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RECOGNISING ACHIEVEMENT





Introduction

OCR involves teachers in the development of new support materials to capture current teaching practices tailored to our new specifications. These support materials are designed to inspire teachers and facilitate different ideas and teaching practices.  Each Scheme of Work and set of sample Lesson Plans is provided in Word format – so that you can use it as a foundation to build upon and amend the content to suit your teaching style and students’ needs.

The Scheme of Work and sample Lesson plans provide examples of how to teach this unit and the teaching hours are suggestions only. Some or all of it may be applicable to your teaching. 
The Specification is the document on which assessment is based and specifies what content and skills need to be covered in delivering the course. At all times, therefore, this Support Material booklet should be read in conjunction with the Specification. If clarification on a particular point is sought then that clarification should be found in the Specification itself.  References to the content statements for each lesson are given in the ‘Points to note’ column.
Sample Scheme of Work

GCSE 21st Century Science Physics A J245

Module P7: Studying the Universe

Suggested Teaching Time: 31 Hours
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	The Sun in Space
	Introduce the topic by showing a clip of a fly-out from Earth.
Ask a series of true/false questions, and ask students to show green/red /yellow cards to check their understanding of the space topic.

Challenge students to devise a thought experiment to prove that the Earth goes around the Sun. This should allow students to start thinking about how astronomers have to take measurements from Earth to learn about space.

Ask students to model the Earth/Sun/moon motion using a variety of size balls in threes, with each student using a ball to show the movement of one of the objects. Use to identify any problems with the basic understanding of the motion. Once all students are showing the correct motion, ask students to “act” as each of the objects (without the balls), but to take it in turns to be the Earth. This allows the students to link what is seen from the Earth with its motion.
Students should be able to explain that the moon appears to travel east-west across the sky in just over 24 hours.

Explain the difference between a Solar day and a sidereal day, using animations and models.
Candidates answer a question explaining the differences between the different motions of the sky.
	The first few minutes of the film “Contact” show a large number of the objects in this unit. Students can be challenged to name the objects. The sound track is also designed to go back in time (although the distances do not match the timings).
The clip can be found at: 

http://www.youtube.com/watch?v=kNAUR7NQCLA
Red/Green/Yellow cards

Three different size balls (e.g. football, tennis ball, ping pong ball) per group.

Differentiated questions in the 6-mark style of the new exam papers. 
Sidereal day animation: http://bcs.whfreeman.com/universe7e/content/ch02/0203003.html
	There is some space taught at Key Stage 3, and some aspects are taught in P1. It is important to identify the level that students are coming to this unit with.
Foundation candidates need to know that the time for the stars to travel east-west across the sky < the solar day < the time taken for the moon to travel east-west across the sky.

Higher candidates need to understand the term “sidereal day”, to explain the difference between it and a solar day, and remember the time difference.

New exam papers include 6 mark questions that include quality of written communication, and students should have the opportunity to practice these.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	The moon
	Ask the students to make a plot of the phases of the moon over the next month (or, preferably, in the month before this lesson).

Using a lamp and two different sized balls, recap how the moon travels around the Sun. Use this model to explain the phases of the moon. 

Based on the observations from the model, students complete a summary diagram showing how the phases change as the moon orbits the Sun. 

Use the model to explain the difference between solar and lunar eclipses. Higher tier candidates need to understand that the relative tilts of the orbits involved causes the eclipses to happen relatively rarely. 

Students write an article for a magazine on either a solar or lunar eclipse, explaining with diagrams why they occur. If there has been a solar or lunar eclipse recently, students could base the article on that.
	Sheets on which students can fill in the phases of the moon.

Bright lamp (e.g. 100W lamp or energy saving equivalent) in a holder, ping pong ball, tennis ball.

Access to computers or pictures to be stuck on the students’ articles.
	


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	The planets
	Ask the students to get into a circle, ordered by date of birth. Ask them what their star sign is, and hand out a picture of each of the constellations that correspond to each sign to the students standing at each point.  Use this to discuss the apparent motion of the stars around the Earth. 

An alternative model to use is an umbrella with white stickers stuck on the inside, or a colander, which can be used as the “fixed” stars, to demonstrate how the stars seen from Earth will be different at different times of the year.

Check that students understand that the Sun is a star, and stars give out light, and that planets do not, but reflect it. Use pictures of the night sky to emphasise how difficult it is to tell if a “star” is actually a planet. Students should know that Mercury, Venus, Mars, Jupiter and Saturn can all be seen with the naked eye.

Explain that the major naked-eye difference is that the planets exhibit retrograde motion. Use animations to explain this motion.

Students summarise the findings from the lesson in their books to ensure they can explain the ideas.
	Large pictures with the constellations associated with the signs of the zodiac.

Pictures of planets in the night sky.

