
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	Eighth Grade Science                            

	Recommended  Days of Instruction:  2
(for this lesson only; NOT for this indicator)
	(one day equals 55 min)

	Standard(s) addressed:  8-4

	The student will demonstrate an understanding of the characteristics, structure, and predictable motions of celestial bodies. (Earth Science)

	Earth’s Structure and Processes

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-4.10:  Compare the purposes of the tools and the technology that scientists use to study space (including various types of telescopes, satellites, space probes, and spectroscopes).

	SC Science Standards Support Guide Resource List
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
SC ETV Streamline
http://etv.streamlinesc.org
“Satellites and Telescopes: How Scientists Study the Sun” from the video series: Our Amazing Sun
http://player.discoveryeducation.com/index.cfm?guidAssetId=B78AF039-1562-40BD-B6BD-01D7E296B763
Additional Resources 

“Light, Color, and Their Uses” http://www.nasa.gov/audience/foreducators/informal/features/F_Build_a_Telescope.html
How to Build and use

Spectroscopes http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Space.Based.Astronomy.html
"Telescope." 
The World Book Student Discovery Encyclopedia. Chicago: World Book, Inc., 2005. http://www.nasa.gov/worldbook/wbkids/k_telescope.html
How does a satellite hover in one spot? http://spaceplace.jpl.nasa.gov/en/kids/goes/goes_poes_orbits.shtml
Current Space Tools http://spaceflight.nasa.gov/realdata/sightings/index.html
Helping visually impaired to “See” space http://www.nasa.gov/audience/foreducators/5-8/features/envisioning-science.html
 “Telescopes from the Ground Up” http://amazing-space.stsci.edu/resources/explorations/groundup/
How does GPS work http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/How_Do_Global_Positioning_Systems.html
NASA Eyes on the Earth  http://climate.nasa.gov/Eyes/
NASA Astronomy Picture of the Day http://antwrp.gsfc.nasa.gov/apod/astropix.html
Windows to the Universe Solar System News  http://www.windows.ucar.edu/tour/link=/headline_universe/solar_system/solar_system.html
Atlas of the Universe  http://www.atlasoftheuniverse.com/
HubbleSite 

http://hubblesite.org/ 

NASA Jet Propulsion Laboratory: Welcome to the Planets  http://pds.jpl.nasa.gov/planets/welcome.htm
Amazing Space  

 http://amazing-space.stsci.edu/ 

Earth Science World http://www.earthscienceworld.org/index.html 

Views of the Solar System  http://solarviews.com/
San Francisco Exploratorium: Space Weather Research Explorer http://www.exploratorium.edu/spaceweather/index.html 

National Aeronautic and Space Administration (NASA) Earth Observatory http://Earthobservatory.nasa.gov/ 

The Planetary Society http://www.planetary.org/ 
The Space Place http://spaceplace.nasa.gov . 
Electromagnetic Spectrum http://spaceplace.nasa.gov/chandra.htm 


	See Science Module 8-4.10

	From the South Carolina Science Support Document:

The objective of this indicator is to compare the purposes of the tools and technology used to study space; therefore, the primary focus of assessment should be to detect similarities and differences between various types of telescopes, satellites, space probes, and spectroscopes.

However, appropriate assessments should also require students to identify a tool based on a given purpose; compare optical telescopes to a radio telescope; illustrate the uses of different tools and technology: or recognize the appropriate tool or technology required for a particular task.


Eighth Grade

Science Module 

8-4.10
Astronomy: Earth and Space Systems
Lesson A
[image: image13.emf]
From the South Carolina Science Support Documents:

Indicator 8.4.10:  Compare the purposes of the tools and the technology that scientists use to study space (including various types of telescopes, satellites, space probes, and spectroscopes).
Taxonomy level: 

Understand Conceptual Knowledge (2.6-B)
Previous/Future knowledge: This indicator is mostly new material for this grade. Only, the purpose of telescopes, in general, as a tool of astronomy is recognized in 4th grade (4-3.8).

It is essential for students to know that astronomers use telescopes, satellites, space probes, and spectroscopes to make observations and collect data about objects in the solar system and outside of the solar system. These tools and the associated technology that allow astronomers to analyze and interpret the data help scientists learn about the solar system and about the universe.

Telescopes

· Refracting and reflecting optical telescopes collect visible light, then use convex lenses or mirrors to focus the light producing larger, brighter images of distant objects in space.

· Radio telescopes receive radio waves emitted from objects in space, including waves from very distant stars and galaxies; it can receive information in any weather and during day or night.

· Other telescopes “read” infrared or x-ray signals but have to be placed where Earth’s atmosphere does not block or absorb the signals.

Satellites

· Satellites are placed in orbit around Earth with special instruments and telescopes that collect information from space which is sent back to Earth where it is interpreted.

· Data gathered from satellites are not hampered by Earth’s atmosphere.

Space probes

· Space probes contain instruments to collect data and travel out of Earth’s orbit to explore places that would be too dangerous for astronomers; the instruments that a probe contains depends upon the space mission.

Spectroscopes

· Spectroscopes collect the light from distant stars and separate that light into bands of different colors; by studying these bands, astronomers identify the elements in a star.

It is not essential for students to know how the light waves are refracted and reflected within each optical telescope. The names of specific telescopes, satellites, or space probe missions are not necessary.

Assessment Guidelines:

The objective of this indicator is to compare the purposes of the tools and technology used to study space; therefore, the primary focus of assessment should be to detect similarities and differences between various types of telescopes, satellites, space probes, and spectroscopes.

However, appropriate assessments should also require students to identify a tool based on a given purpose; compare optical telescopes to a radio telescope; illustrate the uses of different tools and technology: or recognize the appropriate tool or technology required for a particular task.

Teaching Indicator 8-4.10:  Lesson A –“Tools and Technology to Study Space”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Earth in Space provides an opportunity for conceptual development of the concepts within the standard.  NOTE:  This lesson does NOT adequately address the entire content included within this standard.  
Misconceptions:

Some incorrect believes children often hold include but are not limited to:
· Planets cannot be seen with the naked eye 

· High powered and expensive equipment is needed to see and study celestial bodies.
· 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.  ** An adult should use the knife when cutting the box for the spectroscope.
Lesson time:

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


· Copies of article “Telescope as Time Machine” (see attached)
· Copies of article “Rising Above the Problem” (see attached)
· Copies of article “Taking a Cold, Clear Look at the Universe” (see attached)

· Copies of article “What is the Fermi Gamma-ray Space Telescope?” (see attached)

· Copies of article “What is the Hubble Space Telescope” (see attached)
· 2 converging lenses (convex lenses)

· telescoping tubes (mailing tubes)

· manila file folder

· scissors

· knife or saw

· glue

· 1 white poster board

· red and black tape

· 1 cardboard box with lid

· sharp knife or blade

· 1 double-edged razor blade

· scissors

· black marker

· tape

· 1 manila file folder

· commercially purchased diffraction

· grating (plastic material with 13,440

· grooves per square inch).
Focus Question:
How do tools and technology help scientists study space?
Engage:

1. Dialogue as a class about:

a. How do tools and technology helps scientists study space?

b. What are some examples of tools and technology that are used to study space?
2. Capture thoughts in your notebooks and add ideas as they arise.
3. Watch the ETV Streamline SC segment “Satellites and Telescopes: How Scientists Study the Sun” from the video series: Our Amazing Sun: http://player.discoveryeducation.com/index.cfm?guidAssetId=B78AF039-1562-40BD-B6BD-01D7E296B763
Explore:
Build a telescope: 

NOTE:  This has been extracted from the Educator Guide “Light, Color, and Their Uses” published by NASA and can be downloaded in the original format at: http://www.nasa.gov/audience/foreducators/informal/features/F_Build_a_Telescope.html
	[image: image14.emf]

	Illustration of a refracting telescope


In a telescope, the lens held next to your eye is called the eyepiece and is usually a short focal length lens or a combination of lenses. The lens at the other end of the telescope is called the objective lens. Light from a distant object is focused by the objective lens to form an image in front of the eyepiece. The eyepiece acts as a magnifier and enlarges that image. The magnification of the telescope can be found by dividing the focal length of the objective by the focal length of the eyepiece.

Procedure:
1. The mailing tubes will be the body of the telescope with the smaller one sliding inside the larger one. The length of the assembled telescope will be a little longer than the sum of the focal lengths of the two lenses. Add the value of the focal lengths of the short and long lens together. Divide that length by two and then add another inch. Cut both of the tubes to that length with a knife or saw.

2. Use the scissors to cut out two circles from the manila paper that are the same size as the diameter of the mailing tube. These circle frames will mount and center the lenses on the tube. With a knife, cut out circles that are slightly smaller than the diameter of the lenses in the center of the paper frame circle. Glue the lenses to the center of the frame. The shorter focal length lens will be the eyepiece. Glue that framed lens to the end of the smaller tube. Glue the other framed lens to the end of the larger tube.

3. Slide the two cardboard tubes together. You have now assembled a simple refracting telescope. Look through the eyepiece of your telescope and focus it on a distant object. Slide the two cardboard tubes in and out until you have a clear image. What do you observe?

4. Use the red and black tape to make stripes on the white posterboard (see illustration below)
	[image: image15.emf][image: image16.emf]

	Assembly illustration of a telescope


 
5. In observing objects through your telescope, did the image appear clear?

6. How was the observed image oriented?

Comment: The useful magnification of a telescope is limited by diffraction. This diffraction limit is about 10 times magnification per inch of diameter of the objective lens.
Example: an objective lens 2 inches in diameter will provide a realistic telescope power of 20 times.


Constructing a Spectroscope: 

NOTE:  This has been extracted from the Educator Guide “Light, Color, and Their Uses” published by NASA and can be downloaded in the original format at: http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Constructing_a_Spectroscope.html
All elements or pure substances, such as gold, silver, neon, or hydrogen, give off a set of wavelengths of light when they are heated. Scientists can study the light given off by stars and other objects in space or heated substances here on Earth and identify the kinds of elements that are present. In fact, the element helium, which is a very light gas, was discovered by studying the spectral lines of the Sun. Later, helium was found here on Earth. Scientists who study light use very complicated spectroscopes to observe and measure wavelengths given off by light sources.
Procedure: 

1. Make or adapt a box that is about 10 inches long, 6 inches wide, and 2 inches deep. The box must have a tight lid.

2. Use a black marker and color the inside of the box and lid.

3. Choose one end of the box and measure 1/4 inch from the corner. WITH ADULT HELP OR SUPERVISION, cut out a 1-inch square hole.

4. Next cut a piece of diffraction grating 1–1/2 inches square.

5. Cut a frame of manila paper for the diffraction grating. The side measurements should be 1–1/2 inches square, and inside measurements for the hole in the frame should be 1 inch square.

6. Frame the diffraction grating and tape it inside the box to cover the 1-inch square hole cut in step No. 3, with lines of the diffraction grating vertical.

7. [image: image17.emf]Directly opposite the diffraction grating on the other end of the box, measure and mark 1/2 inch from the corner of the box and 1/4 inch from the bottom. WITH ADULT HELP OR SUPERVISION, cut a hole 1-inch high and 1/2-inch wide.

8. Cut a rectangle of manila paper 1–1/2 inches by 2 inches. In the center of the manila rectangle, cut a small rectangular hole 3/4-inch high and 1/4-inch wide. 
9. WITH ADULT SUPERVISION, break the razor blade into two pieces along the long hole in the blade. Place the sharp edges of the blade together to form a long narrow slit.

10. Mount the razor blade slit so that the long slit is parallel to the lines of the diffraction grating.

11. WITH ADULT SUPERVISION, center the slit in the double-edge razor blade over the opening in the large manila rectangular frame. Tape pieces of the blade in place. 

12. Tape the framed razor blade to the outside of the box on the end opposite from the diffraction grating.

13. Place the lid securely on the box. Find a light source. Aim the razor blade at the light and look through the diffraction grating.

14. Observe the emission spectrum emitted by different light sources.
** For more information on how to build and use spectroscopes see: http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Space.Based.Astronomy.html
Explain: 
1. As a class read the articles “Telescopes as Time Machines”, “Taking a Cold, Clear Look at the Universe”, “What is the Fermi Gamma-ray Space Telescope?”, and “What is the Hubble Space Telescope?”

2. What characteristics of telescopes are similar to the one you constructed in class?

3. How are do these telescopes exceed the limitations of the one you made?

	[image: image1.jpg]





Telescopes help us see things that are too far away to be seen with our eyes alone. They also give us a closer view of distant objects. A common telescope looks like a long tube, with one end smaller than the other. You put the small end up to one eye and look through the tube. The things you see look closer than they really are. 

Image to left: A large reflecting telescope like this one helps astronomers study the planets, stars, and other things in space. Credit: World Book illustration

Two small telescopes can be joined side by side to make binoculars. You can look through binoculars with both eyes. People at a sports contest sometimes use binoculars to get a closer look at the action.

Scientists called astronomers use large telescopes to study the planets, stars, and other things in space. Without telescopes, we would know little about such things.

The telescopes we see most often are called optical telescopes. These telescopes can "see" light, just as our eyes do. Other kinds of telescopes can "see" things that our eyes cannot see, such as radio waves and X rays. Astronomers use such telescopes to study objects in space that give off invisible rays. For example, they use radio telescopes to study objects that give off radio waves.

Telescopes have different sizes and shapes. Some telescopes are small enough to hold in one hand. Huge bowl-shaped radio telescopes may measure up to 1,000 feet (305 meters) across. This is almost as long as three football fields.

