Star Show
FACILITATOR NOTES

Overview

In this activity, student teams plan an astronomical observing session to show geometric and physical characteristics of stars.
Goals of the Activity

· Use altitude and azimuth angular coordinates to specify the location of simulated stars.

· Explain how photon energy is related to color and wavelength.

· Identify examples of stars in various stages of their evolution.

· Distinguish between apparent and absolute characteristics of stars, including apparent vs. absolute brightness and apparent vs. true separation.

· Discuss ways in which the technology of space exploration has influenced our understanding of the universe.

Standards

National Science Education Standards (NRC)

B.
Physical Science

Conservation of Energy and the Increase in Disorder
--- The total energy of the universe is constant. Energy can be transferred by collisions in chemical and nuclear reactions, by light waves and other radiations, and in many other ways. However, it can never be destroyed. As these transfers occur, the matter involved becomes steadily less ordered. (9-12)
Interactions of Energy and Matter
--- Electromagnetic waves result when a charged object is accelerated or decelerated…. The energy of electromagnetic waves is carried in packets whose magnitude is inversely proportional to the wavelength (9-12)
B.
Earth and Space Science
Origin and Evolution of the Universe
-- Stars produce energy from nuclear reactions, primarily the fusion of hydrogen to form helium. These and other processes in stars have led to the formation of all the other elements. (9-12)
E

Science and Technology
Understandings about Science and Technology
-- Science often advances with the introduction of new technologies. (9-12)

-- Science and Technology are pursued for different purposes. Scientific inquiry is driven by the desire to understand the natural world, and technological design is driven by the need to meet human needs and solve human problems. (9-12)

Standards for Technological Literacy (ITEA)
12
Use and Maintain Technological Products and Systems
-- Use computers and calculator to access, retrieve, organize, process, maintain, interpret and evaluate data and information in order to communicate. (9-12)
16

Select and Use Energy and Power Technologies
-- Energy can be grouped into major forms: thermal, radiant, electrical, mechanical, chemical, nuclear, and others. (9-12)
-- Energy resources can be renewable or nonrenewable. (9-12)
Secondary School Math Standards (NCTM)

Number and Operations
-- develop a deeper understanding of very large and very small numbers and of various representations of them. (9-12)
-- judge the reasonableness of numerical computations and their results. (9-12)
Geometry
-- analyze properties and determine attributes of two- and three- dimensional objects. (9-12)
-- use trigonometric relationships to determine lengths and angle measures. (9-12)
-- use Cartesian coordinates and other coordinate systems, such a navigational, polar, of spherical systems, to analyze geometric situations. (9-12)
-- use geometric ideas to solve problems in, and gain insights into, other disciplines and other areas of interest such as art and architecture. (9-12)
Problem Solving
-- Apply and adapt a variety of appropriate strategies to solve problems. (9-12)

College Math Standards (Crossroads in Mathematics)

C-1
Number Sense
-- perform arithmetic operations, to estimate reliably, to judge the reasonableness of numerical results, to understand orders of magnitude, and to think proportionally.
C-3
Geometry
-- develop a spatial sense including the ability to draw one- two- and three-dimensional objects
Equipment/Software Needed

FOR EACH GROUP OF 2 TO 6 STUDENTS:

Protractor
Meter stick or measuring tape

TI-83 or-84 family calculator
FOR THE CLASS:

SAM Robot
Pointer
Web cam or small video camera with TV or small flashlight
Roughly a dozen 10 to 12 inch size balloons (red, orange, yellow, green, blue)
Five to 10 white ping-pong balls

Two or three large red balloons or beach balls

String with tape or ceiling hooks.
TI-83 or 84 calculator

LabPro (the CBL2 will not work for this activity, since it has only 1 digital port)

CALCULATOR PROGRAM: STARSHOW
Activity Set Up

Blow up the balloons to represent various stars. Most of the “stars” should be approximately the same size, with a gradual increase that follows the spectrum—red about 6 inches in diameter, orange about 7 inches, yellow about 8, green about 9 inches and blue about 10 inches. These represent stars on the “main sequence” from the low-mass, cooler and smaller red stars to the high-mass, hotter and larger blue stars. You also need 2 or 3 very large red balloons or balls to represent “red giants” and the white ping-pong balls to represent “white dwarfs.” Suspend the “stars” around the room more or less at random, making sure that they vary in height as well as horizontal location.
Identify and label North in your room.

