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Personalised Learning  

checklist 

 

AQA A-Level Physics (7408)  
 

 

Topic: key advanced mathematical Skills  

You should be able to demonstrate and apply your knowledge and understanding of:    
Exponential and logarithmic functions e.g. solve for unknowns in 𝑁 = 𝑁0 𝑒− 𝜆𝑡    

Handle sin 𝑥, cos 𝑥, tan 𝑥 when 𝑥 is expressed in degrees or radians    

Make order of magnitude calculations    

Change the subject of an equation, including non-linear equations    

Solve algebraic equations, including quadratic equations    

Use logarithms in relation to quantities that range over several orders of magnitude 

… recognise and interpret real world examples of logarithmic scales 
   

Apply the concepts underlying calculus (but without requiring the explicit use of 
derivatives or integrals) by solving equations involving rates of change  

   

Interpret logarithmic plots    

Use logarithmic plots to test exponential and power law variations    

Sketch relationships which are modelled by: 

𝑦 =
𝑘

𝑥
, 𝑦 = 𝑘𝑥2 ,      𝑦 =

𝑘

𝑥2
,      𝑦 = 𝑘𝑥,      𝑦 = 𝑚𝑥 + 𝑐 

 

𝑦 = cos 𝑥 ,      𝑦 = sin 𝑥 ,      𝑦 = cos2 𝑥 ,      𝑦 = sin2 𝑥 ,      𝑦 = 𝑒± 𝑥 

   

Use Pythagoras’ theorem, and the angle sum of a triangle    

Use sin, cos and tan in physical problems    

Use of small angle approximations including sin 𝜃 ≈ 𝜃, tan 𝜃 ≈ 𝜃, cos 𝜃 ≈ 1  for small 
𝜃 in radians  

   

Understand the relationship between degrees and radians and translate from one to 
the other 

   

Recognise the significance of the symbols in e.g.  

𝐹 ∝
∆𝑝

∆𝑡
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Topic: Practical Endorsement and data analysis skills   

You should be able to demonstrate and apply your knowledge and understanding of:    
CPAC 1a in at least three instances     

CPAC 2a in at least three instances    

CPAC 2b in at least three instances    

CPAC 2c in at least three instances    

CPAC 2d in at least three instances    

CPAC 3a in at least three instances    

CPAC 3b in at least three instances    

CPAC 4a in at least three instances    

CPAC 4b in at least three instances    

CPAC 5a-r in at least three instances    

CPAC 5a-d in at least three instances    

CPAC 5b in at least three instances    

    

Investigation into the variation of the frequency of stationary waves on a string  
(or wire) with length, tension, and mass per unit length of string 

   

Investigation of interference in Young’s slit experiment and measuring the 
wavelength of the laser light – Diffraction by a diffraction grating and measuring the 
wavelength of the laser light 

   

Determination of g by a free-fall method    

Determination of the resistivity of a wire using a micrometer screw gauge, ammeter 
and voltmeter 

   

Investigation of emf and internal resistance of electric cells and batteries by 
measuring the variation of the terminal pd of the cell with current in it 

   

Determination of the Young Modulus by a simple method    

Investigation into simple harmonic motion using a mass-spring system 

Investigation into simple harmonic motion using a simple pendulum 
   

Investigation of Boyle’s (constant temperature) law for a gas 

Investigation of Charles’s (constant pressure) law for a gas 
   

Investigation of the charge and discharge of capacitors    

Investigate how the force on a wire varies with flux density, current and length of wire 
using a top pan balance 

   

Investigate, using a search coil and oscilloscope (or Hall probe or Tesla metre), the 
effect on magnetic flux linkage of varying the angle between a search coil and 
magnetic field direction 

   

Investigation of the inverse-square law for gamma radiation from Cobalt-60    
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You should be able to demonstrate and apply your knowledge and understanding of:    
Physical quantities have a numerical value and a unit    

Fundamental (base) units: mass, length, time, amount of substance, temperature, 
electric current and their associated SI units 

   

Base versus derived SI units    

SI prefixes (T, G, M, k, c, m, μ, n, p, f) and standard form    

Convert between different units of the same quantity,  

e.g. J and eV, J and kW h          e.g. km per hour and m s–1         e.g. rpm and rad s–1  
   

Identify random and systematic errors and suggest ways to reduce or remove them    

Precise versus accurate , repeatability, reproducibility and resolution     

Link between the number of significant figures in the value of a quantity and its 
associated uncertainty 

   

Absolute, fractional and percentage uncertainties represent uncertainty in the final 
answer for a quantity 

   

Combine uncertainties in cases where the measurements that give rise to the 
uncertainties are added, subtracted, multiplied, divided, or raised to powers 

   

Uncertainty in a data point on a graph when using error bars    

Uncertainties in the gradient and intercept of a straight-line graph    

Logarithms e.g. to analyse 𝑉 = 𝑉0 𝑒−𝑡/𝑅𝐶      

Estimate approximate values of physical quantities to the nearest order of magnitude    

Exponential decay graph …  constant-ratio property of such a graph    

Conventions used for labelling graph axes and table columns    

Resolving a vector into two perpendicular components    

Vector triangles to determine the resultant of any two coplanar vectors by calculation 
or by scale drawing 
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Topic: Waves  (Paper 1) 

You should be able to demonstrate and apply your knowledge and understanding of:    
Idea that a progressive wave transfers energy without any transfer of matter    

Direction of oscillations … longitudinal versus transverse … implications     

Definitions of amplitude, period, frequency, wavelength, speed, phase,  
phase difference (including radians) 

   

𝑐 = 𝑓 ÷ 𝜆,    𝑓 = 1 ÷ 𝑇    

Nature of EM waves    

The term polarisation … polarisation as evidence for the nature of transverse waves    

