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Chapter 2
Functions and Graphs

Section 2.1
4, a. f(-5)=(-5)2?-2(-5) +7
Check Point Exercises

=25-(-10) +7
1. The domain is the set of all first components: {0, 10, =42
20, 30, 42}. The range is the set of all second
components: {9.1, 6.7, 10.7, 13.2, 21.7}. b.  f(x+4)=(x+4)*-2(x+4)+7

— y2 _ —
2. a. Therelation is not a function since the two =X 48X 416 -2x =8 +7

ordered pairs (5, 6) and (5, 8) have thesame =x2+6x+15

first component but different second

components. c. f(X)==)-2(-x)+7
=X —(-2xX) +7

b.  The relation is a function since no two ordered
pairs have the same first component and =X+ 2x+7
different second components.

5. X f(x)=2x (xy)
3. a 2Xx+y=6
-2 -4 (-2,-4)
y=6-2x
For each value of x, there is one and only one -1 —2 (-1.-2)
value for y, so the equation defines y as a 0 0 (0,0)
function of x.
1 2 (1, 2)
b. x+y* =1 2 4 (2, 4)
y2 =1- X2
y =% +1- X2
Since there are values of x (all values between — (x)—2x-3
1 and 1 exclusive) that give more than one X g X (xy)
value for y (for example, if x = 0, then 2 | 9(-2)=2(-2)-3=-7 | (-2,-7)
y= J_r\}lfﬁ;F: +1), the equation doesnot 1| g(-1)=2(-1)-3=-5 | (-1,-5)
define y as a function of x. 0 9(0) =2(0)-3=-3 (0.-3)
1 g(1)=2(1)-3=-1 (1,-1)
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The graph of g is the
graph of f shifted down
3 units.

Jix) =2x
.remﬂr-.-‘.-"T-- RS
ET T .
(2. 4) ﬁ H,
(1,2) — (31
(0, 0) —= e
(=1, =2) L] SN, -1
(=2, —) T A0, -3)
(-2,-7)  (~1,-5)
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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

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

a. domain: {x|-2<x<1} or [-21].
range: {y[0 <y <3} or [0, 3].

b. domain: {x-2<x<1} or(-21].
range: {y|-1<y<2} or [-12).

c. domain: {x|-3<x <0} or[-3,0).

range: {yly=-3-2-1}.

Concept and Vocabulary Check 2.1

1.

2.

10.

11.

12.

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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11.

12

13.

14,

15.

16.

1.

18.

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+Yy=25

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

X2 +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.

X2 +y=25

y=25-x2
Since only one value of y can be obtained for each
value of x, y is a function of x.

X*+y?=16

Y2 =16 -x?

y =t V16 — x?
Ifx=0y=44

Since two values, y =4 and y = — 4, can be obtained
for one value of x, y is not a function of x.

X2 +y? =25
y2=25-x2

y =H/25-x?
Ifx=0,y=45.
Since two values, y = 5 and y = -5, can be obtained
for one value of x, y is not a function of x.

X =Y?
y:i,“.";
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 = +dix = 42 4x
Ifx=1,theny=+2.

Since two values, y = 2 and y = -2, can be obtained
for x =1, y is not a function of x.

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+y3=8
y3=8-x
y=+8-x

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

X +y3=27
y3 =27 - X

y =%27 - 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=_—
X-5
Since only one value of y can be obtained for each
value of x, y is a function of x.

IX-y=2
—y=-|x+2

y=k|-2
Since only one value of y can be obtained for each
value of x, y is a function of x.

[-y=5
—y=-|x+5

y=kf-5
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

27. a.  f(6)=4(6) +5=29 32. a. h(3)=33-3+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+24+1
28 a.  f(4)=3(4)+7=19 _ 5
b. f(x+1)=3(x+1)+7=3x+10 c.  hE)=(x)P®—(x)+1=-xC+x+1

. fX)=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
—9 33. a.  f(-6)=¥6+6+3=043=3
b. g(x+5)=(X+5)2?+2(x+5)+3 b. f(10)=J0+6+3
=x?+10x + 25+ 2x +10 + 3 =36+3
=X +12x + 38 =4+3

c.  g(X)=(x?+2(x)+3 =7

=x*—2x+3 c. f(x-6)=X{-6+6+3=x53

1) = (=1)2 =10(-1) —
30. a  g(-1)=(-1)°-10(-1)-3 4. a  f(16)=25-16-6=9-6=3-6=-3

=1+10-3 N N
=8 b f(-24)=g5-(-24)-6
b.  g(Xx+2)=(x+2)?-10(8 +2) -3 -49-6
=x2+4x+4-10x -20 -3 =7-6=1
— y2
=X -6x-19 e f(25-2X)=d5—(25-2x) -6
c. g(x)=(-x?-10(-x)-3 -XK-6
=x?+10x -3 2 _
3 a f=t@ 1.1
3l.a.  h(2)=2¢-2241 52 2
=16-4+1 4(-20-1 15
=13 b. f(_2)=W:4
b.  h(=1) = (-1)* - (-1)2+1
=1-1+1 4(—x)? -1 4x2 -1
c. f(x)=
=1 =y = 2
c.  h(=x)=(=x)*-(=x)?+1=x*-x* +1 42 +1 33
f(2) = =__
36. a ) 5 5
d. h(3a) = (3a)" - (3a)2 +1
=8la*-9a?+1 4(-2*+1 =31 31
b f(D=—p . _ —
-8 8
3
C. f (—X) — 4( X) +1 — —4x3 +1
(GRS
453 -1
or —

204 Copyright © 2018 Pearson Education, Inc.



Section 2.1 Basics of Functions and Their Graphs

37. a f(6)=|_€;|=1 40. " )= o)
. -2 f(-2)=-2 (-2,-2)
b. f<—6>=|—6|: ——66:_1 1| f()=-1 | (<141
0 f(0)=0 (0,0)
1 f(1)=1 (1,1)
¢ fr)="-"_1 2 | 1(2)=2 (2,2)
r2| r?
38. a f(5)=m:ﬂ:1 X g(x)=x-4 (xy)
e 8 2| 9(2)=-2-4=-6 | (-2,-6)
o f(_5)2|-5+:1:ﬂ: i=—1 1| g(-1)=-1-4=-5 | (-1,-5)
5+3 -2 -2 0 9(0)=0-4=-+4 (0,-4)
1 g(1)=1-4=-3 (1,-3)
F9-x+3 2 g(2)=2-4=-2 (2,-2)
c. f(—9—X)=m
:I—x—6|:[1,ifx<—6
—Xx-6 [-1,ifx>-6 ‘l:}—.—q—_g_;%;{l? g:ﬂ:_r_‘t
o [ %] t0-x | (xy) 0=l L
0,0 A A S
2| f(2)=-2 (-2,-2) {—I.—l}j}'% _14,;‘;%‘“'2-'31
| f()=-1 | (-1,-1) (=2,-2) ﬂ/ “a\m::l::;
0| f(0)=0 (0,0) (~2,-6) (-1, -5)
L fm-=1 (1’1) The graph of g is the graph of f shifted down 4 units.
2 f(2)=2 (2,2)
41. X f(x)=-2x (xy)
X g(x)=x+3 (xy) 2 f(-2)=-2(-2)=4 | (-2,4)
2| g(-2)=-2+3=1 | (-21) | f(n=—2(-1)=2 | (-1,2)
1| g(-1)=-1+3=2 (-1,2) 0 f(0)=-2(0)=0 (0,0)
0| 9(0)=0+3=3 (0,3) 1] f(M==2(1)=-=2 | (1-2)
1) g(1)=1+3=4 (1,4) 2 | 1@=20)=—4 | (2.-4)
2 g(2)=2+3=5 (2,5)
_ _n_a,.gu/):r+3 X g(x)=-2x-1 (xy)
@5 T i =x -2 | g(-2)=-2(-2)-1=3 | (-2,3)
:;ﬁ:ﬁi“'?}ima 1 o(D=-2(1)-1-1] (1)
P45 aamnanioly 0 | 9s@=2(0)1=1 | 01
(-2,1) vty 1| g()-—2()-1-=3 | (1,-3)
(-2,-2) (=1,-1) 2 | 9(2)=-2(2)-1=-5 | (2,-5)

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

Copyright © 2018 Pearson Education, Inc. 205



Chapter 2 Functions and Graphs

42.

43.

206

(—2, 3 —
(-1, 1)

(0,0 -
(0, =1y~
(1, =3)-

The graph of g is the graph of f shifted down 1 unit.

X f(x) =-2x (xy)
-2 f(-2)=-2(-2)=4 | (-2,4)
-1 | f(-1)=-=2(-1)=2 | (-12)

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+3 (xy)
2| g(-2)=-2(-2)+3=7 | (-2,7)
1| g(-1)=-2(-1)+3=5| (-1,5)
0 g(0)=-2(0)+3=3 (0,3)
1 g(1)=-2(1)+3=1 (11)
2 19(@)=-22)+3=-1| (2,-1)

Sfix) = —2x
gxy=-2r+3 ¥4 (-7

o NN (-1,5)
( 21.4]'3&_ (=TT 0, 3)
(—1,2) = (L)

(0, 0) =777 v

1, -2)— i ] -
SRR

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

X f(x)=x (xy)
-2 f(-2)=(-2)" =4 (-2.4)
-1 f(-1)=(-1)" =1 (-11)
0 £(0)=(0) =0 (0,0)
1| w-wa ()
2 | T4 | @9

44,

X g(x)=x+1 (xy)
) g(_2):(—2)2 +1=5 (_2’ 5)
-1 g(—l):(-l)z +1=2 (_1‘ 2)
0 9(0)=(0) +1=1 o1
1] ew-we-2 | (12)
) 9(2)=(2)' +1=5 (2.5)
fixy = ¢ -T_‘ ,f{z‘ﬂ
) [ -“"#__,.F-{zid']
(=2,5)+— 1 '"#_,,{1.2)
(-2,4-+ & (L1
(-=1,2)- e
0y X
L 1) { . IL_

The graph of g is the graph of f shifted up 1 unit.

X f(x)=x? (xy)
-2 f(-2)=(-2)" =4 (-2,4)
-1 f(-1)=(-1)" =1 (-11)
0 £(0)=(0)’ =0 (0,0)
1 f(1)=(1)" =1 (1.1)
2 f(2)=(2)" =4 (2, 4)
X g(x)=xt-2 (x,y)
-2 9(-2)=(-2)' -2=2 (-2.2)
-1 g(-1)=(-1)"-2=-1 (-1,-1)
0 g(0)=(0)-2=-2 (0, -2)
1 g(1)=(1)-2=-1 (1.-1)
2 9(2)=(2)"-2=2 (2.2)
Sy =2+
glv) =2 _Jzﬁ yy .
W R (2,4)
2= N @.2)
(=2,2)—= (1,1)
(=L D)=
(-1, —lyw"“'“‘fﬂj =L 1)
(0, 0) (0, -2)

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

Copyright © 2018 Pearson Education, Inc.




Section 2.1 Basics of Functions and Their Graphs

X HEIEE (xy) Six) = | x|
2 f(-2)9-2=2 (-2,2) gle) = x| +1 yu(0,1)
- EEEE - . L 2,3)
1 f(-1) 9-1=1 (-1,1) (—2,3 <5
0 f(0) =(0|=0 (0,0) (—2.2) 5 \- ‘:j:iz,z:-
1 f(1)51=1 1,1 _ ANLEFANRYESE
W @ ( l‘ztzfm, mTu,n:_
2 f(2)42=2 (2.2) (LD o N, 2)
X g(x]4x-2 (xy) The graph of g is the graph of f shifted up 1 unit.
-2 g(-2)442-2=0 (-2,0) 47, " TS v)
-1 g(-1)=-L1-2=-1 (-1,-1) = -
0 g(0)=p|-2=-2 (0,-2) f(-2)=(2) =8 | (-2-8)
-1 3
1], .9 (1):%—1}2_—1 (1,-1) f(-1)=(-1’=-1 | (-1-1)
' (2.0) 0 £(0)=(0Y =0 (0,0)
1 f(1)=(1) =1 (11)
2 f(2)=(2)' =8 (28)
X g(x)=x3+2 (xy)
-2 g(-2)=(-2)'+2=-6 | (-2,-6)
The graph of g is the graph of f shifted down 2 units. -1 g (_1) = (_1)3 +2=1 (_1’1)
x () =x (xy) 0 9(0)=(0)+2=2 (0.2)
-2 f(—2) = —lZI: 2 (—2, 2) 1 g (1) _ (1)3 123 (1’ 3)
- f(-1) 5-1=1 -
! 94 (1) 2 9(2)=(2)’+2=10 (210)
0 f(0)=050 (0,0)
1 f(1)g1=1 1,1 _ 3
@ =!]1- (1) ) = x Vi (2, 10)
2 f(2)=33=2 (2.2) gl =42 40 28
) 1 TR e
' ‘*‘-’Ha”ﬁ Ll (L, 1)
H (0,0)§ x
(=2, —6)— _E?—L—'ll
(=2, -8)—1¥ 1
X g ( X): x+1 ( X, y) The graph of g is the graph of f shifted up 2 units.
2 | g(2dd41-3 | (23)
-1 g(-1)=-1+1=2 (-1,2)
0 g(0)50+1=1 (0.1)
1 g (1) H1l+1=2 (1,2)
2 9(2)={2+1=3 (2.3)

Copyright © 2018 Pearson Education, Inc. 207



Chapter 2 Functions and Graphs

48. X f(x):x3 (x,y)
-2 | f(-2)=(2)=-8 | (-2.-8)
-1 | f(-1)=(-1=-1 | (-1,-1)
0 f(0)=(0) =0 (0,0)
! fL)=(1°=1 (1Y)
2 f(2)=(2) =8 (2,8)
X g(x)=x-1 (xy)
2 | g(2)-(2-1-- | (2-9)
4| e(=(Y-1-2 | (12
0 9(0)=(0) -1=-1 (0,-1)
1 g(1)=(1)’-1=0 (1,0)
2 9(2)=(2) -1=7 2.7)
flx) =x
gy =x'—-1 J4 _(2,8)
- (2,7
(0, 0) ifr H: tII:
(=1, 1)+ )
1=,
(75 8 TEr R
The graph of g is the graph of f shifted down 1 unit.
49, X f(X):3 (le)
-2 f(-2)=3 (-2,3)
-1 f(-1)=3 (-13)
0 f(0)=3 (0,3)
1 f(1)=3 (1,3)
2 f(2)=3 (23)
X g(x)=5 (xy)
-2 9 (-2)=5 (-2,5)
-1 g(-1)=5 (-1,5)
0 9(0)=5 (0,5)
1 g(1)=5 (1,5)
2 9(2)=5 (2,5)
208

50.

(0,5)

‘_]«5} _‘f
(=2,5)- 1%
plx) =25 . -_

(1,5)

7 : [ ~(2,5)

P12, 3)

0 = 332 -ﬁ’

(-1,3)~ #
(0,37

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

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

0 f(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)
“;"‘]"i}\-" . /flj:z,ql
g = 4 TN
NN R
Six)=-1 ;_,, ot f‘:.:‘::\i"‘{aql—l]
SN, =1

(—z,—nf’/ .'
(—1,—1}/” T
0, 1)

The graph of g is the graph

Copyright © 2018 Pearson Education, Inc.
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51.

52.

X f(x)=k (xy)
0 f(0)50=0 (0,0)
1 f()=1=1 (1,1)
4 f(4)<44=2 (4,2)
9 f(9)49=3 (9,3)
X g () ~x-1 (xy)
0 g(0)=0-1=-1 | (0,-1)
1 g(1)=1-1=0 (1,0)
4 g(4)=f-1=1 (41)
9 g(9)=9-1=2 (9.2)
by @2 0.3
CoN T o =6
= e IINTIEI
0, —1)—7] I" lll, *
\

i |
Loy {4,1) (%2)
The graph of g is the graph of f shifted down 1 unit.

: (0K | (xy)
0 f(0)=0=0 (0,0)
1 f(1)=I=1 (11)
4 f(4)=F=2 (4,2)
9 f(9)=9=3 (9.3)
X g(x)5x+2 (xy)
0 g(0)=0+2=2 | (0,2)
1 g(1)=f+2=3 | (1,3)
4 g(4)=F+2=4 (4,4)
9 9(9)=9+2=5 (9.5)

(4, 4) (9, 5)

(L3, ¥ _
0.2 N e =(F 42
Dt =
aaa {RERLT"

1 ] 'ia

0, 0) J +HH

| |
I \ )
(L1 (42) (9.3
The graph of g is the graph of f shifted up 2 units.

53.

54,

Section 2.1 Basics of Functions and Their Graphs

X f(x)=x (xy)
0 f(0)=0=0 (0,0)
1 f(1)=i=1 (1,1)
4 f(4)=4=2 (4,2)
9 f(9)=9=3 (9,3)
X g(x)«/x-1 (xy)
1 g(1)«1-1=0 (1,0)
2 g(2)=2-1=1 (2,1)
5 g(5)xh-1=2 (5. 2)
10 | g(10)=10-1=3 (10,3)
4.2) (9,3
wh B T ;fﬂ::%

0 (10, 3)
(0, 0y '

L0y (2,1) (52)
The graph of g is the graph of f shifted right 1 unit.

X f(x)zx (xy)
0 f(0)50=0 (0,0)
1 f(1)=f=1 (12)
4 f(4)=g=2 (4,2)
9 f(9)=g=3 (9,3)
X g(x) X2 (xy)
2 | 9(-2)zFzF2=0 | (-2,0)
1 g(-1)=zrtF2z=1 | (-11)

2 9(2)zpF2z=2 (2,2)
7 g(7)z7r+2=3 (7.3)

v L{LEI (7, 3)

Lolxy=Jx+2

=10 /) =¥

(‘L“l} { 1

(00 (1,1)
The graph of g is the graph of f shifted left 2 units.
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Chapter 2 Functions and Graphs

55.

56.

57.

58.

59.

60.

61.

62.
63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

function
function
function
not a function
not a function
not a function
function
not a function
function

function
f(-2) =4
f(2)=—4
f(4) =4
f(-4)=4
f(-3)=0
f(-1)=0
g(-4)=2
g(2)=-2
g (-10)=2

g (10)=-2

75.Whenx=-2, g(x)=1.

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

77.

210

a. domain: (—o,)
b. range: [-4, «)
c.  X-intercepts: -3 and 1

d. y-intercept: -3

e. f(-2)=-3 and f(2)=5

78.

79.

80.

81.

82.

83.

domain: (=, —)
range: (—, 4]
x-intercepts: -3 and 1
y-intercept: 3
f(-2)=3 and f(2)=-5
domain; (—oo, )
range: [1, o)
X-intercept: none
y-intercept: 1
f(-1)=2 and f(3)=4
domain: (—, -)
range: [0, --)
x-intercept: —1
y-intercept: 1
f(-4)=3andf(3)=4
domain: [0, 5)

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

domain: (-6, 0]
range: [-3, 4)
x-intercept: -3.75
y-intercept: -3
f(-5)=2

domain: [0, «)
range: [1, «)
X-intercept: none
y-intercept: 1
f(4)=3
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84.

85.

86.

87.

88.

89.

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; (—oo, )
range: (-, — 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, )
range: (0,)
X-intercept: none

y-intercept: 1.5
f(4)=6

90.

91.

92.

93.

94.

95.

96.

97.

Section 2.1 Basics of Functions and Their Graphs

o

domain: (—o0,1) U (1, o)

b. range: (—oo, 0) U (0, «0)

c.  X-intercept: none

d. y-intercept: -1

e. f(2=1

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

c.  Xx-intercept: none

d. y-intercept: 2
e. f(-5+f(@)=2+2=4

a. domain: {-5,-2,0,1, 4}
b. range: {-2}
c.  x-intercept: none

d. y-intercept: -2
f(-5)+fd)=-2+(-2)=-4

®

g(1)=3(1)-5=3-5=-2

flo@)=1(-2)=(-2) - (-2)+4

=4+2+4=10

g(-1)-3(-1) ~5--3-5--8

Fo(-1)=(-8)=(-8)" - (-8)+4

=64+8+4=76

2
J3-(-1) ~(-6) +6+(-6) -4
—/3+1-36+6+(-6)-4
=4-36+-14
=2-36+-4
= 34+-4
--38

|-4-(-1)|-(-38)" +-3+3--6
=}4+1]-9+-3+3 -6
=F3-9+-1-6
=3-9+6=-6+6=0

(=) -1 (%)
~ (X +(-X)-5- 0 +x-9
= -x-5-x3—x+5=-2x3-2x
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98.

99.

100.

101.

102.

212

F(0-1(%)

= (—x)" =3(-x)+7—(x2 -3x+7)
=X +3X+7-x2+3x—7

= 6X

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.

c. {(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.

e

{(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.

c. {(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. Function f 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. Function f is the better model.

103.

104.

105.

106.

107.

108.

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

b. G(30) underestimates the actual data shown by
the bar graph by 2%.

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

b. G(10) underestimates the actual data shown by
the bar graph by 2%.

