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

The key ideas are:

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

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

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

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

6 That physical laws and models are expressed in mathematical form

Summary of AQA Specification
Forces and their interactions
Contact and non-contact forces.

Newton's First Law

Gravity

Forces and elasticity
Forces and elasticity

Required practical 6

Summary of AQA Specification

Learning Outcomes

A force is a push or pull that acts on an object due to the interaction with another object.

Force is a vector quantity and can be described as contact (the objects are physically touching) or non-contact (the objects are physically separated).
Examples of contact forces include friction, air resistance, tension and normal contact force.

Examples of non-contact forces are gravitational force, electrostatic force and magnetic force.

Students should be able to describe the interaction between pairs of objects which produce a force on each object. The forces to be represented as vectors.

Newton’s First Law: If the resultant force acting on an object is zero and: ¢ the object is stationary, the object remains stationary * the object is moving, the object continues to
move at the same speed and in the same direction. So the object continues to move at the same velocity.

So, when a vehicle travels at a steady speed the resistive forces balance the driving force.

So, the velocity (speed and/or direction) of an object will only change if a resultant force is acting on the object.

Students should be able to apply Newton’s First Law to explain the motion of objects moving with a uniform velocity and objects where the speed and/or direction changes.

Students should be able to draw accurate free-body diagrams for balanced and unbalanced forces

Weight is the force acting on an object due to gravity. The force of gravity close to the Earth is due to the gravitational field around the Earth.
The weight of an object depends on the gravitational field strength at the point where the object is

The weight of an object can be calculated using the equation: weight = mass x gravitational field strength

The weight of an object and the mass of an object are directly proportional.

The weight of an object may be considered to act at a single point referred to as the object’s ‘centre of mass’.

Weight is measured using a calibrated spring-balance (a newtonmeter).

Students should be able to give examples of the forces involved in stretching, bending or compressing an object

Students should be able to explain why, to change the shape of an object (by stretching, bending or compressing), more than one force has to be applied — this is limited to
stationary objects only

Students should be able to describe the difference between elastic deformation and inelastic deformation caused by stretching forces.

The extension of an elastic object, such as a spring, is directly proportional to the force applied, provided that the limit of proportionality is not exceeded.

force = spring constant x extension [F = ke]

This relationship also applies to the compression of an elastic object, where ‘e’ would be the compression of the object.

A force that stretches (or compresses) a spring does work and elastic potential energy is stored in the spring. Provided the spring is not inelastically deformed, the work done on
the spring and the elastic potential energy stored are equal.

Students should be able to describe the difference between a linear and non-linear relationship between force and extension

Students should be able to calculate a spring constant in linear cases

Students should be able to interpret data from an investigation of the relationship between force and extension

Investigate the relationship between force and extension for a spring (Hooke's law)

Learning Outcomes

Energy changes in a system, and the ways energy is stored before and after such changes

Energy stores and systems

Changes in energy

A system is an object or group of objects.
There are changes in the way energy is stored when a system changes

Students should be able to describe all the changes involved in the way energy is stored when a system changes, for common situations. For example an object projected
upwards, a moving object hitting an obstacle, an object accelerated by a constant force, a vehicle slowing down and bringing water to a boil in an electric kettle

Use calculations to show on a common scale how the overall energy in a system is redistributed when the system is changed.
Students should be able to calculate the amount of energy associated with a moving object, a stretched spring and an object raised above ground level.
The kinetic energy of a moving object can be calculated using the equation: KE = 0.5mv2
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4.5.2 Work done and energy transfer

4.5.2.1  Work done and energy transfer

453 Forces and elasticity

453 Forces and elasticity

The amount of elastic potential energy stored in a stretched spring can be calculated using the equation: EE = 0.5ke2
The amount of gravitational potential energy gained by an object raised above ground level can be calculated using the equation: PE = mgh

When a force causes an object to move through a distance, work is done on the object. So a force does work on an object when the force causes a displacement of the object.

work done = force x distance (moved along the line of action of the force)

One joule of work is done when a force of one newton causes a displacement of one metre

1 joule = 1 newton-metre

Students should be able to describe the energy transfer involved when work is done.

Students should be able to convert between newton-metres and joules.

Work done against the frictional forces acting on an object causes a rise in the temperature of the object.

A force that stretches (or compresses) a spring does work and elastic potential energy is stored in the spring. Provided the spring is not inelastically deformed, the work done on
the spring and the elastic potential energy stored are equal.

