4.6 Further
mechanics
3.6.1

3.6.1.1

3.6.1.2

3.6.1.3

3.6.1.3

3.6 Thermal
Physics
3.6.2
3.6.2.1

3.6.2.2

3.6.2.3

The Threshold Concepts in Physics are of universal application and are embedded throughout the curriculum. They underpin physics learning and assessment

The threshold conceptss are:

1 The use of models, as in the particle model of matter or the wave models of light and sound

2 The concept of causation in explaining links, such as the link between resultant forces and acceleration, or changes in nuclei and radioactivity

3 The phenomenom of action at a distance, an the related concept of a field, e.g. gravitational, electrical and magnetic fields

4 The idea that differences are the drivers of change, e.g. potential difference being necessary for a current to flow, temperature difference for heat transfer
5 That proportionality is an important aspect of many of the models in science, e.g. F = ma, Hooke's Law

6 That physical laws and models are expressed in mathematical form

Summary of AQA Specification

Periodic motion
Circular motion

Simple harmonic motion (SHM)

Simple harmonic systems

Required practical 7
Forced vibrations and resonance

Summary of AQA Specification

Thermal Physics
Thermal energy transfer

Ideal gases

Required practical 8
Molecular kinetic theory model

Learning Outcomes

Radian measure of angle

Angular speed/velocity

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

Examples of circular motion in horizontal and vertical situations including conical pendulums and banked tracks
Condition for SHM; defining eqation for SHM a = @”"2x

Graphical representation for displacement, velocity and acceleration with time

Time dependent equations for displacement, velocity and acceleration

Graphical techniques, e.g. velocity from the gradient of a displacement time gragh

Mathematical techniques; velocity as the first differential of displacement, acceleration as the second differential
Maximum speed = ®A

Maximum acceleration = ®"2A

Study of a mass-spring system

Study of a simple pendulum

Examples of other harmonic oscillators, e.g. liquid in U-tubes

Variation of potential, kinetic and total energy with time

Velocity wrt displacement, derived from energy considerations

Investigation into shm with a mass-spring system and a pendulum

Qualitative treatment of free and forced vibrations

Resonance and the effect of damping on the sharpness of the resonance

Examples of these effects in mechanical systems and situations involving stationary waves

Learning Outcomes

Internal energy as the sum of the randomly distributed kinetic and potential energies of particles in a body

Internal energy of a body is increased when energy is transferred to it by heating or when work is done on it, e.g. qualitative first law of thermodynamics
Appreciation that during a change of state the potential energies of the particles increases, but the kinetic energies

Specific heat capacity, including continuous flow calculations

Specific latent heat

Gas laws as empirical relationships between p, V, T and m; Boyle's law, Charles' law, pressure law, Avagadro's law

Concept of absolute zero

Ideal gas equation for moles pV = nRT and number of particles pV = NkT

Work done = pAV

Avagadro's constant, molar gas constant, Boltzmann constant

Molar mass and molecular mass

Investigating of Boyle's Law and Charles' Law

Brownian motion as evidence of the exiatence of atoms

Explanation of gas laws in terms of a simple molecular model; relationship between pressure force an Newton's second law
Students should appreciate that whilst the gas laws are empirical, the kinetic model arises from theory

Assumptions of the kinetic model

Paricle in a box' derivation

Appreciation that for an ideal gas internal energy is the sum of the kinetic energies of the particles only

Appreciation of how knowledge and understanding of the behaviour of a gas has changed over time

Year
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3.7 Fields and

their

consequenses
3.7.1

3.7.2
3.7.21

3.7.2.2

3.7.23

3.7.23

3.7 Fields and
their
consequenses
3.7.3
3.7.3.1

3.73.1

3.7.23

Summary of AQA Specification

Fields

Gravitational fields
Newton's Law of Gravitation

Gravitational field strength

Gravitational potential

Orbits of planets and satellites

Summary of AQA Specification

Electric fields
Coulomb's law

Electric field strength

Electric potential

Learning Outcomes

Concept of a force field as a region in which a body experiences a non-contact force

A force field can be represented as a vector

Force field arise from the interaction of mass, of atatic charge, and between moving charges
Similarities and differences between gravitational and electrostatic fields

Similarities: inverse square force laws, use of field lines, concept of potential, equipotential surfaces
Differences: masses always attract, by charges may attract or repel

Gravity as a universally attractive force actingbetween all matter

The force between two point masses is directly proportional to the product of the masses and inversely proportional to the square of their separation
G as the universal gravitational constant

