Lesson 8.1 Exercises, pages 621-629
A

4. Complete each table of values.

a)

X -3|-21-11]0 1 2 3

y=-3x+2 |11| 8| 5|2|-1|-4]|-7

y=I1-3x+2l|11 8 512 1 4 7

To complete the table for y = | —3x + 2|, take the absolute value of
each value of y = —3x + 2.

X 41 -3]-2|-1| O 112 3| 4

y=2x*-x—-4 [32] 17 6|-1|-4|-3[2]|11]24

y=I2x*—x—-41|32| 17| 6 11 4] 3(|2(11]24

To complete the table for y = |2x*> — x — 4/, take the absolute value
of each value of y = 2¥* — x — 4.

5. The graph of y = f(x) is given. Sketch the graph of y = |f(x)|.

a) y b) y
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\yi=lroalf
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y=fx) \ |
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+2 =2

5

The value of y is never negative, so reflect, in the x-axis, the part of
each graph that is below the x-axis.

6. Sketch a graph of each absolute value function.

a)y = |-3] b) y = el
4 _,V y
N yEI1=3 y=[6andy = 16!
N 4
X 2
-4 |- 0 2 4
X
=9 V=13 _4 |- 0 4
=4 T2
Graph the liney = —3. Graph the line y = 6.
The graph lies below the x-axis, The graph lies above the x-axis,
so to graph y = | — 3|, reflect  so the graph of y = |6] is the same

the entire graph in the x-axis. as the graph of y = 6.
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7. Complete each table of values, then graph the absolute value
function. Identify its intercepts, domain, and range.

X -1 [-0.5 0|05 1 1.5 2

y=4x-2 |6 |4 [ 2|0 | 2[4 |6

y=|ax-2|| 6| 4 2 |0 2 |4 6

1 Plot the points, then join them.

From the graph, the x-intercept is 0.5 and
the y-intercept is 2.

y=iax—|21 The domain of y = |4x — 2] isx e R, and
therangeisy = 0.

»

N

N

X 4 | =2 0 2 41 6 8

y=x"—4x-12 | 20 0|-12|-16|—-12| 0 | 20

y=|x*—4x-12|| 20 0| 12| 16| 12| 0 | 20
. ____________________________________________________________________________________|

\ Ly [ Plot the points, then join them
il with a smooth curve.
\ 6 f From the graph, the x-intercepts are
\ | —2 and 6, and the y-intercept is 12.
\[/ \|/ The domain of y = |x¥* — 4x — 12] is
X|  xeR, and therangeisy = 0.
- 0 10
yi=|x2 4x L 19|
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a) y=1-3x+9l

y

\/

>»

x-intercept: 3

y = —3x + 9 when
-3x+9=0,0orx=3
y=—(—3x+9),o0r

y = 3x — 9 when
-3x+9<0,0rx>3

So, using piecewise notation:

_{—y+aﬁxss
Y=1s3x—-9ifx>3

y = —x + 2when
-x+2=0
-Xx= -2
X=2
y=-(=x+2),
ory = x — 2 when
-x+2<0
-x< =2
x> 2

So, using piecewise notation:

_{—x+ 2,ifx <2
T lx=2ifx>2

DO NOT COPY.

8. Write each absolute value function in piecewise notation.

y=I1=(x+12+1l

\ [
\ /

N

no

\

-4 |- 0

x-intercepts: —2 and 0

The graphof y = —(x + 1)> + 1
opens down.

—x+ 1) +1=0for—-2=<x<0.
So, for these domain values,

[-(x+ 1)+ 1] =—(x+ 17+ 1.
When x < —2 or x > 0, the value of
—(x + 1)* + 1is negative. So,

for these domain values,

[-(x+ 12+ 1] = =(-(x+ 1>+ 1),
or(x + 1> —1.

So, using piecewise notation:

B {—(x+ 17 +1,if-2=<x<0
T lx+ 1= 1,ifx<-2orx>0

9. Write each absolute value function in piecewise notation.

a)y=|—x+2|

b)y = [3x — 5|
y = 3x — 5when
3x-5=0
3x=5
x=3
y=—-(3x-5)
ory = —3x + 5 when
3x-5<0
x<s
So, using piecewise notation:
3 - 5,ifx =2
- 3
y= . 5
—3x+5,ifx<3

3

8.1 Absolute Value Functions—Solutions



o)y = |x(x — 4)]

