[image: image1.jpg]



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: Topics for group discussions, research and pupil presentations. 

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

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

News
Duke University: 19-Oct-2006, EurekAlert

First demonstration of invisibility cloak

A team led by scientists at Duke University's Pratt School of Engineering has demonstrated the first working "invisibility cloak." The cloak pushes microwaves aside so they flow around a hidden object. This makes it seem almost as if nothing is there.

Cloaks that make objects seem invisible to microwaves could have many different applications, say the researchers. These include wireless communications and radar.

The team reported its findings on Thursday, Oct. 19, in Science Express. This is the advance online publication of the journal Science. The research was funded by the Intelligence Community Postdoctoral Fellowship Program.

The researchers made the cloak using "metamaterials". These were precisely arranged in concentric circles that produce particular electromagnetic properties. Metamaterials are artificial composites. They can be made to interact with electromagnetic waves in ways that natural materials cannot. 

The cloak is one of the most elaborate structures yet made from metamaterials, the scientists said. It is the most complete approach to invisibility yet, they added. It might one day be able to hide objects of any size or properties.

Earlier scientific approaches to "invisibility" often reduced the reflection of electromagnetic waves. Or scientists tried to make cloaks with electromagnetic properties that cancelled those of the object to be hidden. But this meant a given cloak could hide only objects like those it was designed for. 

By using complex properties of the metamaterials, the new cloak lets a hidden object plus the cloak seem like empty space, said David R. Smith. He is Augustine Scholar and professor of electrical and computer engineering at Duke University. 

"The cloak reduces both an object's reflection and its shadow, either of which would enable its detection."

The team produced the cloak to specifications from a new theory of how to design them, devised by Sir John Pendry of Imperial College London, in collaboration with the Duke scientists. The scientists reported that work in Science earlier this year.

The principles behind the cloaking design are mathematically rigorous. But they can be applied in a fairly straightforward way using metamaterials, said cloak designer David Schurig. He is a research associate in Duke's electrical and computer engineering department.

Imagine space as a piece of cloth, Schurig said. Then think of pushing a pointed object through the cloth, without breaking any threads. This makes a warping or hole in the space.

“In such a space, light or other electromagnetic waves would be confined to the warped threads and therefore could not interact with, or 'see,' objects placed inside the resulting hole."

The researchers used a mathematical description to develop a design for a cloak that is something like that warped space, he said.

Scientists can’t easily warp space, he went on. “But you can get the same effect on electromagnetic fields using materials with the right response.” These materials are quite complex, but they can be made out of metamaterials.

The properties of natural materials come from their chemistry. But the properties of metamaterials depend on their physical structure. In the case of the new cloak, that structure consists of a series of copper rings and wires. These are patterned onto sheets of fibreglass composite.

The team aimed to simplify design and fabrication in this study. So they set out to make a small cloak, less than five inches across. This would give invisibility in two dimensions, rather than three. 

The cloak includes strips of metamaterial shaped into concentric 2-dimensional rings. This design lets it work with a narrow beam of microwave radiation. The exact patterns of copper elements on their surfaces determine their electromagnetic properties.

The cloak design is unique among metamaterials, the researchers said. In particular its circular shape and internal structure are different from anything done before. All other metamaterials have been based on a cubic or grid design. Most have electromagnetic properties that are uniform.

Unlike other metamaterials, the properties of this cloak have to vary at different parts of it, Smith said. Rather than its material properties being the same everywhere, these vary from point to point in a very specific way.

Achieving that variation in properties “was a fairly significant design effort”, he added.

To test the cloak, the researchers aimed a microwave beam at it. The cloak was placed between two metal plates inside a test chamber. They used a special detecting apparatus to measure the electromagnetic fields that appeared inside and outside the cloak. 

They found that the wave fronts of the beam separated and flowed around the centre of the cloak. "The waves' movement is similar to river water flowing around a smooth rock," Schurig said.

