
Chapter 12

Gravity



http://www.5min.com/Video/Overview-Of-The-Universe-
1383218

Questions: 

1. Why do apples fall down from apple trees rather than go 

up?

2. Why there are tides on the Oceanside?

3. Why there is no air outside of the atmosphere?

4. Is the gravitational potential energy always mgh?
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12-м bŜǿǘƻƴΩǎ [ŀǿ ƻŦ ¦ƴƛǾŜǊǎŀƭ DǊŀǾƛǘŀǘƛƻƴ

bŜǿǘƻƴΩǎ ƛƴǎƛƎƘǘΥ

The force accelerating an apple downward is the same force that keeps the Moon in its 
orbit.

Hence, Universal Gravitation.



12-м bŜǿǘƻƴΩǎ [ŀǿ ƻŦ ¦ƴƛǾŜǊǎŀƭ DǊŀǾƛǘŀǘƛƻƴ

The gravitational force is always attractive, όǘƘŀǘΩǎ ǿƘȅ ȅƻǳ ǿŀƴǘ ǘƻ ōŜ ǿƛǘƘ ȅƻǳǊ ŦŀƳƛƭȅ 
and friends!)and points along the line connecting the two masses:

The two forces shown are an action-reaction pair.



12-м bŜǿǘƻƴΩǎ [ŀǿ ƻŦ ¦ƴƛǾŜǊǎŀƭ DǊŀǾƛǘŀǘƛƻƴ

G is a very small number; this means that the force of gravity is negligible unless there is 
a very large mass involved (such as the Earth).

If an object is being acted upon by several different gravitational forces, the net force on 
it is the vector sum of the individual forces.

This is called the principle of superposition.



12-2 Gravitational Attraction of Spherical Bodies

Gravitational force between a point mass and a sphere: the force is the same as if all 
the mass of the sphere were concentrated on its center.



12-2 Gravitational Attraction of Spherical Bodies

What about the gravitational force on objects at the surface of the Earth? The center of the 
Earth is one Earth radius away, so this is the distance we use:

Therefore, 



12-2 Gravitational Attraction of Spherical Bodies

Gravity (and hence, weight) decreases as altitude rises.



12-2 Gravitational Attraction of Spherical Bodies

The Cavendish experiment allows us to measure the universal gravitation constant:



12-о YŜǇƭŜǊΩǎ [ŀǿǎ ƻŦ hǊōƛǘŀƭ aƻǘƛƻƴ

Johannes Kepler made detailed studies of the apparent motions of the planets over many 
years, and was able to formulate three empirical laws:

1. Planets follow elliptical orbits, with the Sun at one focus of the ellipse.





12-3 YŜǇƭŜǊΩǎLaws of Orbital Motion

2. As a planet moves in its orbit, it sweeps out an equal amount of area in an equal amount 
of time.



12-3 YŜǇƭŜǊΩǎLaws of Orbital Motion

3. The period, T, of a planet increases as its mean distance from the Sun, r, raised to the 
3/2 power.

This can be shown to be a consequence of the inverse square form of the 
gravitational force.



12-4 Gravitational Potential Energy

Gravitational potential energy of an object of mass ma distance rŦǊƻƳ ǘƘŜ 9ŀǊǘƘΩǎ 
center:



12-5 Energy Conservation

Total mechanical energy of an object of mass ma distance r from the center of the 
Earth:


