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Why are you deliverin           Rationale This module equips students with fundamental physical knowledge and skills, and 
mathematical tools, which will be needed throughout the AS and A Level courses. 
Students will learn about S.I. base units, derived units, and unit prefixes; they will 
also reinforce and extend their skills in working with significant figures, standard 
form, and vectors.

This topic connects the concept of forces with the behaviour of materials under 
tension and compression. Students will learn about Hooke’s law and the Young 
modulus, and how to draw and interpret force–extension and stress–strain graphs. 
Various experiments help students to understand the concepts and continue to 
develop their practical skills; these include the investigation of Hooke’s law and the 
Young modulus. 

This chapter explores the key ideas used to describe and analyse 
motion with constant acceleration in one and two dimensions. It 
includes a number of suggested practical activities, including 
experiments that involve the use of graphs to establish physical 
relationships. Required mathematical skil ls include rearranging 
and substituting into equations, estimating areas under graphs, 
and working with non-linear relationships.

This chapter examines the relationship between an object’s motion 
and the resultant force it experiences, and explains an object’s lack 
of motion in terms of the zero vector sum of forces acting on it. It 
develops the concepts of weight and centre of mass, drag and 
terminal velocity, and moments and torques. Students can 
continue to develop their practical skil ls through experiments such 
as the determination of density and of centre of gravity, and the 
investigation of factors affecting terminal velocity. There are many 
opportunities for using mathematical techniques, including the 
application of trigonometry and vectors.

This chapter connects force and energy via the concept of work 
done and introduces the principle of conservation of energy. 
Students will understand and use equations for kinetic energy, 
gravitational potential energy, work, power, and efficiency. There 
are opportunities for deriving, rearranging, and substituting into 
equations, both linear and non-linear.

This chapter makes explicit Newton’s three laws of motion, which students have 
been using implicitly up to this point. The concepts of momentum and impulse are 
introduced and the principle of conservation of momentum applied to a range of 
situations. There are many opportunities for students to develop their practical skills 
and to use ICT techniques to analyse data.

In this module students will learn about a series of 
topics whose common thread is that they build up to 
an understanding of introductory quantum physics. 
The module begins with the behaviour of electrons in 
electrical circuits, and the analysis of different types 
of component and their combinations. This is 
followed by an exploration of wave properties and 
behaviour. Students will need to apply some of the 
AS Level’s more challenging experimental and 
mathematical techniques in the study of interference 
and stationary waves. The final chapter is about 
quantum physics, in which students will apply their 
understanding of both electrons and waves to learn 
about the photon.

This chapter explores properties and behaviours of 
waves, reviewing and extending concepts from Key 
Stage 4 study such as the wave equation, reflection, 
and refraction. It also introduces the concepts of 
diffraction and polarisation, which may be new to 
students. There are opportunities for experimental 
work using a range of apparatus and techniques, 
including using an oscil loscope to measure the speed 
of sound, and investigating polarised microwaves. 
Students will need to use a range of mathematical 
techniques including algebra, trigonometry, and the 
interpretation of experimental graphs.

This chapter explores many of the key variables and 
relationships that apply to electrical circuits: potential 
difference, electromotive force, resistance, resistivity, 
and power. Many students initially find the topics 
easy because they have already covered much of the 
content at Key Stage 4

This chapter brings together ideas from the previous 
two chapters to explore realistic electrical circuits 
involving combinations of resistors and e.m.f.s. Power 
sources are no longer assumed to be ideal: internal 
resistance is taken into account. Potential dividers 
and their uses in sensor circuits are investigated.
The chapter includes experiments with resistor 
combinations and potential dividers, and the 
determination of the internal resistance of a cell. 
Opportunities for students to practise mathematical 
skil ls include rearranging equations and interpreting 
graphs.

This chapter explores superposition and its 
consequences: interference and stationary waves. 
Practical work such as the Young double-slits 
experiment and the investigation of standing waves 
are an essential part of the learning. Students will 
need to use a range of mathematical techniques, 
including some geometry and trigonometry in the 
derivation of the Young double-slits relationship.

This chapter explores quantum physics through the 
concept of wave–particle duality of photons and 
electrons, and the steps which led to this model. This 
is l ikely to be a particularly exciting area of physics 
for many students, who may have read or heard 
about quantum physics and looked forward to 
studying it. There are no experiments included but 
there is an opportunity to demonstrate the 
photoelectric effect. The required mathematical 
techniques mainly comprise rearranging and 
substituting into equations.

This chapter introduces ideas around temperature, 
matter, specific heat capacity and specific latent 
heat. Students will learn about absolute zero and 
why sweating keeps us cool.

What have pupils alre     Prior knowledge Students will need to build on their knowledge and skills, from Key Stage 4 Science 
and Mathematics, of:
•	significant figures
•	standard form (scienti fi c notation)
•	percentage difference
•	changing the subject of an equation and solving algebraic equations
•	drawing graphs and understanding the linear relationship y = m x + c
•	the concepts of vector and scalar quanti ties
•	trigonometric ratios
•	Pythagoras’ theorem
•	vector diagrams to illustrate forces
•	cosine and sine rules (as an optional alternative to scale drawing for adding non-
perpendicular vectors)

Students will need to build on their knowledge and skills, from Key Stage 4 Science 
and Mathematics, of:
•	changing the subject of an equation
•	Hookes Law

•	the relationship between speed, distance, and time for uniform 
motion
•	the relationship between acceleration, change in speed, and 
time for motion with constant acceleration
•	interpreting distance–time and speed–time graphs.

