STAR SHOW
Astronomy and Light / Three Dimensional Geometry
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Overview:

In this activity you will plan, implement and evaluate an astronomical observing session. The instructor will have arranged several “stars” around the room and your team will be assigned a location for your “telescope.” Estimate the altitude and azimuth for each of the assigned photographs. When you are ready, the telescope operator (the instructor) will help you collect your photographs.
Key Astronomical Facts to Consider:

Pure colors are directly related to the wavelength of light. The shortest visible wavelengths correspond to the violet end of the spectrum and have the highest energy per photon of light. Longer wavelengths correspond to the red end of the spectrum and have the lowest energy per photon.
Violet

400 - 420 nm 

Indigo

420 - 440 nm 

Blue
 
440 - 490 nm 

Green

490 - 570 nm 

Yellow

570 - 585 nm 

Orange
585 - 620 nm 

Red

620 - 780 nm 

The color of a star is determined by its surface temperature. Stars consist of gases, but the gases are compressed enough to emit a continuous spectrum of light much like that emitted by the solid tungsten filament in an ordinary incandescent light bulb. Even though this continuous spectrum contains some photons of each wavelength, the apparent color depends on which wavelength is most numerous. High temperature objects tend to emit more high-energy photons and appear more bluish. Low temperature object tend to emit mostly low-energy photons and appear more reddish.

A typical light bulb filament matches a very cool star, since both have surface temperatures of about 2800 K (or about 2500 °C). At this temperature, both stars and light bulbs emit most of their electromagnetic radiation in the infrared region, while also emitting enough visible light for us to see them. Betelgeuse (the bright star which marks Orion’s shoulder) has a relatively cool surface temperature of about 3400 K and appears distinctly reddish to the naked eye. Very hot stars emit most of their light in the blue, violet or ultra violet region of the spectrum. For example, Rigel (the very bright star which marks one of Orion’s feet) has a surface temperature of about 40,000 K and appears distinctly bluish. Our Sun has an intermediate temperature as stars go, with a surface temperature of 5500 K and a yellowish color. Physicist Wilhelm Wien discovered that temperature (measure in kelvin) is inversely proportional to the wavelength of a star’s peak emission as described by the equation:
λmax T= 3,000,000 nm K

The actual brightness (luminosity) of a star is determined by the star’s size and temperature. In addition to having a more bluish color, higher temperature stars emit a larger quantity of light. Still, there are some very cool stars (including Betelgeuse) which manage to be among the brightest stars in the sky. Betelgeuse is so bright because it is a very large “red giant,” with a diameter about 600 times that of our Sun. (If our Sun were that large, it would engulf the Earth and extend well beyond the orbit of Mars.) The actual power of a star (the quantity of light it emits per second) is called its “luminosity” and can be measured either in watts (just like a light bulb) or in solar luminosities. Betelgeuse, for example, emits the same amount of light as a 20-nonillion watt light bulb. (That is 20x1030 or 20,000,000,000,000,000,000,000,000,000,000 watts.) Since this is about 60,000 times more light than our Sun emits, Betelgeuse is also said to have a luminosity of about 60,000 solar luminosities. Rigel is much smaller in diameter than Betelgeuse, but its higher temperature still allows it to produce about the same amount of light. White dwarfs can have surface temperatures over 100,000 K, but their small size means that they have very low luminosities.
The apparent brightness of a star depends on both its luminosity and its distance from Earth. Betelgeuse appears as one of the brightest stars in our sky because it is very powerful and it is relatively close--a mere 425 light years away. There are countless other stars in the sky which are actually more luminous than Betelgeuse, but which appear quite dim because they are very far away. There are also many nearby stars which appear relatively bright in our sky despite the fact they are not particularly powerful. Our Sun is the most dramatic example of a mediocre star which appears very bright to us just because it is so close. Mathematically, the apparent brightness of stars follows an inverse-square law. A star that is twice as far away as another identical star will appear one-fourth as bright; a star that is three times as far away appears one-ninth as bright, etc.
Most of the visible stars in our sky are “main sequence” stars. In the core of these stars, hydrogen nuclei are fusing to produce helium nuclei, releasing enormous amounts of energy in the process. Hydrogen fusion is the normal energy source for stars, and the process which lights our Sun and most other stars we see. Since the process consumes hydrogen, it cannot continue forever and all stars will eventually run out of fuel.

