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Daily tip for running science class discussions and groupwork.

News
Helsinki: 29 March 2007 

Electric sail 

Space travel is difficult for two main reasons: Very high speeds are needed to get anywhere at all, because space is enormous. And high speeds usually mean high energy and high costs.

But some sources of energy come free or at least very cheap. One of these is solar sails, which use the feather-touch of sunshine on vast sheets of fabric to shift a spaceship.

Another idea is to harness the energy in the solar wind, through its effect on electrically charged wires. This electric sail concept has now been studied in detail by scientists in Finland. Their work has just been published in Annales Geophysicae.

The solar wind consists of high-energy, charged particles thrown out by the sun. These travel across space at speeds from 300-800 kilometers per second. On Earth they power the aurorae, the stunning displays of light in the sky, which have many other names such as the “northern lights”. 

On average the pressure of the solar wind is 2 nano-pascal, which is just a fifth of a gram weight on each square kilometer. (One gram is the weight of a paperclip.)

To use such a weak pressure to propel a spacecraft you need a very large area of sail. Larger than a solid surface can provide. So the electric sail uses the idea of forming an electric field around a thin, charged wire. 

This wire is kept at high voltage by a solar-powered electron gun on board the spacecraft. A 20-km long tether, made of wire thinner than human hair, can fit into a small reel. But it provides a square kilometer of effective area when stretched out in space and charged up. 

In the Annales Geophysicae paper the scientist describe 2-dimensional simulations they ran on a supercomputer. These calculated the thrust per meter of tether length. Different solar wind conditions and tether voltages were studied. The aim was to test if the whole approach could work. 

Theoretical analysis and one-dimensional simulations were used to validate the results.

These show that around 50 nano-newtons force per meter of wire can be achieved in a normal solar wind.

This could accelerate a light spacecraft up to final speeds in the range 50-100 kilometers per second. This is 10 to 20 astronomical units (1AU) a year. One AU is the distance from earth to the sun.

At such high speeds a craft powered by the electric sail could reach Pluto in less than four years. It could fly out of the heliosphere into interstellar space in less than 15 years. 

The electric sail needs no propellant or other consumables. So one of the possible applications is cheap transportation of raw materials. These include water mined from asteroids and used to make fuel for other spaceships.

Janhunen, P. and A. Sandroos, Simulation study of solar wind push on a charged wire: solar wind electric sail propulsion

http://www.electric-sailing.com/paper2.pdf

Annales Geophysicae

http://www.cesr.fr/%7Eanngeo/>/, 25, 3, 2007

450 words

Flesch reading ease: 61

Flesch-Kincaid Grade level: 8.1

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
accelerate
speed up

2
analysis
study of the parts a thing is made of, and how they work together

3
application
way of putting to use

4
asteroid
any of numerous small, often irregularly shaped bodies that orbit the sun

5
aurora
brilliant light display in the sky caused by the solar wind

6
aurorae
plural of aurora

7
average
one number that represents a whole set of numbers. The word usually refers to the arithmetic mean, which is got by adding the values and dividing by how many of them there are.

8
charge
property of particle of matter that means it is attracted or repelled by other particles

9
concept
general idea

10
consumable
something that is used up

11
dimensions
length, breadth and height

12
electron
one of the particles of matter that atoms are made of. Electrons have a negative electric charge.

13
electron gun
device that produces a beam of electrons

14
energy
ability to do work

15
fabric
cloth or other material

16
field
region of space in which a force is felt

17
harness
control and use

18
heliosphere
the volume of space affected by the solar wind. It stretches beyond the orbit of Pluto.

19
interstellar
between the stars

20
nano
one thousand millionth

21
newton
unit of force; about the weight of an apple

22
orbit
move in a curved path around a sun, planet or other object in space

23
particle
a very small piece of matter

24
pascal
unit of pressure; one newton per meter squared

25
pressure
force per unit area

26
propel
push or drive 

27
propellant
rocket fuel

28
simulation
working model, usually on a computer

29
solar
of the sun

30
solar-powered
getting its energy from the sun

31
supercomputer
one of the fastest, most powerful computers around

32
tether
long cable joining two objects together

33
theoretical
using calculations based on theory

34
thrust
the force that makes an object move

35
transportation
way of carrying things from one place to another

36
validate
confirm that a model represents the real world well

37
vast
very great, especially in area

38
voltage
potential difference; energy needed to move a unit of electric charge from one point to another

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
accelerate
one thousand millionth


2
analysis
a very small piece of matter


3
application
push or drive 


4
asteroid
the force that makes an object move


5
aurora
unit of pressure; one newton per meter squared


6
aurorae
very great, especially in area


7
average
move in a curved path around a sun, planet or other object in space


8
charge
something that is used up


9
concept
unit of force; about the weight of an apple


10
consumable
using calculations based on theory


11
dimensions
one of the particles of matter that atoms are made of. Electrons have a negative electric charge.


