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DIAGNOSTIC TEST
Are you ready to study calculus?

Algebra is the language in which we express the ideas of calculus. Therefore, to un-
derstand calculus and express its ideas with precision, you need to know some algebra.

If you are comfortable with the algebra covered in the following problems, you are
ready to begin your study of calculus. If not, turn to the Algebra Appendix beginning
on page A.xxx and review the Complete Solutions to these problems, and continue
reading the other parts of the Appendix that cover anything that you do not know.

Problems Answers
1. True or False? %< -3 9s|ed
2. Express {X| —4 < x <5} in interval notation. [Sv—)
3. What is the slope of the line through the points (6, —7) and (9, 8)? S
4. On the line y = 3x + 4, what value of Ay corresponds toA x = 2? 9
5. Which sketch shows the graph of the line y =2x —1? e
a % i b % ¢ {x d %
IE)IZ (Y )
6. True or False? — =7 anJa |
y X
7. Find the zeros of the function f(x) = 9x?> —6x — 1 ;/\% =X
8. Expand and simplify x(8 —x) — (3x + 7). L —XG + X—
. . X2 - 3X + 2 ‘ ‘
9. What is the domain of f(x)=—————— 2 {cexosx'e—gXxIx}
X3 + X2 — 6X

f(x + h) — F(x)

U+39—Xe
h

10. For f(x) = x? — 5x, find the di [erknce quotient

Diagnostic Test (in Front Matter)



Exercises 1.1

Chapter 1. Functions

EXERCISES 1.1

11.

13.

15.

xo x 6

0 6

xIx 2

a. Since x=3and m=5, then vy, the
changeiny, is
y=3em=3¢5=15

b. Since x=-2andm=5, then vy, the
changeiny, is
y=—2em=-25=-10

For (2, 3) and (4, -1), the slope is
13 4 ,
4 2 2

For (4, 0) and (2, 2), the slope is
2 0 2 2 1

2 (4 2 6 3

For (0, -1) and (4, 1), the slopeis
1 (D 110
4 0 4 4

For (2,-1) and (2, 5), the slope is

% 21 undefined

Sincey = 3x—4 isin slope-intercept form,
m = 3 and the y-intercept is (0, —4). Using the
slope m = 3, we see that the point 1 unit to the

right and 3 unitsup isalso ontheline.
y

t + + +
-1 _/ 2 3

=N Wk G
TR I N T
L S S |

X

10.

12.

14.

16.

]

Since x=5and m=-2,then vy, the
changeiny, is
y=5em=5¢(-2)=-10

o

Since x=-4andm=-2,then vy, the
changeiny, is
y:_4. m:_4-(_2):8

For (3,-1) and (5, 7), the slope is
7 () 71 8
5 3 2 2

For (-1, 4) and (5, 1), the slope is
1 4 3 3 1

5 (1) 51 6 2

For 2,

N |~

and 5, % ,thedopeis

1
2 2 0
5(2 5 2

B[]
o

For (6, —4) and (6, —3), the slopeis

36 (64) 304 undefined

Sincey = 2xisin slope-intercept form, m= 2 and
the y-intercept is (0, 0). Using m = 2, we see that
the point 1 to the right and 2 units up is also on
theline.
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17 Sincey= -%xisinslopeinterceptform,
m= 4 and they-intercept is (0, 0). Using

m= -% , We see that the point 2 unitsto the

right and 1 unit downisalso ontheline.

19. The equation y = 4 is the equation of the hori-
zontal line through all points with y-coordinate
4, Thus, m = 0 and the y-intercept is (0, 4).

21. The equation x = 4 is the equation of the
vertical line through al points with x-coordinate
4. Thus, mis not defined and thereis no y-
intercept.

23. First, solvefor y:

2x 3y 12
3y  2x 12

2
£x 4

y 3

Therefore, m= % and the y-intercept is (0, —4).

Chapter 1: Functions

18.  Sincey= %x+2isinslope~interceptform,
m= £ and they-intercept is (0, 2). Using

m= % , We see that the point 3 unitsto the right

and 1 unit down is also on theline.

20. Theequationy = -3 isthe equation of the hori-
zontal line through all points with y-coordinate
—3. Thus, m= 0 and the y-intercept is (0, =3).

22. Theequation x = -3 is the equation of the vertical
line through all points with x-coordinate —3. Thus,
mis not defined and there is no y-intercept.

24. Firgt, solvefory:

3x 2y 18
2y 3x 18
y -gx 9

Therefore, m= —g and the y-intercept is (0, 9).
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Exercises 1.1

25, First, solve for y:
xy O
y X
Therefore, m = —1 and the y-intercept is (0, 0).

27. First, solvefor y:
x y O
y X
y X
Therefore, m = 1 and the y-intercept is (0, 0).

29. First, put the equation in slope-intercept form:

3
v 3% 3

Therefore, m= £ and the y-intercept is 0% .

26. First, solvefory:
x 2y 4
2y x 4
1
y 2x 2
Therefore, m= % and the y-intercept is (0, —2).

28.  Firgt, put the equation in slope-intercept form:

y%xS
y%xz

Therefore, m= £ and the y-intercept is (0, —2).

30. Firgt, solvefory:
X

x Y
2 3 1
%%xl
y%xS

Therefore, m= -g and the y-intercept is (0, 3).
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31.

33.
35.

37.

39.

41.

43,

First, solvefory:
2X

Ele
y %x 1
y %x 1
Therefore, m= £ and the y-intercept is (0, -1).

y=-225x+3

y 2 5x 1

y 2 5x 5
y 5x 3

First, find the slope.
13 _4
m 75 2 2

Then use the point-slope formula with this
slope and the point (5, 3).

y 3 2x 5
y 3 2x 10
y 2x 13

First, find the slope.
1 1 11
m 51 4 O
Then use the point-slope formula with this
slope and the point (1,-1).
y 1 O0Ox 1

y 1 0
y 1

32.

34.
36.

38.

40.

42.

Chapter 1: Functions

First, solvefory:
x1 y1

2 2 1
x 1y 1 2
Xy 2 2
y X
Therefore, m = —1 and the y-intercept is (0, 0).
4_.
KL
2,,
1,,
SRR AR
24
,3,,
_4_.
2
=x 8
Y3
y 3 1x 4
y 3 x 4
y Xx 7
3
Yy
1
X =
2

First, find the slope.
0 1 1
m 763 3
Then use the point-slope formula with this slope
and the point (6, 0).
y O X 6

X 2

wli— wli-

y

First, find the slope.

m _24_20 —04 undefined

Since the slope of the line is undefined, the line
isavertical line. Because the x-coordinates of
the points are 2, the equation isx = 2.
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Exercises 1.1 7

45,

47.

49,

51.

52.

a. Firgtfindthe dlope of theline 4y 3x 5. 46. a. Firgtfindthedopeof theline x 3y 7.
Write the equation in slope-intercept form. Write the equation in slope-intercept form.
3, 5 1, 7
=2x =2 =X .
y 4 4 y 3 3
The slope of the parallel lineis m % The slope of the parallel lineis m %
Next, use the point-siope form with the Next, use the point-slope form with the
point (12, 2): point (-6, 5):
y y1 mXx X y Y1 mx X
y 2 3 x 12 ys Llxe
3 1
2x 7 -
y 4 y 3 x 3
b. Theslope of the line perpendicular to b. Theslope of the line perpendicular to
y 3x 2ism 4 y 1y Tism 3.
4 4 3 3
Next, use the point-slope form with the Next, use the point-slope form with the
point (12, 2): point (6, 5):
y 1 mXx X y 1 mXxX X%
y 2 4 X 12 Yy 5 3x 6
:3{ y 3x 23
=x 18
y 3
The y-intercept of thelineis (0, 1),and y=-2 48.  They-intercept of thelineis(0,-2),and y=3
for x=1.Thus, m —i’ TZ 2. Now, use for x=1.Thus, m —i’ -i 3. Now, use the
the slope-intercept form of the line: slope-intercept form of theline: y = 3x—2
y=-2x+1.
They-intercept is (0, —2), and y=3for 50. They-interceptis (0, 1),and y=-2for x=3.
x=2.Thus m — 2. Now, usethe slope- Thus m - -2 £.Now, usethesiope-
intercept form of theline: y %x 2 intercept form of theline: y -%x 1
First, consider the line through the points (0, 5) and (5, 0). The slope of thislineis m 5—8 ?5 1. Since
(O, 5) isthe y-intercept of thisline, use the slope-intercept form of theline y=-1x+50ry=-x+5
Now consider the line through the points (5, 0) and (0, -5). The slope of thislineism 22 —2 1.Since
(0,-5) isthe y-intercept of the line, use the slope-intercept form of theline y=1x—50ory=x-5

Next, consider the line through the points (0, —5) and (-5, 0). The slope of thislineis m 2 3 g % 1.

Since (0, -5) is the y-intercept, use the slope-intercept form of theline: y =-1x-50ry=-x-5

Finally, consider the line through the points (-5, 0) and (0, 5). Theslope of thislineism 2% 2 1.Since

(O, 5) isthe y-intercept, use the slope-intercept form of theline: y=1x+50ory=x+5

The equation of the vertical line through (5, 0) 53. If thepoint (x,Y,) isthey-intercept (0, b), then
isx=5. substituting into the point-slope form of the line
The equation of the vertical line through (-5, 0) gives

Isx =-5. y ¥ m(x x)

The equation of the horizontal line through y b m(x 0)

(0,5)isy=5. y b mx

The equation of the horizontal line through y mx b

(0,-5) isy =-5.

2016 Cengage Learning. All rights reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.



56.

57.

59.

60.

Chapter 1: Functions

To find the x-intercept, substitute y = 0 into the 55. a

equation and solve for x:

® <o [x

o o® [x

| xT |OoT <

<

b
Y
b
Y
b
y

1

1

1 on[-5, 5] by [-5, 5]

X a Thus, (a, 0) isthe x-intercept.
To find the y-intercept, substitute x = 0 into the
equation and solve for y:

1

1 \

on[-5, 5] by [-5, 5]

1
b Thus, (0, b) isthe y-intercept.

7
= )

on [-5, 5] by [-5, 5] on[-5, 5] by [-5, 5]

Low demand: [0, 8); 58. A:[90, 100]; B: [80,90); C: [70, 80);
average demand: [8, 20); D: [60, 70); F: [0, 60)

high demand: [20, 40);

critical demand: [40, )

a. The value of x corresponding to the year 2020 is x = 2020 — 1900 = 120. Substituting x = 120 into the

equation for the regression line gives

y 0.356x 257.44

y  0.356(120) 257.44 214.72 seconds

Since 3 minutes = 180 seconds, 214.72 = 3 minutes 34.72 seconds. Thus, the world record in the year

2020 will be 3 minutes 34.72 seconds.
b. To find the year when the record will be 3 minutes 30 seconds, first convert 3 minutes 30 seconds to

. . 60 sec
seconds: 3 minutes 30 seconds = 3 minutes ¢ 1min T30 seconds = 210 seconds.
Now substitute y = 210 seconds into the equation for the regression line and solve for x.
0.356x 257.44
210  0.356x 257.44
0.356x 257.44 210
0.356x 47.44
x A4L44 13326
0.356

Since x represents the number of years after 1900, the year corresponding to thisvalue of x is

1900 + 133.26 = 2033.26  2033. The world record will be 3 minutes 30 seconds in 2033.
For x = 720: For x = 722:
y  0.356x 257.44 y 0.356x 257.44

0.356 720 257.44 0.356 722 257.44
256.32 257.44 1.12 seconds 257.744 257.44 0.408 second

These are both unreasonable times for running 1 mile.
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Exercises 1.1

61.

63.

65.

To find the linear equation, first find the
slope of the line containing these points.
146 70 76 4g
31 2
Next, use the point-slope form with the
point (1, 70):
y Y1 mXxX X%
y 70 38 x 1
y 38x 32
Sales are increasing by 38 million units per
year.
The sales at theend of 2020 is
y = 38(10) + 32 = 412 million units.

First, find the slope of the line containing the
points.
212 32 180 9

100 0 100 5
Next, use the point-slope form with the point
(0, 32):
Yy Y% rg
32 =
Y 5
9

m

y

Substitute 20 into the equation.
9
9y 32

y X

y %(20) 32 36 32 68 F

Price = $50,000; useful lifetime = 20 years;
scrap value = $6000
V50,000 50 00(2)0 6000

50,000 2200t O t 20

t ot 20

Substitute t = 5 into the equation.
V 50,000 2200t

50,000 2200 5
50,000 11,000 $39,000

on [0, 20] by [0, 50,000]

62.

64.

66.

First, find the slope of the line containing
the points.
428 386 4.2

11 3 14
Next, use the point-slope form with the
point (1, 38.6):

y ¥y mXx X

y 386 14 x 1

y l4x 37.2

PCPI increases by about $1400 (or $1.4
thousand) each year.
The value of x corresponding to 2020 is
x = 2020 — 2008 = 12. Substitute 12 into
the equation:
y = 1.4(12) + 37.2 = $54 thousand

or $54,000

m

First, find the slope of the line containing
the paints.
89.8 748 15

20 2 3.75
Next, use the point-slope form with the
point (O, 74.8):

m

y i mXx X
y 748 375 x 0
y 3.75x 748

Since 2021 is 12 years after 2009,

substitute 11 into the equation.

y 3.75x 74.8

y 3.75(12) 74.8 119.8 thousand dollars
or $119,800

Price = $800,000; useful lifetime = 20 yrs;
scrap value = $60,000
V800,000 800,000 60,000

20
0t 20
800,000 37,000t 0 t 20

Substitute t = 10 into the equation.
V 800,000 37,000t

800,000 37,000 10
800,000 370,000 $430,000

t

on [0, 20] by [0, 800,000]
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10

67.

69.

Substitutew = 10, r =5, C = 1000 into the
equation.
10L 5K 1000

Substitute each pair into the equation.
For (100, 0), 10 100 50 1000
For (75,50), 10 75 550 1000
For (20, 160), 10 20 5160 1000

For (0,200), 10 0 5200 1000
Every pair gives 1000.

Median Marriage Age for
Men and Women

#

on [0, 30] by [0, 35]

The x-value corresponding to the year
2020 is x = 2020 — 2000 = 20. The
following screens are aresult of the
CALCULATE command with x = 20.

1=.18h+26.7

Median Age at Marriage  Median Age at Marriage
for Men in 2020 for Women in 2020.

So, the median marriage age for men in
2020 will be 30.3 years and for women it
will be 27.8 years.

The x-value corresponding to the year
2030 isx = 2030 — 2000 = 30. The
following screens are aresult of the
CALCULATE command with x = 30.

1=.1BR+i6.7

Median Age at Marriage  Median Age at Marriage

for Men in 2030 for Women in 2030.
So, the median marriage age for menin
2030 will be 32.1 years and for women it
will be 29.2 years.

68.

70.

Chapter 1: Functions

Substitutew = 8, r =6, C = 15,000 into the
equation.
8L 6K 15,000

Substitute each pair into the equation.
For (1875,0), 8 1875 6 0 15,000

For (1200, 900), 81200 6 900 15,000
For (600, 1700), 8 600 61700 15,000

For (0, 2500), 8 0 6 2500 15,000
Every pair gives 15,000.

Women’s Annual Earnings
as a Percent of Men’s

 ——

on [0, 30] by [0, 100]

The x-vaue corresponding to the year 2020
isx = 2020 — 2000 = 20. The following
screen isaresult of the CALCULATE

command with x = 20.
1= 28H8+77

Women’s Annual Earnings

as a Percent of Men’s

So, in the year 2020 women'’ s wages will
be about 84.2% of men’s wages.

The x-value corresponding to the year 2025
isx = 2025 —2000 = 25. The following
screen isaresult of the CALCULATE
command with x = 25,

Women’s Annual Earnings
as a Percent of Men’s

So in the year 2025 women's wages will be
about 86% of men’s wages.
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Exercises 1.1

71.

73.

75.

77.

on [0, 100] by [0, 50]
To find the probability that a person with
afamily income of $40,000 is a smoker,
substitute 40 into the equation

y 0.31x 40

y  0.31(40) 40 27.6 or 28%.

The probability that a person with a

family income of $70,000 is a smoker is
y  0.31(70) 40 18.3or 18%.

L1t =1

y 0.094x 1.582

Cigarette consumption is declining by
about 94 cigarettes (from 0.094 thousand,
so about 5 packs) per person per year.

y 0.094 13 1.582 0.36 thousand
(360 cigarettes)

1hke3

g=ax+h

a=2.13

b=53. 35

FE=, 99EIIEEL4S

r=.9951 532759
LZih=E7, 1
y 2.13x 65.35

The male life expectancy isincreasing by

2.13 years per decade, which is 0.213 years

(or about 2.6 months per year).
y 2.13(6.5) 65.35 79.2 years

K] [ |L3 ZICinkea
i0 | g=ax+h
20 EH.E = B54E47E1D
o 0 b=73.45714236
) T i=, 99554 1 5858
a1l 2l r=-.9978184157
70 149

Lzih=E5, 4

y 0.864x 75.46

Future longevity decreases by 0.864 (or
about 10.44 months) per year.

y 0864 25 7546 53.9 years

It would not make sense to use the
regression line to predict future longevity a
age 90 because the line predicts —2.3 years
of life remaining.

72

74.

76.

78.

11

To find the reported “ happiness’ of a
person with an income of $25,000,
substitute 25 into the equation

y 0.065x 0.613

y 0.065(25) 0.613 1.0.

The reported “ happiness’ of a person with
an income of $35,000 is
y 0.065(35) 0.613 1.7.

The reported “happiness’ of a person with
an income of $45,000 is
y 0.065(45) 0.613 2.3.

inkea
g=gx+h
a=5.8
b=24,3

L1t =1

y 5.8x 245

Each year the usage increases by about 5.8
percentage points.

y 5811 245 88.3%

]
1
z 77N a1
Z i b=73,597
£ :EXC FE=.9323991517
____________ r=.36733551a81
L=, 7
y 1.41x 73.97

The female life expectancy isincreasing by
1.41 years per decade, which is 0.141 years
(or about 1.7 months per year).

y 14165 7397 83.1 years

K] Lz L= 1|CinFeg

[T g=gx+h

& ik 8 H5=2.5

i i b=53

____________ FE=, QEITA75004

F=. 021822 P064

Liidi=]1

y 85x 53
Seat belt use increases by 8.5% each 5 years
(or about 1.7% per year).

y 8554 53 98.9%

It would not make sense to use the regressior
line to predict seat belt usein 2025 (x = 7)
because the line predicts 112.5%.
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79.

81.

83.

85.

87.

89.

91.

False: Infinity is not anumber.

Y2 N g any two points (%, y;) and

X2 X
(X, y1) onthelineor the slopeisthe amount
that the line rises when x increases by 1.

m

False: The slope of avertical lineis undefined.

True: Thedlopeis Ta and the y-intercept is

oo

False: It should be Y2 Y1
X2 X

Drawing a picture of aright triangle.

x2 42 g2

x? 16 25

x2 9

X 3

Thedopeis m %or %iftheladder
slopes downward.

To find the x-intercept, substitute y = 0 into the
equation and solve for x:
y mx b
0 mx b
mx b

x B
m

If m# 0, then asingle x-intercept exists. So

b & is b
a m.Thusthexmterceptls m,O.

80.

82.

84.

86.

88.

90.

92.

Chapter 1: Functions

True: All negative numbers must be less than
zero, and all positive numbers are more than
zero. Therefore, al negative numbers are less
than all positive numbers.

“Slope” isthe answer to the first blank. The
second blank would be describing it as negative,
because the slope of aline slanting downward as
you go to theright isa“fall” over “run”.

False: The slope of avertical lineis undefined,
so avertical line does not have a slope.

True: x = c will always be avertical line because
the x values do not change.

False. A vertical line has no slope, so thereisno
mfor y mx b.

Drawing a picture of aright triangle.
x2 y? B2

% 075 y 0.75x

x? (0.75x)> 5°
x? 0.5625x> 25
1.5625x> 25
x> 16
X 4

y 0.75(4) 3

The upper end is 3 feet high.

i. To obtain the slope-intercept form of a
line, solve the equation for y:

ax hy c

by ax c

a, ¢

_X =

y b b

ii. Substitute O for b and solve for x:

ax by c
ax 0y c
ax ¢
x &
a

2016 Cengage Learning. All rights reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.



Exercises 1.2

93. Consider R>1and0<x<K 94. x>KmeansthatK—x<0and% 1.

<Kmeansthat K—x>0and 0 X 1. .

X x K SinceK —x <0, then

Since K —x > 0, then K x Rx Rx
K x Rx Rx K (R D)x Rx
K (R Dx Rx K 1 Rle Ry

K 1 % X Rx
Therefore, K FF;— y

Therefore, K _ Rx y 1 R1y
1 R1y
K

Additionally, since 0 % 1,

X
K
Additionally, since % 1,

1RDX 1 RDL
1(RDX 1R K

Rx Rx Rx
So, BX
Sy R RC R YT R1,1(RD R
1 R1,1(RD R K
K WehaveK <y<x.
Wehavex<y<K.
EXERCISES 1.2
2 2 2 2 2 2
1 2227 227t 22" 2% 64 2. 524 ° 52227 10> " 10* 10,000
4 1 4 3 1 4
3 2 >3 16 4, 3 5 27
3 3 2 2
5. L7 017 83 6 1 31739
2 3
7 58 8 3" 4
8 5 4 3
2
9. 422t 22 "2t 10. 329l 32 g
242 4 1 1
4 51 5 1 _1 337 3 T a
2421 2 % 81
11 3°% 2°2 8 2. 2°%3°3 27
2 3 3P 27 3 2 23 8
13, 17 1% 3% 2°3 2 4. 1% 1% 3% 223 2
3 2 1 1 12 73 3 2 1 1 12 72
981 945
5. 2° 3* 3? 2% 2 4 6 @ 2° 8% 5% 2% 2
3 2 2 3 ¥ 9 5 2 2 5 52
17.  25Y2 o5 5 18. 362 36 6
3 3
19. 25%2 o5 7 53 125 20.  16%2 16 = 4° 64
21, 16%% 46z ° 23 8 22, 2723 7 P 32 g
23, g2 yg?i 22 4 24, 272 ¥t 3% g
5 5
25. g% 33 2% 3 26. 27 5% ¥ 27 3° 243
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27.

29.

31.

33.

35.

37.

39.

41.

43.

45,

47.

49,
51.

53.

55.

57.

59.

61.

63.

65.

67.

69.

3/2 3 3

25 25 ° 5° 5% 125
36 36 6 % 216
2 ar 3t g
125 125 5 25
125 1?17
L 5L Es Es
32 32 2 4
g2 1 11
41/2 \/Z 2
4 32 1 1 1 1
1372 2 3 5,3 8
g2 1 101 1
g?3 %2 22 4
g V2 _1 11 1
g3 Fg 2 2
g 23 _1 1 11
g 23 %/ g2 (2?2 4
x5 Y2 16Y2 16 4
16 25 25 5
25 % 169 [16° 4° 64
16 25 25 5 125
L BBy 35 243
7039 214
827 27437
0.1
019 0.977
1 1000
1 s 2.720
4 5
ﬁ 4x

4 4 oy 43

24 24 3y 32
3 3/2
2Jx ~ 8X

5¢ 5 g
X X2
103x% 12428 12,232 4, 43
3x?2 3 3

V36x 6Vx 6x*2 6,21 3y 12
2X 2x  2x 2

X2 12 5X3/2

28.

