ABSOLUTE VALUE FUNCTIONS

Given the graph of y = f(x), it is often useful or necessary to draw the graphs of the absolute value functions
y=|f(x)|and y = f(|x|) . Sometimes these graphs will be the same, but not always.

y =| f(x) is defined wherever f(x) exists.| f(x )| 2 0 if —o < f{x) < o=. | f(x)|> 0 wherever fx) <.

y = f(|x|) is the same as y = f{x) for x 20, but different for x < 0.

Example 7

In each part, use the graph of the given function to draw the graph of y =| f(x) and the graph of y = f{|x|).

(@) Given the graph of y=x,draw  (b) Given the graphofy=2x+1, (c) Given the graphof y=1-x,
y =|x. draw y =|2x+1|and y =2|x|+1.  draw y=|1-x|and y =1-|x|.

4 -3 -2 -
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Solution

(@) The graphs are the same for x> 0.
|x|= 0 for all x.

(b) 'Ihegraphsofy=2x+landy=|2x+l|amthesameforx2-%.
|2x +1|2 0 for all x.

The graphs of y=2x+ 1 and y = 2|x| + 1 are the same for x > 0.
|2x+1|=> 1 for all x.

y
- y=2x|+1
l 3!?
=|2x+1
y AN
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(c) The graphs of y=1-xand y =|1- x|are the same for x< 1.
[1 - x| =0 forall x.
The graphs of y=1 - x and y = 1 —|x|are the same for x 2 0.
1-|x|<1

y
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ABSOLUTE VALUE FUNCTIONS

Example 8
(a) Given the graphof y=x", (b) Given the graph of y=(x-2)’, (c) Given the graph of y = (x + 2)(1 = x),
draw y=|x*|and y=|xf. draw}'=|(x-2)1|and drawy =|(x +2)(1-x) and
)'=(|x|-2)2- y=(|x|+2)(l —|x|).

/\ y=(x+2)(1-x)
X

120 \ 23 4*

Solution
(a) Thegraphsofy:lleandy=|x|2arethesameas (b) Thegmphsofy:(x-Z)zandy=|(x—2)2|are
the original graph y=x}. the same.
By the definition, |x|=\/Fso|x|z=xz. The graphs of y = (x = 2)* and y = (| x| - 2)” are the
same for x > 0.
There is a cusp at (0, 4). x=0 is an axis of symmetry.
(|x|-2)220

y.—.(x-Z)’?
5

-2 =
AL

(c) Thegraphs of y=(x+2)(1=-x)and y =|(x +2)(1- x)| are the same
for=2<x<1.
There is a cusp at (=2, 0) and (1, 0).

x= -% is an axis of symmetry.

The graphs of y= (x+ 2)(1 = x) and y = (|x|+ 2)(1 = | x|) are the y
same for x 2 0. 4

(| x|+ 2) (1 =|x) 2. (0, 2) is not a turning point. }
. . 72 AN = Ul + 201 - )
x=0 is an axis of symmetry. .
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ABSOLUTE VALUE FUNCTIONS
Example 9

(a) Given the graph of y =", drawy=|x’|andy= |x|3. (b) Given the graph of y = x(x + 1)(x = 2), draw
y y=|x(x+l)(x-2)| andy=|x|(|x|+l)(|x|-2).

- W

Solution

(@ ¥= |Jt3 | for x 2 0, i.e. the curves are identical for x 2 0.

Also ¥’ = |x|’ for x 2 0, i.e. the curves are identical for x 2 0.

The graph ofy=|x|3 is the same as the graph ofy=|x’|.
They are both the solid line in the graph.

(b) Fory= |x(x +1)(x - 2)|:
The graphs meet at (=1, 0), (0, 0), (2, 0).
The graphs are the same for=1 <x<0andx2>2.
|x(x +1)(x - 2)| 20 for all x.

Fory=|x|(|x|+l)(|x|—2): y
The graphs meet at (0, 0), (2, 0) and (~v2,-2). This last point can be solved :
using graphing software. )
The graphs are the same for x 2 0. There is a cusp at (0, 0). .
|<(|<]+1)(|x]-2) 22 I -
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(c) Given the graph of y=(2 = x)(x + 1)?, draw
y=[(@=x)Ce+17 and y=(2-[x]) ] 1)
‘g

(c)

(d)

ABSOLUTE VALUE FUNCTIONS

(d) Given the graph of y=x"+2x" + 1, draw

y=0Q2-x)x+1)?

Fory= |(2—x)(x +1)? |:
The graphs are the same for x < 2.
|(2-x)(x +1) I 20.(2,0) is a cusp.

(=1, 0) is a minimum turning point, (1, 4) is a maximum
turning point.

For y= (2=|x|)(x| +1)’
The graphs are the same for x 2 0.

The curves also intersect at (-\/3,2).
(0, 2) is a cusp. (=1, 4) and (1, 4) are maximum turning points.

(2-Jxl)(e|+1)' <

Fory= |x’+ 2x°+ ll:

The graphs are the same for about x > =2.2.

(=2.2,0) is a cusp. (0, 1) is a minimum turning point. (=1.33,2.19) isa
maximum turning point.

Fory= |x|’+ 2|x|2+ ¢
The graphs are the same for x2 0.
|x[+2]x+121

(0, 1) is a minimum turning point.
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y=|x3+2x2+l|andy= |x|3+ 2|x|2+1.
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