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 2 (October to December)

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

	Students are taught the following topics; Nuclear Physics’ and ‘Magnetic 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

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.

Nuclear Physics
· Students should be able to:
· relate differences between isotopes to differences in conventional representations of their identities, charges and masses.
· describe:
· why the new evidence from the scattering experiment led to a change in the atomic model
· the difference between the plum pudding model of the atom and the nuclear model of the atom.
· apply their knowledge to the uses of radiation and evaluate the best sources of radiation to use in a given situation.
· use the names and symbols of common nuclei and particles to write balanced equations that show single alpha (α) and beta (β) decay. This is limited to balancing the atomic numbers and mass numbers.
· compare the hazards associated with contamination and irradiation.
· understand that it is important for the findings of studies into the effects of radiation on humans to be published and shared with other scientists so that the findings can be checked by peer review.
· explain why the hazards associated with radioactive material differ according to the half-life involved.
· describe and evaluate the uses of nuclear radiations for exploration of internal organs, and for control or destruction of unwanted tissue
· evaluate the perceived risks of using nuclear radiations in relation to given data and consequences.
· Students should be able to draw/interpret diagrams representing nuclear fission and how a chain reaction may occur.


	Rationale for students studying this unit/topic 

	Nuclear Physics

Rationale for studying this topic
Students should become aware of the physics that underpins nuclear energy production and also of the impact that it can have on society.

Rationale for timing of this topic
This section builds on the work of Particles and radiation to link the properties of the nucleus to the production of nuclear power through the characteristics of the nucleus, the properties of unstable nuclei, and the link between energy and mass.

Magnetic 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 electromagnetic induction which has a 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, Magnetic Fields is taught after Electric 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

	Nuclear Physics

Students need to know:
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Anticipated Gaps
· Research shows mid and lower ability students find the particle model of matter difficult, so introducing radioactivity in terms of atomic and nuclear structure may be unhelpful. Models of microscopic processes can help students develop understanding but may also add to misconceptions – so it’s important that students can question the model.
· Demonstrations, models and simulations are extensively used to really bring the subject to life alongside video clips.
· 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.


Magnetic Fields
Students need to know:
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Anticipated Gaps
· Most students can recognise a ‘magnetic field’ as a region where magnetic effects can be detected, but some may be unable to use field lines to represent the field around common shapes of magnet, or a wire or simple coil.
· The concepts of magnetic field strength, magnetic flux density and magnetization are important fundamental concepts in magnetism. However, these concepts are often confused by students due mostly to different notations and interpretations. This confusion can inhibit learning by students about magnetic properties.
· Conceptual and reasoning difficulties with the basic concepts of electromagnetism can cause particular difficulties with recognizing and explaining the phenomenon of electromagnetic induction.
· The topic is taught incrementally, with regular summarisation and reference to previous work on fields.
· Practical work is used to underpin ideas along with practical examples.
· 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

	Nuclear Physics
· Activity: The rate of decay of the radioactive nuclei in a given isotope. It is proportional to the total number of nuclei in the sample and is measured in Becquerels.
· Alpha Decay: The emission of an alpha particle (2 protons and 2 neutrons) from an unstable nucleus (usually one with too much mass) to make it more stable. Alpha radiation is strongly ionising and is stopped by a few centimetres of air or a sheet of paper.
· Atomic Mass Unit: A unit used to express atomic masses. One AMU is equal to the one twelfth of the mass of a carbon atom.
· Background Radiation: Radiation that is found in small quantities all around us. It originates from natural sources such as rocks and cosmic rays as well as man-made sources such as nuclear accidents and medical sources.
· Beta Decay: The emission of a beta particle when a proton turns into a neutron (or vice versa) in an unstable nucleus. Beta minus radiation is weakly ionising. Beta plus radiation is immediately annihilated by electrons.
· Binding Energy: The amount of energy required to split a nucleus into all its separate constituent nucleons. It is equivalent to the mass defect.
· Chain Reaction: The process of the neutrons released by a fission reaction inducing further fissile nuclei to undergo fission.
· Closest Approach: A method of estimating a nuclear radius by firing a alpha particle at it. It involves calculating the distance at which all the alpha particle’s kinetic energy is converted to electric potential energy.
· Contamination: The introduction of radioactive material to another object. The object is consequently radioactive.
· Control Rods: Rods found in nuclear reactors to absorb neutrons and control the rate of reaction. They can be raised or lowered depending on the rate required.
· Coolant: A substance that passes through nuclear reactors and is responsible for removing heat from the core. This heat is then used to generate energy.
· Critical Mass: The smallest mass of fissile material required in a fission reactor for a chain reaction to be sustained.
· Electron Capture: A process that occurs in proton-heavy nuclei, in which an electron is drawn into the nucleus, causing a proton to transition into a neutron. An electron neutrino is also produced.
· Fission: The splitting a nucleus, to form two smaller daughter nuclei, neutrons and energy.
· Fusion: The joining of two smaller nuclei to form a larger nucleus and to release energy.
· Gamma Decay: The emission of gamma rays from an unstable nucleus that has too much energy. Gamma radiation is only very weakly ionising but requires several centimetres of lead to be stopped.
· Half-Life: The average time it takes for the number of radioactive nuclei in a sample to halve.
· Inverse Square-Law: A law that governs the intensity of gamma radiation. It means that the intensity of radiation at any point is inversely proportional to the square of the distance from its source.
· Irradiation: The exposure of an object to radiation. The exposed object does not become radioactive.
· Mass Defect: The difference in mass between a nucleus and the sum of the masses of its constituent nucleons.
· Moderator: A material in nuclear reactors that absorbs energy from fast moving neutrons, to slow them down to speeds that can be absorbed by fissile neutrons to induce fission.
· Radioactive Dating: The use of radioactive isotopes with known half-lives to date objects. The isotope that is usually used is Carbon-14.
· Radioactive Waste: The waste produced from the products of fission reactions. Since the waste is unstable and radioactive, it must be stored and handled carefully.
· Random Nature of Radioactive Decay: Radioactive decay is random – you cannot predict when a nucleus will decay or which nucleus will decay next.
· Rutherford Scattering: An experiment involving firing alpha particles at a thin gold foil and observing their deflections. It showed the existence and nature of the nucleus.
www
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).
· 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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