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News
Science: 21-Dec-2006 14:00 Eastern US Time, Eurekalert. 

Science's breakthrough of the year. 

Researchers closed a major chapter in mathematics in 2006. The elusive Poincaré Conjecture was finally solved. 

Science and its publisher AAAS now salute this development as the Breakthrough of the Year. They also list nine more of the year's most important scientific achievements. This Top 10 appears in the journal's 22 December 2006 issue.

Henri Poincaré first put forward his conjecture over 100 years ago, in 1904. It is part of a branch of mathematics called topology. 

This is also known as “rubber sheet geometry”. Mathematicians who specialize in topology - topologists - study the properties of objects that do not change if they are bent or stretched. Only tearing is not allowed. 

Topology is an important field of mathematics in itself. But it also underpins much of modern science, especially physics - from elementary particles, to black holes and the nature of space and time. 

A lot of modern science can be explained in simple English - although the methods can be hard to understand. But in pure mathematics even the results are often obscure to non-experts.

To mathematicians the Poincaré Conjecture goes like this. “A simply connected three-dimensional compact manifold is topologically equivalent to a 3-sphere.”

Non-mathematicians can understand this by thinking first of 2-dimensional spaces. These come in many forms. Think for example of the surface of a ball. It has no edges but it does not go on forever.

Now picture the surface of a doughnut. It also has no edges - mathematicians say it is “unbounded”. And it also does not go on forever. But a doughnut is topologically different from a ball. We can see this by a simple test.

Draw a circle anywhere on the surface of a ball - which mathematicians call a “sphere”. Now shrink the circle smaller and smaller until it becomes a point.

We can do this anywhere on the surface of a sphere, no matter how big the circle is to start with. Mathematicians say “you can't lasso a sphere.”

Now try the same thing on a doughnut - which mathematicians call a “torus”. We find that some circles on a torus can be shrunk to a point. But not all. The hole in the middle stops them. 

This means that a torus is different from a sphere - topologically different. Now think of the surface of a handbag or a vase with two handles. These are the same as each other. But they are different from the surface of a sphere, and from the surface of a doughnut. No amount of bending and stretching can turn a vase with two handles into a doughnut.

So the sphere, the torus and the two-handled vase are the first members of a whole family of basic 2-dimensional surfaces. These are different from each other in simple terms because they have different numbers of holes.

Any 2-dimensional surface that has no edges and does not go on forever belongs somewhere in this family. This means that any 2-D surface can be stretched or bent to become one of these basic shapes - ball, doughnut, two-handled vase...

So the surface of a Christmas parcel, a lump of coal and a TV set are all topologically the same as the surface of a sphere. A coffee mug and a briefcase are topologically the same as a doughnut. And so on.

In two dimensions everything is understood. But not in three. The lasso trick is still useful though. 

Suppose we have a 3-D space that has no edges, but does not go on forever. Take a closed loop and see if you can shrink it to a point. This works every time if the space is a 3-sphere. 

(A 3-sphere is the three-dimensional version of the surface of a sphere. You can't picture it, but it's a perfectly respectable mathematical object in 4-dimensional space.)

Just as in two dimensions, shrinking the loop won't work with every closed loop if the space is a 3-torus, or an object with even more holes.

So once again we get a whole family of spaces. But in three dimensions there is a large gap in our knowledge right at the start. Or there was. Nobody knew until this year whether the sphere was the only 3-space in which all closed loops can be shrunk to a point.

This is the Poincaré Conjecture: If all closed loops can be shrunk to a point in a 3-D space with no boundary that does not go on forever, the space must be a 3-sphere.

This has been fiendishly difficult to prove. In the year 2000, the Clay Mathematics Institute named the Poincaré Conjecture as one of its million-dollar “Millennium Prize” problems.

Russian mathematician Grigori Perelman worked away on his own for seven years. In 2002 he posted on the Internet the first of three papers that outlined a proof of the Conjecture.

The work set experts abuzz. There were still lots of gaps to be filled. Mathematicians were not sure if the Conjecture had been proved. Then after a visit to the USA in 2003, the reclusive mathematician returned to Russia and stopped replying to phone calls and emails. 

Other mathematicians were left to decide themselves if Perelman had truly solved the Poincaré Conjecture.

By 2006, the others finally caught up. Three separate teams wrote papers that filled in key details of Perelman's proof. There was little doubt now among his colleagues that he had solved the famous problem. 

