SOLUTIONS MANUAL




Chapter 2

Functions and Graphs

Section 2.1

Check Point Exercises

1. The domain is the set of all first components: {0, 10,
20, 30, 36}. The range is the set of all second

2. a.
b.
3. a
b.
4. a
b.

components: {9.1, 6.7, 10.7, 13.2, 17.4}.

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

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

2x+y=6

y=-2x+6

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

y=+1-x

Since there are values of x (all values between —
1 and 1 exclusive) that give more than one
value for y (for example, if x = 0, then

y =+41-0% =+1), the equation does not
define y as a function of x.

f(=5)=(=5)-2(-5)+7
=25-(-10)+7
=42

f(x+4):(x+4)2 —2(x+4)+7
=x*+8x+16-2x—-8+7

=x*+6x+15

f(=x0) = (%) =2(-x)+7
=x>—(2x)+7
=x?+2x+7
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x f(x)=2x (x,)
2 —4 (-2,-4)
1 ) (-1,-2)
0 0 (0,0)
1 2 (L2)
2 4 (2,4)
x g(x)=2x-3 (x,y)
2 | g(-2)=2(-2)-3=-7 (-2,-7)
-1 g(-1)=2(-n-3=-5 | (-1,-5)
0 2(0)=2(0)-3= (0,-3)
1 g(1)=20-3=-1 (1.-1)
2 g(2)=22-3=1 (2,1)
J&x) =2x
g(x) =2x — 31y .
s
(0,0) —=T 707%
(=1, -2)—T (1, -1)
(=2,-49 AN ~(0, -3)
(-2,-7 (-1, -5)

The graph of g is the graph of /' shifted down 3
units.

The graph (c) fails the vertical line test and is
therefore not a function.
y is a function of x for the graphs in (a) and (b).
a.  f(5)=400

b. x=9, £(9)=100

¢. The minimum T cell count in the asymptomatic

stage is approximately 425.



Functions and Graphs

a. domain: {x|—2 <x< 1} or [—2,1].

range: {y|0£y$3} or [0,3].

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

¢. domain: {x|—3£x<0} or [—3,0).

range: {y|y = —3,—2,—1}.

Exercise Set 2.1

1.

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 first component
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}.
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10.

11.

12.

13.

14.

15.

16.

17.

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 the range
is {4, 5, 6}.

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

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

x+y=16

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

x+y=25

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

X +y=16

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

X +y=25

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

X'+’ =16
¥ =16-x’
sz_r\/16—x2
Ifx=0, y==24.

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

x*+y' =25
Y =25-x’
y=1v25-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 =

H+ =<

2
yosds
Ifx=1, y=4%1.

Since two values, y = 1 and y =—1, can be obtained
for x = 1, y is not a function of x.
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18.

19.

20.

21.

22,

23.

24,

25.

4x =y2
y =+J4x =+2/x
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.

y=~x+4

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

y=—x+4

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

x+y =8
Y =8-x
y=38-x
Since only one value of y can be obtained for each
value of x, y is a function of x.

x+y =27
V' =27-x
y=R27-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):l
1
- 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—S)zl
1
’ x=5

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

[ -y=2
—y:—|x|+2
y:|x|—2

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

203

26.

27.

28.

29.

30.

31.

Section 2.1

|ﬂ—y:5
—y=—|x|+5
y=|x|—5

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

a. fl6)=4(6)+5=29

b. fix+1)=4x+1)+5=4x+9
¢ Ax)=4(x)+5=—4x+5

a. f(4)=34)+7=19

b. fix+1)=3x+1)+7=3x+10
c. flx)=3(x)+7=-"3x+7
gD =) +2(-1)+3

=1-2+43
=2

B

b. g(x+5)=(x+5+2(x+5)+3
=x*+10x+25+2x+10+3
=x?+12x+38

c. g(-x)=(-x)"+2(-x)+3

=x"—2x+3

a.  g(-1)=(-1)’-10(-1)-3
=1+10-3
=8

b. g(x+2)=(x+2)"-10(8+2)-3
=x*+4x+4-10x-20-3
=x*—6x-19

¢. g(-x)=(-x)"-10(-x)-3

=x*+10x-3

a.  h(2)=2'-2>+1
=16-4+1
=13

b, h(=1)=(=1)" = (=1)> +1
=1-1+1
=1

. h=x)=(x)"—(=x)+1=x*-x*+1

d. 4(3a)=3a)" -(Ba)’ +1
=8la* - 94’ +1
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32. a. h(3)=3-3+1=25

b.  A(-2)=(-2) —(-2)+1
=-8+2+1
=-5

. h(=x)=(x)-(-x)+1=—x"+x+1

d.  hBa)=Ga) —(Ga)+1
=274’ —-3a+1

33. a.  f(-6)=v-6+6+3=/0+3=3

b.  f(10)=10+6+3
=16 +3
=443
=7

¢  f(x—6)=vx—6+6+3=x+3
34. a.  f(16)=+25-16-6=~/9-6=3-6=-3

b r(24)y=/25-(-24)-6

=49 -6

—7-6=1

c. [f(25-2x)=4/25-(25-2x)-6

=2x-6
35. a.  f(2)= 4(22)2 _ =%5
421 1S
b. f(-2)= BT
& )= 4-x)’ -1 _4x’ -1

(_x)Z xZ

36.

37.

38.

204

427 +1_33
2} 8

f@=

A4l 3131
/2= -2 -8 8

4(—x) +1  —4x’ +1
(_x)3 _x3
4x° -1

3
X

f(=x)=

or

6
f®)==1
6

=6 _6_
-6 6

1”2 7'2
=2 =1
o

/(-6)=

)=

ro-22 B
543 8

[543 |2 _2

543 2 -2

f=5)=

fio- )_|—9—x+3|
Y 9 i3

_|—x—6|_{1, ifx<—6

—x—6 |-Llifx>-6



Section 2.1
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39. flx)=x X,y
5 (2)— 2 (2 i R
-2 f(_ )_ - (_ T ) (2, 2) 1Y +g(x) =x—-4
1 f(-1)=-1 (-1,-1) (Y m i
o 700 | (0 ot A .-
1 r(1)=1 (1,1) (-2,-2)~ T~ 1,-3)
~ / 0, —4)
2 f(2)=2 (2=2) (—2,1—6) (-1, -5)
X g(x)=x+3 (x,y The graph of g is the graph of f shifted down 4 units.
g 1) 1+3 2 ( 1,2 . a S)= ()
1] s(th)=-1+3= (-1.2) 2 | f(2)==2(2)=4 | (-29)
0 2(0)=0+3=3 (0,3) T C)—=(h=2 | (12)
1)=1+3=4 1,4
1| g()=1+3 (L4) 0 | s(==2(0)=0 | (0.0)
2| g(2)=2+3=5 (2:5) 1] rm=2m==2 | (1L-2)
yj8x)=x+3 :
2,5)— i f)=x 2 1(2)=—2(2)=—+4 (2.-4)
1,4) » 2.2
0D A
(_192); (0,0):5;: X X g(x):—Zx—l (X,y)
(=2,1 .
7/ Nl 2 | g(2)=-2(-2)-1=3 (-2.3)
(_23 -2) (-1 _1)
-1 | g(-1)==2(-1)-1=1 (-L1)
The graph of g is the graph of /* shifted up 3 units. 0 g(0)=-2(0)-1=-1 (0,-1)
40. N () =r ) 1 g(1)==2(1)-1=-3 (1,-3)
S e | (2 2 | g(2)==2(2)-1=-5 | (2,-5)
Jx) = -2x
-1 | s(-1)=-1 (-1-1) 4 8@) = —2x — 1
0 | r(0)=0 (0,0) (=2,3) =N = (2,4
1 7(1)=1 (L1) (-1,1) Saam(a'L)
2 7(2)=2 (2,2) 0T A
©, -1~ T, -2)
x g(x)=x-4 (%) e -
-2 (2)=—2-4=-6 (-2,-6)
1 g(-)=—1-4=-5 (-1,-5) The graph of g is the graph of /* shifted down 1 unit.
0 | e@-0-4-4 | (04
1 g(1)=1-4=-3 (1,-3)
2 g(2)=2-4=-2 (2,-2)
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Functions and Graphs

42. x f(x)=-2x (%) g =x+1
2 | f(2)=-2(-2)=4 | (-2.4) f&) =x l,qy_‘ f /32
-1 f(_l) :_2(_1):2 (_1’2) (=25 D | } B :/ 1,2)
0 | f(0)=-2(0)=0 (0,0) 29T AT (1,1
— (1) =— _ -1,2) & !
1 rM)=-2(1)=-2 (1-2) ( ) (0, )5 x
2 r(2)=-=2(2)=—4 (2,-4) -L1 |
. (x)= 2543 (x y) The graph of g is the graph of /* shifted up 1 unit.
2 | g(-2)=-2(-2)+3=7 (-2,7) 44. ¥ f(x)=x (x,»)
-1 g(-)==2(-1)+3=5 | (-L5) =) f(-2)=(-2) =4 (-2.4)
0| 2(0)=-2(0)+3=3 (0,3) ) 71 =(=1) =1 (-11)
1 g(1)=-2(1)+3=1 (L1) 2
0 7(0)=(0) =0 (0,0)
2 | g(2)=-2(2)+3=-1 | (2,-1) -
; ! F)=(1) =1 (L1)
(x) = —2x 2
g) = -2 +3 ¥ _(-2,7) 2 /(2)=(2) =4 (2.4)
(<2, 4) NN (-1, 9)
(—12) NN ﬂ_””g’ i; x g(x)=x"-2 (x.7)
0.0 N 2 | a(D=(2=2 | (22)
A, =2) L RINTSN @2, -1) 2
@ ~4)F \ = g(-)=(-1) -2=-1 | (-L-1)
The graph of g is the graph of f shifted up 3 units. 0 g(O) - (0)2 ~2=- (O _2)
. U] em=()-2—- (L-1)
R f(x)=x2 (%) 2 g(2)=(2) -2=2 (2.2)
-2 f(—2)z(—2) =4 (_2’4) f(x) = X2
-1 7(=1)=(-1) =1 (-11) g =+ —:\ Y
0 /(0)=(0)" =0 (0,0) (24N /g’ ‘2';
1 F)=() =1 (11) i nna 3 F sSS IR
2 f(z)z(z)2 =4 (2,4) =11 = 8- x
(-1, -1 P~ -1
x ()= () ©.0  T>0,-2)
) g(—2) = (_2)2 +1=5 (_2, 5) The graph of g is the graph of f shifted down 2 units.
-1 g(-1)=(-1) +1=2 (-1,2)
0 2(0)=(0) +1=1 (0.1)
1 g()=(1)" +1=2 (1,2)
2 g(2)=(2) +1=5 (2,5)
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45. x S (x) =] (x.5)
) f(=2)=|-2|=2 (-2,2)
-1 f(-1)=|-1=1 (-11)
0 S(0)=[0[=0 (0,0)
1 S()=[=1 (L.1)
2 f(2)=[2=2 (2,2)
x g(x)=|x{-2 (x.7)
) g(-2)=]-2|-2=0 (-2,0)
-1 g(-1)=|-1]-2=-1 (-1,-1
0 g(0)=l0]-2=- (0,-2)
1 g(h)=[1-2=-1 (1.-1)
2 g(2)=[2]-2=0 (2,0)
L1 y, 1,1
B
7 (2,2)
(_2,2)__ ol
(=2,0)— X
D Sl ] o0
gx) =|x|-2
Sf) = | x|
The graph of g is the graph of f'shifted down 2 units.
46. x J(x) =] (%)
) f(-2)=]-2=2 (-2.2)
- f(=1)=|-1]=1 (-L1)
0 S(0)=[0[=0 (0,0)
1 S)=lj=1 (1.1)
2 /(2)=[2=2 (2.2)
X g(x =|x|+1 (x,y)
-2 g(-2)=|-2[+1=3 (-2.3)
-1 g(-1)=|-1+1=2 (-1,2)
0 g(0)=]0[+1=1 (0,1)
1 g(l)=)1]+1=2 (1,2)
2 g(2)=2]+1=3 (2,3)
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S =|x|
gy =|x|+1

Section 2.1

o, 1

=—(2,3)

—

(=2,3)—

\

»

\

(=2,2)—

T (2,2)

51 x

Lo LA

1,1
i \ 1,2)

(-1, 1) H++

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

47. x f(x)=x° (x.»)
2 )= = | (29)
T A== | (e
0 | f(0)=(0) =0 (0.0)
I
2| r@=@=s | @8
X g(x):x3+2 (x,y)
) g(-2)=(2)+2=-6 | (-2.-6)
-1 g(-1)=(-1) +2=1 (-1L1)
0 2(0)=(0)" +2=2 (0,2)
1 g()=(1)"+2=3 (1,3)
2 g(2)=(2) +2=10 (2,10)
409 Teny o
(0,2) THER /g’ g;
Db == .
(-2, —6)—= (()("_QL H 1;);
(=2, -8)-TTT

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




Functions and Graphs

48. x fx)=x (x.) (0’5)\
3 — L9 \y, 09
2 | f(2)=(2) =8 | (2-8) (2,5 N7/ 2.9)
1| s =(-1) =1 | (-L-1) 8() =5+ T 2,3)
3 =3 s
0 | s0=0=0 | (0 e -
1 =0y =1 (L1) (-1,3)7 q
2 | s@-@'-s | @9 o2 )

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

X g(x)=x3 -1 (x y) s
-2 g(-2)=(-2)" -1=-9 (-2,-9) ' x S(x)=-1 (%)
_ 2)=-1 -2,-1
1 g(-1)=(-1y -1==2 | (-L-2) 2 /(2 (-2-1)
: - e
0 g(0)=(0)3—1=—1 (0.-1) 0 £(0)=-1 (0,-1)
! g()=(1) -1=0 (1L0) | f(1)=-1 (1,-1)
2 g(2)=(2)'-1=7 (2.7) 2 7(2)=-1 (2,-1)
S =x
g =xr-1 % (2,8 x g(x)=4 (%)
2 //g’ 3 - ¢(-2)=4 (-2.4)
L-1 0, )= (,0) -1 g(-1)=4 (-1.4)
(_12_2) = ; 5 x 0 g(0)=4 (0,4)
(=2, —8) 1 i 1 g(1)=4 (1.4)
(-2,-9)— 2 g(2)=4 (2.4)
The graph of g is the graph of f'shifted down 1 unit.
(0,4)
49. X f(x)=3 (x,7) (—1,4) \ 1,4)
-2 f(-2)=3 (-2.3) (=2,D Y ///(2,4)
1 f(=1)=3 (-1,3) gx) =4
0 f(0)=3 (0.3) o) =-1 =
1 f(1)=3 (1,3) p NIT~(2, -1)
(=2,-1) _
2 f(2)=3 (2,3) (-1, -1 1, -1
o, -1
- g(x)=5 (x7) The graph of g is the graph of f'shifted up 5 unit
> g(—2)=5 (_2’5) e graph of g is the graph of f'shifted up 5 units.
-1 g(—1)=5 (—1,5)
0 g(0)=5 (0.5)
: g(1)=>5 (1.5)
2 g(2)=5 (2,5)
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st [ & f(x)=x (x.7)
0 f(0)=+0=0 (0,0)
U =i (L)
s | s@eva-2 | (42)
o | so)=w=3 [ (3
x g(x)=vx-1 (x.)
0 | g(0)=vo-1=-1 | (0,-1)
1 g(l)=+1-1=0 (1,0)
4 g(4)=+4-1=1 (4,1)
o | s(0)=b-1=2 | (92)
(4,\\2) (9,\3)
0o T /0 = %
=0 s Ng(x) ={x — 1
0, -1)— | \\ o
\
@0 @1 92
The graph of g is the graph of f'shifted down 1 unit.
o[ x [ =k )
0 f(0)=+o0=0 (0,0)
1 S(H)=+1=1 (L1)
4 f(4)=Va=2 (4.2)
o | s0)=P%=3 | (3
X g(x):\/;+2 (x,y)
0 g(0)=vo+2=2 | (0,2)
1 g(1)=+1+2=3 (1,3)
4 g(4)=a+2=4 (4,4)
9 2(9)=v9+2=5 (9,5)
O g =¥ +2
O o =&
©, 0) | *

| |
1,1 42) 93

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

Section 2.1
53. x f(x)=+x (x.»)
0 f(0)=+o=0 (0,0)
1 f(=+1=1 (1,1)
4 f(4)=Va=2 (4,2)
9 f(9)=9=3 (9,3)
X g(x)z x—1 (x,y)
1 g(l)=+1-1=0 (1,0)
2 g(2)=v2-1=1 (2,1)
5 g(5)=+5-1=2 (5.2)
10 | g(10)=~10-1=3 (10,3)
- " (4,\2) S ot
"IN ) =& =1
"éﬁ 10 (ﬁ) 3)
,0) \ *

\ \

1 N\

I

\
10 21D G2

The graph of g is the graph of f'shifted right 1 unit.



Functions and Graphs

54. x 7(x)=+x (x.7) 68. f(-4)=4
0 S(0)=+0=0 0,0) 69. f(-3)=0
1 r(=+1=1 (L1)
4 f(4)=Va=2 (4,2) 70. f(=D)=0
9 f(9)=9=3 (9.3) 7. g(-4)=2
x g(x)=vx+2 (x.) 2. g(2)=-2
- —2)=+/— = -2,0
2 | 8(2)=v-2+2-0 | (-20) 73. g(~10)=2
1 | g(-1)=v-1+2=1 | (-L1)
2 g(2)=v2+2=2 (2,2) 74. g(10)=-2
7 g(7)=N7+2=3 (7.3) 75. When x=-2, g(x)=1.
(2,!2) (7’I3) 76. When x=1, g(x)=-1.
13 | s gx)=x+2
(1,1 A f(x) =x 77. a. domain: (—oo,0)
Z 100,3)
(=2,0) \ X b. range: [-4, )
\ N4, 2 -
“,2) c. x-intercepts: —3 and 1
\ N\
©,0 1,1) d. y-intercept: -3
The graph of g is the graph of f'shifted left 2 units. e. f(-2)=-3 and f(2)=5
55. function 78. a. domain: (—o0, )
56. function b.  range: (-0, 4]
57. function c. x-intercepts: —3 and 1
58. not a function d. y-intercept: 3
59. not a function e. f(-2)=3 and f(2)=-5
60. not a function 79. a. domain: (—oo, )
61. function b. range: [I, )
62. not a function c.  x-intercept: none
63. function d. y-intercept: 1
64. function e. f(-D=2 and /(3)=4
65. f(-2)=—4
66. f(2)=-4
67. f(4)=4
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80.

81.

82.

83.

84.

85.

domain: (—oo, o)
range: [0, )
x-intercept: —1
y-intercept: 1
f4)=3and f(3)=4
domain: [0, 5)
range: [-1, 5)
x-intercept: 2
y-intercept: —1
f3)=1

domain: (-6, 0]
range: [-3, 4)
x-intercept: —3.75
y-intercept: —3
f=5)=2
domain: [0, )
range: [1,00)
x-intercept: none
y-intercept: 1
fH=3

domain: [-1, o)
range: [0, )
x-intercept: —1
y-intercept: 1
f3)=2

domain: [-2, 6]
range: [-2, 6]
x-intercept: 4
y-intercept: 4

fi-1)=5
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86.

