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4.1 Exercises

1. Given the function debnedby the
rule f (x) = 3, evaluate f (! 3), f (0) and
f (4), then sketch the graph of f .

2. Given the function debnedby the
rule g(x) = 2, evaluate g(! 2), g(0) and
g(4), then draw the draw the graph of g.

3. Given the function debnedby the
rule h(x) = ! 4, evaluate h(! 2), h(a),
and h(2x + 3), then draw the graph of h.

4. Given the function debnedby the
rule f (x) =! 2, evaluate f (0), f (b), and
f (5! 4x), then draw the graph of f .

5. The speed of an automobile travel-
ing on the highway is a function of time
and is described by the constart func-
tion v(t) = 30, where t is measuredin
hours and v is measuredin miles per
hour. Draw the graph of v versust. Be
sure to label eath axis with the appro-
priate units. Shadethe area under the
graph of v over the time interval [0, 5]
hours. What is the areaunder the graph
of v over this time interval and what does
it represert?

6. The speedof a skateboarder as she
travelsdown a slope is a function of time

and is described by the constart function

v(t) = 8, wheret is measuredin seconds
and v is measired in feet per secord.

Draw the graph of v versust. Be sure
to label eath axis with the appropriate

units. Shadethe areaunder the graph of
v over the time interval [0, 60] seconds.
What is the area under the graph of v

over this time interval and what doesit

represenmn?

7. An unlicensed plumber charges 15
dollars for ead hour of labor. LetOsde-
Pne this rate as a function of time by
r(t) = 15, wheret is measuredin hours
and r is measuredin dollars per hour.
Draw the graph of r versust. Be sureto
label eadh axis with appropriate units.
Shadeth e areaunder the graph of r over
the time interval [0,4] hours. What is
areaunder the graph of r over this time
interval and what doesit represent?

8. A carperter charges a bxedrate for
ead hour of labor. LetOsdescribe this
rate as a function of time by r(t) = 25,
where t is measuredin hours and r is
measuredin dollars per hour. Draw the
graph of r versust. Be sureto label each
axis with appropriate units. Shacde the
area under the graph of r over the time
interval [0, 5] hours. What istheareaun-
der the graph of r over this time interval
and what doesit represent?

9. Given the function debnedby the

rule
I

0, ifx<o0
F)=5 itx" o

evaluatef (! 2), f (0), andf (3), then draw
the graph of f on a sheetof graph paper.
State the domain and range of f .

10. Given the function debnedby the

rule
|

"9, ifx<0
)= itx" o

evaluatef (! 2),f (0), andf (3), then draw
the graph of f on sheetof graph paper.
State the domain and range of f .

1 Copyrighted material. See: http: //msen ux.redwoods.edu/In tAl gText/

Version: Fall 2007



348 Chapter 4 Absolute Value

11. Given the function debnedby the
rule

13, ifx<!2,
gx)= 1, if 1 2# x< 2,
3, if x" 2,

evaluate g(! 3), g(! 2), and g(5), then
draw the graph of g on a sheet of graph
paper. State the domain and range of g.

12. Given the function debnedby the
rule

4, if x# 11,
gx)= 2, ifl1<x#2
13, ifx>2,

ewvaluateg(! 1), g(2), andg(3), then draw
the graph of g on a sheetof graph paper.
State the domain and range of g.

In Exercises 13-16, determine a piece-
wise debnition of the function described
by the graphs, then state the domain and
range of the function.

13.

Version: Fall 2007

Functions

14.

15.

16.

y
5%
> X
5
e ——
v
y
5%
—— o>
> X
5
—oO
A A
y
5%
——1—0
> X
5
—»
g
v




Section 4.1

17. Given the piecewisedebnition
!

T x! o3,
X + 3,

if x <! 3
PO = if x" 13,
evaluate f (! 4) and f (0), then draw the
graph of f on a sheet of graph paper.
State the domain and range of the func-
tion.

18. Given the piecewisedepPnition
!

x4, ifx<,
f(x)= x! 1, if x" 1,
evaluate f (! 2) and f (3), then draw the
graph of f on a sheet of graph paper.
State the domain and range of the func-
tion.

19. Given the piecewisedepPnition
!

T 192X + 3,

if x < 3/2,
9x) = 51 3

if x" 3/2,

evaluate g(0) and g(3), then draw the
graph of g on a sheet of graph paper.
State the domain and range of the func-
tion.

20. Given the piecewisedepnition
!

if x <! 4/3,
if x " 1 4/3,

T 13x! 4,

9x) = 34 +4

evaluate g(! 2) and g(3), then draw the
graph of g on a sheet of graph paper.
State the domain and range of the func-
tion.

21. A battery supplies voltage to an
electric circuit in the following manner.
Before time t = 0 seconds,a switch is
open, so the voltage supplied by the bat-
tery is zerovolts. At time t = 0 seconds,
the switch is closal and the battery be-
gins to supply a constart 3 volts to the
circuit. At time t = 2 secondsthe switch
is openedagain, and th e voltage supplied
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by the battery dropsimmediately to zero
volts. Sketch a graph of the voltage v
versustime t, label eath axis with the
appropriate units, then provide a piece-
wise debnition of the voltage v supplied
by the battery asa function of time t.

22. Prior to time t = 0 minutes, adrum
is empty. At time t = 0 minutes a hose
is turned on and the water level in the
drum beginsto rise at a constant rate
of 2 inches every minute. Let h repre-
sert water level (in inches) at time t (in
minutes). Sketch the graph of h versus
t, label the axeswith appropriate units,
then provide a piecewise dePnition of h
as a function of t.
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Chapter 4 Absolute Value Functions

4.1 Solutions

1. Becausef (x) = 3, we know that f maps any number to the number 3. Thus,
f(13)=3f(0)=3,andf (4) =3.

The graph of a constart function is always a horizontal line. In this case,f (x) = 3, so
the function values are constartly equalto 3. Hence the graph is a horizontal line 3
units up in the y-direction.

o)

3. Becauseh(x) =! 4, we know that h maps any number to the number ! 4. Thus,
h(! 2)=1!4,h(a)="!4,and h(2x +3) = 4.
The graph of a constart function is always a horizontal line. In this case,h(x) =! 4,

sothe function valuesare constartly equalto ! 4. Hence,the graph is a horizontal line
4 units down in the y-direction.

y
53
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Section 4.1 Piecewise-Def ined Functions

5. The graph of the constart function v(t) = 30 is the horizontal line shonn in the
following Pgure.

v (mi/h)
A
v(t)=30
30 ( )>
00 T T T T 3 > t(h)

The areaunder v(t) = 30 is
Area = 30mi/h $ 5h = 150 mi.

This is the distance traveled by the car over the 5-hour time period.

7. The graph of the constart function r(t) = 15 is the horizontal line shovn in the
following Pgure.

r (dollars/h)
kY

r(tl=15

15

0 T T T =t(h)

The areaunder r(t) = 15 is
Area = 15dollars/h $ 4h = 60dollars.

This is the bill for labor charged by the plumber for 4 hours of work.

9. Because! 2 is lessthan 0, we usethe Prst piece of the function to determine that
f (! 2) = 0. Because0 is greater than or equal to zero, we usethe secondpiece of the
function to determinethat f (0) = 2. Finally, because3 is greater than or equalto zero,
we usethe secondpieceof the function to determine that f (3) = 2. The graph follows.

Version: Fall 2007



Chapter 4 Absolute Value Functions

4

U'IV

The domain of f is the set of all real numbers, easily seenby examining the piecewise
debnition or by projecting all points on the graph onto the x-axis. The range has only
a bnite number of possibilities, so the range is best described by listing ead menber.

Range= {0, 2}

11. Because! 3 is lessthan ! 2, we usethe brst piece of the function to determine
that g(! 3) =! 3. Because! 2 is greater than or equalto ! 2 and lessthan 2, we use
the second piece of the function to determine that g(! 2) = 1. Finally, because5 is
greater than or equal to 2, we usethe third piece of the function to determine that
g(5) = 3. The graph follows.

y
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g
o—
————0
< » X
5

A

The domain of g is the set of all real numbers, easily seenby examining the piecewise
debnition or by projecting all points on the graph onto the x-axis. The range has only
a bnite number of possibilities, sothe range is best described by listing ead member.

Range= {! 3,1, 3}
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Section 4.1 Piecewise-Def ined Functions

13. Hereisthe graph of f.

01"

\ 4

From the graph of f, if x < 0, then f (x) = 3. On the other hand, if x " 0, then
f (x) =! 2. Consequertly,
I
3, ifx<0,
=15 itx" o

The domain of f is the set of all real numbers. The rangeof f is {! 2,3}.

15. Hereis the graph of f .

y
5a
g
—_— O
- » X
5
—O
v

From the graph, if x < 0, then g(x) = 2. Secondly if 0 # x < 2, then g(x) =! 2.
Thirdly, if x " 2, then g(x) = 2. Consequertly,

2, if x <0,
gx)= 12, ifO# x<2,
2, if x" 2.

The domain of f is the set of all real numbers. The rangeof f is {! 2,2}.

17. WeOrgjiven the following piecewisedebnition.
I

TIx! 3, ifx<!3,

F(x) = X + 3, if x" 13
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Note that ! 4 < ! 3, soto evaluate f (! 4), we should substitute into the Prst piece of
this function, namely

f(x)=!x!3
fr4)=10141"13 (1)
f(l4=1
Note that 0 " ! 3, soto evaluate f (0), we shoud substitute into the secondpiece of
this function, namely
f(x)=x+3
f(0)=0+3
f(0) =3.
The Prst part of the function is f (x) = ! x ! 3, but only for x < ! 3. Hence, this
is a ray, starting at the point where x = ! 3 and moving to the left. At x = ! 3,

f(13)="!(3)! 3=0, sothe starting point of the ray is at (! 3,0). We have already
found that f (! 4) = 1, sothis givesus a secondpoint on the ray, namely (! 4,1). Plot
thesetwo points, then draw the ray starting at (! 3,0) and passingthrough (! 4,1) as
it movesto the left, as shovn in (a) below. Note that the point at (! 3,0) is empty,
becausef (x) =! x! 3onlyif x <! 3.

