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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? 1< 3 esjed
2. Express {x| 4< x &5} in interval notation. Sy )
3. What is the slope of the line through the points (6, 7) and (9, 8)? g
4. On the line y = 3x +4, what value of y corresponds to x =2? 9
5. Which sketch shows the graph of the line y=2x 1? e
a ]i% / b % ¢ {r d %‘
v/

6. True or False? %‘ 2 = y; anJL
7. Find the zeros of the function f(x) =9x*> 6x 1 g_dg:FT =X
8. Expand and simplify x(8 x) (3x +7). L Xg + X

9. What is the domain of f(x) = X%:_—X% ? {Z =X0=x¢ = xlx}
10. For f(x) =x®> 5, find the di<erence quotient flx+h) f(x). U+g X¢

h

Diagnostic Test (in Front Matter)
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Chapter 1: Functions 3

Chapter 1: Functions

EXERCISES 1.1

1.

11.

13.

15.

{x|0<x <6}

0 3]

{xIx <2}
— >
2

a. Since Ax =3 and m = 5, then Ay, the
change iny, is
Ay=3em=3+5=15

b. Since Ax =-2 and m =5, then Ay, the
change iny, is
Ay=-2em=-2+5=-10

For (2, 3) and (4, 1), the slope is
-13_-4_,
4-27 2

For (-4, 0) and (2, 2), the slope is
2-0 _ 2 _2_1

2-(-4) 2+4 6 3

For (0, -1) and (4, -1), the slope is
1) _ 1410

4-0 4 4

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

5—(=1) _5+1 undefined

2-2 0

Since y = 3x — 4 is in 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 units up is also on the line.

=G e U
bl

7

10.

12.

14.

16.

{x -3<x <5}
-3 5

{x x>7}

7

a. Since Ax =5 and m = -2, then Ay, the
change iny, is
Ay=5em=5+(-2)=-10

b. Since Ax = -4 and m = -2, then Ay, the
change iny, is
Ay=—4em=-4+(-2)=8

For (3, -1) and (5, 7), the slope is
T-(=1) _7+1_8_,

5-3 2 2

For (-1, 4) and (5, 1), the slope is
14 _ -3 _-3__1

5-(-1) 5+1 6 2

) and (5, %) , the slope is

5-(-2) 5+2 7
For (6, —4) and (6, —3), the slope is
—3—(-4)_ -3+44

6.6 — 0 undefined

Since y = 2x is in 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
the line. ,
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17.

19.

21.

23.

Exercises 1.1

Sincey = - %_x is in slope-intercept form,

m= —% and the y-intercept is (0, 0). Using
m=— % we see that the point 2 units to the
right and 1 unit down is also on the line.

y

4 2 AN 4 %
24

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).

The equation x = 4 is the equation of the
vertical line through all points with x-coordinate
4. Thus, m is not defined and there is no y-
intercept.

First, solve for y:

2x-3y =12
-3y =-2x+12
y= 2x-4
3

Therefore, m = 2 and the y-intercept is (0, -4).

¥

Chapter 1: Functions

18.  Sincey=—1x+ 2 isin slope-intercept form,

3
m= —% and the y-intercept is (0, 2). Using
m= _i , We see that the point 3 units to the right

and 1 upit down is also on the line.

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

IJi
i+
[ )

-

(<))

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

24.  First, solve fory:

3x+2y=18
2y =-3x+18
y=- 3x+9
2

Therefore, m = — 3 and the y-intercept is (0, 9).
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Exercises 1.1 Chapter 1: Functions

25. First, solve fory: 26.  First, solve fory:
x+y=0 X=2y+4
y=-X -2y=—x+4

Therefore, m = —1 and the y-intercept is (0, 0). 1
y_zx—2

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

27. First, solve fory: 28. First,zput the equation in slope-intercept form:
x-y=0 y=35(x-3)
_y =—X 2
Y= X y=35X -2
Therefore, m = 1 and the y-intercept is (0, 0). Therefore, m = 2 and the y-intercept is (0, -2).

29. First, put the equation in slope-intercept form: 30.
y=X+2

3
Vg gt £

Therefore, m = 4 and the y-intercept is ! 0 %\ .
)

7/ TN\

Y

3

2

"
e

© 2016 Cengage Lea20ihg Gdhgghts lreseniegl. Miaygits besscaadebl|ayopatdeos cuptiedepie gosteh phicaped)| imhpasted stk puttisite accadsileowibsid, in whole or in part.



31.

33.
35.

37.

39.

41.

43.

Exercises 1.1

First, solve fory:

2;& _.y;: 1
3
—y:—%x+1
y:%x—l

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

y=-2.25x+3
y-(-2)=5[x-(-1)]
y+2=5x+5

y=5Xx+3
y=-4

First, find the slope.
mo =1=3_-4_ 5

7-5 2

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

y—3=-2(x-5)
y—3=-2x+10
y=-2x+13

First, find the slope.

T ) ST
5-1 4

Then use the point-slope formula with this
slope and the point (1,-1).
y-(-1)=0(x-1)
y+1=0
y=-1

32.

34.
36.

38.

40.

42,

44,

Chapter 1: Functions

First, solve fory:

ﬂ_ﬁl_m:l
2 2
X+1+y+1=2
X+y+2=2
y=-X
Therefore, m = -1 and the y-intercept is (0, 0).
4..
34
2,,
1_.
R
24
,3,,
_4__
_ 2y
y—3x 8
y—-3=-1(x-4)
y-3=-x+4
y=—-X+7
_3
=4
_1
X=2

First, find the slope.
0-(-1)
_ _8
M= 63 =

Then use the point-slope formula with this slope
and the point (6, 0).

y—0=%(x—6)

y:%x—z

First, find the slope.

m = -‘24%_29 = # undefined

Since the slope of the line is undefined, the line
is a vertical line. Because the x-coordinates of
the points are 2, the equation is x = 2.
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Exercises 1.1 Chapter 1: Functions 8

45, a.  First find the slope of the line 4y —3x =5. 46. a. Firstfind the slope of the line x+3y =7.
Write the equation in slope-intercept form. Write the equation in slope-intercept form.
3,.5 1,.7
==X+= =—=X+T.
y 4 4 y 3 3
The slope of the parallel line is m = % The slope of the parallel line is m = — %
Next, use the point-slope form with the Next, use the point-slope form with the
point (12, 2): point (-6, 5):
y-yi=m(x-x) y=y1=m(x=x)
y—2:%(x—12) y_5:_%(x+6)
_3 1
=2x-7 —_4
y 4 y 3 X+3
b.  The slope of the line perpendicular to b.  The slope of the line perpendicular to
y:§x+5. ism=-4 y=—1x+z.is m=23.
4 4 3 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=y1=m(x-x) Y=Yy =m(x=x)
y-2=-%(x-12) y-5=3(x+6)
2 y =3x+23
=—-X+18
Y773
47. The y-intercept of the line is (0, 1), and Ay = -2 48.  The y-intercept of the line is (0, —2), and Ay = 3
for Ax =1. Thus, m = N_=2_ 5 Now, use for Ax=1. Thus, m = M_3_3 Now, use the
M1 M1
the slope-intercept form of the line: slope-intercept form of the line: y = 3x — 2
y=-2x+1.
49, The y-intercept is (0, —2), and Ay = 3 for 50.  The y-intercept is (0, 1), and Ay = -2 for Ax = 3.
Ax=2.Thus, m= =¥ =3 Now, use the slope- Thus, m= 2 ==2 - _2 Now, use the slope-
M2 M 3 3
intercept form of the line: y=3x -2 intercept form of the line: y = — % X+1
51. First, consider the line through the points (0, 5) and (5, 0). The slope of this line is m = %0: ‘—55 =-1. Since
(0, 5) is the y-intercept of this line, use the slope-intercept form of the line: y = -1x +50ry=-x +5.
Now consider the line through the points (5, 0) and (0, -5). The slope of this line is m = =0 = =3 =1. Since

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

Next, consider the line through the points (0, -5) and (-5, 0). The slope of this line is m = 15_0 = %5: -1.
Since (0, -5) is the y-intercept, use the slope-intercept form of the line:y =-1x-50ry =-x-5
Finally, consider the line through the points (-5, 0) and (0, 5). The slope of this line is m = (f_;(%): 55:1. Since

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

52. The equation of the vertical line through (5, 0) isx=-5. ) )
isx=5. The equation of the horizontal line through
The equation of the vertical line through (-5, 0) (0,5)isy=5.
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Exercises 1.1 Chapter 1: Functions 9

The equation of the horizontal line through 53. If the point (x,,Y,) is the y-intercept (O, b), then
(0,-5)isy =-5. substituting into the point-slope form of the line
gives
y=y, =m(x-x)
y-b=m(x-0
y—b=mx
y=mx+b
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10 Exercises 1.1 Chapter 1: Functions

54. To find the x-intercept, substitute y = 0 into the 55. a.
equation and solve for x:

=1

o [x Ix
+ +
D [ xT |OT <

I
= e

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

x=a Thus, (a, 0) is the x-intercept.

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

X, ¥_
ath 1 \

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

D |O

y
b
Yy
b
y

=b Thus, (0, b) is the y-intercept.

56. a. / b.
=

on [-5, 5] by [-5, 5] onf-58] by [ 5 5]
57. 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, )

59. 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
sec

seconds: 3 minutes 30 seconds = 3 minutes 60 sec

Tmin t 30 seconds = 210 seconds.

Now substitute y = 210 seconds into the equation for the regression line and solve for x.
y =-0.356x + 257.44
210 =-0.356x +257.44
0.356x = 257.44 - 210
0.356x =47.44

x = 4744 . 133.26
0.356

Since x represents the number of years after 1900, the year corresponding to this value of x is
1900 + 133.26 = 2033.26 ~2033. The world record will be 3 minutes 30 seconds in 2033.
= —0.356(720) +257.44
60.  Forx=720: = —256.32 + 257.44 =1.12 seconds
y =-0.356x + 257.44
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Exercises 1.1 Chapter 1: Functions

These are both unreasonable times for running 1 mile.

For x = 722:
y =-0.356x +257.44
—0.356(722)+ 257.44

—257.744 + 257.44 = 0.408 second
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12 Exercises 1.1

61. a. To find the linear equation, first find the
slope of the line containing these points.

146-70 _ 76
31 ~ 28
Next, use the point-slope form with the
point (1, 70):
Y=Y =m(x=x)
y—70=38(x-1)
y =38x+32
b. Sales are increasing by 38 million units per
year.
c. The sales at the end of 2020 is
y = 38(10) + 32 = 412 million units.

63. a.  First, find the slope of the line containing the
points.

212-32 _180_19

100-0 100 5

Next, use the point-slope form with the point
(0, 32):

m=

y—y =m(x-x)
y—32:%(x—0)
9
==X+32

Yy 5X+

b.  Substitute 20 into the equation.
x+32

-3
Y=z (20)+32=36+32=68"F

65. a. Price = $50,000; useful lifetime = 20 years;
scrap value = $6000

V = 50,000 —| 20.000-60001,  _ . 5o
\ 20 )

=50,000 -2200t 0<t<20

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

= 50,000 —2200(5)
50,000 —11,000| = $39, 000

62.

64.

66.

Chapter 1: Functions 12

First, find the slope of the line containing
the points.

Next, use the point-slope form with the
point (1, 38.6):
Y-% = m(x—xl)
y—38.6=1.4(x-1)
y=1.4x+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

First, find the slope of the line containing
the points.

_89.8-748 15 _
m="=4"0 -2 =3.75
Next, use the point-slope form with the
point (0, 74.8):

=¥ =m(x-x)

y—74.8=3.75(x-0)
y =3.75x+74.8

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

v — 800, 000 [ 800.000-60,000),

| |

20
\ )
0<t<20

=800,000-37,000t 0<t<20

Substitute t = 10 into the equation.

V =800,000 — 37,000t

=800,000 — 37,000(10)

=866-6066—376:900 = $430, 000

© 2016 Cengage Lea20ihg Gdhgghts lreseniegl. Miaygits besscaadebl|ayopatdeos cuptiedepie gosteh phicaped)| imhpasted stk puttisite accadsileowibsid, in whole or in part.



13

Exercises 1.1 Chapter 1: Functions

on [0, 20] by [0, 50,000] on [0, 20] by [0, 800,000]
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67.

69.

Exercises 1.1

Substitute w = 10, r =5, C = 1000 into the
equation.
10L +5K =1000

Substitute each pair into the equation.

For (100, 0), 10(100) +5(0) =1000

For (75, 50), 10(75) +5(50) = 1000
For (20, 160), 10(20) +5(160) = 1000
For (0, 200), 10(0) +5(200) = 1000
Every pair gives 1000.

Median Marriage Age for
Men and Women

on [0, y 0,
The x-value corresponding to the year
2020 is x = 2020 — 2000 = 20. The
following screens are a result of the
CALCULATE command with x = 20.

1=.1BR+zh.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 is x = 2030 — 2000 = 30. The
following screens are a result of the

NE ¥ —

Median Age at Marriage  Median Age at Marriage

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

68.

70.

Chapter 1: Functions

Substitute w = 8, r = 6, C = 15,000 into the
equation.
8L +6K =15,000

K

(0, 2500)
(600, 1700)

(1200, 900)
1875, 0)
L

Substitute each pair into the equation.

For (1875, 0), 8(1875)+6(0) =15,000

For (1200, 900), 8(1200)-+6(900)=15,000
For (600, 1700), 8(600)+6(1700)=15,000

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

Women’s Annual Earnings
ps-aRereent-ofMen s—
 —

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

The x-value corresponding to the year 2020
is x = 2020 — 2000 = 20. The following
screen is a result of the CALCULATE
command with x = 20.

ds d Ferceric ol vien 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
is X = 2025 — 2000 = 25. The following
screen is a result of the CALCULATE

[Eimiffiafid with x =.25-

n=gk

i - [

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.

o

on [0, 100] by [0, 50]

To find the probability that a person with
a family 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 =18.3 or 18%.

L= ilLinkEea
TR 1t1 | w=ax+th
z 137 a=-. @594
i L b=1.582
e i1 rE=, I P4 II622T
____________ F=-LFE2E024 385
Lii=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=gx+h

a=2.13

b=565.33

ré=, 99330445
=, 995153275

Lzih=67.1
y =2.13x+65.35

The male life expectancy is increasing 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

L1 1hkEe3

10 T g=ax+h

il EH.E =", 854047519
o aais b=v3.457 14235
£ N Fi=, 995541 5858
i ZEN r=-.9973184137
70 14

Lzih=E5, 4

y = —0.864x+ 75.46

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

y = —-0.864(25) + 75.46 ~53.9 years

72.

74.

76.

78.

o

Chapter 1: Functions 15

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.

1hke3
J=ax+h
a=5.8
b=24.5
ré=,98994117547
r=.994591 7938

L1 =1

y =5.8x+24.5

Each year the usage increases by about 5.8
percentage points.

y =5.8(11)+24.5=88.3%

Lzifi=¢d . 7

y =1.41x+73.97

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

y =1.41(6.5) +73.97 ~ 83.1 years

1hke9
gu=ax+h
a=2.5

b=53
rE=, EIITEEEY
=, 3818227 864

L1 =1

y =8.5x+53

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

y =8.5(5.4) +53 =98.9%
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16 Exercises 1.1 Chapter 1: Functions 16

d. It would not make sense to use the regressio
line to predict seat belt use in 2025 (x = 7)
because the line predicts 112.5%.

d. 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.
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79.

81.

83.

85.

87.

89.

91.

Exercises 1.1

False: Infinity is not a number.

m=Y2 o, any two points (x, y;) and

Xy =X

(X, 1) on the line or the slope is the amount
that the line rises when x increases by 1.

False: The slope of a vertical line is undefined.

True: The slope is =2 and the y-intercept is
b

T

False: It should be Y271 |
Xy =%

Drawing a picture of a right triangle.

5 x2 442 =52
& x% +16 =25
x x2 =90
Xx=3
The slope is m = 4 or — % if the ladder
3 3

slopes downward.

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

y=mx+bh

0=mx+b

-mx=Db
b

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

a=-b Thus, the x-intercept is (—Q ,O) .
m m

X=-—
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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, all negative numbers are less
than all positive numbers.

“Slope” is the answer to the first blank. The
second blank would be describing it as negative,
because the slope of a line slanting downward as

you go to the right is a “fall” over “run”.

False: The slope of a vertical line is undefined,
so a vertical line does not have a slope.

True: x = ¢ will always be a vertical line because
the x values do not change.

False. A vertical line has no slope, so there is no
m for y =mx+b.

Drawing a picture of a right triangle.
X2 4 y2 =52
5 y
< 0.75= y =0.75x
=

x2 +(0.75x)? =57
2 2

X +0.5625x =25

1.5625x% = 25
x> =16
Xx=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,,cC

=—8x4+>

Y b b

ii. Substitute 0 for b and solve for x:

ax+by=c
ax+0-y=c
ax=¢c

17
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Exercises 1.1 Chapter 1: Functions
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13 Exercises 1.2
93. ConsiderR>1and 0<x <K 94,
x < K means that K — x > 0 and 0<%<1.
Since K —x >0, then
K—=Xx+Rx>Rx
K+(R-1)x>Rx
K |—1+( u) x—|> Rx
K
Therefore, K>¢:y
l+(R_1)x
K
Additionally, since 0< X <1,
1+(R—1)(—X )<1+(R—1)~1
K
K
So, y=—RX__»_RX___Rx_,
1+(RK—1)X 1+(R-1) R
We have x <y < K.
EXERCISES 1.2
2 2 2
1. (22-2) :(22-21) =(23) =2°-64 2,
~ _ L _ L
3. 27 = >4 =16 4
5. L) _(o1) "_93_ 6
(2) (2 ) 2°=8
7. (i)_lzﬁ 8
8 5
_2
9 4—2,2—1:(22‘) 21 10.
o4 o-1_o5__1 _ 1
272 27 = 25~ 32
11. (3)_3 (2)3 2 8
= = = 12-
2 3 g 27
13.

(%*(%*(3f(%3§223 14,
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Chapter 1: Functions

x > K means that K- x < 0 and —})é>1.

Since K —x <0, then
K —-X+Rx<Rx
K+(R-1)x<Rx

KL1+(%L XJ< Rx
Therefore, K<L=y
1+(H)x
Additionally, since —é >1,

) .

1+(R-1) X S14(R-1)1

So, y= Rx o Rx _Rx_y

1+(H)x 1+(R-1) R

K
We have K<y < x.

52.4)2=(52~22)2 =(102)2 10" =10,000

—o _ 1 _ 1

3 —53 =77

l3) =(37) =8°=0
@yté

4 3

0 (3] 7 2

13



Exercises 1.2 Chapter 1: Functions 14

3 T2 T1 71 T 3 T2 T1 71 T
=9-8=1 =9-4=5
|—2_2—|—1 |_32_|—l §72 z2 i 4 |—z_2—|—l |,52_|—l 572 22 22 _4
15. ~1[7) | = ()= - 16. -1(7) ) = ()= =
L) =G =) )=, ) A(z) [l =)o
=
17. 25Y2-"25-5 18.  36Y2- FB=6
> ¥
19.  25%2-(y5)°=5%=125 20. 163/2:(%67)3:43:64
21. 163/4:(4W=23=8 22 272/3:(32?'i2:32:9
2. (-9 -(-8)"-(-2)*-4 24, (2D =(¥=27)" =(-3)? =9
7
25 (-8%3-(3.8)°=(2°%=32 26, (=213 =(3-27)° =(-3)° = —243
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217.

29.

31.

33.

35.

37.

39.

41.

43.

45,

47.

49.

Exercises 1.2

’ 3
TR R
v
213 2 2
) 0y
125 | 51 5 25
L)
Lys:( T 2: 12:1
RRUARAS
471/2_ 1 :L_l
) 41/2 \/; 2
g2 1 _ 1 _1_1

_ 3
25 %% 16 % (5 4° 64

1) “\2s) Tz =(5) 125
/ L)
) (P - (o -z
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30.

32.

34.

36.

38.

40.

42.

48.

Chapter 1: Functions

L)
16 92 g ¥? (if 3% 7
(9) “l16) = 16|=(4)_64
WV

70.39 ~214

15



53.

55.

57.

59.

61.

63.

65.

67.

69.

Exercises 1.2

50.
52.

5x° _ 5x? 2-1/2 312
=== =5X =5X
Jx U2
3.2 213
12 \/95 12x<2 12 232 -4/3

3x2 e 3 x o=

\J36x _ 64x _ 6x2

2X 2X 2X

_ 6,121 _q 12
2
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56.

58.

60.

62.

64.

66.

68.

70.

Chapter 1: Functions

3-8 =2 o2
x® X2
12
VX _3x"" g 21 _ g 112
X X
Vo 1042

3 2 32 23 -
8x _2 x _2x _2.231_T1,-13

4x  4x  4x 4 2

-

16
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Exercises 1.2

71.

73.

75.

77.

79.

81.

83.

85.

87.

89.

91.

L]

(3X2 ySZ)S :33 X2~3 y5~323 _ 27X6 y1523

23 (133
(wweY :M) :WQZWS

25x%y®  25x%y® X
2
(9xy3z) 262
:81x y z :27y4

3(xyz)? 3x°y’7?

2
<2u2vw3) 4,26
T ) _AuVTwWE 222

4(uw2 )2 auw*

Average body thickness
=0.4(hip-to-shoulder length)*'2
=0.4(16)*/2

=o.4(J1_6 )3

~25.6 ft
c =x"%c
=498c ~2.3C

To quadruple the capacity costs about 2.3

times as much.

a.  Given the unemployment rate of 2 percent,

the inflation rate is

72.

74.

76.

78.

80.

82.

84.

86.

88.

90.

92.

Chapter 1: Functions 17

L

(2X4 y26)4 :24 X4-4 y426~4 =16X16 y4224

(wfy? (WP B

w
ww?ow W
3 2
4x°y 6 2
_16X y X4

8x?y®  8x’y? Y
2
5x2y32
( ) _25X4V622_5X2 4

- =5x"y
5(xyz)2 5x*y?2?

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

=o.4(\/;)3

~21.0 ft
c =x"%c
=3%8c~10C

To triple the capacity costs about 1.9 times as
much

a.  Given the unemployment rate of 3 percent,

the inflation rate is
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18 Exercises 1.2 Chapter 1: Functions 18

y =9.638(2) % _0.900 y=45.4(3) -1
~ 2.77 percent. ~ 7.36 percent.
b.  Given the unemployment rate of 5 percent, b.  Given the unemployment rate of 8 percent,
the inflation rate is the inflation rate is
-1.394 -154
y =9.638(5) —-0.900 y = 45.4(8) -1
~ 0.12 percent. ~ 0.85 percent.
93.  (Heart rate) = 250 (weight) *'* 94 (Heart rate) = 250 (weight) /*
= 250(16) =250(625) '
=125 beats per minute =50 beats per minute
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95.

97.

99.

101.

103.

105.

107.

109.

Exercises 1.2

(Time to build the 50th Boeing 707)
2150(50)70.322
~42.6 thousand work-hours

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

Increase in energy = 325°#
327.8—6.7

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

K =3000(225) Y2 = 200
g 60,05

= ﬁ(3281 v~ ~ 312 mph

11

’fﬁ‘

3t s
X =~ 18.2. Therefore, the land area must be
increased by a factor of more than 18 to
double the number of species.

y =9.4x %%

y =9.4(150) >*7 = 60 miles per hour

The speed of a car that left 150-foot skid
marks was 60 miles per hour.

L1 =1

y =79.9x1* (rounded)
b.  Foryear 2020, x = 10.

y =79.9(10)°**® ~ $110 billion

Liifr=1

y = 41.6x%%%88 (rounded)
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96.

