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4.1 Exercises

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

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

4. Given the function deÞned by 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 constant func-
tion v(t) = 30, where t is measured in
hours and v is measured in miles per
hour. Draw the graph of v versust. Be
sure to label each axis with the appro-
priate units. Shade the 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 represent?

6. The speed of a skateboarder as she
travelsdown a slope is a function of time
and is describedby the constant function
v(t) = 8, where t is measuredin seconds
and v is measured in feet per second.
Draw the graph of v versus t. Be sure
to label each 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 does it
represent?

Copyri ghted materi al. See: http: //msen ux.redwoods.edu/In tAl gText/1

7. An unlicensed plumber charges 15
dollars for each hour of labor. LetÕsde-
Þne this rate as a function of time by
r (t) = 15, where t is measuredin hours
and r is measured in dollars per hour.
Draw the graph of r versust. Be sure to
label each axis with appropriate units.
Shadethe areaunder the graph of r over
the time interval [0, 4] hours. What is
area under the graph of r over this time
interval and what does it represent?

8. A carpenter charges a Þxed rate for
each hour of labor. LetÕsdescribe this
rate as a function of time by r (t) = 25,
where t is measured in hours and r is
measuredin dollars per hour. Draw the
graph of r versust. Be sure to label each
axis with appropriate units. Shade the
area under the graph of r over the time
interval [0, 5] hours. What is theareaun-
der the graph of r over this time interval
and what does it represent?

9. Given the function deÞned by the
rule

f (x) =
!

0, if x < 0
2, if x " 0,

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

10. Given the function deÞnedby the
rule

f (x) =
!

2, if x < 0
0, if x " 0,

evaluate f (! 2), f (0), and f (3), then draw
the graph of f on sheet of graph paper.
State the domain and range of f .
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11. Given the function deÞnedby the
rule

g(x) =
" ! 3, if x < ! 2,

1, if ! 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 deÞnedby the
rule

g(x) =
" 4, if x # ! 1,

2, if ! 1 < x # 2,
! 3, if x > 2,

evaluate g(! 1), g(2), and g(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 deÞnition of the function described
by the graphs, then state the domain and
range of the function.
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17. Given the piecewisedeÞnition

f (x) =
!

! x ! 3, if x < ! 3,
x + 3, if x " ! 3,

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 piecewisedeÞnition

f (x) =
!

! x + 1, if x < 1,
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 piecewisedeÞnition

g(x) =
!

! 2x + 3, if x < 3/ 2,
2x ! 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 piecewisedeÞnition

g(x) =
!

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

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 closed and the battery be-
gins to supply a constant 3 volts to the
circuit. At time t = 2 seconds,the switch
is openedagain, and thevoltagesupplied

by the battery drops immediately to zero
volts. Sketch a graph of the voltage v
versus time t, label each axis with the
appropriate units, then provide a piece-
wise deÞnition of the voltage v supplied
by the battery as a function of time t.

22. Prior to time t = 0 minutes,a drum
is empty. At time t = 0 minutes a hose
is turned on and the water level in the
drum begins to rise at a constant rate
of 2 inches every minute. Let h repre-
sent 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 deÞnition of h
as a function of t.
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4.1 Solutions

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

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

x
5

y
5

f (x)=3

3. Becauseh(x) = ! 4, we know that h maps any number to the number ! 4. Thus,
h(! 2) = ! 4, h(a) = ! 4, and h(2x + 3) = ! 4.

The graph of a constant function is always a horizontal line. In this case,h(x) = ! 4,
so the function valuesare constantly equal to ! 4. Hence,the graph is a horizontal line
4 units down in the y-direction.
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5. The graph of the constant function v(t) = 30 is the horizontal line shown in the
following Þgure.

t (h)

v (mi /h)

v(t)=30

0 5
0

30

The area under v(t) = 30 is

Area = 30 mi/h $ 5 h = 150 mi.

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

7. The graph of the constant function r (t) = 15 is the horizontal line shown in the
following Þgure.

t (h)

r (dol lars/h)

r (t)=15

0 4
0

15

The area under r (t) = 15 is

Area = 15 dollars/h $ 4 h = 60 dollars.

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

9. Because! 2 is lessthan 0, we usethe Þrst pieceof the function to determine that
f (! 2) = 0. Because0 is greater than or equal to zero, we use the secondpieceof the
function to determine that f (0) = 2. Finally, because3 is greater than or equal to zero,
we usethe secondpieceof the function to determine that f (3) = 2. The graph follows.
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The domain of f is the set of all real numbers, easily seenby examining the piecewise
deÞnition or by projecting all points on the graph onto the x-axis. The range has only
a Þnite number of possibilities, so the range is best described by listing each member.

Range= {0, 2}

11. Because! 3 is less than ! 2, we use the Þrst piece of the function to determine
that g(! 3) = ! 3. Because! 2 is greater than or equal to ! 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 use the third piece of the function to determine that
g(5) = 3. The graph follows.
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The domain of g is the set of all real numbers, easily seenby examining the piecewise
deÞnition or by projecting all points on the graph onto the x-axis. The range has only
a Þnite number of possibilities, so the range is best described by listing each member.

Range= {! 3, 1, 3}
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13. Here is the graph of f .
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From the graph of f , if x < 0, then f (x) = 3. On the other hand, if x " 0, then
f (x) = ! 2. Consequently ,

f (x) =
!

3, if x < 0,
! 2, if x " 0.

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

15. Here is the graph of f .
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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. Consequently ,

g(x) =
" 2, if x < 0,

! 2, if 0 # x < 2,
2, if x " 2.

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

17. WeÕregiven the following piecewisedeÞnition.

f (x) =
!

! x ! 3, if x < ! 3,
x + 3, if x " ! 3
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Note that ! 4 < ! 3, so to evaluate f (! 4), we should substitute into the Þrst pieceof
this function, namely

f (x) = ! x ! 3
f (! 4) = ! (! 4) ! 3
f (! 4) = 1.

(1)

Note that 0 " ! 3, so to evaluate f (0), we should substitute into the secondpiece of
this function, namely

f (x) = x + 3
f (0) = 0 + 3
f (0) = 3.

