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	AUSTRALIAN INSTITUTE OF PHYSICS

Victorian Branch, Education Committee

Web site: http://www.vicphysics.org
PO Box 304, Glen Waverley, Victoria 3150


Comparing the Consultation Draft with the Current VCE Physics Study Design
The Consultation Draft is now in schools and also on the VCAA website.

To assist teachers with identifying the proposed changes to the Physics Study Design in the Consultation Draft, the Education Committee has gone through the two documents and identified the changes to the dot points in each of the 20 Areas of Study.
These changes are presented in the following tables, one for each Area of Study.  The tables are presented in ‘landscape’.  The 20 Areas of Study cover 27 pages.
Each table has three columns:

· The left column is all the dot points in the current study design for the particular Area of Study,

· The right column is all the dot points in the consultation draft,

· The middle column is the type of change to the current dot point, that is, either Reworded, Additions, Deletions, Split, Merged, New, Deleted or Unchanged.
The specific changes in the current and proposed dot points are highlighted in bold.

The Draft that arrived in schools is accompanied by a ‘Summary of the Proposed Changes to the Study Design’.  It is also on the VCAA website, as is the Consultation Questionnaire.
The Summary in part mentions the re-ordering of the Areas of Study within Units 1 and 2.

The other significant proposed change is the inclusion of the phrase ‘this summary report should constitute the assessment for one entire outcome’ in the description of both the ‘extended practical investigation’ in Unit 3 and the ‘report of practical activities’ in Unit 4.

This removes an anomaly in the current study design which allows additional assessment tasks for all outcomes with the result that there is no lower limit on the contribution of each of these two important tasks to the ‘school-assessed coursework’. 
The closing date for feedback to VCAA through the questionnaire is Friday 17th August, 2007.
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	Current Study Design: Unit 1 Wave-like Properties of Light
	Change
	Consultation Draft: Unit 2 Wave-like Properties of Light

	explain how models are used by physical scientists to organise and explain observed phenomena;
	Reworded
	Describe the use of models by physical scientists to organise and explain observed phenomena

	model wave behaviour as the transfer of energy from one position to another without net transfer of any material;
	Deleted
	

	describe examples of transverse and longitudinal waves in terms of: particle motion and direction of propagation, amplitude, wavelength, period and frequency
	Deletions
	describe transverse waves in terms of: amplitude, wavelength, period and frequency

	
	Incorporates aspects of some of the deleted dot points
	describe the following models used by physical scientists to explain light: electromagnetic wave; particle model, photons; and ray model, simplify light as line in direction of travel

	describe mathematically connections between wavelength, frequency, period and speed of travel of waves;
	Reworded
	calculate wavelength, frequency, period and speed of travel of light waves, v = fλ = λ/T

	identify visible light as a particular region of a spectrum of transverse electromagnetic radiation;
	Addition
	identify visible light as a particular region of a spectrum electromagnetic radiation and that all light travels at the one speed in a vacuum, c;

	apply a wave model of energy transfer to visible light and the electromagnetic spectrum;
	Deleted
	

	describe polarisation of visible light and its relation to a transverse wave model;
	Unchanged
	describe polarisation of visible light and its relation to a transverse wave model

	describe the colour components of white light and colour effects including interference effects using a wave model of light;
	Reduced and reworded
	explain the colour components of white light as different frequencies of light combining to appear white

	evaluate the strengths and limitations of a wave model applied to light phenomena;
	Deleted
	

	describe the ray model of light as derived from the wave model;
	Deleted
	

	apply a ray model to behaviours of light including reflection, refraction and total internal reflection; 
	Addition
	apply a ray model to behaviours of light including; reflection i = r; refraction, Snell’s Law; total internal reflection, critical angle;

	model refraction effects mathematically, using Snell’s Law and refractive index;
	Included elsewhere
	See above

	describe colour dispersion in prisms and lenses;
	Reworded
	explain colour dispersion in prisms and lenses

	interpret the behaviour of light in light pipes and optical fibres modelled as repeated internal reflections of light waves;
	Deleted
	

	describe qualitatively the effects of material dispersion and modal dispersion in an optical fibre;
	Deleted
	

	use information sources to assess risk in the use of light sources, lasers and optical devices including lenses and mirrors;
	Deleted
	

	recognise and adopt safe and responsible practices in the use of light sources, lasers, and optical devices.
	Deleted
	


	Current Study Design:Unit 1 Nuclear and radioactivity physics
	Change
	Consultation Draft: Unit 1 Nuclear and radioactivity physics

	apply models as used by physical scientists to nuclear and radioactivity physics;
	Deleted
	

	model radioactive decay as random decay with a particular half-life including mathematical modelling in terms of whole half-lives;
	Unchanged
	model radioactive decay as random decay with a particular half-life, including mathematical modelling in terms of whole half-lives

	apply a simple particle model of the atomic nucleus to the origin of ,  and  radiation including changes to the number of nucleons, detection and penetrating properties; 
	Unchanged
	apply a simple particle model of the atomic nucleus to the origin of ,  and  radiation, including changes to the number of nucleons, detection and penetrating properties

	describe the effects of ,  and  radiation on humans including short- and long-term effects from low and high doses, external and internal sources;
	Addition
	describe the effects of ,  and  radiation on humans, including short- and long-term effects from low and high doses, external and internal sources, not including absorbed dose or dose equivalence

	describe the effects of ionising radiation on organisms and the environment;
	Unchanged
	describe the effects of ionising radiation on organisms and the environment

	describe nuclear transformations and decay series;
	Reworded and split
	explain nuclear transformations using decay equations, ,  and ;

	
	Other half of split dot point
	analyse decay series diagrams in terms of type of decay and stability of isotopes;

	describe natural and artificial isotopes and neutron absorption as one means of production of artificial radioisotopes;
	Reworded and split
	describe natural and artificial isotopes in terms of source and stability

	
	Other half of split dot point
	describe neutron absorption as one means of production of artificial radioisotopes

	select appropriate data relevant to aspects of nuclear and radioactivity physics from a database;
	Deleted
	

	identify sources of bias and error in written and other media related to nuclear and radioactivity physics;
	Unchanged
	identify sources of bias and error in written and other media related to nuclear and radioactivity physics

	use information sources to assess risk in the use of nuclear reactions and radioactivity.
	Reworded
	describe the risks associated with the use of nuclear reactions and radioactivity