What they saw was in "remarkable agreement" with what a mathematical model of the cloak had led them to expect, the researchers said.

The new cloak demonstrates that the design can work. But the findings are still just a "baby step" on the road to actual applications for invisibility, said team member Steven Cummer. He is a professor of electrical and computer engineering at Duke.

The researchers said they will work on perfecting the cloaking effect. They will try to develop a three-dimensional cloak

The principles used in the new microwave cloak might eventually lead to cloaks that can make objects invisible to the eye. But that remains uncertain, the researchers said.

"It's not yet clear that you're going to get the invisibility that everyone thinks about with Harry Potter's cloak or the Star Trek cloaking device," Smith said.

To make an object literally vanish before a person's eyes, a cloak would have to affect all the wavelengths – i.e. all the different colours – in ordinary light, he said. That would take much more intricate and tiny metamaterial structures, which scientists have yet to devise.

950 words

Flesch reading ease: 49.3

Flesch-Kincaid Grade level: 9.9

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
demonstrated
publicly showed the good qualities of

2
microwaves
short radio waves; electromagnetic waves between 1 millimetre and 1 metre in wavelength

3
application
way of putting to use

4
wireless
without wires

5
communications
ways of passing news and information

6
radar
device that sends out radio waves, and uses their reflection from objects to work out their positions and speeds

7
advance
given out before

8
precisely
exactly

9
arranged
put in a certain order

10
concentric
having the same centre

11
particular
special; distinctive

12
electromagnetic
electric and magnetic

13
property
quality; feature

14
artificial
not natural; made by humans

15
composite
a material made by combining other materials with particular properties

16
interact
affect each another

17
electromagnetic wave
electric and magnetic energy that travels through space at nearly 300,000 kilometres per second. Light, radio and X-rays are types of electromagnetic wave. 

18
natural
existing in the world and not made by humans

19
materials
substances from which something can be made

20
elaborate
having many parts or details; complicated

21
structure
the way something is put together or organised

22
cancel
combine with something so that it disappears

23
design
think up and create plans for

24
complex
having many parts which connect and are hard to separate

25
detection
discovery

26
specifications
detailed description of how to make something

27
theory
in science, a set of ideas and principles used to explain a wide range of observed facts

28
design
the way something is made

29
collaboration
working together

30
rigorous
strictly exact or accurate

31
straightforward
easy, not complicated

32
confined
kept within limits; trapped

33
warp
distort; turn or twist out of shape

34
chemistry
the way substances combine and react with each other

35
patterned
copied according to a pattern

36
pattern
a regular arrangement of lines, shapes, colours etc; a thing to be copied

37
fibreglass
tough material made of thin threads of glass

38
fabrication
construction; putting together

39
dimension
length, breadth or height

40
radiation
particles or waves carrying energy and given out by something

41
determine
work out; decide

42
unique
being the only one of its kind

43
cubic
in the shape of a cube; shaped like dice

44
uniform
the same all over

45
significant
considerable

46
chamber
room or space

47
apparatus
equipment for a particular job

48
literally
exactly as stated

49
intricate
very complicated

50
devise
invent or plan

Activity 1

Mixed-up meanings

Pupils should try to fill the blanks in the final column with the word that matches the meaning. The words needed are listed in the first column, although not in the right order.


Word
Meaning
Word should be

1
rigorous
publicly showed the good qualities of


2
devise
short radio waves; electromagnetic waves between 1 millimetre and 1 metre in wavelength


3
electromagnetic
way of putting to use


4
design
without wires


5
concentric
ways of passing news and information


6
unique
device that sends out radio waves, and uses their reflection from objects to work out their positions and speeds


7
advance
given out before


8
composite
exactly


9
detection
put in a certain order


10
radar
having the same centre


11
apparatus
special; distinctive


12
complex
electric and magnetic


13
chemistry
quality; feature


14
pattern
not natural; made by humans


15
intricate
a material made by combining other materials with particular properties


16
fabrication
affect each another


17
arranged
electric and magnetic energy that travels through space at nearly 300,000 kilometres per second. Light, radio and X-rays are types of electromagnetic wave. 