The Þrst 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 (! 3) = ! (! 3) ! 3 = 0, so the starting point of the ray is at (! 3, 0). We have already
found that f (! 4) = 1, so this 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 moves to the left, as shown in (a) below. Note that the point at (! 3, 0) is empty,
becausef (x) = ! x ! 3 only if 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, so the starting point of the ray is at (! 3, 0). We have already
found that f (0) = 3, so this gives us 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 moves to the right, as shown in (b) below. Note that the point at (! 3, 0) is Þlled,
becausef (x) = x + 3 if x " ! 3.

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

The domain of f is the set of all real numbers. The range of f is {y : y " 0}.
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19. WeÕregiven the following piecewisedeÞnition.

g(x) =
!

! 2x + 3, if x < 3/ 2,
2x ! 3, if x " 3/ 2,

Note that 0 < 3/ 2, so to evaluate g(0), we should substitute into the Þrst pieceof this
function, namely

g(x) = ! 2x + 3
g(0) = ! 2(0) + 3
g(0) = 3.

(2)

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

g(x) = 2x ! 3
g(3) = 2(3) ! 3
g(3) = 3.

The Þrst 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) = ! 2(3/ 2) + 3 = 0, so the starting point of the ray is at (3/ 2, 0). We have
already found that g(0) = 3, so this 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)
as it movesto the left, as shown 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, so the starting point of the ray is at (3/ 2, 0). We have already
found that g(3) = 3, so this 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 moves to the right, as shown in (b) below. Note that the point at (3/ 2, 0) is Þlled,
becauseg(x) = 2x ! 3 for x " 3/ 2.

Finally, put these two piecestogether to form the graph of g shown in (c) below.
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(3,3)(3,3)

(a) (b) (c)
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The domain of g is the set of all real numbers. The range of g is {y : y " 0}.

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

• Before time 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.

• 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 constant 3 volts. That is, V (t) = 3
for 0 # t < 2. The graph of this pieceis shown in (b) below.

• 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).

t (s)
5

V (volts)
5

t (s)
5

V (volts)
5

t (s)
5

V (volts)
5

(a) (b) (c)

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

V (t) =
" 0, if t < 0,

3, if 0 # t < 2,
0, if t " 2.

The complete graph of V follows.

t (s)
5

V (volts)
5
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4.2 Exercises

For each of the functions in Exercises 1-
8, as in Examples 7 and 8 in the narra-
tiv e, mark the Òcritical valueÓon a num-
ber line, then mark the sign of the ex-
pressioninside of the absolutevalue bars
below the number line. Above the num-
ber line, remove the absolute value bars
according to the sign of the expression
you markedbelow the number line. Once
your number line summary is Þnished,
createa piecewisedeÞnition for the given
absolute value function.

1. f (x) = |x + 1|

2. f (x) = |x ! 4|

3. g(x) = |4 ! 5x|

4. g(x) = |3 ! 2x|

5. h(x) = | ! x ! 5|

6. h(x) = | ! x ! 3|

7. f (x) = x + |x|

8. f (x) =
|x|
x

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

i. Create a piecewise deÞnition for the
given function, using the technique in
Exercises 1-8 and Examples 7 and
8 in the narrativ e.

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

Copyrighted material. See: http://msenux.redwoods.edu/IntAlgText/1

coordinate system.

9. f (x) = |x ! 1|

10. f (x) = |x + 2|

11. g(x) = |2x ! 1|

12. g(x) = |5 ! 2x|

13. h(x) = |1 ! 3x|

14. h(x) = |2x + 1|

15. f (x) = x ! |x|

16. f (x) = x + |x ! 1|

17. Use a graphing calculator to draw
the graphs of y = |x|, y = 2|x|, y = 3|x|,
and y = 4|x| on the sameviewing win-
dow. In your own words, explain what
you learned in this exercise.

18. Use a graphing calculator to draw
the graphs of y = |x|, y = (1/ 2)|x|, y =
(1/ 3)|x|, and y = (1/ 4)|x| on the same
viewing window. In your own words, ex-
plain what you learned in this exercise.

19. Use a graphing calculator to draw
the graphs of y = |x|, y = |x ! 2|, y =
|x ! 4|, and y = |x ! 6| on the sameview-
ing window. In your own words, explain
what you learned in this exercise.

20. Use a graphing calculator to draw
the graphs of y = |x|, y = |x + 2|, y =
|x + 4|, and y = |x + 6| on the sameview-
ing window. In your own words, explain
what you learned in this exercise.
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In Exercises 21-36, perform each of the
following tasks. Feel free to check your
work with your graphing calculator, but
you should be able to do all of the work
by hand.

i. Set up a coordinate system on a sheet
of graph paper. Label and scaleeach
axis. Create an accurate plot of the
function y = |x| on your coordinate
system and label th is graph with its
equation.

ii. Usethe techniqueof Examples12,13,
and 14 in the narrativ e to help se-
lect the appropriate geometric trans-
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 pen to draw the
graph of the function resulting from
your applied transformation. Label
the resulting graph with its equation.

iii. Use interval notation to describe the
domain and range of the given func-
tion.

21. f (x) = | ! x|

22. f (x) = ! |x|

23. f (x) = (1/ 2)|x|

24. f (x) = ! 2|x|

25. f (x) = |x + 4|

26. f (x) = |x ! 2|

27. f (x) = |x| + 2

28. f (x) = |x| ! 3

29. f (x) = |x + 3| + 2

30. f (x) = |x ! 3| ! 4

31. f (x) = ! |x ! 2|

32. f (x) = ! |x| ! 2

33. f (x) = ! |x| + 4

34. f (x) = ! |x + 4|

35. f (x) = ! |x ! 1| + 5

36. f (x) = ! |x + 5| + 2
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4.2 Solutions

1. Take the expressioninside the absolute value bars in f (x) = |x + 1|, set it equal to
zero and solve for x.

x + 1 = 0

x = ! 1

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

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), as indicated above the line that follows. To the right of ! 1, x + 1
is positive, so |x + 1| = x + 1, also indicated above the line that follows.

|x+1 | ! (x+1) x+1

x+1 ! ! 1 +

Wecannow easily form a piecewisedeÞnition of f simply by translating our last number
line picture into piecewiseformat.

f (x) =
!

