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Resources

· Science news story.

· Word bank.

· Activity 1: Mixed-up meanings.

· Activity 2: Comprehension.

· Activity 3: Find the missing word.

· Activity 4: What kind of statements?

· Activity 5: Topics for discussion, research or presentation.

News

University College London: 11-Jul-2007 13:00 Eastern US Time
Water, water everywhere

Scientists have found water on the planet of another star. This is the first time this key substance for living things has been found on an extrasolar planet. 

More than 200 extrasolar planets have been discovered so far. These are planets in orbit around a star, in the same way as our Earth is in orbit around the sun.  

Extrasolar planets don't usually have interesting names like Venus or Pluto. This one is called HD 189733b. It orbits a star in the constellation of Vulpecula the Fox. It is 64 light years away from us. 

HD 189733b is a “transiting planet”. This means it passes in front of its star. As transiting planets do this they absorb light from their star. 

Different substances absorb different colors of light. So scientists can study the light that comes through their telescopes and discover what the planet's atmosphere is made of.

The team of scientists who discovered water on HD 189733b was led by Dr Giovanna Tinetti. She is a scientist at the European Space Agency and University College, London. The findings will be published in this week’s Nature (July 12). 

This is the first time that astronomers have been sure there is water on an extrasolar planet. Unfortunately the water is not lying around in puddles in great lakes and oceans full of alien fish and seabirds. We know this because HD 189733b is very hot indeed. So water there is in the form of water vapor in the atmosphere of the planet.

HD 189733b is far from being habitable, says Dr Tinetti, who recently took up an Aurora Fellowship at UCL. In fact it is quite hostile to life. But the new discovery shows that water might be more common out there than scientists thought. 

It also shows something very important for future work, she says. The same method Dr Tinetti and her colleagues used to detect water on HD 189733b "can be used in the future to study more ‘life-friendly’ environments.”

NASA’s Spitzer Earth-orbiting telescope was used to make the discovery. The scientists made measurements at a number of key wavelengths. These were in the infrared part of the spectrum. It is these wavelengths that water vapor absorbs. 

The detection relied on Dr Tinetti’s painstaking analysis. It also relied on calculation of very accurate water absorption parameters. Dr Bob Barber and Professor Jonathan Tennyson did this. They are in UCL’s Department of Physics & Astronomy.

Dr Barber said: “The absorption parameters were calculated from our Barber-Tennyson list of water vapor spectral lines. This includes over 500 million individual absorption features."

Each of these is like a fingerprint, he added. They provide "vital clues to the amount of water present and the temperature of the atmosphere.”

Parts of the atmosphere of HD 189733b are very hot – around 2000 degrees Celsius, said Professor Tennyson. He is head of UCL’s Physics & Astronomy Department. "You need the millions of lines we calculated to simulate this."

HD 189733 is a star much like our own Sun, although a little cooler. But its planet is very unlike Earth. It is a gas giant like Saturn and Jupiter, the largest planet in our solar system. It is actually 15% bigger than Jupiter.

The main difference between our gas giants and HD 189733b is distance from their parent sun. Jupiter is over five times as far away from the Sun as Earth is. But HD 189733b is more than 30 times closer to its star than Earth is to the Sun. This is why HD 189733b is so much hotter than Jupiter.

The "holy grail" for planet-hunters is to find a planet like Earth that has water in its atmosphere, said Dr Tinetti. "When it happens, that discovery will provide real evidence that planets outside our Solar System might harbor life. 

"Finding the existence of water on an extrasolar gas giant is a vital milestone along that road of discovery.”
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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
absorbs
takes in; stops from passing through

2
accurate
without error

3
analysis
study of the parts something is made of, and how they work together

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

5
atmosphere
the mixture of gases that surrounds a planet

6
common
ordinary, usual

7
confirm
show something is true

8
constellation
any of 88 groups of stars that seem to form patterns in the sky

9
detection
discovery

10
environments
all the things such as air, water, temperature, pressure that affect living things

11
evidence
reason to believe something

12
existence
being there

13
extrasolar
outside the solar system

14
features
noticeable parts

15
gas giant
large planet made mostly of gas that has no solid surface

16
habitable
people could live there

17
harbor
support, shelter

18
hostile
unfriendly

19
individual
single or separate

20
infrared
invisible electromagnetic waves, lying between red light and microwaves

21
light year
distance light travels in one year in empty space; roughly 6 million million miles

22
milestone
important event

23
orbiting
moving in a curved path around a sun, planet or other object in space