Prepare the SAM robot by mounting a Pointer on its side and fastening the webcam or video cam or flashlight to the Pointer’s shaft as shown. The Pointer can be powered either with its standard AC adapter or with wires to the robot’s 12-V output. Connect the SAM Robot to the LabPro’s Dig/Sonic port 1 and the Pointer to the LabPro’s Dig/Sonic Port 2. Be sure that the STARSHOW, SAMPIV and POIPIV calculator programs have all been installed and are unarchived. Also load the lists, LSAM and LPOI.

Pre-Activity Discussion

The “Key Astronomical Facts to Consider” in the Participant are intended as a summary or reference guide, not as original teaching material. If these ideas are new to your students, you will need to invest more time discussing each of the sections in detail.

Point out that stars really do come in different colors, although the colors are normally much less obvious than with the balloons and balls used in the simulation. Actual star colors are difficult to see with the naked eye, because humans depend on black-and-white sensitive rods for night vision. Many of the brighter stars (including red Betelgeuse bluish Rigel, both in the constellation Orion) have rather distinctive color tints. Astronomers typically measure color either using a spectrometer or by taking a pair of photographs using different colored filters and either method yields much clearer distinctions than those available to the naked eye. 
Students may be familiar with line spectra and confused about the fact that star color has almost nothing to do with a star’s composition. (Astronomers were confused for a long while too.) Stars really are “black bodies,” in the sense that they absorb virtually all light which strikes them and glow with a continuous spectrum typical of their temperature. Stars also show dark line spectra caused by the absorption of light in their cooler, thinner atmospheres; however, their emission spectrum is much like that shown by a heated tungsten filament than like that of a spectrum tube.. If possible, let students look at an incandescent light bulb as you change the brightness with a dimmer switch or as you use 1, 2, 3 and 4 batteries to light a 6-V flashlight bulb. They should see that at low brightness and low temperature, red and orange are the dominant colors. At higher temperatures, the bulb becomes brighter and its color shifts more towards the yellow and blue. If possible, also let the students view the bulb through a spectrometer or diffraction grating. (If your school uses fluorescent lighting, point out that these produce a very different type of spectrum, including both continuous and line characteristics.)

Emphasize the temperature-color link by pointing out that an incandescent light bulb which closely matches the Sun’s spectrum must have a temperature very close to the temperature at the Sun’s visible surface—well over 5000°C. Except for specialized lights used in photography, most real light filaments operate at a lower temperature (around 2500°C) which gives a more reddish-orange color than that of direct sunlight. Oddly, this more reddish color is often referred to as being “warm,” while bluish shades are often considered by designers to be “cooler.” The opposite is true for both light bulbs and stars—red stars are relatively cool and blue stars are very hot. There are also super hot stars which emit light primarily in the ultraviolet region and very cool stars which emit light primarily in the infrared region.
In addition to reviewing the key ideas about stars, orient students to the altitude-azimuth coordinated system. Azimuth (or compass heading) is not like the system normally used in math classes, since it takes North as the zero degree direction and increases clockwise so East is 90°, South is 180° and West is 270°. West can also be described as -90°, both in navigation and in this activity. Altitude is the angular direction up from the horizon. All visible objects must have an altitude between 0° (at the horizon) and 90° (directly overhead at the “zenith”).

Depending upon your students’ preparation and your educational goals, guide your students to think about ways to estimate and/or measure azimuth and direction. You might, for example, want to have students construct a simple device with a stick, protractor and plumb bob to measure altitude or to suggest that they use trigonometry to calculate angles. Many teachers prefer, however to use this activity as a way of developing the students’ skill at estimating angles. The field of view for webcams and “nanny cams” is large enough that the estimates do not have to be extremely precise.
Facilitating the Activity

Assign different student teams to take primary responsibility for different ones of the photographs, a through p. If a team finishes their specific assignment, have them continue to provide backup for the other teams. When every team has completed its primary assignment, program the coordinates into the calculator and start the show.
Pause at each photograph and have students discuss the results. Emphasize to everyone that their grade will NOT be based primarily on their initial decision, but on their final discussion. If they gave an incorrect azimuth, for example, or picked a star with the wrong temperature, guide them to write an explanation as to how the photograph could have been corrected. Also emphasize that there is often more than one correct answer.
Post-Activity Discussion

Ask the students about other types of objects or material which might be added to the simulation. They may, for example, want to add a black hole. (Make sure they understand that the black hole will have almost no effect on the other stars and it will be almost impossible to detect unless it happens to obit close to another star.) More realistically, they might consider adding gas or dust clouds and planets. It is valuable to discuss which types of stars are likely and not likely to have planets.

