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Introduction
http://www.youtube.com/watch?v=4xNBsueJ4wY
Buzz Aldrin rapping
I have been very fortunate in terms of the opportunities I have had to visit some very interesting places and meet some very prestigious people who have been involved in space and astronomy (Appendix 1). Throughout all of these fantastic experiences I was always conscious of how brilliant it was for me, but at the same time I was perplexed at how I could share these experiences with students in such a way that it was meaningful and interesting for them. A principal I once worked with said: “It doesn’t matter how much we do, it matters how much the students do” (Jon Leitch). There is nothing like being there and in some ways this can lead to some teachers deciding there is little they can do to try to inspire their students in this area. I think there are things we can do in the classroom to bring some of this excitement of space exploration and astronomy to our students. We can help our students to climb higher on to “the shoulders of giants” (Newton) so that they can understand, appreciate, imagine and make contributions to space exploration and astronomy, while at the same time achieving great exam results.  Students can be inspired, interested and informed by 
1. what we tell them

2. what we show them

3. activities and challenges we give them

4. things we encourage them to ask questions about, find out answers to and present findings on

5. engaging them in some simple and perhaps also some more ambitious field trip ideas.
A key challenge as I see it is to help students appreciate their place on the Earth, in the Solar System, in the galaxy and beyond. As Arthur C Clarke demonstrated, imagination combined with information can be profoundly influential on technological progress. One hundred years ago powered flight was invented Today there are never less than 500,000 people in the air at any time. A generation ago, Arthur C. Clarke foresaw people living in space on a giant manmade object like the Star ship enterprise. Today we have people living in space on the International Space Station, orbiting 360 km above the Earth’s surface. There are probes that have been sent to the outer reaches of our Solar System. There are plans to return people to the Moon, Mars and beyond. 

So, how do we get our students to the stage where they can appreciate and understand the research and exploration findings of the last 50 years? How do we instil in them a curiosity and a confidence that they can understand this information? I see 3 challenges:

1. How do we help students build a solid foundation of understanding of what has already been done and learnt in Space Exploration and Astronomy?

2. How do we help to foster and retain their natural curiosity to want to find things out and their imagination to dream of the future possibilities and directions for Space Exploration and Astronomy? 
3. How do we incorporate Space Exploration and Astronomy in to the existing Physics Curriculum in such a way that interests students as well as helping them develop the necessary skills and understanding to achieve highly in the end of year examinations

4. How do we inspire and equip some of our top students to go on with further studies and possible careers in Space Exploration and Astronomy fields, either in terms of research or engineering?

I suppose these four challenges can best be summarised by the oft quoted exhortation I first heard at Space Camp in Hunstville, Alabama, USA: “Reach for the Stars!” Christa McAuliffe was the first teacher chosen to go to space as part of the Space Shuttle program in 1986. She was chosen because she had a passion for inspiring and helping students to understand things. In the same way as Christa, we can have a profound influence on our students in terms of achieving the four challenges above.
We can achieve these things firstly in the classroom, secondly through extended research and practical activities for students at home, and thirdly, if at all possible, by some very worthwhile field trips.
In the Physics Classroom

1. Tell students stories and information

2. Help them work things out for themselves

3. Encourage them to ask questions about things

4. Encourage them to find out answers to their own questions

5. Let them experience different learning activities and demonstrations

6. Hear and see presentations from students
Show, Tell and Calculate…
SI Units and Measurements 
[appreciate the size of the Earth, the solar system, the speed of light…]

How do we measure length? Measurement of a strip of liquorice = length of the shop owner’s forearm? Start with the definition of distance, 1m. Picture of the Earth on the board.


[image: image1]
Story of the king getting some guy pace out the distance from the North pole to the equator, found out it was 10,000,000 big steps (not really, can tell true story of shadows if you want). 

· Research: Current definition of 1m?
· Calculate the distance to the centre of the Earth

· Definition of 1 second=? (research)
· Speed of light = 300,000,000m/s – how many times around the world would light travel in 1 second? (7.5)
· Distance from the Sun to the Earth is 150,000,000km = 1 AU(astronomical unit) How long does it take for light to reach us? (just over 8 minutes! Travelling at 7.5 times around the world in 1 s!!!) – When we look at the sun we are seeing what it looked like 8 minutes ago!

· How long does it take for light to reach us from our next nearest star? [Nearly 4 years!! – Proxima Centauri, one of the stars(actually a triple star system) of the pointers near the southern cross – the one which is further from the Southern Cross, which is actually much closer to us than the other pointer? ]
· [How far away are each of the stars of the Southern Cross and the Pointers? Scale model?]
· How long does it take for light to reach us from other parts of the galaxy – 100 billion stars - 100,000 light years across! 

· Nearest galaxies? Other galaxy clusters? The furthest known things in out universe?

