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1.
Overview

The consultation draft has some strengths and several weaknesses.  The latter need to be addressed if a legitimate, respectable and teachable curriculum, one that will hold current student numbers and hopefully attract more students, is to be implemented across Australia.
The Strands

The significant strength of the draft is the continued status given to the three strands used in the Science K - 10 draft.  In this draft the ‘Science as a human endeavour’ strand is largely devoted to meaningful examples, which should be easier for teachers to implement.  Currently the elaborations in the K - 10 draft emphasise ‘researching’ tasks which can use up a disproportionate amount of valuable class and student time.

However the examples used in the strand are a random litany reminiscent of the ‘applications’ column from a 1980’s science curriculum with a cosmetic makeover by using titles such as ‘human endeavour’.  Not only are there too many to possibly include in a teaching program , it would also be more effective if alternative coherent contexts could be used to group the examples,  In this way teachers could select a context and present to students a manageable set of examples that reinforce each other and enhance the value of this strand.  Possible contexts for motion, for example, might include ‘Physics of Ball Games’ and ‘Transport and Safety’.  Contexts for other topics can be readily identified.
The ‘Science inquiry skills’ strand in each of the four units provides a comprehensive delineation of the tasks involved in conducting experimental investigations.  However there are improvements that should be made to give teachers a clearer guide of the expectations of them and their students.  These include indicating the various styles of practical activity that are possible as well as providing examples of extended experimental investigations in each Unit.  This will be of value as the word ‘investigation’ appears to have different meanings in various jurisdictions, for example, its meaning can range from being a euphemism for any practical activity to a student selected and student designed individual experimental research into a topic without a pre-determined result.

Another important matter of interpretation is the word ‘extended’ in the phrase ‘’extended experimental investigation’.  What it means in terms of class time needs to be specified for each of the four units.  These matters will be elaborated on pages 34 - 36.
Science Understanding Strand

The principal concerns are with the ‘Science understanding’ strand.  The concerns are categorised as follows:

a)
Structure of the strand
The draft is presented as four units to be done over two years.  Each unit has a title followed by a paragraph listing what students will study.  In the ‘Science understanding’ strand, each of the statements in the list is then elaborated upon with several ‘dot points’. 
This is an innovative structure, but it will create problems when the curriculum is implemented at the school and classroom levels.  The main difficulty is that there are no topic headings to break the content up into recognisable and digestible chunks that can give a sense of how the course progresses.  This perception is compounded by the uninspiring titles for each of the units.
This matter could be addressed by dropping the Unit titles, that is, just calling them Unit 1, Unit 2, etc and incorporating topic headings in each unit.  Suggestions are on pages 4 - 7.

b)
Quantity of content
There is too much content in most Units, particularly Units 1, 2 and 4, if the content is to be effectively covered in the class time normally available in schools.  This is especially the case if some practical activities are going to involve students in the designing task and the students undertake least one extended experimental investigation.  Suggestions for culling of content are considered from page 8 onwards.
c)
Suitability of Content
i)
Level of Difficulty: While the totality of the content is generally within the capability range of most physics students, there are several anomalous placements of topics.  Some topics that Year 12 students find a challenge have been included in Unit 1 for students fresh out of Year 10, while other topics that Year 11 students find quite accessible have been included in Units 3 and 4.  

There is a concern that the overwhelming experience for students doing Unit 1 will negatively impact on Year 10 students within the school when they get to make subject selections for Year 11.  The curriculum as it currently stands has the potential to drastically reduce the numbers of students doing physics.
The topics need to be re-ordered across the four units to produce a more satisfying experience that engages and holds students’ interest.  An alternative content structure is proposed on page 37 that hopes to address these concerns.

ii) Selection of Content:  There are a few topics valued by teachers, if not thought to be essential, that have not been included.  Among these are: Image formation by light, Polarisation, Heating and Cooling, and Sound.  There are no topics for which an argument cannot be made for their legitimacy.  However there are some topics that would be better placed in Years 9 -10 Science content, for example, stellar evolution and the HR diagram.  A place needs to be found for the important topics mentioned above.
It can also be argued that there is insufficient links to 21st century science and technology in the draft.  Nanotechnology, photonics and technologies to address climate change are not given enough prominence in the content.

These aspects are discussed in more detail later in the document.

d)
Clarity of the ‘dot points / Elaborations’
Many of the dot points are poorly expressed.  It is not at all clear to what depth the content is meant to be covered.  The absence of equations in the document only adds to this uncertainty.
However of more concern is the absence of active verbs to describe how exactly students are to show their understanding and skills.  The use of such verbs is standard practice now in most states and is very useful to teachers.  Their absence makes the document look quite old fashioned.  A set of possible active verbs is supplied in the appendix to this report.

e)
Content of the ‘dot points / Elaborations’
Many of the dot points are merely descriptive, a statement of facts without any depth.  Students will have to learn a set of facts and regurgitate them in the exam through simple recall questions.  This can be a stultifying experience for student and teacher alike.  While some descriptive content may be necessary, it should be kept to a minimum.

A detailed critique of each dot point is provided from page 8 onwards.
General capabilities
The ‘general capabilities’ are worthy statements, but they are not really addressed in the rest of the document.

Cross -curriculum dimensions

While the issue of sustainability is one in which an understanding of the physics of energy technologies is essential, the link to history and culture is less legitimate.  Physics at its best is impersonal, non-cultural and of value for all people regardless of culture.  Its vocabulary is particles, forces and spaces.  Physics is not an area in which to cheer for cultural equality and value.
2.
Specific comments

2.1
Rationale and Aims (page 1)
The opening statements on Physics could have started with a more positive and engaging introduction on why students should study physics.  The rationales of most state curriculum documents are useful examples.  The current statements are largely restatements of strand related content.  The introduction should be something that teachers can use in promoting physics to students within their school.  If the rationale cannot be changed in character then perhaps a preamble addressing this concern could be included, a example is provided in the appendix. 
In the opening paragraph the word ‘interrelated’ is used to describe the relationship between the three strands.  A stronger and more precise word could be used.  The word ‘interwoven’ is a better choice, as it implies the close linking between the three aspects, both in the practice of science and, more particularly, in the teaching of science.
The third am could also include reference to the misuse of physical terms in public discourse and the media.  The fourth aim refers to ‘solve problems, … make … decisions when considering local and global issues …’.  The word ‘personal’ should be included in front of ‘local and global’.  For example climate change requires citizens to make responsible and ethical decisions about their own circumstances.  The role of models to analyse and explain physical phenomena is an important aspect of physics and should be mentioned in the aims.
2.2 Organisation 
Content Structure (pages 1, 2):
The dot points in the inquiry strand on pages 8 to 22 of the draft are almost identical in the four units.  These common dot points should be brought together up front in this section of the document.  Not only would it be a more effective layout, but it would give more prominence to the substance of the strand.   The dot points in the Science as a human endeavour Strand also have a high degree of commonality and can be treated in a similar way.  See the appendix for an example.
Another benefit of this arrangement is the specific information for each unit could be placed in a three column format which will emphasise the links between the strands and will assist teachers in planning their courses.  An example is provided in the appendix.

Replace 'interrelated' with 'interwoven'.  See reason above.
‘Science as a human endeavour’ strand description:  One of the ‘general capabilities’ to be included in the curriculum is ‘ethical behaviour’.  This is to be valued.  The inclusion of the synonymous word ‘moral’ alongside ‘ethical’ is an unusual choice (page 2, line 2).  The reader will find this confusing, ‘Why are both words there? Don’t they have the same meaning?, Is the writer trying to suggest a difference?, perhaps suggesting the word ‘moral’ implies a belief system, which ‘ethical’ does not.  To ensure clarity of intent, it would be better if the word ‘moral’ was deleted.
Unit Structure (pages 2, 3)
There are numerous inconsistencies between the content descriptions for the four units on pages 2 and 3 and the supposed repeat of these within each unit from page 5 onwards.  Many of the descriptions have minor, but disconcerting, word changes, while some the meaning is quiet different.  This is a major editorial oversight.  All the inconsistencies are outlined below over the next three pages.

The unit titles are not indicative of the Unit content.  They could be scrapped or replaced.  Titles could be included for the specific topics in each Unit.  

Several of the content descriptions across the units are poorly expressed and most have been phrased differently in various sections of the document.

Title suggestions and comments on the content descriptions follow for each unit.

