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Recall that an absolute value function is a function that contains an absolute value

expression.

-

Key Idea

vertex form. The vertex of the graph of g is (4, k).

about the line x = A.

&

Vertex Form of an Absolute Value Function

An absolute value function written in the form g(x) = alx — 4| + k, where a # 0, is in

Any absolute value function can be written in vertex form, and its graph is symmetric

J

EXAMPLE Describing Characteristics

Graph f(x) = |x + 3| — 4. Determine when the function is positive, negative, increasing, or

decreasing. Then describe the end behavior of the function.

SOLUTION
Step 1 Make a table of values.

b'¢ S| 4(-3|=2-1]0
fx) | 2| -3|-4|-3|-2]|-1

Step 2 Plot the ordered pairs.

Step 3 Draw a V-shaped graph though the
plotted points.

Positive and Negative: The x-intercepts are —7 and
1. The function is positive when x < —7, negative
when -7 <x <1, and positive when x > 1.

Increasing and Decreasing: The vertex is (-3, —4).
The function is decreasing when x < -3 and
increasing when x > 3.

End Behavior: The graph shows that the function
values increase as x approaches both positive and
negative infinity. So, y — +o as x — — and

y —> too as x — +oo,
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Reteach (continued)

EXAMPLE Using Characteristics to Graph Absolute Value Functions

Graph each absolute value function f'with the given characteristics.

a. fhas arange of (-3, «), a graph that is symmetric about the line x = 2,

and a y-intercept of —2.

b. fis positive over the interval (—1, 3), negative over the intervals (—oo, —1) and
(3, =) a graph that is symmetric about the line x = 1, and the maximum value

is 4.

SOLUTION

a. Because the graph is symmetric about x = 2,
the x-value of the vertex is 2. Because the
range is (=3, «), the y-value of the vertex is
—3. Plot the vertex (2, —3). Because the
y-intercept is —2, plot the point (0, —2) and its
reflection in the line of symmetry, (4, —2).
Then draw the graph.

Ay

De these Auestions by Youvrself befuie looking at the
In Exercises 1-2, graph f. Determine when the function is positive, negative,
increasing, or decreasing. Then describe the end behavior of the function.

2. flx)y=—x+3|+3

1. ) =px—4|+1

. Because f'is positive over the interval (-1, 3),

negative over the intervals (—oo, —1) and

(3, ), you know that the x-intercepts are

—1 and 3. Because the x-intercepts are —1 and 3,
the vertex has an x-coordinate halfway in between
—1 and 3, or 1. The maximum value is 4, so the
vertex is (1, 4). So, plot the points (-1, 0), (3, 0),
and (1, 4). Then draw the graph.

Ay

A )

2
(—1,o>/
4 | -2

<€

awnswes k.eag

In Exercises 3-4, graph the absolute value function f with the given

characteristics.

3. fhas arange of (—o, 2) and a graph that is symmetric about the line x =3 and has

a y-intercept of 4.

4. f1is positive over the intervals (—o, 0) and (6, ©), negative over the interval

(0, 6), and the minimum value is —3.
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/Key Idea
Piecewise Function

A piecewise function is a function defined by two or more equations. Each “piece” of
the function applies to a different part of its domain. An example is shown below.

x—=2, if x<0 Ay

6| :

2x+ 1, if x >0

e The expression x — 2 represents the [f)=2x+1,x>0]
value of fwhen x is less than or equal YA | T | A%
to 0. 1f(x)=x—2,x£0] !
N

e The expression 2x + 1 represents the
value of fwhen x is greater than 0.

NG /

EXAMPLE Evaluating a Piecewise Function

4x +3,if x < 1
Evaluate f(x) = T i when (a) x = 1 and (b) when x = 0.

SOLUTION

a. Because x = 1 and 1 = 1, use the second equation.

S(x)=x+7 Write the second equation.
f=1+7 Substitute 1 for x.
s(1) =8 Add.

P The value of fis 8 when x = 1.

b. Because x = 0 and 0 < 1, use the first equation.

f(x) = 4x +3 Write the first equation.
f(0) = 4(0) + 3 Substitute 0 for x.
f(0)=3 Simplify.

P The value of f'is 3 when x = 0.
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EXAMPLE Graphing a Piecewise Function

—2x+4,if x <1 ) ) ) )
Graph y = . ¢ . Describe the domain, range, and end behavior of the function.
x—-1 if x>

SOLUTION \w
Step 1 Graph y = —2x + 4 for x < 1. Because 1 is included in ,—/4 L o e )|
. . . . |y =—-2x+4,x sﬁ \
the domain for this equation, use a closed circle at (1, 2). 3 .
Step 2 Graph y = x — 1 for x > 1. Because 1 is not included in ~ R
the domain for this equation, use an open circle at (1, 0). - 2 [ X
Y
P The domain is all real numbers. The range is ¥ > 0. The graph
shows that y — +o0 as x — —o0 and y — +o0 as x — +oo.
EXAMPLE Writing a Piecewise Function
Write a piecewise function represented by the graph. Ay
SOLUTION 2 \
Left Piece When x < 0, the graph is the line represented by y = ~ly-1 by

1l
|
= \S)
+
N
A
|
3]
%]
%)

Right Piece When x > 0, the graph is the line represented by y

11 <
7X Lif x <0

P So, apiecewise function is f(x) = .
-x+2, if x>0

In Exercises 1 and 2, evaluate the function when x = -4, -2, -1, %, and 2.