This summer, the International Mathematics Union decided to award Perelman the Fields Medal, the “Nobel prize of mathematics”. 

The other achievements in Science's Top Ten are, in no particular order:

Pulling DNA out of fossils. Using new techniques for analyzing DNA, researchers captured genetic information from Neanderthal and mammoth fossils. 

Shrinking ice sheets. Researchers discovered a very worrying trend this year. The Antarctic and Greenland ice sheets are losing ice at faster and faster rates.

Fishy first steps. The discovery of a fossil fish with sturdy, jointed fins made a big splash in 2006. This fish is the closest known relative of vertebrates with legs. It provides a window into how life left the oceans and started crawling and walking on land.

The science of invisibility. It looks nothing like Harry Potter's magical cape. But the invisibility cloak that scientists developed this year is the first rudimentary device for shielding objects from view. The device guides microwaves around an object so that it produces no reflection and no shadow.

Hope for macular degeneration patients. Researchers who study vision loss showed that the drug ranibizumab improves vision in some patients. They identified several genes that affect a person's chance of getting the disease.

How biodiversity happens. Beach mice, fruit flies, butterflies - a variety of animals helped scientists uncover genetic changes that lead to evolution of new species.

New frontiers in microscopy. Biologists used new microscope techniques to see details smaller than 200 nanometers. This gives a clearer view of the fine structure of cells and proteins.

Making memories. Several discoveries in 2006 brought scientists closer to understanding how the brain records new memories. 

New class of small RNAs. Scientists discovered a new class of small RNA molecules that shut down gene expression.

Breakdown of the year - scientific fraud. Woo Suk Hwang and his colleagues published two papers in Science in 2006 that seemed to be a huge breakthrough in stem cell research. But they were a fraud. 

Areas to watch. Science's predictions for hot fields and topics in the upcoming year include whole-genome studies, optical lattices, earthlike planets around other stars, and comparisons of primate genomes.

1200 words

Flesch reading ease: 62

Flesch-Kincaid Grade level: 7.6

Word bank

Pupils will not know some of the words used in the text. Meanings are given below, followed by 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
achievement
something gained by effort

2
analyze
study the parts something is made of, and how they work together

3
biodiversity
the number and variety of living things

4
cell
the building block of all living things except viruses

5
conception
fertilization of egg by sperm

6
conjecture
an educated guess

7
deteriorate
get worse

8
DNA
giant molecule that contains the genes - short for deoxyribonucleic acid

9
electromagnetic wave
electric and magnetic energy that travels through space at nearly 300,000 kilometers per second. Light, radio and X-rays are types of electromagnetic waves.

10
elusive
deliberately hard to find

11
evolution
the way living things alter over time through small changes in each generation that help an individual to survive and produce more healthy young than others of the same species

12
fertile
able to produce young

13
fertilization
joining of male and female cells to form a new cell that can become a new plant or animal

14
fiendishly
extremely

15
fossil
cast or remains of an animal or plant found in rock

16
gene
tiny parts of animal and plant cells that control what is inherited. A gene is a section of DNA that does a particular job.

17
gene expression
the process of making a protein from a gene. Every cell contains a full set of genes, but different genes are expressed in different parts of the body, and at different times.

18
genetic
to do with the genes

19
genome
the full set of genes

20
inherit
get from parents at conception

21
macular degeneration
the commonest form of blindness, which happens as the eye gradually deteriorates with age

22
major
very important

23
microwave
a short radio wave; an electromagnetic wave between 1 millimeter and 1 meter in wavelength

24
molecule
the smallest part of a substance that can exist; made of two or more atoms joined together

25
nanometer
one thousand millionth of a meter

26
obscure
not clear; difficult to understand

27
primate
apes, monkeys and humans

28
property
a quality, a characteristic

29
protein
one of many substances that are the building blocks of living cells

30
reclusive
living alone and avoiding people

31
RNA
large molecule that plays a number of important roles in a cell, especially in gene expression; short for ribonucleic acid

32
rudimentary
not fully developed

33
specialize
be an expert in one subject

34
species
group of individuals that are alike and can breed together to produce fertile young

35
sperm
the male cell that can join with an egg to produce new life

36
stem cell
special cell that can develop into a number of different types of cells