98.

100.

102.

104.

106.

108.

110.

Chapter 1: Functions

(Time to build the 250th Boeing 707)
=150(250) %322
~25.3 thousand work-hours

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

Increase in energy = 32874
329.0—7‘7

=323 ~091
The 2011 Japan earthquake had about 91 times
more energy released than the 2011 India
earthquake.

K = 4000(125)*"* =160
g_ 60,05

= ¥ (1650)" ~ 222 mph

11

S (o
x =~ 99. Therefore, the land area must be
increased by almost 100 times to triple the
number of species.

y =9.4(350) %3 =82 miles per hour

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

L1 =1

y = 607 x°:0866 (rounded)
b. Foryear 2020, x = 12

y =607(12)°%%% + $753

Ly =1

y =26.6x"170 (rounded)

19
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Exercises 1.2 Chapter 1: Functions

b. Foryear 2020, x = 11. b.  Foryear 2020, x = 12.
0.176 -
y =41.6D"%*® ~ $45.7 million y=26.6(12)""" ~$41.2 billion
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Exercises 1.3

111.

113.

115.

117.

3, since +/9 means the principal square foot.

(To get +3 you would have to write ++/9.)

EXERCISES 1.3

11.

13.

15.

2 6 64 6/2 3
False: .= ~=16,while2 =2 =8.

2 4

_m m-n

(The correct statementis = =x )
x2 = x50 x must be nonnegative for the
expression to be defined.
x 1= % , 50 all values of x except 0, because
you cannot divide by 0.
Yes 2. No
No 6. Yes

Domain={x|x<0orx>1}
Range ={y|y=>-1}
a.  f(x)= x=

f(10) =W10-1=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}
1
a. [
h(z) 7+4

h(-5) = _51+ ;=1

b. Domain ={z |z # -4} since h(z)= = is

z+4
defined for all values of z except z = 4.

Range = {y |y # 0}

a. h(x)= x4
h(81) =814 =481=3

b. Domain = {x | x>0} since h(x) = x4 s
defined only for nonnegative values of x.

c. Range={y|y>0}

112.

114.

116.

118.

10.

12.

14.

16.

Chapter 1: Functions 17

False: 22-2%=4.8=32, while 2223 =2%=64.

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

2
ratse: () = g7 =g While 23" _2%_512.

m n m-n

(The correct statement is (x ) =x

NE
1/3

x 13 =3 x| so all values of x. For example,

813 ~2 and (—§)1/3 =-2.

If the exponent ™ is not 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<-1orx>0}
Range = {y |y <1}
a. f(x)= —
f(40) =404 =+/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}

1
a  h(z)=—1_
g h
h(-8)=—t==-1

b. Domain = {z |z # -7} since h(z) =" is
defined for all values of z except z = 7.

. Range={y|y#0}
a. h(x):x”6
h(81) =64Y* =64 =2
/

b. Domain={x|x> 0} since h(x)=x'% is

defined for nonnegative values of x.

c. Range={y|y>0}
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Exercises 1.3

17.

a.

b.
C.

f(X):X2/3

(-8)=(-8)°=(38)

Domain = [
Range = {y |y > 0}

(-2)%=4

Chapter 1: Functions 18

18. a. f(X)=X4/5
f(-32)=(-32)"°=(332) =(-2)" =16

b. Domain= U]
c. Range={y|y>0}

© 2010 Brooks/Cole, Cengage Learning.
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19.

21.

23.

25.

217.

a.

b.

134

i

o

134

Exercises 1.3

f(x)=4-x2

f(0)= 4-0%2= 4=2

f(x)= 4—x2 isdefined for values of x

such tha¥ 4 — X2 > 0. Thus,

4-x°>0
—x2>-4

2 R

Domain={x|-2<x<2}

Range ={y [0<y<2}

f (x)=v-x
f (=25)=/—(-25) =+/25=5

f (x)=+/—x is defined only for values of

x such that —x > 0. Thus x < 0.
Domain = {x | x< 0}

Range ={y |y >0}

20.

22.

28.

124

i

o

134

Chapter 1: Functions

-1
f(x)_ﬁ
1.1
f(4)_ﬁ 5
Domain = {x | x > 0} since f(x):% is
X

defined only for positive values of x.

Range = {y |y > 0}

f(X)=—J—x
f (~=100) = —/-(-100) = —/100 = -10

f (x)=- —x is defined only for values

of x such that —x > 0. Thus x <0.
Domain = {x | x < 0}

Range ={y |y <0}

24.

26.
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Exercises 1.3

29.

31.

33.

35.

37.

2a  21) 2

To find the y-coordinate, evaluate f at
x = 20.

f(20)= (20)2 - 40(20) +500 =100
The vertex is (20, 100).

N 15, Z5] by [100, 120]

2a 2(-1) -2

To find the y-coordinate, evaluate f at
x = —40.
f (~40) = —(~40)? —80(—40) —1800
=-200
The vertex is (—40, —200).

on [-45, —35] by [-220, —200]

X2 —6x-7=0
(x-=7)Xx+1)=0
Equals 0 Equals 0
atx =7 atx= -1
x=7, x=-1

x2 +2x=15

x%+2x-15=0
(x+5)x-3)=0
Equals 0 Equals 0
atx =-5 atx =3

Xx=-5 x=3

30.

32.

34.

36.

38.

Chapter 1: Functions 19

2a 2(1) 2

To find the y-coordinate, evaluate f at
x =-20.

f(~20) = (—20 ¥ +40(~20) +500 =100
The vertex is (=20, 100).

b.
OR =25, 15T by 1100, 120]
a  X= =b__-80 _-80_,
2a 2(-1) -2
To find the y-coordinate, evaluate f at
x =40.
f (—40) = —(40)? +80(40) —1800
=-200
The vertex is (40, —200).
b.
on [35, 45] by [-220, —200]
x2-x-20=0
(x=5)x+4)=0

Equals 0 Equals 0
atx =5 atx= -4
Xx=05, X=-4

x2 —3x =54
x? —3x-54=0
(x—9)(x+6)=0

Equals 0 Equals 0
atx =9 atx =6
X=9, X=-6

© 2016 Cengage Lea20ibg Gdhggbts lreaenirgl. Miayginis bessraadebl|ayopatdeos cuptied e pie gosteh phicaped)| imhpasoed stk puttisite accadsileowibgsid, in whole or in part.
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39.

41.

43.

45,

47.

49.

Exercises 1.3

Chapter 1: Functions

20

2x2 + 40 =18x 40. 3x% +18 =15x
2x2 —18x+40 =0 3x%2 -15x+18 =0
X2 -9x+20=0 X2 —5X+6=0
(x-4)Xx-5)=0 (x-3)(x-2)=0
Equals 0 Equals 0 Equals 0 Equals 0
atx =4 atx=5 atx =3 atx=2
x=4, x=5 X=3, XxX=2
5x2 — 50x =0 42, 3x% - 36x =0
x2 —10x =0 x2 —12x =0
X(x-10)=0 X(x-12)=0
Equals 0 Equals 0 Equals 0 Equals 0
at x=0 atx=10 at x=0 atx=12
x=0, x=10 x=0, x=12
2x2-50=0 44, 3x2-27=0
x% —25=0 x2-9=0
(x=5)x+5)=0 (x=3)x+3)=0
Equals 0 Equals 0 Equals 0 Equals 0
atx =5 atx= -5 atx =3 atx=-3
x=5 x=-5 x=3, x=-3
4X2 +24x+40=4 46.  3x*—6x+9=6
4X? +24x+36=0 3x2—6x+3=0
X2 +6X+9=0 X2 —2x+1=0
(x+3)?=0 (x-1)2=0
Equals 0 Equals 0
at x=-3 at x=1
—4x2 +12x =8 48. —3x2 +6x =24
—4x2 +12x-8=0 —3x24+6X+24=0
X2 —3x+2=0 x2-2x-8=0
(x-2)x-1)=0 (x=4)(x+2)=0
Equals 0 Equals 0 Equals 0 Equals 0
atx =2 atx =1 atx =4 atx =-2
x=2, x=1 X=4, X=-2
2x2 -12x+20=0 50. 2x2-8x+10=0
x2 —6x+10=0 X2 —4x+5=0
Use the quadratic formula witha=1, b = -6, Use the quadratic formula witha =1, b =4,
and ¢ = 10. and c =5.
o ~(8)x/(-6)* ~4(1)(20) o AV’ -4 E)
2(1) 2(1)
_6+ " 36440 X X=+ -4  Undefined
2 2 3x2 +12 =0 has no real solutions.
=6J—r2 —4 Undefined
2x2 —12x+20 =0 has no real solutions. -
3x% +12=0 -
x2+4=0 4
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Exercises 1.3

21
_4
x
16-20
2
= A'i27_4 Undefined v
52. 2x% —8x+10 =0 has no real solutions.

5x2 +20=0

X2 +4=0

x2=—-4
x=+ —4  Undefined N

5x2 + 20 = 0 has no real solutions.
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Exercises 1.3

53.

55.

57.

59.

61.

63.

65.

5 /

\

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

N/

on[-1,9]by[-10,4
Xx=4,x=5

\/

on[-7,1Tby -2, 16
X=-3

\_

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

N/

on 4, 3]y [9, 1
x=-2.64,x=114

/8
Y/

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

—_

a. Their slopes are all 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 this line is
y=2x-8.

Let x = the number of board feet of wood. Then
Cx)=4x+20

54.

56.

58.

60.

62.

64.

66.

Chapter 1: Functions 22

‘x /

\

on [-6, 4] by [-20, 6]
x=-5x=3

\_/

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

Xx=2,x=3

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

)

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

\_ 1/
g%

on -4, 3] by [-10, 10]
x=-2.57,x=0.91

.4
/1\

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

a. The lines have the same y-intercept, but
their slopes are different.

b. y=3x+4

Let x = the number of bicycles. Then
C(x) = 55x + 900
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67.

69.

71.

73.

75.

77.

79.

Exercises 1.3

Let x = the number of hours of overtime. Then
P(x) = 15x + 500

a. p(d)=0.45d +15
p(6)=0.45(6)+15
=17.7 pounds per square inch

b. p(d)=045d +15
p(35,000) = 0.45(35,000)+ 15
=15,765 pounds per
square inch

D(v)=0.055v% +1.1v
D(40) = 0.055(40)? +11(40) =132 ft

a.  N(t)=200+50t?

N (2)=200+50(2)?
=400 cells

b. N (t)=200+50t>

N (10)=200+50(10)*
=5200 cells

v(x)=21Vx

V(1776) = %\/1776 ~230 mph

on [0, 5] by [0, 50]
The object hits the ground in about 2.92 seconds

a.  Tofind 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 formula with a = 2,
b =-480 and ¢ = 16,000.

. 480+,/(—480)% —4(2)(16,000)

2(2)

480+,102,400 480+320
x= 4 T4

_800 . 160
4 4

X 0

x=200 or 40
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68.

70.

72.

74.

76.

78.

Chapter 1: Functions

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

B(h)=-1.8h+212
98.6=-1.8h+ 212
18h=113.4
h = 63 thousand feet above sea level

D(v)=0.55v%+1.1v
D(60)=0.55(60)%+1.1(60)=264 ft
a. T(h)=05

T(4)=0.5Y 4=1 second
T(8)=0.5\/Bz1.4 seconds

b. T(h)=05 h T(h)=0.5
2=05 3=0.5

TR

s(d)=3.86 fi
s(15,000) = 3.86315,000 ~ 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)

=—2x?+480x-16,000
Since this is a parabola that opens

downward, the maximum profit is found
at the vertex.

480 _ -480 _ 150

*=202)"

Thus, profit is maximized when 120
devices are produced per week. The
maximum profit is found by evaluating
P(120).

2
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Exercises 1.3 Chapter 1: Functions

The company will break even when it P(120)=-2(120) +480(120)-16,000
=$12,800
makes either 40 devices or 200 devices. Therefore, the maximum profit is
$12,800.
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Exercises 1.3

80.

81.

82.

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

C(x)=R(x)

420%+72,000=—3x°+1800x
3x2-1380x+72,000=0

Use the quadratic formula with a = 3,
=-1380 and ¢ = 72,000.

1380+ \/(rmeaz——&(a)ﬁﬂee)

X= 2(3)
_13SOi 040,400 ~1380+1020
= 6 - 6
= 2400 360
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 formula with a = 2,
b =-200 and ¢ = 3200.

. 200++/(~1020)? —4(2)(3200)

2(2)
200+.14,400 200+120

320 480
X=T or ")
x=80 or 20

The store will break even when it sells

either 20 exercise machines or 80 exercise
machines.

Since this is a parabola that opens downward,
the monthly price that maximizes visits is
found at the vertex.

056 _¢7q

~2(-0.004) _

Chapter 1: Functions 25

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 this is a parabola that opens
downward, the maximum profit is found
at the vertex.

_ 1380 _ 1380 _ 53
2(:3) -6
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.

X

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 this is a parabola that opens
downward, the maximum profit is found
at the vertex.

200 _ =200 _ g

22"

Thus, profit is maximized when 50

exercise machines are sold per day. The

maximum profit is found by evaluating

P(50).

P(50)=-2(50) +200(50)-3200
=$1800

Therefore, the maximum profit is $1800.

(w+a)(v+b)=c

v+b=—C—
w+a
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84.

86.

88.

Exercises 1.3

f (1)=-0.077(1)° ~0.057(1)+1
=-0.077-0.057+1
=0.866
So a 65-year-old person has an 86.6%
chance of living another decade.

f (2)=-0.077(2)*~0.057(2)+1
=-0.308-0.114+1
=0.578
So a 65-year-old person has a 57.8%
chance of living two more decades.

f (3)=-0.077(3)*~0.057(3)+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=09x%-3.9x+12.4

y =0.9(20)% —3.9(20) +12.4
y=294.4

So the global wind power generating
capacity in the year 2015 is about
294 thousand megawatts.

2020 -1995 =25
y=0.9x%-3.9x+12.4

y =0.9(25)2 —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 limit is
f(x)=0.7(220— x) =154 -0.7x
The lower limit is
f(x)=0.5(220 - x) =110-0.5x

85.

87.

Chapter 1: Functions

_;_ﬁ_ﬂ__ﬂ-ﬂ"'

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

y =0.831x2-18.1x+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 =0.831x2-18.1x+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%.

(1OO—x)x:1OOx—x2 or —x2+100

f(x) =100x—x2 or f(x) =—x?+100x

Since this function represents a parabola
opening downward (because a = -1), it is
maximized at its vertex, which is found
using the vertex formula, x = ;—b , with

a

a=-1and b=100.

=100 _

= = 50
She should charge $50 to maximize her
revenue.

X =

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) =80 bpm

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.

EIFETE =T
g=axEthxtc
2=.4341991342
b=-3. 26025974
c=11.64353635
Fe=.95¢710E314

a. I

1

0
1
Z
k3
I‘
£
B

Lzit=11.

y =0.434x% —3.26x+11.6
b. For year 2016, x = 8.6.

y =0.434(8.6)°~3.26(8.6) +11.6 ~15.7%

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 is linear and 5 is halfway

between 4 and 6, f(5)=9 (halfway between
7 and 11).

m is blargs per prendle and %ﬁ ,S0Xisin

prendles and y is in blargs.

No, that would violate the vertical line test.
Note: A parabola is a geometric 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. f(x) = 1

X+4
f(-8)=—1—=1
-3+4
b. Domain = {x | x #-4}
c. Range={y|y#0}
2
a f0)=57
2
f(—l)=(_—l):_l

90.

92.

94.

96.

98.

Chapter 1: Functions 25

K] Lz LF H | (ER R
ﬁ'-_:l ______ g=axithx+o
: Tte ==, 1530357143
E R b=.3116071429
c c.ig C=. 330
F; 78R Re=,995285137
Lziti=, 7E

y =0.153x2 +0.312x+0.335

b. Foryear 2020, x = 7.

y= 0.153(7)2+0.312(7) +0.335~ $10
For year 2030, x = 8.

y= 0.153(8)2 +0.312(8) +0.335~ $12.60

f(4) =9, (since the two given values show
that x increasing by 1 means y increases by 2.).

The units of f(x) is widgets and the units of

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

If a is negative, then it will have a vertex that is
its highest value. If a is positive, then the
equation will have a vertex that is its lowest
value.

Either by the symmetry of parabolas, or, better,

by taking the average of the two x-intercepts:

the + part of the quadratic formula will cancel
—b

leaving just 2.
out, leaving just >

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

a. f(x) = 1

(x-1)°
f(-y=—o= -1
(-1-12 4
b. Domain={x|x+#1}
c. Range={y|y>0}
2
- X~
a f(X)_x+2
2
f(2)=2- -1
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Exercises 1.4 Chapter 1: Functions

141 2 2+2
b. Domain = {x|x#1} b. Domain = {x|x # 2}
c. Range={y|y<Oory>4} c. Range={y|y<-8ory>0}
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11.

13.

15.

17.

19.

Exercises 1.4

*100=5Ga)
f(2)=—12— -1
2(2+4)

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

a. g(x):lx +2 |
g(—5): (—5)+ 2=-3=3
b. Domain =[]
c. Range={y|y>0}
x> +2x4-3x3=0
x‘o’(x2 +2x—3):0
x3(x+3)x-1)=0
Equals 0 Equals 0 Equals 0
atx=0 atx=-3 atx =1

x=0,X 533,34l x5l
5x(x2 —4) =0
5x(x-2)(x+2)=0
Equals 0 Equals 0 Equals 0

atx=0 atx=2 atx =—
x=0,x=2,and x =2

2x3 +18x =12x?
2x3-12x% +18x =0
2x(x2—6x+9)=0
2x(x-3)%=0
Equals 0 Equals 0

atx=0 atx=3
x=0and x=3

6x° = 30x*

6x*(x=5)=0
E@Jéls—ﬁ Mals#)o

atx=0 atx=5
x=0and x=5

35512 _gyx3/2 — gyl/2
3x5/2 _gx3/2 _gyl/2 _
3x2 (x2 —2x—3):0
3x2(x=3)(x+1) =0
Equals 0 Equals0 Equals 0
atx=0 atx=3 atx=-1
x=0, x=3 and x=-1

Valid solutions are x = W =3.
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10.

12.

14.

16.

18.

20.

Chapter 1: Functions

& 100=552%
f(4)=—0"26 _1
-4(-4-4) 2

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

a.  g(x)=x+2
9(-5=|-9+2=5+2=7

b. Domain = [J

c. Range={y|y>2}
x6—x®-6x4=0
4(,2
X (X" =x-6 )0
)
X*(x=3)x+2)=0

Equals 0 Equals 0 Equals 0
atx=0 atx=3 atx=-2

X = 0,X 5 gangy3 =9

2x3(x2-25) =0
2x3(x—5)(x+5) =0
Eauals 0 Eauals 0 Eauals 0

atx=0 atx=5atx=-5
x=0,x=5,and x=-5

3x3 +12x% =12x3
3x*—12x3 +12x% =0
3x2(x2—4x+4)=0
3x%(x-2)* =0
Equals 0 Equals 0

atx=0 atx=2
x=0and x=2

5x4 =20x3

5%%(x ~4)=0
Buats @xuats 0
atx=0 atx=4
x=0and x=4

o712 4 8y5/2 _ 9ay312
2x712 18x512 _24x3/2 =0
2x3/2(x2+4x—12):0
2x32(x+6)(x-2) =0
Equals0 EqualsO Equals0
atx=0 at xX><6 atx=2
x=0, X><6 andx=2

Valid solutions are x =0 and x = 2.
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28 Exercises 1.4 Chapter 1: Functions

[

on [0, 4] by [-5,25] on [0, 6] by [-300, 25]
x=0andx=1 x=0and x=6

23. /rm,_ \jl 24, /
on [-3, 3] by [-25, 10] on [-4,2] by [-25, 10]
Xx~-1.79,x=0,and x ~ 2.79 X~-3.45,x=0,and x ~ 1.45

25.
26.
217. 28.
29. y 30.

4 —+4

2 -

N
‘21| 2 R
3L : : | 32. AT
on [-2, 10] by [-5, 5] on [-2, 10] by [-5, 5]

33. Polynomial 34, Piecewise linear function
35. Piecewise linear function 36. Polynomial
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Exercises 1.4 Chapter 1: Functions

37. Polynomial 38. Piecewise linear function
39. Rational function 40. Polynomial
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41.
43.
45,

47,

49,

51.

53.

55.

Exercises 1.4

Piecewise linear function
Polynomial
None of these

a Yy
b. Y1
C.

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

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

a f(g(x)=[a(x)] =(7x-1°

b g(f(x))=7 f(x) -1

=7(x%)-1
=7x°-1
1
f(g(x))= 0(x) " x2+1

g(f(x)= f(x)T +1:X%+1
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42.
44,
46.

48.

50.

52.

54.

56.

Chapter 1: Functions

Rational function
None of these
Polynomial

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

= x -1=x"-1

& fo(x)=9(x)- g(x)
2 \/_
=X"+1-/x"+1

Vo
et =l X

a. f(g(x)):{@ﬂ:.(x 3+x)_+_1

[o()]' -1 (x®+x)' -1

o(f(x))= f(x)T; f(x)

30



31 Exercises 1.4

_(x*-1) _x-1

xX+1 x3+1

57. a  f(g(x))=2[9(x) -6
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58.

Chapter 1: Functions

:fx4+1\ +x4+1

f(g(x))=Tg(x)1°+1

=E3x—ﬁ)3+1

:x_1+1
g(f(x)=3/(1(0)-1
¥

= X +1-1
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32 Exercises 1.4

59.

61.

63.

65.

67.

f (x+h)=5(x+h)?=5(x?+2hx+h?)

=5x2 +10hx +5h2

f(x+h)=2(x+h)>=5(x+h)+1

=2x2+4xh+2h?-5x-5h+1

f (x) =5x°

f(x+h)— f(x) _5(x+h)*-5x°

h

_ 5(x* +2xh +h*) —5x°

h
_ 5x® +10xh +5h? —5x°

h
_ 10xh +5h?

h
h(10x +5h)

h
=10x+5h or 5(2x + h)

f(x)=2x2—5x+1

f(x+h)—  (x) _2(x+h)® =5(x-+h) +1—(2x* ~5x+1)
h h

_ ;(5;+2xh +h%)—5(x+h) +1—(2x2—5x+1)

_ 2x% +4xh +2h® ~5x-5h +1-2x? +5x -1

h

_ 4xh+2h%_5h

h
_ h(4x+2h-5)
- h
=4x+2h-5

f(x):7x2—3x+2

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(14x+7h-3)
- h
=14x+7h-3

h

60.

62.

64.

66.

68.

Chapter 1: Functions 32

f(x+h)=3(x+h)*=3(x2+2hx+h?)
2 2

=3X +6hx+3h

f(x+h)=3(x+h)?=5(x+h)+2
=3x°+6hx+3n?%-5x—5h+2

f (x) = 3x2
f(x+h)— f(x) _3(x+h)*-3x°

h
_3(x*+2xh+h*) -3¢

h
_ 3x% +6xh +3h2 —3x?
h

_ 6xh +3h?
h
h(6x +3h)

h
=6x+3h or 3(2x+h)

f(x):3x2—5x+2

f(x+h)—f (x)
h
_ 3(x+h)2-5(x-+h) +2~(3x*~5x+2)

h

_ 3(x*+2xh+h?)-5(x+h)+2—(3x* ~5x+2)
h

_ 3x2 +6xh+3h? —5x—5h+2-3x? +5x—2

h
_ 6xh+3h° —5h
h
h(6x+3h-5)

h
=6x+3h-5

f(x):4x2—5x+3

f(x+h)-f (x)
h
_ A(x+h)*-5(x+h) +3—(4x*~5x+3)

h
_ 4(x% +2xh+h?)=5(x+h)+3—(4x2 —5x+3)
h
_ 4x?2 +8xh+4h? —5x—5h+3-4x? +5x-3

h
_ 8xh+4h’ —5h
h
_ h(8x+4h-5)
B h
=8x+4h-5
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33 Exercises 1.4
69. f(x)=x3
fox+h) = (0 _ (x+h)*—x°
" _ x +3x%h+3xh? +h3 3
_ 3x*h+3xh? +T13
_h(ax? +gxh +h?)

