SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	Eighth Grade Science                            

	Recommended  Days of Instruction:  5
	(one day equals 55 min)

	Standard(s) addressed:  8-3

	The student will demonstrate an understanding of materials that determine the structure of Earth and the processes that have altered this structure. (Earth Science)

	Earth’s Structure and Processes

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-3.2: Explain how scientists use 

seismic waves –

primary, 
secondary, and 
surface waves – 
and Earth’s 
magnetic fields to 
determine the 
internal structure of Earth.


	SC Science Standards Support Guide Resource List
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
Seismic Waves

http://aspire.cosmic-ray.org/labs/seismic/index.htm 
Through animations, text, and questions, this website explains the 3 types of seismic waves.

 “What is an earthquake?”   article by SCEEP – South Carolina Earthquake Education and Preparedness Project http://scearthquakes.cofc.edu/educators/factsheets/SCEEPFactSheets_1.pdf
“The Waves of Quakes” in Seismic Sleuths published by FEMA http://www.fema.gov/library/viewRecord.do?id=3558 
“What Happens During an Earthquake?” 
SCEEP – South Carolina Earthquake Education and Preparedness Project: http://scearthquakes.cofc.edu/educators/factsheets/SCEEPFactSheets_3.pdf
“Seismic Wave Races” from SCEEP (South Carolina Earthquake and Education Preparedness Project published by the College of Charleston http://scearthquakes.cofc.edu/downloads.html 
The IRIS (Incorporated Research Institution for Seismology) Consortium 

http://www.iris.edu
USGS Seismic Data page  http://earthquake.usgs.gov/ 

Geology and Earth Science  http://www.geology.com
South Carolina Earthquake Education and Preparedness Program (SCEEP)  http://scearthquakes.cofc.edu/
The Geologic Society of America  http://www.geosociety.org/ 

Geology animations and songs from the University of Kentucky  http://www.as.uky.edu/academics/departments_programs/EarthEnvironmentalSciences/EarthEnvironmentalSciences/Educational%20Materials/Pages/default.aspx
National Park Service http://www.nps.gov/brca/forteachers/geodetective.htm
 “Exploring the Earth’s Magnetic Fields” 

Grades K-12) The complete lesson series (NASA): http://teachspacescience.org/graphics/pdf/10000562.pdf
 “Exploring the Earth’s magnetic fields and IMAGE Satellite Guide to the Magnetosphere” 

The complete lesson series (NASA): http://image.gsfc.nasa.gov/poetry/NASADocs/magbook2002.pdf 

USGS

http://www.usgs.gov/
National Geographic  http://news.nationalgeographic.com/news/2008/06/080630-earth-core.html
USGS Seismic Information for Children  

http://earthquake.usgs.gov/learn/kids/
Earth's Inconstant Magnetic Field http://science.nasa.gov/science-news/science-at-nasa/2003/29dec_magneticfield/
SC ETV Streamline 
http://etvstreamlinesc.org
Earthquakes-Our Restless Planet 
http://player.discoveryeducation.com/index.cfm?guidAssetId=D629B6EB-6EBE-484C-B9F0-107EB50F04AB&blnFromSearch=1&productcode=US
This video will show students how earthquakes are triggered by movements in the great plates that form a shell around the earth. They will better understand terms such as faults, seismic waves, focus, epicenter, magnitude and seismograph.

(20:00)

Inside our Planet
http://player.discoveryeducation.com/index.cfm?guidAssetId=F0EAEB1E-5FF2-4A91-B421-91908BA17728&blnFromSearch=1&productcode=US
In 1906 British geologist Richard Oldham was analyzing seismograph readings caused by a large earthquake when he noticed that the seismic waves behaved in an unusual way. He had discovered the Earth's core. In the 1930's, while examining seismic data from an earthquake, Danish seismologist Inge Lehmann discovered that Earth has a solid inner core. Today, we know that this core is made of iron. The core that Richard Oldham had discovered was the outer core, made of liquid iron and other elements. The outer core creates Earth's magnetic field.
 “How Do Scientists Know What's Inside the Earth?”(1:22)
http://player.discoveryeducation.com/index.cfm?guidAssetId=8A3A72C3-CDA0-4544-AB0F-11FD88EFAF30&blnFromSearch=1&productcode=US
“The Four Layers of the Earth's Interior: Inner Core, Outer Core, Mantle, and Crust” (1:16) http://player.discoveryeducation.com/index.cfm?guidAssetId=8A3A72C3-CDA0-4544-AB0F-11FD88EFAF30

	See Science Module 8-3.2

	From the South Carolina Science Support Documents:

The objective of this indicator is to explain how scientists use data from seismic waves and Earth’s magnetic field; therefore, the primary focus of assessment should be to construct a cause-and-effect model of what data from these sources allow scientists to determine about Earth’s internal structure.
However, appropriate assessments should also require students to summarize how seismic waves and magnetic field data can be used to infer what the inside of Earth looks like; interpret a diagram of seismic wave properties; compare the waves as to movement or effect on Earth material; identify a layer of Earth’s interior based on evidence presented; or recall how a compass will behave within the Earth’s magnetic field.  

  


Eighth Grade

Science Module 

8-3.2
Earth’s Structures and Processes

Lessons A-C
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From the South Carolina Science Support Documents:

Indicator 8-3.2:  Explain how scientists use seismic waves – primary, secondary, and surface waves – and Earth’s magnetic fields to determine the internal structure of Earth.
Taxonomy level: 
Understand Conceptual Knowledge (2.7-B)
Previous/future knowledge: Seismic waves and Earth’s magnetic fields are new material for this grade. Earth’s internal structure (8-3.1) was also new content. The understanding of waves is also part of the 8th grade indicator 8-6.1-3 and can enhance the understanding of seismic waves in this context.

It is essential for students to know that earthquakes produce three types of waves with different behaviors as they travel through materials.

Primary (P) waves

· Move out from the earthquake focus, the point where the energy is released

· Travel the fastest of the three waves

· Move through solid and liquid layers of Earth

· Push and pull rock creating a back-and-forth motion in the direction the wave is moving (longitudinal wave)

Secondary (S) waves

· Move out from the earthquake focus

· Move slower than primary waves

· Can only move through solid rock

· Move at right angles to primary waves causing rocks to move up and down and side to side (transverse wave)

Surface waves

· Form when P and S waves reach the surface

· Can cause the ground to shake making rock sway from side to side and roll like an ocean wave

Scientists use the principle that the speed and direction of a seismic wave depends on the material it travels through. Because of the behavior of these different waves, scientists have indirect evidence for the solid inner core and liquid outer core of Earth; because earthquake waves travel faster through the mantle than through the crust, scientists know that the mantle is denser than the crust.

It is also essential for students to know that the movement of materials in the outer core of Earth is inferred to be the cause of Earth’s magnetic field. A compass needle will align with the lines of force of Earth’s magnetic field. Iron and nickel are metals that easily magnetize, and are inferred to be the metals in Earth’s core.

