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CHAPTER 1
Functions, Graphs, and Limits

Section 1.1 The Cartesian Plane and the Distance For mula
Solutions to Even-Numbered Exercises

2 @a=V(1B83-1?+1-1?=12 4 (@ a=V6-2°+(-2+22=4
b=/(13-132+(6—-1)2=5 b=J/2-2?+5+2?=7
c=J/(183-12+(6-12=13 c=J(2-62+(5+272=.65

(b) @ + b? = (12)? + (5)? = 169 = c? (b) @2+ b2= (42 + (7)>=65=c?
y y
10+ 61 @5
Z” (13, 6) i
477(1’ n c b 2+ b c
24| (13,1 A+ > x
F—t——F——1—+ X 4 6 8
2 4 6 8 10 12 14 oL 2
T 2,-2) (6,-2)

6. (@ a=3-1=2 8. (d) Seegraph.
b=1-(-4)=5 byd=/(-3-32+(2+22=/52=2,/13
c= V- (4P +1-37= V5 +22= 29 (c) Midpoint = <7732+ 32+(2 +2(72)) =(0,0)

(b) @2+ b2 =22+5=29=c¢?
y y
2 80 i (-3.2)
fw .
< o NJ©0O
g o 3 2 -1 <2 3
82 ° !
@ ol
X (3,—2)
2 4 6 8 10 ST
Year (2 < 1992)
10. (8) Seegraph. 12. () Seegraph.
2 2 — _12 _ 2 2 — =
(b)d:\/<52)+<1+1): 1 16_ /65 0 d=V(—3-12+ (7 +1?=16+64=4.5
6 3 3 6 9 6
(©) Midpoint = <_3 + 1 g) = (-1
oo ((5/6) +(2/3) 1-(1/3)\_ (31 2 2 '
(c) Midpoint = > , > =23

I I I
+ + + t
-6 -4 2 \ 2 4
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14. (a) Seegraph. 16. a= /(-2-3?2+ (4 —22= /29
0 d=(-2-02+ (0~ V2= /6 b=VB- D7+ @+ 3= V2
- = —2—-12+ (44 332 =
(© Midpoint = < 22+ 00 +2\/§> _ (_1, \2@> c (—2— 12+ (4 +32= .58
Since a = b thefigureis an isosceles triangle.
\ [Note: Itisalsoaright triangle since a® + b? = ¢2.]
sl
2+ (-2,4) \
(12 A “
@2
3 (-2,0) -1 .
-1+ v :}3 “1 X
) 0,
Ll
BT %@,-3
18 a=J@B-02+(7-1?=3/5 20. d=V/(-5-07+ (11— 42= J74
b=B-47+7-4?= 10 d, = V(0 —-7?%+ (4+6)?°= /149
c=JA-12+ (4 +22=3/5 dy=V(-5—-72+ (11 + 6)2 = /433
d=J/1-0%2+(-2-172= /10 d, + d, =~ 20.80888
Sincea = cand b = d, thefigure is a parallelogram. d; = 20.80865
y Sinced, + d, # d;, the points are not collinear.
.4
5 s
2. d=VI-3+(A-32=2.5

d,=VB-52+(3-52=2/2

d;=(-1-52+ (1 -52=2/13
d, + d, ~ 7.30056

d, ~ 7.21110

Sinced, + d, # 3, the points are not collinear.

24. d=Jx—22+ 2+ 12=5 26.d=JB-572+ (y— 12=
VX —4x+13=5 Jly-12=8
X2 —4x+13=25 (y—12%=64
XX —4x—-12=0 y—1= +38
x+2(x—6)=0 y=1+8

X=—-2,6

y=-7,9
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22+ % 2yt Y, . ' N .
28. To show that —3 3 Jisapoi nt of trisection of the line segment joining (X;, y;) and (x,, ¥,), we must show that

d, = %dz and d, + d, = d,

e ST
- S ) - e e

*
3 3 3
2+ 2y, +
2% + %\2 2y; + ¥,5\2 3 2, y13 =
d, = =g ) T3 (X2 ¥) )
2% — 2X;\? 2, = 2y\2 2
:\/< 3 >+< 3 -3 (X = x)2 + (Yo — yp)?
dy = V(% — x)? + (Y, — )2
1 . . 2+t % 2y ty, :
Therefore, d; = Edz and d, + d, = d;. The midpoint of the line segment joining —3 3 and (x,, Y,) is
2 + X% 2y + Y,
Midboint = 3 T 3 Y <X1+2X2 y1+2y2>
P 2 2 3 ' 3 )
30. (3 <2(1 ) +4 2 ) * 1) -2 -1 32 2 = 2007 + 1252
= 55,62
1+ 2(4) 24 2(1) 6o ¢ = 55,625
' C =~ 235.8495 feet y 200
2(—2) + O 2(-3)+0 4
0 (72029 50) (L4 )
125
< 2+20 -3+ 2(0)) _ <_g _1>
3 3
8550 — 10,400 _
= — ~ — 0,
34. 15:0 - 36. (@ 10,400 0.178 17.8%
: 10,700 — 8,900
. _— - v~ = 0,
. (b) 8,900 0.202 = 20.2%

Let t = 3 correspond to 1993. Answers will vary. The
number of subscribers appears to be increasing rapidly

(not linearly).
107 — 103
_— = = 0,
B @ — 153 0.039 ~ 3.9%
19 — 148 _ 6074 ~ 7.4%

b 18
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40. (&) Revenue midpoint = (

42.

1999 + 2003 256.6 + 508.6)
2 ’ 2
= (2001, 382.6)
Revenue estimate for 2001: $382.6 million

1999 + 2003 34.3 + 74.8)
2 ' 2

Profit midpoint = <

= (2001, 54.55)

Profit estimate for 2001: $54.55 million
(b) Actual 2001 revenue: $379.8 million

Actual 2001 profit: $48.2 million
(c) Therevenueincreased in alinear pattern (382.6 is close to 379.8). The profit is somewhat linear (54.55 is close to 48.2).
(d) 1999 Expenses: 256.6 — 34.3 = $222.3 million

2001

2003 Expenses: 508.6 — 74.8 = $433.8 million

(&) Answerswill vary.

