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Chapter 2
Functions and Graphs

an one value for y (for
example, if x =0, then
y=+1-0°=+1),the
equation does not definey as a
function of x.

Section 2.1

Check Point Exeyuses

1. The domain is the set of all first components: {0, 10,
20, 30, 42}. The range is the set of all second
components: {9.1, 6.7, 10.7, 13.2, 21.7}.

g(x)=2x-3 (xy)
g(-2)=2(-2-3=-7 | (-2,-7)
g(-1)=2(-1)-3=-5 | (-1,-5)
g(0)=2(0)-3=-3 (0,-3)
g(1)=21)-3=-1 (1,-1)
g(2)=22-3=1 (2,1)

2. a. Therelationis not a function since the two
ordered pairs (5, 6) and (5, 8) have the same
first component but different second
components.

b.  The relation is a function since no two ordered
pairs have the same first component and
different second components.

NP |o| A x

3. a 2x+y=6
y=6-2x
For each value of x, there is one and only one

value for y, so the equation definesy as a
function of x.

b. x+y*=1
y2=l—X2

y:J_rl/:x2

Since there are values of x (all values between—
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The graph of g is the graph of f shifted down 3
units.
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Chapter 2 Functions and Graphs

The graph (a) passes the vertical line test and is
therefore is a function.

The graph (b) fails the vertical line test and is
therefore not a function.

The graph (c) passes the vertical line test and is
therefore is a function.

The graph (d) fails the vertical line test and is
therefore not a function.

a.  f(5)=400
b. x=9, f(9)=100

c. The minimum T cell count in the asymptomatic
stage is approximately 425.

a.  domain: {x-2<x<1} or [-2,1].
range: {y[0 <y <3} or[0,3].

b. domain: {X-2<x<1} or (-2.1].
range: {y|—1sy<2} or [-1,2).

c. domain: {x|-3<x<0} or[-3,0).
range: {y|y=—3,—2,—l}.

Concept and Vocabulary Check 2.1

1.
2.

10.

11.

12.

203

relation; domain; range
function

f; x

true

false

X; X+6
ordered pairs

more than once; function
[0, 3) ; domain

[1,0) ; range

0; 0; zeros

false

Section 2.1 Basics of Functions and Their Graphs

Exercise Set 2.1

1.

10.

The relation is a function since no two ordered pairs
have the same first component and different second
components. The domain is {1, 3, 5} and the range is
{2, 4,5}.

The relation is a function because no two ordered
pairs have the same first component and different

second components The domain is {4, 6, 8} and the
range is {5, 7, 8}.

The relation is not a function since the two ordered
pairs (3, 4) and (3, 5) have the same first component
but different second components (the same could be
said for the ordered pairs (4, 4) and (4, 5)). The
domain is {3, 4} and the range is {4, 5}.

The relation is not a function since the two ordered
pairs (5, 6) and (5, 7) have the same firstcomponent
but different second components (the same could be
said for the ordered pairs (6, 6) and (6, 7)). The
domain is {5, 6} and the range is {6, 7}.

The relation is a function because no two ordered
pairs have the same first component and different
second components The domain is

{3, 4,5, 7} and the range is {-2, 1, 9}.

The relation is a function because no two ordered
pairs have the same first component and different
second components The domain is

{-2,-1, 5, 10} and the range is {1, 4, 6}.

The relation is a function since there are no same first
components with different second components. The
domain is {-3, -2, -1, 0} and the range is {-3, -2, —
1, 0}.

The relation is a function since there are no ordered
pairs that have the same first component but different
second components. The domain is {-7, -5, -3, 0}
and the range is {-7, -5, -3, 0}.

The relation is not a function since there are ordered
pairs with the same first component and different
second components. The domain is {1} and therange
is {4, 5, 6}.

The relation is a function since there are no two
ordered pairs that have the same first componentand
different second components. The domain is

{4, 5, 6} and the range is {1}.
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Chapter 2 Functions and Graphs

11.

12.

13.

14.

15.

16.

17.

18.

204

X+y=16

y=16-X
Since only one value of y can be obtained for each
value of x, y is a function of x.

X+y=25

y=25-x
Since only one value of y can be obtained for each
value of x, y is a function of x.

X+y=16

y=16-x
Since only one value of y can be obtained for each
value of x, y is a function of x.

X+y=25

y=25-x
Since only one value of y can be obtained for each
value of x, y is a function of x.

X +y’=16
y'=16 - X

i XZ

Ifx=(¥,?/:irg._

Since two values, y =4 and y = — 4, can be obtained

for one value of x, y is not a function of x.
X +y’=25
y¥=25-x
y= 35 %
Ifx=0,y=15.

Since two values, y = 5 and y = -5, can be obtained
for one value of x, y is not a function of x.

2

X=y
y= ¥
Ifx=1, y=+1.

Since two values, y = 1 and y = —1, can be obtained
for x =1, y is not a function of x.

4x =y2

y= Ax =12

Ifx=1, theny =+2.

19.

20.

21.

22.

23.

24.

25.

26.

Section 2.1 Basics of Functions and Their Graphs

y=x+4
Since only one value of y can be obtained for each
value of x, y is a function of x.

y= «)(+4

Since only one value of y can be obtained for each
value of x, y is a function of x.

X+y'=8
y’=8-x
y=B-x

Since only one value of y can be obtained for each
value of x, y is a function of x.

X+y=27
y=27-x
y =307 — x

Since only one value of y can be obtained for each
value of x, y is a function of x.

Xy+2y=1

y(x+2)=1
1
y=___
X+2
Since only one value of y can be obtained for each
value of x, y is a function of x.

Xy—-5y=1

y(x-5)=1
1
y =
Xx—5
Since only one value of y can be obtained for each
value of x, y is a function of x.

N
X—-y=2
—y=-x+2

y=kt2
Since only one value of y can be obtained for each
value of x, y is a function of x.

|4—y=5

—y=-x+5
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Chapter 2 Functions and Graphs Section 2.1 Basics of Functions and Their Graphs

Since two values, y = 2 and y = —2, can be obtained
y y y= }( |~ 5

for x =1, y is not a function of x. _ )
Since only one value of y can be obtained for each

value of x, y is a function of x.
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Chapter 2 Functions and Graphs Section 2.1 Basics of Functions and Their Graphs

27. a. f(6)=4(6)+5=29 32.a. h@@)=3-3+1=25

b. f(x+1)=4(x+1)+5=4x+9 .
b. h(-2)=(-2)"-(-2)+1

C. f(*X):4(*X)+5:*4X+5 —_8+2+1
28. a. f(4)=3(4)+7=19 =5
b. f(x+1)=3(x+1)+7=3x+10 c. h(=%) = (%)= (X) +1 = =+ x +1

c. f=X)=3(-x)+7==-3x+7
d. h(3a)=(3a)’- (3a) +1

29. a.  g(-1)=(-1)+2(-1)+3 =27a°-3a+1
=1-2+3
N
9 33.a. f(-6)= —6+6+3= 0+3=3
b. g(x+5)=(x+57+2(x+5)+3 b. f(10)=v10+6 +3
=x*+10X + 25 + 2x +10 + 3 =16 +3
=x*+12x + 38 =4+3
C g0 = (0P 2(x) +3 =7
=x*—2x+3 c. f(x-6)=vx—6+6+3=4x+3
30. a. g(-1)=(-1)°-10(-1)-3 34. a.  f(16)= - = _—=—=-
J25-16 9
6 6 36 3
=1+10-3
=8 b f(24)= /25— (—24)-6
b.  g(x+2)=(x+2)°-10(8+2)-3 =-/49-6
=X+ 4x+4-10x-20-3 =7-6=1
2
=X - 6x-19 . f(25-2x)= B (B-20)-6
¢ g(-x)=(-%?-10(-x)-3 —J2x-6
—y? —
=x"+10x -3 420-1 15

35, a f(@)= _
31. a. h(2) = 2'— 2241 2? 4

=16-4+1 4(-2)°-1 15
=13 b 1=
b.  h(-1) = (-1)*~ (-1)*+1
=1-1+1 4(-x)*-1  4x°-1
c. f(—x) = -
=1 (%)’ S
c. h(=x)=(=x)*-(=x)’+1=x"-x*+1 4(2°+1 33
6. a f@@= =

d. h(3a)=(3a)'— (3a)’+1 2 e
. a)=(oa) —(oa) +
=gla“— 9a’+1 4(-2°+1 =31 31
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Chapter 2 Functions and Graphs Section 2.1 Basics of Functions and Their Graphs

b D= L. TgT

_v\3 _ 3
C. F(ox) = 4(—x) +1: 4x°+1

(_X)3 _X3
4x°-1

or —;

X
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Chapter 2 Functions and Graphs

37.

38.

39.

208

fe)=-1 40.

8

f(-6)=—"==b__4
6

o2 R (o))

2 p2
fry=- " -1

oy
By _p
8

=1
5+3

f(5) =

543 |2 2__
f— — — = =
5) 5+3 -2 2
|-9—x+3|
-9-—x+3
_|—x-6|_ [Lifx<-6
—X—6 -1,ifx>-6

f(-9-x) =

X f(x)=x

(xy)

2| f(-2)=-2 (-2,-2)

1| f(-1)=-1 (-1,-1)

0 f(0)=0 (0,0)

1| f()-=1 (1.1)

2 f(2)=2 (2,2)

X g(x)=x+3 (xy)

-2 g(-2)=-2+3=1 (-21)

1| g(-1)=-1+3=2 (-1,2)

o] g(0)=0+3=3 (0,3)

1 g(1)=1+3=4 (1,4)

2| g(2)=2+3=5 (2,5)

(=1,2)—5
(-2,1)

vy pixy=x+3

(2,5) F*-iyf;fm:f
by 22
! (1. 1)
(0,05 x
HNHH
{_21-_2-] {_I-r_l..'

0,3 ——=

The graph of g is the graph of f shifted up 3 units.

Section 2.1 Basics of Functions and Their Graphs

41.

X F(x) =x (xy)
) f(-2) =-2 (-2,-2)
1 f(-1)=-1 (-1,-1)

0 f(0)=0 (0,0)

1 f(1)=1 (1,1)

2 f(2)=2 (2,2)

X g(x)=x-4 (xy)
2| 9(-2)=-2-4=-6 | (-2,-6)
-1 g(-1)=-1-4=-5 (-1,-5)

0 g(0)=0-4=-4 (0,-4)

1 g(1)=1-4=-3 (1,-3)

2 g(2)=2-4=-2 (2,-2)

Yy fin=x
:ff:——h-.dl:f / ;:;‘;m =x-4
i e e

- - i1,-3

= ﬂ/ EREsl (0, —4)

':_21 _ﬁ‘:l ':_ln _5}

The graph of g is the graph of f shifted down 4 units.

X f(x)=-2x (xy)
-2 f(-2)=-2(-2)=4 | (-2,4)
-1 f(-1)=-2(-1)=2 (-1,2)

0 f(0)=-2(0) =0 (0,0)

1 f(1)=-2(1)=-2 (1,-2)
2 f(2)=-2(2)=-4 (2,-4)
X g(x)=-2x-1 (xy)
2 | g(-2)=-2(-2)-1=3 | (-2,3)

1] g(-1)=-2(-1)-1=1| (-11)

0| g(0)=-2(0)-1=-1 | (0,-1)
1| 9g@=-2(01)-1=-3 | (1,-3)
2 | 9(2)=-2(2)-1=-5 | (2,-5)
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Chapter 2 Functions and Graphs Section 2.1 Basics of Functions and Their Graphs

X g(x)=x2+1 (xy)
2 | o()=(2'+1=5 | (29
—2,3)—
:—1 1:; -1 g(-1)=(-1)'+1=2 (-1,2)
(0, 0)— 0 g(0)=(0)'+1=1 (0.1)
— I~ p— 2 j—
it 1| e-@i-2 | (2)
. — - 2
2, -5) 2 9(2)=(2) +1=5 (2,5)
The graph of g is the graph of f shifted down 1 unit.
plar=x+1
42. X f(x) =-2x (xy) Jixy =2 ¥y (29
-2 f(-2)=-2(-2)=4 | (-2,9) (=2,5 -1 ? 2,9
! - L-11,2)
-1 f(-1)=-2 (_1) =2 (_1' 2) (—2.4) -""'#J__ (1, 1)
0 £(0)=-2(0) =0 (0,0) (-1,2) =54 5 I;]. .
1 f(1)=—2(1)=-2 | (1,-2) (-1,1)- LT
f(2)=-2(2)=-4 2,-4 . . .
2 @ ( ) ( ) The graph of g is the graph of f shifted up 1 unit.

X g(x)=-2x+3 (xy) 44, X f(x)=x (xy)
2 | g(-2)==2(-2)+3=7 | (-2,7) -2 f(-2)=(-2)"=4 (-2,4)
1| g(-1)=-2(-1)+3=5| (-1,5) -1 f(-1)=(-1)"=1 (-1,1)
0 | 9(0)=-2(0)+3=3 | (0,3) 0 £(0)=(0)'=0 (0,0)
1] g(@)=-2(1)+3=1 (11) 1 f(1)=(1)'-1 (11)
2 1 g(2)=-2(2)+3=-1| (2,-1) ; (@=(2) = @.9)
Sixy = —2x 27
o(x) = — 3y -2,
W:'_zmzj_ﬂ' (T (-1,5) " 9(x=x-2 (xy)
-2 EN 2 | g()=(2y-2-2 | (22)
(0, 0) == 5 x -1 g(-1)=(-1)°-2=-1 (-1,-1)
1, -2) AT NN _
The graph of g is the graph of f shifted up 3 units. 1 9()=(1)-2=-1 (1,-1)
“ - TE o) .2 : 9(2)=(2)'-2=2 (2,2)
2| i(-(2=4 | 29 = r-2 )
-1 f(-1)=(-1)"=1 (-11) (=2, 4) - au 4
2 - H 2, 2)
0 £(0)=(0)"=0 (0,0) (-2,2)— an
1 f()=(1)'=1 (11) (-1,1) .
(27 | (-1 -~ (1,-1)
’ @-(2) -4 ¢4 (0, 0) HH“‘H},—E}

The graph of g is the graph of f shifted down 2 units.
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Chapter 2 Functions and Graphs Section 2.1 Basics of Functions and Their Graphs

45. X f(x) =¥ (xy) Six) = | x|
) f(-2) :|_2|: 2 (-2,2) glxy = |x|+1 .v*'“:'-..”
-1 f(-1)=1=1 (-11) -2 - 1 #_,/-fi__ftz, 3)
0 £(0) =p[=0 (0,0) (2.2 2 TE—(2.2)
D NN
1 f(1)=l1]=1 (L.1) L2 11‘\
(0, W, 1) 0
2 f(2) |- (2.2) (=1, 1) '{':I}jﬂ'.}l:ﬁ\u,z;
X g(x) dx-2 (xy) The graph of g is the graph of f shifted up 1 unit.
2=0 (=2.0) 47 X f(x)=x (xy)
i WSl | a8 | 29
2 | (0.2 I 3
— _1 (11 _1) f (_1) = (_1) = _1 (_1’ _1)
-0 (2,0) 0 f(0)=(0)'=0 (0.0)
L ==t [ @
S 2 f(2)=(2)'=8 2,8
(2,2) -0 28)
T X g(x)=x+2 (xy)
(- ~ (2,0 -2 9(-2)=(-2)'+2=-6 (-2,-6)
-1 g(-)=(-1)+2=1 (-1.1)
0 9(0)=(0)'+2=2 (0,2)
The graph of g is the graph of f shifted down 2 units. 1 g()=(1)'+2=3 (1,3)
2 2)=(2)'+2=10 2,10
46. X (%) 44 (xy) 12)=)+ (210
2 f(-2) =l—2l: 2 (-2,2) oy = |
-1 f(-1)=-1=1 (-11) glx) = + 2 l-‘2
PR |
0 f(0) :|0|: 0 (0,0) { _ﬂll f:"‘“m
1 f(2) =g =1 (11) ‘H-,_
2 f(2) . I=2 (2,2) (2 -6
I | {_2‘_5:"__..---"
X 9(x) = X+l (xy) The graph of g is the graph of f shifted up 2 units.
2 9(-2) 4-2+1=3 (-2.3)
-1 g(-1)=Hl+1-2 (-1,2)
0 g(0)=ld+1=1 (0,1)
1 g(1)=lh1=2 (1,2)
2 g(2)=2+1=3 (2,3)
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Chapter 2 Functions and Graphs

48.

49,

211

X f(x)=x (xy)
-2 | f(-2)=(-2y=-8 | (-2.-8)
[ He)=(=a [ (1D
0 f(0)=(0)'=0 (0.0)
! f(1)=(1)'=1 (L.1)
2 | 1=@r-s | @9
X g(x)=x-1 (xy)
-2 9(-2)=(-2)-1=-9 (-2.-9)
4 ey [(1D)
0 g(0)=(0)-1=-1 (0,-1)
1 g()=(1)’-1=0 (1,0)
2 9(2)=(2)'-1= 2.7)
fxy=x
gxy=x'—-1 4 (2, 8)
A ,:‘;,. 2,7
H 1oL
11 _jE,u,m
(=1, =2
2 p g
The graph of g is the graph of f shifted down 1 unit.
X f(x)=3 (xy)
-2 f (—2): 3 (—2, 3)
-1 f(—l): 3 (—1,3)
0 f (0): 3 (0, 3)
1 f(1)=3 (1,3)
2 f(2)= 3 (2,3)
X g(x)=5 (xy)
-2 9(-2)=5 (-2.5)
-1 g(-1)=5 (-15)
0 g(0)=5 (0,5)
1 g(1)=5 (1.5)
2 9(2)=5 (2.5)

50.

Section 2.1 Basics of Functions and Their Graphs

(1.5)

N 7::.: _(2,5)
Z4ias "
L 3)

The graph of g is the graph of f shifted up 2 units.

12,3

X f(x)=-1 (xy)
-2 f(-2)=-1 (-2,-1)
-1 f(-1)=-1 (-1,-1)

0 £(0) =-1 (0,-1)

1 f(1)=-1 (1,-1)

2 f(2) =1 (2,-1)

X g(x)=4 (xy)
2 g(-2)=4 (-2, 4)
-1 g(-1)=4 (-1,4)

0 g(0) =4 (0, 4)

1 g(1)=4 (1,4)

2 g(2)=4 (2. 4)

(0,4)
(=1, 4) 1,4
"2""\\ ! /{ f:z,m
glv)=4 = e
fx) = —1 Sty ¥
v R
(—1, -1}

(0, —1)

The graph of g is the graph of f shifted up 5 units.
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Chapter 2 Functions and Graphs Section 2.1 Basics of Functions and Their Graphs

5L X f(x)=x (xy) 53. X f(x)=x (xy)
0 f(0)=0=0 (0,0) 0 f(0)=0=0 (0,0)
1 f(1)=1=1 (11) 1 f(l)=1=1 (11)
4 f(4)=4=2 (4.2) 4 f(4)=4=2 (4.2)
9 f(9)=9=3 (9.3) 9 f(9)=9=3 (9.3)
[
X g(x)=x-1 (xy) X g(x)/z_x_—l (xy)
0 | g(0)=0-1=-1 | (0,-1) 1 g(1)=1-1-0 (1,0)
1 | g(1)=1-1=0 (1,0) 2 9(2)=2-1=1 (2.1)
4 g(4)=4-1=1 (4.0) 5 g(5)=xb5-1=2 (5.2)
9 g(9)=9-1=2 (9,2) 10 | g(0)=f0-1=3 | (103)
- 4.2y ("N vy (4.2) (9.3
a1 HEEEH (0|} = 'Hﬂf#
0 0y S e ) = SN et fW = -1
T 1B eix) = =1 -F‘{uu}
@, —1)—1 [1: {HH '||I X (0,0}~ .\E \H iy
(1,0 (4,1 (%2) (LM (2,1} (52)
The graph of g is the graph of f shifted down 1 unit. The graph of g is the graph of f shifted right 1 unit.
52. X f(x)=x (xy) 54. X f(x)=x (xy)
0 f(0)=0-0 (0,0) 0 £(0)=0=0 (0,0)
1 f(1)=1=1 (1.1) 1 f(1)=1=1 (1,1)
4 f(4)=4=2 (4.2) 4 f(4)=4=2 (4,2)
9 f(9)=9=3 (9.3) 9 £(9)=9=3 (9,3)
X g(x)=x+2 (xy) X 9 (x)=k+2 (xy)
0 g(0)=0+2=2 | (0,2) 2 | 9(-2)af2+2=0 | (-2.0)
1 g(1)=1+2=3 | (1,3) 1| g(-)=FF2=1 | (-L1)
4| g@)=a+2-4 | (49 2 9(=p72=2 | (22
9 g(9)=9+2=5 (9,5) ! g EQZZ} 7;.;'%}: 3 (73)
Ly vy G OS5 B (—L.1)
N8
Yt o 2.0
(0,0~ ] ! ;"\\ ; 1‘ K !
EEEEEEE (0,0 (1,1)

(L1 (4,2) (93
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Chapter 2 Functions and Graphs Section 2.1 Basics of Functions and Their Graphs

The graph of g is the graph of f shifted up 2 units. The graph of g is the graph of f shifted left 2 units.
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55. function
56. function
57. function

58. not a function

59. not a function
60. not a function

61. function

62. not a function

63. function

64. function

65. f(—2) =4
66. f(2)=—4
67. f (4) =4
68. f(-4)=4
69. f(-3)=0
70. f(-1)=0
71. g(-4)=2
72. g(2)=-2
73. g(-10)=2
74. g (10)=-2
75.Whenx=-2, g(x)=1.

76. Whenx =1, g(x) = -1.

77. a. domain: (—oo,00)
b. range: [-4, x)

c.  x-intercepts: -3 and 1

210

78.

79.

80.

81.

82.

83.

Section 2.1 Basics of Functions and Their Graphs

domain: (-, --)
range: (—-, 4]
x-intercepts: -3 and 1

y-intercept: 3

f(-2)=3 and f(2)=-5
domain: (—o0, )

range: [1, «)

X-intercept: none
y-intercept: 1
f(-1)=2 and f(3)=4
domain: (-, --)
range: [0, --)
x-intercept: -1
y-intercept: 1
f(-4) =3 and f(3) =4
domain: [0, 5)
range: [-1, 5)
x-intercept: 2
y-intercept: —1
f3)=1
domain: (-6, 0]
range: [-3, 4)
x-intercept: —3.75
y-intercept: -3 f(—
5)=2
domain: [0, o)
d. y-intercept: -3

e. f(-2)=-3 and f(2)=5
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range: [1, «)
x-intercept: none

d. y-intercept: 1
f(4)=3
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84.

85.

86.

87.

88.

89.

210

domain: [-1, --)
range: [0, --)
x-intercept: -1

y-intercept: 1

f(3)=2
domain: [-2, 6]
range: [-2, 6]
x-intercept: 4
y-intercept: 4
f(-1)=5
domain: [-3, 2]

range: [-5, 5]

. 1
x-intercept: — _
2

y-intercept: 1
f(-2)=-3
domain: (—o0, o)
range: (—oo, — 2]

X-intercept: none
y-intercept: —2

f(-4) =-5and f(4) =-2
domain: (-, --)

range: [0, --)
x-intercept: {x|x<0}
y-intercept: 0
f(-2)=0and f(2) =4
domain: (—oo, o)

range: (0, )
X-intercept: none

y-intercept: 1.5

90. a.

®

91.

e o T o

92.

o o T @

93.

94.

95.

6.

97.

Section 2.1 Basics of Functions and Their Graphs

domain: (—o0,1) [ (1, o)
range: (-0, 0) [ (0, )
X-intercept: none

y-intercept: —1

f2)=1

domain: {-5,-2,0, 1, 3}
range: {2}

x-intercept: none

y-intercept: 2
f(-5)+f(3)=2+2=4
domain: {-5,-2,0, 1, 4}
range: {-2}

X-intercept: none

y-intercept: —2

f(=5) +f(4) =2+ (-2) = -4

|~ D =
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g(l):3(1)—5:3—5:
-2
t(g(1)=f(-2)=(-2)'~(-2)+4
=4+2+4=
10

g(-1)=3(-1)-5=-3-5=
-8
f(9(-1)=F(-8)=(-8) ~(-8)+4
—64+8+4=
76

3—(-1)—(—65 +6+(-6) -4
=3+1-36+6+(-6)-4
=4-36+-1-4
=2-36+-4
=-34+-4
=-38

4 —(-1) —=(-3)"+-3+3--6
=—4+41-9+-3+3--6
=-3-9+-1-6
=3-9+6=-6+6=0

F(=) -1 (%)
:(—x)3+(—x)—5—(X3+ x—5)
=X -X-5-X-x+5=-2x-2x

210

Section 2.1 Basics of Functions and Their Graphs
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98.

99.

100.

101.

102.

212

(=) —f(%)
=(—x)"=3(=x)+ 7~ (x*~3x+7)
=X+ 3X+7-X+3x-7

= 06X

a. {(lceland, 9.7), (Finland, 9.6), (New Zealand,
9.6), (Denmark, 9.5)}

b. Yes, the relation is a function because each
country in the domain corresponds to exactly
one corruption rating in the range.

24

{(9.7, Iceland), (9.6, Finland), (9.6,
New Zealand), (9.5, Denmark)}

d. No, the relation is not a function because 9.6 in
the domain corresponds to two countries in the
range, Finland and New Zealand.

a. {(Bangladesh, 1.7), (Chad, 1.7), (Haiti, 1.8),
(Myanmar, 1.8)}
b. Yes, the relation is a function because each

country in the domain corresponds to exactly

one corruption rating in the range.

¢. {(1.7, Bangladesh), (1.7, Chad), (1.8, Haiti),
(1.8, Myanmar)}
d. No, the relation is not a function because 1.7 in

the domain corresponds to two countries in the
range, Bangladesh and Chad.

a. f(70) =83 which means the chance that a 60-
year old will survive to age 70 is 83%.

b. g (70) = 76 which means the chance that a 60-
year old will survive to age 70 is 76%.

c. Functionf is the better model.

a. f(90) =25 which means the chance that a 60-
year old will survive to age 90 is 25%.

b. g(90) = 10 which means the chance that a 60-
year old will survive to age 90 is 10%.

c. Functionf is the better model.

