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· Activity 3: Find the missing word.
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· 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
Glasgow University: 18-Apr-2007 
Meet the nanonauts 

Tiny, shape-shifting devices that are carried on the wind like dust, but are smart enough to communicate, fly in formation and take scientific measurements. Sounds like science fiction? Not at all, say engineers at the University of Glasgow, who are designing a new breed of planet explorers. 

Smart dust particles contain a computer chip one millimetre across. This is surrounded by a polymer sheath that a small voltage can make wrinkled or smooth. 

Roughening the surface makes the drag on the smart dust particle increase and it floats higher in the air. Smoothing out the surface causes the particle to sink. Simulations show that by switching between rough and smooth, the smart dust particles can hop towards a target.

Professor John Barker will talk about possible applications of smart dust at the RAS National Astronomy Meeting in Preston today, 18 April. “The concept of using smart dust swarms for planetary exploration has been talked about for some time,” he said. 

“But this is the first time anyone has looked at how it could actually be achieved. Computer chips of the size and sophistication needed to make a smart dust particle now exist.” 

He and his team are studying a variety of polymers to find one that can give a large deformation for a small voltage, he added.

Smart dust particles would use wireless to communicate with each other and form swarms, Professor Barker explains. Most particles in the swarm can only talk to their nearest neighbours. But a few can communicate at much longer distances. 

“In our simulations we’ve shown that a swarm of 50 smart dust particles can organise themselves into a star formation, even in turbulent winds. 

“The ability to fly in formation means that the smart dust could form a phased array. It would then be possible to process information between the distributed computer chips, and collectively beam a signal back to an orbiting spacecraft.”

For smart dust to explore a planet, the particles need to carry sensors. Today’s chemical sensors are too big for the thin Martian atmosphere. This could only support particles the size of sand grains.

But the atmosphere of Venus is much denser. It could carry smart sensors up to a few centimetres in size. “Scientific studies could theoretically be carried out on Venus using the technology we have now,” says Professor Barker. 

“However miniaturisation is coming on rapidly.”

By 2020 chips will be available with components just a few nanometres across, he said. “This means our smart particles would behave more like macro-molecules diffusing through an atmosphere, rather than dust grains.”

The Glasgow group believes it will be some years before smart dust is ready to be launched into space. “We are still at an early stage, working on simulations and components,” said Professor Barker. “We have a lot of obstacles to overcome before we are even ready to physically test our designs. 

“However, the potential applications of smart dust for space exploration are very exciting. Our first close-up studies of extra-solar planets could come from a smart dust swarm delivered to another solar system by ion drive.”

500 words

Flesch reading ease: 55

Flesch-Kincaid Grade level: 9.4

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
application
way of putting to use

2
array
orderly arrangement

3
atmosphere
the mixture of gases that surround a planet

4
attract
draw towards

5
collectively
acting together

6
communicate
pass news and information

7
component
one of the parts that something is made of

8
concept
general idea

9
deformation
changing shape

10
device
something made for a special purpose

11
distributed
spread out

12
electric charge
property of particle of matter that means it is attracted or repelled by other particles

13
energy
ability to do work

14
extra-solar planets
planets in orbit around other suns

15
formation
pattern or arrangement

16
ion
electrically charged particle

17
ion drive
spacecraft engine that electrically forces material backwards to make the craft move forwards (in the same way as rockets chemically force material backwards to make them move forwards)

18
macro-molecule
very large molecule

19
miniaturisation
making very small

20
model
a set of equations that can be solved, usually on a computer, to learn how something behaves. Short for “mathematical model”.

