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Word bank.

Activity 1: Mixed-up meanings.

Activity 2: Comprehension.

Activity 3: Find the missing word.

Activity 4: What kind of statements?

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
Jet Propulsion Laboratory, Pasadena: 22-Mar-2007

All in a day’s work

How long is a day? Well it depends on where you’re standing. One day is the time it takes for the sun to rotate right around the sky, and come back to the same place. Of course it’s the planet spinning that makes the sun seem to move.

Because planets spin at different rates, each has a different length of day. You might think these numbers would be well known, but not all of them are. Rocky planets are easy. Scientists simply choose a landmark on the surface and wait till it comes round again.

But four planets are made of gas not rock. So finding fixed features on Jupiter, Saturn, Uranus and Neptune is tricky.

Until now a method of measuring radio waves from deep inside these gas giants was thought to be accurate. These radio waves are linked to the planet’s magnetic field. This should rotate at the same rate as the planet.

New data from NASA’s Cassini spacecraft show that things are more complicated at Saturn. The problems are being caused by a small moon called Enceladus. At just over 300 miles in diameter this satellite of Saturn could easily fit into Arizona. It’s a small moon. But it is giving scientists a big headache.

The new data from Cassini show how Enceladus is making it almost impossible to measure the length of Saturn’s day. They demonstrate that the planet’s magnetic field is rotating at a different rate to the planet. 

The reason seems to be electrically charged particles coming from huge geysers on Enceladus. These are spewing water vapour and ice.

These results are based on joint observations by two Cassini instruments, the radio and plasma wave instrument and the magnetometer. The new findings are reported online in the 22 March issue of Science

No one could have predicted that Enceladus would have such an effect on the radio technique used to measure the length of Saturn’s day, said Dr. Don Gurnett of the University of Iowa. 

Gurnett is the principal investigator on the radio and plasma wave science experiment onboard NASA's Cassini spacecraft. 

 
What seems to be happening is this. Neutral gas particles are thrown out by geysers on Enceladus. They form a donut-shaped ring around Saturn. As these particles become electrically charged, they are captured by Saturn’s magnetic field. They then form a disk of ionised gas or plasma. This surrounds the planet near the equator. 

The scientists now believe that the period Cassini has been measuring from radio emissions is not the length of the Saturn day. Instead it is the rotation of this plasma disk. At present Saturn’s cloud motion means that no technique is known that can accurately measure the planet's internal rotation. 

“We have linked the pulsing radio signal to a rotating magnetic signal,” said Dr. David Southwood, director of science at the European Space Agency. “Once each rotation of Saturn's magnetic field, an asymmetry in the field triggers a burst of radio waves. We have then linked both signals to material that has come from Enceladus.

The direct link between radio, magnetic field and deep planetary rotation has been taken for granted, said Michele Dougherty of Imperial College London. He is principal investigator on Cassini's magnetometer instrument.


“Saturn is showing we need to think further.” 

The Cassini-Huygens mission is a cooperative project of NASA, the European Space Agency and the Italian Space Agency. The Jet Propulsion Laboratory, a division of the California Institute of Technology in Pasadena, manages the Cassini-Huygens mission for NASA’s Science Mission Directorate, Washington. The Cassini orbiter was designed, developed and assembled at JPL. 



450 words

Flesch reading ease: 60

Flesch-Kincaid Grade level: 8.2

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
accurate
without error

2
asymmetry
lack of symmetry; being unbalanced

3
atom
smallest particle of an element

4
charged
having an electric charge

5
data
pieces of information; measurements

6
diameter
length of a straight line through the centre of a circle or sphere

7
disk
round, flat object or shape

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

9
electron
one of the particles of matter that atoms are made of. Electrons have a negative electric charge.

10
element
substance that cannot be split by chemistry into simpler substances

11
emission
something given off

12
feature
noticeable part

13
geyser
natural spring that shoots out hot water 

14
investigator
someone who finds out as much as possible, usually by following a plan

15
ion
an electrically charged particle

16
ionise
add electrons to or remove them from an atom or molecule so that it is left with an electric charge

17
landmark
object that stands out in the landscape

18
magnetic field
region around a magnet where its magnetism can affect other objects

19
magnetometer
instrument for measuring magnetic fields

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

21
moon
a smaller body in orbit around a planet

22
neutral
with positive and negative electric charges in balance

23
observation
gathering of information for scientific study by noting what happens

24
particle
a very small piece of matter

25
period
the time it takes a regular event to repeat

26
plasma
gas of positively charged ions and free electrons

27
predict
say what will happen before it does

28
principal
main; leading

29
pulse
single burst – of sound, radiation, etc.

30
regular
always happening at certain times

31
rotate
go around; revolve

32
satellite
a moon

33
spew
throw out in a stream

34
symmetry
exact matching of parts on both sides of a line or around a centre; pleasing balance

35
trigger
set off something bigger

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
accurate
throw out in a stream


2
asymmetry
always happening at certain times


3
atom
length of a straight line through the centre of a circle or sphere


4
charged
round, flat object or shape


5
data
property of particle of matter that means it is attracted or repelled by other particles


6
diameter
one of the particles of matter that atoms are made of. Electrons have a negative electric charge.


7
disk
main; leading


8
electric charge
region around a magnet where its magnetism can affect other objects


9
electron
exact matching of parts on both sides of a line or around a centre; pleasing balance


10
element
instrument for measuring magnetic fields


11
emission
the smallest part of a substance that can exist; made of two or more atoms joined together


12
feature
say what will happen before it does


13
geyser
something given off


14
investigator
set off something bigger


15
ion
the time it takes a regular event to repeat


16
ionise
a smaller body in orbit around a planet


17
landmark
a very small piece of matter


18
magnetic field
gas of positively charged ions and free electrons


19
magnetometer
substance that cannot be split by chemistry into simpler substances


20
molecule
add electrons to or remove them from an atom or molecule so that it is left with an electric charge


21
moon
go around; revolve


22
neutral
object that stands out in the landscape


23
observation
pieces of information; measurements


24
particle
lack of symmetry; being unbalanced


25
period
gathering of information for scientific study by noting what happens


26
plasma
an electrically charged particle


27
predict
having an electric charge


28
principal
someone who finds out as much as possible, usually by following a plan


29
pulse
without error


30
regular
with positive and negative electric charges in balance


31
rotate
smallest particle of an element


32
satellite
single burst – of sound, radiation, etc.


33
spew
a moon


34
symmetry
noticeable part


35
trigger
natural spring that shoots out hot water 


Activity 2

Comprehension 

1. Why do planets have different lengths of day?

2. How do you measure the length of a day on a rocky planet?

3. In what way are Jupiter, Saturn, Uranus and Neptune different from other planets like Earth?

4. Why does this make measuring the length of their day difficult?

5. What do scientists use, instead of prominent features on their surface, to measure the length of a day on these planets?

6. Does this work well with all four of these planets?

7. For which planet does it not work well?

8. What is the name of the moon that is causing the problem in the case of this planet?

9. How big is this moon?

10. What are the geysers on this moon throwing out into space?

11. What does this form around Saturn?

12. Do the particles from the moon remain neutral?

13. What happens to them?

14. The scientists now believe that what was thought to be the length of Saturn’s day is actually what?

15. Dr Southwood very briefly explains how the scientists figured this out. First, he says, they linked a “pulsing radio signal” to what?

16. Looking back in the story which two instruments were used in this study?

17. Which of these instruments do you think was used to measure the “pulsing radio signal”?

18. Which do you think was used to measure the “rotating magnetic signal”? 

19. What do you think Southwood means when he says they “linked” these two signals?

20. He then says they noticed something by comparing the radio signal with the magnetic signal. What did they notice?

21. Finally he says they linked both signals to “material that has come from Enceladus”. Which instrument do you think they used to learn about that material?

22. Justify your last answer. This means ‘explain your reasons for giving that answer’.

Activity 3

Find the missing word
Pupils should try to fill in the blanks using clues from the rest of the sentence. When in doubt, the length of each blank indicates the length of the missing word. A complete list of words that belong in the blanks is provided at the end of the passage.

All in a day's work

How long is a day? ____ it depends on where you’re standing. One day is the ____ it takes for the sun to rotate right around the sky, ___ come back to the same place. Of course it’s ___ planet spinning that makes the sun seem to move.
Because planets ____ at different rates, each has a different length of ___. You might think these numbers would be well _____, but not all of them are. Rocky planets ___ easy. Scientists simply choose a landmark on the surface ___ wait till it comes round again.

But four planets are ____ of gas not rock. So finding fixed features on _______, Saturn, Uranus and Neptune is tricky.

Until now a ______ of measuring radio waves from deep inside these gas ______ was thought to be accurate. These radio waves are ______ to the planet's magnetic field. This should rotate at ___ same rate as the planet.

New data from NASA's Cassini __________ show that things are more complicated at Saturn. The ________ are being caused by a small moon called Enceladus. __ just over 300 miles in diameter this satellite of ______ could easily fit into Arizona. It's a small moon. ___ it is giving scientists a big headache.

The new data ____ Cassini show how Enceladus is making it almost impossible __ measure the length of Saturn's day. They demonstrate that ___ planet's magnetic field is rotating at a different rate __ the planet. 

The reason seems to be electrically charged _________ coming from huge geysers on Enceladus. These are spewing _____ vapor and ice.

These results are based on joint observations __ two Cassini instruments, the radio and plasma wave instrument ___ the magnetometer. The new findings are reported online in ___ 22 March issue of Science

No one could have predicted ____ Enceladus would have such an effect on the radio _________ used to measure the length of Saturn's day, said __. Don Gurnett of the University of Iowa. 

Gurnett __ the principal investigator on the radio and plasma wave _______ experiment onboard NASA's Cassini spacecraft. 

What seems to __ happening is this. Neutral gas particles are thrown out __ geysers on Enceladus. They form a donut-shaped ring around ______. As these particles become electrically charged, they are ________ by Saturn's magnetic field. They then form a disk __ ionized gas or plasma. This surrounds the planet near ___ equator. 

The scientists now believe that the period Cassini ___ been measuring from radio emissions is not the length __ the Saturn day. Instead it is the rotation of ____ plasma disk. At present Saturn's cloud motion means that __ technique is known that can accurately measure the planet's ________ rotation. 

“We have linked the pulsing radio signal to _ rotating magnetic signal,” said Dr. David Southwood, director of _______ at the European Space Agency. “Once each rotation of ________ magnetic field, an asymmetry in the field triggers a _____ of radio waves. We have then linked both signals __ material that has come from Enceladus.

The direct link between _____, magnetic field and deep planetary rotation has been _____ for granted, said Michele Dougherty of Imperial College London. __ is principal investigator on Cassini's magnetometer instrument.

“Saturn is showing __ need to think further.” 
These are all the words that belong in the blanks:
a, and, and, and, are, At, be, burst, But, by, by, captured, day, Dr, from, giants, has, He, internal, is, Jupiter, known, linked, made, method, no, of, of, particles, problems, radio, Saturn, Saturn, Saturn’s , science, science, spacecraft, spin, taken, technique, that, the, the, the, the, the, this, time, to, to, to, water, we, Well

Answer Key:

All in a day's work

How long is a day? Well it depends on where you're standing. One day is the time it takes for the sun to rotate right around the sky, and come back to the same place. Of course it's the planet spinning that makes the sun seem to move.
Because planets spin at different rates, each has a different length of day. You might think these numbers would be well known, but not all of them are. Rocky planets are easy. Scientists simply choose a landmark on the surface and wait till it comes round again.