The secondpart of the function is f (x) = x + 3, but only for x " ! 3. Hence, this
is a ray, starting at the point where x = ! 3 and moving to the right. At x = ! 3,
f(! 3)=(!3)+3 =0, sothe starting point of the ray is at (! 3,0). We have already
found that f (0) = 3, so this givesus a secondpoint on the ray, namely (0, 3). Plot
these two points, then draw the ray starting at (! 3,0) and passingthrough (0, 3) as
it movesto the right, as shown in (b) below. Note that the point at (! 3,0) is Plled,
becausef (x) =x+3if x" ! 3.

Finally, put these two piecestogether to form the graph of f shown in (c) below.

5, 5, 5, f
0,3) 0,3)
¢ 4,1\/
» X » X < »
(! 3,0) 5 (! 3,0) 5 (! 3,0) 5
(@) (b) (©)

The domain of f is the set of all real numbers. The rangeof f is{y:y" 0}.
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19. WeOrgiven the following piecewisedebnition.
[

22X 43, ifx< 3/2,
9)=" o1 3, ifx" 3/2.

Note that 0 < 3/2, soto evaluate g(0), we should substitute into the Prst piece of this
function, namely

g(x)=1!2x+3
9(0) = ( )+3 )
9(0) =

Note that 3" 3/2, soto evaluate g(3), we should substitute into the secondpiece of
this function, namely

gx)=2x! 3
a3)=2(3)! 3
9(3) = 3.

The prst part of the function is g(x) = ! 2x + 3, but only for x < 3/2. Hence, this
is a ray, starting at the point where x = 3/2 and moving to the left. At x = 3/2,
g(3/2) =1 2(3/2) + 3 = 0, sothe starting point of the ray is at (3/2,0). We have
already found that g(0) = 3, sothis givesus a secondpoint on the ray, namely (0, 3).
Plot thesetwo points, then draw the ray starting at (3/2,0) and passingthrough (3, 0)
asit movesto the left, asshown in (a) below. Note that the point at (3/2,0) is empty,
becauseg(x) =! 2x + 3 only if x < 3/2.

The secondpart of the function is g(x) = 2x ! 3, but only for x " 3/2. Hence, this
is a ray, starting at the point where x = 3/2 and moving to the right. At x = 3/2,
g(3/2) =2(3/2)! 3 =0, sothe starting point of the ray is at (3/2,0). We have already
found that g(3) = 3, sothis gives us a secondpoint on the ray, namely (3,3). Plot
these two points, then draw the ray starting at (! 3,0) and passingthrough (3,3) as
it movesto the right, as shown in (b) below. Note that the point at (3/2,0) is Plled,
becauseg(x) = 2x! 3 for x " 3/2.

Finally, put these two piecestogether to form the graph of g shown in (c) below.

y y y

5% 5% 52 g
(0;\ (3:3) (0; (3:3)
X

A
\ 4
x
A
\ 4
x

U'I"

(3/2,0) (3/2,0) 5 (3/2,0) 5

\ 4 v A

(@) (b) (c)
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Chapter 4 Absolute Value Functions

The domain of g is the set of all real numbers. The rangeofgis{y: y" 0}.

21. Three facts lead to the dewvelopment of the piecewisefunction and its graph.

e Beforetime t = 0, the switch is open and the voltage is zero. That is, V (t) = 0 if
t < 0. The graph of this pieceis shown in (a) below.

e At time t = 0 the switch is closedand remains closeduntil time t = 2 when it is
again opened. During this time, the voltage is a condant 3 volts. That is, V (t) = 3
for 0 # t < 2. The graph of this pieceis shawvn in (b) below.

e Finally, at time t = 2 and thereafter, the switch remains open and the voltage is
zero. That is, V(t) =0 for t " 2. The graph of this pieceis shown in (c).

5AV (volts) 5“V (volts) 5AV (volts)
o—0
=5t (s) = =5t (s) = = >5 t(s)
(a) (b) (c)

Putting the piecestogether that are described above givesthe following piecewise def-
inition.

0, ift<oO,
V(it)= 3, ifo#t<2,
0, ift" 2.
The complete graph of V follows.
5 V (volts)

5t (s)
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4.2 Exercises
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For ead of the functions in Exercises 1-
8, asin Examples 7 and 8 in the narra-
tive, mark the Ocritical valueOon a num-
ber line, then mark the sign of the ex-
pressioninside of the absolute value bars
below the number line. Above the num-
ber line, remove the absolute value bars
according to the sign of the expression
you marked below the numberline. Once
your number line summary is Pnished,
createa piecewisedepnition for the given
absolute value function.

1. f(x)= |x+ 1
2. f(x)=|x! 4
3. g(x)=1]4" 5x|
4. g(x) = 13! 2|
5. h(x)=]! x! 5
6. h(x)=|! x! 3
7. f(x)= x+ |x|

f(x)zl)):I

©

For ead of the functions in Exercises 9-
16, perform each of the following tasks.

i. Create a piecewise debnition for the
givenfunction, usingthetechniquein
Exercises 1-8 and Examples 7 and
8 in the narrative.

ii. Following the lead in Example 9 in
the narrativ e, useyour piecevisedebp-
nition to sketch the graph of the given
function on a sheet of graph paper.
Pleaseplace ead exerciseon its own

coordinate system.

9. f(x)=|Ix! ]

10. f(x)=|x+ 2|
11. g(x) = |2x! 1|
12. g(x) = 5" 2|
13. h(x) = |1! 3x|
14. h(x) = |2x+ 1
15. f(x)=x! |x|

16. f(x)=x+ |x! ]

17. Usea graphing calculator to draw
the graphsofy = |x|, y = 2|x|, y = 3|x|,
and y = 4|x| on the sameviewing win-
dow. In your own words, explain what
you learnedin this exercise.

18. Usea graphing calculator to draw
the graphsofy = |x|,y = (1/2)|x|, y =
(2/3)|x|, and y = (1/4)|x| on the same
viewing window. In your own words, ex-
plain what you learnedin this exercise.

19. Usea graphing calculator to draw
the graphsofy = |x|, y = [x! 2|,y =
X! 4|, andy = |[x! 6| onthe sameview-
ing window. In your own words, explain
what you learnedin this exercise.

20. Usea graphing calculator to draw
the graphsofy = |x|,y = |x+ 2|,y =
[x+ 4], andy = |x+ 6] on the sameview-
ing window. In your own words, explain
what you learnedin this exercise.

1 Copyrighted material. See: http://msenux.redwoods.edu/IntAlgText/
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368 Chapter 4 Absolute Value

In Exercises 21-36, perform ead of the
following tasks. Feel free to ched your
work with your graphing calculator, but
you should be able to do all of the work
by hand.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Sd up a coordinate system on a sheet
of graph paper. Label and scaleeat
axis. Create an accurate plot of the
function y = |x| on your coordinate
system and label this graph with its
equation.

Usethe technique of Examples12, 13,
and 14 in the narrative to help se-
lect the appropriate geometrictrans-
formations to transform the equation
y = |x| into the form of the func-
tion given in the exercise. On the
samecoordinate system, usea di! er-
ent colored pencil or pento draw the
graph of the function resulting from
your applied transformation. Label
the resulting graph with its equation.
Useinterval notation to describe the
domain and range of the given func-
tion.

f(x)=1]! x|
f(x)="|x]|
f(x) = (1/2)Ix]
f(x) =1 2|
f(x)=|x+ 4
f(x)=|x! 2|
f(x) = |x|+ 2
f(x)=|x|' 3
f(xX)=|x+ 3+ 2

f(x)=|Ix! 3! 4

Version: Fall 2007
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31. f(x)=
32. f(x)=
33. f(x)="!
34, f(x)=
35. f(x)=
36. f(x)=

[x!1 2|
x| 2
x| + 4
x + 4]
[x! 1]+ 5

[x+ 5]+ 2



Section 4.2 Absol ute Value

4.2 Solutions

1. Take the expressioninside the absolutevalue barsin f (x) = |x + 1|, setit equalto
zero and solve for x.

Xx+1=0
x=11

This is the critical value. Mark it on the number line as shavn below. Next, pick a
value of x to the left of the critical value. Note that ! 2 makesx+ 1=12+1=11
negative. This is indicated by the minus sign under the line to the left of the critical
value. Next, pick a value of x to the right of the critical value. Note that 0 makes
x+ 1= 0+ 1= 1positive. This is indicated by the plus sign under the line to the right
of the critical value.

< Il >
< T >

X+1 ! 1 +

Above the line, we will evaluate |x + 1|. To the left of ! 1, x + 1 is negative, therefore,
[x+ 1] = ! (x + 1), asindicated above the line that follows. To the right of ! 1, x + 1
is positive, so|x + 1| = x + 1, alsoindicated above the line that follows.

[x+1] I (x+1) X+1

x+1 ! 11 +

We can now easilyform a piecewisedeprition of f simply by translating our last number

line picture into piecewiseformat.
I

Trx!1, ifx<!1,

FOO= w1 irxm 11

3. Take the expressioninside the absolute value bars in g(x) = |4! 5x|, setit equal
to zeroand solve for x.

41 5x=0
X =4/5

This is the critical value. Mark it on the number line as shovn below. Next, pick a
value of x to the left of the critical value. Note that 0 makes4! 5x = 4! 5(0) = 4
positive. This is indicated by the plus sign under the line to the left of the critical
value. Next, pick a value of x to the right of the critical value. Note that 1 makes
41 5x = 4! 5(1) = ! 1 negative. This is indicated by the minus sign under the line to
the right of the critical value.

