
ANNOUNCEMENTS

●  Homework #12, due Friday, Nov. 16 before class

Conceptual questions: Chapter 12, #4 and #10
Problems: Chapter 12, #32, #38

● Study Chapter 12, sections 1 and 2 

● Quiz #12, Friday November 16 at the beginning of class



GRAVITATION

Our visible Universe contains billions of galaxies, whose very existence is due to the force 
of gravity. Gravity is ultimately responsible for the energy output of all stars—initiating 
thermonuclear reactions in stars, allowing the Sun to heat Earth, and making galaxies 
visible from unfathomable distances. Most of the dots you see in this image are not stars, 
but galaxies. (credit: modification of work by NASA)



Gravitational force acts along a line joining the centers of mass of two objects.



FIGURE 13.3

Cavendish used an apparatus similar to this to measure the gravitational attraction between 
two spheres (m) suspended from a wire and two stationary spheres (M). This is a common 
experiment performed in undergraduate laboratories, but it is quite challenging. Passing trucks 
outside the laboratory can create vibrations that overwhelm the gravitational forces.





FIGURE 13.4

This photo shows Ed White tethered to the Space Shuttle during a spacewalk. (credit: 
NASA)



Galaxies interact gravitationally over immense distances. The Andromeda galaxy is the 
nearest spiral galaxy to the Milky Way, and they will eventually collide. (credit: Boris 
Štromar)



Based on the results of this example, plus what astronomers have observed elsewhere in 
the Universe, our galaxy will collide with the Andromeda Galaxy in about 4 billion years. 
(credit: NASA)



We can take the distance between the centers of mass of Earth and an object on its surface 
to be the radius of Earth, provided that its size is much less than the radius of Earth.







A three-dimensional representation of the gravitational field created by mass M. Note that the 
lines are uniformly distributed in all directions. (The box has been added only to aid in 
visualization.)



FIGURE 13.10

For r < RE , the value of g for the case of 
constant density is the straight green 
line. The blue line from the PREM 
(Preliminary Reference Earth Model) is 
probably closer to the actual profile for g.



GRAVITATIONAL POTENTIAL ENERGY







A satellite of mass m orbiting at radius r from the center of Earth. The gravitational force 
supplies the centripetal acceleration.



FIGURE 13.13

A circular orbit is the result of choosing a tangential velocity such that Earth’s surface 
curves away at the same rate as the object falls toward Earth.
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