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Universal Law of Gravity and Kepler’s Laws
In the 17th Century, numerous achievements were made in the study of the planets and satellite motion by some of the greatest minds in scientific history.  One key discovery was made by Isaac Newton; some of the others were set down by Johannes Kepler.

Kepler’s Laws
In the early 1600’s, scientists began to question much of the natural truths that the Catholic Church declared as facts.  A particularly significant problem was the solar system.  The church (based on ideas formulated thousands of years prior by the Greek philosopher Aristotle) proposed that the Earth was the center of the solar system (and the universe as a whole) and that all celestial objects (the moon, other planets, and stars) orbited around the Earth in perfectly circular orbits.  However, inventions such as Galileo’s telescope allowed astronomers to make ever better observations of the heavens, and it quickly became apparent that this “Geocentric” model provided wild motions of the planets (for example, it required that Mars actually reversed its orbital direction for a period of time!).  Because of this, Galileo proposed a “Heliocentric” model, with the sun at the center and all planets orbiting around it (this is the model that we currently hold).  

Over a 20 year period, a Dutch astronomer named Tycho Brahe investigated the orbital motions of the known planets (Mercury, Venus, Earth, Mars, Jupiter, Saturn).  He took painstakingly detailed measurements of the relative locations of the planets, and was attempting to derive some sort of pattern or explanation for the motions he observed.  Unable to complete the calculations on his own, he hired Johannes Kepler, a well-known German mathematician, to do it for him.  After poring over the data, Kepler formulated three distinct laws that describe the motion of the planets in our solar system (this provided strong evidence for the Heliocentric Model).

1. The orbits of all planets are ellipses, and the Sun lies at one focal point.  (This was a point of great contention, as astronomers had been assuming for thousands of years that the motion of all celestial objects were perfectly circular.)

2. A certain object will sweep out identical areas of its elliptical orbit in equivalent periods of time.  (This serves as a justification as to why a planet will move more quickly when it is near the sun, but more slowly when farther away.)

3. The ratio of orbital period squared (T2) to mean orbital radius cubed (R3) is equal to a constant for all satellites orbiting the same object.  (I.e., for each planet in our solar system, the ratio of period squared to radius cubed is equal to the same number.)  

 T2   =   42
 R3       GM
Universal Law of Gravity
According to legend, while contemplating the orbit of the moon one day, Isaac Newton strolled through an apple orchard on his family’s estate.  While walking, he observed an apple as it fell from a tree and plummeted to Earth, and he was struck with an epiphany.  
The apple is pulled down towards the center of the Earth by an unseen force.  Perhaps the behavior of the moon is due to the same phenomena.
This realization, in combination with the findings of Kepler as formulated in his three laws of satellite motion, led Newton in his development of the Universal Law of Gravity:

· Any two massive objects, of mass m and M, whose centers are separated by a distance r, will feel an equivalent attractive force of the same magnitude.  

FG = GmM
          r2
where FG is the gravitational force, and G is referred to as the Gravitational Constant (#G = 6.67 * 10-11 Nm2/kg2)

If one were so inclined, she could use the above expression to try and determine the acceleration due to gravity for one object near another (say, for instance, a car of mass m and Planet Earth® of mass M).  We know from our studies of Newton’s Laws that an object’s non-accelerated weight on Earth is equal to the strength with which the gravitational force pulls on that mass.  This gravitational force Fg = mg, where m is the mass of the object (say, a car) and g is the acceleration due to gravity (recall: g = 9.8 m/s2).  Now, we have a new way to think about that gravitational force, as the mutual force exerted on both the car and the Earth: FG.  These two forces describe the same phenomena, and as such, they should be equivalent.  So, 

Fg = FG
mg = GmME
r2

g = GME
       r2
where ME is the mass of the Earth (5.98 * 1024 kg), r is the radius of the Earth (6.37 * 106 m) and G is the Gravitational constant.  

# The value for G was determined by the English physicist Henry Cavendish in one of the more historically significant experiments in all of Physics.  What Cavendish was able to do is essentially measure to extremely high precision two separate masses, their separation, and the strength of the force of attraction they experienced.  By calculation, he was able to experimentally determine the value of this constant.  
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