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 Section 9.3:  The Parabola 
1)
Objective 1:  Graph Parabolas with vertices at the origin.

a.
Definition of a Parabola:  A parabola is the set of all points in a plane that are equidistant from a fixed line (called the directrix) and a fixed point (called the focus) that is not on the fixed line.
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 Parabola:  y 2  =  4 p x 
b.
Standard forms of the equations of parabolas:  ( p can be positive or negative.)

 y 2 = 4 p x   (horizontal)   or    x 2 = 4 p y  (vertical)
c.
Vocabulary:  parabola, vertex, focus, directrix, axis of symmetry, lattice.

d.
Parabolas can face up, down, right, or left, depending upon which variable is linear and the sign of  p.  If  x  is linear, then the parabola is horizontal.  If  y  is linear, then the parabola is vertical.

e.
Steps in graphing a parabola whose vertex is at the origin:

Example 1:  Find the focus, directrix, and graph  y 2 = –12x.

Step 1.
Put  y 2 = –12 x  in standard form:  y 2  =  4px  or  x 2  =  4py, where  p  is a signed number.  In this case,  4p = –12  and  p  =  –3.

Step 2.
Is the parabola vertical or horizontal, and which way does it open up?  Look at the variable that is not squared and its sign.

	If x linear and p positive:
	opens right

	If x linear and p negative:
	opens left

	If y linear and p positive:
	opens up

	If y linear and p negative:
	opens down


Remember:  p  can be positive or negative.

Step 3.
Plot the vertex.  The vertex of a parabola corresponds to the center of the ellipse or hyperbola.

Step 4.
Find  p  and then the focus.  It is either  ( p, 0)  if horizontal  or  (0, p)  if vertical.  Plot.

Step 5.
Find the directrix.  x  =  –p  if the parabola is horizontal,  or  y  =  –p  if the parabola is vertical.  Graph.

Step 6.
Draw the lattice, which has length |4p|.  This line is parallel to the directrix and runs through the focus.  Find the focus and move parallel to the directrix a length of 2p 
Step 7.
Sketch the parabola which goes through the plotted points.

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


2)
Objective 2:  Write Equations of Parabolas in Standard Form.
a.
Example 2:   Write the equation of a parabola in standard form given the focus and directrix.  Find the standard form of the equation of a parabola with vertex at the origin with focus (9, 0) and directrix  x = –9.

Step 1.
Plot the focus and directrix.  Decide if the parabola is of the form y 2 = 4 p x  or  x 2 = 4 p y.

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


Step 2.
Find p.

Step 3.
Substitute p into the standard form of the equation.

3)
Objective 3:  Graph Parabolas with Vertices Not at the Origin.

a.
The standard forms of parabolas with vertex  (h, k)  are:

(y – k)2 = 4p(x – h)  (horizontal)     or     (x – h)2 = 4p(y – k)  (vertical)
b.


	Equation
	Vertex
	Axis of Symmetry
	Focus
	Directrix
	Description

	(y – k)2 = 4p(x – h)
	(h, k)
	Horizontal
	(h + p, k)
	x = h – p
	If p > 0, opens right
If p < 0, opens left

	(x – h)2 = 4p( y – k)
	(h, k)
	Vertical
	(h, k + p)
	y = k – p
	If p > 0, opens up
If p < 0, opens down


c.
Example 3:  Convert equation x 2 + 8x – 4y + 8 = 0 to standard form by completing the square on x or  y (whichever one is second degree).  Then find the vertex, focus, directrix, lattice, and graph.

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Step 1.
Gather second-degree variable and corresponding linear variable on the LHS and everything else on the RHS.

Step 2.
Complete the square on the second degree variable.

Step 3.
Identify  p, the vertex, focus, directrix, lattice, and graph.

4)
Objective 4:  Solve Applied Problems Involving Parabolas.
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Example 4:  A satellite dish is in the shape of a parabolic surface.  Signals coming from a satellite strike the surface of the dish and are reflected to the focus, where the receiver is located.  The satellite dish has a diameter of 12 feet and a depth of 2 feet.  How far from the base of the dish should the receiver be placed?
Step 1.
Draw a sketch.  Position the vertex of the parabola at the origin.  Since the receiver is at the focus, you need to find  p.

Step 2.
Write the standard form of the parabola.

Step 3.
The points (6,2) and (-6, 2) are on the parabola.  These specific points allow you to find the equation of the parabola, from which you can determine  p.  (You only need one point).

Step 4.
Answer the question.
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