Section 2.1 Basics of Functions and Their Graphs

G(30) = —0.01(30)2 +(30) +60 =281
In 2010, the wage gap was 81%. This is
represented as (30, 81) on the graph.

103. a.

b. G(30) underestimates the actual data shown by

the bar graph by 2%.

G(10) = —0.01(10)2 +(10) + 60 =69
In 1990, the wage gap was 69%. This is
represented as (10, 69) on the graph.

104. a.

b. G(10) underestimates the actual data shown by

the bar graph by 2%.

105. C(x) =100, 000 + 100x
C(90) = 100, 000 + 100(90) = $109, 000
It will cost $109,000 to produce 90 bicycles.

106. V (X) = 22, 500 — 3200x
V (3) = 22, 500 — 3200(3) = $12, 900
After 3 years, the car will be worth $12,900.

40 40
107. X=""4—"
(1) X X+30
T(30)=4O+ 40
30 30430
80 40
="+
60 60
_ 120
60
=2

If you travel 30 mph going and 60 mph returning,
your total trip will take 2 hours.

108. S(x) =0.10x + 0.60(50 — x)

S (30) =0.10(30) + 0.60(50 — 30) = 15

When 30 mL of the 10% mixture is mixed with 20
mL of the 60% mixture, there will be 15 mL of
sodium-iodine in the vaccine.

109. — 117. Answers will vary.
118. makes sense

119. does not make sense; Explanations will vary.
Sample explanation: The parentheses used in
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function notation, suchas f (x), do notimply
multiplication.
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214

120.

121.

122.

123.

124,

125.

126.

127.

128.

129.

does not make sense; Explanations will vary.
Sample explanation: The domain is the number of

years worked for the company.

does not make sense; Explanations will vary.

Sample explanation: This would not be a function
because some elements in the domain would
correspond to more than one age in the range.

false; Changes to make the statement true will vary.

A sample change is: The domain is [-4, 4].

false; Changes to make the statement true will vary.

A sample change is: The range is [-2,2).

true

false; Changes to make the statement true will vary.

A sample change is: f (0) = 0.8

f@+h)=3(a+h)+7=3a+3h+7
f(a=3a+7
f (a +h) —f (a)
h

_ (3a+3h +7)—(3a+7)
- h
_3a+3h+7-3a-7 3h _
= " =5

3

Answers will vary.
Anexampleis {(1,1),(2,1)}

Itis giventhat f(x+y)=f(X)+f(y)andf(1)=3.
Tofindf (2), rewrite2as 1 + 1.
f)=f1+1)=f(1)+f(2)

=3+3=6
Similarly:
fR=Ff2+1)=f(2)+f (1)
=6+3=9
f@)=f@+1)=fR)+f Q)
=9+3=12

While f(x+y)="f(x)+f(y)is true for this function,

it is not true for all functions. It is not true

for f( x) =X, for example.

~1+3(x-4)=2x

Section 2.1 Basics of Functions and Their Graphs

x—3
5

(x=3)  (x-4)
s )Mt

2Xx—6-5x+20=50
—-3x+14 =50
-3x =236

x=-12
The solution set is {-12}.

130. XA g
2

=10 (5)

131. Let x = the number of deaths by snakes, in
thousands, in 2014
Let x + 661 = the number of deaths by
mosquitoes, in thousands, in 2014

Let x + 106 = the number of deaths by snails, in

thousands, in 2014
x+( x+661) + ( x+106) =1049

X+ X+ 661+ x +106 = 1049
3X + 767 = 1049
3x =282
X =94

x = 94, thousand deaths by shakes
X + 661 = 755, thousand deaths by mosquitoes
X +106 = 200, thousand deaths by snails

132.  C(t) = 20 + 0.40(t — 60)
C(100) = 20 + 0.40(100 — 60)
=20 + 0.40(40)
=20+16
=36

For 100 calling minutes, the monthly cost is $36.

133. fiy=x+2 r=1

§

&

(=2, =)

134.
2x+h)+3(x+h)+5—-(2x +3x+5)

=2(x*+2xh +h?) +3x+3h +5 - 2x*-3x -5

—1+3x-12 = 2x =2x°
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+4xh+2h?*+3x+3h+5
—2x?

3x =13 =2x

-13=-x

13=x

The solution set is {13}.

215

Section 2.1 Basics of Functions and Their Graphs

—-3X
-5

=2x2—2x* + 4xh +2h*+3x-3x+3h+5-5

= 4xh + 2h*+ 3h
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Section 2.2

Check Point Exercises

216

The function is increasing on the interval (-, 1),
decreasing on the interval (—1,1), and increasing on
the interval (1,00).

Test for symmetry with respect to the y-axis.

y=x-1

y=(-x)'-1
y=x"-1

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
y-axis.
Test for symmetry with respect to the x-axis.
y=x>-1
—y=x*-1
y=-x+1
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.

2

y=Xx"-1

—y:(—x)2—1
—y=x-1

y=-x+1
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

Test for symmetry with respect to the y-axis.
y5 — X3
3
¥=(-x)

y5: 5
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.
Test for symmetry with respect to the x-axis.

y5 — X3

5

(-y)=x

Section 2.1 Basics of Functions and Their Graphs

Test for symmetry with respect to the origin.

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
origin.

a. The graph passes the vertical line test and is
therefore the graph of a function. The graph is
symmetric with respect to the y-axis. Therefore,
the graph is that of an even function.

b.  The graph passes the vertical line test and is
therefore the graph of a function. The graph is
neither symmetric with respect to the y-axis nor
the origin. Therefore, the graph is that of a
function which is neither even nor odd.

€. The graph passes the vertical line test and is
therefore the graph of a function. The graph is
symmetric with respect to the origin. Therefore,
the graph is that of an odd function.

a.  f(X)=(x)*+6=x+6="1(x)
The function is even. The graph is symmetric
with respect to the y-axis.

b, g(=X) = 7(=X) — (—X) = =T X +x=—f(x)
The function is odd. The graph is symmetric
with respect to the origin.

c. hX)=(x)°+1=-x+1
The function is neither even nor odd. The graph

is neither symmetric to the y-axis nor the origin.

(20 if0<t<60

C(t) =
© izo+o.40(t—60) ift> 60

a. Since0<40<60, C(40)=20
_ y5= X3
y5:—x3

Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc.

216



Chapter 2 Functions and Graphs Section 2.1 Basics of Functions and Their Graphs

The resulting equation is not equivalent to the With 40 calling minutes, the cost is $20.

original. Thus, the graph is not symmetric with This is represented by (40, 20) .
respect to the x-axis. ’

b.  Since 80 > 60,
C(80) = 20+ 0.40(80 — 60) = 28
With 80 calling minutes, the cost is $28.
This is represented by (80, 28) .
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7. v
(-4,3) 8
(—1.3) 5
(2, 0¥
(-1, -3
3 ifr=—I
J =12 ire>-1
8. a. f(x)=-2x*+x+5
f(x+h)==2(x+h)’+ (x+h)+5
=2+ 2xh+h*) +x+h+5
=-2x*—4xh —2h*+x+h +5
b f(x+h) —f (x)
' h

—2x2—4xh—2h2+x+h+5—(—2x2+x+5)

h

—2x>—4xh —2h #x +h 45 +2x —x%5

h
_ —4xh -2h %h
h
_h(=4x-2h+1)
h
=-4x-2h+1,h=#0

Concept and Vocabulary Check 2.2

=

<fx2); >f(x2): =f(x)

2. maximum; minimum

3. V-axis
4, X-axis
5. origin

6. f(x) ; y-axis

7. —f(x); origin
8.  piecewise

9. lessthanorequaltox; 2; -3;0

10. difference quotient; x + h ;

Section 2.2 More on Functions and Their Graphs

Exercise Set 2.2
1. a. increasing: (—1,)

b. decreasing: (—o,—1)

c.  constant: none

2. a. increasing: (-, —1)
b. decreasing: (-1, --)
Cc. constant: none

3. a. increasing: (0,)
b. decreasing: none

C. constant: none

4. a. increasing: (-1, -)

b. decreasing: none
c.  constant: none

5. a. increasing: none
b. decreasing: (-2, 6)
c.  constant: none

6. a. increasing: (-3, 2)
b. decreasing: none
c.  constant: none

7. a. increasing: (—oo,-1)
b. decreasing: none
c. constant: (-1,o)

8. a. increasing: (0, --)
b. decreasing: none

c.  constant: (-, 0)
9. a. increasing: (-, 0) or (1.5,3)

b.  decreasing: (0,1.5) or (3, )

218 Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc. 218



Chapter 2 Functions and Graphs Section 2.2 More on Functions and Their Graphs

11. false f(x);h;h c.  constant: none

12. false
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10. a. increasing: (-5, -4) or (-2,0) or (2, 4)
b. decreasing: (-4, -2) or (0, 2) or (4,5)
c.  constant: none
11. a. increasing: (-2, 4)
b.  decreasing: none
c.  constant: (—oo, — 2) or (4, )
12. a. increasing: none
b. decreasing: (-4, 2)
C.  constant: (—oo, —4) or (2, )
13. a.x =0, relative maximum = 4
b. x=-3, 3, relative minimum =0
14. a.x =0, relative maximum = 2
b. x=-3, 3, relative minimum = -1
15. a.x=-2, relative maximum = 21
b. x = 1, relative minimum = —6
16. a.x =1, relative maximum = 30
b. x = 4, relative minimum = 3

17. Test for symmetry with respect to the y-axis.
y=x+6
y=(-x)"+6
y=x"+6

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
y-axis.
Test for symmetry with respect to the x-axis.
y=x+6
-y=x'+6
y=-x-6
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.

18.

19.

Section 2.2 More on Functions and Their Graphs

y=x+6
-y= (—x)2+6
-y=%X+6
y=-%x-6
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

Test for symmetry with respect to the y-axis.
2
y=Xx-2

2
y=(-x)"-2
y=x'-2
The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
y-axis.
Test for symmetry with respect to the x-axis.
y=x*-2
—y=x-2
y=-X+2
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.
Test for symmetry with respect to the origin.
y=x-2
-y= (—x)2 -2
—y=x*-2
y=-X+2
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

Test for symmetry with respect to the y-axis.
X=y"+6
-X=y’+6
X=—y'—6
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.
Test for symmetry with respect to the x-axis.
X=Y"+6
X = (—y)2 +6
X=Y"+6
The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
X-axis.
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20.

21.

221

Test for symmetry with respect to the origin.
X=Y"+6

-X= (—y)2 +6

X=Y"+6
X=-y"-6

The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

Test for symmetry with respect to the y-axis.
X=y -2
X=y"-2
X=—y'+2
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.
Test for symmetry with respect to the x-axis.
X=y"-2
x=(-y)-2
X=y"-2
The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
X-axis.

Test for symmetry with respect to the origin.
X=y -2

= (o) -2

X=y' -2
X=—y'+2

The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

Test for symmetry with respect to the y-axis.
V'=x+6
y=(-x)"+6
y'=x+6

The resulting equation is equivalent to the original.

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

Test for symmetry with respect to the x-axis.
y=x"+6

(-y) =x*+6
Yy =x*+6

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the x-axis.

22,

23.

Section 2.2 More on Functions and Their Graphs

Test for symmetry with respect to the origin.
y'=x*+6
2 2

(-y)'=(-x)'+6
y=x+6

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the origin.

Test for symmetry with respect to the y-axis.
y2: N

y2=(-x)"-2
y2: X2_ 2
The resulting equation is equivalent to the original.

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

Test for symmetry with respect to the x-axis.
yZ — X2 _ 2

(—y)2 =x’=2
yZ — XZ _ 2
The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
X-axis.

Test for symmetry with respect to the origin.
y2: XZ_ 2

(~y)'=(-x)-2

y=x"-2
The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
origin.

Test for symmetry with respect to the y-axis.
y=2x+3

y=2(-x)+3
y=-2x+3

The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.
y=2x+3

-y =2x+3
y=-2x-3
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.
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y=2X+3
—y=2(-x)+3
y=2x-3
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

24. Test for symmetry with respect to the y-axis.

y=2X+5
y=2(-x)+5

y=-2X+5

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.
y=2X+5
-y =2X+5
y=-2Xx-5
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.
y=2X+5

-y=2(-X) +5
y=2Xx-5

The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

25. Test for symmetry with respect to the y-axis.
@-f:Z
3

(%) -y=2
X2_ y3: 2
The resulting equation is equivalent to the original.

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

Test for symmetry with respect to the x-axis.
X—y'=2

-(y)'=2
X+y'=2

The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the x-axis.

Section 2.2 More on Functions and Their Graphs

X'—y' =2

2 3
(=) =(-y) =2
X +y =2
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

26. Test for symmetry with respect to the y-axis.
3_\2_
X =y 5

(=) -y’=5

_X3_ y2: 5
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.
xX*—y’=5

X-(-y)=5
X3_ y2: 5

The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the x-
axis.

Test for symmetry with respect to the origin.
x*—y? =5
3 2
(%)~ (-y)'=5
X3 yz -5
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

27. Test for symmetry with respect to the y-axis.
X’ +y*=100
(—x)"+y*=100

Test for symmetry with respect to the origin.
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x*+y® =100
The resulting equation is equivalent to the original. Thus,
the graph is symmetric with respect to the y- axis.

Test for symmetry with respect to the x-axis.
X2+ y?=100 X° +
(-y) =100 %% +y? =
100

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the x- axis.
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28.

29.

224

Test for symmetry with respect to the origin.
x>+ y? =100

(—x)"+(~y)’=100
x>+ y? =100

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
origin.
Test for symmetry with respect to the y-axis.

X+ y*=49
(—x)*+y*=49

X+ y*=49
The resulting equation is equivalent to the original.

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

Test for symmetry with respect to the x-axis.
X+ y’=49
X+(-y) =49
X+ y°=49
The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
X-axis.

Test for symmetry with respect to the origin.
X2+y*=49

()" +(-y)' = 40
X2 +y’= 49
The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
origin.
Test for symmetry with respect to the y-axis.
X2y +3xy =1

(—x)’y*+3(-x)y =1
X’y*=3xy =1
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.
X2y?+3xy =1
x*(=y) +3x(-y) =1
x*y’—3xy =1
The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
X-axis.

30.

31.

Section 2.2 More on Functions and Their Graphs

Test for symmetry with respect to the origin.
X2y*+ 3xy =1

(=x)"(=y) +3(=x)(~y) =1
X2y?+3xy =1
The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
origin.
Test for symmetry with respect to the y-axis.
Xy + 5xy =2

(—x)"y?+5(-x)y =2
X'y?—5xy =2
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.
X2y? 4+ 5xy =2
xz(—y)2+5x(—y) =2
x?y*—5xy =2
The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
X-axis.

Test for symmetry with respect to the origin.
x*y®+ 5xy =2

2 2
(=) (=y) +5(x)(~y) =2
x*y®+ 5xy =2
The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
origin.
Test for symmetry with respect to the y-axis.
y'=x*+6
y'=(-x)’'+6
y'=—x+6
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.

y'=x+6
(-y)'=x"+6
y'=x+6

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the
X-axis.
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Test for symmetry with respect to the origin.
y'=x+6
4 3
(-y)'=(-x)'+6
y'=-x+6
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

32. Test for symmetry with respect to the y-axis.
yY=x'+2
y'=(—x)"+2
y'=x'+2
The resulting equation is equivalent to the original.

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

Test for symmetry with respect to the x-axis.
Yy =x"+2

(—y)S:x4+2

—y=x'+2

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.
y'=x*+6
4 3
(-y)'=(-x'+6
y'=-x*+6
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

33. The graph is symmetric with respect to the y-axis.
The function is even.

34. The graph is symmetric with respect to the origin.
The function is odd.

35. The graph is symmetric with respect to the origin.
The function is odd.

36. The graph is not symmetric with respect to the y-axis
or the origin. The function is neither even nor odd.

38.

39.

40.

41.

42,

43.

44,

45,

Section 2.2 More on Functions and Their Graphs

f(x)=x-x
f (%) = (-%)°- (%)
f(X) =X+ x=—(x*-x)
f (—x) = —f (x), odd function

g(x) = x>+ x

9(=x) = (=) + ()
g(-x) = X*~ x, neither

g(x) =x"~x
9(=x) = (%)~ (=x)
g(—x) = X*+ X, neither
h(x) =x*- X’

h(=x) = (=x)*~ (%"
h(—x) = x*- x*
h(—x) = h(x), even function

h(x) = 2x°+ x*
h(—x) = 2(x)*+ (-x)*
h(-x) = 2x*+ x*
h(—x) = h(x), even function

f(x)=x"—x"+1
f (%) = (-%)° = (-)*+1
f(=x) =x"=x"+1
f (—x) = f (x), even function

f(x) =2+ x"+1
f(=x) = 2(=X)’+ (- x)*+1

f(—x) =23+ x*+1
f (—x) = f (x), even function

f(x) =lx6— 3x°
5

(%) =T (0~ 3(-x)’
5

1 2
37 F)=x+x
f (%) = (%)°+ (- %)
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f(X) = x=—(+x) f(x)=_ x-3x

/ 5
f (—x) =—f (x), odd function f (—x) =f (x) , even function
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46.  f(x)=2C-6X d.
f (—x) = 2(-x)’— 6(-x)°f e
(—x) = =2x°+ 6X°
f(—x) = —(2x°- 6x°) f.
f (—x) =—f (x), odd function
g.
47. f(X)=x/1-x
h.
f(—X) = X /1 (-x)°
f (=X) = —Xy/1— ¥ I
= —(X 1_ Xz) j
f(—x) = — f(x), odd function «
48. () =X
l.
f () = (=x)" y1=(-x)° 51. a.
2
f(—x) =x v1-x
f(—x) = f(x), even function b,
49. a. domain: (—oo, ®) N
b.  range: [-4,0) d.
x-intercepts: 1, 7
d. y-intercept: 4
e. (4, oo)
f. (04)
g. (—00,0)
h. x=4
i y=-4
j. f(-3)=4
k. f()=-2and f(6)=-2
I.  neither; f(-x) =x, f(-x)=-x

50. a. domain: (—oo,oo)

227

b.

C.

Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc.
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y-intercept: 1
(-0.-2) 0r (0.9)
(-2,0) or (3,)
(oo ~4]or[4,)
Xx=—-2and x=3

f(-2)=4 and f(3)=2

f(-2)=4
x=-4andx=4

neither ; f (—x) = x, f(-X)#—x

domain: (-0, 3]

range: (—o0,4]
x-intercepts: -3, 3

f(0)=3
range: (—o0,4]

x-intercepts: -4, 4

227



Chapter 2 Functions and Graphs Section 2.2 More on Functions and Their Graphs

e 52. a. domain: (—,6]

|~
(o}

range: (—oo,1]

o0 C. zerosoff:-3,3

d. f(0)=1
) e. (—oo,—2)
. £ (26)

g (-22)

o~

w -

| —_— -

8

—_w | -

[— N ~ R =

Ll | S

J-
positive;
f(-1) =
+2
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53.

54.

55.

56.

57.

58.

229

(-33)
x=-5andx=5
negative; f(4)=-1

neither

no; f(2) is not greater than the function valuesto
the immediate left.

f(-2)=3(-2) +5=-1
f0)=40)+7=7
f(3)=4(3) +7=19
f(-3) = 6(-3) -1 =-19
f(0)=7(0)+3=3
f(4)=7(4)+3=31
g(0)=0+3=3
9(-6)=(-6+3)=(-3)=3
g(-3)=-3+3=0
g(0)=0+5=5
9(-6)=—(-6+5)=~(-1) =1
g(-5)=-5+5=0

5-9 25-9 16

h5= = = :8

®) 5-3 2 2
2

hmyzo‘g = =3
0-3 -3

h(3) =6
2

hy= !~ _49-25 24,
7-5 2 2
0°-25 -25

h(0) = = =5
0-5 -5

h(5) = 10

59.

60.

61.

62.

63.

Section 2.2 More on Functions and Their Graphs

(=33 (3. 3)

(i, ) 5 ¥

=xily =<1

fixy = | rifxr=10

b. range: [0, )

a.

fixy =

(-3, -3 1.‘1. -1

yifx=10
—xifxz=10

b. range: (—0,0]

a.

.1I
5
(3 2)
(i, 2}

.
(i, 0y 5 x
(=2, =4)

fix) =

2y ifr=1
2 ifx=0

b. range: (-, 0] L{2}

1
ey = { 1
3

B3, 3

il 3) i

P T
; (b, )3 &

rifr=10

ity =0

b. range: (—,0] L{3}

r+ Jifyr= =2
P =1 3iry= -2
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b. range: (—o0, )
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64.

fixy = |.1- —2ifr=-3
b. range: (—oo, )

. -f
(-4, 3 5H

b. range: {-3, 3}

66. a. ¥y
(=4, N TEL

(=141

5 x

TN, —dy ]

(=1, —d)e-
| I

dify= =1

S =1 _girx = -1

b. range: {-4, 4}

67. a. ¥

| 'ty

TN AT

L=
ll._ 27
HH
1.2 .
fi) = 3 ifr=1
r=lifr=1

b. range: [0, )

231

69.

70.

71.

Section 2.2 More on Functions and Their Graphs

I+ lifr=1

b. range: (—o0, 0] U[3, =)

¥
(—4, H TR TF

(=i, l!]: ]

(=4, 1)

b oily=-4
fixy =

—r ifF—d=x=10
Hdilr=0

a.
b. range: [0, )

a. ¥

EFTHT
Hg{# 2 3)
N

W AF- 5l
A -1
I |
|
] ifxr= =3

—x f—-3=x<10
M=1lifxr=0

1A
(LR

Six)y =

b. range: [ -1, »)

f(x+h) —f (x)
h

_ 4(x+h) —4x

- h

_ 4x+4h —4x

- h

4h
h

=4

=
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Chapter 2 Functions and Graphs

7y LX) =T ()
' h

_ 1(x+h)-7x
h
_ Ix+7h-T7x
~h
_rth
h
=7

=

f (x +h) —f (x)
h

_ 3(x+h) +7 —(3x+7)
h
_ 3x +3h +7 —3x -7

73.

74 f (x +h) —f (x)
' h
_ 6(x+h) +1-(6x +1)
a h
_ 6x +6h +1-6x -1
h

6h
h

_ o)
h
2 2 2
_ x +2xh +h —x
- h
2xh +h ?
~ h

h(2x+h)

h
=2x +h

232

76.

77.

78.

Section 2.2 More on Functions and Their Graphs

f (x +h) —f (x)
h

2(x +h) ~2x ,

h
_ 2(x*+2xh +h -2x 2
B h
_ 2x*+4xh +2h*—2x*—
B h

2

_ 4xh +2h
B h
_ h(4x+2h)
~h
=4x +2h

f (x +h) —f (x)
h

2 2

_ (x+h) —4(x+h) +3—(x —4x+3)

h

2 2 2
_ X +2xh +h —4x-4h +3 —x +4x -3

h
_ 2h+h 24hh
h(2x +h —4)

h
=2Xx+h-4

f(x+h) —f (x)
h

(x +h)’=5(x + h) + 8 — (x*~ 5x + 8)

h
X2+ 2xh + h*~ 5x — 5h + 8 — x*+ 5x — 8

_ 2xh+h 25h

h
_h(2x+h -5)
B h
=2x+h-5
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f (x +h) —f (x)
h

_ 2(x+h)*s(x+h)-1-(2x*+x~1)
- h

79.

2 +4xh +2h Fx +h —1-2x —¥+1
- h

_4xh+2h hh
_h(4x+2h+1)
- h
=4x+2h+1

f (x +h) —f (x)
h

3(x+h )Z*J_r(w }+5 —(3x*+x +5)
h

80.

_ 3x°+6xh +3h ¥x +h +5 —3x —x%5
h

_6xh+3h%hh

h (6x+3h +1)

h
=6x+3h+1

f (x +h) —f (x)
81. h

= {m);ﬂ (X +h)+4 —(=x*+2x +4)
h

_ =X’ =2xh-h 42x +2h +4+x —Fx -4
h

_ —2xh-h %2hh

_h(=2x-h+2)

- h

=-2x-h+2

Section 2.2 More on Functions and Their Graphs

f (x +h) —f (x)
h

—(x+h)*=3(x+h)+1—(=x*-3x +1)
h

82.

—x"=2xh—h £3x—3h+1+x +3x-1
h

—2xh—h 23h h

_h(=2x-h-3)
- h
- 2x-h-3

f (x +h) —f (x)

83. h

—2(x+h)“+5(x +h }+7 —(=2x*+5x +7)
h

_ =2X’—4xh —2h $5x +5h +7 +2x ~5% -7
h

_ —4xh—2h %5hh

_ h(-4x-2h +5)
h

=-4x-2h+5

f (x +h) —f (x)
84. h

—3(x+h)"+2(x+h)-1—(=3x*+2x ~1)
h

_ =3x"—6xh —3h $2x +2h —14+3x 2% +1
h

_—6xh-3h“2hh

_h(=6x-3h+2)
h

=—6x-3h+2
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85 f (x +h) —f () 90 f (x +h) —f (x)
' h ' h
—2(x+h)z—(x+h)+3—(—2x2—x+3) 11
B h _2(x+h) 2
—2x —4xh —2h —x —h +3 +2x_$x -3 h
- h X __X+h
:—4xh —2h“hh _2x(x+h) h2x(x+h)
_h(=4x-2h-1) h
B h :2x(x+h)
=—4x-2h-1 h
_—=h
86 f (x +h) —f (x) 1
' h 2x(x+h) h
“3(x+h)’ +(x+h)-1-(-3x"+x-1) o
= ~ 2x(x+h
= h (x=+h)
_ —3x —6xh —3h +x +h —1+3x —x +1 91 f(x +h) —f(x
2 2 2 —(—)—(—)-
h h
—6xh —3h’+h CJxeh WX
- h h
JMx+h Jx Fh X
_ h(=6x-3h+1) _ .
B h h IX+h+.0x
=—6x—3h+1 _x+h—x
h h
f(x+h)-f(x) 6-6 0 x+h-+¥)
87 h = = h:o :Dh
f(x+h) -f(x) 7-7 0 h(;g/mX,)_
88. = = =0
h h h _
JX+h
89 f (x +h) —f (x) X+h+4/x
h 92. f(x+h)-f(x)
11 h
=X+hh X i ey
h
X :Lﬂ) _
* gt
x(x+h)  x(x+h) _ x-1 x+h-1 x-1
B h h IX+h-1+x-1
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X =X —h _ x+h-1-(x =1)
_X(x+h) h (+h-1+xf1)
h x+h-1-x+1

X_(hX+h) - h42x+h—1+ -1
_h
__-h 1 Th(x R X 1)
1

_1 =

- SahdA T
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93.