Representation of a gravtational field by gravitational field lines

Field strength as force per unit positive mass

Magnitude of field strengh in a radial field, g = GM/r~2

Understanding of definition of gravitational potential, including zero value at infinity
Understanding of gravitational potential difference

Work done moving a mass, W = mAV

Equipotential surfaces

Idea that no work is done moving along an equipotential surface

For a radial field, V = -GM/r

field strength = - potential gradient

Graphical representation of F, g and V with r

AV from the area under a g-r grapgh

Orbital period and radius relationship (Kepler's third Law), TA2 oc rA3

Energy considerations for an orbiting satellite

Total energy of an orbiting satellite

Escape velosity

Synchronus orbit

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

Learning Outcomes

The force between two point charges is directly proportional to the product of the charges and inversely proportional to the square of their separation
Permittivity of free space

Appreciation that air can be treated as a vacuum when calculating force between charge

For a spherical conductor, charge may be considered to be concentrated at its centre

Comparison of the magnitude of gravitational and electrostatic forces between subatomuc particles
Representation of an elecric field by electric field lines

Field strength as force per unit positive charge

Magnitude of field strengh in a radial field, E = Q/4 wer2

Magnitude of gield strength in a unifom field, E = V/d

Derivation of work done moving a charge between plates, Fd = QAV

Trajectory of a charged particle moving in a uniform electric field

Understanding of definition of absolute electric potential, including zero value at infinity
Understanding of electric potential difference

Work done moving a mass, W = QAV

Equipotential surfaces

Idea that no work is done moving along an equipotential surface

For a radial field, V=Q/4 ner

field strength = - potential gradient

Graphical representation of F, E and V with r

AV from the area under a E-r grapgh
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3.7 Fields and
their
consequenses
3.74
3.7.4.1
3.7.4.2

3.743
3.7.4.4

3.7.5
3.7.5.5

3.7 Fields and
their
consequenses
3.7.5
3.7.5.1

3.7.5.2

3.75.3

3.75.4

3.7.5.6

3.8 Nuclear
physics
3.8.1
3.8.1.1

3.8.1.2

Summary of AQA Specification
Capacitance

Capacitance
Parallel plate capacitor

Energy stored by a capacitor
Capacitor charge and discharge

Required praciical 9
Magnetic fields
Alternating currents

Summary of AQA Specification

Magnetic fields
Magnetic flux density

Required praciical 10

Moving charges in a magnetic field

Magnetic flux and flux linkage

Required praciical 11
Electromagnetic induction

The operation of a transformer

Summary of AQA Specification

Radioactivity
Rutherford scattering

Alpha, beta and gamma radiation

Learning Outcomes

Definition of capacitance, c = Q/C

Dielectric action in a capacitance

Relative permittivity and dielectric constant

Students should be able to describe the action of a simple polar molecule that rotates in the presence of an electric field
The area under a Q-V graph as the energy stored in a capacitor

Graphical representation of charging and discharging of capacitors through resistors, Corresponding graphs for Q, Y and | against t
Interpreation of the gradients and areas under the Q, V and | against t graphs

Time constant RC

Calculation of time constants from graphical data

Time to halve, T1/2 = In 2 (RC) = 0.69 RC

Quantitative treatment of capacitor charge and discharge with exponential equations

Qualitative treatment of capacitor discharge with natural logs

Investigation of capacitor discharge using a log-linear plot to defermine the time constant of the system

Sinusoidal voltages and currents only; root mean square, peak and peak-to-peak values for sinusoidal waveforms only

Application to the calculation of mains electricity peak and peak-to-peak voltage values

Use of an oscilloscope as a dc and ac voltmeter to measure time intervals and frequencies and to display AC waveforms

Students should be familiar with the operation of an oscilloscope - time base, y-gain, y shift - and how to increase/decrease sensitivity

Learning Outcomes

Force on a current-carrying wire in a magnetic field when field is perpendicular to current, F = BIL

Fleming's left-hand rule

Magnetic flux density (magnetic field strength), B, and definition of the tesla

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

Force on a Charged particle in a magnetic field when moving perpendicular to field, F = BQv

Direction of magnetic force on positive and negative charges

The magnetic force on charged particles in a magnetic field as a centripetal force, i.e. charged particles follow circular paths.
For a given flux density, the radius of the path depends on the specific charge of the pariticle

Applications to include the mass spectrometer and cyclotron

Magnetic flux defined as ® = BA where B is normal to A (® = BA cos 0 otherwise)

