Now let's summarize our conclusions about how the law of universal gravitation applies to objects that are not tiny point masses.  


The gravitational force that a hollow, uniformly dense mass exerts on a mass m that is located at a distance r from the center of the sphere (where r is GREATER THAN R (the radius of the hollow sphere)) is 


The gravitational force that a hollow, uniformly dense mass exerts on a mass m that is located at a distance r from the center of the sphere (where r is LESS THAN R) is

ZERO


Believe it or not, the Earth is NOT a hollow sphere (nor is it uniformly dense, for that matter-- but we'll assume that it is uniformly dense for the sake of simplicity).  What would happen if we were able to drill a hole deep into the Earth and slide down into it?  Would our weight INCREASE as we got closer to the center of the Earth?  Would it decrease? Stay the same??  Let's be Newtonian and figure this out for ourselves.  If we assume that we are inside of the Earth and that the Earth has a uniform density (mass/volume) of ( (this is the Greek letter roh),find an expression for the mass of the Earth that is contained in the sphere of radius r (underneath your feet) when you are a distance of r from the center of the Earth (0< r < RE).


You should find that the amount of mass that is contained in the sphere beneath your feet is given by the expression

MEr = ((4/3)πr3


Now, remember that we're looking for the gravitational force that acts on you (i.e., your weight) when you are in a tunnel somewhere deep inside the Earth.  The Law of Universal Gravitation can now be applied, since we have an expression for the mass of the Earth that is applying a gravitational force on you and we know how far you are from the center of the Earth.  The force that acts on you should be:

FG = G[(m MEr)/r2]


Of course, being good math students, you all recognize that we want to substitute in our value of MEr from above, and in doing so we also want to replace ( with an equivalent expression for the Earth's density (which would be the Earth's mass, ME, divided by a nice mathematical expression for the volume of the Earth).    When we do this and work through the algebra, we find that the gravitational force that acts on you when you are inside the Earth is

FG = (mg)(r/RE)

where m is your mass and g is the acceleration due to gravity at the surface of the Earth.  Now that we have an expression for the gravitational force that acts on you when you are inside the Earth, let's summarize our results by graphing your weight for any value of r between r=o (the center of the Earth) and r=infinity (the edge of the universe).  Put r on the x axis.

