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 Section 9.1:  The Ellipse 
The Conic Sections:  Circle, Ellipse, Parabola, Hyperbola.  See Figure 9.1, page 832 or 850 (3rd ed).

1)
Objective 1:  Graph Ellipses Centered at the Origin.
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a.
Definition of an Ellipse:  An ellipse is the set of all points in a plane the sum of whose distances from two fixed points, F1 and F2, is constant.  These two fixed points are called the foci.  The midpoint of the segment connecting the foci is the center of the ellipse.

b.
Standard form of the equations of an ellipse centered at the origin:


where  a > b.  The fraction with the larger denominator determines whether the ellipse is horizontal or vertical.  In the first equation, the ellipse is horizontal and in the second it is vertical.
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c.
Length of Major Axis: 2a .  The rounder endpoints of the ellipse are  a  units away from the center

d.
Length of Minor Axis: 2b.  The flatter endpoints of the ellipse are  b  units away from the center.

e.
The foci occur along the major axis and are a distance of  c  units from the center (0,0).  Here 

c 2 = a 2 – b 2
f.
Graph  9x 2 + 4y 2 = 36.

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Step 1. Write in standard form by dividing by 36 and then writing multiplication as division by the reciprocal (flipping the fraction into the denominator).  Simplify.
Step2. Is this a horizontal or vertical ellipse?
Step 3. Find  a  and  b, the square roots of the denominators.  a is always the larger one.
Step 4. Plot the center (0,0).
Step 5. Plot the ends of the major axis (a units away from the center along the major axis).
Step 6. Plot the ends of the minor axis (b units away from the center along the minor axis).
Step 7. Sketch the ellipse.
Step 8. Find and plot the foci:  c2  =  a 2 – b 2.  The foci are  c  units away from the center along the major axis.
2)
Objective 2:  Write Equations of Ellipses in Standard Form.

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

Step 1.
Plot the given points.

Step 2.
Depending on the information given, 


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


Find b, which is half the distance between the minor vertices.


Find c, which is half the distance between the foci.
Step 3.
Complete the equation of the ellipse
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b.
Find the standard form of the equation of the ellipse centered at the origin satisfying  Foci: (-2, 0), (2, 0); major vertices: (-6, 0),  (6, 0).  Remember  c 2  =  a 2 – b 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Step 1.  Plot the given points.

Step 2. Depending on the information given:

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

Find b, which is half the distance between the minor vertices.

 (Need to find  c  first in this case).

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

Step 3. Complete the equation of the ellipse

3)
Objective 3:  Graph Ellipses Not Centered at the Origin.
a.
An ellipse with center (h, k) is given by:
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b.
Graph 36(x + 4)2 + (y + 3)2 = 36
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Step 1. Convert to standard form.

Step 2. Find and plot the center.

Step 3. Find and plot the endpoints of the major and minor axes.

Step 4. Find  c  and plot the foci along the major axis.

Step 5. Sketch the ellipse.

c.
Convert x2 + 4y2 + 10x – 8y + 13 = 0 to standard form by completing the square on x and y.  Then graph the ellipse and give the location of its foci.
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Step 1. Move the constant term to the RHS and all variable terms to the LHS.  Group the  x  terms together and group the y terms together.
Step 2. Complete the square on the  x  terms.
Step 3. Complete the square on the  y  terms

Step 4. Divide all terms by the RHS constant (which as been adjusted through completing the squares)

Step 5. Write the equation of the ellipse in standard form (flip the coefficients if necessary).

4)
Objective 4:  Solve Applied Problems Involving Ellipses.

Read this section carefully on your own.
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