It is not essential for students to know how to measure an earthquake with the Richter or Mercalli scale. The study of Earth’s magnetosphere is also not necessary here.
Assessment Guidelines:

The objective of this indicator is to explain how scientists use data from seismic waves and Earth’s magnetic field; therefore, the primary focus of assessment should be to construct a cause-and-effect model of what data from these sources allow scientists to determine about Earth’s internal structure. However, appropriate assessments should also require students to summarize how seismic waves and magnetic field data can be used to infer what the inside of Earth looks like; interpret a diagram of seismic wave properties; compare the waves as to movement or effect on Earth material; identify a layer of Earth’s interior based on evidence presented; or recall how a compass will behave within the Earth’s magnetic field.

Teaching Indicator 8-3.2: Lesson A –“Earthquakes and Seismic Waves”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Catastrophic Events provides an opportunity for conceptual development of the concepts within the standard.  This lesson has been designed to follow Lesson C 8-3.1 “Comparing Earth’s Layers” for the conceptual development of SC Indicator 8-3.2.
Misconceptions:

· Some incorrect beliefs children often hold include but are not limited to include waves move, matter moves along with them

· Children often have trouble making the connection to real world from simulations or models; be explicit in asking clarifying questions to ensure lifelong misconceptions are not created.

Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.  
Lesson time:

2 days (1 day equals 55 minutes)
Materials Needed: (per groups of 2)


· Copy of article “What is an earthquake?”  by SCEEP – South Carolina Earthquake Education and Preparedness Project (see attached OR download from http://scearthquakes.cofc.edu/educators/factsheets/SCEEPFactSheets_1.pdf
· Slinky (long enough to be stretched easily to at least three meters) 
· Rope  (7.6 meters OR 25 feet long)
· Tape (masking) – 2 meters long

· Colored tape (just enough to mark the rope)

· Soda cans (empty) - 2
Focus Questions:
How does matter transmit energy in the form of waves?
What are the three types of waves that earthquakes cause?
Engage:
1. Have a whole class dialogue on what we currently know and/or remember from 5th grade about Earthquakes.  (From SC Indicator 5-3.1 recall that Earthquakes are vibrations on Earth’s surface caused by sudden movement in Earth, often along a fault, a break in Earth’s surface; some earthquakes cause little damage and some cause a lot of damage; large earthquakes can cause landslides; and earthquakes under the ocean can cause huge waves, called tsunamis that destroy land and cause great damage if they come ashore.
2. Watch the SC Streamline video segment “Inside our Planet” (6:59) from the series Greatest Discoveries with Bill Nye. http://player.discoveryeducation.com/index.cfm?guidAssetId=F0EAEB1E-5FF2-4A91-B421-91908BA17728&blnFromSearch=1&productcode=US
This video explains the inner and outer cores of the earth (from SC Indicator 8-3.1) and how scientist used seismic waves to determine the internal structure of Earth – thereby setting the stage for the learning of this indicator.
3. As a pair, conduct a shared reading of the first section (first four paragraphs) of the article “What is an earthquake?” by SCEEP – South Carolina Earthquake Education and Preparedness Project 
(Shared reading: both of you read the first paragraph, when both are finished, look up and say something about what you just read, continue with the remaining four paragraphs.)

Explore:
1. Begin by explaining to the students that it is the energy from earthquakes that puts human beings and human structures in danger. This energy is transmitted through the Earth in the form of waves – today we are going to examine a series of models to help us understand the types of waves formed during an earthquake.
2. Each pair of students should take a Slinky and mark it with tape in two spots near the center of the spring.  The two pieces of tape should be at the tops of adjacent loops.
3. Each pair of students should hold the Slinky, one on either end.  Instruct them to stretch it out to a length of approximately three meters on the floor or a long counter.  Have students take turns compressing between 10 to 20 coils and then releasing them rapidly while they continue to hold the Slinky (NOTE: the Slinky should remain in basically a straight line with the energy moving through the coils from one end to the other (()
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4. After several repetitions, ask the students to describe what they are seeing.  Then ask:

a. What kind of earthquake waves does this movement resemble? (Answer: longitudinal body waves, or P waves)
b. How is the movement of the spring like the movement of the waves? (Answer: It moves by contracting and expanding – by compression and expansion.)
c. In what direction does the energy move? (Answer: It moves out from the point at which the energy is released – the focus.)

d. What happens within the body of the Earth when energy moves through it in this way? (Energy is transmitted from any material near the focus to particles away from the source in the form of waves.)
5. Ask the students to draw what a P wave might look like in their notebooks.  (At this point, there is no need for correcting incorrect drawings – as their understanding deepens, it is likely they will self-correct later)
6. Ask the students what is the other type of body wave they read about in the article?  (Answer:  S waves also known as shear waves or transverse waves)
7. Now we are going to explore S waves using the rope.  Working as a pair, place a band of colored tape about halfway along the rope and lay it straight along a smooth surface.  (Have one student hold one end of the rope firmly in place so it will not move.)

8. With plain masking tape, mark a 1-m line perpendicular to one end of the rope on the floor.

9. Pick up the end of the rope at the center of the perpendicular tape line, then move your hand back and forth quickly along the tape.  As you expected, a wave travels down the rope (or transmitting medium).  Observe the motion of the colored tape while waves are moving by.

10. To better observe its motion, stick about one meter of masking tape to the floor, perpendicular t the rope, at the location of the colored tape marker.  This will provide you with a reference line as waves go by.
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11. Place two empty soda cans upright on either side of the cord on the center tape line. Both cans should be the same distance from the cord—about 30 cm (1 ft). When a wave of sufficient amplitude is sent along the cord between these cans, what will happen? (Answer:  The same piece of cord, as indicated by the colored tape marker, will knock over both cans.)
12. Point out that although students may only see motion in one direction, the transverse wave they have just observed vibrates in a direction perpendicular to its direction of motion. Remind students that S waves within the Earth are not just in one plane, and don’t all have the same frequencies and amplitudes. In an earthquake, a jumble of S waves passes through a particular volume of Earth at the same time. Since S waves reach the surface from below, a special pendulum seismograph would show ground motion for S waves as a very complex, seemingly random pattern of horizontal (back and forth) motions.
13. Which type of wave does this activity illustrate? (Answer:  S waves)
14. What are some differences between P waves and S waves? (Answer: P waves are longitudinal and S waves are transverse. P waves can be transmitted through solids, liquids, and gases, while S waves can only be transmitted through solids.) 

15. Now ask students to decide what a diagram of an S wave would look like and draw one below the drawing the created for the P wave. They may want to revise their drawings of a P wave at this time. 
16. When they have finished, ask each pair of students to exchange their drawings with another pair and discuss the similarities and differences.
17. Now, let’s think about what might happen if the P waves and S waves were working together.

18. Line up the students standing shoulder to shoulder in two parallel equal length lines, make sure the two lines face each other (one is the P-wave line the other is the S-wave line).  