87.

88.

89.

90.

91.

i

Section 2.1

domain: [-3, 2]

range: [-5, 5]
x-intercept: —1
pt: 5

y-intercept: 1
f=2)=-3

domain: (—oo, )
range: (—oo,—2]
x-intercept: none
y-intercept: —2
f(4)=-5and f(4)=-2
domain: (—oo, o0)

range: [0, )

x-intercept: {x| x < O}

y-intercept: 0
f(-2)=0and f(2) =4
domain: (—o0, )
range: (0, )
x-intercept: none
y-intercept: 1.5

fi4) =6

domain: (—o0,1)U (1,0)
range: (—o0,0) U (0,0)
x-intercept: none

y-intercept: —1
2)=1

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

x-intercept: none
y-intercept: 2

)+ fB3)=2+2=4
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92. a. domain: {-5,-2,0,1,4}
b. range: {-2}
c.  x-intercept: none
d. y-intercept: —2
e. f(-)+f(4=-=2+(-2)=-4
93. g(1)=3(1)-5=3-5=-2
S(g)=r(-2)=(-2)" ~(-2)+4
=4+2+4=10
94. g(-1)=3(-1)-5=-3-5=-8
S(g(-1)=7(-8)=(-8)" ~(-8)+4
=64+8+4=76

95. f3-(-1)—(~6)" +6+(-6)-4
=3+1-36+6+(~6)-4
=J4-36+-1-4
=2-36+-4
=-34+-4
=-38

96. |-4—(-1)|—(-3)" +-3+3-—6
=|-4+1-9+-3+3--6
=|-3[-9+-1--6
=3-94+6=-6+6=0

97. f(—x)—f(x)
=(—x) +(~x)-5-(x* +x-5)

=X —x-5-xX—x+5=22x"-2x

98. f(—x)—f(x)
=(—x) =3(-x)+7—(x" =3x+7)
=x+3x+7-x"+3x-7
=6x

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

b. Yes, the relation is a function. Each element in the domain corresponds to only one element 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. 9.6 in the domain corresponds to both Finland and New Zealand in the range.
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100.

101.

102.

103.

104.

a.

{(Bangladesh, 1.7),(Chad, 1.7),(Haiti, 1.8),(Myanmar, 1.8)}
Yes, the relation is a function. Each element in the domain corresponds to only one element in the range.
{(1.7, Bangladesh), (1.7, Chad), (1.8, Haiti), (1.8, Myanmar)}

No, the relation is not a function. 1.7 in the domain corresponds to both Bangladesh and Chad in the range.

f(70) =83 which means the chance that a 60-year old will survive to age 70 is 83%.
g(70) =76 which means the chance that a 60-year old will survive to age 70 is 76%.

Function fis the better model.

£(90) =25 which means the chance that a 60-year old will survive to age 90 is 25%.
£(90) =10 which means the chance that a 60-year old will survive to age 90 is 10%.
Function f'is the better model.

T(x)=-0.125x> +5.25x + 72

7(20) = -0. 125(20)2 +5.25(20)+ 72 =127
Americans ordered an average of 127 takeout meals per person 20 years after 1984, or 2004.
This is represented on the graph by the point (20,127).

R(x)=-0.6x+94

R(0)=-0.6(0)+94 =94

Americans ordered an average of 94 meals in restaurants per person 0 years after 1984, or 1984.
This is represented on the graph by the point (0,94).

According to the graphs, the average number of takeout orders approximately equaled the average number of in-
restaurant meals 4 years after 1984, or 1988.

T(x)=-0.125x> +5.25x + 72
T(4) =—0.125(4)% +5.25(4) + 72 =91

In 1988 Americans ordered an average of 91 takeout meals per person.
R(x)=-0.6x+94

R(4)=-0.6(4)+94=91.6
In 1988 Americans ordered an average of 91.6 meals in restaurants per person.

T(x)=-0.125x> +5.25x + 72

7(18) = —0.125(18)2 +5.25(18)+72 =126
Americans ordered an average of 126 takeout meals per person 18 years after 1984, or 2002.
This is represented on the graph by the point (18,126).

R(x)=-0.6x+94
R(20) =-0.6(20)+ 94 =82
Americans ordered an average of 82 meals in restaurants per person 20 years after 1984, or 2004.
This is represented on the graph by the point (20,82).
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105. C(x)=100,000+100x 125. false; Changes to make the statement true will vary.
C(90) = 100,000 +100(90) = $109, 000 A sample change is: f(0)=0.8
It will cost $109,000 to produce 90 bicycles. 126. f(a+h)=3a+h)+7=3a+3h+7
106. V' (x) = 22,500 — 3200x fla)=3a+7
¥ (3) = 22,500 — 3200(3) = $12,900 Jla+h)-f(a)
After 3 years, the car will be worth $12,900. h
(3a+3h+7)—-(3a+7)
107. -
T(x)= 40, _40 h
x  x+30 _3wt+3h+7—3a—7_%_3
T(30)= 20,49 h h
30 30+30
80 40 127. Answers may vary.
_5+5 An example is {(1,1),(2,1)}
_ % 128. 1tis given that f(x+ )= f(x)+ f() and (1) =3.
s To find f(2), rewrite 2 as 1 + 1.
If you travel 30 mph going and 60 mph returning, S@)=fA+D =D+ f(1)
your total trip will take 2 hours. =3+3=6
Similarly:
108. S(x)=0.10x+0.60(50 — x) fB=f2+H=12)+ Q1)
S(30)=0.10(30) + 0.60(50-30) =15 =6+3=9
When 30 mL of the 10% mixture is mixed with 20 S@=fC+D)=1B)+f(D
mL of the 60% mixture, there will be 15 mL of =94+3=12
sodium-iodine in the vaccine. While f(x+y)=f(x)+ f(») is true for this function,

109.— 117. Answers may vary. it is not true for all functions. It is not true

for f(x)=x", for example.
118. makes sense
' ' 129. C(#)=20+0.40(¢ — 60)
119. does not make sense; Explanations will vary. C(100) = 20 + 0.40(100 — 60)
Sample explanation: The parentheses used in

function notation, such as f(x), do not imply =20+0.40(40)
multiplication. =20+16
' ' =36

120.  does not make sense; Explanations will vary. For 100 calling minutes, the monthly cost is $36.

Sample explanation: The domain is the number of

years worked for the company. 130. f(x)=x+2,x=<1

y

121. 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. 51X
122. false; Changes to make the statement true will vary.

A sample change is: The domain is [—4,4].
131, 2(x+h)* +3(x+h)+5—-(2x" +3x+5)

123. false; Changes to make the statement true will vary. =2(x* +2xh+ W) +3x+3h+5-2x> =3x -5

A sample change is: The range is [—2,2). 0 4 Ah 42 434 3h 45— 20 —3x—5

124. true =2x" =2x" +4xh+2h* +3x-3x+3h+5-5
=4xh+2h* +3h
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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, o).

2. a.  f(=x)=(x)’+6=x"+6=f(x)
The function is even.

b. g(—x)=7(=x) = (=x)=-7x’ + x = - f(x)
The function is odd.

c.  h(=x)=(x)+1=-x"+1
The function is neither even nor odd.

20 if 0<¢<60

3. Ct)=
© {20+0.40(t—60) if > 60

b. Since 0<40<60, C(40)=20
With 40 calling minutes, the cost is $20.
This is represented by (40,20).

¢. 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) .

4. y

2 [

\
[

3 ifx=-1
FO=1r-2 itx>-1

5. a. f(x)==2x"+x+5
f(x+h)==2(x+h)’+(x+h)+5
=2(x" +2xh+ W)+ x+h+5
=2x* —4xh 21" +x+h+5

Section 2.2

Sx+h) - f(x)

h
—2x* —4xh - 2K +x+h+5—(—2x2 +x+5)
N h
| 2xP—4xh =21 +x+h+5+2x" —x-5
N h
 —Axh-2h* +h
N h
_ h(—4x—2h+1)
S
=—4x-2h+1

Exercise Set 2.2

1.
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a.

b.

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

constant: none
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10.

11.

12.

13.

14.

15.

16.

increasing: (—oo, —1)

decreasing: none

constant: (—1,00)

increasing: (0, o)

decreasing: none

constant: (—oo, 0)

increasing: (—o,0) or (1.5,3)
decreasing: (0,1.5) or (3, )
constant: none

increasing: (—5,—4) or (-2,0) or (2,4)
decreasing: (—4,-2) or (0,2) or (4,5)
constant: none

increasing: (-2, 4)

decreasing: none

constant: (-0, —2) or (4, o)
increasing: none

decreasing: (-4, 2)

constant: (—o0,—4) or (2,00)

. x =0, relative maximum = 4

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

. x=-3, 3, relative minimum = —1
. x =—2, relative maximum = 21

. x =1, relative minimum = —6

. x =1, relative maximum = 30

. x =4, relative minimum = 3

17.

18.

19.

20.

21.

22.

23.

24,
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f(x)=x"+x
f(=x)=(=x)" +(-x)
f(=x)= —x —x= —(x3 + X)
f(=x)=—f(x), odd function

fx)=x"—-x
f(=x)=(-x)’ = (-x)
f(=x)==-x"+x=-(x’-x)
f(=x) =—f(x), odd function

g(x)= X +x

g(=x) = (-x)" +(-x)
g(~x) = x* — x, neither

g()=x"—x
g(=x) = ()" ~(=x)

g(—x) = x* +x, neither

h(x) = x> —x*
h) = (=) = (-5’
h(-x) = x> —x*

h(—x) = h(x), even function

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

() =x"-x*+1
S0 =(=x)" = (-x)* +1
f(=x)=x"—x"+1
f(=x) = f(x), even function

fx)=2x"+x*+1
f(=x) =2(=x)* +(=x)* +1
f(=x)=2x>+x"+1
f(=x)= f(x), even function
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25.

26.

27.

28.

29.

30.

31.

32.

33.

f(x)= %x(’ -3x’

£(x) =§(—x>6 3

fen) =gt =38
f(=x) = f(x), even function
f(x)=2x"—6x°
S(=x)=2(-x)’ =6(-x)’
f(=x) =-2x" +6x°
f(=x)=—(2x’ - 6x°)
f(=x) =—f(x), odd function
f(x)=xv1-x"
f(=x) = —xy/1—(—x)’
f(=x) =—xV1-x’
=— (x\/ 1—x? )

f=x) =—flx), odd function

f(—x) = x2m

f(=x) =fix), even function

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.

a. domain: (—o0,00)
b. range: [-4,%0)

¢. x-intercepts: 1,7

d. y-intercept: 4

(4:2)

®
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34.

35.

x=4
y=-4
f-3)=4

f(2)=-2 and f(6)=-2
neither ; f(—x)#x, f(—x)#—x
domain: (—o0,o0)

range: (—,4]

x-intercepts: —4, 4

y-intercept: 1

(—o0,-2) or (0,3)

(-2.0) or (3,%0)

(4] or [4.)

x=-2 and x=3

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

x=—-4 and x=4

neither ; f(—x)#=x, f(—x)#—x
domain: (—o0,3]

range: (—,4]

x-intercepts: -3, 3

f(0)=3

(—eo.1)

(13)

Section 2.2
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36.

37.

38.

39.

40.

(~0.-3]
J=4

x=1

positive; f(~1)=+2
domain: (—oo,6]

range: (—e,1]
zeros of £ -3, 3
J0)=1
(—=,-2)

(2,6)
(-2.2)

(-3.3)

x=-5and x=5
negative; f(4)=—1
neither

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

A2)=3(2)+5=-1
A0)=4(0)+7=7
f3)=43)+7=19
A3)=6(-3)—1=-19
A0)=7(0)+3=3
fi4)=7(4)+3=31
g0)=0+3=3
g-6)=~(-6+3)=~(-3)=3
g(-3)=-3+3=0
g(0)=0+5=5

g6 =~(-6+5)=-(D=1

g(-5)=-5+5=0

218

41.

42,

43.

44.

45.

b.

b.

b.

5-9 25-9 16

=533

2_ —
0 9:_9:3

M=33"3

h(3)=6

M ==73 2

2_ —
]1(0):0 25:2:5
0-5 -5

h(5)=10

y

[~

—xifx <0
xifx=0

fe = |
range: [0, ®)

y

N

xifx <0
—xifx=0

Jx) =
range: (—o0,0]

y

N

2 ifx =0
fO =12 itx>o0

range: (—o0,0]uU {2}

=3
2

7°-25 _49-25 24 _

2

12
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46. a. y
5x
1_.
xifx=0
fx)=12
3 ifx>0
b. range: (—o,0]uU {3}
47. a. y
J x
xr+3ifx< -2
SO = - 3itxr=—2
b. range: (—o0,)
48. a. y
I
|
0 5 x
I
xr+2ifx<-3
=1y -2itxr=-3
b. range: (—oo,0)
49. a. y
S
5 X
Jifx=-1
SO =1 _3itx> -1
b. range: {-3,3}

50.

51.

52.

53.

b.

b.

b.

b.

y
3 X
¥
4ifxy=-1
SO = _gitx> -1
range: {—4,4}
Yy
\
5 x
1x2 .
= ifx<1
fx)=12
2r—1lifx=1
range: [0,oo)
y
5
/ 5 x
/
lxz .
——x" ifx<1
fy=1 2
2r+1ifx=1
range: (—o0,0]U[3,0)
y
/
X
0 ifx<-—4
foy=1—xif-4=x<0
Lifxr=0
range: [0,)

Section 2.2
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54. a. v s, NS0
[~ l h
/ :6(x+h)+1—(6x+1)
% e h
_ 6x+6h+1-6x1
- h
0 ifr<-3 _6h
fxy=1—x if-3=x<0 h
Z-1ifxr=0 -6
b. range: [—l,oo) 59 S(x+h)— f(x)
h
55, S(x+h)— f(x) (x+h)2—x2
e AT 7
:W _x2+2})lch+h2—x2
_Adx+4h-4x 2h
R =2xh+h
4h h
= _h(2x+h)
=4 h
=2x+h
56. S+h)—f(x)
— 6. [N -f()
_T(x+h)-Tx h
== C2(x+h)P 21
Tx+7h—Tx B h
:T 22X +2xh+ R =257
_Th . ’
Ch 227 +4xh+ 207 - 2x°
=7 h
2
57, f(x+h2—f(x) :@
3(x+h)+7-0Bx+7) =M
= p h
3x+3h+7-3x-7 = dor2h
L 1. Lorho/w
_3h _ (R’ 4+ h) +3-(F —4x+3)
h
X +2xh+h’ —4x—4h+3-x"+4x-3
B h
 2xh+h —4h
E—
_ hQx+h-4)
- h
=2x+h-4
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o, L/
_ (x+h) =5(x+h)+8—(x* =5x+8)
h

_ x*+2xh+h* —5x—5h+8—x"+5x-8
- h
_ 2xh+h® —5h
- h
h(2x+h—5)
h
=2x+h-5

6 L= ()
h
3 2(x+h)2+(x+h)—l—(2x2+x—1)
- h
_ 2x° +4xh+2h +x+h—1-2x" —x+1
h

_4xh+2h* +h

e

_ h(4x+2h+1)

——

=4x+2h+1
64 S(x+h)— f(x)

h
3(x+h)2+(x+h)+5—(3x2+x+5)
h
_ 3 +6xh 430 +x+h+5-3x"—x-5

h
_ 6xh+3h’ +h
h
h(6x+3h+1)

h
=6x+3h+1
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65.

66.

67.

Section 2.2

Sx+h) - f(x)

h
—(x+h) +2(x+h)+4—(—x>+2x+4)
N h
_ —x?=2xh—h* +2x+2h+4+ x> -2x—4
- h
_ 2xh—h* +2h
- h
h(—2x—h+2)
7
=-2x—h+2
S(x+h)— f(x)
h
~(x+h) =3(x+h)+1—(~x> =3x+1)
- h
_ —x?=2xh—h* =3x-3h+1+x*+3x—1
N h
_ 2xh—h’-3h
S —
h(-2x—h-3)
- h
=2x-h-3
S(x+h)— f(x)
h
—2(x+h)2 +5(x+h)+7—(=2x" +5x+7)
- h
_ 2x% —4xh—2h* +5x+5h+7+2x" —5x -7
- h
_ —4xh—2h* +5h
- h
: h(—4x—2h+5)
=
=—4x-2h+5
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g JETH /() gy JEED) /()
h h
“3(x+h) +2(x+h)—1-(=3x" +2x-1) L1
= i _x+h x
3x*—6xh—3h" +2x+2h—1+3x* —2x+1 h
= X —(x+h)
" m h
—6xh—3h* +2h _ k) xxth)
_ZOxh o +2h h
h x—x—h
h(—6x—3h+2
_h( xh +2) _ x(x+h)
=—6x—3h+2 _};l
fx+h)—f(x) _X(x+h)
69. L~/ p
! ool
2(x+h) —(x+h)+3- (24" —x+3) =
= . x(x+h) h
-1
2x* —4xh=2h* —x—h+3+2x>+x-3 =
= x(x+h)
h
2
_ Txh=2h —h SO+~ [(x)
p 74, LT
h
_h(—4x—2h—l) 1 1
h 2Ax+h) 2x
=—4x-2h-1 ==,
x x+h
h)— _
70. w _2x(x+h) 2x(x+h)
h
_—3(x+h)2+(x+h)—l—(—3x2+x—1) _h
h _ 2x(x+h)
_3xP—6xh =30 +x+h-1+43x —x+1 B h
h __h 1
_ —6xh—3h* +h C2x(x+h) h
h -1
_ h(-6x-3h+1) 2x(x+h)
h
=—6x—3h+1

1. fx+h)—f(x) _ 6-6 :2:0

h ho ok
gy JGEN-() _T-7_0_,
h h h
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75, Leth=/)

h
B h x+h+Jx

_ x+h—x
h(\/x+h+\/;)

B h

- h(\/x+h +«/;)

1
6. SN =f()

h
- h
_Nx+h—1-Nx—1 Jx+h-1+vx-1
- h Jx+h—1+/x-1

x+h-1—(x-1)

h(x/x+h—1+x/x—1)
x+h-1-x+1
h(Nx+h=T+x-1)
h
h(\/x+h—1+\/x—1)
1

Jx+h—1+Jx—-1

77, Jf(-1.5)+ f(=0.9) —[f(ﬂ)]2 + /() f(D)- f(=7)
=110 -[-4] +2+(-2)-3
=J1-16+(-1)-3
=1-16-3
=-18

78. f(=2.5)-f(1.9) —[f(—ﬂ)]2 + /()= fM)- ()
VS(=2.5)-f(1.9) —[f(—?f)]2 +/(E3)+f()- ()
=\2-(2)-[3] +2+(-2)-(-4)
=49+ (-1)(-4)
=2-9+4
=-3
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79.

80.

81.

82.

83.

84.

85.

86.

Section 2.2

30+0.30(r—120) =30+0.3r—36=0.3r -6
()

100
80
60
40
20

/

~ (200, 54)
(120, 30)

\

]
|
|

s !
RS-
- Q

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

C(t);
100
80
60
0 A 250, 55)
20 ~L(200, 40)
s
w o wn oW
- A O
5 if 0<1<400
C(t)= .
50+0.30(r—400)  ift> 400
()
200
160 ~~(800, 170)
120 /
80 -1 (400, 50)
40
coocoo I
SFEXS
—(
60 if 0<r<450
C(t) = .
60+0.35(t—450)  ift> 450
(1)
i
250 |
200 (900, 217.5)
150 >
100 - (450, 60)
50 =

4

200
400
600
800
1000

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%.
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87. domain: [25, 75]; range: [34, 38]
88. domain: [25, 75]; range: [23, 26]

89. This model describes percent body fat in men.

90. This model describes percent body fat in women.

91.

