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, 40}. The range is the set of all second
components: {9.1, 6.7, 10.7, 13.2, 21.2}.

2. a. 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.

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

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

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

b. x+y’=1
y2=1_x2

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.

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

b.  fx+4)=(x+4)7—2x+4)+7

=x+8x+16-2x-8+7
=x*+6x+15

e f(=x)=(=x)"=2(-x)+7 7.
=x*—(-2x)+7
=x"+2x+7

x f(x)=2x (x,y)
2 4 (-2,-4)
-1 -2 (-1,-2)
0 0 (0,0)
1 2 (1,2)
) 4 (2.4)
x g(x)=2x-3 (x,y)
2 (-2)=2(-2-3=-7 | (-2,-7)
-1 g(-1)=2(-D-3==5 | (-1,-5)
0 2(0)=2(0)-3=-3 (0,-3)
1 g(l)=2-3=-1 (1,-1)
2 g(2)=202)-3=1 (2.1)
Sy =2x
g(x):2x—3‘y ;
o e
0, 0) =
(=1, -2) —T L1, -1)
(-2,-49 AN ~(0,-3)

(_2’ _7) (-1, _5)
The graph of g is the graph of f shifted down 3
units.

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

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

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

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

a. f(5)=400

b. x=9, f(9)=100

¢. The minimum T cell count in the asymptomatic

stage is approximately 425.
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a. domain: {x|—2 <x< 1} or [—2, 1].

range: {y|0£ ySS} or [0,3].
b. domain: {x|—2<x£1} or (-2,1].
range: {y|—1 <y< 2} or [-1,2).
c. domain: {x|—3£x<0} or [-3,0).

range: {y|y = —3,—2,—1}.

Concept and Vocabulary Check 2.1

1. relation; domain; range

2. function

3. DX

4. true

5. false

6. x; x+6

7. ordered pairs

8. more than once; function

9. 1[0,3); domain

10. [1,%0); range

11. 0; 0; zeros

12. false

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 } .

2.  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}.

3. 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}.

10.

11.

12.

13.

Section 2.1 Basics of Functions and Their Graphs

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}.

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.
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14.

15.

16.

17.

18.

19.

20.

21.

204

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"
y=+J16—x
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=i\/25—x2
Ifx=0, y=15.

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

2

X=Yy
y=lx
Ifx=1, y==I.

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

4x=1y2

y=*%v4x = +2/x
Ifx=1, theny =12,
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’ =
3

y =8-x

y=F—x

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

22,

23.

24.

25.

26.

27.

28.

x+y =27
y =27-x
y=327-x

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

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

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

xy—5y=1
y(x—5)=1
1
y:x—S

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

|d—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.

|d—y=5
-y =—|x|+5
y=[-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
c. flx)=4=x)+5=—-4x+5

a. fid)=3@)+7=19

b. fix+1)=3x+1)+7=3x+10
c. fl(x)=3(x)+7=-3x+7
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Section 2.1 Basics of Functions and Their Graphs

29. a.  g(-)=(-1)>+2(-1)+3 33. a.  f(-6)=v-6+6+3=/0+3=3
=1-2+3
) b. £(10)=+10+6+3
b.  g(x+5)=(x+5)+2(x+5)+3 :4163+3
= x> +10x+25+2x+10+3 _7+
=" +12x+38 -
e g(ox)=(—x) +2(-x)+3 ¢  f(x—6)=x—6+6+3=x+3
— 42 _
=X -2x43 34. a.  f(16)=25-16-6=9-6=3-6=-3
30. a. g(-)=(-)>—10(-1)-3
—1410-3 b f24)=25-(24)-6
=38 =49-6
b. g(x+2)=(x+2)"-108+2)-3 6
=x" +4x+4-10x-20-3 c. f(25-2x)=425-(25-2x)-6
=x*—6x—19 :\/5_6
c. g(=x)=(=x)"-10(-x)-3 427 -1 15
2 +10x—3 3.8 fO="5—=7
3. a. h(2)=2'-2"+1 M2 -1 15
=16-4+1 b. fH)ZwZ;
=13
b, h(=1) = (=1) = (=1)> +1 . f(—x):4((_x))2 T4 -l
=1-1+1 * *
=1 402 +1 33
. X . 36. a. fQ=—"r =2
C. h(—=x)=(—x)"—(—x)"+1=x"—x"+1 2 8
- 4 _3,)2 73 _
d.  1Ba)=Ga) -Ba)’ +1 b. f(_2)24( 2) 3+1: —31_31
=81a* —9a” +1 (-2) 8 8
32. a. h(3)=3'-3+1=25 42 +1  —4x* +1
3 o flepodCx el 4
(—x) —X
b. h(-2)=(-2)-(-2)+1 Ay 1
=-8+2+1 or X
=-5
37 6= =1
¢ h(=x)=(-0)’—(0)+1=—x"+x+1 - A f()_ﬂ_
d. hBa)=Ga)’ -Ba)+1 6 -6
=27a>-3a+1 b. f(_6)=g= =1
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38. a. f(5)=—|5+3|=ﬁz1 * 8(x)=x—4 (+5)
S+3 8 2| g(2)=—2-4=-6 (-2,-6)
|-5+3 |2 2 -1 g(-1)=-1-4=-5 (-1,-5)

b, f(s=—T=LT_=_
543 -2 -2 0 2(0)=0-4=—4 (0,—4)
; -3 1 g()=1-4=-3 (1,-3)
¢ fEO-n=—— 2 g(2)=2-4=2 (2,-2)
|-x—6| {1, if x<—6 A
== . y X)=x
-x—-6 |-lLifx>-6 2,25 o) =x—4
1,1
39. X f(x):x (x,y) (0,0) — T 5 x
- 2)=-2 2,2 (-1,-1) %2
-1 f=D=-1 | (=L-1) SR (0, —4)
0 f(0)=0 (0,0) (=2,-6) (-1,-9)
1 F=1 (L1) The graph of g is the graph of f shifted down 4 units.
2 f(2)=2 (2,2)
41. X f(x)=—2x (x,y)
X g(x)=x+3 (x,y) -2 f(—2):—2(—2)=4 (—2,4)
2| g(2)=2+3=1 | () O ren=2(n=2 | (1)
J1] g(-1)=-1+3=2 (-1.2) 0 | f(0)=-2(0)=0 (0.0)
0 g(0)=0+3=3 (0,3) 1 fy==2(1)=-2 (1,-2)
1 g(l)=1+3=4 (1,4) 2 | f(@=-2(2)=—4 | (29
2 g(2)=2+3=5 (2,5)
yp 8@ =x+3
3’2\ mN J&x) =x x g(x)=-2x-1 (x,y)
’ 2,2 D)= -2(2)—1= _
(0,3) - /’___El’l; -2 g( 2)— 2( 2) =3 ( 2,3)
(-1,2) -7 005 x -1 | g(-1)==2(-1)-1=1 (-11)
-2, BN H 0 g(0)=-2(0)-1=-1 (0.-1)
(-2,-2) (-1,-D 1 g()==2(1)-1=-3 (1,-3)
The graph of g is the graph of f shifted up 3 units. 2 g(2)=-2(2)-1=-5 (2.-5)
S = -
40. X f(x)=x (x,y) )é, gv)=-2x—-1
) f(=2)=-2 (-2,-2) (=2,3) = annsj) =24
-1 - (-1,2)
-1 f(=1)=-1 (-1,-1) 0,00 %
0o | s=0 [ (0 O, -0 A AN 1,-2)
1 F(1)=1 (L1) a1, -3 (2, -4)
2 f(2)=2 (2,2) 2,-5)

The graph of g is the graph of f shifted down 1 unit.
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Section 2.1 Basics of Functions and Their Graphs