Applications of polarisers to include Polaroid material and the alignment of aerials for 
transmission and reception 

   

The terms in phase and in antiphase    

The idea that all points on wavefronts oscillate in phase  

… that wave propagation directions (rays) are at right angles to wavefront 
   

Stationary waves – definition, formation and applications  

… a stationary wave can be regarded as a superposition of two progressive waves of 
equal amplitude and frequency, travelling in opposite directions, and that the inter-
nodal distance is ½ 𝜆 

   

Nodes and antinodes    

𝑓1 =
1

2𝑙
√

𝑇

𝜇
 ,  𝜇 =

𝑚

𝑙
= 𝜌𝐴   - Core Practical     

Stationary waves formed on a string,  produced with microwaves and sound waves    

Stationary waves on strings in terms of harmonics    

Differences between stationary and progressive waves    

Path difference  

.. path difference rules for constructive and destructive interference between waves 
from in phase sources 

   

Coherent and monochromatic sources 

… coherent sources are monochromatic with a constant phase relationship 

… examples of coherent and incoherent sources 

   

Diffraction occurring when waves encounter slits or obstacles 

… little diffraction when λ is much smaller than the dimensions of the obstacle or slit 

… if λ is equal to or greater than the width of a slit, waves spread as roughly  
    semi-circular wavefronts 

   

Two source interference 

.. for two source interference to be observed, the sources must have a constant 
phase difference and have oscillations in the same direction 

   

The principle of superposition, giving appropriate sketch graphs      

Interference and diffraction using a laser …  safety issues when using lasers    

Young’s double-slit experiment … 𝑤 = 𝜆𝐷 ÷ 𝑠      
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You should be able to demonstrate and apply your knowledge and understanding of:    
Techniques and procedures used to determine the wavelength of light using  

a double-slit and a diffraction grating  - Core Practical 

   

Interference pattern using white light    

Describe and explain interference produced with sound and EM waves    

Patterns produced when monochromatic or white light is shone through a single slit    

Qualitative treatment of the variation of the width of the central diffraction maximum 
with wavelength and slit width 

   

Plane transmission diffraction grating at normal incidence – derivation 𝑛 𝜆 = 𝑑 sin 𝜃 

… for a diffraction grating a very small 𝑑 makes orders much further apart than in 
Young’s double-slit experiment, and the large number of slits makes the bright 
fringes much sharper - Core Practical  

   

Refractive index of a substance,  𝑛 = 𝑐 ÷ 𝑐𝑠 

refractive index of air is 1.00 

   

Snell’s law of refraction for a boundary, 𝑛1 sin 𝜃1 = 𝑛2 sin 𝜃2     

How Snell's law relates to the wave model of light propagation and for diagrams of 
plane waves approaching a plane boundary obliquely, and being refracted 

   

Definition of critical angle as the angle of incidence which produces an angle of  

refraction of 90°  

… need to go from an optically denser medium to a less optically dense medium  

   

Total internal reflection … define … conditions  

derivation and use of  sin 𝜃𝑐 = 𝑛2 ÷ 𝑛1        𝑛1 > 𝑛2 

   

Apply the concept of total internal reflection to multimode optical fibres    

Step index fibre optics and the function of the cladding    

Problem of multimode dispersion with optical fibres in terms of limiting the rate of 
data transfer and transmission distance 

… the introduction of mono-mode optical fibres has allowed for much greater 
transmission rates and distances 

   

Material and modal dispersion in a fibre optic cable  … principles and consequences 
of pulse broadening and absorption 
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Topic: Mechanics (paper 1) 

You should be able to demonstrate and apply your knowledge and understanding of:    
Vectors versus scalars  

velocity vs speed, mass, force vs weight, acceleration, displacement vs distance 
   

Addition of vectors by calculation and scale drawing    

Resolution of vectors into two components at right angles to each other    

Components of forces along and perpendicular to an inclined plane    

Conditions for equilibrium for two or three coplanar forces acting at a point … 

problem solving using resolved forces of a closed triangle  
   

Meaning of equilibrium in the context of an object at rest or moving with constant 
velocity 

   

Moment of a force about a point … definition … units … calculation    

Couple as a pair of equal and opposite coplanar forces … definition … calculation    

Principle of moments … state … calculations     

Centre of mass … definition … implications for problem solving    

The position of the centre of mass of uniform regular solid is at its geometrical centre    

Displacement, speed, velocity, acceleration … definition … units … calculation    

𝑣 = ∆𝑠 ÷ ∆𝑡                𝑎 = ∆𝑣 ÷ ∆𝑡     

Average vs instantaneous speeds and velocities    

Graphs for uniform and non-uniform acceleration    

Displacement-time graphs … gradient     

Velocity-time graphs … area … gradient     

Acceleration-time graphs … area     

Graphs for motion of bouncing ball    

Equations for uniform motion … derive … use  

𝑣 = 𝑢 + 𝑎𝑡,   𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 ,    𝑣2 = 𝑢2 + 2𝑎𝑠,       𝑠 =

1

2
(𝑢 + 𝑣)𝑡   

   

Acceleration due to gravity … problem solving … experimental determination     

Techniques and procedures used to determine the acceleration of free fall in  

the laboratory using trapdoor and electromagnet arrangement or light gates  

and timer – Core Practical  

   

Independence of vertical and horizontal motion of a body moving freely under gravity 

… problems will be solvable using the equations of uniform acceleration 

… max height, time of flight, horizontal range, velocity at impact  

   

Qualitative understanding of the effect of air resistance on the trajectory of  

a projectile and on the factors that affect the maximum speed of a vehicle 
   

Qualitative treatment of lift and drag forces … terminal speed 

Factors affecting drag for an object travelling through a fluid  
   

Knowledge and application of Newton’s three laws of motion    
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You should be able to demonstrate and apply your knowledge and understanding of:    
For situations where the mass is constant, 𝐹 = 𝑚𝑎    