94.

95.

96.

97.

236

JTELE) +1(-0.9) ~[f(m)] + f(-3)+ fQ)- f(-n)
=1+0-[-4] +2+(-2)-3

=1/-16+(-1)- 3

=1-16-3

--18

JTE28) T (@) ~[f (=) + f(-3)= (1) f(n)
JIE25) = @O -[f(-m)[+ f(-3)+ f()- f(n)
- B[] s 2e(2) ()

4= 9+(-1)(-4)

=2-9+4

=-3

30+0.30(t-120)=30+0.3t—-36 =0.3t -6
clihy

100
80
o[ |11 T L

o[ T, s

20 IR {1

40+ 0.30(t—200) =40+0.3t—60 = 0.3t — 20
clr)

1041
80

o NN il
a 250, 55)

20 1 = (200D, 410

C(t) =

el g

50 if 0 <t <400
50+0.30(t—400) ift> 400

200
160 |
120
80 [
4 m

—=_ (800, 170)

(M), 50)

i

K]

ZH)
£ L1
6N}
BN
TiHH}

98.

99.

100.

101.

102.

103.
104.
105.
106.

107.

108.

109.

110.

111.

112.

113.

Section 2.2 More on Functions and Their Graphs

if 0 <t<450

60
Ct) = {60+ 0.35(t—450)  ift> 450

i) 4

20f
200 -

150 H-H-
1 —A——+
5"_:_;""""

increasing: (25, 55); decreasing: (55, 75)
increasing: (25, 65); decreasing: (65, 75)

The percent body fat in women reaches a maximum
at age 55. This maximum is 38%.

The percent body fat in men reaches a maximum at
age 65. This maximum is 26%.

domain: [25, 75]; range: [34, 38]

domain: [25, 75]; range: [23, 26]

This model describes percent body fat in men.
This model describes percent body fat in women.

T (20, 000) = 850 + 0.15(20, 000 — 8500)

=2575
A single taxpayer with taxable income of $20,000
owes $2575.

T (50, 000) = 4750 + 0.25(50, 000 — 34, 500)

= 8625
A single taxpayer with taxable income of $50,000
owes $8625.

42,449+ 0.33(x —174,400)
110,016.50+ 0.35(x — (x — 379,150)

f(3)=0.93
The cost of mailing a first-class letter weighing 3
ounces is $0.93.

f(3.5) =1.05
The cost of mailing a first-class letter weighing 3.5
ounces is $1.05.

The cost to mail a letter weighing 1.5 ounces is
$0.65.
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| 2)
n
c
114. The cost to mail a letter weighing 1.8 ounces is r
$0.65. o
Pet Insurance :
Sxd i
AT 320
$a0 T Eiih A n
i g
(
115. Age 2
WakHRL FLOET AUTD KEAL RADIAN HE
l'.'Fr'.E"11H:H.IJ|‘ )
0
r
(
fitd TR et R ke 2
125, | e vemewn ™ '
The number of doctor visits decreases during o
childhood and then increases as you get older. )
The minimum is (20.29, 3.99), which means that the
minimum number of doctor visits, about 4, occurs at D
around age 20. €
c
r
e
N S— a
S
i
-5 [ n
] g
5] :
126.
. (
Increasing: (—oo, 1) or (3, «) -
Decreasing: (1, 3) -
HOEHAL FLOAT AUTO EEAL RADIAH HP l]
: 2
VIV )
-5 5 0
[ ;
-5
(
127. 0
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128.

129.

130.

131.

238

Section 2.2 More on Functions and Their Graphs

— 2) Constant: (-2, 2)

MOEHAL FLOAT AUTO EEAL RADIAM HE

_ |- E
-5
-3

n

TQ oS T wvw 9 ®@ < O oS5 —

N —

8

~

Increasing: (1, )
Decreasing: (——, 1)

MORHAL FLOAT AUTO REAL RADIAW HP

n

Increasing: (0, «)
Decreasing: (—oo, 0)

MOEHAL FLOAT RUTO RERL RADIAM HF

5

1]

Increasing: (——, 0)
Decreasing: (0, --)
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1222

/_,.-' Ll

c. Increasing: (0, -)
Decreasing: (-, 0)

n

d.  f(x)=x isincreasing from (-, ) whenn

is odd.

e MORM&L FLOAT AUTE REAL RADIAH HF u

133. does not make sense; Explanations will vary.

Sample explanation: It’s possible the graph is not

defined at a.
134. makessense
135. makes sense

136. makes sense

137.
138.

Section 2.2 More on Functions and Their Graphs

answers will vary

answers will vary

139. a. hisevenif both fand g are even or if both fand

140.

141.

g are odd.
fand g are both even:

(- = T8

9% g(x)
fand g are both odd:
f(x)
h(-x) = f=x) A h(x)

g-x) -9(x)  g(x)

his odd if f is odd and g is even or if f is even
and g is odd.
fisodd and g is even:
= A ()
h-x) =1 L6 Ty
00~ g~ o ¥

fisevenand g is odd: £ (x)

hx)=tE ) =—=  =_h

9=x -9 9

Let x = the amount invested at 5%.

Let 80,000 — x = the amount invested at 7%.
0.05x+0.07(80,000 — x) = 5200

0.05x+5600—-0.07x =5200
—0.02x + 5600 =5200
—0.02x = -400
x = 20,000
80,000- x =60,000
$20,000 was invested at 5% and $60,000 was
invested at 7%.

C=A+Ar
C=A+Ar
C=A(1+r)

€ A
1+r
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142. 5¢-7x+3=0
a=5b=-7,¢c=3

—b ++p Z4ac
X =
2a
MU ENECL B G 6)
2(5)
7+49-60
X =
10
7+411
X =
10
7+id1
X =
10
x:7J=ri1-"r1:1
10 10 [
[
The solution set is {_+i£,l_—1}.
(10 10 10 10|
y-y 4-1 3
143. * ! = =3

144, Wheny=0:
4x-3y—-6=0
4x-3(0)-6=0

4x -6=0
4x =6

L3

(32 )

.0}
\2 )
When x = 0:
4x-3y—-6=0
4(0)-3y-6=0
-3y-6=0
-3y=6

The point is

X=-2
The point is (0, -2).

3. m=

Section 2.2 More on Functions and Their Graphs

Section 2.3

Check Point Exercises

1 a gqo—24_=6_

-4-(-3) -1

7

b. m:_(_)5——2:7_=—_

-1-4 5 5
2. Point-slope form:
y_yl:m(x_xl)
y—(-5)=6(x-2)
y+5=6(x-2)

Slope-intercept form:

y+5=6(x-2)
y+5=6x-12

y=6x-17

-6-(1)_5_

-1-(-2) 1
so the slope is -5.

Using the point (-2, —1), we get the following point-
slope equation:

y-¥.= m(x - Xl)
y - (-1)=-5[x-(-2)]
y+1=-5(x+2)

Using the point (-1, —6), we get the following point-
slope equation:

Y—-¥%1= m(x - Xl)
y - (-6) =-5[x - (-1)]

y+6=-5(x+1)
Solve the equation for y:
y+1=-5(x+2)
y+1=-5x-10
y=-5x-11.

4. The slope m is 3and the y-intercept is 1, so one

point on the line is (0, 1). We can find a second point

on the line by using the slope m = 3= R - starting at
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Chapter 2 Functions and Graphs

145, 3x+2y-4=0

2y =-3x+4
y= —3x+4
2
or
y:—§x+2

241

Section 2.2 More on Functions and Their Graphs

the point (0, 1), move 3 units up and 5 units to the
right, to obtain the point (5, 4).
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5.

242

y =33 ayhjorizontal line.

o, 33

e
(—4. 3 (4. 3)

TR
A x

All ordered pairs that are solutionsof x =-3 have a
value of x that is always —3. Any value can be used
fory.
v=-3 ¥
(-3 4
i=3,0)

‘_-x\_-I'
3x+6y-12=0
6y=-3x+12
=3 12
y= _X+__
6 6
1

4y =12=1

.1 . .
The slope is — = and the y-intercept is 2.

Find the x-intercept:

3x-2y—-6=0
3x-2(0)-6=0
3x-6=0
3x=6

X=2

Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc.
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Find the y-intercept:
3x—-2y-6=0
3(0)-2y-6=0
-2y-6=0
-2y=6
y=-3

"( Sy

gr‘.’ @0

A -2y=6

First find the slope.

m— Changeiny _57.64-57.04_06 ¢
Change in x 354-317 37

Use the point-slope form and then find slope-
intercept form.

y-y1= m(X - X1)
y —57.04 = 0.016(x — 317)
y —57.04 = 0.016x—5.072

oy

y =0.016x + 51.968
f(x) = 0.016x + 52.0

Find the temperature at a concentration of 600 parts
per million.
f (x) =0.016x + 52.0

f (600) = 0.016(600) + 52.0

=616
The temperature at a concentration of 600 parts per
million would be 61.6°F.

Concept and Vocabulary Check 2.3

1.

™~

scatter plot; regression
YoV
X=X
positive
negative
zero

undefined

Y = y1= M(X —Xq)

242
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8. y=mx+Db;slope; y-intercept 13. m=6,x=-2,¥,=5;
point-slope form: y — 5 = 6(x + 2);
9. (0,3);2;5 slope-intercept form: y—-5=6x+12

. y=6x+17
10. horizontal

14. point-slope form: y + 1 = 8(x — 4);

11. wvertical
vert m=38,x,=4,y,=-1;
12. general slope-intercept form: y = 8x — 33
15. m=-3,x,=-2,y,=-3;
Exercise Set 2.3 point-slope form: y + 3 = -3(x + 2);
10-7 3 slope-intercept form; y+3=-3x-6
1. m=="""=";rises y=-3x-9
8-4 4
16. point-slope form: y + 2 = -5(x + 4);
4-1 3 .
2. m= ="=3, rises m=-5x=-4,y=-2
3-2 1 . S
slope-intercept form: y = —5x — 22
2-1 1 .
3. m= =7, rises 17. m=-4,x=-4,y=0;
2-(-2) 4 . ! !
point-slope form: y — 0 = —4(x + 4);
4-3 1 . slope-intercept form: y = —-4(x + 4)
4. m= =" ;rises - _4x-16
2-(-1) 3 y=
—(— 18. point-slope form:y + 3=-2(x -0
5. m=2—(—2)=0—3 0; horizontal P m =_§, X, =0, ))51:_3; ( )
3-4 -1 slope-intercept form: y = -2x — 3
6. m= i(_—llz—o = 0; horizontal 19. -1
3—4 —1 m:_la X1: !y1:_2;
. 2 (1)
-1-4 -5 point-slope form: y+2=-1 x+" §
7. m= =__ =-b; falls | )
“1-(-2) 1 \ 1)
slope-intercept form: Y +2=-X— -
8 m=_2 —(=4) _2_ 1 falls
5
4-6 -2 y=—X-—
2
9. m==2=3_25 undefined; vertical 1
5-5 0 20. point-slope form:  y+ 2= -1(x+4);
1
10. - 5 —(=4) _9 undefined; vertical m=-1,x =-4,y =—__;
1 1
3-3 0 4
17
11. m=2,%=3,¥,=5;
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poin slope-intercept form: y=-X- T
t-

slop 1

e

form

Yy -

5=

2(x —

3);

slope-intercept form: y—-5=2x-6 21, m=__,x=0,y =0
y=2x-1 2 .
int-slope form: ¥ —0=__(x-0);

12. point-slope form: y — 3 = 4(x — 1); poin-slopetorm 2
m=4,x=1y,=3;

I~

; -i Y= X
slope-intercept form: y = 4x — 1 slope-intercept form 2
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1
22. point-slope form:  y—-0=___(x-0);

point-slope form: y+2=— % (x-6);

. 2
slope-intercept form: Y +2=— ?X +4

w N

y=—_X+2

3
24. point-slope form: y+4= —g (x-10);
3
m= —%, x,=10, y,=—4;

. 3
slope-intercept form: y=— c X+2

5-1 4
point-slope form: y — 2 = 2(x — 1) using
(X, YD) =(1,2),0ry—10=2(x - 5) using
(X1, ¥1) = (5, 10) ;
slope-intercept form: y—2=2x-2or

y -10 = 2x -10,
y =2X

28.

29.

30.

31.

Section 2.3 Linear Functions and Slope

_ 2 :
m 2-0 =% =1:

0-(-2) 2
point-slope form: y — 0 = 1(x + 2) using

(X, y1)=(=2,0),0ry—2=1(x-0) using

(%0 y:)=(0,2);

slope-intercept form: y = x + 2

4-(-1) 5
m = = =1;
2-(-3) 5

point-slope form: y + 1 = 1(x + 3) using
(X, y1) =(=3,-1) , ory — 4 = 1(x - 2) using
(x5, Y1) = (2, 4) ; slope-intercept form:
y+1=x+ 3or

y-4=x-2
y=X+2
1-(-2) 3

oint-slope form: y + 4 = 1(x + 2) usin
p(X,y Fi(—2,—%),orygrlz)l(x—%)using
11

(xy:)=(1,-1)

slope-intercept form:y = x -2

6-(=2) 8 4
m= = = ;
3-(-3) 6 3

4 .
point-slope form: Y +2= ; (x + 3) using
4
(X, ¥)=(-3,-2),0r Y=6 =3_(x— 3) using

(X, ¥1) =(3,6);

slope-intercept form: y + 2= A+4 or

26. m:15—5:m:2 3X
83 5 _ y-6="x-4,
point-slope form: y — 5 = 2(x — 3) using ﬁ
(%, y1)=(3,5) ,0ry— 15 =2(x - 8) using
y= 3 X+2
( Xy yl) = (8115) ;
slope-intercept form:y = 2x -1 2.6 -8 4
27. m=—3 0=§=1; 3-(-3) 6 3
245 Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc.
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-= 4 .
: tO | 3 3. 0= 1(x+ 3) Usi point-slope form: ¥ —6=—__ (x+ 3) using
RNt SIORE 80 %y 563 U5 dng 3,
=(- +2=—(x-3)usin
(X5, o) = (0, 3) ; slope-intercept form: y = x + 3 (Xl’ yl) _( 3, 6) yor ¥ g( ) 9

(xuy)=(3-2);

slope-intercept form: y=— i X+2
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33 oD _0_

4—(- 3) 7
point-slope form: y + 1 = 0(x + 3) using

(Xlr yl) = (_31 _1) ,ory+ 1= O(X - 4) USing

(xuy)=(4,-1);

slope-intercept form: y +1 =0, so

y=-1
_=5-(5)_0_,.
34, m= 6 (2" 8_0'
point-slope form: y + 5 = 0(x + 2) using
(%, ¥.)=(~2,-5), ory +5 = 0(x—6) using

(X ¥)=(6,-5);

slope-intercept form: y+5=0, so
y=-5

35. m9=4_-4_,.

-2-2 -4
point-slope form: y — 4 = 1(x — 2) using
(X, Yo) =(2,4) ,0ry—0=1(x + 2) using
(le yl) = (_21 0) ;
slope-intercept form: y—9=x-2, or
y=X+2
3. [0=(=3)_3__3
-1-1 -2 2

point-slope form: y + 3= _E(X —1) using
3 _
(%, ¥:)=(1,-3),0r y-0=- 5 (x+1) using

(% 1) =(-1,0);

. 3 3
slope-intercept form: Y +3=—_X+__,
or

37. m= 4-0_4 =8;
T

0-(-2)
point-slope form. y —4 =8(x - 0) using
(X, ¥) = (0,4) ,ory—0=8(x+1) using

2

(Xll yl):(__l’o) ;Ory—0=8(x+l)

Section 2.3 Linear Functions and Slope

38. -2-0 -2 1

0-4 4 2
1 .
point-slope form: Y —0 =; (x—4) using

(x4 Y1) =(4,0),

1
ory+2="(-0) using (x,y,)=(0,-2);

2
. 1
slope-intercept form: Y = ) X—2

39.m=2;b=1

Six)==2v + 1
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2 2
slope-intercept form: y = 8x + 4
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(=21 Lo, 1) —]

5 x

e -1

glxy = — %.r

249

Section 2.3 Linear Functions and Slope

1
. m=-2-:;b=0
48 3
¥
HHHEH
=3, 1)
= T
[T ¥
i3 —1)
HH
gtrl=—%r
49, ¥=-"21uw
m
X
1 (0, —2)
H+
50. ¥=dy
a1
—
. d)—
=y
51 x=-3y
—amf e
'y
52. Fpx=3%
{5.10)
T x
53. r=0by
.
X
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54, x=10y
]
ik, 1h—]
R
55. firy=1yw
i, 1)
...... ._4:_1-
56. fixy=3»
...... 5 ]
I, 3
------ 5 x
57. 3x-18=0
3x=18
X=06
yvpdr—18 =0
FrH
Lo m)® oy
58. 3x+12=0
3x=-12
X=-4
yade+ 12 =0
WA
(—4,10) e

59. a. 3x+y-5=0

y—-5=-3x
y=-3Xx+5
b. m=-3;b=5

250

60.

61.

62.

Section 2.3 Linear Functions and Slope

Ir+y—5=0

4x+y—-6=0
y — 6 =-4x
y=-4Xx+6

m=-4b=6

lll.ll

2x+3y-18=0
2x —18 = -3y
-3y =2x-18
2
y==, 18
-3 3
2
=—_X+6
y 3x+
mz—g;b=6
3
. ..'1: . .
:\x& |
(0, 6) kﬁ;_i,t-u
5x
v+ 3y —18=0
4x+6y+12=0
4x+12=-6y
—6y=4x+12
4 12
y=" X+
-6 -6
2
y_—3x—2

Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc. 250



Chapter 2 Functions and Graphs

ammEs BaE

PR

=5 \\. (3, =)
Sk

c. Adx+6r+12=0

63. a. 8x-4y-12=0
8x-12=4y
4y=28x-12
8X_Q

4 4
y=2x-3

.1|u.. _;:’ L 3

R —dy — 12 =10

64. a. 6x-5y-20=0

6x-20=5y
S5y=6x-20
6 20
= X —
5 5
y=§x—4
5
6
b m=:b=-4
5
c. ¥
S
TS 20
HH AT >
e (U

G — 5y — 20= 1)

251

65.

66.

Section 2.3 Linear Functions and Slope

a. 3y-9=0
3y=9
y=3
b. m=0;b=3
c vpdr—9 =10
i, 3)
Fx
a. 4y+28=0
4y=-28
y=-7

C. ¥
EEEE RS
Ll 5 X
,,,,, (]
4+ m=0
67. Find the x-intercept:
6x-2y-12=0
6x—-2(0)-12=0
6x —12 =0
6x =12
X=2
Find the y-intercept:
6x-2y-12=0
6(0)-2y-12=0
-2y-12=0
-2y =12
y=-6
I & S
NN . ]
HH 1 .g;:'}
o S(2,0)
T, -
G — 2y — 12 =10
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68. Find the x-intercept:

6x-9y-18=0
6x—-9(0)-18=0
6x-18=0
6x =18
X=3
Find the y-intercept:
6x-9y-18=0

6(0)-9y-18=0

-9y-18=0
-9y=18
y=-2
r.'ll'

.
| _él_il.m
et
AT 0. -2
A
fr— 9y — 18 =0

“th

69. Find the x-intercept:
2Xx+3y+6=0
2x+3(0)+6=0
2x+6=0
2x =—6

x=-3
Find the y-intercept:
2x+3y+6=0

2(0)+3y+6=0
3y+6=0
3y=-6
y=-2

¥
-

RN

L2x+Mw+o =0

(=3, 0) i

252

X

ST =2

70.

71.

Section 2.3 Linear Functions and Slope

Find the x-intercept:
3x+5y+15=0

3x+5(0)+15=0
3x+15=0
3x=-15

X=-5
Find the y-intercept:
3X+5y+15=0

3(0)+5y+15=0
5y+15=0
5y=-15
e + Sy + 19 =T,
TS

Ly

NI

(=5,

HE RS

(0, —3)

Find the x-intercept:
8x—-2y+12=0
8x—-2(0)+12=0
8x +12 =0
8x =-12
8x _ -12
8 8
_=3

2
Find the y-intercept:
8x—-2y+12=0

8(0)-2y+12=0
-2y+12=0

X

-2y=-12
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72. Find the x-intercept:

6x-3y+15=0
6x—3%))+15:0
X +15=0

6x =—-15

bx _ =15

6 6

5
X=—

2

Find the y-intercept:
6x —3y+15=0

6(0) — 3y +15=0
-3y+15=0

-3y=-15

y=5

Vi

ur,51—=;?f H

A

r + 3y +15=1

T

| th

—
I

73. 0-a -a a
m= = = —
b-0 b b
Since a and b are both positive, — a_is

negative. Therefore, the line falls.

74, b0 b b

0-(-a) a a

Since a and b are both positive, — b is
a
negative. Therefore, the line falls.

75. (b+c)-b ¢

The slope is undefined.
The line is vertical.

7. _(ac)c_a
a-(a-b) b

77.

78.

79.

80.

81.

Section 2.3 Linear Functions and Slope

Ax+By=C
By=-Ax+C
A C
y=—-_X+__
B B
A . .. C
The slope is— and the y — intercept is
B B
Ax =By —-C Ax
+ C =By
Zx+C—
B Y
A C
The slopeis and the y — intercept is
B B
P
1-3
PR
-2
6=4-y
2=-y
_2:y
1_-4-y
3 4-(-2)
1_-4-y
3 442
1_4-y
3 6
6=3(-4-y)
6=-12-3y
18=-3y
_6=y
3x-4f(x)=6
—4f(x)=-3x+6
f(x):gx—§
-4 -620 vy (3 3
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. - o
Since a both positive, ~ is positive.

and b are
Therefore, the line rises.
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82.

6x—5f( x) =20
—5f (x)=-6x+20
f(x):ﬁx—4

o — 5y —20=1

83. Using the slope-intercept form for the equation

84.

85.

86.

87.

255

of a line:
-1=-2(3)+b
-1=-6+b
5=hb
—6:—32(2)+b
—6=-3+D
-3=b

m,;, m;, m,, m,

b,, b, b,, b,

a.

First, find the slope using (20, 38.9) and
(30, 47.8).
478-389 89
30-20 10
Then use the slope and one of the points to
write the equation in point-slope form.

y-yi=m(x-x1)
y—47.8=0.89(x—30)

or
y—38.9=0.89(x—20)

=0.89

y—47.8=0.89(x—30)
y—47.8=0.89x—26.7
y=0.89x+21.1
f(x)=0.89x+21.1

f (40) =0.89(40) + 21.1=56.7

The linear function predicts the percentage of
never married American females, ages 25 — 29,

to be 56.7% in 2020.

88.

89.

Section 2.3 Linear Functions and Slope

First, find the slope using (20, 51.7) and
(30, 62.6).

51.7-62.6 -10.9
m= =

=1.09

20-30 -10
Then use the slope and one of the points to
write the equation in point-slope form.

y—yi=m(x-x.)
y —62.6 =1.09( x — 30)
or
y—-51.7=1.09(x-20)
y—62.6=1.09(x—30)
y—62.6=1.09x—-32.7
y=1.09x +29.9
f (x)=1.09x+29.9

f (35) =1.09(35) +29.9 = 68.05

The linear function predicts the percentage of

never married American males, ages 25 — 29, to

be 68.05% in 2015.

Life Expectancy for United States
Males, by Year of Birth

.1:

Gy

100 {20, 70

e

i) f
4 (0, 74.3)

21

Life Expect

Lib 200 30 iy 50 v
Birth Years after 19%(0

_ Changeiny 74.3-70.0
- Change in x  40-20
y-y= m(x — X )1
y —70.0 =0.215(x — 20)
y—70.0=0.215x — 4.3

y =0.215x +65.7
E(x) =0.215x +65.7

m =0.215

E(x) =0.215x +65.7
E(60) = 0.215(60) + 65.7

=78.6
The life expectancy of American men born in
2020 is expected to be 78.6.
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90. a. Life Expectancy for United States
Females, by Year of Birth

.1I

. B

Tinip (4, TRTY

Bl et M-
il

T Bt
i

Life Expectancy

T 200 30 4 500 X
Birth Years after 19%0

b m= Change iny _ 79.7-747 _ 017

Change in x 40-10
y-Yi= m(x - Xl)

y—74.7=0.17(x -10)
y—747=0.17x-1.7
y=0.17x+73
E(x) =0.17x +73

c. E(x) =0.17x +73
E(60) = 0.17(60) + 73
=832

The life expectancy of American women born

in 2020 is expected to be 83.2.

91. (10, 230) (60, 110) Points may vary.

_110-230 _ 120 _ 24
~ 60-10 50
y — 230 =-2.4(x-10)
y — 230 = —2.4x + 24
y=-2.4x+254

Answers will vary for predictions.
92. —99. Answers will vary.

100. Two points are (0,4) and (10,24).
24-4 20
m= = =
10-0 10

HOEHAL FLOART AUTOD KEAL RADIAH HF n

101.

102.

Section 2.3 Linear Functions and Slope

Two points are (0, 6) and (10, —24).
—24-6 =30
m= = = —
10-0 10
Check: y=mx+b:y=-3x+6.
HORHAL FLOAT AUTO EEAL RADIAM HF n

Two points are (0,-5) and (10,-10).

