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DIAGNOSTIC TEST
Are you ready to study calculus?

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

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

Problems Answers
1. True or False? % <=3 osTeq
2. Express {x| —4 <z <5} in interval notation. [7—)
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 Ay corresponds toA x = 27 9
5. Which sketch shows the graph of the line y = 2x — 17 ®
a ]ié / b ; & { d %‘
Vi
6. True or False? <—> = = OLLLT,
y x
7. Find the zeros of the function f(z) = 9z% — 6x — 1 ;% =
8. Expand and simplify z(8 —z) — (3z + 7). L—2G+ T
. . ZL‘Z —3xr+2 ¢ (o
9. What is the domain of f(z) = —+—— 7 {c#2'0#2'¢— # z|r}

o342 —6x

10. For f(z) = 2? — 5z, find the difference quotient o+ hZL — f(x) Y+G—1g

Diagnostic Test (in Front Matter)
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Exercises 1.1

Chapter 1: Functions

EXERCISES 1.1

11.

13.

15.

{x|0£x<6}

0 6

{x|x£2}
g
2

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

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

For (2, 3) and (4, —1), the slope is
Z1=3_-A4_,
4-2 2

For (4, 0) and (2, 2), the slope is
2—(-4) 2+4 6 3

For (0, 1) and (4, —1), the slope is
“1-CD_—1+1_0_

4-0 4 4

For (2, -1) and (2, 5), the slope is
5—(-D) _5+1
2-2 0

undefined

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.
v

t + + +
-1 _/ 2 3

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

X

10.

12.

14.

16.

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

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

For (3, -1) and (5, 7), the slope is
T-(D)_7+1_8 _,
5-3 2 2

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

5-(-1) 5+1 6 2

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

5-(=2) 5+2 7

For (6, —4) and (6, —3), the slope is
—3-(4 _-3+4
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.

. 1 . . .
Since y = — = x is in slope-intercept form,
m= ——5 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

X
4 2 LN 4
o4

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
2
==x-4
Y 3

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

W

18.

20.

22,

24,

Chapter 1: Functions

1

Since y = —3 x + 2 is in slope-intercept form,
m= —% and the y-intercept is (0, 2). Using
m= —% , we see that the point 3 units to the right

and 1 unit down is also on the line.

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).

[
++
~+
B o e e
F 2 4 6
A

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.

First, solve for y:
3x+2y=18

2y=-3x+18
-_3
y 2x+9

Therefore, m = —32 and the y-intercept is (0, 9).
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Exercises 1.1

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

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

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

s
2
.
R
/
P

27. First, solve for y: 28.  First, put the equation in slope-intercept form:
—v=0 2
x_i__x y—3(x—3)
~ _25-
y=x y= 3 X 2
Therefore, m = 1 and the y-intercept is (0, 0). Therefore, m = % and the y-intercept is (0, —2).

29. 30. First, solve for y:
X, Y
2*5=1

‘3Y =— %‘ x+1
. . 2
Therefore, m = % and the y-intercept is [O, gj . y=-— % x+3
¥ m
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31.

33.
35.

37.

39.

41.

43.

First, solve for y:

2x _

3 =1
—y:—%x+1
y:%x—l

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

y=-225x+3
y=(2)=5[x~(-1]
y+2=5x+5
y=5x+3
y=-4
x=1.5

First, find the slope.
=1=3_-4_
m=75-2 72

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.

Sl=(=1)  _pa
=59 - 4 -0

Then use the point-slope formula with this
slope and the point (1,-1).

y=(-=0(x-1)
y+1=0
y=-1

32.

34.
36.

38.

40.

42,

44.

Chapter 1: Functions

First, solve for y:

X+1 y+1 =1
2 2

x+l+y+1=2
x+y+2:2
y =
Therefore, m = —1 and the y-intercept is (0, 0).

HI\J(JOJ:-

First, find the slope.
0 _1
M="6-3 73
Then use the point-slope formula with this slope
and the point (6, 0).

y—-0= g(x—6)

y=Llx-
3X 2

First, find the slope.

m= =4-0_ ﬂ
2-2 =

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.

undefined
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Exercises 1.1

45.

47.

49.

51.

52.

a.  First find the slope of the line 4y —-3x=5. 46. a. First find 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+=.
Y 4 4 Y 3 3
The slope of the parallel line is m = % The slope of the parallel line is m = -y
Next, use the point-slope form with the Next, use the point-slope form with the
point (12, 2): point (-6, 5):
y=y=m(x—x) y=y=m(x-x)
y=2=2(x-12) y=5=-1(x+6)
_3 1
==x-7 =—=
y 4 y 3 x+3
b. The slope of the line perpendicular to b. The slope of the line perpendicular to
y=§x+§. is m=-2. y=—1x+l. is m=3.
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—y =m(x—x) y—y =m(x—x)
y2=-4(12) y-5=3(r+0)
2 y=3x+23
=——x+18
Y73
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 = % :_—12 = —2. Now, use for Ax =1. Thus, m = % :% =3. Now, use the
the slope-intercept form of the line: slope-intercept form of the line: y = 3x — 2
y=-"2x+1.
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 = % :% . Now, use the slope- Thus, m = % :%2 = —% . Now, use the slope-
intercept form of the line: y = % x=2 intercept form of the line: y = —% x+1
First, consider the line through the points (0, 5) and (5, 0). The slope of this line is m = % = _?5 =-—1. Since
(0, 5) is the y-intercept of this line, use the slope-intercept form of the line: y=—1x+5ory=-x+ 5.
Now consider the line through the points (5, 0) and (0, —5). The slope of this line is m = = ::—g =1. Since
(0,-5) is the y-intercept of the line, use the slope-intercept form of the line: y=1x—-5ory=x-5
Next, consider the line through the points (0, —5) and (-5, 0). The slope of this line is m = 0__5(__(5)) = _is =-1.

Since (0, —5) is the y-intercept, use the slope-intercept form of the line: y=—lx-S5Sory=-x-5
Finally, consider the line through the points (=5, 0) and (0, 5). The slope of this line is m = 24 :% =1. Since

0=(-5)
(0, 5) is the y-intercept, use the slope-intercept form of the line: y=1x+5ory=x+5
The equation of the vertical line through (5, 0) 53. If the point (x,,y,) is the y-intercept (0, b), then
isx=35. substituting into the point-slope form of the line
The equation of the vertical line through (-5, 0) gives
isx=-5. y—y =m(x—x)
The equation of the horizontal line through y—b=m(x—-0)
(0,5)isy=5. y—b=mx
The equation of the horizontal line through y=mx+b
0,-5)isy=-5.
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Chapter 1: Functions

To find the x-intercept, substitute y = 0 into the 55. a.
equation and solve for x:
X + X — 1
a b
X + Q — 1
a b
X _q on [-5, 5] by [-5, 5]
a
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 + l =1
; \
4 v, on [-5, 5] by [-5, 5]
b
y=>b Thus, (0, b) is the y-intercept.
a b.
/ ) /
on [_5’ 5] by [_53 5] on [—5, 5] by [—5, 5]
Low demand: [0, 8); 58. A:[90, 100]; B: [80,90); C: [70, 80);
average demand: [8, 20); D: [60, 70); F: [0, 60)

high demand: [20, 40);
critical demand: [40, o)

a. The value of x corresponding to the year 2020 is x = 2020 — 1900 = 120. Substituting x = 120 into the
equation for the regression line gives
y=-0.356x+257.44
y=-0.356(120) +257.44 =214.72 seconds

Since 3 minutes = 180 seconds, 214.72 = 3 minutes 34.72 seconds. Thus, the world record in the year
2020 will be 3 minutes 34.72 seconds.

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

60
seconds: 3 minutes 30 seconds = 3 minutes * Wsienc
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

+ 30 seconds = 210 seconds.

0.356x = 47.44
x =474 £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.

For x = 720: For x = 722:

y=-0.356x+257.44 y =-0.356x+257.44
= —0.356(720) +257.44 = —0.356(722) +257.44
=-256.32+257.44 =1.12 seconds =-257.744 + 257.44 = 0.408 second

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

61.

63.

65.

To find the linear equation, first find the
slope of the line containing these points.
146-70 _ 76
L
Next, use the point-slope form with the
point (1, 70):
y-n :m(x—xl)
y—=70=38(x—1)
y=38x+32
Sales are increasing by 38 million units per
year.
The sales at the end of 2020 is
y=38(10) + 32 = 412 million units.

First, find the slope of the line containing the
points.
_212-32_180_9
100-0 100 5
Next, use the point-slope form with the point
(0, 32):
y—y =m(x-x)
y-32= %(x -0)

9
=Zx+32
Y75

m

Substitute 20 into the equation.

y:%x+32

y:%(20)+32=36+32=68°F

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

V = 50,000 —(ﬂ%ﬂt 0<t<20

=50,000 —2200¢r 0<t<20

Substitute # = 5 into the equation.
V =50,000 —2200¢

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

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

62.

64.

66.

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

42.8-38.6 _4.2
=== 3 - 14
Next, use the point-slope form with the
point (1, 38.6):

Y=X :m(x_‘xl)
y—38.6= 1.4(x—1)
y=14x+37.2
PCPI increases by about $1400 (or $1.4
thousand) each year.
The value of x corresponding to 2020 is
x =2020 — 2008 = 12. Substitute 12 into
the equation:
y=1.4(12) + 37.2 = $54 thousand
or $54,000

m

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

_89.8-748 _15_
m===170 4 3.75
Next, use the point-slope form with the
point (0, 74.8):

Y=n :m(x_‘xl)
y—T74.8 = 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

¥ — 800,000 _(800, 0002 - 60, ooojt

0<r<20
=800,000—-37,000r 0<r<20

Substitute # = 10 into the equation.
V =800,000 - 37,000¢

=800,000 — 37,000(10)
=800,000 — 370,000 = $430, 000

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

69.

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, 30] by [0, 35]
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+z6.7

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
CALCULATE command with x = 30.

1=.1BR+i6.7

Median Age at Marriage ~ Median Age at Marriage

for Men in 2030 for Women in 2030.
So, the median marriage age for 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
as a Percent of Men’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.

Women’s Annual Earnings

as a Percent of Men’s

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

The x-value corresponding to the year 2025
is x = 2025 — 2000 = 25. The following
screen is a result of the CALCULATE
command with x = 25.

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

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

71.

73.

75.

77.

72.
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%.
Re3
G 7.
&= -, @394
b=1.382
r2=.57 74336283
p= . FEEESZ4 385
Liili=]
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)
k
e, 7.
=2 13
b=E£5, 35
fE=, PIRIEAEG 45
=995 1532FES
Lzi=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 Lz Lz H FE=3
10 H'l."-l ______ = st 78.
] EH.5 a=-. BE4E4FELD
@ | e b=F5. 45714288
0] E rE=. 9355415268
B Eilh =L 397E184157
i iy.8
Lzih=68. 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

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

1

To find the reported “happiness” of a
person with an income of $25,000,
substitute 25 into the equation
y=0.065x—-0.613

y =0.065(25)-0.613=1.0.

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

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

inkea
g=gx+h
afS.

L1t =1

y=5.8x+245

Each year the usage increases by about 5.8
percentage points.

y=5.8(11)+24.5=88.3%

Lzi=7vd, 7
y=141x+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

1hke3
g=ax+h

Lt =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%

It would not make sense to use the regressior

line to predict seat belt use in 2025 (x = 7)
because the line predicts 112.5%.
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79.

81.

83.

85.

87.

89.

91.

False: Infinity is not a number.

Y2= N
Y274
(x;, y1) on the line or the slope is the amount

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

that the line rises when x increases by 1.

False: The slope of a vertical line is undefined.

True: The slope is % and the y-intercept is

<
P

False: It should be »27h .

Xy =X

Drawing a picture of a right triangle.

. Xt +47 =57
4 x> +16=25

x2=9

x x=3

The slope is m =% or —% if the ladder

slopes downward.

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

y=mx+b
O0=mx+b
-mx=>b
X = _é
m
If m # 0, then a single x-intercept exists. So

a= _b . Thus, the x-intercept is (—2,0) .
m m

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
mfor y=mx+b.

Drawing a picture of a right triangle.
5 x>+ y2 =5’
Y2075 y=0.75x
X *
X2 +(0.75x)* =52
X +0.5625x% =25
1.5625x% = 25
=16
x=4
y=0.75(4)=3
The upper end is 3 feet high.

i. To obtain the slope-intercept form of a
line, solve the equation for y:
ax+by=c

by =—-ax+c

a c
y bx+b

ii. Substitute O for b and solve for x:
ax+by=c
ax+0-y=c
ax=c
x=<
a
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93.

ConsiderR>1and 0 <x< K

x < K means that K —x > 0 and 0<%<1 }

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

[1+(RK1)x}>Rx
Therefore, K > Rx y
1 +(R 1)
K
Additionally, since 0<%<1,

1+(R—1)(%)<1+(R—1).1

Rx Rx  _Rx_
1+(R 1) I+(R-1) R

So, y=

We have x <y < K.

EXERCISES 1.2

11.

13.

15.

17.
19.
21.
23.

25.

2532 = (J25) " =53 =125
1634~ (#62)> =23 =8

9.

10.

12.

14.

16.

18.
20.
22,
24.

26.

x> K means that K — x < 0 and %>1.

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

K 1+(R 1)x <Rx
K
Therefore, K «—Rx y
R-1),
1+
K

Additionally, since %>l ,

1+(R- 1)( )>1+(R D1

Rx Rx _Rx_
1 +(R 1) 1+(R ) R
K

So, y=

We have K <y <x.

(52 4)2:(52 22) =(102) =10*=10,000
3L _L
33727
R
(g)*‘zi
4) 73

1632 2 (J16) =43 64
2723 _(327)° 23229

(27 =(¥27)° =(3)2 =

(227)33 = (¥=27)° = (=3)° = 243
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27.

29.

31.

33.

35.

37.

39.

41.

43.

45.

47.

49.
51.

53.

5S.

57.

59.

61.

63.

65.

67.

69.

g2 1 _ 1 _1

412 «/Z 2
47" %2: 13:%21

O NE
g3 1 __1 _1_1

82/3 (g/g)z 22 4

-1/3 1T _ 1 _1__1
(-8) —(_8)1/3 (3—8)_—2_ 2
gy 1 1 _1
(=8) (-8)* (3(_8)2] (2" 4

[(0.1)‘)'1T'1 ~0.977

;)"000 ~2.720

4 -5
—=4x
I

i:—_
3/_8x3 243

24 _ 24 5,732

(2\/;)3 - 8x3/2

-3 _
——2—3x

X

4 243

9 -2
x4

ﬁ_ﬁ_s

\/; - W2 -

122 126 12 ana_y s
3x2 3](2 3

J36x _6Jx _6x"2 _6 n2-i_g -2

x271/2 :5x3/2

2x  2x  2x 2

28.

30.

32.

34.

36.

38.

40.

42,

44.

46.

48.

50.
52.

54.

56.

58.

60.

62.

64.

66.

68.

70.

Chapter 1: Functions

()
(%)—3/2:(%)3/2:( 12} :(%)322_471
(_%)75/3 _ (_8)5/3 _ (ﬂf _ (_2)5 -3

5047 213

539 £532.09
)100()

i

1

(“m ~2.717

(1+10*6 )106 ~2.718

6 _3 -3
—=—==3x
233 )8
6 __6 _, .32
e 2" 3x
18 _ 18 _, -2/3

(3%)2 - 9x2/3

3Wx _3a" 55 -
10vx _ 104" _10 1213 _5 16
23/; - 7,13 2 -

U8x* 23 2 2 RN PTE
2

4x 4x 4x 4
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71.

73.

75.

77.

79.

81.

83.

8s.

87.

89.

91.

93.

r 272 2
() | (s =
(3x2y52)? =3 23 y53 3 207,015 3

2.3 3.3
(ww?)” (W) _w9_W5
3 T4 T 4T
ww w w

(5xy4)2 2570y’

25)63)13 _25x3y3 X

(9xy3z)2 _81x2y612 oy

3(xyz)2 - 3x2yzz2
(2u2vw3 )2 _dutvin® —u2in?
4(uw2 )2 4wt
Average body thickness
=0.4(hip-to-shoulder 1<3ngth)3/2
=0.4(16)*'?
=0.4(+16 )3
~25.6 ft
C =« 0.6C
-4%°c~23cC

To quadruple the capacity costs about 2.3
times as much.

a. Given the unemployment rate of 2 percent,

the inflation rate is

y=9.638(2) "
~ 2.77 percent.

—-0.900

b.  Given the unemployment rate of 5 percent,

the inflation rate is

y=9.638(5) 1%
~ 0.12 percent.

—-0.900

(Heart rate) = 250 ( weight) -l

=250(16) """
=125 beats per minute

72.

74.

76.

78.

80.

82.

84.

86.

88.

90.

92.

9.

a.

b.

(2x4yz6)4 :24x4~4y4z6-4 :16x16y4z24

ww')? v’ Wb _ s

wow? wooow

(45) 165y p

8xzy3 - 8xzy3 y

2

(5x2y3z) 25x4y672 ) 4
T g Y

5(xyz)”  xTy7z

(M3VW2)2 6.2 4 2.2 2
_uvw _uvw

o) w9

Average body thickness
=0.4(hip-to-shoulder 1<3ngth)3/2
=0.4(14)*?
3
:0.4(\/ﬁ )
~21.0 ft
C =« 0.6 C
=3"c~19c

To triple the capacity costs about 1.9 times as

much

the inflation rate is

y=454(3) " -
~ 7.36 percent.

1

the inflation rate is

y=454(8) " 1
~ 0.85 percent.

(Heart rate) = 250 ( weight) -

=250(625) """
=50 beats per minute
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9s.

97.

99.

101.

103.

105.

107.

109.

(Time to build the 50th Boeing 707)

=150(50) "%
~42.6 thousand work-hours

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

Increase in energy = 32574
307867

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

K =3000(225)""* =200

0.5

S==x

ek
S =IO

21(3281)"7 ~ 312 mph

u—"'_‘-'-'_‘_'_'_‘_'_'_'_'_{

Interseckion
W1BAPPPES QYR

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

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) *37 = 60 miles per hour

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

Liifi=1

y=79.9x"138 (rounded)
b. For year 2020, x = 10.

y=79.9(10)""* ~ $110 billion

urke3a

=gk

a=41. 6171373
b=.AZ222I0624
R e o e
=, 9939745287

by

Lii1r=1

y =41.6x"9%8 (rounded)
b. For year 2020, x = 11.

y=41.6(11)"7® < $457 million

96.

98.

100.

102.

104.

106.

108.

110.

Chapter 1: Functions

(Time to build the 250th Boeing 707)

=150(250)"3*
~25.3 thousand work-hours

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

Increase in energy = 32574
399:0-1

=32'" ~91
The 2011 Japan earthquake had about 91 times
more energy released than the 2011 India
earthquake.

K = 4000125 =160
_ 60 05
S= 1%
60

(1650)" ~ 222 mph

11

Interseckion
H=80.1EF959 &V=3

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

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

y =9.4(350) 037 =82 miles per hour

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

Litti=]1
y= 6070866 (rounded)
b. Foryear 2020, x = 12

y=607(12)"%% < $753

Lii1r=1

y =26.6x""% (rounded)
b.  For year 2020, x = 12.

y=26.6(12)""7% ~ $41.2 billion
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Exercises 1.3

111.

113.

115.

117.

3, since V9 means the principal square foot.
(To get £3 you would have to write +J9 J)

6
False: 2— =54 _16  while 26/2 =23 3.
20 4

m
(The correct statement is x_n =x"")

X

2 =x , 0 x must be nonnegative for the
expression to be defined.

x 7l = 1 , so all values of x except 0, because

X
you cannot divide by 0.

EXERCISES 1.3

1.
S.
9.

11.

13.

15.

17.

