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Resources:
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Word bank.

Activity 1: Mixed-up meanings.

Activity 2: Comprehension.

Activity 3: Find the missing word.

Activity 4: What kind of statements?

Activity 5: Topic for group discussion or pupil presentations. 

Links to free activities, lesson plans and background information.

Daily tip for running science class discussions and groupwork.

News
Science Express: 9-Mar-2007, Eurekalert.

In a spin

It does not have a snappy name. It’s not even all that pretty. But the near-Earth asteroid 2000 PH5 now has its own claim to fame. It is behaving in a way that scientists believed should happen, but have never seen before in the solar system. 

This ordinary little asteroid is spinning faster and faster all the time. Each year it takes one millisecond less to spin round once than it did the previous year. This might not sound like much. But in time 2000 PH5 could become the fastest spinning asteroid in the solar system. It could even spin so fast that it would fly apart.

The discovery has been made by an international team of scientists from Europe and the United States. They used a range of telescopes to detect and measure the speed of rotation of the asteroid. 

This is getting faster because of a very small force caused by sunlight. The surface of an asteroid grows warmer when the sun shines on it. The warmer a body is the more heat – infrared radiation – it gives off. 

Radiation has mass and energy. So there is recoil effect – a very tiny one. But over time even the smallest forces alter how things move. This force changes the speed at which the asteroid is spinning. 

Scientists had not detected the effect before on a body in the solar system. But they believed it would happen, and had given it a name. It is the Yarkovsky-O'Keefe-Radzievskii-Paddack effect –YORP for short. 

This is a very weak force. But astronomers believe it can spin some asteroids up so fast that they break apart. Others may be slowed down so that they take many Earth days to rotate once. The YORP effect also plays an important role in changing the orbits of the asteroids that orbit between Mars and Jupiter.

This can lead them to cross the orbit of Earth. Every now and again an asteroid that does this collides with Earth with catastrophic results. 

Astronomers observed the YORP effect in action for the first time using optical and radar imaging at powerful Earth-based observatories. This work is reported in two papers. They appear in the March edition of Science Express. They are written by Stephen Lowry et al. (Queens University Belfast, UK) and Patrick Taylor et al. (Cornell University, Ithaca, NY, USA).

Shortly after the discovery of the asteroid in 2000, scientists realized it was an ideal candidate for a YORP detection. At just 114m in diameter, it is small. So YORP has more effect than it would on a large asteroid. 

Also it is rotating very fast. One “day” on the asteroid lasts just over 12 minutes. This suggests that the YORP effect may have been acting on it for some time. 

With this in mind, the team of radar and optical astronomers began long-term monitoring of the asteroid. Their aim was to detect any tiny changes in its speed of spinning.

Over four years, Stephen Lowry, Alan Fitzsimmons and colleagues took images of the asteroid at a range of telescope sites – in Chile, Spain, the Czech Republic, the Canary Islands and Hawaii. They measured slight changes in brightness as the asteroid rotated.

Over the same time, the radar team, led by Patrick Taylor and Jean-Luc Margot of Cornell University, used the Arecibo Observatory in Puerto Rico. They also used the Goldstone radar facility in California to study the asteroid by bouncing a radar pulse off it and analyzing the echo.

Using these methods the astronomers were able to build a 3-D model of the asteroid's shape. This was detailed enough let them calculate a value for the YORP effect on the speed of spinning. This was then compared with the observed change in the speed of spinning from the optical team.

By careful analysis the scientists found that the increase in the asteroid’s rate of spinning can indeed be explained by YORP. 

To see what will happen to the asteroid in the future, Lowry et al. did detailed computer simulations. They used the measured strength of the YORP effect and the shape of the asteroid. 

They found that its orbit about the Sun could remain stable for up to 35 million years into the future. By this time YORP would have reduced the little asteroid’s “day” to just 20 seconds.

This is faster than any asteroid spin-rate ever seen by astronomers. It could force the asteroid to reshape itself or even split apart.

