Newton’s Laws and Planetary Motion
Circular orbits
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Earth’s speed is 29,747 m/s around the sun.

Quick and easy way to derive Kepler’s 3rd law:
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This version only works if M >>> m.

This can be used to calculate the mass of the sun:

T = 3.15e7 s

r = 1.5e11 m


[image: image3.wmf](

)

(

)

22

3

2

7

2

3

11

30

4

3.1510

4

1.510

1.9910

T

rGM

GM

Mkg

p

p

=

´

=

´

=´


Binary Star systems
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Elliptical Orbits
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a = the center of the major axis

Energy and Orbits
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- This is the energy of a planet in either circular or elliptical orbit. Again, the center of the major axis takes the place of r in ellipses.
Issues with ellipses- R is not constant, so V is not constant. 
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This allows you to find the speed of an object in an elliptical orbit for any value of r.

Example problem:
Consider the planet Mercury
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a)
Calculate the average gravitational force exerted on Mercury by the sun.



[image: image10.wmf](

)

(

)

3023

22

210

1.99103.3410

1.2610

5.7610

g

G

GMm

FN

r

´´

===´

´


b)
Calculate the acceleration due to gravity on the surface of Mercury.
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c)
Calculate escape velocity from Mercury’s surface.
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d)
Calculate the energy of mercury’s orbit
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e)
Calculate mercury’s perihelion and aphelion speeds.
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f)
Calculate Mercury’s orbital period.
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