Free-body diagrams    

Condition for equilibrium of three coplanar forces …  triangle of forces    

Definition of linear momentum    

Conservation of linear momentum applied to problem solving     

Collisions and interaction of bodies in one dimension and in two dimensions    

Force as the rate of change of momentum,  𝐹 = ∆(𝑚𝑣) ÷ ∆𝑡    

Definition of impulse and use of 𝐹 ∆𝑡 =  ∆(𝑚𝑣) 

… impulse is equal to the area under a force–time graph 

… estimate the area under non-linear graphs 

   

Area under a force–time graph    

Elastic and inelastic collisions    

Explosions     

Idea that work is the product of a force and distance moved in the direction of the 
force when the force is constant 

   

Work done by a constant force, 𝑤 = 𝐹 𝑠 cos 𝜃    

Power as the rate of doing work,  𝑃 = ∆𝑊 ÷ ∆𝑡 = 𝐹 𝑣    

Area under a force–displacement graph    

Efficiency = useful output power ÷ input power 

Efficiency as a percentage 
   

Principle of conservation of mechanical energy 

Final ME – Initial ME = Work done against non-conservative forces  
   

Application of energy conservation to situations involving gravitational potential 
energy, kinetic energy, elastic potential energy and work done against resistive 
forces 

   

Dissipative forces for example, friction and drag cause energy to be transferred from 
a system and reduce the overall efficiency of the system 

… drag increases with speed  
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Topic: Electricity (Paper 1)   

You should be able to demonstrate and apply your knowledge and understanding of:    
Electric current as the rate of flow of charge, 𝐼 = ∆𝑄 ÷ ∆𝑡    

Potential difference as work done per unit charge, 𝑉 = 𝑊 ÷ 𝑄 

The idea that potential difference is measured in volts (V) where V = J C–1 
   

Resistance defined as the ratio of p.d. and current, 𝑅 = 𝑉 ÷ 𝐼    

Collisions between free electrons and ions gives rise to electrical resistance,  

and electrical resistance increases with temperature 
   

Ordinarily collisions between free electrons and ions in metals increase the random 
vibration energy of the ions, so the temperature of the metal increases 

   

IV characteristics for an ohmic conductor, diode, LDR, and filament lamp    

Ohm’s law    

Ideal ammeter and ideal voltmeter    

Resistivity, 𝜌 = 𝑅𝐴 ÷ 𝑙      - Core Practical  

… techniques and procedures used to determine the resistivity of a metal. 
   

Description of the qualitative effect of temperature on the resistance of metal 
conductors and negative coefficient thermistors (ntc) 

   

Applications of thermistors and LDR as sensors    

Superconductivity as a property of certain materials which have zero resistivity at 
and below a critical temperature which depends on the material 

… what is meant by superconductivity, and superconducting critical temperature 

   

Most metals show superconductivity, and have a critical temperatures a few degrees  

above absolute zero … certain materials (high temperature superconductors) have 
critical temperatures above the boiling point of nitrogen, –196 °C 

   

Applications of superconductors to include the production of strong magnetic fields 
and the reduction of energy loss in transmission of electric power 

   

Conservation of charge and conservation of energy in dc circuits    

Resistors in series, derivation of 𝑅𝑇 = 𝑅1 + 𝑅2 + 𝑅3 + ⋯    

Resistors in parallel, derivation of  
1

𝑅𝑇
=

1

𝑅1
+

1

𝑅2
+

1

𝑅3
+ ⋯    

Electrical energy and electrical power,  𝐸 = 𝐼𝑉𝑡          𝑃 = 𝐼𝑉 = 𝐼2𝑅 = 𝑉2 ÷ 𝑅    

The kilowatt-hour (kW h) as a unit of energy    

The relationships between currents, voltages and resistances in series and parallel 
circuits, including cells in series and identical cells in parallel 

   

The potential divider used to supply constant or variable potential difference from a 
fixed power supply 

   

Potential divider to include the use of variable resistors, thermistors, and LDRs    

Electromotive force (emf) of a source versus potential difference … “lost volts”    
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You should be able to demonstrate and apply your knowledge and understanding of:    
𝜀 = 𝐼𝑅 + 𝐼𝑟     

Understand and perform calculations for circuits in which the internal resistance of 
the supply is not negligible  

   

Analysis of circuits with components, including both series and parallel    

Techniques and procedures used to determine the internal resistance of a  

chemical cell or other source of emf - Core Practical 
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Topic: Particle Physics (Paper 1)   

You should be able to demonstrate and apply your knowledge and understanding of:    
Simple model of the atom, including the proton, neutron and electron    

Charge and mass of the proton, neutron and electron in SI units and relative units    

Specific charge of the proton and the electron, and of nuclei and ions    

Proton number 𝑍, nucleon number 𝐴, nuclide notation, 𝑋𝑍
𝐴  notation     

Meaning of isotopes and the use of isotopic data    

The strong nuclear force …  its role in keeping the nucleus stable  
…  short-range attraction up to approximately 3 fm 
… very-short range repulsion below 0.5 fm 

   

Unstable nuclei: alpha and beta decay    

Equations for alpha decay, β− decay including the need for the antineutrino, 𝛽+ decay    

Existence of the neutrino was hypothesised to account for conservation  

of energy and momentum in beta decay 
   

For every type of particle, there is a corresponding antiparticle 

… the properties of an antiparticle are identical to those of its corresponding particle 
apart from having opposite charge, and  that particles and antiparticles annihilate 

   

Comparison of particle and antiparticle masses, charge and rest energy in MeV    

Positron, antiproton, antineutron and antineutrino are the antiparticles of the electron, 
proton, neutron and neutrino respectively 

   