· How far away is the Moon? Jupiter? Pluto? The Kuiper Belt? The Oort Cloud? 
· How can we measure the distance to the moon?

http://www.technologyreview.com/blog/arxiv/23205/
· http://www.jimloy.com/astro/moon0.htm
· How can we measure the distance to the Sun
Scale Models

 
[image: image2.emf]Actual (km) Scale (m)

Diameter of the Earth 12756 0.10

Diameter of the Moon 3475 0.027

Diameter of the Sun 1391000 10.9

Thickness of Earth's 

Atmosphere (99% of 

mass) 31 0.0002

Thickness of Earth's 

Atmosphere (99.9% of 

mass) 43 0.0003

Distance to International 

Space Station 360 0.0028

Distance to Moon 

(closest) 363000 2.8

Distance to the Moon 

(furthest) 406000 3.2

Distance to Sun 150,000,000 1176

Distance to Proxima 

Centauri 2.3652E+15 18541862653

Diameter of Jupiter 142984 1.1

Distance from Sun to 

Jupiter 779000000 6107

Diameter of Neptune 49530 0.39

Distance from Sun to 

Neptune 4500000000 35278


Universal Gravitation and Circular Motion

· Calculate the mass of the Moon

· Calculate mass of the Sun

· Extension challenge: How do we know the Sun is 150 million km away? (see Appendix 2a) 
· Calculate the period of orbit of the International Space Station (height = 360km above the Earth’s surface)

· Draw orbit diagram (“the art of flying=to be able to throw yourself at the ground and miss!” – Hitchhiker’s Guide to the Galaxy)

· With reference to Newton’s law of universal gravitation, explain why astronauts on the international space station feel weightless

· How many satellites are there in orbit around the Earth? Types? Uses? Space Junk? 

· http://en.wikipedia.org/wiki/International_Space_Station
Mechanics

· Water rockets

· Model rockets with solid rocket fuel

· Workings of the Space Shuttle power point

· Space Shuttle launch DVD or youtube
· http://www.youtube.com/watch?v=GSCXnjWAuiU   - 15minutes before launch

· http://www.youtube.com/watch?v=rgymWhJh5Hk&feature=fvw – full launch
· http://www.youtube.com/watch?v=4qWWgvzWHUs&feature=related – on board view of full launch sequence

· http://www.youtube.com/watch?v=iwfsFtpACFw&feature=related – launch from inside Space Shuttle Orbiter
· http://www.youtube.com/watch?v=j4JOjcDFtBE&feature=fvw – Challenger disaster

· http://www.youtube.com/watch?v=u0V-ZRNzMWc&NR=1 – analysis of trajectory of Challenger Crew Cabin after explosion

· http://www.youtube.com/watch?v=OqTmSFkBqkg&feature=related – Challenger disaster – what really happened

· http://en.wikipedia.org/wiki/Space_Shuttle_Columbia_disaster - STS-107
· http://www.youtube.com/watch?v=SVoHb_aqw_o  - STS-107 Colombia final launch

· http://www.youtube.com/watch?v=sG2Utw7i14U&feature=related – National Geographic remembrance of STS-107 Colombia Crew
Good discussion points about teamwork, depending on all members/parts of the system working correctly, dangerous nature of space exploration – so why do we do it? Advantages past, present, future? NZ’s role?

Optics and Waves

· Light Pollution – find image of Earth at night as viewed from space

· How does a refracting telescope work? Build one.

· Discuss and challenge to view the Moons of Jupiter. Historical significance – Galileo – phases/orbit of the Sun

· Discuss Mt Stromlo Observatory with the world’s largest refracting telescope and how it was used to determine the distance of stars (taking a photo of the sky and then taking another photo of the same area 6 months later when the Earth has moved 2x150million km and then using parallax). http://www.mso.anu.edu.au/skymapper/
· View Sunspots on a card – draw over several days to measure the rate of rotation of the Sun

· Research SOHO – how do we know the temperature and properties of the Sun
· How does a reflecting telescope work?

· Discuss/Research Canberra Deep Space Tracking Complex

· Discuss/Research Mauna Kea Observatories: Keck, NASA Infra red, Visitor Centre with its 50cm solar telescope observing solar flares. http://www.ifa.hawaii.edu/info/vis/
· Field trip to local observatory/Mt John Observatory

· Research to find your favourite image from the Hubble Space Telescope and bring your image on a flash drive to present your image and what it is about to the rest of the class
Electromagnetism
· Solar radiation 

· Magnetic fields of the Sun (sunspots – observing, measuring, rate of rotation, cyclic nature of activity , solar flares, coronal mass ejections, solar wind, radiation danger for astronauts – need to observe, sometimes shutting down airports!), Earth (deflection of radiation, protons spiralling down towards poles – southern and northern lights – talk to Des Duthie about his research on this topic in Antarctica!), Jupiter (Giant 300 year magnetic storm)

· Ideas for a Space Transport System to replace the Space Shuttle technology – could use a magnetic rail launch system(?)