=3x% +3xh + h?

71. f(x)=§

2 2

f!X+h!—f!X!_X+h Xh

=

2 2

_x+h x X(x+h)
h X(x+h)

_ 2x=2(x+h)

hx(x + h)
_ 2x=2x-2h

hx(x + h)
__=2h
" hx(x+h)
=2

x(x+h)

73 f=-=1

X2

1 1
fx+h)— F(x) _ (x+h)? x?

h h
1

(x+h)? x2 x2(x+h)?2

h X2 (x +h)?
_ X2 — (x+ h)2
"~ hx%(x+h)?
_ x2 —x% —2xh —h?
 hx3(x+h)?
_ —2xh-h?
" hx2(x +h)?
_ _h(=2x-h)
"~ hx?(x +h)?
_ —2x-h or —2x-h

Cx2(x+h)2 x3(x% +2xh +h?)

—2x-h
or
x4 4+ 2x%h + x?h?

© 2016 Cengage Lea20ibg Gdhggbts lreaenirgl. Miayginis bessraadebl|ayopatdeos cuptied e pie gosteh phicaped)| imhpasoed stk puttisite accadsileowibgsid, in whole or in part.

Chapter 1: Functions

70. f(x)=x*
f(x+h)—f(x) _ (x+h)*—x*
h h
_ x*+4x3n+6x%h? +4xh® +h* x*
h
_ 4x°h+6x°h? +4xh® +h*
h
_ h(4x3+6x2h+4xh2+h3)
h
=4x%+6x%h+4xh?+h°
72 f(x)=3
X
3 3
fx+h)-f(X) _x+h xh
- h
3 3
_x+h x x(x+h)
h x(x+h)
_ 3x=3(x+h)
hx(x + h)
_ 3x-3x-3h
hx(x + h)
__=3h
hx(x+h)
__-3
x(x+h)

74, fO)= x
S

f(x+h)—f(x) _J/x+h-x

h h
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34 Exercises 1.4
75. a. 2.70481
b. 2.71815
C. 2.71828
d. Yes, 2.71828

77.  Thegraphof y=(x +3)3 + 6 is the same shape as the

graph of y = x 2 but it is shifted left 3 units and up 6

units.
Check:

| |

N [—10, 10T by [—10, 10]

79 P(x)=522(1.0053)"
P(50)=522(1.0053)"° ~680 million people in 1750

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

£(3000) = 0.10(3000) = $300

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

f (x)=0.10x
f (5000)=O.10(5000)=$500
C. For x = 10,000,

use f(x) =500 + 0.30(x — 5000).
f(x) =500+ 0.30(x — 5000)

f(0,000) = 500 + 0.30(10,000 —5000)
— 500 + 0.30(5000)
= $2000

X

5000 10000

76.

80.

82.

Chapter 1: Functions 34

[t
X

100 | 2.70481
10,000 | 2.71815

1,000,000 | 2.71828
YeR D003Y | 2.71828

The graph of y = —(x —4)2 + 8 is the same
shape as the graph of y = —x? but it is shifted

right 4 units and up 8 units.
Check:

£\
N

7

P(100) = 522(1.0053

ON =10, T0T by [=10, 10]

)lOO

~ 886 million people in 1800

For x = 3000, use f(x) = 0.15x.
f(x)=0.15x

£(3000) = 0.15(3000 )= $450

For x = 6000,
use f(x) = 0.15x.

f (x)=0.15x
f (6000)=0.15(6000)=$900
For x = 10,000,

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

f(10,000) = 900 + 0.40(10,000 —6000)
— 900 + 0.40(4000)

= $2500

2500 -
2000 -
1500 -
1000 -

500 -

| | | .
T T T > X
3000 6000 9000
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35 Exercises 1.4 Chapter 1: Functions
83. For x:%,use f (x) =10.5x . 84. a gy x=%,u5e f(x) =15x .
f (x) =10.5x f (x) =15x
f(5)-105(3) f(5)-25(3)
3 3 3 3
=7 years =10 years
For X =3, Use f(x)=10.5x. For x =3, Use f(x) =15+9(x—1).
f (x) =10.5x f(x)=15+9(x-1)
f(‘—‘)=10.5(4) f(4)=15+9(4—1)
3 3 3 3
=14 years =18 years
For x=4,use f(x)=21+4(x-2). For x=4,use f(x)=15+9(x-1).
f(x)=21+4(x-2) f(x) =15+9(x-1)
f(4)=21+4(4-2) f(4) =15+9(4-1)
=21+4(2) =15+9(3)
=29 years =32 years
For x=10,use f(x)=21+4(x-2). For x=10,use f(x)=15+9(x-1).
f(x)=21+4(x-2) f(x)=15+9(x-1)
f(10) =21+4(10-2) f(10) =15+9(10-1)
=21+4(8) =15+9(8)
=53 years =56 years
y b. ¥
60 60
50 50
40 40
30 30
20 x 20
T i B L O T 10
123456789
1234561789
85.  Substitute K =24-L" into 3L+8K =48. 86.  Substitute K =180-L" into 5L+4K =120 .
3L+8(24-L) =48 5L+4(180- L) =120
3L+&L2=48 5L+%=120

3% +192 = 48L

512 +720=120L
512 -120L+720=0

35

312 -48L+192=0

3(12-16L+64) =0 5(12 - 24L+144) = 0

3(L-8)%=0 5(L-12)?=0
So, L=8. So, L=12.
And K:24-8‘1:28—4:3 And K:180-12‘1:%:15

The intersection point is (8, 3). The intersection point is (12, 15).

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

R(v(t)=2[v(t)]"

=2(60+3t)"*

Then find R(v(10)).
R(v(10))=2(60+3(10))"* = 2(90)"
~ $7.714 million
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36 Exercises 1.4 Chapter 1: Functions

88. We must find the composition R(p(t)).
R(p(1))=3lp(t) " L

3(55

+ 4t
)0.25

R(5)=3[55+4(5)]°%°
=3(75)%%
~$8.8 million
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37 Exercises 1.4

89. a.  f(x)=4'"=1048576 cells
~1 million cells
b.  f(15) = 4™ =1,073 741,824 cells
No, the mouse will not survive beyond
day 15.
P
91. a. =gk

5=9. 0013745365
b=. 34744355395
e b b = TR T
r=-.299323613

Liifr=1

y =9-0.547* (rounded)

b. For year 2020, x = 6.
y =9-0.547% ~0.24 weeks
or less than 2 days

93. One will have “missing points” at the

excluded x-values.

95. A slope of 1 is a tax of 100%. That means, all
dollars taxed are paid as the tax.

97. f(f(x))=(f(x))+a
=(x+a)+a
=X+2a

99, f (x+10) is shifted to the left by 10 units.

101 False: f(x+h)=(x+h)2=x2+2xh+h?,

not x2+h?.

103. 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 e—>,

b. Domain = [1; range = the set of integers

105. & f(g(x))=a[g(x) +b=alcx+d)+b

90.

92.

94,

96.

98.

100.

102.

104.

106.

Chapter 1: Functions

The value 2020 — 2012 = 8 corresponds to the

year 2020. Substitute 8 for x.

f (8) = 226(1.12)® ~ $521 billion
There will be about $521 billion
of e-commerce in the year 2020.

L= 1| ExFEe=3
=gk

L1 =1

5=19, B4 250953
b=1.035331 5683
"""""" rE=, 3991 FRANEE
r=. 3953203

y =19.04-1.096* (rounded)
b.  Foryear 2020, x = 5.

y =19.04-1.096° ~ 30.1 million

e

X 2+1isnota polynomial because the
exponent is not a non-negative integer.

F(f())=a(f(x)

=a(ax)
=a’x

f(x)+10 is translated up by 10 units.

f(x+10)+10 is shifted up 10 units and left 10

units.

True: f(x+h)=m(x+h)+b
=mx+b+mh

= f(x)+mh

a. -

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

b. Domain = [J ; range = the set of even
integers.

a f(g(x))=|£g(x)]2=(x2)2=x4
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Exercises 1.4 Chapter 1: Functions

=acx+ad +b

b. Yes b.  Yes, because the composition of two

polynomials involves raising integral
powers to integral powers.
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39

Exercises 1.4

Chapter 1: Functions

REVIEW EXERCISES AND CHAPTER TEST FOR CHAPTER 1

1.

11.

13.

15.

{x]2<x<5}
T I T T |
L L L L L S |
1 2 3 4 5 & 7
{x|x>100}
I N T W
LI LI L LI L L L LB
96 98 100 10z 104

Hurricane: [74, 0); storm: [55, 74);
gale: [38, 55); small craft warning: [21,38)

y-(=3)=2(x-1)
y+3=2x-2
y=2x-5

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

First, calculate the slope from the two points.
2-(-1) 3
Now use the point-slope formula with this
slope and the point (-1, 3).
-3=-2|x=(-1
-3=-2 X z( )]
y=-2x+1

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).
m= 1—_(1%13 =2

Thus the equation of the line isy = 2x — 1.

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

useful lifetime

= 25,000 — ( 2405300

2.

10.

12.

14.

16.

{x|-2<x<0}
H——
-3 -2 -1 0 1 2
{x|x<6}
L pmaanessses
4 7 3 9
a. (0,0
b. (—0, 0)
c.  [0,)
d. (—O0,0]
y—6=-3[x - (-1)]
y—6=-3x-3
y=-3x+3

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

y=3.

First find the slope of the line x+2y =8.
Write the equation in slope-intercept form.

y=—1x+4.

2
The slope of the perpendicular line is m = 2.
Next, use the point-slope form with the
oint (6, —1):
P yL Y1 :)m(X—Xl)
y+1=2(x-6)
y=2x-13

Since the y-intercept is (0, 1), b = 1. To find the
slope, use the slope formula with the points (0,
1) and (2, 0).

The equation of the line is y =— % X+1

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

Value = price — (m)t

useful lifetime

15

- 25,000_(M)t
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36 Exercises 1.4 Chapter 1: Functions

= 25, 000 - 3000t _ _ 78.000—3000
b.  Value after 4 years = 25,000 —3000(4) = 78,000 ( )t
= 25, 000 - 12,000 — 78 000 _ 75,000 t
=$13,000 ' ( 15 )

= 78,000 —-5000t

b.  Value after 8 years = 78,000 — 5000(8)
= 78,000 — 40,000
= $38,000
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35 Review Exercises and Chapter Test for Chapter 1
17. L1 Lz [ 1 1hEea
LI . w=ax+h
: e a=5.084
y 178 =-2, 43
____________ PE=, IAALL04015
r=. 220534507
Litii=]
y =5.04x—2.45

18.

20.

22.

24.

26.

28.

29.

30.

3L

For the year 2020, x = 12
y =5.04(12) - 2.45 =58.03
or about 58 thousand

6\ _62 _
(I)‘l_z‘%
64Y2 = \f64 =8
3/4 8 3
e* (1) :(4i\| :(l\' 1
81 K81) K3) 27
_ =213 __ 23 ( \2
27
Fo) )
27 8 . 8
=(_§)2=g
2 4
13.97

a.  y=086x%4

y =0.86(4000) *4" = 42.4

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

A y=17x0%

y =1.7(4000) %% =126.9
The weight for the top warm-blooded

plant-eating animals in Hawaii is 126.9
Ibs.

L 1FurkEe3

g=a&x b

=4, 50816262
=. 64353430324
Fe=.97E111459
=, 3925844 54

Liifi=1

y= 4.55x0:643 (rounded)

NN

19.

21.

23.

25.

217.

Chapter 1: Functions 35

b.  The number is increasing by about 5000
3D screens per year.

3
(1) 1

100 | . 1000
\ 100) \10)

112.32

b, y=0.86x°%%
y = 0.86(9,400,000) %47 =1628.8

The weight for the top cold-blooded meat-
eating animals in North America is 1628.8
Ibs.

b. y=1.7x 0.52
y =1.7(9,400,000) ®%2 = 7185.8

The weight for the top warm-blooded
plant-eating animals in Hawaii is 7185.8
Ibs.

b. Foryear 2020, x = 12.
y = 4.55(12)°%* < $22.5 billion
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Chapter 1: Functions 36

Review Exercises and Chapter Test for Chapter 1

36
f(11) = 11-7=4=2 32 g(-1) =
) . A
%
b.  Domain = {x | x > 7} because /x—7 b.  Domain = {t|t#-3}
is defined only for all values of x > 7.
c. Range={y|y#0}

c. Range={y|y>0}
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37

33.

35.
37.

39.

41.

42.

Review Exercises and Chapter Test for Chapter 1

h(16)=163/% = (L) - (‘{/I\ 34.
16 | 16|
, L)
)4

Domain = {w | w > 0} because the fourth

root is defined only for nonnegative

numbers and division by 0 is not

defined.

Range = {y |y > 0}
36.
38.

107 40.

[SUT Y

T T T
/3 5

a.

ro--
L

\
3x%2+9x=0
3x(x+3)=0

Equals 0 Equals 0
atx =0 atx=-3
x=0and x=-3

2x2-8x-10=0
2(x2-4x-5)=0

(x=5)(x+1)=0
Equals 0 Equals 0
atx =5 atx=-1
x=5and x=-1

Chapter 1: Functions

3
a. W(8):8 4/3 _ 1 (3 1)
| gl
f
L)
-(3) ‘i
“\2) 16
b.  Domain= {z |z # 0} because division by 0
is not defined.
c. Range={y|y>0}
No
5]
A
ETE N 34
_2__
_al
b. Use the quadratic formula with a = 3,
b=9,andc=0
—9+./9%-4(3)(0) _g1. 1
2(3) - 6
_ =949
6
=0,-3
x=0and x=-3
b. Use the quadratic formula with a = 2,

b=-8,andc=-10

—(-8)+/(-8)2 - 4(2)(-10)

2(2)
_8+./ 64480
- 4
_8+£12
4
=5-1
x=5and x=-1
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38 Review Exercises and Chapter Test for Chapter 1
43.  a. 3x2+3x+5=11
3x*+3x-6=0
3(x?+x-2)=0

45.

47.

49,

51.

(x+2)(x-1)=0
Equals 0 Equals 0

atx =2 atx =1
x=-2and x=1

b,
-3:.[3 4(3)(6) 3, o7

2(3) B 6
S
_ =3+ 81
6
_ =349
6
=-21
x=-2andx=1

a. Use the vertex formula with a =1 and

b=-10.
X:__b::(—_l()):QZS
2a 2Q) 2

To find y, evaluate f(5).
f (5)=(5)"-10(5)—25=-50
The vertex is (5, —50).

N

on [-5, 15] by [-50, 50]
Let x = number of miles per day.
C(x) = 0.12x + 45

Let x = the altitude in feet.
T(x)=70- %n

a. Tofind the break even points, solve the

equation C(x) = R(x) for x.
C(x)=R(x)
80x +1950 = —2x? + 240x
2x% ~160x +1950 = 0

x> — 80X +975=0
(x—65)x —15)= 0

EqualsO  Equals 0
atx =65 atx=15

44,

46.

48.

50.

52.

Chapter 1: Functions 38

0+ 0°4(4)(4) f7
2(4) "8

+8

B

=+1

x=2landx=-1

a. Use the vertex formula with a =1 and

b =14,
X:__b:__l4:_7
2a 2(1)

To find y, evaluate f(—7).
f(=7)=(-7)* +14(-7)-15=—64
The vertex is (-7, —64)

A
N

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

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

Let t = the number of years after 2010.
C(t)=0.45t+20.3
25=0.45t+20.3
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.
C(x)=R(x)
220x + 202,500 = —3x% + 2020x
3x? ~1800x + 202,500 = 0

x? —600x + 67,500 =0
(x—450)(x-150)=0

x=65and x=15
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39 Review Exercises and Chapter Test for Chapter 1 Chapter 1: Functions 39

The store breaks even at 15 receivers and Equals 0 Equals 0

. at x =450 at x =150
at 65 receivers. X =450 and x =150

The outlet breaks even at 150 units and 450
units.
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40

Sl

53.

54.

56.

58.

60.

Review Exercises and Chapter Test for Chapter 1

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

P(x) = (—2x2 + 240x) — (80x +1950)

=-2x2+160x —1950
Since this is a parabola that opens
downward, the maximum profit is found
at the vertex.
=b _ =160 _ =160 _ 4

2a 2(-2) 4

X =

Thus, profit is maximized when 40
receivers are installed per week. The
maximum profit is found by evaluating
P(40).

P(40)= —2(40)2 +160(40) 1950
= $1250

Therefore, the maximum profit is $1250.

adRes
g=ax i thx+o
a=1.675
b=.435

c=21,625
Rz=,2993306459

Liifr=1

y =1.675x% +0.435x + 21.625 (rounded)
a. f (_1) — 3 — 3 — 1
-1 -1-2° 3

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

a.  g(-4)=|-4+2-2=2-2=0

b. Domain=%R
c. Range={y|y>0}

5x* +10x 3 =15x 2
5x 4 +10x3-15x2 =0
5x2(x2 +2x—3):0
x2(x+3)(x—l)=0
Equals 0 Equals 0 Equals 0

atx =0 atx=-3 atx =1
x=0, x=-3,andx =1

/ / /
;2% 2 -8x%% =10x'2

/

52.

55.

57.

59.

61.

o

Chapter 1: Functions 40

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

P(x) = (~3x” +2020x ) - (220 + 202,500

= —3x% +1800x — 202,500

Since this is a parabola that opens
downward, the maximum profit is found at
the vertex.

«— =b _ ~1800 _ ~1800 _ 5,
2a 2(-3) -6

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

2

P(300)=-3(300) +1800(300)-202,500
~$67,500

Therefore, the maximum profit is $67,500.

For year 2020, x = 12.

y =1.675(12)% +0.435(12) + 21.6
~ $268 billion

£ (_3)=¢=1_6 _1
(-8)(-8+4) 32 2

Domain = {x | x #0, x #-4}

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

9(-5)=(-5)-|-5|=-5-5=-10

Domain =R
Range ={y [y > 0}

4x° +8x* =32x°

4x°+8x*-32x%=0
4x3(x2+2x—8):0
x3(x+4)(x—2)=0

Equals 0 Equals 0 Equals 0

atx =0 atx= -4 atx =2
x=0, x=—-4, andx =2

/ / /
3x? % +3x°2 =18x*2

/

/ /
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41 Review Exercises and Chapter Test for Chapter 1 Chapter 1: Functions

2x°2 -8x3% -10x'2 =0

2xt2(x? —4x—-5)=0

xt2(x=5)(x+1) =0
Equals 0 Equals0 Equals 0
atx=0 atx=5 at x=-1
x=0, x=5and x=-1

Only x =0 and x= 5 are solutions.
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3x°24+3x°2-18x'2 =0
3 2(x2 +x—6)=0
xt2(x+3)(x-2)=0
Equals0 EqualsO Equals 0
atx=0 at x=-3 atx=2
x=0, x=-3 andx=2
Only x =0 and x = 2 are solutions.
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42 Review Exercises and Chapter Test for Chapter 1 Chapter 1: Functions

62.
64.
66.
:%+1 NE
X
b f(x))=—to=—1
68. a. f(g(x)):ggxﬁlzii_l 69. a f(g(x)):|g(x) :|x+2|
g(x)-1 x3-1
0 fx [ ¢ X’ o g(1(x)= (x)l+2=x+2
b
OV L Oy ()
70.  f(x)=2x?-3x+1 1 =2
f (x-th)—f (x) X s
h f(x+h)-f(X) x+n —x
2(x+h)%—3(x+h) +1- (2x*=3x+1) =
- h h
h _5 _5
_ 2(x2+2xh +h?) - 3(x+h) +1— (2xZ—3x+1) _x+h x X(x+h)
- h h x(x+h)
_ 2x2+4xh+2h? ~3x-3h +1-2x% +3x 1 =4x+2h-3
h
_4xh+2h?—3h
h
:h(4x+2h—3[
h
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Review Exercises and Chapter Test for Chapter 1 Chapter 1: Functions

_ 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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44 Review Exercises and Chapter Test for Chapter 1 Chapter 1: Functions

72.  The advertising budget A as a function of t is 73.  a x* -2 -3x* =0
the composition of A(p) and p(t). x2(x2 —2x-3)=0
A(p(1))=2[ p(t)]** =2(18+2t)* X2 (x—3)(x+1) =0
_ 015 _ 0.15 Equals 0 Equals0 Equals 0
A(4) 2[18+2_(Af)] 2(26) atx=0 atx=3 atx=-1
~ $3.26 million x=0, x=3 andx=-1
b.

L
\

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

74.  a x*+2x%-3x=0 7. a
x(x2+2x-3)=0
x(x+3)(x-1)=0

Equals 0 Equals 0 Equals 0
atx =0 atx=-3 atx =1

x=0, x=-3 and x=1 W gles 0 761X
b. b.  For year 2020, x = 4.
y=6.52-0.761* ~ 2.2

2.2 crimes per 100,000

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

EXERCISES 2.1

1. X |5x—7 X |5x—7
1.9 2.500 2.1 3.500
1.99 2.950 2.01 3.050
2,999m (5%2.395 3 2.001 |3.005

X—2
b. lim (5x-7)=3
x—27F
c. lim(x-7)=3
X—2
3. X X3—1 X Xs_l
x-1 x-1
0.900 2.710 11 3.310
0.990 2.970 1.01 3.030
0.999 2.997 1.001 | 3.003
a lim X =1_3
xo1” X=1
3
b. lim X=1_3
xolt X=1
3
c. lim*=1_3
x—>1 X—1
5
X L+ 2x)H x | @r2x”
0.1 9.313 0.1 6.192
-0.01 7.540 0.01 7.245
~0.001 7.404 0.001 |7.374
lim @ +2x)Y* ~ 7.4
x—0
1_1 1.1
7. X x—2 X x=2
X—=2 X—2
1.9 —0.263 2.1 -0.238
1.99 ~0.251 2.01 -0.249
1.999, ; |-0.250 2.001 |-0.250
lim* 2=-025
X—2 X—2
9.
n[0.21 by [0 5T
1
1.1

10.

Chapter 2: Derivatives and Their Uses

x |2x+1
X | 2x+1 4,100 9.200
4.010 9.020
3.9 8.800
&99' 8.980 4,001 9.002
3.998im (2k8:9ps 9
X—4
b. lim (2x+1)=9
x—4+
c. lim(2x+1)=9
X—4
x | x*=1 X x* -1
x—1 x—-1
0.9 3.439 1.1 4.641
0.99 3.940 1.01 4,060
0.999 |[3.994 1.001 4.006
a lim X4=1l_y4
x—1~ X—1
4
b. limX=1_4
x—1t X—1
4
c. lim¥=1_4
x—>1 X—1
X |a—xf“ X |a—xf“
-0.1 0.386 0.1 0.349
-0.01 0.370 0.01 0.366
-0.001 9368 0.001 0.368
lim @ - x)** ~0.368
x—)O( ) \/_
X Xx-=1
X X-=1
x-1 X—1
0.9 0.513 11 07488
0.99 0.501
1.01 0.499
0.999 0.500
: _ 1.001 [0.500
hmji——:QS
x—>1 X-=1
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. lim =6
limX—=1 -1.
xl—>mll—X x>15 X~15
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43 Chapter 2: Derivatives and Their Uses Chapter 2: Derivatives and Their Uses

11. | 12.