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

V (x) = 22, 500 — 3200x

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

T ()= 2.4
X xX+30

T(SO :Eﬂ— 40

30 30+30

80 40
=+ —

60 60
120

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

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.

119.

makes sense

does not make sense; Explanations will vary.
Sample explanation: The parentheses used in
function notation, such as f (x), do not imply

multiplication.
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120.

121

122.

123.

124,

125.

126.

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

f(a)=3a+7
f(a+h)—f(a)

h
_(Ba+3h+7)-(3a+7)
- h
=3a+3h+7—3a—7=@=3
h h

127. Answers will vary.

128.

129.

An example is {(1,1),(2,1)}

Itisgiventhat f(x +y)=f(x)+f(y)andf(1)=3.
Tofind f (2) , rewrite2as 1 + 1.
fQQ=Ff(1+)=f(Q)+f (1)

=3+3=6
Similarly:
f(R)=f2+1)=f(2)+f(1)
=6+3=9
f(4)=f(3+1)=f(3)+f(1)
=9+3=12

While f(x +y) =1 (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) =2«
-1+ 3x -12 = 2x
3x —13 =2x

-13 =-x
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SN

ﬂ X—4 5
(x=3)°

(20
10( 5 J_10(2| ) =10(5)

2X—6-5x+20=50
-3x +14 =50
-3x =36

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

131. Let x = the number of deaths by snakes, in

132.

133.

134.

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 snakes
X 4+ 661 = 755, thousand deaths by mosquitoes
x +106 = 200, thousand deaths by snails

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.

fixy=x+2L xr=sl
?

2(x+h)+3(x+h)+5—-(2x +3x+5)
13=x
The solution set is {13}.

213
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=2(x? +2xh +h?) +3x +3h +
5-2x2 -3x-5

=2X? +4xh +2h? + 3x +3h +
5-2x2 -3x-5

= 2X% —2X2 + 4xh + 2h? + 3x
-3x+3h+5-5

=4xh + 2h%? + 3h
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2.

Section 2.2

Check Point Exercises

1.

The function is increasing on the interval (—oo, —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
2
y=(-x) -1
y=x2-1
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=x2-1
y=-x2+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.

y=x>-1
—y= (—x)2 -1
—y=x2-1
y=-x2+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.
Yo =x3
3
y* =(-x)

ys —
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.

ys =X
(-y) =x
—y5=x3
Yo =—x3

The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with

Section 2.1 Basics of Functions and Their Graphs

Test for symmetry with respect to the origin.
Yo =x2

5 3
(=) =(x)
_ ys — %3
Yo =x2
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-axisnor
the origin. Therefore, the graph is that of a
function which is neither even nor odd.

c.  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)?2+6=x*+6="f(x)
The function is even. The graph is symmetric
with respect to the y-axis.

b. 9g(-=X)=7(-xP-(-x)=-7x3+x=-1(X)
The function is odd. The graph is symmetric
with respect to the origin.

c. h=X)=(x)®+1=-x5+1
The function is neither even nor odd. The graph

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

(20 if0O<t<60

c(t) =4 .
20+0.40(t—60) ift>60

a. Since0<40<60, C(40)=20
respect to the x-axis.
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With 40 calling minutes,
the cost is $20.This is

represented by (40, 20) .

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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(2,0) ¥
(=L =3)FT111]

; ifr=-1
T =1e—2 irx>-1
a. f(X)=-2x2+x+5

f(x+h)==2(x+h)>+(x+h)+5
=-2(x* +2xh+h?)+x+h+5
=-2x% —4xh-2h? + x+h+5

f(x+h)—f(x)
b. H

—2x2 —4xh —2h? +x+h+5—(—2x2 +x+5)

h

—2x2 —4xh—-2h? + X+ h+5+2x2 —x-5

h
:—4xh—2h2+h

h
_hg—4x—2h+l!

h
T TAX—2h+1, h=0

Concept and Vocabulary Check 2.2

1.

10.

1.

<f(x2); >f(x2); =F(x2)

maximum; minimum

y-axis

X-axis

origin

f (x) ; y-axis
—f(x) ; origin
piecewise

less than or equal to x; 2; -3 ;0

difference quotient; x + h ; 1. false

false

Section 2.2 More on Functions and Their Graphs

Exercise Set 2.2

1.

o

increasing: (—1,0)
decreasing: (—o,—1)
constant: none
increasing: (—, -1)
decreasing: (-1, --)

constant: none
increasing: (0, )
decreasing: none

constant: none

increasing: (-1, )

decreasing: none

constant: none
increasing: none
decreasing: (-2, 6)
constant: none
increasing: (-3, 2)
decreasing: none
constant: none
increasing: (—oo,—1)
decreasing: none
constant: (—1,00)
increasing: (0, -)
decreasing: none
constant: (-, 0)
increasing: (—oo, 0) or (1.5,3)

decreasing: (0, 1.5) or (3, x0)
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f(x);h;h c.
con
stant: none
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10.

11.

12.

13.

14.

15.

16.

17.

a. increasing: (-5, —4) or (-2, 0) or (2,4)
b. decreasing: (-4, -2) or (0, 2) or (4,5)
c.  constant: none

a. increasing: (-2, 4)

b.  decreasing: none

c. constant: (—oo, — 2) or (4, )

a. increasing: none

b. decreasing: (-4, 2)

24

constant: (—oo, —4) or (2, )

a. x =0, relative maximum = 4

b. x = -3, 3, relative minimum = 0
a. x =0, relative maximum = 2

b. x = -3, 3, relative minimum = -1
a. X = =2, relative maximum = 21
b. x =1, relative minimum = -6

a. x =1, relative maximum = 30

b. x = 4, relative minimum = 3

Test for symmetry with respect to the y-axis.
y=x>+6
y = (—x)2 +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=xX2+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.
y=x2-2

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=x2-2
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=x2-2

—y=(-x)" -2
—y=x2-2
y=-x2+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=y2+6

X=Yy2+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) +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.

218

Test for symmetry with respect to the origin.
X=y?+6

-X= (—y)2 +6

X=Yy*+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=y2-2
—X=y?-2
X=—Yy2+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=y2—-2
x=(-y) -2
X=y2-2
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=y2-2

= (y) -2

Xx=y?-2
X=—y2+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=x2+6

yl= (—x)2 +6
Y2=x2+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)Z:x2+6
y?=x>+6

The resulting equation is equivalent to the original.

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

22.

23.

Test for symmetry with respect to the origin.

y?=x*+6
(9) = () +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 — X2 _ 2

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.
y2 — XZ _ 2

(-y) =x2-2
y2 — X2 -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 — X2 _ 2

2 2
()" = -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=-2x-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.

xi—yi:Z

(%) -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.

Xt —y3=2
x2—(-y) =2
X2 +y$=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.

Section 2.2 More on Functions and Their Graphs

Xty =2
(%) =(-y) =2
X2 +y3=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.

27.

3 _ 2 —
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
x2-y?=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
(-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 origin.

Test for symmetry with respect to the y-axis.

X2 +y2=100
(—x)2 +y2 =100
X2 +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 +y2=100
x2 +(-y)’ =100
x? +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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220

Test for symmetry with respect to the origin.

x* +y? =100
(—x)* +(-y)" =100
x2 +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. 30.
X* +y? =49

(—x)* +y2 =49
X2 +y2 =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.
X2 +y2 =49
X+ (-y) =49
X2 +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.

X +y? =49
() +(-y) =48
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. 31

x2y? +3xy =1

(—x)" y2+3(—x)y =1
x2y? —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

x2(-y)’ +3x(-y)=1

x2y? —3xy =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.
x2y? +3xy =1

2

(=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.
X2 y2 + 5xy =2

(—x)2 y2+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.
X2 y? + 5xy =2
x2(-y)’ +5x(-y)=2
X2 y2 —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.

x2y? +5xy =2
(%) (=y)" +5(-x)(~y)=2
X2y? +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.

v =x3+6

yt=(—x) +6

y'=-x3+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.
V' =x3+6
(-y) =x3+6
V' =x2+6
The resulting equation is equivalent to the original.

Thus, the graph is symmetric with respect to the
X-axis.
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32.

33.

34.

35.

36.

37.

Test for symmetry with respect to the origin.

y'=x3+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.
yY=xt+2

yo=(-x)"+2

yY=xt+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.

yo=xt+2
(—y)S:x4+2
-y =x+2
yo=—xt-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=x2+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.

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

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

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.

f(x) =x3+x
f (%) = (%)°+ (=)
f(x)=-x=-(x3+X)
f (=x) = —f (x), odd function

38.

39.

40.

41.

42,

43.

44,

45,

Section 2.2 More on Functions and Their Graphs

f(xX)=x3-x
f (%) = (-%)°* = (-x)
f(-X)=+x=-(x3-X)
f (—x) =—f (x), odd function

g(x) = X2 + X
g(=x) = (=%)* + (%)

g(—x) = X2 — x, neither

g(x) =x>—x

9(=x) = (x)*= (=X)

g(—x) = x2 + x, neither

h(x) = x? — x*
h(=x) = (=x)* = (-x)*
h(-x) =x>—x*
h(=x) = h(x), even function

h(x) = 2x% + x*
h(=x) = 2(=x)? + (%)*
h(—x) = 2x% + x*

h(—x) = h(x), even function

f(X)=x2—x*+1
f(=x) = (=%)° = (-x)* +1
f(—x)=x2—x*+1
f (=x) =f (x), even function

f(X) =23 +x*+1
f(—X) = 2(-x)? + (= x)* +1
f(—x)=2x2+x*+1
f (=x) =f (x), even function

f(x):lxﬁ—:’ax2
5

() = - (%)% ~ 3(-x)?
5

f(—x) = 1_x6 - 3x?

f (—x) =f (x) , even function

Copyright © 2018 Pearson Education, Inc.
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46. f(x)=2x3-6x° d. y-intercept: 1
f (—X) = 2(—x)® - 6(—x)°
f(—x) = -2+ 6x°
f(—x) =—(2x° - 6x°) f. (-2,0)or (3,0)
f (—x) = —f (x), odd function

47 T =xJI_x
f (—X) = =X \/1— (x)? h.  x=-2andx=3

e. (—»-2)or(03)

g. (—oo, —4] or [4,00)

f(—X) = X \1— x2 i. f(-2)=4 and f(3)=2
:—gxﬂ— x) i f(2)=4
f(—x) = —f(x), odd function

k. x=—4and x =4
48, f(x)=x4f_
X I neither : f(—x) %X, f(=X)# X

f(-x)= (‘ZX)Z Vl_(_x)2 51. a.  domain: (-, 3]
f (—x) =x \i:;

f(—x) = f(x), even function b. range: (_OO 4]
49. a. domain: (—oo, ) ¢ xeintercepts: 3,3
b.  range: [-4, ) d f(0)=3
c. x-intercepts: 1,7 e. (-»1)
d. y-intercept: 4 f (1 3)
e. (4, oo)
g. (—oo, —3]

f. 0,4

(0.4) h.  f()=4
g. (—00,0) . Co1
:1 x=4 j.  positive; f (-1) =+2

y=-4

52.a. domain: (—,6]

i f(-3)=4

b. range: (—oo,1]
k. f(@)=-2and f(6)=-2
c. zerosoff:-3,3

I.  neither; f(—x) #x, f(—x)=—x d. f(0)=1

50. a. domain: (—oo,0) b. range: (~04]
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C.  x-intercepts: -4, 4 e. (-»,-2)
f. (26)
g (-22
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53.

54.

55.

56.

57.

58.

224

(-33)
x=-5andx=5
negative; f(4)=-1
neither

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

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

52-9 25-9 16

5-3 2 2
02-9 -9
h(0) = =" =3
0-3 -3
h(3)=6
72-25 49-25 24
h(7) = - - =12
7-5 2 2
0?-25 -25
0-5 -5
h(5) = 10

59. a.

(=3, 31433
(0. 0) 1

—~xifxy <0
fxy = I rvifrz0

b. range: [0, =)

60. a.

xify<o

S = —xifx=0

b. range: (—,0]

61. a. ¥

T

o

100, 2) ot—s
H - HHHAH

v ifr=0

Juxy = I 2 x>0

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

.\‘

5
0, 3) e

SN
7; (0,0) 3 ¥

(=4 =2)

fx) = xifr=0

1
2
3 x>0

b. range: (—,0] L{3}

b. range: (o, o)
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64. a. y
0 W
i 11
L2}
=3, =1)4 M

3
mEr IR ey I
(=4 =22 G 0T

(=3, Co A

Ax + Zlf\ < =3
ﬂ”‘lx—szz-s

b. range: (—o0, )

o2}
a
@

(=4, ST FBEE

(-1 = oo
FHEEH G, — 3]

/“’=l—3ux>—|

b. range: {-3, 3}

66.
X
0 5 |
difxr=-1
= | _giry> -1
b. range: {-4, 4}
67. a

e =lifr=1

b. range: [0, )

Section 2.2 More on Functions and Their Graphs

68. a. ¥
s e
HAL )
o, mf
ERERY . I 3
(=2, =2 LH y g
- LA g amime
{j S D Em R 2

1.2 .
fix) = —EJ‘ ifx<1
v + lifxr =1

b. range: (—, 0] U[3, =)

|-

69. a.

o

(=4, 4) &[Ty
SN S
(=6, ) IO/
=40 PR3 X
e (A1)}

o bl

| | 11
0 ify<-4
—vif-4dsx<0
Aify=0

Six) =

b. range: [0, )

70. a. R
(-3.3) 15 llz H
N2

(=3, 0N
‘; h ANy, IRy 3

1o, —~1)

10,0 -

| | |

0 ifv< -3

e S f-3=sx<i(

X =1lifx=0

i) =

b. range: [-1, »)

f(x+h)—f(x)
h

=4(x+ h) — 4x
h

4x+ 4h — 4x

71.

Copyright © 2018 Pearson Education, Inc.
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fx+h) —f(x) Fx+h)—f(X)
79 f(x+h)—f(x 76, f(x+h)—f(x
h h
_ 1(x+h)-7x _ 2(x+h)2—2x?2
h - h
- IxaThoIx _2(x® +2xh+h2)—2x2
" - h
- _ 2X? +4xh +2h? —2x?
; - h
-7 _4xh + 207
fx+h) —f(x) h
73 h _ h(4x+2h)
3(x+h)+7-(3x+7) h
) h = 4x +2h
_3X+3h+7-3x-7 Fxeh)—f ()
h
3h 77. h
o _ (x+h)? —4(x+h)+3—(x* —4x +3)
=3 h
X2 +2xh+h?—4x—4h+3 - x> +4x -3
fx+h) -f(x) =
74, f(x+h)—f(x -
" _2xh+h2—4h
_ 6(x+h) +1- (6x +1) -
h _h(2x+h-4
_6x+6h+1-6x-1 = h
h =2x+h-4
_6h
o h Ly TOceh) =100
_(x+h)?—5(x+h) +8— (x*—5x + 8)
f(x+h) —f(x) = .
* h X2+ 2xh +h?-5x—-5h+8 —x®+5x — 8
(x+h)’ —x2 = .
i h _ 2xh +h? —5h
_X+2xh+h?—x° =
h _h(2x+h-5
_2xh+h? = A
n =2x+h-5
:h12x+h)
h
= 2x +h
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79. f(x+h)—f(x) 82, f(x+h)—f(x)
h h
2(x+h)* +(x+h)-1-(2x* + x-1) —(x+h)*=3(x+h)+1—(—x2 —3x+1)
h
22X +4xh+2h2 + x+h-1-2x2 —x +1 X2 —2xh—h?-3x—3h +1+x2+3x -1
- h - h
_4xh+2h?+h _ —2xh-h?-3h
- h - h
_h(4x+2h+1) _h(=2x-h-3)
- h - h
=4x+2h+1 =-2x-h-3
f(x+h)—f(x) f(x+h)—f(x)
80. h 83. h
3(x+h)’ +(x+h)+5-(3x2 + x+5) ~2(x+h) +5(x+h)+7—(-2x* +5x+7)
h h
_3x?+6xh+3h?+x+h+5-3x*—x-5 _ —2x2—4xh—2h?+5x +5h+ 7+ 2x> - 5x - 7
- h - h
_6xh+3h?+h _ —4xh — 2h? + 5h
- h - h
_h(6x+3h+1) _h(4x-2h+5)
- h - h
=6X + 3h +1 —_4x-2h+5
f(x+h)—f(x) f(x+h)—f(x)
81. h 84. h
—(x+h)’ +2(x+h)+4—(-x2 +2x+4) —3(x+h)’ +2(x+h)=1-(-3x2 +2x~1)
h h
X2 =2xh—h? +2x+2h+4+x* —2x—4 _ —3x2— 6xh — 3h? + 2x + 2h -1+ 3x? — 2x +1
- h - h
_—2xh—h%+2h _ —6xh —3h?+ 2h
- h - h
_h(=2x-h+2) _h(-6x-3h+2)
- h - h
=-2x—-h+2 =—6x—-3h+2
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85 f(x+h)—f(x) 9 f(x+h)—f(x
. - - K h) (x)
~2(x+h)" —(x+h)+3—(-2x* —x+3) 1 1
- h _2(x+h) 2x
_ =2x2 —4xh-2h? —x—h+3+2x% +x-3 h
- h X  x+h
—4xh —2h?—h _2x(x+h) 2x(x +h)
h
h _-h
:hj—4X;2h—1! % cih
h
=—4x-2h-1 1
f (x+h) — f(x) ~2x(x+h)h
86. H i 1
=3(x+h) +(x+h)=1-(-3x +x-1) 2x (x +h)
=. h
) f(x +h) —f(x)
_ —3x2—6xh—3h? + X+ h -1+ 3x? = x +1 9l. h
- A
—6xh —3h2+h Xrh= o
_ h(=6x"3h+1) _xfen _Ij X% Jx
- h h X+ h+ %
=—6x-3h+1 _xkh-x
fx+h)-f(x) 6-6 0 h( x+h+ x)
J T
87 h = h =h=0 _Dh
f(x+h-f(x) 7-7 0 h(mw)
88. = = =0
h h h _4a
\/X+h+'u'|';
g9 f(x+h)—f(x)
h 92. f(x+h)—f(x)
1 1 h
:X+T1 _x+h-1- Jx-1
h
X —(x+h) h +
’ v x=1 x—1
X(x+h) x(x+h) _ ' 1
= h -
xx-h' xeho1o (o) VXFRALY
:M h(\lx+h—1+x/—1)
=) (X+h-1-x+1

_x(x+h) h1 X+h-1+ x—l)
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h _th
_—=h 1 h(JXFR=T+3T)
X(x+h)h 1
-1 =
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93.

94,

95.

96.

97.

230

JEELE) +1(-0.9) -[f@] +f(-3)= f Q) f(-n)
=1+ 0 - [-4] +2+(-2) 3

=4-16+(-1)-3

=1-16-3

=-18

JE(25) —f@9) ~[f(-=m)] + f(-3) = f Q) f(n)
Jf(=25)—f(1.9) —[f(—n)]z +f(=3)=f()- f(rn)
_ a2 (2
-4=9+(-1)(-4)

=2-9+4
=-3

30+0.30(t-120) =30+0.3t —36=0.3t—6

clih

100 [
60 [
#7200, 54)

M [ "
P | EEEE R - 1]

40+0.30(t—200) =40+0.3t—60=0.3t—20
ol

100
o o

a0 FEEEEER 250, 55)
20HH == (2000, 40)

i <t

C(t):[so ffo_t_4oo
50 +0.30(t — 400) ift > 400

off) g

2 A
1640

120
80 | (400, 50)
40 [ {1

(800, 170)

| "i\x

f

2iH}
E L
(L]
L]
(LTI

98.

99.

100.

101.

102.

103.
104.
105.

106.

107.

108.

100.

110.

111.

112.

113.

(60 if 0 <t <450
CH) =
- 160+ 0.35(t—450)  ift> 450

¥

v 1 EERRRRRERT,

2IM [ o0, 217.5)
1540 T

JIL]
WE—

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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114. The cost to mail a letter weighing 1.8 ounces is
$0.65.

115. Pet Insurance

(10, 32)
ALKl d

sa0 FLEEHT LTI, 40)

t
NI L s,
NI, 260" 28)
I, 26 24
5 10 15
1\g1'

116. — 124. Answers will vary.

AT M0FtAL FLORT AUTD KEAL RADIAN ne
CALC HINIMUI

[ S ——,

m’&%n Y=39e0013 o

The number of doctor visits decreases during
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
around age 20.

(L JNORHAL FLOAT AUTD REAL RADIAN HP i

N/

-5 1 s

Increasing: (-, 1) or (3, «)
Decreasing: (1, 3)

NORMAL FLOAT AUTD REAL RADIAN MP
127.

Increasing: (-2, 0) or (2, )
Decreasing: (—, —2) or (0, 2)

"

Copyright © 2018 Pearson Education, Inc.

128.

129.

130.

131.