18
elaborate
existing in the world and not made by humans


19
materials
substances from which something can be made


20
cancel
having many parts or details; complicated


21
theory
the way something is put together or organised


22
confined
combine with something so that it disappears


23
patterned
think up and create plans for


24
precisely
having many parts which connect and are hard to separate


25
particular
discovery


26
straightforward
detailed description of how to make something


27
dimension
in science, a set of ideas and principles used to explain a wide range of observed facts


28
uniform
the way something is made


29
chamber
working together


30
artificial
strictly exact or accurate


31
demonstrated
easy, not complicated


32
design
kept within limits; trapped


33
property
distort; turn or twist out of shape


34
communications
the way substances combine and react with each other


35
determine
copied according to a pattern


36
radiation
a regular arrangement of lines, shapes, colours etc; a thing to be copied


37
structure
tough material made of thin threads of glass


38
interact
construction; putting together


39
literally
length, breadth or height


40
electromagnetic wave
particles or waves carrying energy and given out by something


41
cubic
work out; decide


42
application
being the only one of its kind


43
fibreglass
in the shape of a cube; shaped like dice


44
collaboration
the same all over


45
microwaves
considerable


46
wireless
room or space


47
natural
equipment for a particular job


48
specifications
exactly as stated


49
warp
very complicated


50
significant
invent or plan


Activity 2

Comprehension

1. What does the “invisibility cloak” do to microwaves?

2. How does that make it seem?

3. Name one application of the new cloak.

4. What is the cloak made from?

5. Why did the researchers use these instead of natural materials?

6. In your own words explain one earlier approach to making an invisibility cloak.

7. In what way did that limit what could be done with the cloak?

8. We see any object for two reasons: 1) because light bounces off it into our eyes, and 2) because the object blocks our view of things behind it. Find the sentence by David Smith where he states how the cloak prevents 1) and 2) for microwaves.

9. How did the researchers know exactly how to put their materials together to get an invisibility cloak?

10. When Schurig compares what the scientists have done with pushing a sharp object through a piece of cloth, the threads are the paths taken by electromagnetic waves, while the whole cloth is space itself. What is the pointed object supposed to be?

11. The scientists are not warping space, but they are ------- the paths of the microwaves around the cloak and any object inside it. Fill in the blank.

12.  How does this stop the cloak from blocking the microwaves coming from behind it? (Draw a simple diagram if it helps.)

13. How does it stop microwaves being reflected back from the front of the cloak?

14. Taken together these stop the cloak, and anything inside it, being “seen”. But humans don’t actually see using microwaves. Why do you think the scientists talk about “seeing”, when what they really mean is “detecting using a microwave detector”?

15. How big is the cloak?

16. What does it mean that the cloak is only 2-dimensional?

17. Describe in one sentence what the researchers put together to make the metamaterial used for the cloak.

18. Name two ways in which this cloak differs from anything made before.

19. In one sentence, how did the scientists test the cloak?

20. What they saw was in "remarkable agreement" with what their theory had predicted. Does that prove the theory is correct?

21. What does it do for the theory?

22. The writer says the cloak is “one of the most elaborate structures yet made from metamaterials”, and the “most complete approach to invisibility” yet. But she goes on to say that it “might one day” be able to hide objects of any size or properties. What does that tell you?

23. Why can’t the researchers go back to their labs today and make an invisibility cloak that works with light – a real Harry Potter cloak?

24. How close do you think they are to making one of these?

25. What further research would you like to do if you were these scientists?

Activity 3

Find the missing word

Pupils should try to fill in the blanks using clues from the rest of the sentence. They should make sure the words they choose make sense. 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.