21
molecule
the smallest part of a substance that can exist; made of two or more atoms linked together

22
nanometre
one thousand millionth of a metre

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

24
particle
small piece of matter

25
phased
moving together at the same time

26
planet
one of the large bodies, like the Earth, that move around the sun

27
planetary
of or about a planet 

28
polymer
substance whose molecule is made of a large number of simpler molecules joined together

29
potential
possible

30
process
follow a computer program to do things to data that make it more useful

31
repel
push away

32
sensor
instrument that detects something, such as heat, light or sound

33
sheath
a close-fitting cover

34
simulation
working model, usually on a computer

35
sophistication
cleverness

36
turbulent
containing vortices, eddies and swirls; not smoothly flowing

37
unit
physical quantity of a standard size. The kilogram is a unit of mass; the coulomb is a unit of electric charge; the second is a unit of time; and so on.

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
application
something made for a special purpose


2
array
changing shape


3
atmosphere
orderly arrangement


4
attract
planets in orbit around other suns


5
collectively
possible


6
communicate
draw towards


7
component
very large molecule


8
concept
a set of equations that can be solved, usually on a computer, to learn how something behaves. Short for “mathematical model”.


9
deformation
cleverness


10
device
containing vortices, eddies and swirls; not smoothly flowing


11
distributed
instrument that detects something, such as heat, light or sound


12
electric charge
pass news and information


13
energy
general idea


14
extra-solar planets
working model, usually on a computer


15
formation
one of the large bodies, like the Earth, that move around the sun


16
ion
physical quantity of a standard size. The kilogram is a unit of mass; the coulomb is a unit of electric charge; the second is a unit of time; and so on.


17
ion drive
one of the parts that something is made of


18
macro-molecule
follow a computer program to do things to data that make it more useful


19
miniaturisation
the mixture of gases that surround a planet


20
model
the smallest part of a substance that can exist; made of two or more atoms linked together


21
molecule
electrically charged particle


22
nanometre
making very small


23
orbiting
way of putting to use


24
particle
acting together


25
phased
moving in a curved path around a sun, planet or other object in space


26
planet
small piece of matter


27
planetary
a close-fitting cover


28
polymer
spread out


29
potential
ability to do work


30
process
property of particle of matter that means it is attracted or repelled by other particles


31
repel
spacecraft engine that electrically forces material backwards to make the craft move forwards (in the same way as rockets chemically force material backwards to make them move forwards)


32
sensor
pattern or arrangement


33
sheath
one thousand millionth of a metre


34
simulation
push away


35
sophistication
moving together at the same time


36
turbulent
of or about a planet 


37
unit
substance whose molecule is made of a large number of simpler molecules joined together


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


Activity 2

Comprehension 

1. What do smart dust particles contain?

2. What surrounds this?

3. What is used to make the surface of the dust particle wrinkled or smooth?

4. When the surface is rough what happens to its flight through the air?

5. When the surface is smooth what happens to its flight through the air?

6. So how does the smart dust particle get from one place to another?

7. The story says “simulations show …”. That means the scientists have been studying how smart dust behaves on a computer. Can you think why they didn’t just do experiments on smart dust particles?

8. Using smart dust to explore other planets has been talked about for a while, says Professor Barker. But what had no one done before now?

9. What is different in being able to make smart dust now from say ten years ago?

10. Besides computer simulations what else have the Glasgow scientists been doing?

11. The scientists are looking for a material that can give a large deformation for a small voltage. Why would a small deformation for a large voltage not be anything like as useful?

12. Why do the particles need to be able to communicate with each other?

13. If the particles fly in a pattern that keeps its shape (a “phased array”), they are able to process information like a computer. What else are they able to do by acting together? 

14. Besides a little computer, a tiny communication device and smart skin, what else does each particle need to have to explore a planet?

15. Which planet could be explored already with smart dust carrying existing sensors?

16. Why can the other planet mentioned not yet be explored with smart dust carrying existing sensors?

17. What improvements in the technology mean this will change in the fairly near future?

18. How will that affect the way smart dust particles actually move?

19. Besides exploring planets think of as many other possible applications of smart dust as you can.

20. Which of these do you think will happen in your lifetime?

21. Explain why you think some will happen and others won’t.

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.