	Current Study Design: Unit 1 Astronomy
	Change
	Consultation Draft: Unit 1 Astronomy

	plot the positions of some observed celestial objects as a function of time of day and time of year on a standard grid, for example altitude–azimuth, right ascension–declination;
	Reworded
	interpret the positions of some observed celestial objects as a function of time of day and time of year on a standard grid, for example altitude–azimuth, right ascension–declination

	describe the diurnal and annual motion of the stars and planets as seen from the Earth;
	Reworded
	describe and explain the diurnal and annual motion of the stars and planets as seen from the Earth;

	describe telescopic observations of changes to celestial objects including planets;
	Reworded
	describe telescopic observations of changes to celestial objects including planets, such as relative position or physical appearance

	describe early geocentric models of the Universe and the epicycle orbits of the planets, including the model of Ptolemy;
	Unchanged
	describe early geocentric models of the Universe and the epicycle orbits of the planets, including the model of Ptolemy

	describe the Copernican heliocentric model of the solar system and its effect;
	Reworded
	describe the Copernican heliocentric model of the solar system;

	relate Galileo’s telescopic observations of the Moon, Sun, Jupiter and Venus to his heliocentric interpretation;
	Reworded
	describe Galileo’s telescopic observations of the positions of the Moon, Sun, Jupiter and Venus with reference to his heliocentric interpretation;

	describe the discovery by telescope of new celestial objects such as planets, asteroids, comets, nebulae, galaxies and black holes;
	Reworded
	recognise that the telescope led to the discovery of new celestial objects such as planets, asteroids, comets, nebulae, galaxies and black holes;

	assess telescopes, for example commonly available and space-based telescopes, according to their purpose, optical system (reflecting, refracting), mount (altazimuth, equatorial) and data collection system (optical, electronic);
	Reworded with an addition
	evaluate telescopes, for example commonly available and space-based telescopes, according to their purpose, optical system (reflecting, refracting), mount (altazimuth, equatorial), data collection system (optical, electronic) and quality of image in terms of aberration (spherical, chromatic);

	select appropriate data relevant to aspects of astronomy from a database;
	Unchanged
	select appropriate data relevant to aspects of astronomy from a database;

	use information sources to assess risk in the use of astronomical equipment and making celestial observations;
	Deleted
	

	use safe and responsible practices in the use of astronomical equipment and making celestial observations.
	Deleted
	


	Current Study Design: Unit 1 Medical physics
	Change
	Consultation Draft: Unit 1 Medical physics

	describe applications of radioisotopes to medical diagnosis and treatment;
	Unchanged
	describe applications of radioisotopes to medical diagnosis and treatment;

	explain the operation of optical fibres as endoscopes and other applications for diagnosis and treatment;
	Reworded
	explain the use and operation of optical fibres in endoscopes and in other applications for diagnosis and treatment;

	evaluate the use of laser treatments considering a laser as an intense energy source;
	Reworded
	describe and evaluate medical treatments which use a laser as an intense energy source;

	describe processes of medical imaging using two or more of ultrasound, X-rays and CT; 
	Reworded and merged with another dot points
	describe and compare processes of, and images produced by, medical imaging using two or more of ultrasound, X-rays, CT, MRI and PET

	make simple interpretations of images of the human body produced by, for example, ultrasound, X-rays, CT, MRI and PET;
	Reworded and merged with another dot points
	See above

	use responsible practices when working with radioactive material.
	Reworded
	identify safe and responsible practices when working with radioactive material.


	Current Study Design: Unit 1 Energy from the nucleus
	Change
	Consultation Draft: Unit 2 Energy from the nucleus

	apply the nuclear model of the atom, and models of the particles of nuclei, to the stability of nuclei, electrostatic and strong nuclear forces in the nucleus and the energy balance of fission and fusion reactions;
	Reworded and split
	explain the structure of the atom in terms of: location of protons, neutrons and electrons; electrostatic forces; strong nuclear forces in the nucleus; the stability of nuclei of different size;

	
	Other half of split dot point
	describe fission and fusion reactions in terms of balance of energy

	explain nuclear fusion phenomena, including 1H and 2H, and conditions for fusion reactions including the energy barrier for initiation of nuclear fusion and energy released;
	Reworded
	explain nuclear fusion phenomena, including 1H and 2H, in terms of: conditions required for fusion reactions including the large kinetic energy of the nuclei required to initiate nuclear fusion; energy released;

	explain nuclear fission reactions including 235U and 239Pu; fission initiation by slow and fast neutrons respectively; typical fission fragments; and neutron absorption in fission fragments;
	Reworded with additions and deletions
	explain nuclear fission reactions of 235U and 239Pu in terms of: fission initiation by slow and fast neutrons respectively; products of fission including typical unstable fission fragments and energy radiation produced by unstable fission fragments;

	describe neutron absorption in 238U, including formation of 239Pu;
	Unchanged
	describe neutron absorption in 238U, including formation of 239Pu

	model fission chain reactions; descriptive treatment of criticality, including effect of mass and shape; and neutron absorption and moderation;
	Reworded
	explain fission chain reactions including: effect of mass and shape on criticality, neutron absorption and moderation;

	describe the transformation of energy in the nucleus into thermal energy for subsequent power generation including energy transfers and transformations in the systems used;
	Reworded
	describe the energy transfers and transformations in the systems that convert nuclear energy into thermal energy for subsequent power generation

	evaluate the risks and benefits of applications of nuclear energy;
	Reworded
	evaluate the risks and benefits of using nuclear energy as a power source

	analyse computer simulations of an aspect of nuclear power.
	Unchanged
	analyse computer simulations of an aspect of nuclear power.


	Current Study Design: Unit 2 Movement
	Change
	Consultation Draft: Unit 1 Movement

	describe non-uniform and uniform motion along a straight line graphically;
	Reworded
	analyse non-uniform motion graphically

	analyse motion along a straight line graphically, numerically and algebraically;
	Reworded
	analyse uniform motion (constant acceleration) along a straight line graphically, numerically and algebraically

	describe how changes in movement are caused by the actions of forces;
	Reworded
	describe how changes in motion are caused by the actions of forces

	model forces as external actions through the centre of mass point of each body;
	Reworded and split
	model weight as an external force acting through the centre of mass point of a body

	
	Other half of split dot point and reworded
	draw forces acting from the point of application

	explain movement in terms of the Newtonian model and some of its assumptions, including Newton’s three laws of motion, forces act on point particles, and the ideal, frictionless world;
	Reworded
	apply Newton’s three laws of motion to motion in a straight line including forces acting at an angle to the direction of motion

	compare the accounts of the action of forces by Aristotle, Galileo and Newton;
	Unchanged
	compare the accounts of forces described by Aristotle, Galileo and Newton

	apply the vector model of forces, including vector addition, vector subtraction and components, to readily observable forces including weight, friction and reaction forces;
	Reduction
	apply the vector model of forces, including vector addition and components of forces, to readily observable forces including weight, friction and reaction forces

	model mathematically work as force multiplied by distance for a constant force and as area under a force versus distance graph;
	Reworded
	analyse work as force multiplied by distance for a constant force and as area under a force versus distance graph;