Some telescopes are parts of spacecraft. The Hubble Space Telescope, launched in 1990, explores the sky while it circles the Earth in space. Scientists on Earth control this telescope with radio signals. The signals point the telescope at objects the scientists want to study. This telescope gets a clear view of things in the sky because it travels above the air that surrounds the Earth. Although air seems clear, it makes stars and other sky objects look blurry. For example, stars seem to twinkle because their light comes to our eyes through moving layers of air. So, while telescopes on Earth's surface get a blurry image, the Hubble Space Telescope gets a sharp image.

How Optical Telescopes Work

We see objects because light given off or reflected by them enters our eyes. Optical telescopes work by bending this light. One kind of optical telescope has a curved piece of glass called a lens at its large end. This lens is the objective lens. It bends the light from the object in a way that forms an image -- a picture of the object -- inside the telescope. The light from this image then goes through another lens, called the eyepiece, at the small end of the telescope. The eyepiece bends the light again and makes the object look big. The bending of light by a lens is called refracting, and telescopes with such lenses are called refracting telescopes. 

Another kind of optical telescope uses a mirror instead of a lens. The mirror is bowl-shaped. Light from an object bounces off the mirror in a way that forms an image of the object inside the telescope. Light from the image then goes through an eyepiece that makes the object look big. A mirror is said to reflect light, so these telescopes are called reflecting telescopes.

Astronomers can make a telescope work like a giant camera to take a picture of a faraway object. The astronomers can then study the picture.

Objects in space often look dim, even through a telescope. To make them look bright, astronomers use a telescope with a very large lens or mirror. The large size increases the amount of light that enters the telescope. So objects seen through the telescope look much brighter. The largest telescopes use mirrors instead of lenses. The tremendous weight of huge lenses would cause them to bend and warp.

How Radio Telescopes Work

Radio telescopes pick up faint radio waves that come from objects in space. Most radio telescopes capture these waves with a large, bowl-shaped part called a dish antenna, or a dish. This dish reflects radio waves the same way a mirror reflects light waves. But radio waves are much longer than light waves, so a radio telescope's dish has to be much larger than the mirror of an optical telescope.

The dish sends the radio waves to another part of the telescope that changes the waves into electric signals. A radio receiver strengthens the signals. It also keeps track of the point in space that the signals came from. This information goes to a computer that may draw a diagram of the source of the radio waves or give other information about the source.

History

The Dutch scientist Hans Lippershey probably made the first telescope in 1608. It was made of two glass lenses in a narrow tube. Within a year, the Italian astronomer Galileo built a telescope like Lippershey's. Galileo was the first person to use a telescope to study the sky. Galileo discovered some surprising things with his telescope. For example, he found that there were moons going around the planet Jupiter. In 1668, the English astronomer Isaac Newton built a telescope that used a mirror.

In the late 1930s, Grote Reber, an American engineer, built the first radio telescope and operated it in his backyard. Scientists who used early radio telescopes found strong radio waves coming from the sun. Later, astronomers found that radio waves also come from what was left of exploded stars in some dark parts of the sky. Later, scientists found rapidly spinning stars called pulsars that send out radio waves.

Extracted from "Telescope." The World Book Student Discovery Encyclopedia. Chicago: World Book, Inc., 2005. – http://www.nasa.gov/worldbook/wbkids/k_telescope.html
How does a satellite hover in one spot? http://spaceplace.jpl.nasa.gov/en/kids/goes/goes_poes_orbits.shtml
	Orbits 'R' Us!
	[image: image2.png]




	[image: image3.png]





	[image: image18.emf]When we talk about how Earth and the other planets travel around the Sun, we say they orbit the Sun. Likewise, the moon orbits Earth. Many artificial satellites also orbit Earth. When it comes to satellites, space engineers have different types of orbits to choose from. 

They can pick an orbit that goes around Earth's equator, or one that goes over Earth's North and South Poles . . . or anything in between. They can pick a low-altitude orbit of just a few hundred miles above Earth's surface or one that is thousands of miles out in space. 

It all depends on what job the satellite is sent up there to do.


	Suspended Animation

	
[image: image19.emf]The two GOES* weather satellites, for example, have the job of keeping an eye on the weather over North America. They need to "never take their eyes off" any developing situation, such as tropical storms brewing in the Atlantic Ocean, or storm fronts moving across the Pacific Ocean toward the west coast of the U.S. Therefore, they are "parked" in what is called a geostationary (gee-oh-STAY-shun-air-ee) orbit. They orbit exactly over Earth's equator and make one orbit per day. Thus, since Earth rotates once on its axis per day, the GOES satellite seems to hover over the same spot on Earth all the time. 

*GOES stands for Geostationary Operational Environmental Satellite. 

	
In the cartoon at the right, we are looking down at the North Pole. Of course, this cartoon is not to scale! If Rusty were standing someplace on the equator and could see a geostationary satellite overhead (which would be pretty hard, since it would be 22,300 miles away!), the satellite would seem to be suspended above him all the time. Click on the cartoon to get an idea of what this would be like.

	On the other hand, satellites whose job is to make maps or study all different parts of Earth's surface need an orbit that comes as close to passing over the North and South Poles as possible. This way, Earth turns under the satellite's orbit and Earth does most of the work of traveling! Also, the satellite should be close to Earth's surface (a few hundred miles up) to get a good view with its imaging and measuring instruments.

	The lower the satellite's orbit, the less time it takes to make one trip around Earth, and the faster it must go. That's why a geostationary orbit must be so high. It has to go out far enough so that it can travel slowly enough to go around Earth only once per day. 

	
In the cartoon to the left, the satellite passes nearly directly over the North and South Poles. In our animation, it goes around twice in one day. In reality, the satellite may orbit Earth once every hour-and-a-half or so, going around many times per day. 

An example of satellites in polar orbit are the three POES* satellites. Putting the images from the three satellites together, it takes only six hours to get pictures of just about every square inch of Earth. This information is used to help scientists understand weather, climate, oceans, volcanos, and vegetation patterns around the world. In addition, the information helps in search and rescue and in spotting forest fires.

	*POES stands for Polar-orbiting Operational Environmental Satellites. 

	Suppose two satellites are to be launched to the same altitude. However, one is to go into a polar orbit and one is to orbit the equator. Can you guess which satellite will take the most fuel to reach its orbit? 

	If you guessed the polar orbiting satellite, you are right.

	[image: image20.emf]At the equator, Earth itself is rotating from west to east at 1675 kilometers per hour (1041 miles per hour)! If the satellite is launched in the same direction as Earth is rotating, it gets quite a boost. If it is launched toward the north or south, it doesn't get to take advantage of this boost. Or, if the satellite is launched toward the east, it takes a lot of fuel in the spacecraft's thrusters to change the inclination, or tilt, of its orbit. A polar orbit has a high inclination.