Yes 2. No
No 6. Yes

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

a  fo=vx-1
£10)=+10-1=9=3

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

c. Range={y|y>0}

a  p=—1_
(2) ZH&
h(=5) = =-1
=5) —5+4
b. Domain ={z|z# -4} since h(Z):ﬁ is

defined for all values of z except z = 4.
c¢. Range={y|y+#0}

a. h()c):)cl/4
h8)=81"4=481=3
b.  Domain = {x| x> 0} since h(x) =x"* s

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

a. fx)=x*3
FR=(-82° =8 =(-2)* =4
Domain = R

c. Range={y|y>0}

112.

114.

116.

118.

10.

12.

14.

16.

18.

17

False: 2223 =4.8=32, while 223 =2°%=64.

. +
(The correct statement is x " -x" = x™™"

2
False: (23) =82 =64, while 23" =29 =512

n
(The correct statement is (x '") =x"",

3= 3/; , so all values of x. For example,
83 =2 and (-8)"*=-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 < -1 orx > 0}
Range = {y |y <1}

a. f=vJx-4
£(40)=/40-4 =36 =6

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

c. Range={y|y>0}

a  p=—1_
@ z+7l
h(-8) = -1
=9 -8+7
b. Domain = {z|z# -7} since h(z)z# is

defined for all values of z except z =-7.
c. Range={y|y#0}

a. h(x)=x 176
h@1) =644 =864 =2

b. Domain = {x|x> 0} since h(x)=x"° is
defined for nonnegative values of x.

c. Range={y|y>0}

a. fx)=x*"?
FE3=(325=(V32) =(-0)* =16
Domain = R

c. Range={y|y>0}
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19.

21.

23.

25.

27.

f=v4-x>
f(0)=V4-02 =/4=2

f(x)=vV4—x 2 is defined for values of x
such that 4 — x> > 0. Thus,
4-x2>0
—x2>-4
x2<4
—2<x<2
Domain = {x | -2 <x <2}
Range = {y|0<y<2}

f (x)=+/—-x
£(=25)=-(-25)=+/25=5
£ (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,

24,

26.

28.

Chapter 1: Functions

-1
f(x)—\/;
4y=_L _1
r=—-=1
Domain = {x | x > 0} since f(x):% is
x

defined only for positive values of x.

Range = {y [y > 0}

f)=—/-x
£ (=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}
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29.

31.

33.

3s.

37.

107

= _=(40) _40 _,,

T2 T T2
To find the y-coordinate, evaluate f at
x =20.
£(20)=(20)* — 40(20) +500 = 100
The vertex is (20, 100).

b.

on [15, 25] by [100, 120]
_—b_—(80)_80__

e 7 T e R
To find the y-coordinate, evaluate f at
x =-40.
f(—40) = —(~40) —80(—40)—1800

=-200

The vertex is (=40, —200).

b. :
on [—45, -35] by [-220, -200]

x> —6x-7=0
(x=7)x+1)=0

Equals 0 Equals 0
atx =7 atx= -1
x=7, x=-1

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

30.

32,

34.

36.

38.

19

a. ‘T 2a 2 7

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

£(=20)= (=20 +40(=20) +500 =100
The vertex is (20, 100).

=b =40 _ 40
=20) " 20

on [-25, —15] by [100, 120]
_=b_ =80 _ =80 _y4

a. YT TCn T 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

x=5, 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
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39.

41.

43.

45.

47.

49.

51.

2x%2 + 40 =18x
2x2-18x+40=0
x2-9x+20=0
(x-4)Xx-5)=0

Equals 0 Equals 0
atx =4 atx =5

x=4, x=5

5x2-50x=0

X2 -10x=0

x(x— 10)=0
Equals 0 Equals 0
at x=0 atx=10

x=0, x=10
2x2-50=0
x2-25=0
(x=5)x+5)=0

Equals 0 Equals O
atx =5 atx= -5
x=5 x=-5

4x* +24x+40=4
4x* +24x+36=0

X% +6x+9=0
(x+3)2=0
Equals 0
at x=-3
—4x% +12x =8
—4x%+12x-8=0
x2 =3x+2=0
(x=2Xx-1)=0

Equals 0 Equals 0
atx =2 atx =1
x=2, x=1

2x2-12x+20=0
x2-6x+10=0

Use the quadratic formula with a = 1, b = -6,

and ¢ = 10.

~(=6) £4/(=6)> —4(1)(10)
xX=
2(1)
_6£4/36-40
2
=6+ 2\' ~4  Undefined
2x2 —12x+ 20 =0 has no real solutions.

3x2+12=0
2 +4=0
x2=—4
x=+vJ—4  Undefined
3x% +12 = 0 has no real solutions.

40.

42,

44.

46.

48.

50.

52.

Chapter 1: Functions

3x2 +18 =15x
3x2—15x+18 =0
X2 —5x+6=0
(x=3)(x-2)=0

Equals 0 Equals 0
atx =3 atx=2

x=3, x=2
3x2—36x =0
x°=-12x=0
x(x—12)=0

Equals 0 Equals 0
atx=0 atx=12

x=0, x=12
3x2-27=0
x> -9=0
(x— 3)(x+3):O

Equals 0 Equals 0
atx =3 atx=-3
x=3, x=-3

3x? —6x+9=6
3x? —6x+3=0
x2=2x+1=0
(x-1)*=0
Equals 0
atx=1
—3x% +6x =24
“3x2 +6x+24=0
x2-2x-8=0
(x— 4)(x +2)= 0
Equals 0 Equals 0
atx =4 atx =-2

x=4, x=-2

2x2-8x+10=0
x> —4x+5=0

Use the quadratic formula witha =1, b =4,

and ¢ =5.
L HE A -4O)
2(1)

_4+416-20

2
=4 2“ ~4  Undefined

2)c2 —8x +10 =0 has no real solutions.

x=+J—4 Undefined
5x2 + 20 = 0 has no real solutions.
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53.

55.

57.

59.

61.

63.

65.

on [-5, 6] by [-22, 6]
x=—4,x=5

N

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

\/

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

\

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

]/

on [4, 3] by [-9, 15]
x=-2.64,x=1.14

Y1/
W

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

C(x) =4x+20

54.

56.

58.

60.

62.

64.

66.

y /

N

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

\_/

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

x=2,x=3

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

U

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

\ 1/
N

on [-4, 3] by [-10, 10]
x=-257,x=091

.4
/1N

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

21

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

their slopes are different.

b. y:%x+4

Let x = the number of bicycles. Then

C(x) =55x + 900
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67.

69.

71.

73.

75.

77.

79.

Let x = the number of hours of overtime. Then

P(x) = 15x + 500

a. 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()=0.055> +1.1v
D(40)=0. 055(40)2 +1.1(40) =132 ft

a.  N()=200+507>
N(2)=200+50(2)*
=400 cells

b. N(1)=200+50¢>

N(10)=200+50(1())2
=5200 cells

V() =90
w(1776) =?—?\/1776 ~230 mph

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

The object hits the ground in about 2.92 seconds

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

C(x)=R(x)
180x+16,000=—2x>+660x
2x* —480x+16,000=0
Use the quadratic formula with a = 2,
b =-480 and ¢ = 16,000.

480+ (—480)> —4(2)(16,000)
x:
2(2)
e 480+4/102,400  480+320

4
=800 (160
4 4
x=200 or 40
The company will break even when it
makes either 40 devices or 200 devices.

68.

70.

72.

74.

76.

78.

Chapter 1: Functions

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

B(h)=—-18h+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.

b.

T(h)=0.5vVh
T(4)=O.5\/Z=1 second
T(8)=0.5v/8 ~1.4 seconds

T(h)=0.5vh T(h)=0.5vh

2=05Vh  3=0.5vVh

4=\h 6=/h

h=16 ft h=36 ft
s(d)=3.86:/d

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

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

b.

To find the number of devices that

maximizes profit, first find the profit

function, P(x) = R(x) — C(x).

P(x)=(-2x" +660x)—(180x+16,000)
=-2x*+480x-16,000

Since this is a parabola that opens

downward, the maximum profit is found
at the vertex.

_ =480 _ =480 _
X = 2(2) " -4 120
Thus, profit is maximized when 120
devices are produced per week. The
maximum profit is found by evaluating
P(120).
P(120)=-2(120)* +480(120)—16,000

=$12,800

Therefore, the maximum profit is
$12,800.
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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)

420x+72,000=-3x +1800x

3x? ~1380x+72,000=0
Use the quadratic formula with a = 3,
b =-1380 and ¢ = 72,000.

x_1380i\/(—1380)2 —4(3)(72,000)

2(3)
x_1380i 1,040,400 1380+1020
= 24600 or 3_20
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.

. 2004+/(~1020)2 —4(2)(3200)

2(2)
p 200++/14,400  200+120
= 4 = n
X:% 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 _
2(=0.004) $70

23

To find the number of bicycles that

maximizes profit, first find the profit

function, P(x) = R(x) — C(x).

P(x)=(=3x*+1800x)—(420x+72,000)
=-3x%+1380x-72,000

Since this is a parabola that opens

downward, the maximum profit is found
at the vertex.

i — — —
x= —]-3'8Q2(_3) ——1-3-8'0'_6 =230
Thus, profit is maximized when 230
bicycles are sold per month. The maximum
profit is found by evaluating P(230).

P(230) =—3(230)2 +1380(230)-72,000
=$86,700
Therefore, the maximum profit is $86,700.

To find the number of exercise machines
that maximizes profit, first find the profit
function, P(x) = R(x) — C(x).
P(x) = (=2x* +300x) — (100x + 3200)

= —2x% +200x - 3200
Since this is a parabola that opens

downward, the maximum profit is found
at the vertex.

. — J— p—
x= —200'2(_2) ——ZQO_4 =50
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)2 +200(50)-3200

=$1800
Therefore, the maximum profit is $1800.

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

c
w+a
__C
w+a

v+b=
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84.

86.

88.

£(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.

£(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.

£(3)=-0.077 (3)2 —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=09x2-39x+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=09x2-39x+12.4
y=0.9(25)% -3.9(25) +12.4
y=477.4

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

8s.

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) > —18.1(16) +137.3

y =60.436

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

(100—x)x =100x —x > or —x > +100
f(x)=100x—x2 or f(x)=—x2+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.

x==100_5q

She should charge $50 to maximize her
revenue.

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

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

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

9s.

97.

a. K] Lz |L3 H I EREES]
11,7 | - a=gxithx+o
1 he 2=, 4341391347
£ g =-3.26H25974
i i c=11.E643636 36
s 8.2 Re=,9577108214
Lein=11.7

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 % , SO xisin

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}

N O

4
f(=3)= =1

3+4

b. Domain= {x|x# -4}
c. Range={y|y+#0}

2

a. fx)=25
F(-1)= LL -1

b. Doma1n—{x|x7ﬁ1}
c. Range={y|y<Oory>4}

90.

92.

96.

98.

a. K] Lz L= H I FEREEE]
ﬁ'-_:l ______ g=axithx+o
: Tre ==, 15308357143
i REE b=.3116871423
£ £55 C=. 330
B 7.BE R2=,235205137
Lziir=, 75

25

y=0.153x2 +0.312x+0.335

b. For year 2020, x = 7.

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

y=0.153(8)* +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

out, leaving just b,
2a

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

a. f( )_
(x— 1)

1
l_ =
f()(ll) 1

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

a. f()=2=

x+2

2
F)=7=1

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

13.

15.

17.

19.

a (x):x(}ci4)
10t~

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

a. g(x)=Ix+2|

g(=5)=|(-5)+2|=1-3=3
b. Domain= R
c. Range={y|y>0}

x> +2x4-3x3=0
(¢ +2x-3)-0
x3(x +3)x-1)=0
Equals 0 Equals 0 Equals 0

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

5%° —20x=0
sx(x2-4)=0
S5x(x=2)(x+2)=0
Equals 0 Equals O Equals 0
atx=0 atx=2 atx =-2

x=0,x=2,and x =2

2x3 +18x =12x7
2x3—12x% +18x=0
2x(x2 —6x+9) =

2x(x=3)*=0

Equals 0 Equals 0
atx=0 atx=3

x=0and x=3
6x° =30x*
6x> —30x* =0
6x*(x=5)=0

Equals 0 Equals 0
atx=0 atx=5
x=0andx=5

3x5/2_6x3/2 :9x1/2
3)65/2—6)63/2—9)(1/2 =0
32 (k2 —2x-3) =0
32 (x=3)(x+1) =0

Equals 0 Equals 0 Equals 0

atx=0 atx=3 at><
x=0, x=3 and x>

Valid solutions are x = 0 and x = 3.
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10.

12.

14.

16.

18.

20.

Chapter 1: Functions

®

___16
fx)= x(x—4)

f=—==%

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

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

b. Domain= R

c. Range={y|y>2}

x6—x —6x%4 =

—x— 6): 0
4(x 3 x+2)=0
Equals 0 Equals 0 Equals 0

atx=0 atx=3 atx=-2
x=0,x=3,and x=-2

2x° —50x° =0

2:3(x2-25)=0

23 (x=5)(x+5)=0
Equals 0 Equals O Equals 0

atx=0 atx=15atx=-5
x=0,x=5andx=-5

3% +12x% =12%°
3xt—12x% +12x% =0
3x2(x2—4x+4)=
3x%(x-2)2 =0
Equals 0 Equals 0
atx=0 atx=2

x=0and x=2
5x4 =20x3
s5xt—20x% =0
5x3(x—4):0

Equals 0 Equals 0
atx=0 atx=4
x=0and x=4

2x7/2+8x5/2:24x3/2
+8x°2 — 24572 =0
2532 (32 +4x-12) =0

2532 (x+6)(x=2)=0
Equals 0 Equals 0 Equals 0
atx=0 atM atx=2
x=0, M andx =2

Valid solutions are x = 0 and x = 2.
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Exercises 1.4

21.

23.

25.

27.

29.

31.

33.
35.
37.
39.

|/

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

e f

Y

on [-3, 3] by [-25, 10]
~-1.79,x=0, and x = 2.79

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

Rational function

22,

24.

26.

28.

30.

32.

34.
36.
38.
40.

27

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

/

on [-4,2] by [-25, 10]
x~-345,x=0,and x ~ 1.45

on [-2, 10] by [-5, 5]
Piecewise linear function
Polynomial
Piecewise linear function
Polynomial
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41.
43.
45.

47.

49.

51.

53.

55.

57.

Piecewise linear function
Polynomial
None of these

a.

b.

C.

®

Ya

Y1

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

(0, 1) because a 921 for any constant
a#0.

42,
44.
46.

48.

50.

52.

54.

56.

58.

Chapter 1: Functions

Rational function
None of these
Polynomial

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

- g(x)]4+1:(x3+x)4+1
g(x)]4—1 (x3+x)4—1

b g (r()=(r )1
=Jx3+1-1
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59.

61.

63.

65.

67.

Flx+h)=5(x+h)>=5(x>+2hx+h?)
=5x%+10hx+5h*

Flx+h)=2(x+n) 7 =5(x+h)+1
=2x’+4xh+2h*-5x—-5h+1

f(x) =52
Fx+h)—f(x)  5(x+h)>—5x2
h N 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)

Fx)=2x>—5x+1
fO+h) = f () _ 20x+h)* =5(x+h)+1-(2x" —5x+1)

h h
2(x% +2xh+h?)=5(x+h)+1—(2x> —5x+1)
- h
_2x% +4xh+2h* —5x—5h+1-2x" +5x—1
h
_ 4xh+2h%-5h
h
_ h(4x+2h-5)
- h
=4x+2h-5

F)=7x>-3x+2
FOFm) = () _TCe+h)* =3(x+h)+2—(Tx° ~3x+2)
h h
_ 7 +2xh+h*)=3(x+h)+2—(7x" ~3x+2)
h

_Tx +H14xh+Th? —3x-3h+2-7x* +3x-2
h

_14xh+7h* 3k
h
_h(14x+7h-3)

h
=14x+7h-3

29

60.  F(x+h)=3(x+h)>=3(x>+2hx+h>)
=3x2 +6hx+3h*>

62.  f(x+h)=3(x+h)*=5(x+h)+2
=3x2 +6hx+3h%—5x—5h+2

64. f(x)=3x2

SO+ = f(x) _3(x+h) -3x7
h h
_ 37+ 2xh+ h%) =3

_3x% + 6xh + 30 —3x7
h
_ 6xh+3h*

h
_ h(6x+3h)

h
=6x+3hor3(2x+h)

66.  f(x)=3x>-5x+2
Sx+h)—f(x)

h
_3(x+h)* =5(x+h)+2-(3x” —5x+2)
h
3(x%+2xh+h%)=5(x+h)+2—(3x> —5x+2)
h
_3x% +6xh+3h* —5x—5h+2-3x>+5x-2
h
_6xh+3h>=5h
h
_ h(6x+3h-5)
h
=6x+3h-5

68.  f(x)=4x*-5x+3
St —f(x)
h
_ A(x+h)* =5(x+h)+3-(4x7 ~5x+3)
h
_ 4 +2xh+h°)=5(x+h)+3—(4x” ~5x+3)
h
_4x? +8xh+4h® —5x—5h+3-4x* +5x-3
h

_8xh+4h>-5h

h
_ h(8x+4h-5)

h
=8x+4h—5
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69. fx)=x>
fx+h)—f(x) (x+h)?®-x°
h h
_ 4343 B -
_3x%h+3xh* 4 P
h
 h(3x? +3xh+h?)
h
=3x2 +3xh+ k>
1. f=2
X
2 2
SO+ -fX) _x+h x
h h
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)
___ 2k
hx(x+h)
__ 2
x(x+h)

73. -1
=4

11
fO+h)—f(x) _ (x+h)” ¥

h h
1

1
(x+ h)2 x? ) xz(x + h)2
h 2 (x+h)?

X% —(x+h)?

hxz(x + h)2

w2 —x*—2xh—H?

hx(x+h)?

—2xh—h?

hx?(x+h)?
_ h(=2x—h)
(et h)?

_ —2x—h or —2x—h
Px+h)?r 2GR+ 2xh+hY)
—2x—h

or ——=————
o+ 20530+ X202

70.

72.

74.

Chapter 1: Functions

f=x*
fa+m)—f(x) _(x+h)*—x*
h
_xtrahe6x?n® v’ 1t —x*
_4x°h+6x°h% + 4xh® + h*
h
h(4x> +6x7h+4xh* + 1Y)
=4x3 +6x°h+4xh>+h*
fo=2
X
3 3
SO+ -f(X) _x+h x
h h
3 3
_x+h x Xx+h)
h x(x+h)
_3x-3(x+h)
hx(x + h)
_3x-3x-3h
hx(x+ h)
___ -3k
hx(x+h)
__ 3
x(x+h)
f=+x
fath) - f@) _Jxrh-x
h h
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75.

77.

79.

81.

a. 2.70481
b. 2.71815
c. 2.71828
d. Yes, 2.71828

The graph of y=(x +3) + 6 is the same shape as the

graph of y = x> butit is shifted left 3 units and up 6

units.
Check:

[

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

P(x)=522(1.0053)"
P(SO):522(1.0053)SO ~ 680 million people in 1750

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)zO.le
f (5000)=0.10(5000)=$500

C. For x = 10,000,

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

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

1 1 X
5000 10000

76.

78.

80.

82.

31

X ] X
X

100 | 2.70481

10,000 | 2.71815

1,000,000 | 2.71828

10,000,000 | 2.71828
Yes, 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.

S
/M

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

P(100) =522(1.0053
~ 886 million people in 1800

)100

a. Forx=3000, use f(x) =0.15x.
f(x)=0.15x
£(3000) = 0.15(3000 )= $450
b.  For x =6000,
use f(x) =0.15x.
f (x):0.15x
f (6000)=O.15(6000)=$900

C. For x = 10,000,

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

£(10,000) =900 + 0.40(10,000 —6000)

=900 + 0.40(4000)
= $2500
d. ‘

2500

2000

1500 +

1000 +

500 4-
— F—> x
3000 6000 9000
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83.