First demonstration of invisibility cloak

A team led by scientists __ Duke University's Pratt School of Engineering has demonstrated the _____ working "invisibility cloak." The cloak pushes microwaves aside so ____ flow around a hidden object. This makes it seem ______ as if nothing is there.

Cloaks that make objects seem _________ to microwaves could have many different applications, say the ___________. These include wireless communications and radar.

The team reported ___ findings on Thursday, Oct. 19, in Science Express. This __ the advance online publication of the journal Science. The ________ was funded by the Intelligence Community Postdoctoral Fellowship Program.

The ___________ made the cloak using "metamaterials". These were precisely arranged __ concentric circles that produce particular electromagnetic properties. Metamaterials are __________ composites. They can be made to interact with electromagnetic _____ in ways that natural materials cannot. 

The cloak is ___ of the most elaborate structures yet made from metamaterials, ___ scientists said. It is the most complete approach to ____________ yet, they added. It might one day be able __ hide objects of any size or properties.

Earlier scientific approaches __ "invisibility" often reduced the reflection of electromagnetic waves. Or __________ tried to make cloaks with electromagnetic properties that cancelled _____ of the object to be hidden. But this meant _ given cloak could hide only objects like those it ___ designed for.

By using complex properties of the metamaterials, the ___ cloak lets a hidden object plus the cloak seem ____ empty space, said David R. Smith. He is Augustine _______ and professor of electrical and computer engineering at Duke __________. 

"The cloak reduces both an object's reflection and ___ shadow, either of which would enable its detection."

The team ________ the cloak to specifications from a new theory of how to design them, _______ by Sir John Pendry of Imperial College London, in _____________ with the Duke scientists. The scientists reported that work __ Science earlier this year.

The principles behind the cloaking design ___ mathematically rigorous. But they can be applied in a ______ straightforward way using metamaterials, said cloak designer David Schurig. __ is a research associate in Duke's electrical and computer ___________ department.

Imagine space as a piece of cloth, Schurig said. ____ think of pushing a pointed object through the cloth, _______ breaking any threads. This makes a warping or hole __ the space.

"In such a space, light or other electromagnetic _____ would be confined to the warped threads and therefore _____ not interact with, or 'see,' objects placed inside the _________ hole."

The researchers used a mathematical description to develop a ______ for a cloak that is something like that warped _____, he said.

Scientists can't easily warp space, he went __. "But you can achieve the same effect on _______________ fields using materials with the right response." These materials ___ quite complex, but they can be made out of _____________.

The properties of natural materials come from their chemistry. ___ the properties of metamaterials depend on their physical structure. __ the case of the new cloak, that structure consists __ a series of copper rings and wires. These are _________ onto sheets of fibreglass composite.

The team aimed to simplify ______ and fabrication in this study. So they set out __ make a small cloak, less than five inches across. ____ would give invisibility in two dimensions, rather than three. 

The cloak includes strips of metamaterial shaped into concentric _____________ rings. This design lets it work with a narrow ____ of microwave radiation. The exact patterns of copper elements __ their surfaces determine their electromagnetic properties.

The cloak design is ______ among metamaterials, the researchers said. In particular its circular _____ and internal structure are different from anything done before. ___ other metamaterials have been based on a cubic or ____ design. Most have electromagnetic properties that are uniform.

Unlike other _____________, the properties of this cloak have to vary __ different parts of it, Smith said. Rather than its material properties being the same everywhere, these vary from point __ point in a very specific way.

Achieving that variation in __________ "was a fairly significant design effort", he added.

To test ___ cloak, the researchers aimed a microwave beam at it. ___ cloak was placed between two metal plates inside a ____ chamber. They used a special detecting apparatus to measure ___ electromagnetic fields that appeared inside and outside the cloak. 

They found that the wave fronts of the beam _________ and flowed around the centre of the cloak. "The ______ movement is similar to river water flowing around a ______ rock," Schurig said.