Photon model of electromagnetic radiation,  𝐸 = ℎ𝑓 = ℎ𝑐 ÷ 𝜆    

Mechanisms of annihilation of matter and antimatter and pair production and pair 
production and the energies involved 

   

Fundamental interactions: gravity, electromagnetic, weak nuclear, strong nuclear    

The concept of exchange particles to explain forces between elementary particles    

The electromagnetic force; virtual photons as the exchange particle    

The weak interaction limited to β− and β+ decay, electron capture and  
electron–proton collisions; W+ and W− and Z bosons as the exchange particles 

   

Simple diagrams to represent the above reactions or interactions in terms of  

incoming and outgoing particles and exchange particles 
   

Hadrons are subject to the strong interaction    

The two classes of hadrons:  

 baryons (proton, neutron) and antibaryons (antiproton and antineutron) 

 mesons (pion, kaon) 

… all hadrons are subject to the strong nuclear force 

   

Baryon number as a quantum number    

Conservation of baryon number    

The proton is the only stable baryon into which other baryons eventually decay    

The pion as the exchange particle of the strong nuclear force  

… gluon is the exchange particle between quarks  
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You should be able to demonstrate and apply your knowledge and understanding of:    
The kaon as a particle that can decay into pions    

Leptons: electron, muon, neutrino and their antiparticles 

… all leptons are subject to the weak nuclear force 
   

Lepton number as a quantum number    

Conservation of lepton number for muon leptons and for electron leptons    

The muon as a particle that decays into an electron    

Strange particles    

Strange particles are produced through the strong interaction and decay through the 
weak interaction 

   

Strangeness (symbol s) as a quantum number to reflect the fact that strange  

particles are always created in pairs 
   

Conservation of strangeness in strong interactions    

Strangeness can change by 0, +1 or -1 in weak interactions    

Particle physics relies on the collaborative efforts of large teams of scientists and 
engineers to validate new knowledge 

   

Quarks and antiquarks are never observed in isolation, but are bound into composite 
particles called hadrons – baryons (three quarks), antibaryons (three antiquarks), 
mesons (quark-antiquark pair) 

   

Properties of quarks and antiquarks: charge, baryon number and strangeness 

… balancing of quark transformation equations in terms of charge 
   

Combinations of quarks and antiquarks required for baryons (proton and neutron), 
antibaryons (antiproton and antineutron) and mesons (pion and kaon) 

   

up (u), down (d) and strange (s) quarks and their antiquarks    

Change of quark character in β− and in β+ decay  

... β− and β+ decay in terms of a quark model 

… decay of particles in terms of the quark model 

   

Conservation laws for charge, baryon number, lepton number and strangeness to 
particle interactions 

   

Recognise that energy and momentum are conserved in interactions    

Neutrino involvement and quark flavour changes are exclusive to weak interactions    

The fact that light can be shown to consist of discrete packets (photons) of energy    

The Photoelectric Effect … threshold frequency …  photon explanation  

… how the photoelectric effect can be demonstrated 
   

Work function φ, stopping potential 

… work function of a material is the minimum energy of a photon required to cause       

     photoemission, this is an all or nothing process …  

… how a vacuum photocell can be used to measure the maximum kinetic energy,    

     𝐸𝐾 𝑚𝑎𝑥, of emitted electrons in eV and hence in J 

… graph of 𝐸𝐾 𝑚𝑎𝑥  against frequency of illuminating radiation   
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You should be able to demonstrate and apply your knowledge and understanding of:    
ℎ𝑓 = 𝜙 + 𝐸𝐾 𝑚𝑎𝑥    

The idea that the maximum kinetic energy of the photoelectrons is independent of 
the intensity of the incident radiation 

   

The idea that rate of emission of photoelectrons above the threshold frequency is 
directly proportional to the intensity of the incident radiation 

   

The visible spectrum runs approximately from 700 nm (red) to 400 nm (violet) and 
the orders of magnitude of the wavelengths of the other named regions of the 
electromagnetic spectrum 

   

Ionisation and excitation … ground state    

Ionisation and excitation in the fluorescent tube    

The electron volt, eV  J    

Line spectra evidence for transitions between discrete energy levels in atoms 

… how to produce line emission and line absorption spectra from atoms 

… appearance of such spectra as seen in a diffraction grating 

   

ℎ𝑓 = 𝐸1 − 𝐸2  

… atomic energy level diagrams, together with the photon hypothesis, line emission 
and line absorption spectra 

   

 electron diffraction suggests that particles possess wave properties  

 photoelectric effect suggests that electromagnetic waves have a particle nature 
   

Diffraction of electrons travelling through a thin slice of polycrystalline graphite by the 
atoms of graphite and the spacing between the atoms 

   

de Broglie hypothesis and de Broglie wavelength    

explain how and why the amount of diffraction changes when the momentum of the 
particle is changed 
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Topic: Materials (Paper 1) 

You should be able to demonstrate and apply your knowledge and understanding of:    
Density     

Hooke’s law and elastic limit    

𝐹 = 𝑘 ∆𝑙 and definition of 𝑘    

Tensile strain and tensile stress    

Breaking stress    

Elastic strain energy    

If Hooke’s law is obeyed, energy stored =
1

2
 𝐹 ∆𝑙 = area under force-extension graph     

Plastic behaviour, fracture and brittle behaviour linked to force–extension graphs    

Elastic potential energy transformed to kinetic and gravitational potential energy    

Stress–strain curve    

Young modulus     

Use of stress-strain graphs to find the Young modulus    

Use of force-extension graphs to find the Young modulus    

Simple method of measurement of Young Modulus – Core Practical     

Area under stress-strain graph =  strain energy per unit volume    

The features of a force-extension (or stress-strain) graph for a metal such as  

copper, to include: 

 elastic and plastic strain 

 ductile fracture 

   