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

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

Flux linkage N® = BAN cos 6

Investigate, using a search coil and oscilloscope, the effect on magnetic flux linkage of varying the angle between a search coil and magnetic field
Faraday's law: induced emf is equal to the rate of change of flux linkage, or rate of cutting flux

Lenz's law: any current that flows as a result of an induced emf will act is such as way as to oppose the change causing it
Applications such as a straight conductor moving in a magnetic field

Simple experimental phenomena: bar magnet falling through a coil, magnet falling down a metal tube, levitating ring, electromagnetic braking
emf induced in a coil rotating as constant angular speed in a uniform magnetic field

The transformer equation

Transformer efficiency

Production of eddy currents

Causes of inefficiencies in transformers

Transmission of electrical power at high voltage including calculations of power loss in transmission lines

Learning Outcomes

Qualitative study of Rutherford scattering
Appreciation of how the knowledge and understanding of the structure of the nucleus has changed over time
Properties and experimental identification using simple absorption experiments
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3.8.13

3.8.14

3.8.15

3.8.1.6

3.8.1.7

3.8.1.8

3.9 Astrophysics
3.9.1
3.9.1.1

3.9.1.2

3.9.13

3.9.14

Required praciical 12
Radioactive decay

Nuclear instability

Nuclear radius

Mass and energy

Induced fission

Safety aspects

Summary of AQA Specification

Telescopes
Astrononical telescope consisting of two converging le

Reflecting telescope

Single-dish radio telescopes, IR, UV and X-ray telescop:
Asvantages of large dismeter telescopes

Propeties wrt relative hazards of exposure to humans

Applications, including thickness measurements of aluminium foil, paper and steel

Inverse square law for radiation

Experimental verification of inverse square law

Applications of inverse square law, e.g. to safe handling of radioactive sources

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

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

Investigation of the inverse square law for gamma radiation

Random nature of radioactive decay, decay constant interpreted as the probability of the decay of a given nucleus
Activity, A =-AN

Mathematical modelling with a constant decay probability to produce exponential relationships for radioactive decay
Students should be able to use exponential relationships to solve problems; questions may involve molar mass or the Avagadro constant
Half life equation, T1/2 = In 2/A

Determination of half-life from graphical decay data including decay data and In graphs

Graph of neutron number, N, against proton number, Z, for stable nuclei

Posible decay modes including alpha, beta minus, beta plus and electron capture, represented by decay equations
Nuclear energy level diagrams

Existence of nuclear excited states; gamma ray emission; application, e.g. use of technetium -99m as a gamma source in medical diagnosis
Estimate of nuclear radius from distance of closest approach

Determination of nuclear radius from electron diffraction

Graph of intensity against angle for electron diffraction by a nucleus

Knowledge of typical value of nuclear radius

Dependence of radius on nucleon number, formuala and appreciation that it is an empirical rule

Interpretation of radius-nucleon equation as evidence for the constant density of nuclear material

Calculation of nuclear denity

Appreciation that E = mc”2 applies to all energy changes

Binding energy as the energy required to separate a nucleus into its constituent nucleons

Graph of binding energy per nucleon against nucleon number

Atomic mass unit, u; conversions between u, kg, J and MeV

Calculations involving mass difference and binding energy

Fission and fusion processes; students should be able to identify regions on the binding energy curve regions where nuclei will release energy where nuclei will release energy

when undergoing fission/fusion

Appreciation that knowledge of the physics of nuclear energy allows society to use science to inform decision making

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 reaction (details of particular reactors not required)
A simple mechanical model of moderation by elastic collision

Factors affecting the choice of materials for the moderator, conrol rods and coolant; examples of materials used for these materials
Fuel used in nuclear reactors, remote handling, shielding, emergency shut down

Production, remote handling, and storage of radioactive waste materials; high, medium and low level waste

Appreciation of the balance between risk and benefits in the development of nuclear power

Learning Outcomes

Revision of convex (converging) lenses

Ray diagram to show image formation in normal adjustment

The angle subtended by a (distant) object using the small angle approximation
Angular magnification in normal adjustment

M - angle subtended by image at eye/angle subtended by object at unaided eye
M = focal length of objective/focal length of eyepiece

Use of magnification and the fact that the length of the telescope in normal adjustment is the sum of the focal lengths of the eyeoiece and the objective to calculate individual

focal lengths

Cassegrain arrangement using a parabolic concave primary mirror and a convex secondary mirror