< Il >

4 Bx + 45 !
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Chapter 4 Absolute Value Functions

Abovethe line, we will evaluate |[4! 5x|. Totheleft of 4/ 5, 4! 5x is positive, therefore,
|[4! 5x| = 4! 5x, asindicated above the line that follows. To the right of 4/5, 4! 5x

is negative, so|4! 5x| =1 (4! 5x), alsoindicated above the line that follows.
|4! 5x| 41 5x I (4! 5x)
4 5x . 45 ! ]

We can now easilyform a piecewisedebnition of g simply by translating our last number

line picture into piecewiseformat.
[

" 41 5x, if x < 4/5,

9= 445k ifx" 45
5. Take the expressioninside the absolute value barsin h(x) = |! x! 5|, setit equal
to zeroand solve for x.
I'x! 5=0
I'x=5
x=15

This is the critical value. Mark it on the number line as showvn below. Next, pick a
value of x to the left of the critical value. Note that ! 6 makes! x! 5=1 (1 6)! 5=1
positive. This is indicated by the plus sign under the line to the left of the critical
value. Next, pick a value of x to the right of the critical value. Note that ! 4 makes
I'x! 5=1(1 4)! 5=1 1negative. This is indicated by the minus sign under the line
to the right of the critical value.

T >

!)(!5< + 15 !

Abovethe line,wewill evaluate |! x! 5|. Tothe left of! 5,! x! 5is positive, therefore,

' x! 5 =1 x! 5, asindicated above the line that follows. To the right of! 5, ! x! 5
is negative, so|! x! 5/ =1 (! x! 5), alsoindicated above the line that follows.

|! x! 5] I x!'5 I (! x!'5)

I x5 + 1’5 ! g

We can now easilyform a piecewisedepnition of h simply by translating our last number
line picture into piecewiseformat.
!
I x ! if x <1
h(x) = I'x! 5 if x 5,

X+ 5, if x" !5,
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7. Take the expressioninside the absolute value bars in f (x) = x + |x|, setit equal
to zeroand solve for x.

Xx=0

This is the critical value. Mark it on the number line as shovn below. Next, pick a
value of x to the left of the critical value. Note that ! 1 makesx = ! 1 negative. This
is indicated by the minus sign under the line to the left of the critical value. Next, pick
a value of x to the right of the critical value. Note that 1 makesx = 1 positive. This
is indicated by the plus sign under the line to the right of the critical value.

X ! 0 +

Above the line, we will evaluate x + |x|. To the left of 0, x is negative, therefore,
X + x| = x + (! x), asindicated above the line that follows. To the right of O, x is
positive, sox + |x| = x + X, alsoindicated above the line that follows.

X+ |x]| x+(! x) X+ X

X ! 0 +

We can now easily form a piecewisedeprition of f simply by translating our last number

line picture into piecewiseformat. Note that weOe simplibed a bit: x + (! x) = 0 and
X+ X = 2X.

! :

f(x) = 0, ifx<0,

2x, ifx" 0.

9. The critical valuefor f (x) = |x! 1] isx = 1. Tothe left of 1, x! 1is negative, to
the right of 1, x ! 1 is positive, which enablesus to remove the absolute value bars as
shown in the number line diagram that follows.

Ix! 1 P(x!t 1) x! 1

Il >
T

x!1 ! 1 +

We can summarize what we seeon our number line in a piecewisedepnition.
I
I x+ 1, if x<1,
f(x)= o
x! 1, if x" 1.

To the left of 1, f (x) = | x+ 1. This will be a ray starting at (1,f (1)) = (1,0) and
moving to the left through a secondpoint (! 1,f (! 1)) = (! 1,2), asshown in (a) below.
Note that (1,0) is empty, becausef (x) = ! x+ 1lonly if x < 1.

To the right of 1, f (x) = x! 1. This will be a ray starting at (1,f (1)) = (1,0) and
moving to the right through a secondpoint (3,f (3)) = (3,2), asshown in (b) below.
Note that (1,0) is blled, becausef (x) = x! 1whenx" 1.

Putting the piecestogether revealsthe Pnal graph of f (x) = [x! 1] in (c).
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Chapter 4 Absolute Value Functions
5, 5, 5,
(1,2) 3,2) (r1,2) 3,2)
\ » X < » X < >
(1,0) 5 (1,0) 5 (1,0) 5
(a) (b) (©)

11. The critical value for g(x) = |2x! 1] isx = 1/2. To the left of 1/2, 2x ! 1is
negative, to the right of 1/2, 2x! 1 is positive, which enaldes usto remove the absolute
value bars as shown in the number line diagram that follows.

[2x! 1] I (2x! 1) 2x1 1
< : >

1 ! 12 +

We can summarize what we seeon our number line in a piecewisedePnition.

[
if x< 1/2,

Sl 2x+ 1,
if x" 12

9(x) = 5 1

Tothe left of 1/2, g(x) = ! 2x+ 1. This will bearay starting at (1/2,g(1/2)) = (1/2,0)
and moving to the left through a secondpoint (0, g(0)) = (0, 1), asshown in (a) below.
Note that (1/2,0) is empty, becauseg(x) = ! 2x+ lonly if x < 1/ 2.

Totheright of 1/2, g(x) = 2x! 1. This will bearay starting at (1/2,9(1/2)) = (1/2,0)
and moving to the right through a secondpoint (2, 9(2)) = (2, 3), asshavn in (b) below.
Note that (1/2,0) is blled, becauseg(x) = 2x! 1whenx " 1/2.

Putting the piecestogether revealsthe Pnal graph of g(x) = |2x! 1] in (c).
y y y

53 52 5a g
2,3) 2,3)
(0,1) \ (0,1)
1/ 2,0) Al 1/ 2,0) Al 1/ 2,0) 5
() (b) (c)
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Section 4.2 Absol ute Value

13. The critical value for h(x) = |1! 3x|isx = /3. To the left of 1/3, 1! 3x is
positive, to the right of 1/3, 1! 3x is negative, which enablesusto remove the absolute
value bars as shavn in the number line diagram that follows.

|1 3x|

I (1! 3x)

Il >

13 !

We can summarize what we seeon our number line in a piecewisedepPnition.

11 3, ifx< U3,
T 11+ 3 ifx" U3

To the left of 1/3, h(x) = 1! 3x. Thiswill be aray starting at (1/3,h(1/3)) = (1/3,0)
and moving to the left through a secondpoint (! 1,h(! 1)) = (! 1,4), asshowvn in (a)
belowv. Note that (1/3,0) is empty, becauseh(x) = 1! 3x only if x < 1/ 3.

To the right of 1/3, h(x) = ! 1+ 3x. This will be a ray starting at (1/3,h(1/3)) =
(1/3,0) and moving to the right through a secondpoint (1, h(1)) = (1, 2), asshown in
(b) below. Note that (1/3,0) is blled, becauseh(x) = ! 1+ 3x whenx " 1/ 3.

Putting the piecestogether revealsthe bnal graph of h(x) = [1! 3x]| in (c).

5y 5{ 5y h
(' 1,4) (' 1,4)
1,2) 1,2)
| > ot » X - + » X
(1/3,0) 5 (1/3,0) 5 (1/3,0) 5
(a) (b) (c)

15. The critical valuefor f (x) = x! |x|isx = 0. Tothe left of 0, X is negative, to the
right of 0, x is positive, which enablesus to remove the absolute value bars as shovn

in the number line diagram that follows.

x! x|

X! X

0 +

We can summarizewhat we seeon our number line in a piecewisedepPnition. Note that
weOe simplibeda bit: x! (! x)= 2x andx! x = O.
|

2x, if x< 0,
0, if x" 0.
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Chapter 4 Absolute Value Functions

To the left of O, f (x) = 2x. This will be a ray starting at (0, f (0)) = (0, 0) and moving
to the left through a secondpoint (! 1,f (! 1)) = (! 1,! 2), asshawvn in (a) below. Note
that (0, 0) is empty, becausef (x) = 2x only if x < 0.

To the right of 0, f (x) = 0. This will be a horizontal ray starting at (0, f (0)) = (0, 0)
and moving to the right along the x-axis, as shawn in (b) below. Note that (0,0) is
blled, becausef (x) = O whenx " 0.

Putting the piecestogether revealsthe bnal graph of f (x) = x! |x] in (c).

A 5, A
(0,0) (0,0) (0,0) f
- » X < @ X -
5 5 5
(112 (1,12
(a) (b) (€)

Note that the graph doesnOhave the usual OVGhape becausdtOsiot the usual absolute
value function where everything is inside a single set of absolute value bars.

17. Loady = |x|in Ylasshown in (a), thenselect6:ZStandard to producethe graph
in (b). Do the samefor y = 2|x]| in (c) to producethe graph of y = 2|x| in (d).

Fletl Flekz Flokz Flekl Flakz Flokz
=MiBahs CH ~MiBZkahs CH
=Nz=l S |
=Nr= wMr=

=My= e
MNe= “Ne=
“MNE= “Me=
wNe= M=
(a) (b) (©) (d)

Note the result in (d). Multiplying by 2 producesthe equation y = 2|x|. Note that
this stretchesthe graph of y = |x| vertically by a factor of 2 in (d). In similar fashion,
multiplying by 3 and 4 stretches the graph vertically by a factor of 3 and 4 in (f),
respectively.

Flatl Flakz Flak:

My BE3kabsCE)

“MeBdkahs OED

=z=N

sMy=
Ne=
~ME=
Nr=

(e) (f)
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Section 4.2 Absol ute Value

19. Loady = |x|in Ylasshown in (a), thenselect6:ZStandard to producethe graph
in (b). Do the samefory = |x! 2| in (c) to producethe graphofy = |[x! 2| in (d).

Fletl Flekz Flok Flekl Flekz Flokz
=Y1BabsCHD wMiBabsCE-20
=Nz=l ~Mz=l
=Mr= wMr=
“My= “Ny=
“Meo= M=
“Mg= M=
o M=
(@ (b) () (d)

Note the result in (d). Replacingx with x! 2 producesthe equationy = |x! 2|, which
in turn translates the graph of y = |x| to the right 2 units. In similar fashion, replacing
x with x! 4 and x! 6 shifts the graph 4 and 6 units to the right in (f), respectively.