37
structure
the way something is put together or organized

38
surface
a two-dimensional shape

39
trend
general direction

40
underpin
support in an important way

41
vertebrate
any of the animals (mammals, birds, reptiles, amphibians, fish) that have a backbone made of separate smaller bones (called vertebrae)

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, randomly mixed, 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
sperm
something gained by effort


2
stem cell
study the parts something is made of, and how they work together


3
macular degeneration
the number and variety of living things


4
rudimentary
the building block of all living things except viruses


5
fiendishly
fertilization of egg by sperm


6
species
an educated guess


7
molecule
get worse


8
structure
giant molecule that contains the genes - short for deoxyribonucleic acid


9
major
electric and magnetic energy that travels through space at nearly 300,000 kilometers per second. Light, radio and X-rays are types of electromagnetic waves.


10
DNA
deliberately hard to find


11
electromagnetic wave
the way living things alter over time through small changes in each generation that help an individual to survive and produce more healthy young than others of the same species


12
gene
able to produce young


13
conjecture
joining of male and female cells to form a new cell that can become a new plant or animal


14
fossil
extremely


15
reclusive
cast or remains of an animal or plant found in rock


16
conception
tiny parts of animal and plant cells that control what is inherited. A gene is a section of DNA that does a particular job.


17
protein
the process of making a protein from a gene. Every cell contains a full set of genes, but different genes are expressed in different parts of the body, and at different times.


18
deteriorate
to do with the genes


19
genetic
the full set of genes


20
fertilization
get from parents at conception


21
achievement
the commonest form of blindness, which happens as the eye gradually deteriorates with age


22
nanometer
very important


23
analyze
a short radio wave; an electromagnetic wave between 1 millimeter and 1 meter in wavelength


24
evolution
the smallest part of a substance that can exist; made of two or more atoms joined together


25
biodiversity
one thousand millionth of a meter


26
inherit
not clear; difficult to understand


27
fertile
apes, monkeys and humans


28
cell
a quality, a characteristic


29
gene expression
one of many substances that are the building blocks of living cells


30
primate
living alone and avoiding people


31
genome
large molecule that plays a number of important roles in a cell, especially in gene expression; short for ribonucleic acid


32
elusive
not fully developed


33
specialize
be an expert in one subject


34
surface
group of individuals that are alike and can breed together to produce fertile young


35
microwave
the male cell that can join with an egg to produce new life


36
underpin
special cell that can develop into a number of different types of cells


37
trend
the way something is put together or organized


38
RNA
a two-dimensional shape


39
property
general direction


40
obscure
support in an important way


41
vertebrate
any of the animals (mammals, birds, reptiles, amphibians, fish) that have a backbone made of separate smaller bones (called vertebrae)


Activity 2

Comprehension 

1. What branch of mathematics does the Poincaré Conjecture belong to?

2. Who has decided that proving the Poincaré Conjecture is the breakthrough of the year?

3. What phrase is sometimes used to describe topology?

4. Can you say why this is a good description?

5. Why is topology important?

6. In one sentence describe the surface of a ball.

7. What does “unbounded” mean?

8. What do mathematicians call a ball?

9. What do they call a doughnut shape?

10. In your own words what does “you can't lasso a sphere mean”?

11. If you have a 2-D surface, and all closed loops on it can be shrunk to a point what does that tell you about the surface?

12. Give one example from each of the first three families of basic 2-D shapes.

13. What was the big gap in our knowledge of basic shapes in three dimensions?

14. How long have mathematicians been trying to prove this?

15. Can you think why mathematicians “were not sure if the Conjecture had been proved” at first?

16. What does “by 2006 the others finally caught up” mean?

17. If you were a mathematician who had solved one of the most famous problems in the subject what would you do next?

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.

Science's breakthrough of the year. 

Researchers closed a major _______ in mathematics in 2006. The elusive Poincaré Conjecture was _______ solved. 

Science and its publisher AAAS now salute this ___________ as the Breakthrough of the Year. They also list ____ more of the year's most important scientific achievements. This ___ 10 appears in the journal's 22 December 2006 issue.

Henri ________ first put forward his conjecture over 100 years ago, __ 1904. It is part of a branch of mathematics ______ topology. 

This is also known as “rubber sheet geometry”. ______________ who specialize in topology - topologists - study the __________ of objects that do not change if they are ____ or stretched. Only tearing is not allowed. 

Topology is __ important field of mathematics in itself. But it also _________ much of modern science, especially physics - from elementary _________, to black holes and the nature of space ___ time. 