· Ion Propulsion System for space craft

Atomic Spectra

· Composition of the Sun
· Discovery of Helium

· Spectral lines for Hydrogen – Red shift used to calculate speed of stars (link to discussion of expansion of space cf. wave drawn on a balloon and then the balloon further inflated, dark matter/energy (if it exists!?))

Observation at Home

1. Moon Observations – Draw a CD size diagram showing the features of the moon
2. Draw position and shape of Moon at same time each day for two weeks

3. Draw position of Full moon each hour as it moves across the sky

4. How far does the sun move in one hour

5. Path of sun across sky – summer/winter

6. Draw the pattern of the Southern Cross and pointers

7. Locate the South Celestial Pole (SCP)

8. The Pointer furthest from the Southern Cross is our closest star apart from the Sun (light takes four years to reach us from this star (4 light years away). It is Alpha Centauri, but is actually a triple star system. One of the stars of this is Proxima Centauri, a brown dwarf about 3.8 light years away

9. How much does this pattern move in the sky each hour – direction – time for full rotation?

10. Locate the Large Magellanic Cloud and the Small Magellanic Could, our nearest galaxies, each containing over 100 billions of stars(?)

11. Locate the Pot (Orion), the middle star of the handle (actually four stars, could be observed by ancient Egyptians, “Trapezium” – nebulae), the orange star below the base of the pot (Orion’s shoulder = “Belelguese” (Beetlejuice) = Red supergiant – to cross from one side of this star to the other light would take 25minutes! (only 8 minutes to reach the Earth from the Sun!)
12. How did ancient Polynesian sea travellers use the “pot” for navigation. What did they call it?

13. What other constellations did Maori, Polynesian, other cultures have for various constellations, e.g. Pleiades/ Matariki/Subaru 
14. Look out for the rising of Matariki - significance/cultural meaning. 

15. Story of seven sisters

16. Make up your own Constellation and stories about stars

17. View Planets (Jupiter, Venus, Mars, Mercury) – draw the position of these in the sky at the same time each morning

18. Umbrella Idea – make your own planetarium! Clear plastic umbrella opened out – hold the handle at your head and point the other end towards the SCP – use a marker to dot the position of the stars of the Southern Cross and pointers

19. Find out about distances and sizes of the stars of the Southern Cross and pointers. Build a scale model(?)

Field Trips

· Have an early morning (or evening) star party for your year 13 physics class to observe the position of the planets, Southern Cross, Scorpio (I call it the head of the rocking horse – the southern cross becomes the back feet and the pointers the rear leg of the rocking horse(centre of our galaxy= at the centre of curvature of the tail (Middle of the head of the rocking horse) – no stars apparent because…(?)). Observe how these patterns move over the course of an hour. Coincide with Matariki? Start in winter at 6am on a remote hill somewhere. Finish at 7:30am with BBQ bacon sandwiches and photos.

· Visit your local Observatory – can coincide with public viewing night

· Visit Mt John Observatory

· Learnz Virtual Field trips

· Video Conferencing

· Mauna Kea Observatories, Hawaii – organise a year in advance. One hour flight from Honolulu to Hilo. Organise in advance a 4 wheel drive vehicle that you are allowed to drive to the summit and on the Saddle Road with complete insurance. Stay at Arnott’s lodge in Hilo for cheap “motor camp” type accommodation. Get to the Mauna Kea Visitor Centre (9000ft) by 2 pm. You will need to wait there for an hour to acclimatise. Lots to see there including a Sun telescope. Get to the top (13000ft) to visit the Keck Visitor centre by 3pm preferably (open til 4?) Take photos of incredible sunsets! Free public viewing each night at the visitor centre (2hours from Hilo) It would be great to also visit the 3km diameter crater at the Mauna Loa visitor centre. Mauna Loa is the world’s largest Mountain (most of it below sea level!). You may also want to arrange a 1 hour(?) walk to see the lava flowing into the sea – spectacular at night. There is also a fantastic walk through a lava tube. This trip may bee good to combine with your Geography department or Senior Science class.
· Kennedy Space Center – one hour drive from Orlando, Florida. Get on a tour that takes you out to the lunch site
· Space Camp, Huntsville, Alabama. See online for costs and schedules, 4 days would be good.

