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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. =)
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? <—> = = OILLT,
y x
7. Find the zeros of the function f(z) = 9z2% — 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 flw+ hZL — f(x) Y+G—1g

Diagnostic Test (in Front Matter)



Exercises 1.1

Chapter 1. Functions

EXERCISES 1.1

11.

13.

15.

{x|0< x <6}

0 6

{x|x<2}

2

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

b. Since Ax = -2 and m =5, then Ay, the
changeiny, is
Ay=-2em=-25=-10

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

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

2+4 6 3

2-(-4)

For (0, -1) and (4, 1), the slopeis
1-(D _-1+1_0_,
4-0 4 4

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

% = % undefined

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

right and 3 unitsup isalso ontheline.
y

t + + +
-1 _/ 2 3

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

X

10.

12.

14.

16.

a. Since Ax =5 and m = -2, then Ay, the
changeiny, is
Ay=5em=5¢(-2) =-10

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

For (3,-1) and (5, 7), the slope is
=D _7+1_8_4
5-3 2 2

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

5-(-1) 5+1 6 2

For (—2, %) and (5, %) ,thedopeis

1.1
5-(-2) 5+2 7

For (6, —4) and (6, —3), the slopeis
_36_—(g4) = _354 undefined

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

19.

21

23.

Sincey = —-%x isin slope-intercept form,

m= -4 and they-intercept is (0, 0). Using
m= -3, we seethat the point 2 unitsto the

right and 1 unit downisalso ontheline.

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 al points with x-coordinate
4. Thus, mis not defined and thereis no y-
intercept.

First, solvefory:

2x-3y =12
-3y =-2x+12
2
=£x-4
y 3

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

Chapter 1: Functions

18.  Sincey= —% X + 2 isin slope-intercept form,
m= -2 and the y-intercept is (0, 2). Using
m= —% , We see that the point 3 unitsto the right

and 1 unit down is also on theline.

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

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

24. Firgt, solvefory:

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

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

25, First, solve for y:

26. First, solvefory:
X+y=0 X=2y+4
y=-X -2y=-X+4
Therefore, m = —1 and the y-intercept is (0, 0). y= J2_ X_ 2

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

27. First, solvefor y:

28.  Firgt, put the equation in slope-intercept form:
x-y=0 y:%(x—S)
_y: —X
y=X y:%X_Z

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

29. First, put the equation in slope-intercept form: 30. First, solvefory:
y= xt2 X, ¥ _4q
3 2737
_1..2
y=3%+3 ¥=-Tx+1
Therefore, m= £ and the y-intercept is (0, %) . y= _% X+3

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

33.
35.

37.

39.

41.

43,

First, solvefory:
_.y:: 1

ooll\J H

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

y+2=5%x+5
y=5Xx+3

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.

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

y+1=0

y=-1

32.

34.
36.

38.

40.

42.

Chapter 1: Functions

First, solvefory:

x+l, y+l
2 T2 71
X+1+y+1=2
x+y+2:2
y:
Therefore, m= —1 and the y-intercept is (0, 0).
4_
KL
2,,
1,,
TR
24
,3,,
_4_.
2
=£x-8
Y73
y-3=-1x-4)
y-3=-x+4
y=—-X+7
_3
=4
1
X==
2

EE
- 6-3 3

Then use the point-slope formula with this slope
and the p0| nt (6, 0).

O——(x 6)
yz%x—z

First, find the slope.
m===0-2  undefined
Since theslope of the line is undefined, the line

isavertica line. Because the x-coordinates of
the points are 2, the equation isx = 2.
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Exercises 1.1

45,

47.

49,

51.

52.

a. Firgt find the slope of theline 4y —3x =5.

Write the equation in slope-intercept form.

y-3xs5

4 4
The slope of the parallel lineis m =

:'blw

Next, use the point-slope form with t
point (12, 2):

Y-% :m(x—xl)
y—2=§(x—12)

00

y=3x-7

SN

b. Theslope of the line perpendicular to

y=§x+§. ism=-2.
4 4

Next, use the point-slope form with the

point (12, 2):
y—y1=m (X %)
y—2———(x 12)

4
=——=x+18
Y 3

The y-intercept of thelineis (0, 1), and Ay = -2

for Ax=1. Thus, m= % :‘TZ = —2. Now, use
the slope-intercept form of the line:

y=-2x+1.

The y-intercept is (0, —2), and Ay = 3 for
Ax=2.Thus, m= % =3 Now, use the slope-
intercept form of theline: y=3 x - 2

46.

48.

50.

a. Firgt find the Slope of theline x+3y =7.

Write the equation in slope-intercept form.
1,.7
=—=X+L.
y 3 3

The slope of the parallel lineis m =—%.

Next, use the point-slope form with the
point (6, 5):
y=Yy1=m(x-x)
y-5= —%(x +6)

1
=—-=X+3
y 3

b. Theslope of the line perpendicular to

1,.7
y 3 3

.ism=3.
Next, use the point-slope form with the
point (6, 5):
Y=Y =m(x-x)
y-5=3(x+6)
y=3x+23

The y-intercept of thelineis (0, —2), and Ay =3

for Ax=1. Thus, m= 2’—-—3 Now, use the

slope-intercept form of theline: y = 3x—2

They-intercept is (0, 1), and Ay = -2 for Ax = 3.
Ay -2

_A_—2_ 2
Thus, m= % == = —£. Now, use the slope-

intercept form of theline: y= —% X+1

5-
(o, 5) isthe y-intercept of thisline, use theslopemtercept form of theline y=—1x+50ry=—x+5.
Now consider the line through the points (5, 0) and (0, —5). The slope of thislineis m= =22 ==2=1. Since

(0,-5) isthe y-intercept of the line, use the dlope-intercept form of theline y=1x—-5ory
Next, consider the line through the points (0, —5) and (-5, 0). The slope of thislineis m=

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

Finally, consider the line through the points (=5, 0) and (0, 5). The slope of thislineis m= ==

=x-5
0-(5 _ 5 _
50 -5~ 1
0 _5_ :
(5 ~3 =1. Since

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

The equation of the vertical line through (5, 0)
isx=5.

The equation of the vertical line through (-5, 0)
isx=-b.

The equation of the horizontal line through
(0,5)isy=5.

The equation of the horizontal line through
(0,-5)isy=-5.

53.

If the point (x,, y,) isthe y-intercept (0, b), then
substituting into the point-slope form of the line
gives
Y=Y, =m(x-x)
y—-b=m(x-0)
y—b =mx
y=mx+b
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Chapter 1: Functions

To find the x-intercept, substitute y = 0 into the 55. a
equation and solve for x:
L_FX — l
a b
L_f_g — 1
a b
ﬁ -1 on[-5, 5] by [-5, 5]
x=a Thus, (a, 0) isthe x-intercept.
To find the y-intercept, substitute x = 0 into the b.
equation and solve for y:
L_l’_l — 1
a b \
a
on[-5, 5] by [-5, 5
Yy [-5.5] by [-5, 5]
y=b Thus, (0, b) isthe y-intercept.
a b.
/ ) /
on [-5, 5] by [-5, 5] on [-5, 5] by [-5, 5]
Low demand: [0, 8); 58. A:[90, 100]; B: [80,90); C: [70, 80);
average demand: [8, 20); D: [60, 70); F: [0, 60)

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

a. The value of x corresponding to the year 2020 is x = 2020 — 1900 = 120. Substituting x = 120 into the
equation for the regression line gives
y=-0.356x+257.44
y =-0.356(120) + 257.44 =214.72 seconds
Since 3 minutes = 180 seconds, 214.72 = 3 minutes 34.72 seconds. Thus, the world record in the year
2020 will be 3 minutes 34.72 seconds.

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

seconds: 3 minutes 30 seconds = 3 minutes ¢ t:SLOr:ie nC + 30 seconds = 210 seconds.

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

x =244 133.26
0.356

Since x represents the number of years after 1900, the year corresponding to thisvalue of x is
1900 + 133.26 = 2033.26 ~2033. The world record will be 3 minutes 30 seconds in 2033.

For x = 720: For x = 722:
y =-0.356x+257.44 y =-0.356x+257.44
= —0.356(720)+257.44 —0.356(722)+257.44

=-256.32 + 257.44 =1.12 seconds
These are both unreasonable times for running 1 mile.

—257.744 + 257.44 = 0.408 second

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



Exercises 1.1

61.

63.

65.

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

First, find the slope of the line containing the
points.
212-32 _180_9
100-0 100 5
Next, use the point-slope form with the point
(0, 32):
y—y, =m(x-x)
y-32= %( x—0)

m=

9
==X+32
y 5
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 — ( 50 00(2)0— 6000

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

)t 0<t<20

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

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

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

62.

64.

66.

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

42.8-38.6 _ 4.2
=="u-1 ~3° 14
Next, use the point-slope form with the
point (1, 38.6):

y—y,=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 paints.
_89.8-748 _15_
=000 2 3.75
Next, use the point-slope form with the
point (O, 74.8):
Y-y, = m(x— X1)
y—74.8=3.75(x-0)
y =3.75x+74.8

m

Since 2021 is 12 years after 2009,

substitute 11 into the equation.

y=3.75x+74.8

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

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

V = 800,000 _(Wj t

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

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

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

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

69.

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

Substitute each pair into the equation.
For (100, 0), 10(100)+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 aresult of the
CALCULATE command with x = 20.

1=.18h+26.7

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

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

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

1=.1BR+i6.7

Median Age at Marriage  Median Age at Marriage

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

68.

70.

Chapter 1: Functions

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

Substitute each pair into the equation.

For (1875, 0), 8(1875)+6(0)=15,000
For (1200, 900), 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-vaue corresponding to the year 2020
isx = 2020 — 2000 = 20. The following
screen isaresult of the CALCULATE

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

Women’s Annual Earnings

as a Percent of Men’s

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

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

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

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

71.

73.

75.

77.

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

y =-0.31x+40

y =—0.31(40) + 40 = 27.6 or 28%.

The probability that a person with a

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

L1t =1

y =-0.094x+1.582

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

y =-0.094(13) +1.582 = 0.36 thousand
(360 cigarettes)

g=ax+h
a=2.13

b=5£5, 35
rE=, PHREEARSG S
=, 3951532763

Lzi=67, 1
y = 2.13x+65.35

The male life expectancy isincreasing by
2.13 years per decade, which is 0.213 years
(or about 2.6 months per year).

y =2.13(6.5) +65.35~ 79.2 years

TrsSminm
[ CNTNT AT
B
r
[}

WO
w0
on
gl

[l
=
[l |

Lzi=55. 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 a
age 90 because the line predicts —2.3 years
of life remaining.

72

74.

1nke3 76.

K] [ L= | Linkea
10 H'l."-l ______ w=axth 78.

11

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

y =0.065x —0.613

y = 0.065(25) —0.613=1.0.

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

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

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

L1t =1

y =5.8x+24.5

Each year the usage increases by about 5.8
percentage points.

y =5.8(11) +24.5=88.3%

X
1

H 774 41

Z i b=v3.397

£ :EXC FE=.9323991517
____________ r=.96793551a1
Lzi=7rd,. 7

y =1.41x+73.97

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

y =1.41(6.5) + 73.97 ~83.1 years

1 Lz ] 1|CinFeg

[T g=gx+h

& ik 8 H5=2.5

i i b=53

____________ FE=, QEITA75004

F=. 021822 P064

Liidi=]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 usein 2025 (x = 7)
because the line predicts 112.5%.
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79.

81.

83.

85.

87.

89.

91.

False: Infinity is not anumber.

m=Y2"Y for any two points (x, y;) and
X2 =X
(X, y1) onthelineor the slopeisthe amount

that the line rises when x increases by 1.

False: The slope of avertical lineis undefined.

True: Thedlopeis _Tf" and the y-intercept is

oo

False: It should be Y21
X2 =X

Drawing a picture of aright triangle.
x? +42 =52
x% +16 =25
x2 =9
Xx=3

Thedopeis 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

0=mx+b
-mx=D0b

x=—L

m
If m+ O, then asingle x-intercept exists. So

__b i is(-b
a= m.Thusthexmterceptls( m,O).

80.

82.

84.

86.

88.

90.

92.

Chapter 1: Functions

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

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

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

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

False. A vertical line has no slope, so thereisno
mfor y=mx+Dh.

Drawing a picture of aright triangle.
X2 + y2 =5°

%: 0.75= y = 0.75x

x? +(0.75x)% =52
x? +0.5625x% = 25
1.5625x2 = 25
x> =16
x=4
y=0.75(4) =3
The upper end is 3 feet high.

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

by =-ax+c
a,, ¢
y b b

ii. Substitute O for b and solve for x:
ax+hy=c
ax+0-y=c
ax=c¢

X =

o o
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Exercises 1.2

93. Consider R>1and 0<x<K 94.
X < K meansthat K —x > 0 and O<%<1.
Since K —x > 0, then

K —Xx+Rx>Rx
K+(R-1)x>Rx
K[1+(RK1)X}>RX
Therefore, K>¢=y
T
Additionally, since 0<%<1,
1+(R 1)( )<1+(R 1)1
Rx Rx Rx
%, = =—==X
y LR A)x BRDR
Wehavex<y<K.

EXERCISES 1.2

1. (22 2) _(22 21) (23) —26_64 2
4_1_1

-3 3

5. 1) (o1 3 6

HESEE
-1
7. (5) _8 8,
8 5
—2
9. 4—2-2—1:(22) .21 10.
_o4 »-1_o»5__1 __1
27-27=2 5T

11. (§)73:(2)3zizi 12.
2 3) @ 27

13, (l)'z_(l)_3:(§)2_ z)li_zi 14,
3 2 1 1/ 12 73

-9-8-1
A2 T(a ] (3y2 (2@ 2

SN R CIRC IR -
[3 } [2 2 3/ 3?9

17. 2512 _ o5 -5 18.

19. 2532 _(y25)° =53 _125 20.

21 16%4_(¥6a)° =238 22.

23 (-8)"*=(¥8)° =(2)%=4 24,

5
25 (-8)°*=(38) =(2)°=-32 26.

13

x> K meansthat K —x < 0 and %>1.

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

K [1+(%) x}< Rx
Therefore, K <— X

— =Y
T

Additionally, since %>1,
14(R 1)( )>1+(R 1)1

_ Rx Rx _Rx_
S0, y_1+(R_1) “IT(R-D) R
K

WehaveK <y<x.

52 -4)2 :(52 22 )2 =(102 )2 ~10*=10,000

2723 =(327)" =3
(=212 = (¥=27)° = (-3)?

(—27)5% Z(¥=27)° = (=3)® = —243
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27.

29.

31.

33.

35.

37.

39.

41.

43.

45,

47.

49,
51.

53.

55.

57.

59.

61.

63.

65.

67.

69.

3
TR S
6 36 6/ g3 216 '
2
(27 )2/3: 3£ :(§)2:i 20
125 125 5) 25 '
2/5 2 2
1L =(;) 1
(32) ( 32) 2] 7% 32.
21 1 1 34.
4 41/2 \/Z 2
4-3/22%: 1 3:%:% 36.
7 (4a)° 2
8—2/3_%_ 12:%:% 38.
8 (g/g) 2
31 1 1.1
(-8) "= el et i 40.
3] -2 2
(-8 (8]
23_ 1 1 1 1
(-8) =L = 1 1 42,
2 _2) 4
(8" [§-9y7] 2
-1/2 12
25) 77 _(16)"° _( |16 |_4
(1) (25) ( 2 j 5 a4
(&)‘3/2:(&)3/2: 16 3:(5)3:6_4 .
16 25 5 5] "125
-5/3 5
(-%) / = (-27)"® =(3-27) =(-3)° =243 48.
7039 2214 50.
827 ~274.37 52.
0.1 0.1
[(00*]" ~o0s77 54,
1 —1000~
(1—m) ~2.720 5.
4 -5
—=4X
X5 58.
4 -4/3
/_Xs W IE il 60.
24 _ 24 _24 3,312
(2\/7)3 8X3/2 62.
9 3 -2
- =—=3X
2 64.
5x* _5x* g 242 g 302 66.
\/; 1/2
12\/_2 12x2’3 12,2324 4R 68.
3x2 3x2 3"
/36x _6x _6x"2 _6 v21_g 12 0.

2X 2X 2X 2

Chapter 1: Functions

|H
[$20(=2]
N—
w
I
—_
Njon ol
S —
w
|
u1|-l>
w| w
[E=Y
D
N
RS

~—
N
N
(S}

—_—
[EN
ot
a1
~—
N
-
w
I}
w
[ay
N
(S}
N—
N
Il
—_—

) 8-
(-3 = (-8 =(¥8) =(-2 =~
5047 ~2.13

539 £532.09

(L+gds) " ~2717
(1+10*6 )106 ~2.718

6 3 -3
——=—2=3X
2x3 x3

6 —3x3/2

\/? 2X3/2

18 _ 18 _o,-2/3
2 2/3
(33x)" O

8 _2 -2
—:—:Zx
2

Oﬁ

3f 3x]j2 21 _g, 112

10\/_ 10x1’2 _10 w23 _g 16

X B2
Yor? 232 2x2/3 _2,231_1 -
4x 4x 4 2
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Exercises 1.2

71.

73.

75.

77.

79.

81.

83.

85.

87.

89.

91.

93.

r 272 2
(<) } =(x) =
(3x%y52)% =3 x23y5373 = 27x6y15 72

(ww?)® _(w*)° _we W

wwoowtow

22
(59°) amy® v
25x3y3

S 25x3y3 X

(9xy3z)2 8%yt

3(xyz)2 T3y’
2,3\
(2u w ) _auVw 220
2 2,4
4(uw2) 4utw
Average body thickness
=0.4(hip-to-shoulder length)*/?
=0.4(16)%2
3
~0.4(+16)
~25.6 ft
c =x%c
=4°8c~23c

To quadruple the capacity costs about 2.3
times as much.

a. Given the unemployment rate of 2 percent,
theinflation rateis

y =9.638(2) 3%
~ 2.77 percent.

b.  Given the unemployment rate of 5 percent,
theinflation rateis

y =9.638(5) 3%
~ 0.12 percent.

—-0.900

—-0.900

(Heart rate) = 250 (weight) ~*

= 250(16) "
=125 beats per minute

72.

74.

76.

78.

80.

82.

84.

86.

88.

90.

92.

94,

15

M a3 3
(@ T4
(2x*yz0)4 =2% x4 764 _16x16 4724

ww')? (W) _wP_ s
3,2 5 .5
W W " wW

3 2
(4Y)" 16x0y? oyt
8x’y’?
2
(5x2y32) 2Bx4y622 5 ,
T 2 XY
5(xyz)” 5x7y°z
2
(U3VW2) ubvlw® _uveiw?