19. Have the students link arms and tell the students they cannot move until they feel the student next to them push or pull on them. Using an assistant to start the P-wave line begin the wave motion on each line simultaneously and see which line reaches the end first. P-motion: the assistant pushes gently on the shoulder of the first student pushing them into the student next to them. S-motion: you pull the first student forward into a bow—which should transfer to the next student.
20. Describe which line reaches the end first and describe why in terms of the wave. (Answer: the P wave should reach the end faster because it is an easier movement therefore traveling quicker than the S wave)
21. Dialogue as a class about the movement or effect on Earth material from these waves; what might these different types of motion might do to building structures, roads, bridges, land, etc.?
NOTE:  This has been adapted from lesson 3.1 “The Waves of Quakes” in Seismic Sleuths published by FEMA (the entire package can be downloaded directly from the FEMA website - http://www.fema.gov/library/viewRecord.do?id=3558 ) AND “Seismic Wave Races” from SCEEP (South Carolina Earthquake and Education Preparedness Project published by the College of Charleston (http://scearthquakes.cofc.edu/downloads.html )
Explain: 
1. In what form is the energy from an earthquake released? (Answer: in the form of waves) Body waves – waves that move through the body (rather than the surface) of the Earth.  P waves and S waves are body waves. P waves are also called compressional waves because they consist of alternating compressions (squeezing, being made to occupy less space) and expansions.  P waves – primary waves, arrive at a station first because they travel faster than s waves, or secondary waves.  These waves carry energy through the Earth in the form of longitudinal waves. S waves – secondary waves; waves that carry energy through the Earth in the form of very complex patterns of transverse waves.  These waves move more slowly than P waves (in which the ground moves parallel to the direction of the wave), but in an earthquake they are usually bigger. Transverse waves are waves that vibrate particles in a direction perpendicular to the weaves direction of the motion (S waves)
2. How does the density of materials affect the speed of P waves? (Answer: The more dense the material, the faster the waves move.)
3. As P waves travel deeper into the Earth, does their speed change?  (Answer: P waves, like S waves, move faster in the mantle than in the crust, because the mantle is more dense.  The rocks that compose the Earth at great depths, however, are plastic, so they slow down the waves.)
4. Why can P waves travel through liquids, while S waves cannot?  (Answer:  P waves travel by compression, and S waves travel by shearing at right angles to the direction of the motion.  Water cannot spring back after it is sheared, so the S waves die out in water.)
5. How are P waves similar to sound waves?  (Answer:  A sound wave in the ground is a P wave; a P wave in the air is a sound wave.  Both are compressional waves.)
6. How do body waves compare to surface waves? (Answer:  body waves travel within the body of the Earth – they are P waves and S waves traveling individually; surface waves travel on the surface of the Earth and are P waves and S waves traveling as a combined energy source)
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Extend:

1. Given what you know about waves in an Earthquake interpret the diagrams of seismic waves (P waves, S waves, body waves, surface waves) (see attached):  
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2. Computer simulations, text and question about the three types of seismic waves can be found at: http://aspire.cosmic-ray.org/labs/seismic/index.htm
3. Teach 8-3.2 Lesson B “Earth and Magnetic Fields”
4. Seismic wave dance to show the interaction of P waves, S waves and Surface waves: 
a. P waves: move fastest, like an accordion – quickly move hands in a forward/backward motion while walking forward to show energy travels in a direction of the feet at a fast pace (hands) 
b. S wave: move hands up and down above the head at a slower pace while walking forward.  Feet show energy moving, hands show the motion of the S-wave.
c. Surface
waves:
Feet move forward to show energy, while shoulders “roll” to show the movement of the wave.  Students can “get jiggy with it” to show the movement
5. Have students think about where is the energy of an earthquake released?  (Answer:  along the fault plane where tectonic stress is released)
6. Read the article “What happens during an Earthquake?” by SCEEP – South Carolina Earthquake Education and Preparedness Project: http://scearthquakes.cofc.edu/educators/factsheets/SCEEPFactSheets_3.pdf 

7. Be intentional to make explicit connections to study of refraction/reflection at 8th grade, Doppler with sound at 8th grade (sound traveling through different medium), types of waves at 8th grade.  Connect it back to the layers of the earth from SC Indicator 8-3.1 already studied.
8. Teach 8-3.2 Lesson B “Earth and Magnetic Fields”
Additional Resources:

1. The IRIS (Incorporated Research Institution for Seismology) Consortium – http://www.iris.edu
2. USGS Seismic Data page – http://earthquake.usgs.gov/ 
3. South Carolina Earthquake Education and Preparedness Program (SCEEP) – http://scearthquakes.cofc.edu/
4. The Geologic Society of America - http://www.geosociety.org/ 

5. Geology animations and songs from the University of Kentucky - http://www.as.uky.edu/academics/departments_programs/EarthEnvironmentalSciences/EarthEnvironmentalSciences/Educational%20Materials/Pages/default.aspx
6. Geology and Earth Science – http://www.geology.com
Teaching Indicator 8-3.2: Lesson B –“Earth and Magnetic Fields”

Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Catastrophic Events provides an opportunity for conceptual development of the concepts within the standard.  This lesson has been designed to follow Lesson A 8-3.2 “Earthquakes and Seismic Waves” for the conceptual development of SC Indicator 8-3.2.
Misconceptions:

Some incorrect believes children often hold include but are not limited to:

· All rocks must be heavy

· Earth is molten except for its crust

· Earth’s gravitational attraction is drastically reduced on mountaintops

· All metals are attracted to a magnet

· The magnetic and geographic poles of the Earth are located at the same place

· The magnetic pole of the Earth in the northern hemisphere is a north pole, and the pole in the southern hemisphere is a south pole (in reality the geographic North pole is actually an S pole which N poles of a magnet seek – opposites attract; the geographic South pole is actually an N pole for which S poles of a magnet are attracted to – The “North” of a geographic compass is always orientated to the geographic North pole because inside the compass is an N pole seeking an S pole)
· The magnetic poles are “positive” and “negative”.  This is the wrong terminology and often confuses students into thinking that electrical charges and magnetic charges are the same things.

· Children often have trouble making the connection to real world from simulations or models; be explicit in asking clarifying questions to ensure lifelong misconceptions are not created.

Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.  Caution: iron filings should not be eaten or blown into eyes.
Lesson time:

2 days (1 day equals 55 minutes)
Materials needed: (per groups of 2)


· Bar magnet (at least 5 inches long) (covering with plastic wrap will ensure iron filings will not permanently attach)
· Iron filings (enough to dust across the magnet to reveal the fields)

· Compass

· Sheet of white paper

· String

· Straight pins - 2
· Masking tape (one half inch wide; 2 inches long)

· Sewing thread (12 inches long)

· Strong permanent magnet (Neodymium if possible)

Focus Question:
How is Earth affected by magnetic fields?