Flekl Flotz Flokz

=1 BabsCxE—4 )

“zBabs ( H-g) M
=Mz=Nl

“My=
“Mo=

“Mg=
wMep=

(e) ()
21. First, sketch the graph of y = f (x) = |x| as shawn in (a) below. Note that if

y = f(x) = |x], then

y=1(0 x)=]! x|

To sketch the graph of y = f (! x) = |! x|, reBectthe graph of y = f (x) = |X| across
the y-axis, as shavn in (b) below. Becausethe original graph of y = f (x) = |x] in (a)
was symmetrical with respect to the y-axis, the ref3ection acrossthe y-axis produces
the samegraph.

5a 5%

A A

@y=f(x)=Ix. (b)yy=fx)=1t x|

Here are the original and transformed graph on the same coordinate system. The
graphsofy = |x]andy = |! x| coincide.
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Chapter 4 Absolute Value Functions

y
y=1! x| 5% y=Ix]

The domain of f (x) = |! x| is ('# ,# ) andthe rangeis [0,# ).
23. First, sketch the graph of y = f(x) = [x| as shown in (a) belon. Note that if
y = f(x) = [x|, then
y = (1/2)f (x) = (1/ 2)|x].
To sketch the graph of y = (1/ 2)f (x) = (1/ 2)|x|, halve the y-value of ead point on the

graph of y = f (x) = |x|. This will compressthe graph of y = f (x) = |x| vertically by
a factor of 2, as shown in (b) below.

y y
5% 5%

A '

@y=f(x) = [x] (b)
y = (1/2)f (x) = (1/2)[x].

Here are the original and transformed function on the samecoordinate sysem.

y
5a y= x|

y=(1/2)Ix]|
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Section 4.2 Absol ute Value

The domain f (x) = (1/2)|x] is (!# ,# ) and the rangeis [O,# ).

25. First, sketch the graph of y = f(x) = |x| as showvn in (a) below. Note that if
y = f(xX) = [x], then

y=T1f(Xx+4)=|x+ 4.

To sketch the graph of y = f (x + 4) = |x + 4], shift the graph of y = f (x) = |x] to the
left 4 units, asshown in (b) below.

10}( 10{/\1
< > X =\ > X
10 10
@y=fx =[x (D) y="f(x+4)=|x+ 4]

Here are the original and transformed functions on the samecoordinate system.

y  y=[|x+4]

101./, y=1Ix|

A 4
The domain of f (x) = |x + 4] is (# ,# ) and the rangeis [0,# ).

27. First, sketch the graph of y = f (x) = |x| as shown in (a) below. Note that if
y = f(x) = [x], then

y=f(X)+2=|x|+ 2

To sketch the graph of y = f (x) + 2= |x| + 2, shift the graph of y = f (x) = |x| upward
2 units to produce the graph in (b).
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Chapter 4 Absolute Value Functions

10% 103

Y
Ox

v A

@y="f(x) =[x (b) y="1f(x)+ 2= |x|+ 2
Here are the original and transformed functions on the samecoordinate system.

=|x|+2 =|x
10}( y=1x| y=1X|

[ 4
Ox

The domain of f (x) = |x|+ 2is (# ,# ) and the rangeis [2,# ).
29. First, sketch the graph of y = f(x) = |x| asshawvn in (a) below. Note that if
y = f(x) = |x], then

y=f(x+3)+2=|x+ 3+ 2

To sketch the graph of y = f (x + 3)+ 2= |x + 3| + 2, shift the graph of y = f (x) = |X|
to the left 3 units, then up 2 units to produce the graph in (b).

Yy

104 10} /

Y
Ox

A v

@y="f(x)=Ix| (b)
y=f(x+3)+2= |x+ 3|+ 2
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Section 4.2 Absol ute Value

Here are the original and transformed functions on the samecoordinate system.

y=[x+3[+2
10

‘/ y=h

oy
Ox

The domain of f (x) = |x + 3|+ 2is (# ,# ) and the rangeis [2,# ).

31. First, sketch the graph of y = f(x) = |x] asshawvn in (a) below. Note that if
y = f(xX) = |x], then
y=1f(x)="[x].

To sketch the graph of y = ! f(x) = ! |x|, reBe¢ the graph of y = f (x) = |x| across
the x-axis to produce the graph in (b).

Next,
y=1f(x! 2)=1|x! 2.

Tosketch the graphofy = | f(x! 2)=1! |x! 2|, wewill shift the graphofy =" f (x) =
I |x] two units to the right to produce the graph in (c).

10, 10, 10,

iR
Ox

A A v

@y="f(x)=Ix| (b)y y="1f(x)="1]x| (c)
y=1f(x! 2)=1|x! 2.

Here are the original and transformed functions on the samecoordinate system.
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Chapter 4 Absolute Value Functions

=X
10}: y=Ix]|

A

) 4
Ox

v y=!|x! 2|
The domainof f (x) = ! |x! 2|is (# ,# ) and the rangeis (!# ,0].

33. First, sketch the graph of y = f(x) = |x] as shavn in (a) below. Note that if
y = f(x) = |x], then
y=1fXx) =" |x|.

To sketch the graph of y = ! f(x) = ! |x|, reRed the graph of y = f (x) = |x| across
the x-axis to produce the graph in (b).

Next,
y=1f(xX)+4=1|x|+ 4

To sketch the graphofy = ! f (x)+4 =" |x|+ 4, wewill shift the graphofy =1 f(x) =
I |x| four units upward to produce the graph in (c).

10, 10, 10,

) 4
Ox

/Hv
Ox

=

v A A

@y=fx =[x () y="1f(x)="Ix| (©
y=1f(x)+4=" x|+ 4

Here are the original and transformed functions on the samecoordinate system.
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Section 4.2 Absol ute Value

=X
10{ y= x|
< » X
/ \0
v y=1|x|+4

The domain of f (x) = ! |x|+ 4is (# ,# ) andthe rangeis (!# ,4].

35. First, sketch the graph of y = f(x) = |x] asshavn in (a) below. Note that if
y = f(x) = [x|, then

y=1fXx) =" |x|.

To sketch the graph of y = ! f(x) = ! |x|, reRed the graph of y = f (x) = |x| across
the x-axis to produce the graph in (b).

Next,
y=1f(x! 1)+ 5=1|x! 1]+ 5.

To sketch the graphofy = ! f(x! 1)+ 5= 1 |x! 1] + 5, we will shift the graph of

y=1f(x) =" |x| oneunit to the right and Pve units upward to produce the graph in
(c).
10, 10, 10,
» X - » X - » X
10 10 / \io
@y="f(x)=Ix| (b)y y="1f(x)="1]x| ©@y="!f(x! 1)+5=
I|x! 1] + 5.

Here are the original and transformed functions on the samecoordinate system.
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10,

A

y=1x|

=

A

4

X
0

,/HV

y=1|x! 1]+5

The domainof f (x) = ! |x! 1]+ 5is (# ,# ) and the rangeis (!#
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4.3 Exercises

4.3 Absol ute Value Equations 385

For eadt of the equationsin Exercises 1-
4, perform ead of the following tasks.

i. Sd up acoordinate system on a sheet
of graph paper. Label and scaleeat
axis.

ii. Sketch the graph of eadt side of the
equation without the aid of a calcula-
tor. Label eath graph with its equa-
tion.

iii. Shade the solution of the equation
on the x-axis (if any) as shown in
Figure 5 (read "Expectations’) in the
narrative. That is, drop dashedlines
from the points of intersection to the
axis, then shade and label the solu-
tion seton the x-axis.

1. |x|= -2
2. |x|=0
3. |x|=3
4. x| =2

For ead of the equationsin Exercises 5-
8, perform ead of the following tasks.

i. Load ead side of the equation into
the Y=menu of your calculator. Ad-
just the viewing window so that all
points of intersection of the two graphs
are visible in the viewing window.

ii. Copy the imagein your viewing screen
onto your homework paper. Label
ead axis and scale each axis with
Xmin, xmax, ymin, and ymax. La-
bel each graph with its equation.

iii. Usethe intersect utilit y in the CALC
menu to determine the points of in-

tersection. Shadeand label eath so-
lution asshown in Figure 5 (read "Ex-
pectations") in the narrative. That
is, drop dashedlines from the points
of intersection to the axis, then shade
and label the solution set on the x-
axis.

5. [3—2x|=5
6. |[2x+7|=4
7. |4x+5/=7

8. |5x—7/=8

For eadt of the equationsin Exercises 9-
14, provide a purely algebraic solution
without the useof a calculator. Arrange
your work as shown in Examples 6, 7,
and 8 in the narrativ e, but do not usea
calculator.

9. |4+ 3l=0

10. |3x —11)= -5

11. [2x+ 7| = 14

12. |7—4x|=8

13. [3—2x|= -1

14. |4x+9/=0

For eat of the equationsin Exercises 15-
20, perform ead of the following tasks.

i. Arrange ead of the following parts
on your homework paper in the same
location. Do not do place the alge-

1 Copyrighted material. See: http: //msen ux.redwoods.edu/In tAl gText/
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386 Chapter 4 Absolute Value Functions

braic work on onepageand the graph- Usethe technique of distance on the num-

ical work on another. ber line demonstrated in Examples 16
ii. Follow ead of the directions given for and 17 to solve eadh of the equations in

Exercises 5-8 to bnd and record a Exercises 29-32. Provide number line

solution with your graphing calcula- sketcheson your homework paper asshowvn

tor. in Examples 16 and 17 in the narrativ e.
iii. Provide a purely algebraic solution,

showing all the steps of your work. 29. |x—-5/=8

Do these solutions compare favorably
with thosefound using your graphing 30. [x—2[=4
calculator in part (ii)? If not, look for

a mistake in your work. 3L [x+4[=3

16. |2x—15=5 Usethe instructions provided in Exercises 5-
8 to solvethe equationsin Exercises 33-

17. |2x+ 11| =6 34.