———

n [0.5, 1.5] by [0, 3

on [3, 51 by [, 3]

—

15 0.5
x4 XI5 —2x Xx->lX— X
lim 4x% —10x+2 =4(3)2-10(3)+2 = 8 fim X2 _ (DET_
13, lim 4x" -10x+2 =4(3)" ~10(3) +2 = 4. lim == 2(7)-7
3x25x  3(5)*=5(5) 3z B
15. = 16. lim t +t-4= (3) +3-4=2
Ln}, 7x-10 ~ 7(5)-10 2 t3 ®)
NE
[
17.  lim+/2 =+/2 because the limit of a constant is 18. Iimin 8+2 __:7
X3 q>98-2 q 8-2 9 2
just the constant.
19. Iim[(t+5)t‘l/2 = (25+5)(25) Y2 =6 20. Iim(sm 351/2) [43/2 3(4)1/2J
t—25 s—4

21. hlim0(5x3+2x2h—xh2)=5x3+2x2-0—x(0)2=5x 2. rllim0(2x2+4xh+h2)=2x2+4x-0+(0)2=2x2
- —

2 _
93 lim X724 jjm (X+2)(x=2) 24, lim—X=1  _jjm—x-1
w2 X=2  x2  X=2 xolx2+x—2 xol(X+1)(x-1)
=lim(x+2)=2+2=4 —lim-Ll._-_1 _1
X—2 x—>1X+2 1+2 3
lim X+3 im X+3 . ox2 +9x+20 _ (X+5)(x+4)
25. x>-3x2 +8x+15 x->-3(X+3)(X+5) 26. lim X+ 4 lim 44
X—>—4 X—>—4
— Ilm l — 1 =l = Ilm X+5=—4+5=1
x>3X+5 -3+5 2 x—>-4
3x3-3x2—6x 3X(x2—x-2) x&—x X(x=1) x-1
27. li =i 28. li =i =i =-1
im . im X(x+1) im im X(x-+1) im
X—1 2 x—-1 3X(X=2)(x+1 =0 X +X x—0 X—0 X+1
— lim X(x+1)
x—-1
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29.

Chapter 2: Derivatives and Their Uses Chapter 2: Derivatives and Their Uses

= lim 3(x~2)=3(-1-2)=-9

L 2xh-3h _ - sxhooxn? L4
lim = lim(2x-3h) =2x -3(0) = 2x =2 A -
Jim S5 = lim( ) (0) 30.  lim P lim (5x” —9xh)
=5x% — 9x(0) = 5x*
2hiyh2 3 2 _yh2 . p3
lim AXhxhS=h iy 452 4 xh - n2) 3. [lim Xh=xh=4h = lim (x? —xh+h?)
h—0 h h—0 h—0 h h—0
2 2 2
=4x2 +x(0) - (0)* = 4x? = X" =x(0)+(0)" =x
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Exercises 2.1

33.

35.

37.

39.

41.

43.

45,
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o

lim_ f(x)=1
X—2
lim f(x)=3
x—>27F

lim f(x) does not exist.
X—2

XL@, f(x)=-1
XI._I>r51+ f(x)=-1
lim f(x)=-1
X—2

xl—lm‘ T = XLIT’(s -

=3-(4)=-1
lim f(x)= lim @0 -2x)
X—4* X—>4F

=10-2(4)=2

lim f(x) does not exist.
Xx—4

xlamg’ T = XLIT’(Z -9

) =2-4==2
xl—lm* ) = xl—l>njl*(x 9
=4-6=-2
lim f(x)=-2

X—>4

xir(r)]‘ T = xirg‘(_ X)

Jig. 100 =l (9
=0
lim f(x)=0
x—0
|l
X X
X
-0.1 -1
-0.01 -1
-0.001 -1
lim f(x)=-1
x—0
N Ix
X
0.1 1
0.01 1
0.001 1
lim f(x)=1

x—0 ]
lim f(x) does not exist.
Xx—0

- - +
lim x——w lim X3

Chapter 2: Derivatives and Their Uses

34.

36.

38.

40.

42.

44,

I

lim f(x)=1
x—_>2
1. 100 =2

lim (x) does not exist.
X—>2

gg,umzs
Al f(x)=3
5 100 =3

xl—lmf‘ f0) = xI—I>T‘(5 —X)
_ =5-4=1
Jim. 109~ fim @ -9
=2(4)-5=3

lim f(x) does not exist.
Xx—4

XIETA}’ f) = XILT’Q -0

) =2-4==2
XIETA]* f0) = Xl_I)IEL(ZX -10)
=2(4)-10=-2
lim f(x)=-2

X—4

xirg‘ f0) = xirg‘[_(_ Xl

=00
i 169 - im0
lim f(x)=0
x—0
|l
X _X
X
-0.1 1
-0.01 1
-0.001 1
lim f(x)=1
x—0
o |
X
0.1 -1
0.01 -1
0.001 -1
lim f(x)=-1
x—0

lim f(x) does not exist.
x—0

f(x)=0; n@_ig)= f(X) = oo
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Exercises 2.1 Chapter 2: Derivatives and Their Uses

and  46. lim X%—oo+|im f(x)= f an
X—-3 0; (X) d
X—>-3"7
f(x)=
<XDl
so lim f(x) does not existand lim f(x)=0. so lim f(x)=wand lim f(x)=0.
Xx—3 X—>00 X—-3 X—>00
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47.

49,

51.

53.

55.

57.

59.

61.

63.

Exercises 2.1

lim f(x)=0; lim f(X)=ow and
x—0"

X—>—00
lim f(x)=oo,
x—07"

5o lim f(x)=oand lim f(x)=0.

x—0 X—>00

lim f(x)=2; lim f(x)=-0 and
x—1"

X—>—00
lim f(x)=oo,
x—1*

so lim f(x) doesnotexistand lim f(x)=2.

x—1 X—>00

lim f(x)=1 lim f(x)=ow and
X—>-2"

X—>—00
lim f(x)=oo,
x—-2"

so lim f(x)=wand lim f(x)=1.

X—>—2 X—>00

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

w

o

lim f(x)=3; lim f(x)=3
X—3~ x—3*

c. Continuous

X

3 7

=3

lim f(x)=3; lim f(x)=4
X—3~ x—3*"
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48.

50.

52.

54.

56.

58.

60.

62.

64.

Chapter 2: Derivatives and Their Uses

lim f(x)=0; lim f(x)=-o and
x—0"

X——00
lim f(x)=oo,
x—07"

so lim f(x) does not existand lim f(x)=0.

x—0 X—>00

lim f(x)=1 lim f(x)=o and
Xx—-3"

X—>—0
lim f(x)=-o,
x—-3"

so lim f(x) does notexistand lim f(x)=1.

X—-3 X—»00

lim f(x)=2; lim f(x)=o and
x—1"

X——0
lim f(x)=oo,
x—1*

so lim f(x)=w and lim f(x)=2.

x—1 X—>00

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

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

X—C

Continuous

Discontipuous at ¢ because lim f(x) = f(c).
6 X—C

b. lim f(x)=2; lim f(x)=1
X—=3" x—>3*

c. Discontinuous because Iim3f(x) does not
X—>

exist.

b, lim f(x)=2; lim f(x)=2
X—3~ X—37"



46 Exercises 2.1 Chapter 2: Derivatives and Their Uses

c. Discontinuous because Iim3 f(x) does not exist. c. Continuous
X—>
65. Continuous 66. Continuous
67. Discontinuous at x = 1 68. Discontinuous at x =—7 and x = 2
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47 Exercises 2.1
69. f(x)= %2 is discontinuous at values of x
5x°-5x
for which the denominator is zero. Thus, consider
5x3 —5x =0
5x(x? -1)=0

71.

73.

75.

77.

79.

81.

5x equals zero at x = 0 and x2 -1 equals zero at x

=41,
Thus, the function is discontinuous at x = 0,
x=-1,and x = 1.

From Exercise 37, we know Iim4 f(x) does not
X—

exist. Therefore, the function is discontinuous
at x = 4.
From Exercise 39, we know

lim f(x)=-2= f(4). Therefore, the function is
X—4

continuous.

From Exercise 41, we know

lim f(x) =0 = f(0). Therefore, the function is
x—0

continuous.

From the graph, we can see that lim f(x) does
X—6

not exist because the left and right limits do not

agree. f(x) isdiscontinuousat x=6.

LX—_lx)ﬁ—JrZ) is not defined

Since the function

at x = 1 and the function x + 2 equals 3atx = 1,
the functions are not equal.
1/x
X (1+—X) X

10 10

Chapter 2: Derivatives and Their Uses 47

70.

72.

74.

76.

78.

80.

(1+_X)l/x 82.

X+2
-3x3-4x

of x for which the denominator is zero. Thus,
consider

f(x)= v 5 Is discontinuous at values

x*—3x3-4x2=0

( 499 H o
x? 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 Iim4 f(x) does not
X—

exist. Therefore, the function is discontinuous
at x = 4.

From Exercise 40, we know

lim f(x) =-2= f(4). Therefore, the function is
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 lim f (x) does
X—>7

not exist because the left and right limits do not

agree. f(x) is discontinuousat x=7.

(2] (2

1/x
X
(1+2o)
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48 Exercises 2.1

83.

85.

01 111 01 110

0,01 111 0.01 111

0001 |111 0.001 111

0.0001 |1.11 0.0001 |111
1/x

lim (1+ 10) ~$111

im__ 100 __ 100 _100

x-01+.001x2 1+.0010)%> 1

=100

As x approaches c, the function is approaching

lim f(x) even if the value of the function at c is
X—C

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

Chapter 2: Derivatives and Their Uses 48
-0.1 1.05 0.1 1.05
-0.01 1.05 0.01 1.05
—-0.001 1.05 0.001 |1.05
-0.0001 |1.05 0.0001 |1.05
1/x
. l -
tim (1+55) ~$105
84. The left and right limits at 1 ounce, 2

86.

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) . This is not true for a
X—C

discontinuous function.
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85.

87.

89.

91.

93.

95.

Exercises 2.1

As x approaches c, the function is approaching

lim f(x) even if the value of the function at c is
X—C

different, so the limit is where 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 (as we 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 is that the limit and the value at 2 must
agree, so if one is 7 the other must be 7.

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) . This is not true for a
X—>C

discontinuous function.

False: There could be a “hole” or “jump” at
X=2.

True: If lim f(x)=7,then lim f(x)=7 and
xX—2 x—2*

lim f(x)=7.

X—27

True: A function must be defined at x =c to be
continuous at x=c.

True: If a function 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; lim f(x) does not exist; lim f(x) does not exist
x—0% x—0~ x—0

EXERCISES 2.2

1.

The slope is positive at P;.
The slope is negative at P».
The slope is zero at Ps.

The slope is positive at Py.
The slope is negative at P,.
The slope is zero at Ps.

The tangent line at P4 contains the points (0, 2)

and (1, 5). The slope of this line is
m=2=2_3,
1-0
The slope of the curve at Py is 3.
The tangent line at P, contains the points (3, 5)

and (5, 4). The slope of this line is
m=4>3__1

5-3 2

The slope of the curve at Py is — 3.

Your graph should look roughly like the
following:

© 2016 Cengage Lea20ibg Gdhgghts lreaenirgl. Miaygints bessraaedekayopatdeos caiptiedfexd,

The slope is zero at Py.
The slope is positive at P,.
The slope is negative at Ps.

The slope is negative at P.
The slope is zero at Po.
The slope is negative at Ps.

The tangent line at P1 contains the points (1, 4)

and (4, 3). The slope of this line is
mo34_ 1
4-1 3 -

3

The slope of the curve at Py is —* .
The tangent line at P, contains the points (5, 3)
and (6, 5). The slope of this line is
m====2
6-5

The slope of the curve at Py is 2.

"our graph should look roughly like the

$sthke puithisite accedsitdeowizhsés, in whole or in part.
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47 Exercises 2.2
0. fFER-fA)_12-2_¢ 10.

2 2

f(2)-f(l) -2
T =04

f15)-f(1d) 375-2
E =S22=35

fAD-fA)_ 2312
T =eire=3l

11.

13.

15.

fA.01D (1) _2.0801-2 _5¢
01 .01 '

Answers seem to be approaching 3.

f@)-12) 3-8 _,, 12
2 2

L@);_f@)_&f_ﬂ

L(&)B—_f@)_%_m

L(Q).l—_f@)_&gl%_o?

1RO 509028 _q o
.01 .01

Answers seen to be approaching 9.

1613 26-16 . 1
2 2

L(A)I_f@)_%_:

L(ﬁ);_f(ﬂ_%_n

L(ﬂ-).l—_f@)_LilG_:

L(3-_0.1())1—_f(§)_16-é570—116_n

Answers seem to be approaching 5.

(6 ;f 4 :%20,2247 °
f(5)—f (4 - 22362 _o361

1 1 -
f(45 5_f 4) _ 2.1215—2 =0.2426

f(4.1 l—f 4 = 20252 _ 92485

f 4.0101—f 4) _ % =0.2498

Answers seem to approach 0.25.

@®

=h
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f(3)—f (1) -23-7_g
2

2
f(2)-f(1) 13-7
1 —1 68
fLE)-T()_95-7 ¢
5 -5
f(LD-f@ 7.42 7
T =L427T g,

fA.01)-T(1) _7.0402-7 _ 4 »
01 01

Answers seem to be approaching 4.

f(4)-f(2) 23-7 4,
2

2
f(S)If(Zl_L—J_7
L(&)S—_f@) _% _AE
f_(ﬁ)-l—_f@) _ L11—7 —R1
f_(2-_()i)—_f(1) _ 7.0601—7 AN

.01 01
Answers seem to be approaching 6.
f(5);f(3)_% -
L(A)I_f@) _ % -7
f_(ﬁ)s—_f@) _ Lglg -7
f_(ﬂ-).l—_f@l _@ -7
L(s._()igl—_f(g) _ 19.670—119 o

Answers seem to be approaching 7.

f(6 ;f 4 :-55_572—1:—0.1667

fE)=f(4) _8-1_ 4000

1 1

f(4.5 5—f 4) _ %: -0.2222
L(ﬂ)l—_f@) - &1—1 =-0.2439

f(4.01)—f (4 -997%:_0.2494

.01 0

Answers seem to approach —0.25.
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17.

19.

21.

Exercises 2.2

lim f(x+h) —f(x) 18.

h—0 h
(x +h)Z+(x +h) —(xZ+x)

= lim
h—0 h

- lim x? +2xh +h? +x +h—x®> —x h
h—02xh +h? +h

= lim h

= lim 2x+h+1=2x+1
h—0

Evaluating at x =1 gives 2(1) +1=3,
which matches the answer from Exercise 9.

lim f (x+h)—f (x) 20.
h—0 h
_ lim 5(x+h)+ﬁ—(5x+l)

h—0
= lim 5X+5h+l—5X—1

h—0__ h
= lim Sh

h—0 h
= lim 5=5

h—0

Evaluating at x=3 gives 5,
which matches the answer from Exercise 13.

lim £ Ce)= (0
h

h—0

— lim 2(x+h) 24 (x+h)-2—(2x 2+x-2)

h—0 h

— lim 2xZ+4xh+2h Zixch-2-2x Z-x+2

h—0 h

— lim 4xh+2hZeh

h—0 h

=lim4x+2h+1=4x+1
h—0
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22.

Chapter 2: Derivatives and Their Uses

lim f (x+h) —f(x)
h—0 h
(x +h)2+2(x +h)—1—(x2—+2x—1)

h—0 h

xZ+2xh +h?+2x +2h —1-x2—2x +1
h—0 h

2xh +r;12—+_2h

= lim

h—0
= lim 2Xx+h+2=2x+2

h—0
Evaluating at x = 2 gives 2(2) +2 =6,

which matches the answer from Exercise 12.

I f (x+h)—f(x)

1( 4x—4(x+h))
(x+h)x

~lim
h—oh

= lim 4X—42"X—4h
h—0 h(x“ +xh)

= lim —4—=-4

h—>0x2+xh x2
4 _

Evaluating at x=4 gives - —2—-.25,

4
which matches the answer from Exercise 16.
Iim f!X+h!—f!X[ — Iim 2!X+h! +5—!2X +Sl

2 2
h—0 h h—0 h

2x2 +4xh+2h% +5-2% -5

= lim
h—0 h
= lim 4xh:2h®
h—0 h
= lim 4x + 2h = 4x
h—0

The slope of the tangent line isatx =2 is
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Exercises 2.2 Chapter 2: Derivatives and Their Uses

4(2) +1=19, which matches the answer from The slope of the tangent line at x =1 is
Exercise 11. 4(1) = 4, which matches the

answer from Exercise 10.
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23 im0 xrh - o

h—0 h h—0 h

i (= O (G k)
v
h—0 h V  x+h+ «x

(x+h) —x

= lim

h—soh( x+h+ x

= lim

1 =
— \/7
h—>0 X+h+ X

The slope of the tangent line at x = 4 is
S 0.25, which matches the answer

24

from Exercise 15.

T

1 = —

Xx+0+ x 2

24,

Chapter 2: Derivatives and Their Uses

lim f (x+h)—f(x)
h—0 h

7(x+h)-2—-(7x-2)
h

= lim
h—0

lim IX+7h-2-7x+2
h—0 h
= lim 7h

h—oh

= lim 7=7

h—>0

The slope of the tangent line at x =3 is 7,
which matches the answer from Exercise 14.

Fxh)=f () _ i (x+h)? —3(x+h) +5—(x * -3x +5)

25 f(x)=lim

h—0 h h—0

— lim x% +2xh+h? —3x —3h +5-x 2 +3x -5
h—0

=lim(2x+h-3)
h—0

=2x-3

f(x+h)-f(x) _

lir2(xth) 2 _5(x+h)+1-(2x 2% -5x+1)

26.  f'(x)=lim

h—0 h h—0

= lim 2x2 +4xh +2h? —5x —5h +1-2x? +5x —1
h—0

= lim(4x+2h-5)
h—0

=4x-5

27, £ = lim TN =X

h—0 h
1-(x+h) 2_:(1;)(2_)
= lim
h—0 h

2 2 2
:“ml;x —2xh-h%-1+4x
h—0 h
= lim (-2x-h)
h—0

=-2X

28.

£1(x) = lim f(x+h)—f(x)

h—0 h
;(x+h)2—+1—(l Lz—_l)
= lim 2 2
h—0 h

12 ixh+in241-1x2 1

— lim 2 2 2

h—0 h
=limx+ih=x

h—0 2
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h—0 h

_lim 9(x+h)-2-(9x-2)

h—0 h

lim 9X+9h—2-9x+2 _ g

h—0 h

31. f'(X):Iim f!X+h’—f!X!

h—0

=

Chapter 2: Derivatives and Their Uses

h—0 h

_lim =3(x +h) +5 —(=3x +5)

h—0 h

— lim =3X=3h+5+3x-5 _ 3

h—0 h

32. f,(x):”mf!X'Fh!—ffX!

h—0 h

_ lim 0.01(x +h) +0.05—(0.01x +0.05)

h—0 h

_ im 9.01x+0.01h +0.05-0.01x ~0.05

h—0

h
—1im 2010 _ g 01

h—0 h
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33, fix) = lim HEANTC) a4 34, fix) = lim HEHTCD o mem
h—0 h h—0 h h—0 h h—0 h

35, f1(x) = lim L= () _ jinx ) +b(x+h) +c—(ax * +bx +c)

h—0 h h—0 h

_ lim @ +2axh +ah® +bx +bh +c —ax* ~bx—c

h—0 h
= lim(2ax+ah+b) =2ax+Db
h—0

36. Use (x+a)2 —x%42ax+a’.
FOx+h) -0 _ i (x+h)%2+2a(x+h)+a?—(x?+2ax+a?)
h h—0 h

0=

— lim x® +2xh +h? +2ax +2ah +a® —x? —2ax-a?
h—0 h

= lim(2x+h+2a)
h—0

=2X+2a
. f h) —f _
37, f(x)= lim T B 0= fim LX)
h—0 h h—0 h
5 5 4 4
:|imm =Iim(X+h) —X
h—0 h h—0 h
lim X.25x%h+10x°h? +5xh* +h° —x° lim X +4x°h+6x%h? +4xh® +h* —x*
h—0 h h—0 h
= lim5x* +10x*h +5xh? + h* = 5x* = lim4x® +6x2h + 4xh? +h? = 4x3
h—0 h—0
3. f/(x)= lim AL o 100~ lim =
h—0 h—0 h
2 _2 11
= lim Xzh__X (x+h)2—x2
hso h = lim h
h—0
2x__ 2(x+h) o Y2
= |imM)—X(M 2 27 2 2
h—0 h = fim X-(h)  x (x=h)
_ lim 2X=2x-2h 1 oo 0
hso X(x+h) h X =X —2xh-h
= lim-—2h .1 _ lim X202
h—0 X(x+h) h h—0 h

= lim - —2
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h—0 X(x+h)

M. g = lim L0y Leh— W

h—0 h h—0 h

— im XX+h = x A xah +/ x
h—0 h JXx+h+x

X+h—x

Ak 3]

T h
= h (%)

= lim —1

h—0 /X +h ++/X

1
2x

Chapter 2: Derivatives and Their Uses

h—0 XZ(X+h)2 h

2X +h 2X 2
= lim - = — =
h—0 x2(x + h)? x4 x3
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1 1 Jx =+ x+h NESN x+h\_/,:x4\-/;+h
T NV Y e A

h—0 h h—0 h h—0 h h—0 h
X—(x+h) Jv

lim (x x+h ) x +/ x+h) lim —h 1

h—0 h h>0 x x+h(yx+ x+h) h
:||m 1 :_\/—\/— 1 :_\/ 1

-0 Jx/x+h (VX + x+h) x x( x+ x) x(2yx)

e
_ 1
2x\/; f \F
_ 3 2 (3.2
43 F(x)= lim fx+h)—f(x) _ lim ()™ +x+h)” —(x” +x7)
h—0 h h—0 h
3 2 2 3 2 2 3 2

_ lim (x_+3x h+3xh +h ) +(x_+2xh+h )—x —x
o0 2 2,3 h2
= lim $h+3xh"eh Z2xh+h " jim 352 1 3xh+ h? + 2x +h

h—0 h—0
=3x2 4+ 2x

1 1 1 1 2x=(2x+2h) _-2h
4. F1()= lim f(x+h)—f(x) _ lim 202X 2xeoh T _ i 2X(@xe2h) L 2x(2x42h)

h—0 h ho N hoo D hso D hoo N

—lim == 1 ime s tss = - 1
x(2_ 2h) x(2_ 2h)
hoo X+ h oo X+ 2x?2

45. a. Theslope of the tangent lineat x =2is f'(2)=2(2)-3=1. To find the point of the curve at
x =2, we calculate 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

» T

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

46. a. Theslope of the tangent lineat x=2is f'(2) =4(2)-5 = 3. To find the point of the curve at
x =2, we calculate y= f(2)= 2(2)2 —5(2)+1=-1. Using the point-slope form with the point
(2, -1), we have
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y-(-1)=3(x-2)
y+1=3x-6
y=3x-7

S 7
/

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

49,

50.

51.

52.

53.

54.

55.

I

Exercises 2.2 Chapter 2: Derivatives and Their Uses

48. a.
b. ¥
£1(x)= lim f(x +h) —f (x — lim 3(x+h)-4 —(3x-4) ~ Jim 3x+3h—4-3x+4 _ i 3_3
h—0 h h—0 h h—0 h h—0

The graph of f(x) =3x —4 isastraight line with slope 3.

