Applied Calculus for the
Managerial Life and
Social Sciences 10th

Edition Tan

Selution Manual fer Applieec
Caleulus tor ihe Managerial Liie
and Social Sciences 10th Editien
Tan 18305657861 9781805657861

Full link download:

https://testbankpack.com/p/solution-manual-for-applied-calculus-for-the-
managerial-life-and-social-sciences-10th-edition-tan-1305657861-
9781305657861/



https://testbankpack.com/p/solution-manual-for-applied-calculus-for-the-managerial-life-and-social-sciences-10th-edition-tan-1305657861-9781305657861/
https://testbankpack.com/p/solution-manual-for-applied-calculus-for-the-managerial-life-and-social-sciences-10th-edition-tan-1305657861-9781305657861/
https://testbankpack.com/p/solution-manual-for-applied-calculus-for-the-managerial-life-and-social-sciences-10th-edition-tan-1305657861-9781305657861/

FUNCTIONS, LIMITS, AND THE DERIVATIVE

2.1 Functions and Their Graphs

Concept Questions page 59

1. a. Afunction is a rule that associates with each element in a set A exactly one element in a set B.

b. The domain of a function f is the set of all elements x in the set such that f [1x[] is an element in B. The range
of

f is the set of all elements f [/x [ whenever x is an element in its domain.

¢. An independent variable is a variable in the domain of a function f. The dependent variableisy [ f [Ix

2. a. The graph of a function f is the set of all ordered pairs [/x[ y[lsuchthaty [0 f [Jx[], x being an element
in the domain of f.
Y

Range

x

o

b. Use the vertical line test to determine if every vertical line intersects the curve in at most one point. If so, then
the curve is the graph of a function.

3. a. Yes, every vertical line intersects the curve in at most one point.
b. No, a vertical line intersects the curve at more than one point.
c¢. No, a vertical line intersects the curve at more than one point.

d. Yes, every vertical line intersects the curve in at most one point.

0O 0O
4. The domain is [17/3(1 (1 [3(15 and the rangejs 1112 (1 112014].

Exercises page 59
1. f Ox 0 5x 6. Therefore f 030 05030006 1121, f O30 050030060 19, fUald U50alll6
[15a[]6,

f OOall O500all 06 15al6,and f a3 50al13000615al115016 []5all21.

00 00
2. f X [0 4x (3. Therefore, f (1401 4040003001603 013, f Y 04 1 030103002

fooo 4000 U303, fllall J4all (13 14a13, flalll 4 Jall10 03 4a 1.
37
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3.gx] 13x2116x 3,509 100 (13000 16000 30 13,g 0010 0300102060010 131306
131186,

glla 3rall®16all 13 3%16al3 guuau\\Suuauzusuuawms\\3a2\\6a 3, and
guX 10 030X A2 060x 0103038 x2U2x01 16X 16113 113x2116x 13116x 19 3x?
[16.

4. hiox Ox3 0 x2 0 x 01,50 h 00500 (1 1005008 00502 0 060 (11 [ 1251125015001 11 (1154,
hooo 0 0B 00200010, hal Dadardanl a3 a2iay, and
hooad O Doad o oman? o orad 010 Had a2 anl.

5. fLx(L L 2x /5,50 flalh [ 20alhi) 5 0 2ai2h (5, f a0 200all 15 [ 28 15,
f a2 12 a2 151232015 frlari2hil (0 20ali2hi (15 (1 2a 1 4h 15, and
fri2allhiir12r2a 7 hii11504a12h(15

6. gx] 11 Ox22x,glalhil 0 CDoathi?2 020athil O a2 0 2ah 0 h? 1 2a [ 2h,

_ Do 0 OO 0
gl all 0 ad? 20 al - a2 2a alla 20,9 a a [lllall2 a,
0O 000 O O OO0 [a0p O OO0 0
1 1
%DgDa::aDaZDZaDDa2D3aDDaDaD3:,an&— — 0O

glall [a2(]2a alal20

. 2t 2 8 2 -~
z.s,t[ tzml.DTherefore,sD4[ 4 15,SDO& o - 0,
- 4z 0201
1

coan 2 L2, 20200 2020al 2020 4
e Lall S a2l all a2 4a 411 &l ’

az 1 020a020 - a24a13

1

Co2ntoin 20t 0 20t
st 110 4 172 T . 10
Ot

001 tto2to101 toto2n

8.glu 13u 120372 Therefore, g (110 (1 [3010 0 2P 2 0 a2 01, g6l [ [300601 11232 1

16372 1 4% (1 64,
O O

- - 3012 - -
gt 3= 7 T 92 i 27,and g Cu A0 O [B0u A0 0 2P 0 03u 01032,
2

3 3
2t2 2 2a2 21X 200x 1102
27 = =
9. f [t[] (=——=". Therefore, f (1207 | (18, flall [l [] , P Ox 010 0 O ,
O a Ox 1 1 X
01 2001 O

t 1
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2 0x (11012 200X 1102
and f 0x (110 (2—— =
001 X2
O
X 1

o _ O
10. fOx) 00202 500x. Therefore, f 0040 11210 L0040 0202 90202030 108,

(-] — -

[ L = 102 =
frlo 202810202 4020406, =1 202 521 2012 9 1202 2 15

4 4 4 2
o _0
and f Ox 05000202 500 0x 05 2012
X.
11. Because x [ [J2 [ 0, we calculate f 200 O 2020010040 1‘_r 5. Because x [1 0 [J 0, we calculate
f 00 17002111771 Because x (11 710, wecalculate f 7107 1 1771,

12. Because x [ 112112, 9 2 lZHZH 1 1H1H2.BecausexHOHZ,gHO\&H\\2 o100 00
1011, -
0

o 0 -
Because x [12 12,912 2[121[10.Becausex [14 12,94 4101210 2

13. Because x (1 (11 (11, f o1 o d, 20031003, Becausex (10 (11, f 00 1Y, 21031 3. Because
1 0

O .0 0 .0
x 11001, fo1 2 12 1013.Because x [12 011, f1201112 22 10009.
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14.

15.

16.

17.

30.

21.

22.

23.
24,
25.
26.

217.

28.

2 FUNCTIONS, LIMITS, AND THE DERIVATIVE 2.1 FUNCTIONS AND THEIR GRAPHS

I o . 1 o
Becausex 011, fOUOL 020 1000201003, Becausex L1101, fouloo 20 101020002,

Because x 0201 f*2**1 O ! ool
1 T R N S
a. f 00002,
b. (i) fOx 0 3whenx [0 2. (ii) f Ox0J 00 O0whenx 7 1.
c. [0 6]
d. [[12076]
a. fO70 03 b. x 14andx [16. c. x[12;0. d. [0109]; [2016].
o O o O
glr200 0 22001 3, so the point2 lies on the graph of g.
L 30,4 4 e .
f 01317 ,2,—1_6,2DZ,2,3,sothepomt 13171317 lies on the graph of f.
07
L2 3 . .
f 201, - 3, so the point 7101217 [13[7 does lie on the graph of f.
105 —_
2001 1
o301 2 1 . .
h 1, 300 L [ — —,sothepoint 301~ does lie on the graph of h.
RRERCIRENEFYARE 26 13 13
1

Because the point (111507 lies on the graph of f it satisfies the equation defining f. Thus,
f 10 020102004010 (e l50rc 17,

Because the point (120741 lies on the graph of f it satisfies the equation defining f. Thus,
fl200002 90 (1202 cli4o0rc 142 5,

Because f [1x[1 is a real number for any value of x, the domain of f is "1

Because f [1x[1 is a real number for any value of x, the domain of f is T101010)

f [Ix [ is not defined at x [ 0 and so the domain of f is 001100

g [Ix 1 is not defined at x [ 1 and so the domain of g is (110107 107 [ C1A0) I,

f [x is a real number for all values of x. Note that x2 (1 1 [ 1 for all x. Therefore, the domain of f is (110

Because the square root of a number is defined for all real numbers greater than or equal to zero, we have x (15 [10

or x [15, and the domain is [5[]
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29. Because the square root of a number is defined for all real numbers greater than or equal to zero, we have 5 7 x [1 0,
or [Ix 5and so x [ 5. (Recall that multiplying by [11 reverses the sign of an inequality.) Therefore, the domain

of fis 5]
30. Because 2x2 [ 3 is always greater than zero, the domain of g is 111011111,

31. The denominator of f is zero when x2 111 T 0, or x [J [J1. Therefore, the domain of f is
[ 00 oild o1 1
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32. The denominator of f is equal to zero when x2 [/ x [12 [ [Ix [12(1(Ix [11[] (] 0;thatis, when x [ (12 0rx (] 1.
Therefore, the domain of f is (1] 20 020010 0 010

33. f isdefined when x (13 [7 0, that is, when x [7 [13. Therefore, the domain of f is [[13[(1 [1[.
34. g isdefined when x [71 [ O; that is when x [0 1. Therefore, the domain of f is [177 (717,

35. The numerator is definedwhen 1 [1x [ 0, [IX I1 or x [ 1. Furthermore, the denominator is zero when x [ [12.
Therefore, the domain is the set of all real numbers in T 1200 07 11020 1].

36. The numerator is defined when x (11 (1 0, or x [ 1, and the denominator is zero when x [ (12 and when x [ 3. So
the domainis [1130) [ [13

37. a. The domain of f is the set of all real numbers. C. y
10
f 0130 3020 301160191 3116116, >

_4 _2\2\/ 4 X

f 0 0200001116
016,
0 0, OO
R 1 L 2 25 2
05 060303007, fO10O

2 2 2
110161016,

fo200 00020202006 0040020060 (4,and f 0300 00302113716 01911311600.

38. f [Ox[1 0 2x2 11 x [13.
a. Because f [Ix[] is a real number for all values of x, the domain of f C. AY
is 1107 O

y | 12| 3|02] 03| 03|o0|7]|18 &4__/

39. f Lx[  2x2 [0 1 has domain (170101 (10 and 40. f (Ix1 1191 x2 has domain [1)0J0] (11 and range
range 9.
[100 000 ,
Yy
20
10 ~ P 0 2
4
8
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I
41, f Ox1 0210 x has domain [00] (117 and
range
[201 0100,

43. f Ox1 [1 177 x hasdomain (1017707 1] and
range
[0 0

—
x

10 0

45, f OxU O UxU 1 has domain 0 O and

range
[D10
y
\ | /
S \/ -
O .
47. f OxO X _IX!O has domain
B 2x 1 ifxJo0
ooog and range (110101001 [
[0,

/0 2 X

2.1 FUNCTIONS AND THEIR GRAPHS 8

U
42. g x40 x hasdomain [077 7177 and range
IO 4].

Y4
4

20
A%

o .
44, f [Ox0 01 x [11 has domain (1107 (117 and range
[0,

y
4]
Z
01 10 X
46. f x O UxU 1 has domain 0 L and
range
[10)
y
4
2 0 2 X

48. For x [1 2, the graph of f is the half-liney 14 [ x.
For x [ 2, the graph of f is the half-line y [12x 71 2.

f has domain T and range [2(] [

N
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49.

51.

52.

53.

54.

55.

2 FUNCTIONS, LIMITS, AND THE DERIVATIVE

If x [1 1, the graph of f is the half-line y X
For x 7 1, we calculate a few points: f (7207 (]

3,
f 300 18,and f (14 15. f has domain
goooog
and range [0

Y4

12

8

4 2 0 2 4 X

1.

50.

2.1 FUNCTIONS AND THEIR GRAPHS 10

If x 1 the graph of f is the half-line
y [ Ox 01 For 711 71 x [0 1, the graph consists of
the line segment y [ 0. For x [ 1, the graph is the

half-line y (1 x (1 1. f has domain [J[] and
range [0

y

4]

Each vertical line cuts the given graph at exactly one point, and so the graph represents y as a function of x.

Because the y-axis, which is a vertical line, intersects the graph at two points, the graph does not represent y as a

function of x.

Because there is a vertical line that intersects the graph at three points, the graph does not represent y as a function

of x.

Each vertical line intersects the graph of f at exactly one point, and so the graph represents y as a function of x.

Each vertical line intersects the graph of f at exactly one point, and so the graph represents y as a function of x.

56. The y-axis intersects the circle at two points, and this shows that the circle is not the graph of a function of x.

57.

5

©

Each vertical line intersects the graph of f at exactly one point, and so the graph represents y as a function of x.

A vertical line containing a line segment comprising the graph cuts it at infinitely many points and so the graph does

not define y as a function of x.

59. The circumference of a circle with a 5-inch radius is given by C (15[ [] 2zt [1501 [J 10z, or 107 inches.

60.
330

61.

62.

63.

V (120200 4] 42001008 11380179, V=120 [ 4t 1801 11330151, and so V (1201101 [1V (1201 (1 380179

51 (150128 is the 3

amount by which the volume of a sphere of radius 2771 exceeds the volume of a sphere of radius 2.

C L0 [J 6, or 6 billion dollars; C [J500) 1 0017505000 [1 6 1 43015, or 4315 billion dollars; and
C (1100 00J75(1100( 1 6 [] 81, or 81 billion dollars.

The child should receive D T14[] %32 (150007 (1477 17160, or 160 mg.

a. Fromt (1 0 throught [ 5, that is, from the beginning of 2001 until the end of 2005.

b. Fromt (7 5 throught 7 9, that is, from the beginning of 2006 until the end of 2010.

c. The average expenditures were the same at approximately t

of expenditure on each service was approximately $900.

5012, that is, in the year 2006. The level
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8\ 159 (100161

64. a. The slope of the straight line passing through 7701016177 and 1107707759 070

ismq [

1 10010021

Therefore, an equation of the straight line passing through the two points is 'y [0 00761 7 (01002 (7t 71 007 or

y [1 17077002t (7 00161. Next, the slope of the straight line passing through 71077075917 and (72077 0016007 is

_ 00760 10159 . . . . S
my [ T 001001, and so an equation of the straight line passing through the two points is

y [J00J59 (7 00J001 (]t 111007 or y [ 001001t [1 0L158. The slope of the straight line passing through 12001

001600 and

o A . 00166100160 . I . L
13007 00166(1 is 3020 [ 017006, and so an equation of the straight line passing through the two points is
ms3 [ -

y [100760 (701006 (1t 712077 ory [1 071006t [100148. The slope of the straight line passing through 730(1
0016671 and

. 00178 1101166 . . . . .
4000001001781 is 30 30 001012, and so an equation of the straight line passing through the two points
mgy [ O

T [0001002t 100061 ifO 1t 010

7001t T 00 ifl10 0t 2
isy [1 001012t [10130. Therefore, arule for f is f (1t [ 0'001t 1101158 IF10 0t 0
“] 001006t [1 0148 if20 1t 130

001012t 1101130 if30 0t (140

b. The gender gap was expanding between 1960 and 1970 and shrinking between 1970 and 2000.

c. The gender gap was expanding at the rate of 011002 Tyr between 1960 and 1970, shrinking at the rate of
007001 Tyr between 1970 and 1980, shrinking at the rate of 011006 yr between 1980 and 1990, and shrinking at
the rate of
0070120 yr between 1990 and 2000.

N . . 00195 100158
65. a. The slope of the straight line passing through the points (101001581 and 120 07195[ 00

ismq [

(10110185,

so an equation of the straight line passing through these two points is 'y [1 0158 [ 010185 [t [ 0[]

ory (10010185t [10[158. Next, the slope of the straight line passing through the points (12001 01950
1011177100195

and 13001101117 is  —=———— [1 001015, so an equation of the straight line passing through

my 301720

the two points is 'y (100195 1 007015 07t (712077 or y [J 071015t 71 07165. Therefore, a rule for f is
0070185t (101158 if01t[120

000150700065 if20 (1 [0 30
t t

b. The ratios were changing at the rates of 0(10185( yr from 1960 through 1980 and 0015 yr from 1980 through
1990.

c. The ratio was 1 when t ] 20013. This shows that the number of bachelor’s degrees earned by women equaled
the number earned by men for the first time around 1983.

66. a. T 0IxJ [J 0[J06X
b. T 120001 [1 00106 12000 [ 12, or $120100 and T (150165 00106 /501651 [1 01134, or $0 34,
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67.

68.

69.

2 FUNCTIONS, LIMITS, AND THE DERIVATIVE 2.1 FUNCTIONS AND THEIR GRAPHS 12

a. | OxJ O 10053x
b. 1 15200 [0 111053 (1152001 1 1600156, or $1600(156.

a. The function is linear with y-intercept 17144 and slope 011058, so we have f (1t7] [1 01058t [110744,0 (71t [19.
b. The projected spending in 2018 will be f (1907 [1 001058 [19(1 [1 11144 1 111962, or $111962 trillion.

SOrcl [ 4gr?,
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70.

71.

72.

73.

74.

75.

76.

77.

78.

2 FUNCTIONS, LIMITS, AND THE DERIVATIVE 2.1 FUNCTIONS AND THEIR GRAPHS

0
40w n2r%0 4a8r® 8 4zr® | Therefore, the volume of the tumor is increased by a factor of 8.
a. The median age was changing at the rate of 0713 years[ 'year.
b. The median age in 2011 was M (11107 [1 0013 (11107 7 37719 11 41172 (years).
c. The median age in 2015 is projected to be M (15 0013 11501 1137019 [1 42(14 (years).

a. The daily cost of leasing from Ace is C1 [Ix 1 [1 30 [J b. c)
00145x, while the daily cost of leasing from Acme is 100
Co LI [1 251 00150x%, where x is the number of miles "

driven.
(100, 75)

13

c. The costs are the same when Cq [1x[] [1 Cp [IX[], that is, 60
when 40
30 [100145x [1 2511 00150x, [100105% [ [I5, or x
100. Because Cq 17001 (1301001451700 (1 61115 T
and
C, U700 11 2510150 170 60, and the customer plans
to
drive less than 70 miles, she should rent from Acme. 0 40 80 120 X (mi)
a. The graph of the function is a straight line passing through b. %
10711200001 and (11071001, Its slope is £ 120
=)
o
mu —e——7— 0 112,000. The required equation is % 8o
V 11 112,000n [ 120,000, .
<
E

0 2 4 6 8 10 n(years)

d. This is given by the slope, that is, $12,000 per year.

Here V ] 1120,000n [1 1,000,000. The book value in 2012 is given by V [] 120,000 [115(] [] 1,000,000, or

$700,000. The book value in 2016 is given by V 1 120,000 (1191 [J 1,000,000, or $620,000. The book value in

2021isV 20,000 (12417 [1 1,000,000, or $520,000.

a. The number of incidents in 2009 was f 10 00146 (million).

b. The number of incidents in 2013 was f (141 (1002 42 (1001141401 100146 [ 3011 (million).

a. The number of passengers in 1995 was N 71077 ] 4776 (million).

b. The number of passengers in 2010 was N (11501 (1 00011 (115072 (1011521 11501 (14016 (| 141189 (million).

a. The life expectancy of a male whose current age is 65 is
f 650 (1010069502 16512 11116357 (16511937176 || 161180, or approximately 1618 years.

b. The life expectancy of a male whose current age is 75 is
f 17500 (10010069502 (175012 11116357 (17501 1931176 (1 101118, or approximately 101118 years.

a. N[t 01100445t2 (1 0112903t (1 911564. N (10 911564, or 916 million people;
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N 11207 7100100445 112112

b. N 1147 7100100445 (114112

0012903 111211 [1 911564
million people.
0012903 111411 (1911564

2.1 FUNCTIONS AND THEIR GRAPHS 14

13116884, or approximately 13017

14115004, or approximately 1415 million people.
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79. The projected number in 2030 is P (1200 [1 (10010002083 (12003 [ 0010157 (12002 (1 012093 (20 5012
[] 7119536, or approximately 8 million.
The projected number in 2050 is P 114001 [0 11010002083 (140113 (10110157 140012 [ 001093 (14071 (15012 [
13112688, or

approximately 13773 million.

80. N (It (1 (1t3 (1 6t2 (1 15t. Between 8 a.m. and 9 a.m., the average worker can be expected to assemble
N C10 00N 00 [0 1‘ ‘ 6‘ ‘ 15 0 \‘\‘20, or 20 walkie-talkies. Between 9 a.m. and 10 a.m., we expect that
NO20OONO10 23006 22 0150200 0010601150 11461120 [ 26, or 26 walkie-talkies can be
~assembled

by the average worker.