	[image: image21.emf]The GOES and POES satellites were built for NASA and the National Oceanic and Atmospheric Administration (NOAA). NOAA decides what is needed for their design, and then when they are finished, operates them to help them do their job. NOAA's job is to describe and predict changes in the Earth's environment, and conserve and wisely manage the nation's coastal and marine resources.


Extend:

1. Read the article “Rising Above the Problem” (see attached)
2. Now, you will have a chance to dream up your own Earth surface scenario and take a look at it in your mind’s eye from over 500 miles up! Keep in mind that there are no right or wrong answers in this thought experiment.

3. Divide the class into groups of 4 or 5 people each. Each group will be a “Mini-Think-Tank” team charged with proposing new ways to use Earth remote sensing data.

4. First, each Mini-Think-Tank will choose a type of problem from this list:

a. Volcano

b. Earthquake

c. Flood

d. Drought

e. Urban planning (can include any of the other

f. problem types)

g. Farming (agriculture)

h. Map making

i. Forest fires

j. Forest diseases

k. Erosion of beaches

l. Melting of polar ice sheets

m. Oil spill

n. History of asteroid impacts

5. Brainstorm to invent a problem scenario. Use your imagination! Now, think of how a great view from way up above the ground can contribute to your understanding and help to define or deal with the problem.

6. Money will be needed to buy Earth imaging data and to pay people to process and analyze it. Outline a request to a concerned organization (like a department of national or local government, or a large company) for funds to use high-resolution, custom processed satellite images to define the situation. Propose how the images can be used to deal with it. Companies and governments receive many requests to fund all sorts of projects, so you will need to make a good argument for your ideas. Here are some questions to consider:

7. Is this a problem in which people’s lives might be in danger (such as from an erupting volcano or a flood)? If so, can you explain how and make a very strong argument for funding your study and funding it quickly? 

8. Is this a study of long-term trends in the environment or in human impact to an area? Is there danger that the trend could produce a harmful result? Is it known when, where or how? If not, can you make a case for the importance of understanding the changes as soon as possible so that something can be done?

9. If your request and proposal is to a private or public business, could the study potentially improve the company’s profits or public image? If it’s to a government body, what advantages might be seen by taxpaying voters?

10. If the study is purely to contribute knowledge about Earth, is it really important? Could the knowledge gained be combined with information from other fields to enhance our understanding still further?

11. For what time period and geographical location will you need data for your proposal? Do you need all the data available for your time period, or will a sampling do? (For example, if the satellite has passed over your area of interest every 16 days, do you need data from every pass or would, say, four passes for each year do the job?)

12. What sort of processing is needed for the data? In other words, what details in the images would you want to be able to detect quickly? We gave the example of the different kinds of trees in the forest. Another example might be to enhance the urban areas (pavement, buildings, etc.) with one color and the green areas with another. Push the limits! For your proposal, can you imagine automatically enhancing details that could tell you even more? Details like people, polar bears, power line wires, chocolate, lava rocks, bicycles, etc.?

13. As a team, present your ideas to the rest of the class.
14. To see where current space tools are located and images being sent back to Earth: http://spaceflight.nasa.gov/realdata/sightings/index.html
15. To learn about software to help visually impaired to “See” space: http://www.nasa.gov/audience/foreducators/5-8/features/envisioning-science.html
16. Online tutorial “Telescopes from the Ground Up” by Amazing Space: http://amazing-space.stsci.edu/resources/explorations/groundup/
17. How does GPS work – video clip: http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/How_Do_Global_Positioning_Systems.html
Additional Resources:
1. NASA Eyes on the Earth - http://climate.nasa.gov/Eyes/
2. NASA Astronomy Picture of the Day - http://antwrp.gsfc.nasa.gov/apod/astropix.html
3. University Corporation for Atmospheric Research: Windows to the Universe Solar System News - http://www.windows.ucar.edu/tour/link=/headline_universe/solar_system/solar_system.html
4. Atlas of the Universe - http://www.anzwers.org/free/universe/
5. HubbleSite - http://hubblesite.org/ 
6. NASA Jet Propulsion Laboratory: Welcome to the Planets - http://pds.jpl.nasa.gov/planets/welcome.htm
7. Amazing Space  - http://amazing-space.stsci.edu/ 

8. Earth Science World - http://www.earthscienceworld.org/index.html 

9. Views of the Solar System - http://solarviews.com/
10. San Francisco Exploratorium: Space Weather Research Explorer - http://www.exploratorium.edu/spaceweather/index.html 
11. National Aeronautic and Space Administration (NASA) Earth Observatory - http://Earthobservatory.nasa.gov/ 
12. The Planetary Society: http://www.planetary.org/ 
Originally published in The Technology Teacher, May/June 2003, by the International Technology Education Association and can be downloaded in the original format at: http://spaceplace.jpl.nasa.gov/en/educators/galex_puzzles.pdf
TELESCOPE AS TIME MACHINE

[image: image22.emf]A TELESCOPE FOR (ALMOST) ALL TIME

If all goes as planned, the National Aeronautics and Space Administration (NASA) has just launched a new space telescope that will see back in time 80% of the way to the Big Bang. The Big Bang is the colossal explosion that gave the universe its start around 12 billion years ago give or take a few billion years). The Galaxy Evolution Explorer, or GALEX for short, is an Earth-orbiting telescope that is looking back 10 billion years to help scientists understand how galaxies like our Milky Way came to be and how they have changed over cosmic time. During its 29-month mission, GALEX will survey nearly the entire sky and gather galactic light that has been journeying toward us for nearly the entire history of the universe.

GALAXIES 101

Galaxies are clusters of gas, dust, many different types of stars in all different phases of their life cycles, and various strange objects such as black holes. Our own Milky Way galaxy contains over 200 billion stars, and the entire universe probably contains over 100 billion galaxies. Galaxies come in a huge variety of shapes and sizes. Dwarf galaxies may contain as few as 10 million stars, while massive galaxies may have a trillion (that’s a thousand billion) stars. Shapes of galaxies may be spiral, elliptical, or irregular.

[image: image23.emf][image: image24.emf]Spiral galaxies have a large concentration of stars at the center, called the “bulge,” and “arms” that extend outward. Viewed face on, they often look like giant pinwheels. The spiral arms are rich in gas and dust needed to form new stars. Spiral galaxies that are sending out large amounts of blue and ultraviolet light (more about this kind of light later) tell scientists that a lot of new stars are forming. Our galaxy, the Milky Way, is an average-sized, spiral-shaped galaxy and is forming new stars at a rate of one star like our Sun every year.

Elliptical galaxies range from spherical to cigar-shaped. These galaxies don’t contain much gas, so are rarely seen to be forming new stars. Their red color tells scientists that they contain mostly old stars. Irregular galaxies don’t have much structure and are generally smaller than spiral or elliptical galaxies.

