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Detecting Extrasolar Planet




Name_______________________________
Cobb Virtual Academy
Astronomy
Website: http://highered.mcgraw-hill.com/sites/0072482621/information_center_view0/interactives.html# (the extrasolar planets interactive)
Background
You’ve probably heard that astronomers have detected planets that exist outside our solar system and that orbit other stars. However, we currently do not have the technology to take a direct picture of these planets, not even with the Hubble telescope. So, how do we know they exist? The methods we use to detect extrasolar planets are indirect methods, but are still scientifically accurate. One such method is by using spectrographs. 

A spectrograph displays the radial velocity of a star over time based on how much its light has been shifted by the Doppler Effect.  The gravitational force from the planet on the star will cause the star to move ever so slightly. Even though the gravitational force between the two objects is the same because of Newton’s 3rd law, the planet will experience a greater acceleration because it has less mass; the star will experience less acceleration because it has more mass. As the star is pulled towards us (the viewers), the light from the star will be blue-shifted, and the radial velocity will register a positive value. As the star is pulled away from us, the light from the star will be red-shifted, and the radial velocity will register a negative value.  By measuring the amount of change in radial velocity, astronomers can directly measure the period of the orbit and the radial velocity changes; astronomers can thereby measure the mass of the planet and its distance away from the planet.
Directions  
From the menu choose the various planets and run the simulation. Observe the changes in radial velocity on the graph as the planet orbits the star. The questions below may ask you to change the setups and record your observations. 
Questions
1. Choose “Jupiter” from the Menu and run the simulation. If we were outside our solar system and looking in, how much does Jupiter affect the sun’s radial velocity? (Observe and record a numerical answer from the graph.)
2. Choose “Earth” from the Menu and run the simulation. The best instruments astronomers have currently detect radial velocity changes of 3 m/s. If we were outside our solar system and looking in, would we be able to detect any changes in the star’s radial velocity if the Earth were the only planet in the solar system?

3. Explain why astronomers have found many more Jupiter-sized planets than Earth-sized planets. 

4. Does this fact alone mean that Earth-sized planets are not as common? Explain.
5. Select “Hot Jupiter” and compare this spectrograph to the regular Jupiter that orbits far from the sun. Explain why it is easier for astronomers to detect planets that orbit closer to a star as opposed to farther away from the star. 

6. Now, adjust the eccentricity of the orbit and make the eccentricity 0.35 (the maximum allowed value for this simulation). Explain how this eccentricity affects the radial velocity and the spectrograph. 

7. Select “Multiple Planets” and run the simulation. Describe the spectrograph for two Jupiter-sized planets orbiting the sun.

8. Another method of detecting extrasolar planets is known as the transit method. Astronomers measure the intensity (the brightness) of the light emitted from the star and watch for any periodic changes in intensity. Explain how the intensity graph below would be affected as the planet moves from position 1 to position 2, and then from position 2 to position 3.
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