24
orbits
moves in a curved path around a sun, planet or other object in space

25
painstaking
very careful and thorough

26
parameters
quantities that are given numbers in a formula

27
planet
large body of rock or gas in orbit around a star or our sun

28
published
printed and sold

29
signature
a feature that identifies something

30
simulate
run a model, usually on a computer, to see what happens

31
Solar System
the sun and all the planets, moons, asteroids, comets, lumps of rock and dust in orbit around it

32
spectral lines
dark lines showing where light of certain colors has been absorbed

33
spectrum
the complete range of electromagnetic waves - radio, TV, microwaves, infrared, visible light, ultraviolet, X- and gamma-rays

34
temperature
a measure of hotness or coldness

35
transiting
passing across

36
vapor
gas (technically the only difference between a vapor and a gas is that a vapor can be turned to liquid by pressure alone, without lowering the temperature)

37
vital
very important

38
wavelengths
distance from one peak to another

39
electromagnetic waves
electric and magnetic energy that travels through space at nearly 300,000 kilometres per second. Light, radio and X-rays electromagnetic waves.  

40
feature
noticeable part

41
identifies
marks out as a certain person or thing

42
microwaves
short radio waves; electromagnetic waves between 1 millimetre and 1 metre in wavelength

43
model
a set of equations that can be solved, usually on a computer, to learn how something behaves. Short for “mathematical model”.

44
universe
everything that exists, including Earth, the planets, the stars and galaxies, space and energy.

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 necessarily 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
absorbs
invisible electromagnetic waves, lying between red light and microwaves


2
accurate
very important


3
analysis
a set of equations that can be solved, usually on a computer, to learn how something behaves. Short for “mathematical model”.


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


5
atmosphere
ordinary, usual


6
common
electric and magnetic energy that travels through space at nearly 300,000 kilometres per second. Light, radio and X-rays electromagnetic waves.  


7
confirm
noticeable part


8
constellation
study of the parts something is made of, and how they work together


9
detection
any of 88 groups of stars that seem to form patterns in the sky


10
environments
the complete range of electromagnetic waves - radio, TV, microwaves, infrared, visible light, ultraviolet, X- and gamma-rays


11
evidence
quantities that are given numbers in a formula


12
existence
being there


13
extrasolar
unfriendly


14
features
moving in a curved path around a sun, planet or other object in space


15
gas giant
run a model, usually on a computer, to see what happens


16
habitable
takes in; stops from passing through


17
harbor
passing across


18
hostile
show something is true


19
individual
support, shelter


20
infrared
a measure of hotness or coldness


21
light year
everything that exists, including Earth, the planets, the stars and galaxies, space and energy.


22
milestone
the mixture of gases that surrounds a planet


23
orbiting
people could live there


24
orbits
reason to believe something


25
painstaking
discovery


26
parameters
all the things such as air, water, temperature, pressure that affect living things


27
planet
moves in a curved path around a sun, planet or other object in space


28
published
without error


29
signature
large planet made mostly of gas that has no solid surface


30
simulate
a feature that identifies something


31
Solar System
outside the solar system


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


33
spectrum
distance from one peak to another


34
temperature
marks out as a certain person or thing


35
transiting
distance light travels in one year in empty space; roughly 6 million million miles


36
vapor
single or separate


37
vital
very careful and thorough


38
wavelengths
short radio waves; electromagnetic waves between 1 millimetre and 1 metre in wavelength


39
electromagnetic waves
large body of rock or gas in orbit around a star or our sun


40
feature
important event


41
identifies
gas (technically the only difference between a vapor and a gas is that a vapor can be turned to liquid by pressure alone, without lowering the temperature)


42
microwaves
noticeable parts


43
model
printed and sold


44
universe
dark lines showing where light of certain colors has been absorbed


Activity 2

Comprehension 

1 What have the scientists discovered?

2 What is an extrasolar planet?

3 What is the name of the extrasolar planet that has water on it?

4 How far away from us is this planet?

5 What does a transiting planet do to light from its star?

6 So scientists can study this light to find out which colors are missing. This tells them what substances have -------- the light.

7 Is the water on this planet lying around as a liquid?

8 What form is it in?

9 Could people live on HD 189733b?

10 What phrase from the article gave you the answer to the last question?

11 This discovery does not show there could be life on HD 189733b. But it does show two things. State one of them.

12 Which part of the electromagnetic spectrum were the scientists particularly interested in?

13 In your own words and one sentence explain why.

14 There were two main parts to the work that led to this discovery. One was to collect light from the star using the ------- telescope.

15 Then the scientists had to study this light to see what "colors" or wavelengths it contained - more importantly which ones were missing because they had been absorbed. Was this second part easy or difficult?