_10-(5) -5

10-0 10 2

HORHAL FLOAT AUTO EEAL RADIAM HF u
1]

e

103. Two points are (0, —2) and (10, 5.5).

m=5'5—_(_—2)=ﬁ=0.750r§4

10-0 10 3
Check; y=mx+b :y=zx—2.
HOEHAL FLOAT AUTOD REAL EADIAH HMF n

104. a. Enter data from table.

b.
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MORHAL FLOAT AUTO REAL EADIAH HP n

EITT
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c. a=-22.96876741
b =260.5633751
r=-0.8428126855

MORMAL FLOAT AUTOD REAL EADIAM HP .

EITT]
T m

105. does not make sense; Explanations will vary.
Sample explanation: Linear functions never change
from increasing to decreasing.

106. does not make sense; Explanations will vary.
Sample explanation: Since college cost are going
up, this function has a positive slope.

107. does not make sense; Explanations will vary.
Sample explanation: The slope of line’s whose
equations are in this form can be determined in

several ways. One such way is to rewrite the
equation in slope-intercept form.

108. makes sense

109. false; Changes to make the statement true will vary.

A sample change is: It is possible for m to equal b.
110. false; Changes to make the statement true will vary.

A sample change is: Slope-intercept form is

y =mx + b . Vertical lines have equations of the
form x = a . Equations of this form have undefined
slope and cannot be written in slope-intercept form.

111. true

112. false; Changes to make the statement true will vary.

A sample change is: The graph of x = 7 is a vertical
line through the point (7, 0).

113. We are given that the x — intercept is —2 and the

y — intercept is 4 . We can use the points
(~2,0) and (0, 4) to find the slope.

Section 2.3 Linear Functions and Slope

y_ylzm(x_xl)

y-0=2(x-(-2))
y=2(x+2)
y=2x+4
-2X+y=4

Find the x— and y—coefficients for the equation of the
line with right-hand-side equal to 12. Multiply both
sides of —2x +y =4 by 3 to obtain 12 on the right-

hand-side.
—2X+y=4

3(-2x+y) =3(4)

—6x +3y =12
Therefore, the coefficient of x is —6 and the
coefficient of y is 3.

114. We are given that the y — intercept is — 6 and the

slope is 1—.
2
1
So the equation of the line is ¥ = ?X - 6.
We can put this equation in the form ax + by =c to
find the missing coefficients.
yz}X—G
2
y-— ! X=-6

2y—-x=-12

Xx—2y=12

Therefore, the coefficient of x is 1 and the
coefficient of y is —2.

115. Answers will vary.

116. Let (25, 40) and (125, 280) be ordered pairs
(M, E) where M is degrees Madonna and E is degrees

Elvis. Then
280 —40 240
m = = =2.4.Using x/,y =25, A0,
125-25 100 (s 3 6 )
= 4-0
m=
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Chapter 2 Functions and Graphs Section 2.3 Linear Functions and Slope

0-(-2) point-slope form tells us that
4 4, E—40=2.4(M-25)or
042 2 E=2.4M-20.

Using the slope and one of the intercepts, we can

. DR 117. Answers will vary.
write the line in point-slope form.

259 Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc. 259



Chapter 2 Functions and Graphs

118. Let x = the number of years after 1994.
714 -17 x =289

—17 x=-425
x=25
Violent crime incidents will decrease to 289 per
100,000 people 25 years after 1994, or 2019.

119. —432 =2 +1
EE W (12 2\
L4 ) Us

3(x+3)>4(x-2)+12

3X+9>4x—-8+12
X+9>4x+4
5>x
x<5

= 1
- T

The solutionsetis {x|x<5} or (-=,5].

120.3px+ 69 <15
3|2x+q<24

3|2x+q <ﬁ

3 3
|2x +6 <8
-8<2x+6<8
14 <2x<2
-7<x<1

i y
3 ¥
-7 1

The solution setis {x}-7<x<1} or(-7,1).

121. Since the slope is the same as the slope of y=2x+1,

thenm = 2.
y—y=m(x-x)
1 1

y-1=2(x-(-3))
y-1=2(x+3)
y—-1=2x+6

y=2x+7

Section 2.4 More on Slope

122. Since the slope is the negative reciprocal of — 1 ,

4
then m=4.

y_yl:m(x_xl)
y—(-5)=4(x-3)
y+5=4x-12
—4Xx+y+17=0
4x-y-17=0

1oz F&)F(x) £ -F(Q)

X,— X, 4-1

2 2

_4-1

|

_15

3

=5

Section 2.4

Check Point Exercises

1. Theslopeoftheline y=3x+1is3.

y—-y=m(x-x)
1 1

y-5=3(x-(-2))
y — 5= 3(x + 2) point-slope
y-5=3x+6

y = 3x +11 slope-intercept

2. a. Write the equation in slope-intercept form:

X+3y-12=0
3y =—x+12
1
=—"x+4
y 3 +

The slope of this line is — 1 thus the slope of

3
any line perpendicular to this line is 3.

b. Usem =3 and the point (-2, —6) to write the
equation.

y—y1=m(x—x)1
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Section 2.4 More on Slope

y - (-6)=3(x~(-2))
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y+6=3(x+2)
y+6=3x+6
-3x+y=0
3x—y =0 general form
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Chapter 2 Functions and Graphs

M= Changeiny 15-11.2 3.8 _

3. = = = .
Changeinx 2013-2000 13
The slope indicates that the number of U.S. men
living alone increased at a rate of 0.29 million each
year.
The rate of change is 0.29 million men per year.
f(x)-f(x) 1°-0°
4. a 2 to= =
Xo— X4 1
1-0
f(x)-f(x) 2°-1° 8-1
b 2 1 =— = =7
Xo— X, 2-1 1
ot -f(x)_ 0-(-2° _8_,
Xo= Xy 0-(-2) 2

5 fx)=f(x) _f(3)-f(1)
Xo— X4 3-1
~ 0.05-0.03
34
=0.01
The average rate of change in the drug's

concentration between 1 hour and 3 hours is 0.01
mg per 100 mL per hour.

Concept and Vocabulary Check 2.4

1. the same
2. -1
1

3 ~g 03

1
4 -2

2
5y x
6 f00) ()

Xo— X1

Section 2.4 More on Slope

Exercise Set 2.4
1. Since L is parallel to y = 2x, we know it will have

slope m = 2. We are given that it passes through

(4, 2). We use the slope and point to write the
equation in point-slope form.

y_ylzm(x_xl)

y-2=2(x-4)
Solve for y to obtain slope-intercept form.
y-2=2(x-4)
y—2=2x-8

y=2X-6 . -
In function notation, the equation of the line is
f(x)=2x-6.

2. L will have slope m = -2 . Using the point andthe

slope, we have y—4=-2(x-3). Solveforyto
obtain slope-intercept form.

y—4=-2x+6
y=-2x+10
f(x)=-2x+10

3. Since L is perpendicularto y = 2x, we know it will

1
have slope m = — o Weare given that it passes

through (2, 4). We use the slope and point to write the
equation in point-slope form.
y_ylzm(x_xl)

y—4= L (x-2)
2
Solve for yto obtain slope-intercept form.

y—4=—§(x—2)

y—4= —i x+1
2
1
=-—"X+5
y o Xt
In function notation, the equation of the line is
f(x):—51x+5.
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Chapter 2 Functions and Graphs

, 1
4. L will have slope m = ) The line passes through

(-1, 2). Use the slope and point to write the equation
in point-slope form.

1
y-2="(x-(-1))

1
y—2 :5 X +1)
Solve foiy tolobtain slope-intercept form.
y—2=_X+_

2 2

1

yzix+—+2
2 2

y="Xx+
f(x):ix+5
2 2

5. m=-4since the line is parallel to

y=-4x+3; x,=-8,y,=-10;
point-slope form: y+10=-4(x +8)

slope-intercept form: y + 10 = —4x - 32
y=-4x—-42
6. m=-5since the line is parallelto y=-5x+4;

X;= -2, Y= —7;
point-slope form:y + 7 = -5(x + 2)
slope-intercept form: y + 7 = -5x 10

y =-5x-17
7. m=-5since the line is perpendicular to
1
y= §X +6;x,=2,y,=-3;

point-slope form: y + 3 = -5(x - 2)
slope-intercept form: y + 3 = -5x +10

y=-5x+7

1
8.  m=-3since the line is perpendicularto y:_3x+7;
X, =—4,y,=2;

point-slope form:y — 2 = -3(x + 4)
slope-intercept form: y — 2 = -3x-12
y=-3x-10
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10.

11.

12.

13.

Section 2.4 More on Slope

2x-3y—-7=0
=3y =-2x+7

2 7
y=_X—-_
3 3

2 .
The slope of the given lineis 2,50 M= " since the

3 3
lines are parallel.

2
point-slope form: y — 2= g(x +2)
general form: 2x —3y + 10=0

The slope of the given line is 3—, som =3—
2 2

since the

lines are parallel.

3
point-slope form: ¥ —3= ; (x+1)

general form: 3x -2y +9=0

X-2y-3=0
-2y=-X+3
1 3
y=_X-_
2 2

The slope of the given line is ! , S0 m = -2 since the
2

lines are perpendicular.
point-slopeform: ~ y+7=-2(x—-4)

general form: 2x +y—-1=0

X+7y-12=0
7Ty=-x+12
yo=Ly 12
7 7

The slope of the given line is — 1 , S0 m =7 since the
7

lines are perpendicular.
point-slope form: y + 9 = 7(x - 5)
general form: 7x —y —44=0

15-0 15

= 3
5-0 5
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52+2.5-(¥+2-3) 25+10-(9+6)

15.
5-3 2
_20
2
=10
6°-2(6)-(3°-2-3) 36-12-(9-6) 21
16. _ = =7
6-3 3 3
b 5,
17. T4 4 =°5°=5

15 ¥6-974-3 1
© o 16-9 707

19. Since the line is perpendicular to x = 6 which is a
vertical line, we know the graph of f is a horizontal

line with 0 slope. The graph of f passes through
(-1,5) , so the equation of f is f ( x) =5.

20. Since the line is perpendicular to x = —4 which is a
vertical line, we know the graph of f is a horizontal
line with 0 slope. The graph of f passes through

(-2, 6) , so the equation of f is f ( x) = 6.

21. First we need to find the equation of the line with
x — intercept of 2 and y — intercept of —4.  This line

will pass through (2,0) and (0,—4). We use these
points to find the slope.

0-2 =2
Since the graph of f is perpendicular to this line, it

will have slope m = — 1=2.

1
Use the point (-6,4) and the slope — , tofind the

Section 2.4 More on Slope

equation of the line.

y_yl:m(x_xl)
y—4=—;1(x—(—6))
1

y—4=—_(x+6)

y—-4=-x-3
2
y:—lx+1
f(x):—‘2v<+1

22. First we need to find the equation of the line with
X — intercept of 3 and y — intercept of —9. This line

will pass through (3,0)and (0,-9). We use these
points to find the slope.

Since the graph of f is perpendicular to this line, it

will have slope m =— !

Use the point (-5, 6) and the slope — 1_ to find the
3

equation of the line.
i ml( X_Xl)

y-6=—(x-(-9))
y—6=—i(x+5)
6 1 5
—B=—X—
g 3 3
1 13
y=— X+ _
3 3
f =—1x+E
(=%,

265 Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc. 265



Chapter 2 Functions and Graphs

23. First put the equation 3x — 2y — 4 =0 in slope- 30.
intercept form.
3x-2y-4=0
—2y=-3x+4
y=§x—2
2
The equation of f will have slope — Z since it is
3

perpendicular to the line above and the same
y — intercept —2.

So the equation of fis f ( x) = — 2%4 -2

37.

24. First put the equation 4x —y —6 = 0 in slope-intercept
form.
4x-y-6=0
—y=-4x+6
y=4x-06
since it is
4

perpendicular to the line above and the same
y — intercept —6.

The equation of f will have slope — !

So the equation of fis  f (x) = —i X—6.

25. p(x) =-0.25x+ 22

26. p(x)=0.22x+3

_1163-617 546 _
1998-1994 4
There was an average increase of approximately 137
discharges per year.

27. 137

Mo 623 —1273 —650

2006 —2001 5
There was an average decrease of approximately 130
discharges per year.

28. ~-130

29. a  f(x)=1.0x~ 35+ 264x + 557
f (0) = 1.1(0)*~ 35(0)’+ 264(0) + 557 = 557

f (4) = 1.1(4)°- 35(4)°+ 264(4) + 557 = 1123.4

1123.4 -557
m=
4-0

~ 142

Section 2.4 More on Slope

f (x) = 1.1x*— 35X°+ 264x + 557
f (0) = 1.1(7)°— 35(7)*+ 264(7) + 557 = 1067.3
f (12) = 1.1(12)°— 35(12)*+ 264(12) + 557 = 585.8

585.8 —1067.3
m= ~-96
12-7

This underestimates the decrease by 34
discharges per year.

31. — 36. Answers will vary.

1
==x+1
y 3
y=-3x-2
a. The lines are perpendicular because their slopes

are negative reciprocals of each other. This is
verified because product of their slopes is—1.

The lines do not appear to be perpendicular.

HOEHAL FLOAT AUTO EEAL RADIAM HF n

The lines appear to be perpendicular. The
calculator screen is rectangular and does not
have the same width and height. This causes
the scale of the x—axis to differ from the scale
on the y—axis despite using the same scale in
the window settings. In part (b), this causes the
lines not to appear perpendicular when indeed
they are. The zoom square feature compensates
for this and in part (c), the lines appear to be
perpendicular.

HORHAL FLOAT AUTO EEAL RADIAH HF n

161
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b. This overestimates by 5 discharges per year. 38.  does not make sense; Explanations will vary.

Sample explanation: Perpendicular lines have slopes
with opposite signs.
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39. makes sense 46, 2x¥*-Bx*-3=0

o 1B
40.  does not make sense; Explanations will vary. Let E =X
Sample explanation: Slopes can be used for 20-5t-3=0
segments of the graph. (2t+1)(t-3)=0

41. makes sense 2t+1=00r t-3=0

2t=-1
42. Write Ax + By + C =0 in slope-intercept form. = 1
AX+By+C=0 2 t=3
By=—Ax-C Xllsz_l xU3=73
By -Ax C 2
B B B Lo 1Y
A C . x=3’
y=—_ X—_ \ 2)
B B __1
oA X= x=27
The slope of the given lineis — B. 8
) ) The solution set is ' ,27].
The slope of any line perpendicular to ;=

Ax+By+C:Ois§.
A 47. a.

43. Theslope of the line containing (1,-3) and (-2,4)

4-(8) 443 7_ 1

has slope m =

-2-1 -3 -3 3
Solve Ax +y—2 =0 fory to obtain slope-intercept
form.

AX+y-2=0

y=—Ax+2 : ¥
So the slope of this line is — A. 5
This line is perpendicular to the line above so its

3 N Z

slopeis~. Therefore, — A= 3 so A=-".
7 7 7

44, 24+3(x+2)=5(x-12)
24+3x+6=5x-60

3x+30=5x-60
90 = 2x X =
45 =x 980
The solution set is {45}. 0(.)7
45, Let x = the television’s price before the X=
reduction. 1400
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Before the reduction the television’s price was
$1400.

c. The graphin part (b) is the graph in part (a)
shifted down 4 units.

48. a. i) = 1’2_}-
(=39— 31y (3,9)
(-2,4) (2.4)
(-1, N = (1,1)
' 5%

(0, 0y
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49.

b. 5.,
LT

(-1L9%] (5,9
L e

e

[ -
-

20 "
c. Thegraph ir{1 6ar}t (b) is the graph in part (a)
shifted to the right 2 units.

a.
b.
£ 5 E's
0, 0) I~
| }_ (1,
: (2,
c The graph in part (b) is the graph in part (a)

reflected across the y-axis.

Mid-Chapter 2 Check Point

1.

270

The relation is not a function.
The domain is {1, 2}.

The range is {-6, 4, 6}.

The relation is a function.
The domain is {0, 2,3}.
The range is {1, 4}.

The relation is a function.
The domainis {x|-2 <x < 2}.
Therangeis{y |0 <y <3}

The relation is not a function.
The domainis {x | -3 <x < 4}.

Mid-Chapter 2 Check Point

The relation is not a function.

10

11

12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

The domainis {-2, -1, 0,1, 2}.
The range is {-2,-1,1,3}.

The relation is a function.
The domainis {x | x <1}.
Therangeis {y|y>-1}.
X+y=5
y=-X+5
For each value of x, there is one and only one value
fory, so the equation defines y as a function of x.

X+y*=5
y’=5-X
y= $-x
Since there are values of x that give more than one
value for y (for example, if x = 4, then
B —4 =+1), the equation does not define y as

a function of x.

No vertical line intersects the graph in more than one
point. Each value of x corresponds to exactly one
value of y.

. Domain: (—co, o)

. Range: (—0,4]

x-intercepts: —6 and 2
y-intercept: 3
increasing: (——, —2)

decreasing: (-2, )

X=-2
f(-2)=4
f(-4)=3
f(-7)=-2 and f(3)=-2

f(-6)=0 and f(2)=0

(-6.2)
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Therangeis{y |-1<y<2}. 22. £(100) is negative.
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23. neither;  f(—x)=x and f(-x) = —x

24, £x)f(¢)_T(4)f(4)_5-3_

-1
Xo— X, 4-(-4) 4+4
25. Test for symmetry with respect to the y-axis.
x=y +1
—x=y*+1
Xx=-y-1

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.
Xx=y +1

x=(-y)'+1
Xx=y’+1
The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the x-
axis.

Test for symmetry with respect to the origin.
X=y'+1

-X= (—y)2 +1

X =y'+1
Xx=-y'-1

The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

26. Test for symmetry with respect to the y-axis.
y=x-1

3
y=(-x) -1
y=-x-1
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.
y=x"-1

—y=x"-1
y=-x+1

The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the x-axis.

Test for symmetry with respect to the origin.

27.

28.

29.

30.

31.

Mid-Chapter 2 Check Point

y=x"+1
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

y=—1xy

(o, —2)
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32.

33.

34.

35.

36.

37.

273

M'“.I/_’"._

/

flx) =

i —:1..u}

H /5 x
A, — 4y

=4
v

5

N

AU L)

{1, 43

iy =

20

Mid-Chapter 2 Check Point

38. ¥ .
':m.'n;@
S-l.-r
(=4, -1 ], =11
 [~lifx=0
O =12 4 Titx >0
39. a. f(x)=-2(x)’-x-5

=-2¢-x-5
neither; f(—x)=x and f(—x)=—X

b f(x +h!—f(x)

_ —2(x +R) +(x +h) =5 —(=2x %¥x -5)
h

_ —2x —4xh —2h +x +h -5 +2x 2x 45
- h

_—axh—2h%hh

: h (=4x=2h +1)
- h
=-4x - 2h +1

1. cpo- 30 if 0<t<200
30+0.40(t—200) if t> 200

a.  C(150) =30

b.  C(250) =30+ 0.40(250 — 200) = 50

41, y—-y=m(x-x)
1

1
y-3=-2(x-(-4)
y—3=-2(x+4)
y-3=-2x-8

y=-2x-5
f(x)=-2x-5

42. m- Changeiny _ 1-(=5) _ §: 5
Change in x
y—¥i= m(x _Xl)
y-1=2(x-2)
y-1=2x-4
y=2x-3
f(x)=2x-3

2-(-1) 3
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43. 3x-y-5=0
-y=-3x+5
y=3x-5

The slope of the given line is 3, and the linesare
parallel, so m =3.

y_y1:m(x_x1)
Y- (-4)=3(x-3)
y+4=3x-9

y=3x-13
f(x) =3x-13

44, 2x-5y-10=0

—5y =-2x +10
5y_-2x_10

. o2 .
The slope of the given line is =, and the lines are

: )
perpendicular,som=-"".

y_Y1:m(X_X1)
5
y—(—3)=—‘2(><—(—4))
y+3=—§x—10
2
y=— gx—ls
5
f(x) =— ~x-13
(%) )
45, _Changeiny 0-(-4) 4
Change in x 7-2 5
m:Chanqein\/:6—2:4 4.
? Changeinx 1-(-4) 5

The slope of the lines are equal thus the lines are
parallel.

a. mq.Changeiny — 42-26

46. 1

=0.16

Changeinx 180-80 100

b. For each minute of brisk walking, the
percentage of patients with depression in
remission increased by 0.16%. The rate of
change is 0.16% per minute of brisk walking.

274

Mid-Chapter 2 Check Point

47. fOQ)—f(x) f(2)f(=1)
X=X - 2-(-1)
_(3°-2)~(3¢-1°~ (D)
B 2+1
=2
Section 2.5

Check Point Exercises

1. Shift up vertically 3 units.

60, 0 A

2. Shift to the right 4 units.

(., 0] (4. 0 7 $ix
15 1018, 2)
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5. Reflect about the y-axis.

Qe oA

=

=
I
P

el

6.  Vertically stretch the graph of f(x) =X |

{_2\'.” q-‘z': 4‘#

T e

(—2,. 2"
I 1

ut

7. a. Horizontally shrink the graphof y= f(x).

¥4
.fr],m.sr_l
AL D30
Fil =i
Ff— - X
(=110 \.!:

{2

—-3)

glx) = f(2x)
b.  Horizontally stretch the graphof y — f(x).

¥

e
4,00 (12,0
/N0

[ =il [l %
a0 TN
.Iﬁliw—l-’_fll'i

=113

8. Thegraphof y=f(x) isshifted 1 unit left, shrunk

1 .
by a factor of =, reflected about the x-axis, then

3
shifted down 2 units.
Yy
(3, 1)
(=3, -] T 6 v
Fol LI585, —2)
(-1, -3 ""'"T (1L, -2y
LI

}'=-%fl.r+l]|-2

Section 2.5 Transformations of Functions

9. Thegraphof f(x)=xis shifted 1 unit right,

Fi

EEEEENEE

0, S (2,5)
s’gr@at:chécli RY.afactor of 2, then shifted up 3 units.
i -

I 1. :1-

gy =2x =10 + 3

Concept and Vocabulary Check 2.5

1. vertical; down

2. horizontal; to the right
3. x-axis

4.  y-axis

5. vertical; y

6. horizontal; x

7. false

Exercise Set 2.5

¥
51,(0, 3
(-2,3 e

1. glxy=fixy +1
2. ¥
S .
201 2
Ay

gl =fix)—1
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y | [ |
-1, 2}, &St u
CEIE o
(—3,2) 1 .
1 1 5 x
3. gy =fix+1)
5
cLadlTHa D
- X
4. glxy=fix—1)
yi
TTT11
'TTTT 1
(1m0
AR i
3 mC
H
111
5 gley=flx—-1)-2
6 Yi
o AR
( L) ..l-t_l ’4_!' [1“}
iy

ey =flix+1)+2

(-2, 2){] 5 0,275 5

3

=Y

glx) = —fix)

276

Section 2.5 Transformations of Functions

Vi
5
X
- ===t(2, =2)
- -1 ol P |
(=2.-2) =i, —2)
8. 2lx) = —f(x)
¥
S0,y
'['Ll]']g— 'z"”
M.
ilx

9. glx)=—flxr)+3

¥
e (2.5)
(—2,5){(0,5)

£x

L

10. glvy=fi—x) +

11.

L 1]
(=2, 1)

12. ¥y (0,4)
= ra
oy

wt

£(x) = 2f{x)
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&) =’r(%) A 'h'a:'z.'ir
sl A
(—a O DE BENESY NI
- ! 1 1 &
(-2, -~ *
¥ S
HEEEENN 1
13. 18. gl = ) +1

14. Blx) = fi2x) ¥
. 1 1
0.2 o

(—1,2)e4e(1,2) - i jamnan
5 X I 13‘,2]:
: =30 EALS, 0
N L0 Y
Wi
15. ¥ T
5 2y =fix —1)
Bt hamma raparchil (1,2)
¢ } i }i_ @-1 (10 AL
(=5 00N, (3,
glxy = —j(%r) +1 {'_3, "3
|
LT
16. i g{x} =I{x + 1)
21. Y4
TTTTEG T
W, —3) % 32N
o H 1 I NFL
1_11 _3]‘::{11_3] :{_l.lii _' k'
I I | L1111 h ' 1
glx) = —fi2Zv)-1
L I ]];JL.. F glv) = flx —1) +2
T vi
(2, 1) 22. rrreh
uaraay (—1,-2)
4 -INAN @ S TURREHOOH,
=2 =3 =1y 5 _ &
{I 1|'1‘| |3|:Ll“II | IL (=5 2}__ {3-. .—Z]
glx) =fl:.¥]—| (—3, —d) = | I I I
Hxy=fix+1)—12
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(4,0)

|
i, (2, —2)
SN SR
23. g(x) = —fix)

AN

Tl

LI£]
T
24, gilx) =fi—x)

25. glxy=fi-x

(1% Vs ' AE
A

LTTT1 T11
26. glx) = —flx) +1

5124
f

h"

r
(—4, 0 Y0
A (1, 1)
N @

27. gix) = Zfix)

28. ¥

|

|
(~4,0) (1 (4,0
I- LI

111
[_2’ _I]

HHH
g = 3/()

278

¥

Section 2.5 Transformations of Functions

5

(-2, ]

I
(1,2)
2,0

-
RN EaR

HH
(=8, ]

La ]

(—4,-2) {

EEEEE

EEEEEN

30.

(4 -3

31 glxy =2f{x +2) + 1

{

|
|
.
¥

y »

(=t _|]

» X
12, —1)

I
(=4 S HHHH

32. gl =2flx+2) -1

33.

. [
o=

| 111
4,27 .2

.

e

!

mlENR

.
.
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34.

35.

36.

38.

279

(=4, =210, =2) |

11
o(4, —4)

I

glx) =flx) -2

Yy

-

(—6,0)

%, )

-

o

T

-
|
L3y
Mo

(=2, =2)](2, =2)

mua

glx) = fix + 2)

(=2, 0 (2,0 7 x

AR
-2

(6, -2)

gy =fix—12)

¥y

(=2, 002, 0T X

gixy = —fix - 2)

Section 2.5 Transformations of Functions

I
R

e
T
ana

29, B0 =-Ffr+2)

| |
] |
He e
—. A
(=200 12,0 T

¥
| *:Tis'—'l'rl.'
(6.2} .
) i W
AT -
=22
| HEEEE EEEE|

4 W =S -2

42.