12
electron
region of space in which a force is felt


13
electron gun
brilliant light display in the sky caused by the solar wind


14
energy
confirm that a model represents the real world well


15
fabric
cloth or other material


16
field
any of numerous small, often irregularly shaped bodies that orbit the sun


17
harness
potential difference; energy needed to move a unit of electric charge from one point to another


18
heliosphere
speed up


19
interstellar
the volume of space affected by the solar wind. It stretches beyond the orbit of Pluto.


20
nano
length, breadth and height


21
newton
one number that represents a whole set of numbers. The word usually refers to the arithmetic mean, which is got by adding the values and dividing by how many of them there are.


22
orbit
one of the fastest, most powerful computers around


23
particle
getting its energy from the sun


24
pascal
way of carrying things from one place to another


25
pressure
ability to do work


26
propel
property of particle of matter that means it is attracted or repelled by other particles


27
propellant
device that produces a beam of electrons


28
simulation
study of the parts a thing is made of, and how they work together


29
solar
way of putting to use


30
solar-powered
of the sun


31
supercomputer
force per unit area


32
tether
between the stars


33
theoretical
rocket fuel


34
thrust
control and use


35
transportation
long cable joining two objects together


36
validate
plural of aurora


37
vast
general idea


38
voltage
working model, usually on a computer


Activity 2

Comprehension 

1. Give two reasons space travel is hard.

2. What is the cost of the fuel for a solar sail?

3. Why is this?

4. What is the solar wind?

5. Where does it come from?

6. At what speed does it travel?

7. What does the solar wind often produce when it hits the Earth’s atmosphere?

8. About how much pressure does the solar wind create at the Earth?

9. With a small pressure like this, what is needed to create a reasonably large force?

10. Can you explain why?

11. Can you think why a solid surface cannot be used for the electric sail?

12. What will be used instead?

13. The wire of the electric sail is thinner than a human hair, but it provides a square kilometer of “effective area”, when charged up. Can you say what this means?

14. Did the scientists actually test an electric sail?

15. What did they do?

16. What was the aim of their research?

17. Did it achieve that aim?

18. What speeds did the research show could be achieved with an electric sail?

19. State one possible application of a spacecraft powered by an electric sail.

20. Can you think of others?

21. It is obvious why this new technology is called electric. But why do you think it is called a sail?

22. The article does not say, but do you think an electric sail has been built yet?

23. Justify your last answer. (This means provide reasons for your 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.

Electric sail 

Space travel is difficult for two main ________ Very high speeds are needed to get anywhere at ___, because space is enormous. And high speeds usually ____ high energy and high costs.

But some sources of energy ____ free or at least very cheap. One of these __ solar sails, which use the feather-touch of sunshine on ____ sheets of fabric to shift a spaceship.

Another idea is __ harness the energy in the solar wind, through its ______ on electrically charged wires. This electric sail concept has ___ been studied in detail by scientists in Finland. Their ____ has just been published in Annales Geophysicae.

The solar wind ________ of high-energy, charged particles thrown out by the sun. _____ travel across space at speeds from 300-800 kilometers per ______. On Earth they power the aurorae, the stunning displays of light in the sky, which have many other names such as the “northern lights”. 

On average ___ pressure of the solar wind is 2 nano-pascal, which __ just a fifth of a gram weight on each ______ kilometer. (One gram is the weight of a paperclip.)

To ___ such a weak pressure to propel a spacecraft you ____ a very large area of sail. Larger than a _____ surface can provide. So the electric sail uses the ____ of forming an electric field around a thin, charged ____. 

This wire is kept at high voltage by _ solar-powered electron gun on board the spacecraft. A 20-km ____ tether, made of wire thinner than human hair, can ___ into a small reel. But it provides a square _________ of effective area when stretched out in space and _______ up. 