	
	New
	analyse Hooke’s Law for an ideal spring, F=-kΔx

	interpret energy transfers and transformations using an energy conservation model applied to ideas of work, energy and power including transfers between: gravitational potential energy and kinetic energy near the Earth; potential energy and kinetic energy in springs
	Reworded
	analyse energy transfers and transformations using an energy conservation model including transfers between: gravitational potential energy, mgΔh, and kinetic energy, ½mv2, near the Earth; potential energy in ideal springs, ½kΔx2 , and kinetic energy, ½mv2;

	
	New
	analyse rate of energy transfer, power, P = E/t;

	
	New
	analyse impulse and momentum transfer in collisions between objects moving in straight line

	apply graphical, numerical and algebraic models to primary data collected during practical investigations of movement.
	Unchanged
	apply graphical, numerical and algebraic models to primary data collected during practical investigations of movement

	use safe and responsible practices when conducting experiments and/or investigations related to motion
	Deleted
	


	Current Study Design: Unit 2 Electricity
	Change
	Consultation Draft: Unit 2 Electricity

	apply charge conservation and energy conservation models to electrical phenomena to describe relationships between charge (Q), electric current (I), voltage (V), energy (U) and power (P), in electric circuits;
	Reworded
	apply the concepts of charge (Q), electric current (I), potential difference (V), energy (U) and power (P), in electric circuits;



	model circuit relationships mathematically including: I=Q/t, V=U/Q, P=U/t = VI, U=VIt;
	Unchanged
	analyse electrical concepts using the relationships I=Q/t, V=U/Q, P=U/t = VI, U=VIt;

	model resistance in series and parallel circuits using: voltage versus current graphs; resistance as the voltage to current ratio, including 
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	Unchanged
	model resistance in series and parallel circuits using; voltage versus current graphs; resistance as the voltage to current ratio, including  
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	model simple electrical devices, car and household (AC) electrical systems as simple direct current (DC) circuits;
	Unchanged
	model simple electrical devices, car and household (AC) electrical systems as simple direct current (DC) circuits

	model household electricity connections as a simple circuit comprising fuses, switches, circuit breakers, loads and earth;
	Unchanged
	model household electricity connections as a simple circuit comprising fuses, switches, circuit breakers, loads and earth;

	identify causes, effects and treatment of electric shock in homes and relate these to approximate danger thresholds for current and time;
	Unchanged
	identify causes, effects and treatment of electric shock in homes and relate these to approximate danger thresholds for current and time

	investigate practically the operation of simple circuits containing resistors, including variable resistors, diodes and other non-ohmic devices; 
	Reworded
	investigate practically the operation of simple circuits containing resistors, variable resistors, diodes and other non-ohmic devices

	present data from practical investigations in tables and graphs;
	Unchanged
	present data from practical investigations in tables and graphs

	compare the idealised functioning of circuit components in computer modelling simulations and data obtained as a result of student investigations;
	Unchanged
	compare the idealised functioning of circuit components in computer modelling simulations and data obtained as a result of student investigations

	convert energy values to kilowatt-hour (kWh);
	Unchanged
	convert energy values to kilowatt-hour (kWh);

	use information sources to assess risk in the use of electrical equipment and power supplies;
	Unchanged
	use information sources to assess risk in the use of electrical equipment and power supplies

	use safe and environmentally responsible practices in the use of electrical equipment and power supplies.
	Deleted
	


	Current Study Design: Unit 2 Astrophysics
	Change
	Consultation Draft: Unit 2 Astrophysics

	compare two or more explanations of the nature and origin of the Universe; 
	Unchanged
	compare two or more explanations of the nature and origin of the Universe

	explain the steady state and Big Bang models of the Universe;
	Unchanged
	explain the steady state and Big Bang models of the Universe

	analyse one or more computer simulations of aspects of the nature of the Universe;
	Unchanged
	analyse one or more computer simulations of aspects of the nature of the Universe

	explain the link between the Doppler Effect and Hubble’s observations;
	Unchanged
	explain the link between the Doppler Effect and Hubble’s observations

	apply a qualitative understanding of methods used for measurements of the distances to stars and galaxies;
	
	analyse methods used for measurements of the distances to stars and galaxies

	explain the formation of galaxies, stars, and planets;
	Unchanged
	explain the formation of galaxies, stars, and planets

	describe the properties of stars: luminosity, radius and mass, temperature and spectral type;
	Unchanged
	describe the properties of stars: luminosity, radius and mass, temperature and spectral type;

	use the Hertzsprung–Russell diagram to describe types of stars, their evolution and death;
	Reworded
	use the Hertzsprung–Russell diagram to describe the evolution and death of stars with differing initial mass

	explain fusion as the energy source of a star;
	Unchanged
	explain fusion as the energy source of a star

	compare the Milky Way galaxy to other galaxies;
	Addition
	compare the Milky Way galaxy to other galaxies such as those with different shape, colour or size

	describe characteristics of the Sun as a typical star, including size, mass, energy output, colour and information obtained from the Sun’s radiation spectrum;
	Unchanged
	describe characteristics of the Sun as a typical star, including size, mass, energy output, colour and information obtained from the Sun’s radiation spectrum

	select appropriate data relevant to aspects of astrophysics from a database.
	Reworded
	interpret and apply appropriate data relevant to aspects of astrophysics from a database


	Current Study Design: Unit 2 Investigations: Aerospace
	Change
	Consultation Draft: Unit 2 Investigations: Flight

	apply the concepts of forces, moments and equilibrium to balancing an aircraft;
	Reworded
	apply the concepts of forces, torques and equilibrium to balancing an aircraft

	explain lift in terms of Bernoulli’s Equation and the rate of change of momentum;
	Unchanged
	explain lift in terms of Bernoulli’s Equation and the rate of change of momentum

	model lift and Bernoulli’s concepts using a wind tunnel;
	Unchanged
	model lift and Bernoulli’s concepts using a wind tunnel

	explain drag, skin friction drag, pressure drag and principles of thrust;
	Unchanged
	explain drag, skin friction drag, pressure drag and principles of thrust

	investigate experimentally the relationship between power and thrust;
	Unchanged
	investigate experimentally the relationship between power and thrust

	analyse aircraft performance including takeoff, climb, descent and cruise;
	Unchanged
	analyse aircraft performance including takeoff, climb, descent and cruise

	investigate experimentally identified aspects of performance using a model;
	Unchanged
	investigate experimentally identified aspects of performance using a model

	use computer models to investigate phenomena associated with flight;
	Unchanged
	use computer models to investigate phenomena associated with flight

	use information sources to assess risks in the use and testing of flying models;
	Unchanged
	use information sources to assess risks in the use and testing of flying models

	use safe and environmentally responsible practices in the use and testing of flying models.
	Deleted
	