725 words

Flesch reading ease: 59

Flesch-Kincaid Grade level: 8.4

Word bank
Pupils will not know some of the words used in the text. Meanings are given below, followed by an exercise in matching words and meanings. 

Teachers may choose to provide some or all of the meanings to help pupils read and understand the story. An approach that leads to better learning is to ask pupils to complete as much of Activity 1 as possible during their first encounter with the text.

By tackling this exercise and those that follow – which are known collectively as directed activities related to texts (DARTs) – pupils can engage with a piece of writing, and learn a great deal from it, even when many of its ideas and words are unfamiliar to them.


Word
Meaning

1
analysis 
study of the parts something is made of, and how they work together

2
analyze
study the parts something is made of, and how they work together

3
asteroid
one of the thousands of small bodies, made of rock and iron, that orbit the Sun. Most lie in a belt between the orbits of Mars and Jupiter.

4
astronomers
scientists who study the sun, moon, planets, stars and galaxies, or any other objects in the universe

5
candidate
one that might be able to do the job

6
catastrophic
sudden and disastrous

7
colleagues
people who work together

8
detect
discover

9
diameter
length of a straight line through the centre of a circle or sphere

10
electromagnetic spectrum
the complete range of electromagnetic waves. These include radio and television waves, microwaves, infrared radiation, visible light, ultraviolet light, X-rays and gamma radiation.

11
electromagnetic wave
electric and magnetic energy that travels through space at nearly 300,000 kilometers per second. Light, radio and X-rays are types of electromagnetic waves. 

12
energy
ability to do work

13
imaging
forming a photograph or likeness

14
infrared
invisible electromagnetic radiation, lying between red light and microwaves on the electromagnetic spectrum

15
mass 
the amount of matter in a body

16
millisecond
one thousandth of a second

17
model
copy of an object, usually on a smaller scale and with different materials. Can also mean ‘mathematical model’ which is a set of equations that capture how the object behaves.

18
monitor
watch or test how something is working 

19
near-Earth asteroid
asteroid whose orbit crosses the orbit of the Earth, and so might collide with it at some future time

20
observatory
building, telescope and instruments for astronomical observing  

21
observe
accurately watch and record

22
optical
to so with sight

23
orbit
path followed by one body around another

24
orbit
move in a curved path around a sun, planet or other object in space

25
pulse
a single burst – of sound, radiation, etc.

26
radar
device that sends out radio waves and uses their reflection from objects to find their positions and speeds

27
radiation
particles or waves that carry energy and are given out by something

28
recoil
backward motion of a gun when it is fired

29
rotate
go around, revolve

30
rotation
turning

31
simulation
working model, usually on a computer

32
solar system
the sun and all the planets, moons, asteroids, comets, lumps of rock and dust in orbit around it

33
stable
not likely to change suddenly

Activity 1

Mixed-up meanings

Pupils should try to fill in the blanks in the final column with the words that match the meanings. The words needed are listed, but not in the right order, in the first column.

This exercise should not be tackled in isolation, but by a reader with access to the story itself: The contexts in which words are used provide powerful clues to their meanings.  


Word
Meaning
Word should be

1
analysis 
backward motion of a gun when it is fired


2
analyze
path followed by one body around another


3
asteroid
one of the thousands of small bodies, made of rock and iron, that orbit the Sun. Most lie in a belt between the orbits of Mars and Jupiter.


4
astronomers
invisible electromagnetic radiation, lying between red light and microwaves on the electromagnetic spectrum


5
candidate
move in a curved path around a sun, planet or other object in space


6
catastrophic
working model, usually on a computer


7
colleagues
building, telescope and instruments for astronomical observing  


8
detect
turning


9
diameter
to so with sight


10
electromagnetic spectrum
forming a photograph or likeness


11
electromagnetic wave
study the parts something is made of, and how they work together


12
energy
the sun and all the planets, moons, asteroids, comets, lumps of rock and dust in orbit around it


13
imaging
one thousandth of a second


14
infrared
not likely to change suddenly


15
mass 
discover


16
millisecond
device that sends out radio waves and uses their reflection from objects to find their positions and speeds


17
model
a single burst – of sound, radiation, etc.


