Section 9.2

The Hyperbola, Page 4

 Section 9.2:  The Hyperbola 
1)
Objective 1:  Locate a Hyperbola’s Vertices and Foci.

a.
Definition of a Hyperbola:  A hyperbola is the set of points in a plane the difference of whose distances from two fixed points (called foci, F1 and F2 below) is constant.  The center is midway between the foci.  The vertices occur along the line (called the transverse axis) connecting the two foci. See page 846.
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b.
The standard forms of the equations of a hyperbola centered at the origin are:
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The fraction with the positive sign determines whether the hyperbola is horizontal or vertical.  In the first equation, the hyperbola is horizontal with a horizontal transverse axis and in the second it is vertical with a vertical transverse axis.

c.
The vertices occur  a  units away from the center (0, 0) along the transverse axis.

d.
The foci occur  c  units away from the center (0, 0), along the transverse axis, where 

	c 2 = a 2 + b 2


e.
Example 1:  Problem 4, page 857 2nd ed or page 873 3rd ed.  Find the vertices and locate the foci of the hyperbola  

y 2/1 – x 2/4  =  1  and match this equation to one of the graphs (a) – (d).

2)
Objective 2:  Write Equations of Hyperbolas in Standard Form.

a.
Example 2:  Problem #8, page 858 2nd ed or page 873 3rd ed.  Find the standard form of the equation of the hyperbola centered at the origin given foci: (-7, 0), (7, 0) and vertices: (-5, 0), (5, 0).

b.
Steps in writing the equation of a hyperbola given information about the vertices and/or foci.

Step 1.
Plot the given points and decide if the transverse axis is horizontal or vertical.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Step 2.
Depending on the information given,


Find a, which is half the distance between the vertices.


Find c, which is half the distance between the foci.


Find  b 2  from the equation  c 2 = a 2 + b 2.

Step 3.
Complete the equation of the hyperbola:
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3)
Objective 3:  Graph Hyperbolas Centered at the Origin.

a.
For the ellipse,  b  represented the distance between the center and the flatter vertices.  What does it represent in the hyperbola?  Hyperbolas have asymptotes and knowing  b  as well as  a  will help in finding the equations of the asymptotes and in graphing the hyperbolas.  See Figure 9.21 on page 850.  The equations of the asymptotes are of the form:
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How do you know which to use?  Think slope,  m = Δy/Δx.

b.
Steps in graphing a hyperbola: See Example 4, page 852.  Graph and locate the foci: 

 9y 2 – 4x 2 = 36.

Step 1.
Convert to standard form.

Step 2.
Locate the vertices.  Find a 2, the denominator of the positive term.  If the x 2 term is positive, then the vertices are on the x-axis.  If the y 2 term is positive, then the vertices are on the  y-axis.  Plot the vertices, which are  a  units away from the center along the transverse axis.

Step 3.
Find b 2, the denominator of the negative term.  Draw a rectangle (using dashed lines) centered at the origin by drawing horizontal or vertical lines through the vertices. Locate  ± b  on the other axis and draw vertical or horizontal lines through the points.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Step 4.
Draw the diagonals (using dashed lines) of the rectangle, extending them to obtain the asymptotes.

Step 5.
Draw the two branches of the hyperbola by starting at each vertex and drawing a curve that approaches the asymptotes.

Step 6.
Find the foci by finding  ± c  from the formula  c 2 = a 2 + b 2.  The foci are  c  units away from the center, along the transverse axis.

4)
Objective 4:  Graph Hyperbolas Not Centered at the Origin.

a.
A hyperbola with center (h, k) is given by:


[image: image4.wmf]1

)

(

)

(

or   

   

1

)

(

)

(

2

2

2

2

2

2

2

2

=

-

-

-

=

-

-

-

b

h

x

a

k

y

b

k

y

a

h

x


b.
See Example 5, page 854 2nd ed or page 869 3rd ed.  Graph:  (x – 2)2/16  –  (y – 3)2/9  =  1.  Where are the foci?

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


How do you write the equation of the asymptotes?  Think point-slope formula:  (y – y1)  =  ±m(x – x1), where  m is the slope a/b or b/a.   In this case,  (y – 3)  =  ±(3/4)(x – 2).

c.
See Problem 46, page 859 2nd ed or page 874 3rd ed.  Convert 9y 2 – 4x 2 – 18y +24x – 63 = 0 to standard form by completing the square.  Then graph.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


How do you write the equation of the asymptotes?  (y – k)  =  ±m(x – h)  where  m  is the slope a/b or b/a.
5)
Objective 5:  Solve applied problems involving hyperbolas.  Read this section on your own.
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