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The arrows in the top row of images point to the supernovae. The bottom row shows the host galaxies before or after the stars exploded. The supernovae exploded between 3.5 and 10 billion years ago.

Resources:

1. Science news story.

2. Word bank.

3. Activity 1: Mixed-up meanings.

4. Activity 2: Comprehension.

5. Activity 3: Find the missing word.

6. Activity 4: What kind of statements?

7. Activity 5: Topic for group discussion or pupil presentations. 

8. Links to free activities, lesson plans and background information.

9. Daily tip for running science class discussions and groupwork.

News
Johns Hopkins University: 16-Nov-2006, Eurekalert. 

Dark energy

Scientists have found that dark energy has been around for quite some time. The mysterious force that makes the universe expand faster and faster has been doing so for the greater part of its 13 billion year lifetime.

Adam Riess, a professor at Johns Hopkins University, led the team that made this discovery. They used the Hubble Space Telescope. Over 70% of the total energy in the universe is dark energy, said Riess. “But we know very little about it. So each clue is precious.” 

The new findings from Hubble show that dark energy was already speeding up the expansion of the universe 9 billion years ago. The research team also found that supernovae that were around at that time looked very like those that are around today. 

This is an important finding, say the scientists. It supports the use of supernovae to track the expansion of the universe. 

Supernovae are large stars that reach the end of their lives and explode. They release so much energy that they shine as brightly as 100 million Suns or more, and can be seen right across the universe. 

Light moves fast, but it still takes time to travel. So light from very far away is light that set out a long time ago. To study the effects of dark energy when the universe was young, Hubble had to peer at ancient, distant supernovae.

The aim was to find out how fast the universe was expanding at different times of its life. Riess likens this to watching fireflies on a summer night. These all glow with about the same brightness. So in the backyard, fireflies that seem fainter are fireflies that are further away. 

Ancient supernovae are too distant - and hence too faint - to be studied by even the largest ground-based telescopes. Only Hubble can see them.

The idea of a repulsive force in space was first put forward by Albert Einstein. He called it the cosmological constant. It was needed, he thought, to stop the gravity of stars and galaxies from pulling everything together into a big clump.

But when the expansion of the universe was discovered Einstein realized there was no need for the cosmological constant. He rejected the idea and called it “the biggest blunder of my life”. 

Then in 1998 Riess and other scientists, using observations of distant supernovae from Hubble, showed that space was not just expanding. It was expanding faster and faster as time passed. 

The discovery showed that Einstein might have been right after all. There really did seem to be a repulsive force pushing everything apart. Soon the cause of this force was being called dark energy.

Since that discovery, scientists have been trying to uncover two of dark energy's most fundamental properties. They want to know how strong it is. And they want to know how long it has been around for.

In 2004 Hubble observations of the most distant supernovae known at that time showed that matter had dominated the early universe. Its gravity then was slowing down the universe's expansion, like a ball rolling up a slope. 

That research by Riess and colleagues also showed that the expansion of the universe began to speed up 5 to 6 billion years ago, like a roller coaster zooming down a track. That's when dark energy really kicked in, they believe.

The latest results are from a study of the 24 most distant supernovae known. Most of these were discovered only in the last two years.

Using these the astrophysicists have been able to track the universe's growth spurts. In the same way a parent can track the growth spurts of a child, by looking at her height on a doorframe. Distant supernovae provide the markings on the doorframe. Hubble reads these markings.

“After we subtract the gravity from the known matter in the universe, we can see the dark energy pushing to get out,” said Lou Strolger. He is a supernova hunter on the Riess team. 

The findings will be published in the Feb. 10, 2007, issue of Astrophysical Journal. 

650 words

Flesch reading ease: 64.4

Flesch-Kincaid Grade level: 7.6

Word bank

Pupils will not know some of the words used in the text. Meanings are given below, followed by a table mixed randomly - to provide an exercise in matching words and meanings. 

