Chapter 4:  Background Material

A NASA "story" of STEREO/IMPACT: Introductory material

There are many scientists who want to understand more about the sun.  They know that the Sun is a fiery ball of gas that gets so hot that gas flies out from the Sun at very high speeds.  Many of the electrons in the Sun’s atoms have enough energy to leave the atoms.  These new particles are called ions.  These ions and electrons are flowing from the sun and together they are known as the solar wind.  The ions and electrons dance in the Sun's magnetic field.  Scientists discovered that the solar wind and its magnetic field flow together out past Mercury, past Earth, and continued out past Pluto.  Because the magnetic field is threaded throughout the solar system we call it the interplanetary magnetic field, that is magnetic fields found between (inter) the planets (planetary).

Scientists have also noticed that the sun goes through some pretty different cycles, just like moody people who are calm and quiet some days but other days, they explode with anger.   But of course the Sun doesn't have emotions to drive its cycles!  Physical principles, such as magnetic and electric forces, drive its cycles.  During the sun’s active cycle, parts of the sun will explode, sending out even more solar wind and magnetic fields than it typically sends out.

What happens to the solar wind and magnetic fields that the explosions send flying out into space?  Well, sometimes the explosive solar wind will flow by Earth, where we all live.  Luckily Earth has a magnetic field and a thick layer of atmosphere that protects all living creatures on Earth from the particles and radiation that can come from such solar explosions.  But when astronauts are up in space, sometimes the magnetic field isn’t strong enough to protect them and they have to run, or rather float, back into their space vehicles, such as the space station.  Scientists asked themselves: “What triggers these explosions to happen?”  How do these explosions flow out and away from the sun? How do these explosions make ions and electrons go so fast?” 

How are the scientists going to answer these questions?  Well, they have studied the solar explosions while sitting (or standing) on Earth using telescopes.   They named them coronal mass ejections.  Scientists like to give names to specific types of events so that everyone knows what they are talking about using only a couple words.  That is efficient.  NASA scientists like to make it even easier by making an acronym out of the name.  An acronym is made with the first letter of each word in the name. What acronym would you use for the term: interplanetary magnetic field? [IMF]  What does the acronym NASA stand for? [National Aeronautics and Space Association] NASA scientists call a coronal mass ejection, a… CME, that's right! 

With just one satellite, scientists can only measure magnetic fields at one point in space, and that's just what they have done!  And with one satellite at a time, they have discovered many things about the Sun.  But really, scientists need to measure the interplanetary magnetic field (IMF) and the solar wind at more than just one point.  Two points together with cameras looking at the sun will help them understand better how the explosions move outward.  So, several scientists proposed to put up two satellites at the same time.  These two satellites would be able to take photos of the Sun in 3-D and instruments on the satellites would measure the IMF in two locations.  If we converted the data into sound and listened through headphones, the data would come out in stereo!  And so, this 3-D mission was named STEREO.  As they say, "Two ears are better than one!"  The reviewers at NASA, who are other space scientists, said: “Yes! These are good science questions and a feasible mission.  Let’s do it!”  And the U.S. congress agreed to pay for it.   And so instruments and a satellite are being built for the NASA STEREO Mission in order to study the Sun's explosions.   And now you too can be a part of this mission.

We never really answered the question: "How are the scientists going to measure the interplanetary magnetic field (IMF)?"  This is what you are going to answer in the next activities centered about electromagnetism.  First, you have to know about magnetic fields and how to measure them.  Then you have to design an experiment that will work on a spacecraft to measure the interplanetary magnetic field (IMF).  And then you have to create your design and test it.  This is exactly what scientists and engineers working on the STEREO/IMPACT NASA Mission have had to do.  

[Note: To do a 7-day lesson on the sun-earth connection, which was briefly described in the previous story section, we recommend using the LHS GEMS guide, “Living with a Star”.  See the “Resource” section at the end of this guide.]