8s.

87.

a  Eor x:%,use f(x)=10.5x.

f(x)=10.5x
sy

=7 years
For x=§,use f(x)=10.5x.

f(x)=10.5x
4)_105(4

7(3)-10s(3)

=14 years
For x=4,use f(x)=21+4(x-2).
f(x)=21+4(x-2)
f(4)=21+44-2)

=21+4(2)

=29 years
For x=10,use f(x)=21+4(x-2).

f(x)=21+4(x-2)

f10)=21+4(10-2)
=21+4(8)
=53 years

b. y
60
50
40
30
20

10
123456789

Substitute K =24-L " into 3L+8K =48.
3L+8(24-L7") =48
3L+%:48
317 +192 = 48L
312 —48L+192=0
3(12-16L+64) =0
3(L-8)* =0
So, L=8.
And K=24-8_1=%=3

The intersection point is (8, 3).

First find the composition R(v(?)).
R(v(1))=2[v(1)]"
=2(60+31)"
Then find R(v(10)).
R(v(10))=2(60+3(10))"" =2(%0)"
~ $7.714 million

84.

86.

88.

Chapter 1: Functions

For x:%,use f(x)=15x.

f(x)=15x

ey

=10 years
For x:%,use F(x)=15+9(x—1).
F0)=15+9(x—1)

4 4
=1 —-—1
f(s) 5+9(3 )
=18 years

For x=4,use f(x)=15+9(x-1).
f(x)=15+9(x-1)
f@)=15+9(4-1)

=15+9(3)

=32 years
For x=10,use f(x)=15+9(x-1).
f(x)=15+9(x-1)
fA0)=15+9(10-1)

=15+9(8)

=56 years

b. y

8883

30
20
10

1234561789

Substitute K =180- L' into 5SL+4K =120.
50+4(180-27) =120
5L+%:1zo
512 +720=120L
517 —120L+720=0
5(12-241.+144) =0
5(L-12)*=0
So, L=12.
And K =180-12"" =%=15

The intersection point is (12, 15).

We must find the composition R(p(?)).

R(p(1))=3[p(1)]"”

=3(55+41)""

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

89. a.  f(x)=4""=1,048,576 cells

~ 1 million cells
b.  £(15 = 4" =1,073,741,824 cells
No, the mouse will not survive beyond
day 15.

91. a.

in*uin

Liif=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.

9. F(F)=(f(0)+a
=(x+a)+a
=x+2a

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

101 paise: 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 2.

b.  Domain = R ; range = the set of integers

105. 2. f(g(x))=a[g(x)]|+b=alex+d)+b

=acx+ad+b

b. Yes

90.

92.

9.

96.

98.

100.

102.

104.

106.

33

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

£(8) =226(1.11)% ~ $521 billion

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

Liif=1

y=19.04-1.096" (rounded)

b.  For year 2020, x = 5.

y=19.04-1.096° ~ 30.1 million

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

F(f)=a(f(x)

=a(ax)

:azx

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

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

b. Domain = R ; range = the set of even
integers.

B p(g()=[g ()] =) =

b. Yes, because the composition of two
polynomials involves raising integral
powers to integral powers.
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Chapter 1: Functions

REVIEW EXERCISES AND CHAPTER TEST FOR CHAPTER 1

1. (x]2<xs5)
I T T I O |
LN LI S L L L L |
1 2 3 4 5 6 7
3 {x]x> 100}
I T N A
Lo L L L L S B
96 98 100 10z 104

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

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

y+3=2x-2
y=2x-95
9. Since the vertical line passes through the
point with x-coordinate 2, the equation of the
line is x = 2.
11. First, calculate the slope from the two points.
-3-3 _-6
= ==0_-_
I ) R

Now use the point-slope formula with this
slope and the point (-1, 3).
»=3=2[x=(-1)]
y=3=-"2x-2

y=-2x+1

13. Since the y-intercept is (0, —1), b =—1. To

find the slope, use the slope formula with the

points (0, —1) and (1, 1).

e

m=—g5 =2

Thus the equation of the line is y =2x — 1.
15. a. Use the straight-line depreciation
formula with price = 25,000, useful
lifetime = 8, and scrap value = 1000.

Value = price — (

= 25,000 - (2051000},

price — scrap value P
useful lifetime

= 25,000 (29%)

=25,000-3000¢
b.  Value after 4 years = 25,000 —3000(4)
= 25,000 -12,000
=$13,000

2.

10.

12.

14.

16.

(x| 2<x<0}

I
-3 -2 -1

{x[x<6}

(0, )
(=0, 0)
[0, )
(=0, 0]

y=6=3[x-(-1)]
y—6=-3x-3
y=-3x+3

S

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.

1
=—=x+4.
YT

The slope of the perpendicular line is m = 2.
Next, use the point-slope form with the
point (6, —1):
y—n =m(x—x1)
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).
_0-1__1
m=55="2

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 — (

= 78,000 - (10003000)

price — scrap value P
useful lifetime

=78,000— (222}

=78,000—-5000¢
b.  Value after 8 years = 78,000 — 5000(8)
= 78,000 — 40,000
=$38,000
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Review Exercises and Chapter Test for Chapter 1

17.

18.

20.

22,

24.

26.

28.

29.

30.

31.

] Lz ] 7 mRegb
=g+
tam B N R =54
;| b="2,45
________ i rE=, 95594215
=, 3998345971

Litda=1

y=5.04x-2.45

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

6) _6>_
(¢) =z
642 = J64 =38

13.97

a.  y=086x"
y =0.86(4000) %" =42.4

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

a. y — l-7x 0‘52
y =1.7(4000) 2 =126.9

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

1bs.

a L1 L& Lx i LJPREIQ b
[ IET g=gk™
e a5 2-3,5561626%
;o |Em b=, 333435504
________ 1 ris.garal 11459

=, BAE5R4454E

L1} =1

y =4.55x"%% (rounded)

a.  f1)=+11-7=V4=2

b.  Domain = {x | x> 7} because Vx—7
is defined only for all values of x > 7.
c. Range={y|y>0}

19.

21.

23.

25.

27.

32.

35

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

10003 = 31000 =10
3 3
100732 = (L)m S 0 U R O U S B
100 100 10 1000

-5 - -

112.32

b. y=0.86x"

y =0.86(9,400,000) ** =1628.8

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

b. y=17x 0.52
y =1.7(9,400,000) **% =7185.8

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

b.  For year 2020, x = 12.
y=4.55(12)"" ~$22.5 billion

a. N1 _1
s(-0)=537
b. Domain= {r|7# -3}

c. Range={y|y#0}
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33.

3s.
37.

39.

41.

42,

Chapter 1: Functions

3/4 3 413 4
a. 16734 =L} =|4L 4. a - —4/3:(1) =31
h(16)=16 (16) ( 16) w(8)=8 8 8
-4 )"~
2 8 2 16
b. Domain = {w|w > 0} because the fourth b. Domain = {z | z # 0} because division by 0
root is defined only for nonnegative is not defined.
numbers and division by 0 is not
defined.
c. Range={y|y>0} c. Range={y|y>0}
Yes 36. No
o7 38.
4_.
21
L
40. T
5_.
A
ERE N 3 4
— I
1\ L 1
_4_.
a. 32 4+9x=0 b.  Use the quadratic formula with a = 3,
3x(x+3):0 b=9,andc=0
Equals 0 Equals 0 _9i\¢92 _4(3)(0) —9++/81
atx =0 atx=-3 =
2(3) 6
= d = —
x=0and x=-3 _ 949
6
=0,-3
x=0andx=-3
a. 2x2-8x-10=0 b. Use the quadratic formula with a = 2,

b=-8,and c =-10
—(-8) £ /(-8)? —4(2)(~10)
2(2)
_ 8+/64+80
4
8+12

2(x?=4x-5)=0
(x=3)(x+1)=0
Equals 0 Equals 0
atx =5 atx=-1
x=5and x=-1

H+

=5,-1

S

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

43. a 3x2+3x+5=11 4.

3x24+3x-6=0
3(x2+x-2)=0
(x+2)(x—1):0
Equals 0 Equals 0

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

b.
343 -4(3)(-6) _ 349472
2(3) 6
_-3+481
6
_ =349
6
=-2,1
x=-2andx=1
45. a. Use the vertex formula with a = 1 and 46.
b=-10.
pozb _ZC10) 10
2a 2(1) 2
To find y, evaluate f(5).
£(5)=(57*-10(5)-25=-50
The vertex is (5, —50).
b.
on [-5, 15] by [-50, 50]
47. Let x = number of miles per day. 48.

C(x) =0.12x + 45

49. Let x = the altitude in feet. 50.
— 70— X _
T(x)=70 300

51. a. To find the break even points, solve the 52.

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
Equals0  Equals 0
atx =65 atx=15
x=65and x=15
The store breaks even at 15 receivers and
at 65 receivers.

37

x=1landx=-1

Use the vertex formula with a = 1 and
b=14.

_=b _=14_
x_2a_2(1)_ 7

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

\ Y
\_/

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

Use the interest formula with P = 10,000 and
r=0.08.
1(¢) = 10,000(0.08)r = 800¢

Let t = the number of years after 2010.
C(1)=0.45t+20.3

25=0.45¢t+20.3

t = 10.4 years after 2010; in the year 2020

To find 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

Equals 0 Equals 0

atx =450 atx =150
x =450 and x =150

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

53.

54.

56.

58.

To find the number of receivers that 52.

maximizes profit, first find the profit
function, P(x) = R(x) — C(x).
P(x) = (=2x? +240x) - (80x +1950)
=-2x*+160x—1950

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

—b _ —160 _ —160
N E
Thus, profit is maximized when 40
receivers are installed per week. The
maximum profit is found by evaluating
P(40).

P(40)= -2(40)% +160(40) —1950

Chapter 1: Functions

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

P(x) = (3% +2020x) - (220x +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
x=——2=—""=—"2=300

2a  2(-3) -6
Thus, profit is maximized when 300 units are

installed per month. The maximum profit is
found by evaluating P(300).

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

=$1250 . .
Therefore, the maximum profit is $1250. Therefore, the maximum profit is $67,500.
adkes =
E?ax‘ibxﬂ: b. For year 2020,2)6 =12.
ﬁi:ﬁézﬁ y=1675(12) +0.435(12) +21.6
Fe=. 5355386465 ~ $268 billion
Liidi=1
y= 1.675x% +0.435x +21.625 (rounded)
3 3 55. a. 16 16 _ 1
LA Ay e T =8 322
Domain = {x | x# 0, x # 2} b. Domain= {x|x#0,x#-4}
Range = {y|y> 0 ory< -3} c. Range={y|y>0ory<-4}
(-4)=|-4+2-2=2-2=0 9. a #(-9=(5)=-s-5--10
Domain = R b. Domain=R
Range = {y |y > 0} c. Range={y|y>0}
5x4+10x3 =15x2 59. 4x° +8x% =32x3
5x*+10x2-15x2 =0 4x° +8x*-32x3 =0
5x2(x2+2x—3)=0 4x3(x2+2x—8)=0
xz(x+3)(x—l)=O x3(x+4)(x—2)20
Equals 0 Equals 0 Equals 0 Equals 0 Equals 0 Equals 0
atx =0 atx=-3 atx =1 atx =0 atx= -4 atx =2
x=0, x=-3, andx =1 x=0, x=—4, andx =2
2x%? —8x¥? =102 61. 3272 4322 =18x"?

3x72 43277 1827 =0

3xl/2(x2 +x-6)=0

2 (x+3)(x-2)=0
Equals 0 Equals 0 Equals 0 Equals 0 Equals0 Equals 0
atx=0 atx=5 atM atx=0 at>< atx=2
x=0, x=5 and 2=><] x=0, =<3 andx=2

Only x = 0 and x=5 are solutions. Only x = 0 and x = 2 are solutions.

2% —8x¥? —10x72 =0
2xl/2()c2 —4x-5)=0
(x=5)(x+1)=0
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Review Exercises and Chapter Test for Chapter 1

62. 1

64.

66.

68.

70.  f)=2x2-3x+1
Sx+h)-f(x)

h

2(x+h)>=3(x+h)+1—-(2x> —3x+1)

B h

2?4 2xh+h?)=3(x+h)+1—(2x% —3x+1)
B h

_2x% +4xh+2h% —3x—3h+1-2x% +3x—-1
B h

_4xh+2h*=3h

B h

 h(4x+2h-3)

B h

=4x+2h-3
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65.

67.

69.

71.

. f(2(x)=]g(x) |=[x+2]

b g (f(x)=[f(¥)]+2=]x]+2

f=2
X

5 s
FOAM=F() _ x+h x

h h
5 _5
_x+h x Xx+h)
h x(x+h)
_5x=5(x+h)
hx(x+ h)
_5x=5x=5h
hx(x+ h)
__ —5h
hx(x+ h)
__ -5
x(x+h)
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72.  The advertising budget A as a function of ¢ is

the composition of A(p) and p(¥).

A(p(1))= 2[1,0)]0415 2 (18+2) %1
A(4)= 2[18+2(4)] 015 _ 2(26) 0.15

~ $3.26 million

74. a. x*4+2x7-3x=0
x(x2+2x-3)=0
x(x+3)(x—1):O

Equals 0 Equals O Equals 0

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

b. [ j
|

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

73.

75.

Chapter 1: Functions

xt=2x-3x2 =0

P (x?-2x-3)=0

X(x=-3)(x+1D)=0

Equals 0 Equals 0 Equals 0

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

\

1

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

Lithh=1
y=6.52-0.761"

For year 2020, x = 4.
y=6.52-0.761* ~ 2.2
2.2 crimes per 100,000
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Chapter 2: Derivatives and Their Uses

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
1.999 2.995 2.001 3.005
a. lim 5x-7)=3
X2
b. Iim (5x-7)=3
x—2%
c. lim(Bx-7)=3
x—2
3. X x3-1 X x3-1
x—1 x—1
0.900 2.710 1.1 3.310
0.990 2.970 1.01 3.030
0.999 2.997 1.001 3.003
a. lim X —=1-3
o1~ x—1
-1
b. lim =3
o1t x—1
c. lim*=1-3
=1 x—1
5 X (1+2x) x| a+20'”
-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 (1 +2x)"* ~ 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
1_1
lim £—2 =-0.25
x—2 X —
9. I

| ——
on [0, 2] by [0, 5]
1

lim*— =1
x—11l—x

10.

a1
x | 2x+1 X | 2x+1
3.9 8.800 4100 |9.200
3.99 8.980 4.010 |9.020
3.999 8.998 4.001 |9.002
a. lim 2x+1)=9
x—>4"
b. lim 2x+1)=9
x4
c. lim2x+1)=9
x—4
X xt -1 X xt -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 X —l_4
o1~ x—1
b. lim X —1_4
a1t x—1
c. lim*—=1l_4
x—1 X -1
X | (l_x)l/x N | (l_x)l/x
0.1 0.386 0.1 0.349
—0.01 0.370 0.01 0.366
~0.001 |0.368 0.001 | 0.368
lim (1 —x)"* ~0368
x—0
x Jx-1 o | Ax-
x—1 x—1
0.9 0.513 1.1 0.488
0.99 0.501 1.01  |0.499
0.999 0.500 1.001 | 0.500
im¥x=1_gs
x—=1 X— 1

-

on [0, 3] by [0, 10]
20745 _

lim
x>15 X~ L5
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11.

13.

15.

17.

19.

o

21.

23.

25.

27.

29.

31.

Chapter 2: Derivatives and Their Uses

i 12. [
[ 2-\-\_\_\_‘_‘—\—\._\_\_\_
—_— I
on [3 5] by [1, 3] on [0.5, 1.5] by [0, 3]
0.5
. —4x . x—1
1 _:2 lim =2
xl—r>n4 x!9 —2x xélx—x/;
2
i 2 = 2_ = L —x Qu
i;rra4x 10x+2=403) 10(3)+2 =8 14. llm7 2x—7 " 2(17 =6
2
i 322 =5x 39256 _, 16, limVr+r-4=Y(3)>+3-4=2
x—5 7x—10 7(5)-10 1—3
8+2
1imﬁ:ﬁ because the limit of a constant is 18. lim A \/7 8+2\/_
3 ¢>98-2Jq 8-29 2
just the constant.
. [ 71/2]_ -1/2 _ . ( 3/2 1/2)_ 3/2 1727 _
lim | (¢+5)¢ =(25+5)(25) =6 20. lim\s”"“—=3s =14"""-3(4) =2
t—25 s—4
lim 5x° +2x%h —xh®) =5x3 +2x2 . 0—x(0) =5x° 22,  lim @x% +4xh+h>)=2x> +4x-0+ (0)> =2x2
h—0 h—0
2 _
x—2 X~ x—2 x=2 x%1x2+x 2 )Hl(x-kl)(x—l)
=lim(x+2)=2+2=4 —qim—t_-_1 _1
x—>2 x—>1x+2 1+2 3
lim x+3 = lim x+3 26. lim x2+9x+20 (-x+5)(x+4)
x—— 3x +8x+15 x—>—3(x+3)(x+5) st x+4 x—> 4 x+4
o fim L1 1 = lim x+5=—-4+5=1
x>3Xx+5 -3+5 2 x—>—4
3 2 2_ . _
lim 327 =3x"=6x _ }iy 3x(x"—x-2) 28.  lim Xz—le- x(x—=1) _ x—1__4
x——1 X+ x x—>-1  x(x+1) =0 x4 x a0 X(x+1) x50 x+1
— lim 3x(x=2)(x+1)
x——1 x(x+1)
= lim 3(x-2)=3(-1-2)=-9
x——1
2 4 2
lim 230 — i (20 —31) = 2x ~3(0) = 2x 30, fim 2L _ iy (55% 9.
h—0 h—0 h—0 h—0
=5x* —9x(0) = 5x*
2 2,3 2 2,3
lim AR — jim (402 +xh - ) 32, lim A= ATy 2 e n?)
h—0 h—0 70 h ;H
2
=4x> +x(0)-(0)> =4x2 =2 = x(0)+(0) =
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Exercises 2.1

33.

®

lim f(x)=1
x—27

lim f(x)=3
x—27

c¢. lim f(x) does not exist.
x—2

35. a. lim f(x)=-1
x—2
lim f(x)=-1
x=>27F
c. lim f(x)=-1

x—2

37. a. lim f(x)= lim G-x)
x—>4- x—4"~

=3-(4)=-1
b. lim f(x)= lim (10 -2x)
x—> 4" x—> 4%
=10-2(4)=2
c. lim f(x) does not exist.

x—4

39. a. lim f(x)= lim 2-x)
x—>4" x4

=2-4=-2
b. lim f(x)= lim (x-6)
x4+ x—>4"
=4-6=-2
e lim f()=-2

x—>4

41. a. lim f(x)= lim (-x)
x—07 x—0"

b. lim f(x)= lim (x)
=07 x>0t
=0
c. lim f(x)=0
x—0
43. a. X m
X
-0.1 -1
-0.01 -1
-0.001 -1
lim f(x)=-1
x—0
b. X m
X
0.1 1
0.01 1
0.001 1
lim f(x)=1
x—0
c. lim f(x) does not exist.
x—0

45. lim f(x)=0; lim f(x)=o0 and
X—>—0 x—>37
lim f(x)=—oo,

x—37

SO limgf(x) does not exist and lim f(x)=0.
X—>3

X—>0

34.

36.

38.

40.

12.

44.

46.

