star is born by the following process: 
- Gravity pulls the cloud gas and dust 

together; 
- Gravity causes the cloud to compress and it 

gets hotter and hotter until the core glows 
becoming a protostar. 

- The gravitational field of the protostar 
attracts more gas and dust becoming larger 
and hotter. 

- The core temperature fuses nuclei of 
hydrogen atoms triggering the release of 
vast amounts of energy. 

- A massive nuclear reaction is ignited in 
the core – a star is formed. 

 
In the protostar nuclear fusion reactions are 
taking place.  The energy needed to overcome 
repulsion of the positive nuclei comes from the  
 
created by gravity compressing the gases. 

Solar flares from the Sun during nuclear fusion 
reactions can be so powerful they can cause the 
malfunction of artificial satellites orbiting the Earth. 
 

Main sequence of a star 
 

The main sequence of stars is the most stable  
and longest state of the star during its life cycle. 
 
Forces inside the star are at equilibrium.   
 
The force of gravity acting on the matter of the 
star is trying to force a collapse into a smaller 
space.  
  
Fusion taking place in the core releases energy 
which is moved out of the core to the surface (an 
outward force). 

 
Gravity and fusion are balanced. 
 
This continues until all the hydrogen nuclei have 
been fused to become helium.  The helium core 
then starts to contract.  The temperature 
continues to increase until hot enough to fuse 
helium creating large (heavier) elements. 
 
The size of the star now determines the next stage 
in its life. 

 
 

Life cycle of stars 

 
Once the hydrogen has been used up.... 
 
Our Sun... 

- The outer layers are pushed out to many 
times the star’s size – expanding to 
become a red giant. 

- Helium fuses to form heavier elements. 
- Nuclear fusion stops the helium is used up 
- The star stops emitting energy and the 

outer layers expand to become a cloud of 
ionised gas – planetary nebula. 

- The core continues to cool and dim 
becoming white dwarf. 

- When the shining stops the now dead star 
is a black dwarf. 

 
A super massive star (50x bigger than the Sun)... 

- When the hydrogen has been used up it 
expands to form super red giant. 

- The helium fuses to form larger elements of 
carbon and nitrogen. 

- Contraction and expansion continues in 
waves increasing the core temperature 
each cycle fusing more of the nuclei. 

- When fusion finally stops the core collapses 
causing a massive explosion – supernova. 

- The outer layers are blown into space 
distributing the elements formed. 

- The surviving core contracts to become a 
tiny very dense neutron star or if the star is 
larger the core contracts to form a black 
hole. 



How the elements are formed 

 
The early atmosphere contained only clouds of 
hydrogen with a little helium.  Compression by 
gravity formed the first stars,  Hydrogen fused to 
form helium. 
 
Elements up to iron are formed by nuclear fusion 
inside a star. 
 
The expansion and contraction cycle of stars 
allows the core to reach high temperature needed 
for the fusion of larger nuclei of heavier elements.  
When iron is reached the energy needed to fuse 
into heavier nuclei is not reached. 
 

 
 

To make  elements heavier than iron a supernova 
is needed.  The tempearute reached in the core is 
high enough to fuse nuclei to form heavier 
elements like gold or uranium. 

When the supernova explodes the heavier 
elements are scattered into space.  The gases and 
dust clouds become a new nebula – the nursery 
for the next generation of stars. 
 

Red shift 
 

Stars and hot gases in nebula emit a range of 
wavelengths (spectrum) of visible light. 
 

 
 
When an object moves towards you very quickly 
this would compress the waves making them 
appear bluer. 
 
When an object moves away from you very 
quickly this has the affect of stretching the waves 
making them appear redder. 
 
Hubble noticed the light emiited from galaxies 
moving away from us have a longer wavelength 
than expected.  The light had been shifted towards 
the red part of the spectrum – he named this red-
shift. 
 
The degree of red-shift is directly proportional to 
the distance of the galaxy to the Earth.  Meaning 
the further away the galaxy the bigger the red-shift 
and therefore the faster the galaxy is moving away. 
 

The majority of the galaxies show this red-shift. 
 

 
The expansion of the universe suggects that in the 
past it was smaller and denser.  There must have 
been a point at which it started to expand – 
referred to as the Big Bang.  The Big Bang 
suggests that this small dense regiosn was 
extgremely hot.   
 
The red-shift evidence and observations from radio 
telescopes and CMBR support theories such as 
the Big Bang. 



 