More Information about the STEREO/IMPACT Experiment

The STEREO Mission consists of two spacecrafts positioned on either side of Earth in its orbit around the Sun. The spacecrafts study the Sun, the Solar Wind, and the IMF in 3-D (see image below). Since the spacecrafts are physically in the Solar Wind they can make direct measurements of its magnetic field using a magnetometer that detects the strength and direction of a magnetic field.  The spacecraft have many instruments aboard that use electricity to operate. As has been discussed these electronic components of other instruments will produce magnetic fields of their own. These magnetic fields will interfere with the magnetometers’ measurements of the Solar Wind’s magnetic field. 
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The engineers designing STEREO had to come up with a way to allow the magnetometers to measure the interplanetary magnetic field (IMF) uncontaminated by the fields induced by the spacecrafts’ own electronics.  NASA engineers came up with a two-fold design.  The inside of the boom is a telescoping “stacer” made out of metal that is wrapped around itself, much like a rolled up poster that is tapped shut.  The only way for the stacer to move is to push out, making a longer cylinder, like a rolled poster would if you pulled on each end of the cylinder.  This is the same mechanism as a Chinese yoyo.  The stacer protects the wires that are wound together to go out to the magnetometer.  
Outside of the stacer is another telescoping boom with individual cylinders tucked within each other.  When the boom deploys in space, each section moves out along runners with little tiny wheels (see the photographs in the Boom Photograph section below) until each section locks into place with several pins. This outside boom keeps the magnetometers far away from the spacecraft. The boom must be fairly stiff (rigid) and will house several other instruments beside the magnetometers.    

Questions and Answers with Paul Turin on Boom design:

Paul Turin is an engineer who works on designing and building booms for NASA spacecraft.  He works at the University of California at Berkeley and by answering our questions, he helped to design the third activity in this lesson plan.  Here are the questions we asked and some of his answers.

In terms of strength, stiffness, and end-play, which is most important in the engineering of the boom design?

In launch, the strength and stiffness of the boom are the most important.  In actual operation in space, that the boom is stiff and play-free is most important and strength does not usually matter.  In relation to the spacecraft, stiffness and lack of play are important to think about in this way: if the satellite moves, you don't want the boom to bend or to move (to some specified accuracy).  This means that once the boom is deployed from the spacecraft, to sit in only one position relative to the spacecraft. You want the boom to end up in known position and to not move from that position because the instrument, such as a magnetometer, is sitting near the end of the boom and scientists need to know the exact location and orientation of that instrument.

Have the kind of materials used for booms changed over the past years?

20-30 years ago, booms were made out of Aluminum because Aluminum was light, which is important for the cost of launching the satellite, and because it is strong and stiff.  Now, booms are usually made of carbon fiber because of its versatility and because it is stronger and stiffer than metals.  Carbon fiber can be molded to many different shapes.  It starts as a cloth-like fiber and is then put in epoxy and wrapped around a form, often made out of metal, such as a cylinder.  As the epoxy-covered carbon fiber hardens, it takes on the shape of the form around which it is wrapped.  Another benefit is that a shape made of Carbon fiber that has the same stiffness and strength as an aluminum one will be considerably lighter.
What are the main difficulties in designing a boom?

Deploying a boom is one of the most difficult tasks.   How can we deploy something so long and stiff without much play? The design of any joints in the boom is critical to its performance. When the joint latches closed, it must not be able to move again – the boom needs to act as if it were made of a single piece of material.
How are such stiff booms deployed?

In the STEREO IMPACT boom for example, there is a compressed spring called a Stacer inside and when the time comes, the boom is deployed by allowing the spring to push the telescoping boom out. This boom has several nesting tubes with three grooves in each tube (see picture) and little wheels that follow along the grooves.  When each tube gets to the end of the next larger tube, pegs fall into holes and the boom becomes long, play-free, and stiff.  

Are the currents carried in the wires out to the end of the boom ever a problem for magnetometer measurements?

Not if they are handled properly.  The wires are twisted pairs and so their magnetic fields tend to cancel out.  Also there is the metal Stacer that shields the wire.  This Stacer is a sheet of metal rolled up tight that when released, pushes out into a long tube, generating the force to deploy the boom as it does so.  It is very similar to a Chinese yoyo made out of a beryllium-copper alloy. 

How long does it take to design and build a boom?

The entire process typically takes 3 years from concept to delivery of the boom to the satellite.  First, a concept of a design is considered.  Then certain ideas that are new are tested by building parts to see if the idea is feasible.  Then a beginning design is finalized and an ETU (Engineering Test Unit) unit is built.  Any changes that are deemed necessary as a result of the ETU testing are made, and then a proto-flight unit is built (this becomes a flight spare).  If that works, then the flight units are built, tested and delivered.

What are some of the problems that occur while building a boom?

There are always many problems.  For example on the STEREO-IMPACT boom, problems arose when we were trying to create the grooves in the tubes.  We had a hard time getting the carbon fiber cloth to stay in the grooves in the form while wrapping the cloth around it. The grooves had to be nice and smooth so the wheels would ride smoothly in them, and it took many tries to work out how to get them to come out smooth enough. Carbon fiber as a material is difficult to use in general because it comes as a cloth that then you put a glue-like substance on it to make it harden to the shape you want.  This becomes a sticky situation, literally! 

