Moons of Jupiter!

Objectives


The purpose of this lab is to observe the motion of the moons of Jupiter and then use Kepler's third law and the expansion to his law offered by Newton’s Universal Law of Gravitation to deduce the mass of Jupiter. The four Galilean moons, Io, Europa, Ganymede and Callisto are easily seen through a small telescope, and the CLEA software will simulate these observations.

Background


To calculate the mass of Jupiter, one only needs information about the revolution of Jupiter’s moons about it.  This is because Newton’s expansion on Kepler’s Third Law has variables including the period and average radius of the moons as well as the mass of the larger body (a.k.a. Jupiter).  
Procedure

“The CLEA software simulates a telescope allowing you to make your “observations” of these distant celestrial objects. The program has already been downloaded from the CLEA website onto your school laptop (a link is provided on the SHS AP Physics homepage if you'd like to download the software on your home computer).  To begin the program, select CLEA_JUP and Login. After entering your names and lab table number, choose the Start option to set the starting date and time. Note that during the lab you may want to go back to this table to reset the “Interval Between Observations.”  

Jupiter is in the center of the screen, while the small point-like moons are to either side. Sometimes a moon is behind Jupiter, so it cannot be seen. Even at high magnifications, they are very small compared to Jupiter. The current telescope magnification is displayed at the upper left hand corner of the screen. The date, UT (the time in Greenwich, England) and JD (Julian Date) are displayed in the lower left hand corner of the screen. 

Click on each moon, using the highest magnification to get the best position measurement, R, which is recorded in number of “Jupiter Diameters”.  R is the distance from the center of Jupiter to the center of the moon.  Sometimes a moon will be behind Jupiter, and you will not be able to record data for that moon.  To save measurements, simple click record.
 
You wish to give sufficient time coverage to all four orbits. Since Io's orbital period is significantly shorter than that of Callisto, you will have to change your observation interval to both get good time coverage and to make efficient use of your observing time. You need to cover a full period of the orbit from, for example, the moons most eastern position to its most western position and back. 

You should collect approximately 20 days of data, then use the plot function to create r vs. t curves for each moon.  The graph is a sine curve whose amplitude is orbital radius and wavelength is period.  Now using the orbit of each Galilean moon, determine the quantities that you would have to graph in order to obtain a straight line whose slope will yield the mass of Jupiter.  Create this plot manually to calculate the mass of Jupiter.  You will have to convert Jupiter Diameters to meters and years to seconds.  There are 1.43x10^8 meters in one Jupiter Diameter.” – from http://geddesphysics.weebly.com/moons-of-jupiter.html 
Data

I began measuring data on November 26, 1991 and continued to December 26, 1991.
	
	Radius
	(Jupiter Diameters)
	

	Julian Date
	      Io
	  Europa
	Ganymede
	 Callisto

	2448587
	-2.95
	-0.75
	5.8
	-0.6

	2448589
	-1.35
	2.55
	3.55
	8.55

	2448591
	0.95
	-3.85
	-7.2
	13

	2448592
	-2.1
	-1.85
	-6.4
	12.65

	2448593
	2.65
	4.6
	-1.1
	10.45

	2448594
	-2.95
	
	5.05
	6.9

	2448595
	2.65
	-4.7
	7.4
	

	2448596
	-2.03
	1.78
	4.52
	-2.52

	2448598
	0.15
	-3.25
	-6.75
	-10.65

	2448599
	-1.45
	-2.7
	-6.95
	-12.8

	2448600
	2.3
	4.3
	-2.1
	-13.15

	2448601
	-2.9
	
	4.2
	-11.7

	2448602
	2.85
	-4.7
	7.4
	-8.55

	2448603
	-2.6
	0.9
	5.25
	-4.25

	2448604
	1.6
	4.35
	-0.7
	0.65

	2448606
	-0.7
	-3.4
	-7.3
	9.55

	2448607
	1.65
	3.9
	-3.1
	12.2

	2448608
	-2.6
	1.85
	3.2
	13.15

	2448609
	2.85
	-4.65
	7.25
	12.2

	2448610
	-2.95
	0
	5.95
	9.65

	2448611
	2.2
	4.6
	
	5.7

	2448612
	-1.4
	-1.75
	-5.55
	1

	2448613
	
	-3.9
	-7.5
	-3.85

	2448614
	0.95
	3.35
	-4.1
	-8.25

	2448615
	-2.1
	2.6
	2.3
	-11.4

	2448616
	2.65
	-4.35
	6.95
	-13.05

	2448617
	-3
	-0.85
	6.5
	-12.95


	
	Radius
	(meters)
	
	