43

a. lim f(x)=1
x—27
lim f(x)=2
x=2%
c. lim f(x) does not exist.
x—2
lim f(x)=3
x—27
lim f(x)=3
=27
c. lim f(x)=3
x—2
a. lim f(x)= lim 5-x)
x—>4- x4~
=5-4=1
b. lim f(x)= lim 2x-Y5)
x—> 47 x—>4F
=2(4)-5=3
c. lim f(x) does not exist.
x—4
a. lim f(x)= lim 2-x)
x4 x4~
=2-4=-2
b. lim f(x)= lim 2x-10)
x—>4F x—> 4"
=2(4-10=-2
c. lim f(x)=-2
x—4
a. lim f(x)= lim [-(-x)]
x—0" x—0"
=—(-0)=0
b. lim f(x)= lim —(x)
=07 x->07"
c. lim f(x)=0
x—0
a x Ld
X
-0.1 1
-0.01 1
-0.001 1
Iim f(x)=1
x—0
b. X m
X
0.1 -1
0.01 -1
0.001 -1
lim f(x)=-1
x—0
C. lim f(x) does not exist.
x—0
lim f(x)=0; lim f(x)=o00 and
X—>—00 x—>-3"
lim f(x)=oo,
x—-3"

so lim f(x)=o and lim f(x)=0.
X—>»00

x—>-3
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47.

49.

51.

53.

55.

57.

59.

61.

63.

65.

67.

lim f(x)=0; lim f(x)=o and
X—>—00 x—0"

lim f(x)=oo,
x—0"

so lim f(x)=o0 and lim f(x)=0.
x—0 X—>0

lim f(x)=2; lim f(x)=-c and
X—>—00 x—=1"
lim f(x)=o0,
x—17"
so lim f(x) does not exist and lim f(x)=2.
x—1 X—>0
lim f(x)=1; lim f(x)=o and
X—>—0 x—>-2"
lim f(x)=o0,
x—-2"
so lim f(x)=oand lim f(x)=1.
x—>-2 X—>0
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

%]

b. lim f(x)=3; lim f(x)=3
x—37 x—37"
c¢. Continuous

[

b. lim f(x)=3; lim f(x)=4
x—3" x—3"

c. Discontinuous because lim f(x) does not exist.

x—3

Continuous

Discontinuous at x = 1

48.

50.

52,

64.

66.

68.

Chapter 2: Derivatives and Their Uses

lim f(x)=0; lim f(x)=-o and
X—>—00 x>0~
lim f(x)=o0,
x—0*
so lim f(x) does not exist and lim f(x)=0.
x—0 X—>0
lim f(x)=1, lim f(x)=c and
X—>—0 x—=>-3"
lim f(x)=-om,
x—-3"
so lim f(x) does not exist and lim f(x)=1.
x—>-3 X—>0
lim f(x)=2; lim f(x)=o and
X—>—00 x—1"
lim f(x)=o0,
x—17F

so lim f(x)=o and lim f(x)=2.
x—1 X—®©

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

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

X—>C

Continuous

Discontinuous at ¢ because lim f(x) # f(c) .

X—>C
a.
X
2 4 &
b. lim f(x)=2; lim f(x)=1
x—3" x—3*
c¢. Discontinuous because lim f(x) does not
x—3
exist.
a.
&
4
el
104 6
b. lim f(x)=2; lim f(x)=2
x—3" x—3%

c¢. Continuous

Continuous

Discontinuous at x = -7 and x = 2

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

Brief Applied Calculus 7th edition Berresford Solutions Manual


https://ravanbooks.com/books/9781305085329-solutions

Exercises 2.1

69.

71.

73.

75.

77.

79.

81.

83.

85S.

fx)= 5—;'25— is discontinuous at values of x
-
for which the denominator is zero. Thus, consider
503 -5x=0
5x(x> -1)=0

5x equals zero at x = 0 and X2 -1 equals zero at x
==+].

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

From Exercise 37, we know lim f(x) does not
x—4

exist. Therefore, the function is discontinuous
atx =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) is discontinuous at x=6.

—1)(x+2

Since the function == 1 is not defined

at x = 1 and the function x + 2 equals 3 at x = 1,
the functions are not equal.

1/x 1/x
N 00 R 7
10 10
0.1 1.11 0.1 1.10
-0.01 1.11 0.01 1.11
~0.001 1.11 0.001 1.11
-0.0001 | 1.11 0.0001 1.11
1/x
lim (1+i) ~$1.11
x—0 10
lim 100 - 100 zzm
014.001x%  1+.001(0) 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
‘Ggoing79‘

70.

72.

74.

76.

78.

80.

84.

86.

45

fx)= is discontinuous at values
x*3x3—4x?

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

-3 —4x? =0
xz(x2—3x—4):O
P (x-4)(x+1)=0

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

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

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

exist. Therefore, the function is discontinuous
atx =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 discontinuous at x=7.

2 2
lim 1—(1) - 1—(£) 0
v—c c c
1/x 1/x
x (1+i) X (1+i)
20 20
-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

lim (1+ 20) ~ $1.05

x—0

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

In a continuous function, when x equals c, the
function equals lim f(x) . This is not true for a
X—>C

discontinuous function.
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85.

87.

89.

91.

93.

9s.

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
G‘going77'

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.

lim f(x) does not exist; lim f(x) does not exist;

x—=07" x—>0"

EXERCISES 2.2

1.

The slope is positive at P;.
The slope is negative at P;.
The slope is zero at Ps3.

The slope is positive at P;.
The slope is negative at P;.
The slope is zero at Ps3.

The tangent line at P contains the points (0, 2)
and (1, 5). The slope of this line is
_53=2_
m=1"9=3.
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:

86.

88.

90.

92,

9.

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
x—>2 x—2%
lim f(x)=7.

x—>2°

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
x—0

The slope is zero at P;.
The slope is positive at P,.
The slope is negative at P3.

The slope is negative at Py.
The slope is zero at Py.
The slope is negative at P3.

The tangent line at P contains the points (1, 4)
and (4, 3). The slope of this line is

m==4__1

4-1 3

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

m= gf—g’ =2

The slope of the curve at P, is 2.
Your graph should look roughly like the

following:
i
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Exercises 2.2

9. a. fO-fD_12-2 g
2 2

b. f@-f)_6-2_,
1 1

¢ fU5-f1)_375-2_55

5 5
d. fAD-fM) _231-2 _4,
1 1 ‘
e. fA.0DH-fD _2.0301-2 _
01 == 7301

f. Answers seem to be approaching 3.

1. a fA)-fQ)_34-8_,,
2 2
b- f(3)_f(2):19—8:11
1 1

¢ f2)-fO _13-5_,,

5 5
d. fQD-f(2)_892-8_¢,
1 1 ‘
e.  fQOD-f1) _ 8.0902-8 _
01 T01 =902

f. Answers seen to be approaching 9.

13. a. fO-fB) _26-16_5

2 2
b. f&H-fB) _21-16_4
1 1
¢ fB5H-fOB) _185-16_4
5 5

d. fGD-fB3) _165-16_5
1 1

e. fBOD-fB) _16.05-16 _s
01 U

f. Answers seem to be approaching 5.

15. a.  f(6) . @ _ 2-44925 =2 _0.2247
b. f(®) I f4) -2236-2 _ (1361
c. f(4-5).5— f4 _ 2.1251 =2 _0.2426
d [ 1)1— f&®_ 2.023 =2 _0.2485
e. f(4.0.1())1— f@® _ 2.09(2)? =2 _().2498
f. Answers seem to approach 0.25.

10.

12.

14.

16.

47

SO M) _23-7 _¢
2 2
fO-fM _13-7 _¢
1 1

SAS)-fM) _95-7_4

5 5
fAD=fMD) _742-7_4,

1 1 '
fA0D-fAd) _7.0402-7 _

01 = A2

Answers seem to be approaching 4.

fO-f2) _23-7 4
22

fO-f2) _14-7_,
1 1

f(2.5-f(2) _1025-7 _¢ 5

5 5
fQD-f@2) _761-7_¢,

1 1 :
fQROD-F(1) _7.0601-7 _

01 o0l =601

Answers seem to be approaching 6.

fO-fG _33-19_4

2 2
fA-fB) _26-19_,
1 1
fGH-fB) _225-19 _4
5 5

fGD-fB) _197-19 _4
1 1
fBOD-f3) _19.07-19 _4
.01 .01
Answers seem to be approaching 7.

fO) - f(4) _.6667-1_ -0.1667
2 2 '
f5) - f&_ ~8]—1 = -0.2000
45— f(4) _.889-1_ (000

3 - '
SED=f(A) _976-1_ 439

1 1 '
f@A0D) - f4) _.9975-1_ _

> =22 = 02494
Answers seem to approach —0.25.
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17.

19.

21.

lim f(x+h)_f(x)

h—>0 h
- lim (x+h)2+(x+h)—(x2+x)
h—0 h
2 2 2
— lim X +2xh+h"+x+h—x"—x
h—0 h
_ i 2xh+h’+h
h—>0
= lim 2x+h+1=2x+1
h—0

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

Jfx+h) - f(x)

lim

h—0 h

i SR +1=(5x+D)
h—0 h

= lim Sx+5h+1-5x—-1
h—0 h

= lim 3

h—0

= lim 5=5

h—0

Evaluating at x=3 gives 5,

which matches the answer from Exercise 13.

lim S(x+h)—f(x)
h—0

= lim 2(x+h)2+(x+h21—2—(2x2+x—2)
h—0
2x 2+ 4xh+2h > +x+h—2-2x>—x+2
h

= lim
h—0
— lim 42k +h
h—0
=lim4x+2h+1=4x+1

h—0
The slope of the tangent line is at x =2 is

4(2)+1=9, which matches the answer from
Exercise 11.

18.

20.

22,

Chapter 2: Derivatives and Their Uses

i SR =)

h—0 h

. (x+ ) +2(x+h)—1—(x% +2x~1)
h—0 h

_ i Xt2xh+h®+2x+2h—1-x —2x+1
h—0 h

= lim 2%h+h®+2h
h—>0

= lim 2x+h+2=2x+2
h—>0

Evaluating at x =2 gives 2(2)+2 =6,
which matches the answer from Exercise 12.

lim f(x+h)_f(x)

h—>0 h
4 _4
~ lim (x+h) x
h—>0 h
= Iim 1[4 __4
_hlinoh(x+h x)
~ lim l[4x—4(x+h))
h_>0h ()C+h))€
= lim 4x—4x—4h
h—0 h(x® +xh)
: —4 4
= lim =——
h—0x% +xh K2
Evaluating at x=4 gives -%:—.25,
4

which matches the answer from Exercise 16.

lim LGS _ 2(x+h) 2 +5-(2x2+5)
h—0 h—0

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

4xh+2h>

= lim
h—0
= lim
h—0

=lim4x+2h=4x
h—0

The slope of the tangent line at x =1 is
4(1) = 4, which matches the answer
from Exercise 10.
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Exercises 2.2

23.

25.

26.

27.

29.

31.

fim LSO =S Vxrh o 24.
h—0 h h—>0 N
- 1lim (\/x+h—\/;J[\/x+h+\/;j
h—0 h Jx+h+x
lim (x+h)—x
h—>0h(JX+h+f)
= lim 1

1
h—)O\/x+h+\/— \/x+0+\/— 2\/;

The slope of the tangent line at x =4 is

1
244

from Exercise 15.

=0.25, which matches the answer

49

lim f(-x+h)_f(x)

h—0 h
i TG =2-(Tx-2)

h—0 h
= lim Ix+7h—2-Tx+2

h—0 h

— lim 12

h—0h
= lim 7=7
h—0
The slope of the tangent line at x =3 is 7,

which matches the answer from Exercise 14.

(x+h)?=3(x+h)+5—(x%=3x+5)

SRACLIIES (R

[l =
h—0 h
:hmx +2xh+h2—3x—3h+5—x2+3x—5
h—0 h
=limQ2x+h-3)
h—0
=2x-3
2 2
£(x) = lim f(x+h)—f(x):1im 2(x+h)“=5(x+h)+1-(2x°=5x+1)
-0 h h—0 h
_ i 22> +4xh +2h —5x=5h+1-2x +5x -1
h—0 h
:}lir%(4x+2h—5)
-
=4x-5
. 1—(x+h) 2_(1-x2) ‘(x+h) +1- ( x +1)
=,11m = lim 2
-0 h h—0 h
2 2 2
:%il%l_x —2xhh—h —l+x :hm%x +xh+tn?+1-1x% -1
=1lim(-2x—-h) h—0 h
h—0 = lim x+ 4 h X
=-2x h—0
Flx) = f(X+h) f(x) 30, fix)-= f(X+h) fx)
:hm9(x+h) 2-(9x-2) ~lim 3(x+h)+5 (=3x+5)
h—0 h h—0 h
:lim9x+9h—2—9x+2:9 :lim_3x—3h+5+3x—5:_3
h—0 h h—0 h
f (x) f(-x+h) f(-x) 32. f (x) f(x+h) f(-x)
x+h X h zlim001(x+h)+005—(0.01x+0.05)
= lim—2—2 = lim 2 h0 h
h—0 h h—0 h - lim 0.01x+0.012+0.05—-0.01x—0.05
h _1 N
= no_ 1 h—0 h
h—>0 h
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33.

35.

36.

37.

39.

Chapter 2: Derivatives and Their Uses

f'(x):hm f(-x+h) f(-x) 11m4 420 34' fv(x):hm f(-x+h) f(-x) hm 71':0
0 =0 h 0 -0 h
2 2
Fix) = f(x+h) f(x) —lim a(x+h)“+b(x+h)+c—(ax”+bx+c)
h—0 h
— lim &X +2axh+ah > 4 bx+bh+c—ax®—bx—c
h—0 h
=lim(2ax+ah+b)=2ax+b
h—0
Use ()c-i-a)2 :x2+2ax+a2.
2 2 2 2
Fix) = f(x+h) f(x) — lim (x+h)"+2a(x+h)+a” —(x"+2ax+a”)
h—0 h
zlimx +2xh+h >+ 2ax+2ah+a’—x*—2ax—a’
h—0 h
=1lim(2x+h+2a)
h—0
=2x+2a
h—0 h —0 h
_lm(x+h)5—x5 _lm(x+h)4—x4
0 h 0 h
i X5 105°K? + 53kt + B — i & 45 h+ 6370 +4xh’ + it — x*
h—0 h h—0 h
=lim5x* +10x°h +5x0 + h* =5x* = lim4x> +6x*h +4xh* + b’ = 4x°
70 h—0
+ h)— + h) -
-0
2 __2 P B
2 2
=hh_r)%-l’-‘hhh—x — lim (x+h)h X
h—0
2x 2(X+h) 2 2
SO X0 x (orh)
= lim =————— o x k) x(a+h)?
h—0 lim
s 2x-—2x-2h h—0
—,}f}) Wx+h) h X222 xh—h’
= 2h 1 - lim —2GHm?
a0 X(x+h) h h—0 h
_ 2 2xheh® 1
= lim — =1 — .
hoo X(x+h) hl_rﬂ) Cx+h)? h
=2 o _2x_ 2
X h—0 x2(x+h)? x4 X3
f.(x)zlmf(x+h)—f(X):hmx/x+h—\/;
h—0
_hm\/x-i- \/_ Jx+h+x
h—0 h Jxthx
=hm x+h—x
h*”h(\/x+h+x/_)
=lim————
h—>0h(\/x+h+\/7)

=lim

h»O«/x+h+x/_ «/;
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42,

43.

44.

45.

46.

S BN 3 ey SN N ey N

£l = f(x+h) f(x) _ lim X th \F—hm fJx+h —lim Jxvx+h Jx+Jx+h
h—0 h h—0 h—0 h
x—(x+h)
:hm(\/;\/erh)(\/;Jr x+h) —1im —h 1
h—0 h I1—>0\/;Jx+ (\/7 ) h
=1lim 1 -
’Hofx/x+h(x/;+«/x+h) \/;\/;(\/;+\/;) (fo)
2x\/7
f(x)= f(x+h) f(x) m(x+h)3+(x+h)2—(xS+xz)
h—>0 h
= im (x +3x2h+ 3xh? + 1) +(x% +2xh+ h?)— x> — x?
h—0
2 2 .3 2
= lim X3 LN IR _ i 30 43kt B+ 2x+h
h—0 h—0
=3x2 4+ 2x
A L~ 1L 2x_Qux+2h) —=2h__
Fi(x)= f(x+ ) fx) - lim 2(x+ R X im 2220 2% _ jim 2x(2;+2h) — lim 2x(2,;l+2h)
h—0 h—0 h—0 h—0
_ hm—L 1_jpe—1—_ 1

a. The slope of the tangent line at x =2 is 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

b. >V

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

a. The slope of the tangent line at x =2 is f' (2) =4(2)—5 = 3. To find the point of the curve at
x =2, wecalculate y= f(2)=2(Q2 )2 —5(2)+1=-1. Using the point-slope form with the point
(2,-1), we have

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

b %
/

on viewing window
[-10, 10] by [-10, 10]
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52 Chapter 2: Derivatives and Their Uses

47. a. ¥ 48. a.

4. a  f(0=lim X+hh— ) _ lim 3(x+h)—2—(3x—4) ljm 3x+3h=4-3r+d o3 1
h—0 h—0 h—0 h—0
b. The graph of f(x)=3x—4 is a straight line with slope 3.

x+hh_ X g 20t =9-Qx=9) . 2x423h-9-2x49 5 5

h=>0 h h—0 h h—0
b. The graph of f(x)=2x-9 is a straight line with slope 2.

f(x)_hm_ﬂ_Lﬂ_l

50. a. f'(x)=Ilim
h—0

5—5‘—11m() 0

51. = lim 7
h—0 h—0
b. The graph of f(x) =5 is a straight line with slope 0.
.ﬁ_Lﬂ_)
5. f0= lim = hml27'-2_ lim 0=0
h—0 h—0
b. The graph of f(x) =12 is a straight line with slope 0.
53 a f()C) f()C+h) f()C) = lim m(x+h)+b_(mx+b): lim mx+mh+b—mx—>b _ = lim 22 mh
T h—0 h h—0 h hoo
= hm m=m
h—0
b. The graph of f(x)=mx+ b is a straight line with slope m.
_ﬁ_Lﬁ_l
54 a f(0)= lim LEEE = lim2=L = im0 =0
h—0 h—0 h—0
b. The graph of f(x) = b is a straight line with slope 0.
2 2
()= lim f(x+h)—f(x) - lim (x+h)" —8(x+h)+110—-(x" —8x+110)
55. a ['(»=lim 7 Jim Y

i Aot b =Ry 8h 110 x” +8¢—110
h—0 h

= lim 2x+h—-8=2x-8
h—0

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.The temperature is increasing at a rate of 2 degrees per minute after 5 minutes.
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Exercises 2.2

56.

57.

58.

59.

60.

53

Py = lim LOER=F@) oy 36eeh) 126+ 1)+ 200 = (32 ~12.x +200)
h—0 h

h—0 h
i A6y 38 105 = 1254200 =35 % 4121 =200
h—0 h
= lim 6x+3h—12=6x-12
h—0

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)z lim f(x+h)—f(x) - lim 2(x+h)2—(x+h)—(2x2 _x)
h—0 h

h—0 h
2 2 2
= lim 2Xdhxt P —X—h= 204X i 4y 4 2h—1=4x -1
h—0 h 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.

S+ h)—Sx) v —(x+h)> +10(x + h) —(=x> + 10x)

S"(x)= lim = lim
h—0 h

h—0 h
~ lim —x?ohy— B 4 10x 410k + x2 —10x
h_—>0 h
=1lim-2x-h+10=-2x+10
h—0

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.

1 2 | 2
f,(x):%in})f(ﬂhg_f(x):hm2(X+h) —3.7(x+h)+12—(§x —3.7x+12)

h—0
Lxpxh+Ln? —3.7x—3.7h+12—(%x2 —3.7x+12)
= lim
h—0 h
L2 e xh+in?—37x-37h+12-Lx2+37x-12
= lim 2 2 2
h—0 h
zlim(x+%h—3.7):x—3.7
h—0

f'(1)=1-3.7=-2.7.1In 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).