16 Which word in the story helped you to answer the last question?

17 Dr Barber mentions two other things about the planet - apart from water vapor being there - that can be learned from the light. What are they?

18 In what way is HD 189733b like Jupiter?

19 In what way is HD 189733b unlike Jupiter?

20 HD 189733 and HD 189733b are names for two different things. Look at where these names are used in the story and explain what each of them means. 

21 In one sentence explain why astronomers are so interested in finding water on other planets.

22 If you were these scientists what work would you like to do next?
23 What question would that research be trying to answer?
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.

Water, water everywhere

Scientists have found water on the planet __ another star. This is the first time this key _________ for living things has been found on an extrasolar planet. 
More than 200 extrasolar planets have ____ discovered so far. These are planets in orbit around _ star, in the same way as our Earth is __ orbit around the sun.  

Extrasolar planets don't usually ____ interesting names like Venus or Pluto. This one is ______ HD 189733b. It orbits a star in the constellation __ Vulpecula the Fox. It is 64 light years away ____ us. 

HD 189733b is a "transiting planet". This means __ passes in front of its star. __ transiting planets do this they absorb light from their ____. 

Different substances absorb different colors of light. So __________ can study the light that comes through their telescopes ___ discover what the planet's atmosphere is made of.

The team of __________ who discovered water on HD 189733b was led by __ Giovanna Tinetti. She is a scientist at the European _____ Agency and University College, London. The findings will be _________ in this week's Nature (July 12). 

This is the _____ time that astronomers have been sure there is water __ an extrasolar planet. Unfortunately the water is not lying ______ in puddles, in great lakes and oceans full of _____ fish and seabirds. We know this because HD 189733b __ very hot indeed. So water there is in the ____ of water vapor in the atmosphere of the planet.

HD _______ is far from being habitable, says Dr Tinetti, who ________ took up an Aurora Fellowship at UCL. In fact __ is quite hostile to life. But the new discovery _____ that water might be more common out there than __________ thought. 

It also shows something very important for future ____, she says. The same method Dr Tinetti and ___ colleagues used to detect water on HD 189733b "can __ used in the future to study more 'life-friendly' environments."

NASA's _______ Earth-orbiting telescope was used to make the discovery. The __________ made measurements at a number of key wavelengths. These ____ in the infrared part of the spectrum. It is _____ wavelengths that water vapor absorbs. 

The detection relied on __ Tinetti's painstaking analysis. It also relied on calculation of ____ accurate water absorption parameters. Dr Bob Barber and Professor ________ Tennyson did this. They are in UCL's Department of _______ & Astronomy.

Dr Barber said: "The absorption parameters were calculated ____ our Barber-Tennyson list of water vapor spectral lines. This ________ over 500 million individual absorption features."

Each of these is ____ a fingerprint, he added. They provide "vital clues to ___ amount of water present and the temperature of the __________."

Parts of the atmosphere of HD 189733b are very ___ - around 2000 degrees Celsius, said Professor Tennyson. He __ head of UCL's Physics & Astronomy Department. "You need ___ millions of lines we calculated to simulate this."

HD 189733 __ a star much like our own Sun, although a ______ cooler. But its planet is very unlike Earth. It __ a gas giant like Saturn and Jupiter, the largest ______ in our solar system. It is actually 15% bigger ____ Jupiter.

The main difference between our gas giants and HD _______ is distance from their parent sun. Jupiter is over ____ times as far away from the Sun as Earth __. But HD 189733b is more than 30 times ______ to its star than Earth is to the Sun. ____ is why HD 189733b is so much hotter than _______.

The "holy grail" for planet-hunters is to find a ______ like Earth that has water in its atmosphere, said __ Tinetti. "When it happens, that discovery will provide real ________ that planets outside our Solar System might harbor life. 

"Finding the existence of water on an extrasolar gas _____ is a vital milestone along that road of discovery."

These are all the words that belong in the blanks:

189733b, 189733b, a, alien, and, around, As, atmosphere, be, been, called, closer, Dr, Dr, Dr, evidence, first, five, form, from, from, giant, have, her, hot, in, includes, is, is, is, is, is, it, it, Jonathan, Jupiter, like, little, of, of, on, Physics, planet, planet, published, recently, scientists, scientists, scientists, scientists, shows, Space, Spitzer, star, substance, than, the, the, these, This, very, were, work

Answer Key:

Water, water everywhere

Scientists have found water on the planet of another star. This is the first time this key substance for living things has been found on an extrasolar planet. 

. 

More than 200 extrasolar planets have been discovered so far. These are planets in orbit around a star, in the same way as our Earth is in orbit around the sun.  