30.

32.

34.

36.

38.

40.

42.

46.

48.

50.
52.

56.

58.

60.

62.

64.

66.

68.

70.

Chapter 1: Functions

16 16~ 4° 4% 64
25 25 5 53 125
2

125 %% 125 ° 57 25
8 8 2
3
1 T ;3 1
32 32 2 8
gtz 1 1 1
91/2 \/5 3
9 3/2 1 1 1 1
9372 5% 3 33 27
3/4 1 1 1 1
16 164 i 3 5,3 8
Y3 1 1 1 1
2/3 1 1 11
27 S
27 23 72 (37 9

16 Y 9% 9 3

9 16 16 4
16 %2 9% [9° 3% gy
9 16 6 4 64

1 53 53 4 5 5

i 8”0 Y8 2° 32
5047 213
539 532.00

1 1000
o 2.717

g 10°
110 2.718

6

3 3

-~ 3X
2x3 X3

6

6 3/2
,4X3 2X3/2 3x
18 18 2/3
Uy 2 9273 2x

8 2 2
3= = 2X
x® x?

35 3x)](j2 321 gy V2

10Vx 10x*2 10 w2 w3 56
3 e
2¥x  2x

Jax? 23x* 2x?B 2,081 1,18
X 2

4x 4x 4 4

2016 Cengage Learning. All rights reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.



Exercises 1.2

73.

75.

77.

79.

81.

83.

85.

87.

89.

91.

93.

X3 X XX

22222223 2223223 22257°
Z93227

x222 X2 x8

(3x3y52)° PR35 27x0y15,
(ww?)® (W) W W
wwoowt o ow

2
Sxy'  o5x2y8 ¥
253y 25x%y X

2
Mz gry2ysy? s

2 2 2,2 21y
3 xyz 3x°y“z

2U2VW32 4.2 6
4quvew 2,2, 2

2 2.4
4 uw? 4u-w

Average body thickness
0.4(hip-to-shoulder length)®'2
0.4(16)%'2

3
0.4 16
25.6 ft
C XO.GC
L%c 23c

To quadruple the capacity costs about 2.3
times as much.

a. Given the unemployment rate of 2 percent,
theinflation rateis
y 96382 3%
2.77 percent.
b.  Given the unemployment rate of 5 percent,

theinflationrateis
1.394

0.900

y 9.6385 0.900
0.12 percent.
Heartrate 250 weight 14

1/4

250 16
125 beats per minute

72.

74.

76.

78.

80.

82.

84.

86.

88.

90.

92.

94,

15

2 2

X4 X3 X7 Xl4
2 2

2 2 2

2282 722 z 242 72872
2
le 222
3
3 3

@ NI

@xtyz8)t 24xH4y4s84 16x10y4, 2
U U T
3.2 5 5

wow wooow

3 2
ACY 16x°y? ot
8x2y3  8x?y® Y

2
5xy’z 25x4y672

5 xyz 2 Bx2y??

2

3, 2
udvw
ubvlw®  uiviw?

9 ulw o utw’ 9

Average body thickness
0.4(hip-to-shoulder length)®'2
0.4(14)%2

3
0.4 14
21.0 ft
C XO.GC
3%%c 19c

To triple the capacity costs about 1.9 times as
much

a. Given the unemployment rate of 3 percent,

theinflation rateis

y 4543
7.36 percent.

1

b.  Given the unemployment rate of 8 percent,

theinflationrateis

y 4548
0.85 percent.

1

1/4

Heartrate 250 weight

250 625
50 beats per minute
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95.

97.

99.

101.

103.

105.

107.

109.

(Time to build the 50th Boeing 707)
150(50) 0.322
42.6 thousand work-hours

It took approximately 42,600 work-hours to
build the 50th Boeing 707.

Increase in energy 328 #

327.8 6.7

32M 45
The 1906 San Francisco earthquake had about
45 times more energy released than the 1994
Northridge earthquake.

172

K 3000 225 200

60,05
S 11 X

60 05
11 3281 312 mph

u—"'_‘-'-'_‘_'_'_‘_'_'_'_'_{

Interseckion
FER L B ki - e—

on [0, 100] by [0,4]

x 18.2. Therefore, the land area must be
increased by afactor of more than 18 to
double the number of species.

y 9.4x0%

y  9.4(150) %" 60 miles per hour

The speed of acar that Ieft 150-foot skid
marks was 60 miles per hour.

Liifi=1

y  79.9x*1*® (rounded)
b. Foryear 2020, x = 10.

y 79.9 10

0138 $110 billion

wrke3a

g=akx"h
2=41.6171373
b=. 328230654
reE=, 997 I5R4 28
r=. 9939745357

by

Liif=1

y  41.6x°%%88 (rounded)
b. Foryear 2020, x = 11.

y 416 11 %% $457 million

96.

98.

100.

102.

104.

106.

108.

110.

Chapter 1: Functions

(Time to build the 250th Boeing 707)

150(250) ©-3%2
25.3 thousand work-hours

It took approximately 25,300 work-hours to
build the 250th Boeing 707.

Increase in energy 328 #
329.0 7.7

32t 91
The 2011 Japan earthquake had about 91 times
more energy released than the 2011 India
earthquake.

2/3

K 4000 125 160

S 60X05

11
60 1650 05
11 1650 222 mph

Interseckion
B EI T I D e—

on [0, 100] by [0,4]

X 99. Therefore, the land area must be
increased by almost 100 timesto triple the
number of species.

y  9.4(350) %% 82 miles per hour

The speed of acar that left 350-foot skid marks
was 82 miles per hour.

Liifi=1

y  607x%%% (rounded)
b. Foryear 2020, x = 12

y 607 12

0.0866 $753

Liif=1

y  26.6x*1® (rounded)

b. Foryear 2020, x = 12.

0.176

y 26.612 $41.2 billion
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Exercises 1.3

111.

113.

115.

117.

3, since +/9 meansthe principal square foot.
(Toget 3 youwould have to write NG) )

6
Fase 2 54 16 while 25/2 23 3.
2 4

m
(The correct statement is X— x™ ")
X

x¥2  /x , sox must be nonnegative for the

expression to be defined.

x ! %,soall values of x except 0, because

you cannot divide by 0.

EXERCISES 1.3

1.
5.
9.

11.

13.

15.

17.

Yes 2. No
No 6. Yes

Domain={x|x<0orx>1}
Range={y|y>-1}

a  f(x) Jx 1
f(10) V10 1 9 3

b. Domain={x|x>1} since f(x) x 1
is defined for all values of x > 1.

c. Range={y|y>0}

a p 1
(2) . Ai
h(5 — 1
(5) 5 4
b. Doman={z|z#—4}sincehz Zl;is
defined for all values of z except z=—4.

c. Range={y|y#z0}

a. h(x) x*
hel) 81Y*4 481 3
b. Domain={x|x>0} since h(x) xY* is

defined only for nonnegative values of x.
c. Range={y|y>0}

a. f(x) x??
1(8) (82 ¥8° (2?4
Domain =

Range={y|y> 0}

112.

114.

116.

118.

10.

12.

14.

16.

18.

17

Fase: 22 2° 48 32,while2?® 2% 4.

(The correct statement is x ™ x"  x™ ",

2
Fase 23 ° 82 64, while23’ 2° 512,

n
(The correct statement is x ™ x™n,

x¥3  3/x, soall values of x. For example,

83 2and 8 Y3 2.

If the exponent % isnot fully reduced, it will

indicate an even root of a negative number,
which is not defined in the real number set.

No 4, Yes
No 8. Yes

Domain={x|x<-1or x>0}
Range={y|y<1}

a  f(x) Jx 4
f(40) 40 4 36 6

b. Domain={x|x>4}since f(x) x 4
is defined for all values of x > 4.

c. Range={y|y>0}

¢

h(8) 5 1

b. Doman={z|z#-7}sinceh z L is
defined for all values of z except z=—7.
c. Range={y|yz0}

a. h(x) x®
hgl) 64Y* 864 2

b. Domain={x|x>0} since h x xV8 is
defined for nonnegative values of x.

c. Range={y|y=>0}

a. f(x) x*°
f(32) (32" ¥32°
Domain =
Range={y|y >0}

( 2)* 16

2010 Brooks/Cole, Cengage Learning.
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19.

21.

23.

25.

27.

o

f(x) V4 x2
f(0) Va4 0% 4 2

f(x) V4 x? isdefined for values of x
suchthat 4 x? 0. Thus,
4 x2 0
x 2 4
x2 4
—2<x<2
Domain={x|-2<x<2}
Range={y|0<y<2}

fx v x
f 25 J 25 J25 5
f x + x isdefined only for values of

x such that —x > 0. Thusx < 0.
Domain={x|x< 0}
Range={y|y >0}

20.

22.

24,

26.

28.

Chapter 1: Functions

1
f(x) —=
(x) N
1 1
f4 — =
@ 5 3
. . 1 .
Domain = {x| x>0} since f(x) —=is
{x|x>0} (x) N
defined only for positive values of x.
Range={y|y >0}
f x N
f 100 100 v100 10

f x  +/ x isdefined only for values
of x such that =x > 0. Thus x< 0.
Domain={x|x< 0}

Range ={y |y <0}
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Exercises 1.3 19

29.

31.

33.

35.

37.

30.
40 b _40 _40
a X Eg 51 4D 20 2 a X 7 31 2 XD
To find the y-coordinate, evaluate f at Tofind they-coordinate, evaluate f a
X = 20. X =-20.
f20 202 4020 500 100 f 20 20° 40 20 500 100
The vertex is (20, 100). The vertex is (~20, 100).
b. b. ;
on [15, 25] by [100, 120] on [-25, —15] by [100, 120]
b (80) 80 _b _8 _80
. — = 34, . X 40
2 2a 2 2 0 a Za A1) 2
To find the y-coordinate, evaluate f at To find the y-coordinate, evaluate f at
X =-40. X =40,
f( 40) ( 40)> 80( 40) 1800 f( 40)  (40)> 80(40) 1800
200 200
The vertex is (—40, —200). The vertex is (40, —200).
b. : b.
on [-45, —35] by [-220, —200] on [35, 45] by [-220, —200]
x> 6x 7 0 36. x2 x 20 0
Xx 7x 1 O Xx 5x 4 0
Equals 0 Equals0 Equals 0 Equals0
ax 7 ax 1 ax 5 ax 4
x 7, x 1 X 5 X 4
x> 2x 15 38. x? 3x 54
x2 2x 15 0 x> 3x 54 0
x 5x 3 0 X 9x 6 0
Equals 0 Equals0 Equals 0 Equals0
a x 5 ax 3 ax 9 ax 6
x 5 x 3 X 9 X 6
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39.

41.

43.

45,

47.

49.

51.

2x2 40 18x
2x2 18x 40

x2 9x 20
X 4 x 5

Equals 0 Equals 0
ax 4 ax 5

OO O

X 4, x 5
5x2 50x O
x? 10x O
Xx 10 O
Equals 0 Equals 0
atx 0 atx 10
x 0, x 10
2x2 50 0
x? 25 0
Xx 5x 5 0

Equals 0 Equals 0
ax 5 ax 5
x 5 x 5

4x% 24x 40 4

4x% 24x 36 0

x> 6x 9 0

(x 3% 0
Equals 0

atx 3

4x2%  12x
4x% 12x 8
x2 3x 2
X 2 x 1

Equals 0 Equals 0
ax 2 ax 1
X 2, x 1

OO O ™

2x2 12x 20 0

x%2 6x 10 O
Use the quadratic formulawitha =1, b = -6,
and c = 10.

( 6) y( 6)° 4(1)(10)

2(1)
6 /36 40

2
6 4

2
12x 20 O hasnorea solutions.

Undefined
2x2
3x2 12 0
x> 4 0

x> 4

x « 4  Undefined
3x*> 12 0 hasno rea solutions.

40.

42.

46.

48.

50.

52.

Chapter 1: Functions

3x2 18 15x
3x2 15x 18 O
x2 5x 6 0
X 3 x 2 O

Equals 0 Equals0
ax 3 ax 2
X 3, X 2

3x2 36x 0

x° 12x 0

Xx 12 O

Equals 0 Equals 0
atx 0 atx 12
x 0, X 12

3x2 27 0
x> 9 0
X 3x 3 0

Equals 0 Equals 0
ax 3 ax 3
x 3 x 3

3x2 6x 9 6
3x2 6x 3 0
x> 2x 1 0
(x D% 0
Equals 0
atx 1
32 6x 24
32 6x 24 0
x2 2x 8 O
X 4 x 2 0

Equals 0 Equals 0
ax 4 ax 2
X 4, x 2

2x2 8x 10 0

x> 4x 5 0
Use the quadratic formulawitha =1, b =4,
andc=5.

(4) J(4? 400

2(1)
4 16 20
2
# Undefined
2x%2 8x 10 0 hasno real solutions.
5x2 20 0
x> 4 0
X2 4
x 4  Undefined
5x> 20 0 hasno real solutions.
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Exercises 1.3

53.

55.

57.

59.

61.

63.

65.

\ /

NV

on [-5, 6] by [-22, 6]
X=-4,x=5

N

on[-1, 9] by [-10, 40Q]
X=4,x=5

\/

on[-7, 1] by [-2, 16]
x==3

\

on [-5, 3] by [-5, 30]
No real solutions

]/

on[—4, 3] by [-9, 15]
x=-264,x=114

Y1/
W/

on [-10, 10] by [-10, 10]

a. Their slopes are al 2, but they have
different y-intercepts.

b. The line 2 units below the line of the
equation y = 2x — 6 must have y-intercept
—8. Thus, the equation of thislineis

y=2x-8.

Let x = the number of board feet of wood. Then

C(x) =4x+ 20

2016 Cengage Learning. All rights reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.

56.

58.

60.

62.

64.

66.

y /

N

on [-6, 4] by [-20, 6]
X=-5Xx=

3
on [0, 5] by [-3, 15]

X=2,X=3

on[-2, 3] by [-2, 18]
x=1

U

on[-5, 3] by [-5, 30]
No real solutions

\ 1/
N

on [4, 3] by [-10, 10]
x=-257,x=0.91

.4
/1N

on [-10, 10] by [-10, 10]

21

a. The lines have the same y-intercept, but

their slopes are different.

b. y%x4

Let x = the number of bicycles. Then

C(x) = 55x + 900
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67.

69.

71.

73.

75.

77.

79.

Let x = the number of hours of overtime. Then

P(x) = 15x + 500

a.

pd 0.45d 15

p6 0.456 15
17.7 pounds per square inch

pd 045d 15
p 35000 04535000 15
15,765 pounds per
squareinch

Dv 0.055v° 11lv

D40 0.055402 1140 132 ft

a.

b.

N(t) 200 50t
N(2) 200 50(2)°
400 cells

N(t) 200 50t

N(10) 200 50(10)°
5200 cells

v(x) %\/;

v(1776) %\/1776 230 mph

on [0, 5] by [0, 50]

The object hits the ground in about 2.92 seconds

a.

To find the break-even points, set C(x)
equal to R(x) and solve the resulting
equation.
C(x) R(x)

180x 16,000 2x* 660x
2x*> 480x 16,000 0
Use the quadratic formulawith a = 2,
b =-480 and ¢ = 16,000.

. 480 J( 480)> 4(2)(16,000)
2(2)
. 480 /102,400

480 320

4
x 800 o 160

4
x 200 or 40

The company will break even when it
makes either 40 devices or 200 devices.

68.

70.

72.

74,

76.

78.

Chapter 1: Functions

Let x = the total week's sales. Then
P(x) = 0.02x + 300

Bh 18h 212
98.6 18h 212
18h 1134

h 63 thousand feet above sealevel

D(v) 0.55v2 1.1v
D(60) 0.55(60)2 1.1(60) 264 ft

a.

T(h) 0.5vh
T(4) 0.5/4 1 second
T(8) 0.51/8 1.4 seconds

T(h) 05Jh T(h) 05vh

2 05vh 3 05Vh

4 +h 6 vh

h 16 ft h 36 ft
s(d) 3.86d

5(15,000) 3.864/15,000 473 mph

on [0, 5] by [0, 50]
The object hits the ground in about 2.6 seconds.

b.

To find the number of devices that

maximizes profit, first find the profit

function, P(X) = R(X) — C(X).

P(x) ( 2x* 660x) (180x 16,000)
2x2 480x 16,000

Since thisis a parabolathat opens
downward, the maximum profit is found
at the vertex.

480 _480
X > 5 4 120
Thus, profit is maximized when 120
devices are produced per week. The
maximum profit is found by evaluating
P(120).
P(120) 2(120)*> 480(120) 16,000
$12,800
Therefore, the maximum profit is
$12,800.
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Exercises 1.3

80. a.

81. a

To find the break-even points, set C(x)
equal to R(x) and solve the resulting
equation.

C(x) R(x)

420x 72,000 3x% 1800x

3x? 1380x 72,000 0
Use the quadratic formulawitha = 3,
b =-1380 and ¢ = 72,000.

1380 J( 1380)% 4(3)(72,000)
2(3)

y 1380 /1,040,400 1380 1020
6 6

2400 . 360
X 5 or 5
x 400 or 60

The store will break even when it sells
either 60 bicycles or 400 bicycles.

To find the break-even points, set C(x)
equal to R(x) and solve the resulting
equation.
C(x) R(x)
100x 3200 2x* 300x

2x*> 200x 3200 0
Use the quadratic formulawitha = 2,
b =—-200 and ¢ = 3200.

200 +/( 1020)2 4(2)(3200)
2(2)
“ 200 /14,400 200 120
4

320 480

X T or T

X 80 or 20

The store will break even when it sells
either 20 exercise machines or 80 exercise
machines.

82. Since thisis a parabolathat opens downward,
the monthly price that maximizes visitsis
found at the vertex.

X

056 _ ¢70

2( 0.004)

23

To find the number of bicycles that

maximizes profit, first find the profit

function, P(X) = R(X) — C(X).

P(x) ( 3x* 1800x) (420x 72,000)
3x? 1380x 72,000

Since thisis a parabolathat opens

downward, the maximum profit is found

at the vertex.

1380 _1380

X S 6 230

Thus, profit is maximized when 230

bicycles are sold per month. The maximum

profit is found by evaluating P(230).

P(230) 3(230)> 1380(230) 72,000
$86, 700
Therefore, the maximum profit is $86,700.

To find the number of exercise machines
that maximizes profit, first find the profit
function, P(x) = R(x) — C(X).

P(x) ( 2x? 300x) (100x 3200)

2x% 200x 3200

Since thisis a parabolathat opens
downward, the maximum profit is found
at the vertex.

—200 _200
X 555 4 50
Thus, profit is maximized when 50
exercise machines are sold per day. The
maximum profit is found by evauating
P(50).
P 50 2502 20050 3200

$1800
Therefore, the maximum profit is $1800.

wavb c
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84.

86.

88.

f1 00771% 00571 1 85.

0.077 0.057 1
0.866
So a 65-year-old person has an 86.6%
chance of living another decade.

f2 00772% 00572 1
0.308 0.114 1
0.578

So a 65-year-old person has a 57.8%
chance of living two more decades.

f3 00773200573 1
0.693 0.171 1
0.136
So a 65-year-old person has a 13.6%
chance of living three more decades.

On [0, 20] by [0, 300].
2015-1995=20

y 0.9x? 39x 124

y 0.9(20)2 3.9(20) 12.4

y 2944

So the global wind power generating
capacity in the year 2015 is about

294 thousand megawatts.
2020 — 1995 =25

y 09x? 39x 124
y 0.9(25)% 3.9(25) 12.4
y 4774

So the global wind power generating
capacity in the year 2020 is about
477 thousand megawatts.

The upper limitis
f(x) 0.7(220 x) 154 0.7x
The lower limit is
f(x) 05(220 x) 110 0.5x

87.

Chapter 1: Functions

_;_ﬁ_ﬂ__ﬂ-ﬂ"'

On [10, 16] by [0, 100].

y 0.831x? 18.1x 137.3
y 0.831(12)2 18.1(12) 137.3
y 39.764

The probability that a high school graduate
smoker will quit is 40%.

y 0.831x? 18.1x 137.3
y 0.831(16)2 18.1(16) 137.3
y 60.436

The probability that a college graduate
smoker will quit is 60%.

(100 x)x 100x xZ2or x2 100
f(x) 100x x2or f(x) x? 100x

Since this function represents a parabola
opening downward (because a =-1), itis
maximized at its vertex, which isfound
using the vertex formula, x 2—;’ , with

a landb 100.

X & 50
2

She should charge $50 to maximize her
revenue.

The lower cardio limit for a 20-year old is
g(20) 110 0.5(20) 100 bpm

The upper cardio limit for a 20-year old is
f(20) 154 0.7(20) 140 bpm

The lower cardio limit for a 60-year old is
g(60) 110 0.5(60) 80bpm

The upper cardio limit for a 60-year old is
f(60) 154 0.7(60) 112 bpm
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Exercises 1.4

89.

91.

93.

95,

97.

a K] Lz |L3 H I FEREEE]
11,7 | - g=axithx+c
1 he 2=. 4341991342
£ g =-3.26HZ25974
i §g c=11,64 363636
£ B2 E=,95771EE214
Lzi=11.

y 0.434x° 3.26x 116
b. For year 2016, x = 8.6.

y 0434862 32686 116 157%

A function can have more than one x-intercept.
Many parabolas cross the x-axis twice. A

function cannot have more than one y-intercept
because that would violate the vertical line test.

Because the function islinear and 5 is halfway
between4and 6, f(5) 9 (halfway between

7 and 11).

mis blargs per prendle and —i ,soXxisin

prendlesand y isin blargs.

No, that would violate the vertical line test.
Note: A parabola is ageometric shape and so
may open sideways, but a quadratic function,
being a function, must pass the vertical line
test.

EXERCISES 1.4

1.

Domain = {x|x <-4 or x>0}
Range={y|y<-2ory>0}

a. 1
() x14
f(3) 3 2 1

b. Domain={x]|x#-4}
c. Range={y|y#0}
2
X2

a. f x X 1

2
1" 1

Pl =3 3
b. Domain={x]|x#1}
c. Range={y|y<Oory>4}

90.

92.

96.

98.

25
a K] Lz L= H I FEREEE]
ﬁ'-_:l ______ g=axithx+o

: Tre ==, 15308357143

i REE b=.3116871423

c c3g Cc=.333

B 7.BE R2=,235205137

Lziir=, 75

y 0.153x?> 0.312x 0.335

b. Foryear 2020, x=7.

y 015372 03127 0335 $10
For year 2030, x = 8.

y 0.1538°% 03128 0335 $12.60

f(4) 9, (sincethetwo given values show
that x increasing by 1 meansy increases by 2.).