By tackling this and the exercises that follow - which are known 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
ancient
belonging to the distant past; very old

2
astrophysicist
scientist who studies the physical nature of stars, galaxies and the universe

3
billion
one thousand million

4
constant
a number that doesn't change

5
cosmological
of the whole universe (cosmos is another word for the universe)

6
dominated
had most effect

7
effect
change produced by a cause; a result

8
energy
ability to do work

9
essential
can't be done without

10
expand
grow bigger

11
expansion
process of growing bigger

12
fundamental
basic and essential

13
gravity
force that pulls all objects together

14
mysterious
unable to be explained or understood, puzzling

15
observation
accurate watching and recording; a measurement

16
property
a quality, a characteristic

17
reject
throw away, discard

18
repulsive
pushing away or apart; opposite of attractive

19
spurt
sudden increase

20
supernova
explosive death of a star, which briefly shines as brightly as 100 million Suns or more

21
supernovae
plural of supernova

22
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
ancient
a number that doesn't change


2
astrophysicist
can't be done without


3
billion
force that pulls all objects together


4
constant
throw away, discard


5
cosmological
process of growing bigger


6
dominated
sudden increase


7
effect
belonging to the distant past; very old


8
energy
grow bigger


9
essential
change produced by a cause; a result


10
expand
explosive death of a star, which briefly shines as brightly as 100 million Suns or more


11
expansion
everything that exists, including Earth, the planets, the stars and galaxies, space and energy.


12
fundamental
plural of supernova


13
gravity
basic and essential


14
mysterious
scientist who studies the physical nature of stars, galaxies and the universe


15
observation
one thousand million


16
property
had most effect


17
reject
pushing away or apart; opposite of attractive


18
repulsive
of the whole universe (cosmos is another word for the universe)


19
spurt
accurate watching and recording; a measurement


20
supernova
unable to be explained or understood, puzzling


21
supernovae
ability to do work


22
universe
a quality, a characteristic


Activity 2

Comprehension 

1. What effect does dark energy have on the universe?

2. How old is the universe?

3. What instrument was used for this latest research?

4. How much of the total energy in the universe is thought to be dark energy?

5. What do the new findings from Hubble show about the effect of dark energy in the distant past?

6. What do they show about supernovae in the distant past?

7. In one sentence what is a supernova?

8. If light comes from far away what else can you say about it?

9. Why is this?

10. So if a telescope is seeing a long way in space, it is also seeing a long way back in ____?

11. In what way are supernovae like fireflies?

12. What scientific reason did Einstein have for suggesting the hypothesis of a cosmological constant?

13. What evidence that appeared soon after seemed to show that the cosmological constant was not needed?

14. Can you explain in one sentence how the expansion of the universe means that that the cosmological constant is not needed?

15. Einstein called the cosmological constant “the biggest blunder of my life”. Do you think he was right? Explain your reason for your answer.

16. If the only force acting over long distances in the universe were gravity what do you think would happen to the expansion of the universe as time passed? Would it a) speed up; b) slow down; c) continue unchanged?

17. So what did the scientists conclude when they discovered the expansion of the universe was speeding up?

18. When did dark energy really kick in, according to the results obtained in 2004?

19. But these latest results show it was having an effect much earlier than that. How much earlier?

20. If you were the scientists what questions would you still have about dark energy in the past of the universe?

21. Can you suggest 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.

Dark energy

Scientists have found that dark energy has been ______ for quite some time. The mysterious force that makes ___ universe expand faster and faster has been doing so ___ the greater part of its 13 billion year lifetime.

Adam _____, a professor at Johns Hopkins University, led the ____ that made this discovery. They used the Hubble Space _________. Over 70% of the total energy in the ________ is dark energy, said Riess. “But we know very ______ about it. So each clue is precious.” 

The new _______ from Hubble show that dark energy was already speeding __ the expansion of the universe 9 billion years ago. ___ research team also found that supernovae that were around __ that time looked very like those that are around _____. 

This is an important finding, say the scientists. __ supports the use of supernovae to track the expansion __ the universe. 

Supernovae are large stars that reach the ___ of their lives and explode. They release so much ______ that they shine as brightly as 100 million Suns __ more, and can be seen right across the universe. 

Light moves fast, but it still takes time to ______. So light from very far away is light ____ set out a long time ago. To study the _______ of dark energy when the universe was young, Hubble ___ to peer at ancient, distant supernovae.

The aim was to ____ out how fast the universe was expanding at different _____ of its life. Riess likens this to watching fireflies __ a summer night. These all glow with about the ____ brightness. So in the backyard, fireflies that seem fainter ___ fireflies that are further away. 