9(u2W)2 outw? 9

ey Y

Average body thickness
=0.4(hip-to-shoulder length)*/?
=0.4(14)%2
3
~0.4(+14)
~21.0ft
c =x%c
=3*c~10C

To triple the capacity costs about 1.9 times as
much

a. Given the unemployment rate of 3 percent,

theinflation rateis

y=45.4(3) 7 _1
~ 7.36 percent.

b.  Given the unemployment rate of 8 percent,

theinflationrateis

y=45.4(8) > _1
~ 0.85 percent.

(Heart rate) = 250 (weight) ~/*

= 250(625) '
=50 beats per minute
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95.

97.

99.

101.

103.

105.

107.

109.

(Time to build the 50th Boeing 707)
=150(50) 3%
~42.6 thousand work-hours

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

Increase in energy = 3284
— 307:8-67
=321 ~ 45
The 1906 San Francisco earthquake had about

45 times more energy released than the 1994
Northridge earthquake.

K =3000(225) 2 = 200

_ 60,05
S= 11 X

60 0.5
= ﬁ(3281) ~ 312 mph

u—"'_‘-'-'_‘_'_'_‘_'_'_'_'_{

Interseckion
FER L B ki - e—

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

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

y =9.4x 037

y =9.4(150) 37 = 60 miles per hour

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

Liifi=1

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

y =79.9(10)°** ~ $110 billion

wrke3a

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

by

Liif=1

y = 41.6x%938 (rounded)
b. Foryear 2020, x = 11.

y = 41.6(1)* %% ~ $45.7 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 = 3284
329.0—7.7

=324 ~01
The 2011 Japan earthquake had about 91 times
more energy released than the 2011 India
earthquake.

K =4000(125)"® =160

_ 60,05
S= 1 X

60 05
= ﬁ(1650) ~ 222 mph

Interseckion
B EI T I D e—

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

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

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

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

Liifi=1

y =607x%%8% (rounded)

b. Foryear 2020, x = 12

0.0866
)

y =607(12 ~$753

Liif=1

y =26.6x"1"® (rounded)

b. Foryear 2020, x = 12.

0.176
)

y =26.6(12)°"® ~$41.2 billion
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Exercises 1.3

111.

113.

115.

117.

3, since +/9 meansthe principal square foot.
(To get +3 you would have to write +J9 )

6
Fase 2 =54 _16 while 26/2-23_3g.
2 4

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

x 2 = {/x , so x must be nonnegative for the
expression to be defined.

x 1 :% , so all values of x except 0, because

you cannot divide by 0.

EXERCISES 1.3

1.
5.
9.

11.

13.

15.

17.

Yes 2. No
No 6. Yes

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

a  f(x)=+/x-1
f(10)=+10-1=9=3

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

c. Range={y|y>0}

ool

h(-5) =

1
-5+4
b. Domain={z|z#-4} since h(z)=51; is
defined for all values of z except z=—4.
c. Range={y|y#0}

a  h(x)=xY*
h(81) =81Y4 =481=3
b.  Domain={x|x>0} since h(x) =x* is

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

a. f(x)=x*3
f(-8)=(-8)'*=(38) =(-2=4
Domain= R

Range={y|y> 0}

112.

114.

116.

118.

10.

12.

14.

16.

18.

17

Fase: 22.2°=4.8=32,while 22°=2%-¢64.

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

2
Fase (23)°=82-64, while 23° =2% =512

n
(The correct statement is (x™) " = x ™"

x 3 =3/x , so all values of x. For example,
83 =2 and (-8)"3=—2.

If the exponent % isnot fully reduced, it will

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

No 4, Yes
No 8. Yes

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

a  f(x)=vx-4
f (40)=/40-4 =+/36 =6

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

c. Range={y|y>0}

a  pz)=_1
(2) z+71
h(-8) = —1
-8) —-8+7
b. Domain={z|z#-7} since h(z) =51 is

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

a  h(x)=xY®
h(8l) =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. f(x)=x*°
f(-32)=(-32)"°=(¥32) =(-2)* =16
Domain= R

Range={y|y> 0}

© 2010 Brooks/Cole, Cengage Learning.
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19.

21.

23.

25.

27.

o

o

f(x)=v4-x2
f(0)=v4-02=4=2

f(x)=v4-x2 isdefined for values of x
suchthat 4 — x*>0. Thus,

4-x%2>0
—x2>-4
x2<4
—2<Xx<?2
Domain={x|-2<x<2}
Range={y|0<y<2}

f (x)=v—x
f (—25)=+/-(-25)=+/25=5
f (x)=+/-x isdefined only for values of

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

20.

22.

24,

26.

28.

Chapter 1: Functions

-1
M=%
-1_1
=72
Domain = {x|x> 0} since f(x)z% is
X

defined only for positive values of x.

Range={y|y> 0}

f(x)=—J=x
f (~100) = —/—(-100) = —/100 = —10
f (x) = —/—x isdefined only for values

of x such that —x > 0. Thus x<0.
Domain={x|x< 0}
Range={y|y<0}
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Exercises 1.3

29.

31.

33.

35.

37.

_—b_=(C4) g
2a 2(2) 2

To find the y-coordinate, evaluate f at

x = 20.

f(20)= (20)2 — 40(20) +500 =100

The vertex is (20, 100).

on [15, 25] by [100, 120]
_—b_-(-80)_80_
2a 2(-) -2 40
To find the y-coordinate, evaluate f at
x =-40.
f (-40) = —(—40)? —80(—40) —1800
=-200
The vertex is (40, —200).

on [—45, —35] by [-220, —200]

X2 —6x-7=0

(x-7Xx+1)=0
Equals 0 Equals 0
ax=7 ax=-1
x=7, x=-1

x2 +2x =15

x24+2x-15=0
(x+5)x-3)=0
Equals 0 Equals0
ax=-5ax=3
x=-5 x=3

30.

32.

34.

36.

38.

19

_=b_-40_-40_
X=2a=20)~ 2 ~ X

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

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

on [-25, —15] by [100, 120]

_—b_ 80 _-80_

2a 2(-1) -2 40
To find the y-coordinate, evaluate f at
X = 40.

f (—40) = —(40)? +80(40) —1800
=-200

The vertex is (40, —200).

on [35, 45] by [-220, —200]

x2-x-20=0
(x-5)x+4)=0
Equals 0 Equals 0
ax=5 ax=-4
x=5, X=-4

x2 —3x=54

x2—3x—54=0
(x-9)x+6)=0
Equals 0 Equals 0
ax=9 ax=-6
X=9, X=-6
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39.

41.

43.

45,

47.

49.

51.

2x2 + 40 = 18x
2x2-18x+40=0
x2-9x+20=0
(x-4)x-5)=0
Equals 0 Equals 0
ax=4 ax=5

x=4, x=5
5x% — 50x =0
x° — 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 0
ax=5 ax=-5
x=5 x=-5

4%2 +24%+40=4
4x% +24x+36=0
X2 +6X+9=0
(x+3)?=0
Equals 0
at x=-3
—4x%2 +12x =8
~4x%+12x-8=0
X2 —3x+2=0
(x-2)x-1)=0
Equals 0 Equals 0
ax=2 ax=1
Xx=2, x=1

2x2-12x+20=0

X2 -6x+10=0
Use the quadratic formulawitha =1, b = -6,
and c = 10.

o ~(-O)£V(-6)° - 4()(10)

2(0)
_6++/36-40

2
:% Undefined

2x% —12x+ 20 =0 has no real solutions.

3x2+12=0
x> +4=0
x2=-4
x=+J—-4  Undefined
3x% +12 = 0 has no real solutions.

40.

42.

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 Equals0
ax=3 ax=2
X=3, X=2

3x2-36x =0

X2 —12x = 0

X(X = 12) =0
Equals 0 Equals 0
at x=0 atx=12
x=0, x=12

3x2-27=0

X2 -9=0

(x=3)x+3)=0
Equals 0 Equals 0
ax=3 ax=-3
Xx=3, Xx=-3

3x2—6x+9=6
3x2-6x+3=0
X% —2x+1=0
(x-1)%=0
Equals 0
at x=1
—3x% +6x =24
—3x2+6Xx+24=0
x2-2x-8=0
(x-4)(x+2)=0
Equals 0 Equals 0
ax=4 ax=-2
X=4, X=-2

2x%-8x+10=0

X2 —4x+5=0
Use the quadratic formulawitha =1, b =4,
andc=5.

N S E2 G R 1)

22)
_4+4/16-20

2
:# Undefined

2x2 —8x+10 = 0 hasno real solutions.

5x2+20=0
x°+4=0
X2 =—4
x=+J-4  Undefined
5x2 + 20 = 0 has no real solutions.
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Exercises 1.3

53.

55.

57.

59.

61.

63.

65.

\ /

NV

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

N

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

\/

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

\

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

]/

on[—4, 3] by [-9, 15]
x=-264,x=114

Y1/
W/

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

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

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

y=2x-8.

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

C(x) =4x+ 20

56.

58.

60.

62.

64.

66.

y /

N

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

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

X=2,X=3

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

U

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

\ 1/
N

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

.4
/1N

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

21

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

their slopes are different.

b. y:%x+4

Let x = the number of bicycles. Then

C(x) = 55x + 900

© 2016 Cengage Learning. All rights reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.
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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) = 0.45d +15
p(35,000) = 0.45(35, 000) + 15
=15,765 pounds per
squareinch
D(v)=0.055v? + 11v
D(40) = 0.055(40)? + 1.1(40) = 132 ft

a.  N(t)=200+50t

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

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

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

v(x):%\/;

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

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

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

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

_ 480,/ (~480)° ~4(2)(16,000)
N 2(2)
. 480+,/102,400 _480.+320

4
x-800 o 160

4
x=200 or 40

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

68.

70.

72.

74,

76.

78.

Chapter 1: Functions

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

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

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

a.  T(h=05vh
T (4)=0.5«/Z=1 second
T(8)=0.5+/8~1.4 seconds

b. T(h)=05vh T(h)=0.5vh

2=05vh  3=05h

4=+h 6=vh

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

5(15,000) = 3.86+/15,000 ~ 473 mph

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

b. Tofind the number of devicesthat
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 thisis a parabolathat 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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Exercises 1.3

80.

81.

82.

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

C()=R(x)

420x+72,000=—3x%+1800x

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

X_1380J_r\/(—1380)2 —4(3)(72,000)
- 2(3)

,_1380+/1,040,400 _1380+1020
- G

6
_2400 .. 360
X= 5 or 5
x=400 or 60
The store will break even when it sells
either 60 bicycles or 400 bicycles.

To find the break-even points, set C(x)
equal to R(x) and solve the resulting
equation.
C(x)=R(x)
100x+3200=—2x%+300x
2x*—200x+3200=0

Use the quadratic formulawitha = 2,
b =-200 and ¢ = 3200.

- 2004+(~1020)2 - 4(2)(3200)

2(2)
N 200++/14,400  200+120
_320 480 B
=g oy
x=80 or 20

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

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

—0.56 _
~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 thisis a parabolathat opens

downward, the maximum profit is found

at the vertex.

— —_— pr— —_— —

X = —33892(_3) _—1330_6 =230

Thus, profit is maximized when 230

bicycles are sold per month. The maximum

profit is found by evaluating P(230).

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

To find the number of exercise machines
that maximizes profit, first find the profit
function, P(x) = R(x) — C(X).
P(x) = (-2x2 +300x) — (100x + 3200)
= —2x? +200x — 3200

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

 — Jp— p—
X= —200-2(_2) _—200_4 =50
Thus, profit is maximized when 50
exercise machines are sold per day. The
maximum profit is found by evauating
P(50).
P(50) = —2(50)2 +200(50)-3200

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

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

v+b=—C—

W+a
__C

W+a

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



24

84.

86.

88.

f(1)=-0.077(1)°~0.057 (1)+1 5.

=-0.077-0.057+1

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

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

f (3)=-0.077(3)°-0.057(3)+1
=-0.693-0.171+1
=0.136
So a 65-year-old person has a 13.6%
chance of living three more decades.

On [0, 20] by [0, 300].
2015-1995=20
y=09x?-3.9x+12.4

y =0.9(20) 2 —3.9(20) +12.4
y=294.4

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

294 thousand megawatts.
2020 — 1995 =25

y=0.9x2-3.9x+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 limitis
f(x)=0.7(220—x) =154 -0.7x
The lower limit is
f(x) =0.5(220-x) =110-0.5x

87.

Chapter 1: Functions

_;_ﬁ_ﬂ__ﬂ-ﬂ"'

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

y =0.831x 2 ~18.1x +137.3

y =0.831(12) 2 -18.1(12) +137.3

y =39.764

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

y =0.831x > —18.1x +137.3

y =0.831(16) 2 —18.1(16) +137.3

y = 60.436

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

(100 x)x =100x —x 2 or —x2+100
f(x) =100x—x 2 or f(x)=-x2+100x

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

a=-1and b=100.

x =100 _ 50

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.

95,

97.

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

y =0.434x? —3.26x+11.6
b. Foryear 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 islinear and 5 is halfway
between4and 6, f(5)=9 (halfway between

7 and 11).

mis blargs per prendle and % ,soXxisin
prendlesand y isin blargs.

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

EXERCISES 1.4

1.

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

a. _ 1
f(x)_—X+14
=57

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

a f(X)Zm
2
(-G -

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

90.

92.

96.

98.

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

: Tre ==, 15308357143

i REE b=.3116871423

c c3g Cc=.333

B 7.BE R2=,235205137

Lziir=, 75

y =0.153x% +0.312x +0.335

b. Foryear 2020, x=7.

y =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 meansy increases by 2.).

Theunitsof f(x) iswidgetsand the units of

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

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

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

S —b
out, leaving just —.
g ) a

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

a. f(X) _ 1

(-1-1)°
b. Domain={x|x+#1}
c. Range={y|y>0}

2
a  f(0)= X+2

22
F(2)=Emp=1

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

13.

15.

17.

19.

F0)= x(}(i4)

(@=5517 -1

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

o

a  g(x)=Ix+2
9(-5=|(-5)+2=-4=3

b. Doman=R

c. Range={y|y>0}

x5 +2x4-3x3=0
x3(x2 +2x—3):0
x3(x+3)x-1)=0
Equals 0 Equals0 Equals 0

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

5x3 —20x =0
5x(x2-4)=0
5x(x-2)(x+2)=0
Equals 0 Equals0 Equals 0
ax=0 ax=2ax=-2
Xx=0,x=2,andx =-2

2x° +18x =12x?
2x3-12x% +18x =0
2x(x2 —6x+9) =0
2x(x-3)%=0
Equals 0 Equals0

ax=0 ax=3
x=0and x=3

6x° = 30x*
6x° — 30x* =0
6x*(x-5)=0
Equals 0 Equals 0
ax=0 ax=5
x=0and x=5

3x5/2 _px3/2 = gyl/2
3x5/2 _6x3/2 _gyl/2 _
3x!/2(x2 —2x-3) =0
3xY2(x-3)(x+1) =0
Equals 0 Equals0 Equals 0
atx=0 atx=3 at x=<]
x=0, x=3 and Xx><]

Valid solutionsarex =0 and x = 3.

10.

12.

14.

16.

18.

20.

Chapter 1: Functions

& - x(>1£4)
f(4)=ﬁ§_4):%

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

a  g)=I4+2
o(-5)=|-9+2=5+2=7

b. Domain= R

c. Range={y|y>2}

x® - x5 -6x%=0

4,2
X (X" -x-6)0
4 ( )i
x*(x-3)x+2)=0
Equals 0 Equals0 Equals 0

ax=0 ax=3 ax=-2
Xx=0,x=3,andx=-2

2x° -50x3 =0
2x3(x2-25) =0
2x3(x=5)(x+5) =0
Equals 0 Equals0 Equas 0
ax=0 ax=5ax=-5
X=0,x=5andx=-5

3x3 +12x% =12x3
x*—12x3+12x% =0
3x2(x2—4x+4):0
3x%(x=2)2 =0
Equals 0 Equals0

ax=0 ax=2
x=0and x=2

5x4 = 20%3
5x* —20x3 =0
5x3(x—4)=0
Equals 0 Equals0

ax=0 ax=4
x=0and x=4

ox712 4 8x5/2 = 24x3/2
2x7'2 18x512 _24x%/2 =0
2x32(x2 +4x-12) =0
233/2(x+6)(x-2)=0
Equals 0 Equals0 EqualsO
atx=0 at x=<6 atx=2
x=0, X=< andx=2

Valid solutionsarex =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]
X~-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~ -3.45,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. Y4

b. Y1

C.

on[-3, 3] by [0, 5]
d. (0, 1) because a® =1 for any constant
a=0.

& 1(9(0)=[g()T =(7x-2y
b g(f(x)=7[f(x)]-1
1

=7(x5) -
_7X5—1
; f(g(x)):ﬁ:leﬂ
b g(1(0)=[1 (0] +1=F1

a y :[g(x)]S‘l_(xz—x)S—l
"o0d) [90T+1 (x2-x)’+1
g ) = T 1 ()
:(x3—1)2_x3—1
B+l X341
2 1(s00)=2[o(0] 6
= (l+3)—6

42

46.
48.

50.

52.

56.

58.

Chapter 1: Functions

Rational function
None of these
Polynomial

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

a. f(g(x))z[g(x)]gz(2x+5)8

b g(f(x))=2[ f(x)]+5=2x%+5

a X :[g(x)]4+1_(x3+x) +1
f(g( )) [g(x)]4_1 (X3+X) _1
o (T =[F(XT+
:(x4+1)3+x4+1
x'-1  x'-1
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Exercises 1.4 29

59.  f(x+h)=5(x+h)*=5(x?+2hx+h?) 60.  f(x+h)=3(x+h)"=3(x+2hx+h?)
=5x2+10hx +5h? =3x2+6hx+3h?
61.  f(x+h)=2(x+h)?=5(x+h)+1 62.  f(x+h)=3(x+h)2—5(x+h)+2
=2x*+4xh+2h* -5x—-5h+1 =3x 2 +6hx+3h2 —5x—5h+2
63. f (x) =5x° 64. f(x) =3x2
f(x+h)— f(x) _5(x+h)*-5x> f(x+h)— f(x) _3(x+h)*-3x°
h h h h
_ 5(x* +2xh+h?) —5x? _3(x* +2xh+h?) -3x*
h h
_ 5x% +10xh + 5h? — 5x° _ 3x® + 6xh +3h? —3x?
h h
_ 10xh + 5h? _ 6xh+3h?
h h
_ h(@0x+5h) _ h(6x+3h)
h h
=10x +5h or 5(2x + h) =6x+3h or 3(2x +h)
65. f(x)=2x%-5x+1 66. f(x)=3x>—5x+2
f(x+h)—f(x) _2(x+h)2—5(x+h)+1—(2x> —5x+1) f(x+h)-f(x)
h N h h
_ 2(x%+2xh+h?)—5(x+h) +1—(2x? ~5x+1) _3(x+h)?=5(x+h)+2-(3x*~5x+2)
- - .
 2x% 4 4xh+2h% —5x—5h+1—2x2 +5x—1 :3(x2+2xh+h2)—5(x+h)+2—(3x2—5x+2)
- . A
axh+2h2 —5h :3x2+6xh+3h2—5x—5h+2—3x2 +5x-2
== h
h
_h(4x+2h-5) _6xh+3n°-5h
= o
dx+2h5 _h(6x+3h-5)
h
=6x+3h-5
67. f(x)=7x%—3x+2 68. f(x) =4x% —5x+3
f (x+h)—f(x) _ 7(x+h)2=3(x+h)+2—(7x%-3x+2) f(x+h)—f(x)
h - h h
_7(x%+2xh+h2)—3(x+h)+ 2 (7x% ~3x+2) _ 4(x+h)?—5(x-+h)+3-(4x° ~5x+3)
- - .
7x2 +14xh+7h? —3x—3h+2—7x? +3x—2 :4(x2+2xh+h2)—5(x+h)+3—(4x2—5x+3)
= ‘ A
14xh+7h%—3h :4x2 +8xh+4h%—5x—5h+3-4x%+5x—3
= h
h
_h(14x+7h-3) _8xh+4h?-5h
R .
~14x+7h-3 _h(8x+4h-5)
h
=8x+4h-5
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69. f(x)=x3

fx+h)—f(x) _ (x+h)®—x°
h h
_ x3 +3x%h +3xh? + h® - x®

_ 3x%h +3xh® + h*
h

_h(3x® +3xh +h?)
h

=3x% +3xh+h?

