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Goal: Create a revised 
implementation of the Moons 
of Jupiter lab using new web 
capabilities, specifically, 
Horizons Web-Interface.



• German astronomer and mathematician

• 1571-1630

• Believed there was an inherent order to the 
universe and that “those laws [of nature] are 
within the grasp of the human mind…”

• Work Included: Rudolphine Tables, The 
Kepler Conjecture, and Kepler’s Laws of 
Planetary Motion

Johannes

Kepler



Kepler’s Laws of Planetary Motion

The square of the orbital 
period of a planet is directly 

proportional to the cube of the 
semi-major axis of its orbit

The orbit of every planet is an 
ellipse with the Sun at one of 

the two foci

A line joining a planet and the 
Sun sweeps out equal areas 
during equal intervals of time
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𝑇 = period
𝑎 = semi − major axis



The Significance of Kepler’s Laws

Supported the model of the Sun as the center
of the Solar System

Inspired Isaac Newton to explain motion 
with the Law of Universal Gravitation



• Designed by Gettysburg College in 
the 1990s

• A resource of free software-based 
laboratory exercises for astronomy 
students

• Still available for download but no 
longer being updated

Contemporary Laboratory 
Exercises in Astronomy



Use the following equation 
to calculate the mass of 

Jupiter:

M =
𝑎3

𝑝2

Calculate the Mass of Jupiter
-Graph the position versus time

-Fit this data to a sine function

-Record period and amplitude

Analyze the Data

In the CLEA software, 
students record the 

position of the four moons 
in relation to Jupiter

Collect the Data
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An Updated Approach…



• Horizon’s Web-Interface by NASA’s Jet 
Propulsion Laboratory

• Set location and observation intervals

• Collect Julian date, light minutes, right 
ascension, and declination

Collecting Data



Declination and
Right Ascension

Celestial Sphere
• No set axis
• Centered about Earth
• Relates the position of objects by measuring 

their passage

Right Ascension 
• “Longitude”
• Measured in hours with 24 hours being 1 

rotation

Declination
• ”Latitude”
• Celestial equator: declination of 0°
• North celestial pole: declination of +90°
• South celestial pole: declination of −90°
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• Horizon’s Web-Interface by NASA’s Jet 
Propulsion Laboratory

• Set location and observation intervals

• Collect Julian date, light minutes, right 
ascension, and declination

• Copy from plain text output

• Paste into pre-made Excel template

Collecting Data



Analyzing 
the Data

• Determine time in days

• Calculate the angular 
separation between Jupiter 
and each moon using the 
following equation: 

∆θ = ( 𝛼M − 𝛼J cos radians 𝛿J )
2 + (𝛿M − 𝛿J)

2 × sgn(𝛥𝛼)

𝛿 = declination and 𝛼 = right ascension



∆θ = ( 𝛼M − 𝛼J cos radians 𝛿J )
2 + (𝛿M − 𝛿J)

2 × sgn(Δ𝛼)

𝛿 = declination and 𝛼 = right ascension

Declination and
Right Ascension

Angular separation is calculated with the 
following equation based on Pythagorean 
theorem: 



Analyzing 
the Data

• Plot Δθ as a function of time

• Use the sliders and graph to 
estimate the amplitude, phase 
shift, and angular frequency

• Calculate the fit using the 
following equation: 

Fit = ∆𝜃sin(𝜔𝑡 + 𝜑)

• Square the difference between 
the fit and Δθ

• Add a second set of data to 
your graph of fit as a function 
of time



Analyzing 
the Data

• χ² is the sum of the difference 
column

• Run the Excel Solver add-in to 
minimize the χ² value by 
changing the amplitude, phase 
shift, and angular frequency 
variables



Analyzing 
the Data

• Calculate the average distance 
(meters), amplitude, and period 
(seconds)

Avg Distance = Avg Light Minutes ×
1.8 × 1010 meters

1 Light Minute

Amplitude =
∆𝜃 × π × Average Distance

180

Period seconds =
2π

𝜔
× 24 × 3600

• Using Kepler’s 3rd Law of 
planetary motion, calculate the 
mass of Jupiter

𝑎3

𝑝2
=
𝐺𝑀

4π2

𝑀 = mass of the parent body
𝑎 = amplitude in meters

𝑝 = period of the orbit in seconds



Future
Research

Apply this method to calculating the mass of 
other planets

Develop an alternative procedure for CLEA’s 
“Jupiter’s Moons and the Speed of Light” 
exercise



“The first astrophysicist and 
the last scientific astrologer.”
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