Electromagnetism is important and interesting

Electrical and magnetic forces are essentially two different aspects of the electromagnetic force.  Electromagnetism is all around us and is one of the four principle forces which control everything from the magnets on our refrigerator to the furthest reaches of the universe.  Not only does understanding magnetism allow scientists to be able to design experiments flown on satellites to learn about the solar wind, but it also allows all of us to uncover the mystery that pushes and pulls much of the matter in our universe at scales important to our every day lives. 

Photographs of the STEREO/IMPACT boom

Beginning model:
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The parts of the boom laid out in a telescoping fashion

Engineering model:
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The boom, almost put together with a hand for size comparison
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A close up of the wheels and pegs on the engineering model 

Deployment of the boom:
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A zoom in on the top of the boom
The STEREO-IMPACT boom team: 

Ken McKee, Bill Donakowski, Mario Marckwordt, Jeremy McCauley, Paul Turin, Robert Ullrich
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   Paul is getting ready to         And the boom is going up, up, up

     deploy the boom…                until it snaps completely into place 

      and is fully deployed.
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The boom deployed.  Weights can be seen at the top.  They are used to counter-balance the force on the booms due to gravity since in space the spacecraft will be far from Earth’s gravity when the boom is deployed.

Glossary

Atmosphere: The mixture of gases that surround an object in space, such as a planet, moon or star, held near it by gravity.
Atom: A basic unit of matter. Every atom has a positively charged center called a nucleus that is surround by a number of negatively charged electrons.
Attract: To draw to or toward itself.
Aurora:  (plural = aurorae) Light radiated by ions and atoms in Earth's upper atmosphere, in the region of Earth's poles. Aurora can be an extremely impressive spectacle. The Aurora australis, or "Southern Lights" occur near the South Pole while the Aurora borealis, or "Northern Lights" occur near the North Pole.

Boom: A part of a spacecraft that is long and cylindrical to hold instruments far from the satellite bus when it is in space.

Cause: Something that produces an effect.

Compass:  A device that determines the presence of a magnetic field and its direction.

Corona:  The outer part of the Sun's "atmosphere". In the outer region of the corona, particles travel away from the Sun and stretch far out into space. The corona can only be seen during total solar eclipses, appearing as a halo around the moon.

Coronal mass ejections (CMEs): Huge bursts of solar wind rising above the Sun's corona. These are one of the biggest explosions in the Solar System.

Dipole: Two electric charges or magnetic poles that have the same strength but are opposite in sign or polarity (North versus South) and are separated by a small distance.

Earth: The third planet from the Sun on which we all live.

Eclipse: The blocking of some or all of the light from one object by another.

Effect: Something brought about by a cause; a result.

Electric charge: A physical state based on the amount and location of electrons and protons in matter. Matter with more electrons than protons is negatively charged. Matter that attracts free electrons is positively charged. 

Electric circuit: A system that connects electrical components so that they will operate.

Electric current: A flow of electric charge.

Electron: The negatively charged part of an atom and one of the smallest particles in the universe.  It orbits the atom's nucleus. Electrons are very light compared to protons and neutrons.

Element: A material consisting of atoms, all with the same atomic number. Approximately 90 different elements are known to exist in nature and several others have been created in nuclear reactions. For more information about the elements, see the Periodic Table of the Elements.
Experiment: A test under controlled conditions that is made to determine how something in nature works.

Gas: A low number of atoms or molecules in a relatively large volume of space so that their interaction is small.

Geographic North Pole: The northern point on Earth around which Earth rotates.

Gravity:  A physical force that attracts objects to one another.  This force is very weak and only objects made of a lot of protons and electrons will have enough gravity to affect other objects.  For example Earth has enough atoms that its gravity holds us on this planet.  But a teacher does not have enough atoms to attract a coffee mug with gravity.

Hydrogen: The most common element in the universe. Each atom of hydrogen contains one proton and one electron.

Interplanetary: Between the planets in our solar system.

Instrument: An electrical and/or mechanical device that collects data as part of an experiment. 

Ion: An atom that carries a positive or negative electric charge as a result of having lost or gained one or more electrons.

Iron: An element that has an un-paired electron making it able to align with a nearby magnetic field.

Magnet, solenoid: A solenoid magnet is a coil of insulated wire, usually cylindrical in shape and with a length greater than its diameter. An electric current passing through the solenoid produces a magnetic field similar to that of a bar magnet.