Retrograde motion: http://www.lasalle.edu/~smithsc/Astronomy/retrograd.html



 HYPERLINK "http://www.youtube.com/watch?v=72FrZz_zJFU&NR=1&feature=fvwp" 

http://www.youtube.com/watch?v=72FrZz_zJFU&NR=1&feature=fvwp
 is a useful video illustrating retrograde motion.
	If time, there is opportunity here for students to study the history of the development of the heliocentric model of the solar system, which would be a good revision of many of the aspects of Ideas about Science.

A lot of this section would benefit from time spent with the class observing the night sky. 

Alternative options would be a visit to a planetarium or hiring a portable one. 


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Ascension & Declination
	Give students a map. Ask them to find a place on the map, and then ask them how they could describe that to another student. 

Show the simple online planetarium, and emphasise the fact that it’s a 2-d image of something 3-d. How could you describe the position of an object in the sky at night? 

Describe the astronomical positioning system to the students. Higher tier students need to understand how the angles relate to the celestial sphere. 

Students blow up balloons and mark them with a simple right ascension – declination grid. Ask them to put stickers onto the balloons to illustrate how to use the angle co ordinate system. A simpler version of this would be to use an interactive whiteboard with a graph paper background to check students’ understanding of plotting coordinates.
	Simple maps with a grid.

Simple online planetarium: http://neave.com/planetarium/ 

There are a variety of pictures and animations online, choose the ones that match the level of understanding and interest of your students, as many show more information than required.

Baloons and stickers, worksheets with a variety of simple right ascension and declination questions. These could be simple positions, or the actual positions of objects in the sky.


	

	Refraction
	Students carry out the coin and cup trick.

Students draw the rays of light that result from light going into glass blocks at different angles.

Use video or animations to explain refraction in terms of the change of speed of light as it travels from one medium into another. A ripple tank can be used to show this as well.

Emphasise that the frequency of the wave does not change as the wave travels. Use the wave equation to explain that this means if the velocity of light decreases the wavelength will increase.

Students consolidate their knowledge using a worksheet to practice wave equation questions (if they still have to do P1) and to predict the paths of waves.
	The “coin and cup trick” http://physicsed.buffalostate.edu/SeatExpts/EandM/refract/index.htm


Ray boxes, power supplies, glass blocks.

Ripple tank and accessories.

There are many packages (e.g. crocodile physics) and java applications that can be used to show refraction to the whole class.

Worksheet for practicing the wave equation calculations and predicting the path of waves.
	Students may have studied refraction at Key Stage 3, but it is no longer in units P1-6. 

Students have met the wave equation in P1.

Students do not need to know Snell’s law.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Lenses
	“Mock up” the shape of a convex lens by placing two triangular prisms on either end of a rectangular block of glass. Show how the light rays from a parallel source refract towards the centre.

Students draw the path of rays through convex and concave lenses. Emphasise that the changes of direction happen at the edges, and the light travels in straight lines inside the lens.

If the classroom has a projector, unfocus it, and then show that the image that would have been on the screen is now somewhere else.  Discuss the idea of an image from a lens. 

Students investigate how light is refracted by lenses, and what effect it has on light from near and far objects.
	Triangular prisms, glass blocks, ray boxes, power supplies.

A variety of concave and convex lenses.

Suitable experiments could be:

To look  through a lens as it moves from a page in the book towards the eye, and describe what is seen.

To try and focus the light from a ray box or candle and from a distant object (e.g. the light from through a window) onto a screen with different lenses, and to describe the difference in object-lens-image distances.

A variation of the unfocused  projector activity is to use a white plastic tube(e.g. from a plumbing suppliers) waved rapidly back and forth as a screen to show the image “appear from nowhere”. This could be used as a starter, with students challenged to explain the effect as a plenary.
	This lesson can be simplified considerably by only looking at convex lenses, as concave are not on the specification for P7.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Ray diagrams
	Remind students of the fact that if the distance to the object changes, the distance to the image changes. 

Define the focal point of a lens as the point where light arriving parallel to the principal axis is focused. 

Students should know that light from distant objects, such as stars, will be parallel. More able students will appreciate an explanation of this, although it is not on the specification.

Explain how to draw a ray diagram for point sources off the principle axis of a lens: lines through the centre of the lens continue straight. Lines parallel to the axis emerge through the focal point and lines through the focal point emerge parallel to the axis. Students should spot that the image is where the lines cross.

Students draw ray diagrams on graph paper showing how light from converging lenses is focused.

Give students a lens with a known focal length and an object-lens distance. Students plot ray diagrams and measure the lens-image distance from the diagram. They then set up the actual experiment in order to check their answers.

Higher tier students need to be taught how to draw diagrams of extended sources, and given opportunities to practice drawing them.
	Graph paper

Pre-prepared ray diagrams to complete
	Items that should be included on ray diagrams at this level:

Object (as an arrow)

Image (as an arrow)

Focal points on either side of lens

Lens

Principle axis of lens

Ray diagrams are not needed for diverging / concave lenses.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Lens power
	If the class works well together, students could be asked about who wears glasses, and what the power of their glasses are. This could be compared with the distance that they can read a text from.