Section 2.2 More on Functions and Their Graphs

NGRMAL FLOAT AUTD REAL RADIAN HP n

N TE

= 5

Increasing: (2, «)
Decreasing: (-, — 2)
Constant: (-2, 2)

NDRMAL FLOAT AUTO REAL RADIAN HP n

Increasing: (1, --)
Decreasing: (—, 1)

NORHAL FLOAYT AUTO REAL RADIAN HP u

-~

n

ottt

|
w

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

NORMAL FLOAT BUTO REBL RADIAN HP n

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

231
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132. L

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

f(x)=x isincreasing from (-, ) whenn
is odd.

NORM&L FLOAT AUTE REAL RADIAN NP n
k ‘»‘ ~

133. does not make sense; Explanations will vary.

134.

135.

136.

232

Sample explanation: It’s possible the graph is not
defined at a.

makes sense
makes sense

makes sense

138.

139. a.

140.

141.

answers will vary
answers will vary

h is even if both f and g are even or if both fand
g are odd.
fand g are both even

g(f X) g(X)
fand g are both odd:
h@)_ =x)_=f(x)__fx

g% -9 9(x)

= h(x)

b. hisoddif fisoddand giseven orif fiseven

and g is odd.

fisodd and g is even:

h(- X)_f(—x) -f)_ (¥
9C=x) — 9(x) 9

fiseven and g.is odd f ()

h(-x)= X _f(X) U =-h(x)

=-h(x)

9(-x) -9 99X

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)

o

1+r
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142. 5x*—-7x+3=0
a=5b=-7,c=3

X=—-b J_rhfz —4ac
2a
x=—(-7) if(:[7)2 - 4(9)(3)
2(5)
7+49 -60
X =
10
7++11
X =
10
XZ?iMT
10
x="+ivT

10 10

The solution setis | 7 +i 11,7 1],

20 120 10 10|

—y  4-1 3
13, T3

Xo—X1 -2-(3) 1

144. When y = 0:
4x -3y —-6=0
4x-3(0)-6=0
4x — 6 =0

4x =
*7%
2

|-)

The point is

N lw

(
4x -3y —-6=0
4(0)-3y —6=0
3y -6=0
-3y=6
X=-2
The point is (0, -2).

When x=0:

145. 3x+2y-4=0

2y=-3x+4
_ =3x+4
y 2

Section 2.2 More on Functions and Their Graphs

Section 2.3

Check Point Exercises

a. —2-4 -6

m= =
—4-(-3) -1

o 5= 7 -7

1-4 5 5
Point-slope form:
y—Yyi=m(x—x)
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

mo8=CL_-5_
To1-(=2) 1 ¢
so the slope is 5.
Using the point (-2, —1), we get the following point-
slope equation:

Y —Y1=m(X - X1)
y = (-1)=-5[x - (-2)]
y+1=-5(x+2)

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

y—yi=m(X—x1)
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.

The slope m is %and 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 ==& starting at

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

y=—_X+2
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y = 3 is a horizontalline.

TR0, )
e e S
(—=4.3) i 4.3

..... INENN 3 ¥

=

All ordered pairs that are solutions of x =—3 have a

value of x that is always —3. Any value can be used
fory.
r=-3 %
(=3, 4)
(=3.0)

3x+6y-12=0
6y=-3x+12
-3 12
y= X+
6 6
Yy=—x+2
2

Ix+6y—12=0

.1
The slope is — 3 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

Copyright © 2018 Pearson Education, Inc.

Section 2.3 Linear Functions and Slope

Find the y-intercept:
3Xx—-2y-6=0

3(0)-2y-6=0
-2y—-6=0
—-2y=6

y=-3

]

HHAH
{;,r"( o
L0, =30 (2,00
AT

r—2v=06

First find the slope.
m = Changeiny _57.64 — 57.04 _ 0.6

Change in x 354 -317 37
Use the point-slope form and then find slope-
intercept form.

y—Yyi=m(X —X)

y —57.04 =0.016(x — 317)
y —57.04 =0.016x—5.072

~ 0.016

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

Yo =V1
X2 — X1

positive
negative
zero

undefined

y = yi=m(X —xy)
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8. y=mx+b; slope; y-intercept 13. m=6,x1=-2,y1=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.  vertical M=8 %14 yi=1:
12. general slope-intercept form: y = 8x — 33
15, m=-3,x1=-2,y1=-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
4-1 3 16. point-slope form: y + 2 = -5(x + 4);
2. m="—""="=3; rises m=-5x=-4,y=-2;
1 1
3_12 11 slope-intercept form: y = —5x — 22
3. m=_ =7;rises 17. m=-4,x=-4,y=0;
2-(-2) 4 1 1
point-slope form:y — 0 = —4(x + 4);
- slope-intercept form: y=—4(x +4
4. w3t ; rises P P ¥ = —4§< —16)
2-(-1) 3
2-(=2) 0 . 18. point-slope form: y + 3 = -2(x — 0)
5. m= = _=0; horizontal m=-2,x=0,y =-3;1
3-4 -1 slope-intercept form: y = -2x -3
-1-(-1) 0 . =1
6. m= = =0; horizontal 19.
- - m= _11 = A = _2,
3-4 1 X1 2 Y1 ( 1)
-1-4 -5 point-slope form: y +2=-1 y, -
7. m= = =-5; falls |\ 2)
-1-(-2 1
-2) slope-intercept form: Yy +2=-X—-_
2
8 mo-2-(4) _2_ 5 Ml 5
4-6 -2 y=-X-_
2
9 m==2=3_55 undefined; vertical 1
5-5 0 20. point-slope form: y+ 41: =1(x +4);
10. 5—(-4) 9 undefined; vertical m=-1,x =-4,y =—
N 1 1 n
= = 4
m= =
3-3 0 - Cy=x-
slope-intercept form: y=-X—-__
1. m=2,x1=3,y1=5; point-slope form: y — 5 = 2(x — 3);
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slope- 4
intercept 1
form: y— X=0y =0
5=2x-6
21.
m=
y=2x-1 2 ! '

1
point-slope form: ¥ —0="(x—-0);

12. point-slope form: y — 3 = 4(x — 1);
m=4,x=1y1=3;
slope-intercept form:y = 4x -1

IFro

slope-intercept form: ¥ = X

N
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1
22. point-slope form:  y—=0="(x-0);

-3 1 1
slope-intercept form: ¥ = _X
3
2
23. m=-,x=6y =-2;
§ 1 1

point-slope form: y +2=— 2_(x -6);
3

N

slope-intercept form: Y +2=— _x+4

X+ 2

w|iN W

y=-

T
24. point-slope form: Y +4= " (x =10);

3
m=—, X1:10,y1:_4;
5

slope-intercept form: y = _: X+2
25. m= ="=2;

point-slope form:y — 2 = 2(x — 1) using
(x1,y1)=(1,2),0ory—10=2(x — 5) using
(X1, y1) = (5, 10) ;

slope-intercept form: y—-2=2x-2or

y —-10 =2x -10,
y = 2X

8-3 5

point-slope form: y — 5 = 2(x — 3) using
(x1,y1)=(3,5) ,0ry—15=2(x—8) using

( X1, Y1 ) = (8,15) )
slope-intercept form:y =2x -1

28.

29.

30.

31.

32.

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

m

(x1,y1)=(=2,0),0ry—2=1(x—0) using

(xy1)=(0,2);

slope-intercept form:y = x + 2

4-(-1) 5

m‘z-e&‘s
point-slope form: y + 1 = 1(x + 3) using
(X1,y1)=(-3,-1),0ory—4=1(x — 2) using
(X1, y1) = (2, 4) ; slope-intercept form:

y +1=x+ 3or

y—4=x-2

y=X+2

m==1-(=4)_3_1.

1-(-2) 3
point-slope form: y + 4 = 1(x + 2) using
(x,y)=(-2,-4),0ory+1=1(x—1)using

11

(xuy1)=(1,-1)

slope-intercept form:y = x -2

6-(=2) 8 4

m
3-(-3) 6 3
point-slope form: ¥ +2 =" (X +3) using
3
(x,y)=(=3,-2),0r y—6=f(x—3) using
11
(x1,y1) =(3,6);

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

3

m= = =
3-(3) 6 3

point-slope form: y — 0 = 1(x + 3) using
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X1, Y1) =(=3,0), ory—3=1(x-0) usin 4 .
(a.¥1)=(-3.0). ory (x=0) using point-slope form: ¥ —6=—""(x+3) using

3
=(= + 2 =—4x - 3) usin
(x ,y)=(0, 3); slope-intercept form: y = x + 3 (x1,y1)=(-36), 0r ¥ A= 3) using
1 1 3

(xy1)=(3,-2);

slope-intercept form: y = —g X+2
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Chapter 2 Functions and Graphs

33.

34.

35.

36.

37.

236

mo=l=(CD 0. 38 p_=2=0_=2_1.
4-(-3) 7 0-4 -4 2
. . 1
point-slope form: y + 1 = 0(x + 3) using — . y—0=_(x-4)using
(xt.y1) = (-3, -1) . ory + 1 = 0(x 4 using point-slope form:
(X1, y1) = (4, -1); (x1,y1)=(4,0),
slope-intercept form: y+1=0,s0 ory+2= E (x=0) using(x,y )=(0,-2);
y=-1 ) ) 11
o —2=(5) 0 . slope-intercept form: Y= X2
6-(-2) 8 2

point-slope form: y + 5 = 0(x + 2) using
(x1,y1)=(-2,-5), ory +5=0(x— 6) using

(xy1)=(6,-5);

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

-2-2 -4
point-slope form: y — 4 = 1(x — 2) using
(X1, y1)=(2,4),0ry—0=1(x + 2) using

(X11 yl) = (_21 0) ;
slope-intercept form: y —9=x-2, or

y=X+2

point-slope form: y + 3=— E(X —1) using

(x,y )=(-3),0r y—0=—§(x+1) using

11

2
(O y1)=(-10); EEmEEEa) nan
3.3 () =-2r+1
slope-intercept form: y+3=—_Xx+_,or de !
2 2
33
y=-_X-_ 42.m=-3:b=2
2 2
0—(-1) =
) 3

point-slope form: y — 4 = 8(x — 0) using
(x1,y1) =(0,4) ,ory—0=8( x+1) using T
(x1, y2) = (-2, 0) sory—0=8( x+}) Sy = =3¢ +2
slope-intercept form:y =8x + 4
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49. Y=-2»

o e
- RY
1 0, —2)
'I""""’
50. y=dy
a7
HE
(i, d)—]
2oy

x==3y
51. s .
(RN )| SRS AR
1 M X
siises
52 ryx=3%
smf
x

53. y=u

|

A D

o

Copyright © 2018 Pearson Education, Inc.
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54,

L]
=

5. fw=lyy
§ Cammn
. 1)
E
i
11
56. A =3y
ET T ._; 1
0.3
HH *
57. 3x-18=0
X=6
vidr—=18 =10
ST
‘ |
T
(6. 0) [8x

58. 3x+12 =0

(—4.00

59. a. 3x+y-5=0
y—-5=-3x

b. m=-3;

238

y=-3x+5

b=5

60.

61.

62.

......

......

m=-4b=6

FHHNEHH
m.m\;::'

."

K(I.Z)

\; 8]

dx+yv=6=0

2x+3y-18=0

2x -18 =-3y
-3y=2x-18
2
y="x-18
-3 -3

2
=——X+6
y 3

I
|
I

H
\13.-‘0

I

—

2x

Copyright © 2018 Pearson Education, Inc.

+ 3 —18=10

41X +6y+12=0
4Xx+12=-6y
—6y=4x+12
12
y=_X+__
-6 -6
2
=——x-2
y 3



63.

64.

dr+6y+12=0

8x—-4y-12=0
8x-12=4y
4y=8x-12
8 12
:_X—_
4 4
y=2x-3
m=2;b=-3

H

6r—Sy—20=0

Section 2.3 Linear Functions and Slope

65. a. 3y-9=0

3y =9
y=3
b. m=0;b=3
C. y ]'\' o 9 = 0
3 5 TJ‘I -
o, 3)
T *

66. a. 4y+28=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
-6

T, —6)

6r—2y—12 =0

Copyright © 2018 Pearson Education, Inc.
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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

TR

L0

i [ IS

A0

=9 — 18 =10

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
rr2x+dv+6 =0
S
s SSESSEcHHE

(=30 T
117 Tk (0, ~2)

sl

Fill

70.

71.

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
y=-3
Jr+5r+15 =0y

5

(=5, 0071
il

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

8x +12 =0

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

X
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72. Find the x-intercept:
6x -3y +15=0
6x-3(0)+15=0
6x +15 =0

6x =-15
6x _ =15
6 6

X=—_
2
Find the y-intercept:

6x — 3y +15 = 0
6(0y -3y 11320

i+ 3y +15=1
73. 0-a —a a
m: = _ -
b-0 b b

Since a and b are both positive, — a_

negative. Therefore, the line falls.

M. b-0_-b_ b_

0-(-a) a a

Since a and b are both positive, — b is

negative. Therefore, the line falls.
75. (b+c)-b ¢

m= =
a-a 0

The slope is undefined.
The line is vertical.

6. _(a+c)-c_a

a-(a-b) b

77.
78.
79.
80.
is

b

a
81.

a
Since a and b are both positive, _is positive.
b

Therefore, the line rises.

Copyright © 2018 Pearson Education, Inc.
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Ax+By=C

By=-Ax+C

A
y=-"_x+_

B B

The slope is _A and the y — intercept is = .
B B

Ax=By-C
Ax+C =By

8" B 0, C

The slope is and the y — intercept is

B B

g 4=y
1-3
g 4=y
-2
6=4-y
2=-y
_2:y

3x-4f(x)=6
-4f(x)=-3x+6

f(x)=§x—§
4 2

A=) —6=0 vy (g3
- N !
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82. 6x-5f(x)=20 88. a. First, find the slope using (20, 51.7) and
5 (X) =—6x+20 (30, 62.6).
F(x)=2x-4 o _5L7-626_-109_, o
5 20-30 -10

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

y-yi=m(x—x1)
y —62.6 = 1.09( x — 30)
or
y—51.7 =1.09(x —20)

Gr — 5[‘(.\»-—20 =0
b. y-62.6=1.09(x-30)

83. Using the slope-intercept form for the equation
y—62.6 =1.09x—32.7

of a line:
-1=-2(3) +b y = 1.09x +29.9
1-_64+b f (x) =1.09x+29.9
5=b ¢. f(35)=109(35)+29.9 = 68.05
84. _ 3 . . .
—6=—"(2)+b The linear function predicts the percentage of
2 never married American males, ages 25 — 29, to
—6=-3+D be 68.05% in 2015.
3-b

89. a.  Life Expectancy for United States

85. My, m3, My, My Mules, by Year of Birth

."
86. D2, by, by, bs z
= 100120, 70) -+
g 8 >.'_“_.__‘r,...
87. a. First, find the slope using (20, 38.9) and e (4':: H- @0, 743)
(30, 47.8). 3 W
47.8-38.9 89 1020304050 x
M= 20 10 % Birth Years after 1960
Then use the slope and one of the points to
write the equation in point-slope form. b. m= Changeiny _74.3 -70.0 _ 0215
y—y1=m(x—x1) Change in x 40 -20
y—47.8=0.89(x-30) y—y=m(Xx-x)
1 1
or y —70.0 =0.215(x — 20)
y —38.9 = 0.89(x —20) y—70.0=0.215x - 4.3
y =0.215x +65.7
b. y-47.8=0.89(x-30) E() = 0.215% + 65.7
y—47.8=0.89x—26.7
y=0.89x+21.1 c. E(x) = 0.215x +65.7
f(x) =0.89x+21.1 E(60) = 0.215(60) + 65.7
=78.6
c. f(40)=0.89(40)+21.1=56.7 The life expectancy of American men born in
The linear function predicts the percentage of 2020 is expected to be 78.6.

never married American females, ages 25 — 29,
to be 56.7% in 2020.
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90. a. Life Expectancy for United States

Females, by Year of Birth

v

"E: 100 ' 14079'7
MLt
o SOCaeTanH
& Qe
= 20 i

1020304050 ~

Birth Years after 1960

b, m_Changeiny_79.7—74.7~ .

- Change in x 40-10

Y —Y1=m(X—X1)

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

c. E(X) =0.17x +73
E(60) = 0.17(60) + 73
=83.2

The life expectancy of American women born
in 2020 is expected to be 83.2.

91. (10, 230) (60, 110) Points mayvary.

m=%%5%¥=—¥8=—2.4

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_,

10-0 10

NORHAL FLOAT AUTO REAL RADIAN HP D

+

>

|
-
e
L
\ S
|
-
e
R e R R o

Section 2.3 Linear Functions and Slope

101. Two points are (0, 6) and (10, —24).

_=24-6_=30_
10-0 10
Check:y=mx+b:y=-3x+6.

NORHAL FLOART AUTO REAL RADIAN MF n

-3.

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

-10-(5)_=5__1
10-0 10 2

HORMAL FLOAT AUTO REAL RADIAN NP n

|

m=

m
-1

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

m_585G2 15 07503

4
3

Check: y=mx+b:y=_x-2.
4

NOEHAL FLOAT AUTO REAL RABIAN MP D
loi

v
10

=10 0

104. a. Enter data from table.

b.

NERMAL FLOAT AUTD REAL RADIAN HP n

310
P ®

o

Copyright © 2018 Pearson Education, Inc.
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105.

106.

107.

108.
109.

111,
112.

c. a=-22.96876741

b =260.5633751
r=-0.8428126855

NERMAL FLOAT AUTD REAL RADIAN HP .

30

-]

p——— i ————y

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

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

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.

makes sense

false; Changes to make the statement true will vary.

A samgle change is: It is possible for m to equal b.
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.

true

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

244

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

4 4
S_4-0_ 4l

0-(-2) 0+2 2

2

114.

115.

116.

y—yi=m(x-x)
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.

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

slope is !
5

1
So the equation of the lineis ¥ =_X—6.
2
We can put this equation in the form ax + by =c to

find the missing coefficients.
y=_Xx-6

L\

y—-_x=-6

2(y-1,)=2(-6)
| |

L2
2y—x=-12
Xx—-2y=12

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

Answers will vary.

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

Elvis. Then
mzwzmzzmUsing«,y:§5,(lo, )
125-25 100 11

point-slope form tells us that

E-40=2.4 (M- 25) or
E=24M-20.
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Section 2.3 Linear Functions and Slope

Using the slope and one of the intercepts, we can 117. Answers will vary.
write the line in point-slope form.
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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,  X#3.x=2
(x+3)_ Ix=2 )
12/ X+3 05 ol X=2
| | |
L4 ) U3 )

3(x+3)>4(x —2)+12

3X+9>4x-8+12
3X+9>4x+4
5>x
X<5

1
]

The solutionsetis {x[x<5} or (-o,5].

120.32x+6}-9<15
3|2x + 6 < 24
3|2x+q <24
—3— 3
|2x +6/<8
—8<2x+6<8

14 <2x <2
-7<x<1

i 4 -
r ¥

Thesolution 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

Copyright © 2018 Pearson Education, Inc.
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122. Since the slope is the negative reciprocal of — E ,

4
then m=4.

y—yr=m(x—Xt1)
y—(-5)=4(x-3)
y+5=4x-12
—4x+y+17=0
4x—-y—-17=0

123 f(x2)—f(x) _f(4)-f(1)

Xo— X1 4 —1
42 12
C4-1
_15
3
=5
Section 2.4

Check Point Exercises

1. Theslope of theline y =3x + 1is 3.
y —yi=m(Xx —X)

y-5=3(x-(-2))

y —5=3(x + 2) point-slope
y—-5=3x+6
y = 3x + 11 slope-intercept

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 — 3thus the slope of

any line perpendicular to this line is 3.

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

y—y1=m(x—xl)
y—(-6)=3(x-(-2))
y+6=3(xX+2)
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y+6=3x+6
-3x+y=0
3x —y =0 general form
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m_Chanqe |nv_15—11.2_ﬁ~02

3. = = ="==0.
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) 18-0°
4, a 2 ' = =1
Xo— X1 1-0
3 13
b f(x)—f(x):2_1 _8-1_97
X2 — X1 2-1 1
f(x)-f(x) 0°-(-2)° 8
—e=x = 0-(-2) 2
5 fx)—f(x) _fR)—f(1)
X2— X1 3.1
_0.05-0.03
3-1
=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 —3 0 3
1
4 -2; —
2
5 Y X

6. f_(XZ_)_(__ f Xl.)

X2 — 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-yi=m(Xx-x1)

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.

L will have slope m = -2 . Using the point andthe
slope, we have y—4=-2(x-3). Solve for y to

obtain slope-intercept form.

y—-4=-2Xx+6
y =-2x+10
f (x) =-2x+10

Since L is perpendicular to y = 2x, we know it will

have slope m = _5' We are given that it passes

through (2, 4). We use the slope and point to write the
equation in point-slope form.
y-yi=m(x-x1)

1

y—4=—§ (x-2)

Solve for yto obtain slope-intercept form.
—4=—_(x-2
y 5(x=2)

y—-4= = X+1
i
y=—_Xx+5
2
In function notation, the equation of the line is
f(x) :—_1x+5.
2
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L will h I 1
Wil have SIpEM =" g Jine passes through

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

2=t(x()
y %( )

y—2=5x+1)

Solve foi yto 1obtain slope-intercept form.