A lot of modern science can be explained __ simple English - although the methods can be hard __ understand. But in pure mathematics even the results are _____ obscure to non-experts.

To mathematicians the Poincaré Conjecture goes like ____. “A simply connected three-dimensional compact manifold is topologically __________ to a 3-sphere.”

Non-mathematicians can understand this by thinking first __ 2-dimensional spaces. These come in many forms. Think for _______ of the surface of a ball. It has no _____ but it does not go on forever.

Now picture the _______ of a doughnut. It also has no edges - ______________ say it is “unbounded”. And it also does not __ on forever. But a doughnut is topologically different from _ ball. We can see this by a simple test.

Draw _ circle anywhere on the surface of a ball - _____ mathematicians call a “sphere”. Now shrink the circle smaller ___ smaller until it becomes a point.

We can do this ________ on the surface of a sphere, no matter how ___ the circle is to start with. Mathematicians say “you _____ lasso a sphere.”

Now try the same thing on a ________ - which mathematicians call a “torus”. We find that ____ circles on a torus can be shrunk to a _____. But not all. The hole in the middle _____ them. 

This means that a torus is different from _ sphere - topologically different. Now think of the surface __ a handbag or a vase with two handles. These ___ the same as each other. But they are different ____ the surface of a sphere, and from the surface __ a doughnut. No amount of bending and stretching can ____ a vase with two handles into a doughnut.

So the ______, the torus and the two-handled vase are the _____ members of a whole family of basic 2-dimensional surfaces. _____ are different from each other in simple terms because ____ have different numbers of holes.

Any 2-dimensional surface that has __ edges and does not go on forever belongs somewhere __ this family. This means that any 2-D surface can __ stretched or bent to become one of these basic ______ - ball, doughnut, two-handled vase, …..

So the surface of _ Christmas parcel, a lump of coal and a TV ___ are all topologically the same as the surface of _ sphere. A coffee mug and a briefcase are topologically ___ same as a doughnut. And so on.

In two dimensions __________ is understood. But not in three. The lasso trick __ still useful though. 

Suppose we have a 3-D space ____ has no edges, but does not go on forever. ____ a closed loop and see if you can shrink __ to a point. This works every time if the _____ is a 3-sphere. 

(A 3-sphere is the three-dimensional version of the surface of a sphere. You can't picture it, but it's a perfectly respectable mathematical object in 4-dimensional space.)

Just as in ___ dimensions shrinking the loop won't work with every closed loop if ___ space is a 3-torus, or an ______ with even more holes.

So once again we get a _____ family of spaces. But in three dimensions there is _ large gap in our knowledge right at the start. __ there was. Nobody knew until this year whether the ______ was the only 3-space in which all closed _____ can be shrunk to a point.

This is the Poincaré Conjecture: If ___ closed loops can be shrunk to a point in _ 3-D space with no boundary that does not go __ forever, the space must be a 3-sphere.

This has been __________ difficult to prove. In the year 2000, the Clay ___________ Institute named the Poincaré Conjecture as one of its ______________ “Millennium Prize” problems.

Russian mathematician Grigori Perelman worked away on ___ own for seven years. In 2002 he posted on ___ Internet the first of three papers that outlined a _____ of the Conjecture.

The work set experts abuzz. There were _____ lots of gaps to be filled. Mathematicians were not ____ if the Conjecture had been proved. Then after a _____ to the USA in 2003, the reclusive mathematician returned __ Russia and stopped replying to phone calls and emails. 

Other mathematicians were left to decide themselves if Perelman ___ truly solved the Poincaré Conjecture.

By 2006, the others finally ______ up. Three separate teams wrote papers that filled in ___ details of Perelman's proof. There was little doubt now _____ his colleagues that he had solved the famous problem. 

This summer, the International Mathematics Union decided to award ________ the Fields Medal, the “Nobel prize of mathematics”. 

The _____ achievements in Science's Top Ten are, in no particular _______

Pulling DNA out of fossils. Using new techniques for _________ DNA, researchers captured genetic information from Neanderthal and mammoth _______. 

Shrinking ice sheets. Researchers discovered a very worrying _____ this year. The Antarctic and Greenland ice sheets are ______ ice at faster and faster rates.

Fishy first steps. The _________ of a fossil fish with sturdy, jointed fins made _ big splash in 2006. This fish is the closest _____ relative of vertebrates with legs. It provides a window ____ how life left the oceans and started crawling and _______ on land.

