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Wave Motion Energy Key Concepts Motion and Forces 
Forces and 

their effects 

 Recall that waves transfer energy and information without transferring matter 

 Define and use the terms frequency and wavelength as applied to waves  

 Wave velocity (metre/second, m/s) = frequency (hertz, Hz) × wavelength (metre, m) 
v = f × λ   

 Wave velocity (metre/second, m/s) = distance (metre, m) ÷ time (second, s) v = x/t 

 Use the terms amplitude, period and wave velocity as applied to waves 

 Describe the difference between longitudinal and transverse waves by referring to 
sound, electromagnetic, seismic and water waves. 

 Recall and use both the equations below for all waves: wave velocity (metre/second, 
m/s) = frequency (hertz, Hz) × wavelength (metre, m), v = f × λ, wave velocity 
(metre/second, m/s) = distance (metre, m) ÷ time (second, s), v = x/t 

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

 Recall and use both the equations below for all waves 

 Describe how to measure the velocity of sound in air and ripples on water surfaces  
 

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

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

 Recall that one watt is equal to one joule per second, 
J/s 

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

 Recall and use the equation: work done (joule, J) = 
force (newton, N) × distance moved in the direction of 
the force (metre, m)  E = F × d 

 Describe and calculate the changes in energy involved 
when a system is changed by work done by forces 

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

 Recall and use the equation:  power (watt, W) = work 
done (joule, J) ÷ time taken (second, s)  P = E/T 

 Recall and use the 
SI unit for 
physical 
quantities  

  Recall and use 
multiples and 
sub-multiples of 
units, including 
giga (G), mega 
(M), kilo (k), centi 
(c), milli (m), 
micro (μ) and 
nano (n)   

 Be able to convert 
between 
different units, 
including hours 
to seconds  

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

  Explain that a vector quantity has both magnitude (size) and a specific 
direction   

 Explain the difference between vector and scalar quantities  

 Recall vector and scalar quantities, including displacement/distance, 
velocity/speed, acceleration, force, weight/mass, momentum and energy  

 Recall that velocity is speed in a stated direction  

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

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

 Recall and use the equation:  acceleration (metre per second squared, m/s2) 
= change in velocity (metre per second, m/s) ÷ time taken (second, s)  

 Recall Newton’s first law 

 Recall and use Newton’s second law as:  force (newton, N) = mass (kilogram, 
kg) × acceleration (metre per second squared, m/s2)  

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

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

 Explain the 
difference 
between 
vector and 
scalar 
quantities 
using 
examples   

  Use vector 
diagrams to 
illustrate 
resolution of 
forces, a net 
force, and 
equilibrium 
situations 
(scale 
drawings only)  

 Draw and use 
free body 
force diagrams 

Notes/Links/Interleaving 

 To describe wave motion in terms of amplitude, wavelength, 
frequency and period 

 To define wavelength and frequency 

 To describe and apply the relationship between these and the 
wave velocity 

 To describe differences between transverse and longitudinal 
waves to include direction of travel and direction of vibration 

 All revisited and extended in the next unit. 

Higher Content  
This introductory unit is designed to be accessed by all learners 

- different tasks will determined based on prior data. 
 

Notes/Links/Interleaving 

 Describe, with examples, how objects can interact a at a distance 
without contact, linking these to the gravitational, electrostatic and 
magnetic fields involved b by contact, including normal contact force 
and friction c producing pairs of forces which can be represented as 
vectors 

 Explain examples of the forces acting on an isolated solid object or a 
system where several forces lead to a resultant force on an object 
and the special case of balanced forces when the resultant force is 
zero 

Higher Content  
This introductory unit is designed to be accessed by all learners - 

different tasks will determined based on prior data. 

Equations 

 Wave velocity (metre/second, m/s) = frequency (hertz, Hz) × 
wavelength (metre, m), v = f × λ. 

 Wave velocity (metre/second, m/s) = distance (metre, m) ÷ 
time (second, s), v = x/t.  

 Work done = force × distance 

 Kinetic energy =  ½ × mass × speed2 

 Elastic potential energy =  ½ × spring constant × extension2 

 Gravitational potential energy = mass × gravitational field 
strength × height 

Additional Higher Content 

 To show how changes, in velocity, frequency and 
wavelength, in transmission of sound waves from one 
medium to another, are interrelated 

 Recall that waves transfer energy and information without 
transferring matter 

 Define and use the terms frequency and wavelength as 
applied to waves 

 Use the terms amplitude, period and wave velocity as 
applied to waves 

 Describe the difference between longitudinal and 
transverse waves by referring to sound, electromagnetic, 
seismic and water waves.  

