4.3 Quadratic Functions and Their
Properties
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Learning Objectives

1. ldentify the Vertex and Axis of Symmetry of a
Quadratic Function

2. Graph a Quadratic Function Using Its Vertex, Axis,
and Intercepts

3. Find a Quadratic Function Given Its Vertex and One
Other Point

4. Find the Maximum or Minimum Value of a Quadratic
Function
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Definition 1

A quadratic function is a function of the form
f(x)=ax’ +bx+c

where a, b, and ¢ are real numbers and a # 0.

The domain of a quadratic function is the set of all real
numbers.
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Graphs of a Quadratic Function

Figure 16
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Example 1

Graphing a Quadratic Function

Graph the function f(x)=2x" +8x+5.
Find the vertex and axis of symmetry.
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Properties of the Graph of a
Quadratic Function

, b
f(X)=ax"+bx+c a#0 )(—LOOV- 0%’\1&"‘(6)(: s

RN
% Vertex = (_%WL&—&OV e \Uka\‘\ X

2a

ﬁl‘ Axis of symmetry : the verticalline x = —2i
a

Parabola opens up if a > 0; the vertex is a minimum point.

Parabola opens down if a < O; the vertex is a maximum point
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Example 2
Locating the Vertex without Graphing

Without graphing, locate the vertex and axis of symmetry of

the parabola defined by f(x) = -3x* + 6x +1. AX S ofrsy'“
Does it open up X =1
= l \,Wx

Lo B -
voteX: K-l = 37203 (14)
o= (1) = 3040041 =
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Quadratic Formula
1¢ a~bx+c=0
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en X = 2 0~
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Example 3 =
\Qlertex

Graphing a Quadratic Function Usmg It
Axis, and Intercepts

(a) Use the information from Example 2 and the locations of
the intercepts to graph f(x)=-3x" +6x+1. U{A@(: ( l,’»{

(b) Determine the domain and the range of f.

(c) Determine where fis increasing and where it is )

decreasing. . ma%h on
0 g © Rl
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F00=- 3% 0%+ |

x-iity Solye 3x+ox+| =0
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626 5 -6*eq 04 ,.
A 0 —0 _—-(-p——P 0.5

\—e 6‘t -\101 L9 ,95

)l' (These are approximates of
ms ( O lS) &'Y\Vt QISO) the x-int.'s to two decimal
place. These are NOT exact!)
_\\




The x-Intercepts of a Quadratic
Function

1. If the discriminant 5° —4ac >0, the graph of f(x)=ax’ +bx+c

has two distinct x-interceets so it crosses the x-axis in two places.
2. If the discriminant b —4ac = 0, the graph of f(x)=ax’ +bx+c
has ong X:intercept so it touches the x-axis at its vertex.
3. If the discriminant 5° — 4ac <0, the graph of f(x)=ax’ +bx+c

has no x—intercegts so it does not cross or touch the x-axis.
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Figure: f(x) =ax?+bx+c,a>0

Axis of syrBrnetry Axis of syrgmetry Axis of symmetry
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x-intercept ~

b b
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Two x-intercepts One x-intercept No x-intercepts

(Vrdex)
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Example: f(x)=x?-6x+9

Use the discriminant to determine the number -aassigpe of solutions
for the quadratic function given.

101; Hac 1 ¥l
(—4,)—-4(4)@
36 ~ 3
0
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Example: f(x) =2x?+ x + 1

Use the discriminant to determine the number asg<ssee of solutions for
the quadratic function given.
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Definition 3

If the vertex (h, k) and one additional point on the Mqrw\

graph of a quadratic functlonm + bx +c] a#0,

are known, then

’f(x) a(x — h) +k \\

can be used to obtain the quadratic function.
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f10=9,
Example 4

Finding the Quadratic Function Given Its Vertex and
One Other Point v

Determine the quadratic function whose vertex is (1, =5)
and whose y-intercept is 3. ... (0,73)

x Y
‘P(ﬂ =a(X- h)%rk
Fimst, sub- m bk X)lg b sole 7ca“
-3 =a(0- V-5 — -37
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y\){xjr) b l\)k)ﬁ nto Vertex Sfom\_
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Example 5

Finding the Maximum or Minimum Value of a
Quadratic Function R
/N

-
— ~—
-

=)

Determine whether the quadratic function Sa
fo=vi-ax-s  K=%@)="

has a maximum or a minimum value. Then find the
maximum or minimum value.

ﬂ has A mnimum valg. The ™" \(.0;\%\
\ —_—

|oded o} Y= 2)
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