Chapter 2

Graphs and Functions

Section 2.1  Rectangular Coordinates
and Graphs

Classroom Example 1 (page 184)
(a)  (transportation, $12,153)
(b)  (health care, $4917)
Classroom Example 2 (page 186)

d(P,0) = \/(—z ~3) +[8-(=5)]
_ 357169 = i54

Classroom Example 3 (page 186)

d(R,S)= \/(5 —0) +[1-(=2)]
=J25+9 =134

d(R,T) = \/(—4 —0y +[3-(2)]
=\16+25 =+/41

d(S,T) = \/(—4 -5 +(3-1)
=81+4 =85

The longest side has length V85

(8 + 1 25

34+41#85

The triangle formed by the three points is not a right
triangle.

Classroom Example 4 (page 187)
The distance between P(-2,5) and Q(0,3) is
\/(—2—0)2 +(5-3) =a+4=8=22
The distance between Q(0,3) and R(8,-5) is
\/(8 —0) +(-5-3)" =64+ 64

=128 =82
The distance between P(-2,5) and R(8,-5) is
\/(—2 ~8)" +[5-(-5)] =+100+100

=200 =102
Because 242 +8+2 =102 , the points are collinear.

Classroom Example 5 (page 188)

(a)  The coordinates of M are

“7+(=2) 5+13)_ (9 4
2 72 2’
(b)  Let (x, y) be the coordinates of Q. Use the
midpoint formula to find the coordinates:

(8+x —20+yj_(4_4)
27 2 )\
8+ x

=4=8+x=8=x=0

-20+y

=4=-20+y=-8=y=12
The coordinates of Q are (0, 12).
Classroom Example 6 (page 188)

The year 2011 lies halfway between 2009 and 2013,
so we must find the coordinates of the midpoint of
the segment that has endpoints (2009, 124.0) and
(2013, 137.4)

M= (2009 +2013 124.0+ 137.4)

2 ’ 2
=(2011, 130.7)

The estimate of $130.7 billion is $0.1 billion more
than the actual amount.

Classroom Example 7 (page 189)

Choose any real number for x, substitute the value in
the equation and then solve for y. Note that additional
answers are possible.

(a) X y=—2x+5
-1 y==2(-)+5=7

0 y=-2(0)+5=5

3 y=-23)+5=-1

Three ordered pairs that are solutions are (—1, 7),
(0, 5), and (3, —1). Other answers are possible.
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Section 2.2 Circles 21

Find a fourth point by letting x = -2 and
solving for y:
-9 x=3d—9+1=3-8==2 —2:3y+l:>Gﬂ3=y+h:—9=y

The points to be plotted are (0, —1), (1, 0),
(2,7), and (-2, —9). Note that (—1, —2) is also

(b) y x=3y+1

-1 x=3-1+1=30=0 on the graph.
¥
0 x=30+1=1=1 A
7 x=31+1=3-=2 z
Ordered pairs that are solutions are (-2, —9), 1A 1
(~1,-2), (0,=1), (1, 0) and (2, 7). R
Other answers are possible. o P o i)
() X y= —x2+1
2 | y=—(=2’+1=-3 Vi
_ (V21— (¢) Lety=0 to find the x-intercept, and then let
: y=—Ch +1=0 x =0 to find the y-intercept:
0 y==0*+1=1 0=-x'+l=-l=-x"=1l=x’=+l=x
=—(0*)+1=1
1 y=-12+1=0 y=-(0?)
; Find a third point by letting x = 2 and solving
2 y=-2"+1=-3 for y: y:—(22)+1:—3.Findafourthpoint
Ordered pairs that are solutions are by letting x = —2 and solving for -

(—2,-3), (-1, 0), (0, 1), (1, 0) and (2, —3).