Determine the x-intercepts of
the graph of y = x(x — 4).
xx—4)=0
The x-intercepts are:
x=0andx =14
The graph opens up, so
between the x-intercepts,
the graph is below
the x-axis. For the graph
of y = |x(x — 4)]:
For x =< 0 orx = 4, the
value of x(x — 4) = 0
For 0 < x < 4, the value of
x(x — 4) < 0;
thatis, y = —x(x — 4).
So, using piecewise notation:
B {x(x —4),ifx<0orx =4
T l-x(x—4),ifo<x<4

d)y=I-(x—17"+4|

Determine the x-intercepts of
the graphof y = —(x — 1)’ + 4.
—x—12+4=0

—-x—1*=-4
x—-1"=4
The x-intercepts are:
x=-1andx =3

The graph opens down, so between

the x-intercepts, the graph is above

the x-axis. For the graph of

y=1-x=17+4:

For —1 < x < 3, the value of

—-x—-1+4=0

For x < —1 or x > 3, the value of

-x—-17+4<0;

thatis, y = —(—(x — 1)* + 4), or

y=x-17"-4,

So, using piecewise notation:
_{—(x—1)2+4,if—1 =x=<3

T lx-17%-4,ifx<-1orx>3

10. Sketch a graph of each absolute value function.

Identify the intercepts, domain, and range.

a)y = [2x + 1

y

£

no

V= 12x+ (11

-4 |-2 }0 4

72

’
Y -
7 4

Draw the graph of y = 2x + 1.

It has x-intercept —0.5

Reflect, in the x-axis, the part of
the graph that is below the x-axis.

From the graph, the x-intercept

is —0.5, the y-intercept is 1, the
domainof y = |2x + 1] isx€ER,
and the range is y = 0.

b)y = |—-3x + 3]

\ [/
y=I1-8x+ 8l
2
\|/
X
— — 0 \‘ 4
N \
=9 v
\)
=4 '

Draw the graph of y = —3x + 3.
It has x-intercept 1.

Reflect, in the x-axis, the part of
the graph that is below the x-axis.

From the graph, the x-intercept is 1,
the y-intercept is 3, the domain of
y=|-3x + 3| isx€R, and the
rangeis y = 0.
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y=|l(x+2"+1] d)y = -2 + 2|

\ NI
4
\
2
y =[x+ 22+l X
—6 -4 [-2 0
=2

The graphof y = (x + 2)> + 1
opens up with vertex (—2, 1), so
the graph has no

x-intercepts. It has

y-intercept 5. The graph lies
above the x-axis, so the graph of

N
\ L4

\ |

\[LJ 1]

y=1F2x I 21\ /
X
—4 -2 /0 n Vi

1 \

et

Draw the graph of y = —2x* + 2.
The graph opens down and has
x-intercepts 1 and —1. The vertex
is at (0, 2). Reflect, in the x-axis,
the part of the graph that is below
the x-axis.

y = |(x + 2)* + 1] is the same

From the graph, the x-intercepts
as the graphof y = (x + 2)* + 1. grap P

are —1 and 1, the y-intercept is 2.
The domainof y = | —2x* + 2| is
x € R and the range is y = 0.

From the graph, there are no
x-intercepts, the y-intercept
is 5, the domain of
y=|x+2*+1] isxeR
and the rangeis y = 1.

11. For each description of a quadratic function y = f(x), sketch a
graph of y = |f(x)|. Describe your thinking.

a) the graph of y = f(x) opens up and its vertex is:

i) on the x-axis ii) above the x-axis

\[ [ 1] \ gy ]
\ / i}
\[,| 1/ )
y = If(x)! y &= If(x)
X X
—4 = 0 z -4 (=2 |0 ] /
=2 =2

The graph of y = f(x) is
on or above the x-axis so
the graphs of y = f(x) and
y = |f(x)| are the same.

The graph of y = f(x) is
above the x-axis so

the graphs of y = f(x) and
y = |f(x)| are the same.

iii) below the x-axis \ [P 1]
Part of the graph of y = f(x) is \\ 4 /l
below the x-axis so this part
of the graph is reflected in the \ 2 1=
x-axis to get the graph of y = |f(x)]. P
-4 |— 0 . 4
+2
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b) the graph of y = f(x) opens down and its vertex is:

i) on the x-axis ii) above the x-axis
o ey
\ \ Ll
\ol [/ NIz
yE oo\~ \“l 1/
X X
-4 -2 |0 4 -4 -2 |0 y 2
+2 7
The graph of y = f(x) is Part of the graph of y = f(x) is
on or below the x-axis so below the x-axis so this part

the graph of y = f(x) is reflected of the graph is reflected in the
in the x-axis to get the graph x-axis to get the graph of

y = |fx)]. of y = [fix)].

iii) below the x-axis

The graph of y = f(x) is below the x-axis so the graph is reflected
in the x-axis to get the graph of y = |f(x)|.