81. When the proportion of popular votes won by the Democratic presidential candidate is 0160,
the proportion of seats in the House of Representatives won by Democratic candidates is given
by

0613 01121 011216
S 100161+ N 0 00177,
10000608 001064 001280
0716013 001216

82. The amount spent in 2004 was S [0 7 5016, or $576 billion. The amount spent in 2008 was
SI40) [1 1100103 403 11001214002 (10023141 (15016 (1 7018, or $70118 hillion.

83. The domain of the function f is the set of all real positive numbers P
where V 1 0; that is, (1001 [

\
0 v
84. a. We require that 00104 (1 r2 (' 0and r (1 0. This is true if
0 [/ r (1 0012. Therefore, the domain of " is [0110(2]. €. v(emis)
O
b. We compute (7 (1007 [1 1000 07104 [ 1002 [ 1000 40
110010401 1 40, 30
O O 20
10001101 (11000 00104 [ 100102 (111000 (101104 100101
10
11000107103 30, and
O O 0
1007200 ©11000 00104 T 1002002 1000 1107104 11 0041 0. 01 02 riem

d. As the distance r increases, the velocity of the blood decreases.
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2.1 FUNCTIONS AND THEIR GRAPHS 16

85. a. The assets at the beginning of 2002 were $0(16 trillion. At the beginning of 2003, they were f [11(1 (1 0(16, or

$016 trillion.

b. The assets at the beginning of 2005 were f [13

00613019743 1101196, or $01196 trillion. At the beginning

of 2007, they were f 1507 (1 0016 (15019743 (117120, or $112 trillion.
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86. a. We compute f (100 [0 018810012 (130211100 [1 96[.75
11961175,

f 010 00088011002 (130021 (1100 (1961175 [ 1001184,

and

f 0200 01 50168 1201 111171185 [ 1061169. We
summarize these results in a table.

Year | 2006 2007 2008
Rate | 960175| 100184 1067169
87. a. The domain of f is [10[]
13].
72D32if0:XD 30040 if 901 x [
10
@ 30158 if10 [ x [
2050 if4 00 x 11
o
20168 if5 0 x [
6
f Ox . 30076 if11 x 112
0 20186 if6 [ x [ O
B 7 3019
@ ) 401 if12 % 013
30104 if7 [ x [ 2
30022 if8 1 x ]
9

88. a. The median age of the U.S. population at the beginning of 1900
was f (100 122179, or 22[19 years; at the beginning of 1950 it

was

f 500 0100017 05002 (17020500 1111015 11 30, or 30 years;
and at the beginning of 2000 it was f (11001 [1 216 (100 [

9014 []1 3504, or
35014 years.

o

2.1 FUNCTIONS AND THEIR GRAPHS 17

(1)

108
1061
1041
1027
100j

A

300t

QU

(t) 4
36
32

281

4 8 12 x(02)

24

5 10 t

89. a. The passenger ship travels a distance given by 14t miles east and the cargo ship travels a distance of
10 (7t [1 207 miles north. After two hours have passed, the distance between the two ships is given by

. 14t
[10 Ot 01 200]% 0 C14t0% [ 296t2 11 400t [ 400 miles, so D [t 21

ifot2

[
7412 [

b. Three ‘h‘ours after the cargo ship leaves port the value of t is 5. Therefore,

D2 740521100 150 (1100 (1 76(116, or 76.116 miles.

90. True, by definition of a function (page 52).

91. False. Take f [Ix

x2,al11,andb

1. Then f (1

(10, but a

100t (7100 ift 12

b.



46 2 FUNCTIONS, LIMITS, AND THE DERIVATIVE

92. False. Let f [Ix

[1 x2, thentakea [1 Land b [1 2. Then f [1a
foaoo o froobo 10040 foatibo o f00300 019,

93. False. It intersects the graph of a function in at most one point.

94, True. We have x
if 02 00 x [0 2.

21 0and?2

X [ 0 simultaneously; that is x

2.1 FUNCTIONS AND THEIR GRAPHS 18

f ol 1, f b 0 f 0200 1 4, and

[J2 and x (] 2. These inequalities are satisfied
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95. False. Take f 71x1 71 x2and k (7 2. Then f Tix 11 02x 02 11 4x2 00 2x2 00 2f DxD.

96. False. Take f [Ix[1 (1 2x (13 and ¢ [ 2. Then f 02x T y[] [0 202x Tyl 113 11 4x [12y (13, but

cf [Ix0J fly 20012x 30002y 1301 1 4x 12y 19 [0 f
[12x [yl

97. False. They are equal everywhere except at x [1 0, where g is not defined.

98. False. The rule suggests that R takes on the values 0 and 1 when x ] 1. This violates the uniqueness property that a

function must possess.

Using Technology

1. a

10

page 68

10

10

-5 0

10

-10

10

-5

10

-1000 T

-20

10

20
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5. 200 } } 6.
100
0
-2 4
7. A : : 8.
1 --
0
2] 1
-4 |
: 2 L
9. f (12071457 17 18115505.
1. f (12004100 71 4771616.
13. a. e 14.
10 /
5
0 t t t t t

b. The amount spent in the year 2005 was

f (1200 [1 91142, or approximately $9114
billion. In

2009, itwas f 71601 (1 131188, or
approximately

$13119 billion.

15. a. 150 ' ' ' '

6 7 8 9 10 11

b. f 00607 1144007, f (1801 (152117, and
f 01100 (7129012,

2.2 THE ALGEBRA OF FUNCTIONS

30

20

10

10. f 11002807 71 17713850.

12. f 000006207 11 1117214,

a.

b. f 1180 13013709, f (15001 [ 01971,
and

f (18001 [14174078.

20
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2.2 The Algebra of Functions

Concept Questions page 73
1.a PlIxg R [xq C [Ix1 [ gives the profitif x; units are sold.
b. P xo0 [ Rxol) [ C XLl Because P [Ixo[) [1 0, IR [IXo C X2 [ROx00 0 C

[Xo 1] gives the loss sustained if x» units are sold.

2.a Lf g oxd o foxooghx, of g X O f Ox glx,and O fgll Ox O O f Ox g Ox;
all have domain A [ B.

[1flg foXngHhasdomainA B excluding x [ A [ B such that g [1x 0.
b. O f Ciglio20 0 fo20 g2 00300200 04, Cf Dhgl 200 [ f o200 thg L1200 03 0 200 [
51
fgll2 f 209200130002 6,anduff;%: z%mmg
O O
gLi20
ba yoofogooxo o foOxoogoxd b. yOo oOf Oghxo o foxog
LIX[]
c.yof X f X LIx[ Hf X f OxD
d..yy g g 9 g x
4. a. The domain of [1f 7 gl [Ix f g [Ix is the set of all x in the domain of g such that g ['x [ is in the
domain of f.
The domain of (g [1 f[11x glifiix is the set of all x in the domain of f such that f [1x[7 is in the
domain of g.
b. g foym2 g f 020000 1719013 8. We cannot calculate [ f [1 gl 131 because [ f [1 g1 13
[ f Og 3071 f (187, and we don’t know the value of f [1877.
_ 0
5. No. Let A [ O, foOxd O x,and g x0T x. Thena [ [J1isin A, but
:gffDEDl::ng:il[i:g “ T is not defined.
010 O

6. The required expressionis P [1 g 1 f Cpli0l.

Exercises page 74
- S e o A o P
1L OfOgooxo o foxoogoxo o x2 005 0 xe 02 Ox2xe013.
O O O O
2. Of Cgoox fOx g ox x3 15 X202 Ox30x20T.

O 0o
3. fglixil o froxogox o x3005  x202 x® 11 2x3 [15x2 [ 10.

4. gf Ox gox foxo 0 x2002 x3005 0 11 x5 112x3 115x2 11 10.
3
5. L oxg fOXOD x°05 )
g glIxl x2012

0
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FOXU0G 35 x2 2 x30x2007

flg

6. —= [IX[| [x[ 0
A 2% [14 X4
h g h [(1x
C
2 tg o fixig XS’S\fXZ: x5 12x3115x2 1110
~h X 2 2x 4
O h O
2x [14

22
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oo
x> 1 2x3 115x2 1110 12X (140

O O
8. fghix 0 fixigixhoxo o x305  x2002 [2x 0400
[12x5 (7 4x%4 7 10x3 (1 20x [ 4x5 [ 8x3 [ 20x2 1140 11 2x8 7 4x5 [ 4x4 0 2x3 [0 20x2 [0 20x [ 40.

— 0
9. Uf Uglx O fOxOogoxd Ox 10 xO1.

0 — U
10 g fOoOxO ODgoxd o foOxO D xO100OxJ10 0 xO10x 0L

| -
N, Ofgloxo o foOxogoxD o ox 010 x 01, 12, Ogf o 0Ox0 g oxt foOxo o x 10X
10
g g X1 h h 2x3 1
=X == [ — X ——
13.h X0 - 3d 1 14 ara —
([l h 9
LIXL] LIX[]
L] O
fg _  OxO10 x[ fh Cx 010 230 axd a3 ix il
15. - X0 O . 16. — X [ = .
h 1 g 1 N X 1
U - — |
2x3 01 X1
0——0O0 O 0O 0
fih x 010 2x30 x 128 gh x 1 2x30 x 11 2x3111
17.TDX 1 lsgD—f O [l Dxf]_DXDl.
- = x1 Ox0 e -
x 11 1 Tix
10
Ayl M y2 =0, - 2 U 2 o m
19. Of gl OxO x50 xO20xc00 x03, 0f 0ghoxi x50 X2 Ox¢ xUO7,
o, 000 e x2115
Lfgll Ox [ x4 05 xOd —= OxOEF&E—-_.
0 g X 2
2 ,and

0 _ O ___C O O
20, Cfiguoxo T o xo1ox3 0L, ofogooxt o o xo1ox3 o1, ofgiTxo 0o x o0l x301
and |

0 |
1 | Ox 10 XH3H\\f\\HHxHI\_D7H 1 [OxO1 x 1301
X1 1 éH g X1 x 1

X1

21. 0 f 1glliix
30
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_n 1 x[13 f U
Ofgl x0T X 0 ,and — O xOJ30x 0100,
3 x[1 x 1 g
1 1 X2 100x2001 2x2
22. O f 0 gllox N — A F H O | 0,
1 x201 X211 x201 ¥ —=—x2+1
f o Dmxmﬁl ! Jx2w1\\x2u15 ﬁj O, fgr d 0
RARSR 2 i i cxoo e an '
01 x201 X211 x201 X201 x201 X201 x201
0.0
f X211

— XU [=——
g x2 1
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X111 x02 DXH%DDXDZDDDXDZD X2OxO20x20x02
Ox 010
23. O f (g 0x 0 O
g 01 x02 Ox 010 0x [0 Ox 100X 020
201
X
0 0
2x2 11 4 2 x? 2
0 = I ’
Ox 10 0x 020 Ox 0100 0x 020

X1 X172 DXH%DDXDZDDDXDZD XZOX20x200x 02
X 10

Of 0go OX—— T 0 0
g 1 x 12 CX 100X CX A X 20
O 207
X
B 12X
S oOx Uloox o2’
T 0.0
OX D10 0x 0200 f DX D10 0x 210
b and .
DfgoOx 1 o2t g X CIx (1200 Dx 1720
O [1x 0

LIX

_0 0O [ 00
24, Of DgUOxD Dx2 010 xO1, 0f DgooxD Ox2 0T 0 x01, Ofgooxs 07 x201 0 x 0,
and

0,0
f X201
— OxO ===
g X1
0,0
25 (1fogooxo fogoxon f ox2 0x2 01 0ox*f 0 x% 01 and
,2,27 2
X

0 o 0 0
g fooxo ogofoxonog x2oxo1l 0 x2oxo1
26. Of. gooxil  fOgoxOn 3 2g0x 01 030x 302 020x 0130 111 [ 3x2 120 [134and
U —L
glx

g fO XD g o f Ox OO f Ox D 03003x2 12x (11013101 3x2112x (14,

U 0 0
27. Cfgooxo o fogoxon o f o x201 0 00 x2001 01 and
_ g 0 O 0
Qng:Dx::ngDxDng x4 2010x02 XO1010x 02 X

X [
I ) _
0 g
28. [1f [1glllx | fogoxor 02 Ox[)13 12 x20J103and
O
Dng:Dx::ngDxD]DZDHlD ZD_XD 0104x 12 x 10.

O
f Ox 3
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29. (1 f gl X oofr X — [l - ] [
g g X 2 11 X x201 x2 1and
f 0

X

2

X X¢ 1
g o foox gl f 0 .
X g X211 X

0 1 0 0

30. Uf gl ox O fO 0 and
X gf g X 1 X 1
0 B O
1 X101 x 101
00

g frnx glfOxOO0 D g %=2e—"711 O
1 0 X101 xJ101 X

3L h20 (1 grf 200 But f 200 1220200100 7,50h 01201 [ g70] (149,

0 0 3
32.h2m gofro2oo.Butfio2n 22038 soh2001g 3103 103 103030 11 1710.
Oing — 0,030
1 3 B
1 1 Y1 s
33.h120 [glf 200 Butf 2= Zsohi2 0 % 00
5
2 1 g
1 2
4. ho20cgofo200.But f —— 11,5091 1102,
1
2 1

2

26
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35. f Ox02x3 0x2 01, g oxO xS, 36. f Ox()13x2014,g0x0 0 x3,
37. fOxU Ux2 001, glx T X, 38. f Ix[ 2x 1301, g x372,
39, fixox2i1,g 1 40. f:x:Dx2:4,ngDl£lzD.
X X X

) 1 1
41, fOxO O3x° 2,9 a7 42. fOxO 0 2x 01,9 ;HX.
X CXO

43, fattho o falb O [830allh 4]0 13a14 3al13h1413a141]3h.

) O
44. fraho o foand o, cathn Ddan3d OozADh030 4030 05h,

30

45 facho o foal 4 alh?20 40a2 140a202ah 0 h2 04100 a% 0 [12ah (1 h? h
“12a 1 hi.

0
46. fracho o frad ) Calbho?020ahool 0 a202all

a22ahh?202a02h10a202a01 0 h2alh o

B - 200,
frahoof “Catht2o1l 0 a?  a?2r2ah i h?10a2011 - 2ah 0 h?
47. . 6 0 0
all 01 h h
h - h
h2a h(]
2 h
h a
0
fralhoof 2ratthi20arhinl 2a2
48. — 0
. alll
h - 2
) - L L PP TRREY
2acJ4ah 12h“Jallhl11(]2a 4a41H h
h
floalhoof “nDa0hd00acho O a3 13a2h 13ah?2h3arhia%ia
49, 0 0
a a®ia h
n h
3a2h (13ah2 1 h3h
. 3a2 1 3ah 1 h2 1.
0 0
frarhoof 20athi®d o ganhi2m1 0 2a%a%01
50. — .
h 2a3 (16a%h 116ah?2 11 2h3 (1a212ah 1 h21 1112331122111

h
6a2h [ 6ah2 [12h3 (1 2ah [1 h?

- [ 6a2 [16ah [12h2 [12a 1 h.
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52.

53

2 FUNCTIONS, LIMITS, AND THE DERIVATIVE 2.2 THE ALGEBRA OF FUNCTIONS
1 1 alllaltlhi
foadho o f a h ED allas h 0o 1
Lall 0
h h h allallh
O O_ O O_ R
froadhoof allh a allh a allhoda 1
gy p— — —
0 0o 0 o O .
h h allh a h alhl a allhl a
. F [Jt[ represents the total revenue for the two restaurants at time t.

28
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54.

55.

56.

57.

58.

59.

60.

61.

2 FUNCTIONS, LIMITS, AND THE DERIVATIVE 2.2 THE ALGEBRA OF FUNCTIONS 29

F (7t represents the net rate of growth of the species of whales in year t.

f [t g (It represents the dollar value of Nancy’s holdings at time t.

f [t (g [t represents the unit cost of the commodity at time t.

g [ f is the function giving the amount of carbon monoxide pollution from cars in parts per million at time t.
f [0 g is the function giving the revenue at time t.

C [Ix[] [10016x [112,100.

a hto O fOto Ogoto) 0 03t 116901 [0 10002t 1 1300807 1302t 1155(72,0 01t 115,

b. f 500 (1305011169 184,915 (1100121507 11318 [112(18,and h (1507 (1312
(501 1565012 17 71M2. Since f (1507 (1 g (1507 (184 (11218 [1 71172, we see that h (1577 is
indeed equal to f (1507 (7 g (1507,

0 O O
Dt [1[IDy (1 Dy It [ Dy (It () Dy t0) [ 001035t2 (100121t (100124 [ 0010275t2 (101081t [

U
0107

62.

710070075t2 (101129t [100717.
The function D gives the difference in year t between the deficit without the $160 million rescue package and the
deficit with the rescue package.

a. g fooo gof 000D 0 gloledr] [ 26, so the mortality rate of motorcyclists in the year 2000 was

26 per

63.

64.

100 million miles traveled.

b. g 0 fO060) 11 gf 0600 11 gJ005101 11 42, so the mortality rate of motorcyclists in 2006 was 42 per
100 million miles traveled.

c. Between 2000 and 2006, the percentage of motorcyclists wearing helmets had dropped from 64 to 51, and as a
consequence, the mortality rate of motorcyclists had increased from 26 million miles traveled to 42 million miles
traveled.

a. g fooilo ogof 1o 0 g 4060 [ 23. So in 2002, the percentage of reported serious crimes that
end in arrests or in the identification of suspects was 23.
b. g foooen tigrifre [1 9132601 [118. In 2007, 18% of reported serious crimes ended in

arrests or in the identification of suspects.

c. Between 2002 and 2007, the total number of detectives had dropped from 406 to 326 and as a result, the
percentage of reported serious crimes that ended in arrests or in the identification of suspects dropped from 23 to
18.

a. C [Ix] 11 001000003x3 [ 01103x2 [1200x [ 100,000.

0 0
b. POx 00 ROXO D COxO 0 J001x2 7 500x 1 001000003x3 [10103%2 [1200x [1 100,000

[1 11001000003x3 [107107x2 1 300 [
100,000.
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c. P (115007 (1 11011000003 (1150003 7 07107 111500172 11300 (1150011 (1 100,000 [ 182,375, or $182,375.

30
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65. a. C [Ix[7 1V (111120000 1 017000001x3 (7 077101x2 71 50x (120000 1 011000001x3 [107101x? 150 [
20,000.

b. POx 00 ROXO D COxD 0 0J0002x2 17 150x [ 00J000001x3 — 00101x2 1 50% [ 20,000
[1 J0J000001x3 11 0101x2 [ 100x [ 20,000.

c. P 1200007 71 11011000001 1200013 1 07701 11200012 71 100 1200011 [ 20,000 [1 132,000, or $132,000.

66. a. D (It [ ROt [0SOt

[
[ 00023611t3 110719679t2 110134365t [ 001015278t3 (1 0111179t2 (1 00102516t [1 21164

20142 1)
0

[ 011038889t3 101308582 [1 0131849t 71 0122,0 (1t (1 6.

b. S[I30) 131309084, R [J3[ [12(1317337,and D [13 1001991747, so the spending, revenue, and
deficit are approximately $31131 trillion, $2(132 trillion, and $01199 trillion, respectively.

c. Yes: R[1301 1S 130 [12[1317337 (1311308841 [1 11011991504 (1 D [13[1.