2
Other answers are possible. y=—(-2)+1=-3

The points to be plotted are (—1, 0), (1, 0),

Cl E le 8 190
assroom Example 8 (page 190) 0. 1), (2. —3). and (-2, -3)
(a) Lety =0 to find the x-intercept, and then let y
x = 0 to find the y-intercept: A

0=-2x+5=x=3
y==200)+5=y=5

Find a third point on the graph by letting

x =—1 and solving for y: y=—2(—1)+5=7. 3
The three points are (%,0) ,(0,5), and (-1, 7). VN
Note that (3, —1) is also on the graph. Section 2.2  Circles
y .
A Classroom Example 1 (page 195)
g (@ (hKk=(1,-2)andr=3
= 2ees (x=h) +(y=k) =/
0 341 o
T - (=1 +[y-(2)] =%
|

2 2
(x=1)" +(y+2)" =9
(b) Lety=0 to find the x-intercept, and then let

x =0 to find the y-intercept: b)) ((hk)=(0,0)andr=2
x=0+1=1=1 (x-h) +(y—k)' =
0=3Jy+1=>0=y+1=y=-1 (x—0)2+(y—0)2=22

Find a third point by letting x = 2 and solving

2, .2
fory: 2=3p+1 =22 =y+1=7=y. Xty =4
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22 Chapter 2 Graphs and Functions

Classroom Example 2 (page 196)

@ (x=1 +(y+2) =9

This is a circle with center (1, —2) and radius

G-+ (y+2%=9

b)) X +y’=4
This is a circle with center (0, 0) and radius 2.
y

x2+y2=4

Classroom Example 3 (page 197)
Complete the square twice, once for x and once for y:
XX +4x+y’-8y—44=0
(x2 +4x+4)+(y2 —8y+16)=44+4+16
(x+2) +(y-4) =64

Because ¢ = 64 and 64 > 0, the graph is a circle. The
center is (—2, 4) and the radius is 8.

Classroom Example 4 (page 198)
2x? +2y2 +2x—-6y =45

Group the terms, factor out 2, and then complete the
square:

1 9
20 X2 x+— [+2 2 -3y+=
(x i 4) (y g 4)
:45+2(1j+2(2j
4 4

Factor and then divide both sides by 2:

2 2
2(x+lj +2(y—é) =50
2 2

2 2
1 3
+—=| +Hy—-—=]| =25
(x 2) (y 2)

Because ¢ =25 and 25 > 0, the graph is a circle. The

center is (—%,%) and the radius is 5.

Classroom Example 5 (page 198)
Complete the square twice, once for x and once for y:
x?—6x+y? +2y+12=0
(3 = 6x+9)+(y? +2y+1)==12+9+1
(x=3) +(y+1)==2
Because ¢ =2 and —2 < 0, the graph is nonexistent.
Classroom Example 6 (page 199)

Determine the equation for each circle and then
substitute x =—3 and y = 4.

Station A:
(-1 + -4 =4
(-3-1) +(4-4)" = 4?
(4 =2
16=16

Station B:
[x=(=6)] +(y-0) =5
(x+6)2 +y2 =25
(-3+6)’ +4* =25

32 +4% =25
9+16=25
25=25

Station C:
(x=5) +[y-(2)T =107
(x=5) +(y+2)° =100
(-3-5)" +(4+2)° =100
(-8)° +6% =100
64+36=100
100 =100

Because (—3, 4) satisfies all three equations, we can
conclude that the epicenter is (=3, 4).
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Section 2.3  Functions
Classroom Example 1 (page 204)

M ={(~4,0), (-3,1), (3.1)]

M is a function because each distinct x value has
exactly one y value.

N ={(23).(32).(4.5).(5.4)

N is a function because each distinct x value has
exactly one y value.

P={(4.3).(0.6).2.8).(4.3)}

P is not a function because there are two y-values for

x=—4.
Classroom Example 2 (page 205)

(a) Domain: {4, -1, 1, 3}
Range: {-2,0,2, 5}
The relation is a function.

(b) Domain: {1, 2, 3}
Range: {4,5,6,7}
The relation is not a function because 2
maps to 5 and 6.

(¢) Domain: {-3,0, 3,5}
Range: {5}
The relation is a function.