The features of a force-extension (or stress-strain) graph for a brittle material such as 
glass, to include: 

 elastic strain and obeying Hooke’s law up to fracture 

 brittle fracture  

   

The features of a force-extension (or stress-strain) graph for rubber, to include: 

 Hooke’s law only approximately obeyed 

 very low young modulus  

 hysteresis (unloading curve  is below the loading curve … area between the 
curves represents the mechanical energy lost in the cycle) 
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Topic: further mechanics (Paper 1) 

You should be able to demonstrate and apply your knowledge and understanding of:    
The definition of the unit radian as a measure of angle  

… use of the radian as a measure of angle 
   

Motion in a circular path at constant speed implies there is an acceleration and 
requires a centripetal force 

   

Idea that the centripetal force is the resultant force acting on a body moving at 
constant speed in a circle  

   

Centripetal force and acceleration are directed towards the centre of the circular 
motion 

   

𝜔 = ∆𝜙 ÷ ∆𝑡 = 2𝜋𝑓 = 𝑣 ÷ 𝑟                        𝑎 = 𝜔2𝑟 = 𝑣2 ÷ 𝑟    

Calculate the acceleration and centripetal force in situations that involve rotation 

… horizontal circle … vertical circle (max/min tension) 
   

Characteristics of simple harmonic motion 

… period of a SHO is independent of its amplitude (isochronous oscillator) 
   

Conditions for SHM and defining equation  

… definition of simple harmonic motion as a statement in words 

…. 𝑎 = −𝜔2𝑥 as a mathematical definition, importance of negative sign  

   

𝑥 = 𝐴 cos 𝜔𝑡          𝑣 = ±𝜔√𝐴2 − 𝑥2    

Graphs of the variation of 𝑥, 𝑣 and 𝑎 with 𝑡    

Appreciation that the 𝑣 − 𝑡 graph is derived from the gradient of the 𝑥 − 𝑡 graph and 
that the 𝑎 − 𝑡 graph is derived from the gradient of the 𝑣 − 𝑡 graph 

   

Graphical representation of the interchange between kinetic energy and potential 
energy during undamped simple harmonic motion, and perform simple calculations 
on energy changes 

   

Maximum speed and maximum acceleration     

Techniques and procedures used to determine the period of simple harmonic 
oscillations 

   

Mass-spring system – Core Practical     Simple pendulum – Core Practical    

Appreciate the use of the small angle approximation (𝜃 = sin 𝜃 in radians) in the 
derivation of the time period for the simple pendulum 

   

Free oscillations and the effect of damping in real system 

… exponential decay graph …  constant-ratio property of such a graph 
   

Practical examples of damped oscillations 

… importance of critical damping in appropriate cases such as vehicle suspensions 
   

Forced oscillations and resonance … natural frequency    

Variation of the amplitude of a forced oscillation with driving frequency and that 
increased damping broadens the resonance curve … phase difference between 
driver and driven system 

   

Resonance can be useful … for example, circuit tuning, microwave cooking other … 
circumstances in which it should be avoided for example, bridge design 

   



AQA A-Level Physics Personalised Learning Checklist  Compiled by  D Demetriou 2020  

 

15 

 

Topic: Thermal physics (Paper 2)   

You should be able to demonstrate and apply your knowledge and understanding of:    
Absolute scale of temperature (i.e. the thermodynamic scale) that does not  

depend on property of any particular substance 

… temperature measurements both in degrees Celsius (°C) and in kelvin (K) 

   

Internal energy is the sum of the randomly distributed kinetic energies and potential 
energies of the particles in a system 

   

The internal energy of a system is increased when energy is transferred to it by 
heating or when work is done on it and vice versa 

   

The idea that heat enters or leaves a system through its boundary or container wall, 
according to whether the system's temperature is lower or higher than that of its 
surroundings, so heat is energy in transit and not contained within the system 

… if no heat flows between systems in contact, then they are said to be in thermal 
equilibrium, and are at the same temperature 

   

Appreciation that during a change of state the potential energies of the particle 
ensemble are changing but not the kinetic energies … calculations involving transfer 
of energy 

   

For a change of temperature: 𝑄 = 𝑚𝑐 𝛥𝜃 where 𝑐 is specific heat capacity 

… calculations including continuous flow method of heating  
   

For a change of state 𝑄 = 𝑚𝑙 where 𝑙 is the specific latent heat    

Techniques and procedures used for an electrical method to determine the  

specific heat capacity of a metal block and a liquid 
   

Techniques and procedures used for an electrical method to determine the  

specific latent heat of a solid and a liquid 
   

Brownian motion in terms of the kinetic model of matter and a simple demonstration 
using smoke particles suspended in air  

   

Gas laws as experimental relationships between 𝑝, 𝑉, 𝑇 and the 𝑚𝑎𝑠𝑠 of the gas 

… Boyle’s Law  - Core Practical  …. Charles’s Law - Core Practical   

… Techniques and procedures used to investigate Boyle’s law and Charles’s Law 

   

The idea that molecular movement causes the pressure exerted by a gas    

Concept of absolute zero of temperature as the lowest limit for temperature 

… the temperature of a system when it has minimum internal energy 

… estimation of absolute zero by use of the gas laws - Core Practical   

   

Ideal gas equation: 𝑝𝑉 = 𝑛𝑅𝑇 for 𝑛 moles and 𝑝𝑉 = 𝑁𝑘𝑇 for 𝑁 molecule    

Idea that energy can enter or leave a system by means of work, so work is also 
energy in transit 

   

Work done,  𝑊 = 𝑝 𝛥𝑉 can be used to calculate the work done by a gas under 
constant pressure 

   

Even if 𝑝 changes, 𝑊 is given by the area under the 𝑝– 𝑉 graph    

For a solid (or liquid), 𝑊 is negligible, so heat flow = change in internal energy     

The definition of Avogadro constant 𝑁𝐴 and hence the mole   

.. molar gas constant 𝑅, Boltzmann constant 𝑘 
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You should be able to demonstrate and apply your knowledge and understanding of:    
Molar mass and molecular mass    

Brownian motion as evidence for existence of atoms    

Explanation of relationships between 𝑝, 𝑉 and 𝑇 in terms of a simple molecular model    

Gas laws are empirical in nature whereas the kinetic theory model arises from theory    

Assumptions leading to 𝑝𝑉 =
1

3
 𝑁 𝑚 (𝑐𝑟𝑚𝑠)2 including derivation (algebraic approach 

involving conservation of momentum) of the equation and calculations  

 

 Large number of molecules in random, rapid motion 

 Particles (atoms or molecules) occupy negligible volume compared to the 
volume of gas. 