Group Activity Questions

See Report Forms.

Individual Assessment

Problems that may be used on a quiz or test:

1) If a yellow star and a blue star both have the same luminosity, which has the larger radius? Justify your answer clearly.

2) If the following stars form at the same time, which will run out of hydrogen fuel first?

a. A blue, star, like Regulus

b. A yellow-white star, like Altair.

c. A yellow star, like our Sun.

d. An orange star, like Epsilon Eridani

e. A red star, like Bernard's star.

3) The current source of energy in main-sequence stars is

a. fusion of hydrogen atoms to form helium.

b. fusion of helium atoms to from carbon and oxygen.

c. fusion of carbon and oxygen to form iron and other heavy substances.

d. gravitational contraction.

e. Dilithium crystal modulation.

Consider the table at right as you answer the next four questions.

4) A friend tells you she saw a bright bluish star while out walking her dog last week. Which of these stars is most likely to be the one she noticed?

a. Alpha
b. Beta
c. Gamma

d. Delta
e. Epsilon
5) Which star is most likely to be a red giant?

a. Alpha

b. Beta

c. Gamma

d. Delta

e. Epsilon

6) Which star is most likely to be a white dwarf?

a. Alpha

b. Beta

c. Gamma

d. Delta

e. Epsilon

7) Which star is furthest from Earth?

a. Alpha

b. Beta

c. Gamma

d. Delta

e. Epsilon

Extending the Activity

Consider asking students to modify the collection of “stars” to show how this region of the galaxy will change as it ages. A globular cluster, for example, consists only of very old stars—many white dwarfs and cool main-sequence stars (and perhaps a few red giants), but all the large and hot main sequence stars have run out of fuel. A very young cluster, such as the Pleiades, would contain very few (if any) white dwarfs.
Troubleshooting
If the system fails to operate, check all connecting cables and make sure the batteries in the LabPro are fresh. Load and run DCUINIT to verify that the calculator and interface are communicating correctly.

If the LabPro or beeps unexpectedly when you run STARSHOW, you made need to upgrade the LabPro’s firmware. This SAMPIV and POIPIV programs use commands that were not included until firmware version 6.26. The upgrade and instructions are available on Vernier’s website at http://www.vernier.com/calc/flash.html
Additional Resources
· Investigating Safely: A Guide for High School Teachers by Juliana Texley, Terry Kwan and John Summers, NSTA Press, 2004, ISBN10: 0-87355-202-4, available from http://store.nsta.org.

· A “deep, non-technical review of stars and their natures for the beginner” is available from James B. Kaler of the Department of Astronomy at the University of Illinois at http://www.astro.uiuc.edu/~kaler/sow/star_intro.html#advance.
· The website for the Sloan Digital Sky Survey provides excellent background information on the topics here and much additional information about the history and the future of efforts to map and understand the sky. http://cas.sdss.org/dr4/en/astro/ 
· The University of Texas McDonald Observatory produces an excellent radio program, Stardate, and an associated website. Information about the main sequence is located at http://stardate.org/resources/btss/stars/main_sequence.php 
· The Hubble telescope is an outstanding example of the interaction between technology and pure science. The Hubble website is located at http://www.nasa.gov/mission_pages/hubble/index.html
· It is also interesting to browse the list of all current NASA missions—including many that capture parts of the electromagnetic spectrum which cannot be observed from Earth—at http://www.nasa.gov/missions/timeline/current/current_missions.html 







































Star's Name�
Luminosity�
Apparent Brightness�
Surface�Temperature�
�
Alpha�
High�
Very Bright�
20,000 K�
�
Beta�
High�
Very Dim�
4000 K�
�
Gamma�
Medium�
Very Bright�
5500 K�
�
Delta�
Medium�
Very Dim�
15,000 K�
�
Epsilon�
Low�
Very Dim�
75,000 K�
�
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