(@ (0,2)istrandatedto (0 — 3,2 — 3) = (-3, —1) (b) 3

(1,3) istrandatedto (1 — 3,3 — 3) = (—2,0) %

(3,1) istrandatedto (3 — 3,1 — 3) = (0, —2)
(2,0)istrandatedto (2 — 3,0 — 3) = (—1, —3)

Section 1.2  Graphs of Equations

12.

(a) Thisisasolution point since 7(6) + 4(—9) — 6 =0
(b) Thisis not asolution point since 7(—5) + 4(10) — 6= —1+#0

(c) Thisisasolution point since 7(%) + 4(%) -6=0

() Thisis not asolution point since x2y + x2 — 5y = 0%(2) + 02 — 5(3) = —1 # 0.
(b) Thisisasolution point since x?y + x2 — 5y = 23(4) + 22 — 5(4) = 0.
(c) Thisisnot asolution point since x?y + x2 — 5y = (—2)((—4) + (—2)? — 5(—4) =8 # 0.

() Thisisnot asolution point since 3(—=5) + 2(=7)(=5) — (=7)2= —-14 # 5
(b) Thisisasolution point since 3(6) + 2(—1)(6) — (—1)2 =5

(c) Thisisasolution point since 3(8) + 2(1)(§) — 12=5

Thegraph of y = —%x + 2 isastraight line with 10. Thegraphof y = /9 — x? is a semicircle with intercepts
y-intercept at (0, 2). Thus, it matches (b). (0,3), (3,0), and (—3, 0). Thus, it matches (f).

The graph of y = x3 — x hasintercepts at (0, 0), (1, 0),
and (—1, 0). Thus, it matches (d).
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14. Lety=0: 4x—5=0 16. Letx=0: y=3
x=2 y-intercept: (0, 3)
x-intercept: (3, 0) Lety=0. x2—4x+3=0
Letx=0. -2y —5=0 x—3)(xx—1=0
y = ,;23 x=31
y-intercept: (0, —3) x-intercepts: (3, 0), (1, 0)
18. Letx=0: y?=0 20. The y-intercept is (0, 0). To find the x-intercepts, lety = 0
to obtain
y=0
y-intercept: (0, 0) =+
_ 0 3 _ =
Lety = 0: x> —4x=0 0=+ 3x
X(x—2(x+2 =0 0= x(x+ 3)
x=02 -2 x=0 —3.
xintercepts: (0,0), (2,0), (=2,0) Thus, the x-intercepts are (0, 0) and (— 3, 0).
22. Letx=0: 8y =1 24. Thegraph of y = —3x + 2 isastraight line with slope
1 —3andy = intercept (0, 2).
Yy=3
y
y-intercept: (0,3)
2%(0.2)
Lety=0 —x2=1 )
No x-intercepts ; (f' g ; .
-1 1 2 3
-1
-2
26. The graph of y = x2 + 6 is a parabola with vertex at 28. Thegraph of y = (5 — x)? is a parabola with vertex at
(0, 6), which is also the only intercept. (5, 0).
y
X| 0] x£1]| %2
y|6|7 |10
y
12+
ol
0,6)
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30. Intercepts: (0, 1) and (1, 0)

(0, 1)

1 1 0)\

34. Intercepts: (2, 0) and (0, —2)

x|2] 0 1 3 4

ylo|-2|-1]-1]-2

38. Intercepts: (0, 2), (0, —2), (4,0)

42, x+42+(y—932=3
X¥+8+16+y>—6y+9=9
X2 +y?+8—6y+16=0

- -1+
46. Center = midpoint = ( 42+ 4, 12 1> = (0,0)

Radius = distance from the center to an endpoint=
(x = 02+ (y - 072 = (VI7)’
X+y2—-17=0

32. Thegraphof y = /x + lisatranslation of y = /x one
unit to the left.

Intercepts: (—1,0), (0, 1)

1 1 1
y|l1l] 3 5 10
y
51
0,1)

40. (x — 0)2+ (y— 02 =52
X2+ y2=25
X+y—25=0

44. Radius= /(-1 - 32+ (1+22=5
(x=32+(y+22=5
X—6x+9+y’+4dy+4=25
X+y2—6x+4y—12=0

4-02+(1-02= /17
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48.

52.

56.

60.

—2x+1) +(y?+6y+9 =15+1+9
(x—12+(y+32=25

3

-9
& i
(1,-3)

-9

Xty =X+ 3y =
e —xe )+ By e ) -
2

6
(X_%)Z"‘(Y"‘%) =16

The first equation givesy = 7 — x. Hence,
X—-27-x)=5x—14=11
5x = 25
XxX=5y=2

By equating the y-values for the two equations, we have

VX = X

X = X2
0=x(x—1)
x=0,1

The corresponding y-values arey = 0, 1, so the points of
intersection are (0, 0) and (1, 1).

(@ C, = (initial price) + (cost per mile)

1.759x

= +
20,930 16

1.759x
35

C, = 22,052 +

50.

58.

62.

(RC—ax+dh+(yP+2y+1)=-3+4+1
x—22+(y+12=2

XR+y—2y—3=0
1
X+ (y2-2y+1)=35+1
X2+ (y— 1?2 =3
3
0,1)

L

Solving for y in the second equation yieldsy = 2x — 1 and
substituting this value into the first equation gives us the
following.

X+ (2x-1)=4
¥+ 2Xx—5=0
x=—1+ /6 by the Quadratic Formula

The corresponding y-valuesarey = —3 + 2./6, so the
points of intersection are (—1 + /6, —3 + 2./6) and
(-1- 6, -3-26).

By equating the y-values for the two equations, we have
=2 +x—1=—-x+3x-1
X=X -2x=0
Xx+1Dx—2)=0
x=0,-12

The corresponding y-valuesarey = —1, —5, and 1, so the
points of intersection are (0, —1), (—1, —5), and (2, 1).