! x ! 1, if x < ! 1,
x + 1, if x " ! 1.

3. Take the expressioninside the absolute value bars in g(x) = |4 ! 5x|, set it equal
to zero and solve for x.

4 ! 5x = 0

x = 4/ 5

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

4! 5x + 4/ 5 !
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Above the line, we will evaluate |4! 5x|. To the left of 4/ 5, 4! 5x is positive, therefore,
|4 ! 5x| = 4 ! 5x, as indicated above the line that follows. To the right of 4/ 5, 4 ! 5x
is negative, so |4 ! 5x| = ! (4 ! 5x), also indicated above the line that follows.

|4! 5x| 4! 5x ! (4! 5x)

4! 5x + 4/ 5 !

Wecannow easily form a piecewisedeÞnition of g simply by translating our last number
line picture into piecewiseformat.

g(x) =
!

4 ! 5x, if x < 4/ 5,
! 4 + 5x, if x " 4/ 5.

5. Take the expressioninside the absolute value bars in h(x) = | ! x ! 5|, set it equal
to zero and solve for x.

! x ! 5 = 0

! x = 5

x = ! 5

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

! x! 5 + ! 5 !

Above the line, we will evaluate |! x ! 5|. To the left of ! 5, ! x ! 5 is positive, therefore,
| ! x ! 5| = ! x ! 5, as indicated above the line that follows. To the right of ! 5, ! x ! 5
is negative, so | ! x ! 5| = ! (! x ! 5), also indicated above the line that follows.

|! x! 5| ! x! 5 ! (! x! 5)

! x! 5 + ! 5 !

Wecannow easily form a piecewisedeÞnition of h simply by translating our last number
line picture into piecewiseformat.

h(x) =
!

! 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|, set it equal
to zero and solve for x.

x = 0

This is the critical value. Mark it on the number line as shown 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), as indicated above the line that follows. To the right of 0, x is
positive, so x + |x| = x + x, also indicated above the line that follows.

x+ |x| x+( ! x) x+ x

x ! 0 +

Wecannow easily form a piecewisedeÞnition of f simply by translating our last number
line picture into piecewiseformat. Note that weÕve simpliÞed a bit: x + (! x) = 0 and
x + x = 2x.

f (x) =
!

0, if x < 0,
2x, if x " 0.

9. The critical value for f (x) = |x ! 1| is x = 1. To the left of 1, x ! 1 is 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.

|x! 1| ! (x! 1) x! 1

x! 1 ! 1 +

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

f (x) =
!

! x + 1, if x < 1,
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 + 1 only 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), as shown in (b) below.
Note that (1, 0) is Þlled, becausef (x) = x ! 1 when x " 1.

Putting the piecestogether reveals the Þnal graph of f (x) = |x ! 1| in (c).
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x
5

y
5

(! 1,2)(! 1,2)

(1,0)(1,0)
x

5

y
5

(1,0)(1,0)

(3,2)(3,2)

x
5

y
5

f

(! 1,2)(! 1,2)

(1,0)(1,0)

(3,2)(3,2)

(a) (b) (c)

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

|2x! 1| ! (2x! 1) 2x! 1

2x! 1 ! 1/ 2 +

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

g(x) =
!

! 2x + 1, if x < 1/ 2,
2x ! 1, if x " 1/ 2.

To the left of 1/2, g(x) = ! 2x + 1. This will be a ray star ting at (1/ 2, g(1/ 2)) = (1/ 2, 0)
and moving to the left through a secondpoint (0, g(0)) = (0, 1), as shown in (a) below.
Note that (1/ 2, 0) is empty, becauseg(x) = ! 2x + 1 only if x < 1/ 2.

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

Putting the piecestogether reveals the Þnal graph of g(x) = |2x ! 1| in (c).

x
5

y
5

(0,1)(0,1)

(1/ 2,0)
x

5

y
5

(1/ 2,0)

(2,3)(2,3)

x
5

y
5 g

(0,1)(0,1)

(1/ 2,0)(1/ 2,0)

(2,3)(2,3)

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

|1! 3x| 1! 3x ! (1! 3x)

1! 3x + 1/ 3 !

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

h(x) =
!

1 ! 3x, if x < 1/ 3,
! 1 + 3x, if x " 1/ 3.

To the left 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 left through a secondpoint (! 1, h(! 1)) = (! 1, 4), as shown in (a)
below. 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), as shown in
(b) below. Note that (1/ 3, 0) is Þlled, becauseh(x) = ! 1 + 3x when x " 1/ 3.

Putting the piecestogether reveals the Þnal graph of h(x) = |1 ! 3x| in (c).

x
5

y
5

(! 1,4)(! 1,4)

(1/ 3,0)
x

5

y
5

(1/ 3,0)

(1,2)(1,2)

x
5

y
5 h

(! 1,4)(! 1,4)

(1/ 3,0)

(1,2)(1,2)

(a) (b) (c)

15. The critical value for f (x) = x ! |x| is x = 0. To the left of 0, x is negative, to the
right of 0, x is positive, which enablesus to remove the absolute value bars as shown
in the number line diagram that follows.

x! |x| x! (! x) x! x

x ! 0 +

We can summarizewhat we seeon our number line in a piecewisedeÞnition. Note that
weÕve simpliÞed a bit: x ! (! x) = 2x and x ! x = 0.

f (x) =
!

2x, if x < 0,
0, if x " 0.
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To the left of 0, 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), asshown 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 shown in (b) below. Note that (0, 0) is
Þlled, becausef (x) = 0 when x " 0.

Putting the piecestogether reveals the Þnal graph of f (x) = x ! |x| in (c).

x
5

y
5

(! 1,! 2)(! 1,! 2)

(0,0)
x

5

y
5

(0,0)
x

5

y
5

f

(! 1,! 2)(! 1,! 2)

(0,0)

(a) (b) (c)

Note that the graph doesnÕthavethe usualÒVÓshapebecauseitÕsnot the usualabsolute
value function where everything is inside a single set of absolute value bars.

17. Load y = |x| in Y1asshown in (a), then select 6:ZStandard to producethe graph
in (b). Do the samefor y = 2|x| in (c) to produce the graph of y = 2|x| in (d).