Students place a lens a fixed distance from a candle, and then move a piece of paper back and forth to measure the distance to the image. Students change for different lenses with different power. They should find that the most powerful lenses focus the light in a shorter distance, and are fatter.

 Introduce the students to the lens power equation, and the unit of power (Dioptres). Give students the opportunity to practice the equation.

[image: image1.emf]
Challenge students to use light from a distance source (e.g. from outside a window) to measure the focal length of an unknown lens, and then to calculate its power and compare with the actual value.
	Lenses of a variety of different powers (labelled with the power), candles, white paper, rulers.

Lens equation practice questions.

Lenses whose power is known, but not labelled. 
	Higher tier students should be able to rearrange the equation, and use it when presented with non-SI units for focal length (e.g. cm).


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Refracting telescopes
	Tell students that simple telescopes are made from two converging lenses, placed on a common axis. Discuss the name of the lenses: objective and eyepiece and draw diagrams to show the basic layout.

Give students long sticks i.e. metre rules, blu tack and a selection of lenses. Get students to investigate what combination of lenses and spacing makes the best telescope. This could be done as a class competition. A more structured approach would be to give students one feature to vary from an “ideal” telescope (ie focal length of either of the lenses, distance between lenses), and to report back on what happens when this is varied.

Bring class together and ask for the most important features of a simple refracting telescope (e.g. short focal length for eyepiece, long focal length for objective, separation between lenses = sum of the two focal lengths).

Use ray diagrams to explain that the objective lens collects light, and produces an image of it. The eyepiece lens produces a magnified image that can be viewed.

Higher tier candidates should be able to calculate the angular magnification using the equation: 

[image: image2.emf]
	Convex lenses of different powers, long sticks or metre rules, blu tack.

Worksheets with ray diagrams to explain the working of a refracting telescope.

Worksheet to practice the magnification equation.
	


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Reflecting telescopes
	Discuss the problems with making larger telescopes using lenses.

Students use curved mirrors to show that they can bring parallel rays of light to a focus.

Students will be aware of the shape of a Sky satellite dish, and this could be used to discuss how the dish collects electromagnetic rays.

A pair of parabolic mirrors can be used to light a match to emphasise the point.

Explain how a mirror can be used in telescopes instead of the objective lens.

Students draw diagrams showing a reflecting telescope arrangement, identifying the objective mirror and the eyepiece, and how the light travels in the telescope.

Students could look at pictures taken from telescopes and notice that reflection telescope images miss out the central section corresponding to the collecting mirror.

Students list the benefits of each of the two types of telescope.
	Curved mirrors, ray boxes, power supplies.

Diagrams of reflecting telescopes to complete.

Pictures from reflecting and refracting telescopes.

Two parabolic mirrors, a match and a radiant heater. See http://uw.physics.wisc.edu/~wonders/DemoPBM.html for the set up.

Schools can make use of the National Schools Observatory to gain access to telescopes (see http://www.schoolsobservatory.org.uk/ ) This could be introduced as a small project here and feed into the next few lessons.
	If the school has access to telescopes, this would be a good opportunity to compare the images from reflecting and refracting telescopes.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Diffraction & telescope size
	Show pictures of the Sun at different wavelengths of light, and briefly discuss why astronomers would be interested in looking at different parts of the electromagnetic spectrum.

Show pictures of telescopes that collect the different wavelengths. Students should notice that the telescope size increases with wavelength.

Remind students that the wavelength of light is of the order of 700 nm, so why are telescopes not that big? Use model telescopes to get the idea that the bigger the aperture, the more light is collected. Emphasise that the further the object, the less radiation arriving  from it, so the bigger the telescope must be.

Use a ripple tank and a laser to demonstrate diffraction as the second reason that telescopes need bigger sizes.

All students should be able to draw the effects of diffraction of waves. 

Diffraction of microwaves can be demonstrated by using a microwave source and detector and metal plates to create a “slit”.
	Sun at different wavelengths:

http://amazing-space.stsci.edu/resources/explorations/light/CatchWaves_frames.html


Model different size telescopes: place two buckets at the end of the room, but making the hole in the top of one much smaller. Throw balls at the buckets, and count how many are collected in each. 

Ripple tank with variable frequency dipper and moveable barriers. Laser and single slit slide. Microwave source and detector, metal plates.
	


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Observatories
	Discuss the important factors that influence the choice of site for major optical and infrared astronomical observatories (e.g. elevation – so less refraction by the atmosphere, frequent cloudless nights, low atmospheric pollution and dry air and little light pollution). 

Students could be given cards describing a number of different possible sites, and they debate the pros and cons of building an observatory in each of those sites.

Alternatively, students could be asked to research one of the major areas where observatories are sited and asked to produce an advertising presentation explaining why it is a good place to build an observatory.

Display a map showing the positions of the major optical and infrared astronomical observatories on Earth.

Students debate the non-astronomical factors that need to be considered when deciding on where to site an observatory.
	The June 2009 P7 paper from the old specification has a question on the positioning of telescopes that could be used as a homework task.