2x+3,1f x <O

x—5 1fx=20

2. f(x) =

“3x-2,1f x £ =2
4x + 1, 1if x > -2

) -

In Exercises 3 and 4, graph the function. Describe the domain, range, and end
behavior of the function.

—3x,1if x £ -1

3f() -x, 1fx<3 4f()
. X) = . X) =
x+4,if x 23 3x, if x > -1
In Exercises 5 and 6, write a piecewise function for the graph.
5. 6. Ay
4 o——
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In Exercises 1 and 2, evaluate the function when x = -4, -2, -1,

_ 2x +3,if x <0
1. flx) =

x -5

FCu)< 2-Ca)t3
fe-u)=-§t3

FOD7 2 (2)13
fe)z - 413

F0-1)= 2-(-013

fe-n= -2¢3

f({)=1-s

if x>0

Es

-3x-2,if x £ -2

2. f(x) =

fC-4)< -3(-1)-2
fC-q)=12-2

£(-2)=-3(-2)-2
£(-2)= 6 -1

£0C-0:=Y--0+1
FC-0= U410

fC3)= 9 (L)t

1 and 2.

" lax + , if x > -2

Fancise Alvevea

£(5): 241

f(2)=2-5
f(2): W)t
£f(2)= ¥ +(
%
: : : : 7\
In Exercises 3 and 4, graph the function. Describe the domain, range, and end d‘\ 0
behavior of the function. z\ 4’ 4\’
‘ -x, iifx<3 » =3x, if x < -1 9 b
@ 3 f(x) = , 4 =1 ,
x+4,if x>3 3x, if x > -1 (3;

7

fexd= -\ xt o0

w S o o

X
\
»
*
L
PN

use Y=mx+b

2 4 ¢ & - ¢ 4 -2 2 4 ¢

’R‘fst may k b;‘J-\'n{e'r;_f_P: 1 -z-z
then .S\oPe

=y\se -9 -9
Yuwv -C -€

Domain (- =0 o0)

Range: (-3,@)

En Bebaior. XD, yI00
Xd-q, yr00

Ooprain: -2, 0)

Runge (-3 )

End Belmoiar: x»w/yam
X*ﬂ/yim



Fravnuco Alvavez

In Exercises 5 and 6, write a piecewise function for the graph.
6. Ay

5. Ay | "
4l o———

1333 ) I I | |
M=z _ | | L AT 2/ .
.=-\1(-¥'3 ‘:_5\2/‘4 6 x| :/ 2 4 57

Le&‘-t" Prew Riaht Piece

£(0° é-x+3 F x<3  flx): gzx—o.s F Xe2
/ J
X 1, if x22

"3 7 f X23

host‘g_: Sj:‘Y\fIX'\‘b (b
z O
P" =




1

In Exercises 1 and 2, evaluate the function when x = -4, -2, -1, _, and 2. In Exercises 5 and 6, write a piecewise function for the graph.

2
A 2 +3,if x <0 _ 3x -2, if x < -2 5 gy
" j(x):{x—s, if x>0 2 f(x):{4x+l, it x> -2 ¥
2
FCGu) 2-Ca)t3 £0-4)< -3(-4)- 2 NALL
fl-4)=-§+3 fC-u)-12-2
FC-2)2 2 (-2)13 £C-2)=-3(-2)-2 FGO= §X+3 , W x<3
Fe2)= - 443 £(-0:6-1 X-3  f X23
£C-1) 2-(-0)13 £C-0=4-¢0+ |
fe-n= -243 FC-0: -Htg
F({)= 45 f(3):u()H
£(3)7 241
f(2)=2-5

f(2): U3t
f(2)= % +(

In Exercises 3 and 4, graph the function. Describe the domain, range, and end
behavior of the function.

3f(_)_—x, if x <3 4 f()_—3x,ifo—1
| )L_x+4,ifx23 "x_3x, if x> -1
g / g
6 6
] 9
2 2
-§ ¢ 4 -2 Y -§ ¢ 9 - Z 4 6 ¥
—z -
-9 -9
3 3
Domain - o0 ,oo) Ooptari - ®,4)
Range: (-3,@) Runge (-3 @)
End Belnyjor. XD y> End Bebmyiar: K‘>°°/}‘"°°

X>-0, yro0 x*-m,yam

6. %

fx)= {zx—o.sl;f xez
Y,if x>z