 All collisions are perfectly elastic and the time of the collisions is negligible 
compared to the time between collisions. 

 Negligible forces between particles except during collision. 

 

Pressure in terms of this model of kinetic theory of gases 

   

The general characteristics of the Maxwell-Boltzmann distribution    

For an ideal gas internal energy is kinetic energy of the atoms    

Show that the average kinetic energy of a mole of a monatomic gas is given by 
1

2
𝑚(𝑐𝑟𝑚𝑠)2 =

3

2
𝑘𝑇 =

3 𝑅𝑇

2𝑁𝐴
 

show and use:  𝑇 is proportional to the mean kinetic energy 

   

The internal energy of an ideal monatomic gas being wholly kinetic energy  

=
3

2
𝑛𝑅𝑇 for 𝑛 moles           … 

3

2
𝑘𝑇 for a single atom  

   

How knowledge and understanding of the behaviour of a gas has changed over time    
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Topic: gravitational and electric fields (Paper 2)   

You should be able to demonstrate and apply your knowledge and understanding of:    
Concept of a force field as a region in which a body experiences a noncontact force    

A force field can be represented as a vector, the direction of which must be 
determined by inspection 

   

Force fields arise from the interaction of mass, of static charge, and between  

moving charges 
   

Similarities between gravitational and electrostatic forces    

Differences between gravitational and electrostatic forces    

Gravity as a universal attractive force acting between all matter    

Newton’s law of universal gravitation    

Representation of a gravitational field by gravitational field lines 

… the gravitational field outside spherical bodies such as the Earth is essentially the 
same as if the whole mass were concentrated at the centre 

   

𝑔 as force per unit mass as defined by 𝑔 = 𝐹 ÷ 𝑚    

Magnitude of 𝑔 in a radial field     

Definition of gravitational potential, including zero value at infinity    

Gravitational potential difference.    

Work done in moving mass 𝑚 in a gravitational field, ∆𝑊 = 𝑚 ∆𝑉    

No work is done when moving along an equipotential surface    

Gravitational potential in a radial field … significance of the negative sign    

Graphical representations of variations of 𝑔 and 𝑉 with 𝑟    

𝑔 = − ∆𝑉 ÷ ∆𝑟     

Area under graph of 𝑔 against 𝑟    

The centripetal force on a planet is provided by the gravitational force between it and 

the Sun … derivation and use of 𝑇2 ∝ 𝑟3 
   

Orbital period and speed related to radius of circular orbit    

Energy relationships (including total energy) for an orbiting satellite    

Escape velocity     

Use of satellites in low orbits and geostationary orbits, to include plane and  

radius of geostationary orbit 
   

Force between point charges in a vacuum    

Permittivity of free space, 𝜀0    

Air can be treated as a vacuum when calculating force between charges    

For a charged sphere, charge may be considered to be at the centre    

Magnitude of gravitational and electrostatic forces between subatomic particles    

Representation of electric fields by electric field lines    

𝐸 as force per unit charge as defined by 𝐸 = 𝐹 ÷ 𝑄    
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You should be able to demonstrate and apply your knowledge and understanding of:    
Magnitude of 𝐸 in a uniform field, 𝐸 = 𝑉 ÷ 𝑑    

Derivation from work done moving charge between plates, 𝐹𝑑 = 𝑄 ∆𝑉    

Trajectory of moving charged particle entering a uniform electric field initially at right 
angles 

   

Magnitude of 𝐸 in a radial field     

Definition of absolute electric potential, including zero value at infinity, and of electric 
potential difference 

   

Work done in moving charge 𝑄 in an electric field, ∆𝑊 = 𝑄 ∆𝑉    

No work done moving charge along an equipotential surface    

Magnitude of 𝑉 in a radial field    

Graphical representations of variations of 𝐸 and 𝑉 with 𝑟    

𝐸 = ∆𝑉 ÷ ∆𝑟     

Area under graph of 𝐸 against 𝑟    

How to calculate the net potential and resultant field strength for a number of point 
charges or point masses 
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Topic: Capacitors (Paper 2)     

You should be able to demonstrate and apply your knowledge and understanding of:    
𝐶 = 𝑄 ÷ 𝑉     

A simple parallel plate capacitor consists of a pair of equal parallel metal plates 
separated by a vacuum or air 

   

𝐶 =
𝐴 𝜀0 𝜀𝑟

𝑑
    

Relative permittivity and dielectric constant 

A dielectric increases the capacitance of a vacuum-spaced capacitor  

… action of dielectric  

   

Area under a graph of 𝑄 against 𝑉    

Uses of capacitors as storage of energy    

𝐸 =
1

2
𝑄𝑉 =

1

2
𝐶𝑉2 =

1

2

𝑄2

𝐶
     

Process by which a capacitor charges and discharges through a resistor    

Graphical representation of charging and discharging of capacitors through resistors 

… graphs for 𝑄, 𝑉 and 𝐼 against time for charging and discharging 
   

Gradients and areas under graphs where appropriate.    