(b) C, =G,
20,930 + 175X _ ey, 1759
35
1759  1.759
(Te - )x =112

0.0596804x = 1122
X = 18,800 miles
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66. R=C
35x = 6x + 500,000
29x = 500,000

X = 500,000/29 =~ 17,242 units

68. R=C
3.29x = 5.5/x + 10,000
(3.29x — 10,0002 = (5.5/x)°
10.824152 — 65,800x + 100,000,000 = 30.25x
10.824152 — 65,830.25x + 100,000,000 = 0

. . ,830.25 + /3,981,815.
By using the Quadratic Formula, we have x = 65830.25 ;1 628281 815062

X = 3133 units.

[Note: x = 2949 unitsis an extraneous solution.]
You can also solve this problem with a graphing utility by determining the point of intersection of the two equations
y, = R=329andy, = C = 55./x + 10,000.

70. p =190 — 15x = 75 + 8x
115 = 23x
x =5 (Thousand)
Equilibrium point (x, p) = (5, 115).

—4.97 + 0.021t

72. Moddl: y = 1 — 0.025¢

(t = 55 corresponds to 1955)
@

t 55 60 | 65 | 70 | 75 | 80 | 85 | 90 | 95 | 100
Model | 102 | 74 | 58| 47 | 39| 33| 28| 25| 22| 19
Exact | 9.9 78 59| 42| 36| 31|28|26| 26| 17

The model is a good fit.
(b) For 2010,t = 110 and y =~ 1.5%.

(c) Answerswill vary.

74. Model: y = 60.64t2 — 544.0t + 12,624
(t = 8 corresponds to 1998)

@

Year 1998 1999 2000 2001 2002
Transplants | 12,153 | 12,640 | 13,248 | 13,977 | 14,824

(b) 1998: 12,244 transplants.
2002: 14,741 transplants.
The model seems accurate.

(c) For 2008, t = 18 and y = 22,479 transplants. Answers will vary.
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76. If C and R represent the cost and revenue for a business, the break-even point is that value of x for which C = R. For example,
if C = 100,000 + 10x and R = 20x, then the break-even point is x = 10,000 units.

78.

82.

Section 1.3

Intercepts: (0, 6.25), (1.0539, 0), (—10.5896, 0)

20

o4 12

0.5

N

-15

Intercepts: (0, —1), (13.25, 0)

Linesin the Plane and Slope

4

LN

-2

Intercepts: (3.3256, 0), (—1.3917, 0), (0, 2.3664)

2. The dlopeis 2 since the line rises two units vertically for each unit of horizontal change from left to right.

4. The dopeis —1 since the line falls one unit vertically for each unit of horizontal change from left to right.

6.

10.

The points are plotted in the accompanying graph and the
slopeis

2—-2
m=——7=0.
1-(-2
y
W1
3l
(-2.2) (1.2
s
e X
3 2 -1 12 3
-1
2

The points are plotted in the accompanying graph and the
dopeis
_-1-(EH_4_
M=% (-2 a4 *t
y
/> x

-3 -2 -1 1 2/3
L

2.-1
ol

8. The points are plotted in the accompanying graph and the

slopeis
_-10-(-2_ -8 .
m—iE i =0 Undefined
3 3

Thelineis vertical.

P
t t X
2 1 2 3 4 5
- 1
1)
L6
64
g4
-10
11
=, —10)
-12 (3

12. The points are plotted in the accompanying graph and the

slopeis
_—5-(=5 _
m= > _3 =0.
y
Py AR S A

(-2,-5 | (3,-5)
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14. The points are plotted in the accompanying graph and the

18.

20.

24.

26.

30.

36.

slopeis

4+5 27

" Ee G2 T

o
I
t

NS
h

len

>

16. The points are plotted in the accompanying graph and the
slopeis
_ (Y -3/4)_ 8

M= /4 -8 3

The equation of this horizontal lineisy = — 1. Therefore, three additional points are (0, —1), (1, —1), and (2, —1).

The equation of thislineis
y+2=3x+2)
y = %x + 3

Therefore, three additional points are (0, 3), (2, 8), (4, 13).

22. The eguation of thislineis
y+6=—-1x— 10
y=-Xx+4

Therefore, three additional points are (11, —7), (9, —5),
and (8, —4).

The equation of this vertical lineis x = — 3. Therefore, three additional points are (—3, 0), (—3, 1), and (=3, 2).

2x+y=40
y=—-2x+40

Therefore, the dopeism = —2, and the y-intercept
is (0, 40).

2x— 3y =24
y=3(2x—24) =5x—8
Slopeism = % y-intercept is (0, —8)

The slope of thelineis

-=E4-
Using the point-slope form, we have

y—4=2x-1) y

y=2x+2

O0=2x—-y+2

28. 6x — by = 15
y=gx-3

Therefore, the siopeism = £, and the y-intercept
is(0, —3).

32.x+5=0
X= -5

The lineis vertical. Slope is undefined and there is no
y-intercept.

. Since the lineis horizontal, the Slopeis m = 0, and the y-intercept is (0, —1).

38. The dope of thelineis

2-86
m=1" g~ L

Using the point-slope form, we have
y—2=-1x-1) y
y=-x+3
x+y—3=0.

I I I I I I
t + + + + +
-4 -3 -2 -1 1 2
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L 1-1
40. The slope of thelineism = 0-6 0.
Thelineis horizontal and its equation is
y=1
y—1=0.
y
6l
ol
2+ 6,1) (10,1)

t t t t t X
2 4 6 8 10

44, The dope of thelineism = CLl4 - @/4) _ 8

5/4)-(7/8 3

Using the point-slope form, we have

3_ 8 .7
Y747 7373
12y — 9= —32x + 2
32x + 12y — 37 = 0.

8

49. Using the slope-intercept form, we have

y:§x+0
2x—3y=0.
4
-2 5
0,0

52. Sincethe slopeisO, the lineis horizontal and its equation

isy = 4.

=24

46. Thedopeism =

42. Slopeisundefined. Lineisvertical: x = 2

y

PN W s
4 ¢ | L
t t t t

t t t t t
-3 -2 -1 1 3

-1-(-5 4 16
4— (V4 ~ (154) 15

16
y+1:T5(X—4)

15y + 15 = 16x — 64
15y —16x+ 79=0

50. Since the slope is undefined, the line is vertical and its

equation isx = 0.