Engage:
1. Dialogue as a class about magnetism and what you remember from previous grades. (SC Indicators:  K-5.1 Classify objects by observable properties (including size, color, shape, magnetic attraction, heaviness, texture, and the ability to float in water; Use magnets to make an object move without being touched; 2-5.2 Explain how the poles of magnets affect each other (that is, they attract and repel one another; 2-5.3 Compare the effects of magnets on various materials; 2-5.4 Identify everyday uses of magnets; 4-5.9 Summarize the properties of magnets and electromagnets (including polarity, attraction/repulsion and strength; 4-5.10 Summarize the factors that affect the strength of an electromagnet; 5-5.1 Illustrate the affects of force (including magnetism, gravity, and friction) on motion; 6-5.3 Explain how magnetism and electricity are interrelated by using descriptions, models, and diagrams of electromagnets, generators, and simple electrical motors)
2. Dialogue as a class about your hunches on “what is a magnetic field?”
3. Ask the students what kinds of things we know would stick to this bar magnet. Based on the list that they provide, ask them to predict what would happen if we sprinkled these little pieces of iron onto the magnet. Would they all stick to the magnet, all over it, or would some places on the magnet hold more of the iron pieces than other places?  Capture your thoughts in your notebooks

4. Place a bar magnet under a sheet of white paper.  Carefully dust iron filings over the paper (similar to how you might season your food).  (Be careful to keep the iron filings on top of the paper; once they attach to the magnet itself, they are very difficult to remove.)
5. Sketch in your notebooks how the iron filings organized around the magnet.  Label the parts of the magnet.  (See below for examples of what might be expected)  The lines that the iron filings are making are formed along lines of pull. This is called the magnetic field.
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6. Discuss what the magnetic field looks like and hypothesize what the field of different types of magnets would look like.

7. Try other types of magnets: horseshoe magnets, neodymium magnets, refrigerator magnets, whatever you have available.
8. What is a compass?  

9. Have the students read the short article “Magnetic Compass” (see attached)
10. Dialogue as a class about “How a compass could be used to determine magnetic fields?”

11. How might the needle of a compass respond as it is slide around a bar magnet?  Capture predictions (through pictures and words) in your notebooks.

12. Slowly slide a compass around the four sides of the bar magnet (while both are flat on the table).  Record the directions the needle of the compass points in your notebook.  (NOTE:  the needle should point in the same directions as the iron filings; therefore the pictures drawn here and in step #5 should almost be identical)
Explore:
1. So, if a compass shows magnetic fields of a magnet, how might a compass help us with navigation around the world?  (Have a class dialogue to think about this.) To think about this further, we are going to make a compass and see what that tells us about the Earth.
2. As a demonstration, tie a piece of thread around the middle of a bar magnet.
3. Let the magnet hang in mid-air by holding onto the end of the thread.
4. After it stops spinning, ask the class which way the ends are pointing.
5. How do you know one end is pointing north and one end is pointing south?
6. Why might the ends be pointing in these directions?
7. What it is called when a magnet naturally points north? (Answer: Compass)

8. Now, you are going to make your own compass using a needle.
9. Tear off an inch of masking tape and give it to each student. Tell him/her to lay it on a flat surface with sticky side up.
10. With two pins opposite each other, place them in the middle of the tape making sure the points and heads extend beyond the sides of the tape. (perpendicular to the ends of the tape) (Two pins are used so they won't stick anyone.)
11. Attach one end of a 12-inch piece of thread at one end of the tape, and run it down the middle of the tape, over the pins, to the other end of the tape. Allow the end of the thread to extend past the tape.
12. Fold the tape from one end to the other end with the pins in the middle. The thread will be used to suspend the pins in mid-air.
13. Rub the pins from left to right several times with a permanent magnet.
14. Let the “compass” hang to find which end points toward the North Pole.
15. Mark the north end with an “N” and south end with an “S” on the tape.
16. With the new “compass” hanging in mid-air, ask the children what they observed about the compass.
17. NOTE: An alternative method to holding the string is to magnetize a needle and tape it on a cork. Put the cork in a bowl of water and let it float. With the bowl in your hand, turn in all directions and see what the needle does. 
18. Predict in your notebooks what will happen when you bring the north end of a magnet close to the compass.  Actually do it.  How do your results compare to your predictions?  (NOTE:  the North end of a compass is actually seeking the S pole (opposites attract) – the needle of a compass will seek the S pole (which geographically is our North Pole – called an S pole)
19. Now, predict what will happen when you bring the south end (S) of a magnet close to the “compass.”  How do your results compare to your predictions. (NOTE:  the South end of a compass is actually seeking the N pole (opposites attract; so here the south end of the compass is attracted to the North pole of the magnet)
20. You first noticed that when the magnet was brought near the “compass” it was attracted to the magnet and not to Earth's poles. What might be some reasons for this?  (Answer: the Earth's magnetic field affects the “compass” only at great distances. Magnets at close distances affect the “compass” because the magnetic force of magnets overrides the Earth's effect on the “compass.”)
21. You also noticed that the north end (N) of the magnet attracted the south end (S) of the “compass” and vice-versa.   Why might that have occurred?  (Answer: since the “compass” is a magnet it acts the same as other magnets, and is attracted to opposite forces. When the north end (N) of a compass points toward the North Pole, we call it the north end of the compass (because it is seeking its opposite – the S pole. When the south end (S) of a compass points toward the South Pole, we call it the south end of the compass. Compasses, used for finding direction will always point to the North Pole.)
Explain: 
How is the magnetic field of Earth and a magnet similar?

1. What happens when a bar magnet is held in mid-air by a thread?  What causes the bar magnet to do this? (Answer: If the north end (N) of a bar magnet is held close to a compass, the south end (S) of the compass will be attracted to it. The same holds true when the south end (S) of a bar magnet is held close to the north end (N) of a compass. When a magnet is brought close to a compass, the magnet's magnetic field overrides Earth 's effect on the needle. When the magnet is taken away, Earth's magnetic field affects the compass once again. 
2. Explain how you can make a compass out of pins? (Answer: Rub a needle with a magnet. Make sure you always rub it in the same direction. The needle becomes magnetized. By placing the needle on a cork floating on water or suspending it in the air with a string, one end will point toward the North pole and the other end will point toward the South pole. A compass has been made. 
3. Explain two things that happen when you put a magnet near a pin that has been magnetized and is hanging in mid-air, and why. (Answer: The end pointing toward the North pole is called the north end of the compass and the end pointing toward the South pole is called the south end of a compass. The ends are, therefore, named North (N) and South (S) because of the direction each points. )
4. Considering the Earth as a huge magnet, what does the magnetic field around the Earth look like? Hypothesize what the Earth's magnetic field looks like by drawing it in your notebooks.  (NOTE:  draw lines coming out the North Pole and circling back around and entering the South Pole, as shown below)
[image: image6.jpg]