The science of invisibility. It looks nothing like _____ Potter's magical cape. But the invisibility cloak that scientists _________ this year is the first rudimentary device for shielding _______ from view. The device guides microwaves around an object __ that it produces no reflection and no shadow.

Hope for _______ degeneration patients. Researchers who study vision loss showed that ___ drug ranibizumab improves vision in some patients. They identified _______ genes that affect a person's chance of getting the _______.

How biodiversity happens. Beach mice, fruit flies, butterflies - _ variety of animals helped scientists uncover genetic changes that ____ to evolution of new species.

New frontiers in microscopy. Biologists ____ new microscope techniques to see details smaller than 200 __________. This gives a clearer view of the fine _________ of cells and proteins.

Making memories. Several discoveries in 2006 _______ scientists closer to understanding how the brain records new ________. 

New class of small RNAs. Scientists discovered a ___ class of small RNA molecules that shut down gene __________.

Breakdown of the year - scientific fraud. Woo Suk _____ and his colleagues published two papers in Science in ____ that seemed to be a huge breakthrough in stem ____ research. But they were a fraud. 

Areas to watch. _________ predictions for hot fields and topics in the upcoming ____ include whole-genome studies, optical lattices, earthlike planets around other _____, and comparisons of primate genomes.

These are all the words that belong in the blanks:
2006, a, a, a, a, a, a, a, a, a, all, among, an, analyzing, and, and, anywhere, are, be, bent, big, brought, called, can't, caught, cell, chapter, developed, development, discover, disease, doughnut, edges, equivalent, everything, example, expression, fiendishly, finally, first, fossils, from, go, had, Harry, his, Hwang, in, in, in, into, is, it, key, known, lead, loops, losing, macular, Mathematicians, mathematicians, Mathematics, memories, million-dollar, nanometers, new, nine, no, object, objects, of, of, of, often, on, Or, order:, other, particles, Perelman, Poincaré, point, proof, properties, Science's, set, several, shapes, so, some, space, sphere, sphere, stars, still, stops, structure, sure, surface, Take, that, the, the, the, the, These, they, this, to, to, Top, trend, turn, two, underpins, used, visit, walking, which, whole, year

Answer Key:

Science's breakthrough of the year. 

Researchers closed a major chapter in mathematics in 2006. The elusive Poincaré Conjecture was finally solved. 

Science and its publisher AAAS now salute this development as the Breakthrough of the Year. They also list nine more of the year's most important scientific achievements. This Top 10 appears in the journal's 22 December 2006 issue.

Henri Poincaré first put forward his conjecture over 100 years ago, in 1904. It is part of a branch of mathematics called topology. 

This is also known as “rubber sheet geometry”. Mathematicians who specialize in topology - topologists - study the properties of objects that do not change if they are bent or stretched. Only tearing is not allowed. 

Topology is an important field of mathematics in itself. But it also underpins much of modern science, especially physics - from elementary particles, to black holes and the nature of space and time. 

A lot of modern science can be explained in simple English - although the methods can be hard to understand. But in pure mathematics even the results are often obscure to non-experts.

To mathematicians the Poincaré Conjecture goes like this. “A simply connected three-dimensional compact manifold is topologically equivalent to a 3-sphere.”

Non-mathematicians can understand this by thinking first of 2-dimensional spaces. These come in many forms. Think for example of the surface of a ball. It has no edges but it does not go on forever.

Now picture the surface of a doughnut. It also has no edges - mathematicians say it is “unbounded”. And it also does not go on forever. But a doughnut is topologically different from a ball. We can see this by a simple test.

Draw a circle anywhere on the surface of a ball - which mathematicians call a “sphere”. Now shrink the circle smaller and smaller until it becomes a point.

We can do this anywhere on the surface of a sphere, no matter how big the circle is to start with. Mathematicians say “you can't lasso a sphere.”

Now try the same thing on a doughnut - which mathematicians call a “torus”. We find that some circles on a torus can be shrunk to a point. But not all. The hole in the middle stops them. 

This means that a torus is different from a sphere - topologically different. Now think of the surface of a handbag or a vase with two handles. These are the same as each other. But they are different from the surface of a sphere, and from the surface of a doughnut. No amount of bending and stretching can turn a vase with two handles into a doughnut.