4

54. Using the point-slope form we have

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

y:_2X_6 -10 \ 8

2xX+y+6=0
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56. Using the point-slope form, we have
y+3=5x-0 1
6y + 4 =X -3 ’_'_'_'_'_'_'_'__ 3
0=x-6y— 4 1)

-3

58. The slope of the linejoining (—5, 11) and (0, 4) is Hn-4_7_ —z.

-5-0 -5 5

The slope of the line joining (0, 4) and (7, —6) isllo%(_f) = ,E_

Since the slopes are different, the points are not collinear.

d=V(-5- 02+ (11— 42 =

25 + 49 = /74 ~ 8.60233

d,= VT -0+ (-6 47=

49 + 100 = /149 = 12.20656

d= V(577 +[11- (~6F =

Sinced, + d, # dj, the points are not collinear.

60. Sincethelineis horizontal, it has adope of m = 0, and

its equation is
y=0x+ (=5
y= —5.

64. Givenline: y = 2x — 3
(@) Pardld: m, =2
y—1=2x-2
0=2x—-y—-3
(b) Perpendicular: m, = —

1
2
y-1=-3x-2

144 + 289 = /433 = 20.80865

62. Thelineisvertical: x= —5

66. Givenline y = —%x

(a) Parallel: m, = —3

24y — 18 = —40x + 35
40x + 24y — 53 =10
(b) Perpendicular: m, = %

y-1=16-3

40y — 30 = 24x — 21
0=24x— 40y + 9




44 Chapter 1 Functions, Graphs, and Limits

68. Givenline: y + 4 = 0ishorizontal 70. Givenline: x + 4 = Oisvertical
(8) Pardlel: m=0,y=5 (8) Paralel: slopeisundefined, x = 12
(b) Perpendicular mis undefined, x = 2 (b) Perpendicular: m=0,y= -3
6 6
(2.9)
-8 16
~10 8
(12,-3)
-6 -12
72. y = —4isahorizontal line with 74. X + 2y + 6 = 0 hasintercepts at 76. 4x + 5y — 20 = 0 hasintercepts
y-intercept (0, —4). (—6,0) and (0, —3). at (5, 0) and (0, 4).
y y y
2 2L 5
. x e I ' } x N
-4 2 2 a SNl -2 2 3T
-2 -2+ 21
6} 6} IERERE W
78. y = 3x + 13 hasintercepts at (0, 13) and (—% O). 80. (&) Slope: m = 29,700 — 26,300 _ 3400 _ 1700

2004 — 2002 2
y — 26,300 = 1700(t — 2)
y = 1700t + 22,900
(b) For 2008,t = 8andy = 36,500

y

18+

A > x
/-4 3 2 -1 1

82. UseF = 2C + 32and C = 3(F — 32).
(8) If F = 1025, C = 3(1025 — 32) ~ 39.2°
(b) If F = 74,theC = 3(74 — 32) =~ 23.3°

84. () W= 0.80x + 9.25 (union plan)
W = 1.15x + 6.85 (corporation plan)

(b) 0.8x + 9.25 = 1.15x + 6.85 1
2.4 = .35x
X = % =~ 6.857 (6.857, 14.736)
W = 14.736 5L o

13

() The point of intersection indicates the number of units (6.857) a worker needs to produce for the two plans to be equivalent.
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86. Use the points (0, 825,000) and (25, 75,000).

825,000 — 75,000
0-25

y — 825,000 = — 30,000t
y = —30,000t + 825,000, 0<t< 25

y — 825,000 = t—0)

90. (a) C = (5.25 + 9.50)t + 26,500 = 14.75t + 26,500
(b) R = 25t

(©) P=R— C = 25t — (14.75t + 26,500) = 10.25t — 26,500

(d) R=C
25t = 14.75t + 26,500
10.25t = 26,500
t =~ 2585.4 hours

92. (8) W = 2000 + .07S

(C 5000

"

0 30,000
0

88. Lett = O represent 2002.

2702 — 2546
S|0pe =m= W =78
y = 78t + 2546

For 2008, t = 6 and y = 3014 students.

(b) W = 2300 + .05S

(d) No. You will make more money (if sales are $20,000)
at your current job (w = $3400) than in the offered job
(w = $3300).

The lines intersect at (15,000, 3050). If you sell $15,000, then both jobs would yield wages of $3050.

94. C = 30,000 + 575x where C < 100,000.
Thus, 30,000 + 575x < 100,000
575x < 70,000
X < 121.739 = 122 units.
Therefore, x < 121 units.

200,000

/

0

98. C = 83,620 + 67x < 100,000
67x < 16,380
X < 244.48

X < 244 units

200,000

/

0 2000

96. C = 24,900 + 1785x < 100,000
1785x < 75,100
X < 42.07

X < 42 units

200,000

100. C = 53,500 + 495x < 100,000

495x < 46,500
X < 93.94
X < 93 units

120,000

///
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102. C = 75,500 + 1.50x < 100,000 120,000
1.50x < 24,500 F_______-——P—’*
X < 16,333.3

X < 16,333 units

0 20,000

Section 1.4  Functions

10.

16.

22.

LYy=xJ4—-X 4. y=

3+ 5
2

y is not a function of x since there are two values of y

for some X y isafunction of x since there is only one value of y for

each x.

L=+ D)+ (Y -dy+4Hh)=—-1+1+4 8. y(x2 + 4) = x?

(x—12+(y—-22=4 X

Y= +a
The graph is acircle; therefore, by the vertical line test,

y is not a function of x. y isafunction of x since there is only one value of y for
each x. [Note: It is not a one-to-one function.]