5. How does this experience connect back to Lessons A, B and C of SC Indicator 8-3.1 and lessons on layers of earth; types of rocks in each and possibility they are magnetic (those in outer core – iron and nickel)?  (Answer:  Earth's core is a large magnet. It is the source of the planet's magnetic field. Molecules of metal comprising the core are all aligned in the same direction. This alignment causes the poles of the natural magnet of the core to form. One of the most common of these found in natural rock deposits is magnetite.)
6. How have scientists INFERRED the composition of the Earth using magnetic field data? (Answer:  by using what is known and making inferences about the unknown.  It is known that over time the magnetite in lava forming rocks has aligned its particles while cooling in patterns consistent to that of pointing to a strong magnetic source (based on studying rock samples from different layers and different time periods).  It is also known that iron and nickel, two very dense metals are magnetic.  Scientist inferred that the Earth’s core consists of these two magnetic materials.)
7. How might information about large rocks/boulders and orientation of magnetic material within them help scientists infer?  (Answer:  Due to the size of Earth's core, the magnetic field it produces affects all smaller magnetic fields and tries to align the smaller fields with the larger one. When lava oozes out of the crust, molecules are randomly aligned. As it cools and solidifies, molecules begin to align with the current north. Along the Mid-Atlantic ridge in the Atlantic Ocean, basalt deposits record magnetic flips of the poles. Throughout Earth's history the poles have actually reversed many times. Based upon the study of lava flows of basalt throughout the world, it has been proposed that the Earth's magnetic field reverses at intervals, ranging from tens of thousands to many millions of years, with an average interval of approximately 300,000 years. Studies of lava flows on Steens Mountain, Oregon, indicate that the magnetic field could have shifted at a rate of up to 6 degrees per day at some time in Earth's history, which significantly challenges the popular understanding of how the Earth's magnetic field works.  At those times if you were holding a compass, the needle would point south instead of north. The pole switch is a result of the core being surrounded by a liquid. Because of the inner cores independence from and other solid surface it can change or reorient itself easily. Scientists know that this has happened by studying the rock record. The age and magnetization of solidified lava samples have been measured to determine the orientation of the geomagnetic field during ancient eras.)
8. How does magnetic north compare to geographic north?  (Answer:  True magnetic north is not the same as geographic north. This is because the core acts independently from the Earth's rotation and it is the axis of this rotation that determines geographic north. The difference between the geographic and magnetic poles is called declination. Declination changes slightly from year to year sometimes only by a few feet, other times by a huge distance.)
9. How might animals use the Earth’s magnetic field for orientation? (Answer:  Animals including birds and turtles can detect the Earth's magnetic field, and use the field to navigate during migration.  Cows and wild deer tend to align their bodies north-south while relaxing, but not when the animals are under high voltage power lines, leading researchers to believe magnetism is responsible.)
10. Can the study of the Earth’s magnetic field be used in earthquake prediction?  (Answer:  Yes – Seismo-electromagnetics, the study of electromagnetic phenomena, is an area of research aimed at earthquake prediction – scientists use the changes in the Earth’s magnetic field as one indicator of possible earthquake activity.)
11. What else might be found by studying the Earth’s magnetic field?  (Answer: Governments sometimes operate units that specialize in measurement of the Earth's magnetic field. These are geomagnetic observatories, typically part of a national Geological Survey. Such observatories can measure and forecast magnetic conditions that sometimes affect communications, electric power, and other human activities. Commercially, geophysical prospecting companies also use magnetic detectors to identify naturally occurring anomalies from ore bodies.)
Extend:

1. Write a letter to a friend and recall how a compass will behave within Earth’s magnetic field.
2. Have the students hypothesize about how life would be different if the poles switched again, like they have in our geologic past. Have them write a creative story about a day in their life if the poles switched. 
3. Have the students read and have a class discussion on the article “Earth’s Inconstant Magnetic Field” (see attached) 

4. Teach 8-3.2 Lesson C “Determining the internal structure of Earth”
Additional Resources:
1. Geology and Earth Science – http://www.geology.com
2. Geology animations and songs from the University of Kentucky - http://www.as.uky.edu/academics/departments_programs/EarthEnvironmentalSciences/EarthEnvironmentalSciences/Educational%20Materials/Pages/default.aspx
3. National Park Service - http://www.nps.gov/brca/forteachers/geodetective.htm
4. The complete lesson series “Exploring the earth’s magnetic fields” grades K-12) (NASA): http://teachspacescience.org/graphics/pdf/10000562.pdf
5. The complete lesson series “Exploring the Earth’s magnetic fields and IMAGE Satellite Guide to the Magnetosphere” (NASA): http://image.gsfc.nasa.gov/poetry/NASADocs/magbook2002.pdf 
Teaching Indicator 8-3.2: Lesson C – “Determining the internal structure of Earth”

Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Catastrophic Events provides an opportunity for conceptual development of the concepts within the standard.  This lesson has been designed to follow Lesson B 8-3.2 “Earth and Magnetic Fields” for the conceptual development of SC Indicator 8-3.2.
Misconceptions:

Some incorrect believes children often hold include but are not limited to:

· All rocks must be heavy

· Earth is molten except for its crust

· Earth’s gravitational attraction is drastically reduced on mountaintops

· Continents do not move

· All metals are attracted to a magnet

· The magnetic and geographic poles of the Earth are located at the same place

· The magnetic pole of the Earth in the northern hemisphere is a north pole, and the pole in the southern hemisphere is a south pole

· As waves move, matter moves along with them
· Children often have trouble making the connection to real world from simulations or models; be explicit in asking clarifying questions to ensure lifelong misconceptions are not created.

Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.  
Lesson time:

1 day (1 day equals 55 minutes)
Materials needed: (per groups of 2)


· Copies of article “Earth’s Core, Magnetic Field Changing Fast” (See attached)
· Copies of article “What is magnetic Field” by USGS (See attached)

Focus Question:
How do scientists determine the internal structure of the Earth by seismic waves and its magnetic fields?
Engage:

1. Have students read and discuss the article “Earth’s Core, Magnetic Field Changing Fast” (See attached).

a. What might this mean for the way we understand the Earth now?  How might that change in the future?
Explore:
1. Watch the SC Streamline video segment:”Inside Our Planet” (6:59) from Greatest Discoveries with Bill Nye: Earth Science  - http://player.discoveryeducation.com/index.cfm?guidAssetId=F0EAEB1E-5FF2-4A91-B421-91908BA17728
2. Think back to what you learned during Lessons A, B and C for SC Indicator 8-3.1 and the layers of Earth – their location, composition and density…how might that information have been inferred by scientists?
3. How might scientists use data from seismic waves and Earth’s magnetic field to determine the Earth’s core composition?  (Make connections to the previous or upcoming study of refraction/reflection, Doppler effect (sound traveling through different medium), and types of waves.)
Explain: 
1. As a class, discuss how you might summarize how seismic waves and magnetic fields can be used to INFER Earth’s composition and layers.
2. Read the article “What is magnetic field” by the USGS and have a dialogue as a class on how the study of earthquake waves and the Earth’s magnetic field might help scientists determine the Earth’s internal structure.
3. Construct a cause-and-effect model of what data allows scientists to determine the Earth’s internal structure.
The way earthquake waves spread tells us that the Earth has at its center a dense liquid core, of about 1/2 the radius of the Earth – and inside that, a solid inner core. It is widely believed this core is made up of molten iron, perhaps mixed with nickel and sulfur. The density seems appropriate, and iron, which among all elements has the most stable nucleus, is abundant in the universe. It concentrated in the Earth's core because it is heavy – the same reason that, when it is extracted from its ores, it sinks to the bottom of the blast furnace.