Theunitsof f(x) iswidgetsand the units of

x are blivets, so the units of the slope would be
widgets per blivet.

If aisnegative, then it will have avertex that is
its highest value. If ais positive, then the
equation will have avertex that isits lowest
value.

Either by the symmetry of parabolas, or, better,
by taking the average of the two x-intercepts:
the part of the quadratic formulawill cancel

S b
out, leaving just —.
g ) a

Domain={x|x<0orx>3}
Range={y|y<-2ory>2}

=

f(1 (117

b. Domain={x|x#1}
c. Range={y|y>0}

1
4

2

X<
a fx <~ 5
2
2
f 2 —221

b. Domain={x]|x#2}
c. Range={y|y<-8ory>0}

2016 Cengage Learning. All rights reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.
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11.

13.

15.

17.

19.

12
a.
fx X X 4

12
2 571

b. Domain={x|x#0,x#-4}
c. Range={y|y<-3ory>0}

a. gx |Ix 2

95 |5 2193
b. Domain=
c. Range={y|y>0}

x5 2x% 3x° 0
3.2

x>xc 2x 3 0

x>x 3x 1 0

Equals 0 Equals0 Equals 0
ax=0 ax 3ax 1
x 0,x 3andx 1

5x3 20x 0

5x x> 4 0
5x(x 2)(x 2) O
Equals 0 Equals0 Equals 0

ax=0 ax 2ax 2
x 0,x 2,andx 2

2x% 18x  12%°
2x3 12x% 18x 0
2x x2 6x 9 0

2x(x 3% 0

Equals 0 Equals0
ax=0 ax 3

x Oandx 3
6x°  30x*
6x° 30x* 0
6x* x 5 0

Equals 0 Equals 0
ax=0 ax 5
x Oandx 5

3012 gx3/2  gyll2

35/2 6x3/2 gyl/2
32 x2 2x 3 0
xY2(x 3)(x 1) 0

Equals 0 Equals0 Equals 0

atx 0 atx 3 at x><1
X 0, x 3and x>

Valid solutionsarex =0 and x = 3.
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10.

12.

14.

16.

18.

20.

Chapter 1: Functions

a fx 16

XX 4
16 1
fa 4 4 4 2

b. Domain={x|x#0,x#4}
c. Range={y|y<—-4ory>0}

a. gx |4 2
g5 |9 2527

b. Doman=
c. Range={y|y>2}

x6 x> 6x% 0
x4 x? X 6 0

x*x 3x 2 0

Equals 0 Equals0 Equals 0
ax=0 ax 3 ax 2
x 0,x 3,andx 2

2x> 50x° 0

2x3 x> 25 0
2x3(x 5)(x 5) 0
Equals 0 Equals0 Equas 0

ax=0 ax 5ax 5
Xx 0,x 5andx 5

3x3 12x° 12x°
x* 12x% 12x% 0
32 x% 4x 4 0

3x%(x 2% 0
Equals 0 Equals0
ax=0 ax 2

Xx Oandx 2
5x4  20x3
5x* 20x° 0
532x 4 0

Equals 0 Equals0
ax=0 ax 4
x Oandx 4

ox712 gy512 94312
ox712 gy512 o4y32 g
2x32 x2 4x 12 0
2332(x 6)(x 2) 0
Equals 0 Equals0 EqualsO
atx 0 at x><8& atx 2
x 0, X>=<B& andx 2

Valid solutionsarex =0 and x = 2.



Exercises 1.4

21.

23.

25.

27.

29.

31.

33.
35.
37.
39.

|/

on [0, 4] by [-5,25]
x=0andx=1

e f

Y

on [-3, 3] by [-25, 10]
x =179, x=0,andx 2.79

on [-2, 10] by [-5, 5]
Polynomial
Piecewise linear function
Polynomial

Rational function
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22

24,

26.

28.

30.

32.

34.
36.
38.
40.

on [0, 6] by [-300, 25]
x=0andx=6

/

on [-4,2] by [-25, 10]
X —-345x=0,andx 145

on [-2, 10] by [-5, 5]
Piecewise linear function
Polynomial
Piecewise linear function
Polynomial

27



28

41.
43,
45,

47.

49.

51.

53.

55.

57.

Piecewise linear function
Polynomial
None of these

a. Y4

b. Y1

0

on[-3, 3] by [0, 5]

d. (0,1)because a® 1 for any constant
a 0.

a fgx gx57x15

b. gfx 7fx 1

7% 1
7x° 1
a 1 1
Fox gx x21
b. g f x flex_lzl
a fgx gx° gx?
3 2
1T Ux o1
b gt x JFx 1 V¢ ¥ 1
3 3
X 1 2
a fgx g X x 1

b. )
XX 17 X% 1
X1 X3 1
a fgx 2gx 6
2X 3 6
2
X 6 6
2
2X 6
3
2
x 33
X

42

46.
48.

50.

52.

56.

58.

Chapter 1: Functions

Rational function
None of these
Polynomial

on[-1, 1] by [0, 1]
The parabolaisinside and the semicircle is
outside.

a fgx gx82x58
b gfx 2fx 5 2x 5

2
b. g f x fx21 x Jx 1
X 1 3 4
a fgx g XX41
gx 1 x® x 1
b g f x f x f(x)
: 3
x* 17 x*
x* 1 x* 1
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Exercises 1.4

59.

61.

63.

65.

67.

fxh 5x h® 5x?% 2hx h? 60.
5x2? 10hx 5h?
fxh 2x h? 5x h 1 62.
2x? 4xh 2h? 5x 5h 1
f(x) 5x 64.
f(x h) f(x) 5(x h)? 5x°
h h
5(x> 2xh h?) 5x°
h
5x° 10xh 5h? 5x?
h
10xh 5h?
h
h(10x 5h)
h
10x 5hor5(2x h)
f(x) 2x* 5x 1 66.
f(x h) f(x) 2(x h)? 5x h) 1 (2x*> 5x 1)
h h
2(x> 2xh h?) 5(x h) 1 (2x* 5x 1)
h
2x? 4xh 2h® 5x 5h 1 2x% 5x 1
h
4xh_2h? 5h
h
h(4x 2h 5)
h
4x 2h 5
f(x) 7x% 3x 2 68.
f(x h) f(x) 7(x h)? 3(x h) 2 (7x? 3x 2)
h h
7(x%> 2xh h?) 3(x h) 2 (7x* 3x 2)
h
7x% 14xh 7h® 3x 3h 2 7x* 3x 2
h
14xh_7h% 3h
h
h(l4x 7h 3)
h
14x 7h 3

29

fxh 3x h® 3x% 2hx h?
3x2 6hx 3h?
fxh 3xh?25xh 2
3x? 6hx 3h? 5x 5h 2
f(x) 3x
f(x h) f(x) 3(x h? 3x°
h h
3(x? 2xh h?) 3x?
h
3x*> 6xh 3h% 3x?
h
6xh 3h?
h
h(ex 3h)

h
6x 3hor3(2x h)

f(x) 3x% 5x 2

f(x h) f(x)
h
3(x h)? 5(x h) 2 (3x? 5x 2)
h
3(x? 2xh h?) 5(x h) 2 (3x* 5x 2)
h
3x%® 6xh 3h? 5x 5h 2 3x% 5x 2
h
6xh 3h? 5h
h
h(6x 3h 5)
h
6x 3h 5
f(x) 4x*> 5x 3
f(x h) f(x)
h
4(x h)? 5(x h) 3 (4x*> 5x 3)
h
4(x> 2xh h?) 5(x h) 3 (4x* 5x 3)
h
4x> 8xh 4h® 5x 5h 3 4x° 5x 3
h
8xh_4h® 5h
h
h(8x 4h 5)
h
8x 4h 5
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69.

71.

73.

Chapter 1: Functions

f(x) x° 70. fx) x*
fix h) fx) (x h® X f(x h) f(x) (x h?* x*
h h h h

x° 3x%h 3xh? nd

h
3x°h 3xh? h®

x* 4x°h 6x%h® 4xh® h* x4

h
4x°h 6x°h% 4xh® h*

h h
h(3x?> 3xh h?) h(4x® 6x%h 4xh? hd)
h h
3x% 3xh h? 4x® 6x%h 4xh? h®
f(x) 2 72. f(x) 3
X X
2 2 3 3
f(x h) f(x) x h «x f(x h) f(x) x h «x
h h h h
2 2 .3 3
x _h x X(x h) X _h x X(x h)
h x(x h) h x(x h)
2x 2(x h) 3x 3(x h)
hx(x h) hx(x h)
2X 2x _2h 3x 3x 3h
hx(x h) hx(x h)
2h 3h
hx(x h) hx(x h)
2 3
x(x h) Xx(x h)
f(x) lz 74, f(x) Jx
X L f(x h) f(x) Jx h Jx
f(x hy f(x) (x h? x? " "
h h
1 1
(x h? x* x*(x h)?
h x2(x h)?
x2 (x h)?
hx?(x  h)?
x° x® 2xh h?
hx?(x  h)?
2xh _h?
hx2(x  h)?
h( 2x h)
hx?(x  h)?
2x_h or 2x_h
x2(x )2 x*(x®> 2xh h?)
or 2x h

x* 2x%h x%h?
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Exercises 1.4

75.

77.

79.

81.

a0 oo

The graph of y

2.70481
2.71815
2.71828
Yes, 2.71828

x 3% 6 is the same shape as the

graph of y x° but it is shifted left 3 units and up 6

units.
Check:

[

on [-10, 10] by [-10, 10]

P x

522 1.0053 *

P50 5221.0053° 680 million people in 1750

For x = 3000, use f(x) = 0.10x.
f x 0.10x

f 3000 0.0 3000 $300

For x = 5000,
use f(x) = 0.10x.

f x 0.10x
f 5000 0.10(5000) $500

For x = 10,000,
use f(x) = 500 + 0.30(x — 5000).
f x 500 030x 5000

f 10,000 500 0.3010,000 5000
500 0.30 5000
$2000

76.

80.

82.

31

X
1 1

X

100 | 2.70481

10,000 | 2.71815

1,000,000 | 2.71828

10,000,000 | 2.71828
Yes, 2.71828

8 isthe same
x° but it is shifted

The graph of y x 472
shape asthe graph of y
right 4 units and up 8 units.

T A
I

on [-10, 10] by [~10, 10]

522 1.0053 '
886 million people in 1800

P 100

a. Forx=3000, use f(x) = 0.15x.
f x 0.15x
f 3000 0153000 $450
b.  For x = 6000,
use f(x) = 0.15x.
f x 0.15x
f 6000 0.15(6000) $900
c.  Forx=10,000,

use f(x) = 900 + 0.40(x — 6000).
fx 900 040x 6000

f 10,000 900 0.40 10,000 6000
900 0.40 4000
$2500

d. ‘

2500

2000

1500

1000

500

—+———
3000 6000 9000
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83.

85.

87.

Substitute K 24 L' into 3L 8K 48. 86.

3L

312
312

So, L

And K 2481

2

For x =,use f(x) 10.5x. 84.

3

10.5x
105 2

3
7 years

%, use f(x) 10.5x.

10.5x
4
105 =
0.5 3
14 years
4,use f(x) 21 4(x 2).

21 4(x 2)
21 44 2)
21 4(2)
29 years

10,use f(x) 21 4(x 2).

21 4(x 2)
21 410 2)
21 4(8)
53 years

le
1w T r T rrTrrrTe
1 23 456 789

824 LY 48
3L % 48
3L2 192 48L
48L 192 0
16L 64 0
3L 82 0

8.

24 3
8

Theintersection point is (8, 3).

First find the composition R(v(t)). 88.

Rvt

Then f

R v 10

2 vt o3

2(60 3t)°3
ind R((10)).
2 60 3(10) ** 2 90
$7.714 million

03

Chapter 1: Functions

For x g,use f(x) 15x.

3

15x
2
15 £
3
10 years

%,usef(x) 15 9(x 1).

_.,
Wi
-

For x

—

15 9(x 1)
4
15 9 3 1
18 years
For x 4,use f(x) 15 9(x 1).
f(x) 15 9(x 1)
f(4) 15 94 1)
15 9(3)
32 years
For x 10,use f(x) 15 9(x 1).
f(x) 15 9(x 1
f(@0) 15 9(10 1)
15 9(8)
56 years
b. *
60
50
40
30
20
10

_.,
WX

1234561789

Substitute K 180 L ! into 5L 4K
5L 4180 L' 120
5. 120 190

L
52 720 120L
5L 120L 720 O
512 24L 144 0
5L 122 0
So, L 12.

And K 180 12!

120.

180 15
12
Theintersection point is (12, 15).
We must find the composition R(p(t)).
R pt 3pt 0.25

355 4t %

R(G) 355 4(5)]°%°
3(75)%%  $8.8 million
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Exercises 1.4

89.

91.

93.

95.

97.

99.

101.

103.

105.

a  f(x) 4° 1,048,576 cells
1 million cells
b. f(15 4% 1,073741,824 cells
No, the mouse will not survive beyond
day 15.
a P
H=gtbh
=9, OE 1874565
=.54 74455395

e e b F = TR T
==L 2998935613

Liif=1

y 9 0.547* (rounded)
b. For year 2020, x = 6.

y 9 0.547% 0.24 weeks
or lessthan 2 days

Onewill have “missing points’ at the
excluded x-values.

A slope of 1isatax of 100%. That means, all
dollarstaxed are paid as the tax.

f f(x) f(x) a
(x a) a
X 2a

f(x 10) isshifted totheleft by 10 units.

Fase: f(x h) (x h)2
2 p2,

x? 2xh hz,

not X

a. —

on [-5, 5] by [-5, 5]
Note that each line segment in this graph
includes its left end-point, but excludes
its right endpoint. So it should be drawn

like &=,

b. Doman= ;range = the set of integers
a fgx agx b acx d b
acx ad b

b. Yes

90.

92.

94.

96.

98.

100.

102.

104.

106.

33

The value 2020 — 2012 = 8 corresponds to the
year 2020. Substitute 8 for x.

f(8) 226(1.11)° $521 billion

There will be about $521 billion
of e-commerce in the year 2020.

Liida=1
y 19.04 1.096* (rounded)

b. Foryear 2020, x = 5.

y 19.04 1.096° 30.1 million

x¥2 1 isnot apolynomial because the

exponent is not a non-negative integer.

f f(x) a f(x)
a(ax)

a’x

f(x) 10 istranslated up by 10 units.

f(x 10) 10 isshifted up 10 unitsand left 10
units.

True f(x h) m(x h) b
mx b mh
f(x) mh

on [-10, 10] by [~10, 10]

b. Domain =
integers.

; range = the set of even

2 2
a fgx g X x? x*

b. Y es, because the composition of two
polynomials involves raising integral
powersto integral powers.
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Chapter 1: Functions

REVIEW EXERCISESAND CHAPTER TEST FOR CHAPTER 1

1 {x|2<x

5. Hurricane: [74, ); storm: [55, 74);
gale: [38, 55); small craft warning: [21,38)

3 2x 1
y 3 2x 2
y 2x 5

7. y

9. Since the vertical line passes through the
point with x-coordinate 2, the equation of the
lineisx=2.

11. First, calculate the slope from the two points.
33 6 >
2 1 3
Now use the point-slope formula with this
dope and the point (-1, 3).
y 3 2x 1
y 3 2x 2
y 2x 1

13. Since the y-intercept is (0, -1), b=-1. To
find the slope, use the slope formula with the
points (0, —1) and (1, 1).
101
1o 2
Thus the equation of thelineisy = 2x—1.

m

15. a. Usethe straight-line depreciation
formula with price = 25,000, useful
lifetime = 8, and scrap value = 1000.

price — scrap value t

Value price useful lifetime

25,000 25,00% 1000 t

25,000 2400

25,000 3000t
b. Vaueadfter 4years 25000 3000 4

25000 12,000
$13,000

2.

10.

12.

14.

16.

{x]-2<x<0}
l_gl_gi_aigllﬂi

{x|x<6}
e

4 5 & 7 3 9

a. ©, )

b. - ,0

C. [0, )

d. - ,0]

y 6 3x 1
y 6 3x 3
y 3 3

Since the horizontal line passes through the
point with y-coordinate 3, the equation of the
lineis

y=3.

First find the Slope of theline x 2y 8.

Write the equation in slope-intercept form.
1
=X 4.
y 2
The slope of the perpendicular lineis m 2.
Next, use the point-slope form with the
point (6, —1):
y i mX X
y 1 2x 6
y 2x 13
Since the y-intercept is (0, 1), b=1. To find the
slope, use the slope formula with the points (O,
1) and (2, 0).
01 1
m 20 2

The equation of thelineis y %x 1

a. Usethe straight-line depreciation formula
with price = 78,000, useful lifetime = 15,
and scrap value = 3000.

price — scrap value t

Value price useful lifetime

78,000 78,00;)5 3000 t

75,000
78,000 20 ¢

78,000 5000t
b. Value after 8years 78 000 5000 8

78,000 40,000
$38,000
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Review Exercises and Chapter Test for Chapter 1

17.

18.

20.

22.

24,

26.

28.

29.

30.

3L

a L1 Lz Lz 1 1nked
) L IE g=gx+h
z i =5, 84
i |15 b="k, 45
______ e FE=, P99EE4215
=, 99923345971
Litda=1
y 5.04x 2.45
c. Fortheyear 2020, x = 12
y 50412 245 58.03
or about 58 thousand
2 2
6 6
1 1—2 36
64Y2 o4 8
3
T PR R Y
81 81 3 27
2
8 2/3 27 2/3 27
27 8 8
3% 9
2 4
13.97

a y 086x%%

y 0.86(4000) %4 424

The weight for the top cold-blooded
meat-eating animalsin Hawaii is 42.4
Ibs.

a y 1.7x 0.52

y 1.7(4000)%% 126.9

The weight for the top warm-blooded
plant-eating animals in Hawaii is 126.9

Ibs.
a.

Liidi=1

y  4.55x%%4 (rounded)
a  f11 11 7 J4 2

b. Domain={x|x> 7} because vx 7
is defined only for al values of x> 7.
C. Range={y|y>0}

19.

21.

23.

25.

27.

32.

35

b.  Thenumber isincreasing by about 5000
3D screens per year.

4 1
3

Nlw

1000¥® #1000 10

32 3 3
100 ¥2 L1 1 1 1
100 100 10 1000
3
9 3/2 16 3/2 16 4 3 64
16 9 9 3 27
112.32

b. y 0.86x%%

y 0.86(9,400,000) %47 1628.8

The weight for the top cold-blooded meat-
eating animalsin North Americais 1628.8
Ibs.

b. y 1.7x 0.52

y 1.7(9,400,000) %52 7185.8
The weight for the top warm-blooded

plant-eating animals in Hawaii is 7185.8
Ibs.

b. Foryear 2020, x = 12.
y 45512 %% $225 billion

21 1
91 73 3
b. Doman={t|tz-3}

c. Range={y|y#0}
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Chapter 1: Functions

3/4 3 413 4
a. 3/4 1 a1 34. a. 4/3 1 3/l
h16 16 16 6 w8 8 3
1% 11
2 8 2 16
b. Domain={w]|w>0} becausethefourth b. Doman={z]|z# 0} becausedivisionby 0

root is defined only for nonnegative
numbers and division by 0 is not

is not defined.

35.
37.

defined.
C. Range={y|y> 0} C. Range={y|y> 0}
Yes 36. No
o1 38
4__
24
| LI
40. T
5__
Al
RN 304
—— 27
ik Z 3 T
\
a. 3x2 9x 0 b. Use the quadratic formulawitha = 3,
3xx 3 0 b=9,andc=0
EqualsO EqualsO 9 9% 430 g Ja1
ax 0 ax 3
23 6
x=0andx=-3 9 9
6
0, 3
x=0and x=-3
a 2x2 8x 10 0 b. Use the quadratic formulawith a = 2,
2x% 4x 5 0 b=-8,and c=-10
x5 x1 0 (8) V(8 42)( 10
Equals0 EqualsC
ax 5 ax 1 2(2)
x Sandx 1 8 64 80
4
8 12
4
5 1

x=5andx=-1
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Review Exercises and Chapter Test for Chapter 1

43.

47.

49.

51.

a 3x2 3x 5 11 44.

3x2 3x 6 0
3x2 x 2 0
Xx 2 x1 0

Equals0 EqualsQ
at x 2 ax 1
X 2andx 1

3J¥ 43 6 3 Jog 72
23 6

2,1
Xx=—2andx=1

a. Use the vertex formulawith a = 1 and 46.

b =-10.

_b 10 10
X 2a " 21 2 o

To findy, evaluate f(5).
f5 (5% 105 25 50
The vertex is (5, -50).

./

on [5, 15] by [-50, 50]

Let X = number of miles per day. 48.

C(x) =0.12x + 45

Let x = the dltitude in feet. 50.

X
T x 70 300

a. Tofindthe break even points, solve the 52.

equation C(x) = R(x) for x.
Cx Rx
80x 1950 2x2 240x
2 160x 1950 O
2

X~ 80x 975
X 65 x 15

EqualsO0 EquasC
ax 65 ax 15
x 65andx 15

The store breaks even at 15 receivers and
at 65 receivers.

2X
0
0

37

x=landx=-1

a. Use the vertex formulawith a = 1 and
b=14.
b _14
X 2a 21 7

Tofindy, evaluate f(-7).
f 7 7% 147 15 64
The vertex is (-7, —64)

b. \ /
\_/

on [-20, 10] by [-65, 65]

Use the interest formulawith P = 10,000 and
r =0.08.
I(t) = 10,000(0.08)t = 800t

Let t = the number of years after 2010.
Ct 045 203

25 045t 203
t 10.4 years after 2010; in the year 2020

a.  Tofind the break even points, solve the
equation C(x) = R(x) for x.
Cx RX
220x 202,500 3x2 2020x
3x? 1800x 202,500 O
x> 600x 67,500 0
X 450 x 150 O

Equals0 Equals(
ax 450 ax 150
x 450 andx 150

The outlet breaks even at 150 units and 450
units.
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51.

53.

54.

56.

58.

60.

b. Tofind the number of receivers that
maximizes profit, first find the profit
function, P(x) = R(X) — C(X).

P(x) 2x? 240x  80x 1950
2x? 160x 1950

Since thisis a parabolathat opens
downward, the maximum profit is found
at the vertex.

b 160 160

2a 2 2 4 40
Thus, profit is maximized when 40

receivers are installed per week. The
maximum profit is found by evaluating

P(40).
P40 2402 16040 1950
$1250
Therefore, the maximum profit is $1250.
a sckea
g=ax E+hxto
a=1.675
=, 435
c=21,625
Fz=, 5999386469
Lii=1
y 1.675x%> 0.435x 21.625 (rounded)
a f1 —3 3
1 12 3

b. Domain={x|x#0,x#2}
c. Range={y|y>0ory<-3}

a g 4 |42 2220
b. Domain=

c. Range={y|y>0}

5x4 10x% 15x?
5x4 10x% 15x% 0
5x2 x2 2x 3 0
x> x 3 x1 0

EqualsO0 EqualsO0 Equals0
ax 0 ax 3 ax 1
x 0, x 3 andx 1

2x%2 8x¥?  10x¥?
2x7% 8x¥? 10x¥2 0
2x2(x*> 4x 5) 0
x2(x B)(x 1) 0
Equals 0 Equals 0 Equals 0
atx 0 atx 5 at x>=<1
x 0, x 5 and x>=<1

Only x =0 and x=5 are solutions.