7(20,000) = 782.50+ 0.15(20,000 — 7825) = 2608.75

A single taxpayer with taxable income of $20,000

owes $2608.75.

92.

106. 40

107.

7(50,000) = 4386.25+0.25(50,000 —31,850) = 8923.75

A single taxpayer with taxable income of $50,000

owes $8923.75.

93. 39,148.75+0.33(x—160,850)
94. 101,469.25+0.35(x —349,700)

95. £(3)=0.76

The cost of mailing a first-class letter weighing 3

ounces is $0.76.

96. £(3.5)=0.93

The cost of mailing a first-class letter weighing 3.5

ounces is $0.93.

97. The cost to mail a letter weighing 1.5 ounces is
$0.59.

98. The cost to mail a letter weighing 1.8 ounces is
$0.59.

99, y
3.00
2.50
2.00
1.50

=
>
=
I
|

Nod
0.5048%
I

24681012~
Weight (ounces)

Cost (dollars)

100. — 105. Answers may vary.

108.

109.
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L

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.

5

N\

-5

Increasing: (—oo,1) or (3, )
Decreasing: (1, 3)

5

J VAV

-5

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

5
T S

-5

Increasing: (2, o)
Decreasing: (—o, —2)
Constant: (-2, 2)
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110. 5

-5

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

111. 5

-5

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

112. 5

s _._____x'uq_____‘_s

-5

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

113. a. y=4x°
3
\y=x4
y=¥
-2 2
-1
b y=x
2 .
y=x
) 2
2

c. Increasing: (0, )
Decreasing: (—o, 0)

d. f(x)=x" isincreasing from (-0, 00) when n
is odd.

114.

115.

116.

117.

118.

119.

120.

121.

122.

225
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_1% .

-1

does not make sense; Explanations will vary.
Sample explanation: It’s possible the graph is not
defined at a.
makes sense
makes sense
makes sense
answers may vary
answers may vary
a. hiseven if both fand g are even or if both fand
g are odd.
fand g are both even:
h(—x) — f(ix) — f(x) — h(x)
gx) gx)
fand g are both odd:
h(—x) — f(ix) — 7f(x) — f(x) — h(x)
gx) —gx) g
b. hisoddiffis odd and g is even or if f'is even
and g is odd.
fis odd and g is even:
h(—x) — f(ix) — 7f(x) — _.f(x) — _h(x)
gx)  glx) g
fis even and g is odd:
h(—x) — f(ix) — f(x) — _f(x) — —h(x)
gx) —glx) gk
answers may vary
O . o -

X, —x  —2-(3) 1
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123. When y=0:

4x-3y-6=0
4x-3(0)-6=0
4x-6=0
4x=6

3

x==

2

The point is (% s Oj.

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

x=-2

The point is (0, —2).

124. 3x+2y-4=0

2y =-3x+4
_ 3x+4
2
or
3
=——x+2
YT

Section 2.3

Check Point Exercises

-2-4
1. a m=———=—
—4-(-3) -1
b m=5_(_2)—
-1-4
2. y=y=mx-x)
y=(=5)=6(x-2)
y+5=6x-12
y=6x—-17

_6_

226

m=0CD_=5__
-1-(-2) 1
so the slope is —5. Using the point (-2, —1), we get the
point slope equation:
Y=y =m(x-x)
y=(=)=-5[x-(=2)]
y+1=-5(x+2).Solve the equation for y :
y+1=-5x-10

>

y=-5x—-11.

The slope m is % and the y-intercept is 1, so one
point on the line is (1, 0). We can find a second point
on the line by using the slope m = =3 starting at
the point (0, 1), move 3 units up and 5 units to the
right, to obtain the point (5, 4).

y

»

ﬂn=%x+1

y =3 is a horizontal line.
Yy y=3

I~

All ordered pairs that are solutions of x =-3 have a
value of x that is always —3. Any value can be used
for y.
x=-3Y

)




College Algebra SE

7. 3x+6y-12=0

6y =-3x+12
22
YT
1
=——x+2
7 2
y
~
x

x+6y—-—12=10

| . .
The slope is B and the y-intercept is 2.

8.  Find the x-intercept:
3x-2y-6=0
3x-2(0)-6=0
3x-6=0
3x=6
x=2

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

3(0)-2y-6=0
—2y-6=0
—2y=6

y=-3

227

Section 2.3

9.  First find the slope.

- Change ¥ny _57.64-57.04 _ 0.6 ~0016
Changeinx  354-317 37

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

Yy=n :m(x_x1)
y—57.04=0.016(x—317)
y—57.04=0.016x—5.072

3 =0.016x+51.968
£(x)=0.016x+52.0

Find the temperature at a concentration of 600 parts
per million.

F(x)=0.016x+52.0
£(600) = 0.016(600) + 52.0

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

Exercise Set 2.3

10-7 .

1 =———=—; rises
8-4

2 m=ﬁ=—=3; rises
3-2

3 _ 21 ; rises
2-(-2) 4

4 = 4-3 =—; rises
2—-(-1) 3

5 m= 2-(2) =£ =0; horizontal
3-4 -1

6. m= _1_—(_1) = 1 = 0; horizontal

3-4 -1
7. m:i:__sz—s; falls
-1-(-2) 1
8. m:ﬂ:i:—l; falls
4-6 -2
_—2-3

m=——n+= _—5 undefined; vertical
5-5 0
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

L _5-(4)

= 2 undefined; vertical
3-3 0

m:29 xl :35 yl :5)
point-slope form: y — 5 =2(x — 3);
slope-intercept form: y—5=2x-6

y=2x-1

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

m=6,x =-2,y =5;

point-slope form: y — 5 = 6(x + 2);

slope-intercept form: y—5=6x+12
y=6x+17

point-slope form: y + 1 = 8(x — 4);
m= 8:xl = 4$y1 :_1;
slope-intercept form: y = 8x — 33

m=-3,x =-2,y =-3;
point-slope form: y + 3 =-3(x + 2);
slope-intercept form: y+3=-3x—-6

y=-3x-9

point-slope form: y + 2 =-5(x + 4);
m=-5,x =-4,y, =-2;
slope-intercept form: y = —5x — 22

m=-4,x =-4,y =0;
point-slope form: y — 0 = —4(x + 4);
slope-intercept form: y =—4(x+4)

y=—4x-16
point-slope form: y + 3 =-2(x — 0)
m=-2,x =0,y =-3;

slope-intercept form: y =—-2x—3
-1 .
m=—1, X, :79 2] :_2:
. 1
point-slope form: y+2=-1| x +5 ;

. 1
slope-intercept form: y+2=—x— 3

=—X—
4 2

20.

21.

22.

23.

24.

25.

228

point-slope form: y +% =—1(x+4);

1
m= _Lxl = —4,}/1 = _Z;
. 17
slope-intercept form: y = —x vy

1
nga xl :Oa .yl :Oa
point-slope form: y—0= %(x -0);

. 1
slope-intercept form: y = Ex

point-slope form: y—0= %(x— 0);
1
ngaxl :anl :0’

. 1
slope-intercept form: y = Ex

2
m:_g’ X, :69 41 :_2;
. 2
point-slope form: y+2 = —E(x -0);
. 2
slope-intercept form: y+2 = —Ex +4

2
=——x+2
=73

point-slope form: y+4 = —%(x -10);
"= _%’xl =10,y =4

. 3
slope-intercept form: y = —gx +2

10-2 8 _

m=

5-1 4
point-slope form: y —2 =2(x — 1) using
(x, y)=(,2),0ry—10=2(x - 5) using

>

(x, »)=(5,10);
slope-intercept form: y—2=2x—-2or
y—10=2x-10,
y=2x
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26. m= 1525 = 10 =2;
8-3 5
point-slope form: y — 5 =2(x — 3) using
(xl,y] ) = (3,5) ,ory—15=2(x— 8) using
(5.31) = (8.15):
slope-intercept form: y = 2x — 1

27. m 370 3

0-(-3) 3
point-slope form: y — 0 = 1(x + 3) using
(%, »)=(-3,0),0ory—3=1(x—0) using
(x;, ») =(0, 3) ; slope-intercept form: y =x + 3

28. m 270 2

0-(2 2
point-slope form: y — 0 = 1(x + 2) using
(xlsJ’1)= (—2,0), ory—2=1(x—0)using
(xl,yl)=(0,2);

slope-intercept form: y =x + 2

20, m=2-CD_>

T2-(3) 5
point-slope form: y + 1 = 1(x + 3) using
(x19 y1) = (_39 _1) ,0ry— 4= 1(x— 2) using

(x;, ») =(2, 4); slope-intercept form:
y+1l=x+3o0r

y—4=x-2
y=x+2
m_—l—(—4) _3

30.

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

slope-intercept form: y =x — 2

229

Section 2.3

p— 4 .
3 b

. 4 .
point-slope form: y+2 = 3 (x+3) using

(x, »)=(3,-2),0r y—6=§(x—3) using

(x, 1) =3, 6);
slope-intercept form: y+2 = 3i +4or
X
4
-6=—x-4,
R
4
=—x+2
4 3
32, m=—20_ 4

point-slope form: y—6 = —%(x +3) using

(x,»)=(-3,6),0r y+2:—§(x—3) using

(xl,y1)=(3,—2);

. 4
slope-intercept form: y=——x+2

33. m= _1_—(_1) - 9 =0;
4-(-3) 7
point-slope form: y + 1 = 0(x + 3) using
(xlv yl) = (_39 _1) ,ory +1= O(x_4) uSing
(xls yl) = (49 _1) 5
slope-intercept form: y+1=0,so
y=-1
3. m=—)_ 0y,
6-(-2) 8
point-slope form: y + 5 = 0(x + 2) using
(x, %) =(-2,—5), ory +5=0(x — 6) using
(x1=J’1) = (63_5) ;
slope-intercept form: y+5=0, so
y=-5

3. m=2"4 AL
-2-2 -4
point-slope form: y — 4 = 1(x — 2) using
(x;, »)=(2,4),0ory—0=1(x + 2) using
(xla yl) = (_2’ 0) s

slope-intercept form: y—9 =x—2,0r

1;

y=x+2
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36. m=

. 3 .
point-slope form: y+3 = = (x—1) using

(Xl,yl)=(17—3), or y—0=—%(x+l) using
(x:0)=(-10);

. 3 3
slope-intercept form: y+3=—-—x+—, or

37. m=——=
0-(-1)
point-slope form: y — 4 = 8(x — 0) using
(x, »)=(0,4),0r y-0 :8(x+%) using
(x, ) =(-%,0);0r y—0=8(x+1)
slope-intercept form: y =8x+4

4 4
0 4 s,
2

38, m-—20_2_
—4

point-slope form: y—0= %(x —4) using
(x1:21) = (4,0).

or y+2=%(x—0) using (x,,,)=(0,-2);

. 1
slope-intercept form: y = Ex -2

39. m=2;b=1
y
~
X
y=2x+1
40. m=3;b=2
y
/.
7
X
7
y=3x+2

41. m=-2b=1

f)= -2 +1

42. m=-3;b=2
y

I~

\

Jx)=-3x+2

230
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y=-2
45 m=—3,p=17 49. !
5 pS
. . x
50. y=4y
X
3
y= 5x+7
X
46. m=—2;b=6
5
51. y=-3y
N C
!
X
X
=—2x+6
/ 5% 52. YAx=35
l ~]
47. m=——;b=0
2
y X
53. y=0y
X
n
X
g =—5x
48. m=—21b=0
I L 5. x=0y
T~ = X
- - X
55. f®y=1y

231
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56. fx)=3y

th

57. 3x-18=0
3x=18
x=6

yidx—18 =0

58. 3x+12=0
3x=-12
x=-4
YA x+12 =0

=Y

Ix+y—-5=0

60. a. 4x+y-6=0
y—6=-4x
y=—4x+6

b. m=-4,b=6

232

-

4x+y—6=10

61. a. 2x+3y-18=0
2x—-18=-3y
-3y =2x-18
2 18

=—Xx——
-3 3

2
=——x+6
Y 73

y 4

2x+3y—18=0

62. a. 4x+6y+12=0
4x+12=-6y
-6y =4x+12
4 12

= x+—
YT

2
=——x-2
Y 73

W,

4x + 6y +12=0
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63. a. 8x—-4y-12=0
8x—-12=4y
4y =8x-12
8 12
Ay
y=2x-3

X
8x—4y—-12=0
64. a. 6x-5y-20=0
6x—-20=5y
S5y=6x-20
6 20
=—X——
5 5
6
=—x-4
Y75
b mzé;b:—4
5
¢ y
/ X
/
6x —5y—-20=0
65. a. 3y-9=0
3y=9
y=3
b. m=0;b6=3
c ypdy—-9=90
~)
x

233
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66. a. 4y+28=0
4y =-28
y==7

c.
x

4y +28 =10

67. Find the x-intercept:
6x-2y-12=0
6x—2(0)-12=0
6x—-12=0

6x=12

x=2

Find the y-intercept:
6x-2y-12=0
6(0)-2y—-12=0
-2y-12=0

—2y=12
y=-0
y
Ak
2,0
/
T 0, —-6)

6x —2y—12 =0
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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

(3,0)
X
v 1 (0, _2)

6x—9y—18 =0
69. Find the x-intercept:
2x+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
yp2x+3y+6 =0

/

30T NG Y
(0, -2)

234

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

300)+5y+15=0
Sy+15=0
S5y=-15
y=-3

3x+5y+15 =0y

/

(_59 0)/ N

(09 _3)

Find the x-intercept:
8x—-2y+12=0

8x—-2(0)+12=0
8x+12=0
8x=-12
8x —12
8 8
_3

X =

2
Find the y-intercept:
8x-2y+12=0

8(0)-2y+12=0
-2y+12=0
2y=-12
y=-6
y

hdiVi

\

47

8x—2y+12=0

Y
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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

5

X=—-—=

2
Find the y-intercept:
6x-3y+15=0

6(0)-3y+15=0
-3y+15=0
-3y=-15

y=5

y

—
N
n
~
/
|
|
|

SRl it
2’ /

6x+3y+15=10

73. 0-a -a a

. . a.
Since a and b are both positive, 3 is

negative. Therefore, the line falls.

74. -0 b b
m=—-—-=—=——

0- (—a) a
Since @ and b are both positive, b is
a

negative. Therefore, the line falls.

75. (b+C)—b c

a—a 0
The slope is undefined.
The line is vertical.
76. _(a+c)-c a
Ca- (a - b) )
Since a and b are both positive, % is positive.

Therefore, the line rises.

77.

78.

79.

80.

81.

Section 2.3

Ax+By=C
By=—Ax+C
,_4.C
B B

The slope is —% and the y — intercept is %

Ax=By-C
Ax+C =By
4 C

—x+—=
B B 7

The slope is %and the y— intercept is %

18=-3y
6=y

3x—4f(x):6
—4f(x):—3x+6
3

3
I=35

3x —4f(x) -6=0y

&
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82.

83.

84.

85.

86.

87.

6x—5f(x):20
—5f(x) =—6x+20

f(x)zgx—4

/1

7/ -
7/ < X

/
(0,’ Ny 4)

6x —5f(x) —20=0

Using the slope-intercept form for the equation
of a line:
-1=-2(3)+b
-1=-6+b
5=b

3
—6=—2(2)+b
()

-6=-3+b
-3=b

m,my,m,,m,
b,,b.,b,,b,

a. First, find the slope using (20,38.9) and

(10,31.1).
_389-3L1_78
20-10 10

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

y=n =m(x—x1)
y—31.1=0.78(x—10)
or
»—38.9=0.78(x—20)

b. y-31.1=0.78(x-10)
y-31.1=0.78x-7.8

y=0.78x+23.3

f(x)=0.78x+23.3

. f(40)=0.78(40)+23.3 =545

The linear function predicts the percentage of
never married American females, ages 25 — 29,
to be 54.5% in 2020.

236

88.

89.

a.

a.

First, find the slope using (20,51.7) and

(10,45.2).
_5L7-452_65_
20-10 10

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

Y=n =m(x—x1)
y—452 =O.65(x—10)
or
y—51.7=0.65(x—20)

y—452= 0.65(x—10)
y—452=0.65x-6.5

y=0.65x+38.7

f(x) =0.65x+38.7

£(35)=0.65(35)+38.7 = 61.45

The linear function predicts the percentage of
never married American males, ages 25 — 29, to
be 61.45% in 2015.

Life Expectancy for United States
Males, by Year of Birth

y

[ |
100 |-(20, 70)
80 / ]
60 nEn
i (40,74.3)]

20

Life Expectancy

1020304050 X
Birth Years after 1960

;e Change in y _ 74.3-70.0
Change in x 40-20
Y=y =m(x-x)
y—70.0=0.215(x—20)
y—70.0=0.215x-4.3
y=0.215x+65.7
E(x)=0.215x+65.7

=0.215

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

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

Females, by Year of Birth
y

TTT T 11
100 (40,79.7)
80
60
40

20

(10, 74.7)

Life Expectancy

1020304050 ~x
Birth Years after 1960

m = Changeiny 79.7-74.7
40-10

- ~0.17
Change in x

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

.  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 may vary.
_110-230 :_@:_2.4
60-10 50
y—230=-2.4(x-10)
y—230=-2.4x+24
y=-24x+254
Answers may vary for predictions.

92.-99. Answers may vary.
100. Two points are (0,4) and (10,24).
_24-4 20 )

m= =—=2,
10-0 10

10
-10 /

-10

10

237

101.

102.

103.

Section 2.3

Two points are (0, 6) and (10, —24).
-24-6 =30
m= = —_—= —3
10-0 10
Check: y=mx+b:y=-3x+6.
10

g

-10 \ 10

\

Two points are (0,—5) and (10,-10).
me_0-(5_—5_ 1

-10

10-0 0 2
10

10

-10 g
“\-\.\n\

-10

Two points are (0, —2) and (10, 5.5).
_332(D) TS5 5o 3
10-0 10 4

Check: y =mx+b:y:%x—2.

10

-10 /ﬁ__.- 10

-10
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104. a. Enter data from table.
b.
310
L] -]
| B
0 8
0

10s.

106.

107.

108.

109.

110.

111.

112.

a=-22.96876741
b=260.5633751
r =—0.8428126855

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 sample 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).

238

113.

114.

115.

We are given that the x —intercept is —2 and the
y—intercept is 4. We can use the points
(=2,0) and (0,4) to find the slope.
4-0 4 4
0-(2) 02 2

Using the slope and one of the intercepts, we can
write the line in point-slope form.

Y=n :m(x_'xl)
y=0=2(x-(-2))

y:2(x+2)
y=2x+4
2x+y=4

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

hand-side.

2x+y=4
3(-2x+y)=3(4)
—6x+3y =12

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

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

slo eisl
p >

. . 1
So the equation of the line is y = Ex— 6.