Energy is the currency with which most processes in nature must be paid for. The Earth's magnetism is no exception, and its energy seems to come from fluid motions in the Earth's core, from circulating flows that help get rid of heat produced there. In a similar way, our weather is driven by circulating air flows that help cool the ground, where much of sunlight is absorbed. 
Scientists are still not sure about what provides the heat in the Earth's core. It might come from some of the iron becoming solid and joining the inner core, or perhaps it is generated by radioactivity, like the heat of the Earth's crust. The flows are very slow, and the energy involved is just a tiny part of the total heat energy contained in the core. 
So the molten metal is believed to be circulating. By moving through the existing magnetic field, it creates a system of electric currents, spread out through the core, somewhat like Faraday's disk dynamo, discussed earlier. Currents create a magnetic field--a distribution of magnetic forces--and the essence of the self-sustaining dynamo problem is to find solutions such that the resulting magnetic field is also the input field required for generating the current in the first place. 

Actually, that is only the lowest level of the problem, in which one is free to prescribe the motions. To solve the full problem, we also need information about the heat sources, and these sources must be able to drive motions which also solve the dynamo problem. Such problems are not easy. They involve intricate mathematics and are not yet fully solved. Only the roughest ideas in their solutions can be outlined.
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Extend:

1. Watch the SCETV Streamline video segments “How Do Scientists Know What's Inside the Earth?”(1:22)
http://player.discoveryeducation.com/index.cfm?guidAssetId=8A3A72C3-CDA0-4544-AB0F-11FD88EFAF30&blnFromSearch=1&productcode=US
 and “The Four Layers of the Earth's Interior: Inner Core, Outer Core, Mantle, and Crust” (1:16) from the series What's Inside the Earth?: An Introduction to the Earth's Interior, Crust, and Mineral Resources http://player.discoveryeducation.com/index.cfm?guidAssetId=8A3A72C3-CDA0-4544-AB0F-11FD88EFAF30
2. Teach 8-3.3 Lesson A
Additional Resources:
1. The IRIS (Incorporated Research Institution for Seismology) Consortium – http://www.iris.edu
2. USGS Seismic Data page – http://earthquake.usgs.gov/ 

3. USGS Seismic Information for Children - 

http://earthquake.usgs.gov/learn/kids/
4. The Geologic Society of America - http://www.geosociety.org/ 

5. Geology and Earth Science – http://www.geology.com
6. National Park Service - http://www.nps.gov/brca/forteachers/geodetective.htm
7. Geology animations and songs from the University of Kentucky - http://www.as.uky.edu/academics/departments_programs/EarthEnvironmentalSciences/EarthEnvironmentalSciences/Educational%20Materials/Pages/default.aspx
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WHAT IS AN EARTHQUAKE?

[image: image14.emf]An earthquake is caused by the release of energy built up in the earth where rocks are sliding past one another. As the rocks slide past each other some pieces get stuck and instead of quickly snapping off they bend a bit, yes rocks bend.

When they finally are released they snap back into position, this snapping releases the energy that was stored in them into the ground in the form of waves. (This is similar to pulling on a rubber band until it breaks; when it finally breaks, it snaps back to its original shape releasing all the energy it had in it, usually in the form of a welt on your hand).

When this energy is released it travels out in all directions (including up and down) like waves around a rock thrown in a pond. These earthquake waves are what cause the ground to shake. Earthquake waves have 4 main different forms; each of these forms travels at a different rate and has a different movement.

P-waves are compressional waves and travel the fastest. They move the ground back and forth in the direction the wave travels. These waves travel through the body of the earth, so when they hit the surface they are coming from an angle or underneath. P-waves can travel through fluids.

S-waves are shear waves and travel the next fastest. They move the ground side to side opposite the direction of travel. Like P-waves they travel through the body of the earth and bounce off the different density layers to reach the surface. S-waves cannot travel through fluids.

There are also two kinds of surface earthquake waves, Rayleigh and Love waves. These earthquake waves travel along the surface of the earth; Rayleigh waves move the surface of the earth in an ellipse parallel to the direction of wave propagation, and Love waves move side to side parallel to the surface of the earth and perpendicular to the direction of wave propagation.

College of Charleston | Dept. of Geology and Environmental Science | http://cofc.edu/~scearthquakes/[image: image15.emf]
[image: image16.emf]How far do earthquake waves travel? 
[image: image17.emf]Waves generated by earthquakes are like waves generated by rocks thrown in water, close to the point at which they originate they are large and over time they attenuate (get smaller). For extremely large earthquakes some of the surface waves go around the Earth multiple times, and for even small to moderate earthquakes they travel through the Earth (which is how we know what the interior of the Earth looks like).

[image: image18.emf]One of the interesting things about earthquake waves is that they do travel at different speeds (P waves are faster than S-waves). Because we know how fast each wave travels through the Earth we can then use how far ahead of the S-wave the P-wave is to determine how far away the earthquake was. A good example might be if you drive at an average speed of 50 mph and your friend drives at an average speed of 40 mph you will arrive before your friend—and the farther you go the farther ahead you will be. The same is true of earthquake waves. 
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Magnetic Compass 
[image: image21.jpg]


No matter where you stand on Earth, you can hold a compass in your hand and it will point toward the North Pole. What an unbelievably neat and amazing thing! Imagine that you are in the middle of the ocean, and you are looking all around you in every direction and all you can see is water, and it is overcast so you cannot see the sun... How in the world would you know which way to go unless you had a compass to tell you which way is "up"? Long before GPS satellites and other high-tech navigational aids, the compass gave humans an easy and inexpensive way to orient themselves.
But what makes a compass work the way it does? And why is it useful for detecting small magnetic fields? 
A compass is an instrument containing a freely suspended magnetic element which displays the direction of the horizontal component of the Earth’s magnetic field at the point of observation.  The magnetic compass is an old Chinese invention, probably made in China during the Qin dynasty (221-206 B.C).  Chinese fortune tellers used lodestones (a mineral composed of iron oxide which aligns itself in a north-south direction) to construct their fortune telling boards. 
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Eventually someone noticed that the lodestones were better at pointing out real directions, leading to the first compasses. They designed the compass on a square slab which had markings for the cardinal points and the constellations. The pointing needle was a lodestone spoon-shaped device, with a handle that would always point south. Magnetized needles used as direction pointers instead of the spoon-shaped lodestones appeared in the 8th century AD, again in China, and between 850 and 1050 they seem to have become common as navigational devices on ships. 

A magnetic compass works because the Earth is like a giant magnet, surrounded by a huge magnetic field. The Earth has two magnetic poles which lie near the North and South poles. The magnetic field of the Earth causes a magnetized 'needle' of iron or steel to swing into a north-south position if it is hung from a thread, or if it is stuck through a straw or piece of wood floating in a bowl of water.  Needles were magnetized by stroking them with a lodestone, a lump of magnetic rock called magnetite. The needle did not keep its magnetism permanently, so a lodestone was carried on the ship so that the needle could be stroked whenever the magnetism wore off.