18
monitor
scientists who study the sun, moon, planets, stars and galaxies, or any other objects in the universe


19
near-Earth asteroid
sudden and disastrous


20
observatory
asteroid whose orbit crosses the orbit of the Earth, and so might collide with it at some future time


21
observe
people who work together


22
optical
particles or waves that carry energy and are given out by something


23
orbit
go around, revolve


24
orbit
copy of an object, usually on a smaller scale and with different materials. Can also mean ‘mathematical model’ which is a set of equations that capture how the object behaves.


25
pulse
ability to do work


26
radar
electric and magnetic energy that travels through space at nearly 300,000 kilometers per second. Light, radio and X-rays are types of electromagnetic waves. 


27
radiation
watch or test how something is working 


28
recoil
one that might be able to do the job


29
rotate
accurately watch and record


30
rotation
length of a straight line through the centre of a circle or sphere


31
simulation
the amount of matter in a body


32
solar system
study of the parts something is made of, and how they work together


33
stable
the complete range of electromagnetic waves. These include radio and television waves, microwaves, infrared radiation, visible light, ultraviolet light, X-rays and gamma radiation.


Activity 2

Comprehension 

1. What is the name of the asteroid?

2. What have scientists found it is doing?

3. The asteroid spins 1 millisecond faster every year. How many years will it take before it is spinning one second faster than it does now?

4. The article mentions two things that might happen to the asteroid if its speed of spinning keeps on getting faster. State one of them.

5. What type of instruments did the scientists use to make the discovery?

6. The asteroid warms up when the sun shines on it. How does that affect the infrared radiation it gives off?

7. If you throw a ball or fire a gun there is an effect on you. What does the writer call this effect?

8. If YORP is a very weak force how can it speed an asteroid up fast enough to break apart?

9. YORP can have another effect besides changing the speed that an asteroid spins. What is that?

10. How might that affect us here on Earth sometime in the future?

11. The writer mentions two properties of the asteroid that make it a good object to study to see the effects of YORP. What are these properties?

12. For how long have the scientists been studying the asteroid?

13. Can you think why they would need to study it for years rather than just days, weeks or months?

14. What did the scientists measure to see how fast the asteroid is rotating?

15. The astronomers with optical telescopes made measurements to help them work out how fast the asteroid is rotating. What were the radar astronomers trying to do?

16. Once the radar astronomers had built their 3-D model what did they use it to work out?

17. What was this compared with?

18. What did the two teams find when they made that comparison?

19. What did that tell them?

20. If you were these scientists what questions would you still have about all this?

21. Can you think how you might try to answer those questions?

Activity 3

Find the missing word

Pupils should try to fill in the blanks using clues from the rest of the sentence. When in doubt, the length of each blank indicates the length of the missing word. A complete list of words that belong in the blanks is provided at the end of the passage.

In a spin

It does not have a snappy name. ____ not even all that pretty. But the near-Earth asteroid ____ PH5 now has its own claim to fame. It __ behaving in a way that scientists believed should happen, ___ have never seen before in the solar system. 

This ________ little asteroid is spinning faster and faster all the ____. Each year it takes one millisecond less to spin round once than it did the previous year. This _____ not sound like much. But in time 2000 PH5 _____ become the fastest spinning asteroid in the solar system. __ could even spin so fast that it would fly _____.

The discovery has been made by an international team __ scientists from Europe and the United States. They used _ range of telescopes to detect and measure the speed __ rotation of the asteroid. 

This is getting faster because __ a very small force caused by sunlight. The surface __ an asteroid grows warmer when the sun shines on __. The warmer a body is the more heat - infrared radiation - it gives off. 

Radiation has mass ___ energy. So there is recoil effect - a very ____ one. But over time even the smallest forces alter ___ things move. This force changes the speed at which ___ asteroid is spinning. 