Meet the nanonauts 

Tiny, shape-shifting devices that are carried __ the wind like dust, but are smart enough to ___________, fly in formation and take scientific measurements. Sounds ____ science fiction? Not at all, say engineers at the __________ of Glasgow, who are designing a new breed of ______ explorers. 

Smart dust particles contain a computer chip one __________ across. This is surrounded by a polymer sheath that _ small voltage can make wrinkled or smooth. 

Roughening the _______ makes the drag on the smart dust particle increase ___ it floats higher in the air. Smoothing out the _______ causes the particle to sink. Simulations show that by _________ between rough and smooth, the smart dust particles can ___ towards a target.

Professor John Barker will talk about possible ____________ of smart dust at the RAS National Astronomy Meeting __ Preston today, 18 April. "The concept of using smart ____ swarms for planetary exploration has been talked about for ____ time," he said. 

"But this is the first time ______ has looked at how it could actually be achieved. ________ chips of the size and sophistication needed to make _ smart dust particle now exist." 

He and his team ___ studying a variety of polymers to find one that ___ give a large deformation for a small voltage, he _____.

Smart dust particles would use wireless to communicate with ____ other and form swarms, Professor Barker explains. Most particles __ the swarm can only talk to their nearest neighbors. ___ a few can communicate at much longer distances. 

"In ___ simulations we've shown that a swarm of 50 smart ____ particles can organize themselves into a star formation, even __ turbulent winds. 

"The ability to fly in formation means ____ the smart dust could form a phased array. It _____ then be possible to process information between the distributed ________ chips, and collectively beam a signal back to an ________ spacecraft."

For smart dust to explore a planet, the particles ____ to carry sensors. Today's chemical sensors are too big ___ the thin Martian atmosphere. This could only support particles ___ size of sand grains.

But the atmosphere of Venus is ____ denser. It could carry smart sensors up to a ___ centimetres in size. "Scientific studies could theoretically be carried ___ on Venus using the technology we have now," says _________ Barker. 

"However miniaturization is coming on rapidly."

By 2020 chips ____ be available with components just a few nanometres across, __ said. "This means our smart particles would behave more ____ macro-molecules diffusing through an atmosphere, rather than dust grains."

The _______ group believes it will be some years before smart ____ is ready to be launched into space. "We are _____ at an early stage, working on simulations and components," ____ Professor Barker. "We have a lot of obstacles to ________ before we are even ready to physically test our _______. 

"However, the potential applications of smart dust for _____ exploration are very exciting. Our first close-up studies of ___________ planets could come from a smart dust swarm delivered __ another solar system by ion drive."

These are all the words that belong in the blanks:
a, a, added, and, anyone, applications, are, But, can, communicate, Computer, computer, designs, dust, dust, dust, each, extra-solar, few, for, Glasgow, he, hop, in, in, in, like, like, millimetre, much, need, on, orbiting, our, out, overcome, planet, Professor, said, some, space, still, surface, surface, switching, that, the, to, University, will, would

Answer Key:

Meet the nanonauts 

Tiny, shape-shifting devices that are carried on the wind like dust, but are smart enough to communicate, fly in formation and take scientific measurements. Sounds like science fiction? Not at all, say engineers at the University of Glasgow, who are designing a new breed of planet explorers. 

Smart dust particles contain a computer chip one millimetre across. This is surrounded by a polymer sheath that a small voltage can make wrinkled or smooth. 

Roughening the surface makes the drag on the smart dust particle increase and it floats higher in the air. Smoothing out the surface causes the particle to sink. Simulations show that by switching between rough and smooth, the smart dust particles can hop towards a target.

Professor John Barker will talk about possible applications of smart dust at the RAS National Astronomy Meeting in Preston today, 18 April. "The concept of using smart dust swarms for planetary exploration has been talked about for some time," he said. 

"But this is the first time anyone has looked at how it could actually be achieved. Computer chips of the size and sophistication needed to make a smart dust particle now exist." 

He and his team are studying a variety of polymers to find one that can give a large deformation for a small voltage, he added.