Domain: (—oo, oo) 12. Domain: [—3, 3] 14. Domain: (—1, oo)
Range: (— o0, o0) Range: [0, 3] Range: (—oo, c0)

2 6 8
-3 o, } 3 /_\‘

/ -5 6 -2 16

-2 -2 -4
Domain: (—oo, 1) U (1, oo) 18. Domain: [% o) 20. Domain: (—oo, oo)
Range: (—oo, —4] U [0, o) Range: [0, co) Range: [0, co)

6

fx) =x2—2x+ 2 24. f(x) = |x| + 4

@ 1) =6 -25) +2=3 @ =2/ +4=6

() f(-1) =(-12-2(-1)+2=5 (b) f(-2)=|-2|+4=6

(© flc+2)=(Cc+22—-2(c+2+2 © fx+2=|x+2 +4
=c2+4c+4-2c—-4+2 (d) f(x + Ax) — f(x) = [x + Ax| + 4 — (|x]| + 4)
=+ 2+ 2 =[x+ Ax| = [x]

(d) f(x + Ax) = (x + Ax)2 — 2(x + Ax) + 2
=x2 + 2XAX + (AX)2 — 2x — 2Ax + 2
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26.

28.

32.

36.

40.

h2+Ax) —h(2 (2+Ax?-2+Ax)+1-(4-2+1)
AX h AX
4+ 4AAX+ (AX?P -2 - Ax+1-3
B AX
_ M@+ AY
- Ax
=3+ Ax, Ax#0
11
f(x)—f(2)_(1/\/x—1)—1 30 fx +Ax) —f(x)  x+Ax+4 x+4
xX—2 X—2 : Ax - Ax
_1-Ux—=1 1+ x-1 x4+ 4) - (x+ Ax+ 4)
S x=2WX -1 1+ Xx-1 ~AX[X + Ax + 4][x + 4]
= 1-(x-1) = = . AX#0
(X —2)Vx — 1(1 + VX — 1) (X + AX + 4)(x + 4)
_ 2—X
S x—2Ux—1(1+ Ux—1)
_ -1
B e R e
y isafunction of x. 34. yisnot afunction of x.
@ fx)+gx)=(2x—-5+2-x=x—3 38.(@ fx+gx) =x2+5+J/1—-% x<1
() fx)g(x) = (2x = 5)(2—x) = —2x>+ 9 — 10 () fx)-gx)=x2+5J/1—-x%x x<1
-5 fx _ x*+5
(C) f(X)/g(X) - 2 ( ) g(X) mv X< 1
(d) f(gx) =f2—-x=22-x —5=-2x—-1 (d) f(gx) = f( 1— X)
e g(fx) =g2x—5 =2—-(2x—5 = —-2x+7 :( 1—x)2+5
=6—-% x<1
(&) g(f(x))isnot defined since the domain of g is
(— o0, 1] and the range of fis[5, oo). The range of f is
not in the domain of g.
@ f(x)+g(x)=x+l+x3=% 42, f(x)=%,g(x)=x2—1
0 109+ 900 = (X5 )0 = 5 @ fo@) =122 -1 =13 =3
1 1)\? 3
o 10 _ (o 1) 1 b) o(f(2) = 9(5) - (5) “l=
gx) e x2(x+ 1)
@ ol J5)) -1z 1)~ 1(-3) - -2
(@ fo) = 106) = "~ i)
1
@ olf(—=))=9v2)=2-1=1
_ J2
(e g(f(x) = 9<X T l) ( ) (X T 1)3

C)

()

flgx) = - 1) = -1

o) = of3) = (&) - 2
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44,

48.

52.

56.

The data fits the function (8) f(x) = zx, withc = 3.

flg00) = 1(3) = 37 = % x# 0

1) = o[ ) = 35 = % x # 0

See accompanying graph.

X=6-—3y
:6—x
y=73
6 —x

1y —
f=1(x) 3

fx)=V/C—4d=y, x=2
x=Jy2—4
X+ 4=y2
y=V2+4 x=20

f~ix) = V% + 4, x=20

46. The data fits the function (c) h(x) = 3/|x|, withc = 3.

50. f(gx) = F(¥T—x) =1 (¥1—x)° = x
9(f¥) = g1 —x% = ¥1-(1-x) =x
See accompanying graph.

54, fX=x+1=y

Xx=y+1
1=y
f~1x)=3¥x—-1

y

]

sl f

2 1
o

ol

58. f(x) =x¥5 =y

X = y3/5
x¥3 =y
f=3(x) = x¥3
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60. f(x) = /X — 2isoneto-onefor x > 2.

f=(x) = x2 + 2wherex = 0.
12

| [/
0

f(x) isone-to-one. f~1(x) = x2 + 2,

100

x=0

64. f(x) = 3isnot one-to-one since f(0) = 3 = f(1).

5

-3

f(x) is not one-to-one.

62. f(x) = x*isnot one-to-one since f(2) = 16 = f(—2).

650

0

f(x) is not one-to-one.

66. (3) , (b)
6l
51
pui
3 —+
-3 -2
2+ ~14
1+ Y
——t x 3]
3 -2 -1 12 3
(d) . C]
2+ 3+
1+ 2+
— X
-4 -3 -2 102 L
(-1, ) 3 -2 -1
i o
34 ol
4] 3t

68. Vaue = V = 2500x + 750,000

70. (@) C = 0.95x + 6000

) T = % _ 0.95x ' 6000 _ o . 6(2(00

(c) 0.95 + @ < 1.69

76(;00 < 0.74

6000 < xsincex > 0
0.74 )

8108.108 < x

Must sell 8109 units before the average cost per unit falls below the selling price.
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72. Cost = Cost on land + Cost underwater 74. (d) Graphing utility graph
= 10(5280)(3 — X) + 15(5280) /X2 + = (b) (25, 14) is equilibrium point.
= 5(5280)[2(3 —X) + 3/X2+ ﬂ (c) Demand exceeds supply for x < 25.

(d) Supply exceeds demand for x > 25.

30

76. (@) Cost = C = 98,000 + 12.30x
(b) Revenue = R = 17.98x
(c) Profit=R — C = 17.98x — (12.30x + 98,000) = 5.68x — 98,000

78. F(t) = 98 + 3 80. 100

N
(

!\,____ -100

0 R P
% f(x) = 2<3x2 - g)
The function isvalid for al t = 0 because the patient’'s

temperature can only be affected by the drug from the Zero: x = 1.2599
time that it is administered. The function is not one-to-one.