P En})f(xm})l—f(x) i 8GR ~16(x+h)+109—(6x2 ~16x+109)

h—0 h

i 632 #1230 +6h% ~16x 163 +109~(6x> ~16x+109)
h—0 h

_ i 657 +12xh+ 67 —16x—162+109 - 6x> +16x-109
h—0 h

_ i (2x=6h—16)
h—0 h

=12x-16

£'(0)=12(0)-16 =-16 . In 2010, net income was decreasing at the rate of $16 million per year.
£'(2)=12(2)-16 =8 . In 2012, net income was increasing at the rate of $8 million per year.
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54

61.

63.

65.

67.

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

fx+h) - f(x)
., :

from the formula f(x)= lim
X—>00

Substitution # = 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

11.

13.

15.

=4t =axt =40

Fix)= zid);(xsoo) — 5005901 _ 5004

Fl(x)= zZd);(xUZ) :_% xl /2—-1 :é_x—l/Z

oy d (1. 4\_1 4 41 _5 3
g(x)—dx(4x) 24)c 2x

g'(w) :_dd‘;(6wll3): 6 .J§W1/3—1 _ 2w—2/3
h'(x) ='dd;(3x_2) —3—2)x T - 6x

=4 @x’-3x+2)

=421 3. 0
=8x-3

o= d (L \_d (1
f(x)_dx(xl/z) dx(x )
lx_3/2=— 1

2 232

62.

64.

66.

68.

10.

12.

14.

16.

Chapter 2: Derivatives and Their Uses

A secant line crosses the function twice while a
tangent line crosses only once. To find the slope
of 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.

f(x)= zid;(xS) =500 =5

Fi(x)= zid;(xlooo) 100059071 100099

' _d, U3y 1 131 _1 -2/3
Fla==k =403 o1y

oy d (1.9Y_1 9,91 _1.8
g(0=4(1r)=L.0" =3
' _d 172 _ 1 1/2-1_ -1/2
g(w)—dw(12w )—12-2w = 6w

h'(x) = 'dd;(4x_3): 43 st

Fi=43x% ~5x+4)
=32x27 5. o

=6x-5
vy d (1 \_d (.23
f(x)_dx(x2/3) a’x()C )
2 513 _ 2
3% TR
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Exercises 2.3

17. f (x)_d_(%) E(6x_l/3) 18. f (x)_d_(%) d (4 1/2)
413 _ 312 _
6( ) B 3 4( ) 3/2

19. f‘(r)Z%(ﬂ'rz):ﬂ'(zr)=2ﬂ'r 20. f(r) = (37” ) ”(3’, )= drr?

21. f'(x):%(%x3+%x2+x+l) 22, f'(x)= %( x4+lx3+lx2+x+1)
=132 +1@2x)+1 .. (4x 413+ L@ +1
=%x2+x+l =+x +5 2 4x+1

23. g'(x)=dix(x1/2—x_l)z%xm_l (=D ! 24, g,(x):dlx(xm _x—l):%xlm T cpx!
RS VS _%x—2/3 L2

25. h'(x)=%(6 23 _12x713) = 6-%x2’3*‘—12(—%)x*“3*‘

:4x—1/3 +4x—4/3

26. h'(x):%(8)63/2—8x’”4):8-%x3’2"—8(_%)){1/44

=12x"2 4 2x74

27, flx)=4 (IOx /2—2x5’3+17):10(—l)x*”2*‘—2(i)x5’3*1+0
5 2 503

=—5x732 3523

28. flx)=4 ( X723 16x5/2—14)=%(—%)x*2’3*1—16(%)x5/“—0

_ _3x—5/3 — 40,32

2.3
29. p (x)=-g;('x—;lc'—x—)=zl,d;(x+x2)=l+2x

3. f :'g;(xZ(x+1)):'g;(x3 +x2)=3x7 £ 2x
3. fo="40) =5x" r2)=5(-2)" =80
32, f=~h) =40 f13)= 43 = -108

3B fO=7 <6x2/3 48x‘1/3)— o 2)x3 a5 L)

=axB3 p16x7*
f’(8)=4(8)‘”3 t16@®) =k 12, 16 5, J6 3
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34.

35.

37.

38.

39.

41.

Chapter 2: Derivatives and Their Uses

f'(x)==— (12x2/3+48x_“3)—12(3) _1/3+48(—%)x‘4’3

—4x 3 16x 743

8 48‘”3+168—4/3_i+ 4 =2+46 _3
f(®)=4@®) ®) f F TREarY
d d d d
ﬁ:-j’;(ﬁ):hz;é 3=3(—3)2=27 36. szﬁ(x4)=4x3;z,§| 24(—2)3 =-32
x=— xX=
Y _d (1657172 485 12) = 16(—l)x‘3’2 +8(l)x‘”2
dx dx 2 2
—8x Y2 4y 12
ar 372 172 8 4 8 4
=84 Pt == =215 =1
dx|._, JF J4 82
ﬁ:i(54x‘”2+12x”2)=54(—l)x‘3’2+12(l)x‘”2
dx dx 2 2
=-27x"" +6x71?
gi| =279y +6(9) P =P =2 0o
Flr=9 {93 ﬁ
& f(x)=2-x"-2+0=2x+2 40. a. r()=2.x'-44+0=2x-4
['3)=203)-2=4 fMH=2()-4=-2
The slope of the tangent line is 4. The slope of the tangent line is —2.
y=5=4(x-3) y=3=-2(x-1)
y=5=4x-12 y=3=-2x+2
y=4x-17 y=-2x+5
The equation for the tangent line is The equation for the tangent line is
y=4x-17. y=-2x+5.
b b.
\
[~}
,-"ff
on [-1, 6] by [-10, 20] on [-1, 5] by [-2, 10]
A& f(x)=3-x2-32)x' +2+0=3x%-6x+2 2. a. r()=32)x'-3-x2=5x-3x>2
f@=32)*-6(2)+2=2 f)=6()-3(1)* =
The slope of the tangent line is 2. The slope of the tangent line is 3.
y+2=2(x-2) y—2=3(x-1)
y+2=2x-4 y—2=3x-3
y=2x—6 y:3x—1
The equation for the tangent line is The equation for the tangent line is
y=2x—-6. y=3x-1.
b. / b. \
/;-.7/
on [-1, 4] by [-7, 5] on [-1, 3] by [-2, 5]
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Exercises 2.3

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
i

y'=9.638(~1.394) x >3 = ~13.435372x 23

y'(2)=-13.435372(2) > ~ 2.6

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 >3* =-69.916x >

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‘ A 16
C'(x)==F
Ix
, 16 _ 16
C'Q)=—F==—=8
3 w2
When 8 items are purchased, the cost of the last item is about $8.
b.

Co4) =782 =104

Joa 4

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

A C'(x)=140x""6
cmy=140_149

%

When 1 license is purchased, the cost is about $140.
b. , 140 _ 140
Ced)=—==—7-=70
Yea 2

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

C(64)— C(63) = 24(64)*"3 —24(63)*'3 ~ 4.01
The answer is close to $4.

C(64)— C(63) =168(64)>'° —168(63)>'® ~70.09
The answer is close to $70.
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51.

52.

53.

54.

5S.

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)=-2%+52)-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(H=13t> =13
() =213t =31* =26t 31>
The rate of change on day 5 is found by evaluating f'(¢) for t=35.
f(5) =26(5) —3(5)2 =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'(¢) for t = 10.

£(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 - 200:000.

N'(x) = -g'; (400,000 —200,000x 1)
200, ;)00

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)= % =8000

N'(x) =0— (~1)200,000x2 =

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

A()=0.01> 1<1<5
The instantaneous rate of change of the cross-sectional area ¢ hours after administration of nitroglycerin is
given by
A'(t) =20.01¢> 7! = 0.02¢
A'(4) =0.02(4) =0.08
After 4 hours the cross-sectional area is increasing by about 0.08 cm? 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'a0)=10+11=21

In 2020, the number of 3D movies will be increasing by 21 per year.
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Exercises 2.3 59

56.

57.

58.

59.

60.

a. The rate of change of the function is the derivative of the function:
| 1 -3 1
flo=-Lty2-_ L
2 NS

Find the rate of change for x = 4.

e 16

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.
1 1 1
9=~ =——
o=

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)= 24\/; .

vy d 172
p (f)—dt (24177)

:%(24t—1/2):12t—1/2

w=12ay 2 =12 ¢
p4)=124) 7

The number of phrases students can memorize after 4 hours is increasing by 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)=20.2)x-2+0=04x-2
D'1)=04()-2=-16
The amount of dissolved oxygen 1 mile downstream is decreasing by about 1.6 mpl per mile.
b. D10)=0.4(10)-2=2
The amount of dissolved oxygen 10 miles downstream is increasing by about 2 mpl per mile.

a. U(x)=1004x =100x'/2
MU(x) =U"(x) =1 (100027271 = 504712
b. MU =U'(1)=501)"2 =50
The marginal utility of the first dollar is 50.
o _ 6,\—-1/2 _ -3 __50
c. MU(1,000,000) = U'(1,000,000) = 50(10") =50010) " =7500 = 0-05
The marginal utility of the millionth dollar is 0.05.

a. U =12¢x =124

MU@)=U (x) =3(122727%) = 42727
b. MUD)=U'D)=41)""3=4

The marginal utility of the first dollar is 4.

4 _
~ (3/1,000,000)> 1007

=0.0004

The marginal utility of the millionth dollar is 0.0004.
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60

61.

62.

63.

65.

67.

69.

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.

£'(x) =0.831(2)x —18.1=1.662x — 18.1
£1(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)=0.83 1(16)2 —18.1(16)+137.3 = 60.436

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

F1(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.

" /
-

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

b. N(10) = 0.00437(10)>% ~ 6.9

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

N'(r) = 0.00437(32)> 7" =0.013984¢%2

N'(10) = 0.013984(10)>% ~ 22

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  £(5)=650(5)% +3000(5)+12,000 64.

=$43,250
b. f'(x)=1300x+3000
£'(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 fhas 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 also says that the slope of —f will be the

negative of the slope of f.

A £(5)=400(5)%+500(5) +2700
=$15,200
b. f'(x)=800x+500
S'(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 aline 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 fand 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 fraised 10 units. Using the
sum rule with g(x) =10, also says that the slope
will just be fbecause g'(x)=0.
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Exercises 2.4 61

71.

73.

75.

Evaluating first would give a constant and the 72. To find 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.

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.

a.
b.

If D(c)=0, then f(c)—L(c)=0 so f(c)=L(c).
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=fle)=m(x-c)
or y=m(x—c)+ f(c), giving the line

L(x)=m(x—c)+ f(c)
D(x)=f(x)—L(x)= f(x)—(m(x—c)+ f(c)) = f(x)—m(x—c)— f(c)
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).
L(x)=f'(c)(x—c)+ f(c) so y=L(x) isthe same as 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.

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.

Using the product rule:

zld;(x4 -x6) =453 48 +x4(6x5) =4x” +6x° =10x°
Using the power rule:

d, .4 6. __d, 10y _ 9

dx(x ‘X)) = dx(x )=10x

Using the product rule:

;id;(x7-x2): T8 x4 x7 2x =728 + 228 =948
Using the power rule:

L7 )= (%)= 0.8

Using the product rule:

zld;[x4(x5+ D=4+ D+ x5 =axd 14 + 58 =98 + 40P
Using the power rule:

:Zd;[x4(x5+ 1)] :-cg-c (xg +x4): 9x8 + 4x3
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4. a. Using the product rule:
-dfc-[xs(x‘* +D]=5x Gt D 0 @x) =528 +5x* 140 =048 454

b. Using the power rule:

zid;[xs(x4 +1)] :$ (x°+x°)=9x% 4524
5. fo=2x(C + D+ x2GxY) =2x* + 20 +3xF =5 +2x
6. F(0=3x207 +D+x°Q2x) =3x* +3x%F + 20t =51 4352
7. F(0)=165x> 1) +x(10x) =5x> —1+10x> = 15x> -1
8.  f(o=20*+n+2x@xdy=2x* +2+8x* =10x* +2

9. f'(x):%x*’z(6x+2)+x”2(6):3x”2+x*“2+6x”2=9x“2+x*“2:9\/§+L
X

NS

(2x+1)+6x3(2)=4x13 425723 412413 1643 1 2x 23 =163 % +—2—

10. f'(x):6(%x_2/3

1. f(0)= 2% =D+ (2 +1D)(2x)=2x = 2x+2x° +2x = 4x°

12, f(0)=3x + D+ —DBx?)=3x" +3x% +3x° —3x> =6x°

13, F(0)=2x+DBx+D 4+ +1)(3)=6x +5x+1+3x> +3xr=9x> +8x +1

4. f'(x)=2x+2)2x+ D+ (x> +2x)Q2) = 4x +6x +2+2x> +4x =6x> +10x + 2

15, o =2x(x2+3x-1D+x2Qx+3) =2x  +6x2 —2x+2x > +3x2 =4x> +9x2 —2x

16  f'(0)=3x2(x2—dx+3)+x>2x—4)=3x* —12x> +9x2 +2x* —4x? =5x* —16x +9x>
17 f'()=@x0)1-x)+Q2x> +D)(1) =4x—4x> -2x7 —1=-6x> +4x-1

18. () =Q20)1-x)+Q2x—1)(-2x)=2-2x*—4x*>+2x=—6x> +2x+2

19. f'(x)z(%x—l/Z)xl/Z+1+(x1/2_1)(%x—1/2)=

20, f'(x) =(%x*“2)(x”2 —2)+(x' +2)(%x*“2) =%—x*“2 +%+x*1’2 =1

21, f()=8"3@ 2P+ +6: 3273y =241 + 83 + 121 = 361 + 8113
22. o =6:"2"? )+ 4?7V )= 12— 612 + 41 = 161 — 61"

23, fl2)=43 42— )+ + 2+ 1)BZ2 - 1)

=4z6—224 —2z2+3z6 +324+322—z4—z2—1

=7z6—1
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24. f’(z)=(%z‘3/4+—;z_”2 (4 Z 2y (14 +Zl/2)&z—3/4_%z—1/2)

-1/4
Z

|
O] N

25, fl(x)= 2+4-%z_“2)(2z“2+1)+(2z+4z“2—1)(2-%[“2)

26. f'(x):(1+6~%z_1/2)(z—2z“2+1)+(z+611/2)(1—2-%z_1/2)
432 02 g1 32y M2 g2
=2z+67"2 4371211

3
=274+6y/z +—=—11
Jz

27. a. Using the quotient rule:
(8 PexN)-2xb) 8,909
dx x2 - (x2)2 - 4

X
b. Using the power rule:
8
A |_d, 6y _¢,5
dx (XZJ_dx(x )=6x

28. a. Using the quotient rule:
4(22)_ X030 oxlladl s
dx = 3,2 = 6 0

(x7) x

b. Using the power rule:

9
d d, 6\ .5
dx(i?)_dx(x)_@C

29. a. Using the quotient rule:
3 2 2
AL _x(0)3x7M) 3y~ 3
dled) xS
b. Using the power rule:

N R A N S

dx \ 43 dx x4

= 6x5

X3

30. a. Using the quotient rule:
d(a)_doa’w 4l 4
dx x4 - (x4)2 - 8 xS
b. Using the power rule:

d(1)y_d, 4 __,5__4
dx(x4j_dx(x )=—dx T =-75

31 Fx) = x3(4x3) —3)62()64 +1): 4:6 2,6 2,2 _ O 2.2 A
(x3y? X0 %6 A
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

Chapter 2: Derivatives and Their Uses

X2(5X4)—2X(X5—1): 5x6—2x6+2x _ 3x6+2x _ 2,2 2

fr(x): (x2)2 x4 = x4 3x +?
o DM@+ _yo1o 1 2
fio= (x—1)2 (x—1) (x-1)?2

G- =1 _yi1- vl __ 2
(x+1)2 (x +1)? (x+1)2

f(x)=

Fray=@r0Q)-WGx+) _6+3x-3x-1__ 5
(2+x)> Q+x)2 (2+x)?

Qx> +DM—(@x)(x+1D) _2x? +1-4x>—4x _ —2x’—4x+1

f)=

(242 +1)° 2x2+)°  (2x241)
()43 ) (A | WU YA YO Y.

(12 +1)? (% +1) (% +1)?
3 4 G | SV YIRL T S

(1?2 -1)2 > -12 (> -1y

Fiin =L SN COR (0] CAS | S VL YRR L R B PCI VLI
(s+b? (s+1)? (s+1)?

s DB -MGC+D) 33 32 31 23 32
(s—1)? (s—1) (s—1)?

Fis) =2

P = (+DQ2x=2)-(M(x*—2x+3) _2x2-2-x2+2x-3_ x2+2x-5

(x+1)2 (x+1)2 (x+1)2

(r=DQx+3) =M +3x—=1) _ 2x? 4 x—3-x>-3x+1_ x>-2x-2

f'(x)=

(x=1)* (x—1) (x—1)2
f(x)= (2 D@3 +20) - R0 +x% +1) 43 (% + 1) +2x(x% + 1) —2x(x*) —2x(x? +1)
(x2+1)2 2 117
_4x0+4x3 25 200 4453
(> +1)? (x> +1)2
f(x)= iy x(x 4+’ +1) _xtay?a
X 4x x(x2+1) 2241
5 3
ThUS, "(x)= .
71 (x? +1)?
f‘(t):(tz+t—3)(2t+2)_(t2+2t—1)(2t+1):2t3+4t2_4t—6—2t3—5t2+l:_ 244145

(t?+1-3)2 (t?+1-3)2 (t?+1-3)°
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46, (o CTEDEED Q419201 47 =3+ T +2 -4 +11=5 _ 3 +181=3
(t2—t+2)> (t2—1+2)? (t2—t+2)>
47. Rewrite Differentiate Rewrite 48. Rewrite Differentiate
_a -l d _ d 3 12 dy 1
=3x dy_ -2 dy_ 3 _1 dy_1
Y dx = % T y=gx dx = 2%
49. Rewrite Differentiate Rewrite 50. Rewrite Differentiate
_3 4 dy _3 .3 dy 3x° _3.2 dy _ -3
y=13x dx ~ 2% 3}27 Y=ot dx =
51. Rewrite Differentiate Rewrite 52. Rewrite Differentiate
y=dx2-5y dy_2 5 dy_2x-5 y=4x"? o dy_ 5
3 3 d« 37 3 dx 3 dx
d 3 x“+1 3, x2+1 x° +1
s At oy 2l ), dx(—m)
2 xZ 41 3 (x+1)(ZX)—(1)(x +1)
3x +(x"+2
(Hlj ) ) (x+1)2
2 2
:3x2[x +1)+(x3+2)x +2x2—1
x+1 (x+1)
3
_x_—l-_2. X2
54. [(x +1) x+1} (x +1)- +(x +1)- dx(x+1j
3 -
:5x4( +12)+( YD) +2)
X+ (x+1)
3 3 3
_ 5x4(x +12)+(x5+1)3x +3x —2x =2
X+ ( +1)
4 x3+2) 5 2x +3x —
T [ ) B [ R i X
( o) DT
R 2 4 2yl o HE 22y o2 )3+
55 i(x +3)(x +1)=(x+)a(x+)(x +)—a(x+)(x +)(x+)
Cod (2 (x*+2)°
(x2+2) {[ﬁ(ﬁ +3)]x3+1)+(x2 3 (1) }Zx[(xz +3)(x3+1)]
- (x242)?
(x2+2) [(2x )3 +D)+(x2 +3)(3x2 )-|»2x(x2 +3)(x3+1)
- (x2+42)2
_ (et a3t o) - eoe’ 13050 1% +3)
(x> +2)?
_ 2584234300 oxtraxt st 6xt 1807 240 6x* 25761
(x2+2)2
30413t 4182 o
(x2+2)?