(a) (b) (c) (d)

Note the result in (d). Multiplying by 2 produces the 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.

(e) (f )
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19. Load y = |x| in Y1asshown in (a), then select 6:ZStandard to producethe graph
in (b). Do the samefor y = |x ! 2| in (c) to produce the graph of y = |x ! 2| in (d).

(a) (b) (c) (d)

Note the result in (d). Replacing x with x ! 2 producesthe equation y = |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.

(e) (f )

21. 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) = | ! x|.

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

x
5

y
5

x
5

y
5

(a) y = f (x) = |x|. (b) y = f (! x) = | ! x|.

Here are the original and transformed graph on the same coordinate system. The
graphs of y = |x| and y = | ! x| coincide.
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x
5

y
5 y= |x|y= |! x|

The domain of f (x) = | ! x| is (!# , # ) and the range is [0, # ).

23. First, sketch the graph of y = f (x) = |x| as shown in (a) below. 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 each 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.

x
5

y
5

x
5

y
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 system.

x
5

y
5 y= |x|

y=(1 / 2)|x|
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The domain f (x) = (1/ 2)|x| is (!# , # ) and the range is [0, # ).

25. 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 + 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, as shown in (b) below.

x
10

y
10

x
10

y
10

(a) y = f (x) = |x|. (b) y = f (x + 4) = |x + 4|.

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

x
10

y
10 y= |x|

y= |x+4 |

The domain of f (x) = |x + 4| is (!# , # ) and the range is [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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x
10

y
10

x
10

y
10

(a) y = f (x) = |x|. (b) y = f (x) + 2 = |x| + 2.

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

x
10

y
10

y= |x|y= |x|+2

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

29. 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 + 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).

x
10

y
10

x
10

y
10

(a) y = f (x) = |x|. (b)
y = f (x + 3)+ 2 = |x + 3|+ 2.
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Here are the original and transformed functions on the samecoordinate system.

x
10

y
10

y= |x|

y= |x+3 |+2

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

31. 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) = ! |x|.

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

Next,

y = ! f (x ! 2) = ! |x ! 2|.

To sketch the graph of y = ! f (x ! 2) = ! |x ! 2|, we will shift the graph of y = ! f (x) =
! |x| two units to the right to produce the graph in (c).

x
10

y
10

x
10

y
10

x
10

y
10

(a) y = f (x) = |x|. (b) y = ! f (x) = ! |x|. (c)
y = ! f (x ! 2) = ! |x ! 2|.

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

y
10

y= |x|

y= ! |x! 2|

The domain of f (x) = ! |x ! 2| is (!# , # ) and the range is (!# , 0].

33. 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) = ! |x|.

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

Next,

y = ! f (x) + 4 = ! |x| + 4.

To sketch the graph of y = ! f (x) + 4 = ! |x|+ 4, we will shift the graph of y = ! f (x) =
! |x| four units upward to produce the graph in (c).

x
10

y
10

x
10

y
10

x
10

y
10

(a) y = f (x) = |x|. (b) y = ! f (x) = ! |x|. (c)
y = ! f (x) + 4 = ! |x| + 4.

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

y
10

y= |x|

y= ! |x|+4

The domain of f (x) = ! |x| + 4 is (!# , # ) and the range is (!# , 4].

35. 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) = ! |x|.

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

Next,

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

To sketch the graph of y = ! f (x ! 1) + 5 = ! |x ! 1| + 5, we will shift the graph of
y = ! f (x) = ! |x| one unit to the right and Þve units upward to produce the graph in
(c).

x
10

y
10

x
10

y
10

x
10

y
10

(a) y = f (x) = |x|. (b) y = ! f (x) = ! |x|. (c) y = ! f (x ! 1) + 5 =
! |x ! 1| + 5.

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

y
10

y= |x|

y= ! |x! 1|+5

The domain of f (x) = ! |x ! 1| + 5 is (!# , # ) and the range is (!# , 5].



Section 4.3 Absol ute Value Equa tions 385

Version: Fall 2007

4.3 Exercises

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

i. Set up a coordinate system on a sheet
of graph paper. Label and scaleeach
axis.

ii. Sketch the graph of each side of the
equation without the aid of a calcula-
tor. Label each 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
narrativ e. That is, drop dashedlines
from the points of intersection to the
axis, then shade and label the solu-
tion set on the x-axis.

1. |x| = −2

2. |x| = 0

3. |x| = 3

4. |x| = 2

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

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

ii. Copy the imagein your viewing screen
onto your homework paper. Label
each 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-

Copyri ghted materi al. See: http: //msen ux.redwoods.edu/In tAl gText/1

tersection. Shadeand label each so-
lution asshown in Figure 5 (read "Ex-
pectations") in the narrativ e. 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 each of the equationsin Exercises 9-
14, provide a purely algebraic solution
without the useof a calculator. Arr ange
your work as shown in Examples 6, 7,
and 8 in the narrativ e, but do not usea
calculator.

9. |4x + 3| = 0

10. |3x − 11| = −5

11. |2x + 7| = 14

12. |7− 4x| = 8

13. |3− 2x| = −1

14. |4x + 9| = 0

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

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

ii. Follow each of the directions given for
Exercises 5-8 to Þnd and record a
solution with your graphing calcula-
tor.

iii. Provide a purely algebraic solution,
showing all the steps of your work.
Do these solutions compare favorably
with thosefound using your graphing
calculator in part (ii)? If not, look for
a mistake in your work.

15. |x − 8| = 7

16. |2x − 15| = 5

17. |2x + 11| = 6

18. |5x − 21| = 7

19. |x − 12| = 6

20. |x + 11| = 5

Usea strictly algebraictechnique to solve
each of the equations in Exercises 21-
28. Do not usea calculator.

21. |x + 2|− 3 = 4

22. 3|x + 5| = 6

23. −2|3− 2x| = −6

24. |4− x| + 5 = 12

25. 3|x + 2|− 5 = |x + 2| + 7

26. 4− 3|4− x| = 2|4− x|− 1

27.

!
!
!
!
x
3
− 1

4

!
!
!
! =

1
12

28.

