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Year 12 PHYSICS Curriculum Map

: KS5 (Yr12-13) Topics often span half terms and can be up to 20+ lessons long, normally 2 topics are taught concurrently, for simplicity
the main topics each term has been identified but may start the term before and or spill over into the following term.

Term Topic/Unit title Essential Skills / Knowledge
(what students should know and be able to apply by the end of the unit/topic)
Autl | AQA Particles & Quantum 2.1 Particles 5.1 Current Electricity
AQA Electricity 2.1.1 Constituents of the Atom 5.1.1 Basics of Electricity
Aut2 | AQAParticles&Quantum | Simple model of the atom, includingthe proton, neutron | Electriccurrentas the rate of flow of charge; potential

AQA Electricity

and electron. Charge and mass of the proton, neutronand
electronin Slunitsand relative units.

The atomic mass unit (amu)isincludedinthe A-level
Nuclear physics section.

Specificcharge of the proton and the electron, and of
nucleiandions.

Proton numberZ, nucleon number A, nuclide notation.
Students should be familiar with atomic notation.

Meaning of isotopes and the use of isotopicdata.

2.1.2 Stable and Unstable Nuclei

The strong nuclearforce;itsrole in keeping the nucleus
stable; short-range attraction up to approximately 3fm,
very-shortrange repulsion closerthan approximately 0.5
fm.

Unstable nuclei; alphaand betadecay.

Equations foralphadecay, B— decay including the need for
the neutrino.

difference aswork done perunit charge.
I=AQ/ At
V=W/Q

Resistance definedas:R=V /|

5.1.2 Current-Voltage Characteristics

IV characteristics foran ohmicconductor, semiconductor
diode, andfilamentlamp.

Ohm’slaw as a special case where | «<V under constant
physical conditions.

Unless specifically stated in questions, ammeters and
voltmeters should be treated asideal (having zero and
infinite resistance respectively).

Questions can be setwhere eitherlor Vis on the horizontal
axis of the characteristicgraph.

5.1.3 Resistivity

Resistivity:p=RA/ L




The existence of the neutrino was hypothesised to
account forconservation of energy in beta decay.

2.1.3 Particles, Antiparticles and Photons

For every type of particle, there isacorresponding
antiparticle.

Comparison of particle and antiparticle masses, charge
and restenergyin MeV.

Students should know that the positron, antiproton,
antineutron and antineutrino are the antiparticles of the
electron, proton, neutron and neutrino respectively.

Photon model of electromagneticradiation, the Planck
constant.E=hf=hc /A

Knowledge of annihilation and pair productionand the
energiesinvolved.

The use of E =mc2 is not requiredin calculations.

2.1.4 Particle Interactions

Four fundamental interactions: gravity, electromagnetic,
weak nuclear, strong nuclear. (The strong nuclearforce
may be referred to as the strong interaction.)

The concept of exchange particles to explain forces
between elementary particles.

Knowledge of the gluon, Z0and graviton will not be
tested.

The electromagneticforce; virtual photons asthe
exchange particle.

Description of the qualitative effect of temperature on the
resistance of

metal conductors and thermistors.

Only negative temperature coefficient (ntc) thermistors will
be considered.

Applications of thermistors to include temperature sensors
and resistance—

temperature graphs.

Superconductivity as a property of certain materials which
have zeroresistivity atand below a critical temperature
which depends onthe material.

Applications of superconductors toinclude the production of
strong magneticfields and the reduction of energylossin
transmission of electricpower.

Critical field will not be assessed.

5.1.4 Circuits

Resistors:

inseries, RT=R1+R2+R3+...

inparallel, 1/RT=1/R1 +1/R2 + 1/R3 +...

Energy and powerequations:E=IVt,P=1V=12R=V2/R

The relationships between currents, voltages and resistances
inseriesand parallel circuits, including cellsin series and
identical cellsin parallel.

Conservation of charge and conservation of energyindc
circuits.




The weakinteractionislimited to f— and B+ decay,
electron capture and electron—proton collisions; W+and
W- as the exchange particles.

Simple diagramstorepresentthe above reactions or
interactionsin terms of incoming and outgoing particles
and exchange particles.