What they saw was in "remarkable agreement" ____ what a mathematical model of the cloak had led ____ to expect, the researchers said.

The new cloak demonstrates that ___ design can work. But the findings are still just _ "baby step" on the road to actual applications for ____________, said team member Steven Cummer. He is a _________ of electrical and computer engineering at Duke.

The researchers said ____ will work on perfecting the cloaking effect. They will ___ to develop a three-dimensional cloak

The principles used in the ___ microwave cloak might eventually lead to cloaks that can ____ objects invisible to the eye. But that remains uncertain, ___ researchers said.

"It's not yet clear that you're going to ___ the invisibility that everyone thinks about with Harry Potter's _____ or the Star Trek cloaking device," Smith said.

To make __ object literally vanish before a person's eyes, a cloak _____ have to affect all the wavelengths - i.e. all ___ different colours - in ordinary light, he said. That _____ take much more intricate and tiny metamaterial structures, which __________ have yet to devise.

These are all the words that belong in the blanks:
2-dimensional, a, a, All, almost, an, are, are, artificial, at, at, beam, But, cloak, collaboration, could, design, design, devised, electromagnetic, engineering, fairly, first, get, grid, He, in, in, in, In, invisibility, invisibility, invisible, is, its, its, like, make, metamaterials, metamaterials, new, new, of, on, on, one, patterned, produced, professor, properties, research, researchers, researchers, resulting, Scholar, scientists, scientists, separated, shape, smooth, space, test, the, the, The, the, the, the, the, them, Then, they, they, This, those,  to, to, to, to, try, unique, University, was, waves, waves, waves’, with, without, would, would

Answer Key:
First demonstration of invisibility cloak

A team led by scientists at Duke University's Pratt School of Engineering has demonstrated the first working "invisibility cloak." The cloak pushes microwaves aside so they flow around a hidden object. This makes it seem almost as if nothing is there.

Cloaks that make objects seem invisible to microwaves could have many different applications, say the researchers. These include wireless communications and radar.

The team reported its findings on Thursday, Oct. 19, in Science Express. This is the advance online publication of the journal Science. The research was funded by the Intelligence Community Postdoctoral Fellowship Program.

The researchers made the cloak using "metamaterials". These were precisely arranged in concentric circles that produce particular electromagnetic properties. Metamaterials are artificial composites. They can be made to interact with electromagnetic waves in ways that natural materials cannot. 

The cloak is one of the most elaborate structures yet made from metamaterials, the scientists said. It is the most complete approach to invisibility yet, they added. It might one day be able to hide objects of any size or properties.

Earlier scientific approaches to "invisibility" often reduced the reflection of electromagnetic waves. Or scientists tried to make cloaks with electromagnetic properties that cancelled those of the object to be hidden. But this meant a given cloak could hide only objects like those it was designed for.

By using complex properties of the metamaterials, the new cloak lets a hidden object plus the cloak seem like empty space, said David R. Smith. He is Augustine Scholar and professor of electrical and computer engineering at Duke University. 

"The cloak reduces both an object's reflection and its shadow, either of which would enable its detection."

The team produced the cloak to specifications from a new theory of how to design them, devised by Sir John Pendry of Imperial College London, in collaboration with the Duke scientists. The scientists reported that work in Science earlier this year.

The principles behind the cloaking design are mathematically rigorous. But they can be applied in a fairly straightforward way using metamaterials, said cloak designer David Schurig. He is a research associate in Duke's electrical and computer engineering department.

Imagine space as a piece of cloth, Schurig said. Then think of pushing a pointed object through the cloth, without breaking any threads. This makes a warping or hole in the space.

"In such a space, light or other electromagnetic waves would be confined to the warped threads and therefore could not interact with, or 'see,' objects placed inside the resulting hole."

The researchers used a mathematical description to develop a design for a cloak that is something like that warped space, he said.