!
!
!
!
x
4
− 1

2

!
!
!
! =

2
3

Usethe techniqueof distanceon the num-
ber line demonstrated in Examples 16
and 17 to solve each of the equations in
Exercises 29-32. Provide number line
sketcheson your homework paper asshown
in Examples 16 and 17 in the narrativ e.

29. |x − 5| = 8

30. |x − 2| = 4

31. |x + 4| = 3

32. |x + 2| = 11

Usethe instructions provided in Exercises 5-
8 to solvethe equationsin Exercises 33-
34.

33. |x + 2| = 1
3

x + 5

34. |x − 3| = 5− 1
2

x

In Exercises 35-36, perform each of the
following tasks.

i. Set up a coordinate system on graph
paper. Label and scaleeach axis.

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

iii. Drop dashed vertical lines from each
point of intersection to the x-axis. Shade
and label each solution on the x-axis
(you will have to approximate).

35. |x − 2| = 1
3

x + 2

36. |x + 4| = 1
3

x + 4

37. Given that a < 0 and b > 0, prove
that |ab| = |a||b|.
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38. Given that a > 0 and b < 0, prove
that |ab| = |a||b|.

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

1. Draw the graph of y = |x|. It is easy to obtain an accurateplot by plotting a point
or two. Draw the graph of y = −2 as shown below.

x
5

y
5 y=|x|

y=! 2

Note that the graphs of y = |x| and y = −2 do not intersect. Hence, the equation
|x| = −2 has no solutions.

3. Draw the graph of y = |x|. It is easy to obtain an accurateplot by plotting a point
or two. Draw the graph of y = 3 as shown below. Note that there are two points of
intersection. Drop dashedlines from the points of intersection to the x-axis and label
the soluti ons as shown below.

x
5

y
5 y=|x|

y=3

! 3! 3 33

Thus, the solutions of the equation |x| = 3 are x = −3 or x = 3.
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5. Load y = |3− 2x| into Y1 and y = 5 into Y2 as shown in (a). Use the intersect
utilit y in the CALCmenu to Þnd the points of intersection shown in (b) and (c).

(a) (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.

x

y

! 10 10

! 10

10 y=|3! 2x|

y=5

! 1! 1 44

Thus, the solutions of |3− 2x| = 5 are x = −1 or x = 4.

7. Load y = |4x + 5| into Y1 and y = 7 into Y2 as shown in (a). Use the intersect
utilit y in the CALCmenu to Þnd the points of intersection shown in (b) and (c).

(a) (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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x

y

! 10 10

! 10

10 y=|4x+5|

y=7

! 3! 3 0.50.5

Thus, the solutions of |4x + 5| = 7 are x = −3 or x = 0.5.

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

|4x + 3| = 0

4x + 3 = 0

4x = −3

x = −3
4

.

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

11. To solve |2x + 7| = 14, set

2x + 7 = −14 or 2x + 7 = 14

2x = −21 2x = 7

x = −21
2

x =
7
2

.

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

13. When we try to solve the equation |3−2x| = −1, we note that the absolutevalue
cannot equal −1. This equation has no solutions.

15. Load the equations y = |x − 8| and y = 7 into Y1 and Y2, as shown in (a). Set
the WINDOWas shown in (b). Use the intersect utilit y to Þnd the points of intersection,
as shown in (c) and (d).

(a) (b) (c) (d)
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Copy the imageonto your homework. Drop dashedlines from the points of intersection
to the x-axis and label the x-valuesas shown.

x

y

! 5 20

! 10

10 y=|x! 8|

y=7

11 1515

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

x − 8 = −7 or x − 8 = 7

x = 1 x = 15.

Thus, x = 1 or x = 15 are the solutions. Note how thesematch the graphical solutions
shown above.

17. Load the equations y = |2x + 11| and y = 6 into Y1 and Y2, as shown in (a). Set
the WINDOWas shown in (b). Use the intersect utilit y to Þnd the points of intersection,
as shown in (c) and (d).

(a) (b) (c) (d)

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

x

y

! 15 5

! 10

10y=|2x+11|

y=6

! 8.5! 8.5 ! 2.5! 2.5
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To solve |2x + 11| = 6 algebraically, set

2x + 11 = −6 or 2x + 11 = 6

2x = −17 2x = −5

x = −17
2

x = −5
2

Thus, x = −17/ 2 or x = −5/ 2 are the solutions. Note how theseagree with the
graphical solutions found above.

19. Load the equations y = |x − 12| and y = 6 into Y1 and Y2, as shown in (a). Set
the WINDOWas shown in (b). Use the intersect utilit y to Þnd the points of intersection,
as shown in (c) and (d).

(a) (b) (c) (d)

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

x

y

! 5 25

! 10

10 y=|x! 12|

y=6

66 1818

To solve the equation |x − 12| = 6 algebraically, set:

x − 12 = −6 or x − 12 = 6

x = 6 x = 18.

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

21. Add 3 to both sidesof the equation.

|x + 2|− 3 = 4

|x + 2| = 7
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Now,

x + 2 = −7 or x + 2 = 7

x = −9 x = 5.

Hence,the solutions of |x + 2|− 3 = 4 are x = −9 or x = 5.

23. Divide both sidesof the equation by −2.

−2|3− 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| = −6 are x = 0 or x = 3.

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

3|x + 2|− 5 = |x + 2| + 7

3|x + 2|− |x + 2| = 7 + 5

2|x + 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 solutions of 3|x + 2|− 5 = |x + 2| + 7 are x = −8 or x = 4.

27. Multiply both sidesof the equation by 12.

12

!
!
!
!
x
3
− 1

4

!
!
!
! = 12

"
1
12

#

|12|
!
!
!
!
x
3
− 1

4

!
!
!
! = 1

!
!
!
!12

"
x
3
− 1

4

# !
!
!
! = 1

|4x − 3| = 1.
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Now,

4x − 3 = −1 or 4x − 3 = 1

4x = 2 4x = 4

x = 1/ 2 x = 1.

Hence,the solutions of |x/ 3− 1/ 4| = 1/ 12 are x = 1/ 2 or x = 1.

29. We read the equation |x − 5| = 8 as Òthedistance between x and 5 is 8.Ó 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. These are
the numbers that are 8 units from 5.

5−3−3 1313

8 8

Therefore, the solutions of |x − 5| = 8 are x = −3 or x = 13.