52.

55.

57.

59.

61.

Chapter 1: Functions

b. Tofind the number of unitsthat maximizes
profit, first find the profit function, P(x) =
R(X) — C(X).

P x 3x% 2020x  220x 202,500

3x? 1800x 202,500

Since thisis a parabolathat opens
downward, the maximum profit isfound at

the vertex.
b 1800 1800
2a 2 3 6 300

Thus, profit is maximized when 300 units are
installed per month. The maximum profit is
found by evaluating P(300).

P 300 33007 1800 300 202,500
$67,500
Therefore, the maximum profit is $67,500.

b. Foryear 2020, x = 12.

y 1.675 12 2 0.435 12 21.6
$268 billion

a ¢ g 16 16 1

8 8 4 32 2
b. Doman={x]|x#0,x#-4}

c. Range={y|y>0ory<-4}

a 9 5 5 |5 55 10
b. Domain=

c. Range={y|y=>0}

4x° 8x* 32x3
4x° 8x* 32x% 0
4x% x?2 2x 8 0
x3x 4 x 2 0

EqualsO0 EqualsO0 EqualsO
ax 0 ax 4 ax 2
X 0, x 4, andx 2

3xY2 3x%? 18xY?
Y2 3x¥? 182 0
xY2(x?2 x 6) 0
x2(x 3)(x 2) 0
Equals0 Equals0 EqualsO
atx 0 at x><3 atx 2
x 0, X><3 andx 2

Only x=0and x = 2 are solutions.
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Review Exercises and Chapter Test for Chapter 1

62.

64.

66.

68.

70.

-2 -1 1 2

a.
f X
J gx 1 x31
3
b f f 3 X 1
g X X _X 1
f(x) 2x% 3x 1
f(x h) f(x)
h
2(x h)2 3(x h)y 1 (2x* 3x 1)
h
2(x> 2xh h?) 3(x h) 1 (2x* 3x 1)
h
2x% 4xh 2h? 3x 3h 1 2x* 3x 1
h
4xh 2h® 3h
h
h(4x 2h 3)
h
4x 2h 3

63.

65.

67.

69.

71.

39

a fgx gx +b5x 4
b. g f x 5 f x 4 5Jx 4
a f gx |gx||x2|
b. g f x fx 2 |x| 2
i 2
5 5
f(x h) f(x) x h «x
h h
5 5
x_h x x(x_h)
h x(x h)
5x 5(x h)
hx(x h)
5x_5x_5h
hx(x h)
5h
hx(x h)
5
x(x h)
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72. Theadvertising budget A asafunction of tis 73. a. x* 2x® 3 0
the composition of A(p) and p(t). x2(x2 2x 3) 0
Apt 2pt *® 218 2t %% X*(x 3(x 1) 0

0.15 0.15 Equals 0 Equals 0 Equals 0

A4 218 Z_Aj 226 atx 0 atx 3 atx 1

$3.26 million x 0, x 3andx 1

S
\

on [-5, 5] by [-5, 5]

74.  a x® 2x% 3x 0 75.  a

X x2 2x 3 0
xx 3 x1 0

Equas0 EqualsO0 Equals0 =1
ax 0 ax 3 ax 1
X 0,x 3andx 1 y 6.52 0.761%
b. b.  Foryear 2020, x = 4.
y 652 0.761% 2.2
/ 2.2 crimes per 100,000

on [-5, 5] by [-5, 5]
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Chapter 2: Derivativesand Their Uses

EXERCISES 2.1
1. X |5x-7 X | 5x-7 X |2x+1 x |2x+1
19 2.500 21 3.500 39 8.800 4.100 9.200
1.99 2.950 2.01 3.050 3.99 8.980 4.010 9.020
1.999 2.995 2.001 3.005 3.999 8.998 4.001 9.002
a lim®Gx 7) 3 a. lim@2x 1) 9
X 2 X 4
b. lim@®Gx 7) 3 b. lim@2x 1) 9
X 2 X 4
c. lim(Gx 7) 3 c. lim2x 1) 9
X 2 X 4
3. X X3 1 X X3 1 X X4 1 X X4 1
x 1 x 1 x 1 X 1
0.900 2.710 11 3.310 0.9 3.439 11 4.641
0.990 2.970 1.01 3.030 0.99 3.940 101 4.060
0.999 2.997 1.001 3.003 0.999 |3.994 1.001 4.006
3 4
a lim X1 a limX_1 4
x 1 X 1 x 1 X
3 4
b. lim X1 3 b. limX*X—1 4
x 1 X 1 x 1 X 1
3 4
c lim*1 3 ¢ limX—1 4
x 1 X 1 x 1 X 1
5 X @ 2X)l/x X | @ 2X)l/x X | @ X)l/x X | @ X)llx
0.1 9.313 0.1 6.192 0.1 0.386 0.1 0.349
-0.01 7.540 0.01 7.245 -0.01 0.370 0.01 0.366
-0.001 7.404 0.001 |[7.374 -0.001 |0.368 0.001 0.368
lim@ 2x)Y* 7.4 lim@ x)Y* 0368
x 0 x 0
7. X 5 3 X 5 3 X Jx 1 x | ax 1
19 -0.263 21 -0.238 0.9 0.513 11 0.488
1.99 -0.251 2.01 -0.249 0.99 0.501 101 0.499
1.999 -0.250 2.001 -0.250 0.999 0.500 1.001 | 0.500
11 Ix 1
X2 lim~—~—= 05
lim>— 02 x1x 1
9. [

on [0, 2] by [0, 5]
1

lim X 1

x 11 X

on [0, 3] by [0, 10]
2

. 2xX° 45

Jim S5
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11.

13.

15.

17.

19.

21.

23.

25.

27.

29.

31.

" 12.
on[3,5] by [1, 3]
5 0.5
jim X242
x 4 X2 2%
lim4x? 10x 2 43)% 103) 2 8 14.
x 3
im 32 5x 305)% 5() 16.
x 57x 10  7(5) 10
Iimsx/f J2 because the limit of a constant is 18.
X
just the constant.
lim t 5t Y2 (25 5)(25) Y2 6 20.
t
r!im(5x3 2x%h xh2) 5x3 2x% 0 x(O)2 5x° 22,
0
2
X2 4 (X 2)(X 2)
M2 M x 2 24.
lim(x 20 2 2 4
X 2
lim — X3 lim — X 3
x 3x2 8x 15 x 3(x 3)(x 5) 26.
L1 11
lim — —— =
X 5 35 2
3 2 2
lim 3x 3x 6X lim SX(X X 2) 28.
x 1 N x 1 X(x 1
L 3X(x (x D
lim ————~2_ 7
x 1 x(x 1)
lim3(x 2) 3(12 9
x 1
2
lim 2030 jim2x 3h) 2x 3(0) 2x 30.
h 0 h 0
2 2 K3
lim &0 N° - jim 42 xh 2) 0.
h O h 0

4x%2  x(0) (02 4x2
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on[0.5, 1.5] by [0, 3]
lim—=*-L

xlx\/;

2 2
“mxz_x M 7
mox 7 2(7) 7

|ing§/t2 t 4 32 3 4 2
t

8 24 8 209 14
q 98 29 8 29 2

lim s3/2 3sl/2 43/2 3(4)1/2 2
s 4

r!im(2x2 axh h%) 2x2 4x 0 (0)® 2x?
0

lim—X1 _ jjm—Xx 1
x 1x2 x 2 x 1(x D(x 1
lim—t_ 1 1
x 1Xx 2 1 2 3
lim X2 9x 20 lim (X 5)(X 4)
x 4 X 4 x 4 X 4
Iimx 5 451
X 4
x> X X(x 1) x 1 4

lim lim
x 0x2 X x oX(Xx 1) x ox 1

4 2
lim 2D i (5¢4 - oxh)
h 0 h 0
5x* ox(0) 5x*
2 2 3
lim X X" hT 62w h?)
h 0 h h 0

X2 x(0) (0% x?



Exercises 2.1

33.

35.

37.

39.

41.

43.

45,

a. limf(x) 1
X 2
b. lim f(x) 3
X 2
c. lim f(x) doesnot exist.
X 2
lim f 1
A 109

b. lim f(x) 1
X 2

c. lim f(x) 1
X 2

a  lim ) lm@ »

34 1
b. IirQ f(x) IirQ (10 2x)
10 2(4) 2

c. lim f(x) doesnot exist.
X 4

lim f lim (2
a lim f(x) lim(@2 x)
2 4 2
lim f li 6
b lim (x) Xlrg(x )
4 6 2
c. limf(x) 2
X 4
a lim f(x) lim( x)
x 0
0 O
lim f li
b. lim (x) Xlrg(X)
0
c. limf(x) O
x 0
a X m
) X
-0.1 -1
-0.01 -1
-0.001 -1
lim f(x) 1
x 0
b. X M
X
0.1 1
0.01 1
0.001 1
lim f(x) 1
x 0

C. Iirrg) f(x) doesnot exist.
X

lim f(x) 0; lim f(x)
X X 3
lim f(x) ,

36.

38.

42.

and 46.

x 3
S0 Iirr13f(x) does not existand lim f(x) O.
X X

o @

C.

lim f(x) O lim f(x)
X X 3
lim f(x) :

43

lim f(x) 1
X 2

lim f(x) 2
X 2

lim f(x) doesnot exist.
X 2

lim f(x) 3
X 2

lim f(x) 3
X 2

lim f(x) 3
X 2

Xlirg f(x) x“T(S X)

5 4 1
lim f lim (2
[y 100 fim@x 9
24 5 3
lim f(x) doesnot exist.
X 4
lim f lim (2
f 100 fig @ )
2 4 2
lim f(x) lim@2x 10)
X 4 X 4
2(4 10 2
lim f(x) 2
X 4
lim f li
Jim ) lim [ (X))
(0 O
lim f li
fg 100 09
0
lim f(x) O
x 0
N b
X
-01 1
-0.01 1
-0.001 1
lim f(x) 1
x 0
N b
X
0.1 -1
0.01 -1
0.001 -1
lim f(x) 1
x 0

Iing) f(x) doesnot exist.
X

and

X 3
so lim f(x) and lim f(x) O.
x 3 X
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47.

49,

51.

53.

55.

57.

59.

61.

63.

65.

67.

lim f(x) 0; Ilim f(x)
X x 0

and

lim f(x)

x 0
so lim f(x) and lim f(x) O.
x 0 X

lim f(x) 2; lim f(x)
X x 1

and

lim f(x) :
1

X
S0 Iimlf(x) does not existand lim f(x) 2.
X X

lim f(x) 1, lim f(x)
X X 2

and
lim f(x) ,

X 2
so lim f(x) and lim f(x) 1.
X 2 X

Continuous

Discontinuous at ¢ because lim f(x) f(c).
X C

Discontinuous at ¢ because f(c) is not defined.

Discontinuous at ¢ because lim f(x) does not exist.
X C

a.
b. lim f(x) 3; lim f(x) 3
X 3 x 3
c. Continuous
a
b. lim f(x) 3; lim f(x) 4
x 3 X 3
c. Discontinuous because Iim3 f (x) doesnot exist.
X
Continuous

Discontinuous at x = 1

48.

50.

52

60.

62.

66.

68.

Chapter 2: Derivatives and Their Uses

lim f(x) 0; lim f(x) and
X x 0

lim f(x)

x 0

S0 Iing)f(x) does not existand lim f(x) O.
X X

lim f(x) 1, lim f(x) and
X x 3

lim f(x) ,

x 3
S0 Iim3f(x) does not existand lim f(x) 1.
X X

lim f(x) 2; lim f(x) and
X x 1

lim f(x) :
x 1
so lim f(x) and lim f(x) 2.
x 1 X
Discontinuous at ¢ because f(c) is not defined.

Discontinuous at ¢ because lim f(x) does not exist.
X C

Continuous

Discontinuous at ¢ because lim f(x) f(c).
X C

a.
b. lim f(x) 2, lim f(x) 1

X 3 X 3
c. Discontinuous because lim f(x) does not

x 3

exist.
a.
b. lim f(x) 2; lim f(x) 2

x 3

X 3
c. Continuous

Continuous

Discontinuous at x =7 and x = 2
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Exercises 2.1

69.

71.

73.

75.

77.

79.

81.

83.

85.

f(x) —1L5 3o is discontinuous at values of x
x> bx
for which the denominator is zero. Thus, consider
53 5x 0
5x(x 1) 0
5x equals zero at x = 0 and X2 1 equals zero at x
=+1.
Thus, the function is discontinuous at x = 0,
x=-1,andx=1.
From Exercise 37, we know lim f(x) does not
X 4
exist. Therefore, the function is discontinuous
ax=4.
From Exercise 39, we know
lim f(x) 2 f(4). Therefore, thefunctionis
X 4
continuous.
From Exercise 41, we know
lim f(x) 0 f(0). Therefore, the functionis
x 0
continuous.
From the graph, we can see that Iirr:3 f(x) does
X
not exist because the left and right limits do not
agree. f(x) isdiscontinuousat x 6.
Since the function (X_%(Xi_zl is not defined
at x=1andthefunctionx + 2 equals3at x=1,
the functions are not equal.
1/x 1/x
X 1 X X 1 X
10 10
-0.1 111 0.1 1.10
-0.01 111 0.01 111
-0.001 111 0.001 111
-0.0001 111 0.0001 111
lim 1 & o $1.11
im == .
X 0 10
lim —100 100 100
x 01 .001x? 1 .001(0)> 1
100
As x approaches ¢, the function is approaching

lim f(x) evenif the value of the functionat cis
X C

different, so the limit is where the function is
“going”.

70.

72.

74.

76.

78.

80.

82.

84.

86.

45

f(x is discontinuous at values
) x* 3x3 4x2

of x for which the denominator is zero. Thus,
consider
x* 33 4x? 0
x> x> 3x 4 0
X2(x 4)(x 1) 0

X2 equals zero at x = 0, X — 4 equals zero at
x=4,and x + 1 equals zero at x = —1.

Thus, the function is discontinuous at x = 0,
x=4,and x=-1.

From Exercise 38, we know lim f(x) does not
X 4

exist. Therefore, the function is discontinuous
ax=4.

From Exercise 40, we know
lim f(x) 2 f(4). Therefore, thefunctionis
X 4

continuous.

From Exercise 43, we know lim f(x) does not
x 0

exist. Therefore the function is discontinuous at x
=0.

From the graph, we can see that Iir’n7 f(x) does
X

not exist because the left and right limits do not
agree. f(x) isdiscontinuousat x 7.

2 2
Iim\/l v \/1 c 0
vV C c C

1/ 1/
X 1 X " X 1 X "
20 20

01 1.05 0.1 1.05
001 1.05 001 |1.05
0001 |1.05 0.001 |1.05
—0.0001 |1.05 0.0001 | 1.05
lim 1 =2 H $1.05
m AN A
Jmo+ 20

The left and right limits at 1 ounce, 2
ounces, and at 3 ounces do not agree.
This function is discontinuous at 1 ounce,
2 ounces and at 3 ounces.

In a continuous function, when x equals c, the
function equals lim f (x) . Thisisnot truefor a
X C

discontinuous function.
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85.

87.

89.

91.

93.

95.  lim f(x) does notexist; lim f(x) does not exist;
x 0 x 0

EXERCISES 2.2

1. Thedopeispositive a P;.

As x approaches ¢, the function is approaching
lim f (x) evenif thevalue of thefunctionat cis
X C

different, so the limit iswhere the function is
“going”.

False: The value of the function at 2 has nothing
to do with the limit as x approaches 2.

False: Both one-sided limits would have to exist
and agree to guarantee that the limit exists.

False: On the left side of the limit exists and
equals 2 (aswe saw in Example 4), but on the
right side of the denominator of the fraction is
zero. Therefore one side of the equation is defined
and the other is not.

True: The third requirement for continuity at
x 2 isthat the limit and the value at 2 must
agree, s0 if oneis 7 the other must be 7.

The dlopeis negative at Ps.
The dopeiszero at Ps.

The dopeis positive at P;.
The slope is negative at Po.
The dopeiszero at Ps.
The tangent line at P; contains the points (0, 2)
and (1, 5). Thedopeof thislineis
m 10 3.
The slope of the curve at Py is 3.

The tangent line at P, contains the points (3, 5)
and (5, 4). Thedopeof thislineis
45 1

m 53 2
Theslopeof thecurveat Pois 5.

Y our graph should look roughly like the
following:

86.

88.

90.

92.

94,

Chapter 2: Derivatives and Their Uses

In a continuous function, when x equals c, the
function equals lim f (x) . Thisisnot truefor a
X C

discontinuous function.

False: There could bea“hole” or “jump” at
X 2.

True: If lim f(x) 7,then lim f(x) 7 and
X 2 X 2

lim f(x) 7.
X 2

True: A function must bedefinedat x ¢ to be
continuousat X cC.

True: If afunction is continuous at every x-value,
then its graph has no jumps or breaks. The jumps
or breaks would make it discontinuous.

lim f (x) does not exist
x 0

The dopeiszero at P;.
The dopeis positive at Ps.
The dlopeis negative at Ps.

The dlopeis hegative at P;.
The dopeiszero at Ps.
The dlopeis hegative at Ps.

The tangent line at P; contains the points (1, 4)
and (4, 3). Thedope of thislineis

m 34 1

41 3

Thedopeof thecurveat Pris 3%
The tangent line at P, contains the points (5, 3)
and (6, 5). Thedope of thislineis

m -gJS 2

The dlope of the curve at Py is 2.

Y our graph should look roughly like the
following:
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Exercises 2.2

9 a (3 f® 12 2

2 2
b. 2 W 62 ,

1 1
c. f@s f@ 375 2

5 5 35
d  f@1y f@ 231 2

1 1 31
e f(oy f@) 20301 2

.01 .01 301

f.  Answers seem to be approaching 3.

11. a.  f@4) f(2) 34 8 13
2

2
b. f(3 f(@ 19 8
: T u
c. f(5 f(2 13 8
- = 10
d f) f(2 89 8 4,
1 1 '
e f(20) f(@) 8.0902 8
.01 .01 9.02

f.  Answers seen to be approaching 9.

13. a () f(3 26 16 5

2 2

b. f(4) fQ 21 16
1 1

c. (35 f(3 185 16 ¢
5 5

d f@G1) f(® 165 16
1 1

e f(301) f(3) 16.05 16 ¢
01 .01

f.  Answers seem to be approaching 5.

15. a f(6) f(4) 24495 2 0.2247
> .

2
b. f(6) (4 2236 2 (934
1 1 '
C. f (4-5) f (4) 2121 2 0.2426
5 5 ’
d. f(4D) f(4) 2025 2 (45
1 1 ’
e f(401) (4 20025 2
5 o 0.2498

f.  Answers seem to approach 0.25.

10.

12.

14.

16.

f.

47

f@ f@) 23 7 8

2 2
f2) f@) 13 7 6

1 1
fa5 f() 95 7 ¢

5 5
fLy) f(Q) 742 7

1 1 4.2
f(1.0) () 7.0402 7

01 .01 4.02
Answers seem to be approaching 4.

f(4) f(2 23 7 g
2 2
f3 f2 14 7 4
1 1

f(25) f(2) 1025 7
5 5 6.5

f(21) f(2) 761 7
1 1 61
f(201) f@@) 7.0601 7
.01 .01 6.01
Answers seem to be approaching 6.

fe) f) 33 19 4
2 2
f(4) 3 26 19 ,
1 1
f35 f(3) 225 19 ,
5 5
f31) f( 197 19 ,
1 1
f(30) f(3 1907 19
01 01
Answers seem to be approaching 7.

f(6) f(4) 6667 1 (1667
2 2
f5 f(4) 38 1
- - 0.2000
f(45) f(4) 889 1 (o9
5 5
f(41) (4 976 1 (o439
1 1
f(401) f(4) 9975 1
D = 0.2494
Answers seem to approach —0.25.
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17, lim f(x hg f(x)
h 0
2 2
lim &_h) (Xhh) (x* x)
h 0
lim X2 2xh h®> x h x* x
h 0 h
2
h 0
lim 2x h 1 2x 1
h 0
Evaluatingatx 1gives2(1) 1 3,
which matches the answer from Exercise 9.

19.  lim JLLK_J%%__iﬁél
h 0
lim 5x h) 1 (5x 1)
h 0 h
lim 5x 5h 1 5x 1
h 0 h

lim 30
0

h

lim5 5
h 0
Evaluating at x=3 gives 5,

which matches the answer from Exercise 13.

h

21. lim

f(x h) f(x)
h 0 h

lim 2% h)2 (x h) 2 (2x2 x 2)
h o h
lim 2x% 4xh 2h% x h 2 2x® x 2
h 0 h

lim 4xh 2h? h

ho D

lim4x 2h 1 4x 1
h 0

The slope of the tangent lineisatx 2 is
4(2) 1 9, which matches the answer from
Exercise 11.

18.

20.

22,

Chapter 2: Derivatives and Their Uses

i £ T
h 0 h

po 2 200 ) 1 % 2x 1)
h 0 h

lim x2 2xh h? 2x 2h 1 x%2 2x 1
h 0 h

2

h o

lim 2x h 2 2x 2
h 0

Evaluating atx 2 gives 2(2) 2 6,
which matches the answer from Exercise 12.

) f(

h o h
4 4
lim X0 X
h o h
iml_4 4
h“moh X h x
L1 4x 4(x h)
MR T hyx
lim 4x 4x _4h
h 0 h(x% xh)
i 4 4
lim
h 0x2 xh X2
Evaluating at x=4 gives —%:—.25,
4

which matches the answer from Exercise 16.

2 2
fim £ hg 1) i 20N E (2x2 5)
h 0 h 0

lim 2x% 4xh 2n% 5 2x2 5
h 0

lim 4xh 2h?

ho N

lim4x 2h 4x
h o

The slope of the tangent lineatx 1is
4(1) 4, which matches the answer
from Exercise 10.
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23.

25.

26.

27.

29.

31.

i FOC FO0 L VX h Jx
h 0 h h o N

Yx h x xh Jx
N

lim
h 0 h
l (x h) x

hohX h Yx)
; 1 1 1
n"modx h Vx Vx 0 Vx 2Ux

The slope of the tangent lineatx 4 is
1

24

from Exercise 15.

0.25, which matches the answer

24,

49

i FOC D) ()
h o h
lim 7(x h) 2 (7x 2)

h o h
7x 7h 2 7x 2
h o h
i 7h
lim ==
h ob
lim 7 7
h 0
The slope of the tangent lineatx 3is 7,

which matches the answer from Exercise 14.