Ancient supernovae are too _______ - and hence too faint - to be studied __ even the largest ground-based telescopes. Only Hubble can see ____.

The idea of a repulsive force in space was _____ put forward by Albert Einstein. He called it the ____________ constant. It was needed, he thought, to stop the _______ of stars and galaxies from pulling everything together into _ big clump.

But when the expansion of the universe was __________ Einstein realized there was no need for the cosmological ________. He rejected the idea and called it “the _______ blunder of my life”. 

Then in 1998 Riess and _____ scientists, using observations of distant supernovae from Hubble, showed ____ space was not just expanding. It was expanding faster ___ faster as time passed. 

The discovery showed that Einstein _____ have been right after all. There really did seem to __ a repulsive force pushing everything apart. Soon the cause __ this force was being called dark energy.

Since that discovery, __________ have been trying to uncover two of dark energy's ____ fundamental properties. They want to know how strong it __. And they want to know how long it ___ been around for.

In 2004 Hubble observations of the most _______ supernovae known at that time showed that matter had _________ the early universe. Its gravity then was slowing down ___ universe's expansion, like a ball rolling up a slope. 

That research by Riess and colleagues also showed that ___ expansion of the universe began to speed up 5 __ 6 billion years ago, like a roller coaster zooming ____ a track. That's when dark energy really kicked in, ____ believe.

The latest results are from a study of the __ most distant supernovae known. Most of these were discovered ____ in the last two years.

Using these the astrophysicists have ____ able to track the universe's growth spurts. In the ____ way a parent can track the growth spurts of _ child, by looking at her height on a doorframe. _______ supernovae provide the markings on the doorframe. Hubble reads _____ markings.

“After we subtract the gravity from the known matter __ the universe, we can see the dark energy pushing __ get out,” said Lou Strolger. He is a supernova ______ on the Riess team. 

The findings will be published __ the Feb. 10, 2007, issue of Astrophysical Journal. 

These are all the words that belong in the blanks:
24, a, a, and, are, around, at, be, been, biggest, by, constant, cosmological, discovered, distant, distant, Distant, dominated, down, effects, end, energy, find, findings, first, for, gravity, had, has, hunter, in, in, is, It, little, might, most, of, of, on, only, or, other, Riess, same, same, scientists, team, Telescope, that, that, the, The, the, the, them, these, they, times, to, to, today, travel, universe, up

Answer Key:
Dark energy

Scientists have found that dark energy has been around for quite some time. The mysterious force that makes the universe expand faster and faster has been doing so for the greater part of its 13 billion year lifetime.

Adam Riess, a professor at Johns Hopkins University, led the team that made this discovery. They used the Hubble Space Telescope. Over 70% of the total energy in the universe is dark energy, said Riess. “But we know very little about it. So each clue is precious.” 

The new findings from Hubble show that dark energy was already speeding up the expansion of the universe 9 billion years ago. The research team also found that supernovae that were around at that time looked very like those that are around today. 

This is an important finding, say the scientists. It supports the use of supernovae to track the expansion of the universe. 

Supernovae are large stars that reach the end of their lives and explode. They release so much energy that they shine as brightly as 100 million Suns or more, and can be seen right across the universe. 

Light moves fast, but it still takes time to travel. So light from very far away is light that set out a long time ago. To study the effects of dark energy when the universe was young, Hubble had to peer at ancient, distant supernovae.

The aim was to find out how fast the universe was expanding at different times of its life. Riess likens this to watching fireflies on a summer night. These all glow with about the same brightness. So in the backyard, fireflies that seem fainter are fireflies that are further away. 

Ancient supernovae are too distant - and hence too faint - to be studied by even the largest ground-based telescopes. Only Hubble can see them.

The idea of a repulsive force in space was first put forward by Albert Einstein. He called it the cosmological constant. It was needed, he thought, to stop the gravity of stars and galaxies from pulling everything together into a big clump.

But when the expansion of the universe was discovered Einstein realized there was no need for the cosmological constant. He rejected the idea and called it “the biggest blunder of my life”. 

Then in 1998 Riess and other scientists, using observations of distant supernovae from Hubble, showed that space was not just expanding. It was expanding faster and faster as time passed. 

The discovery showed that Einstein might have been right after all. There really did seem to be a repulsive force pushing everything apart. Soon the cause of this force was being called dark energy.