31. First, rewrite |x + 4| = 3 in the equivalent form |x−(−4)| = 3. This is pronounced
Òthedistance betweenx and −4 is 3.Ó 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 numbers that are 3 units from −4.

−4−7−7 −1−1

3 3

Thus, the solutions of |x + 4| = 3 are x = −7 or x = −1.

33. Load y = |x + 2| into Y1 and y = (1/ 3)x + 5 into Y2 as shown in (a) and select
6:ZStandard from the ZOOMmenu. Usethe intersect utilit y in the CALCmenu to Þnd
the points of intersection shown in (b) and (c).

(a) (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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x

y

! 10 10

! 10

10
y=|x+2|

y=x/ 3+5

! 5.25! 5.25 4.54.5

Hence,the solutions of |x + 2| = (1/ 3)x + 5 are x = −5.25 or 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| ! (x! 2) x! 2
x! 2 ! 2 +

This leadsto the piecewisedeÞnition

y =
$
−x + 2, if x < 2,
x − 2, if x ≥ 2.

This canbeusedto draw the graph of y = |x−2| in the Þgurethat follows. Alte rnatively,
we know that y = |x − 2| is a ÒVÓthat is shifted 2 units to the right. Plotting a point
on each side of the vertex point should lead to the graph shown below.

The graph of y = (1/ 3)x + 2 is a line 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 graphs intersect in two locations. Drop dashedlines from thesepoints of intersec-
tion to the x-axis and label the x-valuesas shown in the Þgurethat follows.

x

y

! 10 10

! 10

10
y=|x! 2|

y=x/ 3+2

00 66
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Hence,the solutions of |x − 2| = (1/ 3)x + 2 are x = 0 or x = 6.

37. If a is a negative real number and b is a positive real number, then ab is negative,
so |ab| = −ab. On the other hand, a negative also meansthat |a| = −a, and b positive
meansthat |b| = b, so that |a||b| = −a(b) = −ab. Comparing theseresults, we seethat
|ab| and |a||b| equal the samething, and so they must be equal to one another.

39. CaseI. (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 means that |a| = a, and b
positive meansthat |b| = b, so that |a|/ |b| = 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.

CaseI I. (a, b < 0) If a and b are both negative real numbers, then a/b is positiv e and
so |a/b| = a/b. On the other hand, a negative alsomeansthat |a| = −a, and b negative
meansthat |b| = −b, so that |a|/ |b| = −a/ (−b) = a/b. Comparing these two results,
we seethat |a/b| and |a|/ |b| equal the samething, and so they must be equal to one
another.

CaseI I I. (a < 0, b > 0) If a is a negative real number and b is a positiv 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 means that |b| = b, so that |a|/ |b| = −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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4.4 Exercises

For each of the inequalities in Exercises 1-
10, perform each of the following tasks.

i. Set up a coordinate system on a sheet
of graph paper. Label and scaleeach
axis.

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

iii. Shade the solution of the inequality
on the x-axis (if any) in the manner
shown in Figures4 and 8 in the narra-
tiv e. 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.

1. |x| > ! 2

2. |x| > 0

3. |x| < 3

4. |x| > 2

5. |x| > 1

6. |x| < 4

7. |x| " 0

8. |x| " ! 2

9. |x| " 2

10. |x| # 1

Copyri ghted materi al. See: http: //msen ux.redwoods.edu/In tAl gText/1

For each of the inequalities in Exercises 11-
22, perform each of the following tasks.

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

ii. Copy the imagein your viewing screen
onto your homework paper. Label
each 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. Shadethe solution of the
inequality on the x-axis (if any) in the
manner shown in Figures 4 and 8 in
the narrativ e. That is, drop dashed
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 describeyour solution
set.

11. |3 ! 2x| > 5

12. |2x + 7| < 4

13. |4x + 5| < 7

14. |5x ! 7| > 8

15. |4x + 5| > ! 2

16. |3x ! 5| < ! 3

17. |2x ! 9| # 6

18. |3x + 25| # 8
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19. |13! 2x| " 7

20. |2x + 15| " 7

21. |3x ! 11| > 0

22. |4x + 19| " 0

For each of the inequalities in Exercises 23-
32, provide a purely algebraic solution
without the use of a calculator. Show
all of your work that leads to the solu-
tion, shadeyour solution set on a num-
ber line, then useset-builder and interval
notation (if possible)to describe your so-
lution set.

23. |4x + 3| < 8

24. |3x ! 5| > 11

25. |2x ! 3| " 10

26. |3 ! 5x| # 15

27. |3x ! 4| < 7

28. |5 ! 2x| > 10

29. |3 ! 7x| # 5

30. |2 ! 11x| " 6

31. |x + 2| # ! 3

32. |x + 5| < ! 4

For each of the inequalities in Exercises 33-
38, perform each of the following tasks.

i. Arrange each 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 each of the directions given for
Exercises 11-22 to Þnd and record

a solution with your graphing calcu-
lator.

iii. Provide a purely algebraic solution,
showing 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. |x ! 12| > 6

38. |x + 11| < 5

Usea strictly algebraictechnique to solve
each of the equations in 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. ! 2|3 ! 2x| " ! 6

42. |4 ! x| + 5 # 12

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

44. 4 ! 3|4 ! x| > 2|4 ! x| ! 1

45.

!
!
!
!
x
3

!
1
4

!
!
!
! "

1
12

46.

!
!
!
!
x
4

!
1
2

!
!
!
! #

2
3
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Usethe techniqueof distanceon the num-
ber line demonstrated in Examples 21
and 22 to solve each of the inequalities in
Exercises 47-50. Provide number line
sketches as in Example 17 in the narra-
tiv e. Describe the solution setusingboth
set-builder and interval notation.

47. |x ! 5| < 8

48. |x ! 2| > 4

49. |x + 4| # 3

50. |x + 2| " 11

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

51. |x + 2| <
1
3

x + 5

52. |x ! 3| > 5 !
1
2

x

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

i. Set up a coordinate system on graph
paper. Label and scaleeach axis.

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

iii. Shade the solution of the inequality
on the x-axis (i f any) in the man-
ner shown in Figures 4 and 8 in the
narrativ e. 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.