<
|
N
Il
PN
>
+
|

y=_X+_+2

P
+
NI [N PN

<
|

|
NN N
3
+

f(x)=

m = —4 since the line is parallel to

y =—4x + 3; x1= -8, y1=-10;
point-slope form:  y+10=-4(x + 8)
slope-intercept form:y + 10 = —4x — 32
y=-4x—42

m = -5 since the line is parallel to y=-5x+4;

X1=-2,y1=-7;

point-slope form:y + 7 =-5(x + 2)

slope-intercept form: y + 7 =-5x —-10
y =-5x-17

m = -5 since the line is perpendicular to
1
y:§x+6; X1=2,y1=-3;
point-slope form: y + 3 = -5(x — 2)
slope-intercept form: y + 3 =-5x +10
y=-5x+7

m = —3 since the line is perpendicularto Y = §X +7;
Xi=-4,y1=2;

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

9.

10.

11.

12.

2x—-3y-7=0
=3y =-2x+7
27
y=_X-_
3 3

2 2 .
The slope of the given line is 3 1350 m =~ since the

lines are parallel.
point-slope form: y — 2= 3—(X +2)
general form: 2x -3y + 10=0

X —-2y—=
-2y =-3x+5
3 5
y=_X-
2 2 3 3
The slope of the given lineis _, som= _ since the
2 2

lines are parallel.

3
point-slope form: ¥ —3="(x+1)

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

Xx—2y-3=0
—2y=-X+3
213
2 2

1 .
The slope of the given lineis ~, S0 m = -2 since the

lines are perpendicular.
point-slope form: y+7=-2(x-4)

general form: 2x+y—-1=0

X+7y-12=0
Ty=-x+12
yoly, 12
7 7
The slope of the given line is — l_ S0 m =7 since the
7

lines are perpendicular.
point-slope form: y + 9 = 7(x — 5)
general form: 7x —y —44=0
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15.

16.

17.

18.

19.

20.

21.

248

52+2.-5-(32+2-3) 25+10-(9+6)
5-3 2

~ (8

=10

62 -2(6)-(32-2-3) 36-12-(9-6) 21

=
D
|
© |1
\l
~|

Since the line is perpendicular to x = 6 which is a
vertical line, we know the graph of f is a horizontal
line with O slope. The graph of f passes through

(-1,5) , so the equation of fis f ( x) =5.

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

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

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

We use these

will pass through (2,0) and (0,-4).
points to find the slope.

—4-0_-4

m= —=2

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

will have slope m=— !

2
1
Use the point (-6,4) and the slope — ) to find the

equation of the line.
y-yi=m(x-x1)
1
y—4=—;(X—CﬁD

y—4=—21(x+6)

1
y—-4=-x-3
y:—£x+1
2
f(x)=4%x+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.
_=9-0_-9_,
0-3 -3

m

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

will have slope m =— 1_
3

Use the point (5, 6) and theslope — > to find the

equation of the line.
y-yi=m(X-x1)
1

y=6=—3(x-(-5))
1
—6=—-"(x+5
y 3(x+)
1 5
—-6=—x- _
=i g
1 13
y=x+ _
3 3
f(x ——1x+§
) =377,
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23. First put the equation 3x — 2y — 4 =0 in slope-

intercept form.
3X—-2y-4=0
—2y=3x+4
3
y="Xx-2

2
The equation of f will have slope — 2 _sinceitis

3
perpendicular to the line above and the same
y — intercept —2.

So the equation of fisf ( x) = - 2x-2.
3

24. First put the equation 4x —y — 6 = 0 in slope-intercept

25.

26.

27.

28.

29.

form.
4x-y-6=0
—y=-4X+6
y=4x-6
The equation of f will have slope — ! since it is
4

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

1
So the equation of fis T (X) = —ZX—G-

p(x) =—0.25x + 22

p(x) =0.22x + 3

m _1163-617 _546 _

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

137

m = 623 —1273 _ -650

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

~-130

a. f(x)=1.1x3- 35x% + 264x + 557
f (0) = 1.1(0)3 — 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

30.

Section 2.4 More on Slope

a. f(x)=1.1x - 35x% + 264x + 557
f(0) = 1.1(7)% — 35(7)2 + 264(7) + 557 = 1067.3
f (12) = 1.1(12)% — 35(12)2 + 264(12) + 557 = 585.8

585.8 -1067.3

b. This underestimates the decrease by 34
discharges per year.

31. — 36. Answers will vary.

37.

1
=_Xx+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.

b. The lines do not appear to be perpendicular.

NORHAL FLOBT AUTO REAL RADIAN 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.

NORHAL FLOAT AUTOD REAL RADIAN H#& u
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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

40.  does not make sense; Explanations will vary.
Sample explanation: Slopes can be used for
segments of the graph.

41.  makes sense

42.  Write Ax + By + C = 0 in slope-intercept form.

Ax+By+C=0
By=—Ax-C
By _-Ax C
B B B
A C
y=-—_X—_
B B A

The slope of the given lineis — B .

The slope of any line perpendicular to

B
Ax+By+C=0is_.
A

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

has slope m :4—_(_—3) :M:l:_l

-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.

This line is perpendicular to the line above so its
slope is 3_ Therefore, — A = 3_50 A=— i

7 7 7

44, 24+3(x+2)=5(xx-12)
24+3x+6 =5x-60
3x+30=5x-60
90 =2x
45 =x
The solution set is {45}.

45. Let x = the television’s price before the
reduction.
x —0.30x =980

0.70x =980

Copyright © 2018 Pearson Educati

Section 2.4 More on Slope

46. 2xB _5x13_3=0
Let t=x'3,
22 -5t-3=0
(2t +1)(t-3)=0

2t+1=00r t-3=0

2t=-1
1

= t=3
2

X1l3:_ X1/3:3
(1Y

x=|—_| X =33
\ 2)
1

x=-" x =27
8 (1 )

The solution set is J= 27
8

L J

47. a. ﬂx):l,rl -

© The graph in part (b) is the graph in part (a)
shifted down 4 units.
48. a.
a =2
(-39 =1 (3.9)

5'x
(0, 0) 251
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980
0.70
x =1400
Before the reduction the television’s price was
$1400.

X
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c. The graph in part (b) is the graph in part (a)
shifted to the right 2 units.

49. a.

—0.0)!

The graph in part (b) is the graph in part (a)
reflected across the y-axis.

Mid-Chapter 2 Check Point

1.  The relation is not a function.
The domain is {1, 2}.
The range is {-6, 4, 6}.

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

The range is {1,4}.
3. Therelation is a function.

The domain is {x | -2 < x < 2}.
Therangeis{y|0<y <3}

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

Therangeis{y|-1<y<2}.

10

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Mid-Chapter 2 Check Point

The relation is not a function.
The domain is {-2,-1, 0,1, 2}.
The range is {-2,-1,1,3}.

The relation is a function.
The domain is {x | x <1}.

Therangeis {y |y >-1}.

X2 +y=5
y=-x*+5

For each value of x, there is one and only one value
for y, so the equation defines y as a function of x.

X+y?>=5
y2 =5-X
y =46 —x

Since there are values of x that give more than one
value for y (for example, if x = 4, then

= + - -
y ~+/5 -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: (—oo, oo)

. Range: (—,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)

f (100) is negative.
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23. neither; f(—x)=x and f(—x) = —x

24.

25.

26.

250

foe)=f(a)_ f(@A)-f(4)_-5-3__,
Xo— X1 4-(-4)  4+4

Test for symmetry with respect to the y-axis.
X=y>+1

-x=y?+1
x=-y2-1

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.
X=y2+1

x=(-y) +1

X=y?2+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

—Xx=y?+1
X=—y2-1

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.
y=x3-1

3
y=(-x) -1
y=-x3-1
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=x3-1

—y=x3-1
y=-x3+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.

3L

y=x3+1
The resulting equation is not equivalent to the
original. Thus, the graph is not symmetric with
respect to the origin.

.- LR x
PEEEEGS )
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Mid-Chapter 2 Check Point

32. y 38. ¥
PR
/2.0 Eiiti.'li.!‘,'.‘ s
8 & X
(=4. =D 0, =1)
’Tf’f’?’f} (0, =4y NENENE NN
dv—=2y=8§

33.
39. a. f(—X)=-2(-x)>-x-5

=-2x2-x-5
neither; f (—x) #x and f (—x) = —x

b f(x +h) —f(x)
' h
_—2(x+h)*+(x+h) =5 (=2¥* + x - 5)
h
:—2x2—4xh—2h2+x+h—5+2x2—x+5
h

34.

_ —4xh-2h?+h
. - h
o _h(=4x=2h+1)

35. | y . = h
(=4, ) =—4x-2h+1

N0 A
(2N h 40. C(X)= 4(30 it 0<t<200

HH Yo =] 130+0.40(t-200) if t> 200
Jir=|xl-4

a. C(150)=30
36. 5y=-3x

3 b.  C(250) = 30+ 0.40(250 — 200) = 50
y=-_X

41, Yy —Yyi=m(X—X1)
y-3=-2(x-(-4)
y—-3=-2(x+4)
y—-3=-2x-8

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

37.

42. m= Change in y_1- (=5) =§=2

y=14 Changeinx 2-(-1) 3
. y=yi=mKXx —x)
S Saasay y-1=2(x-2)
y-1=2x—4
y=2x-3
HHEH f(x) = 2% 3

{
e e e e
1
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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.

Yy —Y1=m(X —Xu)

Y- (-4)=3(x-3)
y+4=3x-9

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

44, 2x-5y-10=0
-5y =-2x +10
hy_2, 10
-5 -5 -5

y:EX—Z
5

The slope of the given line is E and the lines are
5

perpendicular, som=—_.
2

Y —Y1=m(X —X1)
V-3 =-2(x-(-4)

y+3=—_x-10

f(x) =~ x-13

<
1l
|
N G o o
=
|
[y
w

45. p—Changeiny 0-(=4)_4
! Changeinx 7-2 5

m=Chanqeiny=6—2=£_1

2 Changeinx 1-(-4) 5
The slope of the lines are equal thus the lines are
parallel.

46. a _Changeiny_42-26 _16 _q16
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.

47, o) —f(x) _f(2)—f(=1)
X2 — X1 2 - (_1)
) (327-2) - (3(-1- (1))

2+1

=2

Section 2.5

Check Point Exercises

1. Shift up vertically 3 units.

0.0 (4 0) 1§ (8 x
15, D18 2)

3. Shift to the right 1 unit and down 2 units.

4.
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Reflect about the y-axis.

a.  Horizontally shrink the graphof ¥ = f(X).
L .
.ff],w-sr_ |
AL 03,0
i anlil
(—1,0) i

y anan
1 4

. "1:_3"

| Ll 1.l

glx) = f(2x)
b.  Horizontally stretch the graph of y = f (x).

gt

oy
S, 3

, (4, ) (12,0
AN
oo N
I 'I”It:_l_?}_l.:

The graph of y =f(x) is shifted 1 unit left, shrunk

by a factor of 1_ reflected about the x-axis, then
3

shifted down 2 units.
i

-

3, -1
(=3 -2 P

s
'HT“’_J'III )
LLI

1

(—=1,-3)

y=-%fi.r+l}-2

Section 2.5 Transformations of Functions

9. The graph of f (x) = x? is shifted 1 unit right,
stretched by a factor of 2, then shifted up 3 units.

(0, 5) j:éﬁl
e iane

1 5Hx

glx) =2y = 19 + 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

1. ¥
Sy
(-,

-
glxy=fixy+ 1

9 ¥
Ramn AR5
—2.n 12

5 x

gy =fixy -1

Copyright © 2018 Pearson Education, Inc.
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254

o

{_l'l 1’*-.

¥

(=3,2)

=t

glxy=fix + 1)

I |

.}I
(1, 2)

':_I-: 1]1-.

A Y62

=]
—

I
L1

gloy=fix—-1)-2

¥i

5

I

(_3: "‘]

H
i 1]
-1, 4} LD

o
¥

g =fir+1)+2

y
20 DG o)
oK
glx) = —flx)

il

X
- =1, =1)
=2 =1
(-2,-2) Ry

gix) = —fix)

5 o, 1)
{—z.u-]f— 'z,':E
|

5]

=T

glxy = —fix) + 3

10. LT
6l (2, 5)
(—2, 5y f Al 5

™
=T

gy =f{—x)+3

aliescs e
(i, 1)
(=2, D 1)
I
Sy

) = 3/

¥y (0, 4)
BT
H—l -

|
|
2,402, 4

12.

=t

-

£2lx) = 2f(x)
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Section 2.5 Transformations of Functions

1 n
13. rix) =f(i ) y 18. (11 _"y _{II:‘;}_
A AH {—-ll.}l;. Lol
T w2 ! P ING D
5 x TEAEE
1 | |
EINEEEEEEEEER
gx) =fln+1
14, &lx) = fiZx) ¥
- 1 1
$0.2)
(—1,2)e44(1,2) B "'r rrr
o (3.2)
4 (30 (5, )
N (L5
(_15 _1’
Ll L 11
15 .?Jl. LLLLITLT L
5 gx) = fix = 1)
(-4, - EEHERE * H
ST, -1 T, — (1,2)
0 (=S MNAT (3 ¥
s =~z +1 (-3,-2)
N
16. 7 gl¥) = fix + 1)
21. ¥
- 83, 1]
(0, —3y | x 3N 5,2)
ofo |1 INAL2)
(-1, =3)1(1,-3 C1.0) ray
I I | 1
glx) = —fi2v)—1
17 _,'F'JI- E(J']=f[.l'—|]'+1
I k] | i I
1. " yll.
2, 1) 22. TrTET
A (—1,-2)
(=4, -1) 21y ’ S ‘.Lmi——
—2. —3)](0, — 1) e ~ )
{| iu"u |3‘|]'{“ | |L == 2}__ }3‘ —2)
g(x) = fxy—1 (=3, —d)— =

pivy=fir+1)-2

Copyright © 2018 Pearson Education, Inc. 255



Chapter 2 Functions and Graphs

23.

24.

AN&0

Tl 3

Fi
N
glx) = fi—x)

25. Y

26. : i

glx)y = —filxy +1

27. Y4 -
i 502, 4)

n"

(—4. 0/
T Y “}1‘ 'I"

Fil
L)
(=2, —d)
gilx) = 2f(x)

'1"

4,0

28. ¥

]
=
T

{_4‘{“ Lk 1|

-

-
"
-
|

(4, 1)
O m S
(=2, =1) 4

T
g0 = T 1)

1T
%

256

29.

30.

31.

32.

¥
sf ]

H
1,2y
=2,

F2.m

.
FINEARd
(=1, =2y
B

zlx) = fi2x)

v
G
(=2, D]
FEN N

—6, —1) » ¥
(-6 ?' FHe oo
4 -9V

gy =fix)+12
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Section 2.5 Transformations of Functions

34. ¥ 39, . ¥
S
. cxben
(=4, =Z) ], 3 ¥ l_—ﬁ,lulj? mnealy
N 4;('4, —4) (=2,
0, =4)4 11 CTTTT
glo)y =fixy -2 Flxy = —%f{: +2)
35. Y4 v
; g

] ]
[ I
(—6,0) L L(=2,0) 2 16, 1)
< _,.q;g_j,- o1,
A ARBMaE (=202, 0T ¥

(-2, 2512, -2)
HHHH

gy =filr+2) gix) = —%f{;—:}
36 Y
4. J?‘
2
(=ZOHE O (=6, -2 .
h*"_ ‘-_,ﬁb _2} i pu = '!'_ )
(2, -2 ¢ 2, -1)
T = 'zf
x) = fix — 2) : .ll 1
) = fx —
gl = =3 flx +2) =2
37. ¥
———Ir-_lz‘lzlm 5{‘ Izm “ i papaspan
.S an 52,3 (6,3
. . (-2,2) 5
(=6, 011/ x (2,2)-
HE T
'I[ I.-’J L ) I
glixy=—fix+2) !

g{.r1=—%_ﬂx—21+2

]
(2,2)16,2) a3 ¥

{_1! “}: 'us “1.—.— x
20 0.0
}

e+ 0, N
2lxd e —2) ﬁ‘

g = 3/(20)

Copyright © 2018 Pearson Education, Inc. 257



Chapter 2 Functions and Graphs

44, y

45. z 1]
Fih e
{—|,—~||} i
i x
e
Ht T

|
|
gixy=fix—1-1

46. TT1 |J;j~ TT1
(I—II,S}_ZEI,J:!:
(-3.1) (3,1)
i 5
t_ss _]I
i
1

47. . M

(oL DS D
s

=

(1,
N
L1 L1
fxy=—fix -1 +1

48, ¥
| 1 |
IHERREK
T 1
(=5.1) .
ot Telx
(=3 =1} 1+
1. 23

plxy=—=fix+1)—1

258

49. ¥

B
o

&
H
=
_*.
=
&
1

z
.E‘
HE

-

50.

51.

]
I
Cr Tl
=1,1) (1,1

e

(_5: _I}

T
=

*
d. (3, ()

52.

gx) = 3 fix + 1)

vy (9

S|

11'“:“ 1Y

(5,1
-
X

! =

(=3, -4
(W

glxy =2fix - 1)

53.
(-2,4)

]

(0. 0)
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54, 0, mn
(_l- l)l.y

‘VAH“YG inns

et

i U
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116. 122. (-1,0)
(—2.1!_11'5 i
o‘%&\; ’i’:’i’:' z
et 1‘*&\(0 Lh
A o,(l -2)
117. hix) =int (=x) =1
123. y=+/x-2
124, y=-x3+2
125. y=(x+1)>-
118. y=( )
126. y=x-2+1
127. a.  First, vertically stretch the graph of f(x) = Jx by
the factor 2.9; then shift the result up 20.1 units.
119 b.  f(x)=29.x +201
f (48) = 2.9.48 + 20.1 ~ 40.2
The model describes the actual data very well.
c f(xp) =1 (x1)
X2— X1
_f(10)—f(0)
©10-0
120. =
(29410 201)- (2940 + 201)
N 10-0
_29.27-201
10
~0.9
0.9 inches per month
121. d f(x2)—f(x1)
X2— X1
__f(60) —f (50
B 60 — 50
(29480 120.1) (2.9 450+ 20.1)
N 60 — 50

hix) =int(—=x) + 1

~42.5633 — 40.6061

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.
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128. a.

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

b. f(x)=3.1K+19
f (48) =3.1.48 +19~ 40.5

The model describes the actual data very well.

c fx) —f(x1)
X2— X1

_£(10)—f(0)
-~ 10-0

o
. (3-“1_0 +19)- (31 +19)

10-0

_28.8031-19

10
~1.0
1.0 inches per month

d f(x2) —f(x1)
Xo— X1
_£(60) —  (50)
B 60 — 50
(3160 119)- (3150 119)

60 — 50

~43.0125 — 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.

NORMAL FLEAT AUTO REAL RADIAN HP ﬂ

135. a.

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

136. a.

137.
138.

139.

140.

141.

142.

143.

b.

b.

Section 2.5 Transformations of Functions

MORMAL FLOAT AUTD REAL RADIAH MP 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="f(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 = inthe x-axis, while the graph of

g is a reflection of the graph of y = ir/ihe 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.
145.

146.

147.

148.

149.
150.

true

900 = ~(x+ 4’
gx)=—%-5p1
g(x) =— Vx-2+2

1
90 =""_J16-x2 -1
4

(-a,b)
(a, 2b)

151. (a + 3, b)

152. (a, b 3)

153. Let x = the width of the rectangle.

154.

266

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

56

X=—"
4

x=14
X +13 =27

The dimensions of the rectangle are 14 yards by 27
yards.

VX410 -4 =x
VX410 =x+4

2
(\/X+10) =(x+4)
x +10 = x% + 8x +16
0=x2+7x+6
0=(x+6)(x+1)

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

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

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

156. (2X —1)(}2 +X —2) = 2X(X®* + X — 2) —=1(x®* + X — 2)
=2 +2X2 —4X— X2 —X+2
=2 +2x2 = X2 —4X —X+2

=23 +x2—5x+2

2

157. (f(x))2-2f(x)+6=(3x-4) —2(3x—-4)+6

=0x%2 —24x +16-6Xx +8+6
=9x%2 —24x —6x +16+8+6

=9x?-30x + 30
2 2X 2X
158. = =
ERTC 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

Q8MaIR of g = (~o0, -7) U (-7,7) U (7, ).

c.  Sinceh(x) = % — 27 contains an even root; the
quantity under the radical must be greater than or

equal to 0.
9x - 27=>0

9x > 27
X>3

Thus, the domain of h is {x x > 3} , or the

interval [3, ).
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Since the denominator of j(x) contains an even

root; the quantity under the radical must begreater
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 (—0,8).