Unit 1 (page 2)
If a title must be retained, then 'Motion and electricity' is preferable as this describes the content whereas the current title does not.  The ending of the first line of text should be changed to ‘… understanding of motion and energy in its mechanical and electrical forms’, because it is not until you get to the text at the bottom of page 2, that you realise that the topic of electricity is included.
Suggested topic headings and comments:
Motion

· the laws and equations which describe linear motion; 
· the interaction of forces that cause motion; (Comment: Clumsy phrase.  Are there other forces that don’t cause motion?, and, how exactly do forces interact?.  Replace with ‘The nature of force and Newton’s Laws on Motion)
· the conservation laws that apply within mechanical systems; (Comment: The word ‘that’ is used on pages 2 and 5, while ‘which’ is used on page 6)
· the application(s) of dynamics and conservation laws to systems; (Comment: The ‘application’ is singular on pages 2 and 5, and plural on page 6)
Electricity

· the use of a field model to represent and predict interactions (with/between) charged objects; (Comment: The word ‘with’ is used on pages 2 and 5, while ‘between’ is used on page 6)
· the relationship between voltage, potential difference and current for materials; (Comment: Are students at the beginning of Year 11 expected to know the subtle difference between voltage and potential difference? Or is this an editorial fault where one of the phrases should have been deleted? Given the nature of the linked dot points, it would be better to delete ‘potential difference’)
· the design of household wiring (to supply devices with the necessary energy input); (Comment: the section in brackets is redundant and misleading, it can be deleted, also, if anything, the design ensures that devices receive the correct voltage) 

Electronics

· significant developments resulting from the discovery of semiconductors; (Comment: only descriptive. It could be deleted to transferred to the human endeavour strand) 

· the construction of simple electronic circuits for various uses. (Comment: more skill based than understanding, so it could be transferred to the inquiry strand and as a required task)
Unit 2 (page 3)
If a title must be retained, then 'Light and nuclear physics' is preferable as this describes the content whereas the current title is somewhat vague.

Suggested topic headings and comments

Light
· the discovery that light was an electromagnetic wave; (Comment: very challenging without an understanding of electromagnetism which is in Unit 3.  Suggest that this section is deleted)
· interactions between light and matter that involve the processes of reflection, refraction and absorption; (Comment:  the phrase ‘Interactions between light and matter’ is commonly interpreted as referring to quantum effects.  If what is meant is just light interacting with glass as it passes through, then a better phrase is needed, for example: ‘Properties of light including reflection, refraction and absorption and their applications’)

· different methods for encoding information for transmission using electromagnetic waves; (Comment: This content does not sit well with the rest of the content in this topic, it could be deleted or transferred to Year 9 or 10 Science)
· experiments on diffraction and interference that provide definitive evidence for the wave model for light; (Comment: This is typical Year 12 content)
· applications of resonance produced by waves; (Comment: This is typical Year 12 content)
· (Occurrence of) the Doppler effect; (Comment: The words ‘Occurrence of’ is used on page 10, while absent on page 3 and at the top of page 10)
· the dependence of theories about the universe on information obtained using the electromagnetic spectrum; (Comment: only descriptive.  It could be given more substance as ‘information about the universe obtained using the electromagnetic spectrum’, but it is still descriptive.)
Nuclear physics

· the nature (properties and uses) of emissions (produced) by unstable nuclei; (Comment: The word ‘nature’ is used on pages 3 and 10, while ‘properties and uses’ and ‘produced’ are used on page 11)
· the discovery of particles using the laws of conservation of energy and momentum; ( Comment: It is not clear that momentum and its conservation are included in Unit 1.)
· the application of nuclear stability and related energy principles to explain the nuclear decay of unstable atoms; 
· the production and uses of (radio)isotopes; (Comment: The word ‘radio’ is used on page 11, but absent on pages 3 and 10)
· the physics underpinning the use of nuclear reactions to provide heat energy used to generate electricity. 

Unit 3 (page 3)
If a title must be retained, then 'Mechanics, relativity and cosmology' is preferable as this describes the content whereas the current title is somewhat vague.

Mechanics

· projectile motion; 
· the law of universal gravitation; 
· circular motion; 
· applications of the laws of conservation of momentum and conservation of energy to space travel; (Comment: This is very light on and the content does not deserve its own section.  Delete.)

Relativity

· development and implications of Einstein’s theory of special relativity; 
Cosmology (Comment: This topic is far more meaningful to Year 10 students.  It should be put into Year 10 in place of the excessive amount of geology)
· variations in the characteristics and lifetimes of stars; 
· the significance of the Sun as the nearest star from Earth;

· nuclear fusion reactions. 

Unit 4 (page 3)
If a title must be retained, then 'Electric power and quantum ideas' is preferable as this describes the content whereas the current title is very vague and out of keeping with the others.

Electric Power

· production of forces by the interaction between moving charges and magnetic fields; 
· discovery of the (first sub-atomic particle, the) electron; (Comment: The words ‘first sub-atomic particle’ are used on page 18, but absent on pages 3 and 17)
· production of forces through (forces produced by) interactions between current and magnetic fields; (Comment: The words ‘forces produced by’ are used on page 18, but ‘production of forces through’ are used on page 3 and the top of page 18)
· principles and applications of DC motors and AC induction motors; 
· production and transmission of direct current (DC) and alternating current (AC); (Comment: ‘(DC) and (AC) are used on page 18, but absent on page 3 and the top of page 18)
Quantum Ideas

· (development of a) quantum theory of light; (Comment: The words ‘development of’ are used on pages 3 and 18, but absent on page 19)
· development of the atomic model (development of quantum theory, and the evidence supporting the changed ideas); (Comment: The words ‘development of quantum theory, and the evidence supporting the changed ideas’ are used on page 19, but ‘development of the atomic model’ is used on pages 3 and 18  This is a major inconsistency.)
· development of the laser; 
· particle accelerators; 
· the Standard Model; 
· relationship between the Big Bang model of the universe and the Standard Model. 

2.3 Science Understanding Strand

Unit 1 – Motion and energy (pages 5 - 7)
Not only is there too much content in this Unit, but a significant amount is at Year 12 level.  Consequently several dot points should be deleted, including the category ‘Applications of dynamics and conservation laws, including:’ and its associated dot points.  Many of the remaining dot points need to re-written to clarify their intent, suggestions are provided here.  The title of the unit should be changed as mentioned above.
The inclusion of ‘Coulomb’s law’ is a matter on which physics teachers will disagree strongly.  Those that argue for its inclusion see it as the fundamental expression of the electric force and an example of an inverse square law.  Those who don’t see the necessity for it in a secondary curriculum argue that there are no technological applications of the relationship, whereas most electrostatic devices use constant value electric fields.  Also the inverse square law relationship is covered in universal gravitation.  It is for these latter arguments that the Electric Field, rather than ‘Coulomb’s Law’, has been included in the secondary physics curriculum since 1990.
The last two categories on Electronics: ‘Significant developments resulting from the discovery of semiconductors, including:’ and ‘The construction of simple electronic circuits for various uses, including’ should be combined and substantially re-written to clarify what exactly students are require to know and do and give it a 21st century context, it should have more emphasis on photonics.  Also the passing reference to the transistor and operational amplifier opens up a considerable amount of content.
In general, this is an overwhelming unit to confront students coming out of Year 10.  It needs drastic surgery if it is not to have a deleterious effect on student numbers.
Recommendations:

1. Transfer Motion from Unit 1 to Unit 2

2. Transfer Electronics to Unit 3 or 4
3. Modify dot points as describe below including deletions.
4. Transfer Light from Unit 2 to Unit 1
5. Include a topic on Sound in Unit 1
	Dot point / Elaboration
	Proposed version
	Change and Reason

	Motion
	
	

	The laws and equations which describe linear motion, including:
	
	

	•  linear uniform motion and uniform acceleration
	•  definitions of displacement, velocity and acceleration (include equations)
	It is not clear what this phrase is supposed to represent.  This change is what was probably meant.

	•  equations of uniformly accelerated motion to quantify motion
	•  equations of uniformly accelerated motion (include equations)
	Delete 'to quantify motion', it is not needed.

	•  use of SI units to quantify descriptions of uniform and uniformly accelerated motion
	
	unchanged

	•  representation of vector and scalar quantities
	•  addition and subtraction of vectors
	Put this dot point after 'measurement of acceleration due to gravity', that is where it should be.  Also it is not clear what is expected of students.  Is it really just that vectors require a direction as well as a magnitude? or are addition and subtraction of vectors required?  Note: subtraction of vectors is questionable content for Year 11 students as it is time consuming to teach and rarely used in a physics course and alternative methods are available.

	•  graphical representation and analysis of motion
	• graphical analysis of motion
	'representation' is redundant.

	•  measurement of acceleration due to gravity
	
	unchanged

	•  determination of the motion of one moving object relative to another moving object
	•  relative velocity in one dimension
	The original phrase is too cumbersome, but more importantly as this is under the heading of 'linear motion', is this restricted to one dimension?  If not, then major changes to the whole unit will need to be made.