Scientists can't easily warp space, he went on. "But you can achieve the same effect on electromagnetic fields using materials with the right response." These materials are quite complex, but they can be made out of metamaterials.

The properties of natural materials come from their chemistry. But the properties of metamaterials depend on their physical structure. In the case of the new cloak, that structure consists of a series of copper rings and wires. These are patterned onto sheets of fibreglass composite.

The team aimed to simplify design and fabrication in this study. So they set out to make a small cloak, less than five inches across. This would give invisibility in two dimensions, rather than three. 

The cloak includes strips of metamaterial shaped into concentric 2-dimensional rings. This design lets it work with a narrow beam of microwave radiation. The exact patterns of copper elements on their surfaces determine their electromagnetic properties.

The cloak design is unique among metamaterials, the researchers said. In particular its circular shape and internal structure are different from anything done before. All other metamaterials have been based on a cubic or grid design. Most have electromagnetic properties that are uniform.

Unlike other metamaterials, the properties of this cloak have to vary at different parts of it, Smith said. Rather than its material properties being the same everywhere, these vary from point to point in a very specific way.

Achieving that variation in properties "was a fairly significant design effort", he added.

To test the cloak, the researchers aimed a microwave beam at it. The cloak was placed between two metal plates inside a test chamber. They used a special detecting apparatus to measure the electromagnetic fields that appeared inside and outside the cloak. 

They found that the wave fronts of the beam separated and flowed around the centre of the cloak. "The waves' movement is similar to river water flowing around a smooth rock," Schurig said.

What they saw was in "remarkable agreement" with what a mathematical model of the cloak had led them to expect, the researchers said.

The new cloak demonstrates that the design can work. But the findings are still just a "baby step" on the road to actual applications for invisibility, said team member Steven Cummer. He is a professor of electrical and computer engineering at Duke.

The researchers said they will work on perfecting the cloaking effect. They will try to develop a three-dimensional cloak

The principles used in the new microwave cloak might eventually lead to cloaks that can make objects invisible to the eye. But that remains uncertain, the researchers said.

"It's not yet clear that you're going to get the invisibility that everyone thinks about with Harry Potter's cloak or the Star Trek cloaking device," Smith said.

To make an object literally vanish before a person's eyes, a cloak would have to affect all the wavelengths - i.e. all the different colours - in ordinary light, he said. That would take much more intricate and tiny metamaterial structures, which scientists have yet to devise.

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:

Existing knowledge

Aims of the research

Technology and methods

New findings 

Hypothesis

Prediction

Evidence for hypothesis
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, new findings and predictions can sometimes be a little 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 which can be tested by experiment or observation”.

Answer Key: (This is merely one set of choices. There are many others.)
First demonstration of invisibility cloak

A team led by scientists at Duke University's Pratt School of Engineering has demonstrated the first working "invisibility cloak." The cloak pushes microwaves aside so they flow around a hidden object. This makes it seem almost as if nothing is there.

Cloaks that make objects seem invisible to microwaves could have many different applications, say the researchers. These include wireless communications and radar.

The team reported its findings on Thursday, Oct. 19, in Science Express. This is the advance online publication of the journal Science. The research was funded by the Intelligence Community Postdoctoral Fellowship Program.

The researchers made the cloak using "metamaterials". These were precisely arranged in concentric circles that produce particular electromagnetic properties. Metamaterials are artificial composites. They can be made to interact with electromagnetic waves in ways that natural materials cannot. 

The cloak is one of the most elaborate structures yet made from metamaterials, the scientists said. It is the most complete approach to invisibility yet, they added. It might one day be able to hide objects of any size or properties.
Earlier scientific approaches to "invisibility" often reduced the reflection of electromagnetic waves. Or scientists tried to make cloaks with electromagnetic properties that cancelled those of the object to be hidden. But this meant a given cloak could hide only objects like those it was designed for.