O O O
67.a htl O f Ot gt 01 401389t3 [14701833t2 (13741149t (12390 [ 1301222t3 (1 13211524t2

O
757019t (17481
1700611t3 (1 18011357t2 (111321139t (19871, 1 (1t [17.
b. f 1601 1386211976 and g (1601 (1 10,11371488,s0 f (1671 [1 g 1601 []13,976(1464. The worker’s

contribution was approximately $3862( 198, the employer’s contribution was approximately $10,113(149, and the
total contributions were approximately $13,976146.

c. h(16071 113,976 [1 f (16 g (1607, as expected.
7

68. a. N [Ir = —.
0to0 O 10 5t 75
01102 t
(110
7 7 - .
b. N Or 5 15 U F—fh O 30129, or 31129 million units.
booo 10002207 10 D
01102
00110 10
. 7 - 7 - .
N COr > 5 O — = [ 31199, or 30199 million units.
120000 4 0251\\75 10 135
01102
121110 22
. 7 7 - .
N Cr 5 5 U — =, U 4l 113, or 41113 million units.
D180 T 4 g0 2 180175 1 165
07102

181110 28
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ggb/a. The occupancy rate at the beginning of January is r 1100 (1.1% 10030 19 102211 200 11001 (155 (1 55, or
0. 81 3 9

r 500 g 11503 10 15211 290 1517 1155 (1 98712, or approximately 987 12%.

b. The monthly revenue at the beginning of January is R (15507 ] oo 155013 %09 (155012 [] 444068, or
3

approximately $444,700.
The monthly revenue at the beginning of June is R [198(12[] Oelbto 598525313,;7 9 119812012 1 1167116, or
3

approximately $1,167,600.
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10142 017 (1t 1110012 911941t [
70. N [Jt0] 010742 [0 x 5 2 o2 . The number of jobs created 6 months
tr] 10
[t
O J20t 0 Tt 01002 200t 11502
150
911941116/ 2
from now will be N 0160 [=————— [ 20124, or approximately 224 million jobs. The number of jobs
) D21greated
116012 B h
: 9119412212 _ .
12 months from now will be N 1112(] HW 21148, or approximately 21148 million jobs.
(12
L1270

7l.a s fOgUhoofig h f g [ hl. This suggests we define the sum s by
sOxO O Of OghoOxo o f OxO0gOxO O hOxO.
b. Let f, g, and h define the revenue (in dollars) in week t of three branches of a store. Then its total revenue (in
dollars) inweek tiss (1t 0 O f g O ho Ot 0 f Ot 0 g Ot 0 h Ot.

72.a. Uhilg foox h g f OxOO0
b. Lett denote time. Suppose f gives the number of people at time t in a town, g gives the number of cars as a
function of the number of people in the town, and h gives the amount of carbon monoxide in the atmosphere.
Then Th g 0 fO00Jt00 [ h g O f CtO 00 gives the amount of carbon monoxide in the atmosphere at time
t.

73. True. O f 01 gl Ox0 0 f OxO0 0 glx g Uxof Oxo 0 g o frix
0 — 0

74. False. Let f [Ix x [12and glix1 (T x. Then [Ig (1 f 1 0Ix[] x [12is defined at x [J [11, But

Of OglOxO0 T x [02isnot definedat x [ 1.
75. False. Take f (x 00 " xand g Ox1 [0 x 1. Thendg 0 fOOX0 0 x D1, but Of O gox 0 x[OL
76. False. Take f x5 x L. Then irf  friixc f 00X X 2,but F20X0 0 ox 102 0 x2012x
o2 .
f Ox0 o1,

77. True. Ch 0 Cg 0 fooOxD Ohoogo fooxdo D hogof OxoOdand D0h gl o foox0 O Chi
gl Of OxCOD O hogof oxoon

78. False. Take h ix(1 [0 _x,‘ ‘g Cx00ox, and fOx 0 x2 Then
hi g fl X h x0x2 X X2 [ [h ‘ﬁg O ch o fOOOxO D hig X Ch
U
Of Oxoon oxoox2

2.3 Functions and Mathematical Models

Concept Questions page 88

1. See page 78 of the text. Answers will vary.
éh a. P Ox0 [ apx" D@/vmne}(]e pgooo (\)\ a, [J 0 and n is a positive integer. An example is
n
PUx14x3113x2 1 O
2.
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X[

x4 2x2 1

b. Rx[ D ——
X X213x[15

Oxo

:ﬁ\ , where P and Q are polynomials with Q [1x [ (1 0. An example is R
X

3. a. A demand function p (1 D [Jx [ gives the relationship between the unit price of a commodity p and the quantity
x demanded. A supply function p [1 S [Jx [ gives the relationship between the unit price of a commaodity p and
the quantity x the supplier will make available in the marketplace.

b. Market equilibrium occurs when the quantity produced is equal to the quantity demanded. To find the market
equilibrium, we solve the equations p [1 D [x[J and p [J S [Ix[] simultaneously.
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Exercises page 88

1. Yes.2x 13y [16andsoy [ [13x (12, 2. Yes. 4y [ 2x I7andsoy [ 3x [0 £
3. Yes. 2y (1 x J4andsoy [ 5x [ 2. 4. Yes. 3y 12x 1 8andsoy [ §x (1§,
5. Yes. 4y [12x [19andsoy | 3x 1 3. 6. Yes. 6y [ 3x [ 7andsoy [ 3x [ .
7. No, because of the term x2. 8. No, because of the term | ‘i.

9. f is a polynomial function in x of degree 6. 10. f isarational function.

11. Expanding G 7x = 2 x2 3 ° wehave G ix . 2x5 18x* 54x2 54, and we conclude that
G is a polynomial function of degree 6 in x.

2 2 [15x [16x3
12. We can write H [x[] [— :i D65X—6X

3 2 3 and conclude that H is a rational function.
X X X

13. f is neither a polynomial nor a rational function.
14. f is arational function.

15. f 0007 11 2gives f 000 Cm 00 [0b [ b 172, Next, f (1307 (7 (1 gives f 11300 00m (I3 b [0 1.
Substituting b 1 2 in this last equation, we have 3m (12 [J (11, or 3m [J [13, and therefore, m (] (Il and b [J 2.

16. f 12 4 gives f (1201 11 2m [01b [7 4. We also know that m [1 [11. Therefore, we have 2 (177100 (1b [T 4andso b
6.

17. a. C Ux0UJ J 8x [140,000. b. ROx [ 12x.
c. Px R Ox [0 C X 12x [ [18x 140,000 [ 4x [140,000.

d. P (1800001 [ 4180000 [ 40,000 [] 18000, or a loss of $8000. P (112,000 [ 4 112,000 (1 40,000 [
8000, or a profit of $8000.

18. a. C [Ix[J [ 14x [ 100,000. b. RIx[ [ 20x.
c. PIx R Ox [ C X 20x [ [114x [1 100,000 6x [1100,000.

d. P 112,000 6112,000(! [ 100,000 28,000, or a loss of
$28,000.

P 720,00007 1 6120,00077 [1 100,000 ] 20,000, or a profit of
$20,000.

19. The individual’s disposable income is D [ [11 [100128 60,000 [ 43,200, or $43,200.

00040

20. The child should receive D (10114 107 11710165, or approximately 118 mg.

0
. . 4011 .
21. The child should receive D (14 T 1500 1040117, or approximately 104

mg.
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18W3 D_il,?DS . . _ - _
2. a. The graph of f passes through the points P; 711007 1707507 and P, 111007 1001307, ItS ————— 1 1101172,
slope is

An equation of the lineis 'y [1 1715
f Ot 00072t 111705,

101720t 1100 ory

10000

00172t 117015, so the linear function is

36
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b. The rate was decreasing at 0[172% per year.

c. The percentage of high school students who drink and drive at the beginning of 2014 is projected to be
f 11307 [ 00172 (113071 [1 17015 11 81114, or 8(114%.

23. a. The slope of the graph of f is a line with slope (11312 passing through the point (101 40001, so an equation of

the lineisy (1400 [ (1130020t 100 ory [ (113012t [1 400, and the required function is f (1t [ (113012t
[ 400.
b. The emissions cap is projected to be f (12 13012 1201 1400 [1 373116, or 373116 million metric tons of

carbon dioxide equivalent.

L . A0
24. a. The graph of f is a line through the points Py (1001001700 and P, (1200 111211, so |t1 220—‘?07

has slope

001025. Its

equation is y (10017 (1010257t (107 ory 1001025t [1 0017, The required function is thus f (1t 71 0171025t
(10017,

b. The projected annual rate of growth is the slope of the graph of f, that is, 011025 billion per year, or 25
million per year.

c. The projected number of boardings per year in 2022 is f [110 00102511001 (1017 [1 01195, or 950
million boardings per year.

25. a vy b. The projected revenue in 2010 is
40 f 60 [0 2001911601 [1 27112 1 400126, or
$400126 billion.
30
c. The rate of increase is the slope of the graph of f, that is,
20
10

0 1 2 3 4 5 6t

26. Two hours after starting work, the average worker will be assembling at the rate of
f 020 02, 20060200 1110 1 16, or 16 phones per hour.
20

27. P 2801 Ay 2071128011130 [ 128, or $128,000.
11281

28. a. The amount paid out in 2010 was S (1071 1 01172, or $01172 trillion (or $720 billion).

b. The amount paid out in 2030 is projected to be S (/3] (1 0011375 13112 (10115185 (13(1 (10172 [ 31513, or
$311513 trillion.

29. a. The average time spent per day in 2009 was f 10 210176 (minutes).

b. The average time spent per day in 2013 is projected to be
f 4 20125 14012 (1130141 11401 11210176 11 111014 (minutes).

30. a. The GDP in 2011 was G (1011 [] 15, or $15 trillion.
b. The projected GDP in 20151is G [ 141 [1 011064 1412 (100473141 115010 [1 171916, or $17/ 1916 trillion.
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31. a. The GDP per capita in 2000 was f [110 11186251 1110112 (1 281108043 (1101 [1 884 [| 789114467, or
$7891145.

b. The GDP per capita in 2030 is projected to be f (1400 [ 10186251 (14001 (1281108043 (1400 (1884 [
2740017988, or

$27401180.

38
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32. a. The number of enterprise IM accounts in 2006 is given by N (7007 (7 5917, or 59117 million.

b. The number of enterprise IM accounts in 2010, assuming a continuing trend, is given by
N 40 (120196 (1412 (111037 U401 (159017 11 152154 million.

33. S01600 1 00173016012 [1 151816071 [1 2017 1231178 million kilowatt-hr.
S 181101731812 11518181 12117 [1 175782 million kilowatt-hr.

34. The U.S. public debt in 2005 was f [J0) [J 811246, or $8(11246 trillion. The public debt in 2008 was

f 030 (1110003817 (133 (100145711312 1 0111976 (131 [ 811246 [ 100173651, or approximately $101 174
trillion.

35. The percentage who expected to work past age 65 in 1991 was f (107 [1 11, or 11%. The percentage in 2013 was
f 112200 (1001004545 1122003 (1000111312202 (111238512201 11 11 [1 35[199596, or approximately 36%.

36. N0 0017 per 100 million vehicle miles driven. N (17 0110336 (170311001118 17012 1101121501701 [
0017 [1 7119478 per

100 million vehicle miles driven.

37. a. Total global mobile data traffic in 2009 was f 1077 [7 07106, or 60,000 terabytes.

b. The total in 2014 will be f 501 (1001021 (15(13 7107015502 71011271571 (100106 [ 3166, or 3166
million terabytes.
170005D 1..0010511200]

38. L [ —5 If DL/ 20, then L —0 100110, or 10%.

39. a. We first construct a table.

N (million)
t | N t N
1801
1 52 6 135 160/
2 75 7| 146 120]
3 03 8| 157 80
4| 109 9| 167 40]
5| 122 10 | 177 0F 2 4 6 8 10 t(years)

b. The number of viewers in 2012 is given by N 711007 [ 52110019331 71 1761161, or approximately 177
million viewers.

40. a. R R 10 (1162018 110137025 (1162018, R 1201 (11628
Q01730025 1201000
160 and R (1301 (1162018 13(1737025 15119,
120 b. The infant mortality rates in 1900, 1950, and 2000 are 16218,
801 20010, and 5119 per 1000 live births, respectively.
401
0 1 2 3t

41. N (1501 1 0110018425 11101 2”3 (1 01158265, or approximately 01583 million. N (1131 (] 0110018425
11181121 [ 2115327, or approximately 2115327 million.

42.a. S1100 [14013000 11201979 (181124967, or approximately $8/ 25 billion.
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b. SC181 14113118

211994 [ 370145, or approximately $371145 billion.

40
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43. a. We are given that f (1177 1 5240 and f (1407 [] 8680. This leads to the system of equations a [ b [1 5240,
11a [1 b [1 8680. Solving, we finda [ 344 and b [] 4896.
b. From part (a), we have f [1t[] [1 344t 7 4896, so the approximate per capita costs in 2005 were
f (500 (1344 1501 14896 | 6616, or $6616.

100
44. a. The given data imply that R 1140 50, that b 40 50, so 50 (b (14007 14000, or b (1 40. Therefore,
'S the
100x
required response function is R [1x ‘Tx'
. 100 (1601
b. The response will be R 1160[] ﬁ’ 60, or approximately 60 percent.

45, a. f 007 (1 618501 g 1001 11 160758, Because g (1077 [1 f (1007, we see that more film cameras were sold in 2001
(when

t 010).
b. We solve the equation f [t 7 g [(t(], that is, 37105t 71 6185 1 1117185t [1 161158, s0 4779t 1 91173 and t
11199 [ 2. So sales of digital cameras first exceed those of film cameras in approximately 2003.

46. a. y b. 5x2 [15x (130 [ %—BX 130,50 5% [128x (10, x 15 (12801110,
160 and x (1 0orx [0 % (1506, representing 5.6 mi/h.
20 f QX1 111015067110 [ 7106, or 71.6 mL{IIb min.
80 9 ¢. The oxygen consumption of the walker is greater than that of the
runner.
40
0 5 10 X

47. a. We are giventhat T [0 aN [ b where a and b are constants to be determined. The given conditions imply that
70 [J 120a (1 b and 80 ] 160a [ b. Subtracting the first equation from the second gives 10 [ 40a, or a [J 11.

Substituting this value of a into the first equation gives 70 (1120 7 (1b, or b (1 40. Therefore, T (1 3N 1 40.

b. Solving the equation in part (a) for N, we find %N [JT 140,0or N [0 f (Jt01 (14T [1160. When T [1 102, we
find N (14110217 [1160 [] 248, or 248 times per minute.

48. a. f (1001 11 3173 gives ¢ (1 3173, f (1471 [] 6132 gives 16a [14b [ ¢ [16132,and f (16 7864 gives
36a [16b [1c 11864. Solving, we finda 1 21110417, b [1 655115833, and ¢ [] 3173.
b. From part (a), we have f (1t [ 210:0417t2 (1 65515833t [ 3173, so the number of farmers’ markets in

2014 is projected to be f 1801 (121110417 118112 165515833 (181 13173 [ 976413352, or approximately
9764.

49. a. We have f 001 [0 ¢ [J1547, f U20) [0 4a J2b Jc []1802,and f (141 [1 16a [ 4b [ ¢ [ 2403.
Solving this system of equations gives a [1 43125, b [1 41, and ¢ [] 1547.

b. From part (a), we have f [1t71 [1431125t2 [ 41t 11 1547, so the number of craft-beer breweries in 2014 is
projected to be f (1611 (143125016012 141116 11547 (I 3350.
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StcC . L SuC .
50. The slope of the line is m | ——. Therefore, an equation of the lineis y -/ C - —— [t | (0L Letting
Cos

y [V [tL), we have V [Jt[] [ Cg—n t.

42
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51. Using the formula given in Exercise 50, we have

100,000 7 30,000 70,000
V ]2 7 100,000 5 1200 1 100,000 5 11201 [ 72,000, or $72,000.
O
O
52. a. y b. f 100 18137110 70144 170144, or
160 $70144 [ kilo.
£ 71900 112718412001 11 R171R] 1 1NR14R nr
120
80
40
0 10 20 30 t

53. The total cost by 201‘1‘ is given by f | ‘1\ ‘\‘ 5, or $5 billion. The total cost by 2015 is given by

f 5 005278 5° 30012 52 (149712311501 (11031129 [ 15211185, or approximately $152 billion.
54. a. y b. At the beginning of 2005, the ratio will be
5 f 11007 00103 (11007 [7 41125 71 317195. At the beginning
4 of
3 — 2020, the ratio will be f (12577 71 1100107512507 [1411925 [
\ 30105,
2
1 c¢. The ratio is constant from 1995 to 2000.
0 10 20 30 t (years) d. The decline of the ratio is greatest from 2010 through 2030. It
IS W L 1 J0C1075.
55.a y®) b. 50 11210500 1112 0 19 1112 11 131143, or approximately
7 T
20 130143%. f (12501471 1 11254 (14 1122, or 22%.
15
10
5
0 10 20 t (years)

56. a. f [JOC1 [ 5776 and g (1001 (1 22115, Because g (1007 (1 f 11007, we conclude that more VCRs than DVD players
were sold in 2001.

b. We solve the equations f [Jt[] [1 g ['t[ over each of the subintervals. 5016 1 516t [ (1916t [122(15for0 [t
[ 1. We solve to find 1512t [1 16(19, so t (1 1(111. This is outside the range for t, so we reject it. 5(16 [ 5116t
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(] 0005t 11304 for1 11t 112,50 6011t (1 7018, and thus t 77 11128. So sales of DVD players first exceed
those of VCRs att [0 1713, or in early 2002.

44
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57. a.

58. a.

59. a.

60. a.
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p (%)

//
’ 12
8
4
1 2 3 4X

Units of a thousand

P

.7 30
7’
20
10
2§ T 6X

Units of a thousand

P ($)4

- ~47
3
2
1
2 4

X

Units of a thousand

p©)

/”3—
e
2
1
1 2 3 X

Units of a thousand

P o)

80

0
20 —1%nitsl(c))f athsousa

o
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b. If p 17, wehave7 [ [Ix?[]16,0rx? (19, sothatx [ [I3.
Therefore, the quantity demanded when the unit price is $7 is
3000 units.

b. If p (111, wehave 11 (1 [1x2 (136, or x2 [ | 25, so that

is $11 is 5000 units.

b. If p [0 3, then3 18 I x2,and9 (118 11 x2,sothatx2 0 9
and x [ [] 3. Therefore, the quantity demanded when the unit
price is $3 is 3000 units.

b. If p12,then2 1 97xZ and4 (19 x? sothatx? 15

andand x [ [ 5,0rx [] [J2[1236, Therefore, the quantity

demanded when the unit price is $2 is approximately
2236 units.

62. a. p($)
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b. Ifx [12,then p 1122116121 (140 [ 76,
or

$76.

2.3 FUNCTIONS AND MATHEMATICAL MODELS

Units of a thousand

b. If x (1 2,then p (121202 [ 18 [1 26, or $26.

46
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2.3 FUNCTIONS AND MATHEMATICAL MODELS

—

Units of a thousand

20, or $20.

1 2

] 10, or $10.

63. a. p ) 64. a. p($)
30 80
20. 60
40
_ %0
2,710 1 2 3 X 3 2 10
1 ’
S/ 10 20
Units of a thousand
b. p 1230120200 1131115,0r b.p12312110
$15.
65. a. p($) b. Substituting x
30 D
20
10
0 2 4 6 8 X

Units of a thousand
\

66. Substituting x [1 6 and p [ 8 into the given equation gives 8
substituting x [1 8 and p [1 6 into the equation gives 6
[136allbl64

3 4X

47

10 into the demand function, we have

[
DSGa\ I'b, or [136a [ b [ 64. Next,
*‘ ‘GZa b, or [164a (1 b [ 36. Solving the system

for a and b, we finda [ 1 and b [J 100. Therefore the demand equationis p 7~ x2 [] 100.

[164a b (136

When the unit price is set at $7.150, we have 715 (1~ x2 [ 100, or 561125 [ ] [1x?

X [ [1601614. Thus, the quantity dgmanded is approximately 6614 units.

0LIs 05

15

100 from which we deduce that

20, or $20.

P
67. a. 60 b. If x (15, then
p 0105072
40
20
30 20 _10 10 20 X(°000)
0
68. Substituting x [1 10,000 and p [ 20 into the given equation yields P
20 (1a 10,000 (1 b [1100a []h. Next, substituting x [/ 62,500 30
and p 77 35 into the equation yields 2
35 1a 62,5001 b 1250a 1 b. Subtracting the first equation
from the second yields 15 (1 150a, or a [ {;. Substituting this 10
O_ I .
L X 1110. Substituting x 1 40,000 into

required equationis p [ 1
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the supply equation yields p %Gfm‘ 110 7 30, or $30.

