Gravitation and Orbital Motion [image: image1.wmf]

Gravity, Newton’s Third Law, and Falling

Gravity, like all forces, always involves at least two objects that interact equally with each other.  We are used to thinking that Earth causes all gravitational forces, since it is so large.  But the force of gravity that acts on each of us (what we call “weight”) depends just as much on you and I as it does on Earth.  It takes TWO masses to create a force of gravity, and neither of the masses can be thought of as being more important or influential in creating that force.  In short, you pull on the earth just as hard as the earth pulls on you.

The line of reasoning represented by the diagrams below can be helpful in arriving at a deeper understanding of this concept.

Imagine a universe from which all matter had been removed except…

Two stationary earth-sized planets
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If the planets begin at rest and are released, they would exert a gravitational force on one another and accelerate toward one another.  Since the mass of each planet is the same, each would experience the same acceleration and the planets would meet at the midpoint.  The planets would “fall” toward each other.

An earth-sized planet and a moon

[image: image3.wmf]
Here the mutual force of attraction is smaller, because the mass of the moon is smaller, but the gravitational force is still equal and opposite:  the moon pulls on the earth-sized planet just as hard as the earth tugs on the moon.  However, the RESULT of this mutual force is much different for the objects.  Since the moon has a much smaller mass, it will accelerate at a greater rate and therefore pick up more velocity before the impact.  However, the earth-sized planet does accelerate as well before the impact occurs.  This is a model for what might happen if the moon were to “fall” into the earth.  In reality, the two bodies “fall” toward each other.

An earth-sized planet and an object about the size of a person
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This is a much easier situation to view as “falling”.  Here the mutual forces of attraction are again equal, but very small because the average person has so little mass.  The end result is that the person accelerates very quickly in response to the force, while the earth hardly accelerates at all.  However, the earth DOES accelerate, since it experiences a force as well.  Again, the “person” pulls just as hard on the earth as the earth does on the person and the two object really do “fall” toward each other!

All forces, when they occur, are equal and opposite…there are NO EXCEPTIONS!  However, the RESULTS of any action-reaction pair of forces can be very different for the two objects involved.  One object might bend or even break, one object may accelerate at a much greater rate, but the forces exchanged are always equal and opposite.  That’s why we call it Newton’s Third LAW!