As long ago as the 15th century, mariners noticed that the needle of a magnetic compass does not point accurately to Earth's true north. Columbus, for instance was aware of this on his voyages across the Atlantic in the 1490s. Instead, the needle makes an angle with true north, and that angle varies from place to place on the Earth's surface. This means that there is a different magnetic variation for different places on Earth. These variations were investigated on a famous 17th century voyage by the great scientist and astronomer Edmond Halley. It was thought at this time that the longitude of a ship could be found by the compass variation, but this proved to be untrue.

It was believed that the inside of the Earth was magnetized in the same fashion, and scientists were greatly puzzled when they found that the direction of the compass needle at any place slowly shifted, decade by decade, suggesting a slow variation of the Earth's magnetic field. 
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Earth's Inconstant Magnetic Field 
http://science.nasa.gov/science-news/science-at-nasa/2003/29dec_magneticfield/
Earth's Inconstant Magnetic Field 
Our planet's magnetic field is in a constant state of change, say researchers who are beginning to understand how it behaves and why. 
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December 29, 2003: Every few years, scientist Larry Newitt of the Geological Survey of Canada goes hunting. He grabs his gloves, parka, a fancy compass, hops on a plane and flies out over the Canadian arctic. Not much stirs among the scattered islands and sea ice, but Newitt's prey is there – always moving, shifting, elusive. 
His quarry is Earth's north magnetic pole. 

At the moment it's located in northern Canada, about 600 km from the nearest town: Resolute Bay, population 300, where a popular T-shirt reads "Resolute Bay isn't the end of the world, but you can see it from here." Newitt stops there for snacks and supplies--and refuge when the weather gets bad. "Which is often," he says. 
Picture to Right: The movement of Earth's north magnetic pole across the Canadian arctic, 1831--2001. Credit: Geological Survey of Canada. 
Scientists have long known that the magnetic pole moves. James Ross located the pole for the first time in 1831 after an exhausting arctic journey during which his ship got stuck in the ice for four years. No one returned until the next century. In 1904, Roald Amundsen found the pole again and discovered that it had moved--at least 50 km since the days of Ross. 
	


The pole kept going during the 20th century, north at an average speed of 10 km per year, lately accelerating "to 40 km per year," says Newitt. At this rate it will exit North America and reach Siberia in a few decades. 

Keeping track of the north magnetic pole is Newitt's job. "We usually go out and check its location once every few years," he says. "We'll have to make more trips now that it is moving so quickly." 
Earth's magnetic field is changing in other ways, too: Compass needles in Africa, for instance, are drifting about 1 degree per decade. And globally the magnetic field has weakened 10% since the 19th century. When this was mentioned by researchers at a recent meeting of the American Geophysical Union, many newspapers carried the story. A typical headline: "Is Earth's magnetic field collapsing?" Probably not.  As remarkable as these changes sound, "they're mild compared to what Earth's magnetic field has done in the past," says University of California professor Gary Glatzmaier. 
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Sometimes the field completely flips. The north and the south poles swap places. Such reversals, recorded in the magnetism of ancient rocks, are unpredictable. They come at irregular intervals averaging about 300,000 years; the last one was 780,000 years ago. Are we overdue for another? No one knows. 
Picture to Left: Magnetic stripes around mid-ocean ridges reveal the history of Earth's magnetic field for millions of years. The study of Earth's past magnetism is called paleomagnetism. Image credit: USGS. 

According to Glatzmaier, the ongoing 10% decline doesn't mean that a reversal is imminent. "The field is increasing or decreasing all the time," he says. "We know this from studies of the paleomagnetic record." Earth's present-day magnetic field is, in fact, much stronger than normal. The dipole moment, a measure of the intensity of the magnetic field, is now 8 × 1022 amps × m2. That's twice the million-year average of 4× 1022 amps × m2. 
To understand what's happening, says Glatzmaier, we have to take a trip ... to the center of the Earth where the magnetic field is produced. 

At the heart of our planet lies a solid iron ball, about as hot as the surface of the sun. Researchers call it "the inner core." It's really a world within a world. The inner core is 70% as wide as the moon. It spins at its own rate, as much as 0.2° of longitude per year faster than the Earth above it, and it has its own ocean: a very deep layer of liquid iron known as "the outer [image: image27.png]


core." 

Picture to Right: a schematic diagram of Earth's interior. The outer core is the source of the geomagnetic field. 
Earth's magnetic field comes from this ocean of iron, which is an electrically conducting fluid in constant motion. Sitting atop the hot inner core, the liquid outer core seethes and roils like water in a pan on a hot stove. The outer core also has "hurricanes"--whirlpools powered by the Coriolis forces of Earth's rotation. These complex motions generate our planet's magnetism through a process called the dynamo effect. 

Using the equations of magnetohydrodynamics, a branch of physics dealing with conducting fluids and magnetic fields, Glatzmaier and colleague Paul Roberts have created a supercomputer model of Earth's interior. Their software heats the inner core, stirs the metallic ocean above it, then calculates the resulting magnetic field. They run their code for hundreds of thousands of simulated years and watch what happens. 

What they see mimics the real Earth: The magnetic field waxes and wanes, poles drift and, occasionally, flip. Change is normal, they've learned. And no wonder. The source of the field, the outer core, is itself seething, swirling, turbulent. "It's chaotic down there," notes Glatzmaier. The changes we detect on our planet's surface are a sign of that inner chaos. 

They've also learned what happens during a magnetic flip. Reversals take a few thousand years to complete, and during that time--contrary to popular belief--the magnetic field does not vanish. "It just gets more complicated," says Glatzmaier. Magnetic lines of force near Earth's surface become twisted and tangled, and magnetic poles pop up in unaccustomed places. A south magnetic pole might emerge over Africa, for instance, or a north pole over Tahiti. Weird. But it's still a planetary magnetic field, and it still protects us from space radiation and solar storms. 



Pictures Above: Supercomputer models of Earth's magnetic field. On the left is a normal dipolar magnetic field, typical of the long years between polarity reversals. On the right is the sort of complicated magnetic field Earth has during the upheaval of a reversal.
And, as a bonus, Tahiti could be a great place to see the Northern Lights. In such a time, Larry Newitt's job would be different. Instead of shivering in Resolute Bay, he could enjoy the warm South Pacific, hopping from island to island, hunting for magnetic poles while auroras danced overhead. 

Sometimes, maybe, a little change can be a good thing. 
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Earth's Core, Magnetic Field Changing Fast, Study Says

Kimberly Johnson
for National Geographic News
June 30, 2008

http://news.nationalgeographic.com/news/2008/06/080630-earth-core.html 

Rapid changes in the churning movement of Earth's liquid outer core are weakening the magnetic field in some regions of the planet's surface, a new study says. 

"What is so surprising is that rapid, almost sudden, changes take place in the Earth's magnetic field," said study co-author Nils Olsen, a geophysicist at the Danish National Space Center in Copenhagen. 