43.

¥

51(2,3) (6,3)

(—2,2)=

==
{2,2)

glx) = —%f{x— 21+2

¥

20

0, 0)"

1]

-1'“1- _1}

et

‘? §x
& -1
1

g) = 320

Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc.

279



Chapter 2 Functions and Graphs

44,

L3 1)

I
1
45, glxy=fix—1)—1

(CLITAD
D ATNGD

o
T
':_s: _]I
1
I

46. glxy=fix+1)+1

LONS NS D
3

47. glxy=—flx-1)+1

48. ¥
|
N
| I
(=5 1)
N
[_ = } T
—1, Zafh =

glxb=—flx +1)—1

280
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S_
;
: 5‘
He
=

=1

|
I
I I 4. -
LD
|

(-5, —1) ek

51, g =3/t + 1)

vy (L 4)
sl LATILL(3,4)

(=1, \CL(E, )
-

l!. X

(~3,-4)
[T

52. glx)y=2flx—1)

53. 0. 0)

)
Yy Jz
s :2.4]'

(-2.1 i2,2)
!
I
I

L

Pu
5]
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i, {_|.|{'|. 1)
(=L Dyl frg
?f: t

(—1,0)
{ih — 17 S

54, sEsisiissa

0.4 (2.4
Sz

BRNY: }/jll

(—2 40 Fid D

Fio,mfiz oy $

55.

56. L4 @9

vy |l

2.9

(0, 0)

57. vy f

L'I

(-2 44"
L i [
L0, 1))

...
=
=0

|

I

{

N I, | N

58. h

59.
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0.3
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i

i—1, 1)

i,

60.

61. (1.2)

(-1, 1)

62. .

63.

S

(-1, Y]

{1k 1

64.

(-2.4)
(-1, D\

i,y

65. ¥
i :is

i—1, 1)}
I

(=2 =D
-f

8 A
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66.  (-Ln oy
\r ;f: H
f(1.1)7
”ﬁ;_lﬂhmi#

h (-L-D
67.

=

(L3 4. 4)
[T

(0.2)

s
r:'"“ o2

rv i )
(L 1)

(1, )

68. i 3
= i

1 £

: iqd.:y

Ty

Pl

0, 1)
[, 1y

N
a.n

69.

Vi

| | :'E{:.z} 4.2
-1, l}‘ﬁi

I (1. 1)
(=200 £ ¥

=

¥
3.2 42

HHEH 'z..g
{1 A=

ey == —aadLATRT)
(=1, 0 (0, 0y 5%

70.

71. oy

i, ) ‘,I' Tk
(=20 4
)
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72.

(=T, 0y

| [&|(1.1)
1

S A

Section 2.5 Transformations of Functions
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L f

EH P

s
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¥
=2 % (L

e

{3, -2}
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-
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(2,5 y4(0.3)
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98.

Section 2.5 Transformations of Functions

99.

| =

100.

101.

102.

103.

r—
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(L1 (21
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] H
(=1L =1 ",."'_”
116. REREE 7 T
117. »
: 5| (0. 0y
(=30 DL,
’“-._.:_1 3
(=20 =P8
i-1,=1) ]
118. ¥
B
LD
A DE=sss o nnad
L N .
VI R
(-1, —O RS
e N
119.

120.

gt.'ﬂ = Yt lx — 1)

121. (-1,2) y

L(0, 1) (1.1

T

(oel | & ¥
E’?‘%‘iz.—n
e

hixy=int(—x)+ 1

286

Section 2.5 Transformations of Functions

122, (=L,0)

(-2, 1!;\'\;
225
— -'-\m»-‘_;_h & ¥
Hi st
oeth =2

fixy=int (—x)—1

123. y=+x-2
124, y=—X+2
125. y=(x+1)’°-4

126. y=+vx-2+1
127. a.  First, vertically stretch the graph of f (x) = JXx by

the factor 2.9; then shift the result up 20.1 units.
b.  f(x)=29:/x+20.1

f (48) = 2.9 48 + 20.1 ~ 40.2
The model describes the actual data very well.
f(x,) —f(x,)
X2_ Xl
_f(10)-f(0)
10-0
(2.9/0+201)-(2.90.4201 )
- 10-0
29.27-20.1
10

~0.9
0.9 inches per month

d f (%) —=f(x)
Xz_ X1
__£(60) —f (50)
~ 60-50

(2.960+20.1)-(2.9,/55 + 201)

60 -50
_ 42.5633 —40.6061
10
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~0.2
This rate of change is lower than the rate of

change in part (c). The relative leveling off of
the curve shows this difference.

287
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128. a.

First, vertically stretch the graph of f (x) = +/X

by the factor 3.1; then shift the result up 19
units.

f(x) = 3.14+19
f (48) = 3.1,48 +19 ~ 40.5
The model describes the actual data very well.

f(x;) —f(x)
X=Xy
_f(10) £ (0)

10-0

(3.040+19)-(3.1.0 +10)

10-0
~28.8031-19
B 10
~1.0
1.0 inches per month

fx,) =f(x)

XZ_ Xl

_£(60) - (50)

60 - 50

(31,60+19)- (3.1 J50-+19)
- 60 -50
_ 430125 -40.9203
10

~0.2

This rate of change is lower than the rate of
change in part (c). The relative leveling off of
the curve shows this difference.

129. — 134. Answers will vary.

135. a.

288

MOEHAL FLOAT AUTE REAL RADIAM HF n

L

136. a.

137.

138.

139.

140.

141.

142,

143.

Section 2.5 Transformations of Functions

MORMAL FLOAT AUTO EEAL RADIAM HP n

HMORMAL FLOAT AUTE REAL RADIAM HF n

L

-5 3l 5

MORHAL FLOAT ALUTO REAL RADIAM HF n

makes sense

makes sense

does not make sense; Explanations will vary.
Sample explanation: The reprogram should be
y="f(t+1).

does not make sense; Explanations will vary.
Sample explanation: The reprogram should be

y =" (t-1).

false; Changes to make the statement true will vary.
A sample change is: The graph of g is a translation
of f three units to the left and three units upward.

false; Changes to make the statement true will vary.
A sample change is: The graph of f is a reflection of

the graph of y = in'the x-axis, while the graph of
g is a reflection of the graph of y = X in the y-axis.

false; Changes to make the statement true will vary.
A sample change is: The stretch will be 5 units and
the downward shift will be 10 units.
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144. true
145. g(x) = —(x + 4)?

146. g(X)=—k 51

147. g(X)= *—-2 +2

1
148. 9(x) -z 16 —x -1
149. (-a,b)

150. (a, 2b)
151. (a + 3, b)

152. (a, b - 3)

153. Let x = the width of the rectangle.
Let x + 13 = the length of the rectangle.
21+2w="P

2(x+13) +2x =82

2X+26+2x =82
4x+ 26 =82
4x =56

X="=
4

x=14

X +13 =27
The dimensions of the rectangle are 14 yards by 27
yards.

154, Jx+10-4=Xx
\/Tl(g:x+4
(Vx+10) =(x+4)
X +10 = X*+ 8x +16
0=X+7x+6
0=(xx+6)(x+1)

X+6=0 or x+1=0
X=-6 x=-1

—6 does not check and must be rejected.
The solution setis {-1}.

Section 2.5 Transformations of Functions

155. (3 - 7i)(5 + 2i) = 15 + 6i — 35i —14i°
=15 + 6i — 35 —14(-1)
=15 + 6i — 35i +14
=29 - 29i

156. (2x —1)(X*+ X — 2) = 2X(X°+ X — 2) =1(X°+ X — 2)
=23+ 2K = 4x — X*= x + 2
=2+ 2% = X =4 — X+ 2
=2+ X'~ 5x+2

2 2

157.(f(x)) —2f(x)+6=(3x—4) —2(3x-4) +6
=9x*~24x+16—6X +8+6
=9x*—~ 24X —6Xx+16+8+6

=9x*—30x + 30
158. L — 2X _ 2X
34 3 x 3-X
X X
Section 2.6

Check Point Exercises

1. a  Thefunction f(x)=x"+3x—17 contains
neither division nor an even root. The domain of
f is the set of all real numbers or (—oo, oo).

b.  The denominator equals zero when x =7 or x =
—7. These values must be excluded from the
d8Maiof g = (0. 7) © (7.7) = (7, 0),

c.  Since h(x) = 9k — 27 contains an even root; the

quantity under the radical must be greater than or
equal to 0.
9x—-272>0

Ix > 27

Thus, the domain of h is {x x > 3}, or the
interval [ 3, «0).
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290

Since the denominator of j(x) contains an even

root; the quantity under the radical must be greater
than or equal to 0. But that quantity must also not

be 0 (because we cannot have division by 0).

Thus, 24 — 3x must be strictly greater than 0.
24 -3x>0

-3x>-24
X<8
Thus, the domain of j is {x x < 8}, or the

interval (—,8).

(F+9)(x)=f(x)+9(x)
= x—5+(x2—1)
=X-5+x’-1
=—X+X-6

domain: (-, )

(f-9))=f()-9(x)

:x—5—(x2—l)

=x-5-x"+1
=X+x-4
domain: (-, ©)
(fg)(x) = (x-5)(x*~1)
:x(x2—1)—5(x2—1)
=x*-x-5x*+5

=X’ - 5X"~ X +5
domain: (—o0, )

(i\|(x):f_(ﬁ

o)™ o
:X_S,x;tirl

x2-1

domain: (—o0,—1) 0(-1,1) O (1,%0)

(f+9))=f(x) +9(x)

=4X—-3+/x+1

domain of f: x—-3>0

Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc.
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(B+D)(x)

=B(x)+D(x)
2 2
= (-2.6x + 49X + 3994) + (-0.6x + 7x + 2412)

= —2.6%% + 49 + 3994 — 0.6x° + X + 2412
— —3.2x% + 56x + 6406

(B+D)(x)=-3.2x° +56x+6406
2
(B+D)(5) =-3.2(3) +56(3)+ 6406
= 6545.2

The number of births and deaths in the U.S. in
2003 was 6545.2 thousand.

(B+D)(x) overestimates the actual number of
births and deaths in 2003 by 7.2 thousand.

(f @) ="1(9()

:5(2x2—x—1)+6

=10x*-5x-5+6
=10x*— 5x +1

(g F))=9(f(x)
=2(5x+6)"~(5x+6)-1
=2(25x*+ 60x + 36) —5x — 6 -1
=50x°+120x + 72 — 5x — 6 -1
=50x°+115x + 65

(f C9)(x)=10x"-5x+1

(f5)(-1)=10(-1)*-5(-1) + 1
=10+5+1
=16

1
(f ===

l+2 1+2x

X

domain: Ix x;tO,x;rz—1|
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b X
[3,50)23 Or(_w’_l\mf_llo\g(o,oo)

o2t 2

domain of g: X+12>0 ( ) )
[-1 X)Z_1 7. h(x)=f g wheref(x) =X g(x)=x"+5

The domain of f + g is the set of all real
numbers that are common to the domain of f
and the domain of g. Thus, the domain of f + g
is[3, -).
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Chapter 2 Functions and Graphs

Concept and Vocabulary Check 2.6

1. zero

2. negative

3. f(x)+g(x)

4. f(x)-9(x)

5 f(x)-9(x)

6. X g
9()

7. (-0,)

8. (2,)

9. (0,3); (3,

10. composition;  f(g(x))

11. f; g(x)

12. composition; g(f(x))

13. g;f(x)
14. false
15. false
16. 2

Exercise Set 2.6

1. The function contains neither division nor an even
root. The domain = (oo, )

2. The function contains neither division nor an even
root. The domain = (o0, )

3. The denominator equals zero when x = 4. This value

must be excluded from the domain.
domain: (—o0,4) (3 (4, ).

4.  The denominator equals zerowhen y = _5. This

Section 2.6 Combinations of Functions; Composite Functions

10.

11.

12.

13.

The function contains neither division nor an even
root. The domain = (—oo, )

The function contains neither division nor an even
root. The domain = (o0, )

The values that make the denominator equal zero
must be excluded from the domain.

domain: (—o0, -3) 1 (-3,5) 10 (5, »)

The values that make the denominator equal zero
must be excluded from the domain.

domain: (—o0,~4) 7(-4,3) 0(3,%)

The values that make the denominators equal zero
must be excluded from the domain.

domain: (-0, =7) 1 (=7,9) L (9, »)

The values that make the denominators equal zero
must be excluded from the domain.

domain: (-0, -8) 0 (-8,10) 1 (10, )

The first denominator cannot equal zero. The values
that make the second denominator equal zero must be
excluded from the domain.

domain: (-0, -1) 1(-1,1) 11(1, »)

The first denominator cannot equal zero. The values
that make the second denominator equal zero must be
excluded from the domain.

domain: (-0, =2) 1 (=2,2) L (2, =)

Exclude x forx=0.
Exclude x for 3—~1 =0.
X
-1=0

xfsx—l}:x(o)

| X

domain: (—,0) (0, 3) (3, »)
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value must be excluded from the domain.
domain: (—o0, -5) [ (-5, ®).
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14. Exclude x for x=0.
Exclude x for 4—1 =0.
X
4—1:0
X
x(4—1\:x(0)

X
| =
L)

4-x
—X
X

0
=4
4

domain: (—0,0)1i0,4) {14, )

15. Exclude x forx -1 =0.
Xx-1=0
x=1

Exclude x forA -2=0.
-1

X
= 4

2=0
(A

(D572 FODO)
4-2(x-1)=0
4-2x+2=0
-2Xx+6=0
—2X=-6
x=3

domain: (—c0,1) [1(1,3) (3, )

16. Exclude x forx—2=0.

x—2=0
X=2
4
Exclude x for —  —-3=0.
X—2
—%5—3:0
(x—zfﬁ—3\=(x—zx®
e |
\ )
4-3(x-2)=0
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17.

18.

19.

20.

21.

22,

23.

The e_xpression under the radical must not be
negative.
x-3>0
X>3
domain: [3, «)

The expression under the radical must not be

negative.
X+22>0

X=>-2
domain: [-2, =)

The expression under the radical must be positive.
x-3>0

X>3
domain: (3, «)

The expression under the radical must be positive.
X+2>0

dom)éi?:_(z—z, oo)

The expression under the radical must not be
negative.
5x+35>0

5x > -35
X > —7 domain:

[7.%)

The expression under the radical must not be
negative.
7x—-70>0

7x =70

x>10
domain: [10, )

The expression under the radical must not be

negative.

24 -2x>0
—2X > -24
—2x _ =24

294



Chapter 2 Functions and Graphs Section 2.6 Combinations of Functions; Composite Functions

4-3x+6=0 o
-3x+10=0 x < 12 domain:
-3x=-10 (—12]
10
X =

3
(2,10\[(10,00

L)

domain: (—,2) O
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24. The expression under the radical must not be 30. Find the values that make the denominator equal zero

negative. and must be excluded from the domain.
84 -6x>0 x°*— 2x°— 9x +18

—6x > -84 =x*(x-2) -9(x-2)

—bx _ -84 =(x-2)(x*-9)

-6~ -6

x < 14 domain: =X -2)(x+3)(x-3)
(_00114] -3, 2, and 3 must be excluded.

domain: (-0, =3) 1 (-3,2) 7(2,3) 7(3,»)
25. The expressions under the radicals must not be

negative. 3. (f+g)(x)=3x+2
x-220 _, x+320 domain: (oo, o)

X2 X>-3 (f-9)(x) =f(x) - 9(x)
To make both inequalities true, x > 2 . =(2x+3)—(x-1)
domain: [2, =) =x+4

domain; (—o0,0)
26. The expressions under the radicals must not be (fgx) =1(x) - 9(x)
negative. =(2x+3)-(x-1)
-3> 4>

X-3 Oand X+4>0 o 2¢4x—3

X > X=> -4 domain: (—oo, o)

. . N

ggmrg?lﬁgf%?tpoﬁnequahtles true, x> 3. () M= fo) 2x+3

|&g/ g(x) x-1

27. The expression under the radical must not be domain: (—oo,l) O (1, oo)
negative. 32. (F+g)(x) = 4x 2
x-220 domain: (—, )
X2 f-g)(x)=(Bx—4)—-(x+2)=2x-6
The denominator equals zero when x=5. domain: (—-, -)
domain: [2,5) (1(5,0). (f)(x) = (3~ 4)(x +2) = 3x2 + 2x - 8
domain: (-, )
28. The expression under the radical must not be () (x) = x4
negative. L g J X+2
x-32>0 . ad
domain: (—o0, —2 -2,
= (=2 (2.%)
The denominator equals zero when x = 6. 33, (f+0)X)=3C+x-5
domain: [3,6) 1 (6,). domain: (—co, o)

—_— 2 —_—
29. Find the values that make the denominator equal zero (f-9)(x)=-3x"+x-5

and must be excluded from the domain. domain: (—o, o)
x*— 5x*— 4x + 20 (fg)(x) = (x — 5)(3x*) = 3x*-15%°
=x*(x-5) —4(x-5) domain: (—oo, o)
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:(x—S)(x2—4)

=(X-5)(x+2)(x-2)

-2, 2, and 5 must be excluded.

domain: (—o0,~2) (-2,2) 12,5) r(i5,)

Section 2.6 Combinations of Functions; Composite Functions

(1) X=5
| )=

\g4 3x*
domain: (—,0) 11 (0, »)
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34. (f+g)(x) =5x*+x-6 38. (f+9)(X)=(5-x)+ (X+4x-12)
domain: (-, -) =4x -7
(f-9)(X)=-5x°+x—6 domain: (-, )
domain: (—, =) (f=9)X)=(5-x) - (X+4x-12)
(fg)(x) = (x— 6)(5x ) = 5x — 30x =2~ 4x +17
domain: (-, ) domain: (-, )

(£) x-6 (fg)(X) = (5 — x*) (*+ 4x -12)
k g J = 5 = X' — 4 +17XC+ 20X — 60
domain: (—o0,0) [{0,) d/o]m%l(n:)(—m, «5))_)(2
—_0=
35. (f+g)(x)=2x"-2 Lg)' X+ 4x —12

domain: (-, -) domain: (-0, —6) 1 (-6, 2) 0(2, »)
(f-g)(x) =2x*-2x 4

domain; (==, -) 39. (f+9)(X)= x+x-4
(fg)(x) = (2x"—x - 3)(x+1) domain: [0, )
=20+ 4x-3 (f —g)(X) =/x —x +4
domain: (-, --) domain: [0, )
(1) (x) = 2X-x-3 r
o) Y i1 (19)() = x (x - 4)
= (2X=3)(x+1) domain: [0, o)
(x+1) =2x-3 (£ X
o v iEnd
domain: (=0, -1) (=1, «0) 9)
domain: [0,4) (4,)
36. (f+g)(x)=6x-2 N
domain: (—, - 40. (f+9)(X)= Xx+x-5
(f-g)(x) =6x°— 2x domain: [0, o)
domain: (-, ) (f —g)(X) =X —x+5
(fg)(x) = (6x*— x ~1)(x —1) = 6x° = 7x*+1 domain: [0, )
domain: (—:)o, oo) ( fg)(x) = X (X _ 5)
(f_\(x):ﬂsz—l . i
LQJ .1 domain: [0, )
Yy
domain: (—o0,1) 0(1,0) ka} 0=""¢
37. (f+g)(X)=@-x)+ (x*+2x-15) 0 =—x'-2x'+18x"+ 6x — 45
=2x-12 d(ofrr\am: (~oey cg) ,
domain: (——, =) 0=, X
(f~9)(x) = (38— x*) — (X*+ 2x-15) 9 X'+ 2x-15
- o Ioxy18 O domain: (-0, -5)  (-5,3) (3, %)
domain: (-, --)

(fg)(x) = (3 — x*)(x*+ 2x —15)
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domain:  [0,5) (5,%)
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L1 2 e 43. (f+9)(x) =f(x) +9(x)
41, (f+o)¥) =2+ + =2+ =__
X X X X :5x+1+4x—2
domain: (—0,0) [({10,0) X-9 x-9
11 Cox-1
(f—g)(X)=2+X—X—2 - xX*-9
domain: (—o0,0) I0,0) domain: (o, -3) (-3,3) 11 (3, »)
([ 1V1 2 1 2x+1 (f=9)¥) =f(x)-9(x)
()= 245 |- e % 55X+l 4x-2
2 2
domain: (—,0) 0 (O, oo{ _ x_—% X -9
(£) 2+l 1 vl
| (X)) = y*:|Q+ P x=2x+1
\9) t )1 _
domain: (—o,0) ({0,0) X—3
domain: (-0, -3) 0(-3,3) = (3, )
1 1
42, (F+0)(¥)=6-_+_= (fa)(x) =1 () - 9(x)
6 _5x+1 4x-2
X X - '
domain: (—,0) [(0,0) X¥-9x-9
11 2_6x=2 5x +1)(4x —2
(f—g)(X)=6-=-==6-%= _ (5x+1)(4x=2)
X X X X g\
domain: (—,0) 11 (0, ) domain: (o0, -3) [2—3,3) 0 (3, »)
(feg= 6201261 gy Sx4d
I
X X X X
\ J () oy
domain: (—,0) [{0,) Lg )|(X) 4x =2
EERAN 2
(Moo &6 Lhoex =9,
\g) 1 X ) _5x+1 x-9
domain: (—,0) [10,) X*-9 4x-2
_5x+1
C4x -2
The domain must exclude -3, 3, and any values that
make 4 x —2 =0.
4x -2=0
4x =2
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X =
2

domain: (-0, -3) 0(-32) D,( 1, 3) O (3, )
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44, (f+9)(x)=fX)+9X)
3x +1 2X -4
— ==
X*—25 x*-25
_ 5x =3
x? =25

domain: (-o,~5) £(-5,5) [(5,)
(f=9)(x)=f(x) -g(x)
_ 3x+1 2x-4

2

X2 — 25

X+5

x2—25
1
-5

domain: (—o,—5) [(~5,5) L(5, )
(fg) () =f () -9(x)
_3x+1 2x-4

i

x*—25 x'—25
(3x+1)(2x-4)
(x ~25)
domain: (-o0,-5) -5,5) (B, »)

3x+1

() 2

()0 -5

X'—25
_3x+1 x%25

X*—25 2x—4
_3x+1
2Xx—4

The domain must exclude -5, 5, and any values that

make 2 x —4 =0.

2x-4=0
2x =4
X=2

domain: (—o0,-5) 1(-5,2) £(2,5) 0(5,)
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45. (f+9)(x) =f(x) +9(x)
8 6 __
+
X—2 X+3
__8x(x+3) 6(x =2)
T (X—2)(x+3)  (x—2)(x+3)

8x°+24x 6x-12

=+
xX-2)(x+3) (x-2)(x+3)
_ 8x°+30x —12

(x - +3E
domain: (—,-3) (-3,2) (2,%)(
f+9)(x) =f(x) —g(x)

8 _ 6

X—=2 x+3
__8x(x+3) _ 6(x=2)

T (x=2)(x+3)  (x=2)(x+3)
8x2 + 24x 6x—12

D03 x-2)(x+3)
8x2+18X +12
= (X=2)(x+3)
domain: (o0, -3) 0(-3,2) £(2, )
(fo)(x) =f(x) - 9(x)

_Bx 6

X—2X+3
_ 048x

x=2)(x+3)
domain: (-0, -3) [ (-3,2) (2, =)
8x

()00 —x82

L)

X+3
_8x x+3
x-2 6
_ AxX(x+3)
-~ 3(x-2)
The domain must exclude -3, 2, and any values that
make 3(x—2) =0.
3(x-2)=0
3x-6=0
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3x=6
X=2
domain: (-0, -3)  (-3,2) (2, %) 0 O
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46. (f+9)(x) =f(x) +9(x)

__9x(x +8) 7(x—4)

T (X—4)(x+8) (x—4)(x+8)

9x% + 72x 7x =28

= +

(x—4)(x+8) (x—4)(x+8)
_ 9x*+79x 28
x—4)(x+8)

domain: (—o0,~8) [(-8,4) £(4,)

(f+9)()=f(x) -9 ()

X—4 x+8

__OX(x+8) _ 7(x=4)

T (X=4)(x+8) (x—4)(x+8)

9x% 4+ 72x 7x —28

(x—4)(x+8) (x—4)(x+8)

_ 9x'+65x +28
(x—4)(x+8)

domain: (—o0,~8) [(-8,4) L(4,)
(fg)(x) = (x) - 9(x)

_ 63X
C(x—4)(x+8)

domain: (—o0,~8) [1(—8,4) [I(4,)

() x4

Section 2.6 Combinations of Functions; Composite Functions

47,

48.

49,

50.

(f +9)(x) =Vx+4+/x-1

domain: [1, o)

(f —9)() = Jx+4-x-1

domain: [1, o)

(1)) =K 74 Jx—1 =X+ 3x—4

domain: [1,\?@)—
(_f\ __x+4
L )= —

g9) x-1

domain: (1, )

(f+g)(X)= VX +6+/x-3

domain: [3, ..)

(T-9))="y .67 /x_3

domain: [3, =) \/7

(fg)(x) = x+6- x-3= x*+3x-18

domain: [3, =)
(00— fs6
ng Vx -3

domain: (3, )
(f +9)(X) =vx -2 ++/2 =X

domain: {2}

(f-9)(X) =vx-2-v2-x

domain: {2}

(fg)(x):\/X—Z-\/f: [—x2+ 4x — 4

ain: {2}
M<X>= Jx-2
o Vo
.

domain: &

5}

(f +9)(x) =
domain: {5}

(f-0)(0 = i
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305

The domain must exclude -8, 4, and any values that
make 7(x —4)=0.