Rewrite
4 _x
de ~ 2
Rewrite
a3
dx 3
Rewrite
dy 2
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66 Chapter 2: Derivatives and Their Uses

ety G (20242 FEE G Jod v +2)

56.

de (3 +1)
(x3+1)[(3x2 )(x2+2)+(x3+2)(2x)}3x2(x3+2)(x2+2)
- (x3 +1)?
_ (P+DB)PH2)H P+ D (P +2)(20)-3x 2 (7 +2) (P +2)
(3 +1)?
3x2 (x2 +2) (x3+1)—(x3+2)]+(x3+1)(x3+2)(2x)
B (x3+1)2
:_%Y4—6Y2+2Y7+6X‘4+4x‘
(x341)?
_2x 43xtex4ax
(3 +1)?
dfx=1) g (A2 (& 1/2“)(2 1/2)_%)671/2()(1/2_1)
57.  ux ;7x+1 Tdx\ 2) (1/2+1)2
g Rl R x—l/z
58. L Axel) g (2241 (1/2 -DE x 1/2)_%)671/2()(1/2“)
. d-x &—1 _d.x x1/2_1 - ( 1/2_1)2
é—%x_”z——é——;x_llz 12 1
(X1/2—1)2 (X1/2—1)2 - ﬁ(ﬁ_l)z

59. P > = >

_d_[R(x)J_ X-R(X)-1-R(x) xR'(x)—R(x)
dx - X X

x? x2

60 _d_[P(x)J: X P(0)-1-P(x) xP'(x)-P(x)
*odx| x

61. a. The instantaneous rate of change of cost with respect to purity is the derivative of the cost
function C(x)= 1—(])'89; on 50 « x <100.
100 —x)-0—-(=DHA00) ___ 100
(100 — x)2 (100 - x)2
b. To find the rate of change for a purity of 95%, evaluate C'(x) atx =95.
C'(95) = — 100 _100 _

(100-95)2 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) atx =98.
C'(98) = _LQ.(]_2 J.OiQ 25
(100 -98) 2

The cost is increasing by 25 cents per additional percent of purity.

C'(x)= on 50 * x <100
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Exercises 2.4

62.

63.

64.

65.

66.

67.

o AC()-C)_6x+50
X

X
b. The marginal average cost function MAC(x) is the derivative of the average cost function

X
MAC(x)= (6x+50) x(6)—1(gx+50)
X
_6x 6x—-50 _ =50
- 2 )
X X
¢ MAC(25)==20=—008
252

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.

X
b. The marglnal average cost function MAC(x) is the derivative of the average cost function

AC(x)= C(x) _8x+45 ¢, 45

X
MAC(X)z_(8x+45)=x(8)—1(8x+45)=8x—8x—45=i5
dx x2 x2 x2

¢ MACGO)="2=—L1_ 005
30 20

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

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

N'(p)= =—
(p+7)? (p+7)?
_ ! __—2-25.0___ = —
When p =8, N'(8) = (8+7)2 = -2*25'0225 =-10.

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 7'(x).
T'(x)=3x*(4 —x*)+ x> (-2x)
=12x" = 3x* —2x* =120% - 5x*
Forx=1, T'(1)=120)* =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.

Chapter 2: Derivatives and Their Uses

To find the rate of change of the sales, find S'(x).
S'(x) =2x(8 — x3)+ x%(=3x?)
=16x—2x" —3x* =16x—5x"
Forx=1, S'1)=16Q)- 5(1)4 =16-5=11.
After 1 month, sales are increasing by 11 thousand per month.

a.

TN

on [0, 2] by [90, 110]
b. The rate of change atx=11is7.
¢. The maximum temperature is about 104.5 degrees.

on [0, 2] by [0, 12]
b. The rate of change atx=11s 11.
¢. The maximum sales are about 10.4 thousand.

~73.1(8)> +1270(8) +16,280
2.3(8)+314
The per capita national debt in 2020 would be $65,468.
yo %)= ~73.1(13)* +1270(13)+16,280
| 2.3(13)+314
The per capita national debt in 2025 would be $59,425.
b. y;(8)=-0.151
In 2020 the per capita national debt will be shrinking by $151 per year.
y3(13)=-2.231
In 2025 the per capita national debt will be shrinking by $2231 per year.

~05.468

a.  y3(8)=

~59.425

(x2 =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
2

((40)% —110(40) +3500)

—1.1785714 TmVgallon

a. g'(x)=

b. g'(40)=

hour
At 40 mph, your gas mileage increases by 1.1785714 for each additional mile per hour.

, 525(50) % —105,000(50) + 3,937,500
21(50) = 325650 (50)+3.93
((50) 2 -110(50) + 3500)
mi/gallon
mi/hour

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

Brief Applied Calculus 7th edition Berresford Solutions Manual


https://ravanbooks.com/books/9781305085329-solutions

Exercises 2.4 69

73.

74.

75.

76.

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

2
((60)2 —110(60) +3500)
~ 189 ml{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.

1(x)=0.45(x—1.7)(x* —12.5x+43)

I'(x)=045[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

I'(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.

1(x)=0.106(x> —6.85x +14)(x> —14.5x+56)

I'(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.

+8.
)= 4880 (261)-(1)(261x) _ 230724
(x+8.84) (x+8.84)°

E'(4):%-242z13.99
(4+8.84)

(8+8.84)°
Median weekly earnings were rising by $13.99 per year in 2009 and by $8.14 per year in 2013.

E'(

75(44—5x)
x* —18.3x+85

~75 244;5’5}115)”1605
L x~—18.3x+85

(x? —18.3x+85)(=5)— (2x—18.3)(44—5x)
(x* —18.3x+85)°

_ 5] 5x° -88x+3802 |, {45
(x* -18.3x+85)°

C(x)= +115x+1605

C'(x)=175 +115
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77.

78.

79.

81.

83.

85.

87.

- i

C'(7)=75| 35 =88x+3802 | 11513482
| (x®-183x+85)” |

c'(9)=75 w +115~-186.78
(2 -18.3x+85)

c'(11)=75 w +115~173.34
_(x —18.3x+85) |

Chapter 2: Derivatives and Their Uses

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

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

d 1
dx
d -2 Undefined

dx x=0 03
b. Answers will vary.

ll i -1 = — _2:—L
& Ux x):dx(x )= —x %2

d _ 1 .
Ir =T 02 Undefined

b. Answers will vary.

(fo)__ 3:_

lel\’

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

hand side.

True: 4 (x-f)=x-fox-fr=foxf

dis \_ Y. .
E(fg)— 7 =g f'+fg

The right-hand side multiplies out to
g-f'+ f-g' which agrees with the product

rule.

False: This would be the same as saying that 86.

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

Lfgmy=Lif@m=Lgn+rLign

d
:Eg(g.h)Jrf(gf.thg.%)

d
=d—£gh+fd—gh+fg d

82.

(f-8)f' ([-8)g’ , , 84.

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

i(i) xf( XS _xf—f
X

dx )2 x?

True:

The right-hand side multiplies out to
gf+r-g
g2
quotient rule.

which agrees with the

False: This would be the same as saying
that the derivative (instantaneous rate of
change) of a quotient is a quotient of the
derivatives. The quotient rule gives the
correct way of finding the derivative of a
quotient.
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Exercises 2.5

88. a. Q(x)=‘§%

_ L)
b.  g(x)-Q(x) ="y 8(%)
O(x)-g(x) = f(x)
c. Q'(x)-g(x)+0(x)-g'(x)=f"(x)

d. Q'(x)-g(x) = f'(x)- QOx)-g'(x)
0'(x) = S0 - O(x)-¢'(x)

g(x)
-t @ @-F® 0] . 0 fo)-2')
e QW=Tm T C E) - L1

89. LIfIF =-L(f(n) S

| ro oo s 2 po)]
= [0 f)+ [ f1(x) =2f(x)- f(x)

90. Rewrite [f 1! :ﬁ]x_) and find zld; h‘x—)}
_i[ | }Zf(X)-O—f’(x)-lz_ f'(x)
dx | f(x) [f (0P [f (P

91.
dy ( Rx _

L T TN N TN RN

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

) (1+(%)X)R—Rx(h):R+Rx(RT—1)—Rx(R——1)_ R

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

R-15>0:K>0 :RT‘1>0

RT_I >0, x>0=> (1 + (RT_l) x) >0= denominator is greater than zero.
Sy'>0.

This means the density of the offspring is always increasing

faster than the density of the parents.

92 >5and 3550, (w—1.52>0and w—1.5>0= R'(w) = )
w—1.
A task that expends w kcal/min of work for w > 5 requires more than w minutes of rest.
EXERCISES 2.5
L oa f(0=4x" =322 -23)x +5-0 2. a f(0)=4x -9 +4x-8

=4x3 —6x%2-6x+5
Frx)=12x> —18x + 4

b, f"(x)=3@)x>=26)x—6+0=12x> —12x -6 b.
c. f"(x)=2(12)x—-12-0=24x-12 c. ["(x)=24x-18
d fP=24 d fPo=24

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

Brief Applied Calculus 7th edition Berresford Solutions Manual

71


https://ravanbooks.com/books/9781305085329-solutions

72

11.

a. f'(x)=1+x+%x2+-l6x3+zlzx4
b. f"(x)=1+x+J2'x2+-éx3
c. f”’(x)=1+x+-%x2
d fP=1+x
fx)=+x> =x"?
a fl=3x"
b f"(x)_%(%)xl/z %5\/;
" d (15 12\ _1(15) . -1/2
C =L = =11
S dx(4x ) 2(4)x
_15 -2 __15
8 8/x
d. ) :i(ﬁ -1/2):_1(Q) 302
f (x) dx Sx >\s X
Qx—a/z
16

b =Lt
f=—5
Y B U N
fHx) dx( 3" ) T
"3)= Lo 1
b £ ®=r=¢;
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4 a f'(x)=1+x+12-x2+-éx3
b, flx)=1+x+% 2
Fr(x)=1+x

d fPo=1

6. f=vr =2’
a. f(0=3x"2 =3

2

X

¢ frx=-gx

d D=1

X
a flloy=-=%
vy d (- 2\ _d () gy
£ d( x2) d(22) =4
-4
)C3
=4 4
b fr3)==
_x=2_1_1
W0 S =T =%
ll 1
a. f(x)=2x—2

Fr=a{l) (L

b. f'@G)=-L=--1L1
r@=-t=-

12. =1
f(x) Ty

a. f'(x):—ix*“

-

b. f'@3)=L-_1
S 35 243
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13, f=(2-2)(x*+3)=x*+x2-6 4. f=(-D(x?+2)=x*+x?-2
fl(x)=4x3+2x fl(x)=4x3+2x
frx)=12x%+2 frx)=12x%+2

15. 27 -1/3 16. 32 _ ~1/4
f(x)= \/; =27x f(x)= \/_ =32x
f'(x)=(—§)(27x_4/3):—9x_4/3 f'x)= ( 4) 32x*) = —8x
" _[_4\(_o.,.-7/3)_ 713 " i 9/4 -9/4
f (x)—( 3)( 9x )—12x f"(x)= ( 4) =10x

17. f(x):ﬁ

)= CoDEFECV wenm-mw . 1
(x=1? (x—1)2 (x—12  x2—2x+1
f”(x)—(x —2x+1)d (-1)- |-d (x —2x+1)-l ) _0-Qu- 2)( D_ 2x- 2 2 1) )
[(x=1)" 1 et MR C S VAN C S RN C RN

18, f)=—=

/( )_(x_z)(l)—(l)()c)_x—2—x__ 2 _ 2
fin= 2 = 2T N2 2
(x=2) (x=2) (x=2) x“ —4x+4
F(x)= (x2 —Ax+4)-0-@2x—-4(=2) __4x—-8 _4x=-2)__ 4
- 2 2 292 47 A3
(x dx+4) [((x=2)"] (x=2) (x—=2)
d 2\ d 4
19. dr (mr<)=2mr 20. £ (37”, )_47.”,2
2
a2 _d - d_ 4 _d 2y
02 (mr )—dr(ZTtr)—2Tt 02 (3 r ) ur @Anr )=8nr
4 3
d—3(§ ur) ==L 8nr) =87
21. dixxloz 10x° 22. di T=11x10
2
d- 10 _ _d 9, _ 8 _d_ _d 10, 9
dxzx —dx(IOx )=90x i > X dx(llx )=110x
2 2
400 =90(-1)% =90 4 =110(-1)° =110
dx =1 dx Y=
23. From Exercise 21, we know 24. From Exercise 22, we know
2 2
4 10 = 90,8 4 =110
dx dx
3 3
L0 =i(90x8) =720 LM =i(110x9):990x8
dx dx
-d— 0 —7200-1)" = =720 -d— o —990(-1)® = 990
Thus, dx? x=—1 Thus, dx? x=—1
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25.

27.

28.

29.

30.

31.

Chapter 2: Derivatives and Their Uses

df3_d 32_3n i%/4_i 43 _4 113
dx . dxx 2x 26. dx X _dxx —3x
2 2
d- 3 _d@ U2} 3 -2 d 4_i(ﬁ 1/3)_i o3
_ 2 273
d_21/x3 _ 3(_1)1/2:_3 /16 =3 d_Q(%AJ zg(%) =%(27)2/3 4
dx’ NIV 4 dx x=1/27

% (X2 =x+DE=D]=2x =D =D+ (% —x +1)(3x?)
=2x% —x3 —2x 41 4+3x% =323 + 342
=5at — a4 1 3x2 —2x 41
2
d- 2_ 3_ _d 4_ 3 2 _
dxz[(x x+D(x 1)]—dx(5x 4x” +3x" =2x+1)
=20x3 —12x%2 +6x-2

di[(x3 +x-D3+D]1=C2 + D2+ D+ (X2 + x=D(3x?)
X

=30 43+ 143 43 =3k =6 147+ 1

d? d
— (P +x-D(P+ D] =— (6x° + 4 x> +1) =30x* + 1247
dxz dx
2 2
_d.( \ j_(x DEY A 2aon 2 2
dx{ x2 41 (x2+1)? (2+D)? (24D xte2x24l
dz( x) d( 1y j 20+ DL (1-x7) - (1) (20 74D
a2\ 32+l dx\x*2x241) [(x2+1)27?
2 (=20 =(1=x2)(@x3 +4x) (D[ 1) (=2x)-(1=x>) (4x)]
(x2+1)* (x2+D)*
3 3 2
_2x°2x—4x+4x> _ 2x(x"—3)
(x> +1)° (x> +1)}
i( X ):(x2—1)~1—(2x)x:x2_2x2_1: —x’-1 __=x’-1
dx \ x*—1 (x*=1)? =1 (-1 x-2x7+]
d ( P )_(xz—1)2(—2x)—(4x3—4x)(—x2—1)
2 x2—1 - (x2—1)4
—2x° +4x° - 2x—(—4x" —4x’ +4x> +4x)
B (x> -1
_ 22X +4x° 2x+4x° —4x _ 2xX°+4x’—6x
x*=D* (x*=D*
d Gx—l -~ 2x+D)2-2(2x—1) _4x42-4x42 _ 4
dx \2x+l Q2x+1) 4x%+4x+1  4x>+4x+
4> (2x-1 _(4x2+4x+1)-0—(8x+4)(4):_ 2x+16  _ _32x+16
dx? \2x+1 (4x° +4x+1)2 [(2x+D?12  @x+D?

_ 16Q2x+1) _ 16
QxD*  2x?
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Br+1)_ Bx-D3)— 3(3X+1) _9x=3-9x-3 _ _

32.

dx 3x-1 Gx-1)? 9x2—6x+1  9x*—6x+1
3x+1 (9x —6x+1)-0-6(18x-6)  36(3x-1)
3x—1 (9x2—6x+1)? C[Bx-1)?P

75

33. To find velocity, we differentiate the distance function s(f) = 18¢ 2217,

v(t)= s'(t) =36t — 6t2

a. Fort=3,v(3)=s5(3)=3603) —6(3)2 =108 — 54 = 54 miles per hour

b. Fort=7,v(7)=s'(7T)=3&7)~- 6(7)2 =252-294

42 miles per hour

¢. To find the acceleration, we differentiate the velocity function s'(¢) = 367 — 61° .

a(t) = s"(t) = 36 —121¢.

Fort=1, a(l)=s"(1)=36—12(1) = 24 mi / hr>

34. To find velocity, we differentiate the distance function s(t) = 2412

V(t) = 5'(r) = 487 — 61>

a. Fort=4,v(4)=s'(4)=48(4)- 6(4)2 =96 miles per hour

3

=21 .

b. Forz=10, v(10) =s'(10)= 48(10) —6(10)2 = —120 miles per hour
¢. To find the acceleration, we differentiate the velocity function s'(¢) = 487 — 61° .

a(t)=s"(t)=48-12¢.

Fort=1, a(1)=s"(1)= 48— 12(1) = 36 mi/ hr’

35, v(O)=h'(t)=3t> +200.5) =3 +1
v(10) = 3(10)2 +10 =310 feet per second
a0)=v'® =432 +n=6r+1
a(10) = 6(10)+ 1 = 61 ft/ sec?

37. a. To find when the steel ball will reach the
ground, we need to determine what value of ¢
produces s(t) =0. Thus, set s(¢) =0 and
solve the equation.

0=s(1)=2717-16¢>

0=2717-16¢>
16t2=2717
22169.8125

t~13.0312 sec
The steel ball will reach the ground after
about 13.03 seconds.
b. v(t)=s'(t) =-32¢
v(13.03) = 5'(13.03) = —417 feet per second

c. alt)=vi()=s"(n)

= 32 feet per second per second

36.

v(t)=s'(t) =60+

(+3)-0-1HA00)

(t+3)°
= 60 - —0
t+3)
— 60 —ﬁ = 60— 00 = 56 miles per hour

To find how long it will take to reach the
ground, we need to determine what value of ¢
produces s(t) =0. Thus, set s(¢) =0 and
solve the equation.

s(t)=1451-16t%> =0

2= 1451
16
t~9.52 sec

It will take about 9.52 seconds to reach the
ground.

v(t)=s'(t) =-32t
v(9.52) = -32(9.52) = 305 feet per second

a(t)=v'(t) =s"(t)

= 32 feet per second per second
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39.

41.

43.

45.

a. v()=s()=-32t+1280

b. When s(¢) is a maximum, s'(f) =0.

-32t +1280 =0
32t =1280
t = 40 seconds

c. At =40,

s(40) = —16(40)2 +1280(40)
-25,600 + 51,200
25,600 feet

D'(t)=%(9t”3):12t1/3

D'(8)=12(8)"3=12(2)=24
The national debt is increasing by 24 billion
dollars per year after 8 years.

D"(t):di(IZIIB)21(121‘_2/3)=4t_2/3
t 3

-2/3 12/3 1
D"(8)=4(8) =4(§) _ (Z)=1

The rate of growth of the national debt is
increasing by 1 billion dollars per year each year
after 8 years.

L(10)=9.3
By 2100, sea levels may have risen by 93 cm
(about 3 feet).

L'(1)=0.06x*-0.14x+8
L'(10)=12.6
In 2100 sea levels will be rising by about 12.6
centimeters per decade, or about 1.26 cm (about
half an inch) per year.
L"(x)=0.12x-0.14
L"(10)=1.06
The rise in the sea level will be speeding up (by
about 1 cm per decade per decade).

40.

42,

44.

Chapter 2: Derivatives and Their Uses

TQ) = 98+% ~103.7

The temperature of a patient 2 hours after
taking the medicine is 103.7 degrees.

T(t)=98+8 /2
T'(f) = —4173"% = — 4

oy - 4
T'Q) =77 =14

Two hours after taking the medicine, the patient’s
temperature is decreasing at the rate of 1.4

degrees per hour.
512 __6

T'(tH)=6t""" = t57

" 6
T"(2) :W ~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)=0.35:"%
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"(1)=0.14r""°
T"(10)=0.035
The temperature increases will be speeding up (by
about 0.035 degrees per decade per decade).

P'(x) =1.581x %7 —0.70376x92

P'(x) ~-1.1067x "7 = 0.3660x "4

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°.

on [0,50] by [0,40]
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46.

47.

49.

51.

52,

53.

55.

