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 2 half term 2 (February to April)

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

	Students are taught the ‘Astrophysics’ (Option Subject) and also carry out revision activities in other subjects.


	Prior knowledge needed for this unit/topic from previous teaching

	· Concepts Covered in KS4

· Waves
· Students should be able to:
· construct ray diagrams to illustrate the refraction of a wave at the boundary between two different media.
· use wave front diagrams to explain refraction in terms of the change of speed that happens when a wave travels from one medium to a different medium.
· construct ray diagrams to illustrate the similarities and differences between convex and concave lenses.
· explain how the temperature of a body is related to the balance between incoming radiation absorbed and radiation emitted, using everyday examples to illustrate this balance, and the example of the factors which determine the temperature of the Earth.
· use information, or draw/interpret diagrams to show how radiation affects the temperature of the Earth’s surface and atmosphere.

Space Physics
Students should be able to explain:
· how, at the start of a star’s life cycle, the dust and gas drawn together by gravity causes fusion reactions
· that fusion reactions lead to an equilibrium between the gravitational collapse of a star and the expansion of a star due to fusion energy.
· how fusion processes lead to the formation of new elements.
· for circular orbits, the force of gravity can lead to changing velocity but unchanged speed
· for a stable orbit, the radius must change if the speed changes.
· qualitatively the red-shift of light from galaxies that are receding
· that the change of each galaxy’s speed with distance is evidence of an expanding universe
· how red-shift provides evidence for the Big Bang model
· how scientists are able to use observations to arrive at theories such as the Big Bang theory
· that there is still much about the universe that is not understood, for example dark mass and dark energy.


	Rationale for students studying this unit/topic 

	Astrophysics

Rationale for studying this topic
This is an optional topic for AQA A Level Physics. The Astrophysics option is intended to give students an opportunity to study an area of Physics that many find fascinating. It includes a study of the main methods of acquiring information, describes how such information is used to analyse and catalogue astronomical objects, and outlines some modern theories on cosmology. The topic provides a grounding in both the practical and theoretical study of astrophysics. Its teaching is supported by particular qualifications among the teaching staff including an Astronomy and Astrophysics degree and an Astrophysics MSc.

Rationale for timing of this topic
This section builds on many other areas including waves, thermal physics, fields, mechanics and further mechanics. It is therefore ideally suited to be taught last in the scheme of work.



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

	Astrophyics

Students need to know:
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Anticipated Gaps
· The students’ knowledge of Astrophysics will vary significantly depending on their previous study.  The main conceptual issue for students relates to the vast scales involved.  High temperatures, pressures and distances measured in millions of light years are far from laboratory physics. The physics of atomic spectra can easily become confused with the photoelectric effect in students’ minds.  The reverse Logarithmic temperature scale on the Hertzsprung-Russell diagram is counterintuitive for most and has to be approached carefully.  Stefan’s Law provides a challenge of dealing with temperature raised to the power of four which can make calculations difficult.  Students often struggle conceptually with space-time and expansion of the universe.  With questions such as What is at the centre of the universe? and What is the universe expanding into? being common.
· 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