	The interaction of forces which cause motion, including:
	The nature of force, including:
	Delete 'which cause motion', is there any other type of force?  Also can forces interact?  This is poor expression.

	•  identification of the four fundamental forces, and their related properties and processes
	Delete or transfer to Standard Model.
	Is this really referring to the strong and weak nuclear force, the electromagnetic force and the gravitational force?  This does not fit at all with the rest of the content in this unit.  It would take an inordinate amount of time to explain.

	•  the generation of contact forces and frictional forces from electrical interactions
	· the generation of contact and frictional forces by the repulsion between surface electrons.
	If this is no more than electrostatic repulsion between electrons at the surface of materials, it should say so.  Otherwise, this would be difficult to teach without a more detailed knowledge of electrostatic interactions.

	•   interpretation of observations of everyday motion using Newton’s three laws of motion
	• application of Newton’s three laws of motion to everyday motion. 
	This can be simplified

	•   the difference between mass and weight
	
	What meaning of weight is to be used?  The ISO definition or the commonly used expression?

	•   description of a system which is in equilibrium
	• effect of balanced forces
	It is not at all clear to what this refers.  It might be that when the net force is zero, the accel’n is zero.

	•   the conditions for, and the nature of simple harmonic motion.
	Delete
	This is Year 12 content, and even so, has not been in state courses for decades.

	The conservation laws which apply within mechanical systems, including:
	The conservation of mechanical energy, including:
	Conservation laws plural?  Neither energy nor momentum has been mentioned yet.  It should be restricted to just energy.  If momentum is included, is the application restricted to one dimensional collisions? 

	•  the relationship between work, energy and force, including how work must be done to overcome frictional forces
	
	(include equations)

	•  the definition of power as the rate at which work is done
	
	(include equations)


	• force versus displacement graphs, including the area under the curve as a representation of work
	
	unchanged

	•  energy conversions involving gravitational potential energy, kinetic energy, elastic potential energy and heat
	• energy conversions involving gravitational potential energy, kinetic energy and heat 
	Hooke’s law and springs has not been mentioned yet.  It is more appropriately Year 12 content.  Delete elastic potential energy.
(include equations)

	•  application of the laws of conservation of momentum and energy in collisions
	Transfer to Unit 3
	Momentum and impulse have not been mentioned at all.  This is more appropriately Year 12 content.

	•  conservation of energy for a free-falling body and for a system undergoing simple harmonic motion
	Delete
	This is Year 12 content, and even so, has not been in state courses for decades.

	•  calculation of energy efficiency for any process that converts one form of energy into another
	Delete
	Calculation for the sake of calculation.  This type of question can be asked of students already without the necessity of a separate dot point.

	•  energy loss (for example, by friction).
	• energy ‘loss’ as heat (for example, by friction).
	Not very precise

	Applications of dynamics and conservation laws, including:
	Delete
	The dot points should be deleted, so the category can go as well.

	•  energy conservation in a range of situations (for example, individual living organisms, ecosystems, the energy balance of Earth)
	Delete
	Not really an application of dynamics.  More relevant applications are implicit in the above dot points.

	•  the spatial distribution of solar radiation and the resulting large-scale circulation of the atmosphere and oceans.
	Delete
	Not really an application of dynamics.

	Electricity
	
	

	The use of a field model to represent and predict interactions between charged objects, including:
	
	

	•  the nature of the force between two point charges (Coulomb’s law)
	
	See comments at the top of the table.

	•  the representation of the electric field pattern around and between charges and between charged parallel plates
	
	Unchanged

	•  definitions of electric field strength and electric potential difference
	
	Is this for an isolated point charge with a radial field or for charged parallel plates with a constant field?  The former is challenging Year 12 content, the latter is typical Year 12 content. (include equations)

	•  the force on a charge in an electric field.
	
	This could be implied by the previous dot point, depending on how it is defined.(include equations)

	The relationship between voltage, potential difference and current for materials, including:
	
	There is no dot point on the difference between ‘voltage’ and ‘potential difference’, so presumably one of the terms can be deleted.

	•  the use of Ohm’s law and its limitations
	
	(include equations)

	•  conduction in metals and the production of heat energy by electric currents
	
	Is this merely descriptive? If so, how deep? Does it include the electric field exerting a force on charge and the collision mechanism of energy transfer? include equations.

	•  energy losses in the transport of electricity
	Delete or merge with dot point above
	How is this different from the previous dot point?




	•  the effect of temperature on the resistance of metals, including superconductivity
	• linear dependence of resistance in metals with temperature, at some critical temperature, their resistance drops to zero (superconductivity).
	Is this qualitative or quantitative?, that is, is knowledge of a temperature coefficient required?  How deeply should superconductivity be studied?

	•  the conduction of electric current through pure semiconductors
	
	Does this imply both the flow of electrons and holes?  If so, it should be specified. Also the concept of a ‘hole’ current will be difficult for student coming out of Year 10. This is more like Year 12 content.

	•  the effect of temperature on the resistance of pure semiconductors.
	•  the decrease of the resistance of pure semiconductors with temperature.
	If this is nothing more than the qualitative statement that the resistance decreases, it should say so.

	The design of household wiring to supply devices with the necessary energy input, including:
	The design of household wiring to supply devices with the correct voltage, including:
	The design of wiring is more about getting the correct voltage to the device, rather than energy.

	•  the rate at which electrical energy is supplied
	• power, the rate at which electrical energy is supplied, and the power rating of household devices
	This and the dot point below can be combined as they are saying the same thing.

	•  power and the power rating of household devices
	
	Delete and merge with dot point above

	•  the use of parallel circuits for wiring and the need for different lighting, power and dedicated circuits
	• the use of parallel circuits for household wiring and series circuits in some devices
	The second part is largely redundant and is only descriptive, so delete it and include ‘household’ to clarify intent.(include equations)
Why aren’t series circuits included as well?


	•  comparison of the energy efficiencies of incandescent, fluorescent and light emitting diodes as light sources
	Delete.
	This can be done as a simple practical exercise. It does not need a separate dot point that is only descriptive.

	•  comparison of the efficiencies of a direct electric heater and an electric heat pump.
	Delete
	This can be done as a simple practical exercise. It does not need a separate dot point that is only descriptive.

	Electronics
	
	

	Significant developments resulting from the discovery of semiconductors, including:
	
	

	•  the nature of doped p- and n-type semiconductors
	Delete or transfer
	This is really challenging material for Year 12, let alone students beginning Year 11.

	•  the embedding of complex circuits onto a single piece of semiconducting material
	Delete
	Where is the physics in this?

	•  the operation and use of semiconductor junctions, diodes (including light emitting diodes) and solar cells in important applications of semiconductors.
	• the voltage - current graphs of semiconductor junctions such as diodes, LEDS and solar cells.
	What actually is implied by the word ‘operation’? Does this include voltage - current graphs for diodes, LEDS and solar cells, and the terms: forward and reverse bias?  Their use is implied in the Human endeavour strand.


	The construction of simple electronic circuits for various uses, including:
	
	

	•  the use of capacitors in DC circuits for storing energy
	•  the use of capacitors in terms of potential difference and current when being charged and discharged, and the time constant
	This is very open.  Does this include calculation of the time constant and the analysis of voltage - time graphs, and capacitance equations or just the fact that capacitors can store charge?

(include equation)

	•  the use of a rectifier circuit to convert AC to DC
	•  the function of diodes in half wave and full wave bridge rectification
	Is this half wave or full wave rectification?  Bridge or centre tap? How deep is the analysis? does it include the voltage drop across the diode when it is reverse baised?

	•  the use of an inverter circuit to convert DC to AC
	Delete
	While inverters are used to connect solar panels to the grid, the physics of inverter circuits is beyond Year 11 and maybe even Year 12.

	•  the construction of a simple amplifier circuit using a transistor and an operational amplifier
	Needs a major re-think.
	The inclusion of a construction activity is commendable, but there is so much pre-knowledge that would be required if the activity was to be more than a very basic follow-the-recipe prac, done without the students knowing why they are doing it.  It could be argued that this is an activity more suitable to Year 12 students.

It could also be included in the inquiry strand as a prescribed task.

	•  the operation of electrical systems in the home (for example, lighting and power circuits, dimmer switches and security light sensors).
	Delete
	Merely descriptive and inferred by other dot points.


Unit 2 - Radiation and nuclear physics (pages 9 - 11)
Not only is there too much content in this Unit, but some of it is more appropriate to Year 12 level.  The title of the unit should be changed as mentioned above.
The topic of Light contains a mix of content that does not jell together well.
Several repetitive dot points should be deleted, including the category on transmission of information.  Many of the remaining dot points need to re-written to clarify their intent, suggestions are provided here. 