We can put this equation in the form ax+by =c to

find the missing coefficients.
1
=—x—06
Y7
1
——x=-06
4 2

2(}/—%)() = 2(—6)
2y—-x=-12
x=2y=12

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

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

Elvis. Then
280-40 240
=227 2% _24. Usin , ) =1(25,40),
"= 125-25 100 ing (x.1) =(25.40)

point-slope form tells us that
E—-40=24(M-25)or
E=2.4M-20.

117. Answers may vary.

118. Since the slope is the same as the slope of y =2x+1,
then m =2.

Y=n :m(x_xl)
y=1=2(x~(-3))
y—1=2(x+3)
y—1=2x+6

y=2x+7

. . . . 1
119. Since the slope is the negative reciprocal of e

then m=4.
Y=n =m(x—xl)
y—(—5)z4(x—3)
y+5=4x-12
—4x+y+17=0
4x-y—-17=0

o, L= 1) _ fA)= £
X, — X, 4-1
42 _12
4-1
15

=5

Section 2.4

Section 2.4
Check Point Exercises

1. The slope of the line y =3x+1 is 3.
y=»n-= m('x—xl)
y=5=3(x—(-2))
y—=5=3(x+2) point-slope
y—-5=3x+6
y=3x+11 slope-intercept

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

x+3y-12=0
3y=—x+12
1
=——x+4
Y773

The slope of this line is —% thus 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_yl =m(‘x—‘xl)
y=(=6)=3(x-(-2)
y+6=3(x+2)
y+6=3x+6
—3x+y=0
3x—y =0 general form
3 me Change %ny _ 12.7-9.0 =£ ~025
Change inx 2005-1990 15

The slope indicates that the number of U.S. men
living alone is projected to increase by 0.25 million
each year.

4. a. f(xz)_f(xl):13_03 =1

X, =X, 1-0

b f(xz)_f(xl):23_13:8_1:7
X, — X 2-1 1

SO)—f(x) _0°—(=2)" 8 _

X, =X, 0-(=2) 2

s JOo)-f(x) _fB)-f() _005-0.03
) X, —x, 3-1 3-1

=0.01
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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=»= m(x_xl)
y—2=2 (x - 4)

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

y=2x-6
In function notation, the equation of the line is

f(x) =2x-6.

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

obtain slope-intercept form.

y—4=-2x+6
y=-2x+10
f(x):—2x+10

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

1 . .
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.
Yy=n= m(x_xl)

1
—4=——(x-2
y S(x-2)
Solve for y to obtain slope-intercept form.
1
—4=——(x-2
v 5(x-2)

1
—4=—=x+1
4 2

1
=——x+5
7 2
In function notation, the equation of the line is

f(x) = —%x+5.

240

L will have slope m = % The line passes through (-

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

r=2=3(=(-)

y—2:%(x+l)

Solve for y to obtain slope-intercept form.

1 1
—2=—x+—
7 2 2
1 1
=—x+—+2

7 2 2
LR

7 2 2

1 5
X)=—Xx+—
f() 2 2

m =—4 since the line is parallel to

y=-4x+3; x, =8, y, =-10;

point-slope form:  y+10=—-4(x + 8)

slope-intercept form: y + 10 = —4x — 32
y=—4x—-42

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

X ==2,p=-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; X =2,y =-3

point-slope form: y + 3 =-5(x — 2)
slope-intercept form: y+3=-5x+10
y==5x+7

. o . 1
m = =3 since the line is perpendicular to y = Ex +7;

x=-4y =2;

point-slope form: y—2=-3(x+4)

slope-intercept form: y—2=-3x-12
y=-3x-10
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9. 2x-3y-7=0
=3y=-2x+7
_2,.7
Y733

10.

11.

12.

The slope of the given line is z, som :g since the
lines are parallel.

point-slope form: y—2 = %(x +2)

general form: 2x—-3y+10=0

3x-2y-=

—2y=-3x+5

Yy

The slope of the given line is %, so m :% since the
lines are parallel.
point-slope form: y—-3= %(x +1)

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

x—-2y-3=0
—2y=-x+3
1
AR

The slope of the given line is %, so 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
ool
7 7

. o1 .
The slope of the given line is 7 so m =7 since the

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

241

13.

14.

15.

16.

17.

18.

19.

20.

Section 2.4

_:—:3
5-0
24-0_24
4-0 4

5-3 2
_20
2
=10
6 -2(6)-(3"-2:3) _36-12-(9-6) 21_,
6-3 B 3 3
Jo-J4 3-2 1
9-4 5 5
JiI6-\9 4-3 1
16— 7 7

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

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

Since the line is perpendicular to x =—4 whichisa
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.



Functions and Graphs

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

line will pass through (2,0)and (0,—4). We use these points to find the slope.
4.0 -4

m=——= =
0-2 =2

Since the graph of f is perpendicular to this line, it will have slope m = —%.

Use the point (—6,4) and the slope —% to find the equation of the line.

Y=n :m(‘x_xl)

y—4:—%(x+6)

y—4=—%x—3
yz—%x—i-l

f(x)z—%x+l

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
m —_ 7 _

T 0-3 3

Since the graph of f is perpendicular to this line, it will have slope m = —%.

Use the point (—5,6) and the slope —% to find the equation of the line.

1 s
6= ——x—2
Y 373
B
YIRS
f(x)=—1x+?
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23. First put the equation 3x -2y —4 =0 in slope-intercept form.

24,

25.

26.

27.

28.

29.

30.

3x-2y-4=0
—2y=-3x+4

3
=—x-2
773

The equation of f will have slope 3 since it is perpendicular to the line above and the same

y — intercept —2.

So the equation of f'is f'(x)= —%x—Z.

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

The equation of f will have slope —% since it is perpendicular to the line above and the same

y — intercept —6.
1

So the equation of fis f(x)= —Zx—6.

P(x)=-12x+47
P(x)=13x+23

m=163-617 346 .,
19981994 4

There was an average increase of approximately 137 discharges per year.

_612-1273 661

m= = ~—132
2006 -2001 5

There was an average decrease of approximately 132 discharges per year.

a.  f(x)=L11x —35x + 264x + 557
£(0) =1.1(0)° —35(0)° + 264(0) + 557 = 557
F(4) =1.1(4)° —35(4)° +264(4) + 557 =1123.4
1123.4-557
m=————
4-0

~142

b. This overestimates by 5 discharges per year.

a.  f(x)=1.1x" —35x +264x + 557
£(0)=1.1(7)’ =35(7)* + 264(7) + 557 =1067.3
£(12) =1.1(12)° =35(12)* + 264(12) + 557 = 585.8
585.8-1067.3
m=————=x
12-7

-96

b. This underestimates the decrease by 36 discharges per year.
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31.-36. Answers may vary.

37.

38.

39.

40.

41.

42.

y:lx+1

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. 1
LN
\

-10
The lines do not appear to be perpendicular.

C. 10

—-15.16 15.16
._ﬂ__#_.-'-"”

-10

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.

makes sense
makes sense

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

makes sense

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

Ax+By+C=0
By=—Ax-C
By -4Ax C
B B B
4 C
YT

The slope of the given line is —%.

. . . B
The slope of any line perpendicular to Ax+By+C =0 is e
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43. The slope of the line containing (1,-3) and (-2,4) b.
[TT11 [T 11
4 — _3 I T T
has S]Qpe m= L = ﬂ = l = _Z (—1, 9)_?:(5’ 9)’_
-2-1 -3 3 3 \ {
Solve Ax+y—2=0 for y to obtain slope-intercept . 3) [ 49
form. y) 1 N1/ B D)
Ax+y-2=0 _.(‘19‘1‘)\
= —Ax+2 — S
S o 2,0)
So the slope of this line is —A.
This line is perpendicular to the line above so its ¢. The graph in part (b) is the graph in part (a)
slope is 3 Therefore, —4 = 3o 4= shifted to the right 2 units.
7 7 7
4. a = |x| 1o >4 2,
. a. Jx)=|x y 1 =1
(=3,3)- AR y
(_29 2) '_—/’__ T (2, 2) AT ’Ir N :;_ =
L e CLEDT 0T
2 (-2, -9
L1
b. YA
b. y (-2,8) — A1
5
(—1,1) ==
A 5 x
5% (0,0 ;
(=3,~1)~ ~G,- mummEn =Ny
(-2,-2) ~e,- @
(=1,-3) 0, =9 >q,-

c. The graph in part (b) is the graph in part (a)

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

shifted down 4 units.
45, a. foy =2, Mid-Chapter 2 Check Point
(-3,9 = —=-(3,9) 1. The relation is not a function.
| The domain is {1,2}.

(-2,49) LN @Y -

L The range is {-6,4,6}.
. A
L1 M 1 2.  The relation is a function.

5x The domain is {0,2,3}.
(0,0)

The range is {1,4}.

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

4. The relation is not a function.

The domain is {x|-3 <x<4}.

The range is {y|-1< y <2}.
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5.  The relation is not a function. fx)-f(x) f(d)-f(-4) -5-3
The domain is {-2,-1,0,1,2}. 24. X, —x, = 4—(—4) “4ra

The range is {-2,—1,1,3}.

25. y=- 2x y
6.  The relation is a function. 3
The domain is {x|x <1}.
The range is {y|y > -1}. 3
x
7. xX*+y=5
y=-x"+5
For each value of x, there is one and only one value 26. y=—2y
for y, so the equation defines y as a function of x. 3
8. x+)y'=5
Y =5-x o
y=2J5-x
Since there are values of x that give more than one .
value for y (for example, if x = 4, then 27. x+y i B y
y =+J5-4 = £1), the equation does not define y as '
a function of x.
X
9.  Each value of x corresponds to exactly one value of y.
10. Domain: (—o0,)
28. 1
=—x-2
11. Range: (—00,4] Y73 Y
12. x-intercepts: —6 and 2 ¢
- x
13. y-intercept: 3 el
14. increasing: (—oo, —2)
15. decreasing: (-2, ) 29. x=35yy
16. x=-2
17. f(-2)=4 x
18. f(-4)=3
19. f(-7)=-2 and f(3)=-2 30. y
20. f(-6)=0 and f(2)=0
x
21. (-6,2)
22 1 i i §
. f(100) is negative. Ar—2p=8

23. neither; f(-x)#x and f(-x)#—x
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31.

32.

33.

34.

——
T ———

J@) =x*-4

f@=x-4

Sy =|x|-4

5y=-3x

S5y = -3«

247

Mid-Chapter 2 Check Point

35. 5y=20
y=4
y
x
S5y =20
36. y
¢
5 x
—1lifx=0

J® =10+ 1ifx>0

37. a.  f(-x)=-2(-x)"—x-5=-2x"-x-5
neither; f(—x)#x and f(—x)=#—x

b LG f()

h
_—2(x+h)2+(x+h)—5—(—2x2+x—5)
B h
_—2x2—4xh—2h2+x+h—5+2x2—x+5
- h
_ —4xh -2 +h
- h
h(—4x—2h+1)
==
=—4x-2h+1
{30 if 0<7<200
38. C(x)= )
30+0.40(7—200) if ¢>200
a. C(150)=30

b.  C(250)=30+0.40(250 — 200) = 50
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39. y—y =m(x—x) 3. m :ChangeinyZO—(—4):i
y—3:—2(x—(—4)) ' Change in x 7-2 5
y-3=-2(x+4) - :Changeiny: 6-2 :i
y-3=-2x—8 > Changeinx 1-(—4) 5

y=-2x-5 The slope of the lines are equal thus the lines are
F)=-2x-5 parallel.
Changeiny 42-26 16
: 44. a. = = =—=0.16
40, g Changeiny 1-(=5) 6 _, "= Changeinx 180—80 100
Changeinx 2-(-1) 3
Y=y =m(x-x) b. For each minute of brisk walking, the
122 ) percentage of patients with depression in
y=1=2(x-2) remission increased by 0.16%. The rate of
y—1=2x-4 change is 0.16% per minute of brisk walking.
y=2x-3 X
)23 45, JO)=IG0) _f@=/CD
' - Xy =X 2-(-
41, 3x-y-5=0 (327 -2)- (31" - (-1)
—y=-3x+5 - 2+1
y=3x-5 =2

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

y=y=m(x-x)
y- (4 =3(x-3)
y+4=3x-9
y=3x-13
f(x)=3x-13
42. 2x-5y-10=0
-5y =-2x+10
Sy _—2x 10
-5 -5 -5

2
=—x-2
775

The slope of the given line is% , and the lines are

. 5
perpendicular, so m = 5
y=y=mx-x)
5
y= (3= (x=(4)
5
+3=—=x-10
y 5 x

5
=—2x-13
7T

f(x):—%x—w
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Section 2.5
Check Point Exercises

1. Shift up vertically 3 units.

y
3 8
' J
5 x

2. Shift to the right 4 units.
y

~

N

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

y

-

A
~ h
x

4. Reflect about the x-axis.

2 f

.

8

5. Reflect about the y-axis.
y

~

Eas

6.

249

y

8

S

)

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

(12,0)

wo=1(8)

Section 2.5

Horizontally shrink the graph of y = f(x).

a.
y
510, 3)
(1,02 3,0)
(=L O/
2,-3)
g(x) =/f(2x)

b. Horizontally stretch the graph of y = f(x).
y 1 LI l
>1(0,3)1]

1
(~4,0) v
(ff, -3)

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

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

shifted down 2 units.

y

)

(39 - 1)

(=3,-2)

/

(=1,-3)

(19 _2)
il i

y=-3fG+1-2

"(5’ _2)
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9.  The graph of f(x)=x" is shifted 1 unit right,
stretched by a factor of 2, then shifted up 3 units.
y
N BN

\ I
/

n (03 5} (2’ 5)
]

(1,31
]
1.
1

H
T X

g =2(x — 1% +3

Exercise Set 2.5

i N
IEA
-~
N
—
-’

g =fx) -1

(=12

Y

T
(1,2) 77

(=321

5 x

8x) =f(x+1

(=1,2) 21 (1.2)

(3,2)

gx) =f(x -1

250

-1L,07% YT

=

3, 0)

gw) =f(x—1) -2

y

n)

(=3, HhFH

]

|

TTT]
(-1, 4]

8x) =fx+1) +2

(~2, 28T 5H0,2)

\

2,2

g(x) = —f(x)

|

\

(=2,-2)

/

2,-2)
©,-2)

g = —f(x)

H810, D

) H 2, 1

g(x) = —f(x) +3
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10.

11.

12.

13.

14.

2,5

~ -
N L Sl
Shanks
Srme

g(x) = 2f(x)

g(x) =f(-;—x) y

(_49 2)

(4,2)

251

15.

(-4,-1)

0,

16. y

i
I
s =-r(

3 X
DT, -1

E

+

Jer

Ch

1,-3)

g(x) = —f2x)-1

17.

y

2,1

(_4’ _1)

X
@1

(=2, -3)1(0, —1)-

g(x) =f(x)-1

18.

2,3)

41)

0,15~

g(x) =f()+1

1

19. y

(,2)"

(3,0

1,035+

(-1,-2)
[ I
[ I

g =fx—-1
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20.

21.

22,

23.

24,

25.

(=1,0)

(-5,0) 3

(=3,-2)

LT

gx) =flx+1)

3,41

mahwrks AN

(1,2)

g =flx —1) +2

y

5,2)

(_19 _2)

, )

3 X

(_59 -2

3
(3’ _2)

(=3~

gW) =flx+1) -2

—
-,T
N
W
~
)

26. y

.

!

I
(-4,1) “4,1)

gx) =—f(x) +1

27. Y -
51(2,4)

(—-4,0)

0,0~ x
4,0)

¥
(-2,-49)
g(x) =2f(x)

28. Y

»

(_45 0)
Pl

) Ha,0

|
(=2,-1)
H

£ = 3/

y
29. o

11,2) 1+
(-2, 0) AL (2, 0)

$ L
(-1,-2)
HHH

g(x) = f(2x)

T0
[(0,0) 31+

30. Y
1

-
A
i
el
>
A

=
e
-
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3L [T syi
T (0, 5)
(=2,1) |
(—6,1) 2,1)
X
(=4, -3)

o
= _1)’ (0, 3)

I
(~4 -9YHHHH

g8x) =/(x) +2

34. y

(=4, -2)«(

0, —2)- x

N

|
(4, —4)

1T TSR
0, —4)+

i i

Il

gx) =f(x) =2

35. Yy

o

(_,)

(-2, 0)

™
<

131 x

(-2,-2)
1

]
1

~5-
2,-2)

i
| I

LI

g =f(x +2)

36.

37.

38.

39.

40.

253

o156 (6, —2)

A
I

=)

| -2
=

4

=

(=2,0)4@2, 0y 17 ¥

gx) = —f(x —2)
y
RNy
NN ESN!
I T
(-2, D)2, 1)
(—6,0:)/ 24
(=2,0)
Lt

y
E1TT I

(=2,0)02, )T X

¢ = -3 fx = 2)

Section 2.5
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41.

42.

43.

44.

45.

g = —3fx+2) -2

y

12,3

(-2,2) S

g0 = 3 [ =2 +2

y

(=2, 0)4(0, 0)
|

-0, —1) i

2, -1

g = 2@

(=3, -3 % -1

L1 L1

gw) =fx -1 -1

46.

47.

48.

49.

50.

254

S(1,3)

|

3,1

g =fx+1)+1

@, 1)

S D

\

| X

a

1)

, —
fod
M|
L1

gx) =—fx -1 +1

X

é, D

(1, —3)
L

gy =—f(x+1) -1

1

4,9

1, 1)
|

R
(2,0)°

[
=

)



College Algebra SE

Section 2.5
S1. T n)n; 57, i f
BREES :
CLOE A1) T
!
5 gy TTE Y
(=5, 1)“(—3,0)‘(3’0)“5 -
NN
bt
: h
gx)=>/f(x+1)
g 58. y f
52. y (1’,4) 5
~ - (394) \ 1
(_1,0) -5.5’0) : \ N
51X
(—39_4) h
]
SWISHESD 59. yp S h
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First, vertically stretch the graph of f(x) = Jx

by the factor 2.9; then shift the result up 20.1
units.

127. a.

b.  f(x)=2.9Jx +20.1

£(48) =2.94/48 +20.1~ 40.2
The model describes the actual data very well.

f(xz)_f(xl)

Xy =X
_ S0 -1

10-0
(2.9Jﬁ+ 20.1)—(2.9\5+20.1)
10-0

£ 29.27-20.1
a 10

~0.9
0.9 inches per month

f(xz)_f(xl)
X, —X,
_ f(60)~£(50)
60—50
(2.9@+ 20.1)—(2.9\/5+2o.1)
60—50
| 42.5633-40.6061
B 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.

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

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

128. a.

b.  f(x)=3.14x+19

£(48) =3.1/48 +19 ~ 40.5
The model describes the actual data very well.
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f(xz)_f(xl)

X, =X
_ /(10) - £(0)

10-0
(3.1\/E+19)—(3.1\/6+19)
10-0

~ 28.8031-19
B 10

~1.0
1.0 inches per month

f(xz)_f(xl)
Xy =X
_ J(60)- 7 (50)
60—-50

(3.1\/%“9)—(3.1@“9)

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 may vary.

135. a. 24
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136.

137.
138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

a. 9

makes sense
makes sense

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

y=f(t+]).