(f+9)(x) =f(x) +9(x)
= x—5+(x2 —1)
=x-5+x2-1
=—x2+X-6
domain: (—oo, o)
(f-9)x) =f()-9(x)
=x—5—(x2 —1)

=X-5-x2+1
=xX+x-4
domain: (—oo, o)

(fg)9) = (x-5)(x* -1)
=X (x2 —1) - 5(x2 —1)

=x3—x-5x2+5
=x3-5x2 —x+5
domain: (—oo, o)

EAVNERT
L_ )= 222

9 9(x)

= e
x2 -1
domain: (—o0,-1)U (-1,1) U (1,0)

(F+0)00 =1 () +9 (0
SN PN

domain of f: Xx—-3>0

X3

3, %)

X+1>0
x>-1

domain of g:

Section 2.6 Combinations of Functions; Composite Functions

4.

(B+D)(x)

=B(x)+D(x)

= (~2.6%% + 49X + 3994) + (~0.6%> + 7x + 2412)
= —2.6%%+ 49X + 3994 — 0.6x> + 7X + 2412
=—3.2x% + 56X + 6406

(B+D)(x) =-3.2x* +56x + 6406

( 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.

(feg)X =f(a9(x)
=5(2¢ —-x-1)+6

=10x2-5x-5+6
=10x2-5x+1

(9°F)) =g(f(x)
=2(5x+6) —(5x+6)-1

= 2(25%? + 60X + 36) — 5x — 6 —1
=50x% +120x + 72 —5x — 6 -1

= 50%% +115x + 65

(feg)(x)=10x* —5x +1

(fog)(-1)=10(-1)-5(-1) +1
=10+5+1

=16
(fog)x) ===

1
T+2 1+2x
X

domain: [x x;tO,x;t—l]

Jt|*— 2f

Or(—oo,—l\\U(—l,O\U(O,oo)
YN
\ ) )
[—11},50)
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Chapter 2 Functions and Graphs

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, —).

7. h(x)=fog wheref(x)= xg(X)=x*+5
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Concept and Vocabulary Check 2.6

1.

2.

10.

11

12.

13.

14.

15.

16.

2610

negative

£ +909
(0 -900
f(9- 99

L g 0
9(x)

(<e0,00)
(2,)

0,3); @3.%)

composition;  f (g(x))
f; 9(x)
composition; g ( f(x))
g; f(9)

false

false

Exercise Set 2.6

1.

The function contains neither division nor an even

root. The domain = (—0, )

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

The denominator equals zero when x = 4. This value
must be excluded from the domain.
domain: (—0,4) U (4, »).

The denominator equals zerowhen x =-5. This

value must be excluded from the domain.
domain: (-0, -5) U (-5, ).

Section 2.6 Combinations of Functions; Composite Functions

10.

11.

12.

13.

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

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

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

domain: (-0, -3) U (-3,5) U (5, =)

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

domain: (—c0,~4)u(-4,3)uU(3,)

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

domain: (-0, ~7) U (=7,9) U (9, =)

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

domain: (—e0, -8) U (-8,10) U (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) U (-1,1) U (1, «0)

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

domain: (-0, -2) U (=2, 2) U (2, )
Exclude x forx=0.

Exclude x for 3——1 =0.
X

3
-1=0
e

|1 =x()
\X
3-x=0

—X=-3
Xx=3

domain: (—0,0) U (0, 3) U (3, «)
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14. Exclude x for x=0.

Exclude x for 4——1:0.
X
4—1:0
X
x[4 _ \:X(O)

—X=-4
x=4
domain: (—o0,0)u(0, 4)u(4, =)

15. Exclude x forx—-1=0.
Xx-1=0
x=1
Exclude x forA -2=0.
x-1

()| g2 [P D(0)
4-2(x-1)=0
4-2x+2=0
-2X +6=0
—2X=-6
x=3
domain: (—o0,1)u(1,3)u(3,)

16. Exclude x forx —2=0.

Xx—-2=0
X=2
4
Exclude x for ———3=0.
X—2

4 _3=0

X_
(X—2|(4_2\:| Xx—2 0

)x——23 ( )( )
\ )
4-3(x-2)=0
4-3x+6=0
~3x+10=0
~3x=-10

10
X=—"

270

17.

18.

19.

20.

21.

22.

23.

The expression under the radical must not be
negative.
Xx-32>20

X>3
domain: [3, »)
The expression under the radical must not be
negative.

X+ 220
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
X>-2
domain: (-2, «)

The expression under the radical must not be
negative.
5x+352>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
-2 2
x<12
domain: (—0,12]

<
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3
(°10 (10 )
domain: (—0,2) U 2, U

| 2T . |
33
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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 -6x20 x3 — 2x2 — 9x +18

—6x > -84 =x2(x-2) -9(x-2)

—6x _ -84 =(x-2)(x*-9)

-6 -6

x <14 =(x-2)(x+3)(x-3)

domain: (_00’14] -3, 2, and 3 must be excluded.

domain: (—o0,-3) U (-3,2) U(2,3) U(3,©)
25. The expressions under the radicals must not be

negative. 31.(f+g)(x)=3x+2
Xx-2>0 and X+320 domain: (—oo, )
X=2 X>-3 (f—g)(x) =f(x) — g(x)
To make both inequalities true, x > 2. =(2x+3)-(x-1)
domain: [2, «0) =x+4
domain: (—oo,0)

26. The expressions under the radicals must not be (f(¥) =f(x) - 9(x)
negative. =(2x+3)- (x-1)
x-320 and X+4>0 i x—3

X3 X>-4 domain; (—oo, )
k h liti >3.
ggmn;?n:eﬁ?ctn 5nequa ities true, x > 3 () (0= f()_2x+3

gl g0 x-1

27. The expression under the radical must not be domain: (—oo,l)u (1, oo)
negative. 32.(f+g)(x)=4x-2
x-220 domain: (-, )
X>2 f-))=0Bx-4)—(x+2)=2x-6
The denominator equals zero when X =5. domain: (——, —)
domain: [25)U (5.0). (fg)(x) = (3x —4)(x +2) =3x2 + 2x - 8
domain: (—, -)
28. The expression under the radical must not be ) () = 3x-4
negative. gJ X +2
x-320 domain: (—o0, —2) U (-2, )
X>3
The denominator equals zero when x =6. 33, (f+g))=3C+x-5
domain: 3,6)U (6, ). domain: (o, )
29. Find the values that make the denominator equal zero -2, 2, and 5 must be excluded.
and must be excluded from the domain. domain: (-o0,~2)u(-2, 2)u(2,5)u(5,%)

X3 —5x% — 4x + 20
=x2( x—5) —4( x-5)
=(x-5)(x-4)
=(X-5)(X+2)(x-2)
272 Copyright © 2018 Pearson Education, Inc.
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(f—g)(x)=-3x>+x

— 5domain: (-, o)

(fg)(x) = (x — 5)(3x* ) = 3x* ~15x*
domain: (-0, )

()
| g |
domain: (=0,0) U (0, )

(9=*=2
3x? L)
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34.

35.

36.

37.

274

(f+9)(X) =5x% +x-6

domain: (—, -)
(f-g9)X)=-5x2+x—-6

domain: (—, -)

(fg)(x) = (x - 6)(5x* ) = 5x° — 30x*
domain: (—e, =)

f),.,_ x—6
(Nw-x 2

c}o?nain: (=0,0)u(0,0)
(f+g)(x)=2x2-2

domain: (—ee, =)

(f-g)(x) =2x2 —2x -4

domain: (—-, --)

(fg)(x) = (2x% —x — 3)(x +1)
=2x3+x2—4x-3

domain: (—, --)
(T|(x)_ 2x2—>_g_—3
L)

= (2x=3)(x +1)

(x+1) =2x-3
domain: (-0, -1) U (-1, )

(f+9g)(x)=6x2-2
domain: (=, -)
(f—g)(x) = 6x%—2x
domain: (=, -)

(fg)(x) = (6x% —x —1)(x =1) = 6x3 — 7x2 +1

domain: (=, -)

(ﬂ x)= 6X-x-1 6x2—x -1

5)

domain: (=o0,1) y(1,%)

(£+g)(X) = (83 =x%) + (x> + 2x —15)
\ —2x—12
domain: (——, —)
(f —g)(X) = (8—x?)—(x? +2x-15)
=-2x2 - 2x +18

domain: (——, —)
(fg)(x) = (3 — x?)(x% + 2x —15)

= —x*— 2x3 +18x% + 6x — 45
domain: (——, —)

38.

39.

40.

(F+9)() = (5-x*) + (X + 4x -12)
=4x-7
domain; (——, —)
(f —g)(X) = (6-x2) —(x® +4x-12)
=-2x% — 4x +17
domain: (—ee, =)
(fg9)(X) = (5 —x2)(x* + 4x -12)
—x* - 4x3 +17x% + 20x — 60
dom
\9)

domain: (-0, —6) U (-6, 2) U (2, )

"II

main: (-, «)
f\ 5—

_ )=,

g ) x+4x -12

(f +0)(X) = /X + x —4
domain: [0, «)

(f —g)(0) = +/x— x+4
domain: [0, «)

(fg)(x) =xx - 4)

domain: [0, «)

() X~
g

domain: [O,4)U(4,oo)
(f +g)(X) =X + X -5
domain: [0, «)

(f —g)(x) = X -x+5

domain: [0, «)

(1900 = % x=5)

(?pfrqain: [0, ooz

h 3 —x?
| X%+ 2x 15

domain: (-0, —5) U (-5, 3) U (3, =)

Copyright © 2018 Pearson Education, Inc.



Section 2.6 Combinations of Functions; Composite Functions

domain:  [0,5)u (5, =)
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g, (Frg=2+ +to04 2 2*2 43, (f+9)09 =T () +9(0
X X X X _ 5x+1 + 4x—2
domain: (—o0,0)u(0,0) X2-9 x2-9
(f-gx=2+"-"=2 _ 91
X X X2 -9
domain: (~o,0)u(0, oo) domain: (—e0, -3) U(-3,3) U (3, =)
(1)1 1 2x+1 (f-9)¥) =f(x) - 9(x)
(fg)(x) = k2+_)|___x+x =z _5x+l 4x-2
domain: (=,0) U (0, ) _ ’f:g Xt -9
(£ 2+ (1) x2—9
X)=__ *=/ 2+ -X=2X+1
L 9 J |k XJ =1
domain: (—,0)u(0,0) X —3
11 domain: (—o0, —3) U(-3,3) U (3, =)
42, (1+9)0)=6-—"+_=6 (fg)(x) =f (x) - 9()
X X _ox+1 4x— 2

domain: (—2,0)u(0,0)

-9x2-9
(t-0)) = 6—1—1—6—2=M _(5xl)(dx-2)
domain: (—oo,O) U (0, oo) X X domain: (_OO, £§2) D%)_3,3) U (3, OO)
(fg)(x)=(6—1\-1=6—l 6x -1 5x +1
L xlx x @ e () g
gom‘?m (Loo,Ol) L’/(O oo) }\g )(X) = _Z_ZIX—_Z
) _ 6x (1) X —9
|__| 0=|6-|x=6x-1 )
\o) 1 U _5x+l x=9
domain: (—o0,0)u(0,0) X2 -9 4x_2
_b5x+1
)

The domain must exclude -3, 3, and any values that
make 4 x—-2=0.
4x -2=0

4x =2

1
X =

2
domain: (—e0, =3) U(-3,2,) U (,*-3) U (3, =)
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44,

(f+9)x) = f(x)+9(x)
_3x+1 + 2Xx—4
x2—-25 x2-25
_ox-3
- x2-25
domain: (—e0, -5)u(-5,5)u(5,)
(f=9)() =f(x) - g(x)
_3x+1 2x-4

X2-25 x?-25

X+5

X2 — 25

1
=x=5

domain: (-, -5)U(-5,5)u(5,)

(fg)(x) =f (x) - 9(x)
_3x+1 2x-4

x2 — 25 x%2 -25
(Bx+1)(2x—4)

= (XZ ) 25)2
domain: (o, -5)U(-5,5)u(5,)
() 3x +1

| =X~

\g) -4
X2 —25
_ x4l X2 — 25

The domain must exclude -5, 5, and any valuesthat
make 2 x -4 =0.

2x—-4=0

2x =4

X=2
domain: (—o0, -5)u(-5,2) U(2,5)u(5,)
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45. (f+9)(x) = (x) +9(x)

8x 6

= 4+ —

X—2 X+3
_ 8x(x +3) 6(x —2)

x-2)(x+3) (xX—2)(x+3)
_ 8x2 + 24x N 6x —12

x-2)(x+3) (xX—2)(x+3)
_ 8x% + 30x —12

x-2)(x+3)

domain: (—o,~3)u(-3,2)u(2,)
(f+9)0) =f(x) —g(x)

8x 6

X—2 X+3
_ 8x(x +3) 6(x—=2)

N

(x=2)(x+3) (x=2)(x+3)
8x? +18x + 12
T (x-2)(x+3)
domain: (o0, —3) U (-3, 2) U (2, «)
(fg)(x) =1 (x) -g(x)

8x 6

X—2X+3
_ [148x + 3)

(x=2)(x
domain: (-0, -3) U (-3, 2) U (2, x)
8x
)

(t]; )|(X)=X_‘63

X+3
_8X x+3
x-2 6
_MX(x+3)
T 3(x-2)
The domain must exclude —3, 2, and any values that
make 3(x—2)=0.
3x-2)=0
3x-6=0
3x=6
X=2
domain: (-0, -3) U (-3,2) U (2, )
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46. (f+g)x) =) +a9(x)

7
X—4 x+8

_ Ix(x +8) N 7(x—4)
(x-4)(x+8) (x—-4)(x+8)

Ox2 +72x  Tx —28

T8 (-4
_ 9%+ 79x - 28
(x—4)(x+8)

domain: (—o0, —8)U(-8,4)U(4,%)
(f+9)x)=f(x) -9 (¥

9x 7

X—4 x+8

Ox(x + 8) 7(x—4)

T (X —H)(x+8)  (x—4)(x+8)

Ox2 +72x  7x —28
DK T8)  (x-4)(x+8)

_ 9x* + 65x + 28
(x=4)(x+8)

domain: (—o0, —8)U(-8,4)u(4,0)
(f9)() =f(x) - 9(x)

_ 71
X—4 x+8
_ 63X
(x=4)(x+8)
domain: (—c0, —-8)U(-8,4)u(4,0)
_9x

() X —4

1)
\9)

I~

X+8
_9X x+8
Cx-4 7
_ X(x+8)
 T(x -4)

The domain must exclude -8, 4, and any valuesthat

make 7(x — 4) = 0.
7(x -4)=0
7x—28=0

47.

48.

49,

(f +9)(¥) =Vx+4+vx-1

domain: [1, )

(f-g)() = jx¥3~

x-1
domain: [1, «)

(fO)(x) = K2 /x—1=/x2 +3x -4

domain: [1, o)

(DJ(X) _ Jx+4

g Vvx-1

domain: (1, «)

(f+9))=Vx+6+

domain; [3, ) Jx -3

(f-g9)x) = “x+6_m

domain: [3, )

vV x%+3x-18
()0 = KF6-Jx 3=
domain: [3, )
[D (x) = X +6
LQJ VX -3
domain: (3, )
(f +9)(X) =Vx-2+2—x
domain: {2}
(f—g)(X) =vx—2 -2 —x
domain: {2}

(fo)(¥) = K=2- 2 —x =J-x2+4x -4
d,pmain: {2}
Mo~
| —] 2-X
x =28
X=4
domain: (—e0, -8)U(-8,4)u(4,%)
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50.

L)

domain: &

(f +9)(x) =
domain: {5}
(f -0)(x) =
domain: {5}
(fo)(x) = x-5-
domain: {5}

M
W,

domain: &

Section 2.6 Combinations of Functions; Composite Functions

Jx -5 /5-x
Jx -5 5-x
J o Box Jx®+10x-25

= X -5
g 5-x

Copyright © 2018 Pearson Education, Inc.
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51.f(x) = 2x; g(x) =x + 7 56. f(x)=7x+1;9(X)=2x*-9

a.  (fog)(x)=2(x+7)=2x+14 a  (fog)x) =72 —9)+1=14 —62

b (gof)(x) =2x+7 b. (g0 f)(X)=2(7x +1)2 -9

c. (fog)(2)=2(2)+14 =18 = 2(49%% +14x +1) — 9

=098x%+28x -7
52.f(x) =3x; g(x) =x-5

0 = 2 _ -
a. (fog)(x)=3(x-5)=23x-15 c. (feg)(2)=14(2)*-62=-56

b. (geof)(x)=3x-5 57. f(X)=x2+2;g(X)=x2—2

a  (fogX) = -2)2+2
=x*—4x2+4+2
53.f(x)=x+4;g(x)=2x+1 =x*—4x° +6

c. (fog)@2) =3(2)-15=-29

a  (feg)(x) =(2x+1)+4=2x+5 b. (gof)x) =02 +2?2-2

_ 4 2 _
b. (g f)(X) =2(x+4)+1=2x+9 =X A+ 4 -2
=X+ 4x%+2

c. (fog)(2)=2(2)+5=9 & (Fog) =2 —4Q2) +6=6

54.f(x) =5x+2;g(x)=3x—-4
58. f(X)=x2+1;g(X)=x>-3
a.  (fog)(x)=503x-4)+2=15x-18
a  (fog() =(®-3)2+1

b. (gof)XX)=3(5x+2)—-4=15x+2 B2+ 941

c. (fog)(2)=15(2)-18=12 =x*-6x2+10

b. (gof)(x)=x+1)?-3
=x*+2x*+1-3

a.  (fog)x)=4(5x*-2)-3 =x*+2x2 -2
=20x?-11

55. f(x) =4x—3;g(x) =5x2-2

c.  (fog)2)=2"-6(22+10=2
b.  (gof)(x) =5(x—3) -2
=5(16x% —24x+9)-2
=80x? —120x + 43

59, f(X)=4-x;9(X)=2x+x+5

a. (f og)(x):4—(2x2 +x+5)
c. (fog)(2)=20(2)%-11=69 =4-2x2 —x-5
=-2x-x-1

b. (g f)(x)=2(4-x)" +(4-x)+5
=2(16-8X+x2)+4—-x+5
=32-16X+2X* +4—Xx+5
=2x2-17x + 41

c. (fog)2)=-2(2-2-1=-11
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60. f(X)=5x-2; g(X)=-x>+4x-1 64. f(x):6x—3;g(x):%

a. (fog)(x):5(—x2+4x—1)—2 a  (f 9= (Xx+3)
=-5x2+20x-5-2 ° 6 |6|—3:x+3—3:x
=-5x2+20x — 7 \ /

6x-3+3 6x
b. (g f)(x) = —(5x-2) +4(5x-2)-1 b @eNM=" o =77

= —(25%2 — 20X +4) + 20x -8 -1

=-25x? +20x —4+20x —8-1
= —25x? + 40x —13

c. (feg)@)=2

65. f(x)= i:g(X) =
X X

a (fog®) * X

c.  (fog)(2)=-5(2)+20(2) -7 =13

6. f(X)=~xgKx)=x-1

x I

a.  (feg)(®)=vx-1 b.  (gof)(x) _

_X

x|

b (gof)()= X1

¢ (fog)@)=2
66. f(x)=2;00) ="
62. f(X)=.Xx;9(x)=x+2 X X

c. (fog)2=+2-1=-1=1

a.  (feg)(x) = vVx+2 a. (fog)(x):E:x
b. (gof)(x)= x+2 2
_ b (gef)(X) —_ _X
c. (fog)(2)=+2+2=-/4=2 H
63.1‘(x):ZX—3;g(x)=XJr3 c. (feg)=2
2 (1) 2
(x+3) 67. a  (F))=f/y =3 x#0
 (feq) = . v
a (fog)(x)=2| | -3 L2 Jx +3
=x+3-3 ~ (1200
—x +3 (%)
1
(2x-3)+3 2x \ /
b. (ge°f)x) = == =X _2X
2 2 1+ 3x
c. (fog)2)=2 b. We must exclude 0 because it is excluded from

g.
1
We must exclude ——
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because it causes the

denominator of f g tobe .
domain: FO—OO, - 1% U (b— P O\ U (0, oo).
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69.

70.

71.

(1) 5

b.  We must exclude 0 btfcause it is excluded from g.

We must exclude — A because it causes the

denominator of f o g to be 0.

(1 (1)
domain: | -0, — U] =, 0 [U (0, x).

L4 L4 )

a.  (fog)x)=f

b. We must exclude 0 because it is excluded from
g.
We must exclude —4 because it causes the
denominator of f o g to be 0.

domain: (—o0,~4)U(-4,0)u(0,).

(6) x86
fo _f - == ="
a 9(%) |x| 6 6 +5x
K) +5
X

b. We must exclude 0 because it is excluded from
g.

6
We must exclude — E because it causes the

denominzator of f6°9 tofbeé). \
-0, -~ U -=,0

domain: u (O, oo).
shlis )

a.  fog(x)=f(x-2)= Vx-2

b.  The expression under the radical in f eg  must

not be negative.

Copyright © 2018 Pearson Education, Inc.
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b.  The expression under the radical in f og
not be negative.

x—32>0
X=>3
domain: [3, ).

73. a.  (fog)(x) =f(J-x)

=(px e

b.  The domain of f o g must exclude any values

that are excluded from g.
1-x>0

—x=>-1

donfafnl (-, 1].