Time constant 𝑅𝐶  

…calculation of time constants including their determination from graphical data. 
   

𝑇1/2 = ln 2   𝑅𝐶     

𝑄 = 𝑄0 𝑒− 𝑡/𝑅𝐶 and corresponding equations for 𝑉 and 𝐼    

𝑄 = 𝑄0  (1 − 𝑒−
𝑡

𝑅𝐶)    

How ln(∗∗∗∗)-𝑡 graphs can be used to determine 𝐶𝑅    

Exponential decay graph …  constant-ratio property of such a graph    

Investigation of the charging and discharging of a capacitor to determine the  

time constant   - Core Practical  
   

Techniques and procedures used to investigate capacitors using ammeters and 
voltmeters 

   

Techniques and procedures to investigate the charge and the discharge of a  

capacitor using data-loggers 
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Topic: magnetic fields (Paper 2)     

You should be able to demonstrate and apply your knowledge and understanding of:    
Magnetic fields are due to moving charges or permanent magnets    

Magnetic field lines to map magnetic fields    

Force on a current-carrying wire in a magnetic field 

𝐹 =  𝐵𝐼𝐿 when field is perpendicular to current  - Core Practical  
   

Techniques and procedures used to determine the uniform magnetic flux density 
between the poles of a magnet using a current-carrying wire and digital balance 

   

Fleming’s left hand rule     

Shapes of the magnetic fields due to a current in a long straight wire, a flat coil  and 
a long solenoid  

   

Adding an iron core increases the field strength in a solenoid    

Current carrying conductors exert a force on each other and predict the directions of 
the forces 

   

Magnetic flux density 𝐵 and definition of the tesla    

Force on charged particles moving in a magnetic field, 𝐹 = 𝐵𝑄𝑣 when the field is 
perpendicular to velocity 

   

Direction of magnetic force on positive and negative charged particles 

… how ion beams of charged particles, are deflected in uniform electric and 
magnetic fields 

   

Circular path of particles … application in devices such as the cyclotron    

Charged particles moving in a region occupied by both electric and magnetic  

Fields … velocity selector 
   

Magnetic flux defined by 𝛷 = 𝐵𝐴 cos 𝜃     

Flux linkage as 𝑁𝛷 where 𝑁 is the number of turns     

Flux and flux linkage passing through a rectangular coil rotated in a magnetic field    

𝑁𝜙 = 𝐵𝐴𝑁 cos 𝜃 – Core Practical     

Techniques and procedures used to investigate magnetic flux using s search coil    

Faraday’s and Lenz’s laws for electromagnetic induction    

Magnitude of induced emf = rate of change of flux linkage    

𝜀 = −𝑁 ∆𝜙 ÷ ∆𝑡     

Straight conductor moving in a magnetic field    

emf induced in a coil rotating uniformly in a magnetic field, 𝜀 = 𝐵𝐴𝑁 𝜔 sin(𝜔𝑡)    

Simple a.c. generator 

… how the instantaneous emf induced in a coil rotating at right angles to a magnetic 
field is related to the position of the coil, flux density, coil area and angular velocity 

   

Sinusoidal voltages and currents    
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You should be able to demonstrate and apply your knowledge and understanding of:    
Root mean square, peak and peak-to-peak values for sinusoidal waveforms 

𝐼𝑟𝑚𝑠 = 𝐼0 ÷ √2 ,     𝑉𝑟𝑚𝑠 = 𝑉0 ÷ √2   

… mean power dissipated in a resistor 𝐼𝑉 = 𝐼2𝑅 = 𝑉2 ÷ 𝑅 where 𝐼, 𝑉 are rms values  

   

Calculation of mains electricity peak and peak-to-peak voltage values    

An oscilloscope as a dc and ac voltmeter, to measure time intervals and frequencies, 
and to display ac waveforms … familiarity with the operation of the controls is 
expected: time-base, Y-shift, X-shift, Y-gain, X-gain 

   

The transformer … principle … operation      

𝑁𝑠 ÷ 𝑁𝑝 = 𝑉𝑠 ÷ 𝑉𝑝     

Transformer efficiency    

Eddy currents and causes of inefficiencies in a transformer    

Transmission of electrical power at high voltage including calculations of power loss 
in transmission lines 
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Topic: nuclear physics (Paper 2)   

You should be able to demonstrate and apply your knowledge and understanding of:    
Appreciation of how knowledge and understanding of the structure of the nucleus 
has changed over time 

   

The significance of the results of the Rutherford alpha particle scattering experiment    

Spontaneous and random nature of nuclear decay  

… simulation of radioactive decay using dice 
   

α, β and γ radiation  … properties and experimental identification    

α, β and γ radiation  …  hazards of exposure     

α, β and γ radiation  …  applications in medicine and thickness measurements    

Inverse square law for γ radiation, 𝐼 = 𝑘 ÷ 𝑥2   - Core Practical  

… solve problems involving irradiance and distance from a point source  

𝐼 = 𝑘 ÷ 𝑥2           𝐼1 𝑥1
2 = 𝐼2𝑥2

2   

   

Background radiation … origins and experimental elimination from calculations    

Appreciation of balance between risk and benefits in the uses of radiation in 
medicine 

   

∆𝑁

∆𝑡
= − 𝜆 𝑁  and definition of 𝜆    

𝐴 = 𝜆𝑁     

𝑁 = 𝑁0 𝑒− 𝜆𝑡             𝐴 = 𝐴0 𝑒− 𝜆𝑡    

Molar mass and Avogadro constant     

Concept of half-life, derive and use   𝑇1/2 = ln 2 ÷  𝜆    

Techniques and procedures used to determine the half-life of an isotope  

such as protactinium  
   

Determination of half-life from graphical decay data including decay curves,  
semi-log graphs 

   

Applications of half-life  

e.g. relevance to storage of radioactive waste, radioactive dating, medical diagnosis  
   