Scientists had not detected the effect ______ on a body in the solar system. But they ________ it would happen, and had given it a name. __ is the Yarkovsky-O'Keefe-Radzievskii-Paddack effect -YORP for short. 

This is _ very weak force. But astronomers believe it can spin ____ asteroids up so fast that they break apart. Others ___ be slowed down so that they take many Earth ____ to rotate once. The YORP effect also plays an _________ role in changing the orbits of the asteroids that _____ between Mars and Jupiter.

This can lead them to cross ___ orbit of Earth. Every now and again an asteroid ____ does this collides with Earth with catastrophic results. 

Astronomers ________ the YORP effect in action for the first time _____ optical and radar imaging at powerful Earth-based observatories. This ____ is reported in two papers. They appear in the _____ edition of Science Express. They are written by Stephen _____ et al. (Queens University Belfast, UK) and Patrick Taylor __ al. (Cornell University, Ithaca, NY, USA).

Shortly after the discovery __ the asteroid in 2000, scientists realized it was an _____ candidate for a YORP detection. At just 114m in ________, it is small. So YORP has more effect ____ it would on a large asteroid. 

Also it is ________ very fast. One "day" on the asteroid lasts just ____ 12 minutes. This suggests that the YORP effect may ____ been acting on it for some time. 

With this __ mind, the team of radar and optical astronomers began _________ monitoring of the asteroid. Their aim was to detect ___ tiny changes in its speed of spinning.

Over four years, _______ Lowry, Alan Fitzsimmons and colleagues took images of the ________ at a range of telescope sites - in Chile, _____, the Czech Republic, the Canary Islands and Hawaii. They measured slight changes in brightness as the ________ rotated.

Over the same time, the radar team, led by _______ Taylor and Jean-Luc Margot of Cornell University, used the _______ Observatory in Puerto Rico. They also used the Goldstone _____ facility in California to study the asteroid by bouncing _ radar pulse off it and analyzing the echo.

Using these _______ the astronomers were able to build a 3-D model __ the asteroid's shape. This was detailed enough let them _________ a value for the YORP effect on the speed __ spinning. This was then compared with the observed change __ the speed of spinning from the optical team.

By careful ________ the scientists found that the increase in the asteroid's ____ of spinning can indeed be explained by YORP. 

To ___ what will happen to the asteroid in the future, _____ et al. did detailed computer simulations. They used the ________ strength of the YORP effect and the shape of ___ asteroid. 

They found that its orbit about the Sun _____ remain stable for up to 35 million years into ___ future. By this time YORP would have reduced the ______ asteroid's "day" to just 20 seconds.

This is faster than ___ asteroid spin-rate ever seen by astronomers. It could force ___ asteroid to reshape itself or even split apart.

These are all the words that belong in the blanks:
It’s, 2000, is, but, ordinary, time, might, could, It, apart, of, a, of, of, of, it, and, tiny, how, the, before, believed, It, a, some, may, days, important, orbit, the, that, observed, using, work, March, Lowry, et, of, ideal, diameter, than, rotating, over, have, in, long-term, any, Stephen, asteroid, Spain, asteroid, Patrick, Arecibo, radar, a, methods, of, calculate, of, in, analysis, rate, see, Lowry, measured, the, could, the, little, any, the

Answer Key:

In a spin

It does not have a snappy name. It's not even all that pretty. But the near-Earth asteroid 2000 PH5 now has its own claim to fame. It is behaving in a way that scientists believed should happen, but have never seen before in the solar system. 

This ordinary little asteroid is spinning faster and faster all the time. Each year it takes one millisecond less to spin round once than it did the previous year. This might not sound like much. But in time 2000 PH5 could become the fastest spinning asteroid in the solar system. It could even spin so fast that it would fly apart.

The discovery has been made by an international team of scientists from Europe and the United States. They used a range of telescopes to detect and measure the speed of rotation of the asteroid. 

This is getting faster because of a very small force caused by sunlight. The surface of an asteroid grows warmer when the sun shines on it. The warmer a body is the more heat - infrared radiation - it gives off. 