18. |x—21=7 33. |x+2/= %x +5

19. |x—121=6 1
34. |x—=3=5-2x

20. |x+11=5 2

In Exercises 35-36, perform ead of the

Usea strictly algebraictechniqueto solve following tasks.

ead of the equationsin Exercises 21-

28. Do not usea calculator. i. Se up a coordinate systemon graph
_ paper. Label and scaleead axis.
2L |x+2[-3=4 ii. Without the useof a calculator, sketch

the graphsof the left- and right-hand
sides of the given equation. Label
ead graph with its equation.

iii. Drop dashed vertical lines from ead

22. 3x+5/=6

23. —2[3-2x|= -6

24. |4—x|+5=12 point of intersectionto the x-axis. Shade
and label eat solution on the x-axis
25. 3x+ 2 —-5=|x+2/+7 (you will have to approximate).
26. 4-34—-x|=24-x|-1 35. |x—2]=%x+2
[ |
I |
X 1 1 1
2r. 3737 12 36. |x+4]:§x+4
| |
0, 1X_L_2
LR L 37. Giventhat a< 0and b> 0, prove

that |abl = |a||b].
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Section 4.3 Absol ute Value Equations 387

38. Giventhat a> 0 and b< O, prove
that |abl = |a||bl.

39. In the narrativ e, we proved that if
a> 0and b< O, then |a/b| = |a|/|b|.
Prove the remaining three cases.
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4.3 Solutions

1. Draw the graphofy = |x|. It is easyto obtain an accurateplot by plotting a point
or two. Draw the graph of y = —2 as shawn below.

y
54 y=Ix|

¥

y=1 2

A

Note that the graphsof y = |x| and y = —2 do not intersect. Hence, the equation
IX| = —2 has no solutions.

3. Draw the graph of y = |x|. It is easyto obtain an accurate plot by plotting a point
or two. Draw the graph of y = 3 as shavn below. Note that there are two points of
intersection. Drop dashedlines from the points of intersection to the x-axis and label
the solutions as showvn below.

y
54 y=Ix|
y=3

v

Thus, the solutions of the equation |[x| = 3arex = =3 or x = 3.
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Section 4.3 Absol ute Value Equations

5. Loady = |3—2x|into Ylandy = 5into Y2asshawn in (a). Usethe intersect
utilit y in the CALQmnenu to bnd the points of intersection shavn in (b) and (c).

1Bgbe (32w NS NV

i R N B R VA

~Ny=

wMNe=

~E= Intersection Interseckion
~Me= Hz-i v=£ Hzy Y=g

(@) (b) ()

Copy the results onto your homework paper. Drop dashed lines from the points of
intersection to the x-axis and label the x-values.

’\10‘

1

y=|3! 2x]|

y=5

>

Iy

» X
10

—=A
[en)

! 10
Thus, the solutions of [3—2x| = 5arex= —1or x = 4.

7. Loady = |[4x + 5| into Ylandy = 7 into Y2asshown in (a). Usethe intersect
utilit y in the CALOnenu to bnd the points of intersection shavn in (b) and (c).

Flokl Flotz Flak:

~1Babsd+E+50 y H ! /

~MzBY 1HH .\J

~%z=1

~Ny=

=He=

~ME= Intersection Interseckion

=M= ER V=7 Hz@ ¥z
(@) (b) (c)

Copy the results onto your homework paper. Drop dashed lines from the points of
intersection to the x-axis and label the x-values.
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1()}: y=|4x+5|
. \ / y=T7

> X

4
Cheoccoonoa

110
Thus, the solutions of [4x + 5| = 7 arex = —3 or x = 0.5.

9. Note that |4x + 3| = 0 only when4x + 3= 0. Thus,

|4x + 3= 0
4+ 3=0
4x = -3
x= 2.
4

And we seethat —3/ 4 is the solution of |4x + 3| = 0.

11. Tosolve |2x + 7| = 14, set

X+ 7= -14 or X+ 7=14
2x = =21 2 =7
2&

2

Hence,the solutions of |2x + 7| = 14arex = —21/2or x = 7/ 2.

X =

13. When wetry to solve the equation |[3—2x| = —1, we note that the absolute value

cannot equal —1. This equation has no solutions.

15. Load the equationsy = |[x — 8| andy = 7 into Yland Y2 asshown in (a). Set
the WINDO¥WS shown in (b). Usethe intersect utilit y to bnd the points of intersection,

as shown in (c) and (d).

Flotl Flotz Floks THOOL] o
“M1BabhsCE-82 Bmin=-3
=N zB7 Bmax=20
~N = =cl=1
Ny = Ymin=-18
M= Ymax=14
~ME= WYezl=1
“Ne= Hres=
(a) (b)
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Section 4.3 Absol ute Value Equations

Copy theimage onto your homework. Drop dashedlines from the points of intersection
to the x-axis and label the x-valuesas shown.

y

%Qu

1 10Y

To solve the equation |[x — 8| = 7 algebraically, set

X—-8= -7

x=1

or X—-8=7

X =15

Thus,x = 1 or x = 15 are the solutions. Note how these match the graphical solutions

shown above.

17. Load the equationsy = [2x + 11/ andy = 6 into Yland Y2 asshown in (a). Set
the WINDOWS shown in (b). Usethe intersect utilit y to bPnd the points of intersection,
as shown in (c) and (d).

Flatl Flotz Floks THOOL

x$1EEb5i2*K+11} §m1n=5'15 1\" ’f \* ’f

=Mz max=

V=" Yeol=1 \/ \\/

=My= Ymin=-18

wMe= Ymax=18

Wi E= scl=1 Interseckion Inkerseckion

=Nr= HEs= H=-0.F V=h H=-R.E V=
(a) (b) (©) (d)

Copy theimageonto your homework. Drop dashedlines from the points of intersection
to the x-axis and label the x-valuesas shown.

y=[2x+11]| \ /4}/

[
C)‘IA

0P =™

[XCY TEyyep——

110V
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Chapter 4 Absolute Value Functions

To solve |2x + 11| = 6 algebraically, set

X+ 11= -6 or 2x+11=6
2x = =17 X = —
x= _1f K= 2
2 2
Thus, x = —17/2 or x = —5/2 are the solutions. Note how these agree with the

graphical solutions found above.

19. Load the equationsy = |x — 12 andy = 6 into Yland Y2 asshown in (a). Set
the WINDO¥$ shown in (b). Usethe intersect utilit y to bnd the points of intersection,
asshown in (c) and (d).

Flotl Floktz Flokz THOOL

=MiBabhsCE-122 H2min=-5

=Nz BG AMmax=250

== Hecl=1

=My= Ymin=-18

wMe= Ymax=16

“"""IEf ""IE':']-fl Intersection Inkersection

~Ne= =l | H=E L = [#=1B =
(@ (b) (©) (d)

Copy theimage onto your homework. Drop dashedlines from the points of intersection
to the x-axis and label the x-valuesas shown.

10} \ /y—|x! 12|

10
To solve the equation |[x — 12| = 6 algebraically, set:

X—-12= -6 or
X=6

X—12=6
X = 18

Thus, x = 6 or x = 18 are the solutions. Note how these agreewith the graphical
solutions found above.

21. Add 3to both sidesof the equation.

X+ 2/ —3=4
x+2/=7
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Now,

X+ 2= -7 or X+2=17

x=-9 X =5
Hence,the solutions of [x + 2| —3= 4arex = —9or x = 5.

23. Divide both sidesof the equation by —2.

—2I3-2x|= -6
3—2x|=3
Now,
3—-2x= -3 or 3—-2x=3
—2X= —6 —-2x=0
X=3 x=0.
Hence,the solutions of —2|3 —2x| = —6arex = 0or x = 3.

25. Add 5 to both sidesof the equation, then subtract |x + 2| from both sidesof the
eqguation.

3x+2 —5=|x+2/+7
3x+2/—|x+2=7+5
2lx + 2| = 12

Divide both sidesof the last equation by 2.
X+ 2/=6
Now,

X+ 2= -6 or X+2=6
X= -8 X = 4.

Hence,the solutionsof 3)x + 2| —5=|x+ 2|+ 7arex = —8or x = 4.

27. Multiply both sidesof the equation by 12.
| |

x 1l 1"
1212 =12 =
13 4 12
| 1|
1212 - 2= 1
I mn 3 #{
i, X 1
12 2~ 1=1
112 z-7 1
|4x — 3| =1
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Chapter 4 Absolute Value Functions

Now,
4x —3= -1 or 4 —3=1
I4x = 2 Ix =4
Xx=12 X =1

Hence,the solutions of |[x/ 3— 1/ 4|= 1/12arex = 1/2or x = 1.

29. We read the equation |x — 5| = 8 as Othedistance betweenx and 5 is 80 Draw
a number line (seebelow), then mark the number 5 on the number line. Now, step 8
units to the left and right and mark the numbers —3 and 13, respectively. Theseare
the numbersthat are 8 units from 5.

-3 5 13
Therefore, the solutions of [x — 5| = 8arex = —3 or x = 13.

31. First, rewrite |x+ 4| = 3in the equivalent form |x —(—4)| = 3. This is pronounced
Othedistance betweenx and —4 is 30 Draw a number line and mark the number —4
on it. Now, step 3 units to the left and right and mark the numbers —7 and —1,
respectively. Theseare the numbersthat are 3 units from —4.

A
v

Thus, the solutions of [x + 4= 3arex = —7or x = —1.
33. Loady = |x+ 2|into Ylandy = (1/3)x + 5into Y2as shown in (a) and selec¢

6:ZStandard from the ZOOWWheru. Usethe intersect utilit y in the CALGnenu to bnd
the points of intersection shown in (b) and (c).