£1(x) mf(x hg F) iy (X M2 3(x ) 5 (< 3x 5)

h 0 h
limX>_2xh _h® 3x 3h 5 x* 3x 5
h 0 h
lim(2x h 3)
h 0
2x 3
2 2
f1(x) lim f(x h) f(x) lim 2(x h)° 5(x h) 1 (2x° 5x 1)
h o h h o h
lim2x>_4xh 2h® 5x 5h 1 2x* 5x 1
h 0 h
lim(4x 2h 5)
h 0
4x 5
fix) im0 28, fix) lim &N T)
h 0 h h 0 h
2 2 1 2 1,2
Iiml (x h)ys 1 x IimE(x hy* 1 5x° 1
h 0 ) h ) ) h o h
liml X" 2xh h® 1 Xx _ %X2 xh %h2 1 %X2 1
h 0 h lim
lim 2x h h 0 h
h o0 limx 1h x
2X h o
) limx ) FO9 30, f(x lim& N )
h o h h 0 h
lim 9(x h) 2 (9x 2) lim 3(x h) 5 (3x 5
h 0 h h 0 h
h 0 h h 0 h
f'(x) lim L) T 2. f(x) lim L h) ()
h 0 h h 0 h
x h x [ jim 0:01(x_h) 0.05 (0.01x 0.05)
2 2 L2 m h
lim lim < h 0
h 0 h h oh lim 0.01x 0.01h 0.05 0.01x 0.05
imA 1 h 0 h
h o h
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33.

35.

36.

37.

39.

41.

f(x h) f(x)

Chapter 2: Derivatives and Their Uses

f(x)

, . .4 4 , . f(x h) .
f'(x) lim lim 0 34, f'(x) lim lim 0
9 h 0 h h o h 9 h 0 h h o h
00 lim fx h) f(0 o alx hy2 b(x h) ¢ (ax®> bx c)
h 0 h h 0 h
lim@” 2axh_ah® bx bh c ax*® bx c
h 0 h
r!irrz)(Zax ah b) 2ax b
Use (x a)2 x? 2ax a’.
£ im TR OO o (x h)2 2a(x h) a? (x? 2ax a?)
h 0 h h 0
limX°_2xh h® 2ax 2ah a® x® 2ax a’
h 0 h
lim(2x h 2a)
h 0
2x 2a
f'(x) ”mw 38. f'(x) |imw
h o h o h
5 5 4 4
21— fm £
limX°_5x*h_10x°*h® 5xh*® h° x° imX_4x°h 6x*h® 4xh® h* x*
h 0 h h 0 h
rI]ing)Sx4 10x°h 5xh® h* s5x* tI]irr(1)4x3 6x*h 4xh? h® 4x®
f(x limi& N T h% f(x) a0 (0 limSx N 1) hk)] f(x)
h 0 h 0
2 2 1 1
A X 2 2
r!”rg).x_hh_ lim (x h) X
2x _ 2(x h) hoo, 2
0 M € 2
rlln’g)—h lim X2 h)”_x*(x_h)
2% 2% 2h 1 h 0
AKX B h X 5% 2xh n?
lim 2h 1 lim —X2&x n?
h o X(x h)h h 0 h
. 2 . 2
lim [ 2xh h- 1
K x(x ) h x2(x h)2 h
N lim 2 'Zf %
X h 0 x°(x h) X X

o0 lim ) TO0 o, X : Vx

h 0 h h 0
Iim‘/x h \/; VX h \/§
h 0 h Jx h Jx
lim—X_h x

h oh \/x h +/x
Iim+

h oh x h +/x

lim

1 1
hoyx h /x  2Jx
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42.

43,

45,

46.

f |

1 1 Jx Jx h Jx Jx h Jx Jx h

100 timtOCN T ) b VxSl o Wxdx b Jx Jxh
h 0 h h 0 h h o h h 0 h
x (x h)
lim IxJdx h x Jx h lim h 1
h o h hoxdx hx +x h h
lim 1 1 1
hodxdx hx Wx h o UxxWx Wx x2dx
1
2x\/§
3 2 3 2
i £0C ) f00 P (x W2 (¢ xP)
0 h h o h
(x® 3x%h 3xh? h3) (x* 2xh h?) x x?
lim R
h O
2 2 3 2
lim h_3xh hh 2xh _h” jim3x? 3xh h? 2x h
h 0 h 0
X2 2x
11 L1 @ an
foo fim A& D 10 i 22X iy 2020 B i 22N gy 2X2 )
h 0 h 0 h 0 h O h 0

Iim—h— 1 lim —1 1
h oX(2x 2h) h g x(2x 2h) 2% 2

Thedopeof thetangent lineat x=2is f'(2) 2(2) 3 1. Tofind the point of the curve at
x=2,wecdculate y f(2) 22 3(2) 5 3.Using the point-slope form with the point

(2, 3), we have
y 3 1(x 2)

y 3 x 2
y x 1

v

on viewing window
[-10, 10] by [-10, 10]

The dope of thetangent lineat x=2is f'(2) 4(2) 5 3. Tofindthe point of the curve at
x=2,wecaculaey f(2) 2(2)2 5(2) 1 1.Usingthe point-slope form with the point
(2,-1), we have
y (1) 3(x 2
y 1 3 6
y 3 7

/
i

on viewing window
[-10, 10] by [-10, 10]
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47.

49,

50.

51.

52.

53.

55.

o

i

oo
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Chapter 2: Derivatives and Their Uses

fog fim T 100 i SR 3 GX )y 3 3h 4 3 4 g 3
h 0 h 0 h 0 h 0

Thegraphof f(x) 3x 4 isastraight linewith slope 3.

fog limIe A 100y 2 B 3 (2% 9 iy 2x 20 9 2 9 iy o
h O h O h O h O

Thegraphof f(x) 2x 9 isastraight linewith slope 2.

f(x) limA& hh T lim3:=2 im0 0
h o h o h o
Thegraphof f(x) 5 isastraight linewith slopeO.

f(x) lim~& hh T(x lim12-12 limo o
h o h o h 0
Thegraphof f(x) 12 isastraight linewith slopeO.

(0 fimA& M) T jjpmb h) b (m B) jjpox mh b ox b jjyoh
h 0 h h o h h 0 h h oh
limm m
h 0

Thegraphof f(x) mx b isastraight linewith slope m.

f(x) lim~& hh T lim2=8 limo 0
h o h o h o
Thegraphof f(x) b isastraight linewith slopeO.

lim
h 0
2 2
2hx h® 8x 8h 110 x
h

f(x h) f(x (x h? 8x h) 110 (x> 8x 110)
h h

f (x) r!irrg)

2 8x 110

lim X
h o
im2x h 8 2x 8
h 0

f(2) 2(2) 8 4.Thetemperatureisdecreasing at arate of 4 degrees per minute after 2 minutes.
f(5 2(5) 8 2.Thetemperatureisincreasing at arate of 2 degrees per minute after 5 minutes.



Exercises 2.2

56.

57.

58.

59.

60.

a.

o

o

a.

b.

o

f(x lim

lim
h 0
lim
h

53

lim

f(x h) f(x) 3(x h)> 12(x h) 200 (3x> 12x 200)
h h

h 0

2% 6hx % 12x 12h 200 3x2 12x_ 200
h

6x 3h 12 6x 12

f(1) 6(1 12 6. Thepopulation isdecreasing by 6 people per week.
f(5) €5) 12 18.Thepopulationisincreasing by 18 people per week.

f ()

lim
h 0

lim
h 0

lim

f(x h) f(x) 20x W2 (x h) X% x)
h h

h 0

2 2 2
2x%_4hx ZhhthX X r!im4x 2h 1 4x 1

f(5 4(5) 1 19.When 5 wordshave been memorized, the memorization timeisincreasing at arate of
19 seconds per word.

S (x)

sS@)

S (6)

f(x)

lim
h 0

lim

h 0
lim
h

SX h) SX) iy X h)? 10(x h) ( x*> 10x)
h A h

x> 2hx _h% 10x_10h X% 10x
h

2x h 10 2x 10

2(3 10 4. Thenumber of carssold on the third day of the advertising campaign isincreasing at

arate of 4 cars per day.
2(6) 10 2. Thenumber of cars sold on the sixth day of the advertising campaign is decreasing

at arate of 2 cars per day.

lim
h 0

lim
h 0
lim
h 0
lim
h 0

2 2
fh) 100 o T(x h)? 37(x h) 12 1x* 37x 12
h

h 0 h
%xz xh %hz 3.7x 3.7h 12 %xz 3.7x 12
h
%xz xh %hz 3.7x 3.7h 12 %xz 3.7x 12
h
X %h 37 x 37

f'Q 1 3.7 2.7.In 1940, the percentage of immigrants was decreasing by 2.7 percentage points per

decade (which is about 0.27 of a percentage point decrease per year).
f'(8) 8 3.7 4.3.Increasing by 4.3 percentage points per decade (so about 0.43 of a percentage point

per year).
2 2

£1(%) Iimf(x h) f(x) lim 6(x h)c 16(x h) 109 6x° 16x 109

h o h h 0 h

lim 8X°_12xh 6h* 16x 16h 109 6x° 16x 109

h 0 h

lim 6% 12xh 6h* 16x 16h 109 6x° 16x 109

h 0 h

lim 12x 6h 16 h

h 0 h

12x 16
f'0 120 16 16.In2010, net income was decreasing at the rate of $16 million per year.
f'2 12 2 16 8.In2012, netincomewasincreasing at the rate of $8 million per year.
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61.

63.

65.

67.

The average rate of change requires two x-values
and is the change in the function - values divided
by the change in the x-values. The instantaneous
rate of changeisat asingle x-value, and is found

fromtheformula f(x) lim w
X

Substitution h = 0 would make the denominator
zero, and we can't divide by zero. That'swhy we
need to do some algebra on the difference
guotient, to cancel out the termsthat are zero so
that afterwards we can evaluate by direct
substitution.

The units of x are blargs and the units of f are
prendles because the derivative f '(x) is
equivalent to the slope of f (x) , whichisthe
changein f over the changein x.

The patient’s health is deteriorating during the
first day (temperatureis rising above normal).
The patient’s health isimproving during the
second day (temperature isfalling).

EXERCISES 2.3
1 0 fLod) ettt ad
3. (0 £ 500°° ! 500"
5. (0 g0H 52 Jx V2
7 g0 Ll Lagi o
g'(x) X 4x 5 4x 2X
0 g(W) adVV(G /3) 6_’|:§W1/31 2W2/3
1. heo FE?) aax?t oex’
13 (0 f£@d x 2
423t 31ttt oo
8x 3
' d 1 d 1/2
1, 32 1
§X 2y3/2

62.

66.

68.

10.

12.

14.

16.

Chapter 2: Derivatives and Their Uses

A secant line crosses the function twice while a
tangent line crosses only once. To find the slope
of asecant line, use the formulafor average rate
of change. For the slope of atangent line, use the
formulafor instantaneous rate of change.

The units of the derivative f '(x) isin widgets per

blivet because the derivative is equivalent to the
slope f(x) whichisthe changein f over the

changein x.

The population is decreasing because the negative
derivative implies a negative slope.

The temperature at 6 am. is the lowest
temperature throughout the first half of the day
because the temperature falls until 6 am. and rises
after 6 am.

f(0 06 st sx
£ gL 1000x°® ' 1000x%
f(0 L)

1431 1, 23
3

3
' d 1,9 14,91 8
g'(x) ™ 3x 39x 3X
gw) JLaaw’?) 12 3w?t ew 2

hio dbax® aax®t 12x*

f(0 f@¢

6x 5
' d 1 d 2/3
f'(x) WX 28 X X
2, 5/3 2
§X 3x5/3
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17.

19.

21.

23.

25.

26.

27.

28.

29.

30.

31.

32.

33.

f'(x)

f(r)

f'(x)

g(x)

h'(x)

h'(x)

f'(x)

f'(x)

' (x)

' (x)

f (x)

f (x)

f (x)

f(8)

d 6 d gy U3 18. - d 4 d 4w
dx ¥y  dx bx ) dx Jx  dx 4x
1, 43 2 1, 32 2
6 3 X 413 4 2 X 32
d 2 20, fyr) 4 4 (3 4 (32 2
ar " @2r) 2r - f(n) dr3r 3(3r)4r
41y Ix® x 1 2. f'0 L Lx* I 1 x 1
1(3x%) 1(@2x) 1 £@4x%) 1(3x%) i@2x) 1
2 3 2
Zx° x 1 X 3x° x 1
2 1 V21 11 3 1 U3 1 11
L0642 x Y dx ( 1x 24. g(x L xh Ix ( Dx
1,12 2 1, 23 2
5 X X 3% X
d gy23 o U3 53,231 40 1 131
dx 2 3
ax U3 gy 413
d gy3/2 gy 14 g3y321 g 1 141
dx 4
12512 9y 5/4
d 10x Y2 9453 17 10 L1y v21 95 5831
dx 5 2 53
5y 32 3y2/3
da 9,23 16452 14 9 2,231 455 4521
dx 2 2 3 2
3x /3 4032
d .XZ_XE 'd‘(X X2) 1 2x
dx X dx
2 3 2 2
-dci-( x“(x 1) ad)-((x x7) 3x° 2
L) s f(2) 52 80
Lix) o313 43° 108
dz,2/3 13 2,13 1,43
dx(6x 48x “°) 6 3 X 48 3 X
ax U3 16x Y3
® ¢ 2 {6 2
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frx) 9 12x2/3 4gx V3 12 2 x U3 48 1 s
dx 3 3
4x 1/3 16X 4/3
f|(8) 4(8) 1/3 16(8) 4/3 4 16 4 16 2 416 4

Bt 2 P 82

df df df df
® oo gl A 2 % g O 4x3;&| A2
X X
df  d qgy 12 gel2 15 Ly 32 gl w2
dx dx 2 2
8x 3/2 4x 1/2
df 3/2 12 8 4 8 4
o 8(4 44 = = = 31
o, , 89 4 5 Vi 52
dd guy w2 gz gy Ly ez gp 1y
dx dx 2 2
27X 3/2 6X 1/2
df 32 1/2 27 6 21 6
- 27(9 6(9 1
ol o, 27O ©) Jg 45 273
a f(xx) 2x 20 2x 2 40. a f'(x) 2x' 4 0 2x 4
f' 2(33) 2 4 ') 2 4 2
The slope of the tangent lineis 4. The slope of the tangent lineis—2.
y 5 4(x 3 y 3 2(x 1
y 5 4x 12 y 3 2x 2
y 4x 7 y 2x 5
The equation for the tangent lineis The equation for the tangent lineis
y 4x 7. y 2x 5.
b b
-]
[~
,-"ff
on [-1, 6] by [-10, 20] on[-1, 5] by [-2, 10]
a  f'(x) 3x® 32)x! 2 0 3x? 6x 2 42. a  f(x) 3(2)x! 3 x? 5x 3x2
f'2) 322 6(2) 2 2 f'1) 6(1) 302 3
The slope of the tangent lineis 2. The slope of the tangent lineis 3.
y 2 2(x 2) y 2 3(x 1)
y 2 2x 4 y 2 3x 3
y 2x 6 y 3x 1
The equation for the tangent lineis The equation for the tangent lineis
y 2x 6. y 3x 1.
b. / b. \
/;-.7/
on[-1, 4] by [-7, 5] on[-1, 3] by [-2, 5]
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43.

45,

46.

47.

48.

49,

50.

For y, 5 and viewing rectangle [-10, 10] by [-10, 10], your graph should look roughly like the following:

For y, 3x 4 andviewing rectangle [-10, 10] by [-10, 10], your graph should look roughly like the following:

/

i
i

y' 9.638 1.394 x 239 13435372x 2%
a y'(2) 134353722 *** 26

b. y'(5) 13435372 5 0.29

Interpretation: Near full employment, inflation greatly decreases with small increasesin
unemployment but with higher unemployment, inflation hardly decreases with increasesin
unemployment.

2.394

y' 454 154 x *%  69.916x **
a y'(@d) 699163 *** 43

b. y'(8) 69.916 8 0.36

Interpretation: Near full employment, inflation greatly decreases with small increasesin
unemployment but with higher unemployment, inflation hardly decreases with increasesin
unemployment.

2.54

C'(x) %
c'® % L g

When 8 items are purchased, the cost of the last item is about $8.
ce4 S5 16

Yoa 4

When 8 items are purchased, the cost of the last item is about $4.

a. C'(x) 140x Y6
' 140
C'(l) == 140
@ 0
When 1 licenseis purchased, the cost is about $140.
b. C'(64) 140 140

64 2

When 64 licenses are purchased, the cost is about $70.

C(64) C(83) 24(64)*° 24(63)%'° 4.01
The answer is close to $4.

C(64) C(63) 168(64)%'® 168(63)*° 70.09
The answer is close to $70.
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51.

52.

53.

55.

Chapter 2: Derivatives and Their Uses

a. Therate of change of the population in x yearsis the derivative of the population function
P'(x) x? 5x 3
To find the rate of change of the population 20 years from now, evaluate P (x) for x = 2.
P 2% 5(2) 3 3

In 2030, this population group will be increasing by 3 million per decade.
b. Tofindtherate of change of the population O years from now, evaluate P (x) for x=0.

P'(O) 0% 50) 3 3
In 2010, this population group will be decreasing by 3 million per decade.

a. Therate of change of the number of newly infected people is the derivative of the function
f(t) 13t% t3
f() 213 32 26t 3t
The rate of change on day 5isfound by evaluating f (t) fort=5.
f'(5) 26(5) 3(5° 55
The number of newly infected people on day 5 isincreasing by about 55 people per day.
b. Therate of change on day 10 isfound by evaluating f (t) fort = 10.

f (10) 26(10) 10)> 40
The number of newly infected people on day 10 is decreasing by about 40 people per day.

The rate of change of the pool of potential customersis the derivative of the function
N(X) 400,000 ZOOXOOO .

N (x) -&(400,000 200,000x })
200,;)00

X
To find the rate of change of the pool of potential customers when the ad has run for 5 days,
evauate N (x) for x=5.

N (5) —20%20 0 8000

N(x) O ( 1)200,000x 2

The pool of potential customersis increasing by about 8000 people per additional day.

At) 001? 1t 5
The instantaneous rate of change of the cross-sectional areat hours after administration of nitroglycerinis
given by
A@M) 20010t 0.02t
A(4) 002(4) 0.08
After 4 hours the cross-sectional areaisincreasing by about 0.08 cm? per hour.

The rate of change of 3D moviesisthe derivative of the function f(x) %xz 11x 8.
f'(x) x 11
The rate of change of number of 3D moviesin 10 yearsisfound by evaluating f (x) at x = 10.

f'10) 10 11 21
In 2020, the number of 3D movieswill be increasing by 21 per year.
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56.

57.

58.

59.

60.

a. Therate of change of the function is the derivative of the function:
' 1, 32 1
f'(x) =x —_—
? 2Vx®
Find the rate of change for x = 4.

. 1 1
f'(4 =
(4) 2./43 16

In 2005, the number of fatalities is decreasing by % per hundred million vehicle miles traveled every

fiveyears.
b. Findtherate of changefor x = 4.
. 1 1
f'(9 -
©) 2./93 54

In 2030, the number of fatalitiesis decreasing by 5—14 per hundred million vehicle miles traveled every

fiveyears.

The instantaneous rate of change of the number of phrases students can memorize is the derivative of the
function p(t) 24+t.

. d
Pt g 4tY2)
L (2at Y2) 12t 12

. v2 12
p4) 12(4) 7 ©

The number of phrases students can memorize after 4 hoursisincreasing by 6.

a. Theinstantaneous rate of change of the amount of dissolved oxygen x miles downstream is the

derivative of the function D(x) O. 2x% 2x 10.
D(x) 20.2x 2 0 04x 2
D@ 041 2 16
The amount of dissolved oxygen 1 mile downstream is decreasing by about 1.6 mpl per mile.
b. D(0) 04(10) 2 2
The amount of dissolved oxygen 10 miles downstream is increasing by about 2 mpl per mile.

a U 100¢¥x 100x/2
MU(X) U (X) %(100)x”2 1 5ox V2

b. MU® U@ 50@ Y2 s0
The marginal utility of the first dollar is 50.

c.  MU(L000,000) U (1,000,000) 50(10°%) Y2 s50@0) * R?gﬁ 0.05
The marginal utility of the millionth dollar is 0.05.

a UK 122¥x 12xY3

MU(x) U (x) -'3L(12x 213y gy 213
b, MU@D U@ 4 2% a4

The margina utility of thefirst dollar is4.

c.  MU(1,000,000) U (1,000,000) 4(1000,000) 4

4
(3/,000,000)% 1007

2/3

0.0004

The marginal utility of the millionth dollar is 0.0004.
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61.

62.

63.

65.

67.

69.

a f(12) 0.83112)°% 18.14(12) 137.3 39.764

Chapter 2: Derivatives and Their Uses

A smoker who is a high school graduate has a 39.8% chance of quitting.

f(x) 0.831(2)x 18.1 1662x 181
f(12) 1.662(12) 181 1.844

When a smoker has a high school diploma, the chance of quitting isincreasing at the rate of 1.8% per year

of education.
b. f(16) 0.83](16)2 18.1(16) 137.3 60.436

A smoker who is a college graduate has a 60.4% chance of quitting.

f (16) 1.662(16) 181 8492

When a smoker has a college degree, the chance of quitting isincreasing at the rate of 8.5% per year of

education.

.............

on [0, 15] by [-10, 30Q]
b. N(10) 000437(10)%? 6.9

A group with 10 years of exposure to asbestos will have 7 cases of lung cancer.

N () 000437(32)t>2 1 0.013984t%2
N (10) 0013984(10)>% 2.2

When a group has 10 years of exposure to ashestos, the number of cases of lung cancer isincreasing at the

rate of 2.2 cases per year.

a  f(5) 650(5)2 3000(5) 12,000 64.

$43,250
b. f'(x) 1300x 3000
f'(5) 1300(5) 3000 $9500
In 2020-2021, private college tuition will be

increasing by $9500 every 5 years.
c. $1900
f(x) 2 will have agraph that isahorizonta 66.

line at height 2, and the slope (the derivative) of a
horizontal lineis zero. A function that stays
constant ill have arate of change of zero, so its
derivative (instantaneous rate of change) will be
zero.

If f has a particular rate of change, then the rate of 68.

changeof 2 f(x) will betwice aslarge, and the
rate of changeof ¢ f(x) will be c f'(x),which
isjust the constant multiple rule.

Since —f dlopes down by the same amount that f 70.

slopes up, the slope of —f should be the negative
of the dope of f. The constant multiple rule with
¢ 1 asosaysthat the slope of —f will be the
negative of the slope of f.

a.  f(5) 400(5)%> 500(5) 2700
$15,200
b. f'(x) 800x 500
f'(5) 800(5) 500 $4500
In 2020-2021, public college tuition will be
increasing by $4500 every 5 years.
c. $900

f(x) 3x 5 isalinewith adope (derivative) of
3. A function that has aslope of 3 will have arate
of change of 3, so its derivative (instantaneous
rate of change) will be three.

If f and g have particular rates of change, then the
rate of changeof f(x) g(x) would betherate

of change of f(x) plustherate of change of
g(x) . For example, if f(x) 2x and g(x) 3x,
then the rate of change of 2x 3x 5x isthe

same as the rate of change of 2x plus the rate of
change of 3x. The derivative of f(x) g(x) will

be f'(x) g'(x),whichisjustthe sum rate.