But four planets are made of gas not rock. So finding fixed features on Jupiter, Saturn, Uranus and Neptune is tricky.

Until now a method of measuring radio waves from deep inside these gas giants was thought to be accurate. These radio waves are linked to the planet's magnetic field. This should rotate at the same rate as the planet.

New data from NASA's Cassini spacecraft show that things are more complicated at Saturn. The problems are being caused by a small moon called Enceladus. At just over 300 miles in diameter this satellite of Saturn could easily fit into Arizona. It's a small moon. But it is giving scientists a big headache.

The new data from Cassini show how Enceladus is making it almost impossible to measure the length of Saturn's day. They demonstrate that the planet's magnetic field is rotating at a different rate to the planet. 

The reason seems to be electrically charged particles coming from huge geysers on Enceladus. These are spewing water vapor and ice.

These results are based on joint observations by two Cassini instruments, the radio and plasma wave instrument and the magnetometer. The new findings are reported online in the 22 March issue of Science

No one could have predicted that Enceladus would have such an effect on the radio technique used to measure the length of Saturn's day, said Dr. Don Gurnett of the University of Iowa. 

Gurnett is the principal investigator on the radio and plasma wave science experiment onboard NASA's Cassini spacecraft. 

What seems to be happening is this. Neutral gas particles are thrown out by geysers on Enceladus. They form a donut-shaped ring around Saturn. As these particles become electrically charged, they are captured by Saturn's magnetic field. They then form a disk of ionized gas or plasma. This surrounds the planet near the equator. 

The scientists now believe that the period Cassini has been measuring from radio emissions is not the length of the Saturn day. Instead it is the rotation of this plasma disk. At present Saturn's cloud motion means that no technique is known that can accurately measure the planet's internal rotation. 

“We have linked the pulsing radio signal to a rotating magnetic signal,” said Dr. David Southwood, director of science at the European Space Agency. “Once each rotation of Saturn's magnetic field, an asymmetry in the field triggers a burst of radio waves. We have then linked both signals to material that has come from Enceladus.

The direct link between radio, magnetic field and deep planetary rotation has been taken for granted, said Michele Dougherty of Imperial College London. He is principal investigator on Cassini's magnetometer instrument.

“Saturn is showing we need to think further.” 

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.)

All in a day’s work

How long is a day? Well it depends on where you’re standing. One day is the time it takes for the sun to rotate right around the sky, and come back to the same place. Of course it’s the planet spinning that makes the sun seem to move.

Because planets spin at different rates, each has a different length of day. You might think these numbers would be well known, but not all of them are. Rocky planets are easy. Scientists simply choose a landmark on the surface and wait till it comes round again.

But four planets are made of gas not rock. So finding fixed features on Jupiter, Saturn, Uranus and Neptune is tricky.

Until now a method of measuring radio waves from deep inside these gas giants was thought to be accurate. These radio waves are linked to the planet’s magnetic field. This should rotate at the same rate as the planet.

New data from NASA’s Cassini spacecraft show that things are more complicated at Saturn. The problems are being caused by a small moon called Enceladus. At just over 300 miles in diameter this satellite of Saturn could easily fit into Arizona. It’s a small moon. But it is giving scientists a big headache.

The new data from Cassini show how Enceladus is making it almost impossible to measure the length of Saturn’s day. They demonstrate that the planet’s magnetic field is rotating at a different rate to the planet. 

The reason seems to be electrically charged particles coming from huge geysers on Enceladus. These are spewing water vapour and ice.

These results are based on joint observations by two Cassini instruments, the radio and plasma wave instrument and the magnetometer. The new findings are reported online in the 22 March issue of Science

No one could have predicted that Enceladus would have such an effect on the radio technique used to measure the length of Saturn’s day, said Dr. Don Gurnett of the University of Iowa. 