Flotl FlakZ Flotz Ld__,-/:__,
e I el N
o

S |

~hy=

wMNe=

wWE= Interseckion Interseckion
wMe= n="E.2t V=325 W=y =h.%

(@) (b) (c)

Copy the results onto your homework paper. Drop dashed lines from the points of
intersection to the x-axis and label the x-values.
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Section 4.3 Absol ute Value Equations

y y=|x+2|

y=x/ 3+5

I 10
Hence,the solutions of |[x + 2| = (1/3)x + 5arex = —5.250r x = 4.5.

35. There are a number of ways that you can draw an accurate graph of y = |x — 2|.
One, you can do a number line analysis.

[x! 2| I (x!2) x! 2

Y

x! 2 ! 2 +

This leadsto the piecewisedebpnition

—X+ 2, ifx< 2,
X — 2, if x > 2.

This canbeusedto draw the graph ofy = |x—2| in the Pgurethat follows. Alte rnatively,
we know that y = |x — 2| is a OVQthat is shifted 2 units to the right. Plotting a point
on ead side of the vertex point shoud lead to the graph shown below.

The graph of y = (1/3)x + 2 is aline having slope m = 1/ 3 and y-intercept (0, 2). Plot
the y-intercept at (0, 2), then move 3 units to the right and 1 unit up to draw the line
shown below.

The graphsintersectin two locations. Drop dashedlines from these points of intersec-
tion to the x-axis and label the x-valuesas shown in the pgurethat follows.

10,
y=|x! 2|
y=x/ 3+2
1)
]
]
- Il » X
10— 6 10
110Y
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Chapter 4 Absolute Value Functions

Hence,the solutions of [x — 2| = (1/3)x + 2arex = 0or x = 6.

37. If ais a negative real number and b is a positive real number, then abis negative,
so |ah = —ab. On the other hand, a negative also meansthat |a| = —a, and b positive
meansthat |b| = b, sothat |a||b| = —a(b) = —ab. Comparing theseresults, we seethat
|ab and |a||b| equal the samething, and sothey must be equalto one another.

39. Casel. (a,b> 0) If a and b are both positive real numbers, then a/b is positive
and so |a/b| = a/b. On the other hand, a positive also meansthat |a| = a, and b
positive meansthat |b| = b, sothat |a|/ |bj = a/b. Comparing thesetwo results, we see
that |a/b| and |a|/ |b| equal the samething, and so they must be equal to one another.

Casell. (a,b< 0) If a and b are both negative real numbers, then a/b is postive and
so|a/b| = a/b. On the other hand, a negative also meansthat |a] = —a, and b negative
meansthat |b| = —b, sothat |a|/ |b| = —a/(—b) = a/b. Comparing these two resuts,
we seethat |a/b| and |a|/ |b| equal the samething, and so they must be equal to one
another.

Caselll. (a< 0,b> 0) If a is a negative real number and b is a postiv e real number,
then a/b is negative and so |a/b| = —(a/b). On the other hand, a negative also means
that |a| = —a, and b positive meansthat |b| = b, sothat |a|/|bl = —a/b = —(a/b).
Comparing thesetwo results, we seethat |a/b| and |a|/ |b| equal the samething, and so
they must be equal to one another.
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Section 4.4 Absol ute Value Ineq ualities

4.4 Exercises

405

For eadt of the inequalitiesin Exercises 1-
10,

10.

perform each of the following tasks.

Sd up a coordinate system on a sheet
of graph paper. Label and scaleeat
axis.

Sketch the graph of ead side of the
inequality without the aid of a cal-
culator. Label ead graph with its
equation.

Shadethe solution of the inequality
on the x-axis (if any) in the manner
shown in Figures4 and 8 in the narra-
tive. That is, drop dashedlines from
the points of intersection to the axis,
then shadeand label the solution set
on the x-axis. Use set-builder and
interval notation (when possible) to
describe your solution set.

x| >1 2
x| > 0O
x| < 3
x| > 2
x| > 1
x| < 4
Ix]" O
Ix]" 12
x| " 2

x| # 1

For eadt of the inequalitiesin Exercises 11-
22,

11.

12.

13.

14.

15.

16.

17.

18.

perform ead of the following tasks.

Load ead side of the inequality into
the Y=menu of your calculator. Ad-
just the viewing window so that all
points of intersection of the two graphs
are visible in the viewing window.
Copy the imagein your viewing screen
onto your homework paper. Label
eat axis and scale eadh axis with
xmin, xmax, ymin, and ymax. La-
bel eadh graph with its equation.
Usethe intersect  utilit y in the CALC
menu to determine the points of in-
tersection. Shadethe solution of the
inequality on the x-axis (if any) in the
manner shown in Figures 4 and 8 in
the narrative. That is, drop dasheal
lines from the points of intersection
to the axis, then shadeand label the
solution set on the x-axis. Use set-
builder and interval notation (when
appropriate) to describe your solution
set.

|31 2x|> 5
|2x + 7| < 4
|4x + 5| < 7
[5x! 7] > 8
[4x + 5| > 1 2
I3x! 5| <! 3
|2x! 9| # 6

|3x + 25/ # 8

1 Copyrighted material. See: http: //msen ux.redwoods.edu/In tAl gText/
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406 Chapter 4 Absolute Value Functions

19. |13! 2x|" 7
20. |2x+ 15" 7
21. |3x! 11> 0

22, |4x+ 19" 0

For ead of the inequalitiesin Exercises 23-
32, provide a purely algebraic solution
without the use of a calculator. Show

all of your work that leadsto the solu-
tion, shadeyour solution s¢ on a num-
ber line, then use set-builder and interval
notation (if possible)to de<ribe your so-
lution set.

23. |4x+ 31< 8
24. |3x! 5> 11
25. |2x! 3" 10
26. |3! 5x|# 15
27. I3x! 4<7
28. |5! 2x|> 10
29. 3! 7x|# 5
30. |2! 1IX|" 6
31. |x+2#!3

32. |x+5/<!4

For ead of the inequalitiesin Exercises 33-
38, perform each of the following tasks.

i. Arrange ead of the following parts
on your homework paper in the same
location. Do not do place the alge-
braic work on onepageand the graph-
ical work on another.

ii. Follow ead of the directions given for
Exercises 11-22 to bnd and record

Version: Fall 2007

a solution with your graphing calcu-
lator.

iii. Provide a purely algebraic solution,
shawing all the steps of your work.
Sketch your solution on a number line,
then use set-builder and interval no-
tation to describe your solution set.
Do these solutions compare favorably
with thosefound using your graphing
calculator in part (ii)? If not, look for
a mistake in your work.

33. |x! 8 <7

34. |2x! 15> 5
35. [2x+ 11 # 6
36. |5x! 21" 7
37. Ix! 12> 6

38. |x+ 11 <5

Usea strictly algebraictechniqueto solve
ead of the equationsin Exercises 39-
46. Do not use a calculator. Shadethe
solution set on a number line and de-
scribe the solution set using both set-
builder and interval notation.

39. |x+2/! 3>4
40. 3|x+ 5< 6

41. 12131 2x|" 1 6

42. 4! x|+ 5# 12

43. 3x+ 2! 5> |x+ 2|+ 7

44, 41 341 x|> 214! x|! 1

| |
Ix 1t 1
4 i Ii! 7' n -
> 13t gl 1
| |
| |
'51 }l g
46. 17! Si# 3
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Usethe technique of distanceon the num- 53.

ber line demonstrated in Examples 21
and 22 to solve each of the inequalities in

Exercises 47-50. Provide number line 54.

sketchesas in Example 17 in the narra-
tive. Describe the solution setusing both
set-builder and interval notation.

47. Ix! 5 < 8

48. I|x! 2|> 4

49. |x+ 4| # 3

50. |x+ 2" 11

Usethe instructions provided in Exercises 11-
22 to solvethe inequalitiesin Exercises 51-
52. Degribe the solution set using both
set-builder and interval notation.

1
51. |x+ 2| < §X+5

52. |x! 3> 5! %x

In Exercises 53-54, perform ead of the
following tasks.

i. Sd up acoordinate systemon graph
paper. Label and scaleead axis.

ii. Without the useof a calculator, sketch
the graphsof the left- and right-hand
sides of the given inequality. Label
ead graph with its equation.

iii. Shadethe solution of the inequality
on the x-axis (if any) in the man-
ner shown in Figures 4 and 8 in the
narrative. That is, drop dashedlines
from the points of intersection to the
axis, then shade and label the solu-
tion set on the x-axis (you will have
to approximate). Describe the solu-
tion setusingboth set-builder and in-
terval notation.

X! 2>}x+2
3

[x + 4] < %x+4
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Chapter 4 Absolute Value Functions

4.4 Solutions

1. Sketch the graph of y = |x| on graph paper. Plotting points such as(! 5,5), (0, 0),
and (5, 5) will help provide accuracy. Sketch the graph ofy =1 2.

y
54 y=|x]|

A

The question asksus to solve the inequality [x| > ! 2. Hence,we ned to locate where
the graph of y = |x| lies above the graph of y = ! 2. This is true for all values of x.
Thus, the solution isR= (!$ ,$ ). Note that this solution is shaded on the x-axis.

3. Sketch the graph of y = |x| on graph paper. Plotting points suc as(! 5,5), (0,0),
and (5,5) will help provide accuracy. Sketch the graph of y = 3. Drop dashedlines
from the points of intersection to the x-axis and label these points with their x-values.

y
5% y= x|
y=3

|
|
|
|
|
» X
-3 3 5

\ 4

To bnd the solution of [x| < 3, note where the graph of y = |x| lies below the graph
of y = 3. This occursfor all valuesof x between! 3 and 3. This setis shadedon the
x-axis and described with the following notation: (! 3,3)= {x:! 3< x < 3}.

5. Sketch the graph of y = |x| on graph paper. Plotting points such as(! 5,5), (0, 0),

and (5,5) will help provide accuracy. Sketch the graph of y = 1. Drop dashedlines
from the points of intersection to the x-axis and label these points with their x-values.
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y
5a y=|x]|

A

To bnd the solution of |x| > 1, note wherethe graph of y = |x| lies above the graph of
y = 1. This occursfor valuesof x that lie to theleft of ! 1 or to the right of 1. This set
is shadedon the x-axis and described with the following notation: (!$ ,! 1)%(1,%$ )
or{x:x<!1lorx>1}.