Smart dust particles would use wireless to communicate with each other and form swarms, Professor Barker explains. Most particles in the swarm can only talk to their nearest neighbors. But a few can communicate at much longer distances. 

"In our simulations we've shown that a swarm of 50 smart dust particles can organize themselves into a star formation, even in turbulent winds. 

"The ability to fly in formation means that the smart dust could form a phased array. It would then be possible to process information between the distributed computer chips, and collectively beam a signal back to an orbiting spacecraft."

For smart dust to explore a planet, the particles need to carry sensors. Today's chemical sensors are too big for the thin Martian atmosphere. This could only support particles the size of sand grains.

But the atmosphere of Venus is much denser. It could carry smart sensors up to a few centimetres in size. "Scientific studies could theoretically be carried out on Venus using the technology we have now," says Professor Barker. 

"However miniaturization is coming on rapidly."

By 2020 chips will be available with components just a few nanometres across, he said. "This means our smart particles would behave more like macro-molecules diffusing through an atmosphere, rather than dust grains."

The Glasgow group believes it will be some years before smart dust is ready to be launched into space. "We are still at an early stage, working on simulations and components," said Professor Barker. "We have a lot of obstacles to overcome before we are even ready to physically test our designs. 

"However, the potential applications of smart dust for space exploration are very exciting. Our first close-up studies of extra-solar planets could come from a smart dust swarm delivered to another solar system by ion drive."

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 agonise 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.)

Meet the nanonauts 

Tiny, shape-shifting devices that are carried on the wind like dust, but are smart enough to communicate, fly in formation and take scientific measurements. Sounds like science fiction? Not at all, say engineers at the University of Glasgow, who are designing a new breed of planet explorers. 

Smart dust particles contain a computer chip one millimetre across. This is surrounded by a polymer sheath that a small voltage can make wrinkled or smooth. 

Roughening the surface makes the drag on the smart dust particle increase and it floats higher in the air. Smoothing out the surface causes the particle to sink. Simulations show that by switching between rough and smooth, the smart dust particles can hop towards a target.

Professor John Barker will talk about possible applications of smart dust at the RAS National Astronomy Meeting in Preston today, 18 April. “The concept of using smart dust swarms for planetary exploration has been talked about for some time,” he said. 

“But this is the first time anyone has looked at how it could actually be achieved. Computer chips of the size and sophistication needed to make a smart dust particle now exist.” 

He and his team are studying a variety of polymers to find one that can give a large deformation for a small voltage, he added.

Smart dust particles would use wireless to communicate with each other and form swarms, Professor Barker explains. Most particles in the swarm can only talk to their nearest neighbours. But a few can communicate at much longer distances. 

“In our simulations we’ve shown that a swarm of 50 smart dust particles can organise themselves into a star formation, even in turbulent winds. 

“The ability to fly in formation means that the smart dust could form a phased array. It would then be possible to process information between the distributed computer chips, and collectively beam a signal back to an orbiting spacecraft.”

For smart dust to explore a planet, the particles need to carry sensors. Today’s chemical sensors are too big for the thin Martian atmosphere. This could only support particles the size of sand grains.

But the atmosphere of Venus is much denser. It could carry smart sensors up to a few centimetres in size. “Scientific studies could theoretically be carried out on Venus using the technology we have now,” says Professor Barker. 

“However miniaturisation is coming on rapidly.”

By 2020 chips will be available with components just a few nanometres across, he said. “This means our smart particles would behave more like macro-molecules diffusing through an atmosphere, rather than dust grains.”

The Glasgow group believes it will be some years before smart dust is ready to be launched into space. “We are still at an early stage, working on simulations and components,” said Professor Barker. “We have a lot of obstacles to overcome before we are even ready to physically test our designs. 

“However, the potential applications of smart dust for space exploration are very exciting. Our first close-up studies of extra-solar planets could come from a smart dust swarm delivered to another solar system by ion drive.”