Since that discovery, scientists have been trying to uncover two of dark energy's most fundamental properties. They want to know how strong it is. And they want to know how long it has been around for.

In 2004 Hubble observations of the most distant supernovae known at that time showed that matter had dominated the early universe. Its gravity then was slowing down the universe's expansion, like a ball rolling up a slope. 

That research by Riess and colleagues also showed that the expansion of the universe began to speed up 5 to 6 billion years ago, like a roller coaster zooming down a track. That's when dark energy really kicked in, they believe.

The latest results are from a study of the 24 most distant supernovae known. Most of these were discovered only in the last two years.

Using these the astrophysicists have been able to track the universe's growth spurts. In the same way a parent can track the growth spurts of a child, by looking at her height on a doorframe. Distant supernovae provide the markings on the doorframe. Hubble reads these markings.

“After we subtract the gravity from the known matter in the universe, we can see the dark energy pushing to get out,” said Lou Strolger. He is a supernova hunter on the Riess team. 

The findings will be published in the Feb. 10, 2007, issue of Astrophysical Journal. 

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 of 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.)
Dark energy

Scientists have found that dark energy has been around for quite some time. The mysterious force that makes the universe expand faster and faster has been doing so for the greater part of its 13 billion year lifetime.

Adam Riess, a professor at Johns Hopkins University, led the team that made this discovery. They used the Hubble Space Telescope. Over 70% of the total energy in the universe is dark energy, said Riess. “But we know very little about it. So each clue is precious.” 

The new findings from Hubble show that dark energy was already speeding up the expansion of the universe 9 billion years ago. The research team also found that supernovae that were around at that time looked very like those that are around today. 

This is an important finding, say the scientists. It supports the use of supernovae to track the expansion of the universe. 

Supernovae are large stars that reach the end of their lives and explode. They release so much energy that they shine as brightly as 100 million Suns or more, and can be seen right across the universe. 

Light moves fast, but it still takes time to travel. So light from very far away is light that set out a long time ago. To study the effects of dark energy when the universe was young, Hubble had to peer at ancient, distant supernovae.

The aim was to find out how fast the universe was expanding at different times of its life. Riess likens this to watching fireflies on a summer night. These all glow with about the same brightness. So in the backyard, fireflies that seem fainter are fireflies that are further away. 

Ancient supernovae are too distant - and hence too faint - to be studied by even the largest ground-based telescopes. Only Hubble can see them.
The idea of a repulsive force in space was first put forward by Albert Einstein. He called it the cosmological constant. It was needed, he thought, to stop the gravity of stars and galaxies from pulling everything together into a big clump.

But when the expansion of the universe was discovered Einstein realized there was no need for the cosmological constant. He rejected the idea and called it “the biggest blunder of my life”. 

Then in 1998 Riess and other scientists, using observations of distant supernovae from Hubble, showed that space was not just expanding. It was expanding faster and faster as time passed. 

The discovery showed that Einstein might have been right after all. There really did seem to be a repulsive force pushing everything apart. Soon the cause of this force was being called dark energy.

Since that discovery, scientists have been trying to uncover two of dark energy's most fundamental properties. They want to know how strong it is. And they want to know how long it has been around for.

In 2004 Hubble observations of the most distant supernovae known at that time showed that matter had dominated the early universe. Its gravity then was slowing down the universe's expansion, like a ball rolling up a slope. 

That research by Riess and colleagues also showed that the expansion of the universe began to speed up 5 to 6 billion years ago, like a roller coaster zooming down a track. That's when dark energy really kicked in, they believe.

The latest results are from a study of the 24 most distant supernovae known. Most of these were discovered only in the last two years.

Using these the astrophysicists have been able to track the universe's growth spurts. In the same way a parent can track the growth spurts of a child, by looking at her height on a doorframe. Distant supernovae provide the markings on the doorframe. Hubble reads these markings.

“After we subtract the gravity from the known matter in the universe, we can see the dark energy pushing to get out,” said Lou Strolger. He is a supernova hunter on the Riess team. 

The findings will be published in the Feb. 10, 2007, issue of Astrophysical Journal. 

Activity 5
Topic for group discussion or pupil presentations

The Hubble Space Telescope (HST) is in orbit above the Earth's atmosphere. This means it can see much deeper into space and further back in time than ground-based telescopes. 