Classroom Example 3 (page 206)

(a) Domain: {—2, 4}; range: {0, 3}
(b) Domain: (—oo,00) ; range: (—oo,o0)
(¢)  Domain: [-5, 5]; range: [-3, 3]
(d) Domain: (—oo,00) ; range: (—oo,4]
Classroom Example 4 (page 207)

(@) y

Not a function

(b)

(©)

(@)

Section 2.3 Functions 23

y
A
i
olf
.......... XY BEN =X
-3
\ A
Function
Yy
A
L
30 s ¥
Not a function
Yy
A
A
..... LD A D > X
1 \
/i
Function

Classroom Example 5 (page 208)

(@)

v =2x—5 represents a function because y is
always found by multiplying x by 2 and
subtracting 5. Each value of x corresponds to
just one value of y. x can be any real number,
so the domain is all real numbers or (—eo, ) .
Because y is twice x, less 5, y also may be any
real number, and so the range is also all real
numbers, (—oo,0) .
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24 Chapter 2 Graphs and Functions

(b)  For any choice of x in the domain of

. . F = , that be found b
y= x* +3, there is exactly one corresponding © ory x+2 we see that yycan be found by
value for y, so the equation defines a function. dividing x + 2 into 3. This process produces
The function is defined for all values of x, so one value of y for each value of x in the
the domain is (—oo, o) . The square of any domain. The domain includes all real numbers

except those that make the denominator equal
to zero, namely x = —2. Therefore, the domain
is (—o0,—=2) U (=2, 0). Values of y can be
negative or positive, but never zero. Therefore
the range is (—oe,0)U (0,0).

number is always positive, so the range is
[37 Do) .

T

T

(¢)  For any choice of x in the domain of x = | y

there are two possible values for y. Thus, the
equation does not define a function. The
domain is [0,e0) while the range is (—oo,0) .

i
|
|
|
|
|
|
|
|
T
-2
I
|
|
|
|
|
|

t Classroom Example 6 (page 210)
x =1y

I @  f(-3)=—(-3)>-6(-3)+4=13

A A ®d  f()=—r'—6r+4

(© g(r+2)=3(r+2)+1=3r+7

Classroom Example 7 (page 210)

(d) By definition, y is a function of x if every (@) f(-D=2(-1)>-9=-7
value of x leads to exactly one value of y.
Substituting a particular value of x, say 1, into b)) f(-D)=6
y = —x corresponds to many values of y. The
ordered pairs (0, 2) (1, 1) (1, 0) (3, —1) and so © fD=5
on, all satisfy the inequality. This does not @  f(-1)=0
represent a function. Any number can be used a
for x or for y, so the domain and range of this Classroom Example 8 (page 211)
relation are both all real numbers, (—oo,o0) . 5
y (a) f(x)=x"+2x-3
A F(=5)= (-5 +2(-5)-3=12
T fO)=>+2t-3
+ y2—x
i 2
A 01 N e e ol (b) 2x—3y=6=>y=§x—2
I fx)= %x -2
4 2 16
S)y==(-5-2=-—
S(=5) 3 (=5 3
2
H==t-2
f0=3

Copyright © 2017 Pearson Education, Inc



Classroom Example 9 (page 213)

y
A
(-1,2) 5
= . \ x
2|

The function is increasing on (—oo, —1), decreasing

on (-1, 1) and constant on (1, o).

Classroom Example 10 (page 213)

The example refers to the following figure.

Swimming Pool
Water Level

Hours

(a)  The water level is changing most rapidly from
0 to 25 hours.

(b)  The water level starts to decrease after 50
hours.

(c)  After 75 hours, there are 2000 gallons of water
in the pool.