•	changing the subject of an equation
•	direct and inverse proportion
•	trigonometric ratios for solving problems in geometry
•	the concept of a force, and the newton as the unit of force
•	the concept of equilibrium.

•	changing the subject of an equation
•	trigonometric ratios for solving problems in geometry 
•	the concept of energy and its forms, and energy transfer

Students will need to build on their knowledge and skil ls, from 
Key Stage 4 Science and Mathematics, of:
•	changing the subject of an equation
•	Newton’s first law of motion.

Students will need to build on their knowledge and 
skil ls, from Key Stage 4 Science and Mathematics, 
of:
•	changing the subject of an equation
•	current as a rate of flow of charge
•	the requirements for a current to flow: a source of 
potential difference and a closed circuit.

•	changing the subject of an equation
•	describing wave motion in terms of amplitude, 
wavelength, frequency, and period
•	ripples on water surfaces as an example of transverse 
waves and sound waves in air as an example of 
longitudinal waves; the differences between 
transverse and longitudinal waves
•	electromagnetic waves as transverse waves which 
are transmitted through space where all have the 
same speed

•	changing the subject of an equation
•	the dependency of current on both resistance and 
potential difference
•	calculating the currents, potential differences, and 
resistances in series circuits
•	the uses of circuits containing components including 
lamps, diodes, thermistors, and LDRs. 

Students will need to build on their knowledge and 
skil ls, from Key Stage 4 Science and Mathematics, 
of:
•	changing the subject of an equation
•	the dependency of current on both resistance and 
potential difference
•	calculating the currents, potential differences, and 
resistances in series circuits
the uses of circuits containing components including 
lamps, diodes, thermistors, and LDRs. 

Students will need to build on their knowledge and 
skil ls, from Key Stage 4 Science and Mathematics, 
of:
•	changing the subject of an equation
•	the differences between transverse and longitudinal 
waves.

Students will need to build on their knowledge and 
skil ls, from Key Stage 4 Science and Mathematics, 
of:
•	changing the subject of an equation

Students will need to build on their knowledge and 
skil ls from Key Stage 4 Science and Mathematics of:
•	internal energy
•	motion of particles in solids, l iquids, and gases
•	motion of molecules in a gas relative to temperature 
and pressure
•	specific heat capacity and specific latent heat.

Key knowledge/skil ls 
development

•	units for physical quanti ties
•	S.I. base quanti ties and units, their symbols and prefixes
•	derived units of S.I. base units and the quanti ties that use them
•	systematic errors and random errors in measurements
•	precision and accuracy of measurements and data
•	uncertainties in measurements, including when data are combined by addition, 
subtraction, multiplication, division, and raising to powers
•	graphical treatment of errors and uncertainties.
•	scalar and vector quanti ties
•	addition of two vectors with scale drawings and with calculations
•	resolution of a vector into two perpendicular components
•	calculations involving vectors

•	tensile and compressive deformation
•	Hooke’s law
•	force constant k of a spring or wire and F = k x
•	force–extension (or compression) graphs for springs and wires
•	elastic and plastic deformation of springs
•	force–extension graph and work done
•	elastic potential energy
•	force–extension graphs for metal, rubber, and polythene
•	elastic and plastic deformation
•	stress, strain, and ultimate tensile strength
•	Young modulus
•	stress–strain graphs for ducti le, brittle, and polymeric materials

•	average speed
•	instantaneous speed
•	distance–time graphs to determine speed
•	displacement
•	velocity
•	displacement–time graphs to determine velocity
•	acceleration
•	velocity–time graphs to determine acceleration
•	velocity–time graphs to determine displacement
•	the equations of motion for constant acceleration in a straight 
l ine
•	thinking distance and braking distance
•	the effect of reaction time on total stopping distance of a vehicle
•	the equations of motion for fall ing objects in a uniform 
gravitational field
•	the acceleration due to free fall g
•	an experiment to determine g.
•	the two-dimensional motion of projectiles
•	the equations of motion for projectiles.

Demonstrate knowledge, understanding, and application of:
•	the net force on an accelerating object
•	the newton
•	weight
•	centre of gravity
•	an experiment to determine the centre of gravity of an object
•	free-body diagrams.
•	drag
•	the motion of objects in the presence of drag
•	terminal velocity.
•	moment of force
•	the principle of moments
•	couples and torques
•	equilibrium of objects under the action of forces and torques
•	the equilibrium of three coplanar forces
•	the rule of the triangle of forces.
•	density, ρ =  
•	pressure, p =  
•	p = h ρ g, upthrust and Archimedes’ principle

•	work done by a force
•	the unit joule
•	W = F x cos θ for the work done by a force
•	transfer of energy equal to work done
•	the principle of conservation of energy
•	energy in different forms; transfer and conservation.
•	kinetic energy of an object: Ek =  m v2
•	gravitational potential energy of an object in a uniform 
gravitational field: Ep = m g h
•	the exchange between gravitational potential energy and kinetic 
energy.
•	power; the unit watt: P =  , P = F v
•	efficiency of mechanical systems:
efficiency =  × 100%.