The important concept in image formation and its application in plane and concave mirrors and convex lenses are not included anywhere in either the Science: K - 10 or the Senior Physics documents.  Ray tracing should be included in the Science: K - 10 document at either Year 9 or 10, while formula based analysis should be included here: “Description of images formed by plane and concave mirrors and convex lenses including calculation of image position and size.”  Polarisation of light is being increasingly used in technology, it should be given some prominence in a physics course.
Recommendations:

1. Transfer Light from Unit 2 to Unit 1
2. Transfer Motion from Unit 1 to Unit 2
3. Transfer Standard Model from Unit 4 to Unit 2

4. Modify dot points as describe below including deletions and additions of image formation and polarisation
	Dot point / Elaboration
	Proposed version
	Change and Reason

	The discovery that light was an electromagnetic wave, including:
	Delete or transfer to Unit 4 Quantum Ideas
	This section is very problematic.  It would be much better for this Unit to focus on the wave and particle models of light

	• Maxwell’s prediction of the existence of electromagnetic waves
	Delete
	The students will not have done magnetic fields and electromagnetic induction, so what meaning they might give to ‘electromagnetic waves’ other than a simple diagram that they need to recall, is hard to imagine.

	• Hertz’s experimental validation of Maxwell’s electromagnetic wave prediction.
	Delete
	See comments in rows above.


	Interactions between light and matter that involve the processes of reflection, refraction and absorption, including:
	Properties of light including reflection, refraction and absorption and their applications
	See Unit 2 comments above.

	• the relationship between colour and the absorption, reflection and transmission of different frequencies of light
	The explanation of the addition and subtraction of colours
	This is vaguely expressed.  Is it referring to the explanation of the addition and subtraction of colours? 

	• the difference between specular and diffuse reflection (scattering)
	
	unchanged

	• use of the wave model to explain refraction (Snell’s law)
	
	unchanged

	• the conditions under which total internal reflection occurs
	
	Does this also include the calculation of the critical angle?

	• the application of total internal reflection in fibre optics.
	
	Does this include acceptance angle?

	Different methods of encoding information for transmission using electromagnetic waves, including:
	Delete
	See Unit 2 comments above.  An emphasis of fibre optics would be more appropriate, e.g. acceptance angle, modal and material dispersion

	• comparison of amplitude modulation (AM) and frequency modulation (FM)
	Delete
	

	• operational uses of digital radio and television.
	Delete
	

	Experiments on diffraction and interference that provide definitive evidence for the wave model for light, including:
	Transfer to Unit 4.
	These are Year 12 content, even if done in a qualitative manner.  How quantitative?

	• the diffraction of light and other electromagnetic waves
	Transfer to Unit 4.
	


	• support for a wave model for light through the interference patterns produced by the superposition of light waves (Young’s double slit experiment and thin film interference).
	Transfer to Unit 4.
	

	Applications of the resonance produced by waves, including:
	Re write
	By not distinguishing between resonance in sound and in light, the descriptions in this section either make it very simple and descriptive or detailed and complex.

	• conditions required for resonance to occur
	Re write
	It is not known whether this includes any or all of the following: a pressure or a particle model of sound, conditions for constructive and destructive interference, formation of nodes and antinodes, phase and reflection, end corrections, etc

	• resonance in microwave ovens to heat food
	Re write
	Technically in a microwave oven a standing wave pattern of nodes and antinodes is set up, which can be used to measure the speed of light, however the heating of food is not explained by resonance, rather polar molecules are twisted by the electric field, this movement is transferred by friction to other molecules

	• the greenhouse effect as a consequence of the resonance frequencies of molecules in Earth’s atmosphere.
	Delete
	This is more Chemistry and Year 12 chemistry at that.  The physics content relies on quantum energy states which are not covered until Unit 4.

	Occurrence of the Doppler effect, including:
	
	

	• use of the Doppler effect for sound waves in medical ultrasound imaging
	• use of the Doppler effect for sound waves in blood flow measurements.
	Does this include the calculation of observed frequency?  It should be noted that the Doppler effect with ultrasound is most commonly used to determine the rate of blood flow, rather than imaging.  The conventional ‘ultrasound’ to monitor pregnancy does not use the Doppler effect.


	• production of the Doppler effect using light waves (red and blue shift) in terms of photon energy and what the effect tells us about the motion of stars and galaxies.
	• production of the red and blue shifts in terms of frequency and what this tells us about the motion of stars and galaxies.
	What is the significance of ‘of photon energy’, should it read ‘in terms of frequency and wavelength’ as students have not heard of photons yet?
Does this include any calculation?  If so, is it the approximation of the classical formula when the speed of the wave greatly exceeds that of source and observer.  

Are either relativistic and or gravitational red shifts to be described?

	The dependence of theories about the universe on information obtained using the electromagnetic spectrum, including:
	Transfer to Unit 3
	Isn’t this more about Cosmology than Light?  The Big Bang theory would need some time to explain before you could even mention the Doppler shift.  Also the observed microwave background is due to the expansion of spacetime rather than relative motion of source and observer.

	• the roles of terrestrial and extraterrestrial telescopes, and the types of radiation collected
	Transfer to Unit 3
	Where is the physics content in the ‘role’ of something?  The statement on ‘types’ is just a list.  There is no mention of the physics of how the ‘light’ is gathered and detected.

	• the Big Bang theory and the evidence that supports the theory, including galactic red shift and cosmic background radiation.
	Transfer to Unit 3
	See comments about cosmology above.

	Properties and uses of emissions produced by unstable nuclei, including:
	
	unchanged

	• the properties of alpha, beta and gamma radiations and the methods of discovery of these forms of radiation
	• the properties of alpha, beta and gamma radiations and nuclear transformations that produce them.
	Was there more than one method of discovery?  Weren’t they all discovered because they ionise?


	• the interaction of alpha, beta and gamma radiation with matter, including the ionisation of atoms, the absorption as a function of distance traveled through matter and the differences in their absorption by different materials
	
	unchanged


	• the positron decay of artificial isotopes and the use of these particles in medical imaging (including Tc-99m (gamma source) and fluorine-18 (a positron emitter).
	
	unchanged

	The discovery of particles using the laws of conservation of momentum and energy, including:
	
	It is not clear that momentum and its conservation are included in Unit 1.  Does this imply using the laws of conservation of momentum and energy to calculate masses and speeds on neutrons and neutrinos?

	• discovery of the neutron and the neutrino
	
	See comment above

	• the application of the laws of momentum and energy in the analysis of data from accelerators such as those at Fermilab and the Large Hadron Collider.
	• the application of the laws of momentum and energy in the analysis of one dimensional collisions from accelerators such as those at Fermilab and the Large Hadron Collider.
	Collisions at Fermilab and the LHC are typically three dimensional, are students expected to apply the laws of momentum and energy to such data?

	The application of nuclear stability and related energy principles to explain the nuclear decay of unstable atoms, including:
	Relocate section within Unit 2.
	This section needs to come before the section on discovery.  This section naturally follows on from the first of the properties.

	• calculation of the binding energy of a nucleus and interpretation of the binding energy per nucleon graph
	
	Is this to be measured in amu, MeV orJoules?

	• nuclear decay equations for alpha, beta and gamma radiations
	
	unchanged

	• interpretation of a half-life graph for nuclear decay and the significance of the half-life of a radioisotope
	
	Presumably this does not include the dating calculation, just interpretation of graphical information.


	• the use of isotopes in dating objects and materials.
	
	This seems to just include knowing which ones are used and why without any calculation.

	The production and uses of radioisotopes, including:
	
	unchanged

	• specific examples of radioisotopes with medical and industrial applications (for example, the use of cyclotrons to produce medical isotopes; the use of nuclear reactors, including the OPAL reactor, to produce isotopes)
	
	unchanged

	• the physical basis of biohazards of alpha, beta and gamma rays, and the precautions used to protect living organisms from these effects.
	• the physical basis of the biological effects of alpha, beta and gamma rays of living tissue, and the precautions used to protect living organisms from these effects.
	The word ‘biohazard’ refers to biological agents that are a risk to humans, not to radioactivity which can have a biological affect.
Is there any more to this than being an example of “the interaction of alpha, beta and gamma radiation with matter, including the ionisation of atoms, …” from above?

Are students meant to know dosage units?

	The physics underpinning the use of nuclear reactions to provide heat energy used to generate electricity, including:
	
	

	• nuclear processes which produce alpha, beta and gamma radiation
	
	Is this a repeat of ‘nuclear decay equations for alpha, beta and gamma radiations” from above?

	• the production of energy through nuclear fission and nuclear fusion reactions
	
	Does this include the role of a moderator and control rods in a nuclear reactor?