53. |x ! 2| >
1
3

x + 2

54. |x + 4| <
1
3

x + 4
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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 of y = ! 2.

x
5

y
5 y= |x|

y=−2

The question asksus to solve the inequality |x| > ! 2. Hence,we need 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 is R = (!$ , $ ). Note that this solution is shaded on the x-axis.

3. 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 = 3. Drop dashed lines
from the points of intersection to the x-axis and label thesepoints with their x-values.

x
5

y
5 y= |x|

y=3

−3 3

To Þnd the solution of |x| < 3, note where the graph of y = |x| lies below the graph
of y = 3. This occurs for all valuesof x between ! 3 and 3. This set is 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 dashed lines
from the points of intersection to the x-axis and label thesepoints with their x-values.
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x
5

y
5 y= |x|

y=1

−1 1

To Þnd the solution of |x| > 1, note where the graph of y = |x| lies above the graph of
y = 1. This occurs for valuesof x that lie to the left 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 < ! 1 or x > 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 graphs intersect at only one point, namely x = 0.

x
5

y
5 y= |x|

y=0

0

To Þnd the solution of |x| " 0, we need to Þnd where the graph of y = |x| lies below
the line y = 0 (this never happens) or where the graph of y = |x| in tersects the graph
of y = 0 (this happens at only one place, x = 0). Thus, the solution of |x| " 0 is
x = 0. That is why you only seex = 0 shadedon the x-axis. In set-builder notation,
the soluti on is { x : x = 0} .

9. 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 = 2. Drop dashed lines
from the points of intersection to the x-axis and label thesepoints with their x-values.
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x
5

y
5 y= |x|

y=2

−2 2

To Þnd the solution of |x| " 2, we need to Þnd where the graph of y = |x| lies below
the graph of y = 2 (this happens for all values of x between ! 2 and 2) or where the
graph of y = |x| intersects the graph of y = 2 (this happens at 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 : ! 2 " x " 2} .

11. Load y = |3 ! 2x| into Y1and y = 5 into Y2, as shown in (a). Usethe intersect
utilit y from the CALCmenu to determine the points of intersection shown in (b) and
(c).

(a) (b) (c)

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

x

y

−10 10

−10

10 y= |3−2x|

y=5

−1 4
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WeÕreasked to solve |3 ! 2x| > 5, so we must Þnd where the 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 weÕve shadedon the x-axis. This solution set is described with
the following notation: (!$ , ! 1) %(4, $ ) or { x : x < ! 1 or x > 4} .

13. Load y = |4x + 5| into Y1and y = 7 into Y2, as shown in (a). Usethe intersect
utilit y from the CALCmenu to determine the points of intersection shown in (b) and
(c).

(a) (b) (c)

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

x

y

−10 10

−10

10 y= |4x+5 |
y=7

−3 0.5

WeÕreasked to solve |4x + 5| < 7, so we must Þnd where the graph of y = |4x + 5| lies
below the graph of y = 7. This happens for all values of x that lie between ! 3 and
0.5, which weÕve shadedon the x-axis. This solution set is described with the following
notation: (! 3, 0.5) = { x : ! 3 < x < 0.5} .
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15. Load y = |4x + 5| into Y1 and y = ! 2 into Y2, as shown in (a). Note that the
graph of y = |4x + 5| doesnot intersect the graph of y = ! 2, as shown in (b).

(a) (b)

Copy the image onto your homework paper.

x

y

−10 10

−10

10 y= |4x+5 |

y=−2

WeÕreasked to solve |4x + 5| > ! 2, so we must Þnd where the graph of y = |4x + 5|
lies above the graph of y = ! 2. This is true for all valuesof x, which weÕve shadedon
the x-axis. Th is solution set is best described with R = (!$ , $ ).

17. Load y = |2x ! 9| into Y1 and y = 6 into Y2, as shown in (a). Adjust the
WINDOWparametersas shown in (b). Use the intersect utilit y from the CALCmenu to
determine the points of intersection shown in (c) and (d).

(a) (b) (c) (d)

Copy the image 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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x

y

−5 15

−10

10 y= |2x−9|

y=6

1.5 7.5

WeÕreasked to solve |2x ! 9| # 6, so we must Þnd where the 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 = 1.5 and x = 7.5). WeÕve shadedtheseon the x-axis. This solution set is
described with the following notation: (!$ , 1.5]%[7.5, $ ) or { x : x " 1.5 or x # 7.5} .

19. Load y = |13 ! 2x| into Y1 and y = 7 into Y2, as shown in (a). Adjust the
WINDOWparametersas shown in (b). Use the intersect utilit y from the CALCmenu to
determine the points of intersection shown in (c) and (d).

(a) (b) (c) (d)

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

x

y

−5 15

−10

10 y= |13−2x|

y=7

3 10
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WeÕreasked to solve |13 ! 2x| " 7, so we must Þnd where the graph of y = |13 ! 2x|
lies below the graph of y = 7 (this happens for all valuesof x that lie between3 and
10), or where the graph of y = |13! 2x| intersects the graph of y = 7 (this happens
at x = 3 and x = 10). WeÕve shadedthese on the x-axis. Th is solution set is described
with the following notation: [3, 10] = { x : 3 " x " 10} .

21. Load y = |3x ! 11| into Y1, then select 6:ZStandard on the ZOOMmenu to produce
the image shown in (b).

(a) (b)

Copy the image onto your homework paper.

x

y

−10 10

−10

10 y= |3x−11|

y=0 11/ 3

WeÕreasked to solve |3x ! 11| > 0, so we must Þnd where the graph of y = |3x ! 11|
lies above the x-axis. This is true for all valuesof x except where the vertex touches
the x-axis. Th is point is easily found with this calculation.

3x ! 11 = 0

3x = 11

x = 11/ 3

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

23. To solve |4x + 3| < 8, set

! 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

!
11
4

< x <
5
4

Sketch the solution on a number line.

! 11/ 4 5/ 4

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

25. To solve |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.

! 7 " 2x " 13

!
7
2

" x "
13
2

Sketch the solution on a number line.

! 7/ 2 13/ 2

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

27. To solve |3x ! 4| < 7, set

! 7 < 3x ! 4 < 7,

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

! 3 < 3x < 11

! 1 < x <
11
3

Sketch the solution on a number line.