7(x~4)=0
7x-28=0

7x =28
x=4
domain: (—oo,—8) E(—8,4) E(4,oo)

SV
—
(fa)(x) = vk =5 Y5 %= X 110x - 25
domain: {5}
|(f_\|(X)= :{x_5
9 v
L) 5-x
domain: &
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51.f(x) =2x, 9(x) =x+7 56. f(x)=7x+1;g(x)=2x"-9
a  (f Lo =2(x+7)=2x+14 a  (f CO)) =7(2X—9)+1=14x¢~62

b. (9 CF)(X)=2x+7 b. (grf)(x)=2(7x+1)*-9

c. (fro@)=22)+14=18 =2(49X +14x +1) - 9
=98x°+28x — 7
52.f(x) =3x; g(x) =x-5
. f 2)=14(2)°-62=-6
a. (f o)(x)=3(x-5)=3x-15 ¢ (T Lo @
b. (g CT)(X)=3x_5 57. f(X)=x+2;9(x)=x"-2
a. (frgx=x-2)°+2
=X'—4+4+2
53.f(x)=x+4;9(x) =2x+1 Y — A%+ 6

c. (f ry)(2)=3(2)-15=-9

a (f=2x+1)+4=2x+5h. b. (g)X) =(xX*+2)"-2

=x'+4x*+4-2

(@ ) =2(x+4)+1=2x+9c. (f
=xX'+4x°+2

0)((2)=2(2)+5=9

134

(f r9)2)=2"-4(2)°+6=6
54.f(x) =5x+2;g(x) =3x-4
58. f)=x"+1;9(x)=x*-3
a.  (fo®x) =50B3x-4)+2=15x

a  (foox)=x-3)7°+1
“18b (0 LX) =3(x+2)-4 =x'—6x*+ 9 +1
=15x+2c. (f [9)(2)=15(2)-18= =x'-6x"+10
12
2 2
55. f(x) = 4x—3; g(x) = 5x°— 2 b. (g LH))=(x"+1)-3
=x'+2x°+1-3
a. (f Co)(x)=4(5x"-2)-3 =x'+2x°-2

= 20x°-11 ] 2
¢ (frCg)(2)=2"-6(2)+10=2

b. (g TF)(x) =5(4x-3)"-2
=5(16X°— 24x+9) - 2
=80x°-120x +43

59. f(X)=4-x;90(X)=2+x+5

a.  (fo)(x)=4-(2x*+x+5)
c. (f ro)(2)=20(2)*-11=69 =4-2¢-x-5
=-2x*-x-1

b.  (g0f)(x)=2(4-x)"+(4-x)+5
=2(16-8x+x)+4-x+5
=32 -16x+2X*+4 - Xx+5
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=2x"—17x + 41

(f 9)@2)=-2(2)-2-1=-11 -

307 Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc. 307



Chapter 2 Functions and Graphs

60. f(X)=5x—-2; g(x)=-x+4x-1

t
SR LE e

=-5X"+20x -7

b. (g Uf)(x)=—(5x-2)"+4(5x—2)-1
=—(25x*— 20x + 4) + 20x — 8 -1

=-25x>+20x—4+20x-8-1
= —25x*+ 40x —13

c. (f rg)(2)=-5(2)°+20(2)-7=13
6L f()=+%gx)=x-1

a.  (fw))=vx-1

b. (9 cHX)=x-1

c. (fro@=+v2-1=-1=1

62. () =1/x;g(x) =x+2
a.  (fogX)=vJx+2

b. (g CHX) =/x+2

c. (frg)@)=v2+2=-/2=2

63. f(x) = 2x—3; g(x) =X—+3
((x+3)
(I
a (f gx=2 -3
|K 2 JDX
=xXx+3-3
=X
b, (g Lo = P L2y
2 2
c. (fre@=2

Section 2.6 Combinations of Functions; Composite Functions

64. f(x)=6x—-3;9(x)= XT-B
a (f m)(x)ze“|—+3\|—3=x+3—3:x
6
L)
6x—3+3_6x ~
b. (9H)x)= 6 —6——X
c. (fm@=2
1 1
65. f(X)=_,9(x)= _
X X
a (o) X
b (@ LH(M=T=x
c. (fre)@=2
66. f(x)— ;0(x) =
X X
a. (f[g)(x)_fz
b (g M= 2_x
[
c. (f 9@=2
(1) 2
67. a (f Eg')(x):f| k=1 X0
L) +3
2
_f1+é|
)
o
1+ 3x

b.  We must exclude 0 because it is excluded from
g.

We must exclude —l 3
|

denominator of f ¢
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because it causes the to be 0.
—1\ (—1,0\ (0,00).

domain: —%

.
S U
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68. a.
b.
69. a.
b.
70. a.
b.
71. a.
b.
310

f[g(x):f(“: > 5X

L) +4

X

We must exclude 0 because it is excluded from g.
1 .
We must exclude _Z because it causes the

denominator of f g to be 0.

1) (1
domain: K| _OO‘_4|)E|K_ ,40 |5(O,oo).
4
(f:g)(x)=f|(fﬂz4L
\ ) —+1
X
4

Il
II?\—
+| >
>

<)

_4
=a4+xX*F 4

—

We must exclude 0 because it is excluded from
g.

We must exclude —4 because it causes the
denominator of f g to be 0.

a
domain: (—o0,—4) (~4,0) 0(0,).

We must exclude 0 because it is excluded from

g.

6
We must exclude =~ pecause it causes the

denominator of f g to be 0.

domain: (|—oo, - §\| D|(—§ , (p 2 (0, ).

\ 5) L5 )
frg(x)=f(x-2)=+x-2

The expression under the radical inf g

73.

74,

75.

76.

77.

~

78.

00}

79.

Section 2.6 Combinations of Functions; Composite Functions

b.  The expression under the radical inf g must

not be negative.

x—320
Xx>3
domain: [3, ®).

a (fro00=f(d-x)
(e e
=1-x+4
=5-x

b.  The domain of f must exclude any values

that are excluded from g.
1-x>0

—xX=>-1

donfatnl (-, 1].

a. (fIIg)(X)=f(«Jé—X2)
= V2—x)+l
=2-x+1
=3-X

b. The domain of f g must exclude any values
that are excluded from g.

2—-x2>0
—X>-2
X<2
domain: (-, 2].

f)=x" g(x)=3x-1

f(x)=x59(x)=2x-5

f()=3% 9(x)=x-9

f(x)=+%g(x)=5¢+3
f)=x  g(x)=2x-5

not be negative.
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must 80.f(x) = [x|; g(x) =3x—4

1
Xx=220 g1, f(x)=" g(x)=2x-3
X>2 X

domain: [2, ).

82. f(x)zl;g(x):4x+5
72 a. frg(x)=f(x-3)=+/x-3 X
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83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

312

(f+9)(-3)=f(-8)+g(-3)=4+1=5
(9-f)(-2)=g(-2)-f(-2)=2-3=-1
(f9)(2)=1(2)9(2)=(-1)(1)=-1

(g) 4(3) 0
| 13)= = =0
\f) (3 -3

The domainoff+g is[-4,3].

.1
The domain of g|]s (-4,3).

The graph of f + g

(f L0)(-1)=F(g(-1)=(-8)=1
(1 C0)(1)=(9(0)= 1 (-5)=3
(a.1)(0)=0(1(0))=5(2)=-6
(9 T1)(-)=0(1(D)=0(1)=-5

Section 2.6 Combinations of Functions; Composite Functions

95. (f Co)(x) =7
2(x*-3x+8)-5=7
2X° —6x+16-5=7

2x*—6x+11=7

2X°—6x+4=0

2

X —=3x+2=0

(x-1)(x-2)=0

96. (f 9)X)=-5
1-2(3%°+x-1) =5
1-6x*-2x+2=-5
—6x*—2x+3=-5
—6Xx°—2Xx+8=0
3X*+x—4=0
(Bx+4)(x-1)=0
3x+4=0 or x-1=0
3x=-4 x=1

4
X =—

3

97.

o

M +F)(X) =M(X)+F(x)
= (1.48x +115.1) + (1.44x +120.9)

=2.92x + 236
b. (M+F)(X) =292x+ 236

(M + F)(25) = 2.92(25) + 236

=309
The total U.S. population in 2010 was 309
million.

c. Itisthe same.

98. a (F-M)(x)=F(x)-M(x)
= (1.44x +120.9) — (1.48x +115.1)
=-0.04x + 5.8

b. (F-M)(x)=-0.04x+5.8
(F - M )(25) = -0.04(25) + 5.8
=48
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313

In 2010 there were 4.8
million more women than
men.

The result in part (b)
underestimates the actual
difference by 0.2 million.

Section 2.6 Combinations of Functions; Composite Functions
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99.

100.

101.a.

314

(R - C)(20, 000)
= 65(20, 000) — (600, 000 + 45(20, 000))
= —200, 000

The company lost $200,000 since costs exceeded
revenues.

(R — C)(30,000)
= 65(30,000) — (600,000 + 45(30,000))
0

The company broke even.

(R — C)(40,000)

= 65(40,000) — (600,000 + 45(40,000))
=200,000

The company gained $200,000 since revenues
exceeded costs.

a. Theslope for f is -0.44 This is the decrease in

profits for the first store for each year after
2012.

b. The slope of g is 0.51 This is the increase in

profits for the second store for each year after

2012.

c. f+g=-044x+13.62+0.51x+11.14
=0.07x +24.76

The slope for f + g is 0.07 This is the profit for

the two stores combined for each year after
2012.

f gives the price of the computer after a $400

discount. g gives the price of the computer after

a 25% discount.

1

b. (frwy)(x)=06x-5

Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc.
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d.

(9 CF)(x)=06(x-5)
=0.6x-3
The cost of a pair of jeans is 60% of the regular

price minus a $3 rebate.

f Cg because of a $5 rebate.

103. —107. Answers will vary.

108. When your trace reaches x = 0, the y value disappears
because the function is not defined at x = 0.

HOEHAL FLOAT AUTO REAL RADIAM HF n

pemdratty e

OIS REHORHAL FLOAT RUTE REAL RADIAH HE .

1

(fro))=y2-{

The cost of a pair of jeans is 60% of the
regular price minus a $5 rebate.

314



Chapter 2 Functions and Graphs Section 2.6 Combinations of Functions; Composite Functions

The domain of g is [0, «).

1
i
i
i
[
g f arenotthe same. O
b. (f g)(x)=0.75x-400 The expression under the radical inf g must not
This models the price of a computer after first a be negative.
25% discount and then a $400 discount. 2_-x>0
c. (g f)(x)=0.75(x—400) - X2-2
This models the price of a computer after first a X <2
$4UU QIScount and tnen a £5%o AISCOUNT.
x<4
d. Thefunctionf g models the greater discount, domain: [0, 4]
since the 25% discount is taken on the regular
price first. 110. makes sense
102.a. fgives the cost of a pair of jeans for which a $5 111. makes sense
rebate is offered.
g gives the cost of a pair of jeans that has been 112. does not make sense; Explanations will vary.
discounted 40%. Sample explanation: It is commonthatf g and
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113. does not make sense; Explanations will vary.
Sample explanation: The diagram illustrates

g(f(x)):x2+4.

114. false; Changes to make the statement true will vary.

Asample changeis: (f rg)(x)=f(vVx*-4 ’
2

=(x-a) -4
=x—4-4
=x’-8

115. false; Changes to make the statement true will vary.

A sample change is:
f(x)=2x9(x)=3x

(frm) (x) =f(g(x)) =f(3x) =2(3x) =6x
(g ) () =9(f(x))=g(f(x))=3(2x) =6x

116. false; Changes to make the statement true will vary.

A sample change is:

(frm) (4)=f(g(4) =f(7) =5

117. true

118. (f C)(0) = (f C9)(—x)

f(g(x)) = f(g(-x)) since g iseven
f(g(x))=f(g(x))sof [giseven

119. Answers will vary.

120. Xx=1 x+3 1—

5

(x=1 A X)

20 - |=20 1}—

\s 2 ) ( 4)
4(X—l)—10(x+3)=20—5x
4x —4-10x—30 = 20-5x%
—6X—34 =20-5x

inll
~ Ix

lw

—6X+5x=20+34
-1x=54

X=-54
The solution set is {-54}.

Section 2.6 Combinations of Functions; Composite Functions

121. Let x = the number of bridge crossings at which the
costs of the two plans are the same.

No pPass Diso wntPass

6x = 30+4x

6x—4x =30

2x =30
x=15

The two plans cost the same for 15 bridge crossings.
The monthly cost is $6 (15) = $90.

122. Ax+By=Cy+D
By - Cy =D - Ax
y(B-C)=D-Ax

_D-Ax
B-C

123.{(4,-2), (1,-1), (1,1),(4, 2)}
The element 1 in the domain corresponds to two
elements in the range.
Thus, the relation is not a function.

124. x=> 14

y

y(X)=y[—5+4\

| |
)
Xy=5+4y
Xy -4y =5
y(x —4) =5

125. x=y -1

—

y= x+1
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Section 2.7

Check Point Exercises

1 f(g(x)):4(x—+7\—7

=X
g(f(X))ZM

4
_AX T +7

=X

f(9(0)=9(f(x)=x
2. f(X)=2x+7

Replace f (x) with y:

y=2x+7

Interchange x and y:

X=2y+7

Solve for y:
X=2y+7

X=7=2y
X=7 _

2
Replace y with f ™ (x) :

X =7
2

f1(x) =

3. f(x)=4x-1

Replace f (x) withy:
y=4x’-1
Interchange x and y:
x=4y-1
Solve fory:
x=4y-1
X+1=4y’

317

Section 2.7 Inverse Functions

YR
?—' 32‘3‘((#2
32 38
:x?2x+2
2
X +1

4.  f(x)=  X#5
(x) (_5
Replace f (x) withy:
_ X+1
X—=5

Interchange x and y:
_y+1
= Vo5
Solve for y:
g ytl
y-5
x(y-5)=y+1
Xy —5x=y+1
Xy —y=5x+1
y(x-1)=5x+1
_5x+1
T x-1

eplage yywith () ;
. Cfe(X)SX + fﬁx()x)
f (@=2) | (2-2
1,0 | 0.-1)

)

he grapby of (b) qndifc) pass the horizontal line test
nd thus have an inverse
i1,2)

(621
»

vy

Y

6.  Find pointsof . _'[fﬁ
(=1,0) = At

(-2, -2)—] "( .

5
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3+1:
,/4 y

Replace y with f *(x) :

-1

318
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7. f(X)=x+1
Replace f(x) withy:
y=x+1
Interchange x and y:
X=y+1
Solve for y:

X=y'+1
x—-1=y
WX=1=y

Replace y with f(x) :
()=

Concept and Vocabulary Check 2.7
1. inverse

2. X X

3. horizontal; one-to-one

4, y=X

Exercise Set 2.7

1. f(x) =4x; g(x) =—
4
fg)=4{ " =x
\J

o(f () == =x

4
fand g are inverses.

2. (0 =6x:g(x) =2

319

Section 2.7 Inverse Functions

+8=x-8+8=x

3. f(x)=3x+8;g(x)= X=28
o) =3PF
és 8 / 8 3
o160 = 222
fand g are inverses.
4, f(x) =4x+9;9(X) :X—_g
x=9)

f(g(x)):4|( |
4

\

g((X) :)!4X +92;9 :ﬂ

)

fand g are inverses.

5 f(x)=5x-9; g(x) =
(X451

f(g(x))=5 | o
K9

_ 5x +25

9

J

_ 5x-56

9

9

-9

-9

=X

X+5

4

5x -9 +5 +5 5x -4

9(f () =""4

fand g are not inverses.

6. f(X)=3x-7;g9(x) =
f(g(x)=3]
K

9(00 9™ —

(x+3\

)

X+3

fand g are not inverses.

3

3

9

3x +9

+9=Xx-9+9=x

3x 40

7

3X_ 743 3x-4

7

7. f(x)==74;9(x)=;+4

3

f(9(x)) =
2+4-4
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9T = —+4
([ x)
f(9() =6 |=x
i
g (f (X)) :€ =X
fand g are inverses.

320

x—4

_3/ X4y

| 3
=Xx—-4+4

)

=X
fand g are inverses.
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8. f(x):L;g(x):z+5 b. f(f’l(x)):Z(l\:x
x-5 X |\2/1
f(g(x)) = 2 2 f’l(f(x))zzi:x
24+5)-5 2 2
g(f(x)):—2+5:2(|xz—_?\+5:x—5+5:x 14. a. f (x) = 4x
s N
fand g are inverses. y=4ax
X=4y
9. f(x) =—x; g(x) =—x y:l
f(9(x)) =—(=x) =x 4
g(f () =—(=x) =x £(x) = X
fand g are inverses. 4
_3 N Y3 -1 _ [_X\_
10. f()=%-49g(X)=X+4 b.  f(f (x))_4|4|_x
4,
f(9())=3c+4-4 =9 =X 1 _K J
W
g(f(X)):(\/3x—4D3+4:x—4+4:x F(fe)=4=x
fand g are inverses. 15 a f(X) = 2x+ 3
11. a f(x) =x+3 y=2Xx+3
fo*'g X=2y+3
;;3(/_4-3 Xx-3=2y
f1x)=x-3 X3
-1 2
b. f(f7(xX))=x-3+3=x f’l(x)zﬂ
f(f(x)) =x+3-3=x 2
12, a.  f()=x+5 b. f(f’l(x))=2(x—_3\[r3
y=X+5 | 2
L)
X=y+5 2
y=x-5
f'(x)=x-5

b f(f*(x)=x-5+5=x

16. a
F(F(0)=x+5-5=x 2

13. a f(x) =2x
y = 2X
y

N

X =

y:

XN Ix

f1(x) =
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=X
-3
+3
=X
(1) =2
3-8 2

322

Section 2.7 Inverse Functions

=3x-1x
=3y-1
X+1=3y
x+1
Y= 3
1"1(x):u
3
((x+1)
fF(F70)=3) [ l=x+l-1=x
L3
](,1(()():3x—1+1:Q:X
) 3
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17. a f(x)=x*+2 20. a. f(x)=(x-1)°
y=x+2 y = (x -1
X=y'+2 x=(y-1y
x-2=y k=y-1
y=x-2 y=3k+1
fr(x)=%-2 . \
b f(f700)=(3F+1-1) =(*y7 =x
b, H(f(x)=(k-2) +2
fH(f(x)="(x-1° +1 =x-1+1=x
=X—-2+2
=X
1) =+2-2 =3 2a f(="
=X i
y:
18. a. f(x)=x-1 X
y=x-1 x:l
x=y-1 y
X+l=y’ xy:l1
y=3k+1 y=-
f1(x) = 3h+1 o0t
b. f(f*(x)):(afigil X
b, (i) =" =x
=x+1-1 1
=X X
L 1
FF ) =141 =3 =x Fre= =x
X
19. a. f(x)=(x+2)°
y=(x+2)° 22. a. f(x) = 2
x=(y+2)° X
2
-j?zy+2 y= X
y=3-2 (o 2
f1(x) =¥x -2 y
Xy =2
3 3 Z
X
b. (11 (x)=(%-2+2) =(*) =x y=
FAF(X) =3x +2)°-2 =X
=X+2-2
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f’l(x):2
X
b -1 2 X _ _
COHE )= ,=20 =X

X

_ 2

f 1(f(>3):—_
Z-X:x

2

7

X

324
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23 a  f(x) =4 %M
-7 b 1(10)= Ay
-2
x:..ﬁ x—-1
y:)(2 :2X+4+4!X—1!
) =x*, x>0 2x+4-2(x-1)
_6x
b, f(F'(x) =¥ =kExforx>0, 6
fHf(X) = (+/x)’=x =X
(f () = (+/x) (x44)
, 2| x-2|+4
24. a. f (x) =X Ff)= | 47
X +
y =x x—2
Xx=3 _ 2x+8+4(x-2)
y=x x+4-(x-2)
frx)=x _6x
6
b f(fi(x)=% =x =X
R B . X+5
F(100) = (] =x 26. a. Fo=">
X —6
X +4 X +5
f(x) = =t
25. a. (x) o Y= 6
_+3
_x+4 x="7
y_x—2 y-6
o y +4 Xy—6x=y+5
S y-2 Xy—y=6x+5
Xy —2Xx =Yy +4 y(x-1)=6x+5
Xy —y=2x+4 _ B6x+5
y(x-1)=2x+4 Y=
2% 44 Fipg= &2yt
T x-1 x-1
= 2
x-1
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b. f(f*l(x)):b

6X+5+5(x-1)

" 6x+5-6(x-1)
11x

e
6|(X—+5\+5
X —

F(100) = s )1

X—6

:6x+30+51x—6)
x+5—( x-6)

_11x

T 1n

=X

2x+1
27. a. fﬁx—;_s

2+
C x-3
)2yl
y—-3
Xy—-3)=2y+1

Xy—-3x=2y+1
Xy—2y=3x+1

X—2)=3x+1
v ) 3x+1

y:x—Z

3x+1
fCx="">1
Ox=3_,

Section 2.7 Inverse Functions

_2(3x A1)+ -2 6X+2 +x -2

3x+1-3(x-2) 3x+1-3x+6

X
= =X
7
3(2x+1)+1
FrFp)= T XT3
2x+1_2
Xg

3(2x+1)+x-3

- 2x+1-2(x-3)
Bx+3+x-3 —X_,
2X+1-2x+6 7

2X-3

a. f(}

X+1
_2x-3
x4+l
_2y-38
B y+1

Xy +x=2y-3
y(x—2)=—x-3
=x=3

2(%=8)-3

(%)= _x—§+1
X—2
_ =2x-6-3x+6 -5x
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327

29.

30.

f(f

Section 2.7 Inverse Functions

—X—-3+X-2 -5

_2X—3)_3
frfp)= Xt
(fom= 7
x*
:—2x+3—3x—3:—_5x
2X—3-2x-2 -5

The function fails the horizontal line test, so it does
not have an inverse function.

The function passes the horizontal line test, so it does
have an inverse function.
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Section 2.7 Inverse Functions

31. The function fails the horizontal line test, so it does 39. a f(x) =2x-1

not have an inverse function. y=2x-1
32. The function fails the horizontal line test, so it does x=2y-1

not have an inverse function. X+1=2y
33. The function passes the horizontal line test, so it does X+1 _

have an inverse function. 2

f1 () = x+1

34. The function passes the horizontal line test, so it does 2

have an inverse function.

b.

35.

36.

37.

38.

328

c.  domainof f: (—o0,0)

ran

geoff: (—oo, oo)

domain of f™: (—o0, o)

ran

ge of f: (—c0, )

40. a. f(x)=2x-3y
=2X -3 X
=2y-3

X+3=2y
X43 _
5 =Yy
f—l(x):X_+
2
b.

c. domainoff: (—oo,oo)

range of f : (—oo, oo)

domain of f: (-, )

range of f~: (-0, )
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y=x"-4
X=y'-4
X+4=y
X¥ad=y
f'x)= Jx+4
b.
C.

domain of f : [0,)
range of f : [-4, o)
domain of f *: [ -4, )

range of f *: [0, o)

42. a. f(x)=x"-1

y=x*-1
x=y*-1
X+l=y
—X+1=y
f2(x) = 4
b fy
5
(-2.3

AHH
(0, =113, -2)

c. domainoff: (—w,0]
range of f : [-1, o)
domainof f : [-1, )

range of f *: (=o0,0]

43. a. f(x)=(x—1)2
y=(x=1)
x=(y—1)2

—{=y-1
A +1= y

329

44, a.

45, a.

C.

Section 2.7 Inverse Functions

domain of f : (—o0,1]
range of f : [0, )
domain of f *: [0, o)
range of f ' (—o0,1]

SEas T x
(Lo &1

domain of f : [1, )
range of f : [0, )
domain of f *: [0, «0)
range of f *: [1, )
f(x)=x-1

3

Il
w X

y -1
X -1

y
y

h+1= y
£ (x) = 3k +1

1) yy f

1)

X +1
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f(x) =1- +/x
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Chapter 2 Functions and Graphs Section 2.7 Inverse Functions

c. domainoff: (-, ) 48. a. f(x)=(x-2)°
range of  : (o0, o) y=(x-2)°
domain of f™: (—o0, ) x=(y-2)°
range of f *: (—o0, 0) f=y-2

i‘,g(—+2:y
3
46. a. f(x) =x+1 f’l(x)quf_+2
y=x*+1
x=y’+1 b. (L3
Yol
x-1=y’ 0.2 5 =
K-1=y (3, 1)
£ (x) =3k -1 i ay
; (2,0

il —1)

ERTR] .
0 c. domainof f: (—o0,00)
(=100 b I range of f : (—o0, o)
= "\“_ﬁ:—; domain of f™: (—oo, oo)
"“1':_” range of f™: (—o0, )
c. domainoff: (—o,) 49,4 F00=Jx 1

range of f : (o, ) y=/x-1

domain of f ™ (—co0, )

X=,y-1

range of f *: (—o0, o)

47. a. f(x) =(x +2)°
y=(x+2)
x=(y+2) b.
Jx=y+2
k-2=y
fi)=4-2

c. domainoff:[1,)
range of f : [0, o0)
domain of f *: [0, o0)
range of f *: [1,0)

(-1, —3)
domain of f : (—o0, )

50. a. f(x) =X +2
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range of f : (—o0, o) y=x1+2

domain of f ™ (—co, ) X=.y+2

range of f ™ (—oo, ) X=2=.,]y
(x-2)'=y

F00 =(x-2y
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Chapter 2 Functions and Graphs Section 2.7 Inverse Functions

b. c. domainoff: (—oo,oo)
range of f : (—o0, o)
domain of f™: (—o0, x0)
range of f™: (-, )
C.  domainof f: [0,0) 53. f(g()=f(1)=5
range of f : [ 2, o0) 54, f(9@)=f(2)=-1
domain of f *: [ 2, o)
range of f : [0, ) 5. (g9 f)(-1)=9g(f(-1))=9(1)=1
51. a.  f(x)=3+1 56. (g Lf)(0)=g(f(0))=g(4)=2
Y= ‘ﬁzﬂ 57. f7*(g(10))=f"(-1)=2,since f(2)=-1.
x=Jy+1
x-1=3y 58. f7(g(1))=f"(1)=-1,since f(-1)=1.
(x-1)*=y
59. (f 0)=f 0
f7() = (x -1)° (fy)( ): f ((49(0)31)
b. =f(-1)=2(-1)-5=-7

60. (gf)(0)=g(f(0)
=g(2-0-5)
=g(-5)=4(-5)-1=-21

i, —1)

1. Letf (1)=x.Then
c.  domainoff: (—oo, «) 6 etf (1)

range of f : (—o, ) Zf (ngi
X—0=
domain of f *: (—0, 0) 2x =6
range of f *: (—o0, 0) x=3
Thus, f*(1) =3
52. a f(x)=2%-1 @
y=3x-1 62. Letg *(7) =x. Then
x =3y -1 g(x)=7
F00 =41 x=2
Thus,g (7)) =2
b.
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63. g(f[h@])=g(f[1*+1+2])
=9(f@)
=g(2-4-5)
=9(3)

=4.3-1=11

( [f+1+2D
=f(g(4)

64. f(g[h@])=

—f(4-4-1)
~ £ (15)

=2:15-5=25

65. a. {(Zambia, 4.2), (Colombia, 4.5),
(Poland, 3.3), (Italy, 3.3),
(United States, 2.5)}

b. {(4.2, Zambia), (4.5, Colombia),
(3.3, Poland), (3.3, Italy),
(2.5, United States)}

f is not a one-to-one function because the
inverse of f is not a function.