[image: image25.emf]
[image: image26.emf]
BEYOND IMAGINATION’S LIMITS

So how is looking at far away galaxies like looking back in time? At 300,000 kilometers per second (186,000 miles per second), nothing travels faster than light. Even at this speed, though, it still takes time for light to get from one place to another. If you are looking at your girlfriend just across the classroom, you are seeing her as she was a tiny fraction of a second ago, rather than as she looks right now. It takes about 8 minutes for light from the Sun to reach Earth. The Voyager 1 spacecraft, which NASA launched back in 1977, is now the farthest human-made object from Earth. Even though this spacecraft is still inside our solar system, its signal, traveling at light speed, takes 12 hours to reach Earth!

So, if Voyager’s signal takes that long to reach us, you can begin to imagine how long it takes light to reach us from far distant galaxies. What we are seeing of those galaxies is not how they look today, but how they looked when that now-very-old light left them, thousands or millions or billions of years ago.

DOES THE LIGHT SHOW ITS AGE?

How will scientists know how old the light is that GALEX is receiving? Scientists know that the universe is expanding. Like a chocolate chip cake in the oven, space is the “cake batter” that keeps getting bigger and bigger, while the stars and galaxies are the “chocolate chips” that keep getting farther and farther apart. Like energy pulsing through the ocean, light energy travels in waves. As light waves travel through this expanding space, they get stretched out. The longer they spend traveling through space, the more stretched out they get. Because red light waves are longer than the light waves of other visible colors, scientists say that light coming from distant stars and galaxies is “red-shifted.” The more red-shifted the light waves, the farther (and longer) they have traveled. GALEX is able to detect light that is extremely old, extremely red-shifted.

Like the Hubble Space Telescope that has given us so many awesome pictures of the universe, GALEX operates above Earth’s atmosphere, so gathers light that cannot penetrate to telescopes on Earth’s surface. While the Hubble is used by many astronomers around the world to study very particular, tiny regions of the sky, GALEX has its very specific mission to look at nearly the whole sky, a goodly piece at a time.

With the “all-sky survey” GALEX is making, scientists will be able to see how galaxies in the early universe (far, far away) are different from galaxies of more recent times (relatively nearby). Because distant galaxies appear to us as they were millions or even billions of years ago, we can study how they evolve. We see what they looked like when the universe was much younger, as galaxies were first forming. As we look at closer and closer galaxies we see how they change as they age, just as looking at babies, children, teenagers, and then adults can show how we humans change as we age.

MORE VIOLET THAN VIOLET?

GALEX is paying particular attention to how the universe looks in ultraviolet (UV) light. UV light waves are not visible to humans. The shortest light waves that humans can see are blue or violet. Ultraviolet waves, as their names implies, are shorter than violet waves. These shorter waves carry more energy than do visible light waves (or the light waves that are longer than those we can see, like infrared and radio waves). Most of the UV light from the Sun is absorbed or scattered by Earth’s atmosphere, but what does get through to Earth’s surface is what causes fair-skinned people to get sunburned.
[image: image4.emf]
GALEX detects ultraviolet objects in the sky that are more than a million times fainter than objects we can see in visible light from even the darkest locations on the ground.

What is so special about UV in studying stars and galaxies? The youngest stars are the brightest and hottest stars, and they produce a lot of UV light. By precisely measuring the brightness of the UV light coming from a galaxy, scientists can tell how fast that galaxy is churning out new stars. GALEX’s UV surveys will help scientists measure not only star formation rates, but many other characteristics of galaxies, such as luminosity (brightness), shape, gas content, how galaxies cluster together, and how such properties change over cosmic time. We may not be able to actually place ourselves into the past, but remember: Space is time and time is space. So to look far back in time, all you need is a good telescope!

DISCUSSION

The starship Cosmographer receives a distress signal. Zorp, the communication officer, announces it is coming from an ally’s damaged ship four light years away. How might Zorp know the distance to the source of the signal? Should the crew just drop everything and rush to the aid of the ship in distress? Why or why not? What would have to be different from our current understanding of science for the Cosmographer to get to the damaged ship on time to save its crew?
Originally published in The Technology Teacher, November 2001, by the International Technology Education Association – can be downloaded in the original format at: http://spaceplace.jpl.nasa.gov/en/educators/sirtf.pdf 
Taking a Cold, Clear Look at the Universe
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Early in 2003, NASA launched the fourth in its current program of great space observatories. You may have heard of one or more of the first three—the Hubble Space Telescope, the Chandra X-ray Observatory, and the Compton Gamma-ray observatory. This next one, now known by the boring name of Space Infrared Telescope Facility, or SIRTF, desperately needs a snappier, more memorable name before joining its team-mates in the sky. NASA asked for your help in its SIRTF naming contest, which closed in December 2001.

Why So Many Space Telescopes?

If you are lucky enough to live where the night skies are clear and dark, you can see hundreds or even thousands of stars at night with your unaided eyes. If you look through a telescope, you can see many more stars—maybe even galaxies and planetary nebulae (clouds of gas from exploded stars).

With all this night time splendor laid out before your eyes, you may be surprised to learn that you are still practically blind!

Your eyes, even with the aid of the strongest optical telescope, are seeing only a very tiny part of the “light” that reaches us from all points in the Universe. Besides the light that we can see, enormous amounts of other light we can’t see is washing over and around us all the time. This “invisible” light is both more and less “energetic” than visible light, and it comes from planets, stars, galaxies, black holes, pulsars, quasars, nebulae, and all kinds of other astronomical objects. All these kinds of light are really different forms of the same kind of energy—electromagnetic radiation. 

Like energy passing through the ocean, electromagnetic radiation travels in waves. The only difference between radio waves, x-rays, infrared radiation, ultraviolet radiation, and visible light is the distance between their waves, called their wavelength.

Another way to think of wavelength is frequency. Frequency means how many of these waves pass by a certain point in a certain time. The longer wavelengths (for example, radio waves), have lower (or slower) frequencies, since it takes longer for one wave to pass by. The shorter wavelengths (for example, x-rays), have higher (or faster) frequencies, and these waves zip by very fast. The shorter the wavelength, the more energy the electromagnetic radiation carries. Xrays are so full of energy they pretty much pass right through your body. That is why doctors find them useful for making images of our insides.
[image: image5.emf]
Different space observatories are needed to study different parts of the electromagnetic spectrum.
Who in the Sky Does What?

Some astronomical objects emit energy mostly in the infrared range, others mostly in the visible range, others mostly ultraviolet, and so on. The most important property of objects (whether they be stars or light bulbs) that determines the radiation they emit is their temperature.

There are huge differences in the amounts of energy contained in these different wavelengths of light. To give you an idea, one radio wave (like the kind that carries a signal for AM radio) might be 1 kilometer (over a half-mile) long, while one x-ray wave is the size of a single atom! You can imagine that it will take very different kinds of instruments and technologies to detect these different levels of energy. So scientists and engineers build one kind of telescope to detect radio waves, another to detect infrared, and use still different technologies to detect visible light, x-rays, and gamma rays. No wonder our poor little eyes need help to see them all!

