
Lab 3: Moons of Jupiter

Astronomy 141

Name: ______________________________			Date: ________

Partner(s): ___________________________

	___________________________


In this exercise you will examine Jupiter’s four Galilean Moons and quantify the motions of two of those moons. By the end of the lab, you’ll use the orbits of those moons to determine the mass of Jupiter and to estimate the motion of another moon. We will address the following questions:

How do we measure the orbits of distant, astronomical objects?
How can we use orbits to “weigh” astronomical objects?


Newton’s Correction to Kepler’s Third Law:

Kepler’s Third Law is usually expressed for planets as P2 = a3. This equation is valid only if:

The semi-major axis, a, is measured in Astronomical Units (AUs),
AND the period, P, is measured in years,
AND the object is orbiting the Sun.

For the moons of Jupiter, we need Newton’s more general form of Kepler’s third law:

	P2 = a3/M,
	or 
	M = a3/ P2




where M is the mass of the object being orbited, in this case, Jupiter, measured in solar masses. The period and semi-major axis must still be in years and AU.



Observing the Moons:

We’ll begin by using the Jupiter's Moons Observing Tool from Sky & Telescope magazine to see how the moons move from night to night.  

Click on the link above to open the observing tool.

In the window, you’ll see a display showing the positions of Jupiter and its four Galilean moons.
The moons sometimes go behind Jupiter, so you might not see all four right away.

Locate Jupiter’s moons Europa (labeled with a letter ‘E’) and note its position.

Find the button marked “+1 Day”.  Click that button once.
Notice that Europa has now moved away from its initial position.
All of the other moons have moved as well.

Continue clicking the “+1 Day” button until Europa returns more or less to its original position. About how many days did it take Europa to return to its starting point?
Fill in the number of days you have estimated in the table below.

Click the button labeled “Reset to current date and time”.  

Now locate Jupiter’s moon Ganymede (labeled ‘G’) and note its position.

Repeat the procedure you used for Europa.  Click “+1 Day” until Ganymede returns to its starting point. About how many days did it take Ganymede to return to its starting point?
Fill in the number of days you have estimated in the table below.

Estimated Orbital Periods: (10 points)

	
	Days to Return to Initial Position 

	Europa
	Seven days 

	Ganymede
	Seven days 




Congratulations! You have just estimated the orbital period of these two moons. Galileo did something very similar when he first discovered them.

(10 points) Each colored dot in the figure below represents one of the four Galilean moons of Jupiter. Table 8.1 (p. 226) in your textbook lists these moons in order of their semi-major axes. Use the table to figure out which moon is which and label the four moons of Jupiter in the diagram by typing the name of each moon in the adjacent text box.  Ganymede
Europa
Callisto
Io
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[image: A picture containing clockDescription automatically generated](8 points) The diagram below shows the Jupiter system viewed edge-on, as opposed to the face-on view, above. The positions of the Moons are the same in both views. Make sure you are viewing the document at 100% zoom. Then, use a ruler to measure the distance of each moon from the center of Jupiter. Record your measurements in the table following the diagram.

	
	Distance from Jupiter [cm]

	Io
	2.0 cm

	Europa
	1.5 cm

	Ganymede
	3.0 cm

	Callisto
	5.5 cm 





(8 points) Compare your measurements in the table above to the orbits of the moons in the first figure (Jupiter system viewed from above). Do you notice anything peculiar about the distances of Io and Europa?
There are near each other than the rest.


(8 points) Refer to Table 8.1 (p. 226) in your textbook. Use the table to fill in the orbital period and distance from Jupiter of the moons below. Make sure to record the distance from Jupiter in Jupiter radii and NOT in km.

	Moon
	Semi-Major Axis (a) in Jupiter Radii
	Period (P) in days

	Europa
	9.38
	3.55

	Ganymede
	15.0
	7.15




(5 points) Compare the periods recorded in the table above to the periods you estimated visually on page 2. Do your estimated periods agree with those recorded in your textbook? Explain your conclusion.
no for Europe and yes for Ganymede since the estimated period only corresponds to Ganymede.Europa is much closer to Jupiter that is why it only takes 3.55 days. Ganymede is far than Europa that is why it takes a lengthy period.


Determining the Mass of Jupiter:

(12 points) Use the data you recorded on the previous page and a calculator to complete the table below.

	Moon
	a3
	P2
	a3/ P2

	Europa
	825.30
	12.60
	65.50

	Ganymede
	3.375
	51.12
	66.02




Note that the value in the last column should be nearly the same for both moons. If the values are not similar, double-check for simple errors.

To convert your final number into kilograms, you must multiply it by 0.02897. (The result is actually a factor of 1027 too small, but that is included below.)

(4 points) List Jupiter’s mass using the data from each moon (M = 0.02897 ´ a3/P2).


Jupiter’s mass from Europa data:			1.90	 ´1027 kg.


Jupiter’s mass from Ganymede data: 		1.91	 ´1027 kg.


(2 points) Jupiter’s average mass = (1a + 1b) ÷ 2 =		1.91	 ´1027 kg.



(2 points) What is Jupiter’s actual mass? (Consult Table 3B of the Appendix of your text on page A-4, or the Useful Planetary Data table). Is your measurement close to the true mass? Are you proud? You should be! This can be easily done in real life.

My measurements were close to the mass, thus why I am proud of the answer.









(6 points) Jupiter’s moon Callisto has an orbital semi-major axis of 26.3 Jupiter radii.  Use Newton’s correction to Kepler’s Third Law (page 1) to estimate Callisto’s orbital period in days.  (Hint: The last column of the table above gives the mass of Jupiter in units appropriate for the Jupiter-moon system.  Solve for P2 and then P.)
P2=A3/M
2633÷65.50=277.73
√277.73=16.67
Therefore P=16.67
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