	• calculations of the mass defect in nuclear fission and fusion reactions
	
	Is this a repeat of “calculation of the binding energy of a nucleus and interpretation of the binding energy per nucleon graph” from above?

	• use of Einstein’s mass−energy equivalence equation to determine the energy produced or absorbed in nuclear reactions.
	
	Is this a repeat of “calculation of the binding energy of a nucleus and interpretation of the binding energy per nucleon graph” from above?


Unit 3 - Space Science (pages 14 - 15)
The quantity of content of Unit 3 is reasonable, but significant changes are recommended.  The topic of Cosmology should be transferred to Year 10 Science.  The content is accessible by Year 10 students and it is a topic in which they are intrinsically interested.  The universe, our future and what will happen to our sun engages them.  The relativity section needs more substance to explain why it came about in the first place.  If cosmology is retained, change the title to ‘Mechanics and cosmology’, alternatively there is plenty of content in Units 1 and 2 that would be more appropriate in Unit 3.
Recommendations:

1. Transfer Cosmology to Year 10 Science, if not possible, then to Unit 2.

2. Modify dot points as describe below including deletions
3. Transfer Electronics from Unit 1 to Unit 3

	Dot point / Elaboration
	Proposed version
	Change and Reason

	Projectile motion, including: 
	
	

	• the uniform force that acts on a projectile near Earth’s surface 
	
	unchanged

	• resolution of velocity and force into vertical and horizontal vector components 
	• resolution of velocity into vertical and horizontal vector components
	The uniform force that acts on a projectile near Earth’s surface is gravity which is vertically downwards, so it does not have a horizontal component

	• applications of the equations of uniformly accelerated motion to calculate maximum height reached, time of flight, range and velocity at a particular time during flight 
	
	unchanged

	• the limitations of the projectile motion model, which makes the assumption that the force due to gravity is uniform rather than radial. 
	• the limitations of the projectile motion model, due to air resistance.
	The other limitation that is more relevant is air resistance.  This limitation is rather artificial.

	The law of universal gravitation, including: 
	
	

	• the nature and magnitude of the gravitational force between masses 
	• the magnitude and direction of the gravitational force between masses
	Does ‘nature’ means that the force is attractive, if so, why not use the word direction?


	• acceleration due to gravity and weight 
	Delete
	A surprisingly basic statement for Year 12.  It can be assumed that it is covered in Year 11.  It could be deleted.

	• the representation and modelling of the gravitational field of a body, such as Earth 
	• magnitude and direction of the gravitational field of a body, such as Earth including field lines
	What do ‘representation and modelling’ actually mean?

	• the concept and definition of gravitational potential energy 
	• gravitational potential energy, kinetic energy and escape velocity in a varying gravitational field
	The phrase ‘concept and definition’ seem redundant when compared with other dot points.  Energy considerations from the dot point below can be put in here.

	• the law of conservation of energy applied to falling objects, projectiles and the concept of escape velocity 
	• the law of conservation of energy applied to projectile motion (place this with other projectile motion dot points)
	This should be broken into two sections; i) energy considerations of projectile motion and ii) energy considerations in a varying gravitational field and escape velocity

	• comparison of models for gravitational potential energy, for objects at different distances above Earth’s surface. 
	Delete
	There is little benefit to be gain in physics understanding from this dot point, so it can be deleted.

	Circular motion, including: 
	
	Place circular motion and its dot points before the section on ‘Universal gravitation’, that is the usual teaching order.

	• the centripetal force needed to maintain an object in a circular path or orbit 
	• the centripetal acceleration of an object in a circular path.
	Many students consider ‘centripetal force’ as another force along side weight and reaction.  By applying the word ‘centripetal’ to the acceleration, this can be avoided as it then becomes another example of Newton’s 2nd Law : Net force = mass x accel’n.  The combined net effect of the forces acting on the circulating object, whether they be weight, tension, friction, etc, then determine the acceleration.
Does ‘circular path’ include banked curves and vertical circles?

Is apparent weightlessness included?

	• the approximation of planetary orbits to circular orbits and Kepler’s first and second laws of planetary motion 
	Delete
	Kepler’s 1st and 2nd laws are mathematical statements, not statements about physics.  Teachers may mention them, but students should not be required to recite them.

	• acceleration due to centripetal force 
	Delete
	This is already covered by the dot point two above.

	• the relationship between the law of universal gravitation and Kepler’s third law (law of periods) 
	
	unchanged

	• comparison of the motions of satellites (low earth orbit, geosynchronous and geostationary). 
	• determination of the motions of satellites (low earth orbit and geostationary).
	Comparison does not imply analysis or calculation.  Geosynchronous orbits are an unnecessary complication, the physics and technology is in geostationary orbits.

	Applications of the laws of conservation of momentum and conservation of energy to space travel, including: 
	
	This section should be expanded with Momentum and Energy considerations from Unit 1

	• use of the law of conservation of momentum to explain space travel events (for example, simplified force-acceleration relationship during rocket launch, the use of thrusters to change the direction of spacecraft) 
	
	unchanged

	• re-entry through Earth’s atmosphere and strategies for making this safe, with reference to the law of conservation of energy 
	Delete
	Just descriptions with very little physics.

	• comparison of propulsion systems and energy efficient strategies for launching spacecraft from Earth. 
	Delete
	Just descriptions with very little physics.

	Development and implications of Einstein’s theory of special relativity, including: 
	
	The dot points do not address the reason why Einstein developed his theory which is reflected in the title of his paper ‘On the electrodynamics of moving bodies’.

	• the significance of the speed of light 
	• Einstein’s postulates
	It would be better to be more precise and require understanding of Einstein’s postulates.

	• length contraction, mass increase, time dilation and mass/energy equivalence 
	• length contraction, time dilation and mass/energy equivalence
	The phrase ‘mass increase’ is simplistic and technically incorrect.  Rather Einstein’s theory of relativity says that ‘energy has mass’.

	• the validation and application of Einstein’s theory of special relativity. 
	
	What are students expected to do for this?  Is it merely calculation of  the values in the above dot point?

	Variations in the characteristics and lifetimes of stars, including: 
	Transfer to Year 10
	Much of this content should be transferred to Year 10.  Year 10 students intrinsically interested in what will happen to our earth and our sun.  Place there it should encourage an interest in science and physics.

	• the characteristics of different types of stars, including apparent magnitude, absolute magnitude, luminosity, surface temperature, colour, size, spectral class 
	Transfer to Year 10
	See comment above

	• the scale of the universe and calculations of distance, including the use of parallax method for nearby stars and Cepheid variables for distant stars 
	Transfer to Year 10
	See comment above

	• the relationship between Hertzsprung-Russell diagrams and the evolution of stars 
	Transfer to Year 10
	See comment above

	• the relationship between masses of stars and their evolution and the evolution of the Sun. 
	Transfer to Year 10
	See comment above

	The significance of the Sun as the nearest star from Earth, including: 
	Delete or transfer to Year 10
	Hard to justify as essential physics, either delete or transfer to Year 10

	• the solar energy output and the radiation intensity at the top of the atmosphere and at Earth’s surface 
	Delete or transfer to Year 10
	

	• use of the solar constant and mass-energy equivalence to determine the mass lost by the Sun per second 
	Delete or transfer to Year 10
	

	• the cyclical nature and effects of sunspots 
	Delete or transfer to Year 10
	


	• the solar wind and its effects on satellites and Earth 
	Delete or transfer to Year 10
	

	• disruptions in communication due to solar activity. 
	Delete or transfer to Year 10
	

	Nuclear fusion reactions as the source of energy for stars to radiate electromagnetic radiation into space, including: 
	Transfer to Unit 2
	This is similar, if not identical, to content in Unit 2.  It certainly fits better there.

	• the types of nuclear fusion reactions which occur in the stars 
	Transfer to Unit 2
	

	• production of heavy elements, including the role of supernovas. 
	Transfer to Unit 2
	


Unit 4 (page 18 - 20)
Proposed title: Electric power and quantum ideas
Too much of the content in this Unit is purely descriptive in nature, with little depth.  It is a simple recall exercise, some would be better placed in Unit 1 or 2, while others could be deleted all together.

The dot points in Electromagnetism need to be restructured to draw the distinction between ‘magnetic force on a current’ and ‘electromagnetic induction’.  The section of the laser is useful, but entirely descriptive.  It needs additional material on fibre optics including acceptance angle, attenuation, and material and modal dispersion.  The topic of the Standard Model is purely descriptive and would be better placed in either Unit 1 or 2.