42. x f(x)=-2x (%) gy =+¥+1
2 | f(2)==2(2)=4 | (-24) S =+ Ny_,‘ _(2,5)
! (2,4
-1 | f(=)==2(-1)=2 | (-L2) (=2,5) 1} £ 1,2
0 | f(0==2(0=0 | (0,0) 2T ENGF -,
1 f)==2(1)=-2 (1.-2) =127 0, 0) 3 x
2 | r()==202)== | (2-4) =11 -
e(x)= 2543 (x y) The graph of g is the graph of f shifted up 1 unit.
X x)=-2x
2 | g(2)=—2(2)+3=7 | (-27) 44. x f(x)=v (%)
-1 | g(-1)=-2(-1)+3=5 | (-L5) ) F(=2)=(-2)" =4 (-2.4)
0 g(0)==2(0)+3=3 (0,3) 1 F(=1) =(-1) =1 (-L1)
1 g(1)=-2(1)+3=1 (1.1) 0 £(0)=(0)*=0 (0,0)
2 g(2)=-2(2)+3=-1 (2,-1) 5
1 F(y=(1) =1 (11)
= =2 2
ﬁﬁ - 43y (2,7 2 r(2)=(2) =4 (2.4)
(-2,4) “‘\Elb/ —(-1,5)
(—1:2)~:“_‘q‘§( - ”"?1)’3 x g(x)=x"-2 (x.y)
0,0 = TNWIE % -2 g(-2)=(-2) -2=2 (-2.2)
1, -2 NN~ @, - 2
22, —4-TT D -1 g(-1)=(-1) -2=-1 (-1-1)
The graph of g is the graph of f shifted up 3 units. 0 8(0)= (O) ~2=- (O _2)
! g()=(1)-2=- (1-1)
43. X f(x)zxz (x,y) 2 g(2)2(2)2_2=2 (2,2)
-2 f(—2)=(—2) =4 (_2’4) f(x) = 1
-1 F(=1)=(-1)" =1 (-11) gy =x-2Yy
7 2,4
0 7(0)=(0)" =0 (0,0) (=2,49) L\ //EZ 2;
I F=0) =1 (L1) =22 e,
2 LD g
2 f(2)=(2) =4 2,4 = 5 x
(2) ( ) ( ) (-1, -1)— | S~ -1
. R ) (©,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 (-12)
0 2(0)=(0) +1=1 (0.1)
1 g()=(1)" +1=2 (1,2)
2 2(2)=(2) +1=5 (2.5)
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Chapter 2 Functions and Graphs

45. .

(-1 1‘) y

(=2,2)

(=2,0)

(=1L -1~

gy =|x|-2
fx) = | x|

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

46. B

(x.y)

(2.2)

(-L1)

(0.0)

)

,0
(1,1
2

(2.2)

(x.y)

(-2.3)

3
(-12)

(0.1)
(1.2)
(2.3)

208

Jo) =|x|
gw) =|x|+1 y

—(2,3)

(—2,3)—

L

(=2,2)F

i 2,2)

5 x

(-1,2)”

(©,0)

a,1)
ii \ 1,2)

(-1, 1)

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

47. X f(x (x,y)
P )= =8 | (29)
Tsey=y = | L
0 £(0)=(0)"=0 (0,0)
1 fM=1)’=1 (L1)
2 F(2)=(2) =8 (2.8)
x g(x)=x"+2 (x,y)
2 | g(-2)=(2)+2=- (-2,-6)
-1 g(-1)=(-1)"+2=1 (-11)
0 g(0)=(0)"+2=2 (0.2)
1 g()=(1)"+2=3 (1,3)
2 g(2)=(2) +2=10 (2,10)
e .10
0,2) 522 /g’ 2;
LD .
(-2, -0 N
(=2, —8) 1T

The graph of g is the graph of f shifted up 2 units.
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48.

49.

x fx)=x ()
2 | f(2)=(2) =8 | (-2-8)
L SED=(EDT = ] (D
0 £(0)=(0)"=0 (0,0)
1 f()=(1) =1 (L.1)
2 £(2)=(2) =8 (2.8)
X g(x)=x3—1 (x,y)
2 | g(2)=(2)-1=9 | (29)
1| g()=(1)-1=2 | (1)
0 ¢(0)=(0)"-1=-1 (0,-1)
1 g()=(1)-1=0 (1,0)
2 2(2)=(2)' -1=7 (2.7)
S =x
gy =x-1 Y _(2,8)
-+ _(2,7)
a1
1. —1) 0,0 - (1,0
1, - — £
N (-1
(-2.-8H—F |
(=2,-9)-
The graph of g is the graph of fshifted down 1 unit.
x f(x)=3 ()
2 f(=2)=3 (-2,3)
-1 f(-1)=3 (-1,3)
0 f£(0)=3 (0,3)
1 f(1)=3 (1,3)
2 f(2)=3 (2,3)
x g(x)=5 (x,y)
D) g(-2)=5 (-2.5)
-1 g(—l) =5 (—1,5
0 g(0)=5 (0,5)
1 g(1)=5 (L5)
2 ¢(2)=>5 (2.5)

50.

Section 2.1 Basics of Functions and Their Graphs

(0,5)

(_19 5) \y (19 5)
(—2,5)~ 7 //(2’ 5)
g) = 5« // 2,3)

J&) =32 N
(=2,3)— N
(-1,3)7 *

0,3 @13

The graph of g is the graph of fshifted up 2 units.

x f(x)=-1 (x.y)
-2 f(=2)=-1 (-2.-1)
-1 f(=1)=-1 (-1-1)
0 f(0)=-1 (0,-1)
1 f1)=-1 (1,-1)
2 f(2)=-1 (2,-1)
x g(x)=4 (x.y)
-2 g(-2)=4 (-2,4)
-1 g(-1)=4 (-14)
0 ¢(0)=4 (0,4)
1 g(1)=4 (1,4)
2 g(2)=4 (2,4)
o
(—;, 4)’\) \y / (/1:22, 4)
gkx) =4 .
Jx) =-1 - X
N \(2’ _1)
(=2,-1)77] a, -1
-L,-1
0, -1)

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

S1. x f(x)=x (x.y) 53. x f(x)=x (x.)
0 £(0)=+0=0 (0,0) 0 f(0)=0=0 (0,0)
1 f(1)=vi=1 (L1) 1 f(1)=vi=1 (L1)
4] f(4)=va=2 (+2) 4] f(4)=va=2 (+2)
9 £(9)=+0=3 (9.3) 9 £(9)=+9=3 (9.3)
x g(x)=vx-1 (x.y) x g(x)=+vx-1 (x,y)
0 | g(0)=vo-1=-1 | (0-1) 1 g(1)=v1-1=0 (1,0)
1 g()=+1-1=0 (10) 2 | g(2)=v2-1=1 (2.1)
4 | s(4)=Va-1=1 | (41) 5 | g(5)=v5-1=2 | (52)
9 | g(9)=v0-1=2 (9:2) 10 | g10)=+10-1=3 | (10,3)
“@p O 4,2) (93
A, 1)\ 5] | S =\x 1.1 T 3 \‘ } \‘ /f(x)=\/37
OO = o 1 OO g =¥ = T
0 -1 \\ e \ 1 x(10,3)
\‘ ©0) \ \
a,0 @1 42 L
The graph of g is the graph of f shifted down 1 unit. 1,0 2,1 5,2)
52. x f(x)=+x (x,y) The graph of g is the graph of f shifted right 1 unit.
0 £(0)=0=0 (0,0)
1 f()=v1=1 (L1)
= f@)=va=2 | (42)
9 £(9)=+9=3 (9.3)
X g(x)=\/;+2 (x,y)
0 ¢(0)=v0+2=2 (0,2)
1 g()=+1+2=3 (1,3)
4 ¢(4)=a+2=4 (4,4)
9 ¢(9)=v9+2=5 (9.5)
@3 (4"4) o g(x) =yx +2
OB\t ) =\
-1 5
.0~ T "
|
|

| |
1,1 42 93
The graph of g is the graph of f'shifted up 2 units.
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55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

X f(x):\/; (x,y) 68. f(-4)=4
0 f(0)=+0=0 (0,0) 69. f(-3)=0
U =i (1)
4 f(4)=v4=2 (4,2) 70. f(=D=0
9 f(9)=v0=3 (9.3) 7M. g(~4)=2
x g(x)=+vx+2 (x,y) 72. g(2)=-2
_ ) =J2+2= 2,0
2 | g(2)=v2+2=0 | (-2.0) 73. g(-10)=2
-1 g(-1)=v-1+2=1 (-L1)
2 g(2)=\2+2=2 | (22) 74. (10)=-2
7 g(7)=N7+2=3 | (7.3) 75. When x=-2, g(x)=1.
y (2,12) (7,13) 76. When x=1, g(x)=-1.
= ’l [ {A/g(x)=\/x+2
(-1,1 e /(x) =Jx 77. a. domain: (—oo,o0)
z 1009, 3)
(=2,0) \ X b. range: [4, )
N(4,2) c.  x-intercepts: =3 and 1
\ N\
0,0 @O1) d. y-intercept: -3
The graph of g is the graph of fshifted left 2 units. e. f(-2)=-3 and f(2)=5
function 78. a. domain: (—w, )
function b.  range: (-0, 4]
function c.  x-intercepts: =3 and 1
not a function d. y-intercept: 3
not a function e. f(=2)=3 and f(2)=-5
not a function 79. a. domain: (—oo, )
function b.  range: [I, )
not a function C. x—intercept: none
function d. y-intercept: 1
function e. f(-D)=2 and f(3)=4
F(2)=4
f2)=-4
7(4)=4
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80.