 To describe the changes in energy involved when a system 
is changed by heating (in terms of temperature change and 
specific heat capacity), by work done by forces, and by 
work done when a current flows 

Equations 

 A (average) speed (metre per second, m/s) = distance (metre, m) ÷ 
time (s) b distance travelled (metre, m) = average speed (metre per 
second, m/s) × time (s) 

 Acceleration (metre per second squared, m/s2) = change in velocity 
(metre per second, m/s) ÷ time taken (second, s) 

 Force (newton, N) = mass (kilogram, kg) × acceleration (metre per 
second squared, m/s2)  

 Force (newton, N) = mass (kilogram, kg) × acceleration (metre per 
second squared, m/s2)  

 Change in gravitational potential energy (joule, J) = mass (kilogram, 
kg) × gravitational field strength (newton per kilogram, N/kg) × 
change in vertical height (metre, m) 

Additional Higher Content 

 Recall and apply Newton’s third law both to equilibrium 
situations and to collision interactions and relate it to the 
conservation of momentum in collisions  

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

 Describe examples of momentum in collisions  

 Use Newton’s second law as:  force (newton, N) = change in 
momentum (kilogram metre per second, kg m/s) ÷ time 
(second, s) Explain the dangers caused by large decelerations 
and estimate the forces involved in typical situations on a 
public road  

 3.1 Recall and use the equation to calculate the change in 
gravitational PE when an object is raised above the ground 
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Magnetism Conservation of Energy Light and the Electromagnetic Spectrum Radioactivity Astronomy 

 Recall that unlike 
magnetic poles 
attract and like 
magnetic poles 
repel  

  Describe the uses of 
permanent and 
temporary 
magnetic materials 
including cobalt, 
steel, iron and 
nickel  

  Explain the 
difference between 
permanent and 
induced magnets  

  Describe the use of 
plotting compasses 
to show the shape 
and direction of the 
field of a magnet 
and the Earth’s 
magnetic field 

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

 Draw and interpret diagrams to 
represent energy transfers  

 Explain what is meant by 
conservation of energy 

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

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

  3.7 Explain that mechanical 
processes become wasteful when 
they cause a rise in temperature so 
dissipating energy in heating the 
surroundings  

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

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

  Explain, with examples, that all electromagnetic waves transfer energy from 
source to observer  

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

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

 Recall that our eyes can only detect a limited range of frequencies of 
electromagnetic radiation  

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

  Explain the effects of differences in the velocities of electromagnetic waves in 
different substances  

 Recall that the potential danger associated with an electromagnetic wave 
increases with increasing frequency  

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

 Describe some uses of the electromagnetic spectrum 

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

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

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

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

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

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

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

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

 Explain how atoms may form positive ions by losing outer 
electrons 

 Know that the shape of the Earth is an oblate 
spheroid 

 Be able to use information about the mean 
diameter of the Earth (13 000 km) 

 Understand the Earth’s major internal divisions 
and their features: a) crust b) mantle c) outer core 
d) inner core  

  Be able to use the latitude and longitude co-
ordinate system 

 Know the shape of the Moon 

 Be able to use information about the mean 
diameter of the Moon (3500 km) 

 Understand the use of time zones 

 Understand the appearance and cause of meteors 
and meteor showers, including determination of 
the radiant 

 Understand Kepler's laws of planetary motion 

 Be able to use data about the names and relative 
locations of bodies in the Solar System, including: 
Planets, Dwarf planets, Asteroids, meteoroids and 
Comets  

 Describe the process of the life cycle of a star 

 Understand how astronomers study and gather 
evidence for the existence of black holes 

Notes/Links/Interleaving 

 Describe and explain uses of different types of waves 

 Radio waves: including broadcasting, communications and 
satellite transmissions 

 Microwaves: including cooking, communications and satellite 
transmissions c infrared: including cooking, thermal imaging, 
short range communications, optical fibres, television remote 
controls and security systems d visible light: including vision, 
photography and illumination e ultraviolet: including security 
marking, fluorescent  lamps, detecting forged bank notes and 
disinfecting water f x-rays: including observing the internal 
structure of objects, airport security scanners and medical x-
rays g gamma rays: including sterilising food and medical 
equipment, and the detection of cancer and its treatment 

Higher Content  
This introductory unit is designed to be accessed by all learners 

- different tasks will determined based on prior data. 
 

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

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

Notes/Links/Interleaving 

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

  Use given data to balance nuclear equations in terms 
of mass and charge  

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

Higher Content  
This introductory unit is designed to be accessed by all learners - different tasks 

will determined based on prior data. 
 

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

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

Equations 

 Change in gravitational potential energy (joule, J) = mass 
(kilogram, kg) × gravitational field strength (newton per 
kilogram, N/kg) × change in vertical height (metre, m)   

 Kinetic energy (joule, J) = ½ × mass (kilogram, kg) × (speed)2 
((metre/second)2, (m/s)2) 
 

 efficiency = 

Additional Higher Content 

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

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

 Equations 
 

Additional Higher Content 

 Recall that alpha, β– (beta minus), β+ (positron), gamma rays and neutron 
radiation are emitted from unstable nuclei in a random process  

  Recall that alpha, β– (beta minus), β+ (positron) and gamma rays are 
ionising radiations  

  Explain what is meant by background radiation  

  Describe the origins of background radiation from Earth and space  

  Describe methods for measuring and detecting radioactivity limited to 
photographic film and a Geiger–Müller tube  

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

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

 