So the sphere, the torus and the two-handled vase are the first members of a whole family of basic 2-dimensional surfaces. These are different from each other in simple terms because they have different numbers of holes.

Any 2-dimensional surface that has no edges and does not go on forever belongs somewhere in this family. This means that any 2-D surface can be stretched or bent to become one of these basic shapes - ball, doughnut, two-handled vase, …..

So the surface of a Christmas parcel, a lump of coal and a TV set are all topologically the same as the surface of a sphere. A coffee mug and a briefcase are topologically the same as a doughnut. And so on.

In two dimensions everything is understood. But not in three. The lasso trick is still useful though. 

Suppose we have a 3-D space that has no edges, but does not go on forever. Take a closed loop and see if you can shrink it to a point. This works every time if the space is a 3-sphere. 

(A 3-sphere is the three-dimensional version of the surface of a sphere. You can't picture it, but it's a perfectly respectable mathematical object in 4-dimensional space.)

Just as in two dimensions shrinking the loop won't work with every closed loop if the space is a 3-torus, or an object with even more holes.

So once again we get a whole family of spaces. But in three dimensions there is a large gap in our knowledge right at the start. Or there was. Nobody knew until this year whether the sphere was the only 3-space in which all closed loops can be shrunk to a point.

This is the Poincaré Conjecture: If all closed loops can be shrunk to a point in a 3-D space with no boundary that does not go on forever, the space must be a 3-sphere.

This has been fiendishly difficult to prove. In the year 2000, the Clay Mathematics Institute named the Poincaré Conjecture as one of its million-dollar “Millennium Prize” problems.

Russian mathematician Grigori Perelman worked away on his own for seven years. In 2002 he posted on the Internet the first of three papers that outlined a proof of the Conjecture.

The work set experts abuzz. There were still lots of gaps to be filled. Mathematicians were not sure if the Conjecture had been proved. Then after a visit to the USA in 2003, the reclusive mathematician returned to Russia and stopped replying to phone calls and emails. 

Other mathematicians were left to decide themselves if Perelman had truly solved the Poincaré Conjecture.

By 2006, the others finally caught up. Three separate teams wrote papers that filled in key details of Perelman's proof. There was little doubt now among his colleagues that he had solved the famous problem. 

This summer, the International Mathematics Union decided to award Perelman the Fields Medal, the “Nobel prize of mathematics”. 

The other achievements in Science's Top Ten are, in no particular order:
Pulling DNA out of fossils. Using new techniques for analyzing DNA, researchers captured genetic information from Neanderthal and mammoth fossils. 

Shrinking ice sheets. Researchers discovered a very worrying trend this year. The Antarctic and Greenland ice sheets are losing ice at faster and faster rates.

Fishy first steps. The discovery of a fossil fish with sturdy, jointed fins made a big splash in 2006. This fish is the closest known relative of vertebrates with legs. It provides a window into how life left the oceans and started crawling and walking on land.

The science of invisibility. It looks nothing like Harry Potter's magical cape. But the invisibility cloak that scientists developed this year is the first rudimentary device for shielding objects from view. The device guides microwaves around an object so that it produces no reflection and no shadow.

Hope for macular degeneration patients. Researchers who study vision loss showed that the drug ranibizumab improves vision in some patients. They identified several genes that affect a person's chance of getting the disease.

How biodiversity happens. Beach mice, fruit flies, butterflies - a variety of animals helped scientists uncover genetic changes that lead to evolution of new species.

New frontiers in microscopy. Biologists used new microscope techniques to see details smaller than 200 nanometers. This gives a clearer view of the fine structure of cells and proteins.

Making memories. Several discoveries in 2006 brought scientists closer to understanding how the brain records new memories. 

New class of small RNAs. Scientists discovered a new class of small RNA molecules that shut down gene expression.

Breakdown of the year - scientific fraud. Woo Suk Hwang and his colleagues published two papers in Science in 2006 that seemed to be a huge breakthrough in stem cell research. But they were a fraud. 

Areas to watch. Science's predictions for hot fields and topics in the upcoming year include whole-genome studies, optical lattices, earthlike planets around other stars, and comparisons of primate genomes.

Activity 4

What kind of statement?

Students should read the news story on page 1 about the latest scientific research, and highlight phrases or sentences according to the following key (or any other way of indicating the different types of statement that can be done with the resources in their pockets or in your classroom):

Existing knowledge

Aims of the research

Technology and methods

New findings or developments

Hypothesis
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.)