	· Absolute Magnitude (M): The apparent magnitude that an object would have if it were placed at a distance of 10 parsecs away from Earth.
· Achromatic Doublet: A convex lens made of crown glass and a concave lens made of flint glass cemented together in order to focus all light rays in the same position. An achromaticdoublet is a solution for spherical and chromatic aberration.
· Apparent Magnitude (m): How bright an object appears in the sky. This depends on the object’s brightness and its distance from Earth.
· Arcsecond: A unit used to measure small angles. An arcsecond is equal to 1/3600th of a degree.
· Astronomical Unit (AU): The average distance between the centre of the Earth and thecentre of the Sun.
· Big Bang Theory: The theory that the universe originated as a small, dense and hot region that expanded and cooled forming the structures in the universe we see today.
· Binary Star System: Two stars orbiting a common centre of mass.
· Black Body Radiator: A perfect emitter and absorber of all possible wavelengths of radiation.
· Black Hole: A region which has an escape velocity greater than the speed of light. Black holes are formed when the core of a giant star collapses.
· Cassegrain Reflecting Telescope: A reflecting telescope with a concave primary mirror and a small convex secondary mirror in the centre, with the eyepiece lens just behind the centre of the primary mirror.
· Charge-Coupled Device (CCD): An array of light-sensitive pixels which become charged when they are exposed to light (by the photoelectric effect).
· Chromatic Aberration: An effect caused by the different focal lengths of different wavelengths of light that leads to different colours being focused at different points. This can cause a white object to appear as if it has coloured edges.
· Collecting Power: A measure of the ability of a lens or mirror to collect incident EM radiation. Collecting power is directly proportional to the area of the objective lens/primary mirror.
· Concave/Diverging Lens: A lens which spreads out incident light – the light rays diverge.
· Convex/Converging Lens: A lens which focuses incident light – the light rays converge.
· Cosmological Microwave Background Radiation (CMBR) : After the big bang the hot dense state of the universe was full of photons which interacted with the matter in the universe. At a certain time this interaction stopped due to the lower temperature of the universe and these photons were allowed to propagate freely, at this point these photons were gamma rays. At present the universe has expanded, redshifting these photons so that they are microwaves.
· Doppler Effect: The apparent change in the wavelength of a wave as the source moves relative to an observer. For a source moving away the wavelength increases (red shift), for a source moving towards the observer the wavelength decreases (blue shift).
· Eclipsing Binaries: A binary star system in which the stars’ plane of orbit is in the line of sight of the Earth. This means that the stars will appear to cross over each other as they orbit.
· Event Horizon: The boundary of a black hole, along which the escape velocity is equal to the speed of light.
· Exoplanet: Planets that are not part of our solar system and orbit other stars. They are often difficult to detect due to the light of their host star obscuring them.
· Eyepiece Lens: The lens in a telescope that magnifies the image produced by the objective lens. It produces a virtual image at infinity in order to reduce eye strain for the user.
· Focal Length (f): The distance between the centre of the lens and the principal focus.
· Hipparcos Scale: A way of classifying astronomical objects by their apparent magnitude. The brightest stars have an apparent magnitude of 1 and the faintest visible stars have an apparent magnitude of 6. The intensity of a magnitude 1 star is 100 times greater than a magnitude 6 star so the scale is logarithmic.
· Hubble’s Law: The speed of a galaxy moving away from ours is proportional to its distance away from us. The constant of proportionality is Hubble’s constant.
· Hydrogen Balmer Spectrum: A spectrum formed from the excitation of hydrogen atoms from the n=2 level. The prominence of the Balmer lines from a star can give an indication ofthe star’s temperature and state of the hydrogen within it.
· Intensity: The power received from a star per unit area.
· Lens Power: A measure of how closely a lens can focus a beam that is parallel to the principal axis (i.e. how long the focal length is). The shorter the focal length, the more powerful the lens.
· Light Year (ly): The distance that an electromagnetic wave travels in a year in a vacuum.
· Long-Lived Gamma Ray Burst: Bursts of gamma radiation that last anywhere between 10and 1000 seconds. These are thought to be associated with a type II supernova (the death of a massive star).
· Luminosity: The rate of light energy released by a star. This is the same as the power output of a star.
· Magnifying Power/Angular Magnification (M): The ratio of the angle made by the image from the eyepiece to the angle made by the object with the unaided eye.
· Main Sequence Star: The equilibrium stage of a star’s life cycle, where the inward gravitational forces balance the outward forces caused by fusion. In this stage, hydrogen nuclei fuse to form helium.
· Neutron Star: An incredibly dense star that is formed when the core of a large star collapses. Protons and electrons are forced together under gravity to form neutrons.
· Normal Adjustment: When the distance between the objective and eyepiece lenses in arefracting telescope is equal to the sum of their focal lengths.