82. 40 84. 6

i/
/ - 6

-30 -2

h(x) = 6x3 — 122 + 4

Zeros. x = —0.5419, 0.7224, 1.7925

The function is not one-to-one. Zeros: x = +2./2
The function is not one-to-one.

f(x) =

12
e 4
2% ‘

86. 04

-10 10

-0.2

IX2 — 16

f(x) = v

Domain: |x| = 4
Zeros. X = x4
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Section 1.5 Limits
2. x 19 1.9 1.999 2 | 2001 201 21 lim (¢ = 3x+ 1) = -1
f(x) | —1.09 | —1.0099 | —1.000999 | —1 | —0.998999 | —0.9899 | —0.89
4| x |19 199 | 1999 2 2001 | 201 | 21 lim Xi_ 22 = 80
L R
f(x) | 7239 | 79.20 | 79.92 | undefined | 80.08 | 80.80 | 88.41
® % [-01 [-o001 | -0001]0 0001 | 001 |01
f(x) | 0.3581 | 0.3540 | 0.3536 | undefined | 0.3535 | 0.3531 | 0.3492
imYXF22V2 1 g
x—0 X 2
8 |x |05 |01 0.01 0001 | 0 im @A -(@/2) 1
X- 07" 2X 8
f(x) | —0.1| —0.1190 | —0.1244 | —0.1249 | undefined
10. (@) limf(x) = —2 y 12. (@ lim h(x) = =5 y
x-1 X——2

(b) lim f() = 0

14.

) tim 109 - 9091 = | im 100 | im g |

Cfx mfe) g5
© 30 g0 " limam ~ 172~

18. (a) Xli[n2+ flx) = -2
(b) Xlirpr f(x) = -2

() Xlirpzf(x) =-2

@ im0 + giY] = lim 160 + lim g(x) =

20.

(b) limh( = —3

2+

2-5 /7T
6

X

/
e

2:2=2 163 lim Vi = vo=3
- (§)<1> _3 (b) lim (3f(x) = 3(9) = 27
2)\2) 4 e

(© lim[f(]? = 92 = 81

€) Xlim2+ f(x) =2
(b) Xlir_nzf f(x) = 2
(©) lerpzf(x) =2

ol
23,

(-2.2)

34
24

14

} ——— t X
-5 -3 -2 -1 1
-1+

22. (3 lim () =0

(b) Xli[nlf f(x) =2

(© Iirplf(x) does not exist.
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24, |im2X3=(*2)3=*8 26. |irT(1)(2x—3):2(O)—3:—3
X — X
28.Iing(—x2+x—2):—4+2—2:—4 0. lim3x+4=34+4=2
X— X—4
_ 3x+1 3-2+1 -5 . 4Xx-5_4-1)-5_-9 9
3 m  xT2-(=2 ~ a WM T3 () 4 4
s ImX 1 8+l 2._ s ImYXrizz_38-2_1
x-3 X— 4 3—-4 -1 X-5 X 5 5
1 1 1 1
X+ 2 4 2 1 o2 =x—-3 . (x+12x-3
R a lim s T
= lim (2x—3) = -5
X——1
2= x -x—2) tP+t—-2 . (t-D(t+ 2
A im e = M T 20— 2) 46 m o =M e
—lim— = -1 —limtt2_3
T xe2x+2 4 Ceit+1 2
3 _ _ 2 —
a8 lim XL = i X DO+ X+ ) s0. lim X2 _ 4
x-1X—1 x-1 Xx—1 x-2" X — 2
=lim+x+1) =3 . x=2]
x-1 lim —— =
x=2t X — 2
. x =2 .
Therefore, lim ——— does not exist.
X-2 -2
, +Ax) — 5 — (4 — .
52. lim f(s) = lims=1 54. lim A+ Ax) = 5 - (4 5):|Imﬂ:4
s-1- s- 1" Ax_0 AX Ax-0 AX

sllql f(s) = Slalql+ 1-9=0

Therefore, Iirq f(s) does not exist.
so

XA U XA X IXF A UX
56. lim ———— = |im .
AX-0 AX Ax-0 AX X + AX + /X
— lim (x + Ax) — x
AX-0 Ax[ X + AX + \/;(]
ax=-0 /X + AX + VX
_ 1
2%
2 _ _ 2 _
58 lim (t+ A2 — 4t + At) + 2 — (12— 4t + 2)

At-0 At

124 2tAt + (A)2 — 4t — 4AL — 2 + 4t
= lim
At-0 At

. 2tAt + (At)2 — 4At
= lim
At-0 At

=lim2t+At—-4)=2t-4
At-0
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60. 20 x|11+ = X:
-5 ({F_,_s
-20

X 2 15 11 1.01

f(x) | =5 | —10 | —50 | —500

X 1.001 1.0001 1

f(x) | —5000 | —50,000 | Undefined

2 — —

64 lim —X tex-7 lim x—1Dx+7)

x-1X =X+ 2X—2 x-1(Xx— DX+ 2

4

/\

8
3~ 2.667

68. Because4 — x2 < f(X) < 4 + X2,

lim (4 — x2) < lim f(x) < lim (4 + ?)
X0 X-0 X-0

4 < limf(x) < 4.
X-0

Hence, lim f(x) = 4.
X-0

62.

66.

40
70. lim A= Ii(r)rg)61000<1+%> = 1814.02 Yes, the limit exists.
r—- 0.

r-0.06

Section 1.6  Continuity

X+ 1
5 lim = —o0o
L X-0" X
-6 \\‘ 6

-3
X -1| -05| -01| —0.01
f(x) | O -1 -9 —-99
X —0.001 | —0.0001 | O
f(x) | —999 —9999 Undefined

lim B+ TR+ Xx+6
x--2 3 —-x-14

1

—5 = 1615

2. The polynomia f(x) = (x2 — 1)%is continuous on the entire real line.

1

4, f(x)=9_ =

6. f(x) =

3x
X2+ 1

1
X2  (3-x(3+x

is continuous on (— co, o).

is continuous on (— oo, —3), (—3, 3) and (3, o).