Radiation has mass and energy. So there is recoil effect - a very tiny one. But over time even the smallest forces alter how things move. This force changes the speed at which the asteroid is spinning. 

Scientists had not detected the effect before on a body in the solar system. But they believed it would happen, and had given it a name. It is the Yarkovsky-O'Keefe-Radzievskii-Paddack effect -YORP for short. 

This is a very weak force. But astronomers believe it can spin some asteroids up so fast that they break apart. Others may be slowed down so that they take many Earth days to rotate once. The YORP effect also plays an important role in changing the orbits of the asteroids that orbit between Mars and Jupiter.

This can lead them to cross the orbit of Earth. Every now and again an asteroid that does this collides with Earth with catastrophic results. 

Astronomers observed the YORP effect in action for the first time using optical and radar imaging at powerful Earth-based observatories. This work is reported in two papers. They appear in the March edition of Science Express. They are written by Stephen Lowry et al. (Queens University Belfast, UK) and Patrick Taylor et al. (Cornell University, Ithaca, NY, USA).

Shortly after the discovery of the asteroid in 2000, scientists realized it was an ideal candidate for a YORP detection. At just 114m in diameter, it is small. So YORP has more effect than it would on a large asteroid. 

Also it is rotating very fast. One "day" on the asteroid lasts just over 12 minutes. This suggests that the YORP effect may have been acting on it for some time. 

With this in mind, the team of radar and optical astronomers began long-term monitoring of the asteroid. Their aim was to detect any tiny changes in its speed of spinning.

Over four years, Stephen Lowry, Alan Fitzsimmons and colleagues took images of the asteroid at a range of telescope sites - in Chile, Spain, the Czech Republic, the Canary Islands and Hawaii. They measured slight changes in brightness as the asteroid rotated.

Over the same time, the radar team, led by Patrick Taylor and Jean-Luc Margot of Cornell University, used the Arecibo Observatory in Puerto Rico. They also used the Goldstone radar facility in California to study the asteroid by bouncing a radar pulse off it and analyzing the echo.

Using these methods the astronomers were able to build a 3-D model of the asteroid's shape. This was detailed enough let them calculate a value for the YORP effect on the speed of spinning. This was then compared with the observed change in the speed of spinning from the optical team.

By careful analysis the scientists found that the increase in the asteroid's rate of spinning can indeed be explained by YORP. 

To see what will happen to the asteroid in the future, Lowry et al. did detailed computer simulations. They used the measured strength of the YORP effect and the shape of the asteroid. 

They found that its orbit about the Sun could remain stable for up to 35 million years into the future. By this time YORP would have reduced the little asteroid's "day" to just 20 seconds.

This is faster than any asteroid spin-rate ever seen by astronomers. It could force the asteroid to reshape itself or even split apart.

Activity 4

What kind of statement?
Students should read the news story on page 1 about the latest scientific research, and highlight phrases or sentences according to the following key (or any other way of indicating the different types of statement that can be done with the resources in their pockets or in your classroom):

Existing knowledge

Aims/reasons for doing the research

Technology and methods

New findings or developments

Hypothesis

Prediction

Evidence
Issues and applications

Normally no more than one phrase or sentence should be highlighted in each paragraph, unless the reader decides that a particular paragraph contains several really important ideas. 

Usually the decision will not be too difficult. But choosing between, say, hypotheses and new findings can sometimes be tricky. There isn’t always an obviously right or wrong answer, even to the scientists themselves. 

Pupils should be encouraged not to agonize too long over their choice of statement type, but to be prepared to give reasons for their decisions. 

Note: A hypothesis is a “tentative explanation that leads to predictions that can be tested by experiment or observation”.
Answer Key: (This is an illustrative set of choices. There are many others.)

In a spin

It does not have a snappy name. It’s not even all that pretty. But the near-Earth asteroid 2000 PH5 now has its own claim to fame. It is behaving in a way that scientists believed should happen, but have never seen before in the solar system. 