Thedopesof thefand f 10 will bethe same
because f 10 isjust f raised 10 units. Using the
sumrulewith g(x) 10, aso saysthat the slope
will just bef because g'(x) 0.
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71.

73.

75.

Evaluating first would give a constant and the 72. Tofind afunction that is positive but does not
derivative of a constant is zero, so evaluating and have a positive slope at a particular x-value, we

the differentiating would always give zero,

need to find an equation with a negative slope.

regardless of the function and number. This y 5x willworkat x 1.
supports the idea that we should always
differentiate and then evaluate to obtain anything

meaningful.
Each additional year of education increaseslife 74. The probability of an accident increases by 13%
expectancy by 1.7 years. as the speed exceeds the limit.
a. If D(c) O, then f(c) L(c) 0 so f(c) L(c).
b. Sincetheline L(x) must pass through the point (c, L(c)), part (a) showsthat thispointis (c, f (c)). Then
thepoint-sopeform y y; m(x x) with x;, ¢ and y; f(c) becomes
y f(c) m(x ¢)
ory m(x c¢) f(c), givingtheline
L(x) m(x c) f(c)
c. D) f(x) L(x) f(x) (m(x ¢) f(c)) f(x) m(x c) f(c)
d. Differentiating the last expression for D(x) above gives
D(x) f(x) m
whichat x ¢ becomes D (c) f (c) m, and setting thisequal to zerogives m f (c).
e L(x) f()x c) f(c) soy L(x)isthesameasy f(c) f (c)(x c), whichisthe point-sopeform

of the equation of thetangent linetothecurve y f(x) a x c.

The tangent line has zero error at the point and errors near the point that differ as little as possible from zero.
So the tangent lineis the best linear approximation to the function since it has the smallest possible
differences between aline and the curve at and near the point.

EXERCISES 2.4

1.

a.

Using the product rule:
ac)j(-(x4 x6) 4x3 x5 x4(6x5) 4x% 6x° 10x°

Using the power rule:
a‘g(-(x4 x6) -dd)-((xlo) 10x°

Using the product rule:
a?(-(x7 x2) %8 %% x" 2x 7x® 2x® ox

Using the power rule:
ac)j(-(x7 xz) -dd)-((xg) ox8

8

Using the product rule:

ac)j(-[le(x5 1] 4x?’(x5 1) x4(5x4) 48 ax® 58 ox® ax
Using the power rule:

a‘g(-[x“(x5 1] -dd)-((x9 x4) ox® ax®
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62 Chapter 2: Derivatives and Their Uses

4, a. Usingthe product rule:
a‘g(-[x‘:’(x4 1)] 5x4(x4 )] x5(4x3) 5x8 5x* 4x® ox® 5x*
b. Usingthe power rule:
a?(-[xs(x4 1] -éj)-((x9 x5) 9x® 5x*
5. f(x) 2x(x3 )] x2(3x2) 2xt 2x 3x* sx* 2x
6. f(x) 3x2(x2 1) x3(2x) axt 3x% x* st 3x?
7. f(x) 16x* 1) x@0x) 5x% 1 10x? 15x° 1

8. f(x 2x* 1 2x@x® 2x* 2 sx* 10x* 2

Q. f1(x) %x U2 gy 2 x1’2(6) 32 x U2 gyli2 gyli2 y U2 g [y 1
X

X

10 f(x) 6%x2/3 ox 1 6xM3(2) a3 2x 23 12xM3 16xM3 2x 23 16%x %
X

1. () (2% 1) x2 DEx) 2x° 2x 2x° 2x 4x°

12 (%) 320 D (S DEBXP) 3x° 3x% 3x° 3x% 6x°

13, f(x) (X 1DBx 1) (x> x)(3) 6x> 5% 1 3x% 3x 9x° 8x 1

4. f(x) (X 2(2x 1) (x* 2x)Q2) 4x% 6x 2 2x° 4x 6x> 10x 2

15, f'(x) 2x x? 3x 1 x?(2x 3) 2x3 6x> 2x 2x® 3x® 4x3 9x® 2x

16.  f'(x) 3x% x? 4x 3 x3@2x 4) 3x* 12x3® 9x? 2x* 4x3® s5x* 16x3 9x?
17.  f'(x) (@)@ x) @x? 1@ 4x 4x? 2x? 1 6x%2 4x 1

18.  f'(x) ()@ x?) (2x 1)( 2x) 2 2x?> 4x? 2x 6x* 2x 2

19. f'(x) lx V2 y1u2 g U2 4 lx 172 1 lx 172 1 lx V2 4
2 2 2 2 2

20. f'(x) lywve yuz o w2 o 1wz 1 w2 1 w2 4
2 2 2 2

21 f(t) et¥33t¥® 1) et*3(2t V) 24t stY® 12t 36t 8tl/°
22. () etY?@Y? 1 a¥?@ V%) 12t &Y? a 16t etY?
23. f(2) (42° 22(z° 2) (&* 2 1EBZ? )

4z% 27 272 3P 3 32 A A 1
7% 1
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24. f (Z) %Z 3/4 —%Z 1/2 (Z'l./4 Z]JZ) (Z]J4 Z1/2) %Z 3/4 -%Z 1/2
1_1/2 1_u4 1_ w4 1 1_ w2 1_vs 1_vu4s 1
47 47 27 2 4% 27 47 2
1_1/2 1_12 1 1 1_ w2
ke 4° 2 2 2°¢ 1

25 f(x) 2 4tz 2271 27 4?1 21212
4702 9 4 pg U2 g2 4 L U2
62 ;12 19

1
6vz —=— 10
Jz

26. f'(x) 16z 7z 2% 1 76 12322
;32 g2 g g 3 V2, A2 g2 g

2z 6242 32 Y2 11

3
2z 67 =
Jz

27. a. Usingthequotient rule;

d 8 X26xN) 2x(x®) gx? 2y°

5
dX 2 (x2)2 o 6x

b. Using the power rule:

Eg(-ig -d-(x) 6X°

28. a Usingthequotient rule:

d x° O 3P oxt 3kt 6x°
dx 3 )2 6 X
b. Using the power rule:
d x d,.,6 5
dx 3 ax (X)X
29. a. Usingthequotient rule:
41 X030 ax® a
ax X3 (X3)2 X6 X4
b. Using the power rule:
d 1 _d. 4 3
X 33 (x ) 3x A
30. a. Usingthequotient rule:
d 1 X0 41 ¢ 4
dx X4 (X4)2 X8 X5
b. Using the power rule:
d 1 d 5 4
dx 44 ax(x ) & x>
X3(4X3) 3X2(X4 1) ax® 3x® 32 X8 ax? 3
31 f(x) 39 6 A 1 =
(x°) X X X
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

Chapter 2: Derivatives and Their Uses

x°(5xN) 2x(x® 1) 5x8 2x® ox 3% 2 , 2
f (%) =y X Xj X XX4 X 3y ]
o (DM M D x 1 x 1 2
(x 1? (x 1y (x ?
o (DM M D x 1 x 1 2
(x 1? (x 1%  (x ?

f'(X) (2 X)(S) (1)(3X 1) 6 3x 3x 1 5
2 x)? 2 x* @2 x?

frg @7 DO MO D 2 1 4’ ax  2x® 4x 1

2 2 2
2x2 2x% 1 2x% 1

€ et ety %3 o o3 o a

' 2 @1y @9
g D) @ D 23 x® a
(t? 1)2 t? 12 (2 1)
flo 806Y O D 3P a? &1 28 asd
(s 92 (s 1? (s D2
flo 80EY O D 3 a? 1 28 a?

(s 1? (s 1)? (s 1?

\ (x DEx 2) M(x* 2x 3) 2x2 2 x%2 2x 3 x> 2x 5
f(X) 2 2 2
(x 1 (x 1) (x 1)

v (X DE@x 3) M(x® 3x D) 2x% x 3 x2 3x 1 x% 2x 2
f(X) 2 2 2
(x 1 (x 1 (x 1)

2 D4x® 2x) x4 x2 1) (2 1) 2x(x? 1) 2x(x?) 2x(x% 1)
(x? 12 (X% 17

4x5 4x3 x5 2x®  4x3

x> 12 (x> 12

f(x) &

t? t 32t 2) (% 2t Bt 1) 2% 42 at 6 263 5t2 1 t2 4t 5
t? t 3)2 t? t 3)2 (t? t 3)2

f(1)
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6. o LD @7t HE Y 4’ x® 72 4 1w 5 ° 18t 3
t? t 2)° t?> t 2)? t? t 2)°
47. Rewrite Differentiate Rewrite 48, Rewrite Differentiate
1
3x dy 2 dy 3 1.2 dy 1
Y x X dx 2 Y g ax 2%
49, Rewrite Differentiate Rewrite 50. Rewrite Differentiate
3,4 gy 3.3 dy 3x3 3,2 dy 3
y ¥ & 2X & 5 yo2x o w ¥
51 Rewrite Differentiate Rewrite 52. Rewrite Differentiate
y lxz §X d_y gX 5 d_y 2x 5 y 4x w2 d_y 2x 3/2
3 3 dx 3~ 3 dx 3 dx
d .3 x> 1 d,3 x2 1 ,.3 d x2 1
53. dx x* 2 x 1 dx(X 2) x 1 (x* 2 dx x 1
g X1 (3 5 D) @6¢ 1)
x 1 (x 2
32 x2 1 o3 2) x2 2x 1
x 1 (x 1)2
d 5 X2 d,.5 22 .5 d 32
94, Ux 1) x 1 dx(x 1 x 1 x* 1) dx x 1
3 x 1)(3x%) ()(x3 2
st 22 (8 NG QS 2)
(x 1)
3 3 5.2 .3
4 x° 2 5 3XT 3x~ x° 2
5x X 1
xi 0 (x 1)
4 x3 2 5 12X 3x% 2
5x X l)Ees—t_x
X 1 ( ) (X 1)2
2 2 3 2 2 3
e 40230 K AGET I D G D (I 1
Codx x2 ) (X% 2)2
(2 L 33 (@ L3 D 2x(x* (3 1)
(x? 2)?
(x> 2) 2x)(x® 1) (X2 3)(3x%) 2x(x* 3)(x° 1)
(x? 2)?
(x2 2)(2x4 2x 3x* 9x2) (2x)(x5 3x° x° 3)
X 2
2x6 2x3 3x6 9x4 ax* ax 6x4 18x2 2x6 6x4 2x3 6X
(x* 22
3x® 13x* 18x% 2x

(x? 22

65

Rewrite

ay x
dx 2

Rewrite
dy 3
dx %3

Rewrite
dy 2
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408 203 2 ¢ 9l ¢ 2x? 2) L(xP 1) (3 2)x* 2

6. X2 1 x® 1?2
(3 1) Bx?)(x% 2) (x® 2)(2x) 3x%(x3 2)(x% 2)
0 1y
2 DEBx2)(x? 2) (3 DX 2)(2x) 3AK3(xZ 2)(x* 2)
0 1)
AP 2)(x3 1) (x°2) ¢ D 2(2x)
(x> 1)°
’%x4 6)(2 2x7 6)(4 4x
(x3 1
2x” 3x* 6x% 4ax
(3 1?
- 1 & 1 1 X]JZ L (X1/2 1)(%)( 1/2) %X ]J2(X1/2 1)
' dx ;;X 1 dx Xl/2 1 (X1/2 1)2
L B L O
(X]JZ 1)2 (X1/2 1)2 &(ﬁ 1)2
s " < 1 n X1/2 1 (X1/2 1)(_%)( 1/2) %X 1/2(Xl/2 1)
' dx & 1 dx X1/2 1 (Xl/Z 1)2
% %X 1/2 _% —%X 12 « 1/2 1
o2 12 02 D2 Ix@x )2
d RX) X R(X) 1 Rx) xR(x) R(x)
5. o x 2 2

d P(X) x P(x) 1 P(x) xP(x) P(x)
60. Gx ~x 2 2

61. a. Theinstantaneous rate of change of cost with respect to purity is the derivative of the cost
function C(x) 5% on 50 « x <100.
(100 x) 0 ( 1)(100) 100
(100 x)2 (100 x)?
b. Tofindthe rate of change for apurity of 95%, evaluate C (x) at x = 95.
C (95 — 100 100
(100 95)2 52
The cost isincreasing by 4 cents per additional percent of purity.
c. Tofindtherate of change for apurity of 98%, evaluate C (x) at x = 98.
c(g —0— 10 o5
(100 98) 2
The cost isincreasing by 25 cents per additional percent of purity.

C (x)

on 50+ x <100
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62.

63.

64.

65.

66.

67.

a.
X
b. Themarginal average cost function MAC(x) isthe derivative of the average cost function
X X
MAC(x) 4 6x 50 X(6) 16x 50)
dx  x X2
6x 6x 50 50
X X
c.  MAC(25) EE’S 0.08
The average cost is decreasing at the rate of 8 cents per additional truck.
a.

on [50, 100] by [0, 20]
b. Rate of change of cost is4 for x = 95; rate of change of cost is 25 for x = 98.

on [0, 400] by [0,50]
b. Rate of changeis—0.03 for x = 200.

a AC(X) C(X) 8x 45
X X
b. Themarginal average cost function MAC(x) isthe derivative of the average cost function

AC(X) % BX—X45 or 8 %

MAC(x) 4 8x 45 x(8) 1(8x 45) 8x 8x 45 45
dx X X2 X2 X2

c. mMAC@0) £ L 005
30 20

The average cost is decreasing at the rate of 5 cents per additional clock.

To find the rate of change of the number of bottles sold, find N (p) .
(p_7) 0 (D(2250) 2250

N (p)
(p 77 (p 7)?
2250 2250
Whenp=8, N (8) 10.

At $8 per bottle, the number of bottles of whiskey sold will decrease by about 10 bottles for each $1 increase
inprice.

To find the rate of change of temperature, find T (X).
T(X) 334 x*) x3( )
12><g ' 2x* 12x* sx*
Forx=1T@) 120° 51* 12 5 7.
After 1 hour, the person’s temperature is increasing by 7 degrees per hour.
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68.

69.

70.

71.

72.

Chapter 2: Derivatives and Their Uses

To find the rate of change of the sales, find S ().
S(x) 2x8 x3) x*( 3x?)
16x 2* 3x* 16x 5x*
Forx=1,S@) 161 5)* 16 5 11.
After 1 month, sales are increasing by 11 thousand per month.

a.

TN

on [0, 2] by [90, 110]
b. Therateof changeat x=1is7.
c. Themaximum temperature is about 104.5 degrees.

on |0, 2] by [0, 12]
b. Therateof changeat x=1is11.
c. Themaximum sales are about 10.4 thousand.

2
73.18° 1270 8 16,280
a. 8 !
Ya(®) 238 314
The per capitanational debt in 2020 would be $65,468.
2
73.113 " 1270 13 16,280
¥3(13) 2313 314
The per capita national debt in 2025 would be $59,425.
b. ys(8) 0.151
In 2020 the per capita national debt will be shrinking by $151 per year.
ys(13)  2.231
In 2025 the per capita national debt will be shrinking by $2231 per year.

65.468

59.425

(x?> 110x 3500)( 30x 1125) (2x 110)( 15x2 1125x)
(x?> 110x 3500)2
525x2 105,000x 3,937,500
(x? 110x 3500)2

525(40)2 105,000(40) 3,937,500
(40)2 110(40) 3500

1.1785714 MW/gallon
mi/hour

At 40 mph, your gas mileage increases by 1.1785714 for each additional mile per hour.
, 525(50)2 105,000(50) 3,937,500
450 525(50) (50) 3,98
(50)% 110(50) 3500
mi/gallon
mi/hour

a. g'(x)

o

9'(40)
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Exercises 2.4

At 50 mph, your gas mileage will not change for each additional mile per hour.
. 525(60)2 105,000(60) 3,937,500

460 525(60) (60)_3,95;

(60)%2 110(60) 3500

mi/gallon
mi/hour

At 60 mph, your gas mileage decreases by 1.89 for each additional mile per hour.
c. Thepositivesign of g'(40) tellsyou that gas mileage increases with speed when driving at 40

mph. The negative sign of g'(60) tellsyou that gas mileage decreases with speed when driving
at 60 mph. Thefact that g'(50) is zero tells you that gas mileage neither increases nor
decreases with speed when driving at 50 mph. This meansit is the most economical speed.

73. 1 x 045(x 1.7)(x®> 125x 43)
| x 045 1(x* 125x 43) (x 1.7)(2x 12.5)
| 5 045 (5% 125(5) 43 (5 1.7)(2(5) 12.5)
1.2375

| 6 0.45 (6)° 12.5(6) 43 (6 1.7)(2(6) 12.5)

0.8325
Interest rates were declining by about 1.24 percent per year in 2010 and rising by 0.83 percent
per year in 2011.

74. | x 0.106(x> 6.85x 14)(x> 14.5x 56)
| x 0.106 (2x 6.85)(x> 14.5x 56) (x> 6.85x 14)(2x 14.5)

I 3 0106 (2(3) 6.85)((3)> 14.5(3) 56) ((3)*> 6.85(3) 14)(2(3) 14.5)

4.1446
| 5 0.106 (2(5) 6.85)((5)> 14.5(5) 56) ((5)> 6.85(5) 14)(2(5) 14.5)
0.5724
Interest rates were declining by about 4.14 percent per year in 2008 and rising by 0.57 percent
per year in 2010.
261x
. E x == 647
& X 8.84
E (x 8.84) 261 1 (261x) 2307.24
x 8.84° x 8.84°
2307.24
E 4 === 1399
4 884
E 8 2307.242 8.14
8 8.84

Median weekly earnings were rising by $13.99 per year in 2009 and by $8.14 per year in 2013.

76, C x /o044 5%

. 115x 1605

x° 18.3x 85

75 244—5X 115x 1605
X< 18.3x 85

(x> 18.3x 85)( 5) (2x 18.3)(44 5x)
(x*> 18.3x 85)°

2
5 5x2 88x 380.? 115
(x= 18.3x 85)

C x 75 115
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70

77.

78.

79.

81.

83.

85.

87.

c 7 75 5x° 88x 3802
(x* 18.3x 85)°

2
cCo9 75 5x2 88x 380.3 115
(x* 18.3x 85)
c 11 75 5x° 88x 380.2
(x*> 18.3x 85)°

115 134.82

186.78

115 173.34

Chapter 2: Derivatives and Their Uses

Outstanding credit was rising by about $135 million per year in 2007, falling by $187 million per

year in 2009, and rising by $173 million per year in 2011.

d 1 d.,2 3 2
dx(x)2x

a. & X2 X3
d 2 i
&l o 0 Undefined

b. Answerswill vary.

d 1
dx x

d 1 .
. o 02 Undefined

b. Answerswill vary.

2

d 1 1
S xh v

False: the product rule gives the correct right- 80.

hand side.

True:ixf lxf x f' f x f'

dx dx

d fgf
= f

dx g f g

The right-hand side multiplies out to

g f' f g' whichagreeswith the product
rule.

g f' fyg

False: Thiswould be the same as saying that 86.

the derivative (instantaneous rate of change) of
aproduct isaproduct of the derivatives. The
product rule gives the correct way of finding
the derivative of a product.

desgn Lirgm Len rLgn

df dg dh
dx (g h) f dx h g dx
df dg dh

82.

fgg 84.

False: the quotient rule gives the correct
right-hand side.

x f' dx f '
True 4 F o xt f
dx  x (x)2 x?

¢ f £ f g
dx ¢ g f

«Q

f

g2
f' fg

2

g
The right-hand side multiplies out to

gf fg
g2
quotient rule.

‘le_h

which agrees with the

False: Thiswould be the same as saying
that the derivative (instantaneous rate of
change) of aquotient is a quotient of the
derivatives. The quotient rule givesthe
correct way of finding the derivative of a
quotient.
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88.

89.

90.

91.

92.

@

) 50g

900 Q) o 90

Q) 90 ()

QM) 9 Q) 900 f ()

QM 9 f(¥ QX g(¥)
Quy 1900 909
F) 2 g0 2ala0) F 0 F0 90 g0 00 1) 90
QM a(x) a(x) [9(x)]?

S0P Lf(x) f()]

L r 100 L0
F0 f) FO) F 0 2f00 (%)

Rewrite [f(x)] * =% and find & —

f(x) dx f(x) -

d _1 fx) 0 f(x)1 f (X)

o 1) [f (0P [f P
R 1 R 1
dy R 1 B xR R Rt R Rx BRI Rx R1 R
2 2 2
a1 Rt x 1 R 1 BRI 1 Bl

Toshow y' 0, show that both the numerator and denominator are greater than zero.

R
R

R

>1>0 numerator is greater than zero.
>1 R-1>0.
R 1

-1>0;K>0 —= 0
K

R 1 0x 0 1 R 1y 0 denominatoris greater than zero.

K K

y' 0.

This means the density of the offspring is always increasing
faster than the density of the parents.

w 5and35 0, (w 152 Oandw 15 0 R'(w) W3 o

w 15

A task that expends w kcal/min of work for w > 5 requires more than w minutes of rest.

EXERCISES 25

1.

a.

b.
C.

d.

f(x) 4x3 32)x2 2@)x 5 0 2. a f(x) 4x5 9x® 4x 8
4x3 6x%2 6x 5

f(x) 3@)x> 26)x 6 0 12x*> 12x 6 b, f (x) 12x% 18x 4

f (x) 212)x 12 0 24x 12 c. f (x) 24x 18

F@(x) 24 d. @) 24
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3. a (X 1 x %xz %x?’ _ZJZX4
1.2 1.3
b. f(x) 1 X 5 X X
c. f(x1x 23X
d. W 1 x
5 f(X) X5 X5/2

8 8Jx

o
-~
E
—~
>
[
o
[ERN
(S}
>
i
=
N

7. f(x) le 1%

' 1
a f'x) =
(x) .
£ da 1 d 2 2y 3
() dx x? dxX X
2
X3
b. @ 2 2
@ 38 27

o e X4 2 L

33 27
11 f(x) -1
(%) !
1 3 1
a  f'(x 2 =X —_
(x) 6 ™
" d 1, 3 4 1
f"(x) — =x X —_
() dx 3 x4
b. fv3) L1 1
©) 37 Bl

Chapter 2: Derivatives and Their Uses

o O
- —h
,‘EA
/:/x
x =
(&

-
[ERN

x

f ¥ X2
a f(x %xllz a'zi&

b, F 0 Fx M =

R TEE

d. f(4)(x) 9 52

16 ¥
f(x X_Zlg
(X) X x
! 2
a. f'(x =
(x) 2
frx) 4 2 d g2 g8
() dx  x?2  dx
4
X3
b. '3 & A
©) 33 27
f x2 1 1
(x) 4 4 2X
' 1
a f'x) —
(x) 2
" d 1 d 1, 2 1
frix) &+ —= L 2 -
(x) X 2x2 dx 2 X3
b. '3 L L
& 38 27
1
f(x
) 12x3
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Exercises 2.5

13.

15.

17.