8. fisnot continuous on the entire rea line. f is not defined at x = 1, 5.

10. gisnot continuous, on the entire real line. g is not defined at x = +4.

lim (X + 2)(4x? — x + 3)

T T X+ 23— 7)
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12. f(x) =

X2 — 4

is continuous on (— oo, —2), (=2, 2) and (2, oo).

14. f(x) is continuous on (— oo, 2) and (2, co).

16. f(x) is continuous on (— oo, co).

18. f(x) = ))((2__?5 is continuous on (— oo, —3), (—3, 3) and (3, oo).
20. f(x) = mlscontmuouson (=00, 00).
2. f(X) = >— 1o x-1 is continuous on (— oo, —2), (—2, 1) and (1, co)
' X¥R+x—2 (xX—-1Dx+2 ' ' ' T
24. f(x) = @ + xiscontinuous on al intervals of the form (c, ¢ + 1) where c is an integer.
26. lim f(x) = lim 3+ x =5 28. lim f(x) = —4
X—27 X—27 X0

lim f(x) = lim x2+1) =5
X—2% X—2"

x“ﬂ)l fx) =1

fisnot continuous at x = 0. f is continuous on (— oo, 0)

Since f(2) = 5, f is continuous on the entire real line. and (0, co).

30, lim 4= _ 4
x-4- 4 — X

o A-x
xllT*4_X_ !

lim |4
x-4 4

32. lim (x = [x]) = ¢ — (c — 1) = 1, cisany integer
lim (x — [x]) = ¢ — ¢ =0, cisany integer

fis continuous on al intervals (c, ¢ + 1).

— X .
f}(' does not exist.

fis continuous on (— oo, 4) and (4, oo).

34. h(x) = f(g(x)) = f(x2 + 5) 36. f(x) =

T0e+5 -1 ¥+4

1

a1 continuous on [—2, 2].

1

[Note: f is continuous on the entire real line.]

Thus, h is continuous on the entire real line.

38. f(x) =

. x
x—1(x—23

has nonremovable discontinuitiesat x = 1 and x = 3.
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42. f(x)=4x)2(:3 - x=3 _ 1 X#3

22+ x _ x(2x+1)
12x  4x(x —3) 44X

X

40. f(x) =

f has aremovable discontinuity at x = 0; continuous on f has aremovable discontinuity at x = 3, and a
(=00, 0) and (0, o). nonremovable discontinuity at x = 0. f is continuous on
(—o00,0), (0, 3), (3, ).

44. fiscontinuous on (—oo, 0) and (0, o). 46. lim f(x) =2

X—4 X—4 1 . )
—B5x+4 X-AHx-1 x-1 % +4 50. fis continuous on (—oo, o).

48. f(x) =

7

isnot continuous at X = 1 and x = 4.

3
1
1
1 -5 10
1
1
-3 t 6
1
1
1
1

-3

Thereisahole at (4, %)

52. 3 54. f(x) = x+/X + 3iscontinuous on[— 3, co).

f is not continuous at all 3¢, where ¢ is an integer.

X+ 1

56. f(x) = NG

is continuous on (0, co).
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-8 (x—2)(x+ 2x + 4) X
88 100 =% = x—2) %0 €= 700 — x
appears to be continuous on [ — 4, 4]. But, it is not ] ) N
continuous at x = 2 (removable discontinuity). (a) [0, 100); Negative x values do not make sensein this
context nor do values greater than 100. Also, C(100)
8 is undefined.
(b) Ciscontinuous on its domain because all rational
functions are continuous on their domains.
(c) For x = 75,
-4 4
0 _ 275 150 _ -
C= 00-75" 25 6 million dollars.
50
0 100
0
3 n=0
62. C =13 + 0.25][n], n > 0, nisnot an integer. 64. (a) Nonremovable discontinuitiesatt = 1, 2, 3,4, 5
3+ 0.25n — 1), n> 0, nisaninteger. 50,000
. ~
0 6
0
0 9
° (b) Fort =5, S = $43,850.78.

Ciscontinuous at all intervals (n,n + 1), nisa
nonnegative integer.
[Note: C=3—025]1—n], n> Q]

66. Yes, alinear model is a continuous function. No, actual revenue would probably not be continuous because the actual revenue
would probably not follow the model exactly, which may introduce some discontinuities.

Review Exercises for Chapter 1

2. Matches (c) 4. Matches (d)

6. Distance = /(1 — 42+ (2 -3 = /9 + 1= J10.

8. Distance = V[6 — (—3)]2+ (8 — 7)2= /Bl + 1= /82

10. Midpoint = <¥, 0 er 8) = (~2,4) 12. Midpoint = (%3 _9; 5) -2 -2
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14.

16.

22.

28.

30.

1999: R = $120 thousand 2000: R = $170 thousand 2001: R = $70 thousand
C = $70 thousand C = $92 thousand C = $33 thousand
P = $50 thousand P = $78 thousand P = $37 thousand
2002: R = $200 thousand 2003: R = $260 thousand
C = $110 thousand C = $135 thousand
P = $90 thousand P = $125 thousand
(-2,1) - (2,0 18. ¥ 20. y
-1,2 - (31 il
(1,0 -(5,-1 i

0,-1) - (4,-2

y=|4-x 24.

t t
-2 2 4 6 8 10

y-intercept: x =00 y=-30 (0, —-3)
x-intercept: y =00 x = —%D (—%, 0)

(x— 02+ (y— 02 =12

X2 +y2=r2
2+ (J/5) =12
9=r2

3=r

Equation: x2 + y2 = 3

Y 26.y=V4x+1
e/
y
sl
12
9
al
6
T 3
1+ Il Il Il Il Il Il X
o 2 | 36 9 1215
Y I I T S -3
-6
32. X>+y>—6x+8 =0

(x2—6x+9) +(y?+8 +16) =9+ 16
(x—32+ (y+42=25

Center: (3, —4)

Radius: 5
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4. x+y=20y=2-x 2-x=2x-1 36. y=x3 x3 = x
x—y=10y=2x-1 3=3x y =X x3—-x=0
1=x Xx—1x+1)=0

Point of intersection: (1, 1)

38. (3 C = 200 + 2x + 8x = 200 + 10x
R = 14x
(b) C=R
200 + 10x = 14x
200 = 4x
x = 50 shirts

(x, R) = (x, C) = (50, 700).