81.

82.

83.

84.

85.

212

domain: (—o0, o)
range: [0, ©)
x-intercept: —1
y-intercept: 1
f(-4)=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, o)
range: [1, o)
x-intercept: none
y-intercept: 1
fd =3

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

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

fi-l)=5

86.

87.

88.

89.

90.

91.

®

& o oF P

e

domain: [-3, 2]

range: [-5, 5]
x-intercept: —l
pt: 5

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

domain: (—oo, o)
range: (—oo, —2]
Xx-intercept: none
y-intercept: —2

f(-4) =-5and fi4)=-2
domain: (—o0, o)

range: [0, )

x-intercept: {x| x< 0}

y-intercept: 0
f(=2)=0and f(2) =4
domain: (—eo, o)

range: (0, o)
x-intercept: none
y-intercept: 1.5
fl4)=6

domain: (—ee,1)U(1,e0)
range: (—oo,0) U (0,0)
x-intercept: none
y-intercept: —1
f2)=1

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

x-intercept: none
y-intercept: 2

)+ fB3)=2+2=4
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92,

93.

9.

95.

96.

97.

98.

99.

a. domain: {-5,-2,0, 1, 4}
b. range: {-2}

c.  x-intercept: none

d. y-intercept: -2

®

fE5)+ (4 =-2+(-2) =4

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

flg(D)=7(-2)=(-2) ~(-2)+4
=44+2+4=10

oo
—_
|
—
~—
I

3(-1)-5=-3-5=-8
fg(=1)=f(-8)=(-8) ~(-8)+4
=64+8+4=76

3—(=1)=(=6)" +6+(-6)-4

=B+1-36+6+(—6)-4

=J4-36+-1-4

=2-36+-4

=-34+-4

=-38

|-4=(-1)-(-3)" +-3+3--6
=|-4+1]-9+-3+3--6
=|-3-9+-1--6
=3-946=-6+6=0

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

=X —x-5-x—x+5=-2x"-2x

f(=x)=f(x)
= (—x)2 =-3(—x)+7 —(x2 —3x+7)
=x"+3x+7-x"+3x-7
=6x
a. {(Philippines, 12),(Spain, 13),
(Italy, 14),(Germany, 14),
(Russia, 16)}
b. Yes, the relation is a function. Each country

(element in the domain) corresponds to only
one age (element in the range).

100.

101.

102.

103.

Section 2.1

{(12, Philippines), (13, Spain),
(14, Italy), (14, Germany),
(16, Russia)}
No, the relation is not a function. 14 in the

domain corresponds to two members in the
range, Italy and Germany.

{(Philippines, 18),(Spain, 18),
(Italy, 16),(Germany, 16),
(Russia, 16)}
Yes, the relation is a function. Each country

(element in the domain) corresponds to only
one age (element in the range).

{(18. Philippines), (18, Spain),

(16, Italy), (16, Germany),

(16, Russia)}
No, the relation is not a function. 18 in the
domain corresponds to two members of the
range, Philippines and Spain, and 16 in the

domain corresponds to three members of the
range, Italy, Germany, and Russia.

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 f'is the better model.

f£(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.

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

G(30) underestimates the actual data shown by
the bar graph by 2%.
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104.

105.

106.

107.

108.

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

b. G(0) underestimates the actual data shown by
the bar graph by 2%.

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

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

_120
60
=2
If you travel 30 mph going and 60 mph returning,
your total trip will take 2 hours.

S(x)=0.10x+0.60(50— x)
S§(30)=0.10(30) + 0.60(50-30) =15
‘When 30 mL of the 10% mixture is mixed with 20

mL of the 60% mixture, there will be 15 mL of
sodium-iodine in the vaccine.

109. - 117. Answers will vary.

118.
119.

120.

121.

214

makes sense

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

multiplication.

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

does not make sense; Explanations will vary.
Sample explanation: This would not be a function
because some elements in the domain would
correspond to more than one age in the range.

122.

123.

124.
125.

126.

127.

128.

129.

130.

false; Changes to make the statement true will vary.
A sample change is: The domain is [-4,4].

false; Changes to make the statement true will vary.
A sample change is: The range is [—2, 2).

true

false; Changes to make the statement true will vary.
A sample change is: f(0)=0.8

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

f(a)=3a+7
fla+h)—f(a)
h
_(3a+3h+7)~(3a+7)
- h
:3a+3h+7—3a—7 :%:3
h h

Answers will vary.
An example is {(1,1),(2,1)}

Itis given that f(x+y)=f(x)+ f(y) and f(1)=3.
To find f(2), rewrite 2 as 1 + 1.
f@Q=fA+h=fDO+fD

=3+3=6
Similarly:
f@®=fC+H=f2Q)+f1)

=6+3=9
f@=fCB+H=7O3)+ 1D

=9+3=12

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

it is not true for all functions. It is not true
for f(x)=x, for example.

C(1) =20+ 0.40(t — 60)
C(100) =20+ 0.40(100 — 60)
=20+ 0.40(40)
=20+16
=36
For 100 calling minutes, the monthly cost is $36.

) =x+2,x=1

J
|
Pl
1,3)
(=2, -0)1
A 5{x
(=5,-3)
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131. 2(x+h) +3(x+h)+5-(2x" +3x+5) 5. a. f(xX)==2x"+x+5
=2(x* +2xh+ W) +3x+3h+5-2x* -3x-5 fx+h)==2(x+h)+(x+h)+5
=2x" +4xh+2h* +3x+3h+5-2x* -3x-5 =2(x* +2xh+h*)+x+h+5
=2x" —2x" +4xh+2h* +3x—-3x+3h+5-5 =-2x*—4xh—-2h* +x+h+5
=4xh+2h* +3h
p, JSEED-f)
h
_ 2 _ _ 2 _(_ 2
Section 2.2 _ 22 —4xh -2 +x+h+S (-22% +x+5)
h
Check Point Exercises O —dxh=2R + x+h+5+2x* —x—5
1. The function is increasing on the interval (—eo,—1), ) h
. . . . —4xh—-2h"+h
decreasing on the interval (—1,1), and increasing on = T
the interval (1,0). ) h(—4x—2h+l)
2. a. —xX)=(=x)’+6=x"+6=f(x h
S =) ( ). J0) =—4x-2h+1, h#0
The function is even.
b. g(=x)=7(=x)=(=x)==Tx +x=—f(x)
The function is odd. Concept and Vocabulary Check 2.2
¢ h(=x)=(=x) +1=-x"+1 L <f(®); >f(x); =f(x)

The function is neither even nor odd.
2.  maximum; minimum

3 C() = 20 if 0<r<60
' " 120+0.40(t —60) if 1> 60 3. f(x); y-axis
b.  Since 0<40<60, C(40)=20 4. —f(x); origin
With 40 calling minutes, the cost is $20. 5 piecewise
This is represented by (40,20).
6. lessthanorequaltox; 2; —3; 0
c. Since 80>60,
C(80) =20+ 0.40(80—60) = 28 7. difference quotient; x+h; f(x); h; h
With 80 calling minutes, the cost is $28.
.. 8. false
This is represented by (80,28) .
9. false
4. y
(_%‘; 3) T A
(l‘l’ 3) / Exercise Set 2.2
H Q2,0)[x
(-1, -3) ¥ 1. a. increasing: (—1,00)
[
O
3 ifr=-1 b. decreasing: (—co,—1)

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

C. constant: none
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10.

11.

