St Mary’s Catholic School
Department Curriculum Planning
Department: Science

Year Group: Year 13 (Physics)

This is the plan for the taught curriculum during achievement period: Term 1 half term 1 (September to October)

	Brief summary of the topic/work being covered during this period	

	Students are taught the following topics; 'Thermal Energy Transfer and ‘Electric Fields’.
Students are taught the topics so that they can gain a full understanding of the core principles of Physics and enable them to achieve their full potential at A level.


	Prior knowledge needed for this unit/topic from previous teaching

	Concepts Covered in KS4
Particle Model of Matter
Students will have already studied the kinetic theory of substances in KS4, they should understand that interal energy is a combination of the energy stored kinetically (in the motion of the molecules) and the energy stored chemically (in the bonds between them). They should be able to relate the temperature to the mean energy per molecule and recall that the energy is distributed randomly amongst molecules in a well understood way.
Students should be able to:
· recognise/draw simple diagrams to model the difference between solids, liquids and gases.
· explain the differences in density between the different states of matter in terms of the arrangement of atoms or molecules.
· describe how, when substances change state (melt, freeze, boil, evaporate, condense or sublimate), mass is conserved.
· apply the specific heat capacity equation, which is given on the Physics equation sheet, to calculate the energy change involved when the temperature of a
material changes.
· interpret heating and cooling graphs that include changes of state.
· distinguish between specific heat capacity and specific latent heat.
· apply the specific latent heat equation, which is given on the Physics equation sheet, to calculate the energy change involved in a change of state.
· explain how the motion of the molecules in a gas is related to both its temperature and its pressure
· explain qualitatively the relation between the temperature of a gas and its pressure at constant volume.
· calculate the change in the pressure of a gas or the volume of a gas (a fixed mass held at constant temperature) when either the pressure or volume is increased or decreased.
· apply the equation for Boyle’s law, which is given on the Physics equation sheet.
· explain how, in a given situation eg a bicycle pump, doing work on an enclosed gas leads to an increase in the temperature of the gas.

Magnetism and electromagnetism
· Students should be able to:
· describe how to plot the magnetic field pattern of a magnet using a compass
· draw the magnetic field pattern of a bar magnet showing how strength and direction change from one point to another
· describe how the magnetic effect of a current can be demonstrated
· draw the magnetic field pattern for a straight wire carrying a current and for a solenoid (showing the direction of the field)
· explain how a solenoid arrangement can increase the magnetic effect of the current.

Working Scientifically
Students should be able to:
· Understand how scientific methods and theories develop over time.
· 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.
· Use scientific theories and explanations to develop hypotheses.
· Plan experiments or devise procedures to make observations, produce or characterise a substance, test hypotheses, check data or explore phenomena.
· Apply a knowledge of a range of techniques, instruments, apparatus, and materials to select those appropriate to the experiment.
· Carry out experiments appropriately having due regard for the correct manipulation of apparatus, the accuracy of measurements and health and safety considerations.
· Recognise when to apply a knowledge of sampling techniques to ensure any samples collected are representative.
· Make and record observations and measurements using a range of apparatus and
· methods.
· Evaluate methods and suggest possible improvements and further investigations.
· Present observations and other data using appropriate methods.
· Translate data from one form to another.
· Carry out and represent mathematical and statistical analysis.
· Represent distributions of results and make estimations of uncertainty.
· Interpret observations and other data (presented in verbal, diagrammatic, graphical, symbolic or numerical form), including identifying patterns and trends, making inferences and drawing conclusions.
· Present reasoned explanations including relating data to hypotheses.
· Be objective, evaluating data in terms of accuracy, precision, repeatability and reproducibility and identifying potential sources of random and systematic error.
· Communicate the scientific rationale for investigations, methods used, findings and reasoned conclusions through paper-based and electronic reports and presentations using verbal, diagrammatic, graphical, numerical and symbolic forms.
· Use scientific vocabulary, terminology and definitions.
· Recognise the importance of scientific quantities and understand how they are determined.
· Use SI units (eg kg, g, mg; km, m, mm; kJ, J) and IUPAC chemical nomenclature unless inappropriate.
· Use prefixes and powers of ten for orders of magnitude (eg tera, giga, mega, kilo, centi, milli, micro and nano).
· Interconvert units.
· Use an appropriate number of significant figures in calculation.