· Espace, Toulouse, France. Has a great 360˚ auditorium for a “How the Universe began presentation. Also has an Imax and great exhibits.
Websites

esamultimedia.esa.int

nasa

jpl

Appendix 1

I went to the Australian International Space School in 1999 and visited the Canberra Deeps Space Communication Complex (CDSCC), commonly known as the Tidbinbilla Deep Space Tracking Station, with its 70m diameter antenna (like a satellite dish only much more massive and used to communicate with deep space probes rather than with satellites). 

http://www.cdscc.nasa.gov/Pages2/pg01j_history.html
http://en.wikipedia.org/wiki/Canberra_Deep_Space_Communication_Complex
In 2004 I went to the USA International Space Camp in Huntsville, Alabama to spend 8 days with the 50 US Teachers of the Year as well as 24 international delegates. The facility there is enormous and includes a space museum, a rocket park complete with a full space shuttle, a Saturn V rocket and a lot of other earlier rockets, amusement park type rides including a “Space Shot” ride which simulates the 3Gs experienced by a space shuttle lift off followed by the sensation of weightlessness, and accommodation for up to about 1300 “space camp cadets”. The experiences included astronaut simulations and a lot of learning about how the space shuttle works as well as hearing many great stories about and personal accounts of astronauts about what it was like for them in space. 

http://www.spacecamp.com/
http://www.spacecamp.com/museum/
http://www.royalsociety.org.nz/Site/TeachersStudents/Funding_for_students/science_schools/default.aspx - for information and to apply (one NZ teacher and 2 NZ students each year, funding available)

On our way back to New Zealand we visited Mauna Kea Observatories on the Big Island of Hawaii. It is about a one hour flight and a 2 hour drive from Honolulu. At an altitude of 13000 feet it is home to some of the best views of the stars available on Earth and home to massive telescopes such as the Keck telescopes. If you can get there for a visit before 3pm you will be able to see some of these massive telescopes. If you are at the top during sunset you will get the most impressive sunset photo ever. If you wait around at the visitor centre at 9000 feet after dark you will get a free guided tour of the stars and look through some of their large optical telescopes.

http://www.ifa.hawaii.edu/mko/
In 2006 I was gain accepted to attend the US International Space Camp in Huntsville Alabama. Prior to the 8 day camp I visited the Kennedy Space Centre near Orlando, Florida.
http://www.nasa.gov/centers/kennedy/home/index.html
http://www.kennedyspacecenter.com/
http://en.wikipedia.org/wiki/Kennedy_Space_Center
At the  US International Space Camp in 2006 we were again treated to meeting some very distinguished visitors including Ernst Stühlinger, who worked closely with Dr. Wernher Von Bruan, the father and primary leader of the rocket program leading to the successful development of the Saturn V rocket which was the key rocket of the Apollo Moon program, as well as several other original and recent rocket engineers, astronauts and key leaders in the Space Shuttle Program. One of the highlights of this trip was the inclusion of the Northrop Grumman Weightless Flights of Discovery Program, which funded 250 teachers in the USA for a weightless flight in the Zero Gravity plane. This included the 80 participants in the International Space Camp. Our weightless experience involved 15 parabolas creating the sensation of weightlessness for 25 seconds at a time. My experiments included passing a rugby ball and then diving after it to catch it myself, using a yo-yo on a fixed length of string to test the period of a pendulum in Martian (1/3 g) and Lunar (1/6 g) gravity. I was most surprised by the period observed in a 2g situation! I also played ping pong and experimented with water. If you have a spare $10,000 this is certainly an experience of a lifetime.
http://www.gozerog.com/
In 2007-2008 I worked as an education advisor in the United Arab Emirates. One project I was quite pleased to initiate with was to develop a whole school focus of “Space Week” at Al Tamayoz Model School for Boys. All departments worked together on this integrated theme in preparation for what ended up being more of a “Space Month”, and included project displays related to students investigating answers to their own key questions, as well as visits from local experts on Astronomy. Other schools visited to see the displays. It was a very successful venture.

On our way home to New Zealand we passed through France and visited the cite-éspace rocket/space interactive museum and park in Toulouse.

http://www.cite-espace.com/en#accueil
Appendix 2

A  How far away is the Sun?

We can measure the Mass of the Earth using Newton’s Law of Universal Gravitation: a 1kg mass at the Earth’s surface (we already just worked out the radius to be 6360km) has a force of 9.8kg acting. Solve 
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Sheet1

				Actual (km)		Scale (m)

		Diameter of the Earth		12756		0.10

		Diameter of the Moon		3475		0.027

		Diameter of the Sun		1391000		10.9

		Thickness of Earth's Atmosphere (99% of mass)		31		0.0002

		Thickness of Earth's Atmosphere (99.9% of mass)		43		0.0003

		Distance to International Space Station		360		0.0028

		Distance to Moon (closest)		363000		2.8

		Distance to the Moon (furthest)		406000		3.2

		Distance to Sun		150,000,000		1176

		Distance to Proxima Centauri		2.3652E+15		18541862653

		Diameter of Jupiter		142984		1.1

		Distance from Sun to Jupiter		779000000		6107

		Diameter of Neptune		49530		0.39

		Distance from Sun to Neptune		4500000000		35278
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