The HST has obtained stunning images and greatly improved our understanding of the structure and evolution of the universe, (see http://hubblesite.org/gallery)

But the cost has been around $6 billion - that is $6,000,000,000 - spread over 30 years.

Question for discussion: Is it worth spending that amount of money on a project that improves our understanding of the universe, when it does not in any obvious way improve the condition of people on Earth?

Useful starting points for information:

www.astrophys-assist.com/educate/hubble/hubble.htm “Spread out over its ten years of development and twenty years of operation, however, the cost is negligible - 'about two cents per week per American taxpayer over that period of time.'“

www.space.com/news/hubble_cost_991206.html “What do a McDonalds Happy Meal, a gallon of high-octane gasoline and a large Starbucks coffee have in common? They all cost more than an American taxpayer spends each year on NASA's Hubble Space Telescope.”

http://news.scotsman.com/index.cfm?id=696472004 “Study claims new Forth bridge could cost more than £1bn.”

www.nytimes.com/2006/11/02/arts/design/02drip.html?ex=1320123600&en=53ef078e6646b854&ei=5090&partner=rssuserland&emc=rss
“The Hollywood entertainment magnate David Geffen has sold a classic drip painting by Jackson Pollock for about $140 million…”

http://news.bbc.co.uk/1/hi/scotland/4861580.stm “Eleven new schools - including a Gaelic primary - will be constructed after Highland Council confirmed the region's biggest ever building program.  The schools will be built over the next three years at a cost of £134m.”

http://news.bbc.co.uk/1/hi/england/shropshire/4285757.stm “New hospital will cost about £70m Shropshire's new psychiatric hospital will cost nearly £70m, and be funded by a private finance initiative, it has been announced.” 

Links to free activities, lesson plans and background information.

1. http://hubblesite.org/newscenter/archive/releases/2006/52/astrofile/ Concise background information on the new results. NASA.

2. http://hubblesite.org/newscenter/archive/releases/2004/12/ Concise background on dark energy. NASA

3. http://hubblesite.org/newscenter/archive/releases/2004/12/video/ Three brief downloadable videos showing the effects of dark energy on the universe. NASA.

4. http://hubblesite.org/newscenter/archive/releases/2001/09/video/g/ Animation of supernova explosion. Downloadable video. NASA.

5. http://hubblesite.org/newscenter/archive/releases/2001/09/video/ Collection of relevant resources including recorded interview with Riess.

6. www.teachersdomain.org/resources/phy03/sci/phys/matter/nova2/index.html Supernova explosion. Flash interactive and text. Teacher's Domain. Simple registration required.

7. www.teachersdomain.org/resources/phy03/sci/phys/fund/expand/index.html Gravity and the expanding universe. Video and text. Teacher's Domain. Simple registration required.

8. www.teachersdomain.org/resources/phy03/sci/phys/fund/unihist/index.html Interactive timeline of the universe. Shockwave. Teacher's Domain. Simple registration required. 

9. http://skyserver.sdss.org/edr/en/proj/basic/universe/ “Follow in Hubble's footsteps to discover the expansion of the universe.” Detailed and interactive. Sloan Digital Sky Survey.

Daily tip for running science class discussions and groupwork

From Running Small Group Discussions in 21st Century Science. Nuffield Curriculum Centre:

“When you set up a group discussion task it needs to be clear and tightly focused. It could be in the form of a dilemma, such as: 'Should Marie let her fiancé know that she is a carrier for cystic fibrosis? What are the reasons for telling him? What are the reasons for not telling him? What would you do in her situation?' or it could be a question such as: 'What difference would it make if water boiled at 20°C?' Stimuli for discussions could be video clips, newspaper headlines or advertisements, a small radio news item, and concept cartoons.

You also need to make it clear to the group what a desirable outcome would look like, e.g. a role-play which includes two reasons why Marie feels she should tell her boyfriend that she is a CF carrier, two reasons why she does not feel she could tell him, and a final decision. Or it could be a poster showing examples of changes if water did boil at room temperature.

To further ensure students remain on task and productive there should be a time limit for outcomes. This will depend on the task and the maturity and level of attainment of the class. But students begin to become bored of even the most enthralling activities after about 30 minutes. If you are running group discussions for the first time keep the time short with focused tasks and simple outcomes.”
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