66. a. {(Zambia,-7.3), (Colombia, - 4.5),
(Poland, - 2.8), (ltaly, - 2.8),
(United States, - 1.9)}

b. {(-7.3, Zambia), (- 4.5, Colombia),
(- 2.8, Po land), (- 2.8, Italy),
(- 1.9, United States)}
g is not a one-to-one function because the
inverse of g is not a function.

67. a. It passes the horizontal line test and is one-to-
one.

b. 7(0.25) = 15 If there are 15 people in the
room, the probability that 2 of them have the
same birthday is 0.25.

£-1(0.5) = 21 If there are 21 people in the room,

the probability that 2 of them have the same
birthday is 0.5.

£-1(0.7) = 30 If there are 30 people in the room,

the probability that 2 of them have the same
birthday is 0.7.

Section 2.7 Inverse Functions

68. a. This function fails the horizontal line test.
Thus, this function does not have an inverse.

b.  The average happiness level is 3 at 12 noon and
at 7 p.m. These values can be represented as
(12,3) and (19, 3) .

€. The graph does not represent a one-to-one
function. (12, 3) and (19, 3) are an example of
two x-values that correspond to the same y-

value.
9l5 1
69. f(g(x)):stg(x—SZ)JJrBZ
=Xx-32+32
g(f(x» 519,30 ) 3!
s 1|
L )
=X+32-32
=X

fand g are inverses.

70. —75. Answers will vary.

76. HORHAL FLOAT ALUTD EEAL RRDIAM HF n

R N I

not one-to-one

77. HORHAL FLOAT AUTO REAL RADIAM HF n

one-to-one
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Chapter 2 Functions and Graphs Section 2.7 Inverse Functions

78 HORHAL FLOAT AUTOD KEAL RADIAH HF n 83 HORHAL FLOAT AUTO REAL RADIAM HF n

T -]

-5 K =5 5
= 1k -5

one-to-one not one-to-one

79, LGS EUGRLILE B L LG e ] PVl HOR 1AL FLOAT AUTO REAL RADIAN MF f

15

-5 5
—5&

not one-to-one f and g are inverses

80 HORHAL FLOAT AUTO EEAL RADIAM HE N 85 HORHAL FEOAT ALTANEERL REDTAM HE n

po—

not one-to-one f and g are inverses

o 8.

i

=5

ot one-to-one and g are Inverses

2 7. makessense

&
88. makes sense

89. makes sense

-5 5
90. does not make sense; Explanations will vary.
Sample explanation: The vertical line test is used to
- determine if a relation is a function, but does not tell
one-to-one us if a function is one-to-one.
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Chapter 2 Functions and Graphs Section 2.7 Inverse Functions

91. false; Changes to make the statement true will vary. 9. 3x—
A sample change is: The inverse is {(4,1), (7, 2)}. f(x) = By —
92. false; Changes to make the statement true will vary. y= =2
A sample change is: f(x) = 5 is a horizontal line, so 5x -3
it does not pass the horizontal line test. w3 =2
5y-3
93. false; Changes to make the statement true will vary. x(5y —3) = 333/_ 2
. =) X
Asample changeis: f (X)= 5 Bxy — 3x = 3y — 2
5xy -3y =3x-2
94. true y(5x—-3)=3x-2
95. (f Lg)(X) = 3(x + 5) = 3x +15. y = X2
y=3x+15 . g))(( :23
x=3y+15 P00 =
5x -3
x-=15 . .
y= 3 Note: An alternative approach is to show that
(f CH)X) =x.
1 x-=15
(f9)"00="7 o |
97. No, there will be 2 times when the spacecraft is at the
g(x) =x+5 same height, when it is going up and when it is
y=Xx+5 coming down.
X:y+55 98. 8+f'(x-1)=10
. (-1)=2
g (x)=x-5 f(2)=x-1
f(x) =3x 6ox_1
y =3x 7«
X= iy X=7
y =
3 99. Answers will vary.
=%
3
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Chapter 2 Functions and Graphs Section 2.7 Inverse Functions

100. 2x*-5x+1=0 102.312X—111221
1
X¥—"x+7=0 |2x—1|27
2 2 2X -1<-7 2x-1>7
5 1
X-"x == x<—6 O 2x>8
2 2
5 25 1 25 2X -6 2X _ 8
X=Tx+ =T+ =< =>=
2 1% 2 16 2 2 2 2
( 5)17 x<-3 X>4
x= =
4 O
T The solution set is {xjx<-3orx>4}
X—§=i 17 or (—oo, —3] [4, oo).
4 16
x-2_+ 1= - -
= HE|
4 4 103. (X=x)#(y=y): = @-7)7+(-1-2)
5 ;IE \/ — (_6)2+(_3)2
4 4
5447 =3J+9
B 45, =45
The solution set is <T = 3'-:"5
L4 104,
101. 5x¥“-15=0
53/2 15
X3/4=3
(X3/4)A/3 _ (3)4/3
X = 343 105. y2—6y—4=0
2
The solution set is {3‘”3}. y -6y =4
YV-6y+9=4+9
(y-3)7°=13
y—3=i-.ﬁ
y=3+,13

Solutionset: { 3t u"l_S}
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Section 2.8 6. X+ Yy +4x—4y-1=0
Check Point Exercises X+ Yy +4x—4y-1=0
1 d= . . (+ax )+(y*-4y ) =0
\/(XZ_Xl) 2y 1) (x2+4x+4)+(y2+4y+4):1+4+4
d=y(2- (D) +(3-(-3) (x+ 2%+ (y-2)'=9
=3+ 6 X = (=9 + (y-2)°=3
_ /9136 So in the standard form of the circle’s equation
(x=h)’+ (y-Kk)?*=r?, we have
—
<45 h=-2k=2r=3.
=35
~6.71
o [1£7 2+(=3))_(8 =1} _(, _1)
22 00
2 2 2
\ J =) U 7

Yy +de—dy-1=10
3. h=0,k=0,r=4;
(x=0)*+(y-0)*=4*
X’ +y’=16
Concept and Vocabulary Check 2.8

J

4. h=0,k=-6,r= 10;

(x - 0)*+ [y - (-6)]*= 10 1. (=X’ + (V2= Y1)
(X = 0)2+ (y + 6)= 100
X+ (y + 6)°= 100 2. M. Ny,
2 2
5 a (x+3)+(y-17=4 3. circle; center; radius

X = (3)+ (y-1)*=2°
So in the standard form of the circle’s equation 4.  (x—-h)2+(y-k)?=r?
(x=hyY+(y-K’=r?,
we haveh=-3, k=1,r=2. 5. general
center: (h, k) = (-3, 1) 6. 4;16

radius: r =2

Exercise Set 2.8

1L d=J@14-2) +(8-3)

=12°+ 5

x+3 +v=-1V=4
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Chapter 2 Functions and Graphs Section 2.8 Distance and Midpoint Formulas; Circles

= 1'
=4/169
c. domain: [-5,~1] =13
range: [-1, 3]
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2. d=J@-57+(5-1) 8. d=4[2-AF+[-3- (DI
=V 4 =62+ (-2)
—/9+16 =/36+4
= ..HIIE _ -JIE
=5 _ 240_

~6.32

3. d :\/(—6—4)2+(3—(—1))2
= J(-10)+ (4 9. d=1(4-0y+1-(-3)]
=300+16 = 444
=116 =+/16 +16
= 2@ =432

N
~10.77 =4 2
~5.66

— 10 d=4/(4-0)+[3-(-2)
- 37+ (8) \/i,z 3) ° (-2)
—J9+64 =VAH :’ ]
:ZB_ = 16+5
~8.54 =46 +25
41
5 d= (~3-0) +(4-0) ~6.40
= 3+4
W orer 11, d=4/(-5-35)7+(62-82)
5 = (Fay+ (27
=5 =16+4
2 =4f20
6. d=4(3-0) +(-4-0) 22‘“;
= 3+ (-4 =447
V9O 12. d=+/(1.6-26)"+(-57-13)
=425 \/7
-5 = (<) +(-7)
J 7.d=
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Chapter 2 Functions and Graphs

[3-(-2) =1+49
+[-4 -

)
=+5°+2°
=5+4
P
~5.39

341

Section 2.8 Distance and Midpoint Formulas; Circles
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Chapter 2 Functions and Graphs

13. d=(§-07+0- (- T
= (5F+ (3

SN SCF SO N
\/(—4“?I>r;z+ 3 515{_
= /16(3)+9(5)

= /48 +45

~/93
~9.64

16. d= (—£—2£)2+(5u€— 14";

J(-335) +(a 6
—¢ 34166
796
3

i

18.

19.

20.

21.

22.

23.

24,

Section 2.8 Distance and Midpoint Formulas; Circles

=) 71T )
_ [ v e 1
JU M7 7]
=17 +1°
=3
~141

(1042 446) (12 10)
Ly iy T |
L ) LZ 2)
|( -2 +2(-6) =8 +£-2)\|

=(6,5)

(-42(-1) 74(=3)) — —
=(-% 40

(=2+(-8)-1+6) (=10 5) ( 5)
|2 2 |7 =1 -5
2'2

1 2 |
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17. \ )\ ) U )
~11.09
(=7(5)3 (11))

JAET e 1Y 5. |yt ¥ =,
d=\/k3_3J 1575 )DK S J) |
=(-2) *+1° LI( 128

=4+1 _ z_é__=(—6,i\1=(—3,—2)
- | || 22

5 2 2
o

—

343 Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc. 343



Chapter 2 Functions and Graphs

26.

217.

28.

29.

30.

31.

344

(L2, ( 20 7 [ 4\ (43|
| 5] 515 15 5 15

| K),K )|_|'|
L 2 2 J|22|

2
(4130

\ 52152) \ 510)

(8+6) J x J\|

L 2 2 J—)
J%,l?ﬁ':(ws)
\ )
(Ji 6+(=2)) (103 -8)
S _ 2l
L2 2 )7L )
(s#)
(:‘,@ 4 _\
L ) —42+4
O g
| 5| [ |
S R
( 20— =646 [ 2 0)
|3'r5_9211 ) |—|3"'_23£,2|
K( \ \ )
-1 78 1=(20)
32.

Section 2.8 Distance and Midpoint Formulas; Circles

i y-5)’=3

36. [x—(-3)] (

2 2

(x+3) +(y-5)=9

37. [x—(—3)]2 +Hy- (—1)]2 = (ﬁ )2
(x+3) +(y+1) 3
38. [x=(-5)]'+[y-(-3)]= £)2

(x45) +(y+3)=5

39. [x—(-4)] +(y-0)' =10’
(x+4)" +(y-0)"=100

40. [x=(-2)]’+(y-0)’=6’

(x+2) +y*=36
41. X +y’=16

(x=0)*+(y—-0)’=y’
h=0,k=0,r=4;

center = (0, 0); radius = 4

\ } 2+ _1-'1 = I

(x=0*+(y-07*=7°
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X
2
+
y domain: [-4,
2
4 range: [4, 4]
B
(x-0)°
+(y-
0)2:82
X’ +y’=64 X+y:z49 2 2
x=0)+(y-0=7
2 h=0,k=0,r=7;

2
33 (x-3)+(y-2) center = (0, 0); radius = 7
(x-3)"+(y-2)"=25 v

34, (x-2)+[y-(-D]=4

35 [x=(-D]+(y-4)=2’ e
domain: [-7, 7]
range: [-7, 7]
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43.

44,

45,

346

(x-3)"+(y-1)"=36
(x=3)"+(y-1)'=6"
h=3 k=1,r=6;
center = (3, 1); radius = 6

domaiti: -, o]V = 36
range: [-5, 7]

(x-2)"+(y-3)'=16
(x=2)+(y-3)'=4
h=2,k=3,r=4;
center = (2, 3); radius = 4

=20 +ir=3 =1
domain: [-2, 6]
range: [-1, 7]

x+3Y+(y-2°=4

2 2 2
[x-(=3)]+(y-2)=2
h=-3,k=2,r=2
center = (-3, 2); radius = 2

"
=34 5

x+3+iv=-21=4
domain: [-5, -1]
range: [0, 4]

46.

47.

48.

Section 2.8 Distance and Midpoint Formulas; Circles

(x+1)"+(y—-4)=25

[x= (D] +(y-4)’=5°
h=-1,k=4,r=5;
center = (-1, 4); radius = 5

3
) i—1, %

v ey =

range: [-1, 9]

X+ 2%+ (y+2)32=4

[x - I+ y - (-21'=2°

h=-2,k=-2r=2

center = (-2, —2); radius = 2

X +2F+{v+2%=4
domain: [-4, 0]
range: [-4, 0]

2

2_
(x+4) +2(y+5) —362

[x—(4)] +[y-(-5)] =6

h=-4,k=-5r=6;
center = (-4, -5); radius = 6
.

x+ 4+ v+ 5° =36
domain: [-10, 2]
range: [-11,1]
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49.

50.

51.

347

X+ (y-1)=1
h=0k=1,r=1;
center = (0, 1); radius = 1

(=1, 1) i1

i, 1y 25 X

Friy-1F=1
domain: [-1,1]
range: [0, 2]

X2+ (y-2) =4
h=0,k=2,r=2;
center = (0,2); radius = 2

domain{ =22} 4
range: [0, 4]

(x+1)"+y*=25
h=-1,k=0,r=5;
center = (-1,0); radius =5

- (= 1. 5)
11

(=, ) 4.0
m x

x+ 1P+ =258
domain: [-6, 4]
range: [-5, 5]

52.

53.

54.

Section 2.8 Distance and Midpoint Formulas; Circles

(x+2)"+y*=16
h=-2,k=0,r=4;
center = (-2,0); radius = 4

¥

P
x4+ +¥=16

domain: [-6, 2]
range: [—4, 4]

X+y+6x+2y+6=0
(x2+6x)+( y2+2y) =6
(x2+6x+9)+(y2+2y+1):9+1—6
(x+3)"+(y+1)°=4
[x= (=3 +[9-(-D] = 2*
center = (-3, —1); radius = 2

X2+ 474 8ty Ap6fo= 0
(x2+8x)+(y2+4y):—16
(x2+8x+16)+(y2+4y+4) =20-16
(x+4)+(y+2)'=4

[x- AT +[y-(-2) =2’
center = (-4, —-2); radius = 2

>+ _|."1 + B +dv+ l=0
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55. X*+y?-10x-6y-30=0
(x2—10X)+( y2—6y) =30
(x*-10x+25)+(y*~6y+9) = 25+9+30
(x=5)"+(y-3)" =64

(X =5+ (y-3)7°=8
center = (5, 3); radius =8

¥

Ky =l —dr=30=10
56. X°+y —4x-12y-9=0

2_4 2_12y)=9
E§2—4§(<)++4()};(y2—y22y+36):4+36+9

(x-2)"+(y—6)"=49

(X=2Y+(y—-6)’=7?
center = (2, 6); radius =7

¥

KAy —de— 12y —9=10

57. X+ Yy +8x—-2y-8=0
(x2+8x)+(y2—2y):8

(x2+8x+16)+(y2—2y+1):16+1+8

(x+4)+(y-1)"=25

(x4 +(y-1’=5"
center = (-4, 1); radius =5

58.

59.

60.

Section 2.8 Distance and Midpoint Formulas; Circles

X+ Yy +12x-6y—-4=0
(x2+12x)+(y2—6y):4
(x2+12x+36)+(y2—6y+9):36+9+4
[x—(-6)] +(y-3)°'=7"

center = (-6, 3); radius = 7

v
{—ih, |[l]_\‘ 75

FEr4+Ir -Gy —d=10

X—2x+y*-15=0
(x2—2x)+ y*=15

(x*-2x+1)+(y-0)"=1+0+15

(x—12)+(y—02)=16

2 2
(x-1)+(y-0)=4
center = (1, 0); radius = 4

i

P4y -15=0

X+y'—-6y—-7=0
x+(y—6y)=7

~6y+9)=0+9+7

2

(x=0)"=(y"
(x-0)'+(y-3)"=16

(x=0)y’+(y-3)y°’=4°
center = (0, 3); radius = 4
.1.
-0, 7y
(—4. 3) 4, 3
TS

(0, —1p

1~ +_'|"II =y =T7=1
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CA P R -2y —8=10
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61. X+y-x+2y+1=0

X=X+y+2y=-1

xz—x+l+y2+2y+1=—1+L+1

(A a1 f

X—= 1)=-

L +(y+1) 2
center=" ~, -1 ; radius =

P —rsy+l=10

62. x2+y2+x+y—l:0

2

X+X +Y+y= 2

) 1, 1 1 11
X+X+ +Y+y+ ="+ "+
4 4 2 4 4
(1Y (1)
_ - 1=1
2\ 2
11 .
center = 1 , —D ;radius = 1
l22)
i
2.5 :I .I'Il.ll
| | v
..-""‘f'\. '.-i-fiz
FIS X
(3 NN
Y EEEINE R
.r'+1.'+x+1—%={'|'
63. X+y+3x-2y-1=0

2 2

X+3x+y'-2y=1

x2+3x+9+y2—2y+1=1+g+1

350

Section 2.8 Distance and Midpoint Formulas; Circles

(3) O

center =| —1|; radius =
\2) 2

r
- il
|
b |

Py A -2y -1=0

64. x2+yz+3x+5y+g_=0
4

5\'|: ]"/‘t r'r 3 4

-4-3)

65. a.  Since the line segment passes through the
center, the center is the midpoint of the
segment.

Mol X Vit Y )
oy T
\ J
(3+ 9+11) (10 20)

|7|||

L2 2 )2 2)
- (5,10)
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( 43\2 17 4 The center is (5,10) .

LX+§J +(y-1) =7
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66.

352

The radius is the distance from the center to
one of the points on the circle. Using the

point (3, 9) , weget:
d =/(5-3)+(10-9)’

5

The radiusis +/5 units.

Since the line segment passes through the
center, the center is the midpoint of the
segment.

_ (Xaxy 4y
M _| 1 2, 1 2 |

The center is (4,5).

The radius is the distance from the center to
one of the points on the circle. Using the

point (3, 6) ,we get:

d=4(4-3)"+(5-6)
= JLP+(-1)° =~1+1
-2

The radius is +/2 units.

Section 2.8 Distance and Midpoint Formulas; Circles

67.

——
X

N

N0, —4)

Intersection points: (0, —4) and (4, 0)

Check (0,-4):

0%+(-4)"=16 0-(-4)=4
16 =16 true 4 =4 true

Check (4,0) :

424 02= 16 4-0=4

16 =16 true 4 =4 true
The solution set is {(O -4), (4, O)} .

68. 2 +_1r'2 =9

Yx—=y=3y
S
:rr'."'.'
B NN &7 ST I
A’
IR
\Hh—ﬂ}

Intersection points: (0, -3) and (3, 0)

Check (0, -3) :
0%+(-3)"=9 0-(-3)=3
9=9true 3 =3 true
Check (3, 0) :
F+0°=9 3-0=3
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9 =9 true 3 =3true
The solution set is {(O -3),(3,0)} .
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Chapter 2 Functions and Graphs

69. xr—27%+ [y+3-]2:-1}.
y=x—23
Intersection points: (0, -3) and (2, -1)
Check (0, -3) :
(0-2)"+(-3+3)°=9 -3=0-3
(_2)2+02 =4 -3 =-3true
4=14
true
Check (2,-1) :
(2-2)+(-1+3)°=4 -1=2-3
0°+2°=4 —-1=-1true
4=4
true
Thesolutionsetis { (0,-3),(2,-1)} .
0 w-32+(y+12=9y,
y=x-1 IR
H =(3,2)
(0, —1)—== - _“‘_‘i X
T
Intersection points: (0,—1) and (3,2)
Check (0, -1) :
(0-3)+(-1+1)°=9 -1=0-1
(_3)2 +0%=9 -1=-1true
9=9
true
Check (3, 2) :
(3-3)+(2+1)°=9
0?+32=9
354

9=9true

71.

72.

73. If we place L.A. at the origin, then we want the
equation of a circle with center at (-2.4, —2.7) and

Section 2.8 Distance and Midpoint Formulas; Circles

d = ($495 — 4422)"+ (8720 ~1241)*. f0.1

d =/2,524,770 /0.1

d = 2693

The distance between Boston and San Francisco is

about 2693 miles.

d = ($936 — 8448)*+ (3542 — 2625)*- /0.1

d=1/079,033- 0.1

d~ 328

The distance between New Orleans and Houston is

about 328 miles.

radius 30. , )
(x=(-2.4)) +(y-(-2.7)) =30?

(x+2.4)" +(y+2.7)" =900

74. C(0, 68 + 14) = (0, 82)

75. -

83.

84.

(x = 0)°+ (y — 82)°=68°
X+ (y—82)°=4624

82. Answers will vary.

HOEHAL FLOAT AUTO EEAL RADEAM HF n

11 1\\{'/) 161
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2 =2 true

2=3-1
The solution set is {(O -1), (3, 2)} .
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85.

86.
87.
88.

89.

90.

91.

92.

93.

94.

356

HORHAL FLOAT AUTO REAL RADIAM HF n

]"._

~16.1 \\

I
'

il

\'.

R s T e

=1

makes sense
makes sense

does not make sense; Explanations will vary.
Sample explanation: Since r = —4 this is not the

equation of a circle.

makes sense

false; Changes to make the statement true will vary.

A sample change is: The equation would be
X2+ y’= 256.

false; Changes to make the statement true will vary.

A sample change is: The center is at (3, -5).

false; Changes to make the statement true will vary.

A sample change is: This is not an equation for a
circle.

false; Changes to make the statement true will vary.

A sample change is: Since r = —36 this is not the

equation of a circle.

The distance for A to B:

AB=/3-1+[3+d—(1+d)]

Section 2.8 Distance and Midpoint Formulas; Circles

The distance for Ato C:
AC = /(6 -1)*+[6 + d — (1+d )]’

=+/5°+5°

=251 25
= /50
-
AB +BC =AC
2J2+3/2=5/2
5J2=52

95. a  d, isdistance from (x;, X, ) to midpoint

2 2

(X+x AN AE

— 1 7_
[ "1|+| v

L2 L2 )

2 J .2z )

_’\II_.V_.ZI
| A .

\/| (=20 X (yavz 29|
JK 2 ) \ 2 )

[

2

1=\/—(XZ—ZXHX+1V—ZVV+ZV1 X

SN

l\/ 2 2
d1=2 X,m 2XX 4 X/Y=2YYHY,

d, is distance from midpointto ( x,,y,)

g :\/ XX, =X Y+ Yy 7y )
C2 ) L2

2 2

JAVEERVEEE, VIR JAVERVEEL RVA
|/\|/\ R Ty 1Y L0 A |

2|+|1 2 2|

.2 v 2 )
\/fungy_—yl\zz

Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc.

356



Chapter 2 Functions and Graphs

357

= 21,"5

The distance from B to C:

BC=/(6-3) +[3+d-(6+d)I

kg

2

N

2

Section 2.8 Distance and Midpoint Formulas; Circles
d,= +
= L2 o2 )

2 o 2
X=ZXXFX y
dzz 1 Z.’) ’)+ 1

2

1
T 2 2
d,= Z(Xl - 2XX+ X, +Y _2y2y1+y2)

1
d="" x*-2xx+x*+y’-2yy+y?’

d =

221 12 2 1 21 2
1 2
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96.

97.

98.

99.

358

b.  d,isthe distance from (X, y;) to (x.y,)

2 2
d3: (XZ_X)+(y_2y)1
d3:\/X2£2XX1+2X+1§_22§y+y2 1 12

d+d=d because lﬁ+l£:£
2 2

1 2 3

Both circles have center (2, —3). The smaller circle
has radius 5 and the larger circle has radius 6. The
smaller circle is inside of the larger circle. The area
between them is given by

n(6) ~m(5) =36m - 251
=1lrn
~ 34.56 square units.

The circle is centered at (0,0). The slope of the radius
with endpoints (0,0) and (3,—4) is

m=—"—_=—"_.The line perpendicular to the
3-0 3

3

radius has slope j The tangent line hasslope , and

passes through (3,—4), so its equation is:
y+4= . (x=3).

4

7(x—2)+5:7x—9
T7x-14+5=7x-9

7X-9=7x-9

9=-9

The original equation is equivalent to the
statement -9 = -9, which is true for every value
of x.

The equation is an identity, and all real numbers
are solutions. The solution set
{x|x is a real number}.

4i+7 4i+7 5+42i

5-2i 5-2i 5+2i
_ 20i +8i %35 +14i
"~ 25 +10i —10i — 4i*
_ 34i-8+35
2544

Section 2.8 Distance and Midpoint Formulas; Circles

100. -9<4x-1<15
-8<4x<16

-2<x<4
The solution setis {x|-2<x <4} or[-2, 4).

