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Teacher Guidelines: 

The following guidelines are supplied to enable teachers to carry out valid and consistent assessment using this internal assessment resource.

Context/setting:


The teacher supplies recent and valid resources (less than 5 years old) on Kuiper Belt Objects for students to process, interpret and write a report on. These resources will increase our knowledge and understanding of Kuiper Belt Objects. 

Teachers should bear in mind the credit value (2 credits) of this achievement standard when setting the topic and providing resources.

Conditions:

This topic is to be individually processed, interpreted and reported on. The recommended time this should take is about 2-3 weeks, with some of that time being spent in research. Teachers need to ensure authenticity as appropriate by standard school practices such as:

· Keeping each student’s notes between classes.

· Having a parent sign a note stating that any work done at home is authentic.

· Being familiar with the notes themselves so that copying is recognised.

· Providing resources that are easily understood to assist students to use their own words.

Resource requirements:

Students use resources supplied by the teacher. These need to be kept up to date from year to year. Students may also do their own research and supply extra resources as long as they are taken from reliable scientific publications or web sites. They must include copies or web links for these with their final report with a comment about the source and validity of the resources.
Additional information:

Teachers choose the topic and supply students with the appropriate resources to process, interpret and report on. The resources need to be at a suitable reading and understanding level for Level 3 students. Students cannot be expected to understand science concepts at a level beyond Level 3. They can also not be expected to put into their own words information from scientific papers that are too difficult for them to read.

Teachers will need to introduce this topic and explain any difficult scientific concepts needed for understanding. Class discussion can also develop understanding of more difficult concepts. 

Guidance may also be given on how to: 

· link ideas 

· develop a discussion or point of view

· read and extract relevant information scientific articles. 
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Student Instructions Sheet

Context:

Your teacher will supply the resources for Kuiper Belt Objects, introduce you to the topic and explain any difficult scientific ideas. The resources you use must be less than 5 years old.
Conditions:

In this assessment activity you must read the given information, and process, interpret and write a report on the chosen topic. The recommended time for this is about 2-3 weeks, with some of that time being spent in research. This report is to be all your own work. Your teacher will tell you the requirements for authenticity. 

The stages of the task:


You have been given a set of recent and valid resources that give you information on Kuiper Belt Objects. You need to read these resources, then process and interpret the information into your own words and write a report. Your teacher will guide you how to read the resources so that you can extract the relevant information. 

You may also do your own research and supply extra resources as long as they are copied from reliable scientific publications. Include copies of these with your final report, along with a comment about the source and validity of the resources.
Extra resources are not required to achieve this standard but are recommended for achievement with Excellence.


1.   Read the resources and make notes on information that will help you with:

· The background to Kuiper Belt Objects This includes (as appropriate): 
- what the Kuiper Belt is and when it was discovered
- any relevant scientific knowledge needed to understand the information.

· A detailed summary of relevant information about Kuiper Belt Objects Note that the summary could also contain relevant scientific knowledge and other background information.

· The significance of Kuiper Belt Objects This could be: 
- the relevance to humans
- how this information increases our understanding of “Kuiper Belt Objects”
      - how this information adds to our knowledge of astronomy.

2. Now process and interpret the information. The information needs to be sorted out so that you can:

· Show that you understand the background to “Kuiper Belt Objects”
· Develop a detailed summary or analysis of the relevant scientific information 

· Develop a detailed summary or analysis of the significance of “Kuiper Belt Objects”
     Refer to all of the resources given to you and any extra that you have gathered.

      To process and interpret you may need to:

· Put key background discoveries into chronological order

· Find links within the information

· Find trends within the information

· Develop a discussion 

· Show understanding of the relevant information.


3. Now write your report:

· It can be typed or hand-written but must be legible.  It should be about 1000 words (approximately 2 typed or 4 hand-written sides).  

· Information must be clearly communicated, e.g. punctuation, grammar, spelling, diagrams, tables, graphs etc.

      Your report should contain the following sections:

Background:  

Discuss in detail the background to the Kuiper Belt Objects showing that you understand where relevant: 

· What the Kuiper belt is and when it was discovered

· any relevant scientific knowledge. 


Detailed summary or analysis of the information on “Kuiper Belt Objects”
In this you develop a detailed summary or analysis of the information relating to “Kuiper Belt Objects”. Develop a discussion on Kuiper Belt Objects by linking different aspects of this information so that understanding is developed. This summary may include some or all of the background.