2.1.5 Classification of Particles
Hadrons are subject to the stronginteraction.

The two classes of hadrons:baryons (proton, neutron) and
antibaryons (antiproton and antineutron) mesons (pion,
kaon)

Baryon numberasa quantum number.
Conservation of baryon number.

The proton isthe only stable baryoninto which other
baryons eventually decay.

The pion as the exchange particle of the strong nuclear
force.

The kaon as a particle that can decayinto pions.

Leptons: electron, muon, neutrino (electron and muon
typesonly) and theirantiparticles.

Lepton numberas a quantum number; conservation of
lepton numberformuon leptonsandforelectron leptons.

The muon as a particle that decaysintoan electron.
Strange particles.

Strange particles as particles thatare produced through
the strong interaction and decay through the weak
interaction (e.g. kaons).

5.1.5 Potential Divider

The potential divider used to supply constant orvariable
potential difference fromapowersupply.

The use of the potentiometeras a measuringinstrumentis
not required.

Examples shouldinclude the use of variableresistors,
thermistors, and light dependent resistors (LDR) inthe
potential divider.

5.1.6 Electromotive Force and Internal Resistance
e=E/Q&e =1(R+r)
Terminal pdand emf

Students will be expected to understand and perform
calculationsforcircuits in which the internal resistance of
the supplyis not negligible.




Strangeness (symbols) asa quantum numberto reflect
the fact that strange particles are always createdin pairs.

Conservation of strangenessin stronginteractions.

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

Appreciation that particle physics relies onthe
collaborative efforts of large teams of scientists and
engineerstovalidatenew knowledge.

2.1.6 Quarks and Antiquarks

Properties of quarks and antiquarks: charge, baryon
numberand strangeness.

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

Only knowledge of up (u), down (d) and strange (s) quarks
and theirantiquarks will be tested.

The decay of the neutron should be known.

2.1.7 Applications of Conservation Laws
Change of quark character in - and in B+ decay.

Application of the conservation laws for charge, baryon
number, lepton number and strangeness to particle
interactions. The necessary datawill be providedin
guestionsfor particles outside thosespecified.

Students should recognise that energy and momentum
are conservedininteractions




2.2 ElectromagneticRadiation and Quantum Phenomena
2.1 The Photoelectric Effect

Threshold frequency; photon explanation of threshold
frequency.

Work function ¢, stopping potential.
Photoelectricequation: hf = ¢ + Ek(max)

Ek(max) isthe maximum kineticenergy of the
photoelectrons.

The experimental determination of stopping potentialis
not required.

2.2 Collisions of Electrons with atoms

lonisation and excitation; understanding of ionisation and
excitationinthe fluorescent tube.

The electronvolt.

Students will be expected to be able to converteVinto)J
and vice versa.

2.3 Energylevelsand photon emissions

Line spectra (eg of atomichydrogen) as evidence for
transitions between discrete energy levelsin atoms.

hf =E1- E2

In questions, energy levels may be quotedinJoreV.

2.4 Wave Particle Duality




Students should know that electron diffraction suggests
that particles possess wave properties and the
photoelectriceffect suggests that electromagneticwaves
have a particulate nature.

Details of particular methods of particle diffraction are not
expected.

de Broglie wavelength A=h/mvwheremvisthe
momentum.

Students should be able to explain how and why the
amount of diffraction changes when the momentum of
the particleis changed.

Appreciation of how knowledge and understanding of the
nature of matter changes overtime.

Appreciation that such changes needto be evaluated
through peerreview and validated by the scientific
community.

Spr1 | AQA Mechanics
AQA Waves
Spr2 | AQA Mechanics

AQA Waves

3.1 Progressive and Stationary waves
3.1.1 Progressive Waves
Direction of oscillations of the particlesinthe medium.

The definitions of amplitude, frequency, wavelength,
speed, phase, phase difference and their units (including
radians).

The equations:c=fA and f=1/T

3.1.2 Longitudinal and Transverse Waves

The nature of longitudinaland transverse waves, with
examples of each (sound, electromagnetic, waveson a
string etc).

4.1 Force, Energy and Momentum
4.1.1 Scalars and Vectors
Nature of scalars and vectors.

Examples shouldinclude: velocity/speed, mass,
force/weight, acceleration, displacement/distance.

