Mathelpers

Parabolas

A quadratic function is in the form f(x) = ax2 + bx + c. The graph of a quadratic
function is a special type of U-shaped curve that

is called a parabola. I
A parabola can open either upward or downward,

to the left or to the right.

A parabola is the set of all points P in the plane 4
that are equidistant from a fixed point F (focus) Fixed point
and a fixed line d (directrix). — s AN S+

5

Fixed line

Based on this definition and using the distance
formula we can get a formula for the equation of
a parabola with a vertex at the origin that opens “T

left or right: Yy = 4ax, where a is the distance from the vertex to the focus (or opposite way for
directrix)

If the coefficient on x is

. If the coefficient on x is
positive the parabola

opens to the right negative the parabola opens to

the left

The equations of the parabola having center (0, 0) are as follows:

x> = 4ay Parabola opens up
x* =—day Parabola opens down
y? = dax Parabola opens right

y? = —4ax Parabola opens left

Find the focus and directrix of the parabola
y? = -28x

Since the coefficient of x is negative, this parabola opens to
the left.

NOAEERD
y?=-28x+=4a=28=a=7

Focus: F (-7, 0)
The equation of the directrix is: D: x=7
The equation of the axis of symmetry is: y=0
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Translation of the vertex
If the vertex is transferred to a point of coordinates (h, k) then, the parabolas’ equations will be

different. The diagram shows the graph of each type of parabolas with its equation written in
standard form.

(=} =4a(y-F)
Vertex : V(h, k]
Focus: F (k,k+ a]

it opens upward

(y—k)’ =—4a(x—h) (y—k) =4a(x-h)
Vertex:V (h.k) Vertex:V (h.k)

Focus:F(h—a.k) Focus: F(h+a.k)

it opens to the left it opens to the right

(x—h)’ =—a(y—F)
Vertex : V(h, k]
Focus: F(h,k —a]
it opens downward

A parabola has a vertex at (-1,2) and passes through the point (1,-2). Find an equation
to this parabola of the form (x - h)2 =4a(y—k)

The x and y coordinates of the vertex gives the values of h and k respectively. Hence h = -1 and k
= 2. The equation can be written as: (x +1)2 =4a(y-2).

Now, we can find ausing the fact that the point (1,-2) is on the graph of the line ( substitute x by 1
and y by -2)

3
¥

(1+1)° =4a(-2-2)
= (2)" = 4a(-4)

\

L]
2
B Equation 1: (x+1)3=-1(y-2)

Ml Equation 2: y=2.25

The equation of the parabola can be written as
(x +1)2 =-1(y-2)

A parabola has a vertex and a vertical axis of symmetry. It has the same graph on either side of a
vertical line. The axis of symmetry passes through the vertex point and the focus point. The
vertex point is either the maximum or minimum point for the parabola.
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Find the equation of the parabola with focus (1, 3) and directrix x = -3.
The parabola opens to the right. = (y-k)* =4a(x—h
(y-k) ( )

The distance from the focus to the directrix is double the value
ofa

= 2a=1-(-3)

= 2a=4

=a=2

F is inside the parabola soX, =X —a=1-2=-1 and
Yo =Ye V(13

The equation is: (y - 3)2 =4(2)(x—(-D) =(y- 3)2 =8(x+1) [ =mese=™

Find the standard equation of the parabola with vertex at the origin and focus (2,0).
The axis of the parabola is horizontal, passing through (0,0) and (2,0)

So, the standard form is y2 = 4px, where h=0, k = 0, and p = 2, so, the equation is y?=8x

Find the focus of the parabola given by

y——ixz—x+l
2 2

To find the focus, convert to standard from by completing the square.

y= _% X% — X +% Write original equation.

2y =x"+2x-1 Multiply each side by-2.
1-2y=x*+2x+1 Add 1 to each side.
1+1-2y=x"+2x+1 Complete the square.
2-2y=x*+2x+1 Combine like terms.

“2(y-1) = (x+1)? Standard form

Comparing this equation with

(x=h)*=4p(y-k)

You can conclude that h=-1,k=1,and p = -%. Because p is negative, the parabola opens

downward. So, the focus of the parabolais (h,k+ p)= (—1, %j
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