2.3 FUNCTIONS AND MATHEMATICAL MODELS

0 20 40 60
Units of a thousand

X

48
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69.

70.

71.

72.

73.

74.

75.
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a. We solve the system of equations p [0 ¢x [0 d and p [J ax [J b. Substituting the first equation into the

second givescx [1d [Jax [1d,soIcJallx [Jbldandx b 2. Becausea 1 Oandc (10,
c
clla % 0 and x is well-defined. Substituting this value of x into the second equation, we obtain
brd abadTbciab bcad brid
plla c0a C b cDa 0 ega " Therefore, the equilibrium quantity is cOa and the
bc T ad
equilibrium price is cOa

b. If ¢ is increased, the denominator in the expression for x increases and so x gets smaller. At the same time, the
first term in the first equation for p decreases and so p gets larger. This analysis shows that if the unit price for
producing the product is increased, then the equilibrium quantity decreases while the equilibrium price increases.

c. If b is decreased, the numerator of the expression for x decreases while the denominator stays the same.
Therefore, x decreases. The expression for p also shows that p decreases. This analysis shows that if the
(theoretical) upper bound for the unit price of a commodity is lowered, then both the equilibrium quantity and the
equilibrium price drop.

We solve the system of equations p x2 [12x 1100 and p (] 8x [ 25. Thus, [1x2 (1 2x [1 100 [ 8x [ 25, or
x2 [0 10x [ 75 [ 0. Factoring this equation, we have [x =1 1501 [1x (50 (1 0. Therefore, x [ (/15 0r x [ 5.
Rejecting the negative root, we have x [ 5, and the corresponding value of p is p [1 81501 (125 1 65. We
conclude that the equilibrium quantity is 5000 and the equilibrium price is $65.

We solve the equation 12x2 (180 [1 15x [130, or 2x2 [1 15x (150 [ 0 for x. Thus, 712x (1571 [1x [1 100
71 0,and sox 0 ®orx [ [110. Rejecting the negative root, we have x (1 °. The corresponding value of p

IS 2 2

)
p L0 g (180 [J 67015. We conclude that the equilibrium quantity is 2500 and the equilibrium price is $6750.

p 160 2x2 . . . 2 2
We solve the system Equating the right-hand sides, we have x= 11 9x 130 [ 60 [ 2x*,

p L x219x 130

s03x2 [19x 13010, x213x 110 1 0,and [Ix 1500 [x (1200 [0, giving x [ [50r x (1 2. We take x [ 2.
The corresponding value of p is 52, so the equilibrium quantity is 2000 and the equilibrium price is $52.
Solving both equations for x, we have x .. 131—p 22 and x [ 2p? (1 p [1 10. Equating the right-hand sides, we

have (13 p (122 (12p? (1 p (110, 0r (111p (166 (1 6p? 13p [ 30,andso6p? (I 14p (196 (I 0. Dividing this
last equation by 2 and then factoring, we have [13p 7 1601 [Jp (1371 17 0, s0 p 77 3 is the only valid solution.
The corresponding value of x is 2 1372 (73 1110 71 11. We conclude that the equilibrium quantity is 11,000 and
the equilibrium price is $3.

Equating the right-hand sides of the two equations, we have 0/ 11x? (1 2x (120 [ [10011x2 [1 x [ 40, so
0012x2 (13x (120 [10,2x% 1130x [1200 (10, x2115x (1100 (1 0,and ['x (12001 (Ix [1 501 [1 0. Therefore the
only valid solution is x 7 5. Substituting x 1 5 into the first equation gives p = 710011 712501 115740 [1 32775,
Therefore, the equilibrium quantity is 500 tents (x is measured in hundreds) and the equilibrium price is $32.50.

Equating the right-hand sides of the two equations, we have 144 (1 x? (148 [ $x2, 50288 (1 2x? [1 96 (1 X2,
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3x2 (1192, and x2 (] 64. Therefore, x 8. We take x [ 8, and the corresponding value of p is 144 (1 82 [ 80.
We conclude that the equilibrium quantity is 8000 tires and the equilibrium price is $80.
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76.

77.

78.

79.

80.

81.

82.

83.

84.
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Because there is 80 feet of fencing available, 2x [12y [180,sox [y [140andy [] 40 [0 x. Then the area of the
garden is given by f [0 xy [ x (140 [ x[1 (] 40x "I x2. The domain of f is [0 40].

The area of Juanita’s garden is 250 ft2. Therefore xy [1 250 and y [ @ The amount of fencing needed is given

0
250 500 . .
by 2x [1 2y. Therefore, f 1 2x []2 ~ [ 2x [ ~ The domain of f isx 1 0.

The volume of the box is given by area of the base times the height of the box. Thus,
V Of Ox 0 0 015 01 2x 0 18 [ 2x [ X.

Because the volume of the box is the area of the base times the height of the box, we have V 1 x2y 1 20. Thus, we
have y [ % Next, the amount of material used in constructing the box is given by the area of the base of the box,
plus the area of the four sides, plus the area of the top of the box; that is, A [1 x2 [14xy 1 x2[] Then, the cost of

constructing the box is given by f (i [ 00130x2 [ Oi4§»g 11001202 [ 0115x2 g where f (X[ is measured in
0
dollarsand f [I1x[1 1 0.

Because the perimeter of a circle is 27tr, we know that the perimeter of the semicircle is tx. Next, the perimeter of
the rectangular portion of the window is given by 2y [12x 7 so the perimeter of the Norman window is tx [ 2y []
2%

and tx 12y [12x [128,0ry [ % [128 [ x [1 2x[1. Because the area of the window is given by 2xy [ Lrx2, we
see that A [ 2xy [ %nxz. Substituting the value of y found earlier, we see that

AT F XD D x 1128 T wx [ 2x05 0 Tax% ) Tax? 1128x 11 x? 112x2 1 28xy 1 [ x2 1 2x2

O ]
o8k T2 X2
2

The average yield of the apple orchard is 36 bushelsItree when the density is 22 treeslacre. Let x be
the unit increase in tree density beyond 22. Then the yield of the apple orchard in bushels[lacre is given
by

[122 [ x[1 1136 [ 2x

— 0
50 . . 50 50
Xy [150andsoy [I = The area of the printed page is A [0 [x [ 100 [y 0 200 [ [Ix < 2 [0 :ZXDSZDT,
10
50
50 —
X
so the required function is f [1x 2x [152 1. Wemusthave x [10,x[11]0,and and—X 2 [1 2. The last
0 _
. L .50 X 50 .. 25 - 25H
inequality is solved as follows: — (14,50 — [ — sox [] > [] “°. Thus, the domainis 1
X 50 4 4 7 2
a. Let x denote the number of bottles sold beyond 10,000 bottles. Then
P [IxC 011710,000 [ x 1015710010002 [ [ 1100100022 [ 3x [ 50,000.
O O
b. He can expect a profitof P (1600011 ©1 11010002 6000° [ 3116000/ (150,000 (I 60,800, or $60,800.

a. Let x denote the number of people beyond 20 who sign up for the cruise. Then the revenue is
R UX[ 01 1120 (1 X[ 11600 [14x ][] [14x2 1520x [ 12,000.
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0 O
b. R 140 4 402 1520014001 (112,000 [ 26,400, or $26,400.

U
c. R1I6011 (1114 60% (152011600 112,000 (I 28,800, or $28,800.

85. False. f [x[] © 3x3"4 1 x!"2 (1 1 is not a polynomial function. The powers of x must be nonnegative integers.
poly

52
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. . . P Lix0] L. . . .
86. True. If P [1x[1 is a polynomial function, then P ] and so it is a rational function. The converse is false.
LIX [
x[1

For example, R [1x[] [3 -1 is a rational function that is not a polynomial.

X

87. False. f Lixl .l x'“2 is not defined for negative values of x.

88. False. A power function has the form x", where r is a real number.

Using Technology page 98

1. (101301041407 001150300, (1307041411 711449711, 2. [J[15013852(191180071, [1513852(]

(1411200711,

3. 2(133710 200411711, 116105141 [1215015(. 4. [][]2[15863[1 [10113585(1, (16111863
4115694,

5. L10021901 11611346101, [11112414(1[11115931(1, and [15017805[1 7(19391(1.

6. 0010484120106091, [12110823[12[118986.1, and (14196611 111405L.

7. a. 100 8. a 100 ' ' '
507 T 50
0 0 i } }
5 10 15 0 5 10 15 20
b. 438 wall clocks; b. 1000 cameras; $6000.
$400192.
t y
9.a fliti) (1085t 11609. C. 118018
2| 20006
> % 32205
20 4| 24713
51| 26012
. 6 | 28000
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These values are close to the given data.

d. f U8 118501801 (116019 [131117 gallons.
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10. a. f Ot [0 0000128t2 — 01109t [ 07150.

o

M. a. f Ot0 0 0000221t2 (1 40014t O

64718.
b 80 : : :
60 T T
a0+ +
20+ i
0 : : :
0 1 2 3 4

c. 7718 million

13. a. f Ot (12004t2 (115t [
31014,
b.
100
50 1
0
3 2 2 ;
15. a. f It 00100081t3 (10102062 101125t [11769.
b. : : : :

o

2.4 LIMITS
t y
¢ 0| 050
3| 0094
6| 161
7| 189

These values are close to the given data.

12. a. f Ot [ 20025x2 [1130041x [ 210176.

b. 100

0 } }
0 1 2 3
14. a. f [t(] (1 [1071038167t3 (] 01145713t2
110019758t [
8112457,

b. T T T

o

c.
ty

1718

5| 207

10 | 4002

The revenues were $118 trillion in 2001,

$2017 trillion in 2005, and $4 12 trillion in
2010.
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16. a. y (1 44,560t (189,394t2 234,633t [ 1273,288.
t f [t
b. 1.5e+6 f f 0 273,288
1e+6 1 463,087
2 741,458
5e+5 7
3 | 1,375,761
0 } }
0 1 2 3
17. a. f Ot0 0 000J0056t3 [ 001112t2 1 00151t 18. a. f Ot 0 00123 (1 00145t2 [ 10075t [1 2[126.
0 8.
b ) ’”l/l‘/il/i/" b BT | | | I 1
10 10
5 5
0 } } } } } 0 } } } }
0 1 2 3 4 5 6 0 1 2 3 4 5
C C.
t 0| 3 6 t 0 1 2 4
f 8 | 10014/ 13119 f 2013| 3018| 5016| 8119 14119
19. a. f [t 07100125t (1 010051t3

0010243t2 (1011129t 11171171, t 0 |1 2 |8 |4 |5
b. 2 f | | } f 100710081018 |1118 (1118|1118
d. Theaverage amount of micotine im20051s

f 1601 [ 21128, or approximately
20113 mglicigarette.

20. A[JtT] (7 077000008140t* (7 07700043833t% 17 0710001305t2 11 01102202t [1201612.

2.4 Limits

Concept Questions page 115

1. The values of f [1x[1 can be made as close to 3 as we please by taking x sufficiently close to x 7 2.

2. a. Nothing. Whether f (137 is defined or not does not depend on Iirr13f CIX .
X

b. Nothing. Ii‘m2 f [1x [ has nothing to do with the value of f atx [ 2.
X
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4.

5.
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0_0O o . oOooo. O O
a. lim X 2x201 O lim —x lim 2x201 (Property 4)
x4 x[14 x4
H 0
42040270 (Properties 1 and 3)
1
66
0 Oam2 [ 2
o 2x2ixis 7 i 2Dx7 X
b. x“’n; —a T Xerl1 302 (Property 1)
- T A1
X+ 1
a, 4 Uz
2011015 .
| — (Properties 2, 3, and 5)
1001
4328
foxo 0 X219
A limit-that has the form lim o . For example, lim .
xta g LIx[] 0 x03 X 13
)!im f Ox[J 0 L means f [Jx[] can be made as close to L as we please by taking x sufficiently large.
lim fI\ Ix[] ) M means f [Ix[] can be made as close to M as we please by taking negative x as large as we
please

in absolute value.

Exercises page 115

1.

2.

lim fOx0 03,
x[102

lim f Ox0 0 2.
X1

lim f Oxo 0 3.

x[13

. lim f [1x 1 does not exist. If we consider any value of x to the right of x 1 1, we find that f [1x 1 (1 3. On the

X1 other

hand, if we consider values of x to the left of x [ 1, f LUx[l [1 115, and we conclude that f [Ix[J does not
approach a

fixed number as x approaches 1.

. lim f OxO O 3.
x[1002

lim f oxo o 3.
X 2

. The limit does not exist. If we consider any value of x to the right of x 71 112, f [Ix 0. If we consider values of

x to the left of x (7 (12, f [Ix[1 7 0. Because f [1x[1 does not approach any one number as x approaches x [ [12,
we conclude that the limit does not exist.

. The limit does not exist.
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X
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X

2

1

1019

10199

107999

201001

20101

41061

4119601

4119960

50004

5010401

5041
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10.

12.

13.

14.

15.

16.

17.

2 FUNCTIONS, LIMITS, AND THE DERIVATIVE

X 019 | 00199 001999 111001 10701 101
im 22, 1. 1| f 01162| 0119602 011996002| 111004002| 11 0402| 11142
x1
01| 001 1101001} 01001| 0101 071
1 1 1 1 1 1
The limit does not exist.
0019 00799 007999| 17001| 1701| 111
01 1 01 1 1 1
The limit does not exist.
X 0019 00199 007999 172001 10001 | 101
f 100 | 10,000 | 1,000,000 | 1,000,000 | 10,000 | 100
The limit does not exist.
1009 10099 | 101999 | 201001| 20001} 2071
10 100 | (71000 | 1000 | 100 | 10
The limit does not exist.
X 0019| 0199 007999| 111001| 1701| 101
2 f 2019| 20199| 201999| 31]001| 3101 301
. X X2
lim — 3.
X1 X1
X 0019| 0199 07999| 101001| 1701| 101
f 1 1 1 1 1 1
lim XL
xO01x (11
y 18. y
4
3 2 10 2 X of _\
7/2 4
4
8
lim f Ox0 0 . o
X00 g lim f Ox000
. x[13
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19.

21.

23.

25.

217.
31.

31,

33.

35.

2 FUNCTIONS, LIMITS, AND THE DERIVATIVE
y
2
2 0 2 4 X
2
4
lim f Ox001.
x1
y
2
1
3 2 10 1 2 X
1
lim f Ox 0.
X0
lim3 3.
X2
limx [ 3.
X3
lim 1012x2 110020102 0 01
X1
lim 230320 x 2 2010301020
ﬁ 1
2.
o, o _ -
lim 2sc (11 [12s 1401 [ 01040 0400 1 14,
0.
s0
2x 11 20200001
5 —_
lim O L

2.4 LMITS

20. y

lim f [x 2.
x[1

22. y

lim f Ox0 0.
x[1

24. lim 03 0 03.

x[02

26. lim [13x [J 0131101200 [ 6.

X

60

O
28. lim 4t2012t001 1400302020030 001100

to3

. O
30. Imz) 4x51120x% 12x 111

X

470572000002 7121010

1.
[ [
32. lim x201 x%204 11 22011
X2
x3111 13111 2 1
4. i o 0.0 0 _.
3 X'T2x3u2 2 183 D4’2
2

36. lim ESx 2 g5 020020 8011012

1

O
2x4 X2 0 0130211 162119

20013014
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70 2 FUNCTIONS, LIMITS, AND THE DERIVATIVE
X 2
200800114 o
2
X
3
38 lim
X013 x02 X211 4011
[ O__
b 17103 19.
2 —7 5 H o U 12
[ [ ] o [
39, Iim X8 ! 9p2 40 lim XX 7 33T 2y
O 8 0 —
X001 2x [ 4 2001004 2 x032x [1 2x 113 %DB: 203013 3

2 0
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O O
41. lim  foOxOooOgoxo  foOxO0 limg 42. lim 2f Cx 20130 [ 6.

O lim X
Xla XLla XLa XLla
(13014101,
O O ) ) 0 O
43, lim  2f Ox0J 0 3g0x O lim2f OxC O lim 44, lim f Oxglx f Ox00 0 limg Oxt 00310
39 % lim 4
Xla Xlla XLa XLla XLa X[la
201300 01301401 ] [12.
6.
.0 . oL L L_—
45, lim goxO O lim 40 2. 46, lim 35 X7 0 3g X S530 270 3.
301400 1]
xla xlla xla
47, Iim2f X g 201301 ZD%. 48 lim gruxiof 34“3:%_
X1 14 . X[
xta  f[Ix[g 30 12 6 xta f Ox[O g 3112 5
CIx [ [14[] O CIx L]
X201 Oxoloox o X214 X 200 0x [
49. lim o lim oo lim Ox 50. lim im -
x01 x[11 xo1 10 107 xoo2 x 12 X002 20
x 1 x01 X [
10102 :Iimzix:ZDDDZ:ZDD4.
X
X2 [1x X X 2x2 [13x X [12X [1 3]
= E— _—
51. lim lim lim [1x 52. lim lim o lim 2% 30
X0 X X0 X 10 o X0 X X0 X x[10
x[10
001001, 3.
. x%21125 ) X (1501 X . bn1 .
53. lim O lim I E— 54. lim does not exist.
x0os x5 X0 X5 b3 b 13
0 lim COx 0500 00 C10.
X5
. . .o X2 .
55. lim does not exist. 56. lim does not exist.
xO01x )1 X2 X ]2
X2 x6 . X O300x 0 . X3 1213 5
57. Ilm—,hmzm—[hm 0=
X002 X2 X 12 xoo2 DX 0200 01X 0
1 Oz 1200 720022004

2208
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xO2 X 11 201 3
0
58. lim lim B olim 2202204 0220200200014 0 12.
702 2012 7002 z [l 7002
i al o -
5. lim % o im X2 X i X015 imel— ol
x01 X [11 x01 X [1 X1 x01 [IX X1 x01 X [11 2
10
x4 x4 X2 N
60. lim —— lim —— 010 lim xO020202104.
x4 X [12  x04 X[ X [ x4
2
6L lim— "% gim Xt g L
x01x3 X2 002x xo1x Ox A0 00X xO1X Ox 200 3
20
. 41 x2 CoRoxoo2n . 20x 20
62. lim ——— 0 lim o————— (1 lim S DL
x0022x2 11 x3 xoo2 X221 x002 X2 1012012
X[
63. XIim fOx0 0o (doesnotexist)anq( EIimfl\xmw (does not exist).

63
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64. lim f [x[J [J [ (does not exist) anq( ‘Iim f CIx0) 01 1107 (does not exist).
65. lim f [x[) 1 0and f X 0.
lim X .
66. lim f (x(J [J1and f Ox 1.
XL . X
lim -
ooa
67. lem f C1x1 01 107 (does not exist) anq( Adim f Ox [ 07 7107 (does not exist).
68. lim f (x(] [J1and f CIx7 [0 [ (does not exist).
lim X !
69. f x| 1 X 1 110 111000
X211 f 0015 01009901 0C70001| 01000001
X 1 10 100 1000
f 0015 01009901| 0110001 01000001
XIim fOx00 f Ox00.
lim
X
70. f COx[ X
x 01
X (15 10 100 1000
1 10 100 | 1000
X f 2(15| 201222| 211020 21002
f 1| 10818 111980| 111998
lim f OxC O f Oxo02.
~ lim -
71. f Ox00 01 3x3 [ x2 1 10.
X 1 5 10 100 1000
f 12 | 360 | 2910 | 20199 [110%| 21999 (| 10°
X 1 15 110 11100 11000
f 6 | (1390 | (13090 | 131101 (1108 13170 (1 10°

XIim f (11 11 [ (does not exist) and ‘Iim f CIx[1 01 (117 (does not exist).