	Current Study Design: Unit 2 Investigations: Alternative energy sources
	Change
	Consultation Draft: Unit 2 Investigations: Sustainable energy sources

	
	New
	explain the terms sustainable and renewable in terms of energy use

	compare different renewable energy sources and investigate one experimentally;
	Unchanged
	compare different renewable energy sources and investigate one experimentally

	analyse the potential of the system to make a significant contribution to the community’s energy requirements, including the benefits, limitations and environmental consequences of the system;
	Reworded
	analyse the potential of the system being investigated to make a significant contribution to the community’s energy requirements, including the benefits, limitations and environmental consequences of the system;

	design an experimental investigation that models energy transfer and transformation processes of the system;
	Unchanged
	design an experimental investigation that models energy transfer and transformation processes of the system

	complete a quantitative assessment of energy transfer and transformation processes of the system;
	Reworded
	analyse energy transfer and transformation processes of the system

	determine the efficiency of the energy transfer and transformation processes of the system;
	Unchanged
	determine the efficiency of the energy transfer and transformation processes of the system

	use the principles of energy transfer and transformation processes to describe the operation of the system;
	Reworded
	describe the operation of the system in terms of energy transfer and transformation processes

	relate the model system to a real-life problem involving energy supply;
	Reworded
	evaluate the model system in relation to a real-life problem involving energy supply

	use information sources to assess risk in the development and use of an energy supply system;
	Reworded
	interpret information sources to assess risk in the development and use of an energy supply system

	use safe and environmentally responsible practices in the development and use of an energy supply system.
	Deleted
	


	Current Study Design: Unit 3 Motion in one and two dimensions
	Change
	Consultation Draft: Unit 3 Motion in one and two dimensions

	explain movement in terms of the Newtonian model and assumptions including: Newton’s three laws of motion; the absolute nature of space and time;
	Deleted
	

	
	New
	describe: 

· the Law of Conservation of Energy
· the Law of Conservation of Momentum;  

	apply Newton’s laws of motion to situations involving two or more forces acting along a straight line and in two dimensions
	Reworded
	analyse Newton’s three laws of motion as applied to situations with two or more forces acting along a straight line and in two dimensions;

	analyse uniform circular motion of an object in a horizontal plane
	Reworded
	analyse the uniform circular motion of an object in a horizontal plane (Fnet = mv2/R):
· a vehicle moving around a circular road

· a vehicle moving around a banked road

· masses on the end of a string;

	analyse the ideal motion of projectiles near the Earth’s surface graphically and algebraically, assuming air resistance is negligible
	Rewording with deletions
	analyse the motion of projectiles near the Earth’s surface assuming air resistance is negligible

	analyse relative velocity of objects along a straight line and in two dimensions;
	Deleted
	

	distinguish between stationary (inertial) frames of reference and frames of reference that are moving at constant speed relative to the stationary frame, including Galilean transformations in one dimension between frames of reference;
	Deleted
	

	analyse impulse, and momentum transfer in collisions between objects moving along a straight line; 
	Addition
	analyse impulse, and momentum transfer, in collisions between objects moving in a straight line (FΔt = mΔv);

	analyse energy transfers resulting from work done by a constant force in one dimension;
	Addition
	analyse energy transfer resulting from work done by a constant force in one dimension:

· work done = force × distance

· work done = areas under force-distance graph;


	Current Study Design: Unit 3 Motion in one & two dimensions ctd
	Change
	Consultation Draft: Unit 3 Motion in one & two dimensions ctd

	analyse transfers of energy between kinetic energy, potential energy and other forms of energy for objects that
· interact with springs that obey Hooke’s Law, F = k(-x); 

· undergo elastic and inelastic collisions; 

· move from position to position in a changing gravitational field, using only areas under force-distance and field-distance graphs;
	Rewording, additions and deletions
	analyse transformations of energy between:
· kinetic energy (1/2 mv2; elastic and inelastic collisions in terms of conservation of kinetic energy)

· strain potential energy (area under force-distance graph representing ideal springs obeying Hooke’s Law, F = - k∆x)

· gravitational potential energy (derived from area under force-distance graph; area under a field-distance graph, mg∆h)

· heat, sound, deformation of material as energy removed from the system;

	analyse planetary and satellite motion modelled as uniform circular orbital motion in a universal gravitation field, using a = v2/r = 42r/T2 , g = GM/r2 and F = GM1M2/r2;
	Reworded and split
	model satellite motion (artificial, moon, planet) as uniform circular orbital motion (a = v2/r = 4π2r/T2).

	
	Other half of split dot point and reworded
	analyse situations involving gravitational field and gravitational force (g = GM/r2 and F = GM1M2/r2);

	use safe and responsible practices when working moving objects and equipment.
	Deleted
	


	Current Study Design: Unit 3 Electronics and photonics
	Change
	Consultation Draft: Unit 3 Electronics and photonics 

	apply the concepts of current, voltage, power to the operation of electronic circuits comprising diodes, resistance, and photonic transducers including light dependent resistors (LDR), photodiodes and light emitting diodes (LED);
	Rewording and additions
	apply the concepts of current, resistance, potential difference (voltage) and power to the operation of electronic circuits comprising diodes, resistors, thermistors and photonic transducers including light dependent resistors (LDR), photodiodes and light emitting diodes (LED), (V=IR, P=VI);

	simplify circuits comprising parallel and series resistance and unloaded voltage dividers;
	Unchanged
	simplify circuits comprising parallel and series resistance and unloaded voltage dividers;

	
	Other part of split dot point and reworded
	analyse voltage characteristics of amplifiers including linear voltage gain (Δvout / Δvin ) and clipping;

	describe the effect on the voltage characteristics of a single stage npn transistor voltage amplifier of biasing the base-emitter voltage, in terms of saturation, cut-off and linear operation, including linear gain (Vout/Vin) and clipping;
	Reworded with additions and splitting
	explain the operation of a single stage inverting npn transistor amplifier in terms of:

–
current gain of the transistor (Ic/ Ib; knowledge about n and p type materials is not required)

–
DC set up conditions when vin is zero (V=IR)

–
voltage characteristics of the transistor amplifier circuit providing information about the limitations of the transistor amplifier circuit

–
linear voltage gain (∆vout/∆vin)

–
clipping of the AC signal including clipping due to ‘saturation’(when the maximum collector current has been reached) and ‘cut-off’(when there is insufficient base current to allow a collector current) of the transistor as limitations of the transistor amplifier circuit

–
the effect of biasing the base-emitter voltage on the quality of the output signal with the intention of avoiding clipping
–
decoupling capacitors used only to separate AC from DC signals (not including details of the operation of capacitors such as time constants nor consideration of the effectiveness of the decoupling capacitor).