Science's breakthrough of the year. 

Researchers closed a major chapter in mathematics in 2006. The elusive Poincaré Conjecture was finally solved. 

Science and its publisher AAAS now salute this development as the Breakthrough of the Year. They also list nine more of the year's most important scientific achievements. This Top 10 appears in the journal's 22 December 2006 issue.

Henri Poincaré first put forward his conjecture over 100 years ago, in 1904. It is part of a branch of mathematics called topology. 

This is also known as “rubber sheet geometry”. Mathematicians who specialize in topology - topologists - study the properties of objects that do not change if they are bent or stretched. Only tearing is not allowed. 

Topology is an important field of mathematics in itself. But it also underpins much of modern science, especially physics - from elementary particles, to black holes and the nature of space and time. 

A lot of modern science can be explained in simple English - although the methods can be hard to understand. But in pure mathematics even the results are often obscure to non-experts.

To mathematicians the Poincaré Conjecture goes like this. “A simply connected three-dimensional compact manifold is topologically equivalent to a 3-sphere.”

Non-mathematicians can understand this by thinking first of 2-dimensional spaces. These come in many forms. Think for example of the surface of a ball. It has no edges but it does not go on forever.

Now picture the surface of a doughnut. It also has no edges - mathematicians say it is “unbounded”. And it also does not go on forever. But a doughnut is topologically different from a ball. We can see this by a simple test.

Draw a circle anywhere on the surface of a ball - which mathematicians call a “sphere”. Now shrink the circle smaller and smaller until it becomes a point.

We can do this anywhere on the surface of a sphere, no matter how big the circle is to start with. Mathematicians say “you can't lasso a sphere.”
Now try the same thing on a doughnut - which mathematicians call a “torus”. We find that some circles on a torus can be shrunk to a point. But not all. The hole in the middle stops them. 

This means that a torus is different from a sphere - topologically different. Now think of the surface of a handbag or a vase with two handles. These are the same as each other. But they are different from the surface of a sphere, and from the surface of a doughnut. No amount of bending and stretching can turn a vase with two handles into a doughnut.

So the sphere, the torus and the two-handled vase are the first members of a whole family of basic 2-dimensional surfaces. These are different from each other in simple terms because they have different numbers of holes.

Any 2-dimensional surface that has no edges and does not go on forever belongs somewhere in this family. This means that any 2-D surface can be stretched or bent to become one of these basic shapes - ball, doughnut, two-handled vase, …..

So the surface of a Christmas parcel, a lump of coal and a TV set are all topologically the same as the surface of a sphere. A coffee mug and a briefcase are topologically the same as a doughnut. And so on.

In two dimensions everything is understood. But not in three. The lasso trick is still useful though. 
Suppose we have a 3-D space that has no edges, but does not go on forever. Take a closed loop and see if you can shrink it to a point. This works every time if the space is a 3-sphere. 

(A 3-sphere is the three-dimensional version of the surface of a sphere. You can't picture it, but it's a perfectly respectable mathematical object in 4-dimensional space.)

So once again we get a whole family of spaces. But in three dimensions there is a large gap in our knowledge right at the start. Or there was. Nobody knew until this year whether the sphere was the only 3-space in which all closed loops can be shrunk to a point.

This is the Poincaré Conjecture: If all closed loops can be shrunk to a point in a 3-D space with no boundary that does not go on forever, the space must be a 3-sphere

This has been fiendishly difficult to prove. In the year 2000, the Clay Mathematics Institute named the Poincaré Conjecture as one of its million-dollar “Millennium Prize” problems.

Russian mathematician Grigori Perelman worked away on his own for seven years. In 2002 he posted on the Internet the first of three papers that outlined a proof of the Conjecture.

The work set experts abuzz. There were still lots of gaps to be filled. Mathematicians were not sure if the Conjecture had been proved. Then after a visit to the USA in 2003, the reclusive mathematician returned to Russia and stopped replying to phone calls and emails. 

Other mathematicians were left to decide themselves if Perelman had truly solved the Poincaré Conjecture.

By 2006, the others finally caught up. Three separate teams wrote papers that filled in key details of Perelman's proof. There was little doubt now among his colleagues that he had solved the famous problem. 

This summer, the International Mathematics Union decided to award Perelman the Fields Medal, the “Nobel prize of mathematics”. 