Each 1-mph increase in wind speed lowers the wind-chill index. As wind speed increases, the
rate with which the wind-chill index decreases slows.

For x =15,y =-0.363. For a wind speed of 15 mph, each additional mile per hour decreases the
wind-chill index by about 0.363. For x = 30, y’ = —0.203. For a wind speed of 30 mph, each
additional mile per hour decreases the wind-chill index by about 0.203°.

on [1, 20] by [0, 800]
The second derivative is f'' (x) = —O.2184x2 +3.156x — 2.6 , which equals zero when x is
approximately equal to 13.57. The AIDS epidemic began to slow in 1993.

The first derivative is negative because the 48. a. The first derivative is positive because the
temperature is dropping. economy is growing.

The second derivative is negative because the b. The second derivative is negative because the
temperature is dropping increasingly rapidly growth is slowing.

making the change in temperature speed up in
a negative direction.

The first derivative is negative, because the 50. a. The first derivative is positive because the
stock market is declining. population is growing.

The second derivative is positive because the b. The second derivative is positive because the
change in the stock market is slowing down change in population is speeding up.

in a negative direction.

d4

True: For example d_ 3-0.

b

b.

&P

100
-d—d 5 (" —4x® +3x7 + 6) =0
X

x4

f'(1) will be positive because the altitude is increasing.
f"(1) will be positive because acceleration is positive.
f'(59) will be negative because the altitude is decreasing.
f"(59) will be negative because acceleration is negative.

iii (showing a stop, then a slower velocity) 54. a. ii(showing positive and increasing slope)
i (showing a stop, then a negative velocity) b. iii (showing negative but increasing slope)
ii (showing stops and starts and then a higher c. i (showing positive but decreasing slope)
velocity)

5. 4(xH=-x7

2
L(x ):2)(;_3:A
dx2 x3

3 -1
d ( _ -4 _ _ 3!
Lo(x )=—6x =-2-
dx3 x4

4 -1
d ( _ =5 _ 4!
4 (x )=24x"=2
dx4 x5

' -1
da" _ n_nl
L=y
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2
d (. p—d(d .d_g)[i,. J
57. dx2(f g)_dx(dx g+f dx Ordx(f g+f g)
d [ d d d, d , . d ,
(L) L[ E) ok rgr ]
d*f  df dg df dg . d’g b ot 1 .
dx2'8+dx'dx+dx'dx+f'dx2 [or f"-g+f"g'+f 8 +fg"]
=g 2f g f g
A
58. From Exercise 31, we know that o2 (f-99=f"-g+2f - g+f-g".
Ix
d3 d dz d n ’ ! n n " r " ’ ’ n ’ n nr
SU9=g| -z = g 2 g g = g S 2 g 2 g g 8
dx XL dx X
:f”/.g+3f!/_g|+3f!'gﬂ+f.gIH
EXERCISES 2.6
L f(g0))=vx*=3x+1 2. fg®))=Gx*-x+2)*
The outside function is \/; and the inside The outside function is x* and the inside function
. 2
function is x> —3x +1. is S5x” —x+2. A
X)=X
Thus, we take f=vx Thus, we take {f( ) )
g(x):x2—3x+1 gx)=5x"-x+2
3.0 S =("—x)7 4 )=
. .. 3 .
:fl"he (?utS{de f121nct10n is x * and the inside The outside function is lx and the inside function
unction1s x~ —x .
-3 is x2 +Xx.
f=x 1
Thus, we take ) f(x)=4
gx)=x"—x Thus, we take x2
gx)=x"+x
3
1 Jx-1
5. flgln) =5+ 6. o) =x-1
R f(g(x) NP
— ] _x-1
fx) = fn=2=
gx)=x g(x)=+/x
7. fg)=E ) 8. f(g(x))a/x—_l
g x=1 x+1
flo=x* f)=vx
_x+l1 _x—1
sw=11 ]
9. f(g(x)=Vvx?-9+5 10.  f(g(x0)=Yx>+8-5
f)=vx+5 f=Yx-5
g(x)=x2—9 g(x)=x3+8
1. f(0)=0u2+1)7° 12. f(0=3+n?
(x)=3(x"+1)"(2x)=6x(x" + (X)=4(x" +1)°Bx™) =12x"(x" +
f! 3 2 2 2 6 2 1)2 f! 4 3 )3 3 2 12 2..3 1)3
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Exercises 2.6

13. g(x) =(2x2 —7)c+3)4
g'(x)=4(2x2 ~7x+3)’ (4x-7)

15. h(z)=(Gz>-5z+2)*
h'(z) = 4(32% =52+ 2)° (62 -5)

17. f(x):\/x4—5x+l:(x4—5x+1)1/2

fr=10* Cser1) (a3 =)

19. w(z2)=49z- :(9Z_1)1/3
w'(z) = % ©9z-1)239) =397 -1)2/3

21, y=@-x%)*
V' =4(4-22 ) (22x) = —8x(4 - 22)?

4
23. y:( | ) =[w?-D =P -

NE
Y =—40w D)7 GBwh = 12w P =7

25, y=x*+(1-x"
V' =4x3 +40 - x> (=)= 4x3 - 4(1-x)3

-1/2
27, ) =—— = (3x2-5x+1)
3x2-5x+1

fi(x)= —%(3x2 “ser) " 6x-5)

2. f(x)=——L L —(9x+1)7"

Joxsn? Ox+D??
fl) = —%(9x+1)’5’3 (9) = —-6(9x+1)

-5/3

<) e S SR (PR ) B

J(ox?—3x+1)

fi(x)= —%(sz “axt 1) (4x-3)

33, f(0)=[(%+1) +xP
F10)=3x> + D% + 2P B+ D)2(2x) +1]
=3[(x> +1)° +xP[6x(x> + 1) +1]

35, f(0)=3x?Qx+1)°
F(x)=6xQ2x+1)° +3x2[52x + D*2)]
= 6x2x+1)° +30x%2x +1)*

14.

16.

18.

20.

22,

24.

26.

28.

30.

32,

34.

36.

79

g()c)=(3x3 —x? +1)5
g'(x)=5(3x3—x2 +1)4(9x2 -2x)

h(z) = (52% + 3z 1)3
h'(2) =35z% +3z-1)2(10z+3)

f(x)zx/x6+3x—l :(x6+3x—1)1/2

fr=10:° 13x-1) (65 +3)

w(z) =310z—4 = (10z - 47>
w2 =1 (10:-9#310) = 2010 —4y 3

y=(1-xy°
y' =50(1-x)* (=1) = =50(1- x)*

5
y:( - J =[w* + D7 =t 41
w +1

v =—5w* +1) 0 (aw®) = 20w (Wt + 1) °

f(0)=(2 +4) —(x% +4)?
F1x) =32 + 42 (2x) = 2(x 2 + 4)(2x)
= 6x(x> +4)2 —4x(x* + 4)

F=e Ll (2x27x11)

V2x2=T7x+1

Fi(x) = —%(sz “7xt1) " (4x-7)

F)=——==0x-17"

J(3x—1)
f(x)= —%(3x—1)’5/3 3)=-23x-1)""

Foymee L (2 5x-9)7"

\ (x2 +x—9)2
f'(x)= —%(x2 +x—9)_5/3 2x+1)

f)=13+D? - x*
Fi0 =4[ +1% = 2126 +1D(3x) —17
—4[(x> +1)7 —xP6x> (x> +1)—1]

f(x)=2x(x3-1*
Fi0=2x=D* +2x403 - 12 3x )]
=23 =t 243 (3 -
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37.  f(o=2x+D)32x-1*
F1(0)=32x+D>2)2x = D* + Cx + D’ [42x - 13(2)]
=6(2x+1)?2x-D* +82x +)32x-1)

38.  f(0)=C2x-1’Qx+D*
F1(0)=32x-D>Q)2x+D* + 2x - D’[42x + 1D3(2)]
=6(2x— 1> 2x+D)* +82x -1 2x+1)

39. g(z)=2z(322—z+1)4
g'(z)=2(322—z+1)4+2z(4)(3z2—z+1)3(6z—1)
40. g(z)=z2(2z3—z+5)4
g'(z)=2z(2z2—z+5)4+22(4)(2z2—z+5)3(6zz—1)
—22(222—245) (1423 =32+5)
41. f(x):(x_+i)3 42. f(x)=(§_:)5
e
oo x 41T (=DM - (D (x+1) n=s(x=1) [ G+DO-Mx-1)
f(x)_3(x—1) { (x-1)? } e (“1) { (x+1)?
=3(x+1)2 x—1-x-1 =3()c+1)2 -2 :5(x_1)4[x+1_x+1}:10(x_1)4
x—1 (x—1)° x=1) | (x-1)? 1 (en? (x+1)°
:_6(x+1)2
(x-1*
B, o= =2 (1422)" M. fo=2Vo1=2 (221"
f'(x)=2x(1+x2)1/2+x2[%(1+x2)71/2(2x)} f'(x)=2x(x2—1)1/2+x2[%(x2—1)71/2(2x)}
:2x(1+x2)”2+x3(1+x2)_1/2 :2x(x2—1)1/2+x3(x2—1)_1/2
45, foo=iedx=(10272)" 46, roo=edx =(1423)"
f.(x):%(Hxl/z)*“z(%x—l/z) f.(x):%(1+x1/3)*2/3(%x—z/s)
=%x71/2(1+x1/2)_1/2 :éx_2/3(1+x”3)_2/3
7 fo=2x+1)? B =P 3=(x2+3)"

FD=(2(=D+1)* =1
The point is (-1, 1).
£r0=42x+1)° (2)=8(2x+1)°
£ =8(2(=D+1)’ =8
The tangent line has slope —8 at (-1, 1).

y—1=-8(x+1)
y=—8x-17

F()=v(1)*+3=2

The point is (1, 2).
-172
=2 +3) 7 (20 = —A—

2\jx2+3

. 2(1) 1
Frn=—;r—=1
21?43 2

The tangent line has slope % at (1, 2).

1
—2==(x—-1
y 2(X )

1.3
——n +—
YT,
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Exercises 2.6

2
- F=Lx-1%—x]
2
F@=[2-1?-2] =1
The point is (2, 1).
Fr=20(x-1 - x][2(x-1)(D)-1]
=2 (x=1>=x](2x-3)
r@=2l2-1*-2](2(2)-3)=2
The tangent line has slope -2 at (2, 1).
y—1=—2(x—2)
y=—2x+5
51. a. zg;[(xz+1)2]=2(x2+1)(2x)=4x3+4x
b L7+ 1P =2t 2’ s ) =47 4
d {1 _(3x+1)0—3(1):_ 3
Pa w G T Gy (3x+1)?
b. L[Bx+D)T1=-Gr+ D73
_ 3
(3x+1)2

55.  f)=*+D°
Fi(x)=10(x% +1?2x) =20x(x2 +1)°
F(x)=20(x> + 1% +20x[9x* +1)%(2x)]
=20(x2 + 1) +40x[9(x* + ¥
=20(x2 +1)° +360x% (x> + ®

57. The marginal cost function is the derivative of the
function C(x)=¥4x> +900 = (4x> +900)".
(a2 -1/2
MC(x)=1(4x> +900) " (8x)
) -1/2
= 4x(4x? +900)

2 -1/2
MC(20)=4(20)] 4(20)% +900 ]
—80[4(400) +900] "
—80(2500)""2 =30 _1 60
50

50.

52.

54.

56.

58.

81

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).
Fr(0)=302x+3)(2)+2(3x+2)(3) +4
6(2x+3)* +6(3x+2)+4
6(2(=2)+3)* +6(3(=2)+2)+4
——14
The tangent line has slope —14 at (-2, 2).
y—2=—14(x+2)

f'(=2)

y=—14x-26
A _x0-Co0) 2y o
A 2)7 (x2)2 T4 T3
b. %(x—lz}%[(xz)1]:—1<x2>2(2x)
- _2
3
X
A1) _d 2 _ _H3__2
¢ dx(x2j_dx(x )=—2x T3

;f)%f (g(h(x))) = f'(g(h(x)))g " (h(x))h' (x)

fo)=3=1?
Fr(x)=5x>-D*@x%) =15x2(3 -t
F(x)=30x(x> = D* +15x7 147 - )33x?)]
=30x(x> — D* +180x (3 - 1)?

/

on [0, 30] by [-10, 70]
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82
59, x=27 60.
61. S@)=17.5i-1)%3 62.
S'G) =9.275G 1) %47
§'(25)=927525 - )47 ~ 2,08

At an income of $25,000 social status increases
by about 2.08 units per additional $1000 of
income.

63.  R(x)=4xJ11+0.5x =4x(11+0.5x)"/2 64.
R'(x)= 4x(%) (11+0.5x)72(0.5) +4(11+0.5x)'/?
=—* 1 4J11+0.5x
V11+0.5x%
The sensitivity to a dose of 50 mg is
R' — X 14 /11+0.5(50
0= 1/11 05(50) ©0
= +4\/11+2 =0 436
T 11425 1 +2 J_
=20, 24:—25+72 =3l
6 3 3 3
65. 66.
on [0, 140] by [0, 50]
x~26 mg
67. P1)=0.0212+202 +1 68.

P'(1)=0.0312 + 2t)/2(2)
-0.06(12+20)"?

P'2)=0.06012 +22)]"? =024

Avsdx=.0E1AY

on [0 20] by [60, 62]
slope = 0.05184

69. b.

Chapter 2: Derivatives and Their Uses

S(e)=0.22(e +4)*!

S'(e) = 0.462(e + 4)'!

S'(12) = 0.462(12 + 4! 2 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)= 10001 +0.01r)
V'(r)=5000(1+ 0.01r)*(0.01)
= 50(1+ 0.017)*
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)=025(1+x)*

R'(x) = 4(0.25)(1+ )" =1 +x)°
a.  RO)=(1+0)7>=1
b. RD)=(0+1) =8

36(p+1) 13

T'(p)=-3G6)(p+1)
M =-120+1)"" =-3

The time is decreasing by about % minute for

T(p)=

—4/3 _ —4/3

—12(p+1)

each additional practice session.

¢ L8 _¢osi84
X

x=34.7, so about 35 years
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Exercises 2.6

70.

72.

74.

76.

78.

80.

82.

h(40) =8.2—(0.01(40) —2.8) > =2.44
h'(x)=-2(0.017 - 2.8)(0.01) = -0.0002¢ + 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: if(i):il.f'(

True: dif(x+5)=f'(x+5)-(1)=f'(x+5)
X

No: since instantaneous rates of change are
derivatives, this would be saying that

di[f()c)]3 :[f'()c)]3 , where f(x) is the length
X

of a side. The chain rule gives the correct
derivative of [ £(x)]’.

L E(g(x) = E'(8(x))- g'(x)
Since E'(x) =E(x), E'(g(x)) = E(g(x)).

Thus, Z- E(g(x)) = E(g()-'(x).

71.

73.

75.

77.

79.

81.

83.

83

False: There should not be a prime of the first g
on the right-hand side.

The generalized power rule is a special case of the
chain rule, when the outer function is just a power
of the variable.

True: L £(5x)=-4-5x f'(5x)=5- f'(5x)
dx dx

False: The outer function, \/; , was not

differentiated. The correct right-hand side is

]—1/2

Le0] ™" g0

No: Since instantaneous rates of change are
derivatives, this would be saying that

di[f(x)]2 = [f'(x)]z, where f(x) is the length
X

of a side. The chain rule gives the correct
derivative of [ f (x)] .

<L L(g(x) = L (g(x))g (x)

But since L (x) =%, L'(g(x)= g(lx) '

4 _&W™
Thus, x L(g(x)) = 2(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 di f(G(x)) and substitute the expressions
X
for G(x) and G'(x).
%f(G(x)) = f'(G(x)-G'(x)
= f'(g(h(x))- g'(h(x))-h'(x)
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84 Chapter 2: Derivatives and Their Uses
84. a. Use dif(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
by
to find di((xz) 3)4‘ F(h)= M and use the continuity of
by
d 534 33 - F at 0 to obtain
——((x)7) T =4(x7)7)73(x7) 7 2x -
dx F(0) = lim F(h) = 1imM’
=4x18.3x% .2 h—0 h—0 h
—04x B which is the definition of the derivative-
b () =" =x*
A gD
dx
which is the same result as in part (a)
86. a. Apply Caratheodory’s definition since g is differentiable.
b. Apply Caratheodory’s definition since fis differentiable.
c. 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 “h” is g(x+h)— g(x).
In the last step, use Caratheodory’s definition as given in part (a).
d. The derivative of f(g(x)),
L f(g(x)
dx
i P8 G4 1) = g(x)-G(h)-
h—0 h
= illirr(l)[F(g(x +h)—g(x))- G(h)] Remove a factor of &
—
=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.
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.
— 2x+2h2
5. For positive A, lim f(x+h})l f(x) = lim I = hI I Xi . For x =0, this becomes
h—0 h—0
0+21H0] |2
lim ]J};:Ll = lwhl =2 because & is positive. For h negative,
h—0

. - . .
lim LOAh)—f(x) +hh X lim . Since x = 0, we get

|2x+2 h|:| 2 §|
h

h—0 h—0

0+2K0] |2
lim ]J};:Ll = ]# = -2 . Thus, the derivative does not exist.
h—0
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Exercises 2.7 85

11.

13.

15.

17.

— 0+34—0
For positive 4 and x =0, lim faeth)= 1) _ liml +310) :3]-1h =3

h—0 o 1 '
- 0+34—0] _

For negative 7 and x =0, lim fOeth)— f(x) = lim I zH I =—%h =-3.

h—0 h—0
Thus, the derivative does not exist.

2/5 2/5
. — . — . . .
Forx=0, lim ‘LLﬂH—hh 2 _ Jim O+h) -0 = lim 'hh— = lim —3]/? which does not
h—0 h—0 h—0 h—0h

exist. Thus, the derivative does not exist at x = 0.

4/5_

_ 4/5
Forx= 0, Tim LOH=L00 _ g (020 _ yipy S _ jim —L which does not exist.
h—0 h—0 h—0 h—0h
Thus, the derivative does not exist at x = 0.
If you get a numerical answer, it is wrong because 10. If you get a numerical answer, it is wrong because
the function is undefined at x = 0. Thus, the the function is undefined at x = 0. Thus, the
derivative at x = 0 does not exist. derivative at x = 0 does not exist.
a. Forx=0, 12. a. Forx=0,
_ 5 5 _ 3 3
lim O =@ . 0+r-30 g SEED =0 _ Y0+ -30
h—0 h h—0 h h—0 h h—0 h
5 3
=lim ﬁ =lim ﬂ
h—0 h h—0 h
5 3

0.1 6.3 0.1 4.64

0.001 251.2 0.0001 464.16

0.00001 10,000 0.0000001 |46,415.89
c. No, the limit does not exist. No, the ¢. No, the limit does not exist. No, the

derivative does not exist at x = 0. derivative does not exist at x = 0.

d. K"' d. /
__ -

On [-1, 1] by [-1, 1] on [-1, 1] by [-1, 1]
At a corner point, a proposed tangent line can tip 14. A vertical tangent has an undefined slope, or
back and forth and so there is no well-defined derivative.
slope.
At a discontinuity, the values of the function take 16. False: A function can have a corner or vertical
a sudden jump, and so a (steady) rate of change tangent and still be continuous.

cannot be defined.