By using complex properties of the metamaterials, the new cloak lets a hidden object plus the cloak seem like empty space, said David R. Smith. He is Augustine Scholar and professor of electrical and computer engineering at Duke University. 

"The cloak reduces both an object's reflection and its shadow, either of which would enable its detection."

The team produced the cloak to specifications from a new theory of how to design them, devised by Sir John Pendry of Imperial College London, in collaboration with the Duke scientists. The scientists reported that work in Science earlier this year.

The principles behind the cloaking design are mathematically rigorous. But they can be applied in a fairly straightforward way using metamaterials, said cloak designer David Schurig. He is a research associate in Duke's electrical and computer engineering department.

Imagine space as a piece of cloth, Schurig said. Then think of pushing a pointed object through the cloth, without breaking any threads. This makes a warping or hole in the space.

“In such a space, light or other electromagnetic waves would be confined to the warped threads and therefore could not interact with, or 'see,' objects placed inside the resulting hole."

The researchers used a mathematical description to develop a design for a cloak that is something like that warped space, he said.

Scientists can’t easily warp space, he went on. “But you can achieve the same effect on electromagnetic fields using materials with the right response.” These materials are quite complex, but they can be made out of metamaterials.

The properties of natural materials come from their chemistry. But the properties of metamaterials depend on their physical structure. In the case of the new cloak, that structure consists of a series of copper rings and wires. These are patterned onto sheets of fibreglass composite.

The team aimed to simplify design and fabrication in this study. So they set out to make a small cloak, less than five inches across. This would give invisibility in two dimensions, rather than three. 

The cloak includes strips of metamaterial shaped into concentric 2-dimensional rings. This design lets it work with a narrow beam of microwave radiation. The exact patterns of copper elements on their surfaces determine their electromagnetic properties.

The cloak design is unique among metamaterials, the researchers said. In particular its circular shape and internal structure are different from anything done before. All other metamaterials have been based on a cubic or grid design. Most have electromagnetic properties that are uniform.

Unlike other metamaterials, the properties of this cloak have to vary at different parts of it, Smith said. Rather than its material properties being the same everywhere, these vary from point to point in a very specific way.
Achieving that variation in properties “was a fairly significant design effort”, he added.

To test the cloak, the researchers aimed a microwave beam at it. The cloak was placed between two metal plates inside a test chamber. They used a special detecting apparatus to measure the electromagnetic fields that appeared inside and outside the cloak. 

They found that the wave fronts of the beam separated and flowed around the centre of the cloak. "The waves' movement is similar to river water flowing around a smooth rock," Schurig said.

What they saw was in "remarkable agreement" with what a mathematical model of the cloak had led them to expect, the researchers said.

The new cloak demonstrates that the design can work. But the findings are still just a "baby step" on the road to actual applications for invisibility, said team member Steven Cummer. He is a professor of electrical and computer engineering at Duke.

The researchers said they will work on perfecting the cloaking effect. They will try to develop a three-dimensional cloak
The principles used in the new microwave cloak might eventually lead to cloaks that can make objects invisible to the eye. But that remains uncertain, the researchers said.

"It's not yet clear that you're going to get the invisibility that everyone thinks about with Harry Potter's cloak or the Star Trek cloaking device," Smith said.

To make an object literally vanish before a person's eyes, a cloak would have to affect all the wavelengths – i.e. all the different colours – in ordinary light, he said. That would take much more intricate and tiny metamaterial structures, which scientists have yet to devise.

Activity 5

Topics for group discussions, research and pupil presentations

Science:

The writer of this article assumes the reader knows how objects are “seen” through light entering our eyes or microwaves entering a detector. But this wasn’t well understood until modern science explained the nature of light. 

Many pupils – and adults – still believe that something goes from the eye to the objects we see, rather than the other way round.

It is not easy to find, on the Web, child-friendly activities or descriptions of how vision actually works that tackle the fundamental misconceptions. Most rapidly get into too much detail about electromagnetic waves or the structure of the eye.