· Objective Lens: The lens in a telescope that collects light and creates a real image. Objective lenses should have long focal lengths and be large in order to collect as much light as possible.
· Parallax: The apparent change of position of a nearer star in comparison to distant stars in the background. This happens as a result of the Earth’s orbit around the sun.
· Parsec (pc): The distance at which the angle of parallax is 1 arcsecond.
· Primary Mirror: The mirror equivalent of an objective lens. The primary mirror collects light and focuses it onto a secondary mirror in a reflecting telescope.
· Principal Axis: The line passing through the centre of the lens, perpendicular to its surface.
· Principal Focus (F): In a converging lens: the point where incident rays travelling parallel to the principal axis will converge. In a diverging lens: the point from which the light rays appear to come.
· Protostar: A young star formed when clouds of gas and dust are pulled together under gravity. Protostars are surrounded by a circumstellar disc, and when the centre becomes hot enough, the star will begin to fuse elements.
· Quantum Efficiency: The percentage of photons incident on a CCD which causes an electron to be released.
· Quasar: Active galactic nuclei – supermassive black holes surrounded by a disc of matter which, as it falls into the black hole, causes jets of radiation to be emitted from the poles. Quasars display very large red shift, indicating they are very far away. The power output of a quasar is around that of an entire galaxy.
· Radial Velocity Method: A method of detecting exoplanets. It involves the observation of the host star’s line spectrum. If it is blue-shifted when it moves towards the Earth and red-shifted when it moves towards the Earth, it suggests that the star is ‘wobbling’ and so there must be a mass (exoplanet) exerting a gravitational force on it.
· Rayleigh Criterion: This states that two objects will not be resolved if any part of the central maximum of either of the images falls within the first minimum diffraction ring of the other.
· Real Image: Formed when light rays cross after being refracted by a lens. Real images can be projected onto a screen.
· Red Giant: A stage in the life cycle of a star less than 3 solar masses, in which the hydrogen has run out and the temperature of the star increases. Helium nuclei fuse to form heavier elements.
· Red Shift (z): The shifting of an object’s wavelength towards the red end of the spectrum due to the object moving away from the Earth (Doppler effect). Red shift is evidence for the expansion of the universe. The more distant the object, the greater its red shift.
· Red Supergiant: For massive stars that are greater than 3 solar masses, when the hydrogen runs out, instead of transitioning into a red giant, the star will transition into a redsupergiant (same processes as a red giant but on a larger scale). The temperature increases and fusion up to iron can occur.
· Reflecting Telescope: A telescope which uses mirrors to focus incident light onto an eyepiece lens.
· Refracting Telescope: A telescope which uses lenses to focus incident light.
· Resolving Power: The ability of a telescope to produce separate images of close-together objects.
· Schwarzschild Radius (R S ): The name given to the radius of a black hole’s Event Horizon.
· Short-Lived Gamma Ray Burst: Short bursts of gamma radiation that last anywhere between 0.01 and 1 second. These are thought to be associated with merging neutron stars(forming a black hole) or a neutron star falling into a black hole.
· Spectroscopic Binaries: A binary star system in which the stars are too close together to be resolved by a telescope. The Doppler shifts of the light from the stars as they move towards or away from the Earth are used to detect these binary systems.
· Spherical Aberration: An effect caused by the curvature of a lens or mirror that can lead to light rays at the edges to be focused in different places to those from the centre. This can cause an image to be blurry or distorted.
· Stefan’s Law: A law stating that the power output (luminosity) of a star is directly proportional to its surface area and its absolute temperature to the 4 th power.
· Supernova: When a star greater than 1.4 solar masses dies, the core collapses rapidly inward and becomes rigid. The outer layers then fall inward and rebound off of the core in a shockwave, causing heavy elements to be fused and distributed into space.
· Transit Method: A method of detecting exoplanets. It involves the monitoring of the host star’s light intensity. If a planet crosses in front of it, the intensity will dip. Timings and other data can be combined to determine information about the size and speed of the exoplanet.
· Type I Supernova: The consequence of a star in a binary system accumulating matter from its companion star. When the star reaches critical mass, it will explode.
· Type Ia Supernova: A consequence of a white dwarf star exploding. They can be used as a standard candle since they always reach the same maximum absolute magnitude (-19.3).
· Type II Supernova: The consequence of a high mass star dying when it runs out of fuel.
· Virtual Image: Formed on the same side of the lens as the object. The light rays do not cross after refraction, so the image cannot be projected onto a screen.
· [bookmark: _GoBack]White Dwarf: A stage in the life cycle of a small star (less than 1.4 solar masses) that occurs when all the fuel has been used up. The star contracts since there is no longer an outwards force caused by fusion.
· Wien’s Displacement Law: A law stating that the peak wavelength of emitted radiation isinversely proportional to its absolute temperature.

	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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