Points of intersection: (0, 0), (1, 1), (=1, —1)

40. p = 91.4 — 0.009x = 6.4 + 0.008x

85 = 0.017x
X = 5000 units
p = $46.40

y=4x+7

42, —ix+32y=1 44, x= -3 46. 32x — 0.8y + 56 =0
gy = %x +1 Slope: undefined (vertical line)
No y-int t
y— %x N g 0 y-intercep
Slope: m= % Slope: 4

y-intercept: (0, g)

<

y-intercept: (0, 7)

y

7-5 2 1
48. Slope—?(_l)_i__,

52y — (—=3) = 3[x — (=3)]

_1 3
y=2X"2

-3-(-3 _ 0

50. S|ope = m = 10

54. (a) Slope=0 - y= -3
(b) Slopeundefined -» x =1
() —4x+5y=-3

y=5x—3
y— (=3 =8kx~-1)
y=s5x-7%
() 5x—2y=3
y=5x-3

Slope of perpendicular is —%.

y— (=3 = —§(x—1)

_ _2 13
Y= "5X—7%

8y = 32x + 56

= 0 (horizontal line)
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56.

62.

68.

(0, 117,000), (9, 0)

m= 113'800 = —13,000

(@ v = —13,000(t — 9) = —13,000t + 117,000

(b) Graphing utility

200,000

X ty?=4

No

fx) =x2+4x+ 3

(& f(0)=0%+4(0) +3=3

() fx—1)=x—-12+4x—1) +3=x2+ 2

(c) v(4) = $65,000
(d) v = 84,000 whent = 2.54 years

60. y = |x + 4]

Yes

©) f(x + Ax) — f(x) = (X + AX)2 + 4(x + AX) + 3 — (% + 4x + 3)

= 2XAX + (Ax)?2 + 4Ax

L f(x) =2

Domain: (—oo, oo)

Range: {2}
3
-3 3
-1
—-12 7
f="3%"3

Domain: (—oo, oo)
Range: (— oo, o0)

2

AN

B X — 3 _ (X—3)
66. f(X)—X2+X_12_(x—3)(X+4)
1
,X+4,x¢3

Domain; (—oo, —4) U (—4,3) U (3, o)

Range: (—oo, 0) U (0, %) U G oo>

4

I

70. (@) f(X) +gx)=2x—3+ Ux+1
(b fx) —gx)=2x—3 - Ux+1
(© f(xgx) = (2x—-3)Vx+1

(@ 100 _ 23
gx)  Ux+1
(e f(g(x))=f( x+1)=2 X+1-3

() 9(f(x) = g(2x = 3) =

2x-3 +1=I2%x-2
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72. f(x) = |x + 1| does not have an inverse by the horizontal 74. f(x) = x® — 1 hasaninverse by the horizontal line test.
line test. 3
y=x-1
x=y3—1
x+1=y?3
y=¥x+1

1) = X+ 1

. B B 5-3 52-3 7 241
76.l|$(2x+9)—2(2)+9—13 78. Llﬂ&+9 22 +9 13 80.tllr(1)1 =
. t2+1
lim = o0
t-0* t
t2
ling does not exist
ot 1 X2—-9 ox-1_ 1 1
82.I U M'xllmﬁ Xllqrg(x+3)—6 86'x|lr1r/126x—37x|1n1)2373
|Imu*oo
tm2tt — 2
+
Ilmt—doesnotemst
t-21 —
11
g8 lim*X -4 4 _ |4 —_x-9 = lim 8*X-l'm B-X _ o lim X o
" x-0 X x=-0 X(x — 4)4 4x(x —4) x-0 4X(x — 4) " x-0- 4X(x — 4) '
1 1

lim 2 =22 does not exist.
o X

m(l/\/l-i-s)—l_l.ml— 1+s 1+J/1+s

0. | =i
s-0 S s-0 s/l+s 1+JV1+s
= 1-Q+9 iy —1 -1
P s) o /I+s(1+V/1+s 2
— 2] — — w2 — w2 — 2 _ 2
92 lim [1-Kx+Ax—-(1—-x) — lim 1—x2— 2xAx — (AX)2 — 1 + X
AX-0 AX AX-0 AX
- |imw= lim (—2x — AxX) = —
Ax-0 AX Ax-0
94. 96. The statement lim x3 = O istrue.
X 11 1.01 1.001 1.0001 x-0

f(x) | —0.3228 | —0.3322 | —0.3332 | —0.3333

1—\& 1

xﬁl* Xx—1 3
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98. The statement Iing 3/x = Oistrue.
X

100. The statement Iirr;f(x) = listruesince
X
Arp 109 = jig - 2) =1

lim f(x) = lim (—x2 + 8x — 14) = 1.
X 3 X - 3%

+2. . .
102. f(x) = X ” 2 is continuous on the intervals (— oo, 0) and (0, o).
X+ 1. . .
104. f(x) = T 7 is continuous on the intervals (— oo, —1) and (—1, o).

106. f(x) = [x] — 2iscontinuous on all intervals of the form (c, ¢ + 1), where cis an integer.
108. f(x) is continuous on (—oo, oo).

110. lim f(x) = lim (x + 1) = 2
X—-1" X1
limf(x) = lim (2x+a) =2+ a
X 1" X 1"
Thus,2 =2+ aanda = 0.
2 t<1

112. C =142 + 0.4[t], t > 1, tisnot an integer.
24+ 01t—1), t=1tisaninteger.

114. Nonremovable discontinuitiesatt =1,2,3,. . .

Yellow sweet maize: White flint maize:

Intercepts: (0, 45), (5, 0) Intercepts: (0, 30), (5.5, 0)

- _45-0, . 30-0,
Lineg y — 45 = 0—_% (x—0) Lineg y — 30 = = 5.5(X 0)

y=-9+45 y = —5.45x + 30