216

increasing: (0, o)
decreasing: none

constant: none

increasing: (-1, ©)
decreasing: none

constant: none

increasing: none

decreasing: (-2, 6)

constant: none

increasing: (-3, 2)
decreasing: none

constant: none

increasing: (—oo,—1)
decreasing: none

constant: (—1, e)

increasing: (0, «)
decreasing: none

constant: (-, 0)

increasing: (—eo,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: (—eo, —2) or (4, o)

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

a. increasing: none

b. decreasing: (-4, 2)

e

constant: (—eo,—4) or (2,0)

a. x =0, relative maximum = 4

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

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

a. x =1, relative maximum = 30

b. x =4, relative minimum = 3

fx)= X4x
f(=x)=(=x)* +(-x)
f(=x)= - —x=—(x"+x)
f(=x)=—f(x), odd function

fx)= X —x
f0)= (=2 = (-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—x
g(=x) = (=x)* = (-x)

g(=x) = x* + x, neither

h(x)=x"—x*
h(=x) = (=x)* = (-x)*
h(=x) =x* —x*

h(—x) = h(x), even function

h(x)=2x"+x"
h(=x) = 2(=x)* +(-x)*
h(=x)=2x>+x*

h(—x) = h(x), even function
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23, f()=x"-x'+1 32. The graph is not symmetric with respect to the y-axis
or the origin. The function is neither even nor odd.
fE0) =0 = (0" +1

flx)=x=x 41 33. a. domain: (—oco,e0)
f(=x) = f(x), even function
b. range: [—4,»)
24, f(x)=2x"+x*+1
f(=x)=2(=x)" +(-x)* +1
fn =2 4xt 41 d. y-intercept: 4
f(=x) = f(x), even function

o

x-intercepts: 1, 7

e (4,)
1
25.  f(») =§x6 -3x’ f (0’4)
1
f=x)= g(—JC)6 —3(-x)’ g (==,0)
1 6 2
flen=2x"=3x h. x=4
f(=x)= f(x), even function i y=—4
26. f(x)=2x"—6x j. f(=3)=4
J(=x) =2(=x)" = 6(=x)’
Flex) = -2 +6x° k.  f(2)=-2 and f(6)=-2
f=x)=—=(2x* -6x°) I neither; f(—x)#x, f(—x)#—x

f(=x) =—f(x), odd function

27.  f(x)=x\Jl-x
f(=x) =—xy/1-(=x)? b. range: (—oo,4]
fE0 == x* c.  x-intercepts: -4, 4

= —(x\/I -x ) i

f(=x) = - f(x), odd function

34. a. domain: (—oco,c0)

y-intercept: 1
e. (—e,-2) or (0,3)
28. f(x)=x""1-x’
f (=) = (=2) 1= (=)
f(—x):xzﬁ g (—oo,—4] or [4,)

Sfl=x) = f(x), even function

f.  (-2,0) or (3,0)

h. x=-2 and x=3

29. The graph is symmetric with respect to the y-axis.
The function is even. i f(=2)=4and f(3)=2

30. The graph is symmetric with respect to the origin. j- f(=2)=4
The function is odd.
31. The graph is symmetric with respect to the origin. k. x=—4 and x=4

The function is odd. .
L neither ; f(—x) #x, f(—x)#—x
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35. a. domain: (—00,3] 38.
b. range: (—oo,4]
c.  x-intercepts: -3, 3
39.
d f0)=3
e. (—eo1)
f. (1,3) 40.
g (3]
h. f()=4
i. x=1 41.
j- positive; f(-1)=+2
36. a. domain: (—oo,6]
b. range: (—oo,1]
c. zerosof f-3,3 42.
d fO)=1
e.  (—o0,-2)
£ (2.6)
43.
g (2.2
h. (—3, 3)
i. x=-5 and x=5
j- negative; f(4)=-1
K. neither
L. no; f(2) is not greater than the function values to 44.

the immediate left.
37. a. f(-2)=3(-2)+5=-1
b. fi0)=40)+7=7

. fi3)=43)+7=19

218

b.

b.

fi=3)=6(=3)—1=-19
A0)=7(0)+3=3
fi4)=7(4)+3=31
g0)=0+3=3

8(=6) = (-6 +3) =~(-3)=3
g(-3)=-3+3=0
g0)=0+5=5
8(-0)=—(-6+5=—(-1=1
g(-5)=-5+5=0

59 25-9 16

h(5) =
©) 5-3 2 2

h(0) = =

h(3)=6

7°-25 49-25 24 _

12
7-5 2 2

h(7)=

0*-25_ 25 _

M= TS T

5

h(5) =10

y

(=3,3) 3,3)

—xifx <0
fo) = [ rifx=0

range: [O, <><>)

y

o

0,07

51 x
(3.-3)
HA K
w1 I\
xifx <0
Jo = |—xifx20

(=3,-3

range: (—oo,0]
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45. a. y 50. a y
AR 4905
(3, 2) |

—(0,2) { !
| - La 4)
0, 0)-5 x i i E i " 4.'_ X
(=2,-4) (-1, —4) o .
LTT W LTI I I‘H
_|2xifx=0 4ifx=-1
fO=12 itx>0 SO = _4ifx > -1
b. range: (—eo,0]U{2} b. range: {—4,4}
46. a. y 51. a. y
H5H G, 3) SHAAH
=y
CEOXN{a !
©,0) 3 x 0,07 1\&
(=4, -2) \" 2/
LTTTTT i i i i
1 .
f) = ExlfoO ) = %xZ ifr<l1
3 ifx>0 2 —1lifx=1
b. : (—o0,0 3
range ( ]U{ } b. range: [0,00)
47. a. y
a JEm. 52. a. y
| S| A2.5
(=2, 1) 511G, 01" a,3)
[ (0, 0) | =
(-4,-1 S |(1 ,) i =
. (=2,-2) VA
29 SR
x+3ifx< -2
f(x)= x—=3ifr=-2 f) = —%xz ifx<1
b ( | 2 + lifx=1
. range: (—oo,00
48. a. y b. range: (—e0,0]U[3,)
53. a. y
(-3,-1 (-4, 4)TFk N
[ P 5x ii 1 294)
(—4,-2 2,001 (=6,0)
111 o
(=3, —-5) HH (=4, 0 3 X
_[x+2ifx< -3 (0,0)
=1y Z2ifr=-3 HH
0 ifx<-—4
b. range: (—oo,o0) f)y={-x if-4=x<0
PZifxr=0
49. a. y
(—4, 3) TS b. range: [0,e)
-1 3)_
X
-1, -3
( 1 |)! 3,-3)]
LTI 11111
3ifx=-1
SO =1 3iee> -1

b. range: {-3,3}
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. a y Fx+h) - f(x)
(=3,3) - 8
IIJ (253)
(=3,0 NI/ 6(x+h)+1—(6x+1)
/4 0 1.'_x - ]’l
(0, 0) (H’IH)' 6x+6h+1—6x—1
TTTT ITTTT1 = h
0 ifr<-3
fa)={-x if-3=x<0 _6h
¥ -1lifx=0 =7
=6

b. range: [-1,0)
PACHIONAC))

55, SO+ =f() > h
h (x+h)2—x2
=4(x+h)—4x =T
4x+4];l—4x =x2+2xh+hz—x2
T h h
m _ 2xh+ i’
== 3
_4 _h(2x+h)
h
s6. f(x+h2—f(x) =2x+h
_T(x+h)-Tx 60. Sx+h)—f(x)
= e
_Ix+7h—Tx _2x+h)’-2x°
T B h
_Th 22X +2xh+ h) - 2%
o B h
=7 22X +4xh+2h7 = 2%
57, J&EW=f0 (“’Z—f ) 4xh+2h2h
3(x+h)+7—0Bx+7) h
= -, _ h(4x+2h)
3x+3h+7-3x—7 h
= P =4x+2h
-2 o JOHD—f()
h
=3 C(x+h)? —A(x+h)+3—(x* —4x+3)
B h
_x2+2xh+h2—4x—4h+3—x2+4x—3
B h
_ 2xh+h®—4h
B h
_ hQx+h—4)
B h
=2x+h—4
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fx+h)-f(x)
h
_ (x+h)?*=5(x+h)+8—(x* —5x+8)
h

62.

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

Sfx+h)— f(x)
h
2(x+h) +(x+h)—1-Q2x* +x—1)
- h
_ 2x° +4xh+ 20" + x+h—1-2x> —x+1
h

63.

_4xh+21° +h
- h
h(4x+2h+1)
h
=4x+2h+1

fx+h)-f(x)
h
3(x+h) +(x+h)+5-3x" +x+5)
B h
_ 3x +6xh+3h  +x+h+5-3x* —x=5

64.

h
_6xh+3h>+h
- h
h(6x+3h+1)
- h
=6x+3h+1

65.

66.

67.

