Topic: Find the equation of a parabola in standard form

Warm-up:
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We learned that the graph of a quadratic function is a parabola.
If we have a parabola, how do we /how can we find the equation of a parabola?

Let us start with this example.

1. The vertex is at (0,0) and the directrix is parallel to the y-axis
(a) Find the equation of a parabola in standard form

with focus at the point (0,3) and the directrix y = —3

OK, the first step is to recall the definition of a parabola, what is
the definition?

P(x,y) is a point on the parabola. Then, by definition.

PF =d(P,L) The distance P to F equals the distance P

to the directrix.

Jx =02+ (y—-3)2=y—(-3) Apply the Distance formula to obtain
the square root of x minus zero squared
plus y minus three squared equals to y

minus negative three.

[\/(x — 02+ (-3 =[y—-(-3)]? Square both sides.

x? =12y Expand the brackets and simplify.
We will get x squared equals to twelve y.

We call this equation the standard form.




Let’s rewrite this equation,y = Exz then it becomes the familiar quadratic function.

We’ll now look at an example where the parabola opens downward. Now it’s your turn to try. We

will check the answers after three minutes.
(b)Find the equation of a parabola in standard form with focus F:(0,-3) and the directrix y = 3

P(x,y) is a point on the parabola.

JE-02+(y+3)2=3-y
Square both sides and simplify.
We obtain x? = —12y

From these two examples, what do you notice?
What if we change the focus and the directrix, how will the standard form change?
Let’s look at (c)

(c)Find the equation of a parabola in standard form with focus F:(0,c) and the directrixy = ¢

P(x,y) is a point on the parabola.

Jax =02+ @ —c)2=]|y—c|

Square both sides and simplify.
We obtain x? = 4cy

Now we can use this conclusion from (c) to quickly sketch a parabola from an equation.

See exercise(d).

(d) Exercise

Find the vertex, focus, and directrix of a parabola and sketch the parabola.
()x? = 32y
(2)x% = =32y
(3)y = 0.5x2

How about if we turn a parabola and it opens to the right, how will the standard form change?



Let’s look at examples (a) and(b). Have a go. We will check the answers after five minutes.
2. The vertex is at (0,0) and the directrix is parallel to the x-axis

(a) Find the equation of a parabola in standard form with focus F:(3,0) and the directrix x = —3

P(x,y) is a point on the parabola.

=32+ (- 0)2=x—(-3)
Square both sides and simplify.
We obtain y? = 12x

(b) Find the equation of a parabola in standard form with focus F:(-3,0) and the directrix x = 3

P(x,y) is a point on the parabola.

JE+3)2+@—-0)2=3—x
Square both sides and simplify.
We obtain y? = —12x
After these two examples, can you come up with a conclusion for (c)?

(c) Find the equation of a parabola in standard form with focus F:(c,0) and the directrix x = a

P(x,y) is a point on the parabola.

JEx =02+ @y —-0)2=|x—c|

Square both sides and simplify.
We obtain y? = 4cx

Now we can use this conclusion from (c).

See exercise(d).

(d) Exercise

Find the vertex, focus, and directrix of a parabola and sketch the parabola.
()yy? = 32x

(2)y? = —6x

(3)y* =3x



Let’s sum up what we’ve learned. Complete the following form.

3. The conclusion
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4. Challenge

Find the equation of a parabola in standard form with vertex V(1,2) and the directrix y = —1 (Hint:

use the concept of translation)

Ex-it]

1. Standard Form of a Parabola (1 of 3: From the Locus

Definition)




2. Standard Form of a Parabola (2 of 3: Determine the

focus and directrix)
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Topic: Find the equation of a parabola in standard form

1. The vertex is at (0,0) and the directrix parallel to the y-axis
(a) Find the equation of a parabola in standard form with focus at
the point (0,3) and the directrix y = —3

lF=0,3
[ ]

(b) Find the equation of a parabola in standard form with focus F:(0,-3) and the directrix y = 3

(c¢) Find the equation of a parabola in standard form with focus F:(0,c) and the directrix y = a

(d) Exercise

Find the vertex, focus, and directrix of a parabola and sketch it.
(x? =32y
(2)x? = =32y
(3)y = 0.5x2

2. The vertex is at (0,0) and the directrix is parallel to the x-axis
(a) Find the equation of a parabola in standard form with focus F:(3,0) and the directrix x = —3

(b) Find the equation of a parabola in standard form with focus F:(-3,0) and the directrix x = 3

(c) Find the equation of a parabola in standard form with focus F:(c,0) and the directrix x = a

(d) Exercise

Find the vertex, focus, and directrix of a parabola and sketch it.
()y? = 32x

(2)y* = —6x

(3)y? = 3x
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4. Challenge
Find the equation of a parabola in standard form with vertex V:(1,2) and the directrix y = —1

(Hint: use the concept of translation)
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