	explain qualitatively how capacitors act as de-couplers to separate AC from DC signals in transistor circuits;
	Reworded and included in another dot point
	See above

	Current Study Design: Unit 3 Motion in one and two dimensions ctd
	Change
	Consultation Draft: Unit 3 Motion in one and two dimensions ctd

	use technical specifications related to voltage, current, resistance, power and illumination for electronic components such as diodes, resistance, and opto-electronic converters including light dependent resistors (LDR), photodiodes and light emitting diodes (LED), excluding current–voltage characteristic curves for transistors, to design circuits to operate for particular purposes;
	Rewording and additions
	design and analyse circuits to operate for particular purposes using technical specifications related to potential difference (voltage), current, resistance, power, temperature and illumination for electronic components such as diodes, resistors, thermistors, light dependent resistors (LDR), photodiodes and light emitting diodes (LED) and phototransistors (not including current–voltage characteristic curves for transistors);



	analyse simple electronic transducer circuits for transducers that respond to changes in illumination and temperature including LDR, photodiode, phototransistor and thermistor;
	Deleted
	

	describe energy transfers and transformations in electrical–optical, and optical–electrical conversion systems using opto-electronic converters;
	Unchanged
	describe energy transfers and transformations in electrical-optical, and optical-electrical conversion systems using opto-electronic converters

	describe the transfer of information in analogue form using optical intensity modulated light; 
	Rewording and additions
	describe the transfer of information in analogue form (not including the technical aspects of modulation and demodulation) using:

–
light intensity modulation (changing the intensity of the carrier wave to replicate the amplitude variation of the information signal so that the signal may propagate more efficiently)

–
demodulation (the separation of the information signal from the carrier wave);

	use information sources to assess risk in the use of electrical, electronic and photonic equipment.
	Deleted
	


	Current Study Design: Unit 3 Einstein’s relativity
	Change
	Consultation Draft: Unit 3 Einstein’s relativity

	describe Maxwell’s prediction that the speed of light depends only on the electrical and magnetic properties of the medium it is passing through and not on the speed of the source or the speed of the medium;
	Reworded
	describe the prediction from Maxwell’s equations that the speed of light depends only on the electrical and magnetic properties of the medium it is passing through and not on the speed of the source or the speed of the medium;

	contrast Maxwell’s prediction with the principles of Galilean relativity (no absolute frame of reference; all velocity measurements are relative to the frame of reference);
	Reworded
	contrast this prediction of an absolute speed of light with the classical principle of relativity (no absolute zero for velocity; all velocity measurements are relative to the frame of reference);

	interpret the results of the Michelson–Morley experiment in terms of the postulates of Einstein’s theory of relativity;
· the laws of physics are the same in all frames of reference (all inertial frames of reference are equivalent)
· the speed of light has a constant value for all observers
	Combined with the dot point below, then split
	interpret the results of the Michelson-Morley experiment in terms of Einstein’s second postulate

	compare Einstein’s postulates and the assumptions of the Newtonian model;
	Combined with the dot point above, then split
	describe Einstein’s postulates for his special theory of relativity and compare them to classical physics:

–
the laws of physics are the same in all inertial (non-accelerated) frames of reference

–
the speed of light has a constant value for all observers;

	use simple thought experiments to show that
· the elapse of time occurs at different rates depending on the motion of an observer relative to an event
· spatial measurements are different when measured in different frames of reference;
	Reworded
	apply simple thought experiments to show that:

–
the passing of time occurs at different rates depending on the motion of an observer relative to an event (non-simultaneity)

–
length contraction occurs in the direction of motion when observed from a different frame of reference;

	explain the concepts of proper time and proper length as quantities that are measured in the frame of reference in which objects are at rest;
	Additions
	explain the concepts of proper time (to) and proper length (Lo) as quantities that are measured in the frame of reference in which objects are at rest

	explain movement at speeds approaching the speed of light in terms of the postulates of Einstein’s theory of relativity
	Combined with the dot point below, then split
	explain the unfamiliar nature of motion at speeds approaching c by mathematically modelling time dilation and length contraction using the equations t = toγ and L = Lo/γ where  SEQ CHAPTER \h \r 1γ = (1 – v²/c²)–½;


	Current Study Design: Unit 3 Einstein’s relativity ctd
	Change
	Consultation Draft: Unit 3 Einstein’s relativity ctd

	model mathematically time dilation, length contraction and mass increase with, respectively, the equations t = t0 , L = L0/ and m = m0 where  = 1/(1 – v2/c2)1/2;
	Combined with the dot point above, then split
	explain the impossibility of motion faster than light in terms of relativistic mass m = moγ at speeds approaching c;

	explain the relationship between the relativistic mass of a body and the energy equivalent to Einstein’s equation, E = mc2,
	Reworded with additions
	apply Einstein’s discovery that the total ‘mass-energy’ of an object, Etot = Ek + Erest = mc², where  kinetic energy, Ek = (γ – 1)moc2, and rest energy, Erest = moc²;

	explain the equivalence of work done into ‘mass energy’ according to Einstein’s equation, E = mc2,
	Reworded
	explain that the rest energy, Erest = moc², represents the energy equivalence of mass and that whenever energy is produced a very small amount of mass is converted into energy.

	compare special relativistic and non-relativistic values for time, length and mass for a range of situations.
	Deleted
	


	Current Study Design: Unit 3 Materials and their use in structures
	Change
	Consultation Draft: Unit 3 Materials and their use in structures

	identify different types of external forces (compression, tension and shear) which can act on a body including gravitational forces;
	
	identify different types of external forces (compression, tension and shear) which can act on a body, including gravitational forces

	compare the tensile and compressive strength and the stiffness of different materials under load to determine their suitability for use in structures such as columns, beams and arches;
	Reworded
	evaluate the suitability of different materials for use in structures (including beams, columns and arches) by comparing tensile and compressive strength and stiffness or flexibility under load

	model the behaviour of materials under load in terms of extension and compression, graphically and algebraically, including Young’s modulus,;
	Reworded with additions and deletions
	analyse the behaviour of materials under load in terms of extension and compression (including Young’s modulus; Y = σ/ε);


	calculate the stress and strain resulting from the application of forces and loads to materials in structures;
	Reworded with additions
	calculate the stress and strain resulting from the application of forces and loads to materials in structures; (σ =F/A, ε = Δl/l);


	use data to describe and predict brittle and ductile failure under load;
	Reworded
	describe brittle and ductile failure and apply data to predict brittle or ductile failure under load

	calculate the potential energy stored in a material under load (strain energy) and the toughness of a material tested to destruction, using area under stress strain graphs;
	Reworded
	calculate the potential energy stored in a material under load (strain energy) and the toughness of a material tested to the point of failure, using area under stress versus strain graphs

	describe elastic or plastic behaviour shown by materials under load and the resulting energy lost as heat;
	Reworded
	describe elastic or plastic behaviour of materials under load and the resulting energy transformed to heat

	contrast the performance of a composite material with the performance of the component materials (maximum of three components) to determine the suitability for use in structures;
	Reworded
	evaluate the suitability of a composite material for its use in a structure by considering its properties and the properties of the component materials (maximum of three components);

	analyse translational and rotational effects of forces in structures (columns, beams and cables) modeled as two dimensional structures in stable equilibrium;
	Reworded with additions
	analyse translational and rotational forces in simple structures (including uniform columns, struts, ties, beams, cables; not including trusses) modelled as two dimensional structures in static equilibrium
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calculate torque, τ = r      F

	apply conditions for equilibrium to analyse forces in structures made of combinations of columns, beams and cables;
	