[image: image6.emf]
The Challenge of Infrared

The new SIRTF telescope has a very special problem to solve and here is why.

[image: image31.emf]Some bodies in space, whether they be the tiniest interstellar dust grains or giant planets, are in the temperature range where most of the energy they give off is in the infrared range of wavelengths. These objects, such as dusty interstellar clouds where stars are forming and the icy surfaces of planetary satellites and asteroids, are very cool compared to a lot of other objects in space. It is very helpful to be able to observe them in the infrared range, because we can separate them out from the other objects that are emitting both more and less energetic radiation. Also, cosmic dust grains often make parts of the Universe invisible to our optical (visible light) telescopes. A telescope that could see infrared light could look right through this dusty stuff.

But here is the problem. The temperature of Earth and any telescope on Earth, or even any telescope in space near Earth, is going to be about the same (relatively speaking) as the temperature of the bodies the telescope is observing. Thus the telescope itself would be emitting a lot infrared radiation (after having been warmed up by light and other wavelengths of radiation from the Sun). How can a telescope be made that will be sensitive to the infrared radiation coming from, say, a distant planet, and not react to the infrared radiation coming from its own outer walls, computer, solar panels, propulsion system, and other instruments?

The answer? Make the telescope itself so cold that any infrared radiation it detects has to be coming from outside itself. A big part of SIRTF is its cryostat. The cryostat is the system that keeps the instruments cold by venting helium vapor from a liquid helium tank. Yes, this helium is the very same element you put in party balloons to make them float in the air. But when it is very, very cold, helium becomes a liquid. Special coolers on the spacecraft cool the liquid helium to below minus 450 ° F (remember, that’s below zero ° F, and water freezes at 32 ° F above zero!) This super cold liquid helium is then used to cool the telescope and other infrared imaging instruments.

Although the helium tank holds about 360 liters (about 95 gallons), it will gradually boil off until it is all gone. However, it is hoped that SIRTF’s cryostat will keep the science instruments super cold for up to 5 years.

The Targets of the Infrared Telescope

SIRTF will give astronomers new eyes for studying objects that are still very mysterious to them, such as:
· Brown dwarfs—objects that are too small to ignite and become stars, but that are larger and warmer than the planets in our Solar System.

· Dusty disks around nearby stars, which may be the signposts of planetary systems in formation.

· Super-bright infrared galaxies—galaxies that give off more radiation at infrared wavelengths than in all other regions of the electromagnetic spectrum combined.

What’s going on in these galaxies? It could be that they are colliding with another galaxy, thus causing many new stars to be formed.

[image: image32.emf]
Also, SIRTF will help scientists learn about the early universe. The universe has been continuously expanding since its creation in the Big Bang. Light from very distant stars and galaxies has not only traveled a very long time to reach Earth, but because space itself has been stretching out, the light from these distant places has also been stretched out during the long period of its travel. Thus, the wavelength of the light that started out being in the visible light range may now, when it finally, billions of years later, reaches us, is in the infrared (longer wavelength) range, where it is no longer visible to our naked eyes or to regular, optical telescopes. But SIRTF will be able to detect these objects from the early Universe and help us understand when and how they were formed.

So How Does NASA Name Them?

Space observatories and other spacecraft have often been named for mythological figures (such as Apollo and Ulysses) or historical figures (like Galileo and Magellan). Others have been named for famous scientists (Hubble, Chandra). Spacecraft have also been given names that describe something about their missions, like Voyager, Pioneer, or Pathfinder.

Discussion Questions

1. If SIRTF were looking at your everyday world, would it see more infrared radiation from . . .

a. Your nose or your forehead?

b. Your fingers or your neck?

c. The ends of the hair or the roots of your hair?

d. Your pet cat or your pet snake?

e. A baked potato right out of the oven or a piece of toast right out of the toaster?

2. If you could see an additional range of wavelengths of electromagnetic radiation besides visible light, would you rather be able to see radio waves or x-rays? Why?

3. If you were an astronomer and had the opportunity to use SIRTF for your own research, what would you want to study?

For additional interesting space-related activities and amazing space science and technology facts, visit The Space Place at http://spaceplace.nasa.gov . To learn more about the electromagnetic spectrum and the different instruments we use to detect its different frequency ranges, see especially http://spaceplace.nasa.gov/chandra.htm 

[image: image7.emf]
This article was written by Diane Fisher, science and technology writer and developer of The Space Place website, and is provided through the courtesy of the Jet Propulsion Laboratory, California Institute of Technology, under a contract with the National Aeronautics and Space Administration.
Originally published in The Technology Teacher, November 2003, by the International Technology Education Association and can be downloaded in the original format at: http://spaceplace.jpl.nasa.gov/en/educators/earth_from_space.pdf
RISING ABOVE THE PROBLEM
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[image: image33.emf]Lewis and William Clark lead the Corps of Discovery on a very long and difficult journey to explore the unknown wilderness in the northwestern United States and the Oregon Country. They were looking for a water way that would allow ships to travel all the way from the Atlantic Ocean to the Pacific Ocean. They followed the Missouri River as far as they could, but when they finally came to a fork in the river, they were at a loss to know which way to go. Whenever possible, one of them would climb a mountain to get a better view of what lay ahead. But they could never see far enough to be certain of the best route.

If only Lewis and Clark had been able to raise that mountain a few hundred miles higher they could have saved themselves and their team a lot of cold, et nights and blistered feet!

“LOOKOUT TOWERS” IN SPACE

Now we have Earth-orbiting satellites that not only give us the big picture of where the rivers flow and the mountains stand, but also give us such detailed, sharp images of Earth’s surface that even the eagles soaring over the trudging Corps of Discovery would have been envious of the view. Because of our remote sensing technology, we now know the terrain of Mars far better than anyone knew the terrain of the United States 200 years ago! Knowing the terrain of Mars is certainly very fascinating, and may someday help us understand the origin and history of our own planet. However, putting spacecraft in Earth orbit with their imaging instruments pointing downward is giving us a different kind of knowledge that we can use to solve everyday problems right now.

WORTH MORE THAN A THOUSAND “PICTURES”

If a picture is worth more than a thousand words, as the saying goes, what we get from Earth imaging spacecraft is worth more than a thousand pictures. Spacecraft such as the Landsat satellites have provided an enormous amount of data since the early 1970s. The instruments on these satellites gather far more information than any camera just taking “pictures.” For example, there are instruments that sense light human eyes cannot see (such as infrared), and can make very fine distinctions among different colors of light to reveal details of conditions and events on the ground. A forest might just look like a big blob of green to our eyes, but to a “hyperspectral imager” would appear to be many different shades of green, indicating different types of trees or perhaps areas where trees are diseased.
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The data gathered by these satellites is stored in giant computer databases and is available for all kinds of scientists, map makers, agricultural planners, forest managers, city planners, and other protectors and managers of Earth’s resources to use in whatever way will help them do their jobs. And not only is the data available, it can be processed in such a way as to bring out the details that are most important to the particular user of the data. For example, if someone wants

to study the distribution of different species of trees in the forest, the differences in the shades of green in the forest can be exaggerated so that the pine trees are purple and the maple trees are red! Here are a couple of examples of how remote sensing data might be applied.