The other achievements in Science's Top Ten are, in no particular order:

Pulling DNA out of fossils. Using new techniques for analyzing DNA, researchers captured genetic information from Neanderthal and mammoth fossils. 

Shrinking ice sheets. Researchers discovered a very worrying trend this year. The Antarctic and Greenland ice sheets are losing ice at faster and faster rates.

Fishy first steps. The discovery of a fossil fish with sturdy, jointed fins made a big splash in 2006. This fish is the closest known relative of vertebrates with legs. It provides a window into how life left the oceans and started crawling and walking on land.

The science of invisibility. It looks nothing like Harry Potter's magical cape. But the invisibility cloak that scientists developed this year is the first rudimentary device for shielding objects from view. The device guides microwaves around an object so that it produces no reflection and no shadow.

Hope for macular degeneration patients. Researchers who study vision loss showed that the drug ranibizumab improves vision in some patients. They identified several genes that affect a person's chance of getting the disease.

How biodiversity happens. Beach mice, fruit flies, butterflies - a variety of animals helped scientists uncover genetic changes that lead to evolution of new species.

New frontiers in microscopy. Biologists used new microscope techniques to see details smaller than 200 nanometers. This gives a clearer view of the fine structure of cells and proteins.

Making memories. Several discoveries in 2006 brought scientists closer to understanding how the brain records new memories. 

New class of small RNAs. Scientists discovered a new class of small RNA molecules that shut down gene expression.

Breakdown of the year - scientific fraud. Woo Suk Hwang and his colleagues published two papers in Science in 2006 that seemed to be a huge breakthrough in stem cell research. But they were a fraud. 

Areas to watch. Science's predictions for hot fields and topics in the upcoming year include whole-genome studies, optical lattices, earthlike planets around other stars, and comparisons of primate genomes.

Activity 5
Topics for group discussion or pupil presentations

Working in groups, pupils should choose their own top three from the list and give a short presentation explaining why they believe these are the most important. 

There is a fascinating human story behind this discovery, since Perelman is a loner who seems to live with his Mum. Working in groups, pupils should try to get inside the mind of this mathematician. They should then present to the class his reasons for refusing the Field Medal and for not applying for the million dollars from the Clay Institute.

A straightforward exercise to draw out some of the mathematics is as follows:

Pupils should sketch a plain doughnut with a hole in the middle (no jam or cream), and draw a closed loop on it that can't be shrunk to a point. Can they find another one?

Pupils should sketch a vase with two handles. How many different kinds of closed loop can they sketch that can't be shrunk to a point?

Pupils should choose an object from their surroundings. Then they should decide if they can bend or stretch it into a sphere, a torus or something more complicated.

Links to free activities, lesson plans and background information

1. www.bbc.co.uk/radio4/history/inourtime/inourtime_20061102.shtml Listen to a BBC radio discussion on the Poincaré Conjecture.

2. http://agutie.homestead.com/files/world_news_map/poincare_conjecture.htm Various newspapers stories on the conjecture.

3. www-groups.dcs.st-and.ac.uk/~history/HistTopics/Topology_in_mathematics.html History of topology. Maths teacher or senior pupil background.

4. www.geom.uiuc.edu/docs/forum/sos/ Shape of space 

5. www.geom.uiuc.edu/zoo/ Pictures and animations of mathematical objects. 

6. www.geom.uiuc.edu/apps/gallery.html Play with the Interactive Gallery of Geometry.

7. http://news.bbc.co.uk/1/hi/sci/tech/5274040.stm Perelman and the conjecture. Read it. BBC

8. http://news.bbc.co.uk/1/hi/help/3681938.stm Watch it. BBC

9. www.claymath.org/about/ Millennium Problems including Poincaré Conjecture, from the Clay Mathematics Institute.

10. http://articles.news.aol.com/news/_a/recluse-solves-historic-math-problem/20060822233709990009 AOL News.

Link to more links

http://mathforum.org/dr.math/ Ask Dr Math

Daily tip for science class discussions and groupwork

Experience by itself is not enough. It is the sense that students make of it that matters. If students' understandings are to be changed towards those of accepted science, then negotiation with an authority, usually the teacher, is essential.

Teaching from this perspective is also a learning process; a characteristic of a teacher working with children's ideas in mind is the ability to listen to the sense that learners are making of their learning experiences and to respond in ways which address this.

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