VS A
T 1/
ol Jy=ll

12. The function y = f(x) is linear. Two points on the graph of the
absolute value function y = | f(x)| are (3,2) and (—1, 0). Determine
the value of y = |f(x)| when x = —3. Explain your strategy.

61/

4
4

)
z

BEER )

0o
TL

(—1, 0) is the critical point. Plot the points (3, 2) and (—1, 0) and draw a
line through them. The graph of y = |f(x)| is symmetrical about the line
x = —1.So, reflect the point (3, 2) in the line x = —1, then draw a line
through (—1, 0) and the reflected point, (=5, 2), to complete the graph of
y = |f(x)|. From the graph, when x = —3, the value of yis 1.
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13. This graph represents the volume of water in a 12-L tank over a
period of time.

Volume of Water in a Tank

v

\ /

[«n)

[e]

Vglure (L)
»

\!l/

0 4 4 €
Time (h)

a) Write the function represented by this graph in piecewise
notation. Let v represent the volume in litres and ¢ represent the
time in hours.

Equation of line segment for 0 = t = 4:
v-intercept: 12 t-intercept: 4
Equation has form: v = mt + 12
Use the points (0,12) and (4, 0) to determine the slope.

— 0—12

4-0

= -3
So, equation is: v = —3t + 12
Equation of line segment for4 < t = 8:
Passes through: (4, 0) and (8, 12)
Equation has form:v = mt + b

12-0
Slope:m = ~—,
=3
Useev=3t+b Substitute:t =4, v =0
0=34)+5b
b=-12

So, equation is: v = 3t — 12

So, using piecewise notation:

. {—3t+ 12, fost=<4
3t — 12, ifa<t=38

b) Which absolute value function is represented by this graph?
How do you know?

The equation of the absolute value function is the absolute value of the
left segment or the absolute value of the right segment:
v=|-3t+ 12| orv = |3t — 12|
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9)

Determine the volume of water in the tank after 5.5 h.
What strategy did you use? What other strategy could you use?

Substitute t = 5.5inv = |3t — 12]:

v = |3(5.5)— 12|
v = |4.5]
v=45

The volume of water in the tank is 4.5 L.
I could also use the graph to estimate the volume of water after 5.5 h,
but this would be an approximate value.

14. Two linear functions y = f(x) and y = h(x) have opposite slopes
and the same x-intercept.

How will the graphs of y = |f(x)| and y = |h(x)| compare?
Include sketches in your explanation.

15.

Both functions are linear so use the slope-point
form of a line.

y=fx):y—0=mkx —a)—y=mkx — a)
y=9gx):y—0=—-mx—a)—y=—mkx — a)
Since | —m(x — a)| = |m(x — a)|, the graphs
of y = |f(x)| and y = |h(x)| are the same. X
For example, the graphs of y = 2x — 4 -4 |=2 [0} | /M| 4
and y = —2x + 4 have the same x-intercepts, y=2x=14
but opposite slopes.

To

S

N

‘M YyET2x+4

graph the absolute value of each function,

I reflect the part of the graph below the x-axis
in the x-axis. So, the graphs of y = |2x — 4| and
y = |—2x + 4] will be the same.

Write an equation for each absolute value function. Explain your

strategy.

a)

S

_ -4 -2 0

Determine the equation of the line on the right:
y-intercept: 3 x-intercept: —3
Equation has form: y = mx + 3
Use the points (0, 3) and (—3, 0) to determine the slope.
0-3
-3-0
=1
So, an equation is: y = x + 3 and an equation for the absolute value
functionis:y = |x + 3|

m =
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b) [ y |
A |
/ \
\ |
\ /s |
\L/ \
\ /s \![/
\/ \/
- 0 4

Either the middle piece of the graph or the two end pieces were
reflected in the x-axis. | will assume the middle piece was reflected. So,
the graph of the quadratic function opens up and has vertex (1, —9).
So, the equation has the form y = a(x — 1) — 9.

Use the point (4, 0) to determine a. Substitute x = 4 and y = 0.

0=ad-17%-9
9 =093
a=1

So, an equation of the quadratic functionis y = (x — 1)> — 9 and an
equation of the absolute value functionis y = |(x — 1)> — 9|.
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