In the Annales Geophysicae paper the scientist describe _____________ simulations they ran on a supercomputer. These calculated the ______ per meter of tether length. Different solar wind conditions ___ tether voltages were studied. The aim was to test __ the whole approach could work. 

Theoretical analysis and one-dimensional ___________ were used to validate the results.

These show that around __ nano-newtons force per meter of wire can be achieved __ a normal solar wind.

This could accelerate a light spacecraft __ to final speeds in the range 50-100 kilometers per ______. This is 10 to 20 astronomical units (1AU) _ year. One AU is the distance from earth to ___ sun.

At such high speeds a craft powered by the ________ sail could reach Pluto in less than four years. __ could fly out of the heliosphere into interstellar space __ less than 15 years. 

The electric sail needs no __________ or other consumables. So one of the possible applications __ cheap transportation of raw materials. These include water mined ____ asteroids and used to make fuel for other spaceships.
These are all the words that belong in the blanks:
50, 2-dimensional, a, a, all, and, charged, come, consists, effect, electric, fit, from, idea, if, in, in, is, is, is, It, kilometer, long, mean, need, now, propellant, reasons, second, second, simulations, solid, square, the, the, These, thrust, to, up, use, vast, wire, work

Answer Key:

Electric sail 

Space travel is difficult for two main reasons: Very high speeds are needed to get anywhere at all, because space is enormous. And high speeds usually mean high energy and high costs.

But some sources of energy come free or at least very cheap. One of these is solar sails, which use the feather-touch of sunshine on vast sheets of fabric to shift a spaceship.

Another idea is to harness the energy in the solar wind, through its effect on electrically charged wires. This electric sail concept has now been studied in detail by scientists in Finland. Their work has just been published in Annales Geophysicae.

The solar wind consists of high-energy, charged particles thrown out by the sun. These travel across space at speeds from 300-800 kilometers per second. On Earth they power the aurorae, the stunning displays of light in the sky, which have many other names such as the “northern lights”. 

On average the pressure of the solar wind is 2 nano-pascal, which is just a fifth of a gram weight on each square kilometer. (One gram is the weight of a paperclip.)

To use such a weak pressure to propel a spacecraft you need a very large area of sail. Larger than a solid surface can provide. So the electric sail uses the idea of forming an electric field around a thin, charged wire. 

This wire is kept at high voltage by a solar-powered electron gun on board the spacecraft. A 20-km long tether, made of wire thinner than human hair, can fit into a small reel. But it provides a square kilometer of effective area when stretched out in space and charged up. 

In the Annales Geophysicae paper the scientist describe 2-dimensional simulations they ran on a supercomputer. These calculated the thrust per meter of tether length. Different solar wind conditions and tether voltages were studied. The aim was to test if the whole approach could work. 

Theoretical analysis and one-dimensional simulations were used to validate the results.

These show that around 50 nano-newtons force per meter of wire can be achieved in a normal solar wind.

This could accelerate a light spacecraft up to final speeds in the range 50-100 kilometers per second. This is 10 to 20 astronomical units (1AU) a year. One AU is the distance from earth to the sun.

At such high speeds a craft powered by the electric sail could reach Pluto in less than four years. It could fly out of the heliosphere into interstellar space in less than 15 years. 

The electric sail needs no propellant or other consumables. So one of the possible applications is cheap transportation of raw materials. These include water mined from asteroids and used to make fuel for other spaceships.

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.)

Electric sail 

Space travel is difficult for two main reasons: Very high speeds are needed to get anywhere at all, because space is enormous. And high speeds usually mean high energy and high costs.

But some sources of energy come free or at least very cheap. One of these is solar sails, which use the feather-touch of sunshine on vast sheets of fabric to shift a spaceship.

Another idea is to harness the energy in the solar wind, through its effect on electrically charged wires. This electric sail concept has now been studied in detail by scientists in Finland. Their work has just been published in Annales Geophysicae.

The solar wind consists of high-energy, charged particles thrown out by the sun. These travel across space at speeds from 300-800 kilometers per second. On Earth they power the aurorae, the stunning displays of light in the sky, which have many other names such as the “northern lights”. 

On average the pressure of the solar wind is 2 nano-pascal, which is just a fifth of a gram weight on each square kilometer. (One gram is the weight of a paperclip.)

To use such a weak pressure to propel a spacecraft you need a very large area of sail. Larger than a solid surface can provide. So the electric sail uses the idea of forming an electric field around a thin, charged wire. 