Addition of vectors by calculation or scale drawing.

Calculations willbe limited to two vectors at right angles.
Scale drawings may involve vectors at angles otherthan 90°.

Resolution of vectors into two components atright angles to
each other. Examples should include components of forces
alongand perpendiculartoan inclined plane.

Problems may be solved either by the use of resolved forces
or the use of a closed triangle.




The direction of particle oscillation (if applicable) in
relation tothe direction of energy transfer.

You will be expected to know the direction of
displacement of particles/fields relative to the direction of
energy propagation and that all electromagneticwaves
travel at the same speedinavacuum.

Polarisation as evidence for the nature of transverse
waves.

Applications of polarisers toinclude Polaroid material and
the alignment of aerials for transmission and reception.

Malus’s law will not be expected.

3.1.3 Principle of Superposition of Waves and Formation
of Stationary Waves

Stationary waves.
Nodesand antinodes on strings.
Firstharmonicwave equation

The formation of stationary waves by two waves of the
same frequency travellingin opposite directions.

A graphical explanation of formation of stationary waves
will be expected.

Stationary wavesformed on a string and those produced
with microwaves and sound waves should be considered.

Stationary waves on strings will be described in terms of
harmonics.

The terms fundamental (for first harmonic) and overtone
will not be used.

Conditions forequilibrium fortwo orthree coplanarforces
acting at a point. Appreciation of the meaning of equilibrium
inthe context of an object at rest or moving with constant
velocity.

4.1.2 Moments
Moment of a force about a point.

Moment defined asforce x perpendicular distance fromthe
pointto the line of action of the force.

Couple as a pair of equal and opposite coplanarforces.

Moment of couple defined as force x perpendicular distance
betweenthe lines of action of the forces.

Principle of moments.
Centre of mass.

Knowledgethat the position of the centre of mass of
uniformregularsolidis atits centre.

4.1.3 Motion alonga StraightLine
Displacement, speed, velocity, acceleration.
v=As /At

a=Av/ At

Calculations mayinclude average and instantaneous speeds
and velocities.

Representation by graphical methods of uniform and non-
uniform acceleration.




3.2 Refraction, Diffraction and Interference
3.2.1 Interference
The definitions of path difference and coherence.

Interferenceand diffraction usingalaseras a source of
monochromaticlight.

Young’s double-slit experiment: the use of two coherent
sources or the use of a single source with double slits to
produce an interference pattern.

Fringe spacing, w=AD/s
Production of interference patterns using whitelight.

You are expected to show awareness of safety issues
associated with usinglasers.

You will notbe required to describe how alaser works.

You will be expected to describe and explain interference
produced with sound and electromagneticwaves.

Appreciation of how knowledge and understanding of
nature of electromagneticradiation has changed over
time.

3.2.2 Diffraction

The patterns produced when monochromaticorwhite
lightisshone through a single slit.

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

The graph of intensity againstangular separationis not
required.

Significance of areas of velocity—timeand acceleration—-time
graphs and gradients of displacement—time and velocity—
time graphsfor uniform and non-uniform acceleration eg.
graphs for motion of bouncing balls.

SUVAT Equations

Acceleration due to gravity, g.

4.1.4 Projectile Motion

Independent effect of motionin horizontaland vertical
directions of auniform gravitational field. Problems will be
solvable using the equations of uniform acceleration.

Qualitative treatment of friction.

Distinctions between staticand dynamicfriction willnot be
tested.

Qualitative treatment of liftand drag forces.
Terminal speed.
Knowledgethatairresistance increases with speed.

Qualitative understanding of the effect of airresistance on
the trajectory of a projectile and onthe factors that affect
the maximum speed of avehicle.

4.1.5 Newton’s Laws of Motion

Knowledgeand application of the three laws of motionin
appropriate situations.

F = ma forsituations where the massis constant.

4.1.6 Momentum




Plane transmission diffraction grating at normal incidence.

Derivation of dsin@=nA
Use of the spectrometer will not be tested.

Applications of diffraction gratings.

3.2.3 Refraction ata Plane Surface
Refractive indexof asubstance:n=c / cs

Students should recall that the refractive index of airis
approximately 1.