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

y=f=D.
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 fis a reflection of

the graph of y = Jx in the x-axis, while the graph

of g is a reflection of the graph of y = Jx inthe 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.

true
g(x)=—(x+4)’

g(x)=f|x75|+1
gx)=—/x-2+2

(x)——l 16—x" -1
£ 4

(-a, b)
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150. (a, 2b)

151. (a + 3, b)

152. (a, b-3)

153. 2x—-D(x* +x-2)=2x(x* +x-2)-1(x* +x-2)
=2x +2x* —dx—x*—x+2
=2 +2x* —x* —4x—x+2
=2x +x> —5x+2

154. (f(0)) —2/(x)+6=(3x—4) —2(3x—4)+6

=9x* —24x+16—6x+8+6
=9x* —24x—6x+16+8+6

=9x* —30x +30
155. 2 _ 2x _ 2x
3_1 31_ 3-x
X X
Section 2.6

Check Point Exercises

1. a. The function f(x)=x"+3x—17 contains
neither division nor an even root. The domain of
fs 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
domain.

domain of g = (—o0,-7)U(~7,7)U(7,).

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

quantity under the radical must be greater than or
equal to 0.
9x-2720

9x > 27
x=>3
Thus, the domain of % is {x| x >3}, or the

interval [3,00).
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L
®

(f +8)x) = f(x)+g(x)
:x—5+(x2—1)
=x-5+x" -1
=—x"+x-6

(f —&)x) = f(x)-g(x)
=x—5—(x2—1)
=x-5-x"+1

=—x"+x-4
(f2)(x) = (x=5)(x* -1
:x()c2 —1)—5(x2 —1)
=x —x-5x"+5
=x" —5x"—x+5

Sy S )
( g J ) g(x)

:x;sl,xiil

2
X" —

(f+8)x) = f(x)+g(x)
=Jx=3+x+1

domain of f: x-32>20
x23
[3, )
domain of g: x+1>20
x=>-1
[-1, 0)

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, o).

(feog)x) = f(gx)
:5(2x2—x—1)+6
=10x*-5x-5+6

=10x> —5x+1

(gof) ) =g(f(0)
=2(5x+6) —(5x+6)-1
=2(25x* +60x +36)—5x—6-1
=50x> +120x+72-5x—6-1
=50x" +115x+65
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c. (fog)(x):10x2—5x+1
(fog)(—l) =10(=1)* =5(-1) +1

=10+5+1
=16
4 4x
a. (f°g)(x)=l—zﬁ
—+2 x
X

b. domain: {x|x #0,x# —%}

h(x)=fog wheref(x)=x; g(x)=x+5

Exercise Set 2.6

1.

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

The function contains neither division nor an even
root. The domain = (—o0,0)

The denominator equals zero when x =4. This value

must be excluded from the domain.
domain: (—oo, 4) U (4, oo).

The denominator equals zero when x =-5. This

value must be excluded from the domain.
domain: (—o0,-5)U(-5,).

The function contains neither division nor an even
root. The domain = (—o0,0)

The function contains neither division nor an even
root. The domain = (-0, )

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

domain: (—o0,-3)U(-3,5)U(5,)

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

domain: (—o0,—4)U(-4,3)U(3,»)

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

domain: (—o0,-7)U(-7,9)U(9,)
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10. The values that make the denominators equal zero
must be excluded from the domain.

domain: (—o0,-8)U(-8,10)U(10,)

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

domain: (—o0,-1)U(-1,1)U(1,0)

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

domain: (—o0,-2)U(-2,2)U(2,)

13. Exclude x for x=0.

Exclude x for i—l =0.

X
i—I:O
x
3
x| ——1[{=x(0
2-1)=x(0
3—x=0
—-x=-3
x=3

domain: (—o0,0)U(0,3)U(3,)

14. Exclude x for x=0.

Exclude x for i—1 =0.

X
i—1:0
X

4

x| ——1[=x(0
(2-1]-x0)
4-x=0
—x=-4
x=4

domain: (—o0,0)U(0,4)U(4,0)
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15.

16.

17.

18.

Exclude x for x—1=0.
x—1=0

x=1

Exclude x for i—2 =0.

—
A sop
x—1
(x—l)(i—zj:(x—l)(o)
x—1
4-2(x-1)=0
4-2x+2=0
2x+6=0
—2x=-6
x=3

domain: (—o0,1)U(1,3)U(3,0)

Exclude x for x—2=0.

x—-2=0
x=2
Exclude x for " -3=0.
4 320
x=2
(x—2)( 4 —3j:(x—2)(0)
x—2
4-3(x-2)=0
4-3x+6=0
—3x+10=0
—3x=-10
10
Y

domain: (—,2)U (1?) U [?,wj

The expression under the radical must not be
negative.
x=320
x23
domain: [3,00)

The expression under the radical must not be
negative.
x+220

x=>-2
domain: [-2,)
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19. The expression under the radical must be positive.

x=3>0
x>3
domain: (3,c0)

20. The expression under the radical must be positive.

x+2>0
x>-2
domain: (-2,)

21. The expression under the radical must not be
negative.
5x+3520

5x>-35
x=>-7

domain: [~7,)

22. The expression under the radical must not be
negative.
7x-702>0
7x 270
x2>10
domain: [10,00)

23. The expression under the radical must not be

negative.
24-2x20

—2x2>-24

—2x < —24

-2 2

x<12

domain: (—0,12]

24, The expression under the radical must not be

negative.
84—-6x20

—6x > -84

—ox 84

-6 -6

x<14

domain: (—o0,14]

25. The expressions under the radicals must not be

negative.
x-220 x+320
and
x22 x=>-3

To make both inequalities true, x> 2.
domain: [2,00)
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26.

27.

28.

29.

30.

Section 2.6

The expressions under the radicals must not be
negative.
x=320 x+420
and
x23 x4
To make both inequalities true, x >3 .
domain: [3,00)

The expression under the radical must not be
negative.
x=220
x>2
The denominator equals zero when x =35.

domain: [2,5)U(5,).

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

x23
The denominator equals zero when x = 6.
domain: [3,6)U(6,).

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

x’ —5x" —4x+20
=x (x—S)—4(x—5)

z()c—S)(x2 —4)

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

-2, 2, and 5 must be excluded.

domain: (—o0,-2)U(-2,2)U(2,5)U(5,)

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

X —2x"—9x+18
=x (x—2)—9(x—2)
:(x—2)(x2 —9)
=(x-2)(x+3)(x-3)

-3, 2, and 3 must be excluded.
domain: (—o0,-3)U(-3,2)U(2,3)U(3,»)
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3. (f+g)x)=3x+2 35. (f+g)x)=2x"-2
domain: (—o0, ) domain: (—oo, o0)
(f— 2)(x) = fix) — g(x) o) = 24 2 p
et )@ 1) (f—g)(x)=2x"-2x-4

=x+4 domain: (-0, o)
domain: (-0, o0) (f2)(x) = (2x* —x=3)(x +1)

(/8)(x) = 1 (x)- g(x) =204 —dx 3
domain: (-0, o)

domain: :( %:; Z;})_(; 1) (éj = %
f f(,x) 2x+3 :M:2X—3
(Ej o S e domain: (—o0 —(T;L—Jl()—l o)
domain: (—o0,1)U(1,0) . ' '
32. (ftg)x)=4x-2 36. (f+g)(x)=6x>—-2

domain: (—0, o)

f-2x)=0Cx-4)-(x+2)=2x-6 domain: (—o0, o0)

domain: (—o0, o0) (f —g)(x)=6x>—2x
(fo)(x) = (3x — 4)(x +2) = 3x2 + 2x — 8 domain: (oo, o)
domain: (0, «0) (f2)(x) = (63 —x—1)(x—1) = 6x° = 7x* +1
(ij (x) = 3x-4 domain: (—o0, o)
g x+2 (ij(x):@c -x-1
g x—1

domain: (—0,-2)U(-2,)
domain: (—o0,1)U(1,0)

33. (f+2)x)=3x"+x-5
domain: (—oo, o)
(f - g)x)=-3x"+x-5

37. (f+2)(x)=0CB-x")+(x* +2x-15)
=2x-12
domain: (-0, )

domain: (—o0, ) (f —g)(x) = B—x") = (x* +2x—15)
- =(B-x")-(x"+2x-
(f2)(x) = (x=5)(3x*) =3x" —15x ¢ >
) =-2x"-2x+18

domain: (—o0, ) domain: (~o0, o0)
(ij(x)=x_25 (f2)(x) = (3—x")(x* +2x-15)

g 3x =—x"—2x +18x” + 6x—45
domain: (—o0,0)U(0,) domain: (—o0, o)

S (x)= 3-x°
4. (f+9)x)=5x"+x-6 g S X 42x-15

domain: (—0, o0) domain: (—o0,—5)U(=5,3)U(3,)

(f —&)(x)=-5x"+x-6

domain: (—0, o)

(/8)(x) = (x = 6)(5x”) = 5x" ~ 30’
domain: (—0, o)

S _x—6
(g](x)_ 5x°

domain: (—0,0)U(0,)
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38.

39.

40.

(f+2)x)=(5-x")+(x" +4x-12)
=4x-7

domain: (-0, %)

(f - 2)x)=(5-x")—(x" +4x~12)
=-2x*—4x+17

domain: (—o0, o)

(/2)(x) = (5-x")(x" +4x~12)

=—x*—4x +17x* +20x - 60
domain: (-0, )

AP b
(g](X)_ X +4x—12

domain: (—o0,-6)U(-6,2)U(2,)

(f +&)(x) ="x+x-4
domain: [0, «)

(f - ) = —x+4
domain: [0, o)

(&)(x) =/x(x—4)
domain: [0, )

[ij (X) = i

g x—4

domain: [0,4)U(4,)

(f +)0) =x +x-5

domain: [0, )

(f =) x)=/x —x+5

domain: [0, ©)

(f&)(x) =vx(x-5)

domain: [0, )

o
g x=5

domain: [0, 5) U (5, oo)
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41.

42.

Section 2.6

(frg)n)=2+tstop 2 2x+2
X X X X
domain: (—o0,0)U(0,)

(f-g)x)=2+1-L22
X x
domain: (—OO,O)U(O,oo)
(fe)(x) = (2+1J.l _
x) x
domain: (—OO,O)U(O’OO)
(ij(x): 2-1‘_% :(2+l)~x:2x+l
g N x

domain: (—oo,()) U (0,00)

(f+g)(x):6_l+l:6
X X

domain: (—,0)U(0,)

(f-g))=6-t-L_ g 2_6x=2
X X

domain: (—,0)U(0,%)

(f)(x) =(6—lj.
X




Functions and Graphs

43.

(f+2)x) = f(x)+gx)
S5x+1 4x-2
:—J,-—
-9 x*-9
_9x-1
)
domain: (—o0,—3)U(-3,3)U(3,)
(f-8)x) = f(x)-g(x)
X’ -9 x*-9
_x+3
P9
1
x-3
domain: (—o0,-3)U(-3,3)U(3,)
()(x) = /()& (x)
 5x+1 4x-2
X1 -9 . x> -9
_ (Sx+1)(4x-2)

(x*-9)

domain: (—o0,—3)U(-3,3)U(3,)

B

()= 4x g

-9
5x +1 x -9
X -9 4x-2
_Sx+1
C4x-2
The domain must exclude -3, 3, and any values that
make 4x-2=0.

4x-2=0
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44.

45.

(f +8)x) = f(x)+g(x)

3x+1 2x—4
x —25 X -25
_ 5x-3
S x?-25

domain: (—o0,—5)U(-5,5)U(5,)
(f—8)x) = f(x)—g(x)

_ 3x+1 3 2x—4

Cx*-25 x1-25

_x+5

X2 =25

1
x-5

domain: (—o0,—5)U(-5,5)U(5,)
(f8)(x) = f(x)-g(x)

C 3x+1 2x—4
_x2—25'x2—25
_ Bx+D(2x—4)
(x> —25)
domain: (—o0,—5)U(-5,5)U(5,)
3x+1
f _
(w22
x* =25
_ 3x+1 x? =25
_x2—25. 2x—4
_ 3x+1
S 2x—4

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

2x—4=0
2x=4
x=2
domain: (—o0,-5)U(-5,2)U(2,5)U(5,»)
(f+2)(x)=~x+4++x-1

domain: [1, )

(/=)@ =x+d-x-1

domain: [1, )

(fe)(x)=vx+4-Jx—1=~/x"+3x-4

domain: [1, )

=

x—-1
domain: (1, )
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46. (f+2)x)=~x+6+x-3
domain: [3, o)
(f —g)x)=x+6-+x-3
domain: [3, )
(fe)(x)=Vx+6-vx—3 =+x" +3x-18
domain: [3, o)
[iJ(x) _Nx+6
g x-3
domain: (3, )

47. (f+g)(x)=vx—2+2-x

domain: {2}
(f @) =vx-2-2-x
domain: {2}
(f2)(x) =vx=2 V2-x =V’ +4x-4
domain: {2}
( 1] ()= V-2
g V2-x
domain: &
48. (f+9)x)=x-5+/5-x
domain: {5}
(f @)X =Vx=5-5-x
domain: {5}
(f2)(x) =Jx—=55—x =v-x* +10x—25
domain: {5}
( i} ()= Ja-5
g J5-x
domain: &

49. fix)=2x;g(x)=x+7
a.  (fog)x)=2x+7)=2x+14
b.  (gof)(x)=2x+7
c. (fog)2)=2(2)+14=18
50. fix)=3x;gx)=x-5
a.  (fog)(x)=3(x-5)=3x-15
b. (gof)x)=3x-5

¢ (fo2)2)=3(2)-15=-9
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51.

52.

53.

54.

55.

Section 2.6

Sx)=x+4; g(x)=2x+1

a.  (fog)x)=Qx+1)+4=2x+5
b.  (gof)(x)=2(x+4)+1=2x+9

¢ (fo0)2)=22)+5=9
f)=5x+2; gx)=3x—4

a.  (fog)x)=5Bx—4)+2=15x—18
b. (gof)(x)=3Gx+2)-4=15x+2
. (fog)2)=152)-18=12
fix)=4x—3; g(x)=5x> -2

a.  (fog)(x)=4(5x"-2)-3
=20x" -11

b. (gof)(x)=5(4x-3)" -2
=5(16x"—24x+9)-2
=80x*> —120x+43

¢. (fog)2)=20(2)*—-11=69

f(x)=7x+1;g(x)=2x>-9
a.  (fog)(x)=7(2x*-9)+1=14x> - 62
b. (gof)(x)=2(Tx+1)>-9
=2(49x +14x+1)=9
=98x% +28x—7
c. (fog)2)=14(2)* -62=-6
f(X)=x"+2;g(x)=x> -2
a.  (fe@)x)=(x"-2)"+2
=x'—4x +4+2
=x'—4x>+6
b, (gof)x)=(x"+2)" -2

=x'+4x*+4-2

=x*+4x’ +2

(fo2)(2)=2"~4(2)' +6=6

i
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5. f(0)=x"+1g(x)=x"-3 60. f(x)=x;g(x)=x+2
a. (fog)(x):(x2_3)2+l a. (fog)(x):ql_x-fz
=x*—6x"+9+1
= x* —6x? +10 b.  (gof)(x)=x+2
b.  (go X)) =("+1)"-3 ¢ (fog)2)=2+2=+4=2
=x"+2x*+1-3
=x 4202 61. flx)=2x-3; g(x):x;3
e. (fog)2)=2'-6(2 +10=2
a. (fogXx)=z[x+3j—3
57. f(x)=4-x; g(x)=2x*+x+5 2
=x+3-3
a. (f°g)(x)=4—(2x2+x+5) —x
=4-2x¢"—x-5 CQx-3)+3 2
=—2x2—x—l b. (gof)(x)_ 2_—7—)6
b.  (gof)x)=2(4-x) +(4-x)+5 ¢ (fog)2)=2
=2(16-8x+x’)+4—x+5 43
=32 16x+2x% +4—x+5 62.  f(x)=6x=3;g(x)=—,
=2x" —17x+41
—6( 23] 3-x13-3=
¢ (fog)2)=-202)-2-1=-1I A (fog)x)=6| == |=3=x+3-3=x
58. f(x)=5x-2; g(x)=—x"+4x-1 b. (gof)(x):6x—63+3:%x:x
a.  (fog)x)=5(—x"+4x-1)-2
=-5x>+20x—-5-2 ¢ (feg)2)=2
=-5x"+20x-7

b.  (gof)x)=—(5x-2)" +4(5x-2)-1
= —(25x% —20x+4)+20x—8—1 a
=-25x" +20x—4+20x—8—-1
=-25x" +40x—13
b.

¢ (fo2)2)=-52)*+20(2)-7=13
59. f(x)=+/x; gx)=x—1

a.  (feg)n)=+x-1

b, (go/)x)=x-1

¢ (feg)2)=vV2-1=+1=1
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e

6. ()= gW=

(fog)m) =1 =x

(g0 ) =1

x

(fog)2)=2

X
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64 (=2 gw=2

65.

66.

(fog)m=2=x
(g0 ) =2=x
(feg) =2
(fog)(x)=f(1]=1i,x¢o
o3
X
_ 2(x)
1
(x+3j(x)
. 2x
C143x

We must exclude 0 because it is excluded from
g

1 .
We must exclude _3 because it causes the

denominator of fog to be 0.
domain: (—oo,—%JU(—%,OjU(O,oo).

. _ l _ 5 _ 5x
fog(x)_'f(xj_IM 1+4x
X

We must exclude 0 because it is excluded from
g

1 .
We must exclude _Z because it causes the

denominator of fog tobe 0.

mn- —00 _l _l o0
domam.( , 4JU( 4,0)U(0, ).
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67. a. (fog)(x)=f(%j=

68.

69.

70.

Section 2.6

= |

We must exclude 0 because it is excluded from
g

We must exclude —4 because it causes the
denominator of fog tobeO.

domain: (—o0,—4)U(-4,0)U(0,).

= |

6
6+5x

6 +5
x
We must exclude 0 because it is excluded from
g
We must exclude —g because it causes the

denominator of fog tobeO.
domain: (—%—%)U(—%OJU(O,@)-

Sog(x)=f(x-2)=vx-2

The expression under the radical in f o g must

not be negative.
x=220

x>2
domain: [2,00).

Sog(x)=f(x=3)=x-3

The expression under the radical in f o g must
not be negative.
x=32>0
x>3
domain: [3,00).
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oA (feg)®)=/(1-x) 8. (f)(2)=£(2)2(2)=(=1)(1) =1
=(ﬂ)2+4 8.
—1-xt4 [?j@):%:%:o
=5-x

85. i is [—
b. The domain of fog must exclude any values The domain of f+g is [ 4’3] '

that are excluded from g.

