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The equation for the law of universal gravitation is

F G m1 m2/r2

where F is the attractive force between masses m1 and m2  separated by distance r. G is the universal gravitational constant (and relates G to the masses and distance). By substituting changes in any of the variables into this equation, we can predict how the others change. For example, we can see how the force changes if we know how either or both of the masses change, or how the distance between their centers changes.

Suppose, for example, that one of the masses somehow is doubled. The substituting in 2m1  for m1 in the equation gives

Fnew G 2m1 m2/r2 2(G m1 m2/r2 ) 2Fold

So we see the force doubles also. Or suppose instead that the distance of separation is doubled. Then substituting 2r for r in the equation gives

F new G m1 m2/(2r)2 G m1 m 2 /4r2 1/4 (G m1 m2/r2 ) 1/4 F old

And we see the force is only one fourth as much.

Use this method to solve the following problems. Write the equation and make the appropriate substitutions.

1. If both masses are doubled, what happens to the force?

2.  If both masses are cut in half, what happens to the force?

3.   If the masses are not changed, but the distance of separation is reduced to one half the original distance, what happens to the force?

4. If the masses are not changed, but the distance of separation is reduced to one fourth the original distance, what happens to the force?

5. If both masses are doubled, and the distance of separation is doubled, show what happens to the force.

Universal Gravitation Problems  (G = 6.67x10-11 N m2/kg2)

1. What is the magnitude and direction of the gravitational force that acts on a man who weighs 700 N at the surface of the earth?

2. The weight of an apple near the surface of the earth is 1N. What is the weight of the earth in the gravitational field of the apple?

3. The earth and the moon are attracted to each other be gravitational force. Does the more massive earth attract the less massive moon with a force that is greater, smaller, or the same as the force with which the moon attracts the earth? 

4. If the mass of the earth somehow increases, with all the other factors remaining the same, would your weight also increase? (Hint: Let the equation for gravitational force guide your thinking.)

5. Calculate the force of gravity between you and a student sitting next to you.   Assume that you are 1 meter apart and that each of you has a mass of 65 kg.

6. Calculate the force of gravity between the earth (mass = 6 x 10 24 kg) and the sun (mass = 2 x 10 30 kg, distance = 1.5 x 10 11 m)