· Urban Planning: A land developer wants to buy a large tract of undeveloped land on the outskirts of a large city for the purpose of building hundreds of new homes. The area he is considering is near a beautiful, serene river, which he feels will be a great selling feature to offer prospective home buyers. Although the river looks quite friendly and harmless now, he knows that a few years ago when nearly twice as much rain fell as normal, the river overflowed its banks in a few places. It’s not obvious now, though, where those places were or how far the flooding extended. He decides to take a look at some satellite photos taken during that period of flooding to find out exactly where the trouble spots were so he can plan to put parks in those place instead of homes.

· Atmospheric science: A team of scientists and planners (meteorologists, atmospheric chemists, environmental policy analysts) want to understand whether Earth’s climate is changing and whether any increases in global temperature can be correlated with loss of tropical rainforests. They need a reliable way to measure how much rainforest has disappeared over a 15-year period. They obtain satellite imagery of the rainforests of South America over the past 15 years. The images clearly show changes in the rainforest, farmland, bare ground, cities, and bodies of water. By comparing the images from one year to the next, the team can measure the exact rate at which the forests were destroyed and include that information in their calculations and conclusions.
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PUSHING THE LIMITS—MAKING

TECHNOLOGY EVEN BETTER

A special satellite called Earth Observing 1 (EO- 1) was launched in October 2000 to test some new technologies that will even further improve the quality and usefulness of the data that future Earth-imaging spacecraft will be able to provide.

The new imaging instruments that EO-1 tested are:

· Advanced Land Imager—Images the ground as well or better than the imaging instrument on the latest Landsat satellite, but is smaller, lighter, and more energy efficient.

· Hyperion—This is a new type of instrument that is extremely sensitive to differences in the color of light it is sensing, so from its data scientists can actually tell a pine tree from a maple tree—from space!

· Atmospheric Corrector—Like a fogged up window clouds the view on the other side, the atmosphere clouds the images of Earth taken from space. An Atmospheric Corrector measures the amount of water in the atmosphere and estimates how much it affects the amount of light being reflected from Earth’s surface.

All the new instruments tested on EO-1 have proven to work well, so their technologies can be used to make future Earth observing satellites even more useful and efficient. EO-1 and all the different new instruments it carried are part of NASA’s New Millennium Program, whose purpose is to test out new technologies in space, so that they can be used reliably on future space missions. In the case of EO-1, the new and better data these technologies will provide will help us understand the complexities of how our planet

works and how to take better care of it and ourselves.

Visit The Space Place at http://spaceplace.jpl.nasa.gov/eo1_1.htm and learn more about EO-1’s Hyperion instrument and how it can sort out the trees in the forest.
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This article was written by Diane Fisher, writer and designer of The Space Place website at http://spaceplace.nasa.gov . Alex Novati drew the illustrations. Thanks to Gene Schugart, educational product developer and Space Place advisor, for activity concept and helpful advice. The article was provided through the courtesy of the Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California, under a contract with the National Aeronautics and Space Administration.

Originally published by NASA and can be downloaded in the original format at: http://www.nasa.gov/audience/forstudents/5-8/features/what-is-the-fermi-telescope-58.html 
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What Is the Fermi Gamma-ray Space Telescope?
The Fermi Gamma-ray Space Telescope is a NASA spacecraft. It is in space studying the most powerful sources of radiation in the universe. Radiation is energy that is in the form of light or of moving particles that are smaller than atoms. The most extreme type of radiation is gamma rays.
Image to right: An artist’s drawing showing the Fermi satellite orbiting Earth.  Image Credit: NASA E/PO, Sonoma State University, Aurore Simonnet

What Are Gamma Rays? 

Light energy comes in many different forms. People can only see a small portion of the different types of light. This light is part of the electromagnetic spectrum. This spectrum is made up of all the types of electromagnetic, or EM, radiation in the world and possibly in the universe. EM radiation travels in waves, and each type has a different wavelength. 

Visible light, which is the light that people can see, has medium-length waves. Radio waves have the longest wavelengths. Microwaves and infrared light waves also are longer than visible light waves. Ultraviolet (or “UV”) rays, X-rays and gamma rays all have wavelengths that are shorter than visible light.  The shorter the wavelength, the more energy the radiation has.  Gamma rays have the shortest wavelengths; therefore they have the most energy.

Gamma rays have more than 1 billion times the energy of visible light. Gamma rays have so much energy they could harm people on Earth. People are protected from gamma rays by Earth's atmosphere. The atmosphere absorbs gamma rays, preventing them from affecting life on Earth. Because gamma rays cannot penetrate Earth's atmosphere, scientists use satellites in space to study them. 


Why Is NASA Studying Gamma Rays? 

Gamma rays come from the most extreme places in the universe. NASA is studying them because scientists want to learn more about the high-energy environments in the universe that make gamma rays. Gamma rays often come from objects like black holes and exploding stars. 

Gamma rays sent out by objects embedded inside galaxies greatly affect the space around these objects and how these galaxies evolve. By studying gamma rays, NASA can better understand how the laws of physics work in the extreme environments found in the distant universe. 


How Does Fermi Work? 

The Fermi telescope has two main instruments. It has a large telescope that finds gamma rays with 10 million to more than 300 billion times the energy of visible light. 

The spacecraft also has detectors that observe gamma-ray bursts. Gamma-ray bursts are brief flashes of gamma rays. Scientists think most of these bursts come from exploding stars that become black holes as their cores collapse. 

More than half of the known gamma-ray sources are mysterious. Scientists do not know what causes the gamma rays to be emitted from these sources. 

The information from Fermi is sent back to scientists on Earth. The scientists use the data to create pictures of the objects Fermi studies. These pictures help scientists discover the sources of gamma rays. 


What Is NASA Learning From Fermi? 

Fermi was launched June 11, 2008, and will spend at least five years observing the high-energy universe. Fermi was first named GLAST. GLAST stood for Gamma-ray Large Area Space Telescope. After GLAST was launched and started its work, it was renamed after scientist Enrico Fermi. 

[image: image11.emf]
Different forms of light travel in waves of different length.  This chart shows the different wavelengths of light.  Image Credit:  NASA

Enrico Fermi studied physics, which is the science of matter, forces, energy and motion. Scientists who study physics are called physicists. Enrico Fermi studied high-energy physics including gamma rays. The Fermi telescope is helping NASA learn more about Enrico Fermi's theories. 

With the Fermi telescope NASA is making discoveries almost every day. Fermi is discovering new supermassive black holes. These are the largest type of black holes. 