	Rationale for students studying this unit/topic 

	Thermal Energy Transfer

Rationale for studying this topic
This topic allows the thermal properties of materials, the properties and nature of ideal gases, and the molecular kinetic theory to be studied in depth building on key ideas from the particle model taught in KS4. This topic is then a direct, if brief, introduction to the subject of thermodynamics. Those students who go on to study Physics, Chemistry or Engineering will learn a lot more about this subject.

Rationale for timing of this topic
This topic has some quite rigorous mathematical derivations and applies statistical averaging which can take students some time to grasp. It is therefore taught in the second year to be less daunting and to allow for the development of maths skills through Y12 Physics practice (and A level maths development for those studying the subject). It forms part of the A2 set of topics for this reason for students studying AS levels.

Electric Fields

Rationale for studying this topic
The concept of field is one of the great unifying ideas in physics. The ideas of gravitation, electrostatics and magnetic field theory are developed within the topic to emphasise this unification. Practical applications considered include capacitance and capacitors, their charge and discharge through resistors, and electromagnetic induction. These topics have considerable impact on modern society.

Rationale for timing of this topic
Many ideas from mechanics and electricity from earlier in the course support this and are further developed. In particular, Electric Fields is taught after Gravitational fields as many of the ideas and calculations (such as the idea of field strength and potential) are very similar.


	Key concepts/ideas that are taught to students in this unit/topic, including any anticipated gaps in knowledge and plan to overcome these

	Electric Fields
Students need to know:
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Anticipated Gaps
· Students will have covered Gravitational Fields at the end of Y12 so basic concepts should be familiar. They can forget things over the summer however.
· Electric Fields also introduces the formula for electric field strength between plates as well as around point charges which can confuse students.
· Electric fields are attractive and repulsive depending on the charge which is different to gravity.
· The topic is taught incrementally with comparison to gravitational fields regularly being made to help students more physical understanding (e.g. comparing particles in electric fields to projectiles moving under gravity).
· Lots of examples from exam questions and wider practical examples are used as it is such a key topic.
· Pre-reading material is provided and topics are linked to a class book containing summaries and example questions directly support the taught content, as do homework booklets.
· Questions set have been chosen to support the student’s knowledge in these critical areas.
· Independent study booklets have been produced and will be used to support an afterschool intervention session for all Y13 students or for use in independent study time.


Thermal Physics
Students need to know:
· Internal energy is the sum of the randomly distributed kinetic energies and potential energies of the particles in a body.
· The internal energy of a system is increased when energy is transferred to it by heating or when work is done on it (and vice versa), eg a qualitative treatment of the first law of thermodynamics.
· Appreciation that during a change of state the potential energies of the particle ensemble are changing but not the kinetic energies. Calculations involving transfer of energy.
· For a change of temperature: Q = mc Δθ where c is specific heat capacity.
· Calculations including continuous flow.
· For a change of state Q = ml where l is the specificlatent heat.
· Gas laws as experimental relationships between p, V, T and the mass of the gas.
· Concept of absolute zero of temperature.
· Ideal gas equation: pV = nRT for n moles and pV = NkT for N molecules.
· Work done = pΔV
· Avogadro constant NA, molar gas constant R, Boltzmann constant k
· Molar mass and molecular mass.
· Required practical 8: Investigation of Boyle's law (constant temperature) and Charles’s law (constant pressure) for a gas.
· Brownian motion as evidence for existence of atoms.
· Explanation of relationships between p, V and T in terms of a simple molecular model.
· Students should understand that the gas laws are empirical in nature whereas the kinetic theory model arises from theory.
· Assumptions leading to pV = 1/3 Nm crms2 including derivation of the equation and calculations.
· A simple algebraic approach involving conservation of momentum is required.
· Appreciation that for an ideal gas internal energy is kinetic energy of the atoms.
· Use of average molecular kinetic energy = ½ m crms2 = 3/2 kT = 3RT/2NA
· Appreciation of how knowledge and understanding of the behaviour of a gas has changed over time.

