Algebra and Trigonometry Il

9.1 — The Ellipse

Obtaining Conic Sections by
Intersecting a Plane and a Cone

ek Ellipse Parabiola Hyperbala
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Definition of an Ellipse
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An Ellipse can be elongated in any
direction. We will limit our
discussions to ellipses elongated
vertically and horizontally.

M M

Sum of Red line = Sum of Blue Line

Definition of an Ellipse

An ellipse is the set of all points, P, in a plane the sum of whose distances from
two fixed points, F; and F, is constant (see Figure 7.3). These two fixed points
are called the foci (plural of focus). The midpoint of the segment connecting the
foci is the center of the ellipse.

The line segment that joins the vertices is the major axis; the
midpoint of the major axis is the center of the ellipse. The
line segment whose endpoints are on the ellipse and that is
perpendicular to the major axis is called the minor axis.
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Standard Form of the Equation of an Ellipse

Standard Forms of the Equations of an Ellipse

The standard form of the equation of an ellipse with center at the origin, and
major and minor axes of lengths 2a and 2h (where @ and b are positive, and
e P w
o =B is
4 i 1 e
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Figure 7.6 illustrates that the vertices are on the major axis, ¢ units from the
center. The foct are on the major axis, ¢ unils [rom the centér. For both
equations, b* = ¢ — ¢& Equivalently,c® = ¢ — ¥,
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Figure 7.6{a) Mujor axis i Figure 7.6(h) Major axis is
horizontal with length 2ae. vertical with length 2a.

-a” is nalf tre lengtr of the major axis
-b" is nalf tre lengtnof the minor axis

bz =az-c? or c*=qaz?- bz

-C" is the ycoordinate of the foci if the major axis is vertical
«C" is the xcoordinate of the foci if the major axis is norizontal

X-Intercepts: Set y=0 Y-Intercepts: Set x=0
x:

p— y=:
[TE 1 ba 1
¥2 = (2 }"::b:
X =14 y = b
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Using the Standard Form of the Equation of an Ellipse

Technology
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two functions. Enter
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To see the true shape of the
éllipse, use the

L00M SOUARE| feature so
that ome umit on the y-axis s the
same length as one unit on the

Ellipse with the Major
Axis on the X-Axis
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Ellipse with the Major Axis on
the Y-axis
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Graph and locate the foci.

Example —
9x* +4y* =36
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Graph and locate the foci.
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Examp|e __ Write the standard equation
of the ellipse pictured.
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Translations of Ellipses
Standard form of Equations of Ellipses Centered at h,k

{z=hF le=k -t
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How to Use the Center to find the Endpoints of thevAxes

51

Bt e
e

For 1 Verlical Major Axis with Ceater (L, —2})

Vertices T Endpoints of Minor Axis
3 pnife e | r . T - 2 eity
b [(Ly=2+3)=[11) | [l-+3,=T) = [F -2] right and
bl == i._| .IE_I T-.| ] .I:.i = ) =R ..3.] (e o

(+2" =D _
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Example — Graph

Where are the foci?

Where are the vertices, and

endpoints of the minor axis.

X
l ] 1 1 1 ] ] ] i |
I | 1 1 1 | T | 1 21
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Example — Write the equation of an ellipse given the following information.
Find the center of the ellipse, and the endpoints of the minor axis.
Vertices: (-1,-3), (-1,5) Foci: (-1,-1),(-1,3)

Completing the Square to find the Standard Form of the Ellipse

# pelerms are arranged in descending order.
= y-lerms are arranged in descending order.

¢ the constant lerm appears on the right.

9x + 4y® — 18x + 16y — 11 =0
(9x* — 18x) + (4" + 16y) = 11 Grou|
th sides

97 — 2x + O} + 4007 + &y + O0) = 11 To complete the square,

coefficients of x” and y°
We added 91, 0r 9, We rlzo added 4 - 4, o 16, miugt e . Factorous 8

io the lefl slde. 1o the left sids. and 4, raspectively

"i':_l‘ — 26+ 1) + _H._.I." +dv+4)=11+9+ 1a Complete each square by

9 and b4, wdded on tha loft
wide, mavt elea ba sdded on
thi vight ehda.

O(x — 17 + 4y + 2§ = 36 Factor,
9{x — 1Y &y +2¥ 36
. 3 2 - = — Nvide bath gides by 28
ET ET 36
(x =17 (p+2f
= S It
: T 9 : o
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Example — Convert the equation into standard form by completing
the square. Where is the center, the vertices, foci and the
endpoints of the minor axis.

4x* 49y +16x —18y =11
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Applications — Ellipses Have Many Applications

Example: The Victoria and Albert restaurant in the Grand
Floridian Hotel at Disney World is an example of an elliptical
room. Thus if one person whispers at one focus, another person
can hear what is spoken if they are seated at the other focus. If
the restaurant is 40 ft long and the ceiling is 10 ft high, find the
standard form of the equation of the conic section. How far from
the center of the room is the focus located?

12|Page
Hannah Province — Mathematics Department Southwest Tn Community College