Fermi is also finding new pulsars. Pulsars are collapsed stars that emit repeated pulses of energy. Fermi finds pulsars that can only be found by measuring gamma rays. 

[image: image12.jpg]



This all-sky view from the Fermi telescope reveals bright gamma-ray emissions in the plane of the Milky Way (center), bright pulsars and super-massive black holes.  Image Credit:  NASA/DOE/International LAT Team

Fermi's most exciting discoveries are yet to come. 

by: Heather R. Smith/NASA Educational Technology Services

Originally published by NASA and can be downloaded in the original format at:
http://www.nasa.gov/audience/forstudents/5-8/features/what-is-the-hubble-space-telecope-58.html
What Is the Hubble Space Telescope?
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The Hubble Space Telescope makes one orbit around Earth every 97 minutes.  Image Credit: NASA.
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The Hubble Space Telescope is a large telescope in space. It was launched into orbit by space shuttle Discovery in 1990. Hubble orbits about 550 kilometers (342 miles) above Earth. It is the length of a large school bus and weighs as much as two adult elephants. Hubble travels about 5 miles per second, and is powered by sunlight. 

Hubble takes sharp pictures of objects in the sky such as planets, stars and galaxies. Hubble has taken thousands of images. These include detailed pictures of the birth and death of stars, galaxies that are billions of light years away, and comet pieces crashing into Jupiter's atmosphere. 

Scientists have learned a lot about the universe from these pictures. Many of them are also beautiful to look at. 

What Makes Hubble Different From Telescopes on Earth? 

Earth's atmosphere alters and blocks the light that comes from space. Hubble orbits above Earth's atmosphere, which gives it a better view of the universe than telescopes have at ground level. 

Where Did the Name Hubble Come From? 

Hubble is named after an American astronomer, Edwin P. Hubble. He made important discoveries in the early 1900s. He showed that the galaxy containing the solar system -- the Milky Way -- was only one of many galaxies. His work also helped show that the universe is expanding. This led to the big-bang theory, which says that the universe began with an intense burst of energy and has been expanding ever since. 

 
The Hubble Space Telescope took this picture of the Tadpole Galaxy and its tail of large, bright blue star clusters.  Image Credit: NASA

[image: image45.png]Click picture fo animate.



What Is Servicing Mission 4? 

Servicing Mission 4 is the name of the next, and final, space shuttle mission to repair the Hubble telescope. This will be the fifth time astronauts have visited Hubble. The other missions were named Servicing Mission 1, Servicing Mission 2, Servicing Mission 3A and Servicing Mission 3B. 

Astronauts plan to install two new instruments and fix two broken instruments during the mission. Scientists hope that the repairs and upgrades made by the astronauts will keep the telescope running for at least five more years. 

What Instruments Are on Hubble? 

Hubble started out with five scientific instruments: two cameras, two spectrographs and a photometer. A spectrograph is an instrument that splits light into its individual wavelengths. A photometer is an instrument that measures the intensity or brightness of light. Over the years, Hubble's original instruments have been replaced. 

Astronauts on Servicing Mission 4 plan to install two new instruments -- the Wide Field Camera 3, or WFC3, and the Cosmic Origins Spectrograph, or COS. They also plan to repair two instruments -- the Space Telescope Imaging Spectrograph, or STIS, and the Advanced Camera for Surveys, or ACS. 

WFC3 will be Hubble's main new camera. It will study everything from the formation of distant galaxies to the planets in the solar system. COS will be useful to study how stars, planets and galaxies formed and evolved, and how elements such as carbon and iron first formed. Carbon and iron are necessary for life. 

STIS has helped scientists determine the temperature, chemical composition, density and motion of objects in space. It has also been used to detect black holes. ACS has taken sharp images of deep space. These images have helped scientists study some of the earliest activity in the universe. 

The Near Infrared Camera and Multi-Object Spectrometer was installed during a servicing mission to Hubble in 1997. NICMOS sees objects in deep space by sensing the heat they emit. It helps scientists study how stars, galaxies and planetary systems form. 

This colorful image of the Helix Hebula was taken by the Hubble Space Telescope.  Image Credit:  NASA

What Are Hubble's Most Important Discoveries? 

Images taken by Hubble have helped scientists estimate the age and size of the universe. Scientists believe the universe is about 13 or 14 billion years old. Hubble has also helped scientists understand how planets and galaxies form. An image called "Hubble Ultra Deep Field" shows the farthest galaxies ever seen. 

Hubble has detected black holes, which suck in everything around them, including light. The telescope has played a key role in the discovery of dark energy, a mysterious force that causes the universe to expand faster and faster as time goes on. And it has revealed details of gamma-ray bursts -- powerful explosions of energy that occur when massive stars collapse. 

Hubble has also seen planets revolving around stars similar to Earth's sun. 

Where Do the Colors in Hubble's Images Come From? 

Hubble pictures start out as shades of black and white. Colors are then added to the pictures for different reasons. Sometimes colors are chosen to show how an object might look to the human eye. Other times colors are used to highlight an important detail. Or they can be used to show details that would otherwise be invisible to the human eye. 

by: Dan Stillman, Institute for Global Environmental Strategies
 
Standard 8-4: The student will demonstrate an understanding of the characteristics, structure, and predictable motions of celestial bodies. (Earth Science)





Indicator 8-4.10:  Compare the purposes of the tools and the technology that scientists use to study space (including various types of telescopes, satellites, space probes, and spectroscopes).











The Galaxy Evolution


Explorer (GALEX) orbiting space telescope will look back in time 10 billion years.





Some different types of spiral galaxies.





This magnificent spiral galaxy, photographed by the Hubble Space


Telescope, is called


NGC 4414. It is about 60 million light-years away.





The shape of this formerly spiral galaxy, called NGC 6745, has been distorted as it


collides with another galaxy.





Some different types of elliptical and irregular galaxies





Compton Gamma Ray Observatory








Space Infrared Telescope Facility, NASA’s next Great Space Observatory





Chandra X-ray Telescope








Hubble Space Telescope








This cutaway drawing shows SIRTF’s cryostat, with its helium tank, and the telescope mounted above.





SIRTF launched on a Delta rocket like this one.





All these images were made using data from advanced technology instruments fl own on the Earth Observing-1 spacecraft.





At the left is the island of Oahu, Hawaii. 





Below shows Pearl Harbor. Even though taken from more than 500 miles up, the image clearly shows a plane sitting on the runway!





The above images are of La Plata, Maryland, before and after a tornado swept through April 27, 2003. It was the strongest tornado in Maryland history, carving a swath of destruction 26 miles long and extending from 50 feet to more than 400 feet wide in places.





This sketch of the EO-1 spacecraft shows the placement of not only the three imaging instruments using advance technologies, but also several other new technologies that were flown in space for the first time.





Earth Observing-1, launched in November 2000, has completed its primary technology validation mission and is now being re-programmed to test advanced new software for greater automation and efficiency in gather imaging data.
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