64
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]
72 foxn _* x
X

X 1110 | 100

lim f (Ix(] [J1and f X 1.
lim X

2
73 lim X2 -

2.4 LMITS

65
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72 2 FUNCTIONS, LIMITS, AND THE DERIVATIVE
4 2 - 4x ] l
74. | X 0 lim X I; that is, the limit does not exist
. X M 1_2_ 1] ] .
X
3 1 1
o33 x2o1 . T 33
75. lim ———— =1 lim —X* X" 3.
X x3 111 X000 1 1
0=
X
2 O !
2X 3x01 Y2 3 Y4
76. lim Oolim 22X X
X x4 1 x2 el 10 i
X2
4 X [ i3
77. lim O . lim Xl [ [1[1; that is, the limit does not exist.
X x3 01
10 3
4 2 4 3 !
4x 3xc 11 Y2 Y4
78. lim lim X=X 2.
XxOO2x4 I x3 00 x20x 01 X0, 1 1 1 1
H—H—ZHFH—Al
1 0 1 0 1 1
oxdox3oxo1 v Biv:- Sl
79. lim O olim XX X2 X" g
X x612x2 11 X000 1 2 1
0 o 0 5
2 . 1
2x2 111 ¥ 33
80. i lim X X [10.
3 2 1 1
X XS [ X 1 X 1
-0 —=
x  x3
s
81. a. The cost of removing 50% of the pollutant is C [150(] ’—’50 0015, or $500,000. Similarly, we find that the
100

cost of removing 60%, 70%, 80%, 90%, and 95% of the pollutant is $750,000, $1,166,667, $2,000,000,
$4,500,000, and $9,500,000, respectively.

0015x

b. X[lmo 00 x , which means that the cost of removing the pollutant increases without bound if we wish to
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remove almost all of the pollutant.

82. a. The number present initially is given by P [107] '+—— 7 8.
limP Oty ——
lim
to9 t9 9 [t

90

500
400
300
200
100

24

LIMITS

67

8

10 t(mo)
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0
83. lim C ix. 2012 2500 [J 2012, or $21720 per DVD. In the long run, the average cost of producing

XUt H
X000 D

x DVDs approaches $21120( disc.

o=
4, i 00 02 li 2 0, which hat th ion of drug in the blood
ﬁrﬁ imCLtl L — im . , Which says that the concentration of drug in the bloodstream
[ 2 R
too toot 1 too 1 Hi
t2
eventually decreases to zero.
120 I20_2 5 20737 2
— O
85.a. T 1] 104 24, or $24 million. T (12 8 [1 60, or $60 million. T 131} 83111, or
13
$83111 million.
o _ 0x? .
b. In the long run, the movie will gross lim 120, or $120 million.
2 R
X000 X 4 xOC 1 i
2
L 200
86. a. The current populationis P [10 0 15, or 5000.
- 125 200
25t2 11125t (1 200 DUl
b. The population in the long run will be Itln‘]‘ Tosoan tI:|r:n . 5 40 25, or 25,000.
— ] =
t t2
87. a. The average cost of driving 5000 miles per year is b. 4 C (cents per mile)
C 50 [-»24?110 o5 132018 11 1370128, or 13713 cents 400
per 300
mile. Similarly, we see that the average costs of driving 200
10, 15, 20, and 25 thousand miles per year are 5918, 100
45011, 39018, and 37113 cents per mile, respectively. ~N
c. It approaches 32118 cents per mile. 0 5 io i5 26 25 ;(th'cius?nd
miles
88. a. Rl 1012 C. R4
I 012|345 0.4
p |5 [0 [ 17 | 26
b. lim R 7T —— U ~__
lim
0 1 2 3 4 5 |
O
01 ifx 00 . . .
89. False. Let f [ix[1 [ ) Then lim f Cix (1 011, but f (1107 is not defined.
1ifx0 x10
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90. True.

91. True. Division by zero is not permitted.

24

LIMITS

69
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92. False. Let f x1 0) Ox 03 2andglx 1 x 03, froxl Oand limgOx 0,

Then fint but
x[13
. f . [Ix [ .
lim YT lim T O lim Ox 0301 1 0.
x3 g x03 x[13 X3
X
O ]
93. True. Each limit in the sum exists. Therefore, lim X O L O lim x O lim i O E O § O E

x02 x1 x[01 x02 X 11 x02 X [11 3 1 3

94. False. Neither of the limits lim 2 and lim exists.

xO1x (11 x01 X [11

. ax . -
95. lim —— 1 lim [ a. As the amount of substrate becomes very large, the initial speed approaches the

xOO X b x(0 1 X

constant a moles per liter per second.
96. Consider the functions f [1x[ ] 1 17x and g [Ix[) [ [11(Ix. Observe thr% f Ux[and !)im g [x[1 do not exist, but
Ai X

Xlim fxO g DXDX*OD lim 0 [J 0. This example does not contradict Theorem 1 because the hypothesis of
Theorem 1 is that lim f [1x[] and lim g [1x[ both exist. It does not say anything about the situation where one or

X0 poth
X0
of these limits fails to exist.
0 O
. . 1 ifx 010 1 ifx00 . .
97. Consider the functions f [1x[ and g [I1x[] . Then lim f Cx [ and lim g
1 ifx2J0 01 ifx 00 X00 [x [
x[10
. s U . . .
do not exist, but lim  f [Ix[71gx [J lim 0100107 07 011, This example does not contradict Theorem 1 because
the - -
x[10 x0
hypothesis of Theorem 1 is that Iim0 f Ox7 and Ioim g [Ix [ both exist. 1t does not say anything about the situation
X X
where one or both of these limits fails to exist.
1 1 . . .
98. Take f [Ix[1 =, glIx(l. —,anda .. 0. Then lim f [ix' and lim g ['x" do not exist, but
. X X X0 x[10
_f 1 x2 . . . .
lim <7 O lim —O— [ lim x [ a exists. This example does not contradict Theorem 1 because the hypothesis
X0 g xoox 1 X010
X

of Theorem 1 is that lim f [I1x[J and lim g [Ix[] both exist. It does not say anything about the situation where one

X0 or
X0
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both of these limits fails to exist.

Using Technology page 121

1.5 2. 11

7.

g2

71138906

8.

2.4 LMITS

In2

001693147

71
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] 20 T T
0
] 0
27T T
1 20 + +
4T T
0 1 2 3 4 5 6 0 1 2 3 4
From the graph we see that f ['x[] does not From the graph, we see that f [1x ] does not
approach approach
any finite number as x approaches 3. any finite number as x approaches 2.
1. a 30 it 12. a. 0.8
06T T
0.4 T
0.2 T +
0 : : : : 0.0
0 10 20 30 40 50 10 20 3
2 . 08 . 0
25t< (1125t [1 200 b. lim —— lim —g—— 0.
i i 0 O
b. t‘IJm Z 50 25, so in the long oo t 0401 G 4011
run the population will approach 25,000. ot

2.5 One-Sided Limits and Continuity

Concept Questions page 129

1. lim f [Ox[) [12means f [1x[1 can be made as close to 2 as we please by taking x sufficiently close to but to the
XE3T Jeft
of x = 3. IimH f Cx[1 1 4 means f [1x[1 can be made as close to 4 as we please by taking x sufficiently close to
X 13" put

to the right of x 1 3.
2. a. Iim1 f [x 1 does not exist because the left- and right-hand limits at x 7 1 are different.
X

b. Nothing, because the existence or value of f at x (1 1 does not depend on the existence (or nonexistence) of the
left- or right-hand, or two-sided, limits of f.
3. a. f iscontinuous at a if Iximdf X f Dall.

b. f is continuous on an interval | if f is continuous at each pointin I.
4, fall I LM,

5. a. f is continuous because the plane does not suddenly jump from one point to another.
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b. f is continuous.

c. f is discontinuous because the fare “jumps” after the cab has covered a certain distance or after a certain amount
of time has elapsed.
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d. f isdiscontinuous because the rates “jump” by a certain amount (up or down) when it is adjusted at certain times.

6. Refer to page 127 in the text. Answers will vary.

Exercises page 130
1. lim foxl 3and f X 2,50 f [Ix[1 does not exist.
x02" Xlim lim
\:Zi X2
2. lim f [I1x [ does not exist.
X035 frx 3and KX 5,|_50
X1i m
i, 0
3. IimH f Ox o and f Ox[ [12,s0 f [Ix[]does not exist.
XUEL im X lim
1019 X 01

X
4. lim f Ox7  3and f Ox 3,50 f Ox0I [ 3.

x01= lim lim
! X1
5. lim f [Ix [ does not exist.
XU frox Oand  fOX 2,50
. Xlim lim .
6. lim o1 XUl f [x [ does not exist.
foxo2and  fOXDIT0,s0
lim lim
x[10 X0 x[0
7. lim  flix 2and  f XD 2,50 f [1x[1 does not exist.
X0~ Xlim lim
:O: X0
8. lim fo0x fOxO f Ox 2.
X0~ Xllm ||m
o0 X0
9. True. 10. True. 11. True. 12. True. 13. False. 14. True.
15. True. 16. True. 17. False. 18. True. 19. True. 20. False
21. |jm [2x 4[] 6. 22. 03x 040 [0 1.
x(10 O lim
X 01
23 Iim X223, 1 24, fim X212 38
x20 X [12 2012 4 x019 x (11 1071 2
1 1
25. Iiﬁngi « does not exist because « asx 0 from the right.
MELE
1
26. Iign « [] [1[1; that is, the limit does not exist.
X
. x1 O x1 201
27. lim 0 O1. 28. lim 0 1.
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xoox201 1t x20 X2 12X 13 4014013
O_ O —_ o
29. lim  x  lim x . 0. 30. lim2 x02020000.
x0oH x10Y x 121

| | | [
31. IimH 2x 0 20x [ 2x o lim 20x 0 04000 0 4.
2

X A X 2\\
lim
xo2-
O 0 O
32. lim x 1 50x 05 10 500050 5.
X 5\\
. 100X . . .
33. lim —— [ that is, the limit does not exist.

x012 10X



78

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49,

50.

51.

52.

53

54

2 FUNCTIONS, LIMITS, AND THE DERIVATIVE 2.5 ONE-SIDED LIMITS AND CONTINUITY
. 10x
lim O.
x010 100X
X% .4 X 20 0x [ . o
lim lim I — lim Ox 020 0 4.
x020 X [12 X020 X2 x 020
- 3 0
. X |
lim — o
xo030 X201 10
lim f OxJ x2 1 0and lim f Ox 2x 0 0.
- 10! -
x0o lim x0o o lim
oY x oY
X
lim fox 2x 3 3 and f Ox Ox 010 1.
xL0 Xlim ] ] lim o lim
oY X 10 X [0

The function is discontinuous at x [ 0. Conditions 2 and 3 are violated.

The function is not continuous because condition 3 for continuity is not satisfied.

The function is continuous everywhere.

The function is continuous everywhere.

The function is discontinuous at x [ 0. Condition 3 is violated.

The function is not continuous at x 1 711 because condition 3 for continuity is violated.

f is continuous for all values of x.

f is continuous for all values of x.

f is continuous for all values of x. Note that x2 (11 711 (1 0.

f is continuous for all values of x. Note that 2x2 (11 (11 (1 0.

f is discontinuous at x 1 1, where the denominator is 0. Thus, f is continuous on : 0t and !
i Tz T

f is discontinuous at x [ 1, where the denominator is 0. Thus, f is continuous on 01100 and (11[]

Observe that x2 [1x [ 2 x 20 0x 01 0ifx 2orx [11,s0 f isdiscontinuous at these values of x.

Thus, f is continuous on 10101 (120, (1020100, and (110 (100,

Thus, f is continuous on 10101 (130, L300 100, and 10 (100,
. f is continuous everywhere since all three conditions are satisfied.

. f is continuous everywhere since all three conditions are satisfied.

76

Observe that x2 [12x 113 [ [x 1300 0x A0 01 0ifx 0 03 orx 1, s0, f is discontinuous at these values of
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55

56

2 FUNCTIONS, LIMITS, AND THE DERIVATIVE 2.5 ONE-SIDED LIMITS AND CONTINUITY 77

. f is continuous everywhere since all three conditions are satisfied.
. fisnotdefinedat x [ 1and is discontinuous there. It is continuous everywhere else.
. Because the denominator x2 (11 [} (ix (14010 (1100 (1 0ifx [ (11 or1, we see that f is discontinuous at [ 11 and
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58.

59.

60.

61.

62.

63.

6

SN

65.

66.

67.

68.

2 FUNCTIONS, LIMITS, AND THE DERIVATIVE 2.5 ONE-SIDED LIMITS AND CONTINUITY 78

The function f is not definedat x (1 1 and x [] 2. Therefore, f is discontinuous at 1 and 2.

Because x2 [13x (12 [ [x (1200 0x (110 0 0if x [J 1 or 2, we see that the denominator is zero at these points
and so f is discontinuous at these numbers.

The denominator of the function f is equal to zero when x2 (1 2x [ x [Ix [ 2[] [] 0; that is, when x [ O or x (] 2.
Therefore, f is discontinuousatx [0 Oand x [ 2.

The function f is discontinuous at x 1 4150160 [ [ [ [] 13 because the limit of f does not exist at these points.
f is discontinuous at t [ 20, 40, and 60. When t [1 0, the inventory stands at 750 reams. The level drops to about
250 reams by the twentieth day at which time a new order of 500 reams arrives to replenish the supply. A similar

interpretation holds for the other values of t.

Having made steady progress up to X 1 x1, Michael’s progress comes to a standstill at that point. Then at x [ x, a
sudden breakthrough occurs and he then continues to solve the problem.

The total deposits of Franklin make a jump at each of these points as the deposits of the ailing institutions become a
part of the total deposits of the parent company.

Conditions 2 and 3 are not satisfied at any of these points.

The function P is discontinuous att [ 12, 16, and 28. Att [ 12, the prime interest rate jumped from 3%% to 4%,
att (] 16 it jumped to 4%%, and att (] 28 it jumped back down to 4%.

0 Y
1 12
O 10 —_—
- O—8
foxoO [ 0 8 e
U O O 6 o e
o e
O—e
) 4 o e
10 ifx 14 —
2 T
22 0 1 2 3 4 5 66X
A 'Y ($thousand)
32 -—
)
30 —
L el
28 G—
QO
26 —
24 —o
Q)
22—
0 100, 200 . 300 400, 500 , 600 X ($thousand)

f is discontinuous at x [ 150,000, at x [ 200,000, at x [ 250,000, and so on.



80 2 FUNCTIONS, LIMITS, AND THE DERIVATIVE 2.5 ONE-SIDED LIMITS AND CONTINUITY 79

69. y

300

1
s

0 200 40 60 80 X
C is discontinuous at x [] 0, 10, 30, and 60.

-3
70. a. lim 2&-
Ooud U UJ
u

[] [J. This reflects the fact that when the speed of the fish is very close to that of the current, the

energy expended by the fish will be enormous.

b. lim u (] [1. This says that if the speed of the fish increases greatly, so does the amount of energy required

to swim a distance of L ft.

71. a. lim IS mi{nln a [1b [1[]. As the time taken to excite the tissue is made shorter and shorter, the electric
im

toov toot t

current gets stronger and stronger.

a

b. tUan = b (7 b. As the time taken to excite the tissue is made longer and longer, the electric current gets

weaker and weaker and approaches b.

. . Y (110 DL . . .
72. a. I|n‘1‘ L I|n‘1‘ ——®RD , S0 if the investor puts down next to nothing to secure the loan, the
Do Do

leverage approaches infinity.

. . YO[L1ODOR . .
b. lim L. lim ———— 7Y, soif the investor puts down all of the money to secure the loan, the
DO1Y DO D

leverage is equal to the yield.
73. We require that f 101 01112113 1 kx? [ k,sok (3.

lim -

X

2 . R .

. xc[04 Ox 020 0x O

74. Because lim (1 lim 2 Colim Cx [ 200 [ 14, we define f (101201 [1 k [1 [14, that is,

X002 X112 X0 2 X002
N take
X [
k (114,
75. a. f isapolynomial of degree 2 and is therefore continuous everywhere, including the interval [111 3].

b. f 010 U 3and f U3 [J [J1 and so f must have at least one zero in LJ101 301,

76. a. f isapolynomial of degree 3 and is thus continuous everywhere.

(op

. fU00 D 14and f U100 O 23 and so f has at least one zero in L1001 101,
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77. a. f isapolynomial of degree 3 and is therefore continuous on [[11[7 1].

b. f 1000010802 120113 10102 1002013012 4and f 010 1100200301214,
Because

f 00100 and f 1107 have opposite signs, we see that f has at least one zero in (17107 107.
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f is continuous on [147116], f 1140 (120140373 (1514043 [0 1161106, and f 11601 [121160° 3 15

11167143 77 1160.

79.

80.

81.

83.

84.
100

Thus, f has at least one zero in (/141 1601.

f o0 06, f 11300 113, and f is continuous on [007 3]. Thus, the Intermediate Value Theorem guarantees that
there is at least one value of x for which f [1x[ | [14, Solving f [Ix[ | [ x? [14x (164, wefindx? [14x (1210

0. Using the . o
quadratic formula, we find that x [1 2 2. Because 2 2 does not lie in [0[] 3], we see that x [ 2 2 [100159.

Because f (101107 (13, f (1401 1713, and f is continuous on [[1177 4], the Intermediate Value Theorem guarantees
that there is at least one value of x for which f [x " [] 7 because 3 1 7 7 13. Solving f Cx (1 [ x? (I x 01017,
we find

X2 X (161 [x 130 1Ix (1201 (10, thatis, x (I (12 or 3. Because (/2 does not lie in [ 117 4], the required
solution is

3.
x> 2x 171010 82. x31x 11110
Step | Interval in which a root lies
1 1 Step Interval in which a root lies
2 2 1 2
3 o1 2 01
105071 3 L0105
4 S10250 H1e
: 4
5 1057 ) 001050
6 10250 1250
7 103750 6 10375
8 1173125 7 L2
11276 8 CII1013750]
1113125
\1/\‘/?35? that a root is approximately 9 Ao AoTE

We see that a root is approximately (11132.

a. hJo 04064000 116000 (1 4andh J200 (1416410120 (116 1401 [ 68.

b. The function h is continuous on [0 2]. Furthermore, the number 32 lies between 4 and 68. Therefore, the
Intermediate Value Theorem guarantees that there is at least one value of t in 1017 2] such that h (1t [ 32,
that is, Joan must see the ball at least once during the time the ball is in the air.

c. We solve h () [ 4 1 64t [116t2 (1 32, obtaining 16t2 (164t (128 (1 0, 4t (116t (17 (1 0, and

2t 110002t 11700 010, Thus, 11 L or t;71 7. Joan sees the ball on its way up half a second after it was thrown
and again 3 seconds later when it is on its way down. Note that the ball hits the ground when t [1 41106, but Joan

sees it approﬂnately half a second before it hits the ground. 0
0001100 100 17100 [ 100 30,000
a. foou O 0000100 IO(%OO and f (11001 [ 10~ 2007100 400 [l 75.

b. Because 80 lies between 75 and 100 and f is continuous on [75(1 100], we conclude that there exists some t in
[07710] such that f (It77 7 80. a
121710t 7 t2 (120t [1 100

|
c. We solve f [1t[] [ 80; that is, F— —_— "1 80, obtaining 5 t2
100 100
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010t 0100 04 t2 [120t (1100 ,

O U
30 9001400 _ 301 500

and t2 [0 30t (1100 [0 0. Thus, t [ > 5

[1 30182 or 26(118. Because 2618 lies

outside the interval of interest, we reject it. Thus, the oxygen content is 80% approximately 37182 seconds after the
organic waste has been dumped into the pond.
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SOl ifx 2

85. False. Take f [Ix[] 4 ifx 2 Then f [12[1 4, but f Tx[J does not exist.
0 lim
B x[12

1ifx 12

xUJ3 ifxJ0 .
86. False. Take f [Ix . Then lim f Cx[0 013, but f 000 [0 1.
0 1 ifx 10 X0
ifx 02 .
87. False. Consider f [1x 0 _I X Then lim f Oxo fr200 3, but foxo o0,
0 3 ifx 2 x02- xlim
2
O
2 ifx 13
88. False. Consider f [Ix 1 ifx 13 Then Iim f X 2 and f Ox 4,50 f [Ix[] does not
3\ X1 H .
Yaifx 03 g lim lim exist.
O
2 ifx5

89. False. Consider f [Ix I1_'hen f (1507 is not defined, but f Ox 2.
0 im
B 3 ifx(15 X150

90. False. Consider the function f [1x[1 [1 x? [1 1 on the interval [[12(12]. Here f (101200 (1 f (1201 (1 3, but f has
zeros at

X [ O1land x 1.