Section 2.4  Linear Functions
Classroom Example 1 (page 220)

f(x)= %x + 6 ; Use the intercepts to graph the

function. f(0)= %(0) + 6 =6 y-intercept

3

2% = x=—4: x-intercept

0=2x+6=-6=

Domain: (—eo,0), range: (—oo,o0)

Section 2.4 Linear Functions 25

Classroom Example 2 (page 220)

f(x)=2 is a constant function. Its graph is a
horizontal line with a y-intercept of 2.

y
A

>
T x

Domain: (—ee,e0), range: {2}
Classroom Example 3 (page 221)

x =15 is a vertical line intersecting the x-axis at (5, 0).

y
N
x=5
1> x
0 5,0
y/

Domain: {5}, range: (—oo,0)

Classroom Example 4 (page 221)

3x+4y =0; Use the intercepts.

3(())+ 4y=0=4y=0= y =0: y-intercept

3x+4(0)=0=3x=0= x =0: x-intercept

The graph has just one intercept. Choose an

additional value, say 4, for x.

3(4)+4y=0=12+4y=0
4y=-12=>ypy=-3

Graph the line through (0, 0) and (4, —3).

Domain: (—eo,0), range: (—oo,o0)
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26 Chapter 2 Graphs and Functions

Federal Spending
Classroom Example 5 (page 223) on R&D in
@ _4-(=6) _ E B 2 _ Geyneral Science
2-2 -4 2 ERTY Y S—
o g 0 E 9.500 (2010, 9547)
b m= =-=0 £ 9,000}
5-(-3) 8 z .
10-10  -20 5 0 203, 8658
() m=————=—""= theslopeis 10711 712713
—4-(-4) 0 Year
undefined. Classroom Example 9 (page 226)
Classroom Example 6 (page 224) (a) C(x)=120x+2400
2x=3y=10 ()  R(x)=150x
Solve the equation for y.
2x-5y=10 (c) P(x)=R(x)-C(x)
—Sy=-2x+10 =150x — (120x + 2400)
y=3x—2 =30x — 2400
5
) d Px)>0=30x-2400>0= x>80
The slope is 3 the coefficient of x. At least 81 items must be sold to make a

profit.

Cl E le 7 224 . . .
assroom Example 7 (page 224) Section 2.5 Equations of Lines and

First locate the point (=2, —3). Because the slope is Linear Models
4 | a change of 3 units horizontally (3 units to the

30 Classroom Example 1 (page 234)
right) produces a change of 4 units vertically (4 units — o(x—3
up). This gives a second point, (1, 1), which can be y=(=3)=-2(x-3)
used to complete the graph. y+5=-2x+6
y=-2x+1
y
A
Classroom Example 2 (page 234)
4 First find the slope: m = 3-CD = _4
LD _ o —4-5 9
/0 Now use either point for (x;,;):
y=3=—3lx—(-4)]
9(y—-3)=—4(x+4)
Classroom Example 8 (page 225) 9y—-27=-4x-16
The average rate of change per year is Ayt gi z l—fx +11

8658 - 9547 _ 889 _ 96 33 million

2013-2010 3 Classroom Example 3 (page 235)
The graph confirms that the line through the ordered
pairs fall from left to right, and therefore has negative 3
slope. Thus, the amount spent by the federal x-dy=12=-4y=-3x+12=y=7x-3
government on R&D for general science decreased
by an average of $296.33 million (or $296,330,000)
each year from 2010 to 2013.

Write the equation in slope-intercept form:

The slope is % , and the y-intercept is (0, —3).
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Classroom Example 4 (page 236)
4-2 1

2-2 2
Now, substitute —% for m and the coordinates of one

First find the slope: m =

of the points (say, (2, 2)) for x and y into the slope-
intercept form y = mx + b, then solve for b:

2=-1-2+b=3=b.The equation is

y=—%x+3.

Classroom Example 5 (page 236)

The example refers to the following figure:

(a)  The line rises 5 units each time the x-value
increases by 2 units. So the slope is % . The
y-intercept is (0, 5), and the x-intercept is
(=2, 0).

(b)  An equation defining fis f(x) = %x +5.

Classroom Example 6 (page 238)

(a)  Rewrite the equation 3x—2y =5 in slope-
intercept form to find the slope:

- _3 5 o 3

3x-2y=5=y=5x+35 Theslopeis 5.
The line parallel to the equation also has slope
3 : : -
3 - An equation of the line through (2, —4) that
is parallel to 3x—2y =5 is
y—(—4)=%(x—2):>y+4=%x—3:>
y=%x—7 or3x — 2y =14.