5
o

4

b g

101. 0=-2(x-3)’+8
2(x — 3)°=8
(x —3)°=4

X—3=+d
X=3%2
x=1,5

102. —x*=2x+1=0
X*+2x-1=0

x — —h +hf-4ac

2a

x = —CEE=AHOED
2(1)
248

2

2+ [
2

r

=1£2

The solution set is {1+ -JE}.
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103. The graph of g is the graph of f shifted 1 unit upand
3 units to the left.

plry=ir+ 1 +1
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Chapter 2 Functions and Graphs

Chapter 2 Review Exercises

1.

8.

360

function
domain: {2, 3, 5}
range: {7}

function
domain: {1, 2, 13}
range: {10, 500, -}

not a function

domain: {12, 14}
range: {13, 15, 19}

2Xx +y=8
y=-2x+38

Since only one value of y can be obtained for each
value of x, y is a function of x.

3 +y=14
y=-3x*+14

Since only one value of y can be obtained for each
value of x, y is a function of x.

2X +y’=6
y’=-2X+6
y= *2x+6

Since more than one value of y can be obtained from
some values of x, y is not a function of x.

f(x)=5-7x
a. f(4)=5-7(4)=-23

b. f(x+3)=5-7(x+3)
=5-7x-21
=-7x-16

c. f(x)=5-7(x)=5+7x
g(x) =3x*—5x+2
a.  g(0)=3(0)*-5(0)+2=2

b. g(-2)=3(-2)"-5(-2)+2
=12+10+2
=24

10.

11.

12.

13.

14.

15.

16.

17.

Chapter 2 Review Exercises

c. g(x-1)=3(x-1)’-5(x-1)+2
=3(x*-2x+1)-5x+5+2
=3x ~11x +10

d. g(-x)=3(-x)"-5(-x) +2
=3x%+5x+ 2

[ 1Ihlll_
a. g(13)= 13-4= 9=3

b. g(0)=4-0=4

c. g(-3)=4-(-3)=7

(-22-1 3
f2)=
a f(2)=—m-3
b, f(1)=12
2.1 3
C. f(2)= = =3
@=,,"

The vertical line test shows that this is not the graph
of a function.

The vertical line test shows that this is the graph of a
function.

The vertical line test shows that this is the graph of a
function.

The vertical line test shows that this is not the graph
of a function.

The vertical line test shows that this is not the graph
of a function.

The vertical line test shows that this is the graph of a
function.

a. domain: [-3,5)
b. range: [-5, 0]
c.  Xx-intercept: -3
d. y-intercept: -2

e. increasing: (-2, 0) or (3,5)
decreasing: (-3, — 2) or (0, 3)
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f. f(-2)=-3andf(3)=-5
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Chapter 2 Functions and Graphs

18.

19.

20.

21,

22,

362

a. domain; (—o0,00)
b.  range: (-, 3]

C.  x-intercepts: -2 and 3
d. y-intercept: 3

e. increasing: (-,0)
decreasing: (0,0)

f. f(-2)=0and f(6) =-3
a. domain: (—o,0)

b. range: [-2, 2]

C. x-intercept: 0

d. y-intercept:0

e. increasing: (-2, 2)
constant: (—oo, — 2) or (2, o)

f. f(-9)=-2andf(14)=2

a. 0, relative maximum —2

b. -2, 3, relative minimum -3, -5
a. 0, relative maximum 3

b. none

Test for symmetry with respect to the y-axis.
y=x+8

y=(-x)"+8
y=x+8
The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the y-

axis.

Test for symmetry with respect to the x-axis.
y=x+8

—y=x*+8
y=-x-8

The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the x-axis.

23.

Chapter 2 Review Exercises

y=x'+8
-y= (—x)2+8
—y=x+8
y=-xX-2
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

Test for symmetry with respect to the y-axis.
X+y=17

(—x)' +y*=17
X +y'=17

The resulting equation is equivalent to the original.

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

Test for symmetry with respect to the x-axis.
X +y'=17
X+ (—y )2 =17
X+ y'=17
The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the x-
axis.

Test for symmetry with respect to the origin.
X +y® =17

()" +(-y)'=17
X +y® =17
The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
origin.

24. Test for symmetry with respect to the y-axis.

3 2

Test for symmetry with respect to the origin.
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X—-y=5
(—x)'-y*=5
—X3— y2: 5
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the y-axis.

Test for symmetry with respect to the x-axis.
X3_ y2: 5 X3_
(_y )2 =5%3_ y2:
5

The resulting equation is equivalent to the original.
Thus, the graph is symmetric with respect to the x-
axis.
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25.

26.

27.

28.

29.

30.

31.

364

Test for symmetry with respect to the origin.
xX—y* =5
3 2
(%) =(-y) =5
—X3 _ yz -5
The resulting equation is not equivalent to the

original. Thus, the graph is not symmetric with
respect to the origin.

The graph is symmetric with respect to the origin.
The function is odd.

The graph is not symmetric with respect to the y-axis
or the origin. The function is neither even nor odd.

The graph is symmetric with respect to the y-axis.
The function is even.
f (x) = x*— 5x
f (%) = (-x)’~ 5(- %)
=—x’+5x
= ()
The function is odd. The function is symmetric with

respect to the origin.

f(x)=x"—2x"+1
f(=x) = (%)= 2(-x)*+1
=x'—=2x’+1
—f(x)

The function is even. The function is symmetric with
respect to the y-axis.

f(X) = 2xv1- %
f (—X) = 2(— X)y/1- (%)’
=-2Xy1- X

=)

The function is odd. The function is symmetric with
respect to the origin.

=t (— 1, 5]

5y
1—I.—5It-—-'-'-'-"-t‘” 3

Hifr=-1
=3ifx > -1

Jlxh =

32.

33.

34.

35.

Chapter 2 Review Exercises

54X

(=2, —d) {4, —4)
vifr <1
A =1 _sigx=0

b. range: {yy <0}

8(x+h) =11-(8x -11)

h
_ 8x+8h—-11-8x+11
- h
_8h
8
=8

—2(x+h)*+(x+h) +10 —(_—_2><;+x +10)_
h

i(ﬁﬂxh +hl)+x +h+10+2x>—x-10

h
—2x2—4xh —2h*+x +h +10 +2x*—x —10

B h

2
_ —4xh -2h +h
B h
_h(=4x-2h+1)
B h
—4x—-2h+1

a.  Yes, the eagle’s height is a function of time

since the graph passes the vertical line test.

b. Decreasing: (3, 12)

The eagle descended.

c.  Constant: (0, 3) or (12, 17)
The eagle’s height held steady during the first 3
seconds and the eagle was on the ground for 5
seconds.

d. Increasing: (17, 30)
The eagle was ascending.
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b. range: {-3, 5}
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Chapter 2 Functions and Graphs

36. v
E 15 //i:-. 12506
=2 ol L (4, TLOY
= 9 kgt (3, 0,500
T G-l i, 8.00)
o 3 L 6.0

i :
12345 %
Weight (pounds)
-2 1 1
37. m= = =-,falls
1
5-3 2 2

38. m:—4_—(—_2):—_2:1; rises
-3-(-1) -2

_1a
39. m= “—% = " =0; horizontal
6-(3) 9

105 5 undefined:; vertical

0. M= T o

41. point-slope form:y — 2 = —6(x + 3)
slope-intercept form: y = —6x — 16

42. 26 -4 _ 2
-1-1 -2
point-slope form:y — 6 = 2(x — 1)
ory—-2=2(x+1)
slope-intercept form:y = 2x + 4

43.3x+y—-9=0
y=-3x+9
m=-3

point-slope form: y +
7 =-3(x —4) slope-
intercept form:y = —
Xx+12-7
y=-3x+5

44, perpendicularto Y= 1 X+4
3

m=-3
point-slope form: y —
6 = -3(x + 3) slope-
intercept form: y = —
3x-9+6
y=-3x-3

Chapter 2 Review Exercises

45, Write 6x —y — 4 =0 in slope intercept form.
6x-y—-4=0
—y=-6x+4
y=6x-4
The slope of the perpendicular line is 6, thus the

slope of the desired lineism=-"".
6

Y-%1= m(x - Xl)
V- () =-2(x- (-12))

y+1l=— (x+12)

y+1l=—2x-2
6y+6=-—x-12
X+6y+18=0
2

46. slope: g; y-intercept: -1

47. slope: —4; ysintercept: 5
5400, 5)

NMxy=—=dyv + 5

48. 2x+3y+6=0
3y=-2x-6

y=—=x-2

|
wlll N

slope: — ? ; y-intercept: -2
3

i+ 3v+6=10
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49. 2y-8=0 the equation in point-slope form.
2y=8 y—y1=m(x-x)
y=4 y-28.2=0.2(x-2)
slope: 0; y-intercept: 4 or
: y—-286=0.2(x—4)
i, 4y . .
b.  Solve for y to obtain slope-intercept form.
ol y-282=0.2(x-2)
y—-28.2=0.2x-04
y=0.2x+27.8
y—H=1

f(x) =0.2x+27.8
50. 2x-5y-10=0

Find x-intercept: c. f()=02x+278

- e f(7)=0.2(12) + 27.8
2x-5(0)-10=0 _302
2x-10=0 The linear function predicts men’s average age
2x =10 of first marriage will be 30.2 years in 2020.
x=5

Find y-intercept: 53. a. M= 2721 6 _ =02
2(0)-5y-10=0 2010-1980 30

-5y-10=0

-5y =10 b.  For the period shown, the number of the

percentage of liberal college freshman increased
each year by approximately 0.2. The rate of
change was 0.2% per year.

f)f(x) _ 94@4 5]

54.
X,— X, 9-5
Ay =5y —1h=1
55.
51. 2x-10=0
2x=10
x=5

e— 1=y

56.

52. a. First, find the slope using the points
(2, 28.2) and (4, 28.6).
286-282 04
m= =
4-2 2
Then use the slope and one of the points to write

=0.2
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57.

Hl.-l
S —

A
"

58.

(0, —4)

59.

=
=) 4

i

L 21, 3)
Vil

S rylle

maw
'[-IL:U

J

N

'_li I-}
T

m

60.

. 4

(=24 y .b/{

& i dy (BT

61.

(=2, =i, -5 x

62.

vy f

(AR IT1]
ST S e (T
A #’I
(=110 i, 1y

TR ¥

- al

368

I
o

-1,3 (2.4
' ]:,_n- fr

m '.':'|
'["-2*-"’%5 ! ﬂa.al

63.
64.

i, by X

0.2 e
¥

(0, 0)15
L))
|

65. ¥
AR
B T4, 2)

Sttt/

u :lll.lll} AE

66. ¥

- X
mE RN

s
f
i

Jaos

=2 2
I

X

/.

Chapter 2 Review Exercises

67.

68.
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69. N BE— 7. ¥
(=44} S04 4 - E|_5”t2].:: )
(=200 ], 0§ x mill é______:{ 1
. I (-1, ~ 1= T
‘ ' ' (=L, =2+
(L1) _
T 76. domain: (—o0, )
| 5 li (.
;'['1:|'"1h 1 :}..‘___ZIF' 2) 77. The denominator is zero when x = 7. The domain is
P ey ¢ sm (-0.7) 0 (7, ) .
T L m
: A ) 78. The expressions under each radical must not be
70 |: SE negative.
' ' 8-2x=0
—2X =—8
Xx<4

domain: (-0, 4].

T © camny 3y 79. The denominator is zero when x = —7 or
ERr & TS X=3.
7. LD domain: (~, =7) 5 (~7.3) 11 (3, )

80. The expressions under each radical must not be
negative. The denominator is zero when x = 5.
x—2>0

X=2

domain: [2, 5) 0 (5, )

81. The expressions under each radical must not be
negative.
x-1>0and x+52>0
x>1 X2>-5

73, domain: [1,)

82.f(x) =3x—1;9(x) =x-5
(f+g)(x)=4x-6
domain: (—o0, )
f-g)x)=(3x-1)-(x-5)=2x+4
domain: (—oo, )
(fg)(x) = (3x —1)(x — 5) = 3x’~16x + 5
domain: (—o0,0)

(1) 231
g/J x-5

domain: (-,5) 0 (5, =)
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83. f(X)=xX+x+1;9(x)=x"-1

(f+9)(x) = 2x*+ x 87. a (f m)(x):f(l\
domain: (—oo, o0 1&")
(f—g)X) =+ x+1) - (¢-1)=x+2 =41 [|l+l\x| Lix
domain: (—0, ) ={ = >1 X_j\__ ~1-2x
(fg)(x) = ¢+ x+1)(x*-1) =2 Li 2 |x
X X
=x'+x-x-1

() x) = XX +1
kg)' 21 b. x=0 1- 2x #0
domain: (—o0,—1) C-1,1) L1, 0) X# _

(~0,0) (O’l\D(i OO\

B tW-RTe0= T,
. X)=X+7;9(x) =
X—=2 L 2) \2 )
(f +g9)(X)=+x+7+ x-2
domain: [2, )
(f—0)X) = VX 77 VX2 88. a (frg)(x)=f(x+3)=vx+3-1=+/x+2
domain: [2, )
(fg)(x):,/x+7.4/x_2 b. x+2>0 [2, )
_ T 1a Xz -2
domain: [2, o)
|(f_\|(x)=3[x+7 89. f()=x'  g(x)=x+2x-1
K ) X—2 :-u'f_
domain: (2, ) 90. f(Xx) sy 9gX)=7x+4
85. f(x)=x"+3;g(x)=4x-1 o1 3 1 5
f(X)E xg;g(x)z_x—Z
a (1 L9 =(@x-1+3 faog) = 3[Bx-2 )+
= 16x°— 8 + 4 53
) 2
.61
b. (g CF)(x) =4(x*+3)-1 5 2
=4x*+11 =x—Z
10
c. (fCg)(3)=16(3)°-8(3)+4=124 g(f(x)):sjiml\—z
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¢
86. f()=%g(x)=x+1 Cx+2-2
6
a  (frg))=vxil —x- 1
6

f and g are not inverses of each other.

b. (9 CHE)=/x+1

¢ (fro)@®)=\3ii=Y4-2
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Chapter 2 Functions and Graphs

N©=2—5K9@%=l?

92.
(2-x

(b0 =2-9{
=2-(2-x)

=X

9(f () =

fand g are inverées of eacﬁ other.

93. a. f(x) =4x-3
y=4x-3

Xx=4y-3

X +3

4

f,1()():x+3

4

y:

b, F(17())=4|

=x+3-3

=X

F(F(x) =

94. a. f(x)=8x"+1
y=8x*+1
x=8y+1

Xx-1=8y
x-=1
=y

372

)
)

2-(2-5x) 5x

(X+3)

(4x-3) +3 4x

b. f(f (x))zs(

X
95. a. F(x) =

4
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Chapter 2 Functions and Graphs

b, f(f 0)=ZL—

X=f
X+2
—2x+14-7(x+2)
x=7-(x+2)
—9x
-9
=X

1

96. The inverse function exists.

97. The inverse function does not exist since it does not
pass the horizontal line test.

98. The inverse function exists.

99. The inverse function does not exist since it does not
pass the horizontal line test.

100.

Chapter 2 Review Exercises

101,  f(x)=1-x°

102.  f (x) =/x+1
y =/x+1
x=.[y+1

x—lz.,ﬁ
(x-1)’=y

-1 2
f x)=(x-1), x=>1
.|_| .,IF-.I

103. d =[3- (-2)F+[9- (-3))°
=5°412"
=/25+144
=169

=13
104.d= \[-2— (-4)F'+(5-3)

=22+ 22

105.
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Chapter 2 Functions and Graphs

4+4

2 2

374

z\/‘Sﬁ‘*

24(12)
2:'_

\ ~
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Chapter 2 Review Exercises

10 210\ (-5.5)
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Chapter 2 Functions and Graphs Chapter 2 Test

106. [4+(=15) —6+2) (=11 -4) (=11 ) Chapter 2 Test
2 ’ 2 |:| 2 ’ 2 |:| 2 ’_2 |
\ ) A )\ / . (b), (c), and (d) are not functions.
107. x*+y*=3? 2’ a
f(4)-f(-3)=3-(-2)=5
eyt 4)-1-3=3-(-2)

b.  domain: (-5, 6]
108. (X — (-2))*+ (y - 4)’=6°

109. center: (0, 0); radius: 1 d.increasing: (-1, 2)

e.  decreasing: (-5, -1) or (2,6)

f. 2,f2)=5
g' (_11 _4)
W tyi=1 h.  x-intercepts: —4, 1, and 5.
domain: [-1,1]
i.  y-intercept: -3
range: [-1,1]
. 3. a 2,2
110. center: (-2, 3); radius: 3
/ b. -1,1
c. 0
d. even; f(—x)=f(x)
+2r+(v=3"=9 range: [—4, 2]
domain: [-5,1]
range: [0, 6]

111, X+y—4x+2y-4=0
X—4x +y'+2y=4

X—AX+4+y+2y+1=4+4+1
(x =2+ (y+1)*=9
center: (2, -1); radius: 3
.r

Pty drady-d4=0
domain: [-1, 5]
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Chapter 2 Functions and Graphs Chapter 2 Test

e. no;f
fails the
horizontal
line test

f. f(0)
isa
relative
minimum.

y=glx) vy

{-3.—1}-“- % r
(-2, -2 Y‘:x"““u, -1)

N O -2

‘_Il_-}}
h y+h=4 yy
TS
o 4,y
(—4, - =15 ¢
S
{0, =1)
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Chapter 2 Functions and Graphs

I vEryy
(315 (1,2)
(-1,2)= 13 f:{z,n

(=2, o T

XZ_ Xl

range: (—o, )

(=2, 0 T ;

(R=ne

u
domain: [-2, 2]
range: [-2, 2]

domain: (—oo, oo)
range: {4}

P
domain: (—oo, )

range: (—oo, «)

377

A2

o) =t =1=0_ 1

1-(-2)

3

10.

11.

¥
1—2;'.]_'_::
[l
_E 1) I
= 1’{ L1
o GnanE Al

(-2,-2

donaif:J=5,4] — 1 =9

range: [-2, 4]

|1.I

£il

(=4, 2) g, 3y

(@, —1jf—rae ¥

[ zite=0
fix) = l ~1ifx >0

domain: (—oo, oo)
range: {-1,2}

Py tdr—6y—3=10
domain: [-6, 2]
range: [-1, 7]

0,00 ¥4 5

< -5 x
{1 -1)

domain of f: (—oo, )
range of f: [0, «0)
domain of g: (—0, )
range of g: [-2, =)
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Chapter 2 Functions and Graphs Chapter 2 Test

12. 16. f(x)=x*-x-4
f(x-1)=(x-1)*- (x-1) -4
=X—2Xx+1-x+1-4
=x*-3x-2
17 f (x +h) —f (x)
' h
domain of f: (—co, o) (X+h)2—(x+h)—4—(x2—x—4)
range of f: [0,0) - h
domain of g: (—oo, ) _X+2xh+h 2x—h -4 —x +x*4
range of g: (—o0,4] , h
_ 2xh +h —-h
13. . h
: ' h(2x+h-1)
T
=2X+h-1
18. (g—f)(x):2x—6—(x2—x—4)
domain of f: (—e0, ) —2X—6-X2+ X+ 4
range of f: (—oo, oo) = %%+ 3x—2
domain of f ™ (—co, 0) (1) e X — 4
range of f : (—oo, oo) 19. kEJ(X) = 6
. O
14. domain: (—0,3) (3, »)
20. (f o)) =f(9(x))
=(2x-6)°’-(2x-6) -4
=4x*—24x+36-2x+6-4
y = 4x*— 26X + 38
domaln'i;o
range of f: 21. (@ CHM=9(fX)
(—1.0) :
domiain b =2(x2—x—4)—6
range of domain o) domainof f *: [-1, ) range off *: [0, )
15 of f: [0,
)
range of
f:[-1,

378 Copyoigiti §h @1 3CASaPeaT doudUEdtioat i bmg.Inc. 378



Chapter 2 Functions and Graphs Chapter 2 Test

=2x*-2x-8
-6
=2x"—2x -14
22.
g (
f
(-1
)) =
2

(&

1)

(:1

)_

4)

-6
=2 (1+1-4)
-6
=2(-2)-6
——4-6
=-10
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Chapter 2 Functions and Graphs Chapter 2 Test

23. f(x)=x-x—-4 the desired line is m=—-2.
f(=X) = (-X)*~ (-x) - 4 Y= Yi=mXx—Xx,)
=X+ X—4 y—(-10)=-2(x-(-7))
f is neither even nor odd. y+10=-2(x+7)
y+10=-2x-14
24. Test for symmetry with respect to the y-axis. 2X+Yy+24=0
X+y'=7
(—X)2+ y'=7 28. a. Findslope: mo228-246 12 .,
XHy'=7 oint-slope form: 20 n
The resulting equation is equivalent to the original. P P '
Thus, the graph is symmetric with respect to the y- y-yi=m(x-x)
axis. y—24.6=0.12( x-10)
Test for symmetry with respect to the x-axis. b. slope-intercept form:
X+y'=T7 y-24.6=0.12(x~10)
X+(-y)=7 y-24.6=012x-1.2
X—y=7 y=0.12x +23.4
The resulting equation is not equivalent to the f(x) =0.12x+23.4
original. Thus, the graph is not symmetric with
respect to the x-axis. c. f(x)=0.12x+23.4
Test for symmetry with respect to the origin. =0.12(40) + 234
v =7 =28.2
y = .
, ) According to the model, 28.2% of U.S.
(=x) +(-y) =7 households will be one-person households in
oy =7 2020.

The resulting equation is not equivalent to the

3(10§ -5 —[3(6)2 —5]

original. Thus, the graph is not symmetric with 29.
respect to the origin. 10-6
_205-103
25, o _=8-1_-9_, 4
-1-2 -3 _192
point-slope form:y — 1 = 3(x - 2) 4
ory+8=3(x+1) — 48

slope-intercept form:y =3x -5
1 30.9(-1)=3-(-1)=4
2. Y=—_X+5som=4 g(7)=~7-3=-/4=2
4
point-slope form: y — 6 = 4(x + 4)

slope-intercept form: y = 4x + 22 31. The denominator is zero when x =1 or

x=-5.
27. Write 4x + 2 y — 5 = 0 in slope intercept form. domain: (-0, -5) 0 (-5,1) 0 (1, )
4x+2y-5=0 : :
32. The expressions under each radical must not be
2y=—4X+5 negative.
y=-2X+ 3 The of the parallel line is -2,
2 slope thus the slope of
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Chapter 2 Functions and Graphs Chapter 2 Test

Xx+5>0 and x-1>0

x > -5 domain: [1, ) x>1
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Chapter 2 Functions and Graphs

382

38 (fLO)(0=7

xxt
domain: (—,0) D%|O, l2\|D |( i , oo|\
(AN
34. f(x)=x g(x)=2x+3

35 d=xx)F(y=y),~
d=x-x) 4y ey )

J6-27+(2-(-2))
NERS

=9+16

5

5

(Xu#% Vity,) (245 =242))

|
2 2 1, 5

L
=[=0]
\2 )

'}Zh/e Iavgth is 5 and the midpoint is

| .0 |or(35,0).

(2 )

Cumulative Review Exercises (Chapters 1-2)

1. domain: [0, 2)
range: [0, 2]

1 3
2. - =and=.
f(x)=1at 5 5

3. relative maximum: 2

Cumulative Review

hix) = =2 {—;L}

(x+3)(x—4)=8

x*—x-12 =8

2

X —x-20=0
(x+4)(x-5)=0
x+4=0 or x-5

Xx=-4 or X

3(4x-1)=4-6(x-3)
12x-3=4-6x+18
18x =25

2_ 1y 9)2
Q' =Kx=2)
X=X —4x +4

0=x"—5x +4
0=x-1)(x—4)

Xx—1=0 or x-4=0
x=1 or Xx=4
A check of the solutions shows that x = 1 is an
extraneous solution.
The solution set is {4}.

XZ/S_X1/3_6 — O
Letu=x"3. Then u?=x*'2,
ul—-u—-6=0
(U+2)(u-3)=0
u=-2 or u=3

Vs _
X'T=-2 or yus_g
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Chapter 2 Functions and Graphs Cumulative Review

AELEIRY x=(-2)%or x=3°

f
K&.ﬂ XxX=-8 or x=27
(3 1)
£ x

glxl=fix =1+ 1
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Chapter 2 Functions and Graphs

10, 2-3<%42
2
4(x—34s4(x+2\
P
L)\ )
2Xx-12<x+8
Xx<20

The solution set is (-, 20].

11.

Je —ay —12=1
domain: (—o0, )

range: (—oo, «)

12.

=2 +iv+ 11 =4

domain: [0, 4]
range: [-3,1]

13.

domain of f: (—oo, )
range of f: (—oo, o0)

domain of g: (—oo, oo)
range of g: (—oo, )

384

14.

15.

16.

17.

domain of f: [ 3, )
range of f: [ 2, o)
domain of f *: [ 2, o0)
range of f *: 3, )

f (x +h) —f (x)
h

() (e=x)

h
4- K+ 2xh+h') - (4-x)

h
45X -2xh-If -4 +x ?
- h

_—2xh—h’
==
_n(-2¢-h)
~h
=-2x-h

(f CO)) =f(g(x))

(f CO)(x) = f(x+5)
0=4-(x+5)
0=4— (x*+10x + 25)
0=4-x"-10x-25
0=-x*-10x - 21
0=x"+10x +21
0=(x+7)(x+3)

Cumulative Review

The value of (f —g )(x) will be 0 when x=-3 or

X=-7.

1 1

y=—X+,s0m=4,
4 3
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Chapter 2 Functions and Graphs Cumulative Review

point-slope form:y — 5 = 4(x + 2)
slope-intercept form: y = 4x + 13
general form: 4x -y + 13=0
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Chapter 2 Functions and Graphs

18.  0.07x+0.09(6000 — x) =510
0.07x+540-0.09x = 510
—-0.02x=-30
X =1500
6000 — x =4500
$1500 was invested at 7% and $4500 was
invested at 9%.

19. 200+0.05x =.15x
200 = 0.10x

2000 =x

For $2000 in sales, the earnings will be the
same.

386

20. width=w
length = 2w + 2
22w+ 2) + 2w =22
4w+ 4 + 2w =22
6w =18
w=3
2w+2=8
The garden is 3 feet by 8 feet.
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