X ifx 0

91. False. Let f [Ix[] ) Then lim fox0 f Oxo, but f 000 0 1.
] 1 ifx 00 X0 xlim
0
Cx ifx 1 . .
92. False. Let f [Ix[1 [1 x and letg . Then lim f Cx0 00100 L,g0d00 020 M, limgix
XD 2 ifx 1 X0,
x 01
RN
andlimeng lim f limg O 0100100 001002 0 LM,
oo o Xy Oxd
X1
U
1x ifx 10 . .
93. False. Let f [Ix[] 0 X_fl X ;I_'henflscontlnuousforallx Oand f (107 0O,but f CIx[ does not
0 ITX U L
U 0o im x[10
exist.
. I if010x00 1 if0 0
94. False. Consider f [Ix [ [ 1 x 1 and g Ox [ [0
1 iforxnl
O
I if100x 00

95. False. Consider f [Ix [ [ and g Ox [ [0
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f O
O X
1
O
- 1 if 0
O
96. False. Let f [1x[1 [ X and g [Ix [ (] X2
1 ifxoo0
D -
11 ifx 10

97. False. Consider f [Ix [ [ and g [Ix 1]

1 if X 0 ]

0
1 if0 1 x [
1 ifoln
01 if0 L x
xUJ1l ifxo
xUJ1l ifx o0

2.5

ONE-SIDED LIMITS AND CONTINUITY

X [
01

84
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98. False. There is no contradiction, because the Intermediate Value Theorem says that there is at least one number ¢ in
[allb] such that f Cicl] 0 M if M is a number between f Clall and f [Jb(J.

99. a. f is a rational function whose denominator is never zero, and so it is continuous for all values of x.

b. Because the numerator x2 is nonnegative and the denominator is x2 (1 1 ©1 1 for all values of x, we see that f
LIX[]

is nonnegative for all values of x.
c. fo0 \-40—1 % [10,and so f hasazeroatx [ 0. This does not contradict Theorem 5.
0

100. a. Both g /x[J [ x and h [/x[ [ 111 x2are continuous on [[11711]andso f [x(1 [1 x [ 171 x2 is continuous

on
[01001].

b. f 010 O Jland f 10 01, and so f has at least one zero in /10 100,

; My M H— 2 2 2 0 2
c. Solving f [IxJ [10, we have x [J 101 x2,x%[110)x? and 2x ls0x [—“.

101. a. (i) Repeated use of Property 3 shows that g [Ix[ ] [ x" X [ [ [ x is a continuous function, since f
X X T 00
ntim es

is continuous by Property 1.

(ii) Properties 1 and 5 combine to show that ¢ [ x" is continuous using the results of part (a)(i).

(iii) Each of the terms of p [Ix (1 (1 apx™ (1 _(x"“1 is continuous and so Property 4 implies that p is
an O ao
continuous.
LX), . . . .
b. Property 6 now shows that R [Ix [ ql%\ ‘ is continuous if g Jall 0, since p and g are continuous at’x  a.

U

O1 if010x 0
102. Consider the function f definedby f (x(1 (1 X Then f 010 0 land f 010 © 1, butif

1 ifoXx Tl e

take the number 3, which lies between y (1 (11 and y [ 1, there is no value of x such that f [1x[] (1.

Using Technology page 136
1 20 } 2
10
10 4+ +
0 5
1 0 1 2
10 L m +
-20 }
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The function is discontinuous at x [1 0 and x [ 1.

2.5 ONE-§

The function is undefined for x

0.

86
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3 —t } } 4. f—— e S
6+ + 64 1
4 — -4
1 4+ —+
2 —+ =+
I .1 1
0 //
-2 _/ 4 0
T 1 2 P 234
The function is discontinuous at x [] 0 and % The function is discontinuous at X . . |, é and 3.
5 T T T T 6 6 ml T T T T 1
6 - -
4+ 1
4 -4 -4
P 1
2 —+ —+
. N
O 1 1 1 1 : : \ : :
2 A 0 1 2 2 -1 0 1 2
The function is discontinuous at x [ (14 and 2. The function is discontinuous at x [ (11 and .
7 0.5 A4 T T T T T 1 8_ 20
0.0
T T 10
_05 1 1 1
10 T T T T T 0
3 2 1 0 1 2 10 1 2 3 4
The function is discontinuous at x 1 12 and 1. The function is discontinuous only at x 1 (11 and 1.
9 4 : = 10 4t ' | T
2 4 2 £ //—‘ .
0 0
24 £
] 41 4
-4 } } } }
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1 15+ 1 1 1 | 12. a
1.0 |
0.5 |
0.0 } t t
0 5 10 15 20

20

2.6 THE DERIVATIVE

10

10 20

b. 4016%; 815%; 15019%

2.6 The Derivative

Concept Questions page 148
fo20h0 0 f 020
l.am -

fo20h0 0 f 020

b. The slope of the tangent line is r!in(]

h
. fro20ho o f
2. a. The average rate of change is 5
L1201
h fo20ho0f

b. The instantaneous rate of change of f at 2 is LID?)

h

2

30

88

c. The expression for the slope of the secant line is the same as that for the average rate of change. The expression
for the slope of the tangent line is the same as that for the instantaneous rate of change.

fOx Oho o f oxL

3. a. The expression n

and

x O hi f Ox D h0, and (ii) the average rate of change of f over the interval [x [ x [ h].

fOx Oho O f Ox0
h

b. The expression r!irg

Lx[ f CxOJ0, and (i) the instantaneous rate of change of f at x.
4. Loosely speaking, a function f does not have a derivative at a if
the graph of f does not have a tangent line at a, or if the tangent
line does exist, but is vertical. In the figure, the function fails to be
differentiable at x [ a, b, and ¢ because it is discontinuous at each

of these numbers. The derivative of the function does not exist at
x [1d, e, and g because it has a kink at each point on the graph

corresponding to these numbers. Finally, the function is not
differentiable at x [ h because the tangent line is vertical at
Chi f Ch

5. a. C (150017 gives the total cost incurred in producing 500 units of the product.

b. C" (150001 gives the rate of change of the total cost function when the production level is 500 units.

6. a. P (15[ gives the population of the city (in thousands) whent [ 5.

/]

gives (i) the slope of the secant line passing through the points

f

gives (i) the slope of the tangent line to the graph of f at the point

Dde e ccmccccaa

Odece s acd--

Q4= e -
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b. P (1507 gives the rate of change of the city’s population (in thousands[year) when t 7 5.

Exercises page 149

1. The rate of change of the average infant’s weight when t 7 3 is 1‘5‘—5, or 1775 IblJmonth. The rate of change of
the average infant’s weight whent 1 184s 355 or approximately 07158 Ib"'month. The average rate of change
over the infant’s first year oflifg-is 227~ 7> or 11125 Ib"imonth.

2. The rate at which the wood grown is changing at the beginning of the 10th year is fl‘-z, or 13cubic meter per hectare
per year. At the beginning of the 30th year, it is 189, or 17725 cubic meters per hectare per year.

3. The rate of change of the percentage of households watching television at 4 p.m. is 12753, or approximately

3011 percent per hour. The rate at 11 p.m. is,—iz£j3 [] (1211715, that is, it is dropping off at the rate of 217715
percent

per hour.

4. The rate of change of the crop yield when the density is 200 aphids per bean stem is —%}Or, a decrease of
approximately 1117 kg 14000 m? per aphid per bean stem. The rate of change when the density is 800 aphids per

bean stenjs

%0 a decrease of approximately 0015 kg 14000 m? per aphid per bean stem.

5. a. Car A is travelling faster than Car B at t; because the slope of the tangent line to the graph of f is greater than
the slope of the tangent line to the graph of g at t;.

b. Their speed is the same because the slope of the tangent lines are the same at t.
c. Car B is travelling faster than Car A.

d. They have both covered the same distance and are once again side by side at ts.

6. a. Atty, the velocity of Car A is greater than that of Car B because f [Jt1[] [1 g [It;[]. However, Car B has
greater acceleration because the slope of the tangent line to the graph of g is increasing, whereas the slope of the
tangent line to f is decreasing as you move across t;.

b. Both cars have the same velocity at to, but the acceleration of Car B is greater than that of Car A because the
slope of the tangent line to the graph of g is increasing, whereas the slope of the tangent line to the graph of f is
decreasing as you move across t,.

7. a. P, is decreasing faster at t; because the slope of the tangent line to the graph of g at t; is greater than the slope of
the tangent line to the graph of f att;.

b. P is decreasing faster than P, at t5.

c. Bactericide B is more effective in the short run, but bactericide A is more effective in the long run.

8. a. The revenue of the established department store is decreasing at the slowest rate att (1 0.
b. The revenue of the established department store is decreasing at the fastest rate at t3.
c. The revenue of the discount store first overtakes that of the established store at t;.

d. The revenue of the discount store is increasing at the fastest rate at t; because the slope of the tangent line to the
graph of f is greatest at the point [ito[1 f [Itp[1070.
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9. f Ux[ J13.
Stepl f Ox TThil 013
Step2 fOxOhoo foOxO 13013 00.
fr hoo o f
Step 3 0 X )i 0.
h ~h
Stepd £ ox o dim XN im0 o
ho0 X ho0
h
10. f Ox0[ L6.
Stepl f x1hiJ 6.
Step2 frOx Tho o fOxO 0060 0060 110,
fr hoo o f
Step 3 0 X X 0.
h ~h
Stepa £7ox 0 tim X imo o
hoo X hoo
h

1. foOxoo2x 7.
Stepl flx hilD20x hiO7.

Step2 fUOx OThO O fOxOO20x O hi 017 00 02x (1700 00 2h.

fOx D ho O f Ox

Step 3 o \ 7 - 2.
Stepd £ rx dim X0 o 2
hoo LIXL h(i0
h

12. f OxUJ [ 8 [ 4x.
Stepl fOx Dhil 08 40x [Jhil[J814x []4h.

Step2 fOx Thoo o fOxO 0008 14x [14h(1 1118 14X
fOx 0 hi fDD4h**4
Step 3 X w4
h
Step4 - OxO o lim f’XDXh*Df lim (107400 1 04,
h(10 ho 0
h

13. f (ix [ [13x2.

[14h.

2.6 THE DERIVATIVE

Step 1 f:x:hD:SDx:hj‘DSXZDexh:%r‘]?.
Step2 fix( hiii fix 0 3x?116xh13h% 13x2 (1 6xh(13h? (1 hi6x I3h,
f oxhoof hiex o
Step3 oy 3h - 6xL3h
h h
Step4 - x . lim foxihoof

hro X

90
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Ii[m 6x [ 3h[l [ 6X.

h 0
14, f x5 tx2
Stepl foxhiod, Ox 02
hit xh [ h?
Step2 fOx Tho o fox 3
D1X2 -

.0
foxohoof o choxegh
Step3 -y —n

h
N foxohoof
ﬁtn%p4 fooxoo —— 0 lim 0
hoo h hoo

1,2 4
53X h x[i5h

O

2.6 THE DERIVATIVE

91
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15. f X0 0 x2 1 3x.
Step1 f x [ hil X [Th2 030x (thi o 0x? 112xh (0h? 0 3x [ 3h.

- - O O O
Step2 frx Tho o frxiox22xh 7h?2113x 113h x213x 1 02xh [1h?13h
|
|

O ho2x h
frxohoof3
Step 3 X hiir2x (1h (] 2x U h 3.
h \\3
h
Step4 f- x1 o lim Fox ho o S lim C2x Coh 300 T 2% 3.

h(i0 LIXL ho 0

h

16. f OIx[0 [ 2x2 [15x. -
Stepl fix T hi020x 0ho? 0 50x 0 hi 01 2x2 11 4xh 0 2h2 1 5x (1 5h.

Step2 f Ox (hi o f Ox0 0 2x2 11 4xh 12h2 (15x 1 5h [12x2 [15x [ h 4x [0 2h () 500

fOx O hooo f h4x 11 2h [J
LIxL] 501

h a h

Step 3 [14x [12h 5.

Step4 f x[ o lim fox ho o f L lim [J4x 0 2h (150 [ 4x [ 5.
hio X hi0

h

17. f OxU U 2x U 7.
Stepl fUx D hD20xOhO702x 02h 7.

Step2 flOxOThio fOxOO2x 02h 017 012x [17 [ 2h.
fOx Ohoo o fOx

L — 2
Step 3 o 0
Stepd 7 oxo gim XN e o
hio XL ho0
h
Therefore, f- [1x] [ 2. In particular, the slope at x 1 2 is 2. Therefore, an equation of the tangent line is

yol1o20x 20 ory L 2x 17,

18. f [Ix[1 7 [13x [1 4. First, we find f~ [Ix[] ] [13 using the four-step process. Thus, the slope of the tangent line is
f~ 1010 [0 13 and an equationisy (17 (1 13 0x (11l ory [ 13X [14,

19. f [x] ©1 3x2.We firstcompute f"' (x| (1 6x (see Exercise 13). Because the slope of the tangent line is f 11
[] 6, we use the point-slope form of the equation of a line and find that an equationisy [13 716 [Ix (1 1(],0ry [
6x [13.
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20. f Ox(0013x (1 x2,
Stepl fx T hi030x 0 hi o Ox ho? 03x 030 0 x2 0 2xh [ h2,
Step2 fox Jhoo foxo 03x03h0x202xh 0h2 03x Ix2 03h 2xh Th2 0 h302x [ h

foxhoof h 13 012x ]
Step3 oy 302x " h.
CIXT] . 0
h h
Step4 fY Ox L lim foxohe o f lim 030 2x O h 30 2x.
ho0 X ho 0
h

Therefore, f~ [x[0 [0 3 11 2x. In particular, f~ (707200 11 3120000207 [ 7. Using the point-slope form of an
equation of a line, we findy 7110 [0 7 00x [0 200, 0ry [1 7x [1 4.
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21, f Ox0J 01 0J100x. We first compute - C1x 7 using the four-step process:

Stepl fx(1ho !
X! h
1 1 [OxOoOxho h
Step2 fix Thiofoxi—— 1 [ 0 '
Oh X X X XX [1hi
O
X h h
fOx Choof X X [ 1
Step 3 —_— ] —
P oxo - ho X X [Ih
h - h
Stepd - Ox01[0 X O Iim;:i.
lim X
hoo h hoo X Ox CTho x2
The slope of the tangent line is f~ 11311 (1 1. Therefore, an equation is y [ Voo toxmsoory oF x
g 309 7 3

3 . . 3 L .
22, f Ox0) :—ZX. First use the four-step process to find f — [Ix[1 —+] 2’ (This is similar to Exercise 21.) The slope

of
the tangent line is f 11101 (1371, Therefore, an equationis y 21, 1127, tix 110 ory 21 11,x (13,
23. a. fix 2x2 (1. c.
y
Stepl fox Thil020x 0hi?2 0100 2x2 0 4xh 12h2 101, 8
6
4
T 4Xh (1202 (1 h14x [ 2h(0,
f X COho o f h 4x oA
Step3 [1x —Zwl\Z]-XHZh. 1 1 X
h B h
Stepd 7 Ox o lim XN T ek 2h o ax
h70 LIXL ho 0
h
b. The slope of the tangent line is f~ (1107 (14 1107 [ 4.
Therefore, an equationisy (13 1 40x (110 ory [14x [11.
24. a. f [x71 71 x? 11 6x. Using the four-step process, we find that C. y
foox 2X 1 6. 20
b. At a point on the graph of f where the tangent line to the curve is 10

horizontal, f“ (x[1 (1 0. Then2x (16 [10,orx [ [13.
Therefore, s 6 a2 2 0 2x
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y O f 0030 0 00320600003 119. The required point is
T30 090,

25. a. flx x2 (1 2x [ 1. We use the four-step process:
Stepl foxhoOoOx0ho?2020x 0ho 01 0x202xh 0h2 02x 02h 01

0O O O
Step2 fix hoo foxo o x202xh0h?02x02h 01 01 x202x 01 12xh (1h? (12h
Ohi2x 0h2

95



90 2 FUNCTIONS, LIMITS, AND THE DERIVATIVE 2.6 THE DERIVATIVE 96

0 [2x [ hi2
Step 3 N h X
‘ X [ hil . o I
Step4 f- Ox0 [ X [ lim 12x (1 h 1207 ' y
lim
8
Jox 2. ¢
b. At a point on the graph of f where the tangent line to the curve is B 0 > 7 X
horizontal, f“ Ox 2 0 0. Then2x 02 0 0, or x C 1. Because d. Itis changi h )
f 0100 0710121071 070, we see that the required point is (1107 .Itlsclanglngat_terateofOunlts
0. per unit change in x.
1
26.a. f Xfm
1 1
0 — —.
Stepl fixtih Tho o 1xho1
i O 1 X 110 0x hioln h
1
2 f Ohoof [ O oo
Step X - X hiool x001 X Th 10 0x X OTho1o0x 010
0 10
X
C.
0
Step 3 h x Tho100x 01 g \
fOx Oho o f Oxo 1
0 .
Step4 f- Ox[ [ lim 3 2 1
1 1 \‘\0 1 X
hoo  Cx CTh A0 0X O Cx L N
10 1012 \
b. The slope is f 1071 <1, so, an equation is 2
([l 0
y O Dogtix oiory ot x =3
o o
ENSRI f o300 f 3?03 1 220 6
gg.a.f,x,,x X, 0 ,
302 1
0 o o O 0o O
f 2050000 f 20152 112015 22 1] fro2010 0 f 20120200 1 22
J 5015, U (1501,
201 2 201 2
- and _—
205012 0r1s 20011012 o0
. - . 1
b. We first compute f - [x[] using the four-step process.
Step 1 fDth:DDXDhDZ:DXDh::XZ:ZXh:hZ:th‘.‘
Step2 flx Ihoofrxo x?02xh0h? Oxh 0 x20x U2xh0h?>0hhi2xhiol
flx Jhoof h2x (1h
Step 3 Ox0 1 [12x 1 h1.
h h

Step4 Y Ox lim



90 2 FUNCTIONS, LIMITS, AND THE DERIVATIVE 2.6 THE DERIVATIVE 97

ho0 f Ox (Thoy o f
X

h

O lim D2x 0 h 01200 0 2x 1.
ho 0

The instantaneous rate of change of y at x [7 2is f~ [J2[71 [1 2 [J12[7 111, or 5 units per unit change in x.

c. The results of part (a) suggest that the average rates of change of f at x [ 2 approach 5 as the interval [272 [
h] gets smaller and smaller (h [J 1, 015, and 0(11). This number is the instantaneous rate of change of f at x [
2 as computed in part (b).

fo4of 016 11600 01 19 ]
2 —
28. a. fOx0 [ x4 [ 4x, 30 7 3,
S0 0
4103 1
f 03050 0 f 0120025 001400 [0 9 [ f o301 0 f 09061 [0 120040 11 119 [
2011,
30 1207 - 30 12
2015, and

3015013 05 3001 [ 01

3
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b. We first compute - [x[1 using the four-step process:
Step1 fx hi 0 Ox 0ho2040x Dhi 0 x2 0 2xh [1h2 1) 4x (1 4h,
Step2 foxChoo fouxon x202xh0h?04x04h 0 x204x 02xh0h?04h Chio2x D h i

a0,
Step 3 T‘Dmh*m oz h o ha
X[ 4
h h
Step4 - x o lim Frxtihif O lim C2x Ch 4D D2 4
hr0 X ho 0
h

The instantaneous rate of change of y at x [ 3is f~ [J3[1 [1 6 [14 [1 2, or 2 units per unit change in X.

c. The results of part (a) suggest that the average rates of change of f over smaller and smaller intervals containing
X [1 3 approach the instantaneous rate of change of 2 units per unit change in x obtained in part (b).