74. a. (fo g)(x)=f(¢—x2)

:(‘/2:) +1

=2-x+1
=3-X

b.  The domain of f o g must exclude anyvalues
that are excluded from g.
2-x20
—X>-2
X<2

domain: (-, 2].

75. f(x)=x* g(x)=3x-1

76.  f(x)=x%g(x)=2x-5
77. f(X)=3% g(x)=x2-9
78. f(x) =X g (x)=5x*+3
79. f(x)=x| g(x)=2x-5

80.f(x) =|x|; g(x) =3x—4

must
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X — 23>0 81. f(x):1 g(x)=2x-3
X>2 M
domain: [2, o).

82. f(x):l?g(x)=4x+5
72 2 fog(x)=f(x-3)= Vx-3 )

284 Copyright © 2018 Pearson Education, Inc.



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

(f+9)(-38) = f(-3)+g(-3)=4+1=5 95,
(9-1)(-2)=9(-2)-f(-2)=2-3=-1
(fg)(2)=f(2)9(2) =(-1)(1)=-1

(g)  a@®)_o
S RO

The domain of f+g is [-4,3].

f.
The domain of_éS (-4, 3).

The graph of f + g

(fog)(-1)=f(g(-1)=f(-3)=1
(feg)(1)=f(g(0)="f(-5)=3
(go1)(0)=g(f(®)=9(2)=-6
(e 1)(-1)=g(f(-1)=9g(1)=-5

Section 2.6 Combinations of Functions; Composite Functions

(feg)X)=7

2(X? —3x+8)-5=7

2x2 —6X+16-5=7

2x2 —6x+11=7

2x? —6x+4=0

X2 —3x+2=0

x-1)(x-2)=0
x—-2=0
X=2

x—=1=0or
x=1

96. (fog)(X)=-5
1- 2(3x2 X -1) -5

1-6x2 —2x+2=-5
—6x? —2x+3=-5
—6x2 —2x+8=0
32 +x-4=0
(Bx+4)(x-1)=0
3Xx+4=0 or x-1=0
33X = x=1

-4

4
X:__
3

97. a M+F)X)=M®X)+F(X)
=(1.48x +115.1) + (1.44x +120.9)

=2.92x + 236

b.  (M+F)(X) =2.92x + 236
(M + F)(25) = 2.92(25) + 236
=309

The total U.S. population in 2010 was 309
million.

c. ltisthe same.

98. a F-M)X)=FxX)-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

In 2010 there were 4.8 million more women
than men.

c. Theresultin part (b) underestimates the actual
difference by 0.2 million.
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99.

100.

101. a.

102. a.

286

(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))

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 fis -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.

b.  (fog)(x) = 0.75x —400

This models the price of a computer after first a

25% discount and then a $400 discount.

. (gof)(Xx)=0.75(x —400)

This models the price of a computer after first a

$400 discount and then a 25% discount.

d. The function f o g models the greater discount,
since the 25% discount is taken on the regular

price first.

rebate is offered.

g gives the cost of a pair of jeans that has been

discounted 40%.

b. (fog)(x)=06x-5

The cost of a pair of jeans is 60% of theregular

f gives the cost of a pair of jeans for which a $5

d.

(gef)(x)=06(x-5)
=0.6x-3
The cost of a pair of jeans is 60% of the regular

price minus a $3 rebate.

fe«g 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.

100.

110.
111.

112.

NORHAL FLOAT AUTO REAL RADIAN MF n

K
I
{
I

NORMAL FLOAT RUTO RERL RADIAN HF

2+

(fo

The
The

9= v2-A

domain of g is [0, «).
expression under the radical infeg  must not

be negative.

2

~JSx>0

—i X >-2

Jx <2

Xx<4

domain: [0, 4]

makes sense

makes sense

does not make sense; Explanations will vary.
Sample explanation: It is common that f o g and

price minus a $5 rebate.
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geof arenotthe same.
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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.

A sample change is: (fog)(x)= f ( ﬂ?
“(p+ )

=x>-4-4
=x>-8

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

A sample change is:

f(x)=2x9(x)=3x

(fog) (x) =f(g(x)) =f(3x) =2(3x) = 6x
(9o F)(x) =g(f (x) =9g(f(x)=3(2x) =6x

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

A sample change is:

(fog) (4)=f(g(4)) =f(7)=5

117. true
118. (fo g)(X) =(fo g)(-X)

f(g(x)) = f (g(-x)) since g iseven
f(9(x))=f(g(x)) sofogiseven

119. Answers will vary.

120. - =1-

Xt £13) F 0,
I\ s 2J=20le7U

4(x —1)—10(x +3) =20-5x
4x —4-10x —30 = 20-5x
—6x — 34 =20 - 5x
—-6X+5x=20+34

—-1x=54

x=-54
The solution set is {-54}.

121. Let x = the number of bridge crossings at which the
costs of the two plans are the same.

NcPass Discurfass
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-Axy(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=_+4

125. x=y?-1
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Section 2.7
Check Point Exergises
X+7)
1. f(ox)=4 -7
| |
4
L)
=X+7-7
=X
Ax=N+7
g(f()= 1
_Mx=T7+7
4
_4x
!
=X

f(909) = 9((9) =x
2. f(x)=2x+7

Replace f (x) with y:

y=2x+7

Interchange x and y:

X=2y+7

Solve fory:

X=2y+7

X=7=2y

X=7
=Yy

2
Replace y with -1 (x):
f -1 (X) =X—_7
2

3. fx)=4x3-1

Replace f (x) withy:
y=4x3-1
Interchange x and y:
x=4y3 -1
Solve fory:
x=4y3 -1
X+1=4y3
X+1

y3

y

>
Nk
[E=Y
Il

Replace y with f 1 (x) :

Section 2.7 Inverse Functions

Alternative form for answer:

x+1 3
ORI e Lt
4 3%
3 3
=\/H_1_- = ¥2x+
T
R %2 "&8
:3\éx+2
2
X+1
T/ ,x=b
f(X)—X_5

Replace f (x) withy:
x+1

_x—5

Interchange x and y:

NEVES |
y -5

Solve for y:

=Y+l

y-5

x(y-5)=y+1

Xy —5x=y+1

Xy —y=>5x+1

y(x -1) =5x +1

g 5x+l

x-1

Replace y with f=1 (x):

The graphs of (b) and (c) pass the horizontal line test

and thus have an inverse.

Find points of f*,
f () (%)
(-2,-2) | (-2,-2)

(-1,0) 0, -1)

w2 | @
(1,2)
: o
-1

l--""
A

(=2, -2)—=—1T|

k|

N
{“’1 _I:I

X
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-1
f(x)= [x+1

3 ——

4
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7. () =x2+1
Replace f(x) withy:

y=x*+1
Interchange x and y:

X=y2+1

Solve fory:
x=y>+1

x—1=y?

Nx=1l=y

-1

Replacey with f (x):
(x) =

Concept and Vocabulary Check 2.7
1. inverse

2. XX

3. horizontal; one-to-one

4, y =X
Exercise Set 2.7

1. f(X) =4x; g(x) X
o
f(g(x)) =4 H =X

o(f (%)) = ¥=x
4

fand g are inverses.

2. () =6600) ="

() °

3.

4.

5.

Section 2.7 Inverse Functions

f(x) = 3x + 8; §x2§;(;38

f(g(x))=3 | |+8:x—8+8:x
s
o(f ) = SR ¥y

3 3
fand g are inverses.

1) ~4rg2g) T

f(g(x)=4 +9= -9+9=x
N ’
L)
g((x):)(4x+9)4—9:ﬂzx
fand g are inverses.
5
f(x) = 5% — 9: g(x) =20
! 00) -5 225
| g17°
v 7)
_OX+25 g
9
_5x-56
9
_5x-9+5 5x-4
9(f(x) = P

fand g are not inverses.

X+3

f(x)=3x-7;9(x) =

f(g(x))—q(M\ 7_3x+9_7:3x—40

7 7

9(f00 =)

fand g are not inverses.

x—7+3:3x—4
7 7

3 3
f(x)=m;9(x)=;+4

flgo)-_ 3 = =x
+4
3

= lw

-4 2
g(fe)="—, +4

3.
X—4y —
= *x 4\+4

Copyright © 2018 Pearson Education, Inc.
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f(9()) =6l [=x
\6)

6X

g (f (X)):€=X

fand g are inverses.

284

S

=X—-4+4
=X

fand g are inverses.
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8. 2 2 4 (X
= “g(X)=2+5 b. f(f7(X¥))=2 _=x
f(X) x—5 g(X) .X.+ |'Z|
U
2 2X 2X
f(9(x) = = =X ) =" =x
-5 9 2
g(f(x))=“+5=2(X=5)1+5=x-5+5=x 14. a. f (x) = 4x
2 |
2! L,
fand g are inverses. y=
X=4y
9. f(X) =—x; g(x) =—x y= X
f(9(x) =—(-x) =x f,(
9(f (X)) =—(-x) =x ) ="
fand g are inverses. 4
3 f f’l _ (_X\_
10 () =2K=% 9 () =1+4 b f( (><))—4| =
F(900)= e+ 44 =% =x . xY
g(f(x))Z(E'X—4)3+4=x—4+4=x ) =7=x
fand g are inverses. 15. a f(x) = 2x+ 3
11. a f(x) =x + 3 y=2x+3
y=x+3 X=2y+3
X=y+3 _a_
y=x-3 X—3=2y
F1 (0 =x—3 yX=3
2
-1 RV — _
b. f(f7*X)=x-3+3=x f_1()():x 3
f1(f(X)) =x+3-3=x 2
12. a.  f(x)=x+5 b. f(f‘l(x))=2(X;3|\+3
y=x+5 2
L)
X=y+5 =Xx-3+3
y=Xx-5 =X
f1(0=x-5 (o =22y
2 2
b. f(rﬂm):x—5+5:x
16. a. =3X—
F(f(0)=x+5-5=x 6 a  Th=3-1
y=3x-1
13. a. f (x) =2x x=3y-1
y = 2X X+1=3y
X=2Yy 1
. =73
y=— 1
2 f1(x) ==
10 =~ 3
2 o T(1709) 32 g
' | 5 |
N/
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f ‘1(f (x) :)3—X
ST

3 3
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17. a. f(x)=x3+2
y=x3+2
X=y+2
x—2=y3
y=3x-2

N
f1(x)=x-2

b. f(f*l(x))z(i}(ﬁ—) 12

=X-2+2

=X —
fL(f(X)=Yx3+2-2=% —x

18. a. f(x)=x3-1
y=x3-1

Xx=y-1

X+l=y¢

y=3x+1

frx)=3x+1
3
b f(f2(0)=(*x+1) -1
Ni1—

+

[EEN

X
X

f1(f(x)=2x3= 3X.'3_ZX

'b“I

19.a. f(x)=(x+2)°
y=(x+2)°

3 3

b f(100)=("k-2+2) =(k) =x
£ (X)) = Yx +2)° —

=X+2-2
=X

Section 2.7 Inverse Functions

20. a. fX)=(x-1)°
y=(x-1)°
x=(y-1)°

Sx=y-1
{y=3i+1

b £ (£100)=(* x+1-1] =(*x) =x

-

fﬁ1 (f(Q)=Yx-1% +1 =x-1+1=x

1
21. a. f(x)="

>

< < <

Il Il Il
HFPE < |[kx lkx

<
Il
b

F1 (0=
X

b, fUF0) =" =x

= =

f(f(x) =

=X

X =[x

22.

=101 )= 222 X ox
(9= =%
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23. a. f (x) =X
y =-/x
X= ,ﬂ
y=x

f1x)=x2,x>0

b.  f(f*(x)=+x =kExforx=0.

S
f(r)=( )=

24. a. f(x)=3%
Y=
x=3
y=x
frx)=x®
b. (1K) =% =x
£2(1(0) = (%) =x

X+4

25. a. f() =

X x
NG N}

+

y:
X —

_y+

_y—2

Xy—2x=y+4
Xy—y=2x+4

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

I~ N

X

Section 2.7 Inverse Functions

2X+4

—x 1 +4
b. f(f'x)=L"——-
( ()) 2x+4 _ -
x -1
_2x+4+4(x-1)
2x+4—2(x—1)
:e_x
6
=X
o (x+4) 4

* )
fl(f(x))z
X+4
X—2 .
:2x+8+4gx—2!
Xx+4-(x-2)
6x
6

26. a. f(x) = x——6

ML
y—6
Xy—6x=y+5
Xy—y =6x+5
y(x-1)=6x+5
_bx+5

y_ —
f‘l(x)=6%+%,x¢1

Copyright © 2018 Pearson Education, Inc.
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6x+5 +5
b f(fx)= 6X+5 5

6x +5+5( x-1)

" 6x+5-6(x-1)
11x

(x+5)

F1(f () _H&'é

X+5
X—6

_ 6x+30+5(x—6)

X(y—-3)=2y+1
Xy—-3x=2y+1
Xy—2y=3x+1
y(x—-2)=3x+1

3x +1

3x+1
X2

2 3x+1 +1
b. f(fl(x))_l—LX 2
-3

:2(3x+1)+x—2:6x+2+x—2
3x+1-3(x-2) 3x+1-3x+6

3(2X +1)+1

FEEe) = 2x+1 +1
X3

_3(2x+1)+x-3
2x +1-2(x-3)
:6x+3+x—3 :B:x
2X+1-2x+6 7

. a f@cu

x+1
_ -3
x4+l
2y-3
y+1
Xy+x=2y-3
y(x—2)=—x-3
—Xx-=3
X—2

X =

y:

2 X#2

2( —X— 3)—3

—X-=3 41

b. f(f1(x)=
X-2

—2X—-6-3x+6 -=bx

= x-3+x-2 —-5 %
_(2X—3)_3
X +1
2x—3
x1 -2
_2X+3-3x-3_-5x_

2X—3-2x-2 -5

1 (f(x) =

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

290 Copyright © 2018 Pearson Education, Inc.



Section 2.7 Inverse Functions

have an inverse function.
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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_ y
have an inverse function. 2 X+
f -1 (X) —_
34. The function passes the horizontal line test, so it does 2
have an inverse function.
b.
35.
c.  domain of f : (—o0,00)
36.
¥ range of f : (—oo, )
Lall
. domain of ! : (—o0, o)
(—1, 2)ptrt®: range of f 1 (—oo0, )
(=300 £ = 2% — 3
Pipars 40. a. (X) =2x —
y=2x -3
37. x=2y-3
X+3=2y
X+3_
g 3
£ (0 = X +
2
b.
38.

il / (0, —3)

c. domainof f: (—oo,oo)

range of f (—oo, oo)
domain of f~1: (—oo, oo)

range of f: (—oo, oo)

292 Copyright © 2018 Pearson Education, Inc.



41. a.
b.
42. a.
b.
C.
43. a

C.

f(x)=x2-4y
= X% — 4x
=y2—4
X+4=y?
Jrd=
f1(x) =Vx+4

domain of} :[0,0)
range of f : [-4, «0)

domain of f 1 : [-4, )
range of f * : [0, «0)

f(x)=x2-1

domain of f : (—e0,0]
range of f : [-1, o)
domain of f [-1,0)
range of f 1 (=o0,0]

f(x)=(x-1)’

y=(x-1)
x:(y—l)2
~fx=y-1
—X 4l = y
f1(x) =1- +/x

44, a.

45, a.

Section 2.7 Inverse Functions

domam off (—oo 1]
range of f : [0, =)
domain of f *: [0, )
range of f 1 (—o0,1]

f(x)=(x-1)
y=(x-1)
x:(y—l)2
Jx=y-1
ﬁ+1 =y
f1(x) =1+ /x

domain of : [1, )
range of f: [0, =)
domain of f * : [0, «0)
range of f ™ : [1, o)

fx)=x-1
y=x3-1
x=y>-1
X+1l=y?
Pl =y
F30) = Ix +1

(0. 1) v

Copyright © 2018 Pearson Education, Inc.
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domain of f : (—o0,c0) 48. a.
range of f : (—oo, )
domain of f~*: (—o0, )

range of f 1 : (—o0, o)

46. f(x)=x3+1
y=x+1

X=y+1

x-1=y*
Ix-1=y
f1x)=3x -1

domain of f : (=0, ) 49. a
range of f : (—oo, o) -

domain of f 1 : (—oo, oo)

range of f * : (—oo, o)

47. f(x)=(x+2)°
y=(x+2)
x=(y+2)

3";(_=y+2
YPx-2=y

i A B
(-1,-3)

50. a.

domain of f ; (—oo, oo)
range of f : (oo, )

domain of f ™ : (—oo, o0)
range of f ~* : (—oo, o)

294 Copyright © 2018 Pearson Education, Inc.

f(x)=(x-2)°
y=(x-2)
x=(y-2)°
d =y-2
3‘{(_+2=y
i) = +2

(L 3)

PTE
N0
(1.—1)

domain of f: (—oo,oo)
range of f : (—oo, oo)

domain of f1: (—oo, oo)
range of f~1: (—oo, oo)

f(x)=+x-1
Y=x-1

X= [y=

x*=y-1

XX+l=y
f1x)=x2+1

domain of f : [1, «0)
range of f : [0, =)
domain of f *: [0, «0)
range of f 1 : [1, «0)

f(x)=~/x+2
y:ﬁ+2
Jy

X = +2

x—Z:Jg



Section 2.7 Inverse Functions

(x-2?=y
) = (x - 2)°
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b. c. domainof f: (—oo,oo)
range of f : (=0, )
domain of f: (-, )
range of f *: (—oo, )
¢.  domain of f : [0,) 53. f(g®)=1(1)=5
range of : [2, «0) 54. f(g(4)=f(2)=-1
domain of f *: [2, )
range of f - [0, ») 55. (9°f)(-1)=9(f(-1))=9(1)=1
SLoa ()= 41 56. (gof)(0)=g(f(0)=g(4)=2
.
Y=y + 57. 1 (g(l0))=f"(-1)=2,since f(2)=—1.
x=3y +1
x-1=3 58. f*(g(1))=f"*(1)=-1,since f(-1)=1.
(x-1)°=y
59. (fo 0) =f 0
0 = (x— 1)° (fr0)®= f((j(. 3)_1)
b. =f(-1)=2(-1)-5=-7
60. (gof)(0)=g(f(0))
i1 \ =0 (2 -0- 5)
(=10) =g(-5)=4(-5)-1=-21
0, —1) 61. Letf- (1) =x.Then
c.  domain of f : (=0, )
range of f : (—oo, ) F () il
domain of f * : (<0, ) 2X _2;? ;%
range of f ™1 : (o, o) n sz 3(1) ;
us, f1(1) =
52. a. f(x) =3k -1
y=3x-1 62. Letg *(7) =x. Then
x=3Jy -1 g(x)=7
xX=y-1 4x -1=7
¥4l=y 4x =8
F100=x+1 o X=§(7) ,
us,g- =
b.
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63. g(f[h®])=g(f[12+1+2])
=9(f()
—g(2-4-5)

=9(3)

=4.3-1=11

64. f(g[h@])=f(g[12+1+2])
=f(9(4)

=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), (Italy, - 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 passesthe horizontal line test and is one-to-
one.

b. f71(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).

c.  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.
9/5 1
69. f(g(x)):stg(x—SZ)J+32
=x—-32+32
(o= Slfox32) -2
o ]
|
IS
=x+32-32
=X

fand g are inverses.

70. - 75. Answers will vary.

LT HORHAL FLOAT SUTO REAL RADIAN MP gy

15+
{

not one-to-one

77. NORHAL FLOAYT AUTO REAL RADIAN HP n

one-to-one
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78.

79.

80.

81.

82.

298

NORHAL FLOAT AUTO REAL RADIAN HP 0

|
|

-3 5
~10
one-to-one
NORHAL FLOBT AUTU REAL RADIAN HP :n

E//Q

not one-to-one

NORMAL FLOAT AUTO REAL RADIAN HP n

o
-

not one-to-one

KORHAL FLOAT AUTO REAL RADIAN HP D

-

-5

-8

not one-to-one

NORHAL FLOAT AUTU REAL RADIAN NP D

one-to-one

83.

84.

86.

87.
88.
89.
90.

NORHAL FLOBT AUTO REAL RADIAN MNP n

5.