Significance of “Kuiper Belt Objects”
Give a detailed summary or analysis of the significance of “Kuiper Belt Objects”. Develop understanding by linking and developing ideas and discussing how or why Kuiper Belt Objects is significant. The significance could be: 
- the relevance to humans 
- how this information increases our understanding of “Kuiper Belt Objects”
- how this information adds to our knowledge of astronomy.

This section may also include and integrate some or all of the background.

Note that your discussion may use ideas from all three sections.

Reference list (Bibliography):  

If you have used extra resources write these up using an approved referencing system. 


Acknowledgement of sources: 

· Quoted paragraphs, diagrams, graphs etc not supplied by the teacher.

· A list of people who have helped you (other than your teacher). 

· Any ideas that are not your own, such as an interpretation put on to some scientific facts by another person.

Hand in your report.
This report is due on 

Assessment schedule: Sci/3/7 – D1:  “Kuiper Belt Objects”
	Achievement
	Merit
	Excellence

	· Present a report on a recent astronomical event or discovery.
	· Present a detailed report on a recent astronomical event or discovery.
	· Present a detailed and analytical report on a recent astronomical event or discovery.

	Note that evidence for the three sections (background, summary of information and significance) can be gained from anywhere in the report.

	· Describes the scientific background to 

     Kuiper Belt Objects.


· Summary of relevant scientific information.

· Statement of the significance of Kuiper Belt Objects.





· Resources are processed. 

	· Explains the scientific background to 

      Kuiper Belt Objects.

· Detailed summary of relevant scientific information.

· Explanation of the significance of Kuiper Belt Objects.






· As for achievement.

	· Discusses the scientific background to 

      Kuiper Belt Objects.
And either
· Detailed summary of relevant scientific information and analysis of the significance of 

      Kuiper Belt Objects.

Or
· Analysis of the relevant scientific information and a detailed summary of the significance of Kuiper Belt Objects.

· As for achievement



Note: 

Teachers should use professional judgement to determine sufficiency within the context of the investigation and the criteria in the above schedule for each of Achievement, Achievement with Merit, Achievement with Excellence levels. Assessment may be holistic.

Suggested resources: 

It is recommended that teachers read through these and select the most suitable and up to date resources. 

Good background and history

http://www.solarviews.com/eng/kuiper.htm 

Quaoar

http://www.nineplanets.org/kboc.html 

http://solarsystem.nasa.gov/planets/profile.cfm?Object=KBOs&Display=Overview 

Comprehensive summary

http://en.wikipedia.org/wiki/Kuiper_belt 

More recent discoveries

http://www.windows.ucar.edu/tour/link=/comets/Kuiper_belt.html 

New moons for Pluto

http://science.nasa.gov/headlines/y2005/01nov_moonsofpluto.htm 

http://news.bbc.co.uk/2/hi/science/nature/4396546.stm 

More history

http://www.nasa.gov/missions/solarsystem/f_pluto.html
Xena and its moon

http://news.bbc.co.uk/2/hi/science/nature/4304048.stm
Saturn moon KBO

http://news.bbc.co.uk/2/hi/science/nature/4513379.stm
Neptune moons

http://news.bbc.co.uk/2/hi/science/nature/3578210.stm
Another Kuiper Belt Object

http://news.bbc.co.uk/2/hi/science/nature/3277033.stm
And more

http://news.bbc.co.uk/2/hi/science/nature/3089924.stm
Quaour

http://news.bbc.co.uk/2/hi/science/nature/2306945.stm
Pluto not a planet

http://news.bbc.co.uk/1/hi/sci/tech/1140109.stm
General information on Kuiper Belt

http://www.ifa.hawaii.edu/faculty/jewitt/kb.html 

Quaoar

http://hubblesite.org/newscenter/newsdesk/archive/releases/2002/17/text/ 

Excellence Exemplar Kuiper Belt Objects 

	Kuiper Belt Objects:

Our traditional view of the solar system is of the Sun, the planets Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune, and Pluto, their moons, comets, asteroids, and meteoroids. 

The planets revolve around the Sun in the same direction, in nearly circular orbits. When looking down from above the Sun's north pole, the planets orbit in an anti-clockwise direction. The also planets orbit the Sun in or near the same plane, called the ecliptic. Pluto is a special case in that its orbit is the most tipped away from the ecliptic -18 degrees. The orbit of Pluto is also the most elliptic and for part of its orbit, Pluto is closer to the Sun than is Neptune. 

In the 1950’s two astronomers, Jan Oort and Gerard Kuiper suggested that comets came from a separate icy region of the Solar System beyond Neptune. This region has since been discovered to be present, but as two separate regions, the Kuiper Belt and the Oort Cloud. The Kuiper Belt extends up to about 50 AU from the Sun, and the Oort Cloud a lot beyond that. The Oort cloud is a huge spherical cloud surrounding the planets and extending approximately 3 light years, about 30 trillion kilometers from the Sun. AU stands for astronomical unit, the distance between the Sun and the Earth. 