Section 2.2 More on Functions and Their Graphs

PACID I €3]

h
C—(x+h) +2(x+h)+4—(=x" +2x+4)
- h
_ —x*=2xh—h* +2x+2h+4+x" —2x—4
- h
_ 2xh—h*+2h
- h
_ h(=2x-h+2)
=
=2x—h+2
fx+h)-f(x)
h
_—(x+h) =3(x+h)+1-(=x" =3x+1)
- h
_ —x"=2xh—h’ =3x=3h+1+x* +3x-1
- h
_ 2xh—h*—3h
- h
_ h(-2x-h-3)
- h
=2x—h-3
PACSID N AC)]
h
C2(x+h) +5(x+h)+T— (=22 +5x+7)
- h
_ x> —4xh—2h* +5x+5h+7+2x* —5x—7
- h
_ —4xh—2h* +5h
- h
_ h(-4x-2h+5)
- h
=—4x—2h+5
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5 JEHM-f() 73, SGEHM—f()
h h
3(x+h) +2(x+h)—1- (=32 +2x-1) L1
= h :x+/’l X
—3x% —6xh—3h* +2x+2h—1+3x> —2x+1 h
= h X +—(x+h)
—6xh—3K +2h =x(x+h) x(x+h)
_ox—oh +oh h
h x—x—h
h(—6x—3h+2)
-\ -7 _ x(x+h)
=6 3Z 2 h
=—6x—-3h+ _h
F+h)— f(x) _ Xx+h)
69, S 7 P
h
2 5 —h 1
“2(x+h) —(x+h)+3—-(-2x* —x+3) = -
= P x(x+h) h
-1
—2x* —dxh—2h" —x—h+3+2x> +x-3 =
— x(x+h)
h
2
_ -2 —h Ot = f(x)
W 74, LTSN
h
h _ 2(x+h) 2x
=—4x-2h-1 =,
X x+h
+h)— -
70, SO f() Z DACY 2x(xth) 2x(x+h)
h
_B(ath) 4 (xth)~1-(B3x +a-1) _h
h _ 2x(x+h)
_ 3x’—6xh—-3h" +x+h—143x" —x+1 T
h __—h 1
_ —6xh—3h*+h " 2x(x+h) h
h -1
_ h(-6x-3h+1)  2x(x+h)
h
=—6x-3h+1
g1 JGHh-fx) _6-6_0_
h h o h
5 S -f) _7-7_0_,

h h h
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f+h) - f)
h
_ Jx+h—+/x

h
_Na+h=x Nxrh+x
- h Jx+h+x

x+h—x

h(m+\/;)
~ h
h(Narh+x)
1

\/x+h+\/;
fx+h)—f(x)

h
x+h-1-x-1
- h
_Nxth—1=x=1 Jx+h-1+4x-1
- h Jxth—1+/x-1
_ x+h-1-(x-1)
_h(J;Iﬁ:T+J;:T)
x+h—-1-x+1
h(Jﬁﬂ/ﬁ)
h

" n(Nxrh—T4a)

75.

76.

1
- Vx+h-1+vx-1

77, JF15)+ f(=0.9) ~[f(m] + f(=3) = f()- f(-m)
=140 -[4] +2+(-2)-3
=J1-16+(~1)-3
=1-16-3
=-18

78. Jf(-25)-f1.9) -[fm] + f(=3)+f() f()
JFE23) = FA9) ~[fm] + f(=3)+ () f(m)
=\2-(2)-[3] +2+(-2):(4)
=J4-9+(-1)(-4)
=2-9+4
=-3

79.

80.

81.

82.

83.
84.
8s.

86.

Section 2.2 More on Functions and Their Graphs

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

c(9)
100
80
60
40 » (200, 54)
20 (120, 30)
s o
FEXQES
- -

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

c(t)
100
80
60
0 A (250, 55)
20 (200, 40)
s !
w o N ow
- N O
50 if 0 <t <400
C@t) = .
50+0.30(z —400) if t > 400
c(?)
200
160 ~ (800, 170)
120 /
80 -1 (400, 50)
40
coocos I
S FEE=
-
60 if 0<t <450
Ct)= .
60+0.35(r—450) if t > 450
c()
250
200 =~ (900, 217.5)
150 >
100 (450, 60)
50 -

t

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.
88.
89.
90.

91.

92.

93.

9.

9s.

96.

97.

98.

99.

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

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

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

7(20,000) =850+0.15(20,000-8500)

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

7(50,000) = 4750+ 0.25(50,000 - 34,500)

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

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

f(3)=0.85
The cost of mailing a first-class letter weighing 3
ounces is $0.85.

£(3.5)=1.05

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

The cost to mail a letter weighing 1.5 ounces is
$0.65.

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

Pet Insurance

J)

$40
Z $30
© $201
$10

100. - 105. Answers will vary.

224

106.

107.

108.

109.

40

0l 100
0

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

\J

-5

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

5

VAV

-5

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

5
L

-5

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

-5
Increasing: (1, ©)
Decreasing: (-, 1)
111. 5
-5 \{ 5
-5
Increasing: (0, o)
Decreasing: (—ee, 0)
112. 5
-5 Aﬁ%ﬁ‘ 5
-5
Increasing: (—o, 0)
Decreasing: (0, )
113. a. 3 y= x°
Ly = ¢
y =2
-2 2
-1
b 2 V= x s
y=x

c¢. Increasing: (0, )

Decreasing: (-, 0)

Section 2.2 More on Functions and Their Graphs

d.

f(x)=x" is increasing from (o, ) when n
is odd.

_1% .

-1

114. does not make sense; Explanations will vary.
Sample explanation: It’s possible the graph is not
defined at a.

115. makes sense

116. makes sense

117. makes sense

118. answers will vary

119. answers will vary

120. a.

h is even if both fand g are even or if both fand

g are odd.
fand g are both even:
fx) _f
h(—x)=——=="—"==h
T e

fand g are both odd:
TG G A N

h(-x) =
gt=x) —glx) g

his odd if fis odd and g is even or if fis even
and g is odd.
fis odd and g is even:

_fe0) @ f) _

h(— -h

R TE R
fis even and g is odd:
P G B A€ MY (€3 BN

g=x) -glx) g

121. answers will vary

122. 2

-y 4-1 3

X

—x, 2-(3) 1

Copyright © 2014 Pearson Education, Inc.
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123. When y=0:
4x-3y-6=0
4x-3(0)-6=0
4x-6=0
4x=6
L3
2
The point is [%,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
T

or

3
=——x+2
YT

Section 2.3

Check Point Exercises

me_—2"% _0
—4-(=3) -1

5-(=2) 7 7
b. m=—F=—=—
-1-4 =5 5
2. Point-slope form:
y—y =m(x—x)
y=(=5)=6(x-2)
y+5=6(x-2)

Slope-intercept form:

y+5=6(x-2)

y+5=6x—-12
y=6x—17

2-4 _6_4 5.

6.

o 6=CD 5
-1-(=2) 1
so the slope is —5.
Using the point (-2, —1), we get the following point-
slope equation:
y—y =m(x—x)
y=(=D=-5x-(-2)]
y+1=-5(x+2)
Using the point (-1, —6), we get the following point-
slope equation:
y=y =mx=x)
y=(=6) ==5[x—(=1)]
y+6=-5(x+1)
Solve the equation for y:
y+1==-5(x+2)
y+1=-5x-10
y=-5x-11I.

k)

The slope m is 2 and the y-intercept is 1, so one

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

— Rise

on the line by using the slope m =% =R starting at

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

Yy
S0 LATE
- . 5 x
(-5,-2)
tH
f(x)=%x+1

y =3 is a horizontal line.

y=3y
(0, 3)
(-4,3) “4,3)

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.

=

il

|
w9
-

—_—~ o~
|
e

~ |~

B EEEEEEDE

I Ay B
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7.

3x+6y—-12=0
6y=-3x+12
-3 12
+_

11 I
ANE 2)
(-2, HINL2 )]

|2
—
SO

3x+60y—12=0

The slope is —% and the y-intercept is 2.

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

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

30)-2y-6=0
-2y-6=0
—2y=6

y=-3

©, -3)¢/
IR 4
|4

3x — 2y

»0)
!
1

},( 5 x
2
1
]

6

First find the slope.

= Change in y _ 57.64 -57.04 =%
Change in x 354-317 37

Use the point-slope form and then find slope-

intercept form.

y=—y =m(x—x)
y—57.04=0.016(x—317)
y—57.04=0.016x—5.072
y=0.016x+51.968
f(x)=0.016x+52.0

=0.016

Section 2.3 Linear Functions and Slope

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

f(600) =0.016(600) +52.0

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

Concept and Vocabulary Check 2.3

1.  scatter plot; regression

2. Vo= N

X=X
3. positive
4. negative
5. zero
6. undefined
7. y-y =m(x—x)
8. y=mx+b; slope; y-intercept
9. (0,3); 25
10. horizontal

11. wvertical

12. general

Exercise Set 2.3
10-7 3 .