Recommendations:

1. Transfer Standard Model to Unit 2

2. Delete reference to uncertainty and exclusion principles

3. Include photonics

4. Add substance to laser section.

	Dot point / Elaboration
	Proposed version
	Change and Reason

	Production of forces by the interaction between moving charges and magnetic fields, including: 
	
	

	• the magnitude and direction of the force acting on a charge moving in a magnetic field 
	
	Include equation

	• prevention by Earth’s magnetic field of high-energy charged particles (mainly protons) from reaching its surface. 
	Transfer to SHE strand
	This is a descriptive application.  It should be in the Science as a human endeavour strand

	Discovery of the first sub-atomic particle, the electron, including: 
	
	

	• properties, behaviour and nature of cathode rays as deduced from experiments 
	• properties and nature of cathode rays
	How does ‘properties’ differ from ‘behaviour’?  Delete ‘behaviour’.  Is ‘as deduced from experiments’ redundant?


	• Thomson’s measurement of the velocity of cathode rays and determination of the charge-to-mass ratio for the electron 
	• method used by Thomson to measure the velocity of cathode rays and determine their charge-to-mass ratio.
	What is required here? apparatus, method, results, analysis or just conclusions?
I don’t think cathode rays were identified as electrons at that stage.

	• Millikan’s measurement of the charge on the electron. 
	• method used by Millikan to measure the charge on the electron.
	What is required here? apparatus, method, results, analysis or just conclusions?

	Forces produced by interactions between current and magnetic fields, including: 
	
	

	• characteristics of a magnetic field produced by a current-carrying wire 
	
	What does ‘characteristics’ mean? Calculated value or just shape and direction?  Does it include loops and solenoids?

	• magnitude and direction of the force acting on a current-carrying conductor in a magnetic field 
	
	Include equation

	• magnitude and direction of the force between two parallel current-carrying conductors 
	
	Include equation

	• the operation of microphones and loud speakers. 
	• the operation of loudspeakers.
	Microphones use a range of technologies, but none use the interaction between a current and a magnetic field.  Dynamic microphones use the principle of electromagnetic induction (EMI) to generate a current, but this relates to another section.

	The principles and applications of DC motors and AC induction motors, including: 
	
	

	• production of torque on a current-carrying loop in a magnetic field 
	
	Is this quantitative? If so, how much is angle dependence required? Include equation.

	• the main parts and uses of DC motors 
	• the main parts of DC motors and their function
	Delete ‘uses’, covered in SHE strand

	• operation of a DC motor, including back emf and equilibrium at constant speed 
	
	The operation of a DC motor is implicit in the above dot point, the back emf involves EMI and should be in the next section.  A better term than ‘equilibrium’ should be used, perhaps ‘balance point’

	• the main parts and advantages of AC induction motors 
	Transfer below
	This relates to EMI and should be in the next section.

	• the operation of an AC induction motor, including eddy currents. 
	Transfer below
	This relates to EMI and should be in the next section.

	Production and transmission of direct current (DC) and alternating current (AC), including: 
	
	

	• electromagnetic induction and Lenz’s law 
	
	Is Faraday’s law included? Should Magnetic flux be mentioned?

	• the main parts and operation of DC generators and AC generators 
	
	unchanged

	• differences between AC and DC generator outputs, including current-versus-time relationship 
	
	

	• inductance in transformers, including dependence on flux change, role of laminated iron core, voltage relationship between primary and secondary coils and effects of flux linkage/leakage 
	• the operation of transformers, including dependence on flux change, role of laminated iron core and voltage relationship between primary and secondary coils 
	‘Inductance’ is a technical term and a measurable quantity not usually associated with transformer at a secondary level.  Students can adequately explain the operation of a transformer without recourse to this term.  The effects of flux linkage/leakage would only be descriptive and are not essential to the main point.

	• application of the law of conservation of energy to an ideal transformer (power input to the primary coil equals power output from the secondary coil) 
	
	unchanged

	• transmission of electrical energy using AC. 
	• transmission of electrical energy using AC including voltage and resistive power loss in transmission lines
	This should be spelt out in more detail.


	Quantum theory of light, including: 
	
	

	• atomic emission and absorption spectra 
	
	Are students expected to know that there are just two types, or know about the differences between them including method of production?

	• the hydrogen spectrum and the Balmer equation as a descriptive and predictive model 
	
	Are students required to do calculations with the Balmer equation?

	• Planck’s quantum concept, which successfully modelled black body radiation measurements, avoiding the ‘ultraviolet catastrophe’ predicted by classical wave theory 
	
	How much background knowledge will be required?

	• Hertz’s observation of the photoelectric effect and its subsequent investigation by Lenard 
	Transfer to SHE
	This dot point can be transferred to the Human endeavour strand, as part of the story that teachers will relate, rather than content that students should know.

	• Einstein’s explanation of photoelectric effect (a quantum idea). 
	
	Is quantitative work required?  Is the failure of the wave model to be included?

	Development of quantum theory, and the evidence supporting the changed ideas, including: 
	
	

	• strengths and limitations of the Rutherford nuclear model of the atom, which was based on the results of the Geiger-Marsden experiment 
	
	Typical Year 11 content

	• strengths of Bohr’s quantum model of the atom (which explained spectral lines and improved on the Rutherford nuclear model) and limitations of the model 
	
	How much of the Bohr model is required?

	• de Broglie’s proposal of the existence of matter waves and its explanation of Bohr’s stable orbits 
	
	Does this include calculation of photon momentum and particle wavelength


	• Davisson and Germer’s experimental confirmation of the wave nature of electrons by scattering electrons to produce a diffraction pattern 
	Delete
	Description only, could be placed in SHE strand.  Teachers will refer to it anyway.

	• Schrödinger’s use of the wave nature of matter to further develop the quantum model of the atom 
	Delete
	This is too open ended.  What are students actually required to know?

	• the importance of Heisenberg’s uncertainty principle and Pauli’s exclusion principle in the development of the quantum model of the atom. 
	Delete
	This is too open ended.  What are students actually required to know?

	Development of the laser, including: 
	
	

	• stimulated emission of radiation 
	
	unchanged

	• methods of producing a population inversion 
	
	Descriptive, so to what depth?

	• the amplification of light by a population inversion 
	
	unchanged

	• use of optical feedback in lasers 
	
	Descriptive, so to what depth?

	• signal amplification in optical fibres (for example, erbium-doped fibre amplifier) 
	
	Descriptive, so to what depth? Quantatitive?

	• properties of laser beams, including propagation in a straight line, one optical wavelength, very small focus and very high intensity. 
	
	Descriptive, so to what depth?

	Particle accelerators, including: 
	
	

	• differences in methods of particle acceleration by cyclotrons, synchrotrons and linear accelerators 
	
	Is this dot point merely descriptive, or is calculation of energy gain, etc required?


	• detection of accelerator-produced particles and the conservation laws which apply 
	
	Does the inclusion of ‘conservation laws’ imply calculation of energy and momentum in two dimensions?

	• detection of high-energy cosmic rays and their contribution to the Standard Model 
	
	

	• characteristics of leptons, bosons and hadrons 
	
	Are students expected to know their properties and how they were discovered or just their names?

	• production of energy from interactions between matter and antimatter. 
	
	Is this dot point merely descriptive, or is calculation of photon energy and wavelength required?

	The Standard Model, including: 
	
	This section seems to be all description and simple recall.  It would be better placed in Unit 2.

	• the interaction of subatomic particles in terms of three fundamental forces (electromagnetic forces, strong nuclear forces and weak nuclear forces) 
	
	To what depth?

	• matter particles (particles with no smaller parts), including quarks and leptons 
	
	Are students expected to know their properties and how they were discovered or just their names?

	• force carrier particles (bosons, including gluons and photons) which mediate each fundamental force 
	
	Are students expected to know their properties and how they were discovered or just their names?

	• 12 fundamental particles of matter (six quarks and six leptons and their antiparticles) 
	
	Are students expected to know their properties and how they were discovered or just their names?

	• nature of quarks 
	
	What properties?

	• the failure of the Standard Model to account for gravity, and the search for gravitational waves and gravitons. 
	
	What about the search are students required to know?


	The relationship between the Big Bang model of the universe and the Standard Model, including: 
	
	

	• the Big Bang theory and the evidence that supports the theory 
	
	What are students required to know? Which evidence?  If it is just microwave background radiation, tehn say so.

	• the stages of the evolution of the universe proposed by different theories, including the sequencing of Big Bang Theory , the Grand Unified Theory (GUT), inflation era, hadron era, lepton era, radiation era and matter dominated era. 
	
	Which different theories?
Just description.