This ordinary little asteroid is spinning faster and faster all the time. Each year it takes one millisecond less to spin round once than it did the previous year. This might not sound like much. But in time 2000 PH5 could become the fastest spinning asteroid in the solar system. It could even spin so fast that it would fly apart.

The discovery has been made by an international team of scientists from Europe and the United States. They used a range of telescopes to detect and measure the speed of rotation of the asteroid. 

This is getting faster because of a very small force caused by sunlight. The surface of an asteroid grows warmer when the sun shines on it. The warmer a body is the more heat – infrared radiation – it gives off. 

Radiation has mass and energy. So there is recoil effect – a very tiny one. But over time even the smallest forces alter how things move. This force changes the speed at which the asteroid is spinning. 

Scientists had not detected the effect before on a body in the solar system. But they believed it would happen, and had given it a name. It is the Yarkovsky-O'Keefe-Radzievskii-Paddack effect –YORP for short. 

This is a very weak force. But astronomers believe it can spin some asteroids up so fast that they break apart. Others may be slowed down so that they take many Earth days to rotate once. The YORP effect also plays an important role in changing the orbits of the asteroids that orbit between Mars and Jupiter.

This can lead them to cross the orbit of Earth. Every now and again an asteroid that does this collides with Earth with catastrophic results. 

Astronomers observed the YORP effect in action for the first time using optical and radar imaging at powerful Earth-based observatories. This work is reported in two papers. They appear in the March edition of Science Express. They are written by Stephen Lowry et al. (Queens University Belfast, UK) and Patrick Taylor et al. (Cornell University, Ithaca, NY, USA).

Shortly after the discovery of the asteroid in 2000, scientists realized it was an ideal candidate for a YORP detection. At just 114m in diameter, it is small. So YORP has more effect than it would on a large asteroid. 

Also it is rotating very fast. One “day” on the asteroid lasts just over 12 minutes. This suggests that the YORP effect may have been acting on it for some time. 

With this in mind, the team of radar and optical astronomers began long-term monitoring of the asteroid. Their aim was to detect any tiny changes in its speed of spinning.
Over four years, Stephen Lowry, Alan Fitzsimmons and colleagues took images of the asteroid at a range of telescope sites – in Chile, Spain, the Czech Republic, the Canary Islands and Hawaii. They measured slight changes in brightness as the asteroid rotated.

Over the same time, the radar team, led by Patrick Taylor and Jean-Luc Margot of Cornell University, used the Arecibo Observatory in Puerto Rico. They also used the Goldstone radar facility in California to study the asteroid by bouncing a radar pulse off it and analyzing the echo.

Using these methods the astronomers were able to build a 3-D model of the asteroid's shape. This was detailed enough let them calculate a value for the YORP effect on the speed of spinning. This was then compared with the observed change in the speed of spinning from the optical team.

By careful analysis the scientists found that the increase in the asteroid’s rate of spinning can indeed be explained by YORP. 

To see what will happen to the asteroid in the future, Lowry et al. did detailed computer simulations. They used the measured strength of the YORP effect and the shape of the asteroid. 

They found that its orbit about the Sun could remain stable for up to 35 million years into the future. By this time YORP would have reduced the little asteroid’s “day” to just 20 seconds.

This is faster than any asteroid spin-rate ever seen by astronomers. It could force the asteroid to reshape itself or even split apart.

Activity 5
Topics for group discussion or pupil presentations

Invite students in groups to research, discuss and explain/present the following:

· Why will YORP or any other force have more effect on small asteroids than on large ones?

· There is a recoil force on the asteroid when it gives out infrared radiation, just as there is a recoil force when you throw a ball or fire a gun. Why is the force much smaller for the asteroid “throwing” infrared radiation than for you throwing a ball? 

· Why is the force smaller for you throwing a ball than firing a gun?

· So what two quantities affect the size of the recoil force?

· How might YORP speed some asteroids up and slow others down? [Hint think of spinning a top using your hand.]

· If the asteroid is a sphere, or some other symmetrical shape, will the YORP force change its speed of rotation? 

· Why is one “day” on the asteroid written in quotes?