Anticipated Gaps
· This topic is formula heavy and introduces statistical averaging which can confuse students. 
· Equations can feature the number of moles of a substance or number of particles which can confuse.
· It can be a little daunting for students not studying a level maths.
· The topic is taught in steps with lots of recapping.
· Models are extensively used alongside animations and simulations such as the Phet Simulations. Videos are also used.
· Lots of examples from exam questions and wider practical examples are used as it is such a key topic.
· Pre-reading material is provided and topics are linked to a class book containing summaries and example questions directly support the taught content, as do homework booklets.
· Questions set have been chosen to support the student’s knowledge in these critical areas.
· Independent study booklets have been produced and will be used to support an afterschool intervention session for all Y13 students or for use in independent study time.




	New key terminology students will be taught during this topic/unit

	Thermal Physics
· Absolute Zero: The lowest possible temperature of a system, where no heat remains and the particles in the system have no kinetic energy.
· Avogadro Constant: The number of particles that make up one mole of any gas.
· Boltzmann Constant: A constant relating the average kinetic energy of the particles in a gas, to the gas’ temperature.
· Boyle’s Law: The pressure of an ideal gas is inversely proportional to its volume when held at constant temperature.
· Brownian Motion: The random motion of particles.
· Charles’ Law: The volume of an ideal gas is directly proportional to its absolute temperature when held at constant pressure.
· Ideal Gas: A gas that meets the ideal gas assumptions. All the gas laws are based on ideal gases.
· Internal Energy: The sum of the randomly distributed kinetic and potential energies of the particles in a given system.
· Kelvin Scale: An absolute temperature scale that starts at absolute zero (0K = -273°C).
· Molar Gas Constant: A fundamental constant, used in the ideal gas law.
· Molar Mass: The mass of one mole of the substance in question.
· Molecular Mass: The mass of one molecule of the substance in question.
· Pressure Law: The pressure of an ideal gas is directly proportional to its absolute temperature, when the volume is fixed.
· Specific Heat Capacity: The amount of energy required to increase the temperature of 1kg of a substance by 1 Kelvin.
· Specific Latent Heat: The amount of energy required to change the state of 1kg of a substance without a change of temperature.
· State Changes: During a state change, the potential energy of the system is changing but the kinetic energy is not.