71. f (X) — g
X

\N
< N

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

> |5

2 2
_x+h x X(x+h)
h X(x + h)
_2x=2(x+h)
hx(x + h)
_2x=2x-2h
hx(x + h)
—2h
hx(x +h)
-2
X(x+h)

8. f=L
X

1 1

fx+h) - () _ (x+h)? x2

h h
1 1

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

x2 — (x + h)?

hx?(x + h)?

x> —x% —2xh —h?

hx2(x + h)2

_ —2xh—h?

 hx(x+h)?

_ h(-2x-h)

" hx(x+h)?

—2x—=h or —2x—=h

- xz(x+h)2 xz(x2+2xh+h2)
-2x—h

or ———=0—
x4+ 2x3h + x°h?

Chapter 1: Functions

70. f(x)=x*
f(x+h)—f(x) _ (x+h)*-x*

h h
:x4+4x3h+6x2h2+4xh3+h4—x4
:4x3h+6x2h2+4xh3+h4

h
_h(4x®+6x°h+4xh?+h%)
h
=4x3+6x°h+4xh2+h®
72, f=3
X
3 _3
fx+h)-f(¥) _x+h x
h h
.3 3
_x+h x X(x+h)
h X(x + h)
:3x—3(x+h)
hx(x +h)
_3x=3x-3h
hx(x +h)
__ -3h
hx(x +h)
__ -3
X(x+h)
74, f()=x
f(x+h) = (0 _ Jxrh-vx
h h
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Exercises 1.4

75. a. 2.70481
b. 2.71815
C. 2.71828
d. Yes, 2.71828

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

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

units.
Check:

[

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

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

81. a. For x = 3000, use f(x) = 0.10x.
f(x)=0.10x
f(3000) = 0.10(3000) = $300
b. For x = 5000,
use f(x) = 0.10x.

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

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

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

76.

31

X X
[13)
X

100 | 2.70481
10,000 | 2.71815

1,000,000 | 2.71828
10,000,000 | 2.71828

Yes, 2.71828

78.  Thegraphof y=—(x —4)2 + 8 isthe same
shape asthe graph of y=—x? but it is shifted
right 4 units and up 8 units.

Check:

[\
N

7

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

80.  P(100)=522(1.0053

82. a

)100

~ 886 million people in 1800

For x = 3000, use f(x) = 0.15x.
f(x)=0.15x
f(3000) = 0.15(3000)= $450
For x = 6000,
use f(x) = 0.15x.
f (x)=0.15x
f (6000)=0.15(6000)=$900
For x = 10,000,
use f(x) = 900 + 0.40(x — 6000).
f(x) = 900 + 0.40(x — 6000)
f(10,000) = 900 + 0.40(10,000 — 6000)

— 900 + 0.40(4000)
— $2500
2500 -
2000 -
1500 -
1000 -
500 -

| | | .
T T T > X

3000 6000 9000
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83.

85.

87.

&  For x:%, use f(x)=10.5x.

f (x) =10.5x
2\ _ 2
f(s)_10'5(3)
=7 years
For x=%,use f(x) =10.5x..

f (x) =10.5x
4)_ 4
f(3)-1o0s(3)
=14 years
For x=4,use f(x)=21+4(x-2).
f(x)=21+4(x-2)
f(4)=21+4(4-2)
=21+4(2)
=29 years
For x=10,use f(x)=21+4(x-2).
f(x)=21+4(x-2)
f(10)=21+4(10-2)
=21+4(8)
=53 years
y

12345672829

Substitute K = 24- L into 3L+8K =48.
3L+8(24- L) = 48
3L+%:48
312 +192 = 48L
3L2-48L+192=0
3(L2-16L+64) =0
3(L-8)°=0
So, L=8.
And K=24~8‘1=%=3

Theintersection point is (8, 3).

First find the composition R(v(t)).
R(v(t))=2[v(t)]”
=2(60+3t)**
Then find R(v(10)).
R(v(10))=2(60+3(10))"* =2(90)"*
~ $7.714 million

X
10 “t+—t+—+++++++>

84.

86.

88.

Chapter 1: Functions

a. 2

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

f (x) =15x

-ty

=10 years
For x:%,use f(X) =15+9(x-1).

f(x)=15+9(x-1)
4)_ 4_
f(4)-15+9(2-1)
=18 years
For x=4,use f(x)=15+9(x-1).
f(x)=15+9(x-1)
f(4)=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)
f(10) =15+9(10-1)

=15+9(8)
=56 years
b. ¥

60

50

40

30

20

10

1234561789

Substitute K =180- L into 5L + 4K =120 .
5L +4(180- L) =120
5L+7—EO:120
512 +720 =120L
512 -120L+720=0
5(12 —24L+144) = 0
5(L-12)*=0
So, L=12.
And K =180-121 =%=15

Theintersection point is (12, 15).

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

R(p(t)=3[p(1)]"

=3(55+4t)"”

R(5)=3[55+4(5)] %
=3(75)%2° ~$8.8 million
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Exercises 1.4

89. a  f(x)=4'"=1048576 cells
~1 million cells
b. (15 = 4% =1,073 741,824 cells
No, the mouse will not survive beyond
day 15.
9. a e
5=9.801 874805
=. 53474455395

==L 2998935613

Liif=1

e e b F = TR T

y =9-0.547" (rounded)

b. Foryear 2020, X = 6.
y =9-0.547% ~ 0.24 weeks
or lessthan 2 days

93. One will have “missing points’ at the
excluded x-values.

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

9. T (f(x)=(f(x)+a
=(x+a)+a
=X+2a

99. f (x+10) isshifted to theleft by 10 units.

101 Faser f(x+h)=(x+h)2=x%+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 &=,

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

105. &  f(g(x))=al[g(x)]+b=alcx+d)+b
=acx+ad +b

b. Yes

90.

92.

94.

96.

98.

100.

102.

104.

106.

33

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

f (8) = 226(1.11)® ~ $521 billion
There will be about $521 billion
of e-commerce in the year 2020.

Liida=1
y =19.04-1.096* (rounded)

b. Foryear 2020, x = 5.

y =19.04-1.096° ~ 30.1 million

x¥2 11 isnot apolynomial because the

exponent is not a non-negative integer.
FOf(x)=a(f(x)
=a(ax)
—a’x

f(x)+10 istranslated up by 10 units.

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

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

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

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

a. f(g(X)):[g(X)}Z:(XZ)Z:XA
b. Y es, because the composition of two

polynomials involves raising integral
powersto integral powers.
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Chapter 1: Functions

REVIEW EXERCISESAND CHAPTER TEST FOR CHAPTER 1

1 {x|2<x

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

7. y—(=3)=2(x-1)
y+3=2x-2
y=2x-5

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

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

y=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).
I G
m=—5"= 2
Thus the equation of thelineisy = 2x—1.

15. a. Usethe straight-line depreciation

formula with price = 25,000, useful
lifetime = 8, and scrap value = 1000.

g price — scrap value

Value = price _( useful lifetime )
— 25, 000— ( 25,00%71000 )t
= 25,000 - (@)t

= 25,000 - 3000t
b.  Valueafter 4 years= 25 000 —3000(4)
= 25,000-12,000
= $13,000

2.

10.

12.

14.

16.

{x]-2<x<0}
TN T S N NI |
T T T T T
-3 -2 -1 0

{xIx<6)
S EEmpasmnes

4 5 6 7 g 9

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

y—6=-3x-(-1)]
y—6=-3x-3
y=-3X+3

coop

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

y=3.

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

1
=—=X+4.
y 2

The slope of the perpendicular lineis m = 2.
Next, use the point-slope form with the
point (6, —1):
y=y1=m(x-x)
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 (O,
1) and (2, 0).

m=91l-_1

20" 2
The equation of thelineis y :—%x+1

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

price — scrap value)

Value = price _( useful lifetime

—78,000— (78’00;)§3000)t

= 78,000 (522}t

= 78,000 —-5000t
b.  Valueafter 8 years= 78 000 — 5000(8)
= 78000 — 40, 000
= $38, 000
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Review Exercises and Chapter Test for Chapter 1

17.

18.

20.

22.

24,

26.

28.

29.

30.

3L

a L1 Lz L: | RT:EE)
) [ JIE u=ax+h
z 77 a=5,684
i }%E b=-2.45
________ i =, 9995594215
=, 9993345971
Liir=1
y =5.04x—2.45

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

2 2
-5

13.97

a  y=086x%%
y = 0.86(4000) %4’ =42.4

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

a. y=1.7x0%%2
y =1.7(4000) %% =126.9

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

L1t =1

y = 4.55x*%4® (rounded)

a  f(11)=V11-7=+4=2

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

19.

21.

23.

25.

27.

32.

35

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

1000Y2 = #1000 =10
3 3
100—s/z:(¢)3/2: 1) (1) _ 1
100 100 10 1000

)00 () -

112.32

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

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

b. y=1.7x0%%2
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. Foryear 2020, x = 12.
y = 4.55(12)°% < $22.5 billion

a.
9(-1)= -11+3 :%

b. Domain={t|t#-3}

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

35.
37.

39.

41.

42.

& n(16)-16"" - (L] e =(

R

b. Domain={w]|w>0} becausethefourth
root is defined only for nonnegative
numbers and division by 0 is not
defined.

c. Range={y|y>0}

5oy
&l
N
w

B

1\ 2
a. 3x% +9x=0
X (x+3)=0
EqualsO EqualsO

ax=0 ax=-3
x=0andx=-3

a 2x%2-8x-10=0
2(x2-4x-5)=0
(x=5)(x+1)=0
Equals0 EqualsC
ax=5 ax=-1
x=5and x=-1

34. a
b.
C.
36. No
38.

Chapter 1: Functions

413 4
g4 _(1) "3l
w(8)=8 (8) ( 8)
-4
2 16
Domain={z|z+ 0} because division by 0
is not defined.

Range={y|y> 0}

40.

Use the quadratic formulawitha = 3,
b=9,andc=0

9+,9 2(—)4(3)(0) os A
2(3 6

-9+9

x=0andx=-3
Use the quadratic formulawith a = 2,
b=-8,andc=-10
~(-8)£4/(-8)> ~ 4(2)(-10)
2(2)
_8+£64+80
4
_8+12

4
=5-1

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

43.

47.

49.

51.

a. 3x2+3x+5=11 44,

3x2+3x-6=0
3(x2+x-2)=0
(x+2)(x-1)=0

Equals0 EqualsQ
ax=-2 ax=1

x=-2and x=1
b.
343 -4(3)(-6) __35.9+72
2(3) 6
_ 3+.81
h 6
_ -39
6
=-21
Xx=—2andx=1
a. Use the vertex formulawith a = 1 and 46.
b =-10.
=h ﬂ 10 5

X=2a~"2@) T 27

To findy, evaluate f(5).

f (5)=(5)> -10(5)-25=-50
The vertex is (5, -50).

b.
on [-5, 15] by [-50, 50]
Let X = number of miles per day. 48.

C(x) =0.12x + 45

Let x = the dtitude in feet. 50.
—70__X_
T(x)=70 300

a. Tofindthe break even points, solve the 52.

equation C(x) = R(x) for x.
C(x)= R(x)
80X +1950 = —2x2 + 240X
2x% ~160x +1950= 0
x> — 80X +975= 0
(x-65)x-15)=0
EqualsO0 EquasC
ax=65 ax=15
Xx=65and x=15
The store breaks even at 15 receivers and
at 65 receivers.

37

x=landx=-1

a. Use the vertex formulawith a = 1 and

b=14.
_=h_=14_ _
X= 2a_2(1)_ 7

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

b. \ /
\_/

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

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

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

25=0.45t+20.3
t ~10.4 years after 2010; in the year 2020

a. Tofindthe 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
Equals0 Equals(
at x =450 at x =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.

60.

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

P(x) = (-2x? +240x) — (80x +1950)
=-2x2+160x —1950

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

—b _ -160 _ -160

2a 2(-2) 4
Thus, profit is maximized when 40
receivers are installed per week. The
maximum profit is found by evaluating

P(40).
P(40)= —2(40)2 +160(40) —1950
=$1250
Therefore, the maximum profit is $1250.
a sckea
w=axE+hto
a=1.675
=, 435
c=21,625
RE=, 2993386469
Liifi=1
y =1.675x% +0.435x + 21.625 (rounded)
a 3.4

RRECTEER

b. Domain={x|x#0,x#2}

c. Range={y|y>0ory<-3}
a  g(-4)=|-4+2-2=2-2=0
b. Domain=%R

c. Range={y|y>0}

5x 4 +10x 3 =15x 2
5x 4 +10x3-15x2 =0
5x2(x2+2x-3)=0
x2(x+3)(x—l):0
EqualsO0 EqualsO0 Equals0

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

2x%2 —8x¥? =10x¥?
2x¥% —8x¥?2 ~10x¥2 =0
2x42(x? —4x-5)=0
xY2(x=5)(x+1) =0
Equals 0 Equals 0 Equals 0
atx=0 atx=5 at x=<1
x=0, x=5 and x=<1

Only x =0 and x=5 are solutions.

52.

55.

57.

59.

61.

Chapter 1: Functions

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

P(x) = (-3x" +2020x ) - (220x + 202,500)
= —3x® +1800x — 202,500

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

—b _ —1800 _ —1800
X=--= = =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)2 +1800(300)-202,500
=$67,500
Therefore, the maximum profit is $67,500.

b. Foryear 2020, x = 12.

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

a. ) 16 _16_1
f(-8) (-8)(-8+4) 32 2
b. Domain={x|x#0, x#-4}

c. Range={y|y>0ory<-4}
a  9(-5)=(-5)-|-5=-5-5=-10
b. Doman=%9R

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

4x° +8x* =32x3
4x5+8x4-32x3=0
4x3(x2+2x-8)=0
x3(x+4)(x—2):0
EqualsO0 EqualsO0 EqualsO

ax=0 ax=-4 ax=2
x=0, Xx=-4, andx =2

3xY2 +3x%2 =18xY?
3x¥2 +3x¥2 -18x¥2 =0
3xY2(x2 +x—6) =0
X2 (x+3)(x-2) =0
Equals0 Equals0 EqualsO
atx=0 at x><3 atx=2
x=0, X=><3 andx=2

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

62. 1 63.

64. 65.

66. 67. a  f(g(x))=49(x)=+5x—4
b g(f(x))=5[ f(x)]-4=5Vx -4
68. 69. a  f(g(x)=|g(x)|=|x+2|
b g(f(x)=[f(x)]+2=|x|+2
70. f(x)=2x2-3x+1 71 f(x):§
f(x+h)— f(x) X e s
o , Fx+h) - () _x+h x
:2(x+h) =3(x+h)+1-(2x“—-3x+1) h h
h _5 _5
 2(x%+2xh+h?)-3(x+h) +1—(2x% —3x+1) _x+h x X(x+h)
- h h X(x +h)
_ 2x% +4xh+2h? ~3x—3h+1-2x% +3x~1 :%(X“Lh)h)
h X(X +
_4xh+2h2-3h =w
h
_h(4x+2h-3) - hx(—i 5
h
=4x+2h-3 = X(X—f o
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72. Theadvertising budget A asafunction of tis 73.
the composition of A(p) and p(t).
A(p(1)=2[ p(t)]™*° =2(18+2t)*"
A(4)=2[18+2(4)]""° =2(26)*"
~ $3.26 million
74. a. X2 +2x%2-3x=0 75.

x(x2+2x-3)=0
x(x+3)(x-1)=0

Equas0 EqualsO0 Equals0
ax=0 ax=-3 ax=1
x=0, x=-3 and x=1

b. / j
|

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

Chapter 1: Functions

x*=2x3=3x* =0

X2 (x2—2x—3)=0

X2 (x=3)(x+1) =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]

Liti=]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

EXERCISES 2.1
1. X |5x=7 X | 5x-7
19 2.500 21 3.500
1.99 2.950 2.01 3.050
1.999 2.995 2.001 3.005
a. lim (5x-7)=3
X—2~
b. lim (5x-7)=3
x—2%
c. lim(x-7)=3
X—2
3 x x®-1 X x®-1
x—1 x—1
0.900 2.710 11 3.310
0.990 2.970 1.01 3.030
0.999 2.997 1.001 3.003
a lim X =1_3
x—1~ X-=1
x2-1
b. lim =3
x—>1t X—
¢ limX=1_3
x—>1 X—=1
5. X 1+ 2x)H x | (@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@+2x)Y* ~ 7.4
x—0
1 1 1_1
7. X X 2 X X 2
X—2 X—2
19 —0.263 2.1 -0.238
1.99 -0.251 2.01 -0.249
1.999 —0.250 2.001 -0.250
1_1
2
=-0.25
x—2 X—2
9. [

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

lim X

x—11—X

=1

10.

Chapter 2: Derivativesand Their Uses

41
X |2x+1 x |2x+1
3.9 8.800 4,100 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
x—4*
c. lim(2x+1)=9
X—4
X x4 -1 X x4-1
x—1 x—-1
0.9 3.439 11 4.641
0.99 3.940 1.01 4,060
0.999 |3.994 1.001 4.006
4
a. lim x -1 4
x—1" X—1
Coox4o1
b. lim&~—==4
x—>l+ x-1
c. lim*=2 -1 =4
x—1 X—1
X | a- X)JJx X | a- X)llx
-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 @—x)Y* ~0.368
x—0
X Jx-1 x| x-1
x—1 x—1
0.9 0.513 11 0.488
0.99 0.501 1.01 0.499
0.999 0.500 1.001 |[0.500
lim——= Vx-1 =05
x—>1 X-1

on|[0, 3] by [0, 10]
2x2-45
lim =2—2==6
x—>15 X—15
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11.