True: For a function to be differentiable, it cannot 18. False: A function could have a vertical tangent.
jump or break.
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86 Chapter 2: Derivatives and Their Uses

REVIEW EXERCISES AND CHAPTER TEST FOR CHAPTER 2

L X dx+2 X dx+2 2. X ‘ x-;l—l X ‘ X;I_l
1.9 9.6 2.1 10.4 -0.1 0.513 0.1 0.488
1.99 9.96 2.01 10.04 -0.01 0.501 0.01 |[0.499
1.999 |9.996 2.001 |10.004 —0.0001 | 0.500 0.001 |0.500
. lim 4x+2=10 N _
a. I Aa a. lim YX*+1-1_g5
x—0" X
b. lim 4x+2=10 N, _
Ve b. lim ¥Xtl=l_g5s
x—07 X
. lim4x+2=10 N _
R . lim¥x*tl=1_g5
x—0 X
3. a. lim f(x)= lim 2x-7) 4. a. lim f(x)= lim (4-x)
x—5" x—5" x—5" x—5"
=205)-7)=3 =4-5=-1
b. lim f(x)= lim 3-x) b. lim f(x)= lim 2x—11)
PEN X5+ x—5" x—5%
=3-5=-2 =2059)-11=-1
c. lim f(x) does not exist. c. lim f(x)=-1
x—5 x5
5. limVx24x+5=v4214+5=16+9 6. limn=x
x—4 x—0
=J25=5
7. tim (Ls—s"2)=Lae)-16"2 =8—4=2 8. lims5—tsr=gt—-ry_—o2
51612 2 r—8 2 -303r 82-3038 64-30(2)
2y x(x=D . 3,33 o 3x(a?-l
. lim 2= = lim . lim =% L = lim
B T e 0 2 i 2x(at])
~lim = =1 I e S e )]
T 2 = lm =G
. 3(x=1)  3(-1-1)
= lim = =3
x—>-1 2 2
2 2 _ 2 2 _
1. lim 2=y _ iy xm; h) 2. lim S=xTh g, X(Oh-) 6}5’ X
h—0 h—0 h—0 h—0
= lim x2x — h) = lim x(6h—x)
h—0 h—0
= x(2x—0) = 2x* = (0 x) = — x>
13. lim f(x)=0; lim f(x)=o and 14. lim f(x)=3; lim f(x)=-o and
X—>—00 x—>-2" X—>—0 x—2"
lim f(x)=o0, lim f(x)=oo,
x—>-2" x—27
so lim f(x)=o and lim f(x)=0. so lim f(x) does not exist and lim f(x)=3.
x—>-2 X—>00 x—2 X—>00
15. Continuous 16. Continuous
17. Discontinuous at x = —1 18. Continuous
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Review Exercises and Chapter Test for Chapter 2 87
19. The function is discontinuous at values of x for 20. Discontinuous at x =-3, 3

which the denominator is zero. Thus, we consider

2
x“ +x =0 and solve.
x2 +x=0
x(x+1D)=0
x=0,-1

Discontinuous at x =0, —1

21. From Exercise 3, we know lim f(x) does not 22. From Exercise 4, we know lim f(x) =-1= f(5).
x—5 x—5
exist. Therefore, the function is discontinuous at x Therefore, the function is continuous.
=5.
_ 2 - 2 2 1942

53, lim f(x+ h}z f(x) — lim 2(x+h)“+3(x+ h) 1—(2x +3x—1) — lim 2(x“+2xh+h )+3)]c1+3h 1-2x°-3x+1

h—0 h—0 h—>0

— llm 2x +4xh+2h +3);l—3x+3h—l+l—2x — llm 4xh+2h +3]’l llm 4x+ 2,1 +3 4x+ 3
h—0 h—0
24, lim LEZSC 30eth)? +2004)=3-(Bx?+2x-3) _ . 3x?46xh43h% +2x12h-3-3x7 2 x43
) h—>0 h—0 h h—0 h
= tim O3 2h i 64 342 = 642
h—0 h—0
h 3 3 3X—3(X+h)

i LEHE=FC) Sy TAGER o 3we3vedh 1 =3k 3 3

25. h P ST h W xGorh) R T N xerhh T T x(eth) T (2
f(x+h) f(x) 4\/x+ —4/x Vx+h—x x+h+x x+h—x

26. =lim =lim4 =1lim4

hﬁO 70 h—0 h \/x+h+f -0 i(x+h++x)

=lim4————

=1lim

h—0 h(m+\/_) h—>0\/x+h+f 2\/;:$

27, f)=63% -

+1—6x5/3

f0= (6”% —%ymﬁﬂho
= 10x2/3 +2x72
29 fo=L=x? 30.
X
fia=-2x7

fy

3. fo=12x=12x" 32.

£1(x) =%(12x_2/3) = 4x
. -2/3 1) 1
£1®)=48) 2" = 4(—) - 4(827)

()

4x7V2 41 28.

F =40 L 1242 6B 41

3/7
fi(x)= (4 32) _ %)(6x‘4/3)+0
=10x3/2+2x_4/3
foy=d=x"
X
fi=-2

Ay o

f(x)=63x =6x"3
f'x)= (6x72/3) 2x

F1(-8)=2(-8) 2 = 2(—1)2/3 - 2{ L\
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88 Chapter 2: Derivatives and Their Uses

33. y=l+x2:x_l+x2 34. a. C'(x)zzox—l/é
X ' 20
C'(H)====20
y(1)=%+12:2 @ a
. Costs are increasing by about $20 per
The point is (1, 2). | additional license.
-2
y'=—lx +2x:——2+2x b. C'(64)= 20 :2210
| X Sea 2
y'(h= _W*' 2(D=1 Costs are increasing by about $10 per
additional license.
The tangent line has slope 1 at (1, 2).
y—-2= 1(x-1)
y=x+1
35.  f(x)=150x70-322 36. a. A=mw?
F(x) = -0.322(150x 13%2) = 48,35 1322 A'=2mr
£1(10) = —483 (10)—1.322 ~23 b. As the ﬁadius increases, the area grows by “a
circumference.”
After 10 planes, construction time is decreasing
by about 2300 hours for each additional plane
built.
3. a V=%m 38, f(x)=2x(5x> +3)
w =3 ) an? F10=255 +3)+2x(15%)
3 3 3 3
=2(5x" +3)+30x” = 40x" +6
b. As the radius increases, the volume grows by ¢ )
“a surface area.”
39.  f(x)=x2Gx3 - 40.  f(0)=x* +5)(x* -5
F1(x)=2x3x> =)+ x> 9x%) F1(x)=2x(x% = 5)+ (2% + 5)2x)
=2x(3x% —1)+ 9t = 15 —2x =22 —10x +2x° +10x = 4x°

41, f(x0)=(x% +3)(x2-3)
F(x)=2x(x* = 3)+(x % +3)(2x)
= 2)c3 —6x+ 2x3 +6x= 4x3

42. y:(x4+)c2—i-1)(xs—x3 +x)
V=@ 4200 - +x0) +(x + 22+ DG - 3x2 +1)
=4x8 —4x0 1 a4x? 1200 2% #2202 4508 —3x 0 4t +5x0 —3x* + 12 45 =32 41

—9x% 452 +1

43. y=(x5+x3+x)(x4—x2+1)
V' =Gxt 432+ D -2 F D)+ (0 + X7+ x)(dx3 - 2x)

:5)68—5)66-1-5)c4+3x6—3x4+3x2-i—)c4—)cz+1—i-4)68+4x6+4x4—2)c6—2x4—2x2
=5 a8 w3t o 1 aa® 2O oxt - 242
9x8 + 5x* +1
44, y=2+ 4. y=iH
DD DX =D x4 loxtl__ 2 DD DX +D  x—fox—1_ 2
(x+1)2 (x+1)2 (x+1)? (x—1)2 (x—12 (x—12
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Review Exercises and Chapter Test for Chapter 2

46, y=itl 47.
x” -1
-G - Gahd 41
- (x> =132
T . St N [0
- (x> —1)?2 -2
8. a fly=2+ 49.

F(x)= x(2) - 11!12x+ )

_2x— 2x 1___1
)C )CZ
b.  f(x)=Cx+DHx"hH
Fi(0)=2(x"+Qx+D(=Dx 2

=2 _ 2x+1_2x 2x+1___1
x

x2 x2 x? x2

c. Dividing 2x +1 by x, we get

f(x)=2+lx:2+x—1

Fx)=0+(-1x 2 = —;‘5

50. 5(x)=220_2250(x+9)"! 51,
x+9
§'(x)=-2250(x+9) 2 =220
(x+9)
§/(6)= 2250
(6+9)> =—10

At $6 per flash drive, the number of drives sold
is decreasing by 10 per dollar increase in price.

52. a. Ac(x):@:MﬂjJr@ 53,
X X
b. MAC(x)=4 d (75430)-=50
X X
. MAC(SO):ﬁz—lz—0.0Z
50> 50

Average cost is decreasing by about $0.02
per additional mouse.

89

_x0-1
x6 +1
O n6x) = (6x)(x° = 1)
- (x® +1)
_6xt e’ —ex!tv6x® 124
(x0 +1)2 x0+1)2

x -1
X 441
(-1°-1_
1
v 0¥ 41

The point is (-1, —1).

= (x4 +1)(3x2)—(4x3)(x3 —1)

(x4+1)2
_=x%+4x’ 4307
()c4+l)2
y!(_l): _(_1)6 +4(—1)3 +3(—1)2 _ —1-4+3
2
((=*+1) 4
__1
2

The tangent line has slope —% at (-1, -1).

y+1=—%(x+1)

__ 1.3
YT,

To find the average profit function, divide

P(x)=6x—-200 by x.

AP(x) = P
To find the marginal average profit, take the
derivative of AP(x).

MAP(x) = x(6)—(1)(6x—200) _ 2%Q

x?

X
200 _ 200 _
MAP(10) = (02 =100 = 2

Average profit is increasing by about $2 for
each additional unit.

F(x) = 124x° —9¥x = 12432 913

flx)=> (12x1/2) %(9)(2/3) —18x/2 3,203
ey 1 -1/2)_2(_~.,-5/3
f (x)—z( 8x1?) 3( 3x753)

:9x71/2 +2x75/3
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54.

56.

58.

60.

62.

63.

f(X)ZISQ/x_Z_4\/;:18x2/3_4x3/2 55,
Flx)=12x"3 —6x!?

Fr(x) = —4xH3 _3y712

flx)= ? =13 57.
fn=-3x"
f(x)=6x7°
flx) == =327 59.
X
fix)=-12x7
f1(x)=60x 0 =84

X
(=1 = 6106 =60

%xfz =2x77 61.
2
A 2_d 5 B3\_ 4_06
% _dx( 2x 7)=6x =4
d? 2__6 6 _3
e B T
x| _ (-2)
d f7_d 112_71 512
T T
2
d_/7_il 5/2) 35 3/2
2 VY Tac\2* )—4)‘
2
A AT =B @i -0
dx 4
x=4

P(r)= 0256 — 3> + 5t 4200
P'(t)=3(025t2) = 2(31) + 1(5) + 0= 0.75£> — 61+ 5
P'(1)=2(0.75t)— 6(1)+ 0=1.51— 6

Chapter 2: Derivatives and Their Uses

Fo=2=2:7
X

' - - 6
f (X):—3(2x 4):—6x 4 :_7
Fr(x)=—4(-6x7%) =24x7 = %

X

f”(—l) — 24 =_24

-1
d 6 .5
e x =6x
2
%)ﬁ =% 6x5 = 30x4
X
2
e x8 =30(-2)* =480
X =22

2
2
d_/s_iiwz _ 15 1/2
a2V Ta 2 j‘4x
2
A Ve =LBae2-is
4

dx” 116

P(10)= 0.25(10)* —3(10)2 +5(10) + 200 = 250 — 300 + 50 + 200 = 200

In 10 years, the population will be 200,000.
P'(10)= 0.75(10)2 -6(10)+5=75-60 +5=20

In 10 years, the population will be increasing by about 20,000 per year.

P"(10)=1.5(10)-6=9

In 10 years, the rate of growth of the increase will be 9000 per year each year.
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Review Exercises and Chapter Test for Chapter 2

64.

65.

66.

68.

70.

72.

74.

76.

s(t) = 8P/?
V()= 5'(1) :%(&3/2) = 20732
a(n =v'(0) =3 20r"?) =302

v(25) = 20(25)¥ % = 2500 ft / sec
a(25)=130(25)"2 =150 ft/ sec?

a. When the height is a maximum, the velocity
is zero. Thus, to find the maximum height,

set v(¢) =0 and solve. First, we find
v(t)=s"(t).

(1) =—1682 +1481+5

v(t)=s"(t)=-32t+148

Now set v(¢) =0 and solve.
v(t)=-32t+148 =0

—32t=-148
t=4.625

To find the height when 7 = 4.625, evaluate

5(4.625).

5(4.625) = —16(4.625)% + 148(4.625) +5

=347.25 feet

h(z) = (422 =3z +1)°
h'(z) = 347> —3z+ 128z -3)

g(x)= (100 - x)3
g'(x)=5(100—x)*(=1) = =5100 — x)*

fx)=vx* —x+2 =(xz—x+2)1/2

fi(x)= %(x2 —x+2) P 2x-1)

w(z)=36z-1= (6z—1)1/3

w'(2) =4 62=1723(6) = 2(6z~ )23
h(x) = 1 2/5
JG5x+1)°

h'(x)=—%(5x+1)’

=(5x+1)"

55y =2(5x+1)775

g(x)=x?(2x-1)*
¢'(x)=2x2x - D* +x[42x - )3 2)]
=2x2x - D* ¥ 8% (2x -1y

67.

69.

71.

73.

75.

77.

h(z) = (Bz% - 5z-1*
h'(z) =4(32% —57—1)° (62— 5)

g(x)= (1000 — x)*
g'(x)=4(1000 — x)*(—1) = —4(1000 — x)°

o= —5x—1=(x*—50-1)""

(%) =%(x2 “s5x—1) P (2x-5)

w(z)=3z+1=3z+D"3
w(z) = %(3z+1)’2/3(3)= (3z+1)2/3

h(x) = ——1 NG

Jaox+1)?

h'(x) :—%(10x+1)

=(10x+1

510y = —6(10x +1)°

g(x)=5x(x> -2)*
g'(x)=5(x> = 2)* +5:4(x> —2)°3x?)]
=50 -2t +60x° (- 2)°
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78.

80.

82.

84.

8s.

86.

88.

y—x343x3+1 —x3(x3+1)1/3 79,

y =320 )P 4 P 2P |

=32+ )P+ 53 +)3

FO=12x% +D* + x4 81.

F1)=3@2x" + D' + 2 1[4@x% + 1 (4x) + 417
=32x2 + 1 + 21211600257 + 1P + 447

f)= 2+ D =2t =[(x? +D* - 2472 83.
F=2163 0 =X TG ) 2 - 4x)
:%[(x2+1)4—x4] V218x(x? +1)° - 4x°]
f(x)=Q@Bx+D*dx+1)?3
F(x0)=4@x+1D3@)@dx+1)° +Bx+ D*B)dx + D)2 (4)
—12Gx + D2 @x + 1> +1203x + ) (4x+ 1)
—1206x+ 1> @x + D2 [(4x + 1) + Gx +1)]
—12Gx + D> @x + D*(Tx +2)
f(x0)=(* +1)P (2 -D*
F1(0 =32 + 122002 = D+ (2 + D142 =1 (200
=6x(x® + 12 (x2 =1+ 8x(x? + 1)’ —1)?
4
fla)= (2 87.
Flo)=4 x+5j[x(1) (1>(x+5)}
+5)3
-4 x+55(x X— 5)__2_2 xx3)
:_M
x5
y=3 x2+4=(x2+4)1/3 89.

y(2)=3J(2)*+4=2

The point is (2, 2).
-2/3
y’:%(x2 +4) (2x):2—x2/3
3(x? +4)
2(2) 1

y@=-—22 1
322 4)” 3

The tangent line has slope % at (2, 2).

1
2=L(x-2
y- ?(x4)
— +_
V=3T3

Chapter 2: Derivatives and Their Uses

y =x4fx2 +1 =x4(x2 + 1)1/2

y =4 @ ) e 6t ) en]
=43 (32 + D2 4 32 4172

f)=16x* =17+

F1(0)=2[3x% = 1> + £ 133x% 1) (6x)+3x%]
=2[3x> = 1)> + X 18x(3x% —1)* +3x2]

(P +D2+x? =[x+ D2+ 2 ]2
-1/2

S(x)=
=317 +17 +47)
- %[(x3 12 #2272 166 2 (% +1) + 2x]

=[S+ D2+ 2723523 + )+ x]

f= (E4)
4 _
st syt

X

S 26

_20(x+4)*
e
h(w) = 2w? — 4)°
h'(w) =52w?2 = H)*@w)
R"(w) =202 w? — 4)3(dw)dw) + 52w? — 4)* @)
=20(16w>)2w? —4)> + 202w —4)*
=320w> (2w — 4 +202w? — 4)*
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Review Exercises and Chapter Test for Chapter 2

90.

91.

92,

93.

9.

9s.

96.

97.

h(w) = @w? +1)*
h'(w) =4@w? + 1) (6w)
h"(w) = 1203w + D2 6Ew)6w) + 43w + 1) (6)
=430w2GBw? +1)% 4240w + 1)’

g2)=2(z+17°
¢(2)=322(z+ D3+ 2Bz + 1D21=322(z + )3 +32(z+ )2
¢"(2)=62(z+1° + 322 B(z+ D21+92(z +1)> + 322z + 1]
=62(z+1)° +1822(z+ D2 +62°(z+ 1)

g(2)=rz+ 1t
g(2)=42(z+D* + 474z +1)]
g"(z2)= 12z2(z +1)4 + 4z3[4(z + 1)3]+ 16z3(z + 1)3 47t [B(z+ 1)2]
= 1222(2 +1)4 +3223(z + 1)3 + 12Z4(Z + 1)2

a. zl%(x3—1)2:2(x3—1)(3x2)=6x2(x3—1):6x5—6x2
b. ;gc'(x3—1)2:-$(x6—2x3+1):6x5—6x2

_d_( | ):(x3+1><0)—(3x2)(1>__ 3,2

o\ (x3+1)? ()2
d( 1 j d 3 1\ 3,12 .2 3x?
b, El=— =%+ =1 + DTG = —E—
7l e R R G R R e

P(x) =¥ x5 —3x+34 = (x3 —3x + 3472
, 1 112, 2 -3
P(x)= (x —3x+34) (Bx -3 =
2ix -3x+34
352 -3 72 2 -3
G353 244

When 5 tons is produced, profit is increasing at about $3000 for each additional ton.

P'(5) =

V(r) =500(1 +0.01r)
V'(r) = 1500(1+ 0.017)%(0.01) = 15(1 + 0.017)*

V') =151+ 0.01(8)]2 ~17.50
For 8 percent interest, the value increases by about $17.50 for each additional percent interest.

98.

[t

on [0, 10] by [0, 30] on [0, 20] by [-2, 10]
a. P(3)-P(4)~12-9.27=2.73 x~16

P(6) - P(5)=15.23-12=3.23

Both values are near 3.
b. x~7.6
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99.

101.

103.

104.

105.

106.

Chapter 2: Derivatives and Their Uses

_ 4
R(x)=0.25(0.0Lx +1) . 100.  N(x) =10001/100— x = 1000(100 - x)""
R'(x)=0.25[4(0.01x +31) 0.01)] N'(x) = 5000100 x) 2 (=1) = 500
= 0.01(0.01x +1) 100-x
3 . 500
R'(100)= 0.01[0.01(100) + 1)]” = 0.08 N'(96) = ————=—==-250
(100) = 0.01[0.01(100) + 1] =
At age 96, the number of survivors is decreasing
by 250 people per year.
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.
The derivative does not exist at the corner point x =3.5 and the discontinuous point x=0.
The derivative does not exist at the corner points x=0 and x =3.

For positive A,
im LOHD=FC) L SxeShES OSSOl o

h—0 h—>0 h 0 h
. Sh
=lim===5
h—0 Nt

For negative h,
Jim L& hz"f(x) _ i 3225015 limw for x=0

h—0 h—>0 h h—>0
. 5h
= lim-=-=-5
h—>0 N

Thus, the limit does not exist, and so the derivative does not exist.

hmwz limM: limﬂ for x=0
h—0 h h—>0 h h0 N
. 1
= lim —-—=
h0 %3

which does not exist. Thus, the derivative does not exist.
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