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Center of Mass and Astrometric Techniques 
Detecting a fire fly sitting on top of a 1000-watt search light, that’s how it would be to detect a planet orbiting around its Sun in a distant solar system.  Indirect methods must be used.  
1) Pick up any item you happen to have with you that is 
rigid (a book, a pen, your cell phone, etc).  FIND ITS CENTER 
OF MASS.  DRAW the object with the mass center located.
Explain how you found the center of mass.

Consider how our solar system would be perceived to distant alien astronomers from far away.  Assume Jupiter is the only planet and that only light from the Sun can be detected from far away.
2) If you happen to be looking at the solar system from the SIDE, describe and draw how the Sun would be seen to move relative to the stationary distant stars (draw the stars, too).
3) If you were looking down on the solar system from the TOP, describe and draw how the Sun would be seen to move, relative to the stationary distant stars (draw the stars, too).

4) How many years would pass before you’d see the Sun move in the path as you’ve described and drawn above?
Doppler Shift and Doppler Techniques

1) Light, like sound, travels as a wave with a finite speed.   If you release sound while traveling forward at half the speed of sound, how does this affect the pitch of the sound detected by other in front of you?   How about others behind you?

Your instructor will show a *very* short video (http://www.colorado.edu/physics/2000/applets/doppler2.html).

2) Where exactly is the unseen listener standing in this video and why did you select that spot?

3) We often HEAR the Doppler Effect with sirens and the like.  How come we do not often SEE the Doppler Effect with light on Earth?

4) Light travels 300,000,000 m/s.  Stars typically orbit at a few 10s of m/s around the center of mass.   Astronomers can detect the relative shift in light by one part in 10,000,000. Is that good enough to detect a typical star’s motion?

5) Some stars are orbiting very fast, but we do not detect them with the Doppler Effect.  Give one reason why this could happen (Hint: consider the orientations as you’ve drawn them above).
Additional Methods to find extra-solar planet (also called ‘exoplanets’)
Even if the earth was the size of the sun, it does not GLOW like the sun.  When a planet revolves around and at times passes in front of its sun/star, it actually blocks (eclipses) some of the star light. 

1) How would such an event, called a transit, be discovered and seen by a telescope? 

2) Do you expect this method of finding planets would be better at detecting large or small diameter planets?  Why?

3) There is a final indirect method your book describes, gravitational lensing.  Why has this method been more effective than any other indirect method so far discussed at finding LOW mass, Earth-like planets?
4) For DIRECT imaging of planets near their bright host stars, astronomers plan to observe in infrared light.  Why is there an advantage to using infrared light over optical light to pick out the dim planet next to its bright star?

What have we learned from these exoplanets?
The methods used to find planets are heavily biased towards finding MASSIVE planets lying CLOSE to their sun. However, we are still surprised by the properties of the exoplanets being found.  Our ‘nebular theory’ for planetary formation puts small rocky planets near the sun and large, gaseous (Jovian) planets in the outer solar system.  
1) What is wrong with the kinds of planets being found and explain why it is NOT consistent with nebular theory.
2) What explanations have been given to explain the existence of Jovian planets near their Sun/Stars where terrestrial planets would be expected to be found?

Presently, telescopes can barely DETECT, much less take a spectrum of an exoplanet.  This is because the light is SO dim. However, there is a future plan using large space telescopes to take spectra of exoplanets.  
3) How might the presence of life (on the assumption that O2, and thus O3, can only result from biological activity, not geological) be indicated in the infrared spectrum of a planet?