1-x20 86. The domain of iis (-4,3)
—x>-1 g
x<1
domain: (—oo, 1]. 87. The graphof f+g
y
72. a.  (feg)x)=/(2-x) 5
()
—2-x+1 At
=3-x
b.  The domain of f g must exclude any values 88. The graphof f—-g
that are excluded from g. y
2-x20 N
—x=>-2
x<2 |
domain: (—oo, 2]. .
73. f(x)=x" g(x)=3x—1
1 ()= rss(x)=26-3 . (728)(-1)= (D)= 1 (3) -1
)85 s()er -9 N (7o) (5= ()3
76, f(x)=x;g(x)=5x"+3 M (82/)0)=2(/ ) =¢g(2)=-6
77 )=k  go)=2x-5 72 (go/)(-1)=g(/(-D)=g(1)=-5
78. f(x)=Ix[; g(x)=3x—4 93. (feg)x)=7
| 2(x*=3x+8)-5=7
79. f(x):; g(x)=2x-3 2x* —6x+16-5=17
2x7 —6x+11=7
80. f(x)=l; (x)=4x+5 2% —6x+4=0
g x*=3x+2=0
8L. (f+g)(-3)=f(-3)+g(-3)=4+1=5 (x-D(x-2)=0
x—1=0 or x-2=0
82 (g /)(-2)=g(-2) -/ (-2)=2-3=-1 =l a2
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94, (fog)x)=-5
1-2(3x" +x-1) = =5
1-6x>-2x+2=-5
—6x” —2x+3=-5
—6x> —2x+8=0
3 +x-4=0
Bx+4)(x-1)=0
3x+4=0 or x—1=0

3x=—4 x=1
4

X=——
3

95. a. (B-D)(x)=B(x)-D(x)
= (7.4x% —15x + 4046) — (=3.5x% + 20x + 2405)
=7.4x% —15x + 4046 + 3.5x% — 20x — 2405
=10.9x% —35x +1641

b. (B-D)(x)=10.9x> —~35x+1641
(B-D)(3)= 10.93)2 —35(3) + 1641
=1634.1
The change in population in the U.S. in 2003 was 1634.1 thousand.

¢. (B-D)(x) overestimates the actual change in population in the U.S. in 2003 by 0.1 thousand.

96. a. (B+D)(x)=B(x)+D(x)
= (7.4x% —15x + 4046) + (=3.5x> + 20x + 2405)
=7.4x> —15x + 4046 —3.5x% + 20x + 2405
=3.9x% +5x+6451

b. (B+D)(x)=39x" +5x+6451

(B+D)(5)=3.9(57 +5(5) + 6451

=6573.5
The number of births and deaths in the U.S. in 2005 is 6573.5 thousand.

¢.  (B+D)(x) underestimates the actual number of births and deaths in 2005 by 1.5 thousand.

97. (R—-C)(20,000)
= 65(20,000) — (600,000 + 45(20,000))
=-200,000
The company lost $200,000 since costs exceeded revenues.
(R - C)(30,000)
=65(30,000) — (600,000 + 45(30,000))
=0
The company broke even.
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98.

99.

100.

a.

b.

C.

d.

The slope for fis -0.44 This is the decrease in profits for the first store for each year after 2004.
The slope of g is 0.51 This is the increase in profits for the second store for each year after 2004.
ftg=-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 2004.

[ gives the price of the computer after a $400 discount. g gives the price of the computer after a 25% discount.

(f o g)(x)=0.75x —400
This models the price of a computer after first a 25% discount and then a $400 discount.

(go f)(x)=0.75(x —400)
This models the price of a computer after first a $400 discount and then a 25% discount.

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

[ gives the cost of a pair of jeans for which a $5 rebate is offered.
g gives the cost of a pair of jeans that has been discounted 40%.

(fog)(x) =0.6x-5
The cost of a pair of jeans is 60% of the regular price minus a $5 rebate.

(gof)(x) = 0.6(x—5)
=0.6x-3
The cost of a pair of jeans is 60% of the regular price minus a $3 rebate.

f o g because of a $5 rebate.

101. - 105. Answers may vary.

106.

When your trace reaches x = 0, the y value disappears because the function is not defined at x = 0.

10

10
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107.

108.

109.

110.

111.

112.

113.

114.

115.

116

117

2

™

0

(fog)(x)=v2-x

The domain of g is [0,).
The expression under the radical in f o g must not be negative.
2-x>0
—~Jx=-2
Jr<2

x<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 go f are not the same.

does not make sense; Explanations will vary. Sample explanation: The diagram illustrates x))= X +4.
p ry p p g g

false; Changes to make the statement true will vary. A sample change is: (/o g)(x)=f ( X - 4)

Jﬂ)z_4

false; Changes to make the statement true will vary. A sample change is:
f(x) = 2x;g(x) =3x

(fog)(x)= f(g(x)) = f(3x)=2(3x)=6x
(gof)(x)=2(/(x)=2(f(x)=3(2x) = 6x

false; Changes to make the statement true will vary. A sample change is: (f ©g)(4)= f ( g(4))=r(7)=5

true

« (o)) =(fg)(—x)
f(g(x))= f(g(-x)) since g is even
f(g(x))=f(g(x)) so fogiseven

. Answers may vary.
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118. {(4’ _2)9 (13_1)9 (13 1)3 (45 2)} 3. f(x) = 4x3 -1
The element 1 in the domain corresponds to two Replace f(x) with y:
elements in the range. '

— 443
Thus, the relation is not a function. y=4xr -1

Interchange x and y:

— 43—
119. x=2 44 x=4y -1
y Solve for y:
5 x=4y’ -1
=y 2+4
Y=y y+ x+1:4y3
xy=5+4y x+l_ 5
xy—4y=5 4
y(x—4)=5 3x+1:y
5 4
= x—4 Replace y with f'(x):
- x+1
x:yz—l fl(x)=3
x+1=y° Alternative form for answer:
120. Vx+1=4y" f(x)1:3x+1:x/3ic/j1
4 o
Nx+l=y
st A+l 2 oxs2
YoV & 2B
_ V2x+2
2
Section 2.7
3
Check Point Exercises 4. f(x)= ;—1
Replace f(x) with y:
x+7 p
L f(g(X))=4( j—7=x 3
4
y=—-1
4x-T)+7 x
g(f(x)) = % =X Interchange x and y:
3
flg®)=g(f(x))=x x:;_l
2. f(x)=2x+7 Solve for y:
Replace f(x) withy: X = 2_1
y=2x+7 y
Interchange x and y: xy=3-y
x=2y+7 xy+y=3
Solve for y: y(x+1)=3
x=2y+7 3
x=T=2y Y
x=7_ ¥ Replace y with f~'(x):
2 O 3 3
Replace y with f7'(x): J (x)__x+1
g, x—1
)= 2 5.  The graphs of (b) and (c) pass the horizontal line test

and thus have an inverse.
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6.  Find points of f'.

2. f(x)=6x;8(x) =§

S () () .
(2-2) | (2-2) /(&)= 6(6} -
6
(=1,0) 0,-1) g(f(x))z?x=x
1,2) (2,1 fand g are inverses.
y ('192) 3. flx)=3x+38; g(x):x;8
=L
s f(g(x))=3(x—_8j+8=x—8+8=x
(-1,0)< f_l 3
X g(f(x)):MZS_x:
(=2, =2)+ . o3 3
\ @1 fand g are inverses.
O=D 4. f(x)=4x+9;g(x) = x;9
7. f()=x"+1 o
Replace f(x) with y: f(g(x))=4[T)+9:x—9+9:x
y=x'+l (4x+9)-9  4x
Interchange x and y: g(/ ()= 4 4 °F
x=y +1 fand g are inverses.
Solve for y:
x=y'+1 5. fl)=5c-9: g(x)=21
ey +5
1=y f(g(x))=5[x9 j—9
Replace y with f~'(x): _sxe25
S =Vx-1 9
yy f _ 5x-56
71 9
5x-9+5 5x-4
/ mmm=2 S g(f(x)= 5 " o
fand g are not inverses.
X
6 S)=3x-Tigl ="
Exercise Set 2.7 7(g()) = 3()6;3)_7 _ 3x7+9 7 3x;40

g(f(x)): 3x—77+3 :3x7—4

fand g are not inverses.

1. f(x)=4x;g(x) =

f(g(x) = 4@ = x

g(f(x) = ‘fo —x

fand g are inverses.
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7. fR)=——ig(x)=>+4
x—4 X
3
S(g(x) —m_g_ N
g/ =+4
=3(x_4j+4
3
=x—-4+4
=X
fand g are inverses.
S == e
x=5 X
2 2x
f(g(x))ZWZTZ
2 x-5 14.
g(ﬂj»=—7+5=2( 5 )+5=x—5+5=x
fand g arex{nverses.
% S(x)=—x,g(x)=—x
flgx)=—(—x)=x
g(f(x)=—(-x)=x
fand g are inverses.
10.  f(») :m;g(x) =x>+4
f(g) = +4-4 =3 =x
g(f@»:(ﬂ;f2f+4:x_4+4:x
15.

fand g are inverses.

11. a. f(x):x+3
y=x+3
x=y+3
y=x-3

f(x)=x-3

b. f(fil(x)):x—3+3:x
S =x+3-3=x

12. a. f(x)=x+5
y=x+5
x=y+5
y=x-5

f(x)=x-5

278

f(f1®)=x-5+5=x

fil(f(x))ZX+5—5:x
S(x)=2x
y=2x
x=2y

y:

NI SN

)=

1) = z@ .
) = 27" .

S(x)=4x
y=4x
x=4y

y:

)=

NG I N

1) =4{% )=
£ (@)= =x

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

x=3=2y

_x-3
7 2

x-3

)= 5

f(fl(x)):z(xjj”

=x—-3+3

=X

-1 _2x+3—3_ﬂ_
U=
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16.

17.

18.

a.

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

x+1=3y

x+1
3
x+1

[T =

7 w)- (xglj I=x+1-1=x

3x—1+1 _3x _

IU@)==5—=7

f(x)=x3+2
y=x+2
x=y +2
x=2=y’
V-3
/@ =Rk-2

S @) =(¥r-2) +2

=x
S = +2-2 =Y = x

S =x-1
y=x'-1
x=y -1

x+1=y3
v

(x) Jx+1

SO @) = (V) -1

=x+1-1

£ = =T = =

279

19.

20.

21.

o

Section 2.7

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

hr=y+2
y=3x-2
Sl =2

SO = (¥ -2+2) = (¥F) =x
@) =2y -2

=x+2-2
=X
fO)=(x=1)
y=(x-1)
x=(y-1’
fr=yp-1
y:i/;+l

P07t e) = (1) () =
f—l(f(x)):i/(xj+1=x—1+1=x

f=1t
X
1
L
X
1
1
y
xy=1
1
L
X
=t
X
SN ==
N
1
S =t =x
N
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22. a
S(x) =

= <
I

g
I

<
Il Il
D RN N 2 R[N R[N

=
Py
=
p——a
|
|

b (T =2=2
X

23. a.  f(x)=+x

f(x)=x*,x20

b S/ () =% =|x|=x forx>0.

) =x) =x
24. a.  f(x)=3Ux
y=3x
x=3fy
y=x
o=y
b f(/7(0)=3 =x
S ) =(¥x) =x
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27, a f(x)=2H

x=3
_ 2x+1
x=3
x:2y+1
y-3
x(y-3)=2y+1
xy—3x=2y+1
xy—2y=3x+1
yx—2)=3x+1
_ 3x+1
x=2
1 3x+1
X)=
4 () x-=2
2(73xx+1)+1
1 _ _
b ()=
x=2

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

Tx
:7:x
B vt e
S (f(x)):E
x-3
3(2x+1)+x—3
C2x+1-2(x-3)
_ 6x+3+x-3 :7_x:x
2x+1-2x+6 7
2x-3
28. a. f(x)— )
_2x-3
x4+l
_2y-3
_F
xy+x=2y-3
yx-2)=—=x-3
_—x-3
)
f’l(x):_x_z', xX#2
x—2

29.

30.

31.

32.

33.

34.

35.

36.

281

Section 2.7

—x-3
2( x—2 )_3
7_;‘__23“
—2x—-6-3x+6 —5x
—x-3+x-2 -5
_(M)_3
x+1
2x-3
x+1
—2x+3-3x-3 :_—szx
2x—-3-2x-2 -5

b f(/(x)=

S =

The function fails the horizontal line test, so it does
not have an inverse function.

The function passes the horizontal line test, so it does
have an inverse function.

The function fails the horizontal line test, so it does
not have an inverse function.

The function fails the horizontal line test, so it does
not have an inverse function.

The function passes the horizontal line test, so it does
have an inverse function.

The function passes the horizontal line test, so it does
have an inverse function.

y S
5 £ f‘1
5 x
va St
I
—--
X
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37. ya f
f—l
X
38. [ Ay
X
-. f_l

39. a. f(x)=2x-1

y=2x-1
x=2y-1
x+1=2y
x+1
T_y
fim =2
2
b y f
5 o
5 x

c. domainof f: (—o0,0)

range of f: (—o0,00)

domain of f™': (—o0,)

range of f': (—o0,00)

40. a.

41. a.

282

domain of f: (—o0,0)
range of f : (—o0,0)
domain of f™': (-o0,00)

range of f~': (—o0,00)

f(x)=x"-4
y=x"—-4
x=)'-4
x+4=y"
Jx+d=y
£ =xra

i

= -1
i

domain of f: [0,0)
range of f: [4,)
domain of f™': [-4,0)
range of f~': [0,00)
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42. a. fx)=x"-1
y=x" -1
x=y" -1
x+1=y?
—x+1=y
S =x+1

b. Sy

~

5 x

- f—l

¢. domainof f: (-,0]
range of f: [-1,00)
domain of f~': [~1,0)
range of f7': (—O0,0]

3. a. f=(x-1)
y=(x-1y
xz(y—l)2

—x=y-1
—~x+1l=y

@ =1-Jx

b. J Ay
5

51X

f—l

¢. domainof f: (—o0,1]
range of f: [0,0)
domain of /™' [0,)
range of f': (—o0,1]

44.

45.

®

Section 2.7

) =(x-1)
y=(x-1)
x=(y-1)

Vx=y-1
Ji+l=y
[ =1+x

y S

-
U |
f/

domain of f: [1,)
range of f: [0,00)
domain of /™' [0,)
range of f': [l,0)

f(x)=x"-1
y=x -1
x=y -1
x+1=y°
Pr+1=y
S =1

s/

>

|
-1
f— f

\
k\

/

domain of f: (—o0,0)
range of f : (—o0,00)
domain of f™': (-o0,00)

range of f~': (—o0,00)
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46.

47.

f(x)=x"+1

y=x+1

x=y"+1
)c—lzy3

hr-1=y
Sl =31
h

>
/

domain of f : (—o0,00)
range of f 1 (—o0,00)
domain of f™': (—o0,)

range of f': (—o0,00)

fx)=(x+2)
y=(x+2)
x=(y+2)
i/—=y+2
Pr-2=y

M@ =Yx-2
Sry
3
f
5 X
-1
| 7
-
j

domain of f: (—o0,)
range of f: (—o0,)
domain of f™': (—o0,00)

range of f': (—o0,)
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48.

49.

() =(x-2)
y=(x-2y
x=(y-2)

hr=y-2
3/;+2:y
@ =Yx+2

y S
o L] f_l

\
— -

e ——

domain of f: (—o0,)
range of f: (—o0,)
domain of f™': (—o0,)

range of f': (—o0,)

f(x)=+vx-1
y=~x-1
x=4y-1

¥ =y-1
X +l=y
f’l(x):xz—i-l
S
- 4
UNN|
i p

-

domain of f: [1,00)
range of f : [0,0)
domain of /™' [0,)
range of f': [l,oo)
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50.

51.

®

F)=vx+2
y=x+2
X=4/y+2

x—Z:J;
(x=2)" =y
) =x-2)y

y 1

-
U

|
’ - f

domain of f: [0,00)
range of f: [2,00)
domain of f™': [2,)
range of f7': [0,00)

) =x+1
y=x+1
x=3/y+1

x—l:{/;

(x=1’=y

@ ==1)’

-1

~

y

-

)y
1
{
~

domain of f: (—0,)
range of f: (—o0,00)
domain of f™': (—o0,)

range of f': (—o0,00)
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52.

53.

54.

5S.

56.

57.

58.

59.

60.

f(x)=xx-1
y=Rx-1
x=3/y-1

X =y-1

®

x3+l:y

) =x"+1

b. yp St
a1 )

¢. domainof 1 : (—oo,oo)
range of f : (—o0,00)
domain of f™': (—o0,)

range of f': (—o0,)
f(gW)=r(1)=5
/(g@®)=r(2)=-1
(gof)(-1)=g(f(-D)=g(1)=1
(g2/)(0)=g(f(0)=g(4)=2

Section 2.7

/7 (g(10))=f"(-1)=2,since f(2)=-1.

= f(4-0-1)

=f(-1)=2(-1)-5=-7
(g2 /)(0)=g(/(®)

=g(2-0-5)

=g(-5)=4(-5)-1=-21
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61.

62.

63.

64.

65.

66.

67.

68.

Let f~'(1)=x. Then

f(x)zl
2x-5=1

2x=6

x=3

Thus, /7 (1)=3

Let g’1(7)=x. Then

g(x):7
4x-1=7
4x =8
x=2
Thus, g7 (7)=2
() =g(r[1 +1+2])
=g(f¥)
=g(2-4-5)
=2(3)
=4.3-1=11
f(g[h(l)])=f(g[l2 +1+2])
=f(g@®)
= f(4-4-1)
=7 (15)
=2-15-5=25

a.

b.

{(17,9.7),(22,8.7),(30,8.4), (40,8.3),(50,8.2), (60,8.3)}

{(9.7,17),(8.7,22),(8.4,30),(8.3,40),(8.2,50),(8.3,60)}
fis not a one-to-one function because the inverse of f'is not a function.

{(17,9.3),(22,9.1),(30,8.8), (40,8.5),(50,8.4), (60,8.5)}

{(9.3,17),(9.1,22),(8.8,30),(8.5,40),(8.4,50),(8.5,60)}
g is not a one-to-one function because the inverse of g is not a function.

It passes the horizontal line test and is one-to-one.

77(0.25) =15 If there are 15 people in the room, the probability that 2 of them have the same birthday is 0.25.
77(0.5) =21 Ifthere are 21 people in the room, the probability that 2 of them have the same birthday is 0.5.
771(0.7) =30 If there are 30 people in the room, the probability that 2 of them have the same birthday is 0.7.

This function fails the horizontal line test. Thus, this function does not have an inverse.

The average happiness level is 3 at 12 noon and at 7 p.m. These values can be represented as (12,3) and (19,3) .

The graph does not represent a one-to-one function. (12,3) and (19,3) are an example of two x-values that
correspond to the same y-value.
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69. f(gx)= %[g(x - 32)} +32

=x-32+32
=x
fand g are inverses.

70.—75. Answers may vary.

76. 5

RNV

-5
not one-to-one

77. 5

one-to-one

78. 5

i

-5
one-to-one

79. 5

LA

-5
not one-to-one

80. 5

-5 }_‘,_l 5
F
-5
not one-to-one

287

82.

83.

84.

85.

86.

87.

