[bookmark: _GoBack]Pre Calculus- 7-3 Hyperbolas
Conic Sections- So far, we have explored parabolas, circles, and ellipses.  The only conic section left to explore are hyperbolas.  
Relating Hyperbolas and Ellipses
Part A- Let’s use Desmos.com to explore hyperbolas.  We can start with an idea we already a good grasp of. 

Step 1- Graph the following equation using desmos:  	.   	Make a and b sliders.  Play around with different values for a and b.  We get an ellipse centered at (0,0) with a horizontal stretch factor of a and a vertical stretch factor of b.  


Step 2- Predict what the graph of  will look like.  On the same graph, (in ADDITION to the graph of the ellipse,) enter the equation   , using the same sliders as earlier.  Play around with different values of a and b.  What do your ellipse and hyperbola have in common?

It is easy to see the effect the slider a has on the both the ellipse and hyperbola.  What does the b slider have to do with anything?  Let’s explore!

Step 3- On the same graph, (in ADDITION TO THE OTHER GRAPHS,) as your ellipse and hyperbola, graph the following vertical and horizontal lines:
	x = a, 			x = -a, 			y = b,			y = -b

We end up creating a rectangle using our horizontal and vertical stretch factors.  (Remember that our center is (0,0).  It won’t always be.)  What do the vertices of this rectangle have to do with the hyperbola?
Step 4- Write and graph the equations of the lines that pass though each of the diagonals of the rectangle.  [One line should include the points (-a, -b) and (a, b).  The other line should include the points (-a, b) and (a, -b).]

What do these lines have to do with the hyperbola?  (Check your answer with Mr. Herman or Mr. Carroll!)




Step 5


How will the graph of the	  	relate to the graph of      	    ???	

Graph   along with all of the other equations from Part A.  Play around with different slider values of a and b.  What happens?  Can you generalize the difference?


[image: ]Let’s get formal!  Here are two different definitions of hyperbolas from different textbooks.
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[image: ]Let’s apply what we’ve seen so far!  

[image: ]Let’s graph a hyperbola BY HAND!
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Your Turn!
[image: ]


Questions to guide us
Does the hyperbola open up/down or left/right?  How do we know?
[image: ]What rectangle can we create using the horizontal and vertical scale factors to help us graph the hyperbola?
Where are the asymptotes?  Where are the vertices?  








Check your graph using desmos.com!
[image: ][image: ]
Graph the following hyperbola by hand.  Check your work using desmos.










[image: ]Graph the following.  Check your graphs in desmos.
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[image: ][image: ]What do we do if the hyperbola isn’t in standard form?  We use completing the square to get it in the right form.








Sketch the graph at right.  Check your graph using desmos.
(Hint:  Where is the center going to be?)
[image: ]Check your graphs in desmos.
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[image: ]ONE MORE THING-  LET’S GET FOCUSED!  The one piece of hyperbolas we have not looked into yet is their foci.  For any hyperbola, we can draw a circle that will include both foci and ALL the vertices of the asymptote rectangle.  This right triangle relationship allows us to calculate how far up/down or right/left the foci are from the center.  
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Some problems will refer to the transverse and conjugate axis.  The transverse axis is the axis that connects the vertices and intersects the hyperbola.  The conjugate axis is the axis that is perpendicular to the transverse axis and does not intersect the hyperbola.  

Write the equation of a hyperbola with the given characteristics.  [image: ]
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I Definition of a Hyperbola I

A hyperbola is a locus

of points in a plane

the difference of whose
distances from two fixed
points, called foci, is always
constant. In the diagram,
F, and F, are the foci.
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Analyze and Graph Hyperbolas While an ellipse is the locus of all points in a plane such that the
sum of the distances from two foci is constant, a hyperbola is the locus of all points in a plane such
that the absolute value of the differences of the distances from two foci is constant.
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To sketch a hyperbola by hand, follow these steps:
1. Dilate the unit box by the horizontal and vertical scale factors.
2. Draw in the asymptotes (the diagonals of the box, extended).

3. Locate the vertices at the centers of the sides of the box. Because the y? term
is positive, the vertices lie on the top and bottom sides of the box.

4. Draw the curve starting from the vertices and approaching the asymptotes.
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Graph Hyperbolas in Standard Form

Graph the hyperbola given by each equation.
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Graph the hyperbola given by 25v* —16 y* + 100x + 96y = 444.
First, write the equation in standard form.

252~ 16y% + 100z — 96 = 444 original equation
(252 +1003) — (164 + 96y) = 444 Group ke terms.
2502 +4x) =16 (1 — 6y) = 444 Facor.
25(x2 + 43 + 4) = 162 — 6y + 9) = 444 + 254) — 160) Complte the square.
25(x +2)2 ~ 16(y — 3)* = 400 Factor and simpidy.

S e sy .
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Graph the hyperbola given by each equation.
+4? (+1)? -1
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2B. 2x%—3y% —12x =36
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The location of foci in a hyperbola is related
to a circle that can be drawn through the
four corners of the asymptote rectangle. The
distance from the center of the hyperbola to
the foci is equal to the radius of the circle.

To locate the foci in a hyperbola, you can use
the relationship a? + b* = ¢2, where a and b
are the horizontal and vertical scale factors. In
the hyperbola from the fistexample, shown at right,
32+42= ¢ 50 c =5, and the foci are 5 units
above and below the center of the hyperbola at
(0, 5) and (0, —5).
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m Write Equations Given Characteristics

Write an equation for the hyperbola with the given characteristics.

a. vertices (=3, —6), (=3, 2); foci (=3, =7), (=3, 3)




image18.png
e
E+0) T LT+h)




image19.png
b. vertices (=3, 0), (=9, 0); asymptotes y = 2v — 12,y = —2x + 12
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Guided Practice
3A. vertices (3, 2), (3, 6); conjugate axis length 10 units
3B. foci (2, —2), (12, —2); asymptotes y = %x iy % y= _%x + %
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