7. Sketch the graph of y = |x| on graph paper. Plotting points such as(! 5,5), (0, 0),
and (5, 5) will help provide accuracy Sketch the graph of y = 0. This is a somewhat
unusual caseas the two graphsintersect at only one point, namely x = 0.

y=|x]|

To bnd the solution of |x| " 0, we needto Pnd where the graph of y = |x| lies below
the line y = 0 (this never happens)or wherethe graph of y = |x| intersects the graph
of y = 0 (this happens at only one place, x = 0). Thus, the solution of [x| " 0is
x = 0. That is why you only seex = 0 shadedon the x-axis. In set-builder notation,
the solution is {x : x = 0}.

9. Sketch the graph of y = |x| on graph paper. Plotting points suc as(! 5,5), (0,0),

and (5,5) will help provide accuracy. Sketch the graph of y = 2. Drop dashedlines
from the points of intersection to the x-axis and label these points with their x-values.
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Chapter 4 Absolute Value Functions

To bnd the solution of |[x| " 2, we needto bPnd where the graph of y = |x| lies below
the graph of y = 2 (this happensfor all valuesof x between! 2 and 2) or where the
graph of y = |x]| intersectsthe graph of y = 2 (this happensat x = ! 2 and x = 2).
Hence,we shadeon the x-axis all points that lie between! 2 and 2, then we shadethe
points ! 2 and 2 as well. This solution set is described with the following notation:
[ 2,2]={x:12" x" 2}.

11. Loady = |3! 2x|into Ylandy = 5into Y2 asshown in (a). Usethe intersect
utilit y from the CALOmenu to determine the points of intersection shawvn in (b) and

(c).
ugﬁggﬁiﬁi‘ﬁﬁm k\ i \1 A
NVE- YA Y

~u=N

wNe=

wWE= Inkerseckion Interseckion
M= Hz-i v=£ Hzy Y=g

(@) (b) (c)

Copy the image onto your homework paper. Drop dashedlines from the points of
intersection to the x-axis and label the x-values.

10{ y=13—2x|

|
|
|
1
—10 -1 4

A
v

=V
Ox

—107
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WeOrasked to solve |3! 2x| > 5, sowe must Pnd wherethe graph of y = |3! 2x| lies
above the graph of y = 5. This happens for all valuesof x that lie to the left of ! 1 or
to the right of 4, which weOs shadedon the x-axis. This solution setis described with
the following notation: (1$ ,! 1)%(4,% ) or {x:x <! 1orx > 4}.

13. Loady= |4x+ 5| into Ylandy = 7 into Y2 asshown in (a). Usethe intersect
utilit y from the CALOmeru to determine the points of intersection showvn in (b) and

(c).

Flotl Flotz Flats

~MiBabscdkE+50 ) H ! /

~NezBY ‘\HI \JI

“Nz=

~u=N1

~Ne=

e Inkerssckion Interscckion

=Nr= ek V=7 N =7
(@) (b) (©)

Copy the image onto your homework paper. Drop dashedlines from the points of
intersection to the x-axis and label the x-values.

10, ,y= |4x+5 |
VI

—10"

WeOrasked to solve [4x + 5| < 7, sowe must Pnd wherethe graph of y = |4x + 5| lies
below the graph of y = 7. This happensfor all valuesof x that lie between! 3 and
0.5, which weOs shadedon the x-axis. This solution setis deseibed with the following
notation: (! 3,0.5)= {x:! 3< x < 0.5}.
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Chapter 4 Absolute Value Functions

15. Loady = |4x + 5] into Ylandy = ! 2 into Y2 asshown in (a). Note that the
graph of y = |4x + 5| doesnot intersect the graph of y = | 2, asshawn in (b).

Flotl Flotz Flats ;
~iBabsid®E+50

-l =
W=
~%y=N
wWe=
wWE=
wHe=

(@) (b)

Copy the image onto your homework paper.

1of/fy=4x+5

—107

WeOrasked to solve |4x + 5| > | 2, sowe must bnd where the graph of y = |4x + 5|
lies above the graph of y = | 2. This is true for all valuesof x, which we®@e shadedon
the x-axis. This solution set is best desribed with R= (1$ ,$ ).

17. lLoady = |2x! 9| into Ylandy = 6 into Y2 as shovn in (a). Adjust the
WINDOWéarametersas showvn in (b). Usethe intersect utilit y from the CALGneru to
determine the points of intersection shown in (c) and (d).

Flotl Fletz Flok® THOGL 7 7

“Y1Babs (24X-9 gmin= 5 Yy .,

“Me Mmay=

VP eel=1 A N

why= Ymin=-106

wNes= Yrax=16

w6 wscl=1 Intcrsection Intcrseckion

R i ares=I ziE t ] [H=7.E L -
() (b) (©) (d)

Copy the image onto your homework paper. Drop dashedlines from the points of
intersection to the x-axis and label the x-values.
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v 10

/y: |2x—9|

A

(Inh

» X
15 7.5 15

Ineq ualities

—10"

WeOrasked to solve [2x ! 9| # 6, sowe must Pnd wherethe graph of y = |2x ! 9| lies
above the graph of y = 6 (this happensfor all valuesof x that lie to the left of 1.5 or to
the right of 7.5), or wherethe graph of y = |2x! 9| intersects the graph of y = 6 (this
happensat x = 1.5and x = 7.5). WeOe shadedtheseon the x-axis. This solution setis

described with the following notation: (!$

19.

Load y = |13!
WINDOWéarametersas showvn in (b). Usethe intersect

2x| into Ylandy = 7 into Y2 as showvn in (a).
utilit y from the CALGneru to

determine the points of intersection shown in (c) and (d).

,1.5]%[7.5,$ )or{x: x" 1L5o0rx# 7.5}.

Adjust the

Flatl Flatz Flats THOOM]
=M1 Babs (13240 Bmin=-S it £ it £
=NezB7 Bmax=15 \/ \'\/
=Nx=Nl #wecl=1
=My= Ymin=-18
wMe= Ymax=18
w6 wscl=1l Interseckion Inkerseckion
=Nr= wres=0 FECH = #zid B =
(a) (b) (©) (d)

Copy the image onto your homework paper.

intersection to the x-axis and label the x-values.

10}( \ / y=1]13—2x]|
) [ | y>:7
l l
I I
l l
I I
< > < O » X
-5 3 10 15

—10"

'

Drop dashedlines from the points of
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Chapter 4 Absolute Value Functions

WeOrasked to solve |13! 2x| " 7, sowe must bnd where the graph of y = |13! 2x|
lies below the graph of y = 7 (this happensfor all valuesof x that lie between3 and
10), or wherethe graph of y = |13! 2x| intersects the graph of y = 7 (this happens
at x = 3and x = 10). WeOe shadedthese on the x-axis. This solution sé is deseibed
with the following notation: [3,10]= {x: 3" x" 10}.

21. Loady = |3x! 11| into Y1, then sele¢ 6:ZStandard onthe ZOONhenu to produce
the image shown in (b).

Flatl Flekz Flakz
=MiBabs C3xE-112
=Yz=1

Mr=

Ny=

“Me=

“Mg=

“Mp=

(a) (b)
Copy the image onto your homework paper.

10} y=[3x—11]

(= 4
Ox

y D 11/3

—10"

WeOrasked to solve [3x ! 11] > 0, sowe must bnd where the graph of y = |3x ! 1]]
lies above the x-axis. This is true for all valuesof x except where the vertex touches
the x-axis. This point is easily found with this calculation.

3! 11=0
3x =11
x =113

Thus, the graph of y = |3x ! 11| lies above the x-axis for all valuesof x except 11/3.
This solution setis described with the following notation: {x : x & 11/ 3}.

23. Tosolwe |4x + 3| < 8, set
1 8< 4x+ 3< 8§,

subtract 3 from all three members, then divide all three members of the resulting
inequality by 4.
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' 11<4x < 5
IE-<X<§
4 4

Sketch the solution on a number line.

< >

11174 54

The solution setis described with the following notation: (! 11/4,5/4)= {x: ! 11/4<
X < 5/4}.

25. Tosolwe|2x! 3" 10, set
10" 2x! 3" 10,

add 3 to all three members, then divide all three members of the resulting inequality
by 2.

17" 2x" 13
T 13
"2 2
Sketch the solution on a number line.
1 7/2 132

The solution set is described with the following notation: [! 7/2,132]= {x: ! 7/2"
x" 13 2}.

27. Tosolve |3x! 4| < 7, set
I 7< 3! 4< 7,

add 4 to all three members, then divide all three members of the resulting inequality
by 3.

' 3<3x <11

11
ll< x< —
3

Sketch the solution on a number line.

< >

' 173

The solution set is described with the following notation: (! 1,11/3)={x:! 1< x <
11/ 3}.
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29. Tosolve|3! 7x|# 5, set

3! 7x" I'5 or 3! 7x# 5.

Solve eadh inequality independenly by Pbrst subtracting 3 from ead side of ead in-
equality, then dividing both sidesof ead inequality by ! 7, reversing the inequality
symbols as we do so.

I 7x" 18 or 17X # 2
8 2

X# = x" !l =
7 7

We write the last inequality in the more natural orderx " ! 2/ 7 or x # 8/ 7 and sketch
the solution on a number line.

v

« @

1 27 87

We describe the solution with the following notation: (!$ ,! 2/7]%[8/7,$ ) or {x :
x" 1 2/7orx# 87}

31. Tosolvwethe inequality |x+ 2| # ! 3, it is easiestto reasonthat the absolute value
will be greater than or equalto ! 3 for all valuesof x. Sketch the solution on a number
line.

Hence,the following notation is usedto describe the solution set: R= (1$ ,$ ).