	Julian Date
	      Io
	  Europa
	Ganymede
	 Callisto

	2448587
	-4.2E+08
	-1.1E+08
	8.26E+08
	-8.5E+07

	2448589
	-1.9E+08
	3.63E+08
	5.06E+08
	1.22E+09

	2448591
	1.35E+08
	-5.5E+08
	-1E+09
	1.85E+09

	2448592
	-3E+08
	-2.6E+08
	-9.1E+08
	1.8E+09

	2448593
	3.78E+08
	6.55E+08
	-1.6E+08
	1.49E+09

	2448594
	-4.2E+08
	
	7.19E+08
	9.83E+08

	2448595
	3.78E+08
	-6.7E+08
	1.05E+09
	

	2448596
	-2.9E+08
	2.54E+08
	6.44E+08
	-3.6E+08

	2448598
	21371143
	-4.6E+08
	-9.6E+08
	-1.5E+09

	2448599
	-2.1E+08
	-3.8E+08
	-9.9E+08
	-1.8E+09

	2448600
	3.28E+08
	6.13E+08
	-3E+08
	-1.9E+09

	2448601
	-4.1E+08
	
	5.98E+08
	-1.7E+09

	2448602
	4.06E+08
	-6.7E+08
	1.05E+09
	-1.2E+09

	2448603
	-3.7E+08
	1.28E+08
	7.48E+08
	-6.1E+08

	2448604
	2.28E+08
	6.2E+08
	-1E+08
	92608286

	2448606
	-1E+08
	-4.8E+08
	-1E+09
	1.36E+09

	2448607
	2.35E+08
	5.56E+08
	-4.4E+08
	1.74E+09

	2448608
	-3.7E+08
	2.64E+08
	4.56E+08
	1.87E+09

	2448609
	4.06E+08
	-6.6E+08
	1.03E+09
	1.74E+09

	2448610
	-4.2E+08
	0
	8.48E+08
	1.37E+09

	2448611
	3.13E+08
	6.55E+08
	
	8.12E+08

	2448612
	-2E+08
	-2.5E+08
	-7.9E+08
	1.42E+08

	2448613
	
	-5.6E+08
	-1.1E+09
	-5.5E+08

	2448614
	1.35E+08
	4.77E+08
	-5.8E+08
	-1.2E+09

	2448615
	-3E+08
	3.7E+08
	3.28E+08
	-1.6E+09

	2448616
	3.78E+08
	-6.2E+08
	9.9E+08
	-1.9E+09

	2448617
	-4.3E+08
	-1.2E+08
	9.26E+08
	-1.8E+09


	
	      Io
	  Europa
	Ganymede
	 Callisto

	Period (days)
	1.76751
	3.5512
	7.2216
	16.668

	Period (s)
	152712.9
	306823.7
	623946.2
	1440115

	Amplitude (JD)
	2.952
	4.7235
	7.56
	13.146

	Amplitude (m)
	4.22E+08
	6.75E+08
	1.08E+09
	1.88E+09

	
	
	
	
	

	Period^2 (s^2)
	2.33E+10
	9.41E+10
	3.89E+11
	2.07E+12

	Radius^3 (m^3)
	7.52E+25
	3.08E+26
	1.26E+27
	6.64E+27

	
	
	
	
	

	Conversion factor
	143000000 m / JD
	
	


Data Analysis
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R^3/T^2 = GM/4π^2

Slope =  R^3/T^2 = 3.200 x 10^15 m^3/s^2 

3.200 * 10^15 = (6.67*10^-11)*M/4π^2

Mcalculated = 1.8940 * 10^27 kg

Maccepted = 1.8986 * 10^27 kg

% error = (Mcalculated – maccepted)/maccepted * 100

% error = -.2423

Conclusion

I learned the relationship between the radius and the period of the orbiting bodies.  By applying Kepler’s Law, I was successfully able to determine the mass of Jupiter after collecting data from CLEA about the movement of its moons.  The calculated mass of Jupiter is 1.8940*10^27.  The error between this and the real value was extremely small, only .2423%.  CLEA offered accurate measurements that likely contributed to this.  What error exists may have come from my rapid clicking of a tiny picture of a moon, causing discrepancies of measured distances.  I may have also not found the best fit sine curve for every moon.  In addition, my data was not complete because there were cloudy days when no data was obtained.
Concluding Questions
1. Calculate the percentage error with the accepted mass of Jupiter (1.8986 × 10^27 kg).
Mcalculated = 1.8940 * 10^27 kg

Maccepted = 1.8986 * 10^27 kg

% error = (Mcalculated – maccepted)/maccepted * 100

% error = (1.8940*10^27-1.8986*10^27)/(1.8986*10^27) * 100

% error = -.2423

2.    There are moons beyond the orbit of Callisto. Will they have larger or smaller periods than Callisto? Why? 
They will have larger periods than Callisto.  The farther from Jupiter, the higher the average radius.  Because GM/4pi^2 is constant, as radius increases, the period decreases.

3.    Which do you think would cause the larger error in the mass of Jupiter calculation:  a ten percent error in "T" or a ten percent error in "r"? Why?
An error in r would increase in a larger error.  The r term is cubed, whereas the t term is only squared, therefore the r term will modify the results to a greater extent.

4.    Why were Galileo's observations of the orbits of Jupiter's moons an important piece of evidence supporting the heliocentric model of the universe (or, how were they evidence against the contemporary and officially adopted Aristotelian/Roman Catholic, geocentric view)?    

The observations Galileo made created a relationship between the radius and period.  By comparing the period of the moons to the period of the Earth (the year) he offered evidence that both moved in the same manner.