Gurnett is the principal investigator on the radio and plasma wave science experiment onboard NASA's Cassini spacecraft. 

 
What seems to be happening is this. Neutral gas particles are thrown out by geysers on Enceladus. They form a donut-shaped ring around Saturn. As these particles become electrically charged, they are captured by Saturn’s magnetic field. They then form a disk of ionised gas or plasma. This surrounds the planet near the equator. 

The scientists now believe that the period Cassini has been measuring from radio emissions is not the length of the Saturn day. Instead it is the rotation of this plasma disk. At present Saturn’s cloud motion means that no technique is known that can accurately measure the planet's internal rotation. 

“We have linked the pulsing radio signal to a rotating magnetic signal,” said Dr. David Southwood, director of science at the European Space Agency. “Once each rotation of Saturn's magnetic field, an asymmetry in the field triggers a burst of radio waves. We have then linked both signals to material that has come from Enceladus.

The direct link between radio, magnetic field and deep planetary rotation has been taken for granted, said Michele Dougherty of Imperial College London. He is principal investigator on Cassini's magnetometer instrument.


“Saturn is showing we need to think further.” 

Activity 5
Topics for group discussion or pupil presentations

In groups, students should research and present to the class:

1. The length of a day on each of the planets in the Solar System.

2. What this would mean for someone living on the surface.

3. Which planets have strange rotations.

4. What the possible explanations of these strange rotations are.

5. A clear, illustrated explanation of the difference between a planet’s day and its rotational period (see http://cseligman.com/text/sky/rotationvsday.htm)

Links to free activities, resources and lessons

1. www.nasa.gov/mission_pages/cassini/media/cassini-20070322.html Story, audio files, images and podcast from NASA.

2. http://uanews.org/cgi-bin/WebObjects/UANews.woa/wa/SRStoryDetails?ArticleID=11622 Saturn's tiny moon Enceladus is a “highlight of the Cassini mission and should be targeted in future searches for life.” 

3. www.centauri-dreams.org/?p=1126 Centauri Dreams, one of my favourite blogs, on the topic of little Enceladus. The blog is about the science of travel to the stars: “Building a star-faring craft is something like building a cathedral: it will take the combined efforts of scientists and engineers through several generations to make it happen.”

4. http://saturn.jpl.nasa.gov/operations/present-position.cfm Where is Cassini now?

5. http://saturn.jpl.nasa.gov/museums/index.cfm Make your own Cassini presentation.

6. http://saturn.jpl.nasa.gov/education/index.cfm Download lesson sets for Reading, Writing and Rings, the Cassini Mission's language, arts and science program. 


7. www.teachersdomain.org/resources/ess05/sci/ess/watcyc/lifeessential/index.html Without liquid water, terrestrial life could not exist. All living organisms on Earth depend on water and its unique chemical and physical properties. In the search for life beyond Earth, scientists have focused their efforts on looking for signs of liquid water. This essay from NOVA Online explores why liquid water is considered an essential ingredient for life as we know it.

8. http://ciclops.org/view.php?id=1688&flash=1 Imaginative captain’s log and wonderful images from Cassini.

9. www.pbs.org/wgbh/nova/titan/porco.html Voyage to the mystery moon. From Nova.

10. www.space.com/scienceastronomy/060503_saturn_day.html Background on how long is a day on Saturn. Useful for the science methods, but the conclusion is now superseded by this latest story.