In the 1980’s computer simulations predicted that when the solar system was born the planets formed in the inner regions leaving, beyond the last gas giant Neptune, icy objects that never coalesced to form planets. [image: image2.jpg]Orbit of Binary
liper Belt Object
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http://imgsrc.hubblesite.org/hu/db/2002/04/images/i/formats/large_web.jpg 
The Kuiper belt remained theory until in 1992 the first of the Kuiper Belt objects (KBOs) was discovered. This was a 200km wide body, called 1992QB1, found beyond Pluto.  Several similar-sized objects were discovered quickly confirming that the Kuiper belt was real. The planet Pluto, discovered in 1930, is at the moment the largest member of the Kuiper belt. In 1992 astronomers started to become aware of a vast population of small KBOs orbiting the sun beyond Neptune. There are at least 70,000 of these with diameters larger than 100 km in the zone extending outwards from the orbit of Neptune (which is 30 AU from the Sun). This is a lot more than is found in the Asteroid belt. They are mostly confined to a thick band around the sun between 30 AU to 50 AU or 12 to 15 billion kilometres. This ring is the Kuiper Belt. 

KBOs can move away from the Kuiper Belt. Some moons, e.g. Triton and Nereid around Neptune and Phoebe around Saturn are in unusual orbits and they may be KBOs that have been captured by these planets. Short period comets, that is comets that travel around the Sun in less than every 200 years originate from that area. An example is Halley’s comet. These are called the Jupiter family of comets and they all travel around the Sun in the same direction as the planets, and lie near the plane of the Earth's orbit around the Sun.

Several interesting large KBOs have recently been discovered. They are found by photographs being taken of areas of the sky every hour or so and looking for objects that have moved against background stars. Observations are also made with the Spitzer Space Telescope to find the size of the objects. The Spitzer telescope measures the amount of heat coming from an object. Because astronomers know how far away the planet is they have a pretty good idea of the surface temperature – about -30oC so when the total heat is measured how big the object is can be told.
Quaoar was discovered in October 2002 and is the largest object in the solar system to be found since Pluto was discovered in 1930 and Pluto's moon Charon in 1978. Scientists Michael Brown and Chadwick Trujillo from the California Institute of Technology discovered the distant object with the help of a ground based telescope and the Hubble Space Telescope. Quaoar is the second largest object in the Kuiper Belt, about half the size of Pluto and takes 285 years to orbit the Sun. Unlike Pluto, Quaoar’s orbit around the Sun is nearly circular. It is made up of a mixture of ice and rock. Quaoar is about 1250 km in diameter, roughly the size of Pluto's moon Charon. Infrared observations from the Spitzer Space Telescope have shown that Quaoar reflects only 10 per cent of the sunlight that reaches it. The dark, dirty ice and rock object has been made dark by faint ultraviolet light that has slowly turned organic compounds, like methane in the ice into a dark tar. The artist’s impression shows the relative size of Quaoar with other planets and Moons. Quaoar is not considered to be a planet. The two scientists who discovered 2002 LM60 have asked the International Astronomical Union to name the tiny world "Quaoar" in honour of a Native American creation god. 
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http://www.nineplanets.org/sedna.html 

In November 2003 astronomers discovered a new object at the far edge of our Solar System. The new object, named Sedna, is probably almost as big as the smallest planet, Pluto. This is also shown in the diagram. The largest object found in our Solar System since Neptune in 1846, it was first seen in 2003 but not confirmed until it was seem again in January 2005.

Sedna is more than twice as far from the Sun as Pluto, and about 90 times as far from the Sun as Earth. Sedna is probably a huge ball of ice, covered in a tar like sludge which gives it a reddish colour. Infrared spectra taken with the Gemini Observatory in Hawaii show that the surface has very little methane ice (found on Pluto) and very little water ice (found on Charon). There must be chemicals in the ice that make it red. Sedna orbits the Sun once every 10,500 years. Scientists aren't quite sure where Sedna fits in with the rest of the Solar System. It is on the outer most edges of the Kuiper Belt. Since Sedna is very cold because it is so far from the Sun, the astronomers who discovered it decided to give it a name from a myth from people who live near the North Pole. Sedna is the name of the sea goddess in Inuit mythology.