•	Newton’s first and third laws of motion
•	linear momentum; p = m v; vector nature of momentum
•	principle of conservation of momentum
•	collisions and interactions of bodies in one dimension
•	perfectly elastic and inelastic coll isions.
•	Newton’s second law of motion
•	net force = rate of change of momentum: F =  
•	impulse of a force: impulse = F Δt
•	impulse as the area under a force–time graph.
•	collisions and interactions of bodies in two dimensions

•	electric current as rate of flow of charge I =  
•	the coulomb as the unit of charge
•	the elementary charge e = 1.60 × 10−19 C
•	net charge on a particle or an object is quantised 
and a multiple of e
•	current as the movement of charged particles
•	conventional current and electron flow
•	Kirchhoff’s first law and the conservation of charge.
•	mean drift velocity of charge carriers
•	the equation I = A n e v
•	distinction between conductors, semiconductors, and 
insulators in terms of n.

Demonstrate knowledge, understanding, and 
application of:
•	progressive waves
•	longitudinal and transverse waves
•	displacement, amplitude, wavelength, period, phase 
difference, frequency, and speed of a wave
•	the equation f =  
•	the wave equation v = f λ
•	graphical representations of transverse and 
longitudinal waves
•	reflection and refraction of all waves
•	diffraction
•	polarisation
•	intensity of a progressive wave I =  
•	intensity 	 (amplitude)2.
11.6 Electromagnetic waves; 11.7 Polarisation of 
electromagnetic waves
Learning outcomes
Demonstrate knowledge, understanding, and 
application of:
•	the electromagnetic spectrum
•	properties of electromagnetic waves
•	the orders of magnitude of the wavelengths of the 
principal radiations from radio waves to gamma rays 
•	plane polarised waves
•	the polarisation of electromagnetic waves.
Demonstrate knowledge, understanding, and 

 

Demonstrate knowledge, understanding, and 
application of:
•	circuit symbols
•	circuit diagrams using these symbols
•	potential difference and the volt
•	electromotive force
•	distinction between e.m.f. and p.d.
•	energy transfer

W = V Q
and
W = Ɛ Q
•	energy transfer
e V =  m v2
for electrons and other charged particles.

9.4 Resistance; 9.5 I–V characteristics; 9.6 Diodes
Learning outcomes
Demonstrate knowledge, understanding, and 
application of:
•	resistance;
R =  ;
the unit ohm
•	Ohm’s law
•	I–V characteristics of resistors and fi lament lamps
•	I–V characteristics of diodes and light-emitting 
diodes.

     

Demonstrate knowledge, understanding, and 
application of:
•	Kirchhoff’s second law
•	conservation of energy
•	Kirchhoff’s first and second laws applied to electrical 
circuits
•	total resistance of resistors in series R = R1 + R2 + …
•	total resistance of resistors in parallel
  =   +   + …
•	analysis of circuits with components in both series 
and parallel
•	analysis of circuits with more than one source of 
e.m.f.
•	the source of e.m.f.
•	internal resistance
•	terminal p.d. and ‘lost volts’
•	the equations
Ɛ = I (R + r) and Ɛ = V + I r
•	determining r.
•	potential divider circuit with components
•	potential divider equations, for example,
Vout =   × Vin
and
  =  
•	potential divider circuits with variable components.

Demonstrate knowledge, understanding, and 
application of:
•	the principle of superposition of waves
•	graphical methods to i l lustrate the principle of 
superposition
•	interference, coherence, path difference, and phase 
difference
•	constructive interference and destructive interference 
in terms of path difference and phase difference
•	two-source interferences using sound and 
microwaves
•	Young double-slit experiment using visible l ight
•	λ =  
for all waves where a << D.
•	stationary (standing) waves: microwaves, stretched 
strings, and air columns
•	graphical representations of a stationary wave
•	similarities and differences between stationary and 
progressive waves
•	nodes and antinodes
•	the separation between adjacent nodes (or 
antinodes) is equal to  
•	the fundamental mode of vibration (first harmonic)
•	harmonics
•	stationary wave patterns for a stretched string
•	stationary wave patterns for air columns in closed 
and open tubes.

Demonstrate knowledge, understanding, and 
application of:
•	the particulate nature (photon model) of 
electromagnetic radiation
•	photons as quanta of energy of electromagnetic 
radiation
•	energy of a photon
E = h f and E =  
•	the electronvolt
•	using LEDs and the equation e V =   to estimate the 
value of the Planck constant h.
•	the photoelectric effect and its demonstration
•	the interaction between one photon and one surface 
electron
•	work function and threshold frequency
•	the effects of the intensity of the incident radiation 
on the emission of photoelectrons
•	Einstein’s photoelectric equation h f = φ + KEmax.
•	electron diffraction
•	diffraction of electrons by the atoms of graphite
•	the de Broglie equation λ =  

Demonstrate knowledge, understanding, and 
application of:
•	thermal equilibrium
•	the absolute scale of temperature
•	temperature measurements in degrees Celsius and 
kelvin
•	T(K) ≈ θ(°C) + 273.
•	solids, l iquids, and gases in terms of spacing, 
ordering, and motion of atoms or molecules
•	the simple kinetic model
•	Brownian motion.
•	internal energy as the sum of kinetic and potential 
energies in a system
•	absolute zero (0 K)
•	increase in internal energy with temperature
•	changes in internal energy during changes of phase
•	constancy of temperature during changes of phase.
•	the specific heat capacity of a substance – 
E = mcΔθ
•	an electrical experiment to determine the specific 
heat capacity of a metal or a l iquid.
•	specific latent heat of fusion and specific latent heat 
of vaporisation: 
E = mL
•	an electrical experiment to determine the specific 
latent heat of fusion and vaporisation.