Ray diagram to show the pathof rays through the telescope to the eyepiece

Relative merits of refracting and reflecting telescopes including a qualitative treatment of spherical and chromatic aberration

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

and collecting power
The Rayleigh criterion and calculation of minimum sngular resolution of telescope
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3.9.2
3.9.2.1

3.9.2.2

3.9.23

3.9.24

3.9.25

3.9.2.6

3.93
3.9.3.1

3.93.2

3.9.33

3.933

Ws1

Ws1.1

Classification of stars
Classification by luminosity

Absolute magnitude

Classification by remperature, black-body radiation

Principles of the use of stellar spectral classes

The Herzprung-Russel (HR) diagram

Supernovae, neutron stars and black holes

Cosmology
Doppler effect

Hubble's law

Quasars

Detection of exoplanets

Working scientifically

Development of scientific thinking

Understand how scientific methods and theories
develop over time

Collecting power
Quantitative comparison of telescopes in terms of resolution (minimum resolvable angle) and collecting power

Comparison of the eye and CCD as detectors in terms of quantum efficiency, resolution and convenience of use (no knowledge of CCD structure or operation required)

Apparent magnitude and the Hipparcos scale

Relation between brightness (visual) and apparent magnitude; a difference of 1 on the magnitude scale is equal to an intensity ratio of 2.51
Parsec and light year.

1 second of arc = 1/3600 of a degree

distance in parsecs = 1/paralax angle in seconds of arc

Appreciation that parallax measurements of distance are the last absolute measurements of distances to astronomical objects and that all other measurements on the 'ladder of

astronomical distances' are prone to assumptions and large uncertainties

Definition of absolute magnitude as the apparent magnitude at a distance of ten parsecs.

Use of the magnitude equation, m - M =5 log (d/10), where distance is in pc

Stefan's law and Wien's displacement law

General shape of black-body curves, use of Wien's law to estimate the black-body temperature of sources

Assumption that a star is a black body

Inverse square law and assumptions in it's application

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

Pupils should know the the main spectral classes: alphabetic spectral class, Intrinsic colour, surface temperature, prominent absorption lines
Temperature related to absorption spectra limited to hydrogen Balmer lines; requirement for atoms in an n = 2 state

Students should be able to recreate the Herzprung- Russell diagram, general shape, main sequence dwarfs and giants

Axes scales range from -10 to 15 (absolute magnitude) and 50 000 K to 2500 K (temperature on a logarithmic scale) or OBAFGM (spectral class)
Students should be familiar with the position of the Sun on the HR diagram

Stellar evolution; path of a star similar to our Sun 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 > c inside the event horizon of a black hole

Gamma ray bursts due to the collapse of supergiant stars to form neutron stars and black holes

Comparison of energy output with total energy output of sun

Colimation of gamma ray bursts and their potential to cause mass extinction events

Use of type 1a supernovae as standard candles to determine distances

Students should be familiar with the light curve of a type 1a supernova including peak absolute magnitude -19.3

Controversy concerning accelerating universe and dark enery drawn from discordant data from red shift and type 1a supernovae measurements
Conjecture that supermassive black holes lie at the centre of galaxies

Calculation of Scharwschild radius of the event horizon for a black hole

Doppler shift applied to optical and radio sources, v << ¢

Calculations on binary star systems, viewed in the plane of orbit, based on light curves and doppler shift data

Doppler shift in the context of galaxies and quasars

Observation that on a large scale, galaxiy clusters exhibit red shift, and that more distant galaxies exhibit larger red shift
Hubble (LeMaitre) law, v = Hd

Simple interpretation of Hubble's law as a consequence of an expanding universe

Calculation of the age of the Universe from a given value of the Hubble constant

Oqualitative treatment of the Big Bang theory including evidence from red shift observations (Hubble's law), cosmic microwave bachground radiation (CMBR) measurements,

and relative abundance of hydrogen and helium

Quasars as the most distant measureable 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 supermassive black holes

Difficulties in the direct detection of exoplanets

Detection techniques will be limited to variation in Doppler shift (radial velocity method) and transit method, verified by direct IR observation
Typical light curve for the transit method

Learning Outcomes
Students should be able to:

Give examples to show how scientific methodsand theories have changed over time, e.g. the atomic model

Explain, with an example, why new data from experiments and observations led to changes in models and theories
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Decide whether or not given data supports a particular theory