Cards showing a variety of locations, with features such as those discussed plus some less relevant ones such as temperature.

Internet access or information about the location of different observatories.

This would be an excellent opportunity to make use of a suitably qualified STEM ambassador to make a presentation to students regarding the practicalities of observational astronomy. http://www.stemnet.org.uk/content/stem-ambassadors .
	Students will have met some of the problems with terrestrial astronomy in P1.

This lesson could be combined with the next lesson to include a wider ranging debate about positioning telescopes (e.g. the problems associated with maintenance of telescopes in hard to reach places)

Candidates must know the factors bullet pointed in P7.5.2 and P7.5.8 in the specification.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Remote working
	Model a telescope on earth by placing a webcam, connected to data monitor on one side of a tank of water, with a picture of the stars on the other side. Discuss what affect different atmospheric conditions would have on the image recorded. You can demonstrate by adding a little milk to the water (dust, pollution etc), moving the water around (refraction in the atmosphere due to air currents etc), and light pollution by shining bright lights from the same end as the webcam.

Other experiments could bring out the idea that other types of radiation are stopped by the atmosphere, for example using microwave source and detector on either side of the tank, or by looking at the reduction in the amount of infrared light from a remote control that comes through the tank.

 Show a chart of the wavelengths that are able to penetrate the Earth’s atmosphere, ask students to predict which types of radiation must be observed from space. 

Students debate the advantages and disadvantages of using computer controlled telescopes, both on earth and in space. 
	There are various professional telescopes that schools can use via the internet, giving students real life experience of remote working.

Large tank filled with water, webcam, milk, picture of the stars, lamp, microwave source and detector, infra red remote control.

Chart showing the wavelengths that penetrate the atmosphere.
	There are a number of bullet points in the specification P7.5.4 and P7.5.5 which candidates need to know.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	International collaboration
	Set students a challenge: they have to justify the money spent on the European Space Agency (ESA). Ask them to research the agency, and to produce a presentation that explains why having an international agency is better than individual countries working on their own. They must give two examples of projects that the ESA has worked on that could not be carried out without international cooperation. 

Students feed back to the rest of the class. 

Students vote on the two best examples from the presentations that show that international collaboration is essential for progress in astronomy.

Give students past paper questions on the positioning of telescopes and international collaboration to emphasise what sort of things they can be expected to be asked in exams.
	Internet access.

European space agency website: www.esa.int
Past paper questions on positioning of telescopes and international collaboration.



	The specification is not limited to the ESA so any international collaboration could be used.

Important points to stress: collaboration allows pooling of finances and expertise.




	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Black body radiation
	Show a series of pictures of an iron bar placed in a fire (or similar) showing different stages of heating, but in the wrong order. Students sort them into the correct order. Ask them what evidence they used to make the decisions: colour and temperature.

Students use 12V incandescent lightbulbs, and record the colour, brightness and change in temperature (cold/cool/hot etc, unless the school owns an infrared  thermometer) as they vary the voltage of the supply from 1V to 12V. 

Introduce and describe the shape of the black body radiation curve for one temperature.

Ask students to predict how the curve will change for different temperatures, then compare with reality.

Link back to astronomy by showing pictures of stars, students should be able to point out hotter and cooler stars from their colour (but should recognise that the brightness will vary according to distance as well as temperature).
	A series of pictures of an iron bar being heated, but mixed order.

12V lightbulbs and variable power supplies.

Infra red thermometer.

It is possible to convert a normal webcam into an infra red one, see http://www.hoagieshouse.com/IR/ for details. This could be used to extend the understanding of the wavelengths given off by hot objects.

Colour pictures of the night sky.

There are various java applets showing black body radiation curves for different temperatures, for example http://www.mhhe.com/physsci/astronomy/applets/Blackbody/frame.html
Data harvest produce a reasonably priced spectrometer which is can easily link to a PC and projector for class display. Could be used in the next lesson as well.
	Wien’s and Stefan’s laws are not required for this specification.




	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Line spectra
	Demonstrate how white light can be split into its constituent colours using a prism and a diffraction grating. This could be a class experiment.

Ask the class to look at a tungsten 60W bulb or similar through spectroscopes or diffraction gratings, and then at an energy saving light bulb- they will see that the tungsten bulb has got a continuous spectrum, but the energy saving bulb does not. Discuss the fact that splitting light into its constituent colours can be used to find out more about the radiation.

Either carry out flame tests or use emission tubes to emphasise the link between the frequencies of light emitted from an object and the elements within it.

Higher tier candidates need to be able to explain how energy levels within atoms give rise to line spectra. The approach to this will depend on how far they have come in their understanding of electron energy levels in Chemistry. 

Show a series of single element spectra and then line spectra from stars. Students identify which elements are present in each of the stars. 
	Bright white tungsten or LED light source, prisms and diffraction gratings.

Spectroscopes or diffraction gratings, 60W tungsten bulb, energy saving light bulb.