Students should be able to calculate work done in stretching (or compressing) a spring (up to the limit of proportionality) using the equation elastic potential energy = 0.5 x
spring constant x extension” 2

Students should be able to calculate relevant values of stored energy and energy transfers.

4.1.1 Energy changes in a system, and the ways energy is stored before and after such changes

4.1.1.4 Power

4.1.2 Conservation and dissipation of energy
4.1.2.1 Energy transfers in a system

4.1.2.2 Efficiency

413 National and global energy resources

4.1.3 National and global energy resources

Electricity

Charge, current, potential and potential
difference

Power is defined as the rate at which energy is transferred or the rate at which work is done.

P=E/torP =W/t

An energy transfer of 1 joule per second is equal to a power of 1 watt.

Students should be able to give examples that illustrate the definition of power eg comparing two electric motors that both lift the same weight through the same height but
one does it faster than the other.

Energy can be transferred usefully, stored or dissipated, but cannot be created or destroyed.

Students should be able to describe with examples where there are energy transfers in a closed system, that there is no net change to the total energy.

Students should be able to describe, with examples, how in all system changes energy is dissipated, so that it is stored in less useful ways. This energy is often described as being
‘wasted’.

Students should be able to explain ways of reducing unwanted energy transfers, for example through lubrication and the use of thermal insulation.

The higher the thermal conductivity of a material the higher the rate of energy transfer by conduction across the material. Students do not need to know the definition of
thermal conductivity.

Students should be able to describe how the rate of cooling of a building is affected by the thickness and thermal conductivity of its walls.

The energy efficiency for any energy transfer can be calculated using the equation: efficiency = useful output energy transfer / total input energy transfer
Efficiency may also be calculated using the equation: efficiency = useful power output / total power input
Students should be able to describe ways to increase the efficiency of an intended energy transfer

The main energy resources available for use on Earth include: fossil fuels (coal, oil and gas), nuclear fuel, bio-fuel, wind, hydro-electricity, geothermal, the tides, the Sun and
water waves.

A renewable energy resource is one that is being (or can be) replenished as it is used.

The uses of energy resources include: transport, electricity generation and heating.

Students should be able to describe the main energy sources available

Students should be able to distinguish between energy resources that are renewable and energy resources that are non-renewable

Students should be able to compare ways that different energy resources are used, the uses to include transport, electricity generation and heating

Students should be able to understand why some energy resources are more reliable than others

Students should be able to describe the environmental impact arising from the use of different energy resources

Students should be able to explain patterns and trends in the use of energy resources

Descriptions of how energy resources are used to generate electricity are not required.

Students should be able to consider the environmental issues that may arise from the use of different energy resources

Students should be able to show that science has the ability to identify environmental issues arising from the use of energy resources but not always the power to deal with the
issues because of political, social, ethical or economic considerations.

Learning Outcomes

The Elecricity module in Year 9 does not follow the National curriclum at KS3 or KS4. Instead we use an approach particular to Pate's where we use a simple visual model to
allow pupils to become familiar with Kirchhoff's laws without substatial calculation. These Year 9 lessons are an introduction to a more rigorous treatment of electricity in Y11.
Pupils are advised to consult their purple assessment booklets for notes and exercises on this topic.
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4.5.6.1.4
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Summary of Specification
Forces and their interactions
Scalar and vector quantities.

Forces and motion
Distance and displacement

Speed

Velocity

Distance time relationship

Acceleration

Working scientifically

Development of scientific thinking

Understand how scientific methods and theories
develop over time

Charge and current. The coulomb as a uint of positive charge. The direction of conventional current and current = rate of flow of charge
Using Kirchhoff's first law

Predicting and measuring currents in electric circuits, use of ammeters

Electric potential as the energy of one coulomb of charge at a point in a circuit

Potential difference as the work done (energy transferred) per unit charge between two points in a circuit

Using Kirchhoff's second law - the 'coloured pens of potential' method

Appreciation that the p.d. written on a cell or marked on a power supply is only a guidance value and that to obtain an accurate value of p.d. it must always be measured with a
voltmeter

Predicting and measuring p.d.s in electric circuits, use of voltmeters

The effect of resistance on the current in a circuit

Understanding that any change - in resistance, number od cells or configuration of circuit - will lead to a change in current

Learning Outcomes

Scalar quantities have magnitude only.
Vector quantities have magnitude and an associated direction.

A vector quantity may be represented by an arrow. The length of the arrow represents the magnitude, and the direction of the arrow the direction of the vector quantity.

Distance is how far an object moves. Distance does not involve direction. Distance is a scalar quantity.

