The Circle, Ellipse and Hyperbola
The formulas for these figures are in my "graphing functions" notes on my greenebox website.  The Circle, Ellipse and Hyperbolas all have similar forms.  

Identifying the figure and finding its center: 

Similarities:

1)  The x and y are both squared.

2)  They can be written in the form:

     ax2 + by2 + cx + dy - e = 0  or    a(x - h)2 + b(y - k)2 = c

This second form allows you to graph the center of the figure (h, k) just as it gave the location of the vertex in the earlier sections.  Notice that the h and k are both preceded by minus signs, which will cause their signs to change.

Ex:  2(x - 2)2 + 3(y + 4)2 = 12   has its center at (2, -4)

Ex: (x + 1)2 + 3y2 = 12   has its center at (-1, 0)

Notice that there are no parentheses around the “y”, so that means that it was originally (y - 0) and they left off the zero.

If the equation is in the form ax2 + by2 + cx + dy - e = 0, then you must complete the square twice. 

Group the x's together and complete the square, 

Then group the y's together and complete the square again. 

This will give you the other form a(x - h)2 + b(y - k)2 = c which we can now use to do our graphing.

How to tell the difference between the figures:

Circles: Have the same number in front of the (x - h) and the (y - k)

Ellipses: Have different numbers in front of the (x - h) and the (y - k)

Hyperbolas: Have different signs in front of the (x - h) and the (y - k). 

                    [The numbers can be the same or different]

Examples: 

2(x - 2)2 + 3(y + 4)2 = 12   
This is an ellipse with center at (2, -4)

2(x - 4)2 + (y - 3)2 = 36  
This is an ellipse (there's a +1 in front of the y-term) with center at (4, 3) 

2(x - 7)2 + 2(y + 1)2 = 15  
This is a circle with center at (7, -1) 

-2(x - 7)2 + 2(y + 1)2 = 15  
This is a hyperbola with center at (7, -1) 

Once you identify the figure and locate its center, you can draw it.

Drawing the figures:

Circles: The number on the right hand side of the equation is the radius squared.  Take the square-root to find the radius then count right, left, up and down from the center. After drawing these four points, connect them so that it's a circular shape.

Ellipses: Are similar to circles, but the radius in the x-direction will be different from the radius in the y-direction.  Here's a procedure to find the radius in each direction. (Note, some of the problems have already done the first step so you won't need to, they'll already have a "1" on one side of the equation)

Ex:   4(x - 1)2 + 9(y + 2)2 = 36  
This is an ellipse with center at (1, -2)

    Divide each term by the constant (36)    
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After canceling, the number left underneath the x-term is the radius squared in the x-direction (the 9).

The number left underneath the y-term is the radius squared in the y-direction (the 4).

What to do:

Take the square-root of 9 = 3, Count 3 to the right and 3 to the left (the x-direction) from the center and place points there.

Take the square-root of 4 = 2, Count 2 up and 2 down (the y-direction) from the center and place points there.

Now connect the four points in the ellipse. (It looks sort of like an egg)

Watch out! Sometimes the book puts the y-term first and the x-term second. The x-radius is always under the x-term and the y-radius under the y-term. 

Hyperbolas: Follow the same procedure as the ellipse up to the point when you have put four points on the graph.  Instead of connecting the dots, draw a square (this will be a framework for drawing your asymptotes)

Drawing Asymptotes: Draw diagonal (dotted) lines through the corners of the square.


[image: image3]
Opening up/down or right/left? Recall that hyperbolas have one positive term and one negative term. The negative term will produce imaginary numbers which we can't draw on the graph.  So look for the positive term.  If x is positive, the graph will lie on the x-axis and open right and left, if y is the positive term, the graph will lie on the y-axis and open up and down.

The curves: Starting at the 2 points you drew (we used them to draw the square) on whichever axis was positive, draw each side of the curve so that they get closer and closer to the asymptotes without ever touching.  You don't have to put any other points on the graph. 
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