Fields and their Consequences
· Back Emf: An emf generated by the coil in an AC generator that acts against the potential difference that has been supplied to the motor.
· Capacitance, C: The charge stored per unit pd in a capacitor.
· Capacitor: An electrical component that stores charge. A parallel-plate capacitor is made of two parallel conducting plates with an insulator between them (dielectric).
· Coulomb’s Law: The size of the force that acts between two point charges is proportional to the product of their charges and inversely proportional to the square of their separation. It is attractive for opposite charges and repulsive for like charges.
· Cyclotron: A particle accelerator made up of two D shaped electrodes positioned opposite each other. The electric field changes direction each time a particle moves from one electrode to the other, causing the particle to accelerate.
· Dielectric: An insulating material placed between the two plates of a capacitor in order to increase the amount of charge it can store.
· Electrical Conductor: A material that contains free electrons that are able to move throughout the material and carry charge.
· Electrical Insulator: A material that does not contain any free electrons. All electrons in an insulator are part of the individual atoms that make it up.
· Electric Field: A region surrounding a charged object which causes a force to be exerted on any charged object placed within the field.
· Electric Field Strength, E (at a point in the field): The force per unit positive charge exerted on a charged object placed at that point in the field. This is a vector acting in the same direction as the force on a positive charge.
· Electric Potential, V (at a point in the field): the work done per unit charge on a positivetest charge in bringing it from infinity to that point in the field.
· Electromagnetic Induction: When an emf is induced in a wire/conducting rod when it is moved relative to a magnetic field.
· Equipotential: A surface of constant potential. No work is done by the field when an object moves along an equipotential.
· Escape Velocity: The minimum velocity required by an object to be able to escape a gravitational field of a mass when projected vertically from its surface.
· Faraday’s Law: The magnitude of the induced emf is equal to the rate of change of flux linkage through the circuit.
· Field Line / Line of Force: A line representing the path that a north pole (magnetic field), positive charge (electric field) or mass (gravitational field) would take when placed within the field.
· Force Field: An area in which an object will experience a non-contact force.
· Geostationary Satellite: A satellite that orbits above the equator with a 24 hour period, so it will always remain above the same position on the Earth. They orbit approximately 36,000km above the surface of the Earth.
· Gravitational Field: A region surrounding a mass in which any other object with mass will experience an attractive force.
· Gravitational Field Strength: The force per unit mass exerted on a small test mass placed within the field.
· Gravitational Potential, V (at a point in the field): The work done per unit mass required tomove a small test mass from infinity to that point.
· Gravitational Potential Energy: The component of an object’s energy due to its position in a gravitational field.
· Kepler’s Third Law: The square of an object’s orbital period (T) is directly proportional to the cube of its orbital radius (r) – T2 ∝ r3 .
· Lenz’s Law: An induced current is always in a direction so as to oppose the change that caused it.
· Magnetic Field: A region surrounding a magnet or current-carrying wire that will exert a force on any other magnet or current-carrying wire placed within it.
· Magnetic Flux, ϕ : A value which describes the magnetic field or field lines passing through an area. It is the product of magnetic flux density and the perpendicular area it passes through.
· Magnetic Flux Density, B: The force per unit current per unit length on a current-carrying wire placed at 90º to the field lines. Sometimes also referred to as the magnetic field strength.
· Magnetic Flux Linkage, N ϕ : The magnetic flux multiplied by the number of turns, N, of the coil.
· Motor Effect: When a current-carrying wire is placed within a magnetic field (non-parallel to the field lines) and experiences a force perpendicular to both the wire and the field lines.
· Permittivity of free space, ε 0 : A measure of the ability of a vacuum to allow an electric field to pass through it.
· Polarised: An atom/molecule becomes polarised when an external electric field causes the negative electron cloud to be shifted in the opposite direction to the positive nucleus – the charges are pulled in opposite directions. (This is what happens to the molecules of the dielectric in a capacitor).
· Potential Gradient: The change of potential per metre at a point in the field.
· Radial Field: A field in which the field lines are all directed towards a single point (e.g. the centre of a planet or a point charge).
· Relative Permittivity: The ratio of charge stored in a capacitor with the dielectric to charge stored without the dielectric. Also sometimes referred to as the dielectric constant .
· Step-down Transformer: A device made of two insulated wires coiled around an iron core in which the output voltage is smaller than the input voltage due to the secondary coil having fewer turns than the primary coil.
· Step-up Transformer: A device made of two insulated wires coiled around an iron core in which the output voltage is greater than the input voltage due to the secondary coil having more turns than the primary coil.
· Synchronous Orbit: An orbit in which the period of the orbit is equal to the rotational period of the object that it is orbiting.
· Time Constant: The time taken for a capacitor to discharge to 37% (e -1 ) of its initial charge.
· The time constant is equal to the product of the capacitance and the resistance of the fixed resistor (that the capacitor is being discharged through).
· [bookmark: _GoBack]Uniform Field: A field in which all of the field lines are parallel and equally spaced – field strength is equal in all areas of the field.

	Plan for Assessment 

	All A level assessments are constructed using real exam styles questions, from the latest specification. Papers include a variety of assessment objectives and styles of questions. Initially assessments will cover fewer types of questions due to the smaller amount content covered. However, in Year 13 and in mock exams all assessment objectives and question styles are covered. Students will sit end of topic assessments in class; however mocks will be based on the realistic times and demands of the exams. Students will also be assessed on homework, class work and independent work as well.
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