1. m=——=—; rises
8—-4 4

2. m=ﬂ=§=3; rises
3-2 1

3 = 2-1 — rises
2—-(-2) 4

4. _ 473 =—; rises
2—(-1) 3

5 m= 2-(=2) =—=0; horizontal

3-4 -1
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6 golmCD_0

m= — =0; horizontal

3-4 -1

7. m=ﬁ=_—5=—s; falls

-1-(=2) 1

8. m=—22CH_2 | g
4-6 -2

9. m= ﬁ = _—5 undefined; vertical

5-5 0

10. m= w = 2 undefined; vertical

3-3 0

11. m=2,x =3,y =5
point-slope form: y — 5 = 2(x — 3);
slope-intercept form: y—5=2x-6

y=2x—-1

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

13. m=6,x=-2,y =5
point-slope form: y — 5 = 6(x + 2);
slope-intercept form: y—5=6x+12
y=6x+17

14. point-slope form: y + 1 = 8(x — 4);
m=8x =4,y =-1;
slope-intercept form: y = 8x — 33

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

y=-3x-9

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

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

y=—-4x-16

18. point-slope form: y + 3 =-2(x - 0)
m=-2,x,=0,y, =-3;
slope-intercept form: y = 2x -3

19.

20.

21.

22,

23.

24,

m=-1, x, 2_71, Y =-2;

point-slope form: y+2= —l(x + %),
. 1
slope-intercept form: y+2=—x -

=—x—-—
Y 2

point-slope form: y +i =—1(x+4);

1
m=-1Lx =-4,y =—Z;

. 17
slope-intercept form: y =—x 2

1
mzz, x, =0,y =0;
. 1
point-slope form: y—0= 3 (x=0);

. 1
slope-intercept form: y = Ex

point-slope form: y—0 zé(x— 0);
1 .
m=§,xl =0,y, =0;

. 1
slope-intercept form: y = gx

2
m=—§, x =6,y =-2
. 2
point-slope form: y+2= —E(x —-6);
. 2
slope-intercept form: y+2= -3 x+4

2
=——x+2
Y73

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

slope-intercept form: y = —%x +2
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25.

26.

27.

28.

29.

30.

10-2 8 _

m=
5-1 4

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

(x,y)=01,2),0ry—10=2(x-5) using

(x, y)=(5,10);

slope-intercept form: y—2=2x-2or

y—10=2x-10,
y=2x

b}

15-5 10
m=—=—=2
8-3 5

point-slope form: y — 5 = 2(x — 3) using
(x,5,)=(3,5),0ry—15=2(x - 8) using
(xl’yl):(g’ls);

slope-intercept form: y = 2x — 1

bl

3-0 3

m= = —

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

(x, »)=(=3,0),0ory—3=1(x-0) using

]

(x;, ¥) =10, 3) ; slope-intercept form: y =x + 3

2-0 2
m= = —
0-(=2) 2
point-slope form: y — 0 = 1(x + 2) using
(x,%)=(-2,0), ory—2 = 1(x - 0) using
(xl’yl):(o’z) ’
slope-intercept form: y = x + 2

b}

4—-(-1) 5
m=—-———=—
2-(-3) 5
point-slope form: y + 1 = 1(x + 3) using
(%, y)=(3,-1),0ory—4=1(x-2) using

b}

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

y=4=x-2
y=x+2
_ol=H 3
-2 3

point-slope form: y + 4 = 1(x + 2) using
(xl’yl):(_21_4) ,ory+1=1(x-1) using

(x5 3)=(L-1)

slope-intercept form: y =x -2

31.

32.

33.

34.

35.

Section 2.3 Linear Functions and Slope

m=

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

(x, y)=(=3,-2),0r y—6=%(x—3) using
(x, y)=0G,6);
slope-intercept form: y+2= 3i +4or
X
4
-6=—x-4,
Y 3
4
=—x+2
Y 3
-2-6 -8
m = =—=——3
3-(-3) 3

point-slope form: y—6= —%(x +3) using

(x,%,)=(-3,6),0r y+2=—%(x—3) using
(x1’y1)=(3’_2);

slope-intercept form: y = —gx +2

-1-(-1) O
m=———=—=
4-(=3) 7
point-slope form: y + 1 = O(x + 3) using
(x,, y)=(3,-1),0ry+1=0(x—4) using
(xl, yl) = (47 _1) 5
slope-intercept form: y+1=0,s0

b}

y=-1
-5-(-5 0
m=—==—=
6-(-2) 8
point-slope form: y + 5 = O(x + 2) using
(x,5,)=(-2,—5),0ry +5=0(x - 6) using

i

(x1’y1)=(6’_5);
slope-intercept form: y+5=0, so
y=-5
0-4 4
-2-2 -4

point-slope form: y — 4 = 1(x — 2) using
(x, y)=(2,4),0ory—0=1(x + 2) using
(xl, yl) = (_27 0) 5

slope-intercept form: y—-9=x-2,or

y=x+2
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36.

37.

38.

39.

40.

230

point-slope form: y+3= —% (x—1) using

(‘xl’YI):(l’_3) , or y—O=—%(x+1) using
(xl’y1)=(_1’0) ;

. 3 3
slope-intercept form: y+3 = 5 x+—,or

=——x—-=
YT

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

4-0 4
T
2

-2
m=——==—=
—4

point-slope form: y—0= %(x —4) using
(x.3)=(40),

or y+2 :%(x—O) using (x,y,)=(0,-2);
slope-intercept form: y = %x -2

m=2;b=1
y

o

A

TN

(_153)

N0, D)

H5x
1L -1
N
N

fx)=-2x+1

A

=3
y= 5x+7
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2y

Section 2.3 Linear Functions and Slope

51, Y=73v
(-=3,0)
X
52. YAx=5
111
T1T11
HH
S, 0
X
53, y=0y
0,0)1
X
54. x=0y
0, 0)7
X
55. Jx)=1y
4 1]
TH
0, D
X
56. Sfx)=3y
0,3)71
X
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57. 3x-18=0

3x=18

x=6
yp3x—18 =0

(6, 0) X

58. 3x+12=0

3x=-12

x=—4
yp3Ic+12 =0

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

c y
[Tk
A
__(0,5)\
1, 2)]
5{x
\
x+y—5=0
60. a. 4x+y-6=0
y—6=-4x
y=—4x+6
b m=—-4;,b=6
C y
TTT N
L
22(0,6)‘
\
L (1, 2):
\ 5y
dx+y—-6=0

232

61.

62.

63.

2x+3y-18=0
2x—-18=-3y
—3y=2x-18
2 18
=X
-3 3
2
=——x+6
Y773
m:—z;b=6
3
y
PSS
00, LG, 4
X
2x+3y—18=0
4x+6y+12=0
4x+12=-6y
-6y =4x+12
WL
YT e
2
=——x-2
Y773
m=—-—; b=-2
3
y
N X
GG -9
[TTT] N
4x + 6y +12=10
8x—4y-12=0
8x—12=4y
4y =8x—12
8 12
=—XxX——
4 4
y=2x-3
m=2;b=-3
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4 c
21 *
5 x
(IOI,I_I3I)
Eanr (0, ~7)]
Sx—4y—-12=0 4y +28=0
6x—5y—-20=0 67. Find the x-intercept:
6x—20=5y 6x—-2y—-12=0
5y=6x—20 6x—2(0)—12:0
—éx—§ 6x—-12=0
Y 3 5 6x=12
6 x=2
Y :gx_4 Find the y-intercept:
6x—2y—-12=0
m=Sp=_4 6(0)—2y-12=0
5 2y-12=0
—2y=12
: e y=-6
=
5,2) 7 Y
AT X / -3
] 2,0
A Eaass R
6x— 5y —20=0 e
/ = (0, —6)
3y-9=0
3y=9 6x—2y—12 =0
y=3 68. Find the x-intercept:
6x-9y—-18=0
m=0,b=3 6x—9(0)—~18 =0
6x—-18=0
-9 =0 6x=18
: x=3
0394 Find the y-intercept:
3 x 6x—9y—18=0
6(0)—9y—-18=0
—-9y-18=0
4y+28=0 9y=18
4y =-28 y=—2
y=-1 y
m=0;b=-7 -
A2 (3,0)
5 x
o (0, -2)

6x—9y—18 =0
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69. Find the x-intercept: 71. Find the x-intercept:
2x4+3y+6=0 8x—2y+12=0
2x+3(0)+6=0 8x-2(0)+12=0
2x+6=0 8x+12=0
2x=-6 8x=-12
x=-3 8r_-12
Find the y-intercept: 8 8
2x+3y+6=0 -3
2(00+3y+6=0 A
3y+6=0 Find the y-intercept:
3y=_6 8X—2y+12:0
y=-2 80)-2y+12=0
yp2x+3y+6 =0 —2y+12=0
C —2y=-12
y=-6
D : y
(=3, 0 NG i
SEae 0,67
70. Find the x-intercept: 3\ — >
3x+5y+15=0 =297 sa b
3x+5(0)+15=0 S8xr—2y+12=0
3x+15=0
_ 72. Find the x-intercept:
3= ;5 6x—3y+15=0
xX=-

Find the y-intercept: 6x=3(0)+15=0
3x+5y+15=0 6x+15=0
30)+5y+15=0 6x=-15

5y+15=0 6x _—I5
5y=-15 6 6
y=-3 x=—§
WHiy+15 =0 y Find the y-intercept:
6x-3y+15=0
e 6(0)-3y+15=0
(=5, 00 TE D 3x -3y +15=0
=5
(0, ~3) ’
y

e
2 T4

6x+3y+15=90
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73.