More links

http://search.nasa.gov/search/search?q=enceladus&output=xml_no_dtd&sort=dateADALAd1&site=nasa_collection&ie=UTF-8&client=nasa_production&oe=UTF-8&proxystylesheet=nasa_production
NASA resources and information on Enceladus.

http://photojournal.jpl.nasa.gov/target/Enceladus?start=0 NASA image set.

http://cseligman.com/text/sky/rotationvsday.htm Nice explanation of difference between rotation period and length of day. Note that Saturn’s figures are wrong.

www.kidzone.ws/planets/saturn.htm Fast facts on Saturn

Daily tip for science class discussions and groupwork

Cooperative Structures

1. Think-pair-share. Give students a question or a problem and have them think quietly of an answer or solution. Have them discuss their response with a student sitting close by, and then have them share with the entire class. A time limit of one or two minutes should be used for the pair exchange. This is a good technique for breaking up a presentation, as well as an assessment of student understanding

2. Pairs check. Partners coach each other on a worksheet or text problem and/or check notes for completeness and accuracy. Time: two minutes.

3. Three Step Interview. Students form pairs and one-partner interviews the other on a predetermined topic (What are some of the most significant health issues facing humankind today?) for two or three minutes; partners switch roles. Then pairs combine to form groups of four. Each group member introduces his or her partner, sharing the information from the original interview. This is a great icebreaker activity and also fosters active listening.

4. STAD (Student Teams-Achievement Divisions). After a lecture, video, demonstration or discussion of a chapter in the text, teams of three or four receive a worksheet to discuss and complete. When team members feel they have reached acceptable solutions, you can give a brief oral or written quiz to the group, representative, or each member of the team to assess mastery of the material.

5. Jigsaw. Each member of a “base group” is assigned a minitopic to research. Students then meet in “expert groups” with others assigned the same minitopic to discuss and refine their understanding. Base groups reform, and members teach their minitopics to each other. You can give a brief oral or written quiz to the group, representative, or each member of the team to assess mastery of the material.

6. Constructive controversy. Pairs in a group of four are assigned opposing sides of an issue. Each pair researches its assigned position, and the group discusses the issue with the goal of exposing as much information as possible about the subject. Pairs can then switch sides and continue the discussion. 

7. Numbered heads together. Each member of a team of four is assigned a number. Pose a thought question, a problem, or present an EEEP, and allow a few minutes for discussion with the groups. Call out a number after randomly selecting a numbered card from a deck. The person whose number is called stands and represents the group. Call on selected students who are standing.

8. Roundtable/Circle of Knowledge. Groups of three or more members brainstorm on an assigned topic, with each member taking turns to write down one new idea on a single piece of paper. The process continues until members run out of ideas. When time is up, the group with the most number of independent ideas presents to the class.

9. Talking Chips. This is a method to ensure equal participation in discussion groups. Each member receives the same number of chips (or index cards, pencils, pens, etc.). Each time a member wishes to speak, he or she tosses chip into the centre of the table. Once individuals have used up their chips, they can no longer speak. The discussion proceeds until all members have exhausted their chips.

10. Co-op cards. Each partner in a pair prepares a set of flashcards with a question or a problem on the front and correct answer(s) on the back. One partner quizzes the other until the latter answers all the questions or problems in the set correctly. Then they switch roles and use the other set of flashcards. A great technique to help students memorise information and review.

11. Send a Problem. Similar to Co-op Cards, each member of a group writes a question or problem on a flashcard. The group reaches consensus on the correct answer(s) or solution and writes it on the back. Each group then passes its cards to another group, which formulates its own answers or solutions and checks them against those written on the back by the sending group. Stacks of cards continue to rotate from group to group until they are returned to the original senders, who then examine and discuss any alternative answers or solutions by other groups.

12. 10-2. In this structure, present information for ten minutes, then stop for two. During the “wait time” students in pairs or small groups share their notes, fill in the gaps, or answer a question.

13. Think-aloud-pair-problem solving. Students are paired off, assigned a role of “problem solver (student A),” or “listener (student B).” Present a problem to be solved. Student “A” solves the problem by talking aloud, while student “B” encourages, supports, and asks questions (to help with the solution). Randomly select a group and ask them to present the solution to the class. Present a second problem, but this time ask the students in pair to reverse roles. 
Taken from the Minds on Science section of the Georgia State University website, at www2.gsu.edu/~mstjrh/mindsonscience.html
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