Section 2.6 Graphs of Basic Functions 27

(b)  The line perpendicular to the equation has
slope —% . An equation of the line through
(2, —4) that is perpendicular to 3x —2y =5 is
—_2 __2 4
y=(4H=-350-2)=>y+4=-5x+3=
y=—2x-% or2x+3y=-8.

Classroom Example 7 (page 240)

(a)  First find the slope: m = M =504

3-1
Now use either point for (x;,;):
y—6695=504(x—1)
y—6695=1504x — 504
y=504x+6191

(b)  The year 2015 is represented by x = 6.
y=504(6)+6191=9215
According to the model, average tuition and

fees for 4-year colleges in 2015 will be about
$9215.

Classroom Example 8 (page 242)

Write the equation as an equivalent equation with 0
on one side.
3x+2(5-x)=2x+38=
-3x+2(5-x)—2x-38=0
Now graph the equation to find the x-intercept.
NORMAL FLOAT AUTD REAL RADIAN MP n
CALC ZERD

Ya=-3X+2(5-X)-24-38

2ero
K=y ¥=zo

The solution set is {—4}.

Section 2.6  Graphs of Basic Functions
Classroom Example 1 (page 249)

(a)  The function is continuous over

(=2,0)U(0,)

(b)  The function is continuous over its entire
domain (—oe, ).
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28 Chapter 2 Graphs and Functions

Classroom Example 2 (page 252)

(a)  Graph each interval of the domain separately.
If x <1, the graph of f{x) = 2x + 4 has an
endpoint at (1, 6), which is not included as part
of the graph. To find another point on this part
of the graph, choose x =0, so y = 4. Draw the
ray starting at (1, 6) and extending through

(0, 4). Graph the function for x > 1, ix) =4 — x fx) = Hlx _ 2]]
similarly. This part of the graph has an 3
endpoint at (1, 3), which is included as part of Classroom Example 4 (page 254)

the graph. Find another point, say (4, 0), and
draw the ray starting at (1, 3) which extends
through (4, 0).

For x in the interval (0, 2], y = 20. For x in (2, 3],
y=20+2=22.Forxin(3,4],y=22+2=24.Forx
in (4,5],y=24+2=26.Forxin (5, 6],
y=26+2=28.

4-x ifx>1

1) = {2x+4ifx< 1

Pounds

(b)  Graph each interval of the domain separately.
If x <0, the graph of f{x) = —x — 2 has an Section 2.7  Graphing Techniques
endpoint at (0, —2), which is included as part

of the graph. To find another point on this part Classroom Example 1 (page 260)

of the graph, choose x = -2, so y = 0. Draw the Use this table of values for parts (a)—(c)
ray starting at (0, —2) and extending through ,
(=2, 0). Graph the function for x > 0, x| gx)=2x* | h(x)= %xz k(x) = (% x)
f(x)=x* -2 similarly. This part of the graph
has an endpoint at (0, —2), which is not 2 8 2 !
included as part of the graph. Find another -1 2 L 1
point, say (2, 2), and draw the curve starting at 2 4
(0, —2) which extends through (2, 2). Note that 0 0 0 0
the two endpoints coincide, so (0, —2) is | ) 1 1
included as part of the graph. 2 4
y 2 8 2 1
@  gln)=2x
y
_J=x=-2ifx<0 4 =252
fix) = {xZ ~2ifx>0 gl =2x
Classroom Example 3 (page 254) B x

Create a table of sample ordered pairs:

X 3‘6

—6 ‘—3

3
3o

Y[}

B[] [
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Section 2.7 Graphing Techniques 29

(b)  h(x)= % x2 Classroom Example 3 (page 263)

y (a)

1 2
© k()= (5 XJ

Y k) = (3x)? (b)