Section 2.7

-5
not one-to-one

5

/

-5
one-to-one

N~

-5
not one-to-one

5
f

-5
f and g are inverses

5

i

-5
f and g are inverses

5

LA

———

-5
fand g are inverses

makes sense



Functions and Graphs

88. makes sense 9. 3x—2
S(x)=
89.  makes sense 5x=3
_ 3x-
90. makes sense = 5x—3
91. false; Changes to make the statement true will vary. X= 3y=2
A sample change is: The inverse is {(4,1), (7,2)}. Sy=3
x(5y-3)=3y-2
92. false; Changes to make the statement true will vary. Sxy—-3x=3y-
A sample change is: f{x) = 5 is a horizontal line, so 2
it does not pass the horizontal line test. Sxy=3y=3x-2
y(5x—-3)=3x-2
93. false; Changes to make the statement true will vary. 3x=2
y =
A sample change is: /™' (x) = =. Sx=3
3 i 3x-2
Fl0=2
94. true X
Note: An alternative approach is to show that
95. (fog)x)=3(x+5)=3x+15. (fof)x)=x.
y=3x+15
23415 97. No, there will be 2 times when the spacecraft is at the
=2 same height, when it is going up and when it is
_x-15 coming down.
Y73
x-15 98. 8+ '(x-1)=10
(fog) (0= ;
3 f(x-)=2
g(x)=x+5 f(2)=x-1
y=x+5 6=x-1
x=y+5 7=x
y=x-5 x=7
gl (x)=x-5 0. A
F(x)=3x . Answers may vary.
y=3x 100. \J(x, = x) + (7, = %) =/(1=7) +(-1-2)
x=3y 5 5
i =J-6)" +(-3)
Y =36+9
fr =2 =35
3 s =345
o4 X x—
o x)=—-5=
(g r)e 3 101. v
25H-HH-
1, -1)
/
2i5
AN %
N/
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102. y* -6y-4=0
y -6y =4
Y —6y+9=4+9
(y-37*=13
y-3=+J13
y=3x13

Section 2.8

Check Point Exercises

2 (B2 (30 (4]
2 2 22 2

3. h=0,k=0,r=4
(x=0) +(y=0)" =4’
X+’ =16

4. h=0,k=-6,r=10
(x=0) +[y = (-6)I =10
(x—0)> +(y+6)* =100
X2+ (y+6)* =100

()c+3)2+(y—1)2 =4

[x= (3 +(y-D* =2

So in the standard form of the circle’s equation
(x=hy +(y—k)* =17,

we have h=-3, k=1, r=2.

center: (h, k)=(-3,1)

radius: r =2

289

Section 2.8

x+H+(y-1*=4

¢. domain: [—5,—1]

range: [-1,3]

6. X4y +4x—-4y-1=0
X +y +4x—-4y-1=0
<x2+4x )+(y2—4y )=0
(x2+4x+4)+<y2+4y+4)=1+4+4
(x+2) +(y-2) =9
[x= (0] +(y=-2)" =3
So in the standard form of the circle’s equation
(x—h)* +(y—k)* =", we have
h=-2,k=2,r=3.

y

Py +ax—4y-1=0

Exercise Set 2.8

1. d=014-27+@8-3)
=122 + 52
=144 +25

=+/169
=13



Functions and Graphs

2.

d=\8-5"+(5-1)

Il
W
R
k3
N B
(8]

U
I
<
|
N
|
B~
~—
©
+
—_
W
|
T
—
~
—~
©

Il
S‘ —
- o
N O
+
—_
[o)}

Il
[N}
g
\O

Q

—_
e
N
N

U
I
<
—_
L
|
[\)
—
S
+
—_
(9]
|
T
[9§]
~
~
)

Il
3,%‘
el ¥

AN

S

Q

@0
W
B

d = J(-3-0)> +(4—0)’
=37 +47
=v9+16

!

d=\/3-0) +(-4-0)

=32 +(—4)

9+16

+

L

U
Il
< L

3-(DF +[-4-(-6)T

I
()]
o
+
[\S)
)

1]
s‘w
\O ()]

1

i

Q

v
98
o

8. d=\2-(-4T +[-3-(-DT

= /6% +(-2)’
=36+4
=40

=210

=~ 6.32

9. d=(A-07+[1-(-3)T
e
=16 +16
=32
=42

~5.66

10. d=(4-0) +B3-(=2)P

1. d=+(-5-35)7+(62-82)
=+
=16+ 4
=20
=25

~4.47

12. d=1(1.6-26) +(-57-13)

=1 +(=7)
=1+49
=50

=5V2

~7.07
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o 4T o)

e (34 o]

=22 =V 1
~2.83 :\/5
~1.41
14. d=\/(ﬁ—o) +[0—(—\5)J . (ﬂ ﬂ):[ﬁ 2}(4 )
T BERACE
-9
=3 " (—2+(—6) —8+(—2)j
. 2 72
15. d=(-3-33) +@5-V5) . 10
=43 + (V) :(T’TJ:(“‘"S)
= J16(3)+905)
=48+ 45 2. (2D T7+(53) :[‘_5 ‘_10)
_J_+ ) 2 72 272
=93
5
~9.64 Z(T,—5J
16, d=\(~3-243) +(sv6 Vo) n ()
: : ' 27 2
:\/(‘3*6) +(4e) :(g —_12):(1 "6j
=J9-3+16-6 27 2 2’
= V27496 “2+(=8) 146 (—10 5) [ 5)
_ 24. B e P
=123 2 2 2 72 2
~11.09
7 (5)3 (1
7. 4 (l_ljz{é_ljz B )2\
V3 3) (55 > T 5
=(=2) +1°
12 -8
=/4+1 — —
6 —4
-V | 2|53
~2.24
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Functions and Graphs

26.
_2{_2) 7+(_4) 43
5 5) 15 15) | 15

_(_il i.lj (_2 L]
52’152 5’10
27. (8+(—6) 3«/§+7J§J

2 72

(2 10J_J (1545)

(7J§+3f —6+(—2)J:[1of —_gj

2 72 2 72

= (5v3,4)

28.

2 72

:[3\/5+\/§ 9] 4\/— J (2\/— 2,0)

29. (\/ﬁ+\/§ -4+4

2 2

—[6‘f ] (3v2.0)

3. (x-0Y+(y-01>=7"
x*+y* =49

30. (@+J§ ~6+6 :(5ﬁ+ﬁ QJ

32 (x=0)+(y-0) =8
X2 +y2 =64
33, (x-3)+(y-2)

4. (x-2) +[y-(-D]'=4

35 [x—(-D] +(y-4)" =22

36.

37.

38.

39.

40.

41.

42,

[x=(-3)] +(y-5)" =3
(x+3)2 +(y—5)2 =9

L= +[y - =(+3)

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

[x= 5] +[y-(3)] =(+5 )2

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

[x— (4] +(y-0) =10
(x+4) +(y—0)" =100

[x—(-2)] +(y-0) =6
(x+2) +»* =36

X+’ =16
(x=0)"+(y-0)"=»’
h=0,k=0,r=4
center = (0, 0); radius =4

y

)

N 4

¥+ =16
domain: [—4,4]

range: [—4, 4]

x'+y? =49

(x=0) +(y-0)* =7

h=0,k=0,r=17,

center = (0, 0); radius =7
y

1
p &

- —

-
-

st

C+Hyr=49
domain: [-7,7]

range: [—7,7]
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43. (x-3)"+(y-1) =36

(x—3)2+(y—1)2 =6

h=3k=1r=6;

center = (3, 1); radius =6
y

1
T

x=-3+@-1*=36
domain: [-3,9]

range: [-5,7]
4. (x-2) +(y-3) =16
(x=2) +(y-3) =4’

h=2k=3r=4;
center = (2, 3); radius =4
Y

p e

x-22+(-32=16
domain: [-2,6]

range: [—1,7]

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

y

>

/ N

N /

Al
=

x+3)+(y-2>=4
domain: [—5,—1]
range: [0,4]

293

46.

47.

48.

Section 2.8

(x+1)" +(y—4) =25
[x=CDf +(y-47 =5’
h=-Lk=4,r=5;

center = (-1, 4); radius =5

y
1

x+1D +(y-4*=25
domain: [-6,4]

range: [-1,9]

(x+2)°+(y+2) =4
[x— (2T +[y- (-2 =2°
h==2,k=-2,r=2
center = (-2, —2); radius =2

y
5

@+2+(y+27=4
domain: [—4, 0]

range: [—4, O]

(x+4) +(y+5)" =36

[x= (4] +[y- (3] =6
h=-4k=-5r=06;
center = (—4, —5); radius =6

x+H*+ @y +5" =36
domain: [-10,2]

range: [—11,1]
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49. x2+(y—1)2 =1
h=0k=1Lr=1,

center = (0, 1); radius =1

52. (x+2)+)'=16
h=-2k=0,r=4;
center = (—2,0); radius =4

y y
2. 10
/ ™N
/ N
N /7
2.5 x \_ 1/ 1 x

domain: [-1,1]

domain: [-6,2]
range: [0, 2]

range: [—4,4]

50. x2+(y—2)2:4 53. ¥ +17+6x+2y+6=0
h=0k=2r=2; (2" +6x)+ (1" +2y) =6
center = (0,2); radius =2 (x2+6x+9)+(y2+2y+1):9+1—6

y (3 + (31 =4
TN [)c—(—?;)]2 +[9_(_1)]2 Y
center = (-3, —1); radius =2
N /
5 x y
Pa ™
domain: [-2,2] SEay x
range: [0,4]
2 —
51. (x+1)2+y2=25 P+ +6x+2y+6=0

h=-Lk=0,r=5

54. x*+y"+8x+4y+16=0
center = (—1,0); radius =5

(x* +8x)+(y* +4y)=-16
(¥ +8x+16)+ ()’ +4y+4)=20-16
] (x+4)2+(y+2)2=4
[x— (] +[y- (2] =22
center = (—4, —2); radius =2
y

-

y

1
i

—
=
=

domain: [-6,4]

range: [—5,5]

Py +8c+4dy+16=0
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5S. x>+ —10x—-6y-30=0 57. X'+ +8x-2y-8=0
(xz—IOx)+(y2—6y)=30 (x2+8x)+(y2—2y)=8
(¥ =10x+25)+(»* -6y +9)=25+9+30 (¥ +8x+16)+(»* —2y+1)=16+1+8
(x=5)" +(y-3)" =64 (x+4) +(y-1)" =25
(x=5)+(y-3)" =8’ [x= (] +(y-1)* =5
center = (5, 3); radius =8 center = (—4, 1); radius=5
Y y
15 >
—— X
N\
_/llls'} l i 10| x
X4y —10x -6y -30=0 2+y +8c—2y—8=0
56. x*+y’—4x-12y-9=0 58. X+’ +12x—6y—4=0
(x2—4x)+(y2—12y)=9 (x2+12x)+<y2—6y)=4
(¥ —4x+4)+(y" —12y+36)=4+36+9 (x* +125436)+(»? ~6y+9) =36+9+4
(x=2) +(y=6) =49 [x-OT +(y=3) =7
(x-2+(y-6)=7 center = (-6, 3); radius = 7
center = (2, 6); radius = 7 y
y 25
25
/
TN [{
25 x
25 x

Py +12x—6y—4=0
59. X' =2x+y"=15=0
(¥ —2x)+)" =15

(¥ =2x+1)+(y-0) =1+0+15
(x=1)"+(»-0)" =16
(x—1)" +(y-0) =4

center = (1, 0); radius =4

yi
-
P »
/ \
6 x
\ /
N "4

P -2x+y?—15=0
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60. x*+1y°—-6y-7=0
x2+(y2—6y):7
(x=0) =(y"—6y+9)=0+9+7
(x-0)" +(y-3)" =16
(x=0)’ +(y-3)" =4
center = (0, 3); radius = 4

y

3
pe

.

Py —6y—-7=0
61. X+ —x+2y+1=0
¥ -x +)y"+2y =-1

1 1

2 2

X =x+—=+y +2y+1l=-1+—+1
4 i 4

1Y » 1

x——=| +(y+1) ==

( zj e =y

1 . 1
center = [—,—1] ; radius = —
2 2
y

o

2y —x+2p+1=0

296

62. x2+y2+x+y—%:0

¥ +x +y+y =

|~ N =

I S S
47Ty

Ay

center = [l,l ;radius = 1
2°2

1
+—+
4

NG

y

-

x2+y2+x+y——;-=0

63. X+ +3x-2y-1=0
X +3x +y’ -2y =1

x2+3x+%+y2—2y+1=1+2+1

i
2

center = (—%,lj ; radius =

y

w)

s

Py +3x-2y-1=0
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64.

65.

x2+y2+3x+5y+%:O
2 2 9
X 4+3x +y +5y =——

9 25 9
A3+ =+ P Sy = o
470 Ty 4

PP +3+5y+2=0

4

a.  Since the line segment passes through the

center, the center is the midpoint of the

segment.
M:Piﬁﬁi&j
2 2
3+7 9+11 10 20
B [TT) B (7’?)
~(5,10)

The center is (5,10) .

b.  The radius is the distance from the center to

one of the points on the circle. Using the
point (3,9), we get:

d=J(5-3) +(10-9)
2P =T
5

The radius is \/g units.

66.

Section 2.8

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

segment.
Ak{ﬁi&ﬁi&j
2 2
3+5 6+4 8 10
B (TT] B (5’7)
=(4.5)

The center is (4,5).

b.  The radius is the distance from the center to
one of the points on the circle. Using the

point (3,6), we get:
d=4(4-3) +(5-6)’
=P +(-1)" =141
=2

The radius is \/5 units.

¥+ y2 =16
r-y=4y
/’ \\
X
AN 4
h o 4,0)
I

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

Check (0,—4):

0* +(-4)" =16 0-(-4)=4

16 =16 true 4=4 true
Check (4,0):
4240° =16 4-0=4

16 =16 true 4 =4 true
The solution set is {(O, —4),(4,0)} )
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68.

69.

x2+y2=9

x—y=3y|

g

X
TG, 0)

An

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

Check (0,-3):
0*+(-3)" =9
9 =9 true
Check (3,0):
3 4+0°=9 3-0=3
9 =9 true 3=3true
The solution set is {(0,-3),(3,0)} .

0—(—3)=3
3 =3 true

-2+ (y+3’=4,
y=x-3 [ TTTT]
{2‘,—1)

(0, -3) N X

™ /
|

Intersection points: (0,-3) and (2,-1)

Check (0,-3):

(0-2)"+(-3+3)"=9 -3=0-3
(_2)2 10> =4 -3 =-3 true
4=4
true
Check (2,-1):
(2-2)" +(-143)" =4 -1=2-3
024+22=4 —l=-1true
4=4
true

The solution set is {(0, —3),(2,—1)} )

70.

71.

72.

73.

74.

298

=32+ +1D*=9,
y=x-1

)

3,2)

/1\

\
\
\

0, -1)-

Intersection points: (0,—1) and (3,2)

Check (0,-1):

(0-3) +(-1+1)’=9  —-1=0-1
(_3)2 +0°=9 —1=-1true
9=9
true
Check (3,2):
(3-3)" +(2+1)'=9  2=3-1
02+32=9 2 =12 true
9=9
true

The solution set is {(O,—l),(3,2)} )

d = /(8495 — 4422)* + (8720 1241)> -~/0.1

d =472,524,770 -4/0.1

d ~2693

The distance between Boston and San Francisco is
about 2693 miles.

d = /(8936 —8448)* + (3542 —2625) -1/0.1

d =+4/1,079,033 -4/0.1

d ~328

The distance between New Orleans and Houston is
about 328 miles.

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—(-2.7)) =30’
(x+24) +(y+2.7)" =900
C(0, 68 + 14) = (0, 82)
(x—0)* +(y-82)* = 68
X’ +(y—82)* =4624



College Algebra SE Section 2.8

75.-82. Answers may vary. 92. false; Changes to make the statement true will vary.
A sample change is: This is not an equation for a
83. L circle.
e 93. false; Changes to make the statement true will vary.
- L ) A sample change is: Since > =36 this is not the
equation of a circle.

-6 94. The distance for A to B:
AB =3~ +[3+d —(1+d)]

=22 +22
12 AN 18 ~Ja+4
N

8
1 =22

The distance from B to C:

84. k4

8. - BC=\/(6-3) +[3+d—(6+d)F
=(6-3)+[3+d—-(6+
7R
—18 -\\U/,- 18 =3’ +(—3)2
=49+9

86. makes sense

The distance for A to C:
87.  makes sense — 5 5
AC =J(6-1) +[6+d —(1+d)]
88.  does not make sejnse; Iﬂ;xplan?nons w11'1 Yary. _ m
Sample explanation: Since »° = —4 this is not the
equation of a circle. =+25+25

_ /50

=52
90. false; Changes to make the statement true will vary. T
A sample change is: The equation would be AB+BC=AC

X2+ y? = 256. 22+3J2=5V2
5\2=5\2

89. makes sense

91. false; Changes to make the statement true will vary.
A sample change is: The center is at (3, -5).
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Functions and Graphs

95. a. dl is distance from (xl,x ) to midpoint

2
X +x »+y
dlz\/( 12 2_x1) +( ]2 Z_le
2 2
d = (x1+x2_2xlj 4 Yty =2y
2 2
2 2
d = (xz_xlj +(yz_y1j
2 2
X, = 2x%, +X° y, =2y, + ]
d =2 XX ) 2 TV
4 4
d, = \/Z(xz =2x,2, + %+, =20, +y12)

1
1 2 2
= E\/x2 —2x%,+ X%+, =200+ 0

d, is distance from midpoint to (x,,y, )

2
T

2
W
2
d = y12_2y2y1+y22
: 4

2x1x2 +x,°

d, =

x1+x2 2x2 J’1+)’2_2J’2 ’
2
. J
l

_2x1x2 +x2 +y1 =2y, +y22)

\/3C —2xx, +x2 +J’1 =2y,5 +J’22

dl :dz

b.  d, is the distance from (x,,y,) to (x,,)
d; = \/(xz _xl)z +(», _y1)2
d; = \/xzz -2xx, +x12 +y22 =2y, +y12

d, +d, = d, because %\/Z-l-%\/—:\/;

96. 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
7[(6)2 - 7r(5)2 =367 -257
=1lr
~ 34.56 square units.

97.

99.

100.

300

The circle is centered at (0,0). The slope of the radius
with endpoints (0,0) and (3,—4) is

m= _34 00 = —g. The line perpendicular to the

. 3 . 3
radius has slope e The tangent line has slope 7 and
passes through (3,—4), so its equation is:

3
+4="(x-3).
y 4( )

0=-2(x-3)"+8
2(x—3)* =8
(x—3)Y =4
x—3=+/4
=312
x=15

—x?=2x+1=0
X +2x-1=0

_ —b++b* —4dac

2a

_ () £(=2)" - 4D

2(1)
2448
2

24242
2
=1+2

The solution set is {1+ V2 }.

The graph of g is the graph of f'shifted 1 unit up
and 3 units to the left.
Bl

I
|

T

Lt
——

Jw) =2
gx)=(x+ 3)2 +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, m}

3. not a 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+)°=6
Y =-2x+6

y=2v-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-"x
a. fid)=5-74)=-23

b. f(x+3)=5-7(x+3)
=5-7x-21
=-Tx-16

c. flx)=5-T7(=x)=5+7x
8. g(x)=3x"-5x+2
a. g(0)=3(0)Y-50)+2=2

b. g(-2)= 3(—2)2 -5(-2)+2
=12+10+2
=24
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10.

11.

12.

13.

14.

15.

16.

17.

Chapter 2 Review Exercises

c. g(x-D)=3x-1-5(x-1)+2
=3(x* =2x+1)=5x+5+2
=3x’~11x+10

d.  g(—x)=3(-x)"-5(-x)+2
=3x" +5x+2

a. g(13)=13-4=49=3
b. g0)=4-0=4

¢. g(3)=4-(-3)=7

(2 -1 3
a f()=T ==
b. Al)=12
22-1 3
¢ f@=5—=1=3

The vertical line test shows that this is not the graph
of a function.