13.

15.

17.

19.

21.

23.

25.

27.

29.

31.

on [3; 5]5 l:;y [1&;?;]
lim Xl__4x

=2
x4 x5 _2x

lim 4x% —10x+2 = 4(3)> -10(3) +2 =8

X—3

3(5)2 —5(5)
7(5)-10

3x2—5x_

= :2
x—5 X—10

Iimsx/z =2 because the limit of a constant is
X—>

just the constant.

tIirgs[(t +5)t ’1’2] =(25+5)(25) Y2 =6

r!im 53 + 2x°h — xh?) = 5+ 2x% - 0— x(0)? = 5x
—0

X2 _
lim£=2 = |im (x+2)(x-2)
x—2 X— 2 X2  X=2
=lim(x+2)=2+2=4
X—2

X+3 T X+3

x—>-3 (X+3)(x+5)

im L o1 _1
-3+5 2

lim
x>-3x2 +8x+15

i
x—>-3X+5

L 3x3-3x2—6x _ 3x(x* —x-2)
lim = lim
Xx—>-1 X2+X x——1 X(X+1)
_lim 3X(x—2)(x+1)
x>-1  X(X+1)

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

2
lim 2XB=30" _ jim (2x - 3h) = 2x - 3(0) = 2x
h—0 h—0

2 2 13
lim AXEXV=NE _ jim (452 4 xh - 1)
h—0 h—0

= 4x% + x(0) - (0)? = 4x?

12.

14.

16.

18.

20.

22.

24,

26.

28.

30.

32.

Chapter 2: Derivatives and Their Uses

on [6.5, ‘1.5]‘ by ‘[O, é]

limX=1 _»
x»lx—\/;

2 _
lim X=X _ @D*7_ _6

e 2x—7=2(7-7

lim¥t2+1-4 =32 +3-4=2
t—3

4398 2[ 8- 2\/'

312 _g1/2

lim (s )=[432—34)¥2]=2

s—4

lim @x2 + 4xh+ h?) = 2x2 + 4x- 0+ (0)2 = 2x2
h—0

lim—X=1  — |im—X=1
xolx24x=2 xol(X+1)(x-1)
—liml -1 _1
x>1X+2 1+2 3
lim X2+9X+20: lim (X+5)(X+4)
x——4 X+ X——4 X+4
= lim x+5=-4+5=1
X——4
2
lim X=X _ i XD _ iy x=1_ 4
x—0 X2 + X o0 X(X+1) x—>0X+l

4 2
lim D= _ i (5¢% — oxh)
h—0 h—0
=5x% - 9x(0) =5x*
2 2 3
lim XN=X0" 0T (02 by h?)
h—0 h h—0

= X2 = x(0)+(0)? =
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Exercises 2.1

33.

35.

37.

39.

41.

43.

45,

o

lim f(x)=1

X2~

b. lim f(x)=3
*x—>2*

c. lim f(x) doesnot exist.
X—2

lim f(x)=-1
X2~

b. lim f(x)=-1
x—2*
c. limf(x)=-1

X—2

@ i 19= im G-

=3-(4=-1
b. lim f(x)= lim (10 -2x)
X— 4+ X— 4+
=10-2(4) =2

c. lim f(x) doesnot exist.
X—>4

lim f(x)= lim (2-
2 Jim 109= lig @)

=2-4=-2
b. lim f(xX)= lim (x-6)
X 4* X 4*
=4-6=-2
c. limf(x)=-2

X—4

a lim f(x)= lim (-x)
x>0~ X—>0~

b. lim f(x)= lim (x)
x—>07" x->0*

=0
c. limf(x)=0

x—0
Ixl
a. X
X
-01 -1
-0.01 -1
-0.001 -1
lim f(x)=-1
x—0
b. X x|
X
0.1 1
0.01 1
0.001 1
lim f(x)=1
x—0
c. lim f(x) doesnot exist.
x—0
lim f(x)=0; lim f(x)=o and
X—>—0 x—3~
lim f(x)=—o,
x—3"

so lim f(x) does notexistand lim f(x)=0.
x—3

X—>00
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36.

38.

42.

46.

a. lim f(x)=1
X—2~
b. lim f(x)=2
*X—2*
c. lim f(x) doesnot exist.
X—2
lim f(x)=3
X—2~
b. lim f(x)=3
x—>2*
c. limf(x)=3
X—2
lim f(x)= lim (5-
& lim 100 = fim -
=5-4=1
b. lim f(x)= lim (2x-5
X 4" x—> 4"
=2(4)-5=3
c. lim f(x) doesnot exist.
X—>4
lim f(x)= lim (2—-
a Jim 9= Jim@-x)
=2-4=-2
b. lim f(x)= lim (2x-10)
x> 4" X 4"
=2(4)-10=-2
c. limf(x)=-2
X—>4
a.  lim f(x)= lim[-(-X)]
x->0~ x—>0~
b. lim f(xX)= lim—(x)
x—>07" *x—>07
c. limf(x)=0
x—0
a X Ix|
' X
-01 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) doesnot exist.
x—0
lim f(x)=0; lim f(x)=w and
X—>—00 X—-3"
lim f(x)=oo,
x—>-3*

so lim f(x)=owand lim f(x)=0.
X—>00

X—>-3

43
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47.

49,

51.

53.

55.

57.

59.

61.

63.

65.

67.

lim f(x)=0; Ilim f(x)=w and 48.
X—>—00 x—0"
lim f(x)=oo,
x—0*
so lim f(x)=o and lim f(x)=0.
x—0 X—>0
lim f(x)=2; lim f(x)=-o and 50.
X—>—00 x—1"
lim f(x)=oo,
x—1*
so lim f(x) does notexistand lim f(x)=2.
x—1 X—>0
lim f(x)=1 lim f(x)=w and 52.
X—>—00 X——2"
lim f(x)=o0,
x—>-2"
so lim f(x)=c and lim f(x)=1.
X——2 X—>0
Continuous 54.
Discontinuous at ¢ because lim f(x) = f(c). 56.
X—C
Discontinuous at ¢ because f(c) is not defined. 58.
Discontinuous at ¢ because lim f(x) does not exist. 60.
X—C
a 62.

b. lim f(x)=3; lim f(x)=3
X—3~ x— 3"
c. Continuous

b. lim f(x)=3; lim f(x)=4
x—>3*

X—3~
c. Discontinuous because lim f(x) doesnot exist.
X—3
Continuous 66.
Discontinuous at x = 1 68.

Chapter 2: Derivatives and Their Uses

lim f(x)=0; lim f(x)=-o and

X—>—0 x—0

lim f(x)=oo,

x—0*

so lim f(x) does not exist and lim f(x)=0.
x—0 X—>0

Iir? f(x)=1 lim f(x)=w and

X—>—0 X—>-3"
lim f(x)=-om,
x—>-3"
so lim f(x) does not existand lim f(x)=1.
X—-3 X—>00

lim f(x)=2; lim f(x)=o and

X—>—0 x—1"

lim f(x)=oo,

x—1*

so lim f(x)=ow and lim f(x)=2.
x—1 X—>00

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

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

X—C

Continuous

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

a.

=

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

x—3~ x—3*

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

exist.

b. lim f(x)=2; lim f(x)=2
X—3~ x—3*
c. Continuous

Continuous

Discontinuous at x =7 and x = 2
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Exercises 2.1

69.

71.

73.

75.

77.

79.

81.

83.

85.

f(x) =—=+2— isdiscontinuous at values of x
5x3-5x

for which the denominator is zero. Thus, consider
5x3 —Bx =0
5x(x? -1) =0
5x equals zero at x = 0 and X2 -1 equals zero at x
=+1.

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

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

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

From Exercise 39, we know
lim f(x) =—2= f(4). Therefore, 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 Iirr%f(x) does
X

not exist because the left and right limits do not
agree. f(x) isdiscontinuousat x=6.

Since the function KX—_%(X_)l(—Jrzl is not defined

at x=1andthefunctionx + 2 equals3at x=1,
the functions are not equal.

X (1+L)1/X X (1+1)1/X
10 10
0.1 1.11 0.1 1.10
—0.01 1.11 0.01 1.11
-0001 [1.11 0.001 1.11
00001 |1.11 0.0001 |1.11
l (1 i)ﬂx ~$1.11
fim (1+35) =t
lim—100 __ 100 _ _100
x-01+.001x?  1+.001(0)> 1
=100

Asx approaches c, the function is approaching

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

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

70.

72.

74.

76.

78.

80.

82.

84.

86.

45

f(x) = is discontinuous at values

x* -3x3-4x2
of x for which the denominator is zero. Thus,
consider

x*—3xd-4ax?=0
xz(x2—3x—4):0
x2(x—4)(x+1) =0
X2 equals zero at x = 0, X — 4 equals zero at
x=4,and x + 1 equals zero at x = —1.

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

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

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

From Exercise 40, we know
lim f(x) =—2= f(4). Therefore, the function is
X—>4

continuous.

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

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

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

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

2 2
im i) =) =
Ve c c
1/ 1/
SN [
20 20
01 1.05 0.1 1.05
—0.01 1.05 001 |1.05
0001 |1.05 0.001 |1.05
~0.0001 |1.05 0.0001 | 1.05
I (1 X)UX $1.05
m + An =~ A
x—0 20

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

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

discontinuous function.
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85.

87.

89.

91.

93.

95.  lim f(x) does notexist; lim f(x) does not exist;
x—07" x—0"

EXERCISES 2.2

1. Thedopeispositive a P;.

As x approaches ¢, the function is approaching

lim f (x) evenif thevalue of thefunctionat cis
X—C

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

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

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

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

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

The dlopeis negative at Ps.
The dopeiszero at Ps.

The dopeis positive at P;.
The slope is negative at Po.
The dopeiszero at Ps.

The tangent line at P; contains the points (0, 2)
and (1, 5). Thedopeof thislineis
m= %g =3.
The slope of the curve at Py is 3.
The tangent line at P, contains the points (3, 5)
and (5, 4). Thedopeof thislineis
45_ 1

m=573="2
The slope of the curve at Py is — 5.

Y our graph should look roughly like the
following:

86.

88.

90.

92.

94,

Chapter 2: Derivatives and Their Uses

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

discontinuous function.

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

True If lim f(x)=7,then lim f(x)=7 and
X—>2 x—27F

lim f(x)=7.

X—2"~

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

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

lim f (x) does not exist
x—0

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

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

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

m=3=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). Thedope of thislineis

m= -g:JS =2

The dlope of the curve at Py is 2.

Y our graph should look roughly like the
following:

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



Exercises 2.2

11.

13.

15.

a fE-f@)_12-2_¢

2 2
b. f@-fM _s-2_,

1 1
c. fQ@5-f@)_375-2_

g =B-2=35
d fQ)-f@) 231-2

1 =T
e f@Qoy)-f(@) _ 20301-2_

.01 == %u

f.  Answers seem to be approaching 3.

a. f(4)—f(2):34—8:13

2 2
b. f(3-f(2 _190-8_
. =<1l
c. f(25-f(2) 13-8_
5 =75 -0
d. f(2.1)—f(2):8.92—8:92
1 1 '
e f(20)-f(1) _8.0902-8_
01 ool =9.02

f.  Answers seen to be approaching 9.

a fE-103) _26-16_

2 2

b. f(4)-f()_21-16 ¢
1 1

C. f(B5-1()_185-16_¢
5 5

d  f@1H-1(3) _165-16 _5
1 1

e f(B0D-f(3) _16.05-16 _;
.01 .01

f.  Answers seem to be approaching 5.

a  f(6)—f(4) _24495-2 _ 5947
> :

2

b. f(5)-1(4) _2236-2 _ 9361
1 1 '

C. f(45-1(4) _2121-2_ 4406
5 5 '

d f@41)-1@4) :2.025—2:02485
1 1 '

e f(40)-f(4)_20025-2 _
L = &= =0.2498

f.  Answers seem to approach 0.25.

10.

12.

14.

16.

f.

47

f)-f(1)_23-7 ¢
2 2
f2)-f@) _13-7 ¢
1 1
fAS-f() _95-7 _¢
5 5
fAYN-F@) _742-7_
1 =L o2
f(1.0)-f(1) _7.0402-7 _
01 =or 42
Answers seem to be approaching 4.

f(4)-f(2) _23-7_4
2 2
f3)-f(2_14-7 4,
1 1
f(25)-1(2) _10.25-7 _
5 = 70
f2Y)-1(2) _7.61-7_
1 = o
f(200)-f(1) _7.0601-7 _
01 =01 oM
Answers seem to be approaching 6.

f)-f3) _33-19_-
2 2
f(4)-7(3) _26-19_,
1 1
f(35-f() _225-19 _,
5 5
fEH-f(3) _197-19 4,
1 1
f(30D)~-f(3) _19.07-19 _,
.01 .01
Answers seem to be approaching 7.

f(6)— f(4) _.6667-1_ ~0.1667
2 2
fe)-f(4) _8-1_
T =51 = 0.2000
f(45)-1(4) _.889-1_ 4,90,
5 5
f(4.D-1(4) _.976-1_ (9439
1 1
f(401)-f(4) _.0975-1_
L =901~ ~0.2494
Answers seem to approach —0.25.
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17.

19.

21.

i FOE) = F()

h—0 h

_ lim (x+h)2 +(x+h) = (x% +X)
h—0 h

~ im X2t2xh+h®+x+h-x*—x
h—0 h

= lim 2xh+h“+h

h—0 h

= lim 2x+h+1=2x+1

h—0

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

lim f(x+h)—f(x)

h—0 h

— lim 5(x+h)+&—(5x+1)
h—0

= lim 5x+5h+1-5x-1
h—0 h

= lim 20
h—0

= lim 5=5
h—0

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

lim f (x+h)—f(x)
h—0

- lim 2(x+h) 2+(x+h)—2-(2x 2 +x-2)
h—0 h
= lim 2x2+4xh+2h 24 x+h—2-2x2—x+2
h—0 h
— lim 4xh+2h®+h
h—0
=lim4x+2h+1=4x+1
h—0

The slope of the tangent line isat x =2 is
4(2) +1=9, which matches the answer from
Exercise 11.

18.

20.

22,

Chapter 2: Derivatives and Their Uses

lim f(x+h)—f(x)

h—0 h

— lim (x+h)2+2(x+h)—1—(x2+2x—1)
h—0 h

— lim x2+2xh+h?+2x+2h—1—x?—2x+1
h—0 h

_ lim 2xh+h®+2h

h—0 h

= lim 2x+h+2=2x+2

h—0

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

f(x+h)— f(x)

lim
h—0 h

4 4
_ lim (x+h) x
hso N
_ lim L{_4 _4
_hlinoh(x+h x)

. 1(4x—4(x+h))
= lim | —————~*

h—oh\l (x+h)x
= lim 4X—24X—4h

h—0 h(x“+xh)

; -4 4

= lim —/——=-—"

h—0 x2 +xh x2
Evaluating at x=4 gives —%:—.25,

4

which matches the answer from Exercise 16.

= lim
h—0

lim
h—0

f (x+h)—f () 2(x+h) 2+5-(2x%+5)
h h

= lim 2x2+4xh+2h%45-2x%-5
h—0

= lim 4xh+2h?
h—0

= lim 4x+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 jim SOHEM =00 o Vxeh =4 24,
h—0 h h—0 h
= lim [m—&j[me&j
h—0 h Jx+h+/x
_ im _(xth)=x
h— 0h(/x+h ++/x)

= lim l -1 .1
h_>o\/x+h+\/§ Ix+0+4x 2%
The slope of the tangent line at x =4 is

1 _ 0.25, which matches the answer
2\a

from Exercise 15.

lim f(x+h)—f(x)

h—0 h

_ lim 7(x+h)—r2]—(7x—2)
h—0

= lim IX+7h—-2—-7x+2
h—0 h

= lim 1

h—0

= lim 7=7

h—0

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

2 2
25 f(x)= lim FO+N) =) _ iy XN 7 =3(x+h) +5-(x" ~3x+5)
h—>0 h h—50 h
_lim X2 +2xh+h®-3x-3h+5-x*+3x -5
h—0 h
= lim(2x+h-3)
h—0
=2x-3
2 2
26. f(x) = lim f(x+h)-f(x) — lim 2(x+h)“=5(x+h)+1—(2x“ —-5x+1)
h—0 h h—0 h
_lim 2x2+4xh+2h? —5x—5h+1-2x*+5x -1
h—0 h
= lim(4x+2h-5)
h—0
=4x-5
27. f-(x):r!imow 28. f'(x):tl]ir% f(x+hr:— f(x)
- -
I 1—(x+h)2—( ~x2) %(X+h)2+1—(%x2+1)
~h h = lim .
1-x2-2xh-h?-1+x2 h—>01 2 112 1,2
= lim ==X —<X . +X i 2% +xh+1h%+1-2x%-1
h—0 =lim
= lim (=2x—=h) h—0 h
h-—>0 =limx+ih=x
=-2X h—0 2
20. f'(x):rl]ir%w 0. (0= lim f(X+hg—f(x)
- —
= lim 9(x+h)-2-(9x-2) - lim =3(x+h)+5—(-3x+5)
h—0 h h—0 h
— lim9x+9h-2-9x+2 _g4 — lim =3%X=3h+5+3x-5_ _4
h—0 h h—0 h
31. f'(x)= |imw 32. f'(x) = lim f(x+h)—f(x)
h—0 h h—0 h
x+h_x h _ Jim 0:02(x + h) +0.05—(0.01x +0.05)
=lim—2—2_-|im2 " hoo h
h—0 h h—0 h — lim 0.01x+0.01h +0.05-0.01x —0.05
= ||mlzl h—0 h
hsoZh 2 = 1im 201 _ g 01
h—»0 h
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50 Chapter 2: Derivatives and Their Uses
33 f(x)= limT M=) _jin4-4 4. fx)= lim TN =) iy =7
h—0 h—0 h h—»0 h
35. f '(X)z lim f(X+h)— f(X) — lim a(X+h)2 +b(x+h)+c—(ax2+bx+c)
h—0 h h—0 h
_ lim @+ 2axh+ah® +bx+bh+c—ax*—bx—c
h—0 h
=Airr?)(2ax+ah+b)=2ax+b
-
36. Use(x+a)2:x2+2ax+a2
f(x) = lim fOceh) = F(x) _ i (x+h)? +2a(x+h) +a® - (x* +2ax+a?)
h h—>0 h
_lim xz+2xh+h2+2ax+2ah+a12—x2—2ax—a2
h—0 h
= lim(2x+h+2a)
h—0
=2X+2a
37, fi(x)=lim XN =100 38 (0= lim M09
h—0 h h
5 5 4 4
=Iim(x+h) —X =Iim(x+h) —X
h—0 h h—0 h
im X°+5x*h +10x°h? + 5xh* +h° — x° _im X+ 4%+ 6x%h* + 4xh® +h* - x*
h—0 h h—0 h
=1lim5x* +10x*h +5xh® + h* =5x* —1im4x3 +6x2h + 4xh2 + h3 = 4x3
h—0 h—0
30. f'(x)= Ilmw 40. f'(x)= ||mw
0 0
2 __2 1 - __12
— X
= jim — jm X
2x 2(x+h) h—0 , ,
LX) m X (x+h)
:f‘lll—rlg) = lim X2(X+h)2 XZ(X+h)2
- |,m2x_2x_23,_‘l. h—0
h»o X(x+h) h 2xh2h
- lim 2h _’]_ - lim —X gx+h2
ho X(X+h) h h—0
_ 2 2 1
m- = i thih
-4 —lim_ 22X 2
X h—>0 X2(x + h)?2 x4 x3
4L fr(x)= lim Fx+h) = £(X) _ i x+h—x
h h—0 h
=Iim‘/x+ —\/_.\/x+h+\/;
h—0 h Jx+h +4/x
= lim X+h—x
h—>0h(\/x+h +\/§)
—lim—hn
10 (/X +h ++/x)

—lim—2>l -1
h-0/x+h+4x 24X
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Exercises 2.2

42.