National 
Curriculum/specificatio
n links

2.1.1, 2.1.2, 2.2.1,2.3.1, 3.4.1, 3.4.2, PAG 2A-1 3.1.1, 3.1.2, 3.1.3 3.2.1, 3.2.3, 3.2.4, 1.1.4 3.3.1, 3.3.2, 3.3.3, 1.1.1, 1.1.2, 1.1.3, 1.1.4 3.5.1, 3.5.2, 1.1.2, 1.1.3, 1.2.1 4.1.1, 4.1.2 4.4.1, 4.4.2, 4.4.2, 4.2.1, 4.2.2, 4.2.3, 4.2.4, 4.2.3, 4.2.4, 4.2.5, 4.3.1, 4.3.2, 4.3.3, 4.4.3, 4.4.4, 4.5.1, 4.5.2, 4.5.3, 5.1.1,5.1.2,5.1.3

Literacy
Numeracy Trigonometry, significant figures, standard form, and vectors Graphing skills/gradients Interpreting graphs

changing the subject of an equation , direct and inverse 
proportion  trigonometric ratios

changing the subject of an equation , direct and inverse 
proportion  trigonometric ratios techniques to analyse data changing the subject of an equation

algebra

changing the subject of an equation rearranging equations and interpreting graphs geometry and trigonometry rearranging and substituting into equations
STEM Trilateration and GPS Material Science Safety features in cars Buoyancy Efficiency of machines Forces in coll isions/rocketry Electrical engineering Distribution of digital information Electrical/electronic engineering Electrical/electronic engineering Acoustics Solar Power

What 
other 
curricu
lum 
areas/s
kil ls 
does 
the 
topic 
l ink 
with? 
When 
are 
these 
taught

Cross curricular l inks Required mathematical techniques include working with non-linear equations, 
drawing and interpreting graphs, and estimating the area under a graph.

1

Key vocabulary Absolute Uncertainties: The interval that a value is said to lie within, with a given level 
of confidence.

Accuracy: A measure of how close a measurement is to the true value.

Analogue Apparatus: Measuring apparatus such as rulers, beakers and 
thermometers that rely on the experimenter reading off a scale to determine the 
measurement.

Anomalies: Data points that don’t fit the pattern of the data. You should determine 
why an anomalous result has occurred before removing it. Repeat readings help 
remove anomalies.

Control Variables: Variables that must remain the same throughout an experiment so 
as to not affect the results.

Dependent Variables: The variable being measured in an experiment. It is dependent 
on the independent variable. The dependent variable should be plotted on the y-axis 
of a graph.

Digital Apparatus: Measuring apparatus such as ammeters, voltmeters and digital 
calipers that digitally measure and display a measurement.

Fiducial Marker: A thin marker, such as a splint, that is used to ensure readings are 
taken from the same place each time. They are used to improve the accuracy of 
measurements.

               

Brittle: A brittle object is one that shows very little strain before reaching its breaking 
stress.

Compression: The result of two coplanar forces acting into an object. Compression 
usually results in a reduction in the length of the object.

Compressive Deformation: The changing of an object’s shape due to compressive 
forces.

Ductile: A material is ductile if it can undergo very large extensions without failure. 
Ductile materials can be stretched into wires.

Elastic Deformation: If a material deforms with elastic behaviour, it will return to its 
original shape when the deforming forces are removed. The object will not be 
permanently deformed.

Elastic Potential Energy: The energy stored in an object when it is stretched. It is 
equal to the work done to stretch the object and can be determined from the area 
under a force-extension graph.

Extension: The increase of an object’s length.

Force-Extension Graph: A plot showing how an object extends as the force applied 
increases. For an elastic object, the gradient should be linear up to the limit of 
proportionality. The gradient gives the spring constant.

Hooke’s Law: The extension of an elastic object will be directly proportional to the 
          

Acceleration: The rate of change of velocity.

Average Speed: Distance over time for the entire region of 
interest.

Braking Distance: The distance travelled between the brakes 
being applied and the vehicle coming to a stop. It is affected by 
the vehicle and road conditions.

Displacement: The direct distance between an object’s starting 
and ending positions. It is a vector quantity and so has both a 
direction and a magnitude.

Displacement-Time Graphs: Plots showing how displacement 
changes over a period of time. The gradient gives the velocity. 
Curved lines represent an acceleration.

Free-Fall: An object is said to be in free fall when the only force 
acting on it is the force of gravity.

Instantaneous Speed: The exact speed of an object at a specific 
given point.

Projectile Motion: The motion of an object that is fired from a 
point and then upon which only gravity acts. When solving 
projectile motion problems, it is useful to split the motion into 
horizontal and vertical components.