Snell’slaw of refraction foraboundary: n1sin 81 = n2sin
02

Total internal reflection: sin®¢c=n2 / nl1

Simple treatment of fibre optics including the function of
the cladding. (Optical fibres willbe limited to step index
only).

Material and modal dispersion.

You are expected to understand the principles and
consequences of pulsebroadeningand absorption.

momentum =mass x velocity
Conservation of linear momentum.

Principle applied quantitativelyto problemsinone
dimension.

Force as the rate of change of momentum:
F=Amv /At

Impulse =change in momentum

FAt=Amv

Where F is constant.

Significance of the areaunderaforce—time graph.

Quantitative questions may be set on forces that vary with
time. Impactforces are related to contact times (egkickinga
football, crumple zones, packaging).

Elasticand inelastic collisions; explosions.

Appreciation of momentum conservationissuesin the
context of ethical transport design.

4.1.7 Work, Energy and Power

Energytransferred, W= Fs cosB

rate of doing work = rate of energy transfer, P= AW / At = Fv
Quantitative questions may be seton variable forces.
Significance of the areaunderaforce—displacement graph.
efficiency = useful output powerinput power

Efficiency can be expressed as a percentage.




4.1.8 Conservation of Energy
Principle of conservation of energy.
AEp = mgAh and Ek = %5 mv2

Quantitative and qualitative application of energy
conservationto examplesinvolving gravitational potential
energy, kineticenergy, and work done against resistive
forces.

4.2 Materials

4.2.1 Bulk Properties of Solids

Density:p=m/V

Hooke’s law, elasticlimit.

F = kAL

k as stiffness and spring constant.

Tensile strain and tensilestress.

Elasticstrain energy, breaking stress.

energy stored =% FAL = area underforce-extension graph

Description of plastic behaviour, fracture and brittle
behaviourlinked to force—extension graphs.

Quantitative and qualitative application of energy
conservationto examplesinvolving elasticstrain energy and
energytodeform.

Spring energy transformed to kineticand gravitational
potential energy.

Interpretation of simple stress—strain curves.




Appreciation of energy conservationissuesin the context of
ethical transport design.

4.2.2 The Young Modulus
Young modulus =tensile stress/tensile strain=FL/AAL
Use of stress—strain graphsto find the Young modulus.

One simple method of measurement of Young Modulus
required.

Sum1 | AQAFields
AQA Further Mech +
Therm

Sum 2 | AQAFields

AQA Further Mech +
Therm

7.1 Fields (A-level only)

Conceptofa force fieldasa regioninwhich a body
experiencesanon-contactforce.

You should recognise thataforce 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 electrostaticforces:
Both have inverse-square force laws that have many
characteristicsincommon, e.g. use of field lines, use of
potential concept, equipotential surfaces etc

Differences between gravitational and electrostatic forces:
masses always attract, but charges may attract or repel.

7.2 Gravitational fields (A-level only)

Gravity as a universal attractive force acting between all
matter.

6.1 Periodic Motion (A-level only)

Motionin a circular path at constant speedimpliesthereis
an acceleration and requires acentripetal force. Estimate
the acceleration and centripetal force in situations that
involve rotation.

Magnitude of angularspeedw=v /r = 2nf

Radian as the measure of angle.

Direction of angularvelocity will not be considered.
Centripetal accelerationa=v2 /r= w2r

The derivation of the centripetal acceleration formula will
not be examined.

Centripetal force F=mv2/r=mw2r

Analysis of characteristics of simple harmonicmotion (SHM).
Conditionfor SHM: a - x

Defining equation:a=- w2x

Graphical representations linking the variations of x, vand a
with time (including sketching these).




Newton's Law of Gravitation (Where G is the gravitational
constant).

Representation of agravitational field by gravitational
fieldlines.

‘g’ as force perunit mass as defined byg=F/m
Magnitude of g in a radial field given by g= GM/ r2

Understanding of definition of gravitational potential,
including zerovalue at infinity.

Understanding of gravitational potential difference.
Work done in moving mass m given by AW = mAV

Ideathat no workis done when movingalongan
equipotential surface.