Extrasolar planets don't usually have interesting names like Venus or Pluto. This one is called HD 189733b. It orbits a star in the constellation of Vulpecula the Fox. It is 64 light years away from us. 

HD 189733b is a "transiting planet". This means it passes in front of its star. As transiting planets do this they absorb light from their star. 

Different substances absorb different colors of light. So scientists can study the light that comes through their telescopes and discover what the planet's atmosphere is made of.

The team of scientists who discovered water on HD 189733b was led by Dr Giovanna Tinetti. She is a scientist at the European Space Agency and University College, London. The findings will be published in this week's Nature (July 12). 

This is the first time that astronomers have been sure there is water on an extrasolar planet. Unfortunately the water is not lying around in puddles in great lakes and oceans full of alien fish and seabirds. We know this because HD 189733b is very hot indeed. So water there is in the form of water vapor in the atmosphere of the planet.

HD 189733b is far from being habitable, says Dr Tinetti, who recently took up an Aurora Fellowship at UCL. In fact it is quite hostile to life. But the new discovery shows that water might be more common out there than scientists thought. 

It also shows something very important for future work, she says. The same method Dr Tinetti and her colleagues used to detect water on HD 189733b "can be used in the future to study more 'life-friendly' environments."

NASA's Spitzer Earth-orbiting telescope was used to make the discovery. The scientists made measurements at a number of key wavelengths. These were in the infrared part of the spectrum. It is these wavelengths that water vapor absorbs. 

The detection relied on Dr Tinetti's painstaking analysis. It also relied on calculation of very accurate water absorption parameters. Dr Bob Barber and Professor Jonathan Tennyson did this. They are in UCL's Department of Physics & Astronomy.

Dr Barber said: "The absorption parameters were calculated from our Barber-Tennyson list of water vapor spectral lines. This includes over 500 million individual absorption features."

Each of these is like a fingerprint, he added. They provide "vital clues to the amount of water present and the temperature of the atmosphere."

Parts of the atmosphere of HD 189733b are very hot - around 2000 degrees Celsius, said Professor Tennyson. He is head of UCL's Physics & Astronomy Department. "You need the millions of lines we calculated to simulate this."

HD 189733 is a star much like our own Sun, although a little cooler. But its planet is very unlike Earth. It is a gas giant like Saturn and Jupiter, the largest planet in our solar system. It is actually 15% bigger than Jupiter.

The main difference between our gas giants and HD 189733b is distance from their parent sun. Jupiter is over five times as far away from the Sun as Earth is. But HD 189733b is more than 30 times closer to its star than Earth is to the Sun. This is why HD 189733b is so much hotter than Jupiter.

The "holy grail" for planet-hunters is to find a planet like Earth that has water in its atmosphere, said Dr Tinetti. "When it happens, that discovery will provide real evidence that planets outside our Solar System might harbor life. 

"Finding the existence of water on an extrasolar gas giant is a vital milestone along that road of discovery."

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, implications 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.)

Scientists have found water on the planet of another star. This is the first time this key substance for living things has been found on an extrasolar planet. 

More than 200 extrasolar planets have been discovered so far. These are planets in orbit around a star, in the same way as our Earth is in orbit around the sun.  

Extrasolar planets don't usually have interesting names like Venus or Pluto. This one is called HD 189733b. It orbits a star in the constellation of Vulpecula the Fox. It is 64 light years away from us. 

HD 189733b is a “transiting planet”. This means it passes in front of its star. As transiting planets do this they absorb light from their star. 

Different substances absorb different colors of light. So scientists can study the light that comes through their telescopes and discover what the planet's atmosphere is made of.
The team of scientists who discovered water on HD 189733b was led by Dr Giovanna Tinetti. She is a scientist at the European Space Agency and University College, London. The findings will be published in this week’s Nature (July 12). 

This is the first time that astronomers have been sure there is water on an extrasolar planet. Unfortunately the water is not lying around in puddles in great lakes and oceans full of alien fish and seabirds. We know this because HD 189733b is very hot indeed. So water there is in the form of water vapor in the atmosphere of the planet.
HD 189733b is far from being habitable, says Dr Tinetti, who recently took up an Aurora Fellowship at UCL. In fact it is quite hostile to life. But the new discovery shows that water might be more common out there than scientists thought. 

It also shows something very important for future work, she says. The same method Dr Tinetti and her colleagues used to detect water on HD 189733b "can be used in the future to study more ‘life-friendly’ environments.”
NASA’s Spitzer Earth-orbiting telescope was used to make the discovery. The scientists made measurements at a number of key wavelengths. These were in the infrared part of the spectrum. It is these wavelengths that water vapor absorbs. 