74.

75.

76.

77.

78.

79.

O0-a -a a 80.

. .. a.
Since a and b are both positive, —; is

negative. Therefore, the line falls.

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

negative. Therefore, the line falls.

a—a 0
The slope is undefined.
The line is vertical.

(a+c)-c _a
a—-(a-b) b

. ..a. .
Since a and b are both positive, 5 1s positive.

Therefore, the line rises.

Ax+By=C
By=-Ax+C
A C

=——x+—=
Y B B

82.

. A . .
The slope is 3 and the y— intercept is %

Ax=By-C
Ax+C =By
C

—x+—=
B B Y

. A . .
The slope is 3 and the y — intercept is %

4—

~

3=

(O8]

=

_3:4;
-2

6=4-y

2=—y

<

84.

2=y

8s.

Copyright © 2014 Pearson Education, Inc.

(b+C)—b_c 81.

83.

Section 2.3 Linear Functions and Slope

3x—-4f(x)=6
—4f(x)=-3x+6
3

3
f=33

3r—4f(x) —6=0y (4

4 \

|
S——

y x
el 3
% b-2)
6x—5f(x)=20
=Sf (x) =—-6x+20
f(x)=—x-4
y
T
=H——-
(5,2) 7
/ X
/
0, —4)
A RNNEN

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:—5(2)+b
—6=-3+b
-3=b

m,,my,nm,,m,

235
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86. b,.b.b,.b,

87. a.

88. a.

236

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

(10,31.1).
_389-311_78 _
20-10 10

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

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

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

£(40)=0.78(40)+23.3=54.5

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

First, find the slope using (20,51.7) and
(10,45.2).

51.7-452 6.5
m=s—— ——=——=

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

y=y =m(x-x)
y—452=0.65(x-10)
or
y=51.7=0.65(x—20)

0.65

y—452=0.65(x—-10)
y—452=0.65x-6.5

y=0.65x+38.7

f(x)=0.65x+38.7

f(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.

89.

90.

Life Expectancy for United States
Males, by Year of Birth

y

|
100 [+(20 70
80 /
60
40

20

~

|
L
(40, 74.3)]

Life Expectancy

1020304050 x
Birth Years after 1960

Changeiny 74.3-70.0
40-20

=0.215

"= Change in x
Y=y =mx—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

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.

Life Expectancy for United States
Females, by Year of Birth

y

T T T 111

100 (40, 79.7)’
80 {-ec

60
40 [-10:74.7

20

Life Expectancy

1020304050 x
Birth Years after 1960

Changeiny 79.7-74.7
40-10

=0.17

"= Change in x
y=y =mx—x)
y—=747=0.17(x-10)
y—=747=017x—-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.
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91. (10,230) (60, 110) Points may vary.
_ 110-230 =_@= oy
60-10 50
y—230=-2.4(x-10)
y=230=-24x+24
y=-2.4x+254
Answers will vary for predictions.

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

m=——=—=2,
10-0 10
10

-10 ""/ 10

/

-10

101. Two points are (0, 6) and (10, —24).
-24-6 -30
""To-0 10
105.
Check: y=mx+b:y=-3x+6. 0
10
3 106.
-10 \ 10
. Tl 107.
102. Two points are (0,-5) and (10,-10).
-10—-(-5) -5 1
m=—-—=-—=——,
10-0 10 2
10
108.
-10 10
_L___\‘E\ 109.
-10
110.
103. Two points are (0, —2) and (10, 5.5).
m=22"CD T3 053
10-0 10 4
Check: y=mx+b:y :%x—Z .
10 111.
112.

-10 10

T

-10
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104. a.

Section 2.3 Linear Functions and Slope

Enter data from table.

310

|| ]

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

114.

115.

238

y —intercept is 4. We can use the points
(=2,0) and (0,4) to find the slope.
_4-0 4 4
T0-(=2) 0+2 2
Using the slope and one of the intercepts, we can
write the line in point-slope form.
Yy=n =m(x_x1)
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—interceptis —6 and the

slope is l
p >

So the equation of the line is y = %x —6.

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

find the missing coefficients.

y=lx—6

LN
)

Z(y—%xj =2(-6)
2y—x=-12
x—=2y=12

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

Answers will vary.

116.

117.

118.

119.

120.

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

280—-40 240
=——=——=24.Usi s =(25,40),
m 135-25 100 sing (x,,y,)=( )

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

Answers will vary.

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

y=y=m(x-x)
y=1=2(x—(-3))
y—1=2(x+3)
y—1=2x+6
y=2x+7

Since the slope is the negative reciprocal of —%,

then m =4.
Yy=>N :m(x_xl)
y—(=5)=4(x-3)
y+5=4x-12
—4x+y+17=0
4x-y-17=0

fO)=fx) _ fA-fD)
4-1

_xl
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Section 2.4
Check Point Exercises

1. The slope of the line y =3x+1 is 3.
y=y =m(x—x)
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
Y73

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 =y =mx—x)
y=(=6)=3(x—(-2))

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

3x—y=0 general form

= Changeiny  14.7-9.0 5.7
Changeinx 2008-1990 18

The slope indicates that the number of U.S. men

living alone increased at a rate of 0.32 million each

year.

The rate of change is 0.32 million men per year.

0.32

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

X, — X, 1-0

fO)—f) 21" _8-1
X, — X, 2-1 1

b. =7

fO)=f(x) _0'-(=2) _8_

X, — X, 0-(-2) 2

Copyright © 2014 Pearson Education, Inc.

Section 2.4 More on Slope

5. f(xz)_f(x1):f(3)_f(l)
X, — X, 3-1
_0.05-0.03
o 3-1
=0.01
The average rate of change in the drug's

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

Concept and Vocabulary Check 2.4

1. the same

2. -1
3. L3
3
4. 2; 1
2

5. y;«x
6, S0

. Xy =X
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=y =m(x-x)

y—-2=2(x—4)
Solve for y to obtain slope-intercept form.
y—2=2(x—-4)
y—2=2x-8
y=2x—06
In function notation, the equation of the line is
f(x)=2x-6.
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240

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

have slope m = —%. We are given that it passes

through (2,4). We use the slope and point to write the
equation in point-slope form.
Y= :m(x_xl)
1
—4=—=(x-2
y 5(3-2)
Solve for y to obtain slope-intercept form.

y—4=—%(x—2)

1
—4=——x+l
Y 2
1
=——x+5
Y7

In function notation, the equation of the line is
1
xX)=——x+5.
7(x)=-3
. 1 .
L will have slope m = 3 The line passes through (—

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

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

1
—2=—(x+1
y=2=_(x+1)
Solve for y to obtain slope-intercept form.
) 1 N 1
) x4 —
YT
1 1
=—x+—+2
Y 2 2
! +
=—X+—
YT
1 5
X)=—x+—
fx)=gx+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

10.

m = =5 since the line is parallel to y =—-5x+4;
x==2,y=-7;

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

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

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

y=-5x+7

m = -3 since the line is perpendicular to y = %x +7;

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

y=-3x-10
2x-3y-7=0
=3y =-2x+7
2.7
R

The slope of the given line is %, som :g since the
lines are parallel.
point-slope form: y—2 = %(x +2)

general form: 2x—-3y+10=0

3x-2y—=0
—2y=-3x+5
N
22

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
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12.