Vinaradial field given by V =- GM/r (Consideringthe
significance of the negative sign)

Graphical representations of variations of gand V withr.
Vrelatedtogby:g=-AV/Ar

A Vfrom the area underthe graph of g againstr.

Orbital period and speed related to radius of circular orbit;
Derivation of T2 «r3

Energy considerations (including total energy) foran
orbiting satellite.

Escape velocity and synchronous orbits.

Use of satellitesinlow orbits and geostationary orbits, to
include plane and radius of geostationary orbit.

Appreciationthatthe v-t graph isderived fromthe gradient
of thex-t

graph and thatthe a - t graph is derived from the gradient of
thev -t graph.

Maximum speed =wA

Maximum acceleration =w2A

Study of mass-spring systems: T=2mt V(m/k)
Study of simple pendulums: T=2mt V(l/g)

You should recognise the use of the small angle
approximation (8 =sin 8) inthe derivation of the time period
for these examples of SHM.

Questions may involve other harmonicoscillators (e.g. liquid
in U-tube) but full information will be provided in questions
where necessary.

Variation of Ek, Ep and total energy with both displacement
and time.

Effects of damping on oscillations.
Qualitative treatment of free and forced vibrations.

Resonance and the effects of damping onthe sharpness of
resonance.

Examples of these effectsin mechanical systemsand
situationsinvolving stationary waves.




Year 13 PHYSICS Curriculum Map

Note: KS5 (Yr12-13) Topics often span half terms and can be up to 20+ lessons long, normally 2 topics are taught concurrently, for simplicity
the main topics each term has been identified but may start the term before and or spill over into the following term.

Term Topic/Unit title Essential knowledge
(what students should know and understand by the end of the unit/topic)
Aut1l AQAFields Recap of 7.1 Fields (A-levelonly)and 7.2 Gravitational fields | Recap of 6.1 Periodic Motion (A-level only) duringthe
(A-level only) duringthe first 4-6 weeks. first4-6 weeks.
AQA Further Mech + Therm
Aut2 | AQAParticles & Quantum

AQA Electricity

7.3 Electricfields (A-level only)
Coulomb's Law of electrostatic Force
Permittivity of free space, €0

Appreciationthataircan be treated as a vacuum when
calculating force between charges.

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

Comparison of magnitude of gravitational and electrostatic
forces between subatomic particles.

Representation of electricfields by electricfield lines.

Electricfield strength, E, asforce per unitcharge defined by E
= F/Q

Magnitude of E ina uniformfield given by E= V/d

Derivation from work done moving charge between plates:
Fd =QAV

Trajectory of moving charged particle enteringauniform
electricfieldinitially atrightangles.

Magnitude of E ina radial field & corresponding formula.

6.2 Thermal Physics (A-level only)

Internal energy is the sum of the randomly
distributed kineticenergies and potential energies of
the particlesina body.

The internal energy of asystemisincreased when
energyistransferredtoitby heatingorwhenworkis
doneonit(andvice versa), e.g. a qualitative
treatment of the firstlaw of thermodynamics.

Appreciationthat during achange of state the
potential energies of the particle ensemble are
changing but notthe kineticenergies. Calculations
involving transfer of energy.

For a change of temperature:Q=mcA 6 wherecis
specificheat capacity.

Calculationsincluding continuous flow.

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

Gas laws as experimental relationships betweenp, V,
T and the mass of the gas.

Concept of absolute zero of temperature.




Understanding of definition of absolute electric potential,
including zero value atinfinity, and of electric potential
difference.

Work done in moving charge Q givenby AW =QA V

No work done moving charge along an equipotential surface.

Magnitude of V ina radial field and correspondingformula.
Graphical representations of variations of Eand V withr.
VrelatedtoEby E=AV/Ar

AV fromthe areaunderthe graph of E againstr.

7.4 Capacitance (A-levelonly)

Definition of capacitance:

cC=qQ/V

Dielectricactionina capacitor:

Relative permittivityand dielectricconstant.

You should be able to describe the action of a simple polar
molecule thatrotatesinthe presence of anelectricfield.

Interpretation of the areaundera graph of charge against pd.

E=%QV="%CV2=%Q2/C

Graphical representation of charging and discharging of
capacitors through resistors. Corresponding graphs forQ, V
and | againsttime for chargingand discharging.