5 &_/

-3

not one-to-one

NOSHAL FLOBT AUTU REAL RADIAN HF B

f and g are inverses

NORHAL FLOAT AUTO REAL RADIAN HP n

f and g are inverses

NORHAL FLOAT AUTO REAL RADIAN HP n

fand g are inverses

makes sense
makes sense

makes sense

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

us if a function is one-to-one.
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91. false; Changes to make the statement true will vary. 96. f(x) = 3x-=2
A sample change is: The inverse is {(4,1), (7, 2)}. a 5x 3
92. false; Changes to make the statement true will vary. =3x=2
A sample change is: f(x) = 5 is a horizontal line, so 5x -3
it does not pass the horizontal line test. x =Y =2
5y-3
93. false; Changes to make the statement true will vary. x(5y -3) = S)y -2
X
="
A sample change is: ) 2 Bxy — 3x = 3y — 2
5xy -3y =3x -2
94,  true y(5x —=3)=3x-2
95. (fo g)(X) = 3(x + 5) = 3x +15. y:%
y =3x+15 3x :2
X = 3y +15 P09 =
- y1 5x -3
y= % Note: An alternative approach is to show that
fof)(X)=x.
_ x—=15 (
(f.9) (0=
3 97. No, there will be 2 times when the spacecraft is at the
gx)=x+5 same height, when it is going up and when it is
y=X+5 coming down.
X=y+5 98. 8+f(x—1)=10
y=x-3 f1(x-1)=2
g'(x)=x-5 f(2)=x-1
f(x) =3x 6=x—1
y =3X 7—y
X= ?(y x=7
y=_
3 99. Answers will vary.
(="
3
(g,lof,l)(x):x_g):ﬂ
3 3
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100. 2x2 -5x+1=0

5x+E:O
2 2

>
I

SN
-
(S]
H+
[N
~

101. 5x%4-15=0
5x32 =15
x34=3
(X3/4 )4 B _ (3)4 B

X = 343

The solution set is {34’3} .

300

102.3px -1k 21

LZX— >7

2x -1<-7 2Xx-1>7
x<-6 O 2x>8
&S—_ﬁ &Zﬁ
2 2 2 2
Xx<-3 X>4

The solution set is {xx<-3orx>4}

or (—oo, —3] U [4, oo).

-3 4

103 Jxe ) £ (y2y) 7 =J0-77 +(-1-2)

= o2 + -3y

8

1]
[oF4

~

o1

ol

104.

105. y2-6y—-4=0

y: -6y =4
y2—6y+9=4+9
(y-3)?=13

y-3=f3

y=3+ J13
Solutionset: {Bi {?}
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Section 2.8 Distance and Midpoint Formulas; Circles

Section 2.8 6. X2 +y? +4x—-4y-1=0
Check Point Exercises X2 +y2 +4x—-4y-1=0
1 d= . (x2+4x )+(y2—4y ):0
\/(xz—xl) +H(yzy 1y (2 +ax+a)+(y2+4y+4) =1+4+4
d=(2- (D) +(3-(-3) (x+2)+(y—2)?=9
=32+ 62 X = (=X +(y-2)?=3
_ /9336 So in the standard form of the circle’s equation

(x=h)2+(y—k?=r?, we have
h=-2k=2r=3.

=./45
=35
~6.71
o (127 244:3))_[8 -1y _[, _1)
22 2
\ J U ) v )
3. h=0,k=0,r= 4, .\"+A\':‘+4.\—4_\'—|=0
(x~0)? +(y~ 0 =4
X2 +y? =16

Concept and Vocabulary Check 2.8

4. h=0,k=-6, r= 10;

(x— 02+ [y - (-6) = 102 L Ve—x)2+ (y2-y1)?
(x—0)%+ (y+6)>=100

X2+ (y +6)2 = 100 2. XX, yity,
2 2
2 2 _
5 a (x+3)°+(y-1)"=4 3. circle; center; radius
X=(=3)] +(y-1)* =22
So in the standard form of the circle’s equation 4.  (x=h?+(y-k?=r?
(x=h?+(y-k?=r?,
we have h=-3, k=1,r=2. 5 general
center: (h, k) = (-3, 1) 6. 4:16

radius: r=2

Exercise Set 2.8

1 d=(14-2?2+(8-3)
=v122 4+ 5?

=144 +25
=+/169

W+ +y=-1=4

c. domain: [-5-1] =13
range: [-1, 3]

Copyright © 2018 Pearson Education, Inc. 295



Chapter 2 Functions and Graphs

2. d=4(B-52+(-1)?
=32+ 42
V9 +16

5. d =+/(-3-0)2 +(4-0)2
=32 +42
=/9+16

:

6 d=JG-0p+(-4-0)

= 3% +(-4)

H

=+/9 +16
=25
=5

7. d={BB-(-2QR+[-4-(-6)
_2%
~5.39

296

8. d=2-(4F +[-3-(-DF
~ /70
=240
~ 6.32

9. d=(4-0)+[1- (-3)]2
=47+ 42
=16 +16

10. d=4(4-0)+[-(-2)P

11, d=+/(~5-35)% +(6.2—8.2)2
=47+ 2y
=+/16 +4

20

A

o

4

Q
N
13

4

-~

2

<

12, d=4/(1.6-26)?+(-5.7-13)

(-2 +(-=7)

ol Il 1]

~ gL

: NS S

SN o] q
S
©
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13.

14,

15.

16.

17.

d= (8- 07 +0— (3

=@+ (37
=+/5+3

=8

=22

~ 2.83

d=
Jd-337+ @5LB)A

REORCER
 [16(3)+9(5)
=48 +45

2l

Q
© dl

18.

Section 2.8 Distance and Midpoint Formulas; Circles

19. (|6+

20.

21.

22.

4= \/(_JE 245) (55 - "u'l6_)2

d

~(-33) +(ad6)
=49-3+16-6

V27 +96

V123

~ 11.09

53
=J2re
Jai1

re
o
22

23.

24.

25.
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[ 2+(—6) 8+(—2)\J
(8 10\

:L »
(-4+(-1) -7 +(-3)): (-5-10)

|
|272 k22)

=|(-4,-5)
2 )

\
(=5 )
| 1_5|
2

\ J
( —3+6-4+ (- 8)|\

2
\/3 -12) /3)\

loz e
/2+g—8) 1+6\| (

' AFIS )
2 2 2

( 7(5\3 (11
| I—ﬂLI

-10 5\ ([ 5)
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26.

217.

28.

29.

30.

31.

32.

33.

298

(2 ( 2\ 7 M 4N [43) |
-] +]-5 15+ -15 5 15

5

—A— b Ji 22

\| U\ )
(grsaen

\ 52152) \ 510)

(8+(—6)§ﬂ\£|
2 .2 ¢

K(M\ )
SREEER
\ )
(743 - —6+(=2) ) (10%_—8\
A =3 R
3 |
o2 2 TR
(589
JIB+24+4)
5
)

(ﬁiﬁ =§’O\:(4§“0\:(ZZO)
IR S
O N UL
(ot mre) (5 22 @) |
L 2 o | Y2 o2
Se2 )L %
—_\I'l:D

e
QTo|ﬁ(329)

(x=0)2 +(y-0)2 =72
X* +y? =49
(x-02+(y-0)%=82

X2 +y> =64

36.

37.

38.

[o0)

39.

40.

41.

42,

[x—(—?;)]2 +(y—5)2 =32

(x+3) +(y-5)=9
(3] +[y-0]=( )
(x+3) +(y+1)=3

[x-(5) +[y- 3] =( )

(x+5)2+(y+3)2:5

[x—(-4)] +(y-0) =102
(x+4)° +(y-0)* =100

(2 +(y-0f =6
(x+2) +y*=36

X2 +y%2=16

(x—=0)2+(y—0)* = y?
h=0,k=0,r=4:

center = (0, 0); radius = 4

domain: [-4, 4]
range: [-4, 4]

2 2

X+y=49
2 2 2
(x=0)+(y-0)=7

34. (x=2)+[y-(-D] =4
(x-2)" +(y+1)" =16
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Section 2.8 Distance and Midpoint Formulas; Circles

35, [x—(-D +(y-4) =27 h=0,k=0,r=7;
center = (0, 0); radius = 7
(x+1)"+(y-4) .

Il
I

V=49
domain: [-7, 7]
range: [-7, 7]

Copyright © 2018 Pearson Education, Inc. 299
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43, (x=3) +(y-1)" =36
(x=3)" +(y-1)° =62
h=3,k=1,r=6;
center = (3, 1); radius = 6

n-sﬁ;u-lﬁ=m
domain: [-3, 9]
range: [-5, 7]

44, (x-2)+(y-3)° =16
(x=2) +(y-3)P=4
h=2,k=3,r=4;
center = (2, 3); radius =4

=2 +(r=37*=16

domain: [-2, 6]
range: [-1, 7]

45. (x+3)y+(y-2y=4
2 2 2
[X-(3)]+(y-2)=2
h=-3,k=2,r=2
center = (-3, 2); radius = 2

2

=4

(v +‘ .;)’ +(y =27
domain: [-5, —1]
range: [0, 4]

300

46.

47.

48.

(x+1)2 +(y—4)2 =25
[x= D) +(y -4y =5°

h=-1,k=4,r=5;
center = (-1, 4); radius =5
."

|

x+ 1P +(y—-494)7 =258

domain: [-6, 4]
range: [-1, 9]

X+2)2+(y+2)2=4
- (AP [y - (2P =2

h=-2,k=-2,r=2
center = (-2, -2); radius = 2

(=2, =4 pritts
(+2F+(y+2r=4

domain: [-4, 0]
range: [-4, 0]

(x+4)2 +(y+5)2 =36
(x4 +[y-(-5)] =6

h=-4,k=-5r=6;
center = (-4, -5); radius = 6

(+ 4+ (v+5P7=36
domain: [-10, 2]
range: [-11,1]
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Section 2.8 Distance and Midpoint Formulas; Circles

49. x2+(y-1) =1 52. (x+2)" +y2=16
h=0,k=1r=1; h=-2,k=0,r=4;
center = (0, 1); radius =1 center = (-2,0); radius = 4

.‘l
h (=2, 4)
BRFEP EERBAE
(=6, 0) TN (2. 0)
e 50"

X

(—2; '—-h 13

) X Ll Ll
F+y-D'=1 (+2P+vV=16

domain: [-1,1] _
range: [0, 2] domain: [-6, 2]
range: [4, 4]
50. x2+(y-2) =4
53. X2+y2+6X+2y+6=0
h=0,k=2,r=2;
center = (0,2); radius = 2 (X2 + GX) + ( Y +2 y) =6

(x2 +6x+9)+( y2+2y+1) =9+1-6
(x+3)2+(y+1)2 =4

[x— (3] +[9- (D] =2
center = (-3, —-1); radius = 2

24 (y- 2P =4

domain: [-2, 2]
range: [0, 4]

51. (x+1) ' +y2=25 PP a2+ 6=0
h=-1,k=0,r=5; 54, X2+y?+8x+4y+16=0
center = (-1,0); radius =5 (Xz " 8x) " ( V2 44y ) =_16

(x2 +8x+16)+( y? +4y+4) =20-16
(x+4)2+(y+2)2 =4

[x— (D] +[y- (2] =2
center = (-4, -2); radius =2

domain: [-6, 4]
range: [-5, 5]

FEP 4R +dy+16=10

Copyright © 2018 Pearson Education, Inc.
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Chapter 2 Functions and Graphs

55. X2 +y2 -10x-6y—-30=0
(x2 —10x)+( y2—6y) =30

(x2 —10x+25)+(y2—6y+9) =25+9+30

(x=5)" +(y-3)° =64

(x5 +(y—-3)> =8
center = (5, 3); radius = 8

Xy =1 =6y —30=0

56. x> +y?—-4x-12y-9=0
(x2 —4x)+(y2 —12y):9

(@ —4x+4)+(y2 -12y+36) =4+36+9

(x=2)" +(y-6)" =49

(x=2+(y-6)3>=7
center = (2, 6); radius = 7
.‘.

FHy =12y -9=0

57. X2 +y? +8x-2y—-8=0
(x2 +8x)+(y2 —2y)=8

(x2 +8x +16)+(y2 —2y+1) =16+1+8

(x+4)2 +(y—1)2 =25

[x= (8] +(y-17 =5
center = (-4, 1); radius =5

.
(—d. 6) 1P

CEY A+ -2y—-8=10

58. X2+y?+12x-6y-4=0

(x2 +12x)+( y? —6y) =4

(x2 +12x+36)+(y2 —6y+9) =36+9+4
[x=(-6)]" +(y-3)" =72

center = (-6, 3); radius =7

v
(=6, 10y sl T 1T

PEVHRr—6r—-4=0

59. X2 —2Xx+y*-15=0
(x2 - 2x)+ y2 =15
(x2 —2x+1)+(y-0)" =1+ 0+15
(x—ls +(y—02):16
(x-1)+(y—-0)=4
center = (1, 0); radius = 4

2 3
Xr=2024+y-=15=0

60. X>+y>-6y-7=0
x2+(y2—6y) =7
(x-0)* =(y?—6y+9)=0+9+7
(x-0)" +(y-3)° =16
(x=0)2+(y—3)?=42
center = (0, 3); radius =4

y

H e e, |

. -l
(—4.3[(?),4,3)

‘ NS T 1

{ €0, — )T
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61. X2 +y?—x+2y+1=0

2 2
X—X+y +2y=-1

x2—x+i+y2+2y+1:—1+_1+1
4 4
1Y , 1
|x__|+(y+1):#
.Y
1 .
centerz( ,—1\;rad|us=1

3 1
ey =-x+2y+1=0

62. x2+y2+x+y—l:0
2
1
X2+f Yy +y= 2
2 2 1 111
X+X+ +Y +y+ = + +

(R 1f 24

U720

11
center =
y

22 )

3 b
X hY Ex iy -=0

63. X2 +y2+3x-2y-1=0
X +3X+y?-2y=1
x2+3x+9+y2—2y+1=1+9+1

4
) 4
[ 3) 17
| x| +(y-1)=_
L 2) 4

Section 2.8 Distance and Midpoint Formulas; Circles

(3 )
center =| —,1|; radius = ﬂ

PEayE=-2y-1=0

64. x2+y2+3x+5y+—9:0
4
9
X2+3x +y?+5y = _
4
x2+3x+3+y2+5y+15:—_9+_9+35
4 4 4 4 4

( 3y, 5Y 25

X+_| y+_ :_
centerkz —2)23 _gﬁﬁ;%ajdiusi 5
\ ) 2

\

65. a.  Since the line segment passes through the
center, the center is the midpoint of the
segment.

M:LX1+X2 y1+y2\

AN
|3+79+11\| (|10 20\|
L2 2 ) \272)
= (5,10)

The center is (5,10) .

Copyright © 2018 Pearson Education, Inc.
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66.

304

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)
=22 412 =4+1
=5

The radius is +/5 units.

Since the line segment passes through the

center, the center is the midpoint of the

segment.

(x+xy+y\
2 1

=(4.5)

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) , weget:
d=4/(4-3)"+(5-6)
= (L +(-1)" =141

-2
The radius is ~2 units.

67.

68.

r2+.1'3= 16
r—v=4 v,

——
X

N

0, —4)

Intersection points: (0, —4) and (4, 0)

Check (0,-4):
02 +(-4)" =16
16 =16 true

0-(-4)=4
4 =4 true

Check (4, 0) :
424102=16 4-0=4
16 =16 true 4 =4 true
The solution set is { (0, —4), (4,0) } .

2eyl=9
r—y=3vy

Intersection points: (0, —3) and (3, 0)

Check (0, -3) :
02+(-3)" =9 0-(-3)=3

9 =9true 3 =3true
Check (3,0) :

324+02=9 3-0=3
9 =9 true 3 =3true
The solution set is { (0, -3), (3,0)} .
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69. v -2)24 (y+3:=4,
y=x-—3
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
02422 =4 -1 =-1true
4=14
true
Thesolution setis {(0,-3),(2,-1) }.
70.

=3+ (r+1P=9,,

Section 2.8 Distance and Midpoint Formulas; Circles

71, d= (@495 4422)2 + (8720 -1241) . /0.1

d=7p,524,770 - /0.1

d ~ 2693

The distance between Boston and San Francisco is

about 2693 miles.

72. d=($936 — 8448)2 + (3542 — 2625)2 - /0.1

d=1/079,033- -/0.1

d~ 328

The distance between New Orleans and Houston is

about 328 miles.

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

radius 30. ,
(x=(-24) "+ y-(-27) j=30?
(x+2.4)" +(y+2.7)" =900

74. C(0, 68 + 14) = (0, 82)
(x —0)? + (y - 82)> = 682
X2+ (y — 82)? = 4624

75. — 82. Answers will vary.

83. NORMAL FLORT AUTU REAL RADIAN HF n

y=x-1 z [
=r(3.2)
)

O, -+ A T
Intersection points: (0,—1) and (3,2)
Check (0, -1) : 84.

(0-3)+(-1+1=9 -1=0-1
(_3)2 +02=9 —l=-1true
9=9
true
Check (3,2) :
(3-3)° +(2+1)" =9
02+32=9
9=9

Copyright © 2018 Pearson Education, Inc.
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306

2 =2true

The solution setis {(0, 1), (3,2) } .
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85.

86.
87.

88.

89.
90.

91

92.

93.

94.

NORHAL FLOAT AUTO REAL RADIAN HF n

Section 2.8 Distance and Midpoint Formulas; Circles

Th_edistance for Ato C:

0, AC = [(6-1)2 +[6+d — (1+d)]?
//—\\ —52 1 52
\ £y =25 +25
o AN 4 16,1 —
S 1 =-/50
~10 =52
AB + BC=AC
makes sense N2 3"’3 - 5“'3
542 =542
makes sense
does not make sense; Explanations will vary. 95, a. dq isdistance from (x;, X, ) to midpoint
Sample explanation: Since r 2 = —4 this is not the - -
equation of a circle. g [[5%e \| NAAST l\
2 ) 2 J

makes sense

false; Changes to make the statement true will vary.
A sample change is: The equation would be

|

X2 + Y2 = 256. \/( l_zx )zj #_yz\z 1 Jz
o
-y

x1+x9 2x (y1+y7—2yh ’

2 )

false; Changes to make the statement true will vary. , ;
A sample change is: The center is at (3, -5). X = 2XX +X y=2yy+y

+ 4
false; Changes to make the statement true will vary.

A sample change is: This is not an equation for a
circle.

|_\

4 e 2x g Xy =2yy+y, J)

2
false; Changes to make the statement true will vary. \/X XX XHY = 22YYHY,
A sample change is: Since r 2 = —36 this is not the

equation of a circle. d2 is distance from midpoint to ( X2, y2 )

The distance for A to B:

J@-1)?+[3+d -(1+d)]?
AB =

d_\/lwz ¥ ory+y, I
W2 YU 2 Y

—+J22 402 \/()(1+Xq—2x )2+[V1+V7—2V) ’

d = |

=J4+4 2 2 )
=8 \/(;s—xj - o)
— dz = 2 )
22'\."2
2_ 2_
The distance from B to C: dz:\/xl 2)””;)5 _ X 2yy+y
- 4 + At 2
BC = /(6-3)2 +[3+d —(6+d )2
32 dy = l(x2—2xx1+x+)f—2yy+y ?)
= 3 2 4 1 2 2 1 2

_ / 1 7
_ O'z=5x/><1‘—2><>s+2><+»3—21yy+>51 )
~.J18 d=d
'_ 1 2
~32
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96.

97.

98.

99.

308

b.  ds isthedistance from (x1,y1) to (Xzy2)

o=y~ x) £ (YY),

ds = x22xx X+ =29y +y . |
d+d=d because 1 z+1 7= 5

1 2 3 2 2

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)" - (5)" = 36m — 251
=11ln
~ 34.56 square units.

The circle is centered at (0,0). The slope of theradius
with endpoints (0,0) and (3,-4) is

m=-— =—"". The line perpendicular to the
3-0 3

radius has slope E The tangent line hasslope s and
4

passes through (3,—4), so its equation is:

y+4:§(x—3).
4

7(x—2)+5:7x—9
7X-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+2i

5-2i 5-2i 5+2i
_ 20i + 8i2 + 35 +14i
25 +10i —10i — 4i
 34i-8+35
2544
_34i+27
29

100.

101.

102.

-9<4x-1<15

-8<4x <16
-2<x<4

The solution setis {x|-2<x <4} or [-2, 4).

i1
.l

4

[

0=-2(x-3)?+8
2(x —3)2=8
(x —3)?=4

X2 —2x+1=0
X2 +2x-1=0

X = —b £42 — 4ac
2a

x = ~(-2) = (2 - 41)(-1)

2(1)

2
—1+)

The solution set is {1+ 2}.

103. The graph of g is the graph of f shifted 1 unit up and

3 units to the left.

0

fix) = &2
glx) = (x + 3 +1
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Chapter 2 Review Exercises

1. function
domain: {2, 3, 5}
range: {7}

2. function

domain: {1, 2, 13}
range: {10, 500, ~}

3. nota function
domain: {12, 14}
range: {13, 15, 19}

4, 2x+y=8
y=-2x+8

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

5. 3x°+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.

6. 2X+y*=6
y2=-2x+6

—

y=t -2X +6

Since more than one value of y can be obtained from

some values of x, y is not a function of x.
7. fx)=5-7x
a. f(4)=5-7(4)=-23

b. fXx+3)=5-7(x+3)
=5-7x-21
=-7x-16

c. f(x)=5-7(x)=5+7x
8. g(x)=3x%-5x+2
a.  g(0)=3(0)2 -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 2-11x +10

d. g(-x) =3(-x)? —=5(-x) + 2
=3x2+5x+2

a. g(13)=+13-4=./9=3
b. g(0)=4-0=4

c. 09(-3)=4-(3)=7

(-22-1 3
L
b. f(1)=12

22-1 3
c. f@Q-= = =3

2-1 1

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]
€.  X-intercept: -3
d. y-intercept: -2

e. increasing: (-2, 0) or (3,5)
decreasing: (-3, - 2) or (0, 3)

f. f(-2)=-3andf(3)=-5

Copyright © 2018 Pearson Education, Inc. 307



Chapter 2 Functions and Graphs

18.