Fr(x)= ”m_f(X_Jrh)—_f(L): lim 2(x +h) -9 —(2x -9) _ im 2X42h =9 -2X+49 _ .5 _ o
h—0 h h—>0 h h—0 h h—0
The graph of f(x)=2x -9 is a straight line with slope 2.
fr(x)= lim A=) 5y 55 _ jimo 2o
h—0 h hso N hoo
The graph of f(x) =5 is a straight line with slope 0.
Fr(x) = lim =T 12212 i g2 g
h—>0 h hso N hoo
The graph of f(x) =12 is a straight line with slope 0.
Fr(x) = I|m f X+hh —f(x :hlino m(X+h)+E —(mx +b) _ rlml_% mx +mh+b-mx-bh _ ATomTh
S
The graph of f(x) =mx+b isa straight line with slope m.
F1(x) = lim &) i bb _ i — g
h—0 h hso N hoo

The graph of f(x) =b isa straight line with slope 0.

F(x)= lim L =F0A _ i, (xh) 28(x +h) +110 —(x_—8x+110)

h—0 h h—0 h
2 2 2

— lim X_+2hx+h -8x-8h+110-x +8x-110
h—0 h
= lim 2x+h-8=2x-8
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h—0
b. f'(2) =2(2)-8=-4.The temperature is decreasing at a rate of 4 degrees per minute after 2 minutes.
c. f'(5)=2(5)-8=2.Thetemperature is increasing at a rate of 2 degrees per minute after 5 minutes.
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56.

57.

58.

59.

60.

i

b.

C.

a.

jim T =F 00 _ - 3(xrh) 212(x+h) +200(3x_ —$2x+200)

f1(x)=

h—0 h h—0 h
2 2 2

| 3x_+6hx+3h —12x — 12h+200 —3x_+12x 200

= I|m0 6x+3h—-12=6x-12
f'(1)=6(1) —12 = —6. The population is decreasing by 6 people per week.
f'(5) = 6(5) —12 = 18. The population is increasing by 18 people per week.

f'(x)= I|m fxH)=F () _ iy 2(x +h)? —(x +h) —@x% —x)
h h—0 h

2 2 2
= lim 2XHANCHNTX =N =2XT4X i 4x 4+ 2h -1 =4x -1

h—0 h—0

f'(5) =4(5)-1=19. When 5 words have been memorized, the memorization time is increasing at a rate of
19 seconds per word.

$'(x) = lim S(x+h) -S(x) _ lim —(x+h) 310(x +h)—(-x_+%0x)

h—0 h h—0 h

2_2hx —h4 +10x+10h+x— 0x
X ION X

= I|m—2x—h+10: -2x+10
h—0

I|m —=

S’(3)= —2(3) +10 =4 . The number of cars sold on the third day of the advertising campaign is increasing at
a rate of 4 cars per day.

S’(6) =—2(6) +10 = —2. The number of cars sold on the sixth day of the advertising campaign is decreasing
at a rate of 2 cars per day.

B 1 (x+h)2-3.7(x+h) +12 (1 x2-3.7x+12
£1(x) = lim AT, 2 . )

h—0 h h—0 h

L xZ+xh +l;1_2——3.7x ~3.7h+12— lgz——?ﬂx +12 )

h—0 h
lx2+xh+%h2 3.7x-3.7Th+12— 1x +3.7x-12

= lim
h—0
— i 1n_ = x—
= lim (x+3h-3.7)=x-37
f'(1) =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).

FOcrh) = £ _ o B0x+ h)2 —16(x+h) +109 - (6x% —16x +109)

f'(x) = lim
h—0 h h—0 h
_ i 6x2+12xh +6h? ~16x~16h +109 —(6x* ~16x +100)

h—0 h
_ lim 8X2+12xh+6h* —16x—16h +109 —-6x* +16x 109
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h—0 h
_ lim {2x=6h-16)h

h—0 h
=12x-16

b.  £'(0)=12(0)-16 =—-16. In 2010, net income was decreasing at the rate of $16 million per year.
C. f'(2)=12(2)-16=8. In 2012, net income was increasing at the rate of $8 million per year.
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61.

63.

65.

67.

Exercises 2.2

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 change is at a single x-value, and is found

from the formula f (x) = lim L(X—Jrh)_—f(ﬁ.

X—00 h
Substitution h = 0 would make the denominator

zero, and we can’t divide by zero. That’s why we

need to do some algebra on the difference
quotient, to cancel out the terms that 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), which is the

change in f over the change in x.

The patient’s health is deteriorating during the
first day (temperature is rising above normal).
The patient’s health is improving during the
second day (temperature is falling).

EXERCISES 2.3

1.

w

11.

fo=-4 h=ax"" = ax®

£1(x) == (*%) =500x°% " = 500x*%

fr=d (2) =Lzt J 1,12

dx

N
N

o

3

S
N

g'(w) :l(Gwlls): 6.1 yt/31 _ o203
dw 3

dx
h(x) =4 (3x ) =3-2)x L = 6x°
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62.

64.

66.

68.

10.

12.

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 a secant line, use the formula for average rate
of change. For the slope of a tangent line, use the

formula for instantaneous rate of change.

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

blivet because the derivative is equivalent to the

slope f(x) which is the change in f over the

change in x.

The population is decreasing because the negative

derivative implies a negative slope.

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

(0= () =5 =5x*

£1(x) = (%) =1000x'°%°* =1000x %%
frixy=d (3 2 Lg/31_ 1,23
dx 3 3

o

x

w
w

g'(w) = l(lzwllz )=12. 121 _ g 12
dw 2

h'(x) = (4x7%)= 43 ¥ =—12x7*

60
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13 F0=F@-3x+2)

14, F0=F X" -5x+4)
=4.2x>t_3.1xt 40

—3.2x* 5. tho0

=8x-3 =6x-5
15. f'(x):l(L = d (x12) 16, fx)=d 1 _d(x283)
AT axlers) ox
1,-3/2 1 2 ,-5/3 2
B R T :_§X5 YR
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17.

19.

21.

23.

25.

26.

217.

28.

29.

30.
31

f(x)_%{ |
)y o

3 4/3

=6(—1)x’4’3 _ 2

f'(r)=%(nr2):n(2r)=2nr 20.

00 =41+ +x+1) 92,

=5(3x%)+2(2x) +1

=1x%+x+1

g,(x):_d (X1/2 3 Xfl) _ 1,121 —(—1)x*1*1 "

dx 2
_1 71/2 -2
=X
h'(x) = Q(BXZI3 —12x_1/3) =6- 3 x2/3-1 _12(_1) x 131

dx 2 3
— 4y L3 gy I3

hi(x) = -9 (832 _gx /%) = 8~§x3/2‘1—8(—l)x‘1’4—1

dx 2 4
=12xY2 4 2x75/4

fi(x) == (lOX‘“2 Iy 417

dx 5 2 5 3
— _5X73/2 _ 3X2/3

6)_d (6x ) 18,

Chapter 2: Derivatives and Their Uses

-3/2 2

f'(r)= 3r(gn rS):%n(Srz) = 4nr?

P00 =9(Lx + 13+ 1 4 x+1)

= 10(_ l) N Q(g) 331, 0

f (x)—_( X213 _16y5/2 _14)=Q(_;)X—ZIS—l_16(5))(5/271_0

dx 2 2 3 )
_ 353 40y32

2 3
f'(X)Z—d u\:_d (x+x2)=1+2x
dx J dx

f(x) =ad;( (XZ(X+1))= 1%( (X3 +X2)=3x2 + 2X

dx 24

6 2

=143 +1(3x%)+1(2x)+1

_ 3,12

=3 +ix%ex+1 2
1/3 1/3-1 1-1
(P xh=2x -y

dx 3

1.,-2/3

3X
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32. f'(x)=a(%( (x%) =5x*: f/(=2)=5(-2)* =80
3. P(x)=gk (x) = 4% 1(-3)= 4(-3)° = 108

Fi(x) = d_i (6x2/3 _4gx~13) = 6(%))(—1/3 B 48(— %) 3

= 4x71/3 +16x74/3

F(8)=4@) M +168) 43 =gk + 2 =24 20— 2, 16 _3
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34.

35.

37.

38.

39.

41.

Exercises 2.3

Chapter 2: Derivatives and Their Uses

£1(x) =1(12x2’3+48x‘1’3)=12(3)x‘1’3+48(—l)x“”3

dx 3 3
=4x M3 116x 73
f(@)=4(8) Y3+16(8)43=4A 16 _4, 16
@ =416 - - Ja O
=
df 3 2. df 2
& = ded =3t 3=
X:_
d—f=i(16x’“2+8x“2)=16(—l)x’3’2+8(l)x’“2
dx 2 2
P e
df _ -3/2 12 8 .4 8. 4
dXX:4——8(4) +4(4) =— 43+J£_1__8+2

dt _ d (54512 +12x1’2)=54(—l)x—3’2 +12(l)x—1’2

2

dx dx
=27x 3% 1 ox 712
& » = 27(9) ¥ +6(9) M2 = -

a  f(x)=2-x'-2+0=2x+2
f'(3)=2(3)-2=4

The slope of the tangent line is 4.

y—-5=4(x-3)

y—5=4x-12

y =4x

-7

27
7T

The equation for the tangent line is
y=4x-7.

-]

e

-

on [-1, 6] by [-10, 20]
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6
J9

2

N
~i~

+

16

Tg.2
df 4y g3 df N3 __
36. g =gy %) =4 ,dXX=_24( 2)"=-32
=1
6_
3=1
40. a.  fy(x)=2-x'-4+0=2x-4
f'Q=21)-4=-2
The slope of the tangent line is —2.
y-3=-2(x-1)
y-3=-2x+2
y=-2X+5
The equation for the tangent line is
y=-2X+5.
b.
[~}
on [-1, 5] by [-2, 10]
f'(x)= f'(2)=312)%-6(2)+2=2
3-x2—  The slope of the tangent line is 2.
32)xt  y+2=2(x-2)
+240 y+2=2x-4
—3x2_ y=2Xx-6
6x+2  Theequation for the tangent line is
y=2X—-6.



58 Exercises 2.3 Chapter 2: Derivatives and Their Uses

42. a.  f'(x)=3(2)x*-3-x? =5x—3x?

f'(1)=6(1)-31)2%=3
The slope of the tangent line is 3.

y-2=3(x-1)
y—2=3x-3
y =3X
-1

The equation for the tangent line is

b. =PE /
i \

on [-1, 4] by [-7, 5]

n[<1 3] by [ 2 5]
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Exercises 2.3 Chapter 2: Derivatives and Their Uses 59

43.

44,

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

/

!
i

y'=9.638(~1.394) x 23 = —13.435372x 2%
a.  y'(2)=-13435372(2) ** ~ 2.6

b. y'(5)=-13.435372(5) *** ~ -0.29

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

y'=454(-1.54) x 2% = _-69.916x 2%

a. y'(3)=-69.916(3) ** ~-43

b. y'(8)=-69.916(8) > ~ -0.36

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

a. . 16
C'(x)=
(x) ™
oy 16 16 _
c'®)= %2 =8
When 8 items are purchased, the cost of the last item is about $8.
b. . 16 _ 16
C(6d)=5—==="=4
)= %6s 4

When 8 items are purchased, the cost of the last item is about $4.
a.  C'(x)=140x Y6
' 140
C'())=—7==140
@) h
When 1 license is purchased, the cost is about $140.
b c(ay-140 _140 _7g
Yot 2
When 64 licenses are purchased, the cost is about $70.
C(64)—C(63) = 24(64)%"® — 24(63)?'% ~ 4.01
The answer is close to $4.

C(64)—C(63) =168(64)>'¢ —168(63)*'6 ~ 70.09
The answer is close to $70.
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5L

52.

53.

54.

55.

Exercises 2.3 Chapter 2: Derivatives and Their Uses

a. The rate of change of the population in x years is 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)=-22+5(2)-3=3

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

P'(0) = -0 +5(0)—3=-3
In 2010, this population group will be decreasing by 3 million per decade.

a. The rate of change of the number of newly infected people is the derivative of the function
f(t) =13t2 —t3
f/(t) = 213t —3t2 = 26t — 3t?
The rate of change on day 5 is found by evaluating f’(t) fort =5.
f'(5) = 26(5) - 3(5)° =55

The number of newly infected people on day 5 is increasing by about 55 people per day.
b. The rate of change on day 10 is found by evaluating f'(t) for t = 10.

f'(10) = 26(10) — 3(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 customers is the derivative of the function

N(x) = 400, 000 — mXOﬂ_

N'(x) = % (400, 000 — 200, 000x %)

N'(x) = 0— (~1)200,000x 2 = 200.000
X
To find the rate of change of the pool of potential customers when the ad has run for 5 days,

evaluate N'(x) forx =5.
N'(5)= &OS,ZOﬂ =8000

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

A() =0.01t> 1<t<5
The instantaneous rate of change of the cross-sectional area t hours after administration of nitroglycerin is
given by

A'(t) = 2(0.00t27 = 0.02t

A’(4) =0.02(4) =0.08
After 4 hours the cross-sectional area is increasing by about 0.08 cm?2 per hour.

The rate of change of 3D movies is the derivative of the function f(x)= % X2 +11x+8.
f'(x)=x+11
The rate of change of number of 3D movies in 10 years is found by evaluating f'(x) at x = 10.

f'(10)=10+11=21
In 2020, the number of 3D movies will be increasing by 21 per year.

© 2016 Cengage Lea20ibg Gdhggbts lreaenirgl. Miayginis bessraadebl|ayopatdeos cuptied e pie gosteh phicaped)| imhpasoed stk puttisite accadsileowibgsid, in whole or in part.



61 Exercises 2.3 Chapter 2: Derivatives and Their Uses 61

56.

57.

58.

59.

60.

a. The rate of change of the function is the derivative of the function:
' 1,-32 1
fF'(X)=—2x"" =——=.
()=~ N
Find the rate of change for x = 4.
f |(4) — _ 1 — 1

NET

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

five years.
b. Find the rate of change for x = 4.
f |(9) — _ 1 — 1

2J? 54

In 2030, the number of fatalities is decreasing by i per hundred million vehicle miles traveled every

five years.

The instantaneous rate of change of the number of phrases students can memorize is the derivative of the
function p(t)= 2441,

P (1) = @4t2)
=1 art?) g2
12 _12

/i

The number of phrases students can memorize after 4 hours is increasing by 6.

P (4)=12(4) =6

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

derivative of the function D(x)=0. 2x% — 2x +10.
D'(x) =2(0.2)x-2+0=04x-2
D'(1)=04(1) -2=-16
The amount of dissolved oxygen 1 mile downstream is decreasing by about 1.6 mpl per mile.
b. D(10)=0.4(10)-2=2
The amount of dissolved oxygen 10 miles downstream is increasing by about 2 mpl per mile.

a. U(X)=100/x =100x'/2
MU (x) =U"(x) = 5 (100)x /21 = 50x~1/2

b. MU(L)=U"Q)=501)2=50
The marginal utility of the first dollar is 50.

c.  MU(1,000,000) = U'(1, 000,000) = 50(10°) *'? =50(10)° = 307 = 0.05
The marginal utility of the millionth dollar is 0.05.

a. UX) =12¥x =12x3

MU(x) = U' (x) =%(12x‘2/3) =4x72/3
b. MU@®)=U'Q)=41D) =4

The marginal utility of the first dollar is 4.

¢.  MU(1,000,000) = U’(, 000, 000) = 4(1, 000,000) 2" = 4

4 _
(3/,000,000)2 ~ 1007

=0.0004

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

62.

63.

65.

67.

69.

Exercises 2.3

a  f(12)=0.831(12)% -18.1(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 =1.662x —18.1
f/(12) =1.662(12) - 18.1 = 1.844

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

of education.
b. f(16)= 0.831(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) — 18.1 = 8.492

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

education.

i

on [0, 15] by [-10, 30
b. N(10) = 0.00437(10)>2 ~ 6.9

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

N'(t) = 0.00437(3.2)t>% 71 = 0.013984t %2
N’(10) = 0.013984(10)%? ~ 2.2

When a group has 10 years of exposure to asbestos, the number of cases of lung cancer is increasing 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 a graph that is a horizontal 66.

line at height 2, and the slope (the derivative) of a
horizontal line is zero. A function that stays
constant ill have a rate 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.

change of 2- f (x) will be twice as large, and the
rate of change of c- f(x) will be c- f'(x), which
is just the constant multiple rule.

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

slopes up, the slope of —f should be the negative
of the slope of f. The constant multiple rule with
¢ = -1 alsn savs that the slone of —f will he the

negative of the slope of f.
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a.  f(5)=400(5) 2 +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 is a line with a slope (derivative) of
3. A function that has a slope of 3 will have a rate

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 change of f(x)+g(x) would be the rate

of change of f(x) plus the rate of change of
g(x) . For example, if f(x)=2x and g(x)=3x,
then the rate of change of 2x +3x =5x is the

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), which is just the sum rate.

The slopes of the fand f +10 will be the same
because f +10 is just f raised 10 units. Using the
sum rule with g(x) =10, also says that the slope
will just be f because g'(x)=0.
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Exercises 2.4 Chapter 2: Derivatives and Their Uses 61

71. Evaluating first would give a constant and the 72. Tofind a function 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 will work at x=-1.

supports the idea that we should always
differentiate and then evaluate to obtain anything

meaningful.
73. Each additional year of education increases life 74.  The probability of an accident increases by 13%
expectancy by 1.7 years. as the speed exceeds the limit.
75. a. If D(c)=0, then f(c)-L(c)=0 so f(c)=L(c).
b. Since the line L(x) must pass through the point (c, L(c)), part (a) shows that this point is (c, f (c)). Then
the point-slope form y—y, =m(x—x) with x,=c and y, = f(c) becomes
y—f(c)=m(x-c)
or y=m(x—c)+ f(c), giving the line
L(x)=m(x—c)+ f(c)
c. DMX)=f(X)-L(X)=Tf(x)—(m(x—c)+ f(c))=f(x)—m(x—-c)-f(c)
d. Differentiating the last expression for D(x) above gives
D'(x)=f'(x)—m
which at x=c becomes D’(c)= f'(c)—m, and setting this equal to zero gives m= f'(c).
e. L(x)=f'(c)(x—c)+f(c) so y=L(x) isthesameas y— f(c)=f'(c)(x—c), which is the point-slope form
of the equation of the tangent line to the curve y= f(x) at x=c.
f.  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 line is the best linear approximation to the function since it has the smallest possible
differences between a line and the curve at and near the point.

EXERCISES 2.4

1. a.
b.
2. a
b.
3. a

Using the product rule:

E%( (x4 -XG) =4x3. x5+ x4(6x5) =4x? + 6x° =10%°
Using the power rule:

4 (x4 -xe):—d (xlo):lox9

dx dx

Using the product rule:

a‘%((x7-x2): 7x% x% +x " 2x=7x8 + 2x8 = 9x
Using the power rule:

4o x?)=4 )= 9x°

dx dx

8

Using the product rule:
a‘%( [x4(x5+1)] = 4x3(x5 +1)+ x4(5x4) =4x8 + 4x% + 5x8 = 9x8 + 4x°
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Exercises 2.4 Chapter 2: Derivatives and Their Uses

b. Using the power rule:
d [x4(x5+1)] -d (xg +x4): 9x® + 4x°
dx dx

© 2016 Cengage Lea20ibg Gdhggbts lreaenirgl. Miayginis bessraadebl|ayopatdeos cuptied e pie gosteh phicaped)| imhpasoed stk puttisite accadsileowibgsid, in whole or in part.



63 Exercises 2.4 Chapter 2: Derivatives and Their Uses

4, a. Using the product rule:
E%( [x5(x4 +1)] = 5x4(x4 +1) + x5(4x3) =5x8 +5x* +4x8 = 9x8 4 5x*
b. Using the power rule:
a%( [x5(x4 +1)] :Hd3< (x9 + x5) - 9x® +5x*
5. f'(x)=2x(x3+1)+ x2(3x2):2x4+2x+f_-3x4 =5x* +2x
6. f'(x)= 3x2(x2 +1)+x3(2x) =3x* +3x% + 2x* =5x* +3x?
, 2 2 2 2
7. f/(x)=1(5x" —1) + x(10x) =5x~ -1+10x“ = 15x~ -1
8. f'(x):2(x4+1)+2x(4x3):2x4+2+8x4 =10x% +2
9. frx) =2 x M2 (6x+2)+x2(6) =3xH2 4 x M2 1 6xH2 =gxl/2 4 x V2 —g fx 4L
2 U
1 y 2
10. f '(x):6(— x’2/3)(2x+1)+6x1/3(2):4x1/3+2x’2/3+12x1/3:16x1/3+2x’2/3 163 x+ 42—
3 3.2
11. f'(x)= (2x)(x2 —1)+(x2 +1)(2x) = 2x3 — 2x+ 2x% 4 2x = 4x°
12.  f'(x)= 3x2(x3 +1)+ (x3 —l)(3x2): 3x° +3x% +3x° —3x% =6x°
13.  f'(x)=(2x+1)(3x +l)+(x2 +x)(3)= 62+ 5X + 1+ 3x% +3x = 9x% +8x +1

14. f’(x):(2x+2)(2x+1)+(x2+2x)(2): A% 16X+ 2+2x% +4x = 6x2 +10x + 2

15, f'(x)=2x(x2+3x-1)+ x?(2x+3) = 2x3 +6x2 —2x +2x > +3x 2 = 4x > + 9x 2 — 2x

16.  f'(x)=3x2(x2—4x+3)+x3(2x—4) =3x* —12x3 +9x 2 + 2x* —4x® =5x* —16x> +9x 2
17 £'(X) = (4x)A-x)+(2x2+1)1) =4x—4x? —2x* -1=—6x2 +4x -1

18.  f'(X)=(2x)(1—x?)+(2x-1)(-2X) =2 -2x% —4x? +2x = —6X° +2X +2

19. f'(x)=(21x’“2)xl’2+1+(x1’2—1)(21x’“2) =21+21x’1’2+21—21x’“2 =1

20, f .(X):(%X—1/2)(X1/2_2)+(X1/2+2)(2lx—1/2) :Zl_x-l/2+%+x—1/z -1

21.
23.

22.
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Exercises 2.4 Chapter 2: Derivatives and Their Uses

2)+(2* + 22 +1)(32% -1)
=4z6 —224 —222 +326 +3z4+322 —z4—z2 -1
=75-1
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Exercises 2.4 Chapter 2: Derivatives and Their Uses

24,

25.

26.

217.

28.