Interpretation of gradients and areas under graphs where
appropriate.

Time constant RC. Calculation of time constantsincluding
their determination from graphical data.

Ideal gas equation: pV =nRT for n molesand pV =
NKT for N molecules.

Work done = pAV

Avogadro constant NA, molar gas constantR,
Boltzmann constant k

Molar mass and molecular mass.

Brownian motion as evidence forthe existence of
atoms.

Explanation of relationships betweenp,VandT in
terms of a simple molecular model.

Students should understand that the gas laws are
empirical in nature whereas the kinetictheory model
arises fromtheory.

Assumptions leadingto pV = %ANm (crms)2including
derivation of the equation and calculations.

A simple algebraicapproachinvolving conservation of
momentumis required.

Appreciationthatforan ideal gasinternal energyis
kineticenergy of the atoms.

Use of average molecularkineticenergy=%%m
(crms)2=3/2 kT =3RT / 2NA

Appreciation of how knowledge and understanding of
the behaviour of a gas has changed overtime.




Time to halve: T/ = 0.69RC

Quantitative treatment of capacitordischarge Q= Q0 e-t/RC
Use of the corresponding equations forVand I.

Quantitative treatment of capacitor charge:

Q=0Q0(1-e-t/RC)

7.5 Magneticfields (A-levelonly)

Force on a current-carrying wire inamagneticfield: F=BIL
whenfieldis perpendicularto current.

Fleming’slefthandrule.
Magneticflux density Band definition of the tesla.

Force on charged particles movingina magneticfield, F=
BQv whenthe fieldis perpendicularto velocity.

Direction of force on positive and negative charged particles

Circular path of particles; application in devices such as the
cyclotron.

Magneticflux defined by ® = BA where Bis normal to A.

Flux linkage asN®where N is the number of turns cutting the
flux.

Flux and flux linkage passing through arectangular coil
rotated ina magneticfield:

Flux linkage N® = BANcos@
Faraday’s and Lenz’s laws.

Magnitude of induced emf = rate of change of flux linkage € =
N AD/At




Applications such as a straight conductor movingina
magneticfield.

emfinducedin a coil rotating uniformly inamagneticfield: €
=BANwsin wt

Sinusoidal voltages and currents only; root mean square,
peak and peak-to- peakvaluesforsinusoidal waveforms only.

Applicationtothe calculation of mains electricity peak and
peak-to-peak voltage values.

Use of an oscilloscope as adc and ac voltmeter, to measure
time intervals and frequencies, and to display acwaveforms.

No details of the structure of the oscilloscope are required
but familiarity with the operation of the controlsis expected.

The transformerequation:
Ns/Np=Vs/Vp
Transformerefficiency =I1SVS/ IPVP

Production of eddy currents and causes of inefficienciesina
transformer.

Transmission of electrical power at high voltage including
calculations of powerlossintransmission lines.

Core AQA Nuclear 8.1 Radioactivity
Spr1l 8.1.1 Rutherford Scattering
& Spr2

Qualitative study of Rutherford scattering.

Appreciation of how knowledge and understanding of the structure of the nucleus has changed overtime.

8.1.2 a, B and y Radiation

Theirproperties and experimental identification using simple absorption experiments; applications e.g. to relative
hazards of exposure to humans.




Applications alsoinclude thickness measurements of aluminium foil paperand steel.
Inverse-square law fory radiation: 1=k / x2

Experimentalverification of inverse-square law.

Applications e.g. to safe handling of radioactive sources.

Background radiation; examples of its origins and experimental elimination from calculations.

Appreciation of balance betweenrisk and benefitsin the uses of radiationin medicine.

8.1.3 Radioactive Decay

Random nature of radioactive decay; constant decay probability of agiven nucleus: AN / At = - AN
Use of halflife: N = NOe-At

Use of activity: A= AN

Modelling with constant decay probability.

Questions may be set which require students to use: A= AOe-At

Questions may alsoinvolve use of molar mass or the Avogadro constant.

Half-lifeequation: T%2=1n2 /A

Determination of half-life from graphical decay dataincluding decay curves and log graphs.