In July astronomers announced the discovery of a "10th planet" in our Solar System and say that the object has a moon. Currently, the planet has been dubbed Xena; the moon will be called Gabrielle until official names are agreed. Observations are made with the Spitzer Space Telescope are often the best way to find the size of objects in the outer solar system. The Spitzer telescope measures the amount of heat coming from an object. If we wanted to measure the size of a fire, for example, we could do it by measuring the total amount of heat coming from the fire. The temperature of the flames in a match and a bonfire are essentially the same, but a bonfire emits much more heat because it is much bigger. The same is true of distant planets. Because we know how far away the planet is we have a pretty good idea of the surface temperature (a frosty 405 degrees below zero!), thus when we measure the total heat we can tell how big the object is. 

Designated 2003 UB313, it is about 2,800km across - a world of rock and ice and somewhat larger than Pluto. Scientists say it is three times as far away as Pluto, in an orbit at a 45o angle to the orbits of the main planets. Its discoverers are Michael Brown of Caltech, Chad Trujillo of the Gemini Observatory in Hawaii, and David Rabinowitz of Yale University. It is currently 14.5 billion km (9 billion miles) away, about 97 times further away than the Earth is from the Sun. 
There are more and more large KBOs being discovered such as Varuna and 2002 AW197, both 900 km in diameter. There are about 600 known KBOs, most being only 100 km in diameter.

In May 2005 astronomers discovered two new moons around Pluto, "If, as our new Hubble images indicate, Pluto has not one, but two or three moons, it will become the first body in the Kuiper Belt known to have more than one satellite," said Hal Weaver of the Johns Hopkins Applied Physics Laboratory. He is co-leader of the team that made the discovery. The moons, called S/2005 P1 and S/2005 P2 at the moment, are approximately 27,000 miles (44,000 kilometers) away from Pluto - in other words, two to three times as far from Pluto as Charon. They are tiny moons and orbit Pluto in an anti-clockwise direction. Their estimated diameters lie between 64 and 200 km. Charon, for comparison, is about 1170 km wide, while Pluto itself has a diameter of about 2270 km. 
[image: image4.jpg]



http://news.bbc.co.uk/2/hi/science/nature/4396546.stm 
The KBOs are significant for many reasons. 

Firstly, the KBOs are primitive remnants from the early stages of the formation of the solar system. In the inner part of the solar system debris coalesced to form planets. In this outer part of the Solar System proper large planets never formed. Instead many small objects were formed and by studying these scientists can find out more about the formation of the Solar System. 

Secondly, the Kuiper Belt is where short-period comets such as Halley’s comet come from. These comets are the ones that circle the Sun in less than every 200 years.

Thirdly, they show that there is still much to be learnt about our Solar System. It seems like we have not found the edges yet. 

The most interesting significance though is the debate about whether Pluto is actually a planet and what properties an object needs in order to be considered a planet. Many scientists believe that both Xena and Pluto are just two large objects among many rock-ice bodies orbiting the Sun in the Kuiper Belt. 

Pluto is only 2,274 kilometres (1,413 miles) wide, smaller than the Earth's moon. Since 1992, when astronomers discovered the first KBO, they have found hundreds of chunks of rock and ice beyond Neptune, including about 70 that share orbits similar to Pluto's. The Rose Center for Earth and Space at the American Museum of Natural History in New York, a leading science museum, says Pluto has more in common with comets than planets as it is relatively small and made of ice and it should not be refered to as a planet.

However, the International Astronomical Union however, calls Pluto one of nine planets in the Solar System.

This debate has gathered steam since a body larger than Pluto has been discovered. 2003 UB313, or Xena, - it is bigger than Pluto. And if Pluto qualifies as a planet then Xena must be one, too. Some astronomers would rather see Pluto and Xena called KBOs. But others such as Alan Stern, of the Southwest Research Institute in Boulder, Colorado, said that objects like Pluto and Xena would be better known as "ice dwarfs", which reflects the properties of these bodies. 

Whatever is decided, there is no doubt that there are other “Plutos” in the Kuiper Belt, waiting to be found. As the skies are searched even more who knows what may be found in the outer reaches of our solar system.
	Introduction and background information on the solar system and the Kuiper Belt.

Supporting diagram with source acknow-ledged.

Detailed summary of the relevant scientific information.

Development of a discussion on the dirty ice composition. 

Significance of KBOs discussed and analysed, especially the debate about what is a planet.
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Quaoar

http://hubblesite.org/newscenter/newsdesk/archive/releases/2002/17/text/ 

Jupiter comets

http://www.windows.ucar.edu/tour/link=/comets/Jupiter_family.html 

How these Kuiper Belt Objects are searched for

http://www.gps.caltech.edu/~mbrown/planetlila/  
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