Classroom Example 2 (page 262)
Use this table of values for parts (a) and (b)

x| glx)= —|x| h(x) = |—x|
-2 -2 2 ©
-1 -1 1

0 0 0

1 -1 1

2 -2 2
(a)

(d)

(b)

x=|y]

Replace x with —x to obtain

-x = | y| . The result is not the same as the
original equation, so the graph is not
symmetric with respect to the y-axis. Replace
y with —y to obtain x = |—y| =>x= |y| The
result is the same as the original equation, so
the graph is symmetric with respect to the x-

axis. The graph is symmetric with respect to
the x-axis only.

y=|-3

Replace x with —x to obtain y = |—x| -3=

y= |x| — 3. The result is the same as the
original equation, so the graph is symmetric
with respect to the y-axis. Replace y with —y to
obtain —y = |x| — 3. The result is not the same
as the original equation, so the graph is not
symmetric with respect to the x-axis.

Therefore, the graph is symmetric with respect
to the y-axis only.

2x—y=6
Replace x with —x to obtain 2(—x)-y=6=
—2x— y = 6. The result is not the same as the

original equation, so the graph is not
symmetric with respect to the y-axis. Replace
y with —y to obtain 2x—(-y)=6=

2x+ y = 6. The result is not the same as the
original equation, so the graph is not
symmetric with respect to the x-axis.
Therefore, the graph is not symmetric with
respect to either axis.

X+ y2 =25

Replace x with —x to obtain

(—x)2 + y2 =25= x* + y2 =25. The result is
the same as the original equation, so the graph
is symmetric with respect to the y-axis.
Replace y with —y to obtain

2+ (—y)2 =25= x*+ y2 =25. The result is
the same as the original equation, so the graph
is symmetric with respect to the x-axis.
Therefore, the graph is symmetric with respect

to both axes. Note that the graph is a circle of
radius 5, centered at the origin.
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30 Chapter 2 Graphs and Functions

Classroom Example 4 (page 265)

@ y=-2¢

Replace x with —x and y with —y to obtain
(=y)= —2(—x)3 =>-y= 23 = y= —-2x . The
result is the same as the original equation, so
the graph is symmetric with respect to the
origin.

b  y=-22
Replace x with —x and y with —y to obtain
(-3)=-2(-x) = -y=-2x" = y=2x".
The result is not the same as the original

equation, so the graph is not symmetric with
respect to the origin.

Classroom Example 5 (page 266)

(a) g(x)= X0 +2x° -3x
Replace x with —x to obtain
g(=x) = (=2)" +2(=x)" = 3(-x)
=—x"—2x> +3x
=—(x" +2x° =3x) = —g(x) =
g(x) is an odd function.
(b)  h(x)=2x*-3
Replace x with —x to obtain
h(=x)=2(-x)* =3=2x" =3 =h(x) = h(x)is
an even function.
(c) k(x)= x> +6x+9
Replace x with —x to obtain
k(=x) = (=x)* +6(-x) +9
=x> —6x+9 # k(x) and #—k(x) =
k(x) is neither even nor odd.

Classroom Example 6 (page 267)

Compare a table of values for g(x) = x* with

f(x)= x*>+2. The graph of f{(x) is the same as the
graph of g(x) translated 2 units up.

x g(x)=x* f(x)=x>+2
-2 4 6
-1 1 3

0 0 2

1 1 3

2 4 6

fx) = X242
0,2)
X
20 2
Classroom Example 7 (page 268)

Compare a table of values for g(x) = x* with

f(x)=(x+4)*. The graph of f{x) is the same as the
graph of g(x) translated 4 units left.

x| g)=x" | f()=(x+4)
-7 49 9
—6 36 4
=5 25 1
-4 16 0
-3 1
-2 4
-1 1 9

fo =@+

4,02 0
Classroom Example 8 (page 269)
@ f()=—(x-17+4

This is the graph of g(x) = x?, translated one

unit to the right, reflected across the x-axis,
and then translated four units up.