· It might be worth taking a look at a Crookes’ Radiometer, which illustrates nicely the forces sunlight can generate. We need to be careful with using this in class, however, as the physics is extremely complex, and there are more wrong explanations out there than right ones. Even Encyclopedia Britannica has it wrong.

Links to free activities, resources and lessons

1. http://www.eso.org/outreach/press-rel/pr-2007/pr-11-07.html “For the very first time, astronomers have witnessed the speeding up of an asteroid's rotation, and have shown that it is due to a theoretical effect predicted but never seen before.” News release, photos and movies from European Space Observatory.

2. http://www.pbs.org/wgbh/nova/teachers/viewing/3313_01_nsn.html Online video, teachers’ notes and pupil interactives on near-Earth asteroids.

3. www.lpl.arizona.edu/impacteffects Earth impact effects program: Provides an easy way to calculate the environmental effects of an asteroid strike on Earth. “Plug in a few size and impact parameters, and find the total damage inflicted with the click of a button.” From University of Arizona.

4. http://education.spacefoundation.org/ Interactive lessons and virtual labs on asteroid formation, the physics of asteroid trajectories, etc. “Teachers can also download fun problem-solving activities for use in the classroom.”

5. http://www.teachersdomain.org/resources/phy03/sci/phys/mfw/asrnt/index.html Newton’s 3rd Law illustrated through astronauts working in space. “This video segment, adapted from NOVA, illustrates the significance of Newton's law to space-walking astronauts and the engineers who design their spacecrafts.”

6. http://solarsystem.org.uk/planet10/ “Explore the planets, comets and asteroids on an interactive virtual fly-through. Zoom in close on a particular planet or choose a different orbit view to see the whole system from afar. The data sheets let you discover more about some of the elements that make up our Solar System.”

7. http://hamilton.dm.unipi.it/cgi-bin/astdys/astibo “The University of Pisa offers a comprehensive monthly catalog of known asteroids and other large orbital objects, as well as links to several major observatories.” Enter 2000 PH5 in the search engine to find more facts about the little asteroid than you thought possible.

8. http://neo.jpl.nasa.gov/neo NASA's Near Earth Object Program detects, tracks and analyzes large asteroids and comets that might be on a collision course with Earth. Find recent close approaches, view asteroid orbit diagrams, see impact risk assessments. Includes multimedia introduction.

9. http://www.astroleague.org/al/obsclubs/asteroid/astrclub.html  The Asteroid Club encourages amateurs to learn to identify and observe asteroids. “While the deep sky objects observable by amateurs remain the same, year after year, the asteroids are constantly moving against the background of the constellations. By learning to identify asteroids you will greatly enhance your observing skills.” 

10. http://en.wikipedia.org/wiki/Yarkovsky-O'Keefe-Radzievskii-Paddack_effect Background on the YORP effect

11. http://math.ucr.edu/home/baez/physics/General/LightMill/light-mill.html “In 1873, while investigating infrared radiation and the element thallium, the eminent Victorian experimenter Sir William Crookes developed a special kind of radiometer, an instrument for measuring radiant energy of heat and light.”

Daily tip for science class discussions and groupwork

Several researchers stress the importance of paying more attention to Newton’s Third Law, in order to help pupils appreciate that a force is not a property of an object but forces are characteristic of action between objects. Given pupils’ difficulties in recognising a force of reaction, Minstrell proposes offering ‘bridges’ between prior ideas and science ideas. For example, pupils who did not recognise a reaction between a table and a book resting upon it were led through thinking about a book resting on an outstretched hand, a book resting on a spring and a book on a springy plank, back to a consideration of the book on a table. Such bridging strategies have been found effective in a number of different contexts.

…

From an early age children have an intuitive understanding of moments, as identified by Inhelder and Piaget. When they manipulate a see-saw, for example, they know that a weight further away from the centre has a bigger effect and they know how to achieve balance using different weights on either side of a beam.

Rosalind Driver et al. (1994) Making Sense of Secondary Science. p 150. Routledge, London.
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