18.

19.

21.

23.

f(x) x> 2 x> 3 x* x*> 6 4.  f(x) x* 1 x*> 2 x* x%* 2
f'(x) 4x® 2x f'(x) 4x® 2x
fr(x) 12x2 2 fr(x) 12x2 2
f(x) 2L o7x 3 16. f(x) 32 32x U4
(x) I (x) iy
f'(x) % 27x 43 gx 43 f'(x) % 32x 54 gx ¥4
f () % ox "% 12x 73 f"(x) % gx ¥4 10x 4
X
0 25
d d
foo S Do w® D o @ g 1
(x 12 (x 1?2 (x 12  x* 2x 1
2 d d 2
[(x 1°P (x 1)’ x ' x n* (x
X
0 25
(o 20 MKW x 2 x  _2 2
(x 2)2 (x 22 (x 22 x% 4x 4
fo D2 4x 40 (2x 4)(2) _4x 8 Ax 2 _ 4
(X2 4x 4)2 [(x 2212 (x 2* (x 2)?°
Ly 2 20, 4@ %) 4ar
2 2
L% §@n 2 LG @) e
4 4 3 d
556G 1) Gen 8
d 10 9 d .11 10
dxX 10x 22. dxX 11x
2 2
d- 10 d 9 8 dc 11 d 0 9
OIXle £(10x°)  90x OIXle £ (11x%)  110x
2 2
L 0 90( 1 90 4t 110( 1) 110
dX X 1 dX X 1
From Exercise 21, we know 24.  From Exercise 22, we know
2 2
L 510 g0x8 450t 110%°
dx dx

d 10 d 8 7
v X a)-((90x) 720x

& 10
3X

720( 1)! 720
Thus, dX x 1
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25.

27.

28.

29.

30.

31.

Chapter 2: Derivatives and Their Uses

d 4,3 d 32 3,12 dg3.4 d 43 4 13
ox X dxX 2X 26. ax X dxX 3x
2
d2[3 d 312 312 d_yzt d 4. vz 423
w2V dx 2% 4% w2V dx 3% 9%
2 2/3
d2 /@ 31 Y 35 a4 3 41 A7ple 4
A vx 2 . 2./16 3 7
dx? « 116 116 4 dx vz 2% 9
d—ol([(x2 x DG D] @2x HE ) (¥ x 1)(3%)
2x% x® 2x 1 3x* 3 3P
5x* 4x® 3x? 2x 1
2
:]Id—z[(x2 x D¢ 0] g6t ad 3¢ 2x
X
20x% 12x% 6x 2
dﬂ[(x3 x DS D] Bx2 (X 1) (¢ x D(BxP)
X
) 3 3 X1 03 3 3x* 66X 4x® 1
d 3 3 d 5 3 4 2
y[(x x 1(x* 1) E((Gx 4x° 1) 30x* 12x
2 2
4 _x W DE xR D %21 x@x) 142 1 ¥
dx x2 1 (x2 1)2 (¢ 12 (x2 D% x* 2x? 1
4 2 2 2 4 2
&2 x 41 x> x* 2x® Dda x%) @ xHEL* 2x )
B2 21 X 2 [(x? 1)%)°
¢ 2x2 D 2X) (L xXA)Ax 4x) (X2 DI 1D 2x) 1 x*)(4x)]
(x% 1)* (x? 1)*
253 2x_4x 4x3  2x(x> 3)
% 1)° (x* 1)°
d _x (X D1 2)x x> 2x2 1 X’ 1 x2 1
dx x* 1 (x* 1) (x> 1 (x* 1 x' 2x* 1
d2  x (x* D*( 2x) (4x* 4x)( x> 1)
dx> x* 1 (x* 1n*
2x° 4x® 2x ( 4x° 4x° 4x® 4x)
(x* 1
2x° 4x3 2x 4x® 4x  2x° 4x® 6x
(x* * (x* *
d 2x1 @x1)22(2x 1) 4x 2 4x 2 4
dx 2x 1 @x 1) 4x2 4x 1 4x% 4x 1
42 2x 1 (48X 4x 1)0 (8x_4)(4) 2x 16 2x 16
dx? 2x 1 (4x2 4x 1)? [(2x D212 (2x 1)*
16(2x 1) 16

ex D* @2x
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Exercises 2.5

32.

33.

34.

35.

37.

S
w

O
N

o
X
N

Tof
v(t)
a.
b.
(o

Tof
v(t)
a.
b.
C.

vit) h(t) 32

3x 1
X 1

(3x DEB) 3Bx 1 9x 3 9x 3 6
(Bx 1)° 9x> 6x 1 9x° 6x 1
(9x% 6x 1)0 6(18x 6) 36(3x 1) 36
(9x2 6x 1)2 [Bx )27 (3x 1)°

<
X<
—

w
X
[E

ind velocity, we differentiate the distance function s(t) 18t 2t3.
st) 36t 6t

Fort=3,v(3) s((3) 36(3) 6(3)2 108 54 54 miles per hour
Fort=7,v(7) s(7) 36(7) 6(7)2 252 294 42 miles per hour
To find the acceleration, we differentiate the velocity function s (t) 36t
a(t) s (t) 36 12t.

Fort=1,a(l) s (1) 36 12(1) 24 mi/hr?

6t°.

ind velocity, we differentiate the distance function s(t) 24t2 2¢%,

s(t) 48t 6t
Fort=4,v(4) s(4) 484) 6(4)2 96 miles per hour
Fort=10, v(10) s(0) 48(10) 6(10)2 120 miles per hour
To find the acceleration, we differentiate the velocity function s (t) 48t 6t2 .
a(t) s (t) 48 12t.
Fort=1,a(l) s (1) 48 12(1) 36 mi/ hr?

75

3) 0 (1)(100)

205t A2 t 3. vit) s 60 &

V(10) 3(10)° 10 310 feet per second

=v(H=d@E2 1 6t 1 —1a0
an=v=3e2 9 o
a(10) 6(10) 1 61ft/sec? v2) 60 (2102)2

a.

To find when the steel ball will reach the 38.

t 37
60 % =56 miles per hour

a. To find how long it will take to reach the

C.

ground, we need to determine what value of t
produces s(t) 0. Thus, set s(t) 0 and
solve the equation.

0 s(t) 2717 16t?

0 2717 16t2
16t2 2717

t?2 169.8125
t 13.0312 sec
The steel ball will reach the ground after
about 13.03 seconds.
v(t) s'(t) 32t
v(13.03) s'(13.03)

at v() s (b)
32 feet per second per second

417 feet per second

ground, we need to determine what value of t
produces s(t) 0. Thus, set s(t) 0 and
solve the equation.
s(t) 1451 16t% 0

t2 1451

16
t 9.52 sec

It will take about 9.52 seconds to reach the
ground.

v(t) s't) 32t

v(9.52)  32(9.52)

at v(t) s (b
32 feet per second per second

305 feet per second
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39.

41.

43.

45,

a. v(t) s(@)

32t 1280

b. When s(t) isamaximum, s(t) 0.
32t 1280 O
32t 1280

t 40 seconds

c. Att 40,
s(40)  16(40)2 1280(40)
25,600 51,200
25,600 feet

D) 3o 1267

D'(8) 12(8)Y° 12(2) 24
The national debt is increasing by 24 billion
dollars per year after 8 years.

D (t) % 1213 %12t 23 gy 23

2/3 1213 1
D (8) 4(8) 4 3 4 A 1
The rate of growth of the national debt is
increasing by 1 billion dollars per year each year
after 8 years.

L(10) 9.3
By 2100, sea levels may have risen by 93 cm
(about 3 feet).

L'(t) 0.06x* 0.14x 8
L'(10) 12.6
In 2100 sea levels will be rising by about 12.6
centimeters per decade, or about 1.26 cm (about
half an inch) per year.
L (x) 0.12x 0.14
L (10) 1.06
The rise in the sea level will be speeding up (by
about 1 cm per decade per decade).

40.

42.

Chapter 2: Derivatives and Their Uses

TR) 9% %

The temperature of a patient 2 hours after
taking the medicine is 103.7 degrees.

T(t) 98 8t V?

3/2 4
T(t) 4t 312

14

103.7

_4
23/2

Two hours after taking the medicine, the patient’s
temperature is decreasing at the rate of 1.4
degrees per hour.

T () 6t 2

6
T @ per 1.1

T

5
£5/2

After 2 hours, the rate of decrease of the patient’s
temperature is increasing by about 1.1 degree per
hour each hour.

T(10) 6.3
In 2100 global temperatures will have risen by
about 6.3°F.

T'(t) 0.35t%4
T'(10) 0.88
In 2100 global temperatures will be rising by 0.88
degrees per decade, or about a tenth of a degree
per year.

T (t) 0.14t 96
T (10) 0.035

The temperature increases will be speeding up (by
about 0.035 degrees per decade per decade).

P(x) 1581x %7 0.70376x°°2
P(x) 1.1067x 17 03660x %%
PQB) 487

The profit 3 years from now will be $4.87 million.
P@ 051

The profit will be decreasing by about

$0.51 million per year 3 years from now.

P@ 0.39

In 3 years, the rate of decline of profit will be
accelerating by about $0.39 million per year each
year.

a. Forx =15, approximately 21.589 ; for x = 30, approximately 17.597 .

on [0,50] by [0,40]
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Exercises 2.5 77

46.

47.

49,

51.

52.

53.

55.

Each 1-mph increase in wind speed lowers the wind-chill index. As wind speed increases, the
rate with which the wind-chill index decreases slows.

For x=15,y =-0.363. For a wind speed of 15 mph, each additional mile per hour decreases the
wind-chill index by about 0.363. For x = 30, y’ =-0.203. For a wind speed of 30 mph, each
additional mile per hour decreases the wind-chill index by about 0.203°.

on [1, 20] by [0, 800]
The second derivative is f'' (x) 02184x%> 3.156x 26 , which equals zero when x is
approximately equal to 13.57. The AIDS epidemic began to slow in 1993.

The first derivative is negative because the 48. a. The first derivative is positive because the
temperature is dropping. economy is growing.

The second derivative is negative because the b. The second derivative is negative because the
temperature is dropping increasingly rapidly growth is slowing.

making the change in temperature speed up in
a negative direction.

The first derivative is negative, because the 50. a. The first derivative is positive because the
stock market is declining. population is growing.

The second derivative is positive because the b. The second derivative is positive because the
change in the stock market is slowing down change in population is speeding up.

in a negative direction.

d* .3
True: For example d—4x 0.
X

a.

o

100
99, 98 o 50
a‘il—oo (x7 4x* 3x> 6) 0

f'(1) will be positive because the altitude is increasing.

f "(1) will be positive because acceleration is positive.

f '(59) will be negative because the altitude is decreasing.
f"(59) will be negative because acceleration is negative.

iii (showing a stop, then a slower velocity) 54. a. ii(showing positive and increasing slope)
i (showing a stop, then a negative velocity) b. iii (showing negative but increasing slope)
ii (showing stops and starts and then a higher c. i (showing positive but decreasing slope)
velocity)

56. L(x!) x?

dx2 x3
3 1
d 4 3!
Lo (x 6X
dx3 ( ) x4
4
d 5 4
g _(x 24X il
dx4 ( ) x5

d" X n_ n
L) (DY
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78 Chapter 2: Derivatives and Their Uses

a2 d d dg d
57. OIXz(f 9 mwvx? fox x(fo foa)
d df d dg

d d
x99 x fwx U 9 gx(9)

d?f df dg df dg d?g
dXZdedxdxdx ax? orf g fg fgfg

f g 2f g fg
i d2
58. From Exercise 31, we knowthatd >(fog f g 2f g fg.
X

dd d d? d
ﬁ(fg)&?(fg) «(f 9 2fg fg) f g f g 2f g 2f g fg fg

f g 3f g 3f g fg

EXERCISES 2.6

1. fgx) Vx% 3x 1 2. fg) (6 x 2)*
. 2
functionis x> 3x 1. Is 5x™ X 2. A
f(x) x
Thus, we take | ) *2& Thus, we take ,
g(x) x° 3x 1 g(x) 5x° x 2
3. fg0) (¥ x)° 4 f0) =
The outside function is x ° and the inside XX 1 s .
2 The outside function is < and the inside function
function is x* x. o, X
Thus, we take ) f(x) 1
gx) x° x Thus, we take X2
gx) x° X
3 Jx 1
5. f(gx) XL 6. fgx) X
(9(x)) 1 g(x) I 1
x1 x 1
f) % HORE
g(x) X3 g(x) \/;
7. f g(x) x1° 8 f g X1
g x 1 x 1
f(x) x* fF(x) Vx
x 1 x 1
g(x) 1 9(x) 1
9. fgx) Vx* 95 10. f g(x) I 8 5
f(x) Jx 5 f(x) ¥x 5
g(x) x> 9 g(x) x* 8
1. f(0 & 1° 12. f(x & »f
f(x) 3(x* 1)2(2x) 6x(x* 1) f(x) 40 1¥@Bx%) 12x%(x3 1)°
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Exercises 2.6

13.

15.

17.

19.

21

23.

25.

27.

29.

31.

33.

35.

g(x) 2x% 7x 3"
g'(x) 4 2x? 7x 33(4x 7)

h(z) (32> 5z 2)*
h(z) 437 5z 2)%6z 5)

1/2
f(x) vx* Bx 1 x* 5x 1

172
f'(x) %x“ 5x 1 4x3 5

w2 9z 1 9z 1)1’3
w(@ 40z 139 30z 1)2°

@ x*)*
44 x2)3( 2x)

<

8x(4 x2)3

<

4

y —+ (W D1* W 9
w1

sw® 1) °3wd)

2w W 1) °

<

x4 (1 x)4
4x3 40 x)°( 1) 4x® 41 x)®

< <

1 2 1/2
f(X) —=———  3x° 5x 1
3x? 5x 1
. 1 9,2 32
f'(x) 5 3x° 5x 1 (6x 5)

f(x) 1 1 9x 1
3 9x 12 9x 12/3

f(x) %9x 1 %39

6ox 1 3

2/3
f(x) ———L  2x? 3x 1

3 2 2
2x° 3x 1
, 2 2 13
f'(x) 3 2x° 3x 1 (4x 3)
f) [ 1° P
f(x) % D3 xPRKE
A D xPex(® 1)

D2(2x) 1]
2 1

f(x) 3x%@2x 1)°
f(x) 6x2x 1)°
6x@x 1)°

3x52x  D*2)]
30x%(2x 1)*

2/3

14.

16.

18.

20.

22

24,

26.

28.

30.

32.

34.

36.

g(x) 3x3 x? 1°

g'(x) 53x3 x? 14(9x2 2X)

h(z2 (522 3z 1)°

h(z2) 36z 3z 1?00z 3)

f(x) Vx® 3x 1 X6 3x 17
1.6 vz | 5

f'(x) 5 x° 3x 1 6x> 3

w(z) §10z 4 @0z 45
w (2) —é(lOZ 4) 4510) 2010z 4) Y5

y @ x®

y 501 x)*( 1 5001 x)*

5
1 4 415
y o [(w* 1) 7]

y 5w

(w* 1) °
1) %(aw®) 20wt 1) ®

f) (& 4® (x* 4)?
f(x) 3¢ H%(2x) 2(x% 4)(2x)
6x(x2 4)2 4x(x2 4)

1/2

f(x) ——L—— 2x% 7x 1
2x? 7x 1

, ; 2 /2

f'(x) > 2x° 7x 1 4x 7

f(x) ——L 3x 1 2
Yax 172

f'(x) %3x 1 3@ 23x 1

2/3

f(x) % x2 x 9
Ix2 x 9

f'(x) %xz x 9 (2x 1)

f(x) [ D* x*
f(0 403 17 xPRred nEd) 1]
4 1% xPexe ¢ 1) 1

f(x) 2x(x® 1%
f(x) 203 * 2440 13(3x?)]
203 F 24303 1B
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37.

38.

39.

40.

41.

43.

45,

47.

f(x)
f ()

f(x)
f(x)

9(2)

9'(2)

9(2)
9'(2)

f(x)
f'(x)

f(x)
()

f(x)
f'(x)

f(x)

f 1

(2x 1)3@x 1*

32x D2@)2x DY 2x 14ex 132
6(2x 1)%(2x 1* 8@x 132x 1)°

(2x 1)%@x 14

32x D2@)ex 1t @2x 1A4ex 132)]
6(2x 1%(2x 1* 8@x 1nd@2x 1)°

4
22 322 7 1

4 3
2322 z 1 224 322 7z 1 6z 1

222728 7 5

27 222 7 5
3

27 222 7 5

3
22 4 272 7 5 62%2 1

14z% 3z 5

x 1 42.

2 (x DO @O(x 1
(x 1)

ox 14 48.

21 1% 1

The point is (-1, 1).

f(x) 42x 1°2 g2x 1°
f(1) 82 1 1° 8

y 1
y

The tangent line has slope -8 at (-1, 1).

8x 1
8x 7

46.

Chapter 2: Derivatives and Their Uses

xl5

1) x 1
f) 5 x 1% (x DO @O 1)
1 (x 1)?
Y1 x 1 1O(Xl)4
(x 1)? (x 1)°

x

5 X 1
x 1

f(x)
(%)

3 1/3

f(x) Y1 Ix 1 XY
1/3 2/3

f'(x) %1 X %x 213
1
9

2/3
X 2/3 1 X1/3

1/2
f(x) VX2 3 x% 3
f1 y1% 3 2
The pointis (1, 2).
12
f(x) £x2 3 ox  —2X
2 24x% 3
21 1
f@l) —— =
@ >

212 3

The tangent line has slope % at (1, 2).

2016 Cengage Learning. All rights reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.



Exercises 2.6

2
49. f(x) x 12 x

2 2
f 2 2 1% 2 1

The point is (2, 1).
f(x)2x12x2x11 1
2 x 1% x 2x 3
f@ 2212222 3 2

The tangent line has slope -2 at (2, 1).

y 1l 2x 2
y 2x 5

5. a 4E[0¢ 1] 24 D@9 4 4x 52.

b. L1¢ 171 H* ¢ 1 4 ax

53 d _1 (3x 1)0 3(1) 3
) - dx 3x 1 (3% 1)2 (3x 1)2

b. ix 1 (x D’
_3
(3x 1)?

55, f(x) (x* 1 56.
f(x) 10(x%2 12°@2x) 20x(x* 1)°
f(x) 20(x? 1° 20x[9(x* 1)®(2x)]
20(x> 1)° 40x[9(x* 1)%]
20(x®> 1)° 360x%(x* 18
57. The marginal cost function is the derivative of the 58.
function C(x) ¥4x2 900 (4x2 900)Y2.
MC(x) 3 4x* 900 Y 8x
ax 4x2 900

MC 20 420 4202 900

80 4 400 900 2

80 2500 Y2 80 160
50

12

50.

3 2

f(x) 2x 3 3x 2° 4x 5
f 2 22 3% 32 2242 5
2

The point is (-2, 2).

f(x) 32x 322 23x 2 3 4
62x 32 63x 2 4

f(2 62 2 3°63 2 2 4

14
The tangent line has slope —14 at (-2, 2).
y 2 14 x 2
y 1l4x 26
d 1 X000 2x 2
a dx 2 (x2)2 4 3
e (0 I CORCE)
2
3

a‘i‘ f(gh())  f (ah(x))g (h(x))h (x)

HEVIN SR

f(x) 503 1*Bx%) 15x3(x% 1*

f(x) 30x(x> D* 15x%[4x° 1)3(3x%)]
30x(x> D* 180x*(x® )3

/

on [0, 30] by [-10, 70]
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59.

61.

63.

65.

67.

69.

S() 17.5(i 1)%%8 62.
S@) 9275 1) ¥

S5 9275025 1) %47 208

At an income of $25,000 social status increases

by about 2.08 units per additional $1000 of
income.

R(X) 4xy11 05x 4x(11 0.5x)Y2 64.

R'(X) 4x % 11 05x) Y2(0.5) 411 0.5x)Y2

X
—— 4411 0.5x
11 0.5x

The sensitivity to a dose of 50 mg is
R'(50) ——=2—— 4,11 0.5(50
(0) J11 0.5(50) (0)

50 50 26
4411 25 —= 4+/36
V11 25 V36

50 25 72 97 .1
G 24 S0 S8 3

on [0, 140] by [0, 50]
X 26 mg

P(t) 0.02(12
P(t) 0.0312 2t)/2(2)
0.06(12 2t)Y2

P@) 00612 22)Y? 024
ﬂ

Avsdx=.0E1AY

on [0, 20] by [60, 62]
slope = 0.05184

66.

2132 1 68.

Chapter 2: Derivatives and Their Uses

S(e) 0.22(e 4)*!
S(e) 04620 4
S@2) 0462012 4t 975

At a level of 12 units, a person’s social status
increases by about 9.75 units per additional year
of education.

10001 0.01r)°

5000(1 0.01r)*(0.01)

50(1 0.01r)*

V (6) 50[1 0016)]* 63.12

At a rate of 6%, the value increases by about

$63.12 for each additional percentage point of
interest.

-

on [1, 5] by [0, 3]
x 3.6 years

V(r)
V()

R(x) 025(1 x)*

R(x) 40250 x* @ x?
a RO (@ 0° 1

b. R@® @ 1° 8

T(p) 36(p 1)

T 3@)p 1) 120
T 120 n* 3
The time is decreasing by about % minute for

each additional practice session.

¢ % 0.05184
X 34.7, so about 35 years
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Exercises 2.6

70.

72.

74.

76.

78.

80.

82.

h(40) 8.2 (0.01(40) 2.8)2 2.44
h'(x) 2(0.01t 2.8)(0.01) 0.0002t 0.056
h'(40) 0.048

At a temperature of 40 degrees, happiness
approximately 2.4, and each additional degree of
temperature would raise happiness by about 0.05.

False: There should not be a prime of the first g
on the right-hand side.

The power rule has only x as the inner function,
but the generalized power rule can have any inner
function.

. d ' '
True.&f(x 5 f'(x 5 @ f'(x 5

No: since instantaneous rates of change are
derivatives, this would be saying that

& f(x) 3 f'(x) S,Where f(x) isthe length
of a side. The chain rule gives the correct
derivative of f(x) .

LE@Q(X) E(g(x) g(x)
Since E(x) E(X), E(g(x) E(Q(X)).

Thus, £ E(g(x))  E(9(x)) 9 (x).

71.

73.

75.

77.

79.

81.

83.

83

False: There should not be a prime of the first g
on the right-hand side.

The generalized power rule is a special case of the
chain rule, when the outer function is just a power
of the variable.

A5y f1(5x) 5 f'(5x)

. d
True: = f(5
! dx (5%) dx

False: The outer function, +/x , was not
differentiated. The correct right-hand side is

3900 " ).

No: Since instantaneous rates of change are
derivatives, this would be saying that

(;’—X f(x) 2 f'(x) %, where f(x) isthe length

of a side. The chain rule gives the correct
derivative of f(x) 2.

L Lgx) L (g)g )

But since L' (x) % L' (g(x)) ﬁ
Thus, £ L(g(x) g'(;‘) .