Archimedes’ Principle: The upwards force acting on an object 
submerged in a fluid, is equal to the weight of the fluid it 
displaces.
Centre of Gravity: The single point through which the object’s 
weight can be said to act.
Centre of Mass: The single point through which all the mass of an 
object can be said to act.
Couple: Two equal and opposite parallel forces that act on an 
object through different l ines of action. It has the effect of causing 
a rotation without translation.
Density: The mass per unit volume of a material.
Drag: The frictional force that an object experiences when moving 
through a fluid.
Equilibrium: For an object to be equilibrium, both the resultant 
force and resultant moment acting on the object must be equal to 
zero.
Free-Body Diagram: A diagram showing all the forces acting on an 
object. It is a good starting point to any mechanics problem.
Friction: The resistive force produced when there is relative 
movement between two surfaces.
Moment of Force: The product of a force and the perpendicular 
distance from the line of action of the force to the pivot.
Newton: The unit of force.
Newton’s Second Law: The sum of the forces acting on an object is 
equal to the rate of change of momentum of the object. It is also 
expressed as the net force acting an object equaling the product of 
the object’s mass and acceleration.

          

work The product of force and the distance moved in the direction 
of the force, measured in J
efficiency The ratio of useful output energy to total input energy, 
often expressed as a
percentage
elastic potential energy The energy stored in an object because 
of its deformation
efficiency The ratio of useful output energy to total input energy, 
often expressed as a
percentage
principle of conservation of energy The total energy of a closed 
system remains constant —
energy cannot be created nor can it be destroyed
kinetic energy The energy associated with an object as a result of 
its motion

Conservation of Momentum: The total momentum of a system 
before an event must be equal to the total momentum of the 
system after the event, assuming no external forces act.

Elastic Collisions: A coll ision in which the total kinetic energy of 
the system before the coll ision is equal to the total kinetic energy 
of the system after the coll ision.

Impulse: The change of momentum of an object when a force 
acts on it. It is equal to the product of the force acting on the 
object and the length of time over which it acts.

Inelastic Collisions: A coll ision in which the total kinetic energy of 
the system before the coll ision is not equal to the kinetic energy of 
the system after the coll ision.

Linear Momentum: The product of an object’s mass and linear 
velocity.
 
Newton’s First Law: An object wil l remain in its current state of 
motion, unless acted on by a resultant force. An object requires a 
resultant force to be able to accelerate.

Newton’s Second Law: The sum of the forces acting on an object 
is equal to the rate of change of momentum of the object.

Newton’s Third Law: Every action has an equal and opposite 
            

Conductors: A material that allows the flow of 
electrical charge. Good conductors have a larger 
amount of free charge carriers to carry a current.

Conservation of Charge: The total charge in a system 
cannot change.

Conventional Current: The flow from positive to 
negative, used to describe the direction of current in 
a circuit.

Coulomb: The unit of charge.

Electric Current: The rate of flow of charge in a 
circuit.

Electrolytes: Substances that contain ions that when 
dissolved in a solution, act as charge carriers and 
allow current to flow.

Electron Flow: The opposite direction to 
conventional current flow. Electrons flow from 
negative to positive.

Elementary Charge: The smallest possible charge, 
equal to the charge of an electron.

         

Amplitude: A wave’s maximum displacement from its 
equilibrium position.

Antinodes: A position of maximum displacement in a 
stationary wave.

Coherence: Waves with the same frequency and 
constant phase difference.

Constructive Interference: The type of interference 
that occurs when two waves meet in phase. The wave 
amplitudes are superposed.

Critical Angle: The angle of incidence that results in 
an angle of refraction of exactly 90o . It is when the 
refracted ray travels along the boundary line.

Destructive Interference: The type of interference that 
occurs when the two
waves are in antiphase. When one wave is at a peak 
and one is at a trough their addition results in a 
minimum point.

Diffraction: The spreading of waves as they pass 
through a gap of a similar magnitude to their 
wavelength.

          

Conservation of Energy: Energy cannot be created or 
destroyed - it can only be transferred into different 
forms.

Internal Resistance: The resistance to the flow of 
charge within a source. Internal resistance results in 
energy being dissipated within the source.

Kirchhoff's Second Law: A consequence of the 
conservation of energy. The sum of the voltages in 
any closed loop must equal zero.

Lost Volts: The difference between a source’s emf 
and the terminal voltage. It is equal to the potential 
difference across the source’s internal resistance.

Parallel Circuit: Components are said to be 
connected in parallel when they are connected 
across each other (separate loops).

Potential Divider: A method of splitting a potential 
difference, by connecting two resistors in series. The 
total potential difference is split in the ratio of their 
resistances.

Resistors in Parallel: The potential difference across 
resistors connected in parallel is identical for each 

         

Diode: A component that allows current through in 
one direction only. In the correct direction, diodes 
have a threshold voltage (typically 0.6 V) above 
which current can flow.

Electromotive Force: The energy supplied by a 
source per unit charge passing through the source, 
measured in volts.

Filament Lamp: A bulb consisting of a metal 
fi lament, that heats up and glows to produce light. As 
the fi lament increases in temperature, its resistance 
increases since the metal ions vibrate more and make 
it harder for the charge carriers to pass through.

I-V Characteristics: Plots of current against voltage, 
that show how different components behave.

Kilowatt-Hour: A unit of electrical energy. It is usually 
used to measure domestic power consumption.

Light-Dependent Resistor: A light sensitive 
semiconductor whose resistance increases when light 
intensity decreases.

Negative Temperature Coefficient Thermistor:

    

Amplitude: A wave’s maximum displacement from its 
equilibrium position.

Antinodes: A position of maximum displacement in a 
stationary wave.

Coherence: Waves with the same frequency and 
constant phase difference.

