MOONS OF JUPITER

PART I   DETERMINATION OF MASS OF JUPITER USING MOONS OF JUPITER 

WARNING: Each student will have different data. Copying your neighbor’s work can result in both of you getting a zero.

1. Click on the Revolution of the Moons of Jupiter icon to start program.

2. Go to File Menu. Log in. Make up a lab table number. Go to File>Preferences and turn on ID Colors. Each moon will be a different color.

3. Only do Europa. Go to Preferences>Timing. Set timing interval to 12 hrs. 

4. Select File>Run. Click OK to close box.

5. Click on moons in picture until you find Europa. If no moon name shows up, your mouse arrow was not exactly on the moon. If you can’t find Europa and there are less than four moons, the one you want is behind Jupiter. In this case record 0 as distance. If a message comes up saying cloudy, record cloudy on paper table and click Next. 

6. Once you have the right moon, look for a number in the form X=nnnE (or W) (Jup. Diam.). Click on Record Measurements. Record the number and letter (E or W). Click Next.

7. Keep going until you have at least 20 measurements. If you have any cloudy days make additional measurements so computer program has  at least 20 measurements entered.

8. Go to Data. Save your data. 

9. Go to Data. Load data. Answer no to question about combining data.

10. Go to Data. Analyze data. Select Europa.

11. Select Plot>Plot Type>Connect Points.  You will need to estimate amplitude, T-zero and period for use in next step.  See paragraph from  student manual below for how to do this. Record initial estimates on worksheet. 

12. Select Plot>Fit Sine Curve. Select Set Initial Parameters. Enter values from step 11. Close box.

13. A blue curve should appear. Select Plot>Fit Sine Curve > Plot Curve if blue curve does not appear. 

14. You want to end up with all your points close to the blue curve. See if any points are way off. If so ask instructor about editing. Click on the arrows on end of slide bar to move the slide bars back and forth.  Start with T-zero. For Europa you want to reduce the red number (RMS residuals) to less than 0.13 (appears as 1.3000 –1 on screen). 

15. When you have completed step 14, record your value of amplitude (now called semi-major axis) and period for Europa on worksheet. You will need to convert units of period and semi-major axis. See paragraph from manual below. 
16.   Repeat steps 5-15 using Ganymede instead of Europa. Go to Preferences> Timing to change interval to 24 hrs.
17. Compute mass of Jupiter (compared to Sun). See formula from student manual below. 

18.  Find the mass of the Sun in kg in your text or on Internet. Use this to 

            convert mass of Jupiter to kg.

19.  Compute mass of Jupiter from step 17 compared to mass of Earth. Mass of Earth is 3x10-6 solar masses. Record your mass on worksheet. Check your work by comparing your value with that on the Voyager III data panel for Jupiter.

From Student Manual for Step 11
This will display a jagged, “connect-the-dots” version of your graph.  Click on a point at which the line connecting the points crosses from negative to positive.  (If this happens several times, choose a point toward the left of the screen.)  A date and a value very close to zero should appear in the box marked Cursor Position.  Now select Data > Plot > Fit Sine Curve > Set Initial Parameters and enter the date you just found as T-zero.  Go back to the graph and find the next point at which the line passes from negative to positive (that is, when the moon has completed one orbit.)  Subtract the earlier date from the later date and enter this as Period in the dialog box.  If the line does not cross from negative to positive twice, you could use the interval between any two crossings as a good estimate of half the period and then double it. Finally, estimate the Amplitude of the sine curve by clicking on the peaks and reading the Value in the Cursor Position box. The Amplitude is equal to the value of the highest peak.  

From student manual: Calculating Jupiter’s Mass
You now have all the information you need to use Kepler’s Third Law to find the mass of Jupiter.  But note that values you obtained from the graphs have units of days for p, and J.D. for a.  In order to use Kepler’s Third Law, you need to convert the period into years by dividing by the number of days in a year (365), and the orbital radius into A.U. by dividing by the number of Jupiter diameters in an A.U. (1050).  
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the mass of Jupiter in units of the solar mass

a

is the radius of the orbit in units of A.U.

p

is the period of the orbit in Earth years




PART II Speed of Light
An early attempt to determine the speed of light involved Io. The observed time when Io was observed to go out of sight behind Jupiter would differ from the predicted time due to the extra time light took to travel across the Earth’s orbit. You are given some data on additional distance and additional time on worksheet. Use this to compute speed of light and record in table on worksheet.  
To read more about this go to: http://www.colorado.edu/physics/2000/waves_particles/lightspeed_evidence.html