Let G(x) g(h(x)), then the chain rule gives
G (x) g (h(x)) h(x). We use the chain rule to

find % f(G(x)) and substitute the expressions
for G(x) and G (x).
LGy (G 6
f (9(h(x)) g (h(x)) h(x)
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Chapter 2: Derivatives and Their Uses

84. a Use&f(g(h(x)) f (g(h(x)) g (h(x)) h(x) 85. Solve f(x h) f(x) F(h) h for F(h) tofind
to find &((xz)‘?)"’. F(h) w and use the continuity of
q 234 40k 322 2 F at O to obtain
= ((x X X X
dx(( )7) ((x9)7)" 3(x7) FO) limF(h) fim £ h) f(x)’
ax18 34 2y h o h o h
24y 3 which is the definition of the derivative-
b. (X" xO* x*
d g2 g2
dx
which is the same result as in part (a)
86. a. Apply Caratheodory’s definition since g is differentiable.
b. Apply Caratheodory’s definition since f is differentiable.
c. Inthe first step add and subtract g(x).
In the second step, use the associative property to group g(x h) g(x).
In the third step, use Caratheodory’s definition as given in part (b), where “h” is g(x h) g(x).
In the last step, use Caratheodory’s definition as given in part (a).
d. The derivative of f(g(x)),
d
- f
1 (g)
i F@ M) g()) G(h) h
h o h
r!in?) F(g(x h) g(x)) G(h) Remove a factor of h
F(g(x 0) g(x)) G(0) Apply the limit
F(0) G(0) Simplify g(x) g(x) 0
f (g(x)) g (x) Substitute F(0) f (g(x)) and G(0) g (X)
EXERCISES 2.7
1.  The derivative does not exist at the corner points 2. The derivative does not exist at the discontinuous
x 2,02 points x 3,0, 3.
3. The derivative does not exist at the discontinuous 4,  The derivative does not exist at the vertical
points x 3, 3. tangentsat x 4, 2,2, 4.
5. For positive h, Iim fx A f(x) lim j2x ZEI I2XI. For x = 0, this becomes
h 0

2 because h is positive. For h negative,

2x 2h| |2
JX—UJ . Since x =0, we get

]J—I—l ]—d 2 . Thus, the derivative does not exist.

2016 Cengage Learning. All rights reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.



Exercises 2.7 85

11.

13.

15.

17.

fx h) fG0 o [0 3K o]

For positive hand x=0, lim 3b 3
P h 0 h h 0 h h
For negative hand x=0, lim f(x hr)] T jim 10 3:]1 1o ﬂﬁh 3.
h 0 h 0

Thus, the derivative does not exist.
2/5 2/5
Forx=0, lim ﬂx_h%iﬁ lim M)h—o lim hh_ lim —31/? which does not
h 0 h 0 h 0 h 0
exist. Thus, the derivative does not exist at x = 0.

4/5
_ ) ( ) f(x) ) ) 4/5 ) ) )
Forx=0, lim f(x hh f(x Ilmgo—hF Ilmhh— I|m—JE which does not exist.
h o h 0 h o h oht
Thus, the derivative does not exist at x= 0.

If you get a numerical answer, it is wrong because 10. If you get a numerical answer, it is wrong because
the function is undefined at x = 0. Thus, the the function is undefined at x = 0. Thus, the
derivative at x = 0 does not exist. derivative at x = 0 does not exist.
a. Forx=0, 12. a. Forx=0,
5 5 3 3
lim LM f) R0 h Jo lim 1) f) g Jon 30
h 0 h h 0 h h 0 h h 0 h
5 3
lim ﬂ lim ﬁ
h oh h oh
5 3
b. " % b. " ‘ @
0.1 6.3 0.1 4.64
0.001 251.2 0.0001 464.16
0.00001 10,000 0.0000001 | 46,415.89
c. No, the limit does not exist. No, the c. No, the limit does not exist. No, the
derivative does not exist at x = 0. derivative does not exist at x = 0.

d. (/"’ d. /
] L

On[-1, 1] by [-1, 1] on[-1, 1] by [-1, 1]
At a corner point, a proposed tangent line can tip 14. A vertical tangent has an undefined slope, or
back and forth and so there is no well-defined derivative.
slope.
At a discontinuity, the values of the function take 16. False: A function can have a corner or vertical
a sudden jump, and so a (steady) rate of change tangent and still be continuous.

cannot be defined.

True: For a function to be differentiable, it cannot 18. False: A function could have a vertical tangent.
jump or break.
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Chapter 2: Derivatives and Their Uses

REVIEW EXERCISESAND CHAPTER TEST FOR CHAPTER 2

1.

11.

13.

15.

17.

X ‘ 4x + 2 X ‘ 4x+ 2
1.9 9.6 2.1 10.4
1.99 9.96 2.01 10.04
1.999 |9.996 2.001 |10.004
a lim4x 2 10

X 2

b. lim4x 2 10
X 2

c. lim4x 2 10
X 2

a. lim f(x) lim@x 7)
X 5 X 5

26) 7) 3
b. lim f(x) Ilim @ x)
x 5 X 5
35 2

c. lim f(x) does not exist.
X 5

limvx2 x 5 42 4 5 16 9
X 4
J25 5

lim +s s¥2 lae) 16Y2 8 4 2
s 16 2 2

X(x 1)

2
limX—% lim
X 1x2 1 x 1(x 1)(x 1)
imx_ 1
Im33 3

2 2
lim 2X hh xh® i xh(2x_h)

h 0 ho N

lim x(2x h)

h o

x(2x 0) 22
lim f(x) O0; lim f(x) and
X X 2
lim f(x) ,
X 2
so lim f(x) and lim f(x) O.

X 2 X

Continuous

Discontinuous at x = -1

2.

10.

12.

14.

16.

18.

X ‘ Vi1 X ‘ V11
01 |0513 01 |0.488
~001 |0.501 001 |0.499
~0.0001 | 0.500 0.001 |0.500
a lim¥X 11 g5

x 0 X
b. Iim¥*x11 g5

x 0 X

C. Iim—‘x11 0.5
x 0 X

a. Xlir751 f(x) Xlirrg (4 x)

4 5 1
b. lim f(x) lim(@2x 11)
X 5 X 5
26) 11 1

c. limf(x) 1
X 5

lim
x 0

i 7 o @00 2
roar2 303 82 3038 (2)
fim 33 3% i 30 1
x  12x2 2x x 1 2X(x 1)
lim 3x(x 1)(x 1)
x 1 2X(x 1)
.o3(x ) 3(11)
XI|m1 > > 3
- axh® x?h o xh(6h x)
lim h lim h
h 0 h 0
lim x(6h x)
h 0
X(0 x) X
lim f(x) 3; lim f(x) and
X X 2
lim f(x) :
X 2

o) Iimzf(x) does not existand lim f(x) 3.
X X

Continuous

Continuous
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Review Exercises and Chapter Test for Chapter 2

19. The function is discontinuous at values of x for 20.

which the denominator is zero. Thus, we consider

x> x 0 and solve.
2

X* x 0
x(x 1) 0
x 0, 1
Discontinuous at x = 0, -1
21. From Exercise 3, we know lim f(x) does not 22,
X 5
exist. Therefore, the function is discontinuous at x
=5,
f(x h) f(x) .. 2(x h? 3(x h) 1 (2x® 3x 1)
lim lim
23 Im f h 0 h

li
h 0

lim 2X°_4xh_2h* B 3x Sh 11 2x°

87

Discontinuous at x=-3, 3

f(5).

From Exercise 4, we know lim f(x) 1
X 5

Therefore, the function is continuous.

_2(x? 2xh h?) 3x 3h 1 2x? 3x 1
m A

2
lim4xh 2b” 30 jina4x 2h 3 4x 3
h h 0

h 0 h 0
on lim £OCN) FOY 80 W) 20x h) 3 (32 2x 3) o 3x® 6xh 3h® 2x 2h 3 3x° 2x 3
" hoo | h o h h o h
. 6xh 3h% 2h
I|m—h— lim6x 3h 2 6x 2
h 0 h 0
o5 lim AN T R X 2R 3% 3 3h 1 3h i —3 - 3
" hoo h h o h 0 h hox(xh) h hox(xh)h hox(xh) x2
26, lim M 00 paVx h 4Ux gV h X X h VX, x hox
h o h h o h h o h X h Jx hohdx h Jx
, h - 4 4 2
lim4——N"  |im 2
ho hyx h Vx hoJx h Jx 2dx Jx
27 f(x) 69 A 1 6x5% ax V2 1 28, f(x) 4x® B 1 4x52 ex 13 1
(x) I (x) X
f'(x) §6x2/3 % 4x %2 0 f'(x) g4x3’2 % 6x 4% 0
1OX2/3 2X 3/2 10X3/2 2x 4/3
29, f(x) % x 2 30, f(x) L xt
X
f'(x) 2x°3 f'(x) x?2
3 2
f'% 2% 202° 16 f'% % 3?2 9
3L f(x) 12¥x 12xY3 32. f(x) 63x 6x'°
f'(x) %12x 23 gy 283 f'(x) %Gx 213 px 213
2/3 2/3
' 2/3 1 1 feg) 2082 o 1 2 1 1
@) 48 41 4 g (8 28 . o 2

4L 41
3g2 64
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33.

35.

37.

39.

41.

42.

43.

Chapter 2: Derivatives and Their Uses

y L2 w1 34. a C'(x) 20x ¢
X ' 20
c@w < 20
y1 %12 2 @ 51

Costs are increasing by about $20 per

The point is (1, 2). additional license.

2 1
y 1x 2x = 2X b. C'(64 20 20 10
y @) 2 21 1 Costs are increasing by about $10 per

. additional license.
The tangent line has slope 1 at (1, 2).

y 2 1x1

y x 1

f(x) 150x 0.322 36. a A r?
f(x) 0322(150x %2%)  48.3x 1322 A 2

f(0) 483(0) ¥*2 23

After 10 planes, construction time is decreasing
by about 2300 hours for each additional plane

circumference.”

built.
a V %r3 38 f(x) 2xGx® 3)
A 3% 242 f (%) 2(5xz 3) 2x(135x2) 3
25 3) 30x° 40x° 6

b. As the radius increases, the volume grows by
“a surface area.”

f(x) x2(3 1) 4. f(x) (x* 5)(x* 5
f(x) 2x@x° 1) x2(©9x%) f(x) 2x(x* 5) (X* 5)2x)
2x(3x° 1) ox* 15x* 2x 2x3 10x 2x> 10x 4x°

f(x) (x> 3)(x* 3)
f(x) 2x(x> 3) (x* 3)2x)
2x° Bx 2x° 6x 4x°
y < x* (x> ¢ x)
y (@x3 290 x¥ x) (x* x% 1)BX* 3 1)
4x8 ax® ax* 2x® 2x* 2x? 5x8 3x® x* 5x8 3x* x? s5x* 3 1
9x® 5x* 1
y X ¢ x0¢ x2 1
y (5x4 3x2 1)(x4 X2 1 (x5 x3 x)(4x3 2X)

b. As the radius increases, the area grows by “a

5x8 5x6 5x* 3x6 3x* 3x2 x4 x2 1 4x8 4x6 4x* 2x6 2x4 2x2
53 2x% axt 2x® 1 ax® ox® ox* 2x?
9><8 5x* 1
y 4 sy 24
y X DO DX 1 x 1 x 1 2 y X DO X1 x 1 x 1 2
(x 1? x D*  (x 17 (x 1? (x ? (x ?
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Review Exercises and Chapter Test for Chapter 2

6.y Xi 1
X® 1
o ixh e 1)
Y oS 12
5x9 5x4 5x9 5x4 10x4
(x> 1?2 (x> 1?2

48. a. f(x) Zxx_l
X(2) (M2x 1
f (%) 2
2x_2x 1 1
X2 X2
b. f(x) (2x 1)(x b
f(x) 2x 1) @x 1)( 1)x 2

2 2x 1 2x 2x 1 _L

X x2 x?2 x?2 X2

c. Dividing 2x +1 by x, we get
f(x) 2 %( 2 x 1!

f(x) 0 (1x?2 -X];

50.  5(x) % 2250(x 9)

S(x) 2250(x 9)2 2250
(x 9)

s 6 2250

© (6 9° 10

At $6 per flash drive, the number of drives sold
is decreasing by 10 per dollar increase in price.

52. a  AC(x) CE(X) 7.5xX 50 45 %

b. MAC(X) éj—x7.5 % %

50 1
€. MAC(0) — = 0.02
(50) 2?50
Average cost is decreasing by about $0.02
per additional mouse.

47.

49,

51.

53.

89

oE 1ex) 6x)(x° 1)
(x® 1)?

6xt 6x° 6x Bx>  _12X°
(x® 1)2 (x5 12

X2 1
x* 1
3
1° 1
y 1 T 1

y

The point is (-1, -1).

x4 1 3x% 4x® X3 1
y 2

a. To find the average profit function, divide
P(x) 6x 200 by x.
AP(x) 6x200

b. To find the marginal average profit, take the
derivative of AP(X).
MAP(X) x(6) (1)(§3x 200) ZQiQ
X X

Average profit is increasing by about $2 for
each additional unit.

Fo) 124x¢ 9¥x  12x32 oxt?
f'(x) %12x“2 %Qx 213 qgxl2 3y 203

f(x) L1gx 12 3x 53
2

o w N

9x 1/2 2x 5
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18Yx2 ax® 18x2/3 4x32

55.

Chapter 2: Derivatives and Their Uses

f(x) £(x) 3% %x
f'(x) 12x Y3 6xY2 X
413 1/2 frx) 2Lix3 2y
f (x) 4x 3x 3 3
f(x) 3 2x% o2x*4
3
1 1,3
0 5 3% 57 f(x) % 2x 3
fo 3x* f'0 32x* ex*t &
X
f (x) 6x°
f(x) 4 6x° 24x° 2_151
X
24
f 1 24
(1 C1F
3 4 d 6 5
f(x) & 3x 59. X 6
2
f(x) 12x° A6 dgy5 3px4
6 60 dx? dx
f(x) eox® & ,
60 o d—2 X6 30( 2* 480
f (1) —5 60 dx“ly >
(D
d.,2 3 d /o5 d 512 5. 32
ax X 2X 61. E(JX_ R > X
4 2 d 3 4 6 d> /75 d 5.32 15 2
deX dx(zx ) 6x 4 EJX_ G 2 X Txl
d? 2 _6 6 3 d? WG CPPTZ
| x < &£ x® =2@ae)l2 15
dX2X ) (2 16 8 dX2x16 4
d /.7 d 72 7.5/2
AR 2%
d_2 7 d 7Z.s512 3532
2
L A7 Bz 1
dx X 4

Pt) 025t 3% 5t 200

P(t) 3(025t%) 23t 1(5) 0 0.75t° 6t 5

P () 20.7%t) 6(1) 0 1.5t 6

P(10) 0.25(10)° 3(10)2 5(10) 200 250 300 50 200 200

In 10 years, the population will be 200,000.

P(10) 0.75(10)> 6(10) 5 75 60 5 20

In 10 years, the population will be increasing by about 20,000 per year.

P (10) 1.5(10) 6 9

In 10 years, the rate of growth of the increase will be 9000 per year each year.
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64.

65.

66.

68.

70.

72.

74.

76.

v(t) s(t)
a(t) vt

%(&3/2) 20t3/2
;21(20t1/2) 30tY2

v(25) 20(25)%?% 2500 ft / sec

a(25) = 30(25)Y/2

a.

150 ft/ sec?

When the height is a maximum, the velocity
is zero. Thus, to find the maximum height,
set v(t) 0 and solve. First, we find

v(t) s ().

s(t) 16t> 148t 5
v(t) s(t) 32t 148
Now set v(t) 0 and solve.
v(t) 32t 148 0

32t 148

t 4.625
To find the height when t = 4.625, evaluate
5(4.625).

s(4.625) 16(4.625)2 148(4.625) 5
347. 25 feet

h(z) (42> 3z 1)°
h(2) 37 3z )%@8z 3)

a(x)
g (x)

f(x) Vx* x 2
f(x)

w(2)
w (2

h(x)

h'(x)

a(x)
g (x)

(100 x)°

5100 x)*( 1) 5100 x)*

12

X2 x 2
1/2

%xz X 2 (2x 1)

¥6z 1 (6z Y8
L6z 1236 26z 1) 23

1
JGx 1)2

2 715
£5x 1 (5
2 ©)

5x 1 2/5

25x 1) 7®

2xx DY x42x 13@)]
2X(2x 1)4 8x2(2x 1)3

75.

x2(2x 1) 77.

h(2) (322
h (2)

5z 1)%
4372 5z 1)°62z 9

(1000 x)*
41000 x)3( 1)

VX% 5x 1

) 12
X® 5x 1 (2x 5)

a(x)

g (x) 4(1000 x)°

9 1/2
Xx° bx 1

f(x)
f'(x)

N [

Y3z 1 (3z Vs
L6z 1)23%3) (3z 2~

w(2)
w (2

h(X) 1 3/5

Jaox 1)°

310x 1
5

10x 1

8/5

h'(x) (10)  6(10x 1) ¥/5

5x(x3 2)4
53 2% s5x4(C 2)°(3%%)]
52 2% 60X (x> 2)°

a(x)
g(x)
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92

78.

80.

82.

84.

85.

86.

88.

31,3

3X2(X3 1)1/3 XS(X3 1) 2/3

£(x)
f(x) I 1 xM4ex? 1)°¢4x) 4x%]

Aex? 1 x*exext )% 4]

f(x)
F0 30¢ Dt X1 PE0¢ DK 4x’]

%[(Xz D4 x4 Y2axx® 1% 4xd]

@Bx D*@ax 13

43x 1)3@)(4x 1)° (3x
123x D3@x 1 12(3x
123x D3@x 1%[(4x 1)
123x D3@x D3(7x 2)

f(x)
f (X) DE)(4x D?(4)
D*4ax 1)

Bx 1]

¢ 13 1)
3¢ 1220 DY (¢ )4Ax® 1)*(2%)]
ex(x* 12(x*> D* 8x(* (¢ 1)°

f(x)
f(x)

4
f(X) XX5
X

fg 4 8° X Q9

SN

4x53xx5 2_5)(X5)3

y VX
y2 2% 4 2
The point is (2, 2).
213

y %xz 4 2X S S 73

3x% 4
22
32% 4

Y (2) 3

2/3

The tangent line has slope % at (2, 2).

y21x2

y =X

wlFk,w
w |

[(2x2 * X*7P° 81.

Jo2 b ¢ (@ 1t x4R2 83.

s 87.

Chapter 2: Derivatives and Their Uses

y X4 ,XZ 1 X4(X2 1)1/2
y 4X3(X2 1)1/2 X4‘%(X2 1) 1/2(2X)

4X3(X2 1)1/2 X5(X2 1) 1/2

f(x) [Bx% 1° x)?
f(x) 2[(3x° 1° X3 1%(6x) 3x°]
2[3x> 1)° X°Iex3x® 1)? 3x?]
0 40 D2 [ D2 »*J2
f () %[(x?’ 12 X1 Y2123 1(3x%) 2x]
3¢ 17 1 ¢ 1) 2x]
[(XS 1)2 X2] 1/2[3X2(X3 1) X]
x 4°
f(x) %5
4 X1 O(x_4)
f(x 5%4 "
5 X 44 X X 4 _ZQMA'
X X2 X2 X
20(x 4)*
X6
h(w) (w? 4)°
h(w) 52w? 4)*@w)
h(w) 20@w? 4)3(4w)dw) 52w? 4)%@)

20(16wW2)2w? &) 20(2w?  4)*
320w’ (2w?  4)° 200w’ 4)°
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90.

91.

92.

93.

94,

95.

96.

97.

h(w) (Bw? 1)*

h(w) 4@Bw2 1)3(6w)

h (w) 12Gw? DZ6w)6Ew) 4@wW* 1)°(6)
43202@w? 12 2403w 1)°

92) Bz 1’

g(2) 372%(z 1® Z°[3(z 1)?] 3z%(z 1)° 3Z2(z 1)?

g (2 62z ) 372[B3(z 1% 972(z 1)° 3282z 1)]
62z 1)° 182°(z )% 6Z2(z 1)

9oz) 2z 1

g(2) 42z )* 4@z 1)?°

g (z2) 122°z 1* 424z 1] 1627z 1® 4Bz 1A
1222(2 1)4 3223(2 1)3 1224(2 1)2

a. a‘f(-(x‘f3 l)2 2(x3 1)(3x2) 6x2(x3 1) 6x° 6%

b. af)j(-(x3 1)2 -éj)-((x6 2x° 1) 6x° 6x°

d _1 (¢ 1)(0) 3x3)(1) 32

a. dx X3 1 ( X3 1) 2 ( X3 1) 2
da 1 d,.3 1 3 2 102 3x°
b. X 3 1 dx (x> 1) x> 1) “(3x9) (x3 D >

P(x) ¥x3 3x 34 (& 3x 34)Y2
2
P(x) 203 3x 34) 12@x° 3 —RE=—
2 24x° 3x 34
3()> 3 2 12 4
5 ,/(5)3 ¥5) 34 24144 24

When 5 tons is produced, profit is increasing at about $3000 for each additional ton.

P(®)

V(r) 500 0.01r)
V (r) 15001 0.01r)2(0.0)) 15(1 0.01r)?

VvV (8) 151 0.01(8)]2 17.50
For 8 percent interest, the value increases by about $17.50 for each additional percent interest.

98.

[t

on [0, 10] by [0, 30] on [0, 20] by [-2, 10]
a P(B) P(4) 12 9.27 273 X 16

P(6) P(5) 1523 12 323

Both values are near 3.
b. x 7.6
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94 Chapter 2: Derivatives and Their Uses
9.  R(X) 0250.01x 12)* 100. N(x) 10004100 x 1000 100 x /2
R(x) 0.25[4(0.01x 1)3(0.01)] , 12 500
N'(x) 50000 x) ¥2( 1) =20
001(001x 1)° V100 x
R(100) 001[0.01(100) 1) 0.08 N'(©96) —200
(100) [0.01(100) 1)] (96) 700 06

At age 96, the number of survivors is decreasing
by 250 people per year.

101. The derivative does not exist at corner points 102. The derivative does not exist at the corner point
x 3 and x 3 and at the discontinuous point X 2 and at the discontinuous point x 2.
x 1.

103. The derivative does not exist at the corner point x 3.5 and the discontinuous point x 0.
104. The derivative does not exist at the corner points x 0 and x 3.

105. For positive h,
lim f(x hr)] f(x)

- 15X 5EI 54 i [5C0) ShH 501

li for x 0
h 0 h 0 h 0
:5h
lims- 5
h oh
For negative h,
5x 5h |5 5(0) 5 5(0
lim X hr)] P00 i X hl 154 Iiml()—w for x 0
h 0 h 0 h 0
. h
lim =—- 5
h o D

Thus, the limit does not exist, and so the derivative does not exist.

3/5 35 3/5
106. Iimw Iim(Xh)—x Iith for x 0
h o h 0 h 0
; 1
r!lmo h2/>

which does not exist. Thus, the derivative does not exist.
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