29.
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fiz)= (L7814 | Lp-L2)\ (14 _ju2y, U4 1021814 1 ~U2)

\ 4 2 ) \ 4 2 )
_ 4;2—1/2 3 %2—1/4 N %2—1/4 %Jr %2—1/2 3 %2—1/4 N %2—1/4 _%
1. -1/2 1,-12 1 1 _1_-12
] z + =17 575 22 1
f'(x):(2+4~12‘1/2)(22”2+1)+(22+421’2—1) 2.42712)

f '(x)=(1+6- 1 2’1/2)(2—221/2 +1)+(z+621/2)(1—2- 1 2’1/2)
=7+3792 2712 641437 Y247 72,6742 6
=2z+6242 43712 11

=22+6ﬁ+ i—ll
Jz

a. Using the quogient7rule: o
8Y) x4(8xN-2x(x*) 92 9
_d(X\|=_(_ )=8X “2X _gx°

dx ( x2 ) (x2)? x*

b. Using the power rule:
8
d (K \=Jj"(X6)=6x5
dx \ 2 ) dx

a. Using the quotient rule:

d (&Q\ 213(9_X8*)—3xg(13) ool s

6X

dx KX3) (X3)2 X6

b. Using the power rule:
9
d (K\ =4 (%) = 6x°
dx (3 ) dx

a. Using the quotient rule:

d ( 1 3 Kif_)_o —SXZQ) TZ 3

dx KX?’) (X3)2 X6 X4
b. Using the power rule:

LR S T V-

dx(x3) dx x4
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30. a. Using the quotient rule:
dl 1) Hoadn 3
== __4x 4

dx ( x4) (x*)? x8 x°

b. Using the power rule:

dl1) d 4 5 4
|—l=" (x )=—4x =-
dx (x4) dx x5
3 (4x3) =3x %(x* 6 2,6 9.2 6 2
3. f(x)= X~ (4x7) —3x “(x +1): AXT=3x =3 _xo- =3xS _q_ 3
(X3)2 X6 X6 X4
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Exercises 2.4

Chapter 2: Derivatives and Their Uses

Fr(x) = x?(5xh —2x(x 1) _ 5x ©2x §2x _ X Sx 2,2
(X2)2 X4 X4 X3
fii = DW= _x-1x-1___ 2
(x-1)2 (x-1)? (x-1)?
Fi(x)= (x+D@)-M)(X=1) _ x+1-x+41__ 2
(x+1)2 (x +1)? (x+1)2
£ = @R -MEX+D) _6+3x-3x-1_ 5
(2+x)2 (2+x)2 (2+x)2
(22 1)) —(Ax)(x+1)  2x%+1-4xZ-4x —2x2-4x+1
f'(x) = = -
(2x2+1)2 (2x2+l)2 (2x2+1)2

(L% 02020t >1) _

a3 ot-2t3 40t a4t

f/(t) =
(t? +1)° (t? +1y (t? +1)2
frp - CDE-@E 3D oot a
(t*-1) (t2-1)2 (t2 —1)2
fr(s) = 8 1)@ =0 *D) _ 36343525341 _ 263435241
(s+1) (s +1)2 (s+1)2
fr(s) = & ~1)@s2)-@)(s *+D) _ 3% 352531 _ 2% 321
(s-1)° (s—1) (s—1)2

(X +D(2x=2) ~(D)(x*=2x+3)  2x2—2 —x24+2x-3 x%42x-5

r0a= (x+1)2 B (x+1)2 T (x+1)?

(x=1)(2x+3) ~(W)(x*+3x 1) 2xZ4+x-3-xZ—3x+1 xZ—2x—

F'(x) = (x-1)? =
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G
]
1)
)
43 f,(X):(x2 (420 -0 x 31) _ax G 31 sax(x 1) -2x(x )“2x(x_+f)
(x2 +1)2 (x2 +1)2
_ax34ax3-x3 _ 2x>+4x3
(x2+l)2 (x2+1)2

F(x) = Bax3ex _ x(x M A1) x 4x 31

44. XC+x x(x341)  xe41
5 3
Thus, f/(x)= 2X +4X_
() (x2+1)2
45, (t2+t-3)(2t+2) ~(t2 +2t -2t +1) 213 14t2-4t—6-2t35t2+1 t? 44t +5
f'(t): = = —
(t?+t-3)° (t?+t-3)2 (t?+t-3)2
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15, [O= 2 -te2)(@t+1) -2 1t -5)2t-1) #-3247t+2-4t3411t-5 = -3t2+18t-3
(t?-t+2)? (t?-t+2)? (t?-t+2)?
47, Rewrite Differentiate Rewrite 48. Rewrite Differentiate
y=3"" gM:—Sx_2 dy__3 y=lx2 gM:lx
dx dx 2 4 dx 2
49, Rewrite Differentiate Rewrite 50. Rewrite Differentiate
3
yo3x4 W35 dy_ 3 y=3x2  W_ g0
8 dx 2 dx 2 2 dx
51. Rewrite Differentiate Rewrite 52. Rewrite Differentiate
y=1x2-3x dy_2, 5 dy_2x-5 y=ax2 Ay 5 e
3 3 dx 3 3 dx 3 dx
2 2 2.
53. 4 (x3+2)l +1 \:_d (x3+ Z)l +—1+(x3+2)~—d (l —1\
dx X+1 dx X+1 dx| X+1 |
2 2
D) =(D(x +1)
3 z(x +1\+(x3+2)
\ x+1) (x +1)2
2 2
Sk 34X +2x-1
+(x"+2) tex—
L x+1 J (x +1)2

s ] & ()
54, | (X5+1)X +2 =_d(X5+1)'X +2+(X5+l)-_d|x +2|

de x+1J dx X+1 dx \ x+1 )

(x+1)(3x2)—(1)(x3+2)

= 5X4(ﬂ) + (x5 +1)

\ x+1) (x+1)2

_ st 2], o8 +1)3xi+3x3—>i—2
\ x+1) (x+1)?

— 5X4( X3+2\ -3 2
[ (5 1) 2X X 2

\x+1)

(x+1)?

Chapter 2: Derivatives and Their Uses 69

Rewrite
dy _x
dx 2
Rewrite
& _ 3
dx x3
Rewrite
dy _ -2
dx X3
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Exercises 2.4 Chapter 2: Derivatives and Their Uses
2 3
e d 03 sy _ 0 oo Fg ofea Jod o]
Todx x%42 (x*+2)*
) (x2+2i]dxi (02 +3) (D) +(2+3) 4 (x3+1) }2{ (x2 +3)(x3+1) ]
(x2+2)

(x2+2)[(2x)(x3+1)+(x2+3)(3x2)]—2x(x2+3)(x3+1)
B (x2+2)2
2 4 4 2 5 3 2
_ (X _+2)(2x +2Xx+3x_+9x )—(2x)(X_+3X _+X_+3)
(x2+2)>
_ 2x°+2x3+3x0+0x *+ax? +ax+6x +18x%—2x°—6x* -2 x> —6x
(x2+2)2

_ 3x° +13x* +18x2 —2x
(x2+2)?

© 2016 Cengage Lea20ibg Gdhggbts lreaenirgl. Miayginis bessraadebl|ayopatdeos cuptied e pie gosteh phicaped)| imhpasoed stk puttisite accadsileowibgsid, in whole or in part.

70



71 Exercises 2.4 Chapter 2: Derivatives and Their Uses

2 (S et ol Jod a0l |
56 d (x +2)(x +2) _ dx dx
©oodx X°+1 (x3 1)

(x3+1)[(3x2 )(x2+2)+(x3+2)(2x)}3x2(x3+2)(x2 +2)

(x3+1)?

3 2 2 3 3 2 3 2
_ (X +DEx )X +2)H X +D(x +2(2x)=3x_ (X _+2)(x_+2)

(x3 +1)?
3_XZ_KAZ_QEL§+1H x§+_2) Iﬂ x§+1) ( x§+2)( 2Xx)
- (x3+1)2
_ —3x* —6x% +2x” +6x* +4x
(x3+1)
_ 2x" +3x*—6x% +4x
(x3+1)2
12 1/2 1 -1/2 1 U2 12

| |__d | X _1|_(X +1)(;X )—;X (x 1)
dlx- \

57 T—
dx \ x41)  dx\xl2yq) (xY2 11)?
;+1X—1/2 _;+lx—1/2 12
_2 2 2 2 __X _ 1
(xY2 41)? 02412 X (Sx+1)?
1/2 -1/2 -1/2 1/2

58, _d_( x+1\ (12 )

a
dx\ x-1) dx(xt2_1)

(X1/2_1)2
l_lx_llz_l_lx_llz -1/2
_2 2 2 2 ___X __ i
(X1/2—1)2 (Xl/2_1)2 ﬁ("x_l)z

d RO | xROI-1-RX) xR()-R(x)
9. @[ x T x2 = X2
g ATPOOT_ XP0-1P(X) _ xP/(x)-P(x)

dexJ

x? x2

61. a. The instantaneous rate of change of cost with respect to purity is the derivative of the cost

function C(x)= ﬂlﬂO(—)ﬁ( on 50 « x <100.
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72 Exercises 2.4 Chapter 2: Derivatives and Their Uses

(L00 —x)-0~(=1)(100) _ 100 on 50 * x <100
(100 — x)? (100 — x)?

C'(x) =

b. To find the rate of change for a purity of 95%, evaluate C’(x) at x = 95.
' 100 100
C'(9H)=——5 =25 =
(%9 (100-95)% ~ 5?
The cost is increasing by 4 cents per additional percent of purity.
c. To find the rate of change for a purity of 98%, evaluate C’(x) at x = 98.

: 100 100
C'(98)=—= -2 _ 75
(%8) (100-98)2 22

The cost is increasing by 25 cents per additional percent of purity.
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73 Exercises 2.4 Chapter 2: Derivatives and Their Uses

62.

63.

64.

65.

66.

67.

o

C(x
AC(X) = _E(_): ex;rso

b. The marginal average cost function MAC(x) is the derivative of the average cost function
AC(X) = QE(L) _6x+50

X
MAC(X):Q(GX"FSO):X(G)_l(6X+50)
dx\ x X2
_ 6x-6x-50 _ =50
X2 X2
=50
C. MAC(25)=—>*=-0.08
(25) 552

The average cost is decreasing at the rate of 8 cents per additional truck.

on [50, 100] by [0, 20]
b. Rate of change of cost is 4 for x = 95; rate of change of cost is 25 for x = 98.

on [0, 400] by [0,50]
b. Rate of change is —0.03 for x = 200.
a. AC(x)= Q%) = 8)(%45

b. The marginal average cost function MAC(x) is the derivative of the average cost function
AC(X):Q%):&(%"S, org+ 4

X(8)—1(8x+45 —8x— -
MAC(X):(?_X(BX—;45): ®) (2 ) _8x 8x-45_—45

X X X

—45 1
MA ===2__ -
C(30) 20220 0.05
The average cost is decreasing at the rate of 5 cents per additional clock.

34

To find the rate of change of the number of bottles sold, find N'(p).
N'(p) = (p+7)-0-(1)(2250) _ 2250
(p+ 7y (p+7)?

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

To find the rate of change of temperature, find T'(x).
T'(X) = 3x?(4 — x%) + x3(-2X)
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Exercises 2.4 Chapter 2: Derivatives and Their Uses

=12x" - 3x* —2x* =12x* - 5x*
Forx=1, T'Q)=12)% -5()* =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.

Exercises 2.4 Chapter 2: Derivatives and Their Uses

To find the rate of change of the sales, find S’'(x).
S'(x) =2x(8 — x3) + x2(-3x?)

=16x— 2x* —3x* =16x— 5x*

Forx=1, S'1)=16() - 5(1)4 =16-5=11.
After 1 month, sales are increasing by 11 thousand per month.

a.
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on [0, 2] by [90, 110]
The rate of change at x =1 is 7.
The maximum temperature is about 104.5 degrees.

on [0, 2] by [0, 12]
The rate of change at x = 1 is 11.
The maximum sales are about 10.4 thousand.

—73.1(8)>+1270(8)+16, 280
2.3(8)+314

y3(8) = ~65.468
The per capita national debt in 2020 would be $65,468.

vo(13)= ~73.1(13Y%+1270(13)+16, 280
’ 2.3(13)+314

~59.425

The per capita national debt in 2025 would be $59,425.

y3(8)=-0.151

In 2020 the per capita national debt will be shrinking by $151 per year.
y5(13)=-2.231

In 2025 the per capita national debt will be shrinking by $2231 per year.

(x% —110x + 3500)(—30x +1125) — (2x —110)(-15x * +1125x)
(x? —110x + 3500)
_ 525x2-105,000x +3,937,500
~ (x?-110x+3500)?
525(40) 2 —105,000(40) + 3,937,500
((40)? -110(40) +3500)”

~1.1785714 Mi/aallon
mi/hour

9'(x) =

9'(40) =

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

((50)2 ~110(50) + 3500)°

_ o Mi/gallon
mi/hour

g'(50) =
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At 50 mph, your gas mileage will not change for each additional mile per hour.
g'(60) = 225(60) 2 _105,000(60) + 3,937,500
((60)2 ~110(60) +3500) "
g Mi/gallon
mi/hour

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

mph. The negative sign of g'(60) tells you that gas mileage decreases with speed when driving
at 60 mph. The fact that g'(50) is zero tells you that gas mileage neither increases nor

decreases with speed when driving at 50 mph. This means it is the most economical speed.

73, 1(x)=0.45(x—1.7)(x? —12.5x + 43)
1(x) =0.45] 1(x? —12.5x+43) + (x—1.7)(2x-12.5) |
1(5)=0.45[ (5)2 ~12.5(5) + 43+ (5-1.7)(2(5) -12.5) |
—-1.2375
1'(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, 1(x)=0.106(x? —6.85x +14)(x? —14.5X +56)
1(x) =0.106 (2x—6.85)(x? ~14.5x+56) + (x — 6.85x +14)(2x~14.5) |

1'(3)=0.106] (2(3) - 6.85)((3)> ~14.5(3) +56) + ((3)° — 6.85(3) +14)(2(3) ~14.5) |
=—4.1446
1'(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)=—221X_ 647
75. (x) X+8.84+6

y)— (x+8.84)(261)-(1)(261x) _ 2307.24
(x+8.84)° (x+8.84)°
E'(4)= 2307241399

(4+8.84)°

(8+8.84)°

E'(

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

_75(44-5x)
76, c(x)=—2 =X 115511605
X® -18.3x+85

:75r244¢7+115x+1605
X°—=18.3x+85
[ (x? ~18.3x+85)(~5) ~(2x ~18.3)(44 - 5x) |
C'(x)=75 +115
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Exercises 2.4 Chapter 2: Derivatives and Their Uses

[ (x* ~18.3x+85)° |

_ 75| 5x°-88x+380.2 |, 115
(x? —18.3x+85)?
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78 Exercises 2.4 Chapter 2: Derivatives and Their Uses

c'(7)—75| BX =88x+380.2
(x?-18.3x+85)?

C'(9)=75| BE =BBx43802 115 g6 79
(x*—18.3x+85) J

C'(1)=75 5—"22 =88x+380.2 . 115~173.34
(x©—18.3x+85) J

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.

77. a. d (_1) :_d— (sz) :_2)(73 :__2
xx2) o e

d __ 2 ;
Wlx:o_ P Undefined

J+115 ~134.82

b. Answers will vary.

d @Ay d 1y y2__1
78. a. dx(x):dx(x )= X =
1

ol
dX xoo = g2 Undefined

b. Answers will vary.
79. False: the product rule gives the correct right- 80. False: the quotient rule gives the correct

hand side. right-hand side.
8L Trye: di(x-f)zdlx-f+x-f'=f+x~f' 82. True: Q(L\: Xf_—d%_f _xff

X X " dx x) (x)? X2

83. g)f" .9)g" 84. - .

FF PR (Y A (11 FIEANGASRNEATTR

ix . R

) SRS YRS

The right-hand side multiplies out to _f fa

g-f'+ f-g' which agrees with the product g g°

rule. _gf'+f-g’

- 2
g9
The right-hand side multiplies out to
g-f_;rf-g_ which agrees with the
9
quotient rule.

85. False: This would be the same as saying that 86. False: This would be the same as saying

the derivative (instantaneous rate of change) of that the derivative (instantaneous rate of

a product is a product of the derivatives. The change) of a quotient is a quotient of the

product rule gives the correct way of finding derivatives. The quotient rule gives the

the derivative of a product. correct way of finding the derivative of a

quotient.

df

87. d—‘j((f-g-h)=adx[f-(g~h)]=d)f(-(g-h)+f~dgx(9-h)
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df d

_ df dg dh
_dx.g.l']_|_f.dx.h.;.f.g.aY
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88. a Q(x)= é%%

f(x)
b g(x)- QM) =y -8(¥)
Q(x)-g(x) = f(x)
c. Q'(x)-9(x)+Q(x)-g'(x)=f"(x)

d. Q'(x)-9(x)=f'(x)—Q(x)-g'(x)
£(x)—0Q(x) -a'(x)

QOI=""""g(x)
P00 - g0 L [g) - 00— f(0)- ¢ (0]
e. Q(x)= alx) _ ) a(0)-F(x) =F(x)-g'(x)
| S 90) ) (900’

d 2 d
89. gy LTI = 4, [F(X)- f(X)]

_fd f(x)—|f(x)+ f(x)r d f(><)1
|_dX _I |_dX J

= £/(x)- FX)+ F(x)- F/(x) = 2F(x)- F(x)

f(x) dx [f(x)]

90. Rewrite [f(x)] ' =—L andfind & !

d |—_1_—| f(x)-0-f"(x)-1 f'(x)
[ f0)™  preop T P

oL () Q_}_jr(_ﬂ)x)mfﬂ R+Rx(FL)-Rx 1)

| Rx | = K Ko _ K K _ R
e L L s A e U

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

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

R-1>0:K>0 :%w

% >0, x>0=> (1+ ( u) x) >0= denominator is greater than zero.
~y'>0.

This means the density of the offspring is always increasing

faster than the density of the parents.

92.  w>5and35>0, (W-1.5)%>0andw-15>0= R'(w)=-W=2 >0,

w-1.5
A task that expends w kcal/min of work for w > 5 requires more than w minutes of rest.
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72 Exercises 2.5 Chapter 2: Derivatives and Their Uses

EXERCISES 2.5

1L a F(0=43-32)x*-2@3)x+5-0 2. a f(x)=4x3-9x?+4x-8
=4x3 —6x2 -6Xx+5
b. f/(x)=3(4)x%-2(6)x - 6+0 =12x> —12x -6 b, f'(x)=12x2-18x +4
c. f(x)=2(12)x-12-0=24x-12 ¢ f"(x)=24x-18
d f®x) =24 d. f®x)=24
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a. f'(x)= Tax+dx® 13,148
2 6 24
b. fr(x)=1+x+Lx?+1x3
2 6
C. f'(x):1+x+-14x2
d. f(4)(x):1+x
£(x) = /x5 = x5/
a f'(x)==2
2
b. fr (X) 3( ) 1/2 15\/_
2
C. fm(x _1(15 1/2) ( ) -1/2
dx 4 2 4
_15,-12_ 15
8 8Jx
d. f@(x)= ( 5 —1/2) l(g)x—m
dx 8 2 8
__15, 32
“16"
f(x)=X=1_1_1
) =" o
a f'x)=—=
f(x)—LJ'-(—l-):E'-(x*Z)._2x*3
dx x2 dx
-_2
x3

b. fr@=L1-1
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Chapter 2: Derivatives and Their Uses

4. a f’(x):1+x+l x% 4+ 13
2 6
b f'(x)=1+x+Lx
2
c. f"(x)=1+x
d. f“%m—l
3/2

6. f(x)= x5 = x
2 2

b F(0=3x- 3

4 4dx
C. f ’(X):_§X*3/2
8
4 Ff@(x)=2 52
16

8. fu)=l§2=1+%

4x 4 2x
' 1
a f'(x)=—=
(%) 22
f (X):Q(L):i(lXJ):__l
dx 2x2 dx 2 x3
b. f'@=-L=-1

73
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33 27
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12.

Chapter 2: Derivatives and Their Uses

33
1
f(x)=—=
) 12x3
a. f'(x)z—%x“‘
f"(x):g(—lx

dx 4

27

74
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13, () =(x2-2)(x2+3)=x*+x%-6 14, f(x)=(x2-1D(x?+2)=x*+x%-2
f'(x) =4x3+2x f'(x) =4x3+2x
f(x)=12x2+2 f(x)=12x2+2
15, f(x)=2L=27x7V? 16,  f(x) =232 =32xV*
(x) ¥y (x)= Ix
f'(x):(—% (27x74/3) = _gx /3 f (x):(—Z)(SZX’SM):—BX’SM
f..(x):(_%)(_gqus) 12x 713 f(x) = ( )( gx94) —10x /4
- X
7. =337
(x =1) % (x=1) O — )
f(x)= d p = - o —
(x—l)2 — (x—l)2 (x—l)2 Xc—2x+1
2
f'(x):(x*—2x+l (—_1)_d)(_ 2x+D ) g v o)1y ax-2 _2x=1)_ 2
[(x-17°T CEE A S VA CES VM S
18.  f(X)=7"5
£1(x) = x=2Q-M(X) _x=2-x___2 2
(x —2)2 (x-2)2 (x-2)7 xZ-4x+4
2
f(x)= (x_—4x+4)0-(2x-4)(=2) _ _4x-8 _ 4(x=2)_ _ 4
(X2 — 4x + 4)2 [(x-221% (x-2* (x-2)°
19, d (nrz):an 20. d (&m‘3)— 4rr?
dr dr 3
2 2
4= (nr?) =9 (27r) = 2n 474y =9 4ar?)=8ar
dr2 dr dr2 3 dr
d> 4 3 d
d 3(3751‘ )= dr (8nr) =8m
dx
21. d x10 = 10%° 22. d x11 =11x10
dx
2 2
A% 410 _ d (10x%) = 90x° A% 51 d(13,39) —110%°
dx 2 dx dx 2 dx
2 2
42100 =90(-1)® =90 4% =110(-1) =110
dx x=—1 dX X =—

© 2016 Cengage Lea20ibg Gdhggbts lreaenirgl. Miayginis bessraadebl|ayopatdeos cuptied e pie gosteh phicaped)| imhpasoed stk puttisite accadsileowibgsid, in whole or in part.

75



76 Exercises 2.5

23.  From Exercise 21, we know

2
A% x10 = 90x®
dx

310 d 8 7
= x =—= (90x")=720x
dx 3 dx

3
4101 —720(-1)" =-720

Thus, dx3° __;
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24.  From Exercise 22, we know

2
d° x1 = 110x°

dx

05511~ d (120x%) = 990%°
dx3 dx

4 =990(-1)% = 990
Thus, dx x=—1

76
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25, _d‘/g:_d W32 _ 3,12 06, 43,4 _d 43 4 13
dx dx 2 dx2 dx 3
sz _d (2)(1/2): 3,12 d_l/; _d féx”s\_—éx*m
dx2 dx 4 dx 2 dx\3 )79
213

@ 3 S o o

=3() =3 -3 -
4 16 4

2
dx x=1/16

27, x40 -D]= 2x-DOC - D+ (& ~x+1)(3x)
=2x% —x3 - 2x +1+3x* = 3x3 + 3x?
=5xt —ax® +3x% —2x+1

2
ds o2 3 np_.d 4 4.3 2
d_><2[(x X+ (X" -] =g, (6x7 —4x" +3x" —2x+1)

=20x3 —12x2 +6x -2

28. —d[(x3+x—1)(x3+1)]:(3x2+1)(x3+l)+(x3+x—1)(3x2)
dx P 2 3 5 3 2 .5 3
=3 +3X "+ X +1+3x"+3x" —3Xx"=6X +4x +1
2

2 [0C+x=D0C+1)] :i (6x° +4x° +1) =30x* +12x?