Applications e.g. relevance to storage of radioactive waste, radioactive dating etc.

8.1.4 Nuclear Instability

Graph of N againstZ for stable nuclei.

Possible decay modes of unstable nuclei including a, B+, B— and electron capture.

Changesin N andZ caused by radioactive decay and representation in simple decay equations.

Questions may use nuclearenergy level diagrams.




Existence of nuclear excited states; y ray emission; application e.g. use of technetium-99mas a y source in medical
diagnosis.

8.1.5 NuclearRadius

Estimate of radius from closest approach of alpha particles and determination of radius from electron diffraction.
Knowledge of typical values for nuclear radius.

Students will need to be familiar with the Coulomb equation for the closest approach estimate.

Dependence of radius on nucleon number: R=R0A1/3 derived from experimental data

Interpretation of equations as evidence for constant density of nuclear material.

Calculation of nuclear density.

Students should be familiar with the graph of intensity against angle for electron diffraction by a nucleus.

8.1.6 Mass and Energy

Appreciationthat E= mc2 appliestoall energy changes.

Simple calculations involving mass difference and binding energy.

Atomicmass unit, u.

Conversion of units; 1u = 931.5 MeV.

Fissionand fusion processes.

Simple calculations from nuclear masses of energy released in fission and fusion reactions.
Graph of average binding energy per nucleon against nucleon number.

Students may be expected toidentify, onthe plot, the regions where nuclei will release energy when undergoing
fission/fusion.

Appreciation that knowledge of the physics of nuclearenergy allows society to use science to inform decision making.




8.1.7 Induced Fission

Fissioninduced by thermal neutrons; possibility of achain reaction; critical mass.

The functions of the moderator, control rods, and coolantin a thermal nuclearreactor.
Details of particular reactors are notrequired.

Studentsshould have studied a simple mechanical model of moderation by elastic collisions.

Factors affecting the choice of materials forthe moderator, control rods and coolant. Examples of materials used for
these functions.

8.1.8 Safety Aspects
Fuel used, remote handling of fuel, shielding, emergency shut-down.
Production, remote handling, and storage of radioactive waste materials.

Appreciation of balance betweenrisk and benefitsin the development of nuclear power.

Option

Spr1l
& Spr2

Option

AQA Astrophysics

3.9 Astrophysics

3.9.1 Telescopes(A-level only)

Ray diagram to show the image formation in normal adjustment.
Angular magnificationin normal adjustment.

Focal lengths of the lenses.

Cassegrain arrangement using a parabolicconcave primary mirror and convex secondary mirror. Ray diagram to show
path of rays through the telescope up to the eyepiece.

Relative merits of reflectors and refractors including a qualitative treatment of spherical and chromaticaberration

Similarities and differences of radio telescopes compared to optical telescopes. Discussion should include structure,
positioning and use, together with comparisons of resolving and collecting powers.

Minimum angularresolution of telescope. Rayleigh criterion,




Collecting poweris proportional to diameter 2.
Students should be familiar with the rad as the unit of angle.
Comparison of the eye and CCD as detectors in terms of quantum efficiency, resolution, and convenience of use.

No knowledge of the structure of the CCD is required.

3.9.2 Classification of stars (A-levelonly)
Apparent magnitude, m. The Hipparcos scale.
Dimmest visible stars have amagnitude of 6.

Relation between brightness and apparent magnitude. Difference of 1on magnitude scale is equal to anintensity
ratio of 2.51.

Brightnessisa subjectivescale of measurement.

Parsecand lightyear.

Definition of M, relationtom

Stefan’slaw and Wien’s displacement law.

General shape of black-body curves, use of Wien’s displacement law to estimate black-body temperature of sources.
Experimentalverificationis notrequired.

Assumptionthatastar isa black body.

Inverse square law, assumptionsinits application.

Use of Stefan’s law to compare the power output, temperature and size of stars

Description of the main classes of stars

Temperature related to absorption spectralimited to Hydrogen Balmer absorption lines: requirement foratomsinan
n = 2 state.

General shape: mainsequence, dwarfs and giants.




Axis scalesrange from—10 to +15 (absolute magnitude) and 50 000 K to 2 500 K (temperature)or OBAFGKM (spectral
class).