	

	use data to describe and predict the performance under load
	
	

	use safe and responsible practices when working with structures and associated measuring equipment.
	
	


	Current Study Design: Unit 3 Further electronics
	Change
	Consultation Draft: Unit 3 Further electronics

	design an AC to DC voltage regulated power supply system, given a range of AC input voltages (specified as root mean square, peak, and peak-to-peak), smoothing conditions and resistive loads;
	Unchanged
	design an AC to DC voltage regulated power supply system, given a range of AC input voltages (specified as root mean square, peak, and peak-to-peak), smoothing conditions and resistive loads

	describe the role of a transformer including the voltage ratio;
	Addition
	describe the role of a transformer including the analysis of voltage ratio (N1/N2 = V1/V2 ; not including induction);

	describe effects on the DC power supply system of changes to the components used;
	Unchanged
	describe effects on the DC power supply system of changes to the components used

	interpret the display of an oscilloscope in terms of voltage as a function of time;
	Reworded
	interpret information from the display of an oscilloscope in terms of voltage as a function of time;

	select measuring devices for circuit analysis and faults diagnosis;
	Addition
	select measuring devices (including analogue meters, multimeters, oscilloscope) for circuit analysis and faults diagnosis

	select measurements of voltage and current (from the use of a multimeter and an oscilloscope) in the DC power supply circuit to evaluate the operation of the circuit in terms of its design brief;
	Reworded
	evaluate the operation of a circuit in terms of its design brief by selecting measurements of voltage and current (using analogue meters, multimeters and an oscilloscope) in the DC power supply circuit

	explain the operation of diodes in half wave and full-wave rectification;
	Unchanged
	explain the function of diodes in half wave and full-wave bridge rectification

	explain the effect of capacitors in terms of
· voltage and current when charging and discharging
· time constant for charging and discharging = RC
· smoothing for DC power supplies;
	Unchanged
	explain the effect of capacitors in terms of:

–
voltage and current when charging and discharging

–
time constant for charging and discharging  = RC 
–
smoothing for DC power supplies

	apply the current–voltage characteristics of voltage regulators including Zener diodes and Integrated Circuits, to circuit design;
	Unchanged
	apply the current-voltage characteristics of voltage regulators, including Zener diodes and Integrated Circuits, to circuit design

	measure ripple voltage and the effect of changing the load;
	Reworded
	recognise the magnitude of the ripple voltage and describe the effect of changing the load on the magnitude of the ripple voltage;

	explain the use of heat sinks in electronic circuits;
	Unchanged
	describe the use of heat sinks in electronic circuits;

	calculate power dissipation in circuit elements;
	Addition
	calculate power dissipation in circuit elements (P = VI, P = I2R, P = V2/R).

	use safe and responsible practices when working with electrical and electronic equipment
	Deleted
	


	Current Study Design: Unit 4 Electric power
	Change
	Consultation Draft: Unit 4 Electric power

	apply a field model to magnetic phenomena including shapes and directions produced by bar magnets, and by current in wires, coils and solenoids;
	Unchanged
	apply a field model to magnetic phenomena including shapes and directions produced by bar magnets, and by current in wires, coils and solenoids

	quantify magnetic forces on current carrying wires, using F = IlB, where the directions of I and B are either perpendicular to or parallel to, each other;
	Reworded
	calculate magnitudes and determine directions of magnetic forces on current carrying wires, using F = nIlB where the directions of I and B are either perpendicular to, or parallel to, each other;

	describe the operation of simple DC motors; 
	Additions
	explain the operation of simple DC motors consisting of: 

–
one coil, containing a number of loops of wire, which is free to rotate about an axis

–
two magnets (not including radial magnets)

–
a commutator

–
a DC power supply;

	apply a field model to define magnetic flux, , using  = BA and the qualitative effect of differing angles between the coil and the field;
	Unchanged
	apply a field model to define magnetic flux , using = BA and the qualitative effect of differing angles between the coil and the field

	explain the generation of voltage, including AC voltage, in terms of the rate of change of magnetic flux,(Faraday’s Law), the direction of the induced current (Lenz’s Law), and number of loops through which the flux passes, including calculations using induced  = -/t
	Reworded
	analyse the generation of voltage, including AC voltage, in terms of: the rate of change of magnetic flux (Faraday’s Law), the direction of the induced current (Lenz’s Law), and number of loops through which the flux passes including calculations using induced emf,  = -n∆/∆t;

	describe the production of voltage in generators and AC voltage in alternators, including the use of commutators and slip rings;
	Reworded
	explain the production of DC voltage in DC generators and AC voltage in alternators, including respectively the use of commutators and slip rings

	compare sinusoidal AC voltages produced as a result of the uniform rotation of a loop in a constant magnetic flux in terms of frequency, period, amplitude, peak-to-peak voltage (Vp-p) and peak-to-peak current (Ip-p);
	Unchanged
	compare sinusoidal AC voltages produced as a result of the uniform rotation of a loop in a constant magnetic flux in terms of frequency, period, amplitude, peak-to-peak voltage (Vp-p) and peak-to-peak current (Ip-p);


	Current Study Design: Unit 4 Electric power ctd
	Change
	Consultation Draft: Unit 4 Electric power ctd

	use rms values for a sinusoidal AC voltage, VRMS = Vpeak/√2 and IRMS = Ipeak/√2, and interpret rms in terms of the DC supply that delivers the same power as the AC supply;
	Reworded and split
	recognise rms voltage as an AC voltage which provides the same amount of power as a DC voltage of the same magnitude