Displacement includes both the distance an object moves, measured in a straight line from the start point to the finish point and the direction of that straight line. Displacement
is a vector quantity.

Students should be able to express a displacement in terms of both the magnitude and direction

Speed does not involve direction. Speed is a scalar quantity.

The speed of a moving object is rarely constant. When people walk, run or travel in a car their speed is constantly changing.

The speed at which a person can walk, run or cycle depends on many factors including: age, terrain, fitness and distance travelled.

Students should be able to recall typical values of speed for a person walking, running and cycling as well as the typical values of speed for different types of transportation
systems.

It is not only moving objects that have varying speed. The speed of sound and the speed of the wind also vary.

Students should be able to make measurements of distance and time and then calculate speeds of objects.

For an object moving at constant speed the distance travelled in a specific time can be calculated using the equation: distance travelled = speed x time (s = vt)

Students should be able to calculate average speed for non-uniform motion.

The velocity of an object is its speed in a given direction. Velocity is a vector quantity.

Students should be able to explain the vector—scalar distinction as it applies to displacement, distance, velocity and speed.

Students should be able to explain qualitatively, with examples, that motion in a circle involves constant speed but changing velocity.
If an object moves along a straight line, the distance travelled can be represented by a distance—time graph.

The speed of an object can be calculated from the gradient of its distance-time graph.

If an object is accelerating, its speed at any particular time can be determined by drawing a tangent and measuring the gradient of the distance—time graph at that time.

Students should be able to draw distance-time graphs from measurements and extract and interpret lines and slopes of distance—time graphs, translating information between
graphical and numerical form

Students should be able to determine speed from a distance—time graph.

The average acceleration of an object can be calculated using the equation: acceleration = change in velocity / time taken

An object that slows down is decelerating.

Students should be able to estimate the magnitude of everyday accelerations

The acceleration of an object can be calculated from the gradient of a velocity—time graph

The distance travelled by an object (or displacement of an object) can be calculated from the area under a velocity—time graph.
Students should be able to draw velocity—time graphs from measurements and interpret lines and slopes to determine acceleration
Students should be able to interpret enclosed areas in velocity—time graphs to determine distance travelled (or displacement)
Students should be able to measure, when appropriate, the area under a velocity—time graph by counting squares.

Learning Outcomes
Students should be able to:

Give examples to show how scientific methodsand theories have changed over time, e.g. the atomic model
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WS 2
Ws 2.1
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Use a variety of models such as
representational, spatial, descriptive,
computational and mathematical to solve
problems, make predictions and to develop
scientific explanations and understanding of
familiar and unfamiliar facts.

Appreciate the power and limitations of
science and consider any ethical issues which
may arise.

Explain everyday and technological
applications of science; evaluate associated
personal, social, economic and environmental
implications; and make decisions based on the
evaluation of evidence and arguments.

Evaluate risks both in practical science
and the wider societal context, including
perception of risk in relation to data and
consequences

Recognise the importance of peer
review of results and of communicating results
to a range of audiences.

Experimental skills and strategies
Use scientific theories and explanations to
develop hypotheses

Plan experiments or devise procedures to make
observations, produce or characterise a substanc
test hypotheses, check data or explore
phenomena

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

Recognise/draw/interpret diagrams

Translate from data to a representation with a model

Use models in explanations, or match features of a model to the data from experiments or observations that the model explains
Make predictions or calculate quantities based on the model or show its limitations

Make predictions or calculate quantities based on the model or show its limitations

Give examples of ways in which a model can be tested by experimentation of observation

Explain why data is needed to answer scientific questions and why it might be uncertain,incomplete or not available
Outline a simple ethical argument on the rights and wrongs of a new technology

Describe and explain specified examples of the technological application of science
Describe and evaluate, with the help of data, methods that can be used to tackle problems caused by human impacts on the environment

Give examples to show that there are hazards associated with science-based technologies that have to be considered alongside the benefits

Suggest reasons why the perception of risk is often very different from the measured risk, e.g. voluntary vs imposed risks, familiar vs unfamiliar risks, visible vs invisible risks

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

Students should be able to:
Suggest a hypothesis to explain given observations or data

Describe a practical procedure for a specified purpose

Explain why a given practical procedure is well designed for its specified purpose

Explain the need to manipulate and control variables

Identify in a given context: the independent variable, the dependent variable, control variables, and explain why control variables are kept the same
Apply understanding of apparatus and techniques to suggest a procedure for a specified purpose