2.4
The Science Inquiry Strand
It is pleasing to see some examples of possible practical activities in the draft.  However they are mostly conventional formal experiments.  There is a greater range of styles of practical activities available, examples of each style should be provided.  These styles include:

· Familiarisation exercise,

· Exploration,

· Simulation,

· Demonstration (POE),

· Self paced activity,

· Class exercise,

· Formal experiment,

· Investigation,

· Excursion,

· Prac Test
Some dot points are not best supported by a formal experiment, other practical modes are often more cost effective in achieving understanding by more students in a shorter time.
The inclusion of an extended experimental investigation in each unit is a welcome feature.  To assist teachers with what is expected with this activity possible topics for investigation should be listed for each unit. Listed below are some suggestions.
Possible topics for Extended Experimental Investigation

Unit 1

· The effect on energy loss and force on impact of a bouncing ball by measuring rebound height and impact time of the variables: drop height and ball diameter.

· The performance of a parachute.
· Dissection of an electrical appliance.
· Conductivity of a pencil line.
· The effect of load conditions on the power output from a solar cell.
Unit 2

· The effect of air pressure on the range of alpha particles

· A jet of water comes out the side of a vessel.  Under what conditions does it act as a light guide?

· Variation of the intensity of the reflected beam from a glass block with angle.

Unit 3

· The sweet spot of a tennis racket, where is it and how big is it?

· Spectral analysis of light from various sources, e.g. incandescent and fluorescent globes, emission lamps
Unit 4

· Dissection of a DC motor

· Efficiency of a DC motor with load and voltage supply

· The motion of a magnet rolling down a metal inclined plane

· The performance of a homopolar motor

· Investigate the effect of woven textiles on light from point sources

How ‘extended’ should an extended experimental investigation be?

The draft does not give any indication as to the amount of class time teachers should devote to an extended experimental investigation.  Experience tells us that exam pressure will force teachers to trim activities that don’t have a material impact on the performance of their students in exams.  Consequently an extended experimental investigation could vary from a task that extended beyond one class, to one that took a couple of weeks, to substantial investigations requiring at least four weeks of class time.
The document should give an indication of the minimum class time that could be expected for each unit.  For Units 1 and 2, two weeks seems appropriate, while for Units 3 and 4, four weeks will be needed to do work of substance and quality.  The document may also wish to place restrictions on the size of groups to ensure that all students are actively engaged in the task.  Most topics should require no more than two students, with many being able to be done individually.
Other comments:

· Typo on Page 21: ‘using a laser to demonstrate poison’s spot’ should read ‘using a laser to demonstrate Poisson’s spot’.

· Clarification on page 21: replace ‘measure the motor effect’ with ‘measure the magnetic force on a current’.

· Addition on page 21: ‘analysing quantitative data using mathematical and/or graphical methods (including log - log graphs)’

In this strand the same categories are used for each of the units.  When comparing the dot points under each category across the units you find that some are common to all units, some show a progression from Unit 1 to Unit 4 and some are specific to the unit.  

However there are several that show anomalies, oversights or inconsistencies .  These are:

Perform investigations and experiments, including: 

a.
The dot point beginning ‘selecting and using scientific equipment appropriate to the task …” includes ‘stroboscopic photography apparatus’.  This example can be deleted.  It is old fashioned technology that probably has not been used for decades.
b.
The dot point ‘collecting and recording first- and second-hand data using appropriate formats and ICT’ only occurs in Unit 1 and 2, presumably it is still relevant to Units 3 and 4
c.
This dot point in Unit 1 “analysing quantitative data using mathematical and/or graphical methods, including plotting of measurements and their uncertainties, comparisons with quantitative predictions of simple numerical models, and quantitatively validating some of the physical laws with experimental results” contains much more information that its equivalents in Units 2 - 4, and also information that is either in other dot points in Unit 1 or in a dot point in the other Units that is not included in Unit 1.  The suggestion is reduce it to the equivalent in Units 2 - 4 , that is, “analysing quantitative data using mathematical and/or graphical methods” and copy “proposing and testing mathematical models for data (for example, linear, inverse, inverse square relationships)” from Unit 2 into Unit 1.
d.
There are three different versions for addressing uncertainties:

· including uncertainties in measurements

· estimating the uncertainty of data in quantitative measurements

· including estimate of uncertainties of data in quantitative measurements

Presumably a common one would apply to all units.
e.
There are two different versions for formulating explanations:
· formulating explanations and conclusions based on experimental evidence

· formulating explanations based on experimental evidence.
Presumably a common one would apply to all units.
Engage in critical, creative, innovative and reflective thinking, including: 

f.
The first dot point in this section takes several forms.  In Unit 1 is it simply “evaluating the validity of varying scientific results and scientific arguments”, whereas in Unit 2 there are two separate dot points “evaluating the validity of scientific arguments” and “evaluating the validity of a scientific investigation, including the validity of measurements, procedures and models used in the investigation.” While in Units 3 and 4 these two are combined into one dot point.  

Not only should there be some consistency, but it could be argued that this dot point is addressing the same aspect as the last dot point in the previous section, that is, evaluating the investigation, and could be deleted all together.
g.
The dot point “debating issues relating to …” only appears in Unit 3, although there should be opportunities to debate in other Units.  However it can be strongly argued that Year 12 is a hectic year for teachers and students and there is not the time to devote to such an activity.  If used at all, then Units 1 or 2 are a more appropriate place.

h.
Only Unit 1 contains the dot point “applying the laws of physics to predict the behaviour of physical phenomena and systems”.  It does not seem to relate to this category and could be deleted.
i.
Similarly the dot point “proposing new questions for investigation and innovative solutions to problems related to physics” only appears in Unit 1, but this one is very similar to the next dot point in Unit 1and can be deleted.
j.
Also the dot point “problem-solving issues relating to physics (for example, … ).” only appears in Unit 4 and is also similar to the next dot point in Unit 4 and can be deleted.

k.
There is a dot point on uncertainties for Units 1, 2 and 4, but not 3. However the content of the dot point seems to be covered by the dot point on uncertainties in the section above, so perhaps this dot point can be deleted across the board.
Analyse and synthesise information relating to physics, including: 

l. The last dot point comes in three different but similar forms:

• 
evaluating claims in advertising and the media.
• 
evaluating the accuracy of claims related to …

• 
evaluating the accuracy of claims involving …
Presumably a common one would apply to all units.
Communicate ideas and findings, including: 

m. The statement “using correct scientific language, including correct units when describing methods, making and recording measurements, and writing explanations and conclusions´ appears for Unit 1, while the simpler following statement appears in Units 2, 3 and 4 “• using scientific language when describing methods, conclusions and explanations” . The former could be replaced by the latter.

n. A statement beginning “using correct physics representations, including …” appears in Units 1 and 4, but not 2 and 3.  I suspect a case could be made for inclusion in all four units.

o. The last dot point comes in three different but similar forms:

• 
explaining concepts and debating issues related to physics to a range of audiences.

• 
explaining issues and concepts related to physics to a range of audiences.
• 
explaining concepts related to physics to a range of audiences.
Presumably a common one would apply to all units.
In fact a common set of dot points could be included in the ‘Organisation’ section of the document.  This would give more prominence to the strand and simplify the appearance of the document.  It may have bee able to present the content of pages 8 onwards in landscape with three columns, one for each strand.

2.5
The Science as Human Endeavour Strand
The descriptions across the four units provide a comprehensive range of examples to link to the other two strands.  The only concern is that the ad hoc, piecemeal linking of applications to content does not provide a coherent context that can reinforce students’ understanding of the content, whereas a set of applications linked to a context e.g. ‘physics of ball games’ or ‘car safety’ can achieve a deeper comprehension of the subject.  Also piecemeal linking takes up more class time than links embedded in a context.

3.
Proposed Course structure

	Unit 1
	Unit 2
	Unit 3
	Unit 4

	Light
	Motion
	Mechanics
	Electromagnetism

	DC electricity
	Nuclear physics
	Universal gravitation
	Particle accelerators

	Sound
	Standard model
	Relativity
	Quantum ideas

	
	
	Electronics *
	Lasers and photonics *


* The topics of Electronics, Lasers and Photonics could be split across Units 3 & 4 and also Unit 1.
4.
Summary of key recommendations
Science Understanding Strand
1.
Write a rationale that engage students and encourage teachers.

2. Relocate topics in the following way:

· Motion: from Unit 1 to Unit 2

· Electronics from Unit 1 to Unit 3 *

· Light from Unit 2 to Unit 1

· Cosmology from Unit 3 to Year 10 Science

· Standard Model from Unit 4 to Unit 2

3. Delete Unit names and incorporate topic titles

4. Add the following topics:

· Sound to Unit 1

· Photonics to Unit 3 or 4.  * Electronics, Lasers and Photonics could be split across Units 3 and 4 and possibly Unit 2.

