Kepler’s Third Law - Analyzers: Moons of Jupiter Lab
Objectives: 

1. Determine the mass of Jupiter.

2. Gain a deeper understanding of Kepler’s Third Law.

3. Learn how to gather and analyze astronomical data.

Background:


Johannes Kepler, a famous astronomer, developed three mathematical laws to explain planetary motion, based on data he and his mentor, Tycho Brahe, had gathered. His third law is for bodies orbiting much larger bodies, and relates the orbital radius to the period of revolution. Isaac Newton further explored this law and combined it with his Universal Law of Gravitation to produce the formula (r3/T2) = (GM/4π2), where r is the orbital radius, T is the period, G is the gravitation constant, and M is the mass of the body around which the smaller body revolves. This law can be used to calculate the mass of a planet by using data collected on its moon’s revolutions.
Materials: CLEA software

Procedure: See full lab explanation at 

http://geddesphysics.weebly.com/analyzers-moons-of-jupiter.html 
Data: See Excel spreadsheet and graphs.

Data Analysis:

1. Using Kepler’s Third Law of Planetary Motion, determine an equation that clearly shows which variables to graph in order to linearize the data and determine the mass of Jupiter.

2. Use the slope of the graph to calculate MJupiter.

Calculations: See scan.

Conclusion:


Kepler’s Third Law accurately provided a means to calculate the mass of Jupiter based on its moon’s revolutions. The very small percentage of error allows the results to be considered viable. This error was likely caused by inaccurate measurements of orbital radii due to the limitations of the CLEA software; however, the software was very useful in learning to gather and analyze astronomical data.
1. The percentage error for the calculated mass of Jupiter was found to be 3.61%.

2. Moons that are farther away from Jupiter than Callisto will have larger periods. Due to the distance away from the planet, the moons must travel greater lengths to complete a revolution, and therefore the time per revolution (period) will increase. This is reflected in the data of the four moons in the experiment. As orbital radius increases, period increases.

3. A ten percent error in r will cause a greater error in the calculation of the mass. This is because the r value is cubed, whereas the T value is squared. When a ten percent error is cubed, it becomes much larger than when it is squared, skewing the data.

4. When Galileo viewed Jupiter, he noticed the much smaller moons revolving around a much larger body. As such, he inferred that it was highly possible for the planets, which are much smaller than the sun, to be revolving around the sun, or in a heliocentric system. It stood to reason that if smaller bodies orbited around Jupiter, then the smaller planets would orbit the sun.