43,

45,

46.

1 1 Ix—x+h Ix=x+h x+x+h

£ = lim LM = O oy I+ f _imXaxh e xxah Jx+xeh
h—0 h h—0 h—0 h h—0 h
X—(x+h)
i WX h) (WX efxeh) _h 1
h—0 h h_}()\/,\/ﬁ(\/, ) h
=i 1 _ B
hm&\/mh(&wxm) [f(&+f) (2()
1
2x/x
F/(x) = I|m f(x+hg f(x) Al_)r%(x+h)3+(x+r?)2_(x3+xz)

(x3 +3x%h + 3xh? + h3) + (x? + 2xh+ h?) - x3 — x?

= lim
h—0
im 3Che3xh? +h® 1 2xh+h? _ i 3,2 2
= lim h =lim 3x“ +3xh+ h® +2x+h
h—0 h—0
=3x2 + 2x
1 1 2x—(2x+2h) —2h
, f(x+h)-f(x) . 20ah 2x . m—z—lx . 2x(2x+2h) . 2x(2x+2h)
f'(x)= I|m h = lim h = ImT: |ImT= lim ————-
h—0 h—0 h—0 h—0

||m_h_ 1_ime—1—_-_1
T oo X(2x+2h) 'h T g X(2x+2h) T T 9y 2

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

(2, 3), we have
=1(x-2)

y—-3=x-2
y=x+1

b. /

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

a. Thesdopeof thetangent lineat x=2is f'(2) =4(2)-5 = 3. Tofind the point of the curve at
x=2,wecaculate y= f(2)= 2(2)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 7
/

on viewing window
[-10, 10] by [-10, 10]
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52

47.

49,

50.

51.

52.

53.

55.

o

i

oo

Chapter 2: Derivatives and Their Uses

f!(X):lim f(x+h) - f(x 3(X+h) 4- (3X 4) = lim 3x+3h—-4-— x+4 = lim3=3

h—0 h h—)O h h—0 h h—0
Thegraph of f(x)=3x-4 isastraight linewith slope 3.

F1(x)= I|m fx+hh—f X) _ lim 2(x+h)— ?1 (2x — 9)_ lim
h—0 h—0

Thegraph of f(x) =2x—9 isasdtraight line with slope 2.

2x+2h h9 2x+9_IImZ 2

h—0

F1(x)= lim - X”‘h‘f = |im 328 = lim0=0
h—0 h—0 h—0
Thegraph of f(x)=>5 isastraight line with slope 0.

Fi(x)= lim~ X”‘h‘f * = im 1212 < jim 0=0
h—0 h—0 h—0
Thegraph of f(x) =12 isastraight line with slope 0.

f(X) “m f(X+h) f(X) = lim m(x+h)+b—(mx+b): lim MX+mh+b-—mx-b_ = |im o mh
h h—0 h h—0 h h—0 h
= I|m m=m
h—0

Thegraph of f(x) =mx+ b isastraight line with slope m.

f/(x)= lim X”‘h‘f 2 = jimP=h - jimo=o0
h—0 h—0 h—0

Thegraph of f(x)=Db isastraight line with slope 0.

f100= im Fxeh) = £(x) _ }jppy X+ =8(x+h)+110— (x” - 8x+110)
h h—0 h

X%+ 2hx+h%—8x-8h+110—x% +8x—110
h

= lim
h—0

= lim2x+h-8=2x-8
h—0

f'(2) =2(2)-8 =—-4. Thetemperature is decreasing at arate of 4 degrees per minute after 2 minutes.
f'(5) = 2(5) - 8= 2. Thetemperature isincreasing at arate of 2 degrees per minute after 5 minutes.
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56.

57.

58.

59.

60.

a.

oo

i

o

o o

2 2
f(x)= lim f(x+h)—f(x) _ lim 3(x+h)" —12(x + h) + 200 — (3x~ —12x + 200)
h—0 h h—0 h
_ i 2 B 3 12% 120+ 200 3x® +12% - 200
_haO h
= lim6x+3h-12=6x-12
h—0

f'(1)=6(1) —12 = —6. The population is decreasing by 6 people per week.
f'(5) = §5)—12=18. The population isincreasing by 18 people per week.

f(x+h)—f(x)

2 2
f(x)= lim _ lim2x+h)” - (x+h)— (2X° —x)
h—0 h h—0 h
2 2 2
— im 2XEtAhx+ 2 —X—h—2XT+ X _ i dx+ 2h—1=4x—1
h—0 h hes 0

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

—(x+h)? +10(x + h) — (= x> + 10x)
h

S(x)= lim XXM -3 _ iy
h—0 h h—0
_ lim — %% — 2hx—h%+10x+10h+ X2 — 10X
h_—>0 h
= |lim-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 isincreasing at
arate 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 arate of 2 cars per day.

2 2
Foeh) =00 2(x+h) —3.7(x+h)+12—(%x —3.7x+12)
h -

f'(x) = lim

h—0 h—0
%x2+xh+%h2—3.7x—3.7h+12—(%x2—3.7x+12)

= lim

h—0 h
1y2 i xh+1ih?-3.7x-3.7h+12-1x?+3.7x-12

= lim 2 2 2

h—0

H 1 vy

_gl_rﬂ)(x+§h 3.7)_x 37

f'(1) =1-3.7=-2.7 . In 1940, the percentage of immigrants was decreasing by 2.7 percentage points per

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

per year).

P =00 _ i 6(x+h)2 —16(x+h) +109—(6x2 ~16x+109)

9= i ;

_ lim 8% +12xh +6h? ~16x ~16h+109 - (6x 2 ~16x-+109)
h—0 h

_ lim 8X%+12xh +6h? —16x—16h+109 - 6x * +16x 109
h—0 h

_ lim (2x=6h-16)h
h—0 h

=12x-16

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

63.

65.

67.

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

from theformula f(x) = lim fx+h)-f(x)
X—>0 h

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

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

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

EXERCISES 2.3
1 =g =axtt=ad
3. F(0=Z () =500x°0" = 500x*
iy /2y 1. 4/2-1_1 -12
5. P(0=g(H=3x""1=Ix
7. g‘(x)zg—x(%x“):%Ax“‘l:ng
o g,(W):advv(G /3)=6-J§w1/3”1:2w_2’3
1. =gk =3-2x > =-6x
13 F(0=F@x*-3x+2)
=4.2x*1 3.1t 4o
=8x-3
15. )= (L1 \_d (12
£1(%) dx(x1/2) 4 (x112)
1,-32 _ 1
_§X __2X3/2

62.

66.

68.

10.

12.

14.

16.

Chapter 2: Derivatives and Their Uses

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

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

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

changein x.

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

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

(==L (x*) =5 =5x"
£(x) = 4L (%) =1000x"°%* = 1000x%%
() =g (3 =33 = Lk ?3
g'(x) =i(lx9) —Lgyo1_3y8

dx\3 3
g'(w) =4L aaw??) =12 Fw’ > = w2
h(x) =4k (4x7%) = 4(-3)x 3 = —12x°7*

F(x) =k (3¢ -5x+4)
=3.2x* 5.1 tvo0

=6x-5
vy d (1 \_d (23
f (X)_d_X(W)_d_X(X )
2.,-5/3 _ 2
_§X __3)(5/3
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17.

19.

21.

23.

25.

26.

27.

28.

29.

30.

31.

32.

33.

(9 =§'—X(%) -8 (6x )

_ 6(—1) w3 __2
3 NE

£ =& (zr?) = z(2r) = 221
0= (3¢

2
=1(3x*)+1(2x)+1

=1x*+x+1

+1x% +x+1)

0/(x) = (¥ ? - x Yy = V2L (Cayx

_ 1,12
_2)(

+x2

h (x)_di
=4x -1/3 4X—4/3

h'(x) = (8X3’2 8x*l’4):8.%x3’2*1_8(__

=12x1’2 +2x7/

f'(x)= (loxfll2 %XSIP’ +17) — 10(_%) x12-1_9

— _5X—3/2 _ 3X2/3

(6x2/% ~12x1%) = 6-gx2’3’1—12(——x

1

20.

22,

©

f (X)_d_x(%) d (4¢112)
( ) w322
312
f(r)==- (i ) i7r(3r2):47rr2
dr\3 3
0 =L (Fx + 2 +3x% 4 x+1)
=L@ )+%(3x )+1(2x)+1
=1X X2+X+1

9/(x)= (3 x ) =431

_1 ~213 | 2
3x

_) NCIESI

frx)=2L ( x2/3 16X5/2_14):Q(_g)X—2/3—1_16(§)X5/271_0
2\ 3 2

_ _3X—5/3 —40x32

f(x) = -‘i( ” ) 4L (x+x%) =1+2x
r) =4 x2(x+1)):ad)-((x3+x2)=3x2+2x
(==L () = 5x*; (-2)=5(-2)" =80

()= (x*) = 4x% £(-3)= 4-3)*= 108

01~ s )~ 2 s L)

=ax V3 1673
f/(8)=4(8) V3 +16(8) 43 = A

16
#_

16 _
5 =3
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34.

35.

37.

38.

39.

41.
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f09=L (12x2’3+48x-1’3) 12( ) ‘1’3+48(—%)x‘4’3

—4x‘1’3+16x‘4/3

£1(8)=4(8) Y3 +16(8) 434 16 _4 16 _,, 16 _4
'(8) =4(8) " +16(8) " % 2+383.§/§ re
df df df df
v ( 3y=3x% = @l :3(—3)2=27 36. g = OIX(x) 4x3&| _4(_2)3=_32

df _d -1/2 12 ( ) -3/2 (1) -1/2
2 U1 1 Y
dx dX( 6X +8x ) 6 > 8 5 X

gy 32 4 gy 12

df -3/2 -2 4 8 4
=-8(4 +4(4 =——F=+—F==-5+5=1

dx|,

I _d (5ax12 4 10512) =54(~1)x 72 +12(2 )"
dx  dx 2

_ _27X—3/2 +6X—l/2

df -3/2 -1/2 27 .6 __ 21 6
= =-27(9 +6(9 =- tpe=-55+3=1
ax,_g =721) ©) JoE Y52
a  f(x)=2-x'-2+0=2x+2 40. a  f'(x)=2-x'1-4+0=2x-4
f'(3)=2(3)-2=4 f'Q=2()-4=-2
The slope of the tangent lineis 4. The slope of the tangent lineis—2.
y-5=4(x-3) y—3=-2(x-1)
y-5=4x-12 y—-3=-2x+2
y=4x-7 y=-2X+5
The equation for the tangent lineis The equation for the tangent lineis
y=4x-7. y=-2X+5.
b b
-]
[~
,-”ff
on [-1, 6] by [-10, 20] on[-1, 5] by [-2, 10]
a  f(x)=3-x*-32)x'+2+0=3x2-6x+2 42, a  f(x)=3(2)x'-3-x? =5x—3x>
f'2)=3(2)2-6(2)+2=2 f'(1)=6(1)-3(1)2% =3
The slope of the tangent lineis 2. The slope of the tangent lineis 3.
y+2=2(x-2) y—-2=3(x-1)
y+2=2x—4 y-2=3x-3
y=2x-6 y=3x-1
The equation for the tangent lineis The equation for the tangent lineis
y=2x-6. y=3x-1.
b. / b. \
/;-.7/
on[-1, 4] by [-7, 5] on[-1, 3] by [-2, 5]
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43.

45,

46.

47.

48.

49,

50.

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

57

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 *** = —13.435372x ">

a  y'(2)=-13.435372(2) *** ~ 26

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

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

y'=45.4(-1.54)x %% = -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 increasesin
unemployment but with higher unemployment, inflation hardly decreases with increasesin
unemployment.

C'(x):%

(g)_ 16 _16
© P 2

When 8 items are purchased, the cost of the last item is about $8.
b. , 16 _16
C'6d)=—"==="=4
64 =3 =
When 8 items are purchased, the cost of the last item is about $4.
a.  C'(x)=140x Y6

(1) _ 140
C'(1) =+ =140
M=

When 1 licenseis purchased, the cost is about $140.
b. c'(64):ﬂ:m:70

64 2

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

C(64) - C(63) = 24(64)?'3 - 24(63)?'% ~ 4.01
The answer is close to $4.

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

52.

53.

55.
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a. Therate of change of the population in x yearsis the derivative of the population function
P'(X) =—x? +5x—3
To find the rate of change of the population 20 years from now, evaluate P’'(x) for x = 2.
P'(2)=-2%+5(2)-3=3

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

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

a. Therate of change of the number of newly infected people is the derivative of the function
f(t) =13t% -t3
f/(t) =213 - 3t2 = 26t — 3t2
The rate of change on day 5isfound by evaluating f'(t) fort=>5.
f'(5) = 26(5) - 3(5)> = 55
The number of newly infected people on day 5 isincreasing by about 55 people per day.
b. Therate of change on day 10 isfound by evaluating f'(t) fort = 10.

f'(10) = 26(10) — 310)? = 40
The number of newly infected people on day 10 is decreasing by about 40 people per day.

The rate of change of the pool of potential customersis the derivative of the function
N(x) =400, 000 - 200000,

N'(x) =-&(4oo, 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,
evauate N'(x) for x =5.

N'(5)= % =8000

N’(x) = 0— (~1)200,000x 2 =

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

A(t)=0.01t? 1<t<5
The instantaneous rate of change of the cross-sectional areat hours after administration of nitroglycerinis
given by
A(t) = 200.00t>1 = 0.02t
A'(4) =0.02(4) =0.08
After 4 hours the cross-sectional areaisincreasing by about 0.08 cm? per hour.

The rate of change of 3D moviesisthe derivative of the function f(x) =%x2 +11x+8.

f'(x)=x+11

The rate of change of number of 3D moviesin 10 yearsisfound by evaluating f’(x) at x = 10.
f'(10)=10+11=21

In 2020, the number of 3D movieswill be increasing by 21 per year.
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56.

57.

58.

59.

60.

a. Therate of change of the function is the derivative of the function:

' 1,-32 1
f'(X)=—=x"""=———=.
? 2Vx®
Find the rate of change for x = 4.
. 1 1
f'(4)=- =—=
(4) 2./43 16

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

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

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

fiveyears.

The instantaneous rate of change of the number of phrases students can memorize is the derivative of the
function p(t) = 24+t.
P ()= (24V2)
= 3 (a2 122
v2_12 o

i

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

P (4)=124)

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

a  U(x)=100¥x =100x}/2
MU(x) =U’(X) = %(100)x”2—1 = 50x" 12

b. MU =U"'@Q) =501 %2 =50
The marginal utility of the first dollar is 50.
c. MU(L000,000) = U’(1 000,000) = 50(10°%) /2 = 50(10) > :3?85 =0.05

The marginal utility of the millionth dollar is 0.05.

a UK =12¥x =12x"3
MU(x)=U' (x) =3 (12x /%) = 4x 23

b. MU =U'(1)=4@1)23=4
The margina utility of thefirst dollar is4.
c. MU(1,000,000) = U'(1, 000, 000) = 4(1, 000, 000)"

213 4 4
= = = 0.0004
(3/,000,000)% 1007

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

62.

63.

65.

67.

69.

f(12) = 0.831(12)? -18.1(12) + 137.3= 39.764

o

Chapter 2: Derivatives and Their Uses

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

f'(x) = 0.831(2)x —18.1=1.662x — 18.1
f/(12) =1.662(12) — 18.1=1.844

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

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

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

f/(16) = 1.662(16) — 18.1 = 8.492

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

education.

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

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

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

N'(t) = 0.00437(3.2)t>27! = 0.013984t %2
N'(10) = 0.013984(10)%? ~ 2.2

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

rate of 2.2 cases per year.

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

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

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

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

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

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

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

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

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

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

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

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

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

be f'(x)+g'(x),whichisjust the sum rate.

The dopesof thefand f +10 will be the same
because f +10 isjust f raised 10 units. Using the
sum rule with g(x) =10, also saysthat the slope
will just bef because g'(x) =0.
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71. Evaluating first would give a constant and the 72. Tofind afunction that is positive but does not
derivative of a constant is zero, so evaluating and have a positive slope at a particular x-value, we
the differentiating would always give zero, need to find an equation with a negative slope.
regardless of the function and number. This y =-5x will work at x=-1.