Graph of N against Z for stable nuclei … justification  

Identify the regions where nuclei will release energy when undergoing fission/fusion 
   

decay modes of unstable nuclei including α, β+, β− and electron capture    

Changes in N and Z caused by radioactive decay and representation in simple decay 
equations 

   

Nuclear energy level diagrams    

Existence of nuclear excited states … γ ray emission  

…  applications e.g. use of technetium-99m as a γ source in medical diagnosis 
   

Estimate of radius from closest approach of alpha particles and determination of 
radius from electron diffraction … advantages of using electrons  

   

Typical values for nuclear radius    

Coulomb equation for the closest approach estimate     
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You should be able to demonstrate and apply your knowledge and understanding of:    
𝑅 = 𝑅0 𝐴1/3     

Calculation of nuclear density … constant density of nuclear material    

Graph of intensity against angle for electron diffraction by a nucleus    

Association between mass and energy and that 𝐸 = 𝑚𝑐2    

Atomic mass unit, 𝑢 … definition and use     

Calculations involving mass difference and binding energy 

… binding energy for a nucleus and hence the binding energy per nucleon, making  

     use, where necessary, of the unified atomic mass unit 

… how to calculate binding energy and binding energy per nucleon from given  

     masses of nuclei 

   

Conversion of units,  J  eV,  u  eV    

Fission and fusion processes    

Calculations from nuclear masses of energy released in fission and fusion reactions 

… relevance of binding energy per nucleon to nuclear fission and fusion  

… reference when appropriate to the binding energy per nucleon versus nucleon   

    number curve 

   

Graph of average binding energy per nucleon against nucleon number    

Fission induced by thermal neutrons … possibility of a chain reaction … critical mass    

The functions of the moderator, control rods, and coolant in a thermal nuclear reactor    

Mechanical model of moderation by elastic collisions    

Factors affecting the choice of materials for the moderator, control rods and  

coolant … examples of materials used for these functions 
   

Safety: fuel used, remote handling of fuel, shielding, emergency shut-down    

Production, remote handling, and storage of radioactive waste materials    

Appreciation of balance between risk and benefits in the development of nuclear 
power 
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Topic: turning points in physics (Paper 3)   

You should be able to demonstrate and apply your knowledge and understanding of:    
Production of cathode rays in discharge tube    

The principle of thermionic emission    

1

2
𝑚𝑒𝑣2 = 𝑒𝑉     

Determination of the specific charge of an electron by any one method    

Significance of Thomson’s determination of the specific charge of an electron  

– comparison with the specific charge of the hydrogen atom  
   

Condition for holding a charged oil droplet, of charge 𝑄, stationary between  

oppositely charged parallel plates. 
   

𝑄𝐸 = 𝑚𝑔  and  𝐸 = 𝑉 ÷ 𝑑    

Motion of a falling oil droplet with and without an electric field  
… terminal speed to determine the mass and the charge of the droplet 

   

𝐹 = 6𝜋𝜂𝑟𝑣     

Significance of Millikan’s results    

Quantisation of electric charge 

… net charge on a particle or an object is quantised and a multiple of e 
   

Newton’s corpuscular theory of light, reflection and refraction     

Huygens’ wave theory of light, reflection and refraction    

The reasons why Newton’s theory was preferred  

Delayed acceptance of Huygens’ wave theory of light 
   

Young’s double slits experiment … according to Newton … actual result … 
explanation and conclusion 

   

Nature of EM waves    

𝑐 = 1 ÷ √𝜇0𝜀0  …meaning and  implications    

𝜇0 relates to the magnetic flux density due to a current-carrying wire in free space 

𝜀0 relates to the electric field strength due to a charged object in free space 
   

Hertz’s discovery of radio waves including measurements of the speed of radio 
waves 

   

Fizeau’s determination of the speed of light and its implications    

The ultraviolet catastrophe and black-body radiation    

Planck’s interpretation in terms of quanta    

The failure of classical wave theory to explain observations on photoelectricity    

Einstein’s explanation of photoelectricity and its significance in terms of the  

nature of EM radiation 
   

de Broglie’s hypothesis … 𝑝 = ℎ ÷ 𝜆,   𝜆 = ℎ ÷ √2𝑚𝑞𝑉    

Low-energy electron diffraction experiments … the effect of accelerating potential 
difference, distance between screen and target on the diffraction pattern  
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You should be able to demonstrate and apply your knowledge and understanding of:    
Anode voltage needed to produce wavelengths of the order of the size of the atom    

Principle of operation of the transmission electron microscope (TEM)    

Principle of operation of the scanning tunnelling microscope (STM)    

Principle of the Michelson-Morley experiment 

Outline of the experiment as a means of detecting absolute motion …  
   

Significance of the failure to detect absolute motion  

… the invariance of the speed of light 
   

The concept of an inertial frame of reference    

Postulates of Einstein’s theory of special relativity    

Knowledge that the speed of light in a vacuum is the same for all observers – 
invariant  

   

Proper time and time dilation as a consequence of special relativity 

𝑡 = 𝑡0 ÷ √1 − 𝑣2/𝑐2  
   

Evidence for time dilation from muon decay    

Proper length and length contraction as a consequence of special relativity 

𝑙 = 𝑙0√1 − 𝑣2/𝑐2  
   

Experimental verification of special relativity  

… muon detection at the surface of the Earth  

… comparison of time measurements on travelling and stationary clocks 

   

Equivalence of mass and energy 

𝐸 = 𝑚𝑐2 ,   𝐸 = 𝑚0 𝑐2 ÷ √1 − 𝑣2/𝑐2 
   

Variation of mass and kinetic energy with speed … classical versus special relativity    

Bertozzi’s experiment as direct evidence for the variation of kinetic energy with 
speed 

   

 

 


