3.2 Hyperbolas

Obijectives:
» Define a hyperbola
» Write the equation of a hyperbola
 |dentify key characteristics of a hyperbola
« Graph hyperbolas using its characteristics

Let P and Q be points in the plane and k be a positive real number. The hyperbola with foci
P and Q is the set of all points (loci) x where the magnitude of the difference of the distance
from x to P and the distance from x to Q is k.

|xP —xQ| =k

Let a and b be positive real numbers. Then the graph of each of the following equations is a
hyperbola centered at the point (%, k).

Horizontal Hyperbola
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Center is at the point (4, k)

Major Axis is horizontal and has vertices located at (h * a, k)
Length of Major Axis = 2a

Minor Axis is vertical and has endpoints located at (4, k = b)
Length of Minor Axis = 2b

Foci are always on the major axis and located at (& =+ ¢, k) where ¢ =\ a’ + b?
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Distance between the foci = 2¢

. Minor Axis Enpoints ' /

T ‘ Center 1

2
/

7 Vert ‘
T erlices
5 -~
-15 -10 -5 /\0 < 5 10 15
‘ | ‘ v , ‘ ‘

Foci /<ﬂ—\\
oci ' |
> ‘ Asymptotes N |




Vertical Hyperbola

v—k? (x—h)?
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Center is at the point (&, k)

Major Axis is vertical and has vertices located at (&, kK £ a)
Length of Major Axis = 2a

Minor Axis is horizontal and has endpoints located at (7 + b, k)
Length of Minor Axis = 2b

Foci are always on the major axis and located at (i, k % ¢) where ¢ = \/a’ + b?
Distance between the foci = 2¢

| Vertices

-15 op— 5 10 15

Minor Axis Endpomts

| /‘ Fdci
‘ Asymptotes ¥ \Cefter / / ‘

 ,,,, ,, / ,,,,, 5\

Commonalities of both Horizontal and Vertical Hyperbolas

The hyperbola bends towards the foci
The positive term determines the orientation of the hyperbola.

The distance between the foci is 2¢
The center of the hyperbola is the midpoint of the vertices, midpoint of the minor axis
endpoints, and the midpoint of the foci.
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Example 1

Verify that the graph of 9x% — 4y? = 36 is a hyperbola. Sketch the graph and its
asymptotes. Find the equations of the asymptotes. Label all characteristics.
https://youtu.be/imp_jVYYxaM

Equation 2

Verify that the equation 4x?> — 9y? = 36 is a hyperbola. Sketch the graph and its
asymptotes. Find the equations of the asymptotes. Label all characteristics.
https://youtu.be/wi3RQLvuMac

Example 3

G+’ =37

4
Find the equations of the asymptotes. Label all characteristics.

https://youtu.be/1jVihaVFBIO

Graph the equation 1

Example 4
Find the equation of the hyperbola that has vertices (0, 1) and (0, — 1) and passes through

the point (3, \/5). Then sketch the graph by using the asymptotes. Label the foci.
https://youtu.be/O8NgLx717Po

Example 5

Find the equation of the hyperbola satisfying the given conditions.
Center (—2, 3); vertex (—2, 1), passing through (=2 + 34/10, 11)
https://youtu.be/UocEHKU_k8Ps
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