Conics Family Unit
[bookmark: _Hlk116244008][bookmark: learning-objectives][bookmark: X56a192b7913b04c54574d18c28d46e6395428ab][bookmark: X7106e0201f751aa57ab23b76cd77215d244cd9b][bookmark: X3b516eeeaa77cedb3a8a094ec15896f802892bc]Hyperbolas KEY
Objectives
· Graph a hyperbola with center at 
· Identify conic sections by their equations
[bookmark: graph-a-hyperbola-with-center-at-0-0][bookmark: fs-id1163870348934]Graph a Hyperbola with Center at (0, 0)
[bookmark: term317]The last conic section we will look at is called a hyperbola. We will see that the equation of a hyperbola looks similar to the equation of an ellipse, except it is a difference rather than a sum. 
[bookmark: X7de68daecd823babbb58edb1c8e14d7106e83bb][bookmark: fs-id1163873631003]Hyperbola
A hyperbola is all points in a plane where the difference of their distances from two fixed points is constant. Each of the fixed points is called a focus of the hyperbola.
[bookmark: Xc3478d69a3c81fa62e60f5c3696165a4e5e6ac4][image: ../resources/2dbbcb7e4cdd540f953b6a59095f6ccb5ee7377e]
Definitions:
· The line through the foci is called the transverse axis. 
· The two points where the transverse axis intersects the hyperbola are each a vertex of the hyperbola. 
· The midpoint of the segment joining the foci is called the center of the hyperbola. 
· The line perpendicular to the transverse axis that passes through the center is called the conjugate axis. 
· [bookmark: X1dfd96eea8cc2b62785275bca38ac261256e278]Each piece of the graph is called a branch of the hyperbola. 
[image: ../resources/1e6504a0bde9645daa37bdd6017f31f8fb330df6]
[bookmark: Xe5dbbcea5ce7e2988b8c69bcfdfde8904aabc1f][bookmark: fs-id1163873858397]Standard Form of the Equation a Hyperbola with Center 
The standard form of the equation of a hyperbola with center  is given two ways:

[bookmark: fs-id1163870621360][bookmark: Xade7c2cf97f75d009975f4d720d1fa6c19f4897][image: ../resources/17e20a25f11abafe67bf076569d7542cb50beadb]
· A is the distance from the center to vertices along the transverse axis.
· B is the distance from the center to the points on the conjugate axis, used to determine how wide the hyperbola opens.
· C is the distance from the center to the foci.
· Pythagorean relationship: .
· The transverse axis contains the vertices and foci and is determined by which term is positive.  
Asymptotes
[bookmark: X02ba3cda1883801594b6e1b452790cc53948fda]The asymptotes are intersecting straight lines that the branches of the graph approach but never intersect as the x, y values get larger and larger. The asymptotes are determined by the values of a and b.
[image: ../resources/bdd8c42c05206664d14ef6b1f7e6fe68b2ce0024]
To find the asymptotes, we sketch a rectangle whose sides are based off the values of a and b. The lines containing the diagonals of this rectangle are the asymptotes of the hyperbola. The rectangle and asymptotes are not part of the hyperbola, but they help us sketch the graph.

1. [bookmark: fs-id1163873626919][bookmark: fs-id1163873626915][bookmark: fs-id1163873626917]Graph the hyperbola.
[bookmark: fs-id1163873603471] 
[bookmark: fs-id1163873603473][bookmark: X7ba0791499db908433b80f37c5fbc89b870084b][bookmark: fs-id1163873814884][bookmark: Xb52009b64fd0a2a49e6d8a939753077792b0554][bookmark: fs-id1163873606120][bookmark: Xd307a3ec329e10a2cff8fb87480823da114f8f4][bookmark: fs-id1163873899041][bookmark: Xa35e192121eabf3dabf9f5ea6abdbcbc107ac3b][bookmark: fs-id1163873508574][bookmark: X1abd670358e036c31296e66b3b66c382ac00812][bookmark: fs-id1163873676691][bookmark: X574bddb75c78a6fd2251d61e2993b5146201319] [image: ../resources/d54482d186cadd3b6cf280ee6f1d67b384bee859]   [image: ../resources/95a3b38a548c673f85a0016da42d5fd3f1d7cb88]   [image: ../resources/4750641c22e8f5e11d6030557093d662fb6faa65]   [image: ../resources/508250496ec17f5a46987e1a5ebed579c66b7743]   [image: ../resources/445220ea96d0247837c8ec09a623e31d95dcdd17]   [image: ../resources/f2486786cde341271cfdd9b0996f8dc6fda1f682] 



2. [bookmark: fs-id1163873557623][bookmark: fs-id1163873666024][bookmark: fs-id1163873557621]Graph the hyperbola.
[bookmark: fs-id1163870557545] 
	To write the equation in standard form, divide each term by 64 to make the equation equal to 1.
	

	Simplify.
	

	Since the y2-term is positive, the transverse axis is vertical. Since  then 
	

	The vertices are on the y-axis,  Since  then 
	The vertices are  

	The foci are on the y-axis, (0, -c), (0, c).  Since , we have that =20.  Therefore, . 
	The foci are .

	Sketch the rectangle intersecting the x-axis at   and the y-axis at the vertices.
Sketch the asymptotes through the diagonals of the rectangle.  Draw the two branches of the hyperbola.
	[bookmark: X1032ad7bbcb6cf72875e8e8207dcfba80173f7c][bookmark: fs-id1163869153025][image: ../resources/7fd1d50697a3712e7106516e83ab5bfa9b89fb8e]


3. [bookmark: X8ec3c0a64ec39e0fa3d00a63d778f798c438ac1][bookmark: fs-id1163873662594]Find an equation of a hyperbola centered at the origin with a vertex at (0,3) and a focus at (0,-6).  Then sketch the graph.
The transverse axis is the y-axis, so the equation will be of the form .  From what is given, we have that  and .  To find , use the Pythagorean relationship.  We know that , meaning that  and so .  Therefore, the equation is given by .
[image: Chart, line chart

Description automatically generated]
Identify Conic Sections by their Equations
To identify a conic from its equation, put the variable terms on one side of the equation and the constants on the other.  It may be helpful to put the equations in standard form.
	
	
	Example

	Parabola
	Either  OR  Only one variable is squared.
	

	Circle
	 and  terms have the same coefficients
	

	Ellipse
	 and  terms have the same sign, different coefficients
	

	Hyperbola
	 and  terms have different signs, different coefficients
	


[bookmark: fs-id1163873621469][bookmark: fs-id1163873621465][bookmark: fs-id1163873621467]
Identify the graph of each equation as a circle, parabola, ellipse, or hyperbola.  Then put the equation in standard form
4. 
	
	

	The - and -terms have the same sign and different coefficients.
	Ellipse

	To put in standard form, divide everything by 72.
	


	Simplify.
	


5.   
	
	

	The - and -terms have the same coefficients.
	Circle

	To put in standard form, complete the square.

	


6. [bookmark: fs-id1163870346275] 
	
	

	Only one variable, , is squared.
	Parabola

	To put in standard form, complete the square.


	


[bookmark: section-11.4-exercises][bookmark: fs-id1163873814241][bookmark: self-check][bookmark: fs-id1163873861995][bookmark: _Hlk126002369][image: CC BY: This license allows reusers to distribute, remix, adapt, and build upon the material in any medium or format, so long as attribution is given to the creator. The license allows for commercial use.]Adapted and summarized from OpenStax College Algebra 2e by the RSCC 1130 OER grant team 2022.
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