This wire is kept at high voltage by a solar-powered electron gun on board the spacecraft. A 20-km long tether, made of wire thinner than human hair, can fit into a small reel. But it provides a square kilometer of effective area when stretched out in space and charged up. 

In the Annales Geophysicae paper the scientist describe 2-dimensional simulations they ran on a supercomputer. These calculated the thrust per meter of tether length. Different solar wind conditions and tether voltages were studied. The aim was to test if the whole approach could work. 

Theoretical analysis and one-dimensional simulations were used to validate the results.

These show that around 50 nano-newtons force per meter of wire can be achieved in a normal solar wind.

This could accelerate a light spacecraft up to final speeds in the range 50-100 kilometers per second. This is 10 to 20 astronomical units (1AU) a year. One AU is the distance from earth to the sun.

At such high speeds a craft powered by the electric sail could reach Pluto in less than four years. It could fly out of the heliosphere into interstellar space in less than 15 years. 

The electric sail needs no propellant or other consumables. So one of the possible applications is cheap transportation of raw materials. These include water mined from asteroids and used to make fuel for other spaceships.

Activity 5
Topics for group discussion or pupil presentations

1. Students should be asked to research and prepare a presentation on methods of transport on a) Earth, b) around the solar system, and c) between the stars. 

They should aim to be as comprehensive as possible and classify the

methods according to

· source of energy 

· top speed 

· distance achievable

Actual systems should be considered in a), possible and actual in b) and possible in c).

2. The writer says a craft powered by an electric sail could fly out of the heliosphere. But the heliosphere is that part of space affected by the solar wind. So how can a craft powered by the solar wind travel further than the solar wind itself?

3. While Activity 4 can be carried out by students in isolation, it is even more valuable as a basis for group discussion. Thinking about the different types of statement, defending individual choices, and trying to reach agreement as a group provides a great deal of insight into the science of a particular story and the nature of scientific research in general.

Pupils can be asked to study the above story and find every statement of a) existing knowledge and b) new finding. They should do this individually and gather choices in two columns. 

Then in small groups they should compare individual choices, discuss differences and attempt to reach agreement or consensus as a group. 

Links to free activities, resources and lessons

1. http://www.teachersdomain.org/resources/ess05/sci/ess/eiu/solarwind/index.html The Sun produces a solar wind — a continuous flow of charged particles — that can affect us on Earth. It can disrupt communications, navigation systems and satellites, and cause power outages such as the Canadian blackout in 1989. In this video segment adapted from NASA, learn about solar storms and their effects on Earth

2. http://www.centauri-dreams.org/?p=1144 Centauri Dreams is the place to go for the latest news made accessible on all aspects of space travel. This latest posting provides more insight than the press release, but teachers should be careful of letting young kids loose on it, because of an unnecessary bad language in one of the comments.

3. http://science.nasa.gov/newhome/headlines/prop06apr99_2.htm An electric sail has not yet been built. But a related method of propulsion powered the NASA mission Deep Space 1, which did fly. “An ion engine is much the same as what you experience when you pull hot socks out of the clothes dryer on a cold winter day. The socks push away from each other because they are electrostatically charged, and like charges repel.”

4. http://www.pbs.org/wgbh/aso/resources/guide/phyact4index.html Gain a feel for the distances involved in space travel by creating scale models.

5. http://www.nasa.gov/pdf/162502main_Transportation.pdf How do vessel design, navigation, and propulsion affect exploration? This lesson compares vessel design, navigation, and propulsion used by early Jamestown explorers to those used by NASA. Students use maps and coordinate planes to demonstrate the Global Positioning System and to compare 17th-century mapmaking to modern technology. They conduct experiments about sails and other propulsion systems.

6. http://www.solarsails.info/news/index.html Latest news on solar sails.

7. http://www.electric-sailing.com/ Background and animation.

Links to more

http://www.electric-sailing.com/paper2.pdf The paper itself.

Daily tip for science class discussions and groupwork

Sadler observed a lack of understanding both of the relative sizes and the relative distances apart of the Earth, Sun and Moon. Most pupils drew the three the same size or between half or double each other’s diameter, and the Sun and Moon were drawn within one to four Earth diameters away from the Earth. These misconception, Sadler suggests, may be compounded, or indeed caused, by the models used in classrooms or by the diagrams in books, which do not use the true scale for size and distance.

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