One way to expose the misconceptions is to have pupils work together in small groups to explore the differences between how bats use sonar to get a ‘picture’ of the world and how they and other animals – including humans – see with their eyes. 

There should be an emphasis in this activity on how ways of picturing the world using sound and light waves fundamentally differ. Otherwise some kids’ misconceptions about rays leaving their eyes will simply be reinforced.

One pupil from each group should then present their findings to the class. 

Pupil research might start here:

http://ladywildlife.com/animal/howbatsseeinthedark.html
http://ilil.essortment.com/canbatssee_rcfz.htm
http://www.healthyeyes.org.uk/index.php?id=27
Society:

Should scientists be allowed to do this kind of research, which might eventually lead to an invisibility cloak that worked on light rather than microwaves? Wouldn’t the world become a much more dangerous place if people could become invisible, at the drop of a hat, and do anything they wanted? 

Links to activities, lesson plans, background information

1. http://realmedia.oit.duke.edu/ramgen/news/invisibility.rm A video, available for download, about the invisibility cloaking research.

2. http://news.nationalgeographic.com/news/2006/05/060525-invisibile.html Background on John Pendry’s invisibility design theory. From National Geographic.

3. http://www.ee.duke.edu/~drsmith/neg_ref_home.htm Background on metamaterials. From Duke University.

4. http://www.livescience.com/technology/050228_invisible_shield.html Background by science writer on how invisibility might one day be done with visible light. (“Follow-up research found that plasmons – jittery little waves on the surface of the metal – were snagging light and stuffing it through the holes.”)

5. http://www.teachersdomain.org/6-8/sci/phys/energy/stealth/index.html Designing for stealth. Flash interactive, text and discussion questions on aircraft Stealth technology. From Teachers’ Domain. Free to teachers anywhere, including UK, after simple online registration.

6. http://www.teachersdomain.org/9-12/sci/engin/design/desprocess/index.html Quick-time video on the design process, plus text and questions for discussion. From Teachers’ Domain.

7. http://www.colorado.edu/physics/2000/waves_particles/index.html Interactive tutorial for youngsters on electromagnetic waves, including make your own atom. From Colorado State University.

8. http://can-do.com/uci/ssi2001/emspectrum.html Activities to explore the electromagnetic spectrum.

9. http://school.discovery.com/lessonplans/interact/electromagneticspectrum.swf Interactive electromagnetic spectrum tutorial. From Discovery School.

10. http://spaceplace.nasa.gov/en/kids/chandra.shtml Land of the Magic Windows. “Take a stroll through an imaginary amusement park, and find out how different the universe looks through different observing instruments.” Introduces the electromagnetic spectrum to young children.  From NASA

11. http://aapt.org/Publications/upload/Layman2152.pdf Explore microwaves experimentally.

12. http://www.arts.ufl.edu/art/rt_room/sparkers/camouflage/camouflage.html http://www.arts.ufl.edu/art/rt_room/sparkers/camouflage/history.html Make your own camouflage – aimed at kids.

13. http://www.naturalgear.com/science.asp?Section=Science Learn the principles and laws of camouflage at this commercial site. Once you’ve studied the principles take a look at the images.

14. http://science.howstuffworks.com/animal-camouflage1.htm How camouflage works.

Link to more links

1. http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_astronomy/activities.html Activities across the electromagnetic spectrum. From NASA.

Daily tip for running science class discussions and groupwork

Teachers should set a clear framework for discussions, so that:

· Every member of the group has an opportunity to speak. 

· Views can be aired without interruption. 

· Arguments are criticised – not individuals. 

· There are accepted ways to cool things down. 

· Pupils criticise – constructively – their own beliefs. 

· Pupils look for common ground among opposing views. 

Students should be made to feel safe in the classroom. In their personal lives they can stay silent or walk away from a discussion they don’t like. In school these options are not usually available.






















