Print Your Name: _________________   __________________         Month:  February    Year: 2018
              (first name)                             (last name)

Revolution of Jupiter's Moons


In this exercise you will be able to determine the mass of Jupiter by measuring the orbital properties of Jupiter’s moons and analyzing their motions using Kepler’s Third Law.

We can deduce some properties of celestial bodies from their motions despite the fact that we cannot directly measure them. In 1543 Nicolaus Copernicus hypothesized that the planets revolve in circular orbits around the sun. Tycho Brahe (1546-1601) carefully observed the locations of the planets and 777 stars over a period of 20 years using a sextant and compass. These observations were used by Johannes Kepler, a student of Brahe’s, to deduce three empirical mathematical laws governing the orbit of one object around another. Kepler’s third law for a moon orbiting a much more massive parent body is
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where M is the mass of the primary body, in units of the solar mass, T is the period of the orbit in Earth years, and a is the length of the semi-major axis of the elliptical orbit in units of the mean Earth-Sun distance (an astronomical unit).  If the orbit is circular (as will be assumed in this lab) the semi-major axis is the same as the radius of the orbit.
In 1609 the telescope was invented, allowing the observation of objects not visible to the naked eye. Galileo used a telescope to discover that Jupiter had four moons orbiting it and made exhaustive studies of this system. The Jupiter system was especially important because it is a miniature version of the solar system which could be studied in order to understand the motions of the solar system. The Jupiter system provided clear evidence that Copernicus’ heliocentric model of the solar system was physically possible. Unfortunately for Galileo, the inquisition took issue with his findings; he was tried and forced to recant.  We will observe the four moons of Jupiter that Galileo saw through his telescope. They are named Io, Europa, Ganymede and Callisto, in order of distance from Jupiter.  You can remember the order by the mnemonic “I Eat Green Carrots”. 

Procedure

· Download JupLab.EXE from the course page on D2L.sfasu.edu.
· Execute JupLab.EXE once is it downloaded.  Some computers will do this automatically. Locate Clea_jup.exe on your hard drive and execute the program.  Use the "Find" menu option on Windows Start menu to locate files if necessary.
· Hit "Log-in" and type your name after "Student #1" and type in table number 1.  

· Click on "Start" and use type in the date of the first day of this month and 0:00:00 universal time.  For example, use Feb 1, 2010 at 00:00:00 UT.
· Click on the moons of Jupiter until you find Callisto.  You may notice that the X-position of Callisto appears.  For example, you might see that X = 2.85W.  This would mean that Callisto is 2.85 Jupiter-diameters West of Jupiter.  
· Complete the table and graphs and answer the questions on the following pages.  If you encounter cloudy skies on the screen write “cloudy” in the corresponding table cells.  Use minus signs (-) for West and positive signs (+) for East (e.g. -2.85 for 2.85W).
	Day
	Ganymede
	Callisto
	
	Day
	Hour
	Europa
	
	Day
	Hour
	Io

	1
	
	
	
	1
	0
	
	
	1
	0
	

	2
	
	
	
	1
	12
	
	
	1
	6
	

	3
	
	
	
	2
	0
	
	
	1
	12
	

	4
	
	
	
	2
	12
	
	
	1
	18
	

	5
	
	
	
	3
	0
	
	
	2
	0
	

	6
	
	
	
	3
	12
	
	
	2
	6
	

	7
	
	
	
	4
	0
	
	
	2
	12
	

	8
	
	
	
	4
	12
	
	
	2
	18
	

	9
	
	
	
	5
	0
	
	
	3
	0
	

	10
	
	
	
	5
	12
	
	
	3
	6
	

	11
	
	
	
	6
	0
	
	
	3
	12
	

	12
	
	
	
	6
	12
	
	
	3
	18
	

	13
	
	
	
	7
	0
	
	
	4
	0
	

	14
	
	
	
	7
	12
	
	
	4
	6
	

	15
	
	
	
	8
	0
	
	
	4
	12
	

	16
	
	
	
	8
	12
	
	
	4
	18
	

	17
	
	
	
	9
	0
	
	
	5
	0
	

	18
	
	
	
	9
	12
	
	
	5
	6
	

	19
	
	
	
	10
	0
	
	
	5
	12
	

	20
	
	
	
	10
	12
	
	
	5
	18
	

	21
	
	
	
	11
	0
	
	
	6
	0
	

	22
	
	
	
	11
	12
	
	
	6
	6
	

	23
	
	
	
	12
	0
	
	
	6
	12
	

	24
	
	
	
	12
	12
	
	
	6
	18
	

	25
	
	
	
	13
	0
	
	
	7
	0
	

	26
	
	
	
	13
	12
	
	
	7
	6
	

	27
	
	
	
	14
	0
	
	
	7
	12
	

	28
	
	
	
	14
	12
	
	
	7
	18
	

	29
	
	
	
	15
	0
	
	
	8
	0
	

	30
	
	
	
	15
	12
	
	
	8
	6
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For each of the plots on the previous pages draw smooth sine waves through your data points using a constant amplitude and constant wavelength.  Measure the period of the wave (T) in days and the amplitude of the wave (a) in Jupiter diameters.

Convert the orbital periods and semi-major axis lengths to years and astronomical units.  Compute the mass of Jupiter for each row of data.  There about 1050 Jupiter diameters per astronomical unit.
	Moon
	T

(years)
	a

(AU)
	Mass of Jupiter

(Solar Masses)

	Io
	
	
	

	Europa
	
	
	

	Ganymede
	
	
	

	Callisto
	
	
	

	
	
	Average:
	







Computed Mass of Jupiter: __________________Earth Masses





Computed Mass of Jupiter: __________________kilograms






          True Mass of Jupiter: __________________kilograms







         Percent Error:  ____________

Note:  You may have to locate conversion factors in other astronomy books or perhaps online.  See http://www.nineplanets.org/data1.html.
Questions

1. The orbit of Earth’s moon has a period of 27.3 days and a radius (semi-major axis) of 2.56 x 10-3 A.U. (= 3.84 x 105 km). What is the mass of Earth? What are the units? Show your work.

______________________

2.  How many moons of Jupiter did Galileo observe?  




______________

3.  How many moons does Jupiter really have according to your text?

______________

4.  Why can't we see all of the moons of Jupiter with a small telescope?


5.  Io, Europa, Ganymede and Callisto orbit Jupiter in nearly circular orbits.  Why do the Io, Europa, Ganymede and Callisto always appear in a line as seen through telescopes?   Use complete sentences for your answer.
6.  How would we determine the mass of a star if we find planets around it?
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