29.a. ft 2t2 [ 48t. The average velocity of the car over the time interval [2071 21] is

- - - 2 910 9 902
E’ZED o 20210 0480210 O 2020070 130 f—t Its average velocity over [207 2001]
200 4811207 is's

217120 1 :

0 5 o O ”
f 20010000 f 2(\20(5(\ 48 12000100 [0 20120004 1

ft .
20 481120 12807 3 Its average velocity over

2
20 117120 01
f 20001 f Hz*zommf2 (1481120010101 1 20120012 ft
] Il U : L1200
, T )
i[fom 200101] 200 48 120 11287102 X
200101 [ 001
20

b. We first compute f" (It using the four-step process.
Stepl ftih 200t JhJ2 1480t (1 hil [0 2t2 (] 4th [ 2h? (1 48t [ 48h.

Step2 fot o ho O f ot 0 2t2004th12h? 148t 148h [ 2t2 148t [ 4th12h% [ 48h

[ h 4t [12h [ 48],
ftohoof h (14t (1 2h
Step3 | (- e 4t 2h 148,
h . h
stepa £t tim T gim a0 cas o ar a8,
too H to 0
h

The instantaneous velocity of the car att (1 20is f™ (1200 (1 412001 (] 48, or 128 ft[s.

c. Our results show that the average velocities do approach the instantaneous velocity as the intervals over which
they are computed decreases.

30. a. The average velocity of the ball over the time interval [2(13] is
s 1311s 1281130111632 [ 12811201 1

20 - 1601202
3012




2.6 THE DERIVATIVE 99

90 2 FUNCTIONS, LIMITS, AND THE DERIVATIVE
0 - 48, or 48 ft[Js. Over the time interval [2[1 205], it is
120150 128 120J501 (11602015002 [ 1281120
3 E‘Z‘DS’ s 16 12, ‘ZD 56, or 56 ft(Is. Over the time interval [2
20011,
2015112 0r15 ]
O O

| O ]
120010 128 120010 1116712711712 128 (12[]
itissg‘z‘DLDS 62 ‘25 62114, or 62114 fil s,

2012 00
= 1

b. Using the four-step process, we find that the instantaneous velocity of the ball at any time t is given by
0 [0t 77 128 17 32t. In particular, the velocity of the ball att 77 2 is [ [72[1 (1 128 (132112071 [] 64, or 64 ft[s.

c. Att (15, 111507 [7128 132 11507 [ 132, so the speed of the ball at t (1 5 is 32 ft(Is and it is falling.

d. The ball hits the ground when's (1t [ 0, that is, when 128t [ 16t2 [] 0, whence t (1128 [1 16t (1 0,s0t [ 0

or
t [1 8. Thus, it will hit the ground when't (1 8.

31. a. We solve the equation 16t2 1 400 and find t [ 5, which is the time it takes the screwdriver to reach the ground.
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f o500 f 16 12501 [

b. The average velocity over the time interval [077 5] 00 0 71 80, or 80 fts.
is O
500 5

c. The velocity of the screwdriver at time t is
ot gim fotoho ot T6 T T A2 T lim 16t [132th [116h? [ 16t2

hi0 it h 16t2 hi0 h

h h
32t (116hh
hIm& h [ 32t.

In particular, the velocity of the screwdriver when it hits the ground (at t 71 5) is [1 (157 7 32 7577 [ 160, or
160 ftis.

32. a. We write f [1t7) '3 1t? ;3 1t. The height after 40 seconds is f (14011 1 (14052 (11 114001 (1 820.

f 400 0 f U0 8200110
b. Its average velocity over the time interval [01] 40]

20015, or 20015 ftls.

is 40000 40
c. Its velocity at time t is
y DR
1 2 1 12 1
. fotohoof . ot L HEIThED ot Dot
0ot lim ——————  lim 1 -
hoio L hoo -
h h
2 0th o w2 0 it ih o 2 0 L th ThZ0 'h D D
) lim 2 2 22 2 2 im 2 2 dim tothot oot
hoo h hoo “h = hoo 2 2 2
In particular, the velocity at the end of 40 seconds is [/ 14071 [ 4041 1, or40? fts. _
1 fo30 o f 1o} 1
2 s 2 =
33. a. Wewrite V [0 f [ipl] 0 The average rate of change of V is 302 O L O :6’ a decrease of
% liter.latmosphere.
fopohoofip 1 1
- _ . T p _ Op . 1 1
H.V*Dt:DI:m DllmpDh pDhmﬁ P lim [ ——— (1 11—. In
ho h hro h hoo hpp [ hoo  plip ho p2
1hQ 1
particular, the rate of change of V when p (1 2is V" 1201 (1 02" a decrease of , liter! ‘atmosphere.
34. Cx 10x2 [ 300x [ 130.
a. Using the four-step process, we find
ClxhitiC h [J720x [ 10h (1300

N

cYuxl  lim hrio h



2.6 THE DERIVATIVE

92 2 FUNCTIONS, LIMITS, AND THE DERIVATIVE
lim L1 [120x [1 300.
h00 h
b. The rate of change is C"™ (7100 ] 1120 771007 [0 300 [ 100, or $100 surfboard.
35.a Plix 5 17 7x 11 30. Using the four-step process, we find that .
2 0 0
X L x202xh 0h? 07x 07h0300 Ix2 0 7x 1130
. PIxUhoOP . U3 3
ST R :
h - 2 1 . 2
2xh 11 1h2 (1 7h - =
0
O lim =2 3 Olim CoxO hO7 00 x0T
hio h hoo 3 03 3

2
b. P~ 100~ 15 (1001 17 (1 011333, or approximately $333 per $1000 spent on
advertising.
PY 1302 [ | 15 (13007 117 [ 1713, a decrease of $13,000 per $1000 spent on
advertising.

10
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36.a. flIx :Omlxsz X [1 40, so B
f 5510501 f COCTTI50005002 105000501 0105121150140
) 40 1
- - 71 1201005, or approximatel
57055 005 - » OF approximately
0 O O
50 [ 50 S0 15000102 (150011140 (1 (1001101502 (15 40
$27701 per 1000 — [J 1201001, or
tens. iwwow 5 2 0

approximately [1$21700 per 1000 tents.

b. We compute f“ CIx[J using the four-step process, obtaining
0 foxohoof h(0002x [10011h [

foroxe o lh1‘m0 Ox 0 - 10 rat“m 0012x [10012h 1177 0012x [1 1. The
h a h
of change of the unit price if x [ 5000 is f" 5 [J0J2 1500 111 [0 [J2, a decrease of $2 per 1000 tents.

37. N (It0) (1 t2 (12t [150. We first compute N [/t using the four-step process.

SwplN[HDhDD[ﬁDhDZDZDch:DSO:tZDthhﬁ;mDZh:qq

Step2 Nt ho ONOtO O t202thh?202t02h (050 0 t202t150 (12th h?(2h 0 hio2tl
ho2o.
Nt Tho DNt

Step 3 H 2t h 2

Step4 N [t ! éin1 2t0ho20 02t 02

The rate of change of the country’s GNP two years from now is N (12 2120111216, or $6 billion[Jyr. The
rate of change four years from now is N~ (04[] [ 2 (J4[1 [J 2 1 10, or $10 billionCyr.

38. f It [ 3t2 (12t (1 1. Using the four-step process, we obtain
Foog o gm Oy MBS 6t ah 2 et 2 Next,
teo = t0 2 to 0
h h

f1 0100 16711007 [1 2 [0 62, and we conclude that the rate of bacterial growth at t 71 10 is 62 bacteria per minute.

39. a. f" [h1J gives the instantaneous rate of change of the temperature with respect to height at a given height h, in "'F
per foot.
b. Because the temperature decreases as the altitude increases, the sign of f - Th(7 is negative.
c. Because f- 7100077 [] 10105, the change in the air temperature as the altitude changes from 1000 ft to 1001
ft is approximately (10105" F.
fobo o f

Lol Hall . - .
measures the average rate of change in revenue as the advertising expenditure changes from

40. a b

41.
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a and dollars to b thousand dollars. The units of measurement are thousands of dollars per thousands of dollars.
b. f~ [Ix[7 gives the instantaneous rate of change in the revenue when x thousand dollars is spent on advertising. It

t is measured in thousands of dollars per thousands of dollars.
h ¢ Because f 112071 (1 12111200 (13011 1] 3, the approximate change in revenue is $3000.
0

fOadho o foald | . . .
u H gives the average rate of change of the seal population over the time interval [alla  h].
S frathorofra

hIlrg h gives the instantaneous rate of change of the seal population at x (7 a.

flallhoof L L
42, Tan gives the average rate of change of the prime interest rate over the time interval [a7 a [ h].
h
fllallhoof . . L
r![rg Tar] gives the instantaneous rate of change of the prime interest rate at x [ a.

h
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foacthoof . . . . L
43. arls gives the average rate of change of the country’s industrial production over the time interval
h
_ . foathoof o, . . . .
[afa i h]. IhlmO mar gives the instantaneous rate of change of the country’s industrial production at
h
X [ a.
floallhoof | . . . .
44, Tar gives the average rate of change of the cost incurred in producing the commaodity over the
h faldhoo fa
production level [a[la. h]. hljr(p h gives the instantaneous rate of change of the cost of producing
the commodity at x [ a.
floalthoo foar . .
45, H gives the average rate of change of the atmospheric pressure over the altitudes [aZa  h].
. foatho o foal . . . .
r!m& n gives the instantaneous rate of change of the atmospheric pressure with respect to altitude at
x [ a.

fOadhoof

46. Tar] gives the average rate of change of the fuel economy of a car over the speeds [a’la [ h].
h
. flriarihirif . .
hImg Dar gives the instantaneous rate of change of the fuel economy at x (] a.
h

47. a. f hasalimitat x [ a.
b. f is not continuous at x [J a because f [Jall is not defined.
c. f isnot differentiable at x [ a because it is not continuous there.

48. a. f hasalimitatx [ a.
b. f iscontinuousatx [ a.

c. f isdifferentiable at x [ a.

49, a. f hasalimitatx [ a.
b. f iscontinuousatx [ a.

c. f isnot differentiable at x (1 a because f has a kink at the point x [ a.

50. a. f does not have a limit at x [ a because the left-hand and right-hand limits are not equal.
b. f isnot continuous at x [ a because the limit does not exist there.

c. f is not differentiable at x [ a because it is not continuous there.

51. a. f does not have a limit at x [ a because it is unbounded in the neighborhood of a.
b. f isnot continuous at x [ a.

c. f is not differentiable at x [ a because it is not continuous there.

52. a. f does not have a limit at x [ a because the left-hand and right-hand limits are not equal.
b. f is not continuous at x [ a because the limit does not exist there.
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c. f isnot differentiable at x (] a because it is not continuous there.

53. s It [ [J0CI1t3 [ 2t2 (1 24t. Our computations yield the following results: 32011, 301939, 300814, 30118014,
30178001, and 30118000. The motorcycle’s instantaneous velocity at t [1 2 is approximately 30018 ft(s.
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54. C [I1x[1 [1011000002x3 (1 5x [1400. Our computations yield the following results: 51060602, 5/ 106006002,
510600086,

5070600006, and 5770600001. The rate of change of the total cost function when the level of production is 100 cases
a day is approximately $5(106.

55. False. Let f [Ix[J [ [Ix[]. Then f is continuous at x [] 0, but is not differentiable there.
56. True. If g is differentiable at x [ a, then it is continuous there. Therefore, the product fg is continuous, and so

lim foxogoxo o fox limgox 0 f Daligiall.
lim

57. Observe that the graph of f has a kink at x [ [J1. We have y
fOoOl1oOho O f 10

3
2 /

im does not exist. 1
0 1 x

T
O
o
=

4 3 2 1
1
58. f does not have a derivative at x [ 1 because it is not continuous y A
there. 41
o
0 ;
(— 1 2 X
21 ;
41\
59. For continuity, we require that y
fol10 1o lim DJax Ob allb,ora b 1. Next, using 6
x (10
the
4
- 2x ifx 01 2
four-step process, we have f - [1x[] . In order that
a ifx
2 0 2 4 X
the derivative exist at x .. 1, we require that lim 2x . lim a, or
X 01 x01
0
2 - —
X ifx 71
2 [l a. Therefore,b [1 (11 andso f [1x .
0 2x 1 ifx 01
60. f iscontinuous at x [0 0, but f - [J0C7 does not exist because the y
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61. We have f COx] [ x if x O Oand f Ox O COx if x [ 0. Therefore, when x I 0O,

Ox Ohoof . h . h
{_[ X X‘X‘ im0 X gim 2 1, and when x [ 0,
im
hCo h hoo h k0 h
. fOxOhoof . Ox Oh . Uh - . .
fe Ox0 lhn:% Ox ] hIlrg 00x0 hI"H I [J [J1. Because the right-hand limit does not
h h

equal the left-hand limit, we conclude that Ihlrrg [x [1 does not exist.

O
fOxo 0 fa
62. From f [Ix[] [1 fJa — 7 — X [Jall, we see that

] f ox0l f .
lim foxo00 foa0. —B2 2" imoxoaoo f90a00000,and fOxO O f Oac. This

. a so lim shows
0 lim

xla xCa X[ la xla xa

that f is continuous at x [ a.

Using Technology page 155
1. a9 2. a0
b . . ) b T } &i } 1
T T 4
10 1 2
0
2T -
\—// L a : —
1 0 1 4 2 - 0 1 2 3
c.ylI9xiii11 c.yli2
3. a. 00108 4, a. 1100106
b. 3 +—————————————t— b. 2 o e S
2 . H
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1
0
0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
c.yl x4 c.y i otxind
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5.a. 4
b. :
5__
07 7
1 1
c.yll4xii1
7. a. 4102
b. } }
10 T
5
0 4
-1 1 3
C.y[1471102x []
30157
9. a
10
5 -
0 } } }
0 1 2 3

b. Y 13071 112718826 (million per

decade)

CHAPTER 2

1. domain, range, B

3. foxogix

, f

Concept Review Questions

f X[
X8 g Ox0

,ALB,ALB,0

6. a.
0125

2 REVIEW

0
1 : s
1 0 1 2 3
c.ylixo3
8. a.
00135
b. T T
1
0
-1 | :
40 1 2 3

C.y[100135x (100136

10. a. S(Itll [ (101000114719t%( 1011144618t

121192202
b. .

c. $311786 billion
d. $143 million/yr

page 156

2. domain, f [1x[, vertical, point

4, g f Oxoo, f, f Ox, g

109
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gha. POxOOapnx" O ) m“eré; 000 1D a xO:a , n [1 0 and n is a positive integer
b. linear, quadratic, cubic c. quotient, polynomials d. x", where r is a real number
6. fOx,L,a
7.a L' b. LOM c. LM d. %,M:O
8.a. L,x b. M, negative, absolute
9. a. right b. left c. L, L
10. a. continuous b. discontinuous C. every
1. a a,a,glar’ b. everywhere c. Q
12. a. [allb], f OcO OO M b. fOx0 70, Jall bl
13. a. f- Jarl b. yO fDald OmOx Jarl
14 a f a:ahDH f b. h"{}} f a\:\ah: o f
h h
CHAPTER 2 Review Exercises page 157

1.a 901x [J0givesx [19,and the domainis (][] 9].

0
ca FOXOL0 0 fOX OO 20x A2 0 Ox 0L 0 20x A2 ox 1ol

b. 2x2 (1 x 1131 02x 1130 0x 1101, and X! 3 or 111. Because the denominator of the given

expression is zero at these points, we see that the domain of f cannot include these points and so the

domain of f is
M |

0000010 103 o_ %0o; .
15 3

a. We must have 2 (1 x 1 0and x 713 [J 0. This implies x [1 2 and x [J [13, so the domain of f is

00000300
030 2).

b. The domainis [JJ 0 L.

Cf 0020 0300202 0500200 112 11 0.

a

b. flai2013al202150a 12112 3a2112a112(15a 110012 13a2117a 1 20.
c. fl2a 372a21502al1 112 112a2110a 2.

d. falthiy 0 30ath250a hi11213a2(16ah13h215a15h2.

0 0
00 2X2004x 0200x 01001 [ 2x2004x 200X 1001 [14x2 12X [16.

b. f X 12h01 120X 12h02 110X [12h01 011 012x2118xh [18h2 11 x (12h (110
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5. a. y b. For each value of x [1 0, there are two values of y. We conclude
2 / that y is not a function of x. (We could also note that the function
// fails the vertical line test.)
AN\ 1 2 3 x c. Yes. For each value of y, there is only one value of x.
2 \

6. y 7. a f:ngDx:T_X
3 .
fOx
1

1 c. fogrixor-H—
g X 3
2 10 1 2 3 X d. giif 72l 30203
X0 X
0,
8. a [Ifriglix 0 fogixo 12gox 1002 x“004 01
2x? [ 7 and
Sl froroxO g f X P4 2x 1102 11410 4x2 114X (15,
foxo
b. O f 0glox™ f g 0x [11l0g x—ol—o—l 3X73:3HX and
x4 1
3x 4D 3x 14
A _ _ o1 1 1
Ogo fooxoOogofoxoig—— () — = ,
J J 3fri4 %EI:XDD4 7113x
Ox
1
c. Of Oglioxn f OgOx0] g oo [13and
OxO O3 0 x 1
gl fooxo gofox 1 09 1 ! .
xt 1
Ox 30 [0 X [12
1
2 1
9. a. Take f [Ix[J 1] 2x< (X 1andg\\x\§¢§\
b. Take f [1x x2 I x 4andglx (T X,

6
10. We havec 4012 (130140 (14 712,5016c 11214 2,orc\-¢—:j§.

1. lim 005x (1307 (150000 113 11 3.
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0
12. lim x2001 o012 o10101
2x 1

O 0 O 0
13. [I[nl 3204 C2x 0100 30010204 [20010 01] 0 D21,
X

X3 3.3

14. lim n——00

x3 X [14 304

X3 2013
15 lim X% 225 g
M 7os . L

. X22x113 . . .
16. lim ————— does not exist. (The denominator is 0 at x 1 [12.)

x002 X2 15X [16

16 8

2 REVIEW

11
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17.

18.

20.

21.

22.

23.

24,

25.

26.

2 FUNCTIONS, LIMITS, AND THE DERIVATIVE 2 REVIEW
H o__
Iim3 2x306501 2027C L 5017.
X
lim 203 112,33
x03 x[1 4 2
.1
lim x 1 0o lim = 01
xO19 X X [ xO18 X
1
O O Orj
X 11 X [ X [ 1 1
X1 1 = = = -
lim O lim L0 O 0 o0 O lim [J O
lim
x019 X 1 x010 Ox 010 x 01 x019 X [ X [ x[01 x]1 2
1
2
X
lim 0 lim 0l
00 x2
x0Ox2 (11 x| 1 Di
%2
X [ 1D
lim — [ lim 11 = 1.
X
X X [ X
3 2 4
32 o2x 4 . X ¥ 3
lim ———— [ lim X X% =
X000 2x2113x 01 xoo , 3 1 2
N X x2
|
. x2 0 1 o . )
lim 1 lim X 1‘;,,,sothellmltdoesnoteX|st.
X .
xOoox 11 ooo — 17—
X
lim foxo Oox 03 12030 1and y
x,.z— X“—mm 2
lim S22 X (13010120200 030410131001,
CIx O
lim

Therefore, lim f [x[] [J
1.

lim f.Ox0 Ox 01200 1 4 and
x2- Xllm
lim 2% 04 x
X2 fx
exist. Xlim
020

2. Therefore, f [x 1 does not

lim
x[12
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27. The function is discontinuous at x [ 2.

28. Because the denominator 4x2 112x 112 712 2x201x 11 12012x (110 0x T 100 1 0if xd 1, 0rl, wesee

that f
is discontinuous at these points.
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[ [7 (does not exist), we see that f is discontinuous at x 1 [11.