The vertical line test shows that this is the graph of a
function.

The vertical line test shows that this is the graph of a
function.

The vertical line test shows that this is not the graph
of a function.

The vertical line test shows that this is not the graph
of a function.

The vertical line test shows that this is the graph of a
function.

a. domain: [-3,5)
b. range: [-5, 0]
c.  x-intercept: —3
d. y-intercept: —2

e. increasing: (-2,0) or (3,5)
decreasing: (—3,—2) or (0, 3)

f. A-2)=-3andf(3)=-5



Functions and Graphs

18.

19.

20.

21.

22.

a. domain: (—o0,®)

b. range: (—o0, )

¢. x-intercepts: —2 and 3
d. y-intercept: 3

e. increasing: (-5, 0)
decreasing: (—o, —5) or (0, ©)

f. Af-2)=0andf(6)=-3
a. domain: (—o0, )

b. range: [-2, 2]

c.  x-intercept: 0

d. y-intercept: 0

e. increasing: (-2, 2)
constant: (—oo,—2) or (2, )

f. A9 =-2andf(14)=2

a. 0, relative maximum —2

b. =2, 3, relative minimum —3, -5
a. 0, relative maximum 3

b. —5, relative minimum —6

f(x)=x"—5x
S(=x) = (=x)" =5(-x)
=—x’+5x
=—f(x)

The function is odd. The function is symmetric with

respect to the origin.
5

N

[ N

-5

(&)

23.

24,

25.

26.
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f(x)=x"-2x>+1
S0 = ()" =2(=x)" +1
=x'-2x" +1

=f(x)
The function is even. The function is symmetric with
respect to the y-axis.
5

IV

-5

Fo0)=2x1-x*
S (=x) = 2(=x)y/1 - (=x)?
= —2xm
=—f(x)

The function is odd. The function is symmetric with
respect to the origin.
2

("'\
-2 2

[

2
a Yy
X
Sifx=-1
O =1 _3ifx> -1
b. range: {-3,5}
a. y
5
X
2xifx <0
SO =1 _yifx=0

b. range: {y|y < 0}
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27.

28.

29.

30.

31.

32.

8(x+h)—11—(8x—11)

h
 8x+8h—11-8x+11
B h

_ 8h

T8

=8

“2(x+h)’ +(x+h)+10—(-2x> + x+10)

h

=2(x* +2xh+ B )+ x+h+10+2x" = x—10
B h
_—2x2—4xh—2h2+x+h+10+2x2—x—10
B h
_ —Axh—2h" +h
=
_h(—4x—2h+1)
B h
—4x—2h+1

a.  Yes, the eagle’s height is a function of time
since the graph passes the vertical line test.

b. Decreasing: (3, 12)
The eagle descended.

c¢.  Constant: (0, 3) or (12, 17)

The eagle’s height held steady during the first 3
seconds and the eagle was on the ground for 5

seconds.

d. Increasing: (17, 30)
The eagle was ascending.

=

—
h

S wa e
¥
s

cost (dollars)

012345 X
weight (pounds)

m:ﬂz_—lz—l; falls
5-3 2
4-(-) 2

m= =—=1; rises
-3-(-) =2
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33.

34.

35.

36.

37.

38.

39.

Chapter 2 Review Exercises

m= = g = 0; horizontal

10-5

m= = 2 undefined; vertical
2-(-2)
point-slope form: y — 2 = —6(x + 3)
slope-intercept form: y =—6x— 16
2-6 4
m=——=—=
-1-1 =2
point-slope form: y — 6 =2(x — 1)
ory—2=2(x+1)
slope-intercept form: y =2x +4

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
perpendicular to y = 3 x+4

m=-3

point-slope form:
y—6=-3(x+3)
slope-intercept form:
y=-3x-9+6
y=-3x-3

Write 6x—y—4 =0 in slope intercept form.
6x—y—-4=0
-y =-6x+4
y=6x-4
The slope of the perpendicular line is 6, thus the
slope of the desired line ism = —%.
Y=y =m(x-x)

y=(D=—4(x-(-12)
y+l=—+(x+12)

y+l=—1x-2
6y+6=—x-12
x+6y+18=0
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2
40. slope: g; y-intercept: —1

y

o

y==x-1

41. slope: —4; y-intercept: 5
y

\
X

Jx)y=—4x+5

42. 2x+3y+6=0

3y=-2x-6
2
=——x-2
4 3

2.
slope: —g; y-intercept: —2

y
N X
2x+3y+6 =10
43. 2y-8=0
2y =8
y=4
slope: 0; y-intercept: 4
y
x
2y—-8=0

44. 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
2x —S5y—10=0y
(5,0)
i
T 2
N
45. 2x-10=0
2x =10
x=5
2x—10=0y
5
0 x
46. a. H=23_87 o116

"= 90-15 75
Y=y, =m(x-x)
y—11=0.116(x—90)
or
y-2.3=0.116(x-15)

b. y—11=0.116(x—90)
y—11=0.116x—10.44
y=0.116x +0.56
£(x)=0.116x+0.56

¢. According to the graph, France has about 5

deaths per 100,000 persons.
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47.

48.

49.

50.

51.

52.

d.  f(x)=0.116x+0.56
£(32)=0.116(32) +0.56
=4272

~43
According to the function, France has about 4.3
deaths per 100,000 persons.
This underestimates the value in the graph by
0.7 deaths per 100,000 persons.
The line passes below the point for France.

1616-886 _ 730 _ oo &

m=—————

2006—-2002 4
Corporate profits increased at a rate of $182.5 billion
per year. The rate of change is $182.5 billion per
year.

)= f(x) _[9°—4(9)1-[4"-4-5] _

= 10
X, — X, 9-5
y=8x)y
N V
X
y=8x)y
X
y
F R
X
y =8
y
y =gx)
X
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53.

54.

5S.

56.

57.

58.

yah f

Chapter 2 Review Exercises
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59.

60.

61.

62.

63.

64.

y
——— f
y
r
/’ f
X
y f
§
X
y
S
X
h
y
S
r
X

——
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65.

66.

67.

68.

69.

70.

71.

72.

hyr S
S Y
\ i
\ 1
Jx
il
I
(AN
Ya fr
ST
1
11
X
/
I
il
Y
y
f
—_8
5 x
y
e .-—"f
ot 8H X
h
y
r
—-—"'f

domain: (—o0, )

The denominator is zero when x = 7. The domain is

(=00, 7)U(7,0).

The expressions under each radical must not be
negative.

8§-2x>0

—2x>-8

x<4

domain: (-, 4].
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73.

74.

75.

76.

77.

The denominator is zero when x = —7 or
x=3.

domain: (—o0,—7)U(-7,3)U(3,)

The expressions under each radical must not be
negative. The denominator is zero when x = 5.
x—22>0

x=2
domain: [2,5)U(5,%)

The expressions under each radical must not be

negative.
x—1>20 and x+520
x2>1 x2>-5

domain: [l,0)

fx)=3x-1;gx)=x-5

(f+gx)=4x-6
domain: (—o0, )

(=9 =0Cx—1)-(x-5)=2x+4
domain: (—oo, o)

(/8)(x) = Bx=D)(x—5)=3x" —16x+5
domain: (—oo, o)

Sy =321
(gJ(x) x=35
domain: (—,5)U(5,%)

f)=x"+x+1;g(x)=x" -1
(f+2)(x)=2x"+x
domain: (—o0, )
(f-2)X)=("+x+D)-(x*-1)=x+2
domain: (—o0, )

(fR)(x) = (x* +x+1)(x* = 1)

=x'+x —x-1

(o=
domain: (—o0,—1)U(-1,1)U(1,)
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Chapter 2 Review Exercises

S(xX)=~Nx+7;g(x)=+x-2
(f+2)x)=~x+T7+~+x-2
domain: [2, ©)

(f ~@)x) =x+7—x-2
domain: [2, o)

(f2)(x) =x+7 x-2

=vx’ +5x-14

domain: [2, )
[lj(x): Vx+7

g x-2
domain: (2, )

f(x)=x"+3;g(x) =4x—-1

a. (fog)x)= (4x—1)2 +3
=16x*-8x+4

b.  (gof)(x)=4(x*+3)-1
=4x* +11

c. (fog)3)=16(3)"-8(3)+4=124
S0 =+x; gr)=x+1

a.  (feg))=+x+I

b (gof)(x)=x+1

¢ (fo2)3)=\3+1=+4=2

a. 1
(7)) =[]
X
+1 [1+ljx
x _\x _1+x
=X - -
—=2 (1—2)x 1-2x
X X
b. x=#0 1-2x#0
1
X#—
2
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82 A  (fog)(x)=/f(x+3)=vx+3-1=x+2

83. f(x)=x' g(x)=x>+2x-1

84. f(x)=Ux gx)=Tx+4

31 5
85. =—x+-;g(x)==x-2
J)=gxtig(x)=2x

3(5 1
S(gx) :g(gx—z}fg

:x+§—2
6

7

=X——

fand g are not inverses of each other.

86. f(x)=2-5x;g(x)= %

f(g(x))=2—5(2;xj

=2-2-x)

=x

_2-(2-5x) _5x _
g(/’(x))——5 s =%

fand g are inverses of each other.

87. a.

88. a.

308

f(x)=4x-3
y=4x-3
x=4y-3
_x+3
4
x+3
4

/=

f(fl(x))=4["13)—3
=x+3-3
=x
4 _(Ax-3)+3 _4x _
A (f(X))——4 Y
f(x)=8x" +1
y=8x3+1
x=8y"+1
x—1=8y3

x—1 3

e ]
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90.

91.

92.

93.

94.

X
y=2+5
X
x—£+5
y
xy=2+45y
xy—=5y=2
y(x=5=2
2
y_x—S
ol 2
Sl ==
b (/7)) =——+5
2
x-=5
:2(x—5)+5
2
=x—-5+5
=x
S @)=
—+5-5
X
2
2
x
_2x
T2
=x

The inverse function exists.

The inverse function does not exist since it does not
pass the horizontal line test.

The inverse function exists.

The inverse function does not exist since it does not
pass the horizontal line test.

Chapter 2 Review Exercises

95. f(x)=1-x’

S

96.  f(x)=x+1
y:\/;+1
x=4y+1

x—lz\/;
(x-1)’=y
) =(x-1°, x>1
YA S
: 7/

J) =\x+1
g) = (x - Dix 21

97. d =\[3-(-2)T +[9-(-3)]

=/5% +12?
=/25+144
169

13

309
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100.

101.

102.

103.

104.

=27 +2°
=VJ4+4
-8
=22
~2.83
2+(-12) 6+4 _(-10 10
2 72 27
(4+(—15) —6+2j_(—_11—_4
2 2 272
x2+y2:32
x2+y2=9

(x=(=2)) +(y-4)" =6
(x+2) +(y—-4)>=36

center: (0, 0); radius: 1
y

~

xr+ y2 =1
domain: [-1,1]

range: [-1,1]

center: (—2, 3); radius: 3
y

X

x+22+(-3*=9
domain: [-5,1]

range: [0, 6]
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105.

X+’ —4x+2y—4=0
¥ —dx +y"+2y =4
X —4x+4+y" +2y+1=4+4+1
(x=2 +(y+1)* =9
center: (2, —1); radius: 3
y

~

Py —ax+2y-4=0
domain: [-1,5]

range: [-4,2]

Chapter 2 Test

1.

2.

(b), (¢), and (d) are not functions.
a. fid)-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,A2)=5

g (1.4

h. x-intercepts: 4, 1, and 5.

i.  y-intercept: -3

a. 2,2
b. -1,1
c. O

d. even; f(—x)=f(x)
e. no; f fails the horizontal line test

f.  f(0) is arelative minimum.
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g y=8x ¥ 6. flx)=4y
(=3, -1 - X X
(-2, -2 H @, -1
\ (0, ~2)
(-1,-3) domain: (—o0,00)
h. y+h=4y range: {4}
- 7. y
,0) 5
(-4, 0)— = < d At SNEE
1 ™ 1 =
I i —
-3 T -3) g
I
o, -1
1 y=r@x)y 1
(0,3 EEEITE . fo)y = —Fx+2
(-1L,2) =l = 2,1 .
(=2, 1) =0 (2, 1) domain: (—o0,00)
S| x range: (—o0,0)
y
8. 3
SO) =S _ -1-0 1
X, — X, 1-(-2) 3
X
4. y+y=44)y
@+22+(y-1)2=9
domain: [-5,1]
X
range: [-2,4]
domain: (—o0,00) 9. 5
range: (—o0,0) 5
5. 2 2 —
x> +y"=4 y =
TN
137 x _J2ifx<0
M9 =1 _1itx>0

domain: (—o0,00)

domain: [—2,2] range: {_1’2}

range: [-2,2]
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10. y 14. v f
I \ T
I -1
\‘ 'I B X
x
]
J
Y

¥+y'+4x+6y—-3=0
domain: [-6,2]

domain of f; (—o0,0)

range of f: (—OO,OO)

range: [—1,7] domain of f’l: (—00,00)
1 y ; range of f': (—o0,00)
= 15. i f
i srof
5 X y, . f_l
5 x

domain of f; (—o0,0)
range of f: [O,oo)

domain of g: (—o0,)

domain of f [0,)
range of f: [~1,00)

range of g: [-2,) domain of f™': [~1,)

12. S range of f~': [0,00)
/A 16. f(x)=x"—x—4
] - fx=D=(x-1)"-(x-1)-4
/ ) =x"—2x+l-x+1-4
! =x*-3x-2
domain of /i (—o0,) 17 Sx+h) - f(x)
range of f: [O,oo) h
domain of g: (—oo,oo) :(x+h)2—(x+h)—4—(x2_x—4)
range of g: (—0,4] h
X 42xh+h —x—h-4-x+x+4
13. y f h
h
. - :h(2x+h—1)
h
=2x+h-1
domain of f: (~o0,%) 18. (g-/)(x)=2x—6-(x" —x-4)

range of f: (—00,00)
domain of f7': (—OO,OO)

range of f': (—o0,00)

=2x—6-x"+x+4

=—x"+3x-2

312
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f ¥ —x—4 26. Write 4x+2y—-5=0 in slope intercept form.
19 ™= 4x+2y-5=0
g 2x—6 Xt+oy—>=
domain: (—o0,3)U(3,) 2y=—4x+5
y= —2x+%
20 (feg)) =/ (g (x)) The slope of the parallel line is —2, thus the slope of
=(2x-6) —(2x-6)—-4 the desired line is m =-2.
=4x’ - 24x+36-2x+6-4 Y=y =mx-x)
=4x> —26x+38 y=(-10)==2(x—(-7))

y+10=-2(x+7)

21 (g0 D) =g(/() +10= 2514

=2(x" —x-4)-6 2x+y+24=0
=2x*-2x-8-6 ) . .
5 27. a. First, find the slope using the points
=2x"—2x-14 (2,476) and (4,486) .
486-476 10
2. g(f(=D)=2(-1)’-(-D-4)-6 m=———=—=5
=2(1+1-4)-6 Then use the slope and a point to write the
_ 2(_2) _6 equation in point-slope form.
- _4_6 y=y=m(x-x)
__1o y—486=5(x—4)
or
23, f(x)=x"-x-4 y—476:5(x—2)
f(=x) = (=x)" = (-x)—4
— x4 b. y-486=5(x—4)
f is neither even nor odd. y—486=5x-20
y =5x+466
24, m=_"1_9_4 f(x)=5x+466
-1-2 3
point-slope form: y — 1 =3(x —2) c.  f(10)=5(10)+466 =516

ory+8=3(x+1)

. o The function predicts that in 2010 the number
slope-intercept form: y =3x -5

of sentenced inmates in the U.S. will be 516 per

100,000 residents.

25. y=—1x+5 som=4
4 3(10)* —5—[3(6)* - 5]

point-slope form: y — 6 = 4(x + 4) 28. ]
slope-intercept form: y = 4x + 22 0-6
~205-103
4
192
4
=48

29. g(-1)=3-(-1)=4

g(N)=~7-3=+/4=2
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30. The denominator is zero when x = 1 or
x=-5.

domain: (—o0,—5)U(=5,1)U(1,)

31. The expressions under each radical must not be

negative.
x+520 and x-120
x=-5 x>1

domain: [l,00)

7 Tx
32. ° ==
resi0=5— =3
X
x#0, 2-4x=0
X#—
domain: (—o0,0)U O,l U l,oo
2 2
33. f(x)=x7 g(x)=2x+3

M. d=Jx,-x)+(,-n)
d =\, ~x) +(r, - n)
—\6-27 +(2-(-2))
=3 +4’
=49+16
=25

=5
NHX, »HY, | (245 2+2
2 7 2 27 2
1
2

The length is 5 and the midpoint is (%,0) .

314

Cumulative Review Exercises (Chapters 1-2)

1.

domain: [0,2)
range: [0,2]

f)=1 at% and%.

relative maximum: 2

y

v
hd

]

|

gw) =fx -1 +1

y

¥

(x+3)(x—4)=8
X —x-12=8
XX =x-20=0

(x+4)(x-5=0

x+4=0 or x-5=0
x=-4 or x=5

34x—-1)=4-6(x—-3)
12x-3=4-6x+18
18x =25
25
x=22
18

Jx+2=x
Jx=x-2
(x)? = (x-2)
x=x"—4x+4
0=x"-5x+4
0=(x-D(x—-4)
x—=1=0 or x-4=0
x=1 or x=4

A check of the solutions shows that x = 1 is an
extraneous solution. The only solution is x = 4.



College Algebra SE Cumulative Review Exercises

9. xP-x"7-6=0 13. y
Let u =x"?. Then u® = x*"°. 5 8
wW-u—-6=0 = auNEN f
u+2)u-3)=0 mn =
u=-2 or u=3
=22 or x*=3

x=(2) or x=3

domain of f; (—o0,
x=-8 or x=27 f( )

range of f; (—o0,0)

10. X-3<%in domain of g: (—,%)
range of g: (—o0,00)
4@—3} < 4(%2}
14. . y f—l

2x—-12<x+8 1 f

x <20 y

The solution set is (—o0,20]. mns=_y)
11. y X

> 1

domain of f: [3,00)
range of f: [2,00)
domain of f™': [2,)
3() -6y -12=0 range of f': [3,)

domain: (—o0,00)

15, JGED =)

range: (—o0,%) . i
1. y :<4—(x+h)2)—(4—x2)
> h
4= (x> +2xh+ ") —(4-x7)
Va ™ e h
N _4-x"-2xh—-h’-4+x°
- h
(x-2+(r+1*=4 _2xh-’
domain: [0,4] h(—2hx—h)
range: [-3,1] =
=-2x—h
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16.

17.

(fe2)x)=f(g)
(fog)(x)=f(x+5)
0=4—(x+5)
0=4—(x*+10x+25)
0=4-x>-10x-25
0=-x>—10x-21
0=x"+10x+21
0=(x+7)(x+3)
The value of (f o g)(x) willbe 0 when x=-3 or
x=-7.

——l)chl som=4
TTTTy '

point-slope form: y — 5 =4(x + 2)
slope-intercept form: y = 4x + 13
general form: 4x—y+13=0

316

18.

19.

20.

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.

width =w
length =2w + 2
2Q2w+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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