5. Clarify the meaning of most of the dot points so that teachers know the depth to which they should go and what they should expect of their students.  This is most easily achieved by using active verbs in each dot point.
Unit 1: Motion

6. Delete simple harmonic motion

7. Transfer reference to four fundamental forces to ‘Standard Model’
8. Delete reference to ecosystems and solar radiation

Unit 1: Electricity

9. Change Coulomb’s Law to a Field model

Unit 2: Light
10. Transfer EM model of light to Unit 4 Quantum Ideas

11. Include image formation by light in plane and concave mirrors, and convex lenses

12. Include polarisation

13. Delete modulation

14. Transfer diffraction and interference to Unit 4 Light
Unit 3: Mechanics

15. Describe circular motion in terms of centripetal acceleration, rather than centripetal force

16. Delete propulsion systems and re-entry strategies

Unit 3 Relativity

17. Include the contradiction that relativity resolved
18. Include Einstein’s postulates

Science Inquiry Strand

19. Include examples of other styles of practical activities

20. Include examples of extended experimental investigations

21. Define the duration of ‘extended’ for each Unit.

22. Correct inconsistencies in the dot points across the four units.
5.
Appendix

5.1
A recommended list of verbs to use in expressing the physics learning outcomes.

The list is based on the list from the VCE Physics Study Design with some deletions and additions drawn from the words in the physics curriculum documents of other states.  They have also been ranked based on the triangle on page 47 of the study design.

	Verb
	Meaning

	Describe 
	Use written, oral or visual representations to communicate characteristics or features.

	Identify 
	Recognise and name/label a specific object, element, component or underlying principle or concept; label/annotate components of a system, model or diagram.

	Compare 
	List, tabulate or use a graphic organiser to identify similarities and differences and recognise the significance of these similarities and differences.

	Convert 
	Change a unit of measure of a specific quantity to another unit of measure.

	Interpret 
	Derive meaning from information presented in multi-modal texts (for example, written, aural and diagrammatic), tables, images and graphical formats.

	Apply 
	Propose a solution or response to a problem or issue; show steps; use algebraic and/or graphical methods as appropriate and according to established rules.

	Calculate 
	Solve numerical problems by using formulas and mathematical processes; find the numerical value of an unknown variable or constant.

	Estimate
	Calculate an approximate amount or quantity.

	Analyse 
	Consider presented information and clarify concepts and knowledge; use qualitative and quantitative methods to distinguish between components (words, tables, labeled diagrams, calculations, graphs); recognise patterns; identify and relate implications; undertake a graphical analysis of data.

	Explain 
	Provide reasons, mechanisms and outcomes, incorporate quantitative data as appropriate.

	Investigate 
	Conduct experiments and research with organisation, care and precision to find out the answer to a question or problem.

	Evaluate 
	Assess the merit (strengths and limitations) of ideas, processes or procedures and reach a conclusion; validate evidence; choose from options based on reasoned arguments.


5.2
Example of the three strands side by side in landscape format

	Science Understanding
	Human endeavour
	Science Inquiry

	Circular motion, including: 
	•  Examples of applications of knowledge of 
	Demonstrations

	• the centripetal acceleration of an object in a circular path.
	forces and motion in careers and recreational pursuits from a range of fields
	•   

	• analysis of motion on banked curves and vertical circles
	•  designing and improving safety

	

	Projectile motion, including: 
	Leisure: Ball games and amusement parks
	Practical Activities

	• the uniform force that acts on a projectile near Earth’s surface 
	•  carousel, hammer throw
•  roller coaster
	•   Amusement park excursion

•   Accident analysis excursion

	• resolution of velocity into vertical and horizontal vector components
	•  dodgem cars

•  shot put
	

	• applications of the equations of uniformly accelerated motion to calculate maximum height reached, time of flight, range and velocity at a particular time during flight 
	•  sporting impacts: body with body, bat with ball


	

	• the law of conservation of energy applied to projectile motion
	Transport and safety
•   crests in the road
	Experiments

•   Centripetal acceleration

	• the limitations of the projectile motion model, due to air resistance.
	•   velodrome

•   Evel Knievel

•   crumple zones, air bags
	•   Air Track Collisions

	Elastic and inelastic collisions, including:
	•   accident analysis
	

	• Force and impulse between objects and effect on their momenta
	
	Investigations

•   Performance of a parachute

	• applications of the laws of conservation of momentum and conservation of energy
	
	•   Sweet spot of a softball bat

•   Acceleration of a water rocket


5.3 Example of common elements of the ‘Science as a human endeavour’ and ‘Science inquiry’ strands
Science as a human endeavour strand
The nature and practice of physics, including: 

•   the dynamic nature of the body of knowledge in physics which is subject to change as new knowledge and technologies are developed, and as the validity and reliability of underlying models, data and conclusions improves,

•   the role of physicists in developing new technologies
•   examples of applications of knowledge in careers, recreational pursuits and everyday events
Contemporary research and applications of physics, including
•   operation of a device

•   new technologies

•   international research efforts

•   society’s research priorities

The development of ideas in physics, including: 

•   the contribution of historical experiments to our scientific understanding.
•   research that has led to our current knowledge and the human stories of some of the key physicists involved in this research which demonstrate application of scientific values and endeavour.
•   competing theories

Science inquiry skills strand
Design and perform investigations and experiments related to motion and energy, considering relevant aspects of safety, methodology and ethics, including at least one extended experimental investigation involving a range of inquiry skills.
Perform investigations and experiments, including: 

• 
using physics concepts to generate questions and guide the construction of hypotheses that inform the design of investigations 

• 
selecting and using appropriate equipment for a specific task.
• 
collecting and recording first- and second-hand data using appropriate formats and ICT 

• 
accessing, critically reading and extracting information from a variety of texts, and referencing sources appropriately 

• 
analysing quantitative data using mathematical and/or graphical methods, 
• 
proposing and testing mathematical models for data (for example, linear, inverse, inverse square relationships

• 
developing an understanding of the relationship between algebraic and graphical representations of mathematical relationships in physics 

• 
estimating the uncertainty of data in quantitative measurements
• 
formulating explanations and conclusions based on experimental evidence 

• 
evaluating methods employed in investigations and suggesting specific changes to improve the accuracy of results. 

Engage in critical, creative, innovative and reflective thinking, including: 

• 
evaluating the validity of scientific arguments 

• 
using probabilities and models to make predictions about future events 
• 
generating ideas, plans, processes and/or products to solve problems and to challenge current thinking 

Analyse and synthesise information relating to physics, including: 

• 
researching, selecting and synthesising relevant information from a range of sources, and referencing sources appropriately 

• 
using and interpreting scientific models and simulations to aid understanding and communication of physics concepts 

• 
evaluating claims in advertising and the media. 

Communicate ideas and findings, including: 

• 
creating and presenting structured reports of experimental and investigative work 

• 
discussing results and findings with others to develop understanding 

• 
using correct scientific language and physics representations when describing methods, conclusions and explanations
• 
sharing and exchanging information, including through ICT, in collaborative endeavours, observing social protocols, ethical use of information and information security 

• 
explaining concepts and debating issues related to physics to a range of audiences. 

A possible rationale
(from VCE Physics Study Design in 1990, subsequently adopted and adapted by Queensland)
It has always been part of the human condition to marvel at the world we live in - stars and rainbows, the apple that falls to the ground or the lodestone that always points north - and to ask why the world should be that way.  In western culture, this way of speculating about the physical world became known as natural philosophy and later, as biology and chemistry took recognisably different paths, physics. At the same time as this separation into distinct sciences was occurring, physics developed its own particular methods and procedures, valuing precise measurement and highly reproducible experiments, and developing a powerful and fruitful partnership with mathematics. 

It is also part of the human condition to use knowledge to gain control.  Knowledge of physics has led to developments in technology, some of which (for example, radio communication and electrical appliances) have had a profound impact on social structures.  The social effects of such technologies may be positive or negative and, as has been the case in nuclear science, the use to which the knowledge is put may itself direct the course which physics takes. 

At an even more subtle level of interaction, some developments in physics such as the Copernican revolution, Galileo's confrontation with the Church, and challenges to accepted ideas about predictability from quantum mechanics, have influenced the course of history and philosophy, and have helped to shape society's collective consciousness.  Aspects of the theory of relativity, for example, have passed into modern folklore. 

For all of these reasons, a knowledge of physics is useful to people in pursuing hobbies, exercising responsibilities as citizens, confronting technologies, understanding the physical and social environment, and appreciating the challenge of a particular way of knowing the world.  Furthermore, physics is not simply a body of received knowledge, it is also a way of generating new knowledge, a human and social activity that is not completely objective, a process in which a variety of people have a contribution to make. 

This study contributes to a general education at the postcompulsory level.  It is also intended to meet the needs of students who are considering occupations in the wide range of technical, trade and professional areas for which physics is relevant. 
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