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Quadratic Functions

Complete the following sentences.

¥ The graph of a quadratic function is a

The lowest point of the graph or the highest point of the
w graph is called a :

If the parabola opens upward, the y-coordinate of the vertex
w is called the

If the parabola opens downward, the y-coordinate of the vertex
is called the

W

Y% The parabola is symmetric about a line called the

axis of symmetry maximum value minimum value

parabola vertex
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Remember y=ax2+ bx +c?

How did we find the

 direction of the opening?

e Yy-intercept ?

e Xx-intercepts ?

e equation of the axis of symmetry ?
« coordinates of the vertex ?

« domain and range ?
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The Effect of Parameter a in f(x) = ax:
on the Graph of fix) = x:

Match the functions and the parabolas. Highlight the
functions using the coloured boxes to indicate your matching.

e T
f(x) = —0.1x fx) = x:

Check answer

4
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The Effect of Parameter gin fix) =x: + q
on the Graph of f(x) = x:

Match the functions and the parabolas. Highlight the
functions using the coloured boxes to indicate your matching.

4 coe 0]
fix) = x:
fix)=x+3

fix)=x —3

Check answer

4
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Chapter The Effect of Parameter pin fix) = (x —p ).
on the Graph of f{x) = x:

3 Match the functions and the parabolas. Highlight the
SR functions using the coloured boxes to indicate your matching.

4 . . fix)
fix) = x:
fix) = (x—3)

0 = (x + 3).

Check answer

4
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Key Ideas

has the shape of a parabola
has its vertex at (p, g)
has an axis of symmetry with equation x = p

and vertically by g units

@ Sketch the graph of f(x) = a(x — p)* + g by
transforming the graph of f(x) = x*

The graph opens upward if a > 0.

If a < 0, the parabola is reflected in the x-axis;
it opens downward.

If —1 < a < 1, the parabola is wider compared
to the graph of f(x) = x"

Ifa > 1ora< —1, the parabola is narrower
compared to the graph of f(x) = x=

The parameter g determines the vertical
position of the parabola.

If g > 0, then the graph is translated g units up.
If g < 0, then the graph is translated

q units down.

The parameter p determines the horizontal
position of the parabola.

If p > 0, then the graph is translated p units to
the right.

If p < 0, then the graph is translated p units to
the left.

e For a quadratic function in vertex form, f(x) = a(x — p)* + q. a # 0, the graph:

= is congruent to f(x) = ax*® translated horizontally by p units

~flx)=ax’, a>=1
—fx) = X
T fixl=axf,0<a<1

X
v fiXl=a —1<a<0

—flx)=ax% a< -1

—fiX)=x+g9>0
—fix) = ¥*
——fiX)=x+qq<0

g =x°
Al
.'u D Ill.l »
iXl=x—-pFp=0 X)=(x—pF p=0
k4
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Example 1 —=}
sketch Graphs of Quadratic Functions in Vertex Form

Determine the following characteristics for each function.
* the vertex

e the domain and range

e the direction of opening

e the equation of the axis of symmetry

Then, sketch each graph.

a) y=2(x+1¢-3 h)y:—%[x—!l)’ﬁ»l
Solution

a) Use the values of g, p, and g to determine some characteristics
of y = 2(x + 1) — 3 and sketch the graph.
y=2x+1°-3

a=2 p=-1 g=-3
Since p= —1 and g = —3, the vertex is located at (-1, —3).
Since a > 0, the graph opens upward. Since a > 1, the parabola is
narrower compared to the graph of y = x*
Since g = —3, therange is {y | y = —3, y € R}
The domain is {x | x € R].
Since p = —1, the equation of the axis of symmetry is x = —1.
Method 1: Sketch Using Transformations
Sketch the graph of y = 2(x + 1)* — 3 by transforming the graph
of y=x%
+ Use the points (0, 0), (1, 1), and (—1, 1) to sketch the graph of y = x.
* Apply the change in width. .

T &

oy

when using transformations to i r
sketch the graph, you should deal AR
with parameter afirst, since its . X
reference for wider or narrower is D Y E 23X
Telative to the y-axis. P

* Translate the graph. ¥ 1%

How are p and g related to the
direction of the translations and v 1y
the location of the vertex?

e

V=2l 7B
[CIE) in

Method 2: Sketch Using Points and Symmeltry

* Plot the coordinates of the vertex, (—1, —3), and draw the axis of
symmetry, x = —1.

* Determine the coordinates of one other point on the parabola.

The y-intercept is a good choeice for another point.

Let x=0.
y=20+1¢-3
y=201)>-3
y=-1

The point is (0, —1).

For any point other than the vertex, there is a corresponding point
that is equidistant from the axis of symmetry. In this case, the
corresponding point for (0, —1) is (-2, —1).

Plot these two additional points and complete the sketch of
the parabola.
A

[ tg
|

—

—1.43)

b) For the quadratic function y = —%(x —4)F+1,a
p=4andg=1.
The vertex is located at (4, 1).
The graph opens downward and is wider than the graph y = x*.
Therangeis {y|y< 1,y € R}
The domain is [x | x € R}.
The equation of the axis of symmetry is x = 4.

Sketch the graph of y = —%[x — 4)* + 1 by using the information from
the vertex form of the function.
» Plot the vertex at (4, 1).
# Determine a point on the graph. For example, determine the
y-intercept by substituting x = 0 into the function.
= Yp_ap
V= 4[I] 42 +1
=1 _ap
y=—z4F+1
y=—4+1
y=-3
The point (0, —3) is on the graph.

For any point other than the vertex, there is a corresponding point
that is equidistant from the axis of symmetry. In this case, the
corresponding point of (0, —3) is (7, —3).

Plot these two additional points and complete the sketch of the

parabola.
v How are the values of y affected when o
4 Is—7
T 4
How are pand qrelated to the direction
14/1) of the and location of the
vertex?
=210 10 | X How Is the shape of the curve related to
the value of a7
031 ry 7 &3
\
XE
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