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

meaningful.
73. Each additional year of education increaseslife 74. The probability of an accident increases by 13%
expectancy by 1.7 years. as the speed exceeds the limit.
75. a. If D(c)=0, then f(c)-L(c)=0 so f(c)=L(c).
b. Sincetheline L(x) must pass through the point (c, L(c)), part (a) showsthat thispointis (c, f (c)). Then
the point-slope form y -y, =m(x—x) with x, =c and y, = f (c) becomes
y—f(c)=m(x—c)
or y=m(x—c)+ f(c), givingtheline
L(x)=m(x—c)+ f(c)
c. D(X)=f(X)-L(X)=Tf(X)—(m(x—c)+ f(c))=f(X)—m(x—c)—f(c)
d. Differentiating the last expression for D(x) above gives
D'(x)=f'(x)—m
which at x=c becomes D’'(c)= f'(c)—m, and setting this equal to zero gives m= f'(c).
e L(x)=f'(c)(x—c)+ f(c) so y=L(x) isthesameas y— f(c)= f'(c)(x—c), which isthe point-slope form
of the equation of the tangent lineto the curve y=f(x) at x=c.
f. Thetangent line has zero error at the point and errors near the point that differ aslittle as possible from zero.
So the tangent lineis the best linear approximation to the function since it has the smallest possible
differences between aline and the curve at and near the point.
EXERCISES 2.4
1 a. Usingthe product rule:
ac)j(-(x4 -x6) =4x3.x8 + x4(6x5) =4x% + 6x% =10x°
b. Using the power rule:
a‘g(-(x"' -x6) :-dd)-((xlo) -10x°
2. a. Using the product rule:
a?(-(x7- x2): X8 x% ix" 2x=7x® + 2x8 = 0x®
b. Using the power rule:
ac)j(-(x7~ x2)= -dd)-((xg)z ox8
3. a. Usingthe product rule:
ac)j(-[x4(x5+ ] = 4x?’(x5 +1)+ x4(5x4) =4x8 + 4x3 + 5¢8 = 9x® + 4x°
b. Using the power rule:

a?(-[x4(x5+1)] :-dd>'< (x9 + x4): ox8 +ax®
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4, a. Usingthe product rule:
a‘g(-[x‘:’(x4 +1)] = 5x4(x4 +1 + x5(4x3) =5x% +5x% +4x8 = 9x® +5x*
b. Usingthe power rule:
a?(-[xs(x4 +1)] :-éj)-( (x9 + x5) = ox8 1 5x4

5. f'(x)= 2x(x3 +D+ x2(3x2) =2x*+ 2x+3x* = 5x* +2x
6. f'(x)= 3x2(x2 +1)+ x3(2x) =3x*+3x% + 2x* = 5x* +3x2
7. f(x)=15x%-1) + x(10x) = 5x® ~1+10x% = 15x° -1

8. f(x)=2x*+1+2x@4x>) =2x* + 2+ 8x* =10x* +2

9. f'(x) :%x’“2 (6x+2)+xM2(6) =3x12 4+ x 2 1 6x2 =ox!/2 4 x V2 _g/x + L
X

X

10 f'(x)= 6(% x—2’3)(2x+1)+6x1’3(2) = 4xM3 1 ox 213 £ 10x13 _16x13 4 2% 213 :16§/§+%
X

11, F(X)= (20(X% = 1) + (X% +1)(2%) = 2x° — 2%+ 2X° + 2% = 4x°

12.  f'(x)= 3x2(x3 +1)+ (x3 —1)(3x2): 3x° +3x% +3x° - 3x% = 6x°

13, f/(X)= (X +1)E@x+1)+(x2 +X)(3) = 6x° + 5x + 1+ 3x% +3x = 9x> +8x + 1

14, /()= (2X+ 22X + D+ (X2 + 2X)(2) = 4x2 +6X + 2+2X° +4X = 6x2 +10x + 2

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

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

18.  f'(x)=(2X)A-x2)+(2x—1)(-2x) =2-2x2 —4x? +2x = —6x% + 2x + 2

9. f'(x) =(%x‘1/2)x1/2 +1+(x12 —1)(%x‘”2)=%+%x‘1/2 +%—%x‘1/2 =1

20.  f'(x) :(%x’llz)(x”2 ~2)+(x1? +2)(%x’“2)=%—x’“2 +%+ x Y221

21, ft)=8tY3@Bt¥P+1)+6t43(2t V%) = 24t + 8t Y3 +12t = 36t + 8t /2
22. () =6tY2@Y?-p+ a2t V2 =12t 6tY2 + at =16t -6tV 2

23, f(2)= (423 +22)(z3- 2) +(* + 2 +1)(3z° - 1))
=475 27 22130 434432421
=751
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oa  f(2)= (% 5314 +_% Z—1/z)(21/4 _ U2y, (4 +21/2)(% ,-3/4 -1 Z—uz)

1 VS I V7 S N T V7 s N V2!
47 4% 177 2147 22 137

1 12

7 z -1

Nl

1.1 1
L0t T27272

25 f(x)= (2+4 L —1’2)(2z1’2+1)+(2z+4z1’2—1)(2 12‘1/2)
=4z 1/2+2+4+22’1/2+221/2+4—z’1/2

1
=6ﬁ+—+10
Jz

26. f'(x):(1+6~%z‘1/2)(z 2742 41 )(z+621/2)(1—2-%z‘1’2)
=2+3242-27Y2 —6+1+327Y2 17— 7% 16742 -6
=2z+674%2 437211

3
=27+6\7+—-11
Jz
27. a. Usingthequotient rule;
_a(ﬁ) _ XN 20 _ a2 g5
dx = 2y2 = 4 =
(x9) X
b. Using the power rule:
d(x®)_d 6 _g5
dx(XZJ_dx(X ) =6x

28. a Usingthequotient rule:
ﬂ(ﬁj COx°)-3x%(x%) _ oxM-ayll
dx (X3)2 X6

b. Using the power rule:

A (0] _d 6 _ g5
dx(ﬁgj_dx(x)_Gx

29. a Usingthequotient rule
_X 3(0)-3x Q_ 3x*_ 3
dx (X3)2 X6 - _X4
b. Usmg the power rule:

-3 41

5

=6X

30. a. Usingthequotient rule:
d(a)_ X040 ad a4
dx 4] (X4)2 - X8 X5
b. Using thepower rule:

d‘i(lj = -4

, X(4X) 3x (X +1) 4x% 38 32 X8 _ax? 3
3 fi(x)= o i - .
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

Chapter 2: Derivatives and Their Uses
Fi(x)= X5 -2x0C-1) _5x°-2xCsox _3Ei2x 0, 2
(XZ)Z X4 X4 X3
F1(x)= =D -MXx+D _x-1-x-1___ 2
(x-1)? (x—1)2 (x—1)>2
f/(x):(XJrl)(l)—(l)(X—l):x+1—x+1: 2
(x+1)? (x+1?%  (x+1)?
f(X) (2+X)(3) (1)(3X+1) 6+3x—3x-1_ 5
(2+x)? 2+x)%  (2+x)?
F(x) = @x+ DO ~(A)(x+1) _ 2x® +1-4x? —4x _ —2x>—4x+1
(2x2 +1) (2x2 +l) (2x?2 +1)
fy D)D) 2P Pi 4
(t2+1)2 (t2+1)2 (t2+1)2
f,(t)_ —1(2) - (2)(t% +1) o33 o a4
£ = (s+1)Es) - NS -1) 3432 341 2335?41
(s+1)? (s+1)2 (s+1)>2
f/(s)_ (S 1)(33 ) (1)(5 +1) q§3_qq2_§3_1 _ ?q3_qq2_,l
O (s-1y? (s—1)2
f'(X):(X+1)(2X_2)_(1)(X2_2X+3):2X2—2—x2+2x—3= x2 42y _5
(x+1)? (x+1)2 (x+1)2
F(x) = (x=D)(@2x+3)-(M(x?+3x-1) _2x%+x—-3-x2-3x+1_ x2-2x-2
(x-1)° (x—1)2 (x-1)2
f(x)= (% +1)(4x3 +2X) - (2X)(x* +x% +1) _ Ax3(x2 +1) +2x(X2 +1) — 2x(x*) — 2x(x? +1)
(x*+1)? (x? +2)?
_ 4x +4x3 2x 2x5+4x3
C+n%  (x2+1)?
f(x) =% +X3+X = x4 X% +1) _xAix®a
X3 +x X(x2+1) X241
oy = 2602 43
Thus, f'(x)= EETIE
f'(t):(tz+t_3)(2t+2)—(t2+2t—1)(2t+1):2t3+4t2—4t—6—2t3—5t2+1:_ t2 4 4t15

(t? +t-3)2 (t? +t-3)2 (t2+1-3)2
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vy (P =t+2)@dt+D) - (2t2 +t-5)2t-1) _4t3-3t247t+2-4t3411t-5_ -3t%+18t-3
46. f'(t)= 3 > = 2 2 =72 2
(tc-t+2) (tc-t+2) (tc-t+2)
47. Rewrite Differentiate Rewrite 48, Rewrite Differentiate
-1
=3x @ 2 dy 3 _1.2 QY_l
Y dx ~ X dx = 2 y=gx dx
49, Rewrite Differentiate Rewrite 50. Rewrite Differentiate
_3,4 dy 3 3 dy 33 3.2 dy -3
y=gx" &- &=3 YTRX O g
51. Rewrite Differentiate Rewrite 52. Rewrite Differentiate
y=1x2_5¢ dy_2, 5 dy_2x-5 y=axV? dy_ 5 e
3 3 dx 3~ 3 dx 3 dx
X“+1 x3 4 x2+1 +1 X2 +1
53. [(x + 2)—— x+1} ( +2) —— +(x +2)- dx( x+1j
o(X241) 3 o (x+D(@X)-(DOE+D)
3x[x+1)+(x +2) (x+])2
2 xc+1 X2 +2x—1
=3X + x + ) —————
[ X+1j ( ) (x+1)2
3 3
5 5
s 00 |- 00 ) K2 00 - ()

. (x +2) + (8 + 1) 2 DEA)-DC+2)

X+1

X+1

(x+1)?

_ 5X4(x +2)+(x +1)3x +3x%—x3-2

(x+1)?

3
_ 5X4(x +2)+(X5+1)2x 32

X+1

1

d (23pcsn 02 (x2+3) (3 +1) |

(x+1)?

4 +2) f P +3) 341

55. X

X2+ 2 (x*+2)°

(x +2){[d—x(x +3)}x +1)+(x2+3) dX(x +1)}2x (X2 +3)(x +1)]

(x2+2)?
& 2+2)[@x)03 +2)+(x2+3)(3x%) | 2x(:2 +3)(x3+1)
(x%+2)?
(x +2)(2x 4 ox+3x +9x ) (2x)(x 513x3+x +3)
(x +2)
2x +2x +3x +9x +ax* +4x+6x +18x 2x6—6x4—2x3—6x
(x2+2)2

3x +13x +18x
(x%+2)2

Rewrite

ay _ x
dx ~ 2

Rewrite

dy_ 3

dx —

Rewrite
dy -2

dxﬁ
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408 2) 2,2 _ o+ +2)(x +2)-|—[&(x Do+ +2)

6 X3+l (x®+1)?
(x +1)[(3x )(x2+2)+(x +2)(2x)}3x2(x +2)(x2+2)
(xC+1)?
(x +1)(3x )(x +2)+(x +1)(x +2)(2x)— 3x2(x +2)(x +2)
(x3+2)?
3x (< +2) [+ ~(x +2)]+(x +1)(x3+2)(2x)
(x +1)
_ 3x*—6x%12x" 16x* +4x
(x3+1)?
_ 2x" +3x4-6x2 +4x
(x3+1)?2
g (f71) g (22 ()(1/2+1)(2 112y 1 1x x Y2 (V2 _qy
ST x+1) X x”2+ (xY241)?
4+l x 2 144 x_ll2 U2
(X]J2+1)2 1/2+1)2 J_(ﬁ_i_l)z
(51 d (2 _(x1/2—1)(-%x’1’2)—%x’1’2(x1/2+1)
58. dx &_1 ~ dx 1/2_ - (X1/2_1)2
[ e o e LR
(xV2-9? (V297 x(x-1?
R(x) Xx-R(X)=1-R(x) xR (x)-R(x)
50. adX-|: X :|: X2 = X2
d|PX)| xP(X)-1-P(x) xP'(x)—P(x)
0. | P |- X PP _XP L0

61. a. Theinstantaneous rate of change of cost with respect to purity is the derivative of the cost
function C(x)= 722 on 50 « x <100.

100-x
C/(x) = AL0=-0-CII00) | _100 550+ x<100
(100 - x)2 (100 - x)?

b. Tofindthe rate of change for apurity of 95%, evaluate C'(x) at x = 95.
C'(95 = — 100  _100 _
(100-95)2 52
The cost isincreasing by 4 cents per additional percent of purity.
c. Tofindtherate of change for a purity of 98%, evaluate C'(x) at x = 98.
C'(98) = —100 100 _ o5
(100-98)2 22
The cost isincreasing by 25 cents per additional percent of purity.
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62.

63.

64.

65.

66.

67.

a. AC(X) C(X) 6X-)|(—50
b. Themarginal average cost function MAC(x) isthe derivative of the average cost function

AC(X) CE(X) 6X+50

X
X
_ 6x 6x-50 _ =50
X2 X2

c.  MAC(25) =;?52= ~0.08

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 is4 for x = 95; rate of change of cost is 25 for x = 98.

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

b. Themargi nal average cost function MAC(x) isthe derivative of the average cost function

AC(x)= CE(X) 8X;45 org+ 22

MAC (x) = . - = b

(8x+45) X(8)—1(8x+45) _8x—8x—45_ —45
X X X

20
The average cost is decreasing at the rate of 5 cents per additional clock.

c. MAC@B0)="2=-1-005
30

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

N'(p) = =-
(p+ 7 (p+7)?
_ ey 2250 2250
Whenp =8, N(8)——(8+7)2—— 505 =10

At $8 per bottle, the number of bottles of whiskey sold will decrease by about 10 bottles for each $1 increase
inprice.
To find the rate of change of temperature, find T'(X).
T'(X) = 3x%(4 - xX*) + x3(-2x)
- 12><g —3x* —2x* =12x* - 5x*
Forx=1, T'Q)=12(1)? -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)=16(1) - X)* =16-5=11.
After 1 month, sales are increasing by 11 thousand per month.

a.

TN

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

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

~73.1(8)% +1270(8) +16, 280
& Y@= 2.3(8)+314
The per capitanational debt in 2020 would be $65,468.
y,(13) = ~73.1013)° +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.
y5(13)=-2.231
In 2025 the per capita national debt will be shrinking by $2231 per year.

~65.468

~59.425

a 9= (x? —110x +3500)(~30x +1125) — (2x —110)(~15x  +1125x)
(x? —110x + 3500)
_ 525x2—105,000x + 3,937,500
© (x?-110x+3500)2

525(40) 2 —105,000(40) + 3,937,500
((40)? ~110(40) + 3500) "

_1.1785714 M/gallon
mi/hour

At 40 mph, your gas mileage increases by 1.1785714 for each additional mile per hour.
, 525(50) 2 —105,000(50) + 3,937,500
4'(50) = 525(50) (50)+3,98
((50)? —110(50) + 3500)
mi/gallon
mi/hour

b. 9'(40)=
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At 50 mph, your gas mileage will not change for each additional mile per hour.
g'(60) = 525(60) 2 —105,000(60) + 3,937,500
- 2
((60)2 —110(60) + 3500)
mi/gallon
mi/hour

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

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

73, 1(x)=0.45(x-1.7)(x? ~12.5x+43)
1"(x)=0.45[ 1(x? ~12.5x +43) + (x-1.7)(2x—12.5) |

1'(5)=0.45[ (5)2 ~12.5(5) + 43+ (5-1.7)(2(5) ~12.5) |
=-1.2375
1"(6)=0.45] (6)? —12.5(6) + 43+ (6—1.7)(2(6)~12.5) |
=0.8325
Interest rates were declining by about 1.24 percent per year in 2010 and rising by 0.83 percent
per year in 2011.

74.  1(x)=0.106(x? —6.85x +14)(x? —14.5x +56)
1"(x)=0.106] (2x—6.85)(x? —14.5X +56) + (x* —6.85x +14)(2x~14.5) |

1'(3)=0.106[ (2(3) - 6.85)((3) ~14.5(3) +56) + ((3)° ~6.85(3) +14)(2(3) ~14.5) ]
=-4.1446
1"(5)=0.106[ (2(5) —6.85)((5)2 —14.5(5) +56) + ((5)? — 6.85(5) +14)(2(5) ~14.5) |
=0.5724
Interest rates were declining by about 4.14 percent per year in 2008 and rising by 0.57 percent
per year in 2010.

261x
. E(x)=—261X__ 647
. E(= e

ooy (x+8.84)(261)—(1)(261x)  2307.24
E(X)— 2 = 2
(x+8.84) (x+8.84)

E'(4):%-242z13.99
(4+8.84)
E'(8)=—2307.24_ g 14

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

75(44—5X)
x% —18.3x+85

-75 2““;5’(}+115x +1605
| X“—18.3x+85

| (x2 ~18.3x +85)(~5) — (2x—18.3)(44 —5x)
(x? —18.3x+85)°

_ 75| 5x% -88x+3802 |, 44c
| (x*-18.3x+85)°

76. C(x)= +115x+1605

C'(x)=75 +115
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c(7)=175 | 5x°-88x+380.2 |, 115..134.87
S (-183x+85)2 |

Lix J
c'(9)=75 % +115~-186.78
| (x*—18.3x+85) |

L& J
C'(11)=75| 2X ~88x+380.2 1, 41517334
| (x*—18.3x+85)“ |

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(Ll)_d y2y_ _oy3__2
77. a dx(zj—dx(x) 2x 5

a __2 i
Wlyo =3 Undefined

b. Answerswill vary.

d@ay d 1y y2__ 1
78. a o X )= X =g

dx \x

d __ 1 ;

Wlyo =32 Undefined
b. Answerswill vary.

79. Fase the product rule gives the correct right- 80. False: the quotient rule givesthe correct
hand side. right-hand side.

81. . ' . 82. Lfrod oy .
True: &(x f)=%x- fex-f'=f+xf True i(i): x-f d;X f _ x~f2—f

dx \ x (x) X

83. . ! . ' 84. ' '
d5.q) B0, (100" (g plg d () () () (f) e
dx f g dx{ g g\ f g/)lg
The right-hand side multiplies out to _f f-9
g-f'+f-g" which agreeswith the product g g2
rule. _g-f'+f-g°

= —g >
The right-hand side multiplies out to
9110 hich agrees with the
g9
quotient rule.

85. False: Thiswould be the same as saying that 86. False: Thiswould be the same as saying
the derivative (instantaneous rate of change) of that the derivative (instantaneous rate of
aproduct isaproduct of the derivatives. The change) of aquotient is a quotient of the
product rule gives the correct way of finding derivatives. The quotient rule givesthe
the derivative of a product. correct way of finding the derivative of a

quotient.

87. dix(f.g.h)=%[f-(g-h)]:%(g-hﬂf'd—‘i((g'h)

df d
:&.(g.h)Jrf(a)%.thg.-gE)

_df dg dh
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88. a Q(x)=&%

f(x
b, 9(%)-Q0) =0 9
Q-9 = (X
6 Q099+ QM) G = ')

d. Q(x)-9(x) = f'(x)-Q(x)-g'(x)
f'(x) - Q) -g(x)

Q9 =""40
o f'(x) —%-g'(x) ~ ﬁ[g(x) f1(x) - F(X)-g'(X)] g(x)- () = F(X)-g'(x)
e QM= g(x) = g(x) = [g(x)]2

80, =L[f(X)F =L [f(x)- f(X]

- [d—‘i'( f (x)} F()+ f (x)[d—‘i'( f (x)]
— (%) FO0+ FO)- F(X) = 2F(%) - F/(X)

90. Rewrite [f()] ! :f_(]x_) and find H%HX_)}

_d.[ 1 }_ f()-0-f'()-1_ _f(x)
dx f(X) [f(X)]2 [f(X)]2

91.
dy (
dX Ll R-1 XJ _ 2 . 2 - N 2
+(5%) (1+(R)x) (1+(R)x) (1+(5)x)
To show y'>0, show that both the numerator and denominator are greater than zero.
R>1>0 = numerator is greater than zero.
R>1= R-1>0.

R-1>0K>0 :%w

Ry | (1+(%)X)R—RX(M):R+Rx(%)—Rx(%)_ R

R_1>0, x>0:>(1+(—1) x)>0: denominator is greater than zero.