! 1 11/ 3

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

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

Solve each inequality independently by Þrst subtracting 3 from each side of each in-
equality, then dividing both sides of each inequality by ! 7, reversing the inequality
symbols as we do so.

! 7x " ! 8 or ! 7x # 2

x #
8
7

x " !
2
7

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

! 2/ 7 8/ 7

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

31. To solve the inequality |x + 2| # ! 3, it is easiestto reasonthat the absolutevalue
will be greater than or equal to ! 3 for all valuesof x. Sketch the solution on a number
line.

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

33. Load y = |x ! 8| in Y1and y = 7 in Y2, asshown in (a). Set theWINDOWparameters
as shown in (b). Use the intersect utilit y from the CALCmenu to Þnd the points of
intersection shown in (c) and (d).

(a) (b) (c) (d)

Copy the image 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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x

y

−5 20

−10

10 y= |x−8|

y=7

1 15

To Þnd the solution of |x ! 8| < 7 note that the graph of y = |x ! 8| falls below the
graph of y = 7 for all values of x between1 and 15. WeÕve 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 matches the graphical solution found above. We describe the
solution using the following notation: (1, 15) = { x : 1 < x < 15}

35. Load y = |2x + 11| in Y1 and y = 6 in Y2, as shown in (a). Set the WINDOW
parametersasshown in (b). Use the intersect utilit y from the CALCmenu to Þnd the
points of intersection shown in (c) and (d).

(a) (b) (c) (d)

Copy the image 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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x

y

−15 5

−10

10y= |2x+11 |

y=6

−8.5 −2.5

To Þnd the solution of |2x + 11| # 6, note where the graph of y = |2x + 11| falls above
the graph of y = 6 (this happens for values of x that lie to the left of ! 8.5 or to the
right of ! 2.5), then note where the graph of y = |2x + 11| intersectsthe graph of y = 6
(this happens at x = ! 8.5 and x = ! 2.5). WeÕve shadedthesesolutions on the x-axis.

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

2x + 11 " ! 6 or 2x + 11 # 6.

Solve each inequality independently by Þrst subtracting 11 from each side of each
inequality, then dividing both sidesof each inequality by 2.

2x " ! 17 or 2x # ! 5

x " !
17
2

x # !
5
2

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

37. Load y = |x ! 12| in Y1 and y = 6 in Y2, as shown in (a). Set the WINDOW
parametersasshown in (b). Use the intersect utilit y from the CALCmenu to Þnd the
points of intersection shown in (c) and (d).

(a) (b) (c) (d)

Copy the image 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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x

y

−5 25

−10

10 y= |x−12|

y=6

6 18

To Þnd 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). WeÕve shadedthesesolutions on the x-axis.

To solve |x ! 12| > 6 algebraically, set

x ! 12 < ! 6 or x ! 12 > 6.

Solve each inequality independently by adding 12 to each side of each inequality.

x < 6 or x > 18

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

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

|x + 2| > 7.

Next, set

x + 2 < ! 7 or x + 2 > 7.

Solve each inequality independently by subtracting 2 from each side of each inequality.

x < ! 9 or x > 5

Sketch the solution on a number line.

! 9 5

We describe the solution set with the following notation: (!$ , ! 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.

|3 ! 2x| # 3

Set
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3 ! 2x " ! 3 or 3 ! 2x # 3.

Solve each inequality independently by Þrst subtracting 3 from each side of each in-
equality, then dividing both sides of each inequality by ! 2, reversing the inequality
symbols as we do so.

! 2x " ! 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 " 0 or x # 3} .

Sketch this solution on a number line.

0 3

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

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

2|x + 2| > 12

Divide both sidesof the last inequality by 2.

|x + 2| > 6

Set

x + 2 < ! 6 or x + 2 > 6.

Solve each inequality independently by subtracting 2 from each side of each inequality.

x < ! 8 or x > 4

Sketch the solution on a number line.

! 8 4

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

45. To solve the inequality |x/ 3 ! 1/ 4| " 1/ 12, Þrst multiply both sides of the in-
equality by 12.
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!
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!
x
3

!
1
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!
! " 12
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1
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|12|

!
!
!
!
x
3

!
1
4

!
!
!
! " 1

!
!
!
!12

"
x
3

!
1
4

# !
!
!
! " 1

|4x ! 3| " 1

Set

! 1 " 4x ! 3 " 1,

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

2 " 4x " 4
1
2

" x " 1

Sketch the solution on a number line.

1/ 2 1

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

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

5! 3 13

8 8

We want the numbers that 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
set is 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 Òthedistance between x and ! 4 is greater than
or equal to 3.Ó Draw a number line and mark ! 4 on the line. Next, mark ! 7 and ! 1,
both of which are 3 units away from ! 4.

! 4! 7 ! 1

3 3
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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 need the 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 " ! 7 or x # ! 1} .

51. Load the equations y = |x + 2| into Y1 and y = (1/ 3)x + 5 into Y2, as shown in
(a), then select6:ZStandard from the ZOOMmenu. Usethe intersect utilit y from the
CALCmenu 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

y

−10 10

−10

10
y= |x+2 |

y= x/ 3+5

−5.25 4.5

Note that the graph of y = |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: (! 5.25, 4.5) = { x : ! 5.25 < 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

x−2 − 2 +

This leadsto the piecewisedeÞnition

y =
$

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

This canbeusedto draw the graph of y = |x! 2| in the Þgurethat follows. Alte rnatively,
we know that y = |x ! 2| is a ÒVÓthat is shifted 2 units to the right. Plotting a point
on each side of the vertex point should lead to the graph shown below.

The graph of y = (1/ 3)x + 2 is a line 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.
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The graphs intersect in two locations. Drop dashedlines from thesepoints of intersec-
tion to the x-axis and label the x-valuesas shown in the Þgurethat follows.

x

y

−10 10

−10

10
y= |x−2|

y= x/ 3+2

0 6

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 values of x that lie to the left of 0 or to the right of
6). Thesesolutions are shaded on the x-axis in the Þgureabove and can be described
using the following notati on: (!$ , 0) %(6, $ ) or { x : x < 0 or x > 6} .