High mass stars burn hydrogen faster than low mass stars. All stars formed as large balls of gas, pulled together by gravity. Gravity causes the most massive balls of gas to develop higher pressures and temperatures at their core, which in turn causes more rapid fusion of hydrogen. More massive stars have more potential fuel, but they burn it very rapidly. When it was a main sequence star, Betelgeuse had about 15 times as much mass as our Sun, but it burned 13,000 times brighter than our Sun. Now only about 6 million years old, Betelgeuse has already run out of hydrogen at its core. Our Sun had less fuel at the start, but it is consuming its fuel much more slowly than Betelgeuse. Our Sun has been fusing hydrogen as a main sequence star for about 4.5 billion years and it still has enough hydrogen in its core to last another 5 billion years or so.
Sooner or later all stars run out of hydrogen at their core, setting off a series of dramatic changes. When stars run out of hydrogen at their core, gravity causes the core to collapse and increases the pressure and temperature. In all but very low-mass stars, this increase in pressure and temperature is sufficient to start another round of nuclear fusion, combining helium nuclei to form carbon and oxygen. Very massive stars can even fuse carbon and oxygen into heavier nuclei, producing neon, silicon and other elements. Iron represents the ultimate limit for energy production by fusion, however, since producing nuclei heavier than iron requires an input of energy instead of releasing energy. Core collapse and the fusion of helium or heavier elements can provide an intense but short-lived source of additional energy for the star, enough to make it expand and become a red giant.
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After all their usable fuel is exhausted, stars blow off their outer layers and leave behind a small, hard-to-see remnant. Massive stars (perhaps including Betelgeuse) blow off their outer layers in powerful supernova explosions, leaving behind either neutron stars or black holes. These supernova explosions are powerful enough to produce gold, silver, uranium and other elements heavier than iron. The core of most stars (including our Sun) eventually collapses to form a small, hot, dim “white dwarf.” Five billion years from now, our Sun will briefly become a red giant, large enough to engulf Venus and bright enough to incinerate the Earth. The outer parts of the Sun will drift away to form a planetary nebula and the core will collapses to a white dwarf the size of the Earth with an initial surface temperature of about 100,000 K. Since it will have no internal energy source, the white dwarf will cool over billions of years, eventually becoming yellow, then red and then too cool to emit visible light.
Planning and Evaluating the Observing Session
The Report Form provides a list of desired photographs. For each photograph, decide on your target and estimate the azimuth (compass direction) and altitude above the horizon where the camera should be aimed. The program accepts azimuth values from -180° to +360°. Altitude must be between 0 (horizontal) and 90° (directly overhead at the zenith).
As you view the photographs, evaluate each one. Does it show what it was supposed to show? If not, why not? Write your answers on the Report Form and answer the other questions.
STAR SHOW
REPORT FORM
NAME(S)  _____________________________________________________________

1) Complete the table below, estimating the azimuth and altitude for the telescope to show each of the photographs below. Note that “bright” and “dim” in the instructions refer to the apparent brightness of the star as it will appear in the photograph.
	
	Azimuth
(degrees)
	Altitude
(degrees)

	a. A very hot, bright star
	
	

	b. A very hot, dim star
	
	

	c. A very cool, bright star
	
	

	d. A star which is very luminous
	
	

	e. A star that appears very bright but is not very luminous.
	
	

	f. Two stars that appear close together but are really far apart.
	
	

	g. A star which is no longer fusing nuclei at its core
	
	

	h. A star which is likely to be producing carbon and oxygen
	
	

	i. A main-sequence star which is likely to run out of fuel soon
	
	

	j. A star that is much like our Sun
	
	

	k. A star that will continue to fuse hydrogen for a very long time
	
	

	l. A star with λmax = 680 nm
	
	

	m. A star with λmax = 580 nm
	
	

	n. A star with a surface temperature of 6500 K
	
	

	o. A star with a surface temperature of 5000 K
	
	

	p. A star that will be very different 1 million years from now
	
	


2) Collect your photographs and summarize briefly the results of each one. Does it show what you intended? If not, why not?
	a. A very hot, bright star
	

	b. A very hot, dim star
	

	c. A very cool, bright star
	

	d. A star which is very luminous
	

	e. A star that appears very bright but is not very luminous.
	

	f. Two stars that appear close together but are really far apart.
	

	g. A star which is no longer fusing nuclei at its core
	

	h. A star which is likely to be producing carbon and oxygen
	

	i. A main-sequence star which is likely to run out of fuel soon
	

	j. A star that is much like our Sun
	

	k. A star that will continue to fuse hydrogen for a very long time
	

	l. A star with λmax = 680 nm
	

	m. A star with λmax = 580 nm
	

	n. A star with a surface temperature of 6500 K
	

	o. A star with a surface temperature of 5000 K
	

	p. A star that will be very different 1 million years from now
	


3) Explain in words how you estimated the temperature of each star.
4) Explain in words how you estimated the apparent brightness of the stars.

5) Explain in words how you estimated the actual luminosity of the stars.
6) Are your choices for photographs the same as those made by other teams? Why or why not?
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