R-—
K K
~y'>0.
This means the density of the offspring is always increasing
faster than the density of the parents.

% w>5and35>0, (W-18)>0andw-15>0=R'(w) = W=5->0.

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

EXERCISES 25

1. a f(0=4x-32)x*-2@)x+5-0 2. a f(x)=4x3-9x®+4x-8
=4x3 - 6x°—6Xx+5
b. f(x)=3(4)x* - 2(6)x—6+0 =12x*> —12x—6 b, f(x)=12x%-18x+4
c. f"(x)=2(12)x-12-0=24x-12 c. f"(x)=24x-18
d. 109=24 d. 1900=24
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11.

o

'y — 12,13, 1.4
f(x)—1+x+2x +EX T+ X
1x2+%x3

o

f”(x)=1+x+2
f”’(x)=1+x+12~ X
d. @) =1+x

£(x) = /x5 = x5/2

a f '(x):%xy2

b. fuu(x):§(2) 1/2 15\/_
C. fm(x)_ (15 1/2) 1(&))(71/2
4 2\4
=§ -1/2 _ 15
8 8v/x
d. f@(x)-= (15 —1/2):_l(§)x-3/2
8 2\8
_gx—s/z
16
fx)=Xx=1_4_1
(x) < .
' 1
a. f'X)=—=
(x) N
—d(1)\_d(x2)= 3
f(x)_dx(xz) dx(x ) =-2x
-_2
3

b “©:;:E

f(x)=

el g
-3

b f@-%—é
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f’(x)=1+x+-‘|~x2+-'|'6x3

a 2
b. f”(x)=1+x+-;~x2

o

f(x)=1+x
f4(x) =1

6. f0)=vx =x¥2
a f(0=5x"2=3x

b (0= Fx ==

o

¢ (9= dx 2

8. fu)=x+2=1+§

X
2
a f'xX)=-%
(x) 2
d 2\_d -2 3
fw_&tP+m44x)4x
-4
X3
b. '3 =4-4
(3) 3327
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13.

15.

17.

18.

19.

21.

23.

f(x)=(x?-2)(x?+3)=x*+x%-6 14, f(x)=(x2-1)(x2+2)=x*+x2-2
f'(x) =4x3+2x f'(x) =4x3+2x
f(x)=12x2+2 f(x)=12x2+2
f(x) = 31 27x V3 16. f(x):%:?ﬁx_m
F1(x) = (——)(27x‘4’3) _gx4/e f1(x) = (——)(32x‘5’4) _gx /4
_(_4\(_oy-7/3) = -713 -9/4 -9/4
f(x)_( 3)( ox7/3) =12x fo(x) = ( )( 8x°'4) =10x
X
f(0)=+%5
foo X RO enw-@ 1
(x 1)2 (x—1)? (x—1)? X% —2x+1
Fr(x) = (x —2x+1)d(f(( -1)- (X —2x+1)-t 1) _0-(x- 2)( D ox- 2 _2x- 1) )
[(x— 1)] (x—1)* x-1)*  (x-0* (x-1°
X
f(0=+25
(g XMW x-2-x 2 2
(x-2)? (x-22  (x-2)%2 X% —4x+4
frigo OE=4x+4) 0-(2x-4)(-2) __4x-8 _A(x-2)__ 4
(X2 — 4x + 4)2 [(x-2)212 (x-2)% (x-2)3
1 (nrz) =2m 20. di (g‘nrf*): 4nr?
d—z(nr) L@y =2n ;—<g =8 4nr?)=8mr
%(53‘ nr®) =S @nr) =8n
d 10 _ 9 Q 10
ax X = 10x 2. Hdt-1ix
2
ad—leo =4k (10x?) = 90x° ad—xl =& 11x%) =110%°
d? .10 8 d 9
A = 90(-1)8 =90 g2 =110(-1)% = -110
i =3 dx® " ey -
From Exercise 21, we know 24.  From Exercise 22, we know
d_22 x10 — gox8 d—22 xt =110%°
dx dx
3 3
&x =& (90x®) = 720 &x“=6|°'-(110x9)=990x8
3
Lo20 = 720(-1)" = -720 -d— M =990(-1)% = 990
Thus, dx x=—1 Thus, dx3 x=—1
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25.

27.

28.

29.

30.

31.

Chapter 2: Derivatives and Their Uses

dJ3_d  32_32 da3.4_d 4/3_4 13
ox X _dxx 2X 26. dx2 X _dxx —3x
d® [ ~ £ E) 3 3 _A(A 1/3)_& -2/3
dx 2 ): dx2 X =wx(3% )=9%
2 -2/3
d?2 /3 3(1YY%2 3 d_( 4) =£r(i) _4 o203
_2,/X_ :4(1_6) =3J16 =3 o’ i 9\27 (@277~ =4
dx x=1/16 x=1/27
d—ol([(x2 ~x+1)(S -D]=(2x - -1+ (x* —x+1)(3x?)
=2x% —x3 - 2x+1+3x* = 3x3 + 3%?
=5xt—ax® +3x% —2x+1
2
ad—z[(xz—x+1)(x3—1)]=a‘§(-(5x4—4x3+3x2—2x+1)
=20x3 —12x% +6x -2
dﬂ[(x3+ x-S +D]=GBx2 + (XX +1)+ (X3 + x=1)(3x?)
X
) =3 +3X + X +1+3C+3x° -3 =6X +4x°+1
d d
—[OC+ x-1(XC+1)]=—6x>+4x3+1) =30x* +12x?
dx? dx
_d.( XJ G v Rar U D Xax@x) 152 1
d (x +1)2 (41?2 (x2+D? T x4+2x2+1
d_z( XJ: d( L2 j:(x4+2x2+1)d—dx(1—xz)—(l—xz)FdX(x“+2x2+1)
dx? \ x? X\ x® 12x2 11 [(x%+1)%]?
(x +2X2 +1)(=2X) = (1= X2 )(4X® +4X) (x DX +1)(=2x)—(1=x2) (4X)]
(x®+1)* (x2+1)4
_=2 x3-2x—4x+4x3 _ 2x(x2—3)
(x? +1)° (x? +1)°
i( X ) (*-D1-(2x)x _ x*—2x*-1 _ —x*-1 __—x*-1
dx \x*—1 (x*-1)? (x -2 (xX*-1)? x*-2xi+1
i( X ):(xz—l)z(—Zx) (4x3=4x)(=x*-1)
dx® \x*-1 (x*-1)*
22X+ AX3-2X—(—4X° —4X° +4X° +4X)
- x*-1*
_ =2X°+4x°-2x+4x°—4x _ 2x°+4x°—6x
(x*-1)* (x*-1)*
d Gx—l (@x+1)2-2(2x-1) _ 4Ax4+2-4x+2 _ 4
ax 2x+l (2x+1)° 4X2 +4x+1  AX®+4x+1
( (4x +4x+1)-0-(8x+4)(4) _  _32x416  _ _32x+16
dx2 \2x+1 (4x2 +4x+1)2 C[x+D)?12 T (2x+1)
__16(2x+1) 16

(2x+1)4 (2x+1)3
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Exercises 2.5

32.

33.

34.

35.

37.

d EBx+1) (X-DE)-3(3x+1) _ 9x-3-9x-3 _ _
9x% —6x+1

dx \3x-1 (3x-1) 2

d2 (3X_+1 (9%x%-6x+1)-0-6(18x—6) _ 36(3x-1) __ 36
dx?2 a B

3x-1 (9x%-6x+1)?

To find velocity, we differentiate the distance function s(t) =18t* —2t>.

v(t) = S(t) = 36t — 6t2

a. Fort=3,v(3)=5(3) = 36(3)—6(3)2 =108 —54 =54 miles per hour

b. Fort=7, v(7) =s(7) = 36(7) - 6(7)% = 252 — 294

c. To find the acceleration, we differentiate the velocity function s'(t) = 36t — 6t°.

a(t) =s"(t) =36 -12t.

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

To find velocity, we differentiate the distance function s(t) = 24t2 —2¢%

v(t)= S(t) = 48t — 6t2

a. Fort=4,v(4)=95(4)=48(4)- 6(4)2 =96 miles per hour
b. Fort=10, v(10) =s'(10) = 48(10) —6(10)2 =—120 miles per hour
c. To find the acceleration, we differentiate the velocity function s'(t) = 48t — 6t2 .

a(t) =s"(t) =48 -12t.

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

v(t) =h(t) =32 +2(0.5)t =32 +t
v(10) = 3(10)2 +10 = 310 feet per second
a)=v(H) =3 @2 +1) =6t+1
a(10) = 6(10) + 1 = 61t/ sec?

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

0=s(t)=2717-16t>
0=2717-16t2
16t2 = 2717
t? =169.8125
t~13.0312 sec
The steel ball will reach the ground after
about 13.03 seconds.

b. v(t) =s'(t) =-32t

v(13.03) = s'(13.03) ~ —417 feet per second

c. al=v()=s"(t)
= —32 feet per second per second

75
6
9x% —6x+1
[Bx-1)21F  (3x-1)°
= —42 miles per hour
3
) t+3)-0—(1)(100
36, v(t)=s(t) = 60+ (£30-0- ()100)
(t+3)
—0_—100_
2
(t+3)
v(2)= 60—% = 60—% =56 miles per hour
+

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

s(t) =1451-16t% =0
12 = 1451

16
t ~9.52 sec

It will take about 9.52 seconds to reach the
ground.

b. v(t) =s'(t) =32t
v(9.52) = —32(9.52) ~ —305 feet per second

c. alt)=v'(t)=s"(t)
= —32 feet per second per second
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39.

41.

43.

45,

a  Vv(t)=s(t) =32t +1280

b. When s(t) isamaximum, s'(t)=0.
—32t +1280 =0
32t =1280

t = 40 seconds

c. Att=40,
S(40) = —16(40)2 +1280(40)
=-25,600 + 51,200
= 25,600 feet

D'(t) =%(9t1/3):12t1/3

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

D”(t):%(12t1/3):%(12t‘2’3)=4t‘2’3

D~(8)=4(8)—2’3=4(%)2/3= (%):1

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

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

L'(t)=0.06x*-0.14x+8
L'(10)=12.6
In 2100 sea levels will be rising by about 12.6
centimeters per decade, or about 1.26 cm (about
half an inch) per year.
L"(x)=0.12x-0.14
L"(10)=1.06
The rise in the sea level will be speeding up (by
about 1 cm per decade per decade).

40.

42.

Chapter 2: Derivatives and Their Uses

T(2):98+% ~103.7

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

T(t) =98 +8t ™2

14y — -3/2 _ 4
T =4t =

, 4
T'(2) =—23T ~-14

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

degrees per hour.

” —_ _5/2 _L
T =6 =
6

T”(2):ﬁ ~1.1

After 2 hours, the rate of decrease of the patient’s
temperature is increasing by about 1.1 degree per
hour each hour.

T(10)~6.3
In 2100 global temperatures will have risen by
about 6.3°F.

T'(t)=0.35t"*
T'(10)~0.88
In 2100 global temperatures will be rising by 0.88
degrees per decade, or about a tenth of a degree
per year.
T"(t)=0.14t 05
T"(10)~0.035
The temperature increases will be speeding up (by
about 0.035 degrees per decade per decade).

P'(x) =1581x %7 - 0.70376x°-%2

P"(x) ~ -1.1067x 17 — 0.3660x 48

P(3) ~ 4.87
The profit 3 years from now will be $4.87 million.
P'(3) ~-0.51
The profit will be decreasing by about
$0.51 million per year 3 years from now.
P"(3) ~-0.39
In 3 years, the rate of decline of profit will be
accelerating by about $0.39 million per year each
year.

a. Forx =15, approximately 21.589°; for x = 30, approximately 17.597°.

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) = ~02184x% +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.

. d* 3 _
True: For example x°=0.

a.

o

100
99 ;.98 o 50
a‘il—oo(x —4x° +3x> +6) =0

dx*

f'(1) will be positive because the altitude is increasing.

f "(1) will be positive because acceleration is positive.

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

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

56. L(x!)=-—x7?

2 -1
d -3_ 2!
4 _(x )=2x"°=%4
dx2 ( ) x3

3 -1
d -4 3!
Lo(x )=-6x"=-"2;
dx3 ( ) x4

4 -1
d -5_ 4
g (x =24 ° =4
dx? ( ) x°

d" AL n_ n
2 )= (D"
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57.

58.

Chapter 2: Derivatives and Their Uses

o dg d
[dx g+f'dx) [or (f'-g+ f- g)}

8940 8) oo oo

Lo dg df dg i . , "
i i T T +f- [or f"-g+f"-g'+f'-g+f-g"]

=f".g+2f"-g+f-g”

2
From Exercise 31, we know that -d—z(f g)="f"-g+2f"-g+f-g".

3
d3( g) |: 2(f g):| (f”'g+2f"g’+f‘g”):f”"g+f”'g'+2f”'g,+2f"g"+f"g”"‘f'g’”
dx dx
_.I:m g+3fu g+3f!'gn+f.gm

EXERCISES 2.6

1

11.

f(g(x))=vx?-3x+1 2 f(g(X) =(5x° —x+2)*
The outside function is /x and the inside _The ozutside function is x* and the inside function
function is x> — 3x+1. IS 5X" —x+2. .
- f(x)=x
Thus, we take f(x)_\/f Thus, we take { )
g(x)=x“-3x+1 g(x) =5x"—-x+2
F(9(x) =(x* = x)° 4 HeX) ==
The outside function is x> and the inside XX 1 . .
function is x2 The outside function is 5 and the inside function
unction is X~ —x.
f(x) = x3 is X% +X.
Thus, we take ) f(x)=41
g(x) = X~ = x Thus, we take X
9(x) =
f(g09) = X521 6 f(olx :M
f(x)= x—l f(x)—m
g(x) = x° g(x)=vx
X+1 8 _ [x=1
f(900)= (X 1y - e00)= X2
f(x)=x" f(x) =X
_x+1 _x=1
9()=""1 9()="11
f(g(x))=Vx*-9+5 10.  f(g(x))=3x°+8-5
f(x)=vX+5 f(x)=¥x-5
g(x)=x*-9 g(x)=x3+8
f(x)= (¢ +1)° 12. (0= +*
f/(x) = 3(x? +1)2(2X) = 6X(X? + 1) f/(x)=4(x® +1)3(3x%) =12x?(x3 +1)°
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13 g =(2x?-7x+3)"
') =4(2x? —7x+3)° (4x—7)

15. h(2) = (3z° -5z+2)*
h'(2) = 437 —5z+2)3 (62 -5)

17. f(x):\/x“—5x+1:(x4—5x+1)1/2

f'(x) =%(x4 —5x+1)_1/2 (4x®-5)

19. w2 =%9z-1=9z-1¥3
w'(2) =% 9z-1)2/3(9) = 3(9z-1)2/3

21. y=@4-x?*
y' = 4(4—-x?)3(-2x) = -8x(4 — x2)3

4
23, y:( L J =[wW - =P -

W —
y' = —4Ww’ —1)"°(3w?) = —12w® W° - 1) °

25, y=x*+@1-x)?*
y' =4x3 + 41— x)3(-1) = 4x3 - 4(1-x)3

27 f)=——L —(3x?-5x+1) "

V3x2-5x+1

f(x) = —%(3><2 _5x+1) " (6x-5)

-2/3

29, f(x)=—L -1 __(9x+1
. J(9x+1)? (9x+1)%" ()
f(x) = -%(9x+1)*5’3(9) =-6(9x+1)"®

31. f(x):+:(2x2—3x+l)_2/3

J(2x? —3x+1)°
f(x) = —%(2x2 “3x+1) " (4x-3)

33 f(x)=[(x* +1)% + x°
f1(x)= (X% +1)° + xPP[B(x% +1)2(2%) +1]
=3(x° +1)° + xP6x(% +1)2 +1]

35. f(x)=3x2(2x+1)5
f1(x)=6x2x+1)° +3x[52x+1*Q)]
= 6x@2x+1)° +30x%(2x +1)*

14.

16.

18.

20.

22

24,

26.

28.

30.

32.

34.

36.

79

900 =(3x3-x2+1)°
') =5(3x% = x?+1)" (9x2 -2x)

h(z) = (52 + 3z-1)2
h'(2) = 352 +32-1)?(10z+3)

f(x):\/x6 +3x—1:(x6 +3x—1)1/2

f'(x) =%(x6 +3x—1)_1/2 (6x°+3)

W(Z) =5102— 4 = (102_ 4)1/5
W/(2) =4 (102 4)*/5(10) = 2(10z - 4) 45

y=@-x%
y’ =50(1— x)*9(=1) = -50(1— x)*°

5
y=( . J W+ DI =(wh )

W+
y = —5(W4 +1)76(4W3) = —20W3(W4 +1)76

f(X)= (X% +4)% — (x? + 4)2
f1(x) = 3(x% + 4)%(2x) —2(x? + 4)(2X)
= 6x(x2 + 4)2 —4x( N 4)

F) =L —(2x2—7x+1)

N2x2 —7x+1

f(x) = —%(2x2 “7x+1) " (4x-7)

_ 1 _ _ -2/3
f(x) ——3(3)(_1)2 =(3x-1)

f'(x) =-%(3x—1)*5’3

(3)=-2(3x-1) "3

F) =L —(x24+x-9)""

J(x2+x-9)°

£00=-2(x? x-9) " 2x+1)

f(x)=[(x% +1)2 - x]*
f1(x) =4[O +1)° — xI[20C +1)(3x%) 1]
=4[(x® +1)? - xIP6x% (x° +1)- 1]

f(x)=2x(x3 - 1%
fr(x)=20x3-1)* +2x040 - 1)3(3x?)]
=203 -1t 1243 (x% - 1)®
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37, f(x)=(2x+1)°@x-1*

f1(x)=32x+D)22)2x-D* + @x+1)%[402x-1%2)]
=6(2x+1)2(2x-1)* +8(2x +1)32x -1)®

38, f(x)=(2x-1)°%@2x+1)*

f(x)=32x-1)22)ex+D* + @x-1)%40ex+1%2)]
= 6(2x-1%(2x+1)* +802x -1 3@2x +1)®

39 g(2)=22(322 —z2+1)"

g'(z) = 2(322 241 20 (327 - 2+1) (62-1)

4. g(z)=22(223-7+5)"

9'(2)=22(222—7+5)" +22(4)(222 = 2+5)* (622 ~1)

—27(222-7+5)° (1423 32 +5)

4. f(x) :(i_j)s

v af x+12[ (x=D(D) - @O)(x+1)
f (X)_S(X—l) { (x-1)2 }

_ x+12 X=1-X-1|_4»[X+1
_3(X—1)[ (x-1)? }_3()(_1
(x+1)?
(x-1)*

43. f(x)=x2\/1+ x2 :x2(1+ xz)ll2

=6

f'(x)= 2x(1+ x2)1/2 +x2 E(H xz)ill2 (2X):|

= 2x(1+ x2)1/2 + x3(1+ xz)_ll2

45. f(x)= /1+\/;=(1+x1’2)l/2
F00=11ex2) 2 (102)

_1/2 12y V2
=%x (14+x22)

4. f(x)=(2x+1)*
f(-)=(2(-D+1)* =1
The point is (-1, 1).
fr(x)=4(2x+1)°(2) =8(2x +1)?
f(-1)=8(2(-1+1)°=-8
The tangent line has slope -8 at (-1, 1).

y-1=-8(x+1)
y=-8x-7

Chapter 2: Derivatives and Their Uses

o

X+1

x+1

f '(x):s(X_—1)4{(X+1)(1)—(1)(x—1)}

(x +1)2

:S(X_—1)4 X+1-x+1 :1O(X_1)4
x+1 [ (x+1)? } (x+1)°

f(x)= x2AIx? —1=x? (x2 —1)1/2

2

+x3(x2—1

f'(x)= 2x(x2 —1)1/2 +x2 [l(x2 —1)71/2 (2X):|

)1/2 )—1/2

:2x(x2 -1

£ () = 313 = (14 x2/2)"°

f'(x)= %(1+ x3) 2 (l x‘2’3)

3

213 1/3)‘2’3

_1
=5X 1+X

f(x):\/x2+3:(x2+3)1/2
f(1)=(1)?+3=2

The pointis (1, 2).
~1/2
f '(x)=%(x2 13 (2x)=—2

2Ux%+3

fray=—20 1

2J1)?+3 2

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

1
—2==(x-1
y Z(X )

1.3
==x+2
y=2%%3
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49. f(x)= [(x—l)2 - x]z

t(2)=[(2-1?-2] =1

The point is (2, 1).

fr)=2[(x-1?—x[2(x-1) (1) -1]
—2[(x-1%-x](2x-3)

fr)=2[(2-1°-2](2(2)-3)=—2

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

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

51 a  ZL[(¢ +1)7]=2(x2 +1)(2%) = 4X° + 4x

b. ¢ +171=dk(x* + 2% +1) = 4 + 4x

(3x+10-3() _ __ 3
(3x+1)? (3x+1)?
b LiEx+)H=-(3x+12(3
___ 3
(3x +1)2

d (1
dx \3x+1 )~

53. a

f(x)=(x? +1)10
f/(x)=10(x% +1)2(2x) = 20x(x? +1)°
f(x) = 20(x% +1)° +20x[9(x* +1)8(2%)]
=20(x? +1)° + 40x[9(x* + 1)®]
=20(x% +1)° +360x%(x% +1)®

55.