Constructive Interference: The type of interference 
that occurs when two waves meet in phase. The wave 
amplitudes are superposed.

Critical Angle: The angle of incidence that results in 
an angle of refraction of exactly 90o . It is when the 
refracted ray travels along the boundary line.

Destructive Interference: The type of interference that 
occurs when the two
waves are in antiphase. When one wave is at a peak 
and one is at a trough their addition results in a 
minimum point.

Diffraction: The spreading of waves as they pass 
through a gap of a similar magnitude to their 
wavelength.

          

photoelectric effect The emission of photoelectrons 
from a metal surface when electromagnetic
radiation above a threshold frequency is incident on 
the metal
photoelectric effect equation Einstein’s equation 
relating the energy of a photon, the work
function of a metal, and the maximum kinetic energy 
of any emitted photoelectrons:
hƒ 		 	EKMAX
photoelectrons Electrons emitted from the surface of 
a metal by the photoelectric effect
photon A quantum of electromagnetic energy — 
photon energy E is given by E = hf, where h is
the Planck constant and f is the frequency of the 
electromagnetic radiation
Planck constant Symbol h, an important constant in 
quantum mechanics, 6.63 × 10−34 J 
quantisation The availabil ity of some quantities, such 
as energy or charge, only in certain
discrete values
quantity A property of an object, substance, or 
phenomenon that can be measured
quantum mechanics The branch of physics dealing 
with phenomena on the very small scale,
often less than the size of an atom

Catch up Plan / Closing the 
gaps

No content missed – new topics start of new course 
Year 13: Year 12 content had been completed and preparation was being made for end of year exams  - catch up need for required practicals. Students returned to school and covered the first two topics of the Year 13 course at the end of the school year. 
Practicals resumed and  PAGS missed to be completed and reviewed once course content complete

How are you identifying gaps in your subject?  Retrieval starters; SENECA; Students completed pre  A Level booklets as part of preparation for Year 12 

We review learning from previous topics as much as possible and refer to Y7 materials. Most of these topics are re-taught in Y9/10 at a higher standard, but will include basic information now as well, from Y7 & 8. 

How are you and your team capturing evidence so that you as HOF can be confident we are aware of all pupils gaps? Faculty Tracker (detailed)  SENECA – topic specific assessments , Q&A sessions, Starters, H/W 
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This chapter explores how the microscopic motion of 
atoms can be modelled using Newton’s laws and how 
this provides us with an understanding of pressure 
and temperature.

This chapter explores the different types of stars, and 
how stellar evolution can vary according the star’s 
mass. Observational evidence available from starlight 
is considered in terms of its collection and analysis.

This chapter explores measuring the distances to stars 
and galaxies, and their velocities. This is then 
followed by the implications for the development of 
the Universe from Big Bang to possible future ends.

Learners have the opportunity to appreciate how 
scientific ideas of the Big Bang developed over time 
(HSW7) and how its validity is supported by 
experimental work carried out by the scientific 
community (HSW11), supported by the abil ity to use 
their knowledge and understanding to support and 
communicate their ideas appropriately (HSW2,8).

This chapter explores how objects can be made to 
move in a circle, and the equations and 
measurements connected with motion in a circle.

This chapter explores how the microscopic motion of 
atoms can be modelled using Newton’s laws and how 
this provides us with an understanding of pressure 
and temperature.

This chapter provides knowledge and understanding 
of the atom, nucleus, the development of the model 
of the nuclear atom, and an introduction to the 
fundamental particles of the Standard Model.

his chapter covers alpha, beta, gamma, fission, 
fusion, half-l ife, and applications of these.

This chapter explores the nature of gravitational 
fields, along with practising calculations on a variety 
of aspects of gravitation, including Kepler’s laws.

This chapter explores magnetic fields, initially in 
basic terms, but the majority of the treatment is with 
reference to electromagnetism in generators, 
transformers and particle accelerators such as the 
mass spectrometer.

Students will need to build on their knowledge and 
skil ls from Key Stage 4 Science and Mathematics of:
•	density, mass and volume
•	motion of particles in gases
•	compression and expansion of gases affecting 
temperature and/or pressure
•	work on a gas can increase its temperature.

Students will need to build on their knowledge and 
skil ls from Key Stage 4 Science and Mathematics of:
•	celestial objects
•	formation of stars and their evolution
•	observations of starlight
•	the wave equation.

Students will need to build on their knowledge and 
skil ls from Key Stage 4 Science and Mathematics of:
•	the geometry of triangles
•	red-shift evidence
•	the Big Bang theory
•	gradient calculation on a graph.

Students will need to build on their knowledge and 
skil ls from Key Stage 4 Science and Mathematics of:
•	scalars and vectors
•	measuring angles
•	orbital motion
•	Newton’s second law of motion.

Students will need to build on their knowledge and 
skil ls from Key Stage 4 Science and Mathematics of:
•	wave properties
•	the connections between displacement, velocity and 
acceleration
•	sinusoidal graphs
•	energy conservation and transfers.

Students will need to build on their knowledge and 
skil ls from Key Stage 4 Science and Mathematics of:
•	the constituent parts of an atom
•	the structure of the nucleus
•	Rutherford’s alpha particle scattering experiment
•	beta decay.

Students will need to build on their knowledge and 
skil ls from Key Stage 4 Science and Mathematics of:
•	radioactive decays
•	nuclear decay equations
•	half-l ife and radioactive dating
•	probability.