The detection relied on Dr Tinetti’s painstaking analysis. It also relied on calculation of very accurate water absorption parameters. Dr Bob Barber and Professor Jonathan Tennyson did this. They are in UCL’s Department of Physics & Astronomy.

Dr Barber said: “The absorption parameters were calculated from our Barber-Tennyson list of water vapor spectral lines. This includes over 500 million individual absorption features."

Each of these is like a fingerprint, he added. They provide "vital clues to the amount of water present and the temperature of the atmosphere.”
Parts of the atmosphere of HD 189733b are very hot – around 2000 degrees Celsius, said Professor Tennyson. He is head of UCL’s Physics & Astronomy Department. "You need the millions of lines we calculated to simulate this."

HD 189733 is a star much like our own Sun, although a little cooler. But its planet is very unlike Earth. It is a gas giant like Saturn and Jupiter, the largest planet in our solar system. It is actually 15% bigger than Jupiter.

The main difference between our gas giants and HD 189733b is distance from their parent sun. Jupiter is over five times as far away from the Sun as Earth is. But HD 189733b is more than 30 times closer to its star than Earth is to the Sun. This is why HD 189733b is so much hotter than Jupiter.

The "holy grail" for planet-hunters is to find a planet like Earth that has water in its atmosphere, said Dr Tinetti. "When it happens, that discovery will provide real evidence that planets outside our Solar System might harbor life. 

"Finding the existence of water on an extrasolar gas giant is a vital milestone along that road of discovery.”
Topic for discussion, research or pupil presentations
A) I chatted to Dr Tinetti about her research earlier this summer, when she first came to London looking for somewhere to live while working at University College. After explaining her approach to searching for life on exoplanets – in which she develops computer models of planetary atmospheres and compares them with observations – she tried to answer a harder question: "Do you think there is life on other planets?"

Working in groups, students should listen to the short audio extract of this part of our talk at www.realscience.org.uk/tinettiextract.mp3

During the rest of the interview, which lasted over an hour, Dr Tinetti talked confidently about the scientific methods she and her colleagues are using – analysis, modelling, calculations, making observations of exoplanets. But in this extract she suddenly starts using a particular phrase that makes her sound very hesitant.

Working in groups students should try to find that phrase, and count the number of times Dr Tinetti uses it or some variant of it. They should then try to decide why the scientist seems so unwilling to be definite when tackling this one question.

The clue, which the teacher might point groups to as necessary, comes right at the end of the recording.

B) More activities: 

Teachers’ Domain has an appealing set of interactive resources on the search for extraterrestrial life (1), the Spitzer Space Telescope and infrared astronomy (2), astronomy at different wavelengths (3), and the importance of water to life (4). These are pulled together in a comprehensive lesson plan on what makes a habitable planet (5). 

A teacher or school needs to register to access some of these, but this is a simple process at www.teachersdomain.org
1)www.teachersdomain.org/resources/ess05/sci/ess/eiu/planetsearch/index.html
2)www.teachersdomain.org/resources/ess05/sci/ess/eiu/irorigins/index.html

3)www.teachersdomain.org/resources/phy03/sci/ess/eiu/chandra/index.html

4)www.teachersdomain.org/resources/ess05/sci/ess/watcyc/lifeessential/index.html

5)www.teachersdomain.org/resources/ess05/sci/ess/eiu/lp_habitplanet/index.html

C) Centauri Dreams is probably the best place on the Web for news and informed opinion on exploring the stars and the prospects of finding life on other planets. www.centauri-dreams.org

Tips for science class discussions and groupwork 
No 55

Science inquiry is typically a collaborative activity and as such involves teams of students in discussing, planning, and conducting investigations together and in sharing responsibilities for talking, reading, writing, and other kinds of presentations. Communication, therefore, plays a major role in science inquiry, and language is one of its central elements. In science inquiry, however, communication involves simultaneous use of other forms such as pictorial and numerical representations. Teams of science inquirers talk about and write their questions, their tentative explanations, their plans, their data, their conclusions, and their reasons and judgements about relationships between evidence and explanations, and about how they make public presentations and scientific arguments in behalf of their work. It is in the context of this kind of scientific activity that students' literacy of the spoken and written word develops along with literacy of the phenomenon. It is also in relation to direct experiences in scientific investigations that words acquire nuances or "negotiated meanings"; inevitably, those meanings differ from meanings conveyed by the same words in ordinary speech. 


Extract from Douglas, R. (ed.) et al. (2006) Linking Science & Literacy in the K-9 Classroom. Arlington: NSTA Press.
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