29. Because lim Iimx

X001 X001 (X (11012

30. The function is discontinuous at x [ 0.

fo2000 f 4200010

31. a. Let f (Ix[J [ x2 (] 2. Then the average rate of change of y over [111 2] 1 o0 3.
is O
2011 1
o foioso o f 020025 0120 [ 01 L
Over [1771175], it : ‘15 2 > 71 2005. Over [1001071], itis
is
1005 17 0rls
1
fo1o10 0 f D102 00200 010 [ 5
010 20 01,
10101 011
0 ([l

b. Computing f" Cx O using the four-step process., we obtain

. Ox Ohoof . ho2x 0 . .
f2 Ox0 o lim - lim h [0 lim 02x [0 h0 [0 2. Therefore, the instantaneous rate of
hro XL oo O h o
h h

change of f atx (1 1is f*' (1171 [ 2, or 2 units per unit change in x.

32. f [xJ [0 4x [0 5. We use the four-step process:
Stepl fUOx hi D 40x OhJ504x [14h 5.

Step2 fOx Thil O fOXO4x [14h [15014x [15 (1 4h.
fOx Ohoo o fOx

[ — [14.

Step 3 anh h

Step4 f° Ox o lim fox ho o f lim 4., 4
h(0 XL ho0

33. f X[ [ 3x [15. We use the four-step process:
Stepl fiix Thiliz3ixThi50 31305

Step2 fiix Thil fixiyll 3% 3h 150 3x 501 3h.
Step 3 = h f x O —.—3
h 2

fOx 0 hi f,I. 3
[ lim =
LIX L

- 3
Step4 - [Ix =,

lim

h0 h hoo 2 2
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Therefore, the slope of the tangent line to the graph of the function f at the point [1112(12[/4s 3. To find the
equation of the tangent line to the curve at the point (111201 2[1, we use the point-slope form of the equation of a

line, obtaining
y 203 [xo0m20]ory (5 3x (15,
34. f X[ [] [Ix2. We use the four-step process:
Stepl fix O hi X (Thi2 0 0x2 2xh th.
Step2 flx Thiilfx x2 o 2xh i h? X2 2xh h? T hio2x 0 hio.
0
flx hoof
Step 3 X0 [ 112X [T h.
h
Step4 f" [Ox0 o lim f’Xth:Df O lim O02x O hD O 02X,
hio X hi1 0
h

The slope of the tangent line is f~ (127 11 112 12071 [J [J4. An equation of the tangent line is y 7 (10407 7 74
LIx (1200, 0ry [ [14x [14.
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35. f Ox0 [ ix' We use the four-step process:

Step 1 f:x:hD::} .
X h O _
1 1 1 1 h
Step2 frxThol O foOxO) [—11 [ 00O ] ]
P B - ~ [Jh X x[Jh x x[(x[Ih
- 1
X
foOx Ohoof
Step 3 h X X 0 he
Stepd - Ox01[0 fixohb ot Iim—1 i
lim X1
hoo h hoo x OX TThrl X2

36. a. f iscontinuous at x [] a because the three conditions for continuity are satisfied at x [ a; thatis, 1. f [Ix[]is

defined. 2. lim  f [Ix[] exists. 3. f [IX f Dall.
. im,

b. f is not differentiable at x ] a because the graph of f has a kink at x [ a.
37. S4[71 116000 (1477 130,000 1 54,000.

7004112014
38. a. The line passes through (10012141 and (1501 714 and has <0 [1 1. Letting y denote the sales, we
slope m

see that an equation of the lineisy (12014 (1 1]t (10, ory (1t [J2(]4. We can also write this in the form
St t (12014,

b. Thesalesin 2011 are S (1301 (1 312014 [ 5014, or $5.14 million.

39. a. C [Ix[] [ 6x [130,000.
b. RUx ] 10x.
c. POx OO ROx[[JC Ox[J [110x [J [J6x 130,000 [ 4x [130,000.

d. P [16000(! [ 41160000 (130,000 (] 16000, or a loss of $6000. P 18000 (] 4 18000( [ 30,000 [ 2000, or
a profit of $2000. P (112,00001 [1 4 (112,000 [1 30,000 [ 18,000, or a profit of $18,000.
0 0
40. Substituting the first equation into the second yields 3x [1 2 zf’x 16 (13010, soz3x 12131 0and x [ 6.

Substituting this value of x into the first equation then gives y [ 271 so the point of intersection is 6 [-)721.

41. The profit function is given by P [Ix [ [0 R TIx ) [1C [Ix[J 1] 20x [1 [112x [120,00007 7 8x
20,000.

3XIpll40010

42. We solve the system - - Adding these two equations, we obtain 5x (130 (1 0, or x [ 6. Thus,
2x Upy10J0

p [12x (110 (112110 (1 22. Therefore, the equilibrium quantity is 6000 and the equilibrium price is $22.
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500
43. The child should receive D 13577 150 [7 117, or approximately 117 mg.
44. When 1000 units are produced, R 111000 [} 110711110007 /2 (1500 11000 400,000, or $400,000.

45. R113000 [0 41, 21130013001 [ 450, or $45,000.
30

46. N 0001 1200 114 11001172 1 400, and so there are 400 members initially. N (11207 (1 200 (14 (1 120012 [
800, and so there are 800 members after one year.
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U
(150,000, or 990,

] .
47. The population will increase by P 11901 (1 P 1100) [ 50,000 (130 1901372112019
during the next .
9 months. The population will increase by P (11671 (1 P )0 1 50,000 (130 116/13"2 (1201161 150,000,
or

2240 during the next 16 months.

0 O_
48. T 0 f OIn anni4 fra 0, f 150 T 020, T
f6 24~ 2133019, f 7011128 3 120
_ 80 /
40
0 2 4 6 8 10 12 n

49. We need to find the point of intersection of the two straight lines representing the given linear functions. We solve
the equation 2073 [7 0014t [J 1072 [1 0076t obtaining 1071 71 0012t and thus t 71 5075, This tells us that the annual

sales of the Cambridge Drug Store first surpasses that of the Crimson Drugstore 51 years from now.

50. We solve [1101x2 (1 1015x [140 [ 0011x2 (1 0015x [ 15, obtaining 1012x2 ' x 1 25 11 0, 12x2 (1 10x (1 250 [ 0,
6x2 15x (11251 0,and [Ix (1501 (16x 12501 [10. Therefore, x [ 5. Substituting this value of x into the second

supply equation, we have p =1 0011 (115012 11005 (1500 7115 (1 20. So the equilibrium quantity is 5000 and the
equilibrium price is $20.

51. The life expectancy of a female whose current age is 65 is
C (16501 (1 0110053694 (16512 1114663165 | 192174 [
200712 (years). The life expectancy of a female whose current
age is 75 is
C 117507 [ 0110053694 (175712 (11714663 (17501 (1921174 (1 121197 (years).

52. a. The amount of Medicare benefits paid out in 2010 is B 10 [J 0125, or $250 billion.

b. The amount of Medicare benefits projected to be paid out in 2040 is

B 130110109 1312 11101102( 1 [1301 101125 ] 171366, or
$171366 trillion.

53. N 0[] [1 648, or 648,000, N (11071 ) [135018 (1202 [1 8717 [1 648 [1 902 or 902,000,

N (12 1135008112008 11202112012 (1871181211 1 648 [ 1345112 or 1,345,200, and
N3 1135018 113013 11202113112 (1187118 13( (1 648 [1 176218 or 1,762,800.
54. a. ATI0C [ 16774, or $16014 billion; A 107 1716074 (11 (110971 b. ¥ (billion)
170158, or
$170758 billion; A 11201 7116014 12 11171971 77118730, or 18
$18713 billion;
ATI300 1116014113 11101971 718784, or $18/184 billion; and 16

A4 16004104 1010971 1191126, or $191126 billion. The
nutritional market grew over the years 1999 to 2003. {

55. a. f It [1267;9 0t
2t2 1] 46t [1733.
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1 2 3 4 t(year) - -
b. h ot O o f Ogoot O f ot gt 00267 0 2t2 1146t 11733 [ 2t2 1146t 1 1000.

c. h 71307 112713072 (146111311 [1 1000 1 1936, or 1936 tons.
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56. a. PI00] (159018, P11 001311071 15816 15819, b. P (%)
P 1201 156017912 19706 1159112 P 13 (15679130706 62
160017, and
P 1471 71 56179 114719706 1 61117, 60

c. P13 60017, or 60017%.
58

¥ 2 3 4% (year)

[¢n]
—_—A

57.a. flr 7T
2.

b. gt (12t
c.hoto o of gt o f og ot 2i47tt2-

O O
Omo gt

d. h(1307 (1 4x 302 [ 36007, or 36007 ft2.

58. Measured in inches, the sides of the resulting box have length 20 (7 2x and the height is X, so its volume is
V [ x 120 (1 2x 12 ind,

59. Let h denote the height of the box. Then its volume is V [1 TIx 1 [12x 7 h [1 30, so that hE 2" Thus, the cost is
C Ox[J 130 0x0 2x 0 1115 [2xh (12 002 7h] 1720 CIx 1 112X ]

0O O
[1 60x2 115 6xh1 [140x2 7 100x2 (1 (11507 :6%—§x
X

- 100x2 - 1330,
60.
5 if 10 x (100 y
9 if 100 () x [J 200 20 /
— O
151100  if300 [ x 07 0w
400 —
0 200 400 600 800 X
- 400 -
61. lim C [Ix0 20 [ ~ [7 20. As the level of production increases without bound, the average cost of
lim

X

producing the commodity steadily decreases and approaches $20 per unit.

62. a. C" [Ix[] gives the instantaneous rate of change of the total manufacturing cost ¢ in dollars when x units of a
certain product are produced.

b. Positive

c. Approximately $20. B
63. True. If x (10, then X is not defined, and if x (1 0, then X is not defined. Therefore f [1x (] is defined nowhere,

and is not a function.



64. False. Let f ix( 1 (1 x'"™3 1. Then f~ 1%

3

13208 so 12111

3

2 BEFORE MOVING ON... 105

! and an equation of the tangent line to
the graph

of f atthepoint 11012 isy 1 2<1 Y ix 110 ory [ Lx 1 5. This tangent line intersects the graph of f at the

point 3
(171807 1117, as can be easily verified.

3

CHAPTER 2 Before Moving On... page 160
1.a f o010 00020001 103
b. f 000 2.
OO0 O,

c, f 3 p-%pg2pll

2 2 4

1
2.4 0f ngroxo o foxoogog XL

3

X[
X2
X -
1
\b\.X\ ‘f‘q X O f OxI \g E
c f Oxo o fo Hx—lo— .
' gi g \\g X2:2.
Ox 1
d.og, fooxs gofixon g Ly
f 2 (X '
X[
102

3.4x[1h (1108,s0h (1108 []4x. The volumeisV [ x2h [ x2 1108 [14x ] [1108x2 [] 4x3.

X200 4x 113 X 301X [
4. lim —— lim T 2
x001 X2 03X 02 xoo1Ox D200x 01
5.a. lim foxo x201 0.
Xt oo lim
b. lim 3o,
XLl fx
Xlim_
010
Because IimD f.ox1 f OxO O f is not continuous at 1.
x[1

Xlim_
010

6. The slope of the tangent line at any point is
foxhooof

OX ChO20030x hii 10 x2003x

lim lim
hi0 LIxL hC0 1
h . h

lim
h£O0 x2 (] 2xh 11 h2 [ 3x

3h [ x2

3x 1

O lim



2 O lim 02x Oh 030 0 2x 3.
ho ho hio
Therefore, the slope at 1 is 2 (1101 713 [1 [11. An equation of the tangent line is y 10 0 010x 010, or

y 10 bx i, ory 10X,
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CHAPTER 2 Explore & Discuss
Page 72
2 2 2
oono O
L Ogo fooxt togofoxor oo f o x1 o 5 o xand
Cxr 1 1 X
S gl XD O f g Ox T T gloxO L0 Ox 010201 00X 01001 X,

2. Refer to the figure at right. If a mirror is placed along the line
y [ X, then the graphs are reflections of each other.

y

Page 106

1. As x approaches 0 from either direction, h [1x (1 oscillates more and more rapidly between [71 and 1 and therefore
cannot approach a specific number. But this says Iin?) h [1x [ does not exist.
X

2. The function f fails to have a limitat x [ 0 because f [1x] approaches 1 from the right but (1 from the left. The
function g fails to have a limit at x [ 0 because g [1x [] is unbounded on either side of x [1 0. The function h here
does not approach any number from either the right or the left and has no limit at 0, as explained earlier.

Page 114

1. lem f [Ix[J does not exist because no matter how large x is, f [Ix [ takes on values between (11 and 1. In other

words, f [1x ] does not approach a definite number as x approaches infinity. Similarly, f CIx [ fails to exist.
lim N

XL

2. The function of Example 10 fails to have a limit at infinity (negative infinity) because f [1x [ increases (decreases)
without bound as x approaches infinity (negative infinity). On the other hand, the function whose graph is depicted
here, though bounded (its values lie between (11 and 1), does not approach any specific number as x increases
(decreases) without bound and this is the reason it fails to have a limit at infinity or negative infinity.

Page 141

The average rate of change of a function f is measured over an interval. Thus, the average rate of change of f over the
f b O f Dal

interval [al7 b] is the W’ . On the other hand, the instantaneous rate of change of a function measures

number

the rate of change of the function at a point. As we have seen, this quantity can be found by taking the limit of an

appropriate difference quotient. Specifically, the instantaneous rate of change of f atx . a is Igfm*&1 _h E f Da*.
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Yes. Here the line tangent to the graph of f at P also intersects the
graph at the point Q lying on the graph of f.

2 EXPLORE & DISCUSS

/ 0

Xy

107

Page 144

1. The quotient gives the slope of the secant line 2. The limit gives the slope of the tangent line to the
passing through P [Ix (D hi f Ox (O h graph of f at the point [1x[] f [Ix(100. It also gives
and the instantaneous rate of change of f at the point
Q Ux IThiJ f Ox L hiI. Italso gives the Cx O f OxO00. As h gets smaller and smaller, the

average rate of change of f over the interval [x O secant

hiix (1h].
y

1 Q(x—+h, fix—+h)) y

0 x-h X x-+h X

(x f(x))
PE

Jémmmmmmmmmaas

lines approach the tangent line T.

'
XH=h

observation as follows: From the definition of f“ Cx[, we have f th:

0 h
. . . foOxohoof . foxoofox o
Replacing h by h. gives f- [Ix[1 Ih":no YT r!I:rg AT . Thus
[h h
0 0
2F0 X1 S foxohoo f f Ox( fx h:dsof Ox foxohoo o foxo,
lim X[ - _ _ |I?£I hrl
ho h h hoo 2h

agreement with the result of Example 3.

4. Step1 Compute f [)x [Thiland f [x [
hil.

Step 2 Form the difference f Tx TTh0 01 f Ox T hi.

fOxOho o foOx Ohi
2h '

. foxohoofoxD
o lim

hoo h

2h

For the function f [1x1 7 x2, we have the following:

Step 3 Form the quotient

Step 4 Compute f" [1x

Stepl foxChio O ox 0ho?2ox2m2xh D h2and f Cx D hio 0 Ox L hi? 0 x2 0 2xh 0 h2,
] 4xh.

O

Step2 fouxChoofoxoho o x202xh0h? 0 x202xh 0 h?

Step 3



f Ox O hD  4xh

fOx0 op 5
?h 2X.
- ) foOxoOhoof . . .
Step4 f- [Ix[] Ih|mO % r!lrg 2X . 2X, in agreement with the result of Example 3.

2h
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Page 147

No. The slope of the tangent line to the graph of f at [Jall f [Ja is defined by | ar] . and
h h

because the limit must be unique (see the definition of a limit), there is only one number f" all giving the slope of

the tangent line. Furthermore, since there can only be one straight line with a given slope, f - [Jal, passing through a

given

point, [laltl f Clalll], our conclusion follows.

CHAPTER 2 Exploring with Technology

Page 56 ‘ ‘ . .

1. 2 . 3.
6t 1
At 1
st 1
0 Il Il Il Il

3 2 1 0 1 2 3 4 2 0 2 4

4. The graph of f [1x[1 [ c is obtained by translating the graph of f along the y-axis by ¢ units. The graph of f [1x
¢l is obtained by translating the graph of f along the x-axis by c units. Finally, the graph of cf is obtained from that
of f by “expanding”(if ¢ [1 1) or “contracting”(if 0 [1 ¢ [] 1) that of f. If ¢ [7 O, the graph of cf is obtained from that
of f by reflecting it with respect to the x/axis as well as expanding or contracting it.

Page 86
1. a. 10 b. 100 ’
0 0
-10 . -100 ;
-10 / 0 5 10 -100 /50 0 50 100
The lines seem to be parallel to each other and They appear t0 intersect. But finding the point
do not appear to intersect. of intersection using TRACE and zoom with any

degree of accuracy seems to be an impossible
task. Using the intersection feature of the
graphing utility yields the point of intersection
71014007 118107 immediately.

c. Substituting the first equation into the second gives 2x (11 [ 2(11x [ 3, [14 [1 0011x, and thus x [ [140.
The corresponding y-value is [181.

d. Using TRAcE and zoow is not effective. The intersection feature gives the desired result immediately. The
algebraic method also yields the answer with little effort and without the use of a graphing utility.
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[
2. a. 10 / b. Substituting the first equation into the second
yields 3x 12 1 [12x [0 3,s05x 7 5and
X [1 1. Substituting this value of x into either
0 / equation gives y [ 1.

. The iterations obtained using TRACE and zoom
converge to the solution (1101 1(1. The use of

10 T T
0050 5 Y0 the intersection feature is clearly superior to
the

TRACE and zoowm repeatedly, you will see that the desired result easily.

the iterations approach the answer 1177 1(71.
Using the intersection feature of the graphing
utility gives the result x (1 1and y [ 1,

immediately.
Page 104
L 5 : : 2. Using TRAcEe and zoom repeatedly, we find that g [1x
approaches 16 as x approaches 2.
3. If we try to use the evaluation function of the graphing utility to
107 T find g (1207 it will fail. This is because [J 2 is not in the domain of
X
1 1 g.
0 4. The results obtained here confirm those obtained in the preceding
0 ! 2 8 example.
Page 109 (First Box)
1. 20 : : 2. 20 , ,
10 10
0 ’ ’ 0 : :
0 1 2 3 0 1 2 3
4 :xz 0 Using TrAce, we find lim 4 Uix. 200, 16. When
Using TrRAcE, we find lim 1 16. x02
xuz 4 X [12,y [116. The function f [Ix (140X [
x L 20 is definedatx ' 2andso f (1207 (1 16is

defined.

3. No.
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4. As we saw in Example 5, the function f is not defined at x [ 2, but g is defined there.
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Page 109 (Second Box)

L 1.0 } 2. 1.0 }

0.0 : 0.0 i
-1 0 1 2 -1 0 1 2
Using TRACE and zoom, we see that The graph of f is the same as that of g except that
1Tox01 the domain of f includes x ] 0. (This is not evident
x“:ng X 05 from simply looking at the graphs!) Using the

evaluation function to find the value of y, we obtain
y [1 0015 when x [7 0. This is to be expected since
X [1 0 lies in the domain of g.

3. As mentioned in part 2, the graphs are indistinguishable even though x 7 0 is in the domain of g but not in the
domain of f.

. . 10x01 . 1 1
4. The functions f and g are the same everywhere exceptatx J Oandso lim ————— [ lim H———[1 =,

X110 X x00 10x001 2
as seen in Example 6.

Page 112
1. 2. 00
0.2 1
04T T
0 50 100 150 200 50 -40 30 20 -0 0
1 -+ .
The results suggest that s goes to zero (as x The results suggest that «n 90€s to zero (as negative
increases) with increasing rapidity as n gets larger, X increases in absolute value) with increasing
as predicted by Theorem 2. rapidity as n gets larger, as predicted by Theorem 2.
Page 143
1. 6 L R 2. Using zoowm repeatedly, we find Iimog OxOL 40
T T T X:
4 / 1 3. The fact that the limit found in part 2 is f~ [12(7 is an illustration

5 ] / 1 of the definition of a derivative.
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Page 144
4 ’\ ’
,t 1
0 \
2T B
-4 . :
-4 2 0 2 4
Page 147
1. ’ : : 2. The graphing utility will indicate an error when you
try to draw the tangent line to the graph of f at
1y T (101071, This happens because the slope of the tangent
0 line to the graph of f T1xJ is not defined at x 7 0.
14 £
-2 : |