The findings suggest similarly quick changes are simultaneously occurring in the liquid metal, 1,900 miles (3,000 kilometers) below the surface, he said. 

The swirling flow of molten iron and nickel around Earth's solid center triggers an electrical current, which generates the planet's magnetic field. 

The study, published recently in Nature Geoscience, modeled Earth's magnetic field using nine years of highly accurate satellite data. 

Flip-Flop 

Fluctuations in the magnetic field have occurred in several far-flung regions of Earth, the researchers found. 

In 2003 scientists found pronounced changes in the magnetic field in the Australasian region. In 2004, however, the changes were focused on Southern Africa. 

The changes "may suggest the possibility of an upcoming reversal of the geomagnetic field," said study co-author Mioara Mandea, a scientist at the German Research Centre for Geosciences in Potsdam. 

Earth's magnetic field has reversed hundreds of times over the past billion years, and the process could take thousands of years to complete. 

Upper Atmosphere Radiation 

The decline in the magnetic field also is opening Earth's upper atmosphere to intense charged particle radiation, scientists say. 

Satellite data show the geomagnetic field decreasing in the South Atlantic region, Mandea said, adding that an oval-shaped area east of Brazil is significantly weaker than similar latitudes in other parts of the world. 

"It is in this region that the shielding effect of the magnetic field is severely reduced, thus allowing high energy particles of the hard radiation belt to penetrate deep into the upper atmosphere to altitudes below a hundred kilometers (62 miles)," Mandea said. 

This radiation does not influence temperatures on Earth. The particles, however, do affect technical and radio equipment and can damage electronic equipment on satellites and airplanes, Olsen of the Danish space center said. 

Keep Watching 

The study documents just how rapidly the flow in Earth's core is changing, said Peter Olson, a geophysics professor at Johns Hopkins University in Baltimore, Maryland, who was not involved with the research. 

By using satellite imagery, researchers have a nearly continuous measurement of changes, he said. 

"They provide a good rationale to continue this monitoring longer," Olson said. 


http://www.usgs.gov/ 

What is a magnetic field? 
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Fields fill the space between matter and they determine how it is that bits of matter can exert forces on other bits of matter at a distance. There are several different fields in nature, and their reality is demonstrated by our observation of the forces with which they are associated. So, for example, gravitational fields determine how it is that objects with mass are attracted together by a gravitational force. Electric fields determine how it is that objects with electric charge are attracted together by an electric force, if they have opposite electric charge, or repelled from each other, if they have the same electric charge. Interestingly, unlike an electric field, a magnetic field only comes into play when electric charges are moving. Magnetic fields determine how it is that electric currents, composed of moving electric charges, exert forces on other electric currents. Consider, then, two parallel wires, each with an electric current flowing in the same direction. By virtue of the magnetic field, they will be pulled toward each other, they experience an attractive force. If the currents are flowing in the opposite direction, then there will be a repulsive force between the wires. More generally, magnetic fields are generated by electric currents, the motion of electric charges, and, conversely, electric currents and the motion of electric charges can be induced by time-dependent magnetic fields. In fact, an electric generator works by the motion of magnetic fields. 
Is the Earth a magnet? 
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In a sense, yes. You probably know that the Earth is stratified; a section is pictured here. In radius it is composed of layers having different chemical composition and different physical properties. The crust of the Earth has some permanent magnetization, and the core of the Earth, the outer part of which is liquid iron and the inner of which is solid iron, generates its own magnetic field, sustaining the main part of the field we measure at the surface. So we could say that the Earth is, therefore, a 'magnet'. But there is no giant bar magnet near the Earth's center, despite the depictions you may have seen in elementary textbooks on geology and geophysics. Permanent magnetization cannot occur at high temperatures, like temperatures above 650 degrees centigrade or so, when the thermal motion of atoms becomes sufficiently vigorous to destroy the ordered orientations needed to establish permanent magnetization. The core of the Earth has a temperature of several thousand degrees, and therefore it is not permanently magnetized. 

How does the Earth's core generate a magnetic field? 

[image: image31.png]


As the result of radioactive heating and chemical differentiation, the outer core is in a state of turbulent convection. This sets up a process that is a bit like a naturally occurring electrical generator, where the convective kinetic energy is converted to electrical and magnetic energy. Basically, the motion of the electrically conducting iron in the presence of the Earth's magnetic field induces electric currents. Those electric currents generate their own magnetic field, and, as the result of this internal feedback, the process is self-sustaining, so long as there is an energy source sufficient to maintain convection. The depiction of the geodynamo shown here is only schematic; in fact, the fluid motion and the form of the magnetic field inside the core are still the subject of intensive research. 

Why do models and charts of the geomagnetic field need to be periodically updated? 

Models and charts of the magnetic field at the Earths surface need to be periodically updated because the field is constantly changing in time. The same fluid motion in the Earth's core that sustains the main part of the magnetic field also causes the field to slowly change in spatial form, a time-dependence known as “secular variation”. This variation can be seen in all vectorial parts of the magnetic field, but it was first noticed in declination several hundred years ago, since it is that quantity that is so important for navigation. In fact, the demands of navigators helped to motivate, centuries ago, some of the original studies of the Earth's magnetic field. On average the declination at the Earth's surface changes by about a fifth of a degree per year. 

Career Connections

Geologists study the composition, processes, and history of the Earth. They try to find out how rocks were formed and what has happened to them since their formation. They also study the evolution of life by analyzing plant and animal fossils.

Volcanologists study the remains of either dead or dormant volcanoes, or monitor volcanoes that are dormant, but may become active or "reawaken.” A significant portion of a volcanologist’s work is also done in the laboratory and office, analyzing rock samples, reading and writing scientific papers, performing computer modeling of various aspects of eruptions, and interpreting the data that they have collected from the field. Basically, the goals of volcanology are to understand how and why volcanoes erupt, how to predict eruptions, their impacts on the history of the Earth and how they may affect humans and their environment. It is also important for volcanologists to be able to interpret and publish/present their findings in such a way that it is easy for the general public to understand.

Seismologists are scientists who study earthquakes and seismic waves. They study the earth movements - like mini earthquakes - that may precede a major volcanic eruption. The Seismologist may also set up monitoring equipment near to the volcano. The seismologist is an important scientific member of the team in helping scientists predict eruptions. They may be helped in their task in predicting an eruption by the geo-chemist and others who will measure the gases from the volcano.
Standard 8-3: The student will demonstrate an understanding of materials that determine the structure of Earth and the processes that have altered this structure. (Earth Science)





Indicator 8-3.2: Explain how scientists use seismic waves –primary, secondary, and surface waves – and Earth’s magnetic fields to determine the internal structure of Earth.





Other indicators addressed:  


Indicator 8-1.6:  Use appropriate tools and instruments (including convex lenses, plane mirrors, color filters, prisms, and slinky springs) safely and accurately when conducting a controlled scientific investigation.





Indicator 8-1.7:  Use appropriate safety procedures when conducting investigations.
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