Flame test equipment (Bunsen burners, clean wires, selection of compounds with coloured flames e.g. chlorides of copper, strontium, barium, sodium, potassium) or emission tubes filled with different gases.

Examples of line spectra of different elements and of stars. Elements emissions spectra can be found at:

http://cwx.prenhall.com/bookbind/pubbooks/hillchem3/medialib/media_portfolio/text_images/CH07/FG07_14.JPG
Cross curricula link to textiles: emissions spectra scaves can be knitted: see: http://sternlab.org/2010/02/emission-spectra-scarves/ for details.
	Risk assessments on flame tests and the chemicals used must be carried out.

The specification does not distinguish between emission and absorption spectra, so both need to be discussed.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Boyle’s Law
	Show students the Boyle’s law apparatus and demonstrate quickly that when the volume is decreased, the pressure increases.

Students take pairs of readings of different pressure and volume, and then plot a graph to show that the pressure decreases when the volume increases.

The most able students could be asked to plot a pressure against 1/volume graph to prove the relationship.

Use animations to explain the link between pressure and volume.

Give students the Boyle’s law equation and ask them to practice using the equation on examples. Higher tier students should be able to rearrange the equation.

[image: image3.emf]
	Boyle’s law apparatus.

Boyle’s law animation example:

http://preparatorychemistry.com/Bishop_Boyles_Law_Flash1.htm


Worksheet questions using the Boyle’s law equation. These could include Earthbound examples (e.g. bubbles rising from depth or weather balloons), but should also include some astronomical examples, such as pressure in stars.
	Candidates do not need to know the experiments for Boyle’s law, or the other gas laws. However, the Boyle’s law experiment is fairly straightforward to conduct, so is recommended. The Charles’ law and Gay-Lussac’s law experiments are more involved so could be missed out in the next lesson.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Kelvin Scale ( 1 to 3 hours depending on how this lesson is taught)
	Depending on time and resources, demonstrate, conduct as a class experiment or show using animations Charles’s Law and Gay-Lussac’s laws. Emphasise the experimental link between the factors involved.

Give students the equations for the two remaining laws and ask students to practice using them. 

[image: image4.emf]
Sketch graphs of the link between pressure and temperature and volume and temperature. Discuss what would happen if the graph was extended down to meet the temperature axis. This would be the lowest temperature possible, and would correspond to the particles being stationary. Introduce the term “absolute zero”.

Discuss the Kelvin scale, and how to convert between the Kelvin and Celsius scales of temperature. 
	Charles’ law and Gay-Lussac’s law experiment equipment

Charles’ law animation:

http://preparatorychemistry.com/Bishop_Charles_Law_Flash1.htm


Gay-Lussac’s law animation:

http://preparatorychemistry.com/Bishop_Gay_Lussac_Law_Flash1.htm


Practice questions on the gas laws.

Practice questions on converting between Kelvin and Celsius scales.

The old “Physics for You” textbooks offer some very useful questions on this topic if the school still has copies.
	This lesson could be extended to two, or possibly three hours depending on the time, resources and equipment available, and the level to which the students carry out the experiments and analysis of the results.

This lesson and the previous lesson could be run as a three-part circus with smaller groups of students.

Risk assessments must be made when carrying out experiments involving gases under pressure and high temperature.

Details of ideal gases are not required for this specification.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Star formation
	Show a video showing the formation of a star to underline the process of a gas cloud collapsing to form a ball of gas, which heats up to form a star (but stopping before fusion starts)

Use a worksheet to follow the pressure, volume and temperature of the gas as it collapses inwards. 

Students start a “life cycle of a star” presentation or poster, showing the formation of a star.  This will be finished in a few lessons’ time. Students could use the “custom animation” menu in PowerPoint, or an animation package such as Flash to make their presentation move.
	A possible video clip on star formation can be found here http://www.youtube.com/watch?v=hgGj5ufrOlw&feature=related 

Worksheet with qualitative and quantitative questions following the collapse of a gas cloud into a proto star, emphasising how volume, pressure and temperature change.

Poster making materials or access to computers.


	If students have studied P4, this lesson could be used to revise the link between gravitational energy lost and kinetic energy gained as a star forms.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Fusion
	Play Mark Rosengarten’s “Nuclear power to the people” song to remind students of fission (which they met in P6) and ask them to identify the main differences between fission and fusion.

Explain that bringing hydrogen nuclei together can allow the nuclei to fuse into helium and release energy, and that this is called nuclear fusion. Stress that these processes were only discovered in the early 20th Century.

Ask students why this can only happen at very high temperatures (to overcome the electrostatic repulsion) and remind them that the strong nuclear force binds the nucleons together once they are very close. 

Discuss why four nuclei of hydrogen do not “simply” make a nucleus of helium. Introduce the idea of protons changing to neutrons by emitting a positron. The level of this discussion will depend on the abilities of the students. Students need to be able to complete and interpret the nuclear equations for fusion in stars, so a worksheet of examples should be given here.