0Ea)(® xS e 2 2 2
29, _d.( X ): dx  dx _X A=x@x) _ 1-x 0 1-x
dx ( x241) (x2+1)2 (X2 +1)2 (x2+1)2  x*+2x2+1
4 2 d 2 2 d 4 2
d 1-x2 (X +2x +D (I=x)—-(1-x )~ (x_+2x +1)
| =41 _=X  |_ dx d
d2( x ) ( 3
dx2\x2+1)  dx(x412x241) [(x%+1)2P
(A 2x2 41)(=2X) ~(1x 2)(4x 344x) (X ZD)[(x 2+1)(=2x)-(1-x 3 (4X)]
- (x2+1)* - (x2+1)4
2
_ —2x3-2x-4x+4x3 _ 2x(x -3
(2 +1)° (x?+1)°
i( X )_(xz—l)-l—(2x)x_X2_2X2_1_ —x2-1 _  —x*-1
30. = 2 2 - 2 2 2 2 a4 2
dx x*-1 (x -1) (x -1) (x -1) x -2x +1
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78 Exercises 2.5 Chapter 2: Derivatives and Their Uses

dL( X )_(X2—1)2(—2X)—(4x3—4x)(—x2_1)

dx? x*-1 (x2-1)*
“2X° +4X3-2Xx—(-4x*—4x* +4x3+4X)
B )
_ =2x°4+4x°-2x+4x° —4x _ 2x°+4x3—6x
(C-1)° 0C-1)°
31 d GX—l (2x+1)2-2(2x-1) _ 4x+2-4x+2 ____ 4
C dxxl (2x+1)? 4x%+4x+1  Ax% +4x+1

2

dZ (2x=1\_ (4x +4x+1)-0-(8x+4)(4) = 32x+16 _  32x+16

a2\ f (4x2 +4%+1)2 TI2x+)212 (2x+1)?
__16(2x+1) _ 16

x+1)*  (2x+)3
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d Bx+1)_ (3x=-DH(3)— 3(3x+1)

9x39x3 6

Chapter 2: Derivatives and Their Uses

32 ax—1 (3x-1)° 9x% —6x+1

9x2—6x+1

79

(3 ):_@Leml)-o_ﬁ(lsx—e) 36(3x-1)
X+1
3x-1

d2

dx 2 (9x2-6x+1)2 B [(3x-1)?

33.  Tofind velocity, we differentiate the distance function s(t) =18t — 2t

v(t)= §'(t) = 36t — 6t2

_ 36
(3x-1)3

3

a. Fort=3, v(3)=5'(3) =36(3)- 6(3)2 =108 —54 =54 miles per hour

b. Fort=7,v(7)=s(7) = 36(7) - 6(7)*

=252 —294 = —42 miles per hour

c. To find the acceleration, we differentiate the velocity function s’(t) = 36t — 6t2.

a(t) =s"(t) = 36 —12t.

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

34. To find velocity, we differentiate the distance function s(t) = 24t2

v(t)= §'(t) = 48t — 6t°
a. Fort=4, v(4)=s'(4)= 484) - 6(4)* = 96 miles per hour
b. Fort=10, v(10) = s'(0) = 48(10) — 6(10) =

-2t

3

—120 miles per hour

c. 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?
35, V() =hi(t)=32+20.5t =32+t

2
v(10) = 3(10)? + 10 = 310 feet per second +3)
—ury = d (22 _ _ga0_ 100
a(t)=v'(t) dt (3t +t)_it+1 (+3)
a(10) =6(10) +1 =61 ft/ sec v(2)= 60— —100  _ g0 100 - 55 mijes per hour
+3) 25
37. a. To find when the steel ball will reach the 38. a. To find how long it will take to reach the
ground, we need to determine what value of t ground, we need to determine what value of t
produces s(t) =0. Thus, set s(t) =0 and produces s(t) =0. Thus, set s(t) =0 and
solve the equation. solve the equation.
0=s(t)=2717-16t> s(t) =1451-16t> =0
0=2717-16t tzz%
2 _
i
t ~13.0312 sec Itrmlr:dtake about 9.52 seconds to reach the
The steel ball will reach the ground after g '
about 13.03 seconds.
b. v(t) =s'(t) = ~32t b. v(t) = s'(t) = -32t
v(13.03) = 5'(13.03) = —417 feet per second v(9.52) = —32(9.52) ~ —305 feet per second
c. al®=vi()=s"(t) c.

= —32 feet per second per second

36, V(t)=s'(t)=60+ t+3)-0 —(1)(100) (t

a(t) =v'(t)=s"(t)

= —32 feet per second per second
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39.

41.

43.

45,

Exercises 2.5

a  v(t)=s'(t) = —32t+1280 40.

b. When s(t) isa maximum, s'(t)=0.
-32t +1280 =0

32t =1280
t = 40 seconds

c. At t=40,
$(40) = —16(40)2 +1280(40)
=-25,600 + 51,200

= 25,600 feet

D'(t)= %(Qtl/ 3) _qoql/3 42,

D'(8)=12(8)/%=12(2) =24
The national debt is increasing by 24 billion
dollars per year after 8 years.
D"(t)= d (19¢1/3) = L(10t2/3) = 44213
dt 3
1)2/3 1
D”(8):4(8)‘2/3=4(—) =4(—)=1

8 4
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 44.

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).

Chapter 2: Derivatives and Their Uses

_ 8
T(2)=98+ 5 ~1037

The temperature of a patient 2 hours after
taking the medicine is 103.7 degrees.

T(t) =98 +8t 7?2

T(t) = —4t3/2 = —ﬁf
4

23T ~-14

Two hours after taking the medicine, the patient’s
temperature is decreasing at the rate of 1.4
degrees per hour.

T'(Q)=-

, -5/2 6
T '(t) =6t =t§2

, 6
T (Z)ZW ~1.1

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%*
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"()=0.14t"%°

T"(10) ~0.035

The temperature increases will be speeding up (by
about 0.035 degrees per decade per decade).

P'(x) =1581x 07 — 0.70376 X022

P'(x) ~ -1.1067x 17 — 0.3660x 48

P(3) = 4.87
The profit 3 years from now will be $4.87 million.
P’'(3) ~-0.51
The profit will be decreasing by about
$0.51 million per year 3 years from now.
P"(3) ~-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°.

~—
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on [0,50] by [0,40]

© 2016 Cengage Lea20ibg Gdhggbts lreaenirgl. Miayginis bessraadebl|ayopatdeos cuptied e pie gosteh phicaped)| imhpasoed stk puttisite accadsileowibgsid, in whole or in part.



82 Exercises 2.5 Chapter 2: Derivatives and Their Uses 82

46.

47.

49.

51.

52.

53.

55.

b. 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.

c. Forx=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°.

a.
on [1, 20] by [0, 800]

b.  The second derivative is ' (x) = ~02184x2% +3.156% — 2.6 , which equals zero when x is
approximately equal to 13.57. The AIDS epidemic began to slow in 1993.

a. The first derivative is negative because the 48. a. The first derivative is positive because the
temperature is dropping. economy is growing.

b. 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.

a. The first derivative is negative, because the 50. a. The first derivative is positive because the
stock market is declining. population is growing.

b. 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.

True: Forexample , x =0.

dx
a. f'(2) 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.

a. iii (showing a stop, then a slower velocity) 54. a. ii(showing positive and increasing slope)
b. i (showing a stop, then a negative velocity) b. iii (showing negative but increasing slope)
c. i (showing stops and starts and then a higher c. i (showing positive but decreasing slope)
velocity)
100
dlxm(xgg—4x98+3x5°+6)=o 56. S (x1)=—x7?

2 -1
¢ _oy3_2
dx2 (X ) 2x x3

3 -1
d> -4 3!
(X )=—-6x"T"=-=%
dx3 ( ) x4

4 -1
d* -5_ 4!
—,(x )=24x"=
dx4 ( ) x5

n

4 =

© 2016 Cengage Lea20ibg Gdhggbts lreaenirgl. Miayginis bessraadebl|ayopatdeos cuptied e pie gosteh phicaped)| imhpasoed stk puttisite accadsileowibgsid, in whole or in part.



83
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dx" ) xn+1
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84 Exercises 2.5

2

57. 95 (f.q)=d (9 g 5.99) [ord (fr.g4f.g)]

dx 2 dx ( dx dx) [ dx ]
:—d(ﬁ.gh |f~gg| |_or

dx \ dx ) &( dx) | &

4, df 0 df dg

2
d-f df
ax2 0" dx dx " ax dx

=f"-g+2f"-g+f-g”

+f-

(f'-g+

d’g

&

02 [or f'-g+f"-g'+f"-g+f-g"]

Chapter 2: Derivatives and Their Uses

(-9

|

2
58. From Exercise 31, we know that %(f g)="f"-g+2f"-g+f-g".
X

d3 d d2 d ’ ’ ’ " ”n " ’ ’ ’ ’ " ’ ” "
—((f-gg=— | —(f-9)|=—(f"-g+2f"-g+f-g")=Ff"-g+f"-g' +2f"-g'+2f"-g"+f'-g"+ f-g

dx 3 dx | dx? Jodx

— f”!.g_"_gf !'gl+3f!.g!/+f.g//!

EXERCISES 2.6

1. f(g(x)):\/x2—3x+1

The outside function is v/x and the inside
function is x> — 3x +1.

[f(x)=+/x
Thus, we tak
us, e fake 1g(x):x2—3x+1
3. fex)=(x*-x)"
The outside function is x> and the inside

function is x% —x .

Jf(x):x_3

Thus, we take

Lg(x) = x® —x

_x34
5. 10D ="7",

f(x) =Xt
g(x) =x*
7. () x+1\"
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2.

8.

f(g(x)) =(5x° —x +2)*

The outside function is x* and the inside function
is 5x2 —-X+2.
4

J f(X) = x
Thus, we take

[g(x)=5x2—x+2

f(g(x)) =
X +X
1
The outside functionis
2

and the inside function

IS X +X.
OB

Thus, we take 1 X

[g(x) = x% +x

(o)L

foo=2=1

J
g(x)= x

f(g00)=*=*

NE

84
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fo00=

f(x):x4

[EEN

X
X—

g(x)=

(RN

9.  f(g(x)=Vx?-9+5
f(x)=vx+5

g(x)=x*-9

1. f()=(x? +1)°
f/(x)=3(x% +1)2(2x) = 6x(x? +1)
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10.

12.

Chapter 2: Derivatives and Their Uses

X+1

f(x)= x

x=1

9(x) = X+1

f(g(x))=2x3+8-5
f(x)=3x-5

g(x):x3+8

f(x)=(x3 +1)*
f(x)=4(x® +1)3(3x%) =12x2(x3 +1)°
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Exercises 2.6

13.

15.

17.

19.

21.

23.

25.

217.

29.

31

g(x):(2x2—7x+3)4
g'(x):4(2x2—7x+3)3(4x—7)

h(z) = (322 - 52+ 2)*
h(z) = 4(32% -5z + 2) (62 - 5)

f(x)=v 4—5x+1=(x4—5x+1)l/2

f(x)=1 (x4 —5x+1)71/2 (4x3-5)

w(z)=¥9z-1= (92—1)1/3
w'(z) = $(92-1)7%/3(9) = 3(9z-1)2/3

y=@-x%*
y = 4(4—x?)3(-2x) = -8x(4— x?)3

4
VI B T P TR

\wd-1)
y = —4w -1 7°(3w?) = —12w? (w3 - 1) °

y=x*+(1-x)*
y' =4x3 + 40 -x)3(-1) = 4x3 - 4(1-x)3

-1/2
1 —(3x2-5x+1)

f(X)= ——a—ou
\V3x2—5x+1

£0=-1(3 _5x+1) 7 (6x—5)

F(x) = 1 _ 1 -2/3

Yox+1)? (x+1)*"?

f'(x) = —%(9x+1) 39)=-6(9x+1) *®

=(9x+1)

2/
F) =L~ (x?-3x+1) "
I(ox2 —3x+1)

£(x) =—%(2x2 _ax+1) " (4x—3)

Chapter 2: Derivatives and Their Uses

14.

16.

18.

20.

22.

24,

26.

28.

30.

32.

g(x) =(3x3-x? +1)5
g'(x) =5(3x% - x? +1)4(9x2 —2x)

h(z) = (522 + 32-1)°
h'(z) = 3(52° +32-1)2(10z +3)

f(x)=+x° +3x—1:(x6 +3x—1)l/2

f'(x)= %(x6+3x—1)71/2(6x5+3)

w(z) = ¥10z2— 4 = (102 4)*/°
w'(z) = %(102 —)75(10) = 2(10z —4) 45

y=@-x*
y’ =50(1—x)*9(~1) = -50(1— x)*?

5
y=( ] [t e - (w4

(w*+1/
y' = —5w* +1)" 8 (4w?) = —20wP (W + 1)

f(x)= (x% +4)% = (x? + 4)?
f1(x)=3(x? + 4)2 (2x) —2(x % + 4)(2x)
= 6x(x2 + 4)2 - 4x(x2 +4)

)71/2

f(x)= 1 =(2x2-7x+1

-3

f‘(x):—%(2x2—7x+1) /2(4x—7)

f(x)=—E—=(3-17"

3(3x-1)2
f'(x) = —§(3x—1) SB33)=2(3x-1)""®

)72/3

f(x)= 1 —(x?+x-9

\3/(x2+x—9)2

f'(x)=—%(x2+x—9)_5/3(2x+1)
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33, f(x)=[(x2 +1)® + x]? 3. f()=[+1?-x]*
f1(x) = 3(x2 +1)° + X [B(x? + )2 (2x) +1] F1(x) = 4[0C +1)° —x’[20C +1)(3x%) -1]
=3(x% +2) + xP6x(x* + 12 +1] = 4[(x° +1)° —xP’[6x% (x° +1) - 1]
35,  f(x)=3x?@2x+1)° 36, f(x)=2x(x3-1)*
f/(x)=6x(2x +1)° +3x*[52x + * (2)] fr(x)=2x>-1)* +2x14(x> = 1)° 3x?)]
= 6x(2x +1)° +30x%(2x +1)* =2(x3-1)* +24x3(x* -3
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37.

38.

39.

40.

41.

43.

45,

47.

Exercises 2.6

f(x)=(2x+1)°(2x - 1)*
f1(x)=32x + D% 2)(2x - D% + @x + D3[4(2x - D3(2)]
=6(2x+1)%(2x -1)* +82x + 1)3(2x -1)°
f(x)=(2x-1°@2x+1)*
f1(x)=302x - D% 2)@x +D* + @x - 3[42x + D3(2)]
=6(2x-12(2x +1)* +8(2x - )32x +1)®
9(z2) = 22 (322 —z+1)"
0’ =2(22-2+1) " +22)(322 - 241 ° (62-1)

g(z):zz(223—z+5)4
g'(z):22(222—z+5)4+22(4)(222—z+5)3(622—1)
2 8 3
=22(222-7+5)" (1423 -3z +5)

x—1

f(><):(><—+1)3 42,

f'(x)=3 wp | (X1 |

(x+1)2 [(x=D@Q)-O)(x+1) ]
L |

2|r ol
2
LD

x+1
x-1

=3(x+1)2|'x—l—x—1'| .

-t | e |
:_6(x+l)2
(x-1)

f(x)=X2\/l+ x2 = x? (1+x2)1/2 44,

f'(x)= 2x(1+ x2)1/2 +x2 |—l(1+ xz)_ll2 (2x)—|

2

M2 +x° (1+ x2)

=2x(1+ x2) 2

F () =1 x = (14 x12)"2 46.

Fr(x) = (14 )(1/2)‘“2 (% 112

1
2
%X—1/2 (1+ )(1/2)‘“2

f(x)=(2x+1)* 48.

Chapter 2: Derivatives and Their Uses

o-fy

X+1

[

f'(x)=5 x-1 {(x+1)(1)—(1)(x—1)—||

+
x 1 |
4 (x+1)? |
4
_5(x=1) [x#+lx+1]_qq(x=1
Xx+1

|L(x+1)2 Jr (x+1)°

f(x)= x2x% —1=x2 (x2 —1)1/2

f'(x)= 2x(x2 —1)1/2 +x2 rl (x2 —1)_1/2 (2x)—|

2
= 2x(x2 —1)1/2 +x° (x2 —1)_1/2

f(x)=§/1+73\/§=(1+ X1/3)1/3\/7

F0=v2+3=(x?+3)"
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f(-D=(2(-0+1)*=1
The point is (-1, 1).

fr(x)=4(2x+1)° (2)=8(2x+1)*

f(-1)=8(2(-1)+1)°=-8

The tangent line has slope -8 at (-1, 1).

y—1=-8(x+1)
y=-8x-7
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Chapter 2: Derivatives and Their Uses
f (1)= 1 +3=2
The point is (1, 2).

-u
fr(x)=21(x2+3) 2(2x):i

2 2 x°+3
fry=—20 1

2 (1)%+3 2

The tangent line has slope % at (1, 2).

<
|
N
I
—~
>
|
=
SN

<
I
N[RN-=
>
+
N[

82
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49, f(X):[(X—l)Z—XJZ 50.

t@=[2-1?-2 =1

The pointis (2, 1).

fr(x) =2 (x-1)% - xJ[2(x=D (1) 1]
—2[(x-1?-x (2x-3)

fr2)=2[(2-1%-2](2(2)-3)=—2

The tangent line has slope -2 at (2, 1).

y-1=-2(x-2)
y=-2X+5

51.

i

dx

b, L0 +1)21=4 (x* + 262 +1) = 43 + 4x
dx dx

53. a.

_d( 1 }(3x+l)0—3(11=_ 3 54

dx 3x+1

(3x+1)2 (3x +1)2

b. S IG+D=-(3x+1)?(Y

__ 3
(3x +1)2

55, f(x)=(x* +1)1° 56.
f/(x)=10(x% +1)2(2x) = 20x(x? +1)°
f(x)=20(x2 +1)° +20x[9(x* +1)®(2%)]
=20(x? +1)° + 40x [9(x% + 1)¥]
=20(x2 +12)% +360x%(x% +1)®

57. The marginal cost function is the derivative of the 58.
function C(x)= ¥4x? +900 = (4x2 +900)1/2 .
1(g42 -1z
MC(x)=1(4x2+900) " (8x)
2 -1/2
= 4x(4x2 +900)

A 1(x® 112 71=2(x +1)(2x) = 4x° + 4x 52.

Chapter 2: Derivatives and Their Uses

f(x)=(2x+3)*+(3x+2)% +4x-5

f(=2)=(2(=2)+3)° +(3(=2) +2)* +4(-2) -5
=2

The point is (-2, 2).
f/(x)=3(2x+3)%(2) +2(3x+2)(3) + 4

=6(2x+3)%+6(3x+2)+4

f/(=2)=6(2(-2)+3)* +6(3(-2)+2) + 4

=-14
The tangent line has slope —14 at (-2, 2).
y—2=-14(x+2)
y=-14x-26
dl 1) x20-(2x)(1)
a. —
— = =2x __2
dx XZJ (X2)2 X4 X3
d(| 1
. L) ey sty 2w
©odx (g2 ) dx
__2
X3
d(|1
c (—L"L(x‘z) x=_F
dx (y2) dx x3

4 £ (gh(x))) = t"(g(h(x))g (h(x)h'(x)
dx

f(x)=(x3-1)°
f1(x)=5(x3 —1)*@x2) =15x3(x3 - 14
f(x)=30x(x° )% + 15x2[4(x° - 1)3(3x%)]
=30x(x> - D% +180x* (3 - 1)®

/

on [0, 30] by [-10, 70]
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MC (20) = 4(20)[4(20)2+900

~80[4(400) +900] 2

_ -12_80 _
=80(2500) =5 1.60
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59.

61.

63.

65.

67.

69.

Exercises 2.6

S(i) =17.5(i —1)*>3

S'(i) = 9.275(i —1) %4

S'(25) = 9.275(25-1)%4" ~ 2.08

At an income of $25,000 social status increases
by about 2.08 units per additional $1000 of
income.

R(X)=4x 11+0.5x =4x(11+0.5x)"2

R(X)= 4x(% (11+0.5x) 2 (0.5) + 4(11+0.5x)/2

X
=—=———+411+0.5x
/11+0.5x

The sensitivity to a dose of 50 mg is

R'(50) = X +4,/11+0.5(50)

JL1+0.5(50)
50 50
= +411+25 =221 436
J11+25 J36
50 ., 25472 _97 51
=TT T

on [0, 140] by [0, 50]
X~ 26 mg

P(t)=0.02(12+2t)%/2 +1
Pr(t)=0.03(12 + 2t)}/2(2)
=0.06(12+21)*2
P'(2)=0.06[12 + 22)]¥'? = 0.24

/ Ay dus.0518Y
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60.

62.

64.

66.

68.

Chapter 2: Derivatives and Their Uses

S(e) = 0.22(e + 4)?

S'(e) = 0.462(e + 4)11

S'(12) =0.462(12+ 4)*! ~ 9.75

At a level of 12 units, a person’s social status

increases by about 9.75 units per additional year
of education.

V(r)=1000(L +0.01r)°
V'(r)=5000(1+ 0.01r)*(0.01)
= 50(1+ 0.01r)*
V'(6) = 50[1+ 0.01(6)]* ~ 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

R(x) = 0.25(1+ x)*

R'(x) = 4(0.25)(1+ x)* = @ +x)*
a  R(0)=(1+0)°%=1
b. R(@)=@+1)°=8

T(p)=36(p+1)°
T'(p)=-3@6)(p+1) "
T'(7)=-12(7+1) Y% =

_12(p+1y¥3

Nlw )

The time is decreasing by about i minute for

each additional practice session.

¢ 8-005184
x~34.7, so about 35 years
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on [0, 20] by [60, 62]
slope = 0.05184
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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.

True: %f(x+5)= f'(x+5)-(1) = f'(x+5)

No: since instantaneous rates of change are

derivatives, this would be saying that

%[ f()]* =[F'(x)]°, where f(x) is the length

of a side. The chain rule gives the correct
derivative of [f(x)]s.

&S E@9(x) = E'(9(x))-g'(x)
since E'(x) =E(x), E'(g(x)) = E@(x)).

Thus, d_o>|< E(9(x)) = E(9(x))-g'(x).

Chapter 2: Derivatives and Their Uses

71.

73.

75.

77.

79.

81.

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.

- d sy = Doy fi5x) =5
True: de(Sx) dx5X f'(5x)=5-f'(5x)

a

differentiated. The correct right-hand side is

False: The outer function, X , was not

Mot 9’

No: Since instantaneous rates of change are
derivatives, this would be saying that

(%[f(x)]zz[f'(x)]z,where f(x) is the length

of a side. The chain rule gives the correct
derivative of [ f(x)]°.

4 L(g(x) = L (9(x))g' (x)

dx
1 1
Butsince L' (x) =, L'(9(x)) =
dx 9(x)

Thus, 9 L(g(x)) = L

9(x)”

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 ad f(G(x)) and substitute the expressions
X

for G(x) and G'(x).
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% f(G()) = f'(G(¥)-G'(x)
= f'(g(h(x))-g'(h(x))-h"(x)
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84.

86.

SHE

Exercises 2.6 Chapter 2: Derivatives and Their Uses
Use di 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) to find
X f(x+h)— f(x)
to find (?—X((xz)3) 4, F(h) = —————— and use the continuity of
F at O to obtain
L ((x®)?)* = 4((x?)*)*-3(x?) 2 - 2x f(x+h)— (%)
d = i = i B S
’ = 4x®.3x*.2x O =R FM = h ’
—24x 23 which is the definition of the derivative-

((X2)3)4 :(X6)4 :X24

A 24 _ o4y
dx

which is the same result as in part (a)

Apply Caratheodory’s definition since g is differentiable.

Apply Caratheodory’s definition since f is differentiable.

In the 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 “4” is g(x+h)—g(x).

In the last step, use Caratheodory’s definition as given in part (a).
The derivative of f(g(x)),

a
9t (g(0)
_lim F(g(x+h)-g(x))-G(h)-h

h—0 h
= I!ing)[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=-2,0,2. points x=-3, 0, 3.

The derivative does not exist at the discontinuous 4.  The derivative does not exist at the vertical
points x =-3, 3. tangents at x =-4, -2, 2, 4.