Magnetic field: A region of space near a magnetized body or electrical current where magnetic forces can be detected.

Magnetic field lines: These lines are a way to show the structure of a magnetic field. A compass needle will always point along a field line. The lines are close together where the magnetic force is strong, and spread out where it is weak. 

Magnetism (Electromagnetism): A physical property of an object that shows attraction for iron, as in a magnet. Electromagnetism acts between particles with an electric charge, such as electrons, protons, and ions. It is associated with moving electricity, and it creates fields of force.

Magnetometer:  An instrument that measures the magnitude (strength) and direction of a magnetic field.
Magnetosphere: The region surrounding a planet where the planet's magnetic field dominates.

Molecule: Two or more atoms bound together. As an example, a molecule of water consists of two atoms of hydrogen and one of oxygen.

Neutron: The part of an atom that has no charge. It is often part of the nucleus.
Nucleus: (plural=nuclei) The small, massive center of an atom containing its protons and neutrons bound together by nuclear force, the strongest force known in nature. 

Orbit: The path a body takes around another object or point in space under the influence of various physical forces, including gravity.

Physics: The science dealing with matter and energy and their interaction.

Planet: A body that orbits a star such as the Sun.

Proton: The positively charged part of an atom.

Satellite: An object that revolves around a larger object. Planetary moons are natural satellites.

Satellite bus: The body of a man-made satellite that the control functions of the satellite and most of the scientific instruments.

Solar: Having to do with the Sun.
Solar wind:  Ions and electrons that come out of the Sun in all directions at very fast speeds.

Solar system: The Sun and its associated planets and their moons, and all other objects that are held by the Sun's gravity and orbit around it.

Space: The area between all of the bodies in the universe. It is not empty! It contains magnetic fields, electromagnetic radiation (i.e. light), gases, dust and other particles.

Sun: The star at the center of our solar system. It is made mostly of hydrogen and helium with a very small amount of heavier elements. 

Resources
Online Vendors with Classroom Supplies

Arbor Scientific: http://www.arborsci.com/ 

Edmund Scientifics: http://www.scientificsonline.com/ 

Educational Innovations: http://www.teachersource.com/ 

Ward’s Natural Scientific: http://wardsci.com/
Cow Magnets: http://magnets-cow.com/
The Science eStore at YAHOO!Shopping: http://shop.store.yahoo.com/science-estore/index.html 

Science Kit & Boreal Laboratories: http://www.sciencekit.com/ 

1 on 1 School Supplies: http://www.1on1schoolsupplies.com/index.html 

Home Training Tools: http://www.hometrainingtools.com/index.php 
Related Curriculum Materials
Electric Circuits, National Science Resources Center, Carolina Biological Supply Company, Burlington, NC, 2002(not sure).

Magnets and Motors, National Science Resources Center, Carolina Biological Supply Company, Burlington, NC, 2002. 

Living with a Star: From Sunscreen to Space Weather, Great Explorations in Math and Science (GEMS), Lawrence Hall of Science, University of California at Berkeley, CA, 2003.

Web Pages
[Note: Web pages come and go but some are more reliable than others.  We have put the most reliable pages in the first “Reliable” category and the others in the “May be gone but worth citing” category.]

Reliable

http://cse.ssl.berkeley.edu/impact/: The STEREO/IMPACT Education and Public Outreach web page with links to explanations of the science, to other k-12 events or activities, to news about the sun, and to the IMPACT mission itself.

http://www.nasa.gov: NASA’s web page with links to information on NASA missions and educational materials.

http://www-spof.gsfc.nasa.gov/Education/Intro.html: David Stern’s overview of space physics with good links to other educational web sites.

http://www.spaceweather.com/glossary/imf.html: Spaceweather.com’s page on the interplanetary magnetic field (IMF).

http://www.agu.org/sci_soc/cowley.html: A guide to Earth’s Magnetosphere. 

http://www.windows.ucar.edu/tour/link=/teacher_resources/magnetometer_edu.html&edu=high: K-12 lesson to make a magnetometer

May be gone but worth citing 

http://my.execpc.com/~rhoadley/magindex.htm: Rick Hoadley’s very extensive web page on magnetism with experiments you can do and many explanations. 







� This Glossary was adopted from the Helios glossary found at the URL:


� HYPERLINK "http://helios.gsfc.nasa.gov/gloss_yz.html" ��http://helios.gsfc.nasa.gov/gloss_yz.html�.  Underlined words represent words that are defined in this Glossary. 
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