
ANNOUNCEMENTS

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

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

● Study Chapter 13, sections 1 through 5. We won’t have
   a quiz or homework on chapter 13, but this will be in the
   final exam! 

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









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



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.





KEPLERIAN ORBITS

(a) An ellipse is a curve in which the sum of the distances from a point on the curve to two foci ( f1 and f2) is a constant. From 
this definition, you can see that an ellipse can be created in the following way. Place a pin at each focus, then place a loop 
of string around a pencil and the pins. Keeping the string taught, move the pencil around in a complete circuit. If the two 
foci occupy the same place, the result is a circle—a special case of an ellipse.

(b) For an elliptical orbit, if m  ≪ M, then m follows an elliptical path with M at one focus. More exactly, both m and M move in 
their own ellipse about the common center of mass.



As before, the distance between the planet and the Sun is r, and the angle measured 
from the x-axis, which is along the major axis of the ellipse, is θ.



All motion caused by an inverse square 
force is one of the four conic sections 
and is determined by the energy and 
direction of the moving body.



The shaded regions shown have equal areas and represent the same time interval.







GENERAL RELATIVITY



GRAVITY AS GEOMETRY

A smaller mass orbiting in the distorted space-time of a larger mass. In fact, all mass or 
energy distorts space-time.



The space distortion becomes more noticeable around increasingly larger masses. Once the mass density 
reaches a critical level, a black hole forms and the fabric of space-time is torn. The curvature of space is 
greatest at the surface of each of the first three objects shown and is finite. The curvature then decreases (not 
shown) to zero as you move to the center of the object. But the black hole is different. The curvature becomes 
infinite: The surface has collapsed to a singularity, and the cone extends to infinity. (Note: These diagrams are 
not to any scale.)





FIRST DIRECT DETECTION OF GRAVITATIONAL 
WAVES AND COLLIDING BLACK HOLES




	Slide 1
	Figure 13.2
	Slide 3
	Slide 4
	Figure 13.12
	Figure 13.13
	Slide 7
	Figure 13.16
	Figure 13.17
	Figure 13.18
	Figure 13.20
	Slide 12
	Slide 13
	Slide 14
	Figure 13.29
	Figure 13.30
	Slide 17
	Slide 18
	Slide 19