Discuss the fact that mass is lost in the process, and that is where the energy released comes from. Higher tier students need to be able to understand how Einstein’s equation E=mc2 is used here, so practice questions should be included on the worksheet for this as well. 

Explain that energy is only liberated when elements up to iron are fused.
	Mark Rosengarten song: http://www.youtube.com /watch?v=Z_qaHY3ZyvE
A useful analogy is using two magnets, north poles facing each other, and Velcro on the poles. When the magnets are far apart, they repel, but they are held together when an external force pushes them inwards close enough for the Velcro to take hold.

Worksheet with examples of nuclear equations for fusion, and with E=mc2 calculations for higher tier students.


	Much of this lesson is revision from P6.

Knowledge of neutrinos is not required by the specification, but more able students may come across them when revising, so may be worth mentioning at this point.

Note that the specification now requires students to deal with equations involving positrons.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Structure of a star
	Show a diagram of the structure of the Earth, and ask students to explain why it is hottest in the centre, but the inner core is solid. Answer: pressure. Where does the pressure come from? Gravity pulling the rock inwards.

Show a picture of a star and ask similar question: where is it going to be hottest, and why? Discuss how the pressure is likely to vary throughout the radius of the star. Refer to the gas laws to predict the temperature of each concentric part of the star, and the possible states of the matter.

Ask students to explain why fusion takes place mainly in the centre of the star.

Describe the energy transfer processes that take place as the energy escapes from the core, through the radiative zone (where the star is too dense to move), through the convective zone, and then radiated out from the photosphere. Students annotate pictures of the star with what is happening at each point.

Students either write the “life story of a photon” as it is released from nuclear fusion and its travel through the star, or make up a mnemonic to try and remember the different layers of the Sun.
	Cut away pictures of the Earth and Sun.
	


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	HR Diagram
	Give students a blank H-R diagram. Explain the axes of the diagram and emphasise that temperature is from hot to cool. (Opportunity here for some scientific history).

Give out a list of stars and ask students to plot the stars onto the diagram. This could be done individually, or on acetate and the results stacked together on an OHP.

Ask students to identify the groupings of the stars on the diagram. Ask which stars correspond to what black body radiation suggests should be the case i.e. hot, bright, white, to cool, dim and red (main sequence stars).

Ask students to describe what must be different about the other stars on the diagram (red and bright must be huge, white and dim must be small), to identify the main types of the stars. Distinguish between red giants and red supergiants.

Set out a large H-R diagram on the floor, and ask students to move around it to show different objects (e.g. “where are red giants” or “where would a star be which is very bright but red”)
	Blank HR diagrams, and lists of stars with their luminosity and spectral class or temperature (depending on the abilities of the students).

 A similar activity, along with the values required was included in the Salters Horners Advanced Physics A2 unit “Reach for the Stars” published by Heinemann. 

Another resource with similar information can be found at

http://www.astro.washington.edu/courses/labs/clearinghouse/homeworks/hrdiagram.html
	The HR diagram is a logarithmic graph, and the numbers given to students will either have to be simplified or how to use one will have to be explained.

The universe is not old enough for there to be any black dwarfs, so there are none on the diagram, but students could describe where they would be.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	End of stars’ life cycle
	Show a video of the star’s life cycle beyond main sequence, including what happens to low-mass stars (such as the Sun) and high-mass stars. 

Give students copies of the specification statements that cover the life cycle of stars.

Students finish their presentations from the previous lesson, showing the nuclear reactions that take place in main sequence stars, and what happens when the hydrogen runs out, followed by the fusion of heavier elements, and then by the “death” of each type of star.

More able students should be encouraged to emphasise the nuclear processes that take place at each stage, and what is happening to the pressure, volume and temperature. They can also relate the star’s colour to black body radiation and the brightness to its size in relation to this.

Students share their presentations. 
	Presentations could be done on a simple presentation program such as PowerPoint using the custom animation commands, or students could use a more advanced animation program such as Flash if they are able to do so.

Graphics could be downloaded from the internet, or each student could be provided with a basic set.

Less able students could be asked simply to animate a pre-created presentation and add text to explain what is happening at each stage. 
	This activity could be used as an assessment activity.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Exoplanets
	Ask students how astronomers could see planets outside the solar system if they are too small and dim to be seen directly?

Show video of hammer throws to show that the wobble of the thrower could be used to identify where the hammer was. Link this to the wobble that can be identified from certain stars. This could be used to revise why space telescopes are important as the wobbles are small so the telescopes need to be outside the atmosphere in order to be away from problems associated with terrestrial viewing.

Demonstrate the second way that exoplanets are identified, by variation of the amount of light from the star that they are orbiting. Students summarise how exoplanets are found

Discuss the likelihood of extra terrestrial life. The Drake equation could be used by more able students, with students debating the possible values of each of the variables, or students could simply discuss the number of stars in the Universe, and therefore the likelihood of there being other lifeforms.Remind students that no extraterrestrial life has yet been found. Students could research SETI and the methods they use to look for other life forms.
	Video of hammer throw: http://www.youtube.com/watch?v=vUuz7BKO9X4
Light demonstration: rotate a small ball around a lightbulb. Place a light sensor to the side, facing the lightbulb and measure the change of light as the ball moves around the bulb. If set up correctly, the sensor should show a periodic change in light intensity, indicating the presence of the ball.

This lesson could be a research lesson, with students challenged to find out how exoplanets are found.

This weblink could be useful in terms of illustrating how exoplanets can be detected http://www.schoolsobservatory.org.uk/astro/stars/exodetect
	The SETI at home project could be discussed as another example of international collaboration. http://setiathome.berkeley.edu/


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Parallax and parsecs
	 Demonstrate the idea behind parallax by asking the students to hold their thumb out in front of them, and then to look at their thumb with one eye, and then the other, identifying what is behind the thumb in the distance. They then change the distance to their thumb and look at the different images from each eye. Discuss why a closer thumb seems to move against the distant background more than a thumb further from the face.

Draw a diagram explaining how parallax measurements are taken as the Earth moves around the Sun, identifying in particular the parallax angle. 

Explain how the parallax angle leads to the definition of the parsec (pc), and explain how to use one to calculate the other. More able students could be asked to calculate the size of the parsec in metres given the distance to the Sun and simple trigonometry. 

All candidates should know that the parsec is similar in magnitude to a light year, and know that insterstellar distances are typically a few parsec, and intergalactic distances are typically measured in megaparsec (Mpc). This could be emphasised by asking students to calculate the distances of stars and galaxies. 
	Parallax angles are very small so almost impossible to see on pictures of the night sky, so it is worth having some “mocked up” pictures showing some fixed stars, and other stars moving slightly, so students can identify which stars are closer and further away.

Worksheet with parallax and parsec calculations.

Students can carry out a practical activity on a sheet of poster paper and protractor with ~ 20cm baseline to find the distance to a pin placed ~ 40-80cm or so away against a ‘fixed’ background e.g. rear wall. They can construct scale drawings to illustrate the idea of parallax angle. This can be most effectively done on a larger scale on an outside playing field.
	Students will have met the idea of parallax in P1.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Cepheid variables
	Demonstrate the link between distance and brightness by placing a bulb in a drainpipe and moving it different distances from a light sensor at the end. Students then plot a graph of light level against distance. More able students could plot an inverse square level graph.

Qualitatively explain why the observed brightness of a star varies with distance, using diagrams, and by moving a torch backwards from a wall and estimating the area of the wall covered by the light.

Discuss how useful a measurement the observed intensity of a star is- it is only useful if the actual brightness of the star is known. 

Tell the story of Henrietta Leavitt and the discovery of the Cepheid variables.

Emphasise the measurements that must be taken to be able to measure the distance to a Cepheid variable: the time period of the star, which tells us the luminosity of the star, and the observed intensity. Comparing the luminosity and the observed intensity then can tell us the distance.

Give students a series of questions designed to check understanding of how the Cepheid variables are used to estimate the distance to galaxies.
	Drainpipe, sealed at one end, with a metre rule inside it, with a 2.5V bulb attached to the far end. At the open end place a light detector or LDR and multimeter.

Prepared questions on using Cepheid variables to find distances.
	


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Curtis-Shapley debate
	Show Cepheid variable video from youtube. This introduces the Curtis-Shapley debate about whether spiral nebulae were objects in the Milky Way or separate galaxies, and how the discovery of the Cepheid variables helped to solve the debate.

Students draw cartoon strip versions of the story, explaining the Science behind each observation and piece of evidence. 
	Cepheid variable discovery video: http://www.youtube.com/watch?v=E9gvk_OkrPw&feature=related


Textbooks covering the Curtis-Shapley debate and how Edwin Hubble’s measurements of stars in one spiral nebula indicated that it was much further away than any star in the Milky Way, so must be a separate galaxy.

Drawing materials, white paper.

The comic strip could be completed on computer can using a software package known as Comic Life, available on a 30 day free trial (then still works, but with draft printed on hard copy). http://plasq.com/downloads/win 
	


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Hubble’s Law
	Remind students of line spectra from different elements, and then show pictures of redshifted spectra, explaining that the faster the object is moving away relative to us, the greater the red shift. More able students may wish to have an explanation of this, and there are many videos and applets available to explain.

Explain how Hubble used measurements of redshift to measure the velocities of different objects in the Universe, and plotted this along with their distances.

Give students a selection of data to plot on a graph to show the distance-velocity relationship. Depending on the abilities of the students, this could be Hubble’s original data (which does not show a very clear relationship) or more modern data, which does. 

Introduce Hubble’s law:

[image: image5.emf]
All students should be able to calculate the speed of recession from a value for the Hubble constant and a distance. Higher tier students should be able to rearrange the equation.