33. Loady = [x! 8]inYlandy = 7in Y2 asshavnin (a). Setthe WINDOp¥#rameters
as shown in (b). Usethe intersect utilit y from the CALOmenu to bnd the points of
intersection shown in (c) and (d).

Flotl Flotz Flots THOOH 1 o
“M1BabsCE-82 Bmin=-3
=MezB7 Bmax=20
=M=l #zcl=1
wMy= Ymin=-18
o= Ymax=14
“""IEE ""IE":']-E]- Intersechion Interseckion
=Nr= ArEs= #=i b = ziE £ =
(a) (b) (©) (d)

Copy the image onto your homework paper.

intersection to the x-axis and label the x-values.
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\
J-Qs y=[x—8|
) [ \ y>:7
1 1
\ \
\ \
- A » X
-5 1 15 20
—10v

To bnd the solution of [x ! 8| < 7 note that the graph of y = |x ! 8| falls below the
graph of y = 7 for all valuesof x betweenl and 15. WeOs shadedthese solutions on
the x-axis.

To solve |x! 8] < 7 algebraically, set
' 7<x! 8<7,
then add 8 to all three members of the inequality.
1<x<15

Note that this solution matchesthe graphical solution found above. We describe the
solution using the following notation: (1,15)= {x: 1< x < 15}

35. Loady = |[2x+ 11l in Ylandy = 6 in Y2 asshown in (a). Setthe WINDOW
parametersas showvn in (b). Usethe intersect utilit y from the CALGnenu to Pndthe
points of intersection shavn in (c) and (d).

Flatl Flotz Floks IHOL)
“MiBabs C2+E+110 Bmin=-15

N 7
N onaycy N N

“Ny= Ymin=-18

~Ne= Ymax=18

e wscl=1l Inkerseckion Inkerseckion

=Nr= HEs= #=-H. V=h H=-R.E =
() (b) () (d)

Copy the image onto your homework paper. Drop dashedlines from the points of
intersection to the x-axis and label the x-values.
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y=|2x+11]| ,\

Chapter 4 Absolute

y

/“10

| |

| |

| |

1 1
- | | _
-15 -85 -25 5

—10"

To Pnd the solution of |2x + 11| # 6, note wherethe graph of y = |2x + 11| falls above
the graph of y = 6 (this happensfor valuesof x that lie to the left of ! 8.5 or to the
right of I 2.5), then note wherethe graph of y = |2x + 11| intersectsthe graph ofy = 6
(this happensat x = | 85and x = ! 2.5). WeQOe shadedthese solutions on the x-axis.

To solve |2x + 11| # 6 algebraically, set
2x+ 11" 16 or 2x + 11# 6.

Solve eadh inequality independenlly by brst subtracting 11 from ead side of ead
inequality, then dividing both sidesof ead inequality by 2.

2x" 117 or 2X# 15
17 5
x" ! — X# ! =
2 2

Note that this solution matchesthe graphical solution found above. We describe th e so-
lution using the following notation: (!1$ ,! 17/2]9! 5/2,$ )or{x: x" ! 17/2or x #
I 5/2}.

37. Loady = |x! 12 in Ylandy = 6in Y2 asshown in (a). Set the WINDOW
parametersas shawvn in (b). Usethe intersect utilit y from the CALGnenu to Pndthe
points of intersection shavn in (c) and (d).

Flatl Flotz Flokz THOOL]
“MiBabsCE-122 Bmin=-3
ey =} Bmax=23
=M= #scl=1
wMy= Ymin=-18
=Ne= Ymax=14
“""IEf ""IE":']-fl Intersechion Interseckion
=Nr= ares=1 HoB L = #=im V=B
(a) (b) (©) (d)

Copy the image onto your homework paper.

intersection to the x-axis and label the x-values.
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Section 4.4 Absol ute Value Ineq ualities

10, \ / y=|x-12|
\/ y>:6

| |

| |

g o » X

18 25

A

e

—10"

To bnd the solution of [x ! 12| > 6, note where the graph of y = |[x! 12 lies above
the graph of y = 6 (this happensfor values of x that lie to the left of 6 or to the right
of 18). WeOe shadedthese solutions on the x-axis.

Tosolve [x! 12 > 6 algebraically, set
X! 12<16 or x! 12> 6.
Solve eadh inequality independertly by adding 12 to ead side of ead1 inequality.
X<6 or x> 18

Note that this solution matchesthe graphical solution found above. We describe the
solution using the following notation: (!$ ,6)%(18,$ ) or {x: x < 6 or x > 18}.

39. Tosolwe |x+ 2! 3> 4, start by adding 3 to both sides of the inequality to
produce the equivalent inequality

x + 2| > 7.
Next, set
Xx+2<17 or X+2>17.
Solve each inequality independertly by subtracting 2 from ead side of ead inequality.
x<1!19 or X>5

Sketch the solution on a number line.

« >

'9 5

We describe the solution set with the following notation: (1$ ,! 9) %(5,$ ) or {x :
x<!9 or x> 5}

41. To solve the inequality ! 2|3! 2x| " ! 6, start by dividing both sides of the
inequality by ! 2, reversing the inequality symbol.

13! 2x| # 3

Set
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Chapter 4 Absolute Value Functions

3 2x" 13 or 31 2x# 3.

Solve eadh inequality independertly by brst subtracting 3 from ead side of ead in-
equality, then dividing both sidesof ead inequality by ! 2, reversing the inequality
symbols as we do so.
' 2x" 1'6 or ' 2x# 0
X# 3 x" 0

We write this solution in a more natural order using the following notation: (!$ ,0]%
[3,$)or{x:x" Oorx# 3}.

Sketch this solution on a number line.

Y o o P

0 3

43. To solve the inequality 3|x + 2|! 5> |x + 2| + 7, brst add 5 to both sidesof the
inequality, then subtract |x + 2| from both sidesof the inequality.

3x+ 2! |x+2/>7+5
2x+ 2| > 12

Divide both sidesof the last inequality by 2.
Ix+ 2> 6
Set
X+2<16 or X+ 2> 6.
Solve each inequality independertly by subtracting 2 from ead side of ead inequality.
x<1!18 or X>4

Sketch the solution on a number line.

v

«

'8 4

We describe the solution set using the following notation: (!$ ,! 8)%(4,$ ) or {x :
x<!8orx> 4}

45. To solve the inequality |x/ 3! 1/4] " 1/12, brst multiply both sidesof the in-
equality by 12.
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! | t#
X 1 1
1221 Ziv 12 =
13 4 12
| 1|
2ix1 o1
BERR i
x 1
112 2! 2 !
|4x! 3" 1
Set
11" 4x! 3" 1,

add 3 to all three members, then divide all three members of the resulting inequality
by 4.

Sketch the solution on a number line.

R

(Y

We describe this solution set using the notation: [1/2,1]= {x: /2" x" 1}.

47. The inequality |x ! 5| < 8 is pronounced Othedistance betweenx and 5 is less
than 80 Draw a number line and mark 5 on the line. Next, mark ! 3 and 13, both of
which are 8 units away from 5.

A
v

We want the numbersthat are less than 8 units away from 5. Theseare the numbers
that lie between! 3 and 13, which are shadedon the number line above. This solution
setis described with the following notation: (! 3,13)= {x: ! 3< x < 13}

49. First, the inequality |x + 4| # 3 is equivalent to the inequality [x ! (! 4)| # 3.
This latter inequality is pronounced Othedistance betweenx and ! 4 is greater than
or equalto 30 Draw a number line and mark ! 4 on the line. Next, mark ! 7 and! 1,
both of which are 3 units away from ! 4.
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We want the numbers that are more than 3 units away from ! 1. These are the
numbers that lie to the left of ! 7 or to the right of ! 1. We also needthe numbers
that are exactly 3 units away from ! 4, namely ! 7 and ! 1, which are shaded on
the number line above. This solution set is described with the following notation:
('$ ' 7% 1,$)or{x:x" ! 7Torx# ! 1}.

51. Load the equationsy = |[x + 2| into Ylandy = (1/3)x + 5 into Y2 asshown in
(a), then select6:ZStandard from the ZOOIMhernu. Usetheintersect utilit y from the
CALGmenu to determine the points of intersection, as shown in (b) and (c).

Copy the image onto your homework. Drop dashedvertical lines from the points of
intersection to the x-axis and label the x-values.

= |x+2
10 y=[x+2]
y=x/ 3+5
|
|
|
‘ l
| |
< b S » X
-10 -5.25 4.5 10
—10v

Note that the graph ofy = |x + 2| lies below the graph of y = (1/ 3)x + 5 for all values
of x that lie between! 5.25 and 4.5. These solutions are shadedon the x-axis above
and are described with the following notation: (! 5.254.5) = {x: ! 525< x < 4.5}

53. There are a number of ways that you can draw an accurate graph of y = |x! 2|.
One, you can do a number line analysis.

x=2| —(x=2) X—2

4

X—2 — 2 +

This leadsto the piecewisedebnition

I x+ 2, ifx< 2
x! 2, if x# 2.

This canbeusedto draw the graph ofy = |x! 2| in the bPgurethat follows. Alte rnatively,
we know that y = |x! 2| is a OVQhat is shifted 2 units to the right. Plotting a point
on ead side of the vertex point shoud lead to the graph shown below.

The graph of y = (1/3)x + 2is aline having slope m = 1/ 3 and y-intercept (0, 2). Plot
the y-intercept at (0, 2), then move 3 units to the right and 1 unit up to draw the line
showvn below.
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The graphsintersectin two locations. Drop dashedlines from thesepoints of intersec-
tion to the x-axis and label the x-valuesas shown in the pgurethat follows.

10}(
y=[x-2|
y=x/ 3+2
|
l
< < » X
-0 0 6 10
—10v

Finally, we need to state where the graph of y = |x ! 2| lies above the graph of
y = (1/3)x + 2 (this happens for valuesof x that lie to the left of O or to the right of
6). These solutions are shaded on the x-axis in the Pgure above and can be described
using the following notation: (!$ ,0)%(6,% ) or {x: x < 0 or x > 6}.
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