WS 1.2 Use a variety of models such as Recognise/draw/interpret diagrams
representational, spatial, descriptive, Translate from data to a representation with a model
computational and mathematical to solve Use models in explanations, or match features of a model to the data from experiments or observations that the model explains
problems, make predictions and to develop Make predictions or calculate quantities based on the model or show its limitations
scientific explanations and understanding of Make predictions or calculate quantities based on the model or show its limitations
familiar and unfamiliar facts. Give examples of ways in which a model can be tested by experimentation of observation
ws 1.3 Appreciate the power and limitations of Explain why data is needed to answer scientific questions and why it might be uncertain,incomplete or not available
science and consider any ethical issues which Outline a simple ethical argument on the rights and wrongs of a new technology
may arise.
ws 1.4 Explain everyday and technological Describe and explain specified examples of the technological application of science
applications of science; evaluate associated Describe and evaluate, with the help of data, methods that can be used to tackle problems caused by human impacts on the environment

personal, social, economic and environmental
implications; and make decisions based on the
evaluation of evidence and arguments.

WS 1.5 Evaluate risks both in practical science Give examples to show that there are hazards associated with science-based technologies that have to be considered alongside the benefits

and the wider societal context, including perception  Suggest reasons why the perception of risk is often very different from the measured risk, e.g. voluntary vs imposed risks, familiar vs unfamiliar risks, visible vs invisible risks
of risk in relation to data and consequences

WS 1.6 Recognise the importance of peer Explain that the process of peer review helps to detect false claims and to establish a concensus about which claims should be regarded as valid
review of results and of communicating results Explain that reports of scientific developments in the popular media are not subject to peer review and may be oversimplified, inaccurate or biased
to a range of audiences.

WS 2 Experimental skills and strategies Students should be able to:
WS 2.1 Use scientific theories and explanations to Suggest a hypothesis to explain given observations or data
develop hypotheses

WS 2.2 Plan experiments or devise procedures to make Describe a practical procedure for a specified purpose
observations, produce or characterise a substance, Explain why a given practical procedure is well designed for its specified purpose
test hypotheses, check data or explore Explain the need to manipulate and control variables
phenomena Identify in a given context: the independent variable, the dependent variable, control variables, and explain why control variables are kept the same

Apply understanding of apparatus and techniques to suggest a procedure for a specified purpose

WS 2.3 Apply a knowledge of a range of techniques, Describe/suggest/select the technique, instrument, apparatus or material that should be used for a particular purpose, and explain why
instruments, apparatus, and materials to
select those appropriate to the experiment

WS 2.4 Carry out experiments appropriately having due Identify the main hazards in specified practical contexts
regard for the correct manipulation of Suggest methods for reducing risks
apparatus, the accuracy of measurements and
health and safety considerations

WS 2.5 Recognise when to apply knowledge of sampling Suggest and describe an appropriate sampling technique in a given context
techniques to ensure any samples collected
are representative

WS 2.6 Make and record observations and Read measurements off a scale in a practical context and record appropriately
measurements usins a range of apparatus
and methods

WS 2.7 Evaluate methods and suggest possible Assess whether sufficient, precise measurements have been taken in an experiment
improvements and further investigations Evaluate methods with a view to determining whether or not they are valid



WS 3
Ws 3.1

WS 3.2

Ws3.3

Ws 3.4

WS 3.5

WS 3.6

Ws 3.7

WS 3.8

WS 4

3.1
3.1.1

3.1.2

Analysis and evaluation
Presenting observations and other data using
appropriate mathods

Translating data from one form to another

Carry out and represent mathematical and
statistical analysis

Represent distributions of results and and
make estimations of uncertainties

Interpret observation and other data, including
identifying patterns and trends, making
inferences and drrawing conclusions

Present reasoned explanations, including
relating hypotheses to data

Being objective, evaluating data in terms of
accuracy, precision, repeatability and
reproducibility and identifying potential
sources of random and systematic error

Communicate the scientific rationale for
investigations methods used, findings and
reasoned conclusions through paper-based
and electronic reports and presentations using
verbal, diagrammatic, graphical, numerical and
symbolic form

Scientific vocabulary, quantities, units, symbols and nc

Measurements and their errors
Use of SI units and their prefixes

Limitation of physical measurements

Students should be able to:
Construct and interpret frquency tables and diagrams, bar charts and histograms
Plot two variables from experimental or other data

Translate data between graphical and numeric form

Use appropriate significant figures

Find the mean and range of a set of data

Construct and interpret frequency table and disgrams, bar charts and histograms

Make order of magnitude calculations

Change the subject of an equation

Substitute numerical values into algebraic equations

Determine the gradient and intercept of a linear graph and interpret their significance