For positive h, lim

lim
h—0

fim L), Pxe2h HAx |

© 2016 Cengage Lea20ibg Gdhggbts lreaenirgl. Miayginis bessraadebl|ayopatdeos cuptied e pie gosteh phicaped)| imhpasoed stk puttisite accadsileowibgsid, in whole or in part.

foeeh)f(x) _ . Bxr2hidx |

. For x =0, this becomes

h—>0 h h—>0 h

10+2h]-p| |2h
h

= = 2 because h is positive. For h negative,

. Since x = 0, we get

89
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Exercises 2.6 Chapter 2: Derivatives and Their Uses

h—0 h h—0 h
[0+2h-p| [2h
h
lim = h = —2 . Thus, the derivative does not exist.
h—0
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Chapter 2: Derivatives and Their Uses

fim TOENEC_ , 030ED T _3n_

6. For positive h and x = 0,
h—0 h h—0 h

For negative hand x =0, i

h—0 h h—0 h
Thus, the derivative does not exist.

f (x+h)—f (x) _

7. Forx=0, lim |

h—0 h h—0 h h—0 h

exist. Thus, the derivative does not exist at x = 0.
f (x+h)-f(x)

8. Forx=0, lim = lim

h—0 h h—>0 h h>o D

Thus, the derivative does not exist at x = 0.

9. If you get a numerical answer, it is wrong because 10.

the function is undefined at x = 0. Thus, the
derivative at x = 0 does not exist.

11. a. Forx=0, 12.
_ 5 5
lim f (x+h)—f(x _lim +h—
h—0 h h—0 h
5
:IimV[E
h—0 h
b. 3h
h h
0.1 6.3
0.001 251.2
0.00001 10,000

c. No, the limit does not exist. No, the
derivative does not exist at x = 0.

d. K"'
|

On[-1,1] by [-1, 1]

13. Ata corner point, a proposed tangent line can tip 14.
back and forth and so there is no well-defined
slope.

15. Atadiscontinuity, the values of the function take 16.

a sudden jump, and so a (steady) rate of change
cannot be defined.

17. True: For a function to be differentiable, it cannot 18.

jump or break.

2/5 2/5
im (0+h) -0 h

= lim X— = lim —=

4/5 4/5
(0+h) —0: lim h__ —

h

 LOE=E0) o 0+30EQ ] 3h _

h

1 which does not

h—0 h3/5

lim—L

h—0 h1/5

which does not exist.

If you get a numerical answer, it is wrong because
the function is undefined at x = 0. Thus, the
derivative at x = 0 does not exist.

a. Forx=0,
_ 3 3
Iimf X+h)—f (x _lim +h —
h—0 h h—0 h
3
=IimVZE
h—0 h
b. h | %h@
0.1 4.64
0.0001 464.16

0.0000001 | 46,415.89
c. No, the limit does not exist. No, the

derivative does not exist at x = 0.

N
-

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

A vertical tangent has an undefined slope, or
derivative.

False: A function can have a corner or vertical
tangent and still be continuous.

False: A function could have a vertical tangent.
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REVIEW EXERCISES AND CHAPTER TEST FOR CHAPTER 2

1. 2.

X | 4x + 2
1.9 9.6 2.1
1.99 [9.96 2.01
a1.99on Kxegs=10 2001
X—>2

X ‘4x+2

10.4
10.04
10.004

b. lim 4x+2=10

x—2%

c. lim4x+2=10

X—2

3. a. lim f(x)= lim 2x-7) 4.
X—57 X—5
=2(6)-7)=3
b. lim f(x)= lim 3-x)
x—5+ X —5+
=3-5=-2

c. lim f(x) does not exist.

X—5
J N|
5. limyVx%+x+5= 42+4+5= 16+9 6.

X—4
=+/25=5

7. lim (ls—sl’z)=l(16)—161’2=8—4=2 8.

s—>16 2 2

2 —
9. limX" xx=d

x>1x2-1  xo1(x+1)(x-1)

T x _1
= M2

2 2 _
11, lim 2Xthoxh® gy, X0(2x=h)
ho N ho N
= lim x(2x-=h
h—0 ( )

=x(2x-0) = 2x?
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=X = lim 10.

12.

X ‘ A x+1-1 X ‘ ox+1-1
X X

-0.1 0.513 0.1 0.488
-0.01 0.501 0.01 0.499
—-0.0001 | 0.500 0.001 |0.500
a. lim 3@:0.5

x—0~ X
b, lim AX+1-1_g5g

x—07" X
c. Iim@:O.S

x—0 X

a xI—IH')]’ 100 = x“»rrS]’(Ar -0

=4-5=-1

b. XLIIEL f() :Xll)rg+(2x—11)
=2()-11=-1

c. limf(x)=-1

X—5

limre=mxn

x—0

lim r -j- — 8 _ 8 -2

_3/- 64— 2
r>8r2-303r 82-30°8 30(

2
lim 338X _ iy 3X(x"=1)

x>-12x242x  x—>-1 2X(x+1)

lim X (x=1)(x+1)

x—>-1  2X(x+1)
= lim 3(x=1) _ 3(—1—1)=

-3
x>-1 2 2

2 .2 _
lim 6xXh“—x"h = lim m(M
ho N h>o N
= lim x(6h—-x
h—0 ( )

= x(O—x)=—x2

86
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13.

15.

17.

Exercises 2.7

lim f(x)=0; lim f(x)=o and 14.
X—>—00 X——2"

lim  f(x)=oo,

x—>—27

so lim f(x)=oand lim f(x)=0.

X—>-2 X—>00
Continuous 16.
Discontinuous at x = -1 18.
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Chapter 2: Derivatives and Their Uses

lim f(x)=3, lim f(x)=- and
X—>—00 X—2~
lim f(x)=oo,

x—2%

so lim f(x) does not existand lim f(x)=3.

X—2 X—>0

Continuous

Continuous
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19.

21.

23.

24,

25.

26.

217.

29.

The function is discontinuous at values of x for 20. Discontinuous at x =-3, 3
which the denominator is zero. Thus, we consider
x2 1+ x =0 and solve.
X2 +x=0
X(x+1) =0
x=0,-1
Discontinuous at x = 0, -1

From Exercise 3, we know Iimsf(x) does not 22. From Exercise 4, we know Iim5f(x) =-1=f(5).
X— X—
exist. Therefore, the function is discontinuous at x Therefore, the function is continuous.
=5.
i L0 - 20xeh) 2 3(xth)-1-(2x 53x-1) lim 2% 2 2xh+h 3+3x+3h-1-2x 23x+41
h—0 h h—0 h h—0 h
2 2 2 2
— lim 2Xt4xh+2h +3x-3x+3h-1+1-2X  _ |im 4xh+2h +3 _ I|m Ax+2h +3=4x+3
h—0 n h—0 —0
fim =00 30cth) 24 2(x+h)—3-(3x %2x-3) — lim 3% 2 6xh+3h 242 X+2h—3-3x >-2x+3
h—0 h h—>0 h h—0 n
—hllmOM)’hn_Jr2h = I|m 6X+3h+2=6x+2
N
3 3 3x=3(x+h)
lim FOENF ) o xoh x iy X0 3x-3x-3h 1_,,m fim-—3__ 3
h—0 h h>0 | ho N h—o X(X+h) ox(x+h_) hoo X(XFN) 2
_(X_+h)_(_) 4 d+h-4 xN xfrh— xy xdh+ x A/ x+h x [
lim =lim lim4
h—0 h—0 h—0 h \/x+h+ h—>0 h +h+ X)
a2V ——2
0 h(Jx+h+ x) 0 x+h+ x 2Jx X
f(x) = 63x° — N 6x5/% _ax 12 11 28, f(x):4x/x75—%+1:4x5’2—6x‘“3+1
X
f'(x):%(6x2/3)—(—%)(4x‘3/2)+0 fr(x) =2 (4x3’2) —%)(6x‘4’3)+0
—10x2/3 4 2y 32 :10x3’2+2x“”3
-l _y _1_y
f(x)= X 3. f)=1
fr(x)=-2x7 fi(x)=-
I X (l)z 2
f ) =-2 ) =-2(2) =-16 f 3= '3 =-(3) =-
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31 f(x)=123x =12x"®
f'(x)= %(12x"2’3) =4x7203

-2/3 (1)2’3 (1)

f'(8) =4(8) =4 8 :4k82/3)
YT S TG U
=4 e 4 f’/ﬂ 1

32. f(x)=6%x =6x"3
f'(x)= %(GX‘M) =2x723

—2/3 ( 1?3 (1 Y 1
reo=29 =2 -2

foor) 2
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33.

35.

37.

39.

41.

42,

43.

44,

Review Exercises and Chapter Test for Chapt€hapter 2: Derivatives and Their Uses
y=Lix2=x1ix?2 34. a C'(x)=20x"°
X cw=2-2
y(1)=I+1 =2 h
The point is (1, 2). Costs are in_creasing by about $20 per
I 1 additional license.
y':—].X +2X=——42X 20 20
'(64) = =_=1
X2 b. C'(64) 563~ 2 0
' 1 . .
y'®)=- 02 +2(1=1 Costs are increasing by about $10 per
. itional li :
The tangent line has slope 1 at (1, 2). additional license
y-2=1(x-1)
y=x+1
f(x) =150x 0322 3. a A=mr?
f/(x) = -0.322(150x 322) = _48.3x 1322 A=2mr
£/(10) = —48.3(10)_1'322 ~-23 b. As the radius increases, the area grows by “a

. . circumference.”
After 10 planes, construction time is decreasing

by about 2300 hours for each additional plane

built.
a V=>24n8 38 f(x)=2x(5x3 +3)
3 3 2
A =3 énrz): A2 f'(x)=2(5x +3)+2x(15x )
3 — 2(5x% + 3)+30x3 = 40x3 +6

b. As the radius increases, the volume grows by
“a surface area.”

f(x)= x2(3x3 -1 40.  f(x)=(x% +5)(x% -5)
f1(x)= 2x(3x° —1) + x2 (9x?) f1(x) = 2x(x% = 5) + (x% + 5)(2x)
=2x(3x3 -1)+ ox* = 15x* —2x =2x% —10x +2x° + 10x = 4x°

f(x)= (x> +3)(x2 -3)
f1(x) = 2x(x% = 3)+ (x2 +3)(2x)
:2x3 —6x+2x3 +6X= 4x3

y=x*+x2+ (x> =x3 +x)

y = @x3 +2x)(X5 = x3 + x) + (x* + x2 + 1)(5x* - 3x? +1)
=4x8 — 4x8 1+ 4x% + 2x8 —2x* +2x2 +5x8 —3x 8 + x* + 5x B —3x* + xZ +5x* - 3x?2 +1
=0x® +5x% +1

y= (x5 +x3 +x)(x4 -x? +1)

y'= (5x4 +3x2 +1)(x4 - x? +1) +(x5 +x3 +x)(4x3— 2X)
=5x8 —5x® 5x? £ 38— ax P 43x® o xt o x? 14 4x8 4 ax® rax® —2x
=5x8 _2x® 1 axt r2x® 114 4x® 1 2x8 r2x? —2x?
9x® +5x% +1

x-1

6—2x4—2x2

y' = (X+D@ —M(X=1) _ x+1-x+1__ 2

Y=X¥1
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Review Exercises and Chapter Test for Chapt€hapter 2: Derivatives and Their Uses
y:ﬁ y = (X—ll)(l) —(D(x+1) x-1-x-1___ 2
X -
(X+1)2 (X+1)2 (X +1)2 (X—l)z (X—1)2 (X—1)2
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48.

50.

5 4 4 5
(x_=D(5x )-(5x )(x +1)
(x° -1)2

’

9 4 9 4
_9X_ —5X —-5X -BX _

10x

(x> -1)2 (x> -1)?

a (=25 49,

f(x)- X@ - @@

_2x=2x-1__1

x2 X2

b.  f(x)=(2x+1)(x" 1)

fr(x)=2(x 1)+ (2x + 1)(=1)x 2
_2 _2x+1 _2x _2x+1__ 1

c. Dividing 2x +1 by x, we get
f(x):2+%(:2+x‘1
F(X)=0+(-1x * =— 2

X

- e N 51.
S(x) 0 2250(x+9)
$'(x) = —2250(x +9) 2 =— 220
(x+9)?
_ 2250
(6+9)2=-10

At $6 per flash drive, the number of drives sold
is decreasing by 10 per dollar increase in price.

S'(6)=—

47.

Review Exercises and Chapter Test for Chapt€hapter 2: Derivatives and Their Uses

_ x8 —1
x6+1
6

5 5 6

y,:(x +1)(6x ) —(6x )(x -1

(x8 +1)y

11 5 11 5 5
_6x +6x —6x +6x _ 12X

(x8 +1)2 (x® +1)2

y' =& ESASA A
2
(x4 +1)
—x814x343x2
(x4 +1)2
=D 1a(D*43(-1)? _ —1-443
y(d

(- +1)2 4

y+1=—%(x+1)
__1. 3
y==2%7

a. Tofind the average profit function, divide

P(x)=6x—200 by x.
6x=200

AP(x) = X

b.  To find the marginal average profit, take the

C.

derivative of AP(X).
MAP(X) = x(6)—(1)(26x—200) _ %0
X X
- 200 _ 200 _
MAP(10) = 10y ~ 100 2
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52. a. AC(X):Q(&:7'5X+50=7.5+@
X X X

b. MAC(x):%(7.5+56)::5O

X )(2

C.  MAC(50)= ;Oig:_ %:—o.oz

Average cost is decreasing by about $0.02
per additional mouse.

53.

Average profit is increasing by about $2 for
each additional unit.

f(x) =12\/»é—93 x =12x3/% —gx!/3

f1(x) = 2(12x42) - L (9x2/3) = 18xY/2 — 3x 23

2 3
fr(x)=1(18xY2) - 2(-3x57%)
2 3

_ 9xfl/2 +2X75/3
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54.  f(x)=18°

fr(x)=12x"% —6x"?
f ”(X) — _4X—4/3 _3X—l/2

s6.  f(x)=—1=1x3 57,
23 2
f(x)=-3x*
f(x)=6x"°
_ 3 _ 4,4
58. f(X)—F—3x 59
f/(x) =-12x°

(-2)°
60. 4,2 o3 61,
dx
d 2 d 3 4 8
dx2x = gx (2x ) =6x = 4
2 4
dx o (-2)t 16 8
62, d m =gx7/2 =ZX5/2
de dx 2
da= /.7 d(7 52\ 35,32
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X —4\/x3=18x2’3—4x3’2 55.

f(x)=-2=2x73
X3
f1(x) = -3(2x*) = —6x~* = _;64
fr(x)=—4 —6x° =24x7° = if_}
fr(-1)=—24- =24
-1°
d .6 A5
d2x X" =6x
g— _
d 2 X — C? = 30X
—2 6 4
x =30(-2) =480
dxz X=-2
_3 312

—f(———x
d J_5> d(5 3/2\ 15 1/2
a2 © Taxl2X )T X

‘/J 15 12
X = 4(16) =15

93
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63.

Review Exercises and Chapter Test for Chapt€hapter 2: Derivatives and Their Uses

¢’ x7 =322 =10

2
dx x=4

P(t)= 0.25t° — 32 + 5t + 200
P'(t) = 3(0.25t) — 2(3t) + 1(5) + 0= 0.75t> — 6t + 5
P’(t)= 2(0.75t)— 6(1)+ 0=1.5t— 6
P(10) = 0.25(10)® —3(10)? +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= 7560 +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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Review Exercises and Chapter Test for Chapt€hapter 2: Derivatives and Their Uses

64.

65.

66.

68.

70.

72.

74.

76.

s(t) = 8t>/2
v(t)= () = 3 (86/2) = 20t%?
a(t) =v'(t) = 3 (20t"%) =30t"2

v(25) = 20(25% 2 = 2500 ft / sec

a(25) = 30(25)Y/2 =150 ft/ sec?

a. When the height is a maximum, the velocity
is zero. Thus, to find the maximum height, b.
set v(t) =0 and solve. First, we find

v(t)=s'(t).
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).

$(4.625) = —16(4.625)2 +148(4.625) +5
= 347. 25 feet

h(z) = (42% -3z +1)® 67 h(2)=(@z2-52-1*
h(z) =3(42° -32+1)°(82-3) hi(z) = 4(32% —52-1)*(62-5)

g(x)= (100 - x)° 69.  9(x)=(1000-x)*
g'(x) = 5(100 — x)* (- 1) = 5100 — x)* g'(x) = 4(1000 — x)3(~1) = —4(1000 — x)?

F(x)=x2—x+2 =(x —x+21/2 7L f(x)=+x?—5x-1=(x2-5x—1) /2
(=10 —x+2) " 2x-1) (=30 _5x—1) 7 (2x-5)
w(z):96z—1:(6z—1)1/3 73. W(z):332+1:(3z+1)1/3

w'(2) = 1 (62-1)723(6) = 2(62-1)2/° w(2) = 1(32+1)723(3)= (324?13

hix) e —L __ 215 75.  h(x)=—=t  —(10x+1)"/"
(x) {)/m (5X+1) (x) m X+

h'(x)=— %(5x+1)_7/ *(5) =—2(5x+1) /5 h'(x) = - g(lox +1) % (10) = -6(10x +1)®/°

g(x)= x2(2x—1)4 77. 9(x)= 5x(x3 —2)4
g'(x)=2x(2x - * + x’[4(2x -1 @)] 9'(0) =50 - 2)* +5x140 -2)*3x%)]
= 2x@x - + 8x%(2x -1)° =503 - 2)* +60x°(x® - 2)°
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96 Review Exercises and Chapter Test for Chapt€hapter 2: Derivatives and Their Uses 96

1/3

78, y=x"I+1-=
L3 |

y':3x2(x3 +1)1/3 3|—1(x +1)_2/3(3x )—|

=32 (xS +)M3 x5 (x8 + 1)

80. f(X)=[(2x%2+D*+x*]® 81.

fr(x)=32x% + 1) + x"1714@x 2 + 13 (4x) + 4x3]
=32x% + 1% +xM716x(2x% +1)° + 4¢3

g2.  f()=y(2+1)! —x* =[(x? +1)* -
()= 1 +0* - x* T2 (¢ +1)%(20) - 4x%]
= 2108+t - x T2 [8x (x? +1)° - 4x°]

84. f(x)=(@x+)*@x+1)3
f(x)=403x +13@)(4x+1)% + (3x + D)*(3)(4x + )2(4)
=12@3x + 13 @x + 1) +12(3x + )* (4x+ 1)
=12@3x + 13 (Ax + D2 [(4x + 1) + (3% +1)]
—1203x+ D)3 @x+ 12 (7x+ 2)

85.  f(x)=(x2 +1)3(x? —-1)*

f1(x)=3(x% + 12 (2x)(x2 = 1)* + (x® + 1)°[4(x 2 =1)* (20)]
=6x(x% +1)2(x2 - p* + 8x(x® +1)°(x® -1)°

4
86. f(x)= %) 87,

F(x) = 4(x;55 [x(1) -@)(x +5) 1
X

N
3

-4 x+55(x—x—5\ 20 (x+5)

88. y—3x2+4

y(2)=3(2)?+4=2

The pointis (2, 2).

x3(x3 +1) 79.

x41/2 83.

(x2+ 4)113 89.

y:x4 x2+1:x4(x2+1)1/2
N ]
y'= —4x3 (x +1)1/2 4 1(x2 +1)_1/2 (2x)

=4x3(x% +1)Y2 4 x5(x2 +1)7V2

f(x)=[Bx% -1)° +x3)?
f1(x)=2[(3x% —1)% + x°][3(3x>
= 2[(3x% —1)® + x°I[18X(3x>

f(0= A3 +2 32 =[(3 + 12 + X2 ]2
£1(x)= {03 +17 272203 + D(3xP) +2x]
= 1103 427 + T2 66 (x° +1) + 2x]

=[(x®+D2+x2TY2[3x2(x3 + 1) + X]

~1)?(6x)+3x%]
—1)2 +3x2]

f(x)_(x+4)5
F(x) = 5((+4 )rx(l)—(l)(x+ )TJ

x+4 4 x—x-4) 20 x+4 4

()
x L

4
20(x +4)

= X6

h(w) = @w? — 4)°

h'(w) =5(2w? — 4)*(4w)
2 3 2 4

h'(w)=20Q2w —4) (4w)(4w)+52w —-4) (4)

© 2016 Cengage Lea20ibg Gdhggbts lreaenirgl. Miayginis bessraadebl|ayopatdeos cuptied e pie gosteh phicaped)| imhpasoed stk puttisite accadsileowibgsid, in whole or in part.
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2 2 3 2 4
-2/3 =20(16w7)(2w" —4)” + 20(2w” -4
3 3(x2 44" —320w (2w —4) +20Qw —4)
y(2)= 2(2) _1
2/3
3((2)244) 3

The tangent line has slope % at (2, 2).

y—2==(x-2)

WlFkrwl-

y X+

w s
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90.

91.

92.

93.

94.

95.

96.

97.
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h(w) = (3w? +1)*
h(w) = 4(3w? +1)3(6w)
h '(w) =12@w? + )% (6w)6W) + 43w’ +1)°(6)
= 432w? @Bw? +1)% +24(3w? +1)°

9(2)=2°(z+1°
9'(2)=32%(z+1)3%+ 2°[3(z + 1)?] = 32%(z+ )3 + 323 (2 + 1)
g'(2)= 6z(z+1)3 + 322[3(z+1)2]+922(z+1)2 + 323[2(z+1)]
= 6z(z+1)3 +1822(z+1)2 +6z3(z+1)

a(z)= 24(2+1)4
g9'(z)= 423(2 + 1)4 + 424(2 + 1)3
g ’(z):1222(z +1)4 + 4z3[4(z +1)3]+ 1623(2 +1)3+ 47* [3(z+ 1)2]
=1222(z +1)4 +3223(z +l)3 +1224(z +l)2

4 (¢ -1 =203 -1@x*) = 6x(x* 1) = 6x° - 6%’

b. d (x3 —1)2:—d (x6—2x3+1)=6x5—6x2
dx dx

41 ) o CD@-EAD) 3P

a.
dx \ x3 41/ (x3+1)2 (x3+1)2
2
b, ( 1 |_d (i)t = 163 1) 2 @) = X
dx (341 dx (x3 +1)2

P(x) =Jx3 —-3x+34 = (x3 —-3X + 34)1/2

2
P'(x)= 3 -3x+34) 2 (3x% - g = X3
ZJX -3x+ 34
2
PS03 172,

2[5 -35)+34 24144

When 5 tons is produced, profit is increasing at about $3000 for each additional ton.

V(r) =500(1 +0.01r)?

V'(r) =1500(1+ 0.01r)%(0.01) = 15(1+ 0.01r)?

V'(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.

[ Both vallies are near 3.
b. x=7.6

P(6) — P(5)~ 15.23 -12 = 3.23

98
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on [0, 20] by [-2, 10]
X~16
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4
99. R(x) = 0.25(0.01x +1) 100. N (x)=1000 100 - x =1000(100 — x)"'2

R’(x) = 0.25[4(0.01x + 1)3(0.01)]

. - 500
N '(x) = 500(100 - x) ¥2(-1) = - 22—
= 0.02(0.01x + 1) J100—x
, 3 . 500
R’(100) = 0.01[0.01(100) + 1)]" = 0.08 N '(96) = - ——=—= =-250
(26) +/100-96
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,

fim LXM=L _ px+5h{8x | lim 4(0)+5h 4510 |

h—0 h h—0 h h—0 h

for x=0

= lim3h=5
h*)O—h_
For negative h,

lim =) 9x+5h 45% | Iiml5(0)+5h|—5(0) [

for x=0
h—0 h h—0 h h—0 h
. h
= lim-%-=-5
h—0 h
Thus, the limit does not exist, and so the derivative does not exist.
3/5 3/5
. — - ( ) = . 3/5
106. “mi(x_+h)_f(5) = lim x+h X = lim h for x=0
h—0 h h—0 h h—0 h
= lim -
h—0 h2/®

which does not exist. Thus, the derivative does not exist.
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