x g(x)=x* f(x)=—(x=1)*+4
-2 4 -5
-1 1 0

0 0 3

1 1 4

2 4 3

3 9 0

4 16 =5

(continued on next page)
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(continued)

f@) =-x-1*+4

()  f(x)=-2[x+3|
This is the graph of g(x) = |x

, translated three

units to the left, reflected across the x-axis, and
then stretched vertically by a factor of two.

x | g(x)=lx] fx)==2[x+3|
-6 6 -6
-5 5 —4
-4 4 -2
-3 3 0
-2 2 -2
-1 1 —4

0 0 -6

y

glx)=-2x+3]

©  hx)=1Jx+2-3

This is the graph of g(x) = Jx , translated two

units to the left, shrunk vertically by a factor
of 2, and then translated 3 units down.

x| g)=+x | h(x)=1Jx+2-3
—2 | undefined -3
—1 | undefined -2.5
0 0 12-3=-23
21 2=14 -2
6| Jo=24 | 1Y8-3=-16
71 J7=26 -1.5

Section 2.8 Function Operations and Composition

h(x):%\/x+2—3

Classroom Example 9 (page 270)

The graphs in the exercises are based on the
following graph.

@ g)=f(x)-2

This is the graph of f{x) translated two units

down.

A

N0 X
-2

/

1R
0@

£ =) -2
(b)  h(x)=f(x=2)

This is the graph of f{x) translated two units

right.
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© k)= flx+D)+2 (c)
This is the graph of f{x) translated one unit
left, and then translated two units up.

(@)

(e)

L 5 o

k() =fx+ 1) +2

@  F)=f(-x)
This is the graph of f{x) reflected across the
y-axis.

f
=

I

Y (a)

v T

F(x) = flx)

Function Operations and
Composition
Classroom Example 1 (page 278)

Section 2.8

For parts (a)—(d), f(x)=3x-4 and g(x)=2x"-1

(@  f(0)=3(0)-4=—4 and
2(0)=2(0)> -1=-1, so
(f+g)0)=—-4-1=-5

(b)  f(4)=3(4)-4=8 and g(4)=2(4)" -1=31,

so (f - g)(4)=8-31=-23 ®)

(©  f(-2)=3(-2)-4=-10 and
g(-2)=2(-2)*-1=17,s0
(fg)(=2)=(-10)(7)=-70

d  f3)=33)-4=5and g3)=23)*-1=17,

Classroom Example 2 (page 279)
For parts (a)~(¢), /(x)=x"~3x and g(x)=4x+5
@ (f+2)x)=("-3x)+@x+5)=x"+x+5

b)) (-2 =" -3x)-(@dx+5)=x"-Tx-5

(fe)(x) = (x* = 3x)(4x +5)
=4x> +5x% —12x% —15x

=4x —7x* —15x
2
x°—=3x
g 4x+5

The domains of fand g are both (—eo,0) . So,

the domains of f+ g, f— g, and fg are the
intersection of the domains of fand g,

(—o0,0) . The domain of é includes those

real numbers in the intersection of the domains
of fand g for which g(x)=4x+5#0=

X # —%. So the domain of % is

Classroom Example 3 (page 280)

Ay =5

> X

¥ ff(x)

\

i

From the figure, we have f{1) =3 and
g(1)=1,50 (f+g)(1) =3+ 1 = 4.

0)=4 and g(0) = 0, 0 (f— g)(0) =4 — 0 = 4.
A=1)=3and g(-1)= 1, s0
(FeEH=06)(1)=3

f=2)=0and g(-2) =2, s0 (f) (2)=2=0.

x fx) gx)

-2 -5 0

-1 -3 2
0 -1 4
1 1 6

From the table, we have f{1) =1 and
g)=6,s0(f+g)(1)=1+6=1.
A0)=-1and g(0) =4, so
F—o()y=-1-4=-5.
fi=1)=—-3and g(-1)=2,

s0 (fg)(-1)=(3)(2)=—6
A—2)=-5and g(-2) =0, so

(g) (-2)=7F = L is undefined.
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() f(x)=3x+4,g(x)=—|x|
From the formulas, we have
f)=3)+4=7 and g(l)=—|]=-1, s0
(f+g)(1)=7+(-1)=6.
f(0)=3(0)+4=4 and g(0)=—|0]=0, so
(f-g()=4-0=4.
f(=D)=3(-D+4=1and g(-1)=—|]-1|=-1,
so (fe)(-D) =()(-D=-1
f(=2)=3(-2)+4=-2 and

S

-2
g(-2)=-|-2|=-2, 0 (Ej (-2)= i 1.