19.

20.

21.

22.

308

a. domain: (—oo,00)

=

range: (—o, 3]
C.  x-intercepts: —2 and 3
d.  y-intercept: 3

e. increasing:(—;0)
decreasing: (0, )

f. f(-2) = 0 and f(6) = -3
a. domain: (—oo,0)
b. range: [-2, 2]

C.  X-intercept: 0

d. y-intercept: 0

@

increasing: (-2, 2)
constant: (—oo, — 2) or (2, «)

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=x2+8

y= (—x)2 +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.

Test for symmetry with respect to the origin.

y=x*+8
-y= (—x)2 +8
-y=x+8
y=-x*-2
The resulting equation is not equivalent to the

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

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

24,

X2 +y? =17
(—x)" +y? =17
X2 +y2 =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.
X2 +y?=17
2

x+(-y) =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.

X2 +y2 =17
(—x)" +(-y) =17
X2 +y2 =17

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.

X3 _ y2 — 5

(-x)’-y2=5

—x3—-y?=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
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.
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25.

26.

27.

28.

29.

30.

31.

Test for symmetry with respect to the origin.

xX¥-y?=5
() (-9 =
_X3 _y2 — 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) =x3 - 5x
f (%) = (-x)° = 5(-X)
=—x3 4 5x
= f(x)

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

f(X)=x*—2x2+1
f(—X) = (-X)* - 2(-=x)? +1
=x4—-2x2+1

=f(x)
The function is even. The function is symmetric with
respect to the y-axis.

f(x) = 2xv1- 2
f (—X) = 2(= X)4/1— (—x)?
= —2x\/1—7
=-f(x)

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

(=1, =3)-¢c+ -~
T4, -3
A Sifyx=~1

SO =] _3ire> -1

b. range: {-3, 5}

32.

33.

34.

35.

Chapter 2 Review Exercises

2rifx <0

fixy= [—rif.\ =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 - (—2x2+x+ 10)

h
—2(x2+2xh+h2) +X+h+10+2x2—-x-10

h
:—2x2—4xh—2h2+x+h+1O+2x2—x—10
h

_ —4xh-2h?+h
B h
_h(-4x-2h+1)
N 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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36. ¥

< L1 (5, 12.50)
= "1 11

- Bl 4

= T el (4, 1100)
= =~ ""5'::.—"‘—'”':,,“!):,")
= 9 O—i:f R

z —-l | T2, 8.00)
& FH TR (1L 6.50)

0 ‘ : -
012345 ¢

37. m= = =-—;falls

38. m:_4—_(_—2):_—2=1; rises
3-(-1) -2

i 0 o
39. m= =_ =0; horizontal
9

10-5

5 . .
40. m= =~ undefined; vertical

2-(-2) ©
41. point-slope form: y — 2 = —6(x + 3)
slope-intercept form: y = -6x — 16
42, 2-6_-4
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=-3x+12-7
y=-3x+5

1
44. perpendicularto Y=~ x+4

m=-3

point-slope form:
y—6=-3(x +3)
slope-intercept form:
y=-3x-9+6
y=-3x-3

310

45, Write 6x —y — 4 =0 in slope intercept form.
6x-y-4=0
-y=-06x+4
y=6x-4
The slope of the perpendicular line is 6, thus the

slope of the desired line ism = —E.
6
y —yi=m(Xx-xi)
y-(-1)=-1(x- (-12))

y+1=—2(x+12)

y+1=-2x-2
6y+6=-x-12
X+6y+18=0
2

46. slope: —; y-intercept: -1
5

fix)=—de+5
48. 2x+3y+6=0
3y=-2x-6
2

y=—-x-2
5 3

slope: — _; y-intercept: -2
3

24+ +6=0
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49, 2y-8=0
2y=8
y=4

slope: 0; y-intercept: 4

B . e
| N ({8

_—

LS v

2v=8=10

50. 2x-5y-10=0
Find x-intercept:
2x-=5(0)-10=0

2x =10 =0
2x =10
X=5

Find y-intercept:
2(0)-5y-10=0
-5y-10=0
-5y =10
y=-2

v —Sy—10=10

51. 2x -10=0
2x=10
Xx=5

2x=10=0y

52. a. First, find the slope using the points
(2, 28.2) and (4, 28.6).
m— 28.6-282_04
4-2 2

=02

Then use the slope and one of the points towrite

Chapter 2 Review Exercises

the equation in point-slope form.

y—y1=m(x—x1)
y—28.2=02(x-2)
or

y-286=02(x-4)

b.  Solve for y to obtain slope-intercept form.
y—28.2=0.2(x-2)
y—-282=0.2x-0.4

y=0.2x +27.8
f(x) =0.2x+27.8

c. f(x)=0.2x + 27.8
f(7)=0.2(12) + 27.8
=30.2
The linear function predicts men’s average age
of first marriage will be 30.2 years in 2020.

53.a. . _27-21_6 _ =02
20101980 30

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.

oy Lle)=f0o) -4 -#-4-5

X2— X1 9-5

55, Y=gy
! sl

(-5,3) 1]

2

(=2,

56. ¥ =glx)y
(=200 |0
TS5y
(L 1)
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57. ¥
Taan muma
S
B zus memnr 3y
3 N\
(—-5.0) . i
S
v=g(x)
58. ¥

¥ = gx) (=6, 0)1-(6, 0)

59.

60.

61.

62.

312

—~
=]
Te
—
]
p)
o
P

(0. 4)
=24 b/
: 2 -
""-l‘?’ B 4.2:"."]

(L (== NS

|ttt

63.

64.

65.

66.

67.

68.

(-1,3 2.4
¥ ¥

(=2.4)

(0, x

———ty

44
! -

o

4
1

-
-
=

- o
—

(—=2.0)4

Copyright © 2018 Pearson Education, Inc.



Chapter 2 Review Exercises

69.

75. ¥

10. (1L 1) 76. domain: (—oo, o)

f

as: I = . _l_‘| 77.  The denominator is zero when x = 7. The domain is
T, L= = —0,7) U (7,©) .

(=1L, - 18 =y (=)

; 78. The expressions under each radical must not be
o, - negative.

Lo 8-2x=0

—2X >—8

X<4

domain; (—oo, 4].

79. The denominator is zero when x = -7 or
x=3.

domain: (o0, ~7) U (=7,3) U (3, )

80. The expressions under each radical must not be

72. negative. The denominator is zero when x = 5.
X—2:0
X=>2
domain: [2,5) U (5, =)
81. The expressions under each radical must not be
negative.
x-1>0and x+5>0
x>1 X>-5
73, domain: [1, )
82.f(x) =3x—-1;g9(x) =x-5
(f+g)(x)=4x-6
domain: (—oo, o)
f-9)x)=(Bx-1)-(x-5)=2x+4
domain: (—oo, o)
(fg)(x) = (8x —1)(x — 5) =3x?>-16x + 5
74. domain: (-0, )
() 3x-1
— (=
g x-5

domain: (=o0,5)u (5, )
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83. f(X)=xt+x+1,g(x)=x*-1

87. a.
(f+9)(x) =2x2+x e (fog)(x):f(l\l
d in: (oo, oo X
(Ofnlaén)(i):(xz)+x+l)—(x2 “1)=x+2 1 (%;1\)x| 14X
domain: (—oo, o) - :—:(1 _\_:1— 2X
(fg)(x) = (¢ +x +1)(x* -1) —-2 L—Z |x
=x*+x3-x-1 X x )
() x4x+1
LEJ(X)— I b. x=#0 1- 2x ¢10
domain: (—o0,—1)U(-1,1)U(1,00 X#—
(o DU(LYU(L) Coroloilo )
84. fO)=R+7;9()= Vx-2 Tl I% )
(F+)() = VX 7+x -2 :
domain: [2, «)
88. a. o - =/ 1=/
(f—g)(X):\/X_H—\/E a (f g)(X) f(X+3) X+3-1 X+2
domain: [2, )
(fg)(X) = VX +7 x=2 b. x+2>0 [2, )
=x2+5x-14 X2 -2
domain: [2, «)
(D ) = Ix+7 89. f(x)=x* gX=x*+2x-1
LQJ VX =2
domain: (2, ) 90. f(x)=3y 9gX)=7x+4
f(X) =x2+3; =4x -
. 1= 3ighy =it O 100> xiig(0 = x-2
5 2 \ 3
a. (fog)() = (4x-1)2+3 faan < S (Bx—2tt
= 16X — 8x + 4 (G0 5{3 ) 2
6 1
=X-_+_
b. (gof)(X)=4(x*+3)-1 5 2
=4x% +11 =x—7_
10
e (1 00)(3)=16(3) -8(3)+4=124 gty =>{3x+ 1) 2
sl )
86. f(x)=+%gx)=x+1 —x+2 9
6
a  (fog(¥)=vx+1 ZX—Z
6

fand g are not inverses of each other.

b. (gof)(X)=/x+1

c. (fog)B)=+3+1=A4=2
314 Copyright © 2018 Pearson Education, Inc.
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92. f(X)=2-5xg(x) =25% b. f(r(x)):8/3x—1}+1
|—2—J
(2-x) > :
f(g(0)=2-5 ,
—2-(2-%) )
=X =x-1+1
o(f ()= 2= 2=5X) _5x=x X

5 5 4 3‘ 8x3+1 i—l
fand g are inverses of each other. FEfe) =" " 7
2

93. a f(x) =4x-3 _ 8
y=4x-3 2
x=4y-3 _2X

X+3 2

y= 4 =X
£1 () 253 oy X=T
4 95. a. (X)_ 5

X+

b f(f-p0)=a X3 3 yX=T
X+2

| K4|/ y—7

= — X=

=)>(<+3 3 ya2

— Xy+2x=y-7
f*l(f(x)):MX 3)+3:ﬂ:X y _y2 ,
4 4 Xy—y=-—ax-
y(x-1)=-2x-7

94. a f(x)=8x3+1 _2x -7
y = 8x% +1 Y= A
_qy3 4 —2X —
Xx=8y°+1 f1(x) = X=1
-1=8y8 x -1

— 3

=y

S8 ||oo
=
Il
<

>
|
[y

f-

AN

~~
>

L&

_dIx-1
2
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—2X-7_4 101.  f(x)=1-x?
1 12
b. f(f_l(X)) :_2X—7+2 y_l X
1 x=1-y

=2Xx-7-7(x-1)

T x-T7+2(x-1)
:ﬂ

9
=X

5 x—7\_7
fl(f(x)):(*#

X_

X+2
_=2X+14-7(x+2)

Xx=T7—-(x+2)

96. The inverse function exists. (x-1)2=y

97. The inverse function does not exist since it does not fAx) =(x-17% x>1
pass the horizontal line test.

T

14
Oy

4 3

98. The inverse function exists.

n

0, D7F
L T

99. The inverse function does not exist since it does not
pass the horizontal line test.

100. 103.d = [3-(-2)12 +[9~(-3)2

— 52 +122
_~[25+144

_+/169

=13

104. d=[-2—(-4) +(5-3)

=+2242?

Fa2 2

105. (|2_+2(—_12)f25_+'4\ (=10 1}]9\=(—5,5)
\ J
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106.

107.

108.

109.

110.

111.

(| 4+(=15) —6+2)_ (=11 —4)_(-11
' 2 ’2J_L2’2|_|2

X2 +y2 = 32

X2 +y?=9

(x= (2 +(y -4y =6
(x+2)?+(y-4)?=36

center: (0, 0); radius: 1

Ter
domain: [-1,1]
range: [-1,1]

w

center: (-2, 3); radius:

(4274 - 3=
domain: [-5,1]
range: [0, 6]

X2 +y2 —4x+2y-4=0
X2 —4X +y? +2y=4
X2—AX+4+y*+2y+1=4+4+1

(=22 + (y+1)?=9
center: (2, —1); radius: 3
‘\.

» 4+ _\':.; 4.\ J- 2\ -4=0
domain: [-1, 5]
range: [-4, 2]

2

|
)

Chapter 2 Test

Chapter 2 Test

1. (b), (c), and (d) are not functions.

> f(4) - f(-3)=3-(-2)=5
b. domain: (-5, 6]
c. range: [-4, 5]
d. increasing: (-1, 2)
e.  decreasing: (-5, —1)or (2, 6)
f. 2,f2)=5
g (1,49
h.  x-intercepts: -4, 1, and 5.
i.  y-intercept: -3
3. a -2,2
b. -1,1
c. 0

d. even; f(=x)=f(x)

e.  no; f fails the horizontal line test

f. f (0) is a relative minimum.
9- y=glx) Yy
L
(=3, -\
(-2, -2 SSSaaS i
"h\ =), —2)
[_Iq _3‘}
h y+h=4 yy
mEEEE
| T (4, )
(=4, )= o Sad
( .), H “~( 1
_L_— y —=
z T 2)
{, —1)
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i ¥ =rix) ¥/
0, 35
{—(1,2{-1‘": K, (1,2)
(-2 1= f:'fz‘"
—] Fx
H
j foe)=f(x)_-1-0_
X2— X1 1-(-2)
4. x+y=44y
FEEE " FINEE
}Z“L‘h§§\%ﬁ]
RN
i {j‘._“"r\;.r

domain: (—oo, oo)

range: (o, )

Uyt

I'T1
Seagss ((EUEE
(=2, 0"

1

'ui.'-z»'('--]x
summEssEssan

T

domain: [-2, 2]
range: [-2, 2]

......

............

domain: (—co, o)
range: {4}

............

domain: (—co, )
range: (o, )

318

4|
A2, 0) x
<Al

.‘.
4‘2‘.5;;?1'
» EEE
Sy -
a5/ NEET 3y
. ARNNE;
12.\2?’_ “
1111

h+’)-+(\— 1¥=9

domain: [ -5 1]

3
range: [-2, 4]

.....

Zifx=10
=1ifx >0

domain: (—oo, oo)
range: {-1,2}

10.

domain: [—6, 2]
range: [-1, 7]

11.

domain of f: (=0, )
range of f: [0, =)
domain of g: (—o0, o)
range of g: [-2, )
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12.

13.

14.

15.

Chapter 2 Test

(1.4) 16. fX)=x*-x-4
' f(x-1)=(x-1)2— (x-1)— 4
=x2 - 2X +1-x +1- 4

=x2-3x-2
CErTYr f(x+h)—f(x)
0.0) & 17. H
domain of f: (—0, o) (x+h)2—(x+h)—4— (Xz _x— 4)
range of f: [0, ) - h
domain of g: (—0, ) _X+2xh+h—x-h-4-x+x+4
range of g: (—o0,4] AR, h
" h
_h(2x+h-1)
h
=2x+h-1

Tl 18 @-F)0)=2x—6- (2 —x—4)

domain of f: (—o0, o) X6 X+ X+ 4
range of f: (—o0, o) - 2 43x-2
domain of f ~* : (—o0, o0) () W2 _x_4
range of f ~* : (—o0, ) 19. | _|(x) =

(9) 2x -6

domain: (—0,3) U (3, »)

20. (fog)() =f(9(x)
=(2x-6)> - (2x-6) -4
=4x2 - 24X+ 36 —2x +6 -4

. =4x? - 26x + 38
domain of f: (—o0, @)
range of f: (—oo, ) 21, (@) =9 (f(x)
domain of f ~* : (—eo, o) =2(x2—x—4)—6
range of f ™ : (—o0, o0) range of f *:
[0.%)

22.

domain of f: [0, )

range of f: [-1, )
domain of f*: [-1, )
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2x?
— 2X
-8
-6

2x2
- 2X
-14

320
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23. f(X)=x*-x-4
f() = (%)%~ (%) -4
=x2+x-4
f is neither even nor odd.

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

X2+y =7
() +yi=7
X+yi=7

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+yi=7

X+ (-y) =7
X2 _ y3 =7

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.

X+yi=7
(%) +(-y) =7
X -y=7

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

25, mo 8=1_-9_,
-1-2 -3
point-slope form: y —1 = 3(x — 2)
ory+8=3(x+1)
slope-intercept form:y =3x -5

26. y:—lx+550m=4
4
point-slope form: y — 6 = 4(x + 4)
slope-intercept form: y = 4x + 22

27. Write 4x + 2y — 5= 0 in slope intercept form.

4x+2y-5=0
2y=-4x+5
y:—2x+5
2

The slope of the parallel line is —2, thus the slope of

Chapter 2 Test

the desired line is m = -2.
Y —Yyi=m(X—X1)
y-(-10)=-2(x-(-7)
y+10=-2(x+7)

y+10=-2x-14
2X+y+24=0
28. a. Findslope: m= 28-248_ 1'_2: 0.12
20-10 10

point-slope form:
y—yi=m( x-x1)
y —24.6=0.12( x-10)

b. slope-intercept form:
y—24.6=0.12(x-10)
y —24.6=0.12x-1.2
y=0.12x +23.4
f(x) =0.12x +23.4

c. f(x)=0.12x+23.4
=0.12(40) + 23.4

=28.2
According to the model, 28.2% of U.S.
households will be one-person households in
2020.

3(10)2 - 5 —[3(6) - 5]
10-6
_205-103
4
192

4
=48

29.

30.9(-1)=3-(1) =4

9(7) =7 -3=-/4=2

31. The denominator is zero when x =1 or
x=-b.
domain: (—e0, -5) U (-5,1) U (1, =)

32.  The expressions under each radical must not be
negative.
x+5>0 and x-1>0
X>-5 x=1
domain: [ 1, )
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7 5.
8. (fog=——=
=_4 2-4x
X
x=0, 2-4x=0
xel Y3, =
2 hix) = —2](—;-.\)
domain: (—oo,O) U (| 0, 1 Du| 1 , 0 |\
L2 6. (x+3)(x-4)=8
x2—x-12 =8
3. f(x)=x g(x)=2x+3 X2 —x-20=0
: - (x+4)(x-5)=0
35, d=( )2 (Y —y)%, x+4=0 orx-5=0

x=-4 or x=5

d =\/(x2—x1)2+(y2—y1)2

7. 3(@x-1)=4-6(x-3)

= J6-272+(2-(-2))’
\/( ) +(2-(-2) 12x—3=4-6x+18
2364_42 18x =25
=9+16 w22
:2-5_ 18
‘/:5 8 '\II';+2:X
X12X2,Y1'LH/2m:|(2j'5,—2+2|\ 1..";:)(_2
\ )\ ) —~
(71 ) (x)?=(x-2)
=Q2,0)| X =X —4x +4
The length is 5 and the midpoint is 0=x>-5x+4
(7 ) 0=(x-1)(x —4)
\12'0)|0f(3-5'0)- Xx-1=0 or x-4=0
x=1 or X=4 hows that x = 1 is an

A check of the solutions s
extraneous solution.
The solution set is {4}.

1. domain: [0, 2) 9 y¥3_yU3_g=0

Cumulative Review Exercises (Chapters 1-2)

range: [0, 2] U3 , X,
Letu=x .Thenu=
u?-u-6=0

2. f(x)=1at %and >3
U+2)u-3)=0

u=-2 or u=3
xXB=-2 or x3=3
x=(-2)2 or x=3
x=-8 or x=27

3. relative maximum: 2
(L1

2 calh

gl
[a(2,3)
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10. 2o3<%42 14.
f(X_;\‘sfx +2)
o | 1y |
) U )
2x-12<x+8
x <20
The solution set is (—oo, 20].
domain of f: [3, )
. range of f: [ 2, «)
domain of f *: [2, «0)
range of f 7 : [3, )
v -6y -12= 0‘ 15. L(M)h_—f(ﬁ
domain: (—oo, o) B (4 — (x +h)? )_ (4 _x? )
range: (o, ) B h
4—(x2+2xh+h2)—(4—x2)
12. = h
_4-x-2xh-h*-4+%
h
_—2xh-h?
h
‘.l'—-:):“"l_\"*“::-' :ﬁ(%_h)
domain: [0, 4] =-2x —h
range: [ -3.1] 16, (1009 =1 (0)
13. (feg)x)=f (x+5)
0=4—(x+5)

0=4— (x> +10x + 25)
0=4-x2-10x — 25
0=-x>-10x-21
0=x%+10x +21

domain of f: (—o0, o) 0=(x+7)(x+3)

range of f: (_oo, OO) The value of (o g )(x) will be 0 when x=-3 or
domain of g: (—o0, ) x=-T.

range of g: (—oo, =) 1 1

17. y=-x+,s0m=4,
43
point-slope form: y —5 = 4(x + 2)
slope-intercept form: y = 4x + 13
general form: 4x —y +13=0
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18.

19.

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%.

200 +0.05x =.15x
200 = 0.10x
2000 =x

For $2000 in sales, the earnings will be the
same.

20. width=w
length = 2w + 2
22w+ 2) + 2w =22
4w+ 4 + 2w =22
6w =18
w=3
2w+2=38
The garden is 3 feet by 8 feet.
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