Keplers 3rd Law
For many years astronomers noticed that a few stars appeared to move across the sky at different rates to the rest.  These wandering stars, they later concluded, were actually planets each taking different amounts of time to complete one revolution due to their differing distances from our Sun.

In 1619 astronomer Johannes Kepler proposed that for all orbiting bodies there is a mathematical connection between the time for revolution of their orbit (time,T) and the distance (r) from the body they orbit. He suggested that any orbiting body obeys the following rule:
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This is known as Keplers 3rd Law. Further to this, Kepler noted that when applying this rule to the planets in our solar system, if we measure time in Earth years and distance in Astronomical Unit’s then:

[image: image2.wmf]2

3

T

r

=


The times for each planet to complete one revolution are shown below:

Periods of revolution
	Planet
	Mercury
	Venus
	Earth
	Mars
	Jupiter
	Saturn
	Uranus
	Neptune
	Pluto*

	Earth Days
	88
	224
	365
	687
	4,332
	10,760
	30,685
	60,193
	90,553

	Earth Years
	0.24
	0.61
	1
	1.88
	11.86
	29.46
	84.01
	164.8
	247.92


*Pluto is no longer called a planet but rather a ‘dwarf planet’. Nevertheless it is still a body orbiting our Sun and still obeys Keplars Law.
Task 1
Use Keplers 3rd Law and the figures above to find the distances, in AU’s, of each planet from our Sun. The distance for Mercury, Venus & Earth have been done for you.
Distances from Sun (AU’s)

	Mercury
	Venus
	Earth
	Mars
	Jupiter
	Saturn
	Uranus
	Neptune
	Pluto

	0.39
	0.72
	1
	
	
	
	
	
	


When Venus transited (passed across the face of) the Sun in 1882 astronomers were able to calculate the distance from Earth to the Sun as 93,000,000 miles. This enables us to find the distances in miles for all the other planets by multiplying this by our AU figures.
Task 2

Multiply your AU figures by 93,000,000 to find the distances of each planet from the Sun in miles (you could try using 9.3 x 107 instead).
Further applications of Keplers Law
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The Earth has a mean radius of 3,982 miles. The Moon orbits at an average distance of 240,250 miles from Earth and completes one orbit every 27 days 7 hours and 43 minutes (27.321 days). Use these figures to find the constant of proportionality, k, and to find an equation to describe the relationship between time (T) and distance (r) for bodies orbiting the Earth.
Keplers Law and the International Space Station

The International Space Station orbits at 250 miles above the Earth and completes one revolution every 90 minutes. Does your equation still work for the ISS? (Remember to measure from the centre of the Earth and to convert your units).

How far from Earth would the orbit of a geostationary (or geosynchronous) satellite lie? 
Internet Links

Johannes Kepler 
http://kepler.nasa.gov/johannes 
Keplers Laws 
http://imagine.gsfc.nasa.gov/docs/features/movies/kepler.html 

Solar System revolution periods http://pds.jpl.nasa.gov/planets/special/planets.htm 
Solar System AU’s 
http://heasarc.gsfc.nasa.gov/docs/cosmic/planets.html, http://image.gsfc.nasa.gov/poetry/venus/VT7.html 
Transit of Venus history http://sunearth.gsfc.nasa.gov/sunearthday/2004/vt_edu2004_venus_back_his.htm 

International Space Station http://www.nasa.gov/mission_pages/station/main/index.html 

Geostationary satellites 

http://en.wikipedia.org/wiki/Geostationary 
Answers - Distances from Sun (AU’s)

	Mercury
	Venus
	Earth
	Mars
	Jupiter
	Saturn
	Uranus
	Neptune
	Pluto

	0.39
	0.72
	1
	1.52
	5.20
	9.54
	19.18
	30.06
	39.46


Answers - Distances from Sun (Million miles)

	Mercury
	Venus
	Earth
	Mars
	Jupiter
	Saturn
	Uranus
	Neptune
	Pluto

	36.27
	67
	93
	141
	484
	887
	1,800
	2,800
	3,700


Answers - Earth orbiting bodies
Distance in miles, time in days: 
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Distance in miles, time in hours: 
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Distance in 1,000 miles, time in hours: 
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Equation gives Space Station orbital altitude of 258 miles, approximately as expected.

Geostationary satellites orbit at an altitude of approximately 24,000 miles. That is nearly 100 times the altitude of the Space Station.
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