Students will need to build on their knowledge and 
skil ls from Key Stage 4 Science and Mathematics of:
•	gravitational force
•	orbital motion
•	calculating weight
•	manipulation of equations, including squares and 
cubes.

Students will need to build on their knowledge and 
skil ls from Key Stage 4 Science and Mathematics of:
•	magnetic forces and fields
•	magnetic effects of currents including the motor 
effect
•	electromagnetic induction
•	transformers.

Demonstrate knowledge, understanding, and 
application of:
•	amount of substance, measured in moles
•	the Avogadro constant, NA
•	the model of the kinetic theory of gases and its 
assumptions
•	pressure in terms of this model.
Demonstrate knowledge, understanding, and 
application of:
•	the equation of state of an ideal gas pV = nRT, 
where n is the number of moles
•	techniques and procedures used to investigate PV = 
constant (Boyle’s Law) and P/T = constant
•	an estimation of absolute zero using variation of gas 
temperature with pressure.
Demonstrate knowledge, understanding, and 
application of:
•	the equation   relating the number of particles and 
the mean square speed
•	root mean square (r.m.s.) speed and mean square 
speed.
•	the Boltzmann constant;  
•	pV = NkT;  
•	internal energy of an ideal gas.

Demonstrate knowledge, understanding, and 
application of:
•	the terms planets, planetary satell ites, comets, solar 
systems, galaxies, and the Universe
•	the formation of a star from interstellar dust and gas 
in terms of gravitational collapse, fusion of hydrogen 
into helium, radiation, and gas pressure.
•	evolution of a low mass star l ike our Sun into a red 
giant and white dwarf
•	planetary nebula
•	characteristics of a white dwarf; electron degeneracy 
pressure; Chandrasekhar l imit
•	evolution of a massive star into a red supergiant and 
then either a neutron star or black hole, supernova
•	characteristics of neutron stars and black holes.
•	Hertzsprung–Russell (HR) diagram as 
luminosity–temperature plot
•	main sequence; red giants; super red giants; white 
dwarfs.
•	energy levels of electrons in isolated gas atoms
•	the idea that energy levels have negative values
•	emission spectral l ines from hot gases in terms of 
transition of electrons between discrete energy levels 
and emission of photons
•	the equations        hf = 	E and        hc/	 = 	E.
•	different atoms have different spectral l ines, which 
can be used to identify elements within stars

      

(a)	distances measured in astronomical unit (AU), 
l ight-year (ly) and parsec (pc)
(b)	stellar parallax; distances the parsec (pc)
(c)	the equation p = "1" /"d"  , where p is the 
parallax in seconds of arc and d is the distance in 
parsec
(d)	the Cosmological principle; universe is 
homogeneous and the laws of physics are universal
(e)	Doppler effect; Doppler shift of electromagnetic 
radiation
(f)	Doppler equation 		/	" 	  	"f" /"f"  	 "v" /"c"   
for a source of electromagnetic radiation moving 
relative to an observer
(g)	Hubble’s law;  v 	 H0 d for receding galaxies, 
where H0 is the Hubble constant
(h)	model of an expanding universe supported by 
galactic red shift 
(i)	Hubble constant H0 in both km s–1 Mpc–1 and s–1 
units
(j)	the Big Bang theory
(k)	experimental evidence for the Big Bang theory 
from microwave background radiation at a 
temperature of 2.7 K
(l)	the idea that the Big Bang gave rise to the 
expansion of space-time
(m)	estimation for the age of the universe; t  	 H0–1
(n)	evolution of the universe after the Big Bang to 

 

5.2.1 Kinematics of circular motion
Learners should be able to demonstrate and apply 
their knowledge and understanding of:
the radian as a measure of angle
period and frequency of an object in circular motion
angular velocity 					= "2	" /"T"  or 		= 2	f
5.2.2 Centripetal force 
Learners should be able to demonstrate and apply 
their knowledge and understanding of:
a constant net force perpendicular to the velocity of 
an object causes it to travel in a circular path
constant speed in a circle; v = 	r
centripetal acceleration; a = "v" ^"2" /"r" ; a = 	2r
centripetal force; F = ("m" "v" ^"2" )/"r" ;  F = m	2r
techniques and procedures used to investigate 
circular motion using a whirl ing bung.

5.3 Oscil lations 
Oscil latory motion is all around us, with examples 
including atoms vibrating in a solid, a bridge swaying 
in the wind, the motion of pistons of a car and the 
motion of tides (HSW1,2,3,5,6,8,9,10,12). 
This section provides knowledge and understanding 
of simple harmonic motion, forced oscil lations and 
resonance.
 
5.3.1 Simple harmonic oscil lations 
Learners should be able to demonstrate and apply 
their knowledge and understanding of:
displacement, amplitude, period, frequency, angular 
frequency and phase difference
angular frequency 				 = "2	" /"T"   or 	 = 2	f
simple harmonic motion; defining equation a = 
–		x
techniques and procedures used to determine the 
period/frequency of simple harmonic oscil lations 
solutions to the equation a =  –	2x  e.g. x = A cos	t 
or x = A sin	t 
velocity "v"=±	 √("A" ^2-"x" ^2 ) hence  vmax = 	A 
the period of a simple harmonic oscil lator is 
independent of its amplitude (isochronous oscil lator)
graphical methods to relate the changes in 
displacement, velocity and acceleration during 
simple harmonic motion.

