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£ Online Activity Use graphing technology to complete the
Explore.

f IQUERY How can you tell whether the graph
g of a function Is symmetric?

_':.;-Today S Standards
' F_|_F4 FIF5.

Learn Linear and Nonlinear Functions

In a linear function, no variable is raised to a power other than 1, Any
linear function can be written in the form ) =mx + b, where m and b
are real numbers. Linear functions can be modeled by linear equations,
which can be written in the form Ax + By = C, The graph of a linear
equation is a straight line.

A function that is not linear is called a nenlinear function. The graph of a
nonlinear function includes a set of points that cannot all lie on the same
line. A nonlinear function cannot be written in the form fixy=mx+b. A
parabola is a type of nonlinear function.

Example L {dentify Linear Functions from Equations

Determine whether each function is a linear function. Justify your
answer.

a. fix) =3
) = §X3;5 Original equation
flx) = "“x - % Distribute the denominator of 3.
fx)=2x—2 Simplify.
The funciion be written in the form fx} = mx + b, so it &
linear function,
b. 5y = 4 + 3x3
5y =4 + 33 Qriginal equation
Sy=__ +4 Commutative Property

The function be written in the form fix) = mx + b because
the independent variable x is raised to a whole number power

1. S0, itisa function.

£ Go Online You can complete an Extra Example online.

-;_’--parabola
: .Z:-_lntercept
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.. linear equatson
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@ Think About It!

Does every linear
equation represent a
linear function? Justify
your argument.

Study Tip

Linear Functions To
write any linear equation
in function form, solve
the equation for v and
replace the variable y
with f{x).
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& Think About It!

Are negattve x-or
y—values possﬂoie in
the context of the
satuatton?’

Example 2 Ide_ntify‘l_ihear Functions from Graphs

Determine whether each graph represents a /inear or nonlinear
function. :

a. B I ]

There is no straight line that will contain the chosen points A, B,
and C, so this graph representsa . function.

b. ¥

The points on this graph all lie on the same line, so this graph
represents a function. oo

Exam@'ﬁ@ 3 Identify Linear Functions from Tables

EARNINGS Makayla has started working part-time at the Iocal
hardware store. Her time at work steadily increases for the first
five weeks. The table shows her total earnings each of those
weeks. Are her weekly earnings modeled by a linear or nonlinear
function?

Week 1 2 3 4 5
Earnmgs ($) 85 19 153 187 221
Graph the poin"cs that represent the week and 7
total earnings and try to draw a line that contains % ﬁgg
all the points. 2 o
E 80
Since there is a line that contains all the points, R

O 423 45X

Makaya’s earning can be modeled by a Week

function.

@ Go Online You can complete an Extra Example online.
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Learn intercepts of Graphs of Functions

A point at which the graph of a function intersects an axis is called an
intercept. An x-intercept is the x-coordinate of a point where the
graph crosses the x-axis, and a y-intercept is the y-coordinate of a
point where the graph crosses the y-axis.

A linear function has at most one x-intercept while a nonlinear function
may have more than one x-intercept.

Example 4 Find Intercepts of a Linear Function

Use the graph to estimate the x- and y-intercepis. -

7 The graph intersects the x-axis at
7]

), S0 the x-intercept is .

(—

The graph intersects the y-axis at

). 50 the y-intercept is .

» —

Example 5 Find Intercepts of a Nonlinear Function

Use the graph to estimate the x- and y-intercepts.

NN The graph appears to intersect the x-axis at
f (—3,0),(—1,0), and (2, 0), so the functions
;[ 1\ : has x-intercepts of ) , and
-4 Y7ol 1 2 1 4k
Il ;—3 The graph appears to intersect the y-axis
\ :qe at { \ ), so the function has a
- y-intercept of .
Check
Estimate the x- and y-intercepts of each graph.
a. ¥ b. v 7Y
ﬂ,,—v“vr’
| e A |8
- 3 FAIA
|t [+) X v
[#] X
b \
\l]
/
.

x-intercept(s): x-intercept(s):

y-intercept(s): y-intercept{s):

@ Go Online You can compiete an Extra Example online.

Study Tip

Point or Coordinate
Infercept may refer to
the point or one of its
coordinates, The
coniext of the situation
will often dictate which
form to use.

¢ Think About It

Describe a line that
does not have two
distinct intercepts,

& Think About Iti

The graph of the
nonlinear functions has
three x-intercepts. Can
the graph have more
than one y-intercept?
Explain your reasoning.
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¢ Think About It!

Describe the domain
of the function that
modeis the rocket’s
height over time.

Watch Out!

Switching Coordinates
A common mistake is to
switch the coordinates
for the intercepts.
Remember that for the
x-intercept, the
y-coordinate is 0, and
for the y-intercept, the
x-coordinate is 0.