Discuss why the relationship is not perfect- the distance to the objects is difficult to measure. Better data from Cepheid variables and more accurate equipment has increased the confidence in the values measured.
	Redshift explanation: http://www.youtube.com/watch?v=FhfnqboacV0


Distance-velocity data for different objects.

Pre-printed axes for plotting the data.

Worksheet with examples of how to use Hubble’s law.
	This lesson is revision and extension of the work carried out in P1.

Redshift is not on the specification for P7, so this should be treated as revision and extension.

There are opportunities to flag up aspects of the practical investigation in terms of data analysis skills in this lesson.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	The Big Bang
	Discuss the conclusions that can be drawn from Hubble’s law: that if the galaxies are moving apart, then space itself must be expanding. Higher tier students need to be able to explain this in their own words.

Use a balloon to reiterate that although it looks like all galaxies are moving away from us, each one is moving away from each other.

Discuss how the universe is now thought to be 14 thousand million years old by scientists. 

Watch a video describing the Big Bang and the history of the universe.

Tie a washing line across the room, 14 metres long. Get students to research the time that key events in the history of the universe took place, and to hang them on the timeline for example “Big Bang”, “First stars”, “Solar System created” etc.
	Baloon with “galaxies” stuck or drawn onto it.

Video describing the Bing Bang and the history of the universe.

Books or internet access. 

Washing line, pegs, and labels with the key events of the history of the universe.
	This lesson is revision and extension of the work carried out in P1.

	Revision and Test
	Give a list of command words used in exam papers (e.g. “describe”, “explain”, “calculate”, “plot”), and discuss (using examples from past papers) what each means.

Give out sections of the specification to pairs or groups of students. Ask students to create three questions each from their section of the specification, using different command words. They also need to create a mark scheme for the questions. 

The questions could be shared with other students as a series of presentations, or printed out for use during revision.

Students carry out an end of unit test for P7.
	Command word lists.

Copies of the specification for P7.

End of unit test.
	The end of unit test should include at least one 6 mark question, as the new papers include these extended writing questions.


Sample Lesson Plan

GCSE 21st Century Science Chemistry A J244

Module P7: Studying the Universe

The Sun in space
OCR recognises that the teaching of this qualification above will vary greatly from school to school and from teacher to teacher. With that in mind this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour.

Learning Objectives for the Lesson

	Objective 1
	To understand students’ previous knowledge about space.

	Objective 2
	To remind students of the relative motions of the Earth, Sun and Moon.

	Objective 3
	To be able to recall the difference between a sidereal day and a solar day.

	Objective 4
	Higher tier: To be able to explain the difference between a sidereal day and a solar day.


Recap of Previous Experience and Prior Knowledge

Space is taught at Key Stages 2 and 3, and the amount that students have learnt will depend on their teachers. Most will have learnt the names of the planets, and the motion of the Earth, Sun and Moon, resulting in days and years. Some will be able to explain the phases of the moon, seasons and months.

A few students may have spent time learning about other objects in the Solar System and/or beyond it.

Content

	Time
	Content

	5 minutes
	Show the first few minutes from the film “Contact” or a similar fly-out from Earth into space. As the film plays, ask students to note down all the objects that they can see, and name. The clip can be found at: http://www.youtube.com/watch?v=kNAUR7NQCLA

	10 minutes
	Discuss the objects that are visible, while re-playing the clip at slow speed. This includes Earth and a number of planets, the Sun, the Moon, asteroids, moons of Jupiter, the Solar System, a nebula, the Milky way, and a large number of galaxies.

During this discussion, take note of which objects students were able to spot, and which they were aware of the names of but were unable to spot.

	10 minutes
	Check students’ understanding of space topics using red/green/yellow cards by asking a series of true/false questions such as “The Earth goes around the Sun” and “A day is 24 hours long”. This will allow the teacher to explore the level of understanding of the class of a number of space topics.

	5 minutes
	Challenge students to suggest an Earth based experiment that proves that the Earth goes around the Sun, and not the other way around. The students are unlikely to be able to answer this, but their suggestions could be used to discuss what types of measurements are possible to make from Earth.

	10 minutes
	Give trios of students three balls of different sizes. Ask them to model the motion of the Earth and Sun, Earth and Moon, and Earth, Moon and Sun. Ask them to explain night and day, months, years and eclipses with the model. Students should be able to explain that the moon travels across the sky east-west in slightly less than a day.


	15 minutes 
	Explain the difference between a solar day and a sidereal day, using the models or animations. An animation can  be found at: http://bcs.whfreeman.com/universe7e/content/ch02/0203003.html
Foundation tier students need only know that a solar day is longer; Higher tier students need to be able to remember the time difference between the two types of day, and to be able to explain it in words and diagrams.


Consolidation

	Time
	Content

	5 minutes
	Higher Tier students: Ask students to explain the difference between a solar day and a sidereal day in words and diagrams.

Foundation Tier students: Give students a card sort with definitions and explanations to match, for example “Year” and “Time taken for Earth to go around the Sun” and “Solar day” and “Time taken for the Earth to turn 361 degrees from midday to midday.”
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