Activity 5
Topics for group discussion or pupil presentations

1. Figuring out exactly what scientists have been doing on the basis of news stories is often quite difficult. A useful starting point is the previous activity, which asks students to classify the different types of statement in a story. In groups students should perform this activity looking for all the occurrences of just two types of statement: a) technology and methods, and b) new findings or developments. They should then try to answer the following questions: 

In as much detail as possible, what do these Glasgow scientists actually do when they come into work each day? 

How has what they have been doing made the manufacture of smart dust more likely?

2. In groups, students should assess the merits of manned versus unmanned space exploration. Human spaceflight is costly, dangerous, and a complete waste of time and money, say critics. Supporters point out that the urge to explore is part of what makes us human. The key difference between people and robots (including smart dust) in space is that we care about people. It is hard to identify with the adventures of dust, no matter how smart it might be. So space exploration needs people up there to win support and funding from governments and the general unscientific public. Discuss.

3. One of the most astonishing sights in nature is a flock of starlings at evening-time, flying in formation, swooping and swirling in mesmerising patterns that seem to be controlled by just one mind. It’s one example of a phenomenon called emergent behaviour, which is quite widespread in the natural world. (See for example http://evolutionofcomputing.org/Multicellular/Emergence.html) The scientists in this story are aiming to exploit the emergent behaviour of smart dust particles. 

Students should find as many examples in the natural world as they can, and prepare a short presentation which touches on how one controlling mind can seem to appear when individuals communicate only with their nearest neighbours. 

Links to free activities, resources and lessons

This story is about science just beyond the limits of today’s technology, so the Web offers few relevant classroom activities. The following is a set of sources of accessible information on smart dust and its applications.

1. http://userweb.elec.gla.ac.uk/j/jbarker/sd.html Professor Barker on smart dust research at Glasgow University. Includes entries on space applications, shape changing and the analogy with blown sand.

2. http://science.nasa.gov/headlines/y2002/06dec_dunes.htm City-swallowing sand dunes. Nice illustrated story and audio of how particles of sand move by a method known as saltation. This is the most likely mode of travel for the first generation of smart dust.

3. http://userweb.elec.gla.ac.uk/j/jbarker/sdd1b.htm “Swarms of smart dust might be packed into nose cones of planetary probes and subsequently ejected into the atmosphere of a planet where they would be carried by the wind. For a planet such as Mars smart dust motes would each be of the size of a grain of sand.” From Professor Barker’s website.

4. http://robotics.eecs.berkeley.edu/~pister/SmartDust/ Notes and thoughts on a smart dust project at Berkeley.

5. http://www.dustnetworks.com/flash-index.shtml Website of a company set up to commercialise smart dust.

6. http://userweb.elec.gla.ac.uk/j/jbarker/sdd1c.htm “We have considered the collective movement of motes towards a target located in a portion of the Martian surface that extends over a range of several kilometres.” Professor Barker again.

7. http://www.specknet.org/ The Smart dust project. “Smart dust was developed by Kris Pister, Joe Kahn, Bernhard Boser at the University of Berkley, California, between 1998 and 2001 with the aim of demonstrating a complete sensor/communication system that can be integrated into a cubic millimetre package.” Glasgow University is a member of a large consortium dealing with a practical variant called Smart Specks.

Daily tip for science class discussions and groupwork

Listening to each other is not merely a matter of being quiet when another person speaks; listening requires a response to what is being said. Teachers could develop procedural guidelines to give structure to group talk so that children become used to questioning and challenging each other. The consistency in performance of one group in the study suggests that the children may have developed certain ground rules for the argumentation process, as they knew how to work together collaboratively. The inconsistent performance shown by other groups suggests that although they were capable of high levels of argumentation, they had no such ground rules. If children are able to scaffold small-group discussions themselves then the teacher input could be directed towards children who are not yet capable of doing this.

Simon, S. and Maloney, J. (2007) Activities for promoting small group discussion and argumentation. School Science Review,  88 (324), pp. 49-57 
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