3 Talk About It

Can the graph ofa
function be symmetric

- In & horizental line? -

Justify your answer.

4 Example & Interpret the Meaning of Intercepts

MODEL ROCKETS Ricardo launches a rocket -

Time (s} | Height (ff)
from a balcony. The tabie shows the height of

. 0 5
the rocket after each second of its flight. ) 50
Part A Identify the x- and y-intercepts of the 5 130
function that models the fiight of the
3 180
rocket.
, 4 210
In the table, the x-coordinate wheny = 0 5 170
is . Thus, the x-intercept is . 6 10
. 7 55
In the table, the y-coordinate when x = 0 g 0 '

is

. Thus, the y-intercept is

Pari B What is the meaning of the intercepts in the context of the
rocket’s flight?

The x-intercept is the after the rocket is
launched that it returns to the ground. The y-intercept is the

from which the rocket is launched.

Learn Symmetry of Graphs of Functiornis

A figure has symmetry if there exists a rigid motion—reflection,

translation, rotation, or glide reflection—that maps the figure
onto itself.

Key Concept » Symmetry

Type of Symmetry Description - Example
A graph has line The line dividing the k XYL
symmetry if each graph into matching \ b /
half of the graph halves is called the line - M
. A 1 A
maps exactly to the of symmetry. Each point 17
other halif. on one side s reflected 0 X
in the line to a point :
equidistant from the line :
on the opposite side. ¥
A graph has peint  The point about which the VA T
symmetry whena  graphis rotated is called ¢
figure is rotated the point of symmetry. ;
180° about a point  The image of each point 7
and maps exactly on one side of the point N 10 X
onto the other part.  of symmetry can be found A
on a fine through the k8
point of symmetry 'K’

equidistant from the point
of symmetry.
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Key Concept « Even and Odd Functions

Type of Function
Functions that are
symmetric in the y-axis
are called even
functions.

Functions that are
symmetric about the
origin are called odd
functions.

For every x in the
domain of f,
fi=x) = f{x).

~ Algebraic Test Example

For every x in the
domain of f,
A—x) = —f{x).
[+ X

le 7 ldentify Types of Symmetry

Identify the type of symmetry in the graph of each function. Expiain.

a fxy=3x+1

¥

/

/
/
716

/

# .

b. g(x) = —x>—4x— 2

_ﬂy
4
-8 [ o 4 3 X
&
i
—8
(KL

point symmetry: a 180° rotation

about ______ ongraphis the

original graph.

the original gra

C hX) =3+ 43 - 122 +13 d. ji)=x3—2

o f
/
20
o
|
—d ‘-. [#) 2
\ 20
1
._I49

: the reflection in

the line x = —2 coincides with

ph.

¥

/
{
{
/

: there is no line or

point of symmetry,

¥

about the point
original graph.

@ Go Online You can complete an Extra Example online.

point symmetry: a 180° rotation

is the
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& Think About It!

How would knowing
the type of symmetry
help you graph a
function?




Watch Out!

Even and Odd
Functions Always
confirm symmetry
algebraically. Graphs
that appear to be
symmetric may not
actuaily be.

Example 8 |dentify Even and Odd Functions

Determine whether each function is even, odd, or neither. Confirm
algebraically. If the function is odd or even, describe the symmetry.

a. fix)=x°— 4x

T 1 It appears that the graph of fix) is
symmetric about the origin. Substitute

[ —x for x to test this algebraically.
D X fi—x) = {(—)° — 4—)
\ 7 =-x3+ Simplify.

= — (3 — 4x) Distribute.

= fix) = x° — 4x

Because f{—x) = —f{x) the function is

and is symmetric about the
b. g{x) = 2x* — 6x?
ET 47T 4 It appears that the graph of g{x) is

symmetric about the y-axis. Substitute
—x for x to test this algebraically.

i S g0 =2 -6
}' \\ =24 — Simplffy._
B | = g{x) g = 2x* ~ 6x?

Because g(—x) = gix)} the function is

and is symmetric about the

c. h{x) =x3+ 0.25x% — 3x
Y T&T T It appears that the graph of h(x) may be

7N symmetric about the origin. Substitute —x
TN for x to test this algebraically.

S =) =( P+025( -3 ()
= +025x%+___- Simplify.

s
"h._-

'’ Because —h(x) = —x3 — 0.25x% + 3x, the

function is because

h (—X) # hix) and h(—x) # —h{x)

Check

Assume that f is a function that contains the point (2, —5). Which of the
given points must be included in the function if fis:

even? odd?
{(—2,—5) {(—2,5) {2,5) (—5, —2) (—5, 2)

&3 Go Online You can complete an Extra Example online.
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