Students should be familiar with the position of the Sun onthe HR diagram.
Stellar evolution: path of astar similarto ourSun on the HR diagram from formation to white dwarf.

Defining properties: rapid increase in absolute magnitude of supernovae; composition and density of neutron stars;
escape velocity >cfor black holes.

Gamma ray bursts due to the collapse of supergiant stars to form neutron stars or black holes. Comparison of energy
output with total energy output of the Sun.

Use of type 1a supernovae as standard candles to determine distances. Controversy concerning the accelerating
Universe and dark energy.

Students should be familiar with the light curve of typical type 1asupernovae. Supermassive black holes at the centre
of galaxies.

Calculation of the radius of the event horizon for a black hole, Schwarzschild radius

3.9.3 Cosmology (A-levelonly)

Calculation of Dopler

Calculations on binary stars viewed in the plane of orbit.

Galaxies and quasars.

Red shiftv =Hd

Simple interpretation as expansion of universe; estimation of age of universe, assuming His constant.

Qualitative treatment of Big Bang theory including evidence from cosmological microwave background radiation, and
relative abundance of hydrogen and helium.

Quasars as the most distant measurable objects. Discovery of quasars as bright radio sources.

Quasars show large optical red shifts; estimation involving distance and power output. Formation of quasars from
active supermassiveblack holes.

Difficultiesinthe direct detection of exoplanets.




Detection techniques will be limited to variation in Doppler shift (radial velocity method) and the transit method.

Typical light curve.
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3.11 Engineeringphysics (A-level only)

3.11.1 Rotational dynamics (A-levelonly)

| = mr2 for a point mass and calculations foran extended object.

Qualitative knowledge of the factors that affect the moment of inertia of arotating object.
Expressions formoment of inertiawill be given where necessary.

Rotational kineticenergy

Factors affecting the energy storage capacity of a flywheel. Use of flywheels in machines.

Use of flywheels for smoothing torque and speed, and forstoringenergy invehicles, and in machines used for
production processes.

Angulardisplacement, angularspeed, angularvelocity, angular acceleration,
Representation by graphical methods of uniform and non-uniform angular acceleration.
Equations for uniform angularacceleration (SUVAT)

Torque and angularacceleration

angularmomentum

Conservation of angularmomentum.

Angularimpulse =change inangularmomentum.

Applications may include examples from sport.

Work and Power

Awareness that frictional torque hasto be takeninto accountin rotating machinery.

3.11.2 Thermodynamics and engines (A-level only)

Quantitative treatment of first law of thermodynamics,Q=A U+ W




where Qis energy transferred to the system by heating, AU is increase ininternal energy and Wis work done by the
system.

Applications of the first law of thermodynamics.

Isothermal, adiabatic, constant pressure and constant volume changes.

pV =nRT

adiabaticchange : pVy = constantisothermal change : pV = constant at constant pressure W = pAV
Application of first law of thermodynamics to the above processes.

Representation of processes on p—V diagram.

Estimation of work done interms of area below the graph. Extension to cyclic processes: work done percycle = area
of loop

Expressionsforwork done are notrequired except forthe constant pressure case, W = pAV

Understanding of a four-stroke petrolengine cycle and adiesel engine cycle, and of the correspondingindicator
diagrams.

Comparison with the theoretical diagrams forthese cycles; use of indicator diagrams for predicting and measuring
powerand efficiency

input power

Indicated power (as areaof p-V loop x no. of cycles persecond x no. of cylinders)

Outputor brake power,

friction power=indicated power—brake power

Engine efficiency; overall, thermal and mechanical efficiencies.

A knowledge of engine constructional detailsis not required.

Questions may be seton other cycles, butthey will be interpretative and all essentialinformation will be given.
Impossibility of an engine working only by the First Law.

Second Law of Thermodynamics expressed as the need for a heatengine to operate between asource and a sink.

efficiency




maximum theoretical efficiency

Reasonsforthe lower efficiencies of practical engines.

Maximising use of Wand QH for example in combined heat and power schemes.

Basic principles and uses of heat pumps and refrigerators.

A knowledge of practical heat pumps orrefrigerator cycles and devicesis notrequired.

Coefficients of performance refrigerator and heat pump