Draw a tangent to find the gradient of a function at a point

Determine the area under a curve and the x-axis, by counting squares if the shape is not geometric, and interpret its significance

Apply the idea that whenever a measurement is made, there is always some uncertainty about the result obtained
Use the range of a set of measurements about the mean as a measurement of uncertainty

Use data to make predictions
Recognise or describe patterns and trends in data presented in a variety of tabular, graphical and other forms
Draw conclusions from given observations

Comment on the extent to which data is consistent with a given hypothesis
Identify which of two or more hypotheses provides the better explanation of data in a given context

Apply the following ideas to evaluate data to suggest improvements to procedures and techniques:

An accurate measurement is one close to the true value

Measurements are precise if they cluster closely

Measurements are repeatable when repetition, under the same conditions by the same investigator, gives similar results

Measurements are reproducible if simsilar results are obtained by different investigators with different equipment

Measurements are affected by random error due to results varying in unpredictable ways; these errors can be reduced by making more measurementts and reporting a mean
value

Systematic error is due to measurement results differing from the true value by a consistent amount each time

Any anomalous values should be examined to try and identify the cause and, if a product of poor measurement, ignored

Present coherent and logical structured responses, analysis and evaluation, applied to the required practicals and other practical investigations given appropriate information

Students should be able to:

Use scientific vocabulary, terminology and definitions

Recognise the importance of scientific quantities and understand how they are determined
Use Sl units and IUPAC chemical nomenclature

Use prefixes and power of ten for orders of magnitude (nano to tera)

Interconvert units

Use an appropriate number of significant figures in calculation

Students should be able to:

Fundamental base units (excluding the candela)

Sl derived units; expressing Sl derived units

Use of Sl prefixes; T. G.M, k, ¢, m, , p,

Students should be able to convert between different units of the same quantity, e.g. J and eV, J and kW h
Random and systemmatic errors
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6 Mathematical
requirements
6.1
3.1.1

6.2

6.3

6.4

6.5

Estimarion of physical quantities

Summary of AQA specification

Arithmetic and numerical computation

Handling data

Algebra

Graphs

ry and trig ry

Precision, repeatability, reproducibility, resolution and accuracy

Absolute, fractional and percentage uncertainty

Combination of uncertainty for common algebraic operators; +, -, x, /, *
Represent uncertainty in a data point on a graph using error bars

Determine the uncertainties in the gradient and intercept of a straight-line graph
Individual points on the graph may or may not have associated error bars
Orders of magnitude

Estimation of the appropriate value of physical quantities

Learning Outcomes (this list is not exhaustive)

Recognise and make use of appropriate units in calculations

Recognise and use data in decimal and standard form

Use ratios, fractions and percentages

Estimate results

Use calculators fo find and use power, reciprocal, exponential, logarithmic and trigonometric functions in degrees or radians
Use an appropriate number of sugnificant figures

Find arithmetic means

Understand simple probability

Make order of magnitude calculations

Identify uncertainties in measurements and use simple techniques to combine uncertainties for common algebraic functions
Change the subject of a formula for linear, polynomial, trigonometric, exponential and logarithmic functions

Solve algebraic equations for linear, polynomial, trigonometric, exponential and logarithmic functions

Recognise and interpret real world example of logarithmic scales for quantities that range over several orders of magnitude
Translate data between graphical, numerical and algebraic form

Understand y = mx + c as a linear relationship and be able to present functions in this form

Calculate rate of change from the gradient of a linear graph

Draw and use a tangent to calculate rate of change from the gradient of the tangent

Distinguish between instantaneous rates of change and average rates of change

Understand the possible physical significance of the area betweena curve and the x-axis and be able to make extimates of the area under a curve
Apply the cocepts underlying calculus (but without the explicit use of derivatives or intergrals) to solve equations involving rates of change using a graphical method or

spreadsheet modelling

Interpret logarithmic plots

Sketch linear, polynomial, trigonometric, exponential and logarithmic relationships

Know and use angles in regular 2D and 3D shapes

Visualise and represent 2D and 3D objects

Calculate areas and volumes for regular 2D and 3D shapes

Use Pythagorus' theorem and trigonometry in physical problems (trig. Identities not required)
Use of radians and degrees and a knowledge of how to convert between them

Knowledge and use of the small angle approximation

Taught throughout course