	
	Other half of split dot point and reworded
	convert between rms, peak and peak-to-peak, values of voltage and current including conversions between peak power and average power

	compare and contrast DC motors, generators and alternators;
	Reworded
	compare DC motors, DC generators and AC alternators

	explain transformer action, modelled in terms of electromagnetic induction for an ideal transformer, qualitatively; and quantitatively using number of turns in primary and secondary coils, voltage and current;
	Reworded
	analyse transformer action, modelled in terms of electromagnetic induction for an ideal transformer, N1/ N2 = V1/ V2 = I2 /I1;

	model mathematically power supplied as P = VI and transmission losses using voltage drop V = IR) and power loss (P= I2R);
	Reworded
	analyse the supply of power as P = VI and transmission losses using potential difference across transmission lines (V = IR) and power loss (P = I2R)

	explain the use of transformers in an electricity distribution system;
	Unchanged
	explain the use of transformers in an electricity distribution system.

	use safe and responsible practices when working with electricity and electrical measurement.
	Deleted
	


	Current Study Design: Unit 4 Interactions of light and matter
	Change
	Consultation Draft: Unit 4 Interactions of light and matter

	explain the production of incoherent light from wide spectrum light sources, including the Sun, light bulbs, and candles (descriptive), in terms of thermal motion of electrons;
	Transferred to Photonics
	

	explain the results of Young’s double slit experiment as evidence for the wave-like nature of light including
· constructive and destructive interference of waves in terms of path differences
· qualitative effect of wavelength on interference patterns;
	Additions
	explain the results of Young’s double slit experiment in terms of:

–
evidence for the wave-like nature of light
–
constructive and destructive interference of waves in terms of path differences, pd = (n – ½ )λ, pd = nλ

–
qualitative effect of wavelength on interference patterns, separation of bright regions is proportional to ;

	interpret the pattern produced by light when it passes through a gap or past an obstacle in terms of the diffraction of waves and the significance of the magnitude of the /w ratio;
	Reworded
	explain the effects of varying the width of gap or diameter of an obstacle on the diffraction pattern produced by light of appropriate wavelength in terms of the ratio /w (qualitative);

	interpret the photoelectric effect as evidence for the particle-like nature of light, including
· kinetic energy of emitted photoelectrons in terms of the energy of incident photons, Ekmax = hf – W using energy units of both joule and electron-volt,
· effects of intensity of incident irradiation on the emission of photoelectrons;
	Reworded and additions
	analyse the photoelectric effect in terms of:

–
evidence for the particle-like nature of light

–
experimental data in the form of graphs of photocurrent versus electrode potential and kinetic energy of electrons versus frequency
–
kinetic energy of emitted photoelectrons, Ekmax = hf – W, using energy units of both joule and electron-volt

–
effects of intensity of incident irradiation on the emission of photoelectrons;

	
	New
	describe why the wave model of light can not account for the experimental results produced by the photoelectric effect

	interpret electron diffraction patterns as evidence for the wave-like nature of matter expressed as the de Broglie wavelength  = h/p;
	Reworded and split
	interpret electron diffraction patterns as evidence for the wave-like nature of matter;

	
	Other part of split dot point and reworded
	compare the diffraction patterns produced by photons and electrons;

	
	Another part of split dot point and reworded 
	calculate the de Broglie wavelength of matter,  = h/p


	Current Study Design: Unit 4 Interactions of light and matter    ctd
	Change
	Consultation Draft: Unit 4 Interactions of light and matter ctd

	compare the momentum of photons and of particles of the same wavelength including calculations using , p = h/;
	
	compare the momentum of photons and of matter of the same wavelength including calculations using p = h/;

	interpret atomic absorption and emission spectra including those from metal vapour lamps in terms of a quantised energy level model of the atom, including calculations of the energy of photons absorbed or emitted, E = hf;
	Reworded and split
	explain the production of atomic absorption and emission spectra including those from metal vapour lamps;

	
	Other part of split dot point and reworded
	interpret spectra to calculate the energy of photons absorbed or emitted, ∆E = hf;

	
	Another part of split dot point and reworded with additions
	analyse the absorption of photons by atoms in terms of: 

–
the particle-like nature of matter

–
the change in energy levels of the atom due to electrons changing state

–
the frequency and wavelength of emitted photons, E = hf = hc/
–
(not including the bombardment of atoms by electrons);

	explain a model of quantised energy levels of the atom in which electrons are found in standing wave states;
	Reworded and addition
	describe the quantised energy level model of the atom in which electrons are found in standing wave states and recognise this as a model of the dual nature of matter.

	use safe and responsible practices when working with light sources, lasers and related equipment.
	Deleted
	


	Current Study Design: Unit 4 Synchrotron and its applications
	Change
	Consultation Draft: Unit 4 Synchrotron & its applications

	describe the design and operation of simple particle accelerators such as the cathode ray tube including the application of  1/2 mv2 = eV for electrons in an electron gun;
	Additions
	describe the design and operation of simple particle accelerators such as the cathode ray tube and including the application of       ½ mv2 = eV for electrons in an electron gun (including relativistic effects)

	use given values of electron momentum in calculations relating the radius of the trajectory of a low velocity electron to charge and magnetic field, r = mv/qB;
	Reworded with additions
	calculate the radius of the path followed by a low velocity electron in a magnetic field, r = mv/eB (including relativistic effects);

	model the force applied to an electron beam as F = evB in cases where the direction of v and B are perpendicular to each other and parallel to each other;
	Reworded
	analyse the magnitude and direction of the force applied to an electron beam by a magnetic field, F = evB in cases where the directions of v and B are perpendicular to each other and parallel with each other;

	describe basic synchrotron design including electron linac, circular booster, storage ring, beamlines; 
	Additions
	describe basic synchrotron design including electron linac (both those consisting of drift tubes and those consisting of acceleration due to an electromagnetic field, the travelling wave accelerator) , circular booster, storage ring, beamlines;

	
	New
	explain the change in motion of the electron as it travels in different parts of the synchrotron

	
	New
	explain the production of synchrotron radiation in a synchrotron as the radiation produced when the electron beam changes direction

	compare the characteristics of synchrotron radiation including brightness, spectrum and divergence with the characteristics of electromagnetic radiation from other sources including lasers and X-ray tubes; 
	Unchanged
	compare the characteristics of synchrotron radiation, including brightness, spectrum and divergence with the characteristics of electromagnetic radiation from other sources including lasers and X-ray tubes;

	
	New
	explain, using these characteristics, why synchrotron radiation is preferable to laser light and radiation from X-ray tubes for some experiments;

	describe the operation of a typical beamline as a tuneable source of radiation;
	Reworded
	describe the operation of a typical beamline as a path that radiation travels which allows the radiation to be tuned and that directs the radiation to a target;


	Current Study Design: Unit 4 Synchrotron and its applications  ctd
	Change
	Consultation Draft: Unit 4 Synchrotron & its applications ctd

	interpret interactions with a target, including
–
effect of properties of X-rays including energy, momentum and wavelength
–
X-ray (Bragg) diffraction, Bragg’s Law n = 2dsin
–
emission of photoelectrons;
	Reworded and split
	analyse the properties of X-rays including energy, momentum and wavelength and compare these properties with those of other regions of the electromagnetic spectrum;