Classroom Example 4 (page 281)
Step 1: Find f(x+h):
f(x+h)=3(x+h)*=2(x+h)+4
=3(x* +2xh+h*)—2x-2h+4
=3x> +6xh+3h* —2x-2h+4
Step 2: Find f(x+h)— f(x):
S(x+h)—f(x)
=(3x? + 6xh+3h* —2x—2h+4)— (3x* - 2x +4)
= 6xh+3h* = 2h
Step 3: Find the difference quotient:
fx+h)— f(x) _ 6xh+3h* —2h
h h

Classroom Example 5 (page 283)

=6x+3h-2

For parts (a) and (b), f(x)=+x+4 and g(x) = 2
X

(a)  First find g(2): g(2)= % =1. Now find
(fo2)2) = f(g@)=fD)=1+4=+5

(b)  First find 5): £(5)=+/5+4 =9 =3. Now
find (go /)(5) =g(f(5)=gB3) =32

NORMAL FIX4Y AUTO REAL RADIAN HP n

Flotl Plotz Plot3

INY1B[X+4
\Y2B2/X
NYa=

ENY 4=

ENY 5=
NYe=

ENY 7=

ENY 5=

Section 2.8 Function Operations and Composition 33

Y1(Y2(2))

The screens show how a graphing calculator
evaluates the expressions in this classroom
example.

Classroom Example 6 (page 283)

For parts (a) and (b), f(x)=~+x—1 and
g(x)=2x+5

@ (o)) =f(g(x)=2x+5-1=2x+4
The domain and range of g are both (—oo,o0) .
However, the domain of fis [1,e) . Therefore,
g(x) must be greater than or equal to 1:
2x+521= x2-2.So, the domain of fog
is [-2,00) .

® (g0 =g(f()=2/x~1+5
The domain of f'is [1,e0), while the range of
is [0,o0) . The domain of g is (—oo, o).
Therefore, the domain of (g o f') is restricted

to that portion of the domain of g that
intersects with the domain of £, that is [1,0).

Classroom Example 7 (page 284)

and g(x)= 2

For parts (a) and (b), f(x) = L4
X x

@ (ean=E0)= /XS) T

The domain and range of g are both all real
numbers except 0. The domain of f'is all real
numbers except —4. Therefore, the expression
for g(x) cannot equal —4. So,

2 1 .
—¢—4:x¢—5. So, the domain of fog
X
is the set of all real numbers except for —1

and 0. This is written

S R
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34 Chapter 2 Graphs and Functions

B (g2 /)0 =800 = (x2+ 5" 2’“5* 8

The domain of fis all real numbers except —4,
while the range of f'is all real numbers except
0. The domain and range of g are both all real
numbers except 0, which is not in the range of
f- So, the domain of go f is the set of all real

numbers except for —4. This is written

() U(4.)

Classroom Example 8 (page 285)

f(x)=2x-5 and g(x)=3x*+x

(g0 /)(x) = g(2x-5)=3(2x—5)* +(2x - 5)
=3(4x* —20x+25)+2x -5
=12x> —58x+70

(fog)x)=f(3x* +x)=2(3x* +x)-5
=6x"+2x-5

In general, 12x* — 58x + 70 # 6x° + 2x — 5, s0

(e NX)#(fog)(x).
Classroom Example 9 (page 286)

(fog)(x)=4(3x+2)* —5(3x+2)-8
Answers may vary. Sample answer:
f(x)=4x" —5x—8 and g(x)=3x+2.
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