8.3 Parabolas (Conic Section)

Obijectives:
* Define a parabola as a conic
« Write the equation of a parabola
 Identify characteristics of a parabola
« Sketch the graph of a parabola using its characteristics

We first glanced at parabolas representing the graphs of quadratic equations, however, that
is simply a particular case. Here we consider the general definition of a parabola.

Let L be a line in the plane and P a point not on the line L. If X is any point not on L, the
distance from X to L is defined to be the length of the perpendicular line segment from X to
L. The parabola with focus P and directrix L is the locus of points X such that:

Distance from X to P = Distance from X to L

directrix

The line through P perpendicular to the line L (directrix) is called the axis. The midpoint of

the perpendicular line segment from line L to P is where the vertex of the parabola is
located. This is the only intersection between the parabola and the axis.

If p is a nonzero real number, the the graph of each of the following is a parabola with vertex
(h, k)



Horizontal Parabola

(y —k)* = 4p(x — h)
Focus is at (h + p, k)
Directrix is the vertical linex = h — p
Axis is the horizontal line y = k
Parabola opens left if p < 0, rightif p > 0.

Vertical Parabola

(x — h)* =4p(y — k)
Focus is at (h, k + p)
Directrix is the horizontal liney = k — p
Axis is the vertical linex = h
Parabola opens downward if p < 0, up if p > 0.

Characteristics of Parabolas
1. Parabola bends toward the focus and away from the directrix.
2. The linear term determines the orientation of the parabola and the axis of symmetry.

3. The sign of p determines which way the parabola opens: negative = left or down;
positive = right or up.
4. The distance between the focus and the directrix is 2p.

5. The distance from the vertex to focus is p. The distance form the vertex to the directrix
is also p.

6. The vertex is the midpoint of the perpendicular line segment joining the focus and the
directrix.

|
Example 1

Verify that the graph of the equation: x> + 8y = 0 is a parabola. Sketch its graph and label
its characteristics.

.|
Example 2

Sketch the graph of the parabola defined by the equation: y2 = 12x. Labelits
characteristics.



Example 3

Verify that the graph of the equation: x = 2y? 4+ 12y + 14 is a parabola. Sketch the graph
and label its characteristics.
https://youtu.be/5MIgcxwrdSY

Example 4

Verify that the graph of the equation: y = 3x> — 12x + 10 is a parabola. Sketch the graph
and label its characteristics.
https://youtu.be/Q6RW10pcWXY

Example 5
Find the focus, directrix, and equation of the parabola that passes through the point

(—1,4/12), has vertex (0, 0), and has its focus on the x-axis. Sketch the graph and labels
its characteristics.
https://youtu.be/sn4OuMUIOcY

Example 6
Find the equation of the parabola satisfying the following conditions:

Vertex at (1, 0); axis at x = 1; passing through the point (2, 13).
https://youtu.be/qiX-TABHUVQ

Applications of Parabolas

Certain laws of physics show that waves (light and/or sound) from a source at the focus of a
parabola will reflect off the parabola parallel to the axis. This property is why parabolic
mirrors are used in automobile headlights and hand-held flashlights.
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Conversely a wave reflecting off the side of a parabola will be reflected to the focus. This

property is used when designing radar antennas, satellite dishes, and long distance
microphones used at sporting events.
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Example 7

A radio telescope in the Very Large Array located
at Socorro, NM has the shape of a parabolic dish,
that is a cross section through the center of the
dish is a parabola. It is approximately 12 feet
deep at the center and has a diameter of 82 feet.
How far from the vertex of the parabolic dish
should the receiver be placed to catch all
possible radio waves that reflect off the parabolic
surface?

https://youtu.be/VasY3g6rWa4
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