Lesson 14 Kepler’s laws---The Calculus of Orbits
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Kepler’s famous laws of planetary motion were announced by the German astronomer and mathematician
Johannes Kepler (1571-1630). His three laws were based on a 20-year study of astronomical data compiled by
the Danish astronomer Tycho Brahe. Isaac Newton later used calculus to derive these laws from basic laws of

physics. In this lesson, we will study these three laws and use our calculus skills to prove the second law.
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Example
1. Show that a given planet moves in a plane °

2. Prove Kepler’s second law

Exercises

Halley’s Comet has an elliptical orbit with the Sun at one focus and has an eccentricity of e = 0.967.
The length (2a) of the major axis of the orbit is approximately 35.88 astronomical units (AU).
(An astronomical unit is defined as the mean distance between Earth and the Sun, 93 million miles.)

A polar equation for the orbit is
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Find the value of d. Then, use the fact that ¢ = eq is the distance between the focus and the center to

determine how close the comet comes to the Sun.



The asteroid Apollo has a period of 661 Earth days, and its orbit is approximated by the ellipse
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where 7 1s measured in astronomical units. The area of this ellipse is approximately 5.46507.
Use a graphing utility to approximate the time it takes Apollo to move from the position given by
6=-m/2t0 0= a/2.