13.

14.

15.

16.

17.

18.

19.

x—-2y-3=0
—2y=-x+3
1.3
2 2

The slope of the given line is %, so m = -2 since the

lines are perpendicular.
y+7=-2(x-4)
general form: 2x+y—-1=0

point-slope form:

x+7y-12=0
Ty=-x+12
R
7 7

. o1 .
The slope of the given line is ——, so m =7 since the
lines are perpendicular.

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

15-0 15

i G
5-0
24-0_24_
4-0 4

5-3 2

_20

2

=10
6'-2(6)-(3-23) _36-12-(9-6) _21__

6-3 - 3 3

Vo4 3-2 1
9-4 5 5
Vi6-49 _4-3 1
16—9 77

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

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

20.

21.

22,

Section 2.4 More on Slope

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.

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_x1)

1
—4=——(x—(-6
y=4=-2(x=(-6)
1

—4=——(x+6
y 5(x+6)

y—4=—%x—3

y=—%x+l

f(x)——lx+l
2

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=—==—=
0-3 -3
Since the graph of f is perpendicular to this line, it

will have slope m = —%.
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Use the point (—5,6) and the slope —% to find the

equation of the line.
Yy=n :m(x_xl)

y—6=-§(x—(—5))

y=6=—L(x+5)
1 5
_6:__ .
Y 3773
1B

Y 3
113
=——X+—
f(x)==3x+7

23. First put the equation 3x—2y—4 =0in slope-
intercept form.

3x-2y—-4=0
—2y=-3x+4

3
=—x-2

Y 2

The equation of f will have slope —% since it is

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

So the equation of fis f(x)= —%x—z

24. 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 —i since it is

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

So the equation of fis f(x)= —ix— 6.
25. p(x)=-025x+22
26. p(x)=0.22x+3
= 1163-617 =ﬁ
1998—-1994 4

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

217. =137

28.

29.

30.

L 6231273 _ 650
2006-2001 5

There was an average decrease of approximately 130
discharges per year.

=-130

a.  f(x)=1.1x" —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
F(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
12-7

~-96

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

31.-36. Answers will vary.

37.

1
=—x+1
’73
y=-3x-2
a. The lines are perpendicular because their slopes
are negative reciprocals of each other. This is

verified because product of their slopes is —1.

b. The lines do not appear to be perpendicular.
10

\

-10
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Section 2.4 More on Slope

c. The lines appear to be perpendicular. The So the slope of this line is —A.
calculator screen is rectangular and does not This line is perpendicular to the line above so its
have the same width and height. This causes 3 3 3
the scale of the x—axis to differ from the scale slope is Ea Therefore, —A = 7 so A= s
on the y—axis despite using the same scale in
the window settings. In part (b), this causes the 44. a. feo) = | x|
lines not to appear perpendicular when indeed y
they are. The zoom square feature compensates (-3,3) (3,3)
for this and in part (c), the lines appear to be s S
perpendicular. (=2,2) T —(2,2)
10 (=1L, )T 5 x
(0,0
@D
-15.16 P 15.16
b. y
-10
makes sense
5 x
makes sense
(_39 _1) /7477 <77<\ (3’ 3
does not make sense; Explanations will vary. (-2,-2)" LIN ~@, -
Sample explanation: Slopes can be used for (-1,-3) 0, —4) a,-

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

makes sense shifted down 4 units.
Write Ax+ By +C =0 in slope-intercept form. 45. a. 2
Ax+By+C=0 o=,
By=—-Ax-C (-3,9- (3,9
By -Ax C \ f 3.4
=2 - i —2.4 \ L2, 4)
B B B 2DV
y=—aeL ST insss = 7/S5==dULY
B~ B [
The slope of the given line is —%. (0,0)
The slope of any line perpendicular to b. v
. B HEEN [T 1]
Ax+By+C=01s —. L 1T
e S (—1,9% 15,91
. . V@
The slope of the line containing (1,-3) and (-2,4) (0, 4)
1 . (3,1)
4_ _3 i 11 \ i (3,
has slope m=y=ﬂ=l=_l __(‘1,‘ 1‘)\
-2-1 -3 -3 3 T L5
Solve Ax+y—-2=0 for y to obtain slope-intercept 2,0)
form. ) ) )
Ax+y—-2=0 c. The graph in pfart (b)is .the graph in part (a)
shifted to the right 2 units.
y=—Ax+2
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46. a. 1y //(2‘
Sis anmpil!
/
= '[r | 5 x
(=1, -1~ [T (0,0
(=2, -8) =
b. y
(=2,8) Syt
\
(=1, 1) L
A \ > X
—1(0,0) \
H ] @
1 ~a

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

reflected across the y-axis.

Mid-Chapter 2 Check Point

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

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

3.  The relation is a function.
The domain is {x]|-2<x<2}.
The range is {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},

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

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

The range is {y|y=-1}.

7. X +y=5
y=-x>+5

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

244

10.

11.

13.
14.
15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

x+y* =5
yP=5-x

y=3vJ5-x

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

y =1+5-4 ==1), the equation does not define y as
a function of x.

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

Domain: (—eo,e0)
Range: (—o,4]
x-intercepts: —6 and 2
y-intercept: 3
increasing: (—oo, —2)

decreasing: (-2, »)

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

f(=7)==2 and f(3)=-2
f(=6)=0 and f(2)=0
(-6.2)

£(100) is negative.

neither; f(—x)#x and f(—x)#—x

fO)=fx) _fA-f(HA) _S5-3_

X, — X, 4—(-4) 4+4
y=-2xy
(-1,2 3
0,00 -
\HH
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Mid-Chapter Check Point

College Algebra 6E

32.

S5y =20

-~
o
—_—
™ X4_,. T [N _.,l
' —~ 1 w, ]
_)JW|2; s ~ =1
N = SHNEA I = - H
s BN 3 SE = ___ s
3 S5 = I - = / 2 HH S
Il H aTH= o Nl /] o AT
) o= (g | | @ Q<
= u R [ : I
g Il W« Il
I = A I =~ &
- v ~ v
) <t wi
en en en
=
A~ =TT
J.HHI hid \ | =
= s Ll — ~
= \i ann S5
= N l,.,_m < [
- ay g
— N ~ [ | =
a | < R - S &
(. NI I S > “hn
=1 Il I = = w0 I
= ~ —|en e =
1 = -+
+ I It
= > =
~ ] = =
[g\} [o\} [o\} en

AT
A 11

—1lifx=0
2v+ 1ifx>0

I

36.

S

o
mEE

12,0)

31.

A (1

(-2, 00\

N
0, -4
f@) =x*-4

245
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37. a.  f(=x)=-2(-x)"-x-5

=-2x"-x-5

neither; f(—x)# x and f(—x)#—x

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)

b S (x+h)— f(x) y+4=3x-9
h y=3x-13
_ =2(x+h)’ +(x+h)—=5—(-2x"+x-5) f(x)=3x-13
h
207 —4xh =21+ x+h—5+2x" —x+5 42. 2x-5y-10=0
B h —5y=-2x+10
_—4xh—2h2+h —5y_—2x+£
h -5 -5 5
_ h(—4x=2h+1) y=2x-2
h 5
=—4x—2h+1 The slope of the given line is%,and the lines are
SR L if  0<r<200 5
. X)= i = ——
30+0.40(:—200) if t>200 perpendicular, so m =——-.

a. (C(150)=30

b.  C(250) =30+ 0.40(250—200) = 50

39. y-y =mx-x)
y=3==2(x—(-4)

y—3=-2(x+4)

y—-3=-—2x-8
y=—2x-5

f(x)=—2x-5

40. m= Change %ny _ 1-(-5) :é
Changeinx 2-(-1) 3

y=y =mx=x)
y—1=2(x—2)
y—-1=2x-4
y=2x-3
f(x)=2x-3

41. 3x-y-5=0
—-y=-3x+5
y=3x-5

246

y=—y =m(x—x)
y=(=3) =2 (x=(-4)

5
+3=—2x-10
Y 2

5
=-—x-13
Y7
5
x)=——x-13
fo==37
43. ml:Change%ny:O—(—4):i
Change in x 7-2 5
-2 m _Changeiny  6-2 _4

> Changeinx 1-(-4) 5

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

4. a m= Changel.ny _ 42-26 :i
Changeinx 180-80 100

=0.16

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

45, T =) _ @)= fCD
X, =X 2—-(-1)

(32 -2)-(3(-1)* = (-D)
2+1

=2
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