	
	Other part of split dot point and reworded with additions
	analyse data from experiments that involve the interactions of synchrotron radiation with a sample, including: 
· X-ray (Bragg) diffraction, Bragg’s Law n = 2dsin used to determine the atom spacing in crystalline structures
–
emission of photoelectrons by irradiation with synchrotron radiation and how the photoelectrons differ in kinetic energy and depth of penetration of the atom differs when compared to irradiation with visible light;

	use data to identify and describe types of X-ray scattering including elastic (Thomson) scattering, inelastic (Compton) scattering and diffuse scattering;
	Additions and deletions
	use data to identify and describe types of X-ray scattering, including elastic (Thomson) scattering and inelastic (Compton) scattering (not including the calculation of conservation of momentum in two dimensions or angular momentum or dependence energy and momentum).

	use diffraction patterns to compare and contrast atom spacing in crystalline structures;
	Deleted
	

	analyse supplied data from a synchrotron experiment.
	Deleted
	


	Current Study Design: Unit 4 Photonics
	Change
	Consultation Draft: Unit 4 Photonics

	
	Transferred from ‘Interactions of light and matter’
	describe the production of incoherent light from wide spectrum light sources, including the Sun, light bulbs, and candles, in terms of the random thermal motion of  valence electrons when atoms collide

	explain light emission from light emitting diodes (LEDs), including effect of band gap on LED colour including band gap energy, E = hc/;
	Reworded and split with additions
	explain light emission from light emitting diodes (LEDs) as the energy emitted when electrons move from the conduction band of a semiconductor to the valence band (knowledge about n and p type materials is not required);

	
	Other part of split dot point and reworded
	analyse the effect of band gap energy on LED colour, Eg = hf = hc/;

	describe laser light in terms of coherence, wavelength and phase;
	Unchanged
	describe laser light in terms of coherence, wavelength and phase;

	explain the production of light by coherent light sources (lasers), in terms of light amplification (photons generated when many bound electrons de-excite at the same time) via stimulation from external photons (descriptive);
	Reworded
	describe the production of light by coherent light sources (lasers), in terms of light amplification (photons generated when many bound electrons de-excite at the same time) via stimulation from external photons

	analyse the operation of fibre optic wave guides, in terms of

· light gathering ability using Snell’s Law, critical angle and total internal reflection, including acceptance angle,

· attenuation by Rayleigh scattering and absorption (graphical analysis),

· single and multimode optical fibres (step and graded index), modal patterns (descriptive only), material dispersion and modal dispersion (in terms of the ray model);
	Additions and deletions
	analyse the operation of fibre optic wave-guides, in terms of:

–
light gathering ability using Snell’s Law, critical angle, total internal reflection and acceptance angle (where the acceptance angle is the angle of light, measured from a line parallel to the axis of the optical fibre, which is the limiting angle of light that can enter the fibre and undergo total internal reflection in the fibre)
–
attenuation by Rayleigh scattering (the scattering of light by particles in a fibre that are small in comparison to the wavelength of the light)
–
attenuation due to absorption (of light frequencies which cause molecular bonds in the fibre to resonate) by impurities in the fibre as well as the molecules that make up the fibre
–
physical characteristics of single mode and multimode optical fibres (step and graded index)

–
causes of and methods to minimise material dispersion and modal dispersion;

	Current Study Design: Unit 4 Photonics ctd
	Change
	Consultation Draft: Unit 4 Photonics ctd

	compare optical fibre uses for short distance and long distance telecommunications;
	Unchanged
	compare optical fibres that are used for short and long distance telecommunications

	explain fibre optic imaging in fibre optic imaging bundles; 
	Reworded with additions and deletions
	explain fibre optic imaging in terms of coherent and incoherent bundles and in terms of composing images using many fibres, pixels;

	explain qualitatively the operation of optical fibres as simple intensity-based sensors;
	Reworded
	describe the operation of optical fibres as simple, intensity-based sensors

	use safe and responsible practices when working with photonics equipment.
	Deleted
	


	Current Study Design: Unit 4 Sound
	Change
	Consultation Draft: Unit 4 Sound

	explain sound as the transmission of energy via longitudinal pressure waves;
	Reworded
	describe sound as the transmission of energy via longitudinal pressure waves;

	mathematically model the relationship between wavelength, frequency and speed of propagation of sound waves using , v = f;
	Reworded
	analyse sound using wavelength, frequency and speed of propagation of sound waves , v = f; 

	explain the differences between sound intensity (W m–2) and sound intensity level (dB)
	
	analyse the differences between sound intensity (W m–2) and sound intensity level (dB);

	calculate sound intensity at different distances from a source using an inverse square law;
	Addition
	calculate sound intensity at different distances from a source using an inverse square law (knowledge of acoustic power is not required);

	explain resonance in terms of the superposition of a travelling sound wave and its reflection;
	Unchanged
	explain resonance in terms of the superposition of a travelling sound wave and its reflection;

	analyse, for strings and resonant cavities, the fundamental as the first harmonic, and subsequent harmonics;
	Unchanged
	analyse, for strings and open and closed resonant tubes, the fundamental as the first harmonic, and subsequent harmonics;

	explain qualitatively, in terms of electrical and electromagnetic effects, the operation of
–
microphones, including electret-condenser, crystal, dynamic and velocity microphones,

–
dynamic loudspeakers
	Reworded
	describe in terms of electrical and electromagnetic effects, the operation of:

–
microphones, including electret-condenser, crystal, dynamic and velocity microphones

–
dynamic loudspeakers;

	explain qualitatively the effects for loudspeakers of baffles and enclosures;
	Reworded with addition
	describe the effects of baffles and enclosures for loudspeakers in terms of the interference of sound due to phase difference;

	interpret frequency response curves of microphones, speakers, simple sound systems and hearing including loudness (phon);
	Unchanged
	interpret frequency response curves of microphones, speakers, simple sound systems and hearing, including loudness (phon);

	evaluate the fidelity of microphones and loudspeakers in terms of purpose, frequency response and, qualitatively, construction;
	Unchanged
	evaluate the fidelity of microphones and loudspeakers in terms of:

–
the intended purpose of the device

–
the frequency response of the system

–
construction (qualitative);

	interpret qualitatively the directional spread of various frequencies in terms of different gap or obstacle size including the importance of the /w ratio;
	Reworded
	describe diffraction as the directional spread of various frequencies in terms of different gap width or obstacle size including the significance of the magnitude of the λ/w ratio

	use safe and responsible practices when working with sound sources, and sound equipment.
	Deleted
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