       

6.4.1 The nuclear atom 
(a)	alpha-particle scattering experiment; evidence 
of a small charged nucleus
(b)	simple nuclear model of the atom; protons, 
neutrons and electrons
(c) 	relative sizes of atom and nucleus
(d)	proton number; nucleon number; isotopes; 
notation (_"Z" ^"A" )"X"  for the representation of 
nuclei
(e)	strong nuclear force; short-range nature of the 
force; attractive to about 3 fm and repulsive below 
about 0.5 fm
(f)	radius of nuclei; R = r0

〖

" A" 

〗

^□("1" /"3" )  where 
r0 is a constant and A is the nucleon number
(g)	mean densities of atoms and nuclei.
6.4.2 Fundamental particles 
(a)	particles and antiparticles; electron–positron, 
proton–antiproton, neutron–antineutron and 
neutrino–antineutrino
(b)	particle and its corresponding antiparticle have 
same mass; electron and positron have opposite 
charge; proton and antiproton have opposite charge
(c)	classification of hadrons; proton and neutron as 
examples of hadrons; all hadrons are subject to the 
strong nuclear force
 
(d)	classification of leptons; electron and neutrino 

          

6.4.3 Radioactivity 
(a)	radioactive decay; spontaneous and random 
nature of decay
(b)	(i) 	-particles, 	-particles and 	-rays; nature, 
penetration and range of these radiations
	(ii) techniques and procedures used to investigate 
the absorption of 	 particles, 	-particles 		and 	-rays 
by appropriate materials
(c)	nuclear decay equations for alpha, beta-minus 
and beta-plus decays; balancing nuclear 
transformation equations
(d)	activity of a source; decay constant 		of an 
isotope; A = 	N 
(e)	(i) half-l ife of an isotope; 	"t" _□("1" /"2" ) = ln(2)
	(ii) techniques and procedures used to determine 
the half-l ife of an isotope such as 			protactinium.
(f)	(i) the equations A = A0e-	t and N = N0e-	t, 
where A is the activity and N is the number of 
			undecayed nuclei
	(ii) simulation of radioactive decay using dice
(g)	graphical methods and spreadsheet modelling 
of the equation 
	 	"N" /	"t"   = –	N  for radioactive decay
(h)	radioactive dating, e.g. carbon-dating.
 
6.4.4 Nuclear fission and fusion 
(a)	Einstein’s mass–energy equation; 	E = 	mc2

       

5.4.1 Point and spherical masses 
(a)	gravitational fields are due to objects having 
mass
(b)	modelling the mass of a spherical object as a 
point mass at its centre
(c)	gravitational field l ines to map gravitational 
fields
(d)	gravitational field strength; g = "F" /"m" 
(e)	the concept of gravitational fields as being one 
of a number of forms of field giving rise to a force
5.4.2 Newton’s law of gravitation 
(a)	Newton’s law of gravitation; F = – "GMm" /"r" ^"2"   
 for the force between two point masses
(b)	gravitational field strength g = – "GM" /"r" ^"2"   
for a point mass
(c)	gravitational field strength is uniform close to the 
surface of the Earth and numerically equal to the 
acceleration of free fall.
 
5.4.3 Planetary motion 
(a)	Kepler’s three laws of planetary motion
(b)	the centripetal force on a planet is provided by 
the gravitational force between it and the Sun
(c)	the equation T 2 = (("4" 		" ^"2" )/"GM" )r3 
(d)	the relationship for Kepler’s third law T2 	 r3 
applied to systems other than our solar system
(e)	geostationary orbit; uses of geostationary 

6.2.1 Point and spherical charges 
(a)	electric fields are due to charges
(b)	modelling a uniformly charged sphere as a point 
charge at its centre
(c)	electric field l ines to map electric fields
(d)	electric field strength; E = "F" /"Q" 
6.2.2 Coulomb’s law 
(a)	Coulomb’s law; F = "Qq" /

〖

"4	" 	_"0"  "r" 

〗

^" 2"   
for the force between two point charges
(b)	electric field strength E = "Q" /

〖

"4	" 	_"0"  "r" 
〗

^" 2"   for a point charge
(c)	similarities and differences between the 
gravitational field of a point mass and the electric 
field of a point charge.
(d)	the concept of electric fields as being one of a 
number of forms of field giving rise to a force
6.2.3 Uniform electric field 
(a)	uniform electric field strength; E = "V" /"d" 
(b)	parallel plate capacitor; permittivity; 
C = (	_"0"  "A" )/"d"  ; C = 	" A" /"d"  ; 	 = 	_"r"  
	_"0" 
(c)	motion of charged particles in a uniform electric 
field.
 
6.2.4 Electric potential and energy 
(a)	electric potential at a point as the work done in 
bringing unit charge from infinity to the point; 

     5.1.4 5.5.1, 5.5.2 5.5.3 5.2.1,2 5.3.1,2,3 6.4.1,2 6.4.3,4 5.4.1-5.4.4

Geostationary satell ites have done much to improve 
telecommunications around the world. They are 
expensive; governments and industry have to make 
difficult decisions when building new ones. Learners 
have the opportunity to discuss the societal benefits 
of satell ites and the risks they pose when accidents 
do occur (HSW9 10)  
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