57. The marginal cost function is the derivative of the

function C(x)= ¥ 4x2 + 900 = (4x2 +900)"/2 .
1 2 -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) Y2 =%=1.60

50.

52.

56.

58.

f(x)=(2x+3)° +(3x+2)? +4x -5

f(=2)=(2(=2)+3)° +(3(<2) +2)* +4(-2) -5
-2
The point is (-2, 2).

f/(x)=3(2x+3)%(2)+2(3x+2)(3) +4

=6(2x+3)° +6(3x+2)+4
f1(~2)=6(2(=2)+3)* +6(3(=2) +2) +4
=-14
The tangent line has slope —14 at (-2, 2).
y-2=-14(x+2)
y=-14x-26

(_Lj _X0-20() oy _ 2
X2 (X2)2 X4 X3

2k

0. (L) =g =103 200

__2
N
d( L) _d2y_ »3__ 2
C. dx(XZJ_dx(X )=-2x"=—73

a?(' f(g(h(x))) = £'(a(h(x))g'(h(x))h’(x)

()= -1)°
f1(x)=50x3 -1)*(3x%) =15x2(x3 —1)*
f(x) = 30x(x° — )% + 15x2[4(x° - 1)3(3x%)]
=30x( - )* +180x* (x® - 1)°

/

on [0, 30] by [-10, 70]
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59.

61.

63.

65.

67.

69.

S(i) =17.5(i —1)%%2 62.
S'(i) = 9.275( -1) %47

S'(25) = 9.275(25 - 1) %47 ~ 2,08

At an income of $25,000 social status increases

by about 2.08 units per additional $1000 of

income.

R(X) = 4x+/11+0.5x = 4x(11+0.5x)"2 64.
R(X)= 4x(%) (11+0.5x) 2(0.5) + 4(11+0.5x)1/2

X
=— X 1 4/11+05x
V11+0.5x

The sensitivity to a dose of 50 mg is

R'(50)= X +4./11+0.5(50)

/11+0.5(50)
50 50
= +411+25=—-2 1 4./36
V11425 /36
50 25472 _97 o0l
6 3 3 3
66.
on [0, 140] by [0, 50]
X=~26 mg
P(t)=0.02(12 +2t)32 +1 68.

Pr(t)=0.03(12 + 2t)1/2(2)
= 0.06(12 +21)Y?
P'(2)=0.06[12 + 2(2)]Y? = 0.24
ﬂ

Avsdx=.0E1AY

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

Chapter 2: Derivatives and Their Uses

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

S'(e) = 0.462(e + 4)1*

S'(12) = 0.462(12+ 4)'1 ~ 9.75

At a level of 12 units, a person’s social status

increases by about 9.75 units per additional year
of education.

V(r)=1000(L +0.01r)°
V'(r) = 5000(1+ 0.01r )*(0.01)
= 50(1+ 0.01r)*
V'(6) = 50[1+ 0.01(6)]* ~ 63.12
At a rate of 6%, the value increases by about

$63.12 for each additional percentage point of
interest.

-

on [1, 5] by [0, 3]
x=23.6 years

R(x) = 0.25(1+ x)*

R(x) = 4(0.25)(1+ x)* = L+ x)°
a RO)=01+0°3=1

b. R@=0@+1)°=8

T(p) =36(p+1) "

T'(p) =-3 @6)(p+1) *° =—12(p+1)™*
T'(0)=-12(7+2) ¥ =-3
The time is decreasing by about % minute for
each additional practice session.

¢ %: 0.05184
X=~34.7, so about 35 years
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Exercises 2.6

70.

72.

74.

76.

78.

80.

82.

h(40) =8.2—(0.01(40) —2.8) %> = 2.44

h'(x) =-2(0.01t — 2.8)(0.01) = —0.0002t + 0.056
h'(40) = 0.048
At a temperature of 40 degrees, happiness
approximately 2.4, and each additional degree of
temperature would raise happiness by about 0.05.

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

The power rule has only x as the inner function,
but the generalized power rule can have any inner
function.

True: (?—Xf(x+5): f'(x+5)-(1) = f'(x+5)

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

d 3 . 3
=f =[f
91100 =[ 1 (0]
of a side. The chain rule gives the correct
derivative of [ f(x)]°.

, Where f(x) is the length

L E(g(x) = E'(9(x))-g'(X)
Since E'(x) =E(X), E'(g(x)) = E(@(X)).

Thus, &L E(g(x)) = E(9(x))-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: % f (5x) :%SX- f'(5x) =5- f '(5x)

False: The outer function, +/x , was not
differentiated. The correct right-hand side is

19001900,

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

A0 =[f'0012
L[ 100)° =[ (0]
of a side. The chain rule gives the correct
derivative of [ f(x)]”.

, Where f(x) isthe length

L= (g(x»g' (x)
L (9(0) =

g_(_)
g(x) -

But since L' (x) = g(x)

Thus, dx L(g(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 % f(G(x)) and substitute the expressions
for G(x) and G'(x).
ix F(G(x) = f'(G(x)-G'(x)
= £'(g(h(x))-g'(h(x))-h'(x)
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84

lim f(x+h)—f(x) _ lim
h—0 h—0

i 06240 JoH

h h = 2 because h is positive. For h negative
h—0

_ 2x+2h|H2 .
IimL(X—Jrhr)]Jﬁz IimJLhHJ. Since x =0, we get

h—0 h—0

For positive h, I2X+ZEH2XI

h—0
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84. a Use& f(g(h(x))=f'(g(h(x))-g'(h(x))-h'(x) 85. Solve f(x+h)-f(x)=F(h)-h for F(h) to find
to find &((xz)‘?)"’. F(h) :w and use the continuity of
q 2 3n4 2303 _ F at O to obtain
—((x =4((x -3(x -2X —
dx(( )7) ((x9)7)7-3(x7) F(O):"mF(h):"mf(x+h) f(x)’
= 4x18.3x%4.2x h—0 h—0 h
— 2423 which is the definition of the derivative-
b (X)) =(x*)*=x*
d y2_ogx®
dx
which is the same result as in part (a)
86. a. Apply Caratheodory’s definition since g is differentiable.
b. Apply Caratheodory’s definition since f is differentiable.
c. Inthe first step add and subtract g(x).
In the second step, use the associative property to group g(x+h)—g(x).
In the third step, use Caratheodory’s definition as given in part (b), where “h” is g(x+h)—g(x).
In the last step, use Caratheodory’s definition as given in part (a).
d. The derivative of f(g(x)),
d
- f
1 (g)
_im F@0+) - g(x))-G(h)-h
h—0 h
= rI]in?)[F(g(x+ h)-g(x))-G(h)]  Remove a factor of h
-
=F(g(x+0)—g(x))-G(0)  Apply the limit
=F(0)-G(0) Simplify g(x)—g(x)=0
=f'(g(x))-g'(x) Substitute F(0) = f'(g(x)) and G(0) = g'(x)
EXERCISES 2.7
1.  The derivative does not exist at the corner points 2. The derivative does not exist at the discontinuous
x=-2,0,2. 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.

. For x =0, this becomes

. [0+2H0] |2 L .
lim ]ﬂhj—l = ]Frl = -2 . Thus, the derivative does not exist.
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Exercises 2.7 85

11.

13.

15.

17.

. . — . |0+3n-{0
For positive hand x=0, lim f(x+h% () = lim o+ :34 I :3# =3.
h—0 h—0
. — 0+3H—0
For negative hand x=0, lim f(x+h% f(x) I i H_I I Sﬁh =-3.
h—0 h—>0
Thus, the derivative does not exist.
215 2/5
Forx=0, lim Jx_mu_) M)— = lim hh_ = lim —31/? which does not
h—0 h—>0 h—0 h—»0h
exist. Thus, the derlvatlve does not exist at x = 0.
gx+h) f(x) (0+ )4/5 pis 1
Forx=0, I|m = lim = lim h= lim == which does not exist.
h—0 h—0 h—0 ht
Thus, the derlvatlve 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 3
lim f (x+h)—f(x) —iim o+h-30 lim f(x+h)—f(x) 1im Yo+h-30o
h—0 h h—0 h h—0 h h—0 h
5 3
=lim ﬂ =lim ﬁ
h—0 h h—0 h
5 3
b. " % b. " ‘ @
0.1 6.3 0.1 4.64
0.001 251.2 0.0001 464.16
0.00001 | 10,000 0.0000001 | 46,415.89
c. No, the limit does not exist. No, the c. No, the limit does not exist. No, the
derivative does not exist at x=0. derivative does not exist at x=0.
d. (/’_' d. /
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 EXERCISESAND CHAPTER TEST FOR CHAPTER 2

L X ‘4x+2 X ‘4x+2 2. X ‘ ‘/X_XH X ‘ ‘/X_Xl’l
1.9 9.6 2.1 104 -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 NN _
2 x—@* o a. lim X+—11=O.5
x—0" X
b. lim 4x+2=10 J _
ozt b. lim ¥X+1=1_g5
x—>0* X
C. Jim4x+2=10 ¢ lim¥XX+1-1_gp5
x—0 X
3. a lim f(xX)=lim (2x-7) 4. a. lim f(x)= lim (4-x)
X—57 X—5" x5 X—5~
=2(5)-7)=3 _4-5--1
b. lim f(x)= lim (3—x) b. lim f(x)= lim (2x-11)
x5+ X—>5+ x—>5* x—>5*
=3-5=-2 =2(3)-11=-1
c. lim f(x) does not exist. c. limf(x)=-1
X—5 X—5
5. limyx2+x+5=v42+415=16+9 6. limn=n
x—4 x—0
=/25=5
7. tim [fs-sY2|=Lap)-16Y2-8-4=2 8. lim5tom=gti—->trron
T 1612 2 " r58r2-303r  82-303/8 64-30(2)
2 . X(x—1) o 3x3.3x o 3x(XP-1
lim 25=% = |im lim = lim
S %ol 21 xo1(X+1)(x-1) 1o X>-12%212% x—>-1 2X(x+1)
~ lim =X =1 i XD (x)
X2 = m o X(x+1)
. 3(x=1)  3(-1-1)
= lim = =-3
X—>-1 2 2
2 2 _ 2 2 _
11, lim 2Bty X(2XD) 12, lim Sy X0(0h=X)
h—0 h—0 h—0 h—0
= lim x(2x-h) = lim x(6h—Xx)
h—0 h—0
= x(2x—0) = 2x? = X(0—X) = —x°
13. lim f(x)=0; lim f(x)=ow and 14. lim f(x)=3;, lim f(x)=-w and
X—>—00 X—>-2" X—>—0 X—>2"
lim f(x)=oo, lim f(x)=o0,
x—-2% x—27F
so lim f(x)=wand lim f(x)=0. so lim f(x) does not existand lim f(x)=3.
X——2 X—>0 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

19.

21.

23.

24,

25,

26.

27.

29.

31.

The function is discontinuous at values of x for
which the denominator is zero. Thus, we consider

x? +x =0 and solve.
X2 +x=0
X(x+1) =0
x=0,-1
Discontinuous at x =0, -1

From Exercise 3, we know lim f(x) does not
X—5

exist. Therefore, the function is discontinuous at x

20.

22.

Discontinuous at x=-3, 3

Therefore, the function is continuous.

87

From Exercise 4, we know lim f(x)=-1= f(5).
X—5

=5,
lim f(x+h)—f(x) _ lim 2(x+h)2+3(x+h) 1-(2x2 +3x—1) m 2(x? +2xh+h?)+3x+3h-1-2x°2—3x+1
h—0 h—0 h—>0 h
— lim &X +4xh+2h2+3x—3x+3h—1+1—2x — lim 4xh+2h®+3h _ “m Ax+2h+3=4x+3
h—0 h h—0 h
lim L= 109 3(X+h)2+2(><+h) 3-(3x%42x-3) _ . 3x+6xh3h? +2x+2h-3-3x* ~2x+3
h—0 h—)O h—0 h

= lim Mhh;Zh = lim6x+3h+2=6x+2

lim —=30— _
o X(x+h) h™ g7 x(x+h)h

h—0
_3 3 3X—3!X+h2
lim 4 X+hh‘f X) _ im XX _ jim — Jim 3x=3x=3h 1 _
h—0 h—0 h—0 h—
lim L) = f(X)_“m4\/x+h—4«/;:"m4\/x+ —Jx \/x+h+f_|
h—0 h h—0

=lim4—————

f(x) = 63/x°

f(x) = (6x2/3)

4x7Y2 41

—%)(4x‘3’2)+0

=10x2’3 +2x7%2

+1 6x°/% -

F(x) =2 =x?
X
f'(x)=-2x73

f (%) - —2(%)3 —2(2)*=-16

f(x) =123/x =12x3
f'(x) = %(12)(—2/3) =4x72/3

f'(8)=4(8)*"°=4 (—)
-4 3) ()

()

28.

30.

32.

()= 4% 5
f (x)=§( x3’2)—

=10x%? +

3
2X—4/3

f(x)_%:
fr(X) = -~

(1) - (1)
“[3)-3
f(x) =6%x =6x'/°
f'(x)= (6x’2’3)

f'(-8)=2(-8)%3 = 2(——

X+h-—

Ix+h+x h0 h(\/x+h+\&)
. 4 _ _ 2
h—0 h(\/x+h+\/_) flm‘])\/x+h+\/§_2\/;_\/§

+1 4x5'2 -

I|m

X

=—(3)*=-9

-3 _
50 X(x+h) ™

6x 3 +1

—l)(ex—4’3)+o
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88 Chapter 2: Derivatives and Their Uses

3. y=%+x2:x‘1+x2 4. a C'(x)= 22%X_1/6
y@W=1412=2 CW=gg=20
1

Costs are increasing by about $20 per
additional Iicense

C'(64) = J— 20 -10

, 1
y'()= —FJF 2(1)=1 Costs are increasing by about $10 per
L additional license.

The point is (1, 2).
1

r—_1y2 N
y'=-1X""+2x= X2+2x b.

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

y-2=1(x-1)
y=x+1
35, f(x) =150x0-322 36. a A=m?
f'(x) = —0.322(150x 13?2 = _48.3x 1322 A=2nr
£1(10) = —48 3(10)—1.322 ~-23 b. As the radius increases, the area grows by “a

s . circumference.”
After 10 planes, construction time is decreasing

by about 2300 hours for each additional plane
built.

37. a V=%nr3 38 f(X)=2x(5Gx3 +3)

' 3 2
3(3 ar ): At 2 f (x):2(5x3 +3)+2x(135x ) ,
=2(5x” +3)+30x” = 40X” +6
b. As the radius increases, the volume grows by
“a surface area.”

39. f(x)=x3(3x -1) 40.  f(x)=(x% +5)(x* - 5)
f1(x)=2x3%° —1) + X2 (9%?) f/(X) = 2X(X% — 5) + (X* + 5)(2X)
=2x(3x -1)+ 9x* = 15x* —2x =2x3 —10%x+2x° +10%x = 4x°

41, f(x)=(x% +3)(x2 -3)
f1(x)= 2X(x% - 3) + (x? +3)(2X)
=2x3 —6x + 2x° +6x = 4x°

42, Y=+ X2 +D(x° -x3 +x)
y = (@x3 +2x)(x° = x4+ %) +(x* + X2 +1)(5x* — 3x% +1)
=4x8 —4x5 + 4x* + 2x8 —2x* +2x% +5x8 —3x® + x* +5x8 —3x* + x2 +5x* - 3x? +1
—9x815x% 11

43, y=0C+x3+x)(x* - x2+1)
y' = (5x4 +3x%2 +1)(x4 —x2 +1) +(x5 + X3+ x)(4x3— 2X)

:5x8—5x6+5x4+3x6—3x4+3x2+x4—x2+1+4x8+4x6+4x4—2x6—2x4—2x2
=5x8 - 2x® 1 3x* £ 25 + 1+ 4x® + 2xB +2x* —2x?
9x8+5x4+1
44, y=§—;% 45, y= %
y,:(><+l)(1)—(1)(X—1):x+1—x+1: 2 y = X=D@) -M(x+1) x-1-x-1___ 2
(x+1)2 (x+1)2 (x +1)2 (x—1)2 (x—1)2 (x—1)2

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



Review Exercises and Chapter Test for Chapter 2

5

46. y:X5 +1
X" =1
,_ 0 =(5xh) - 5xH)(xC +1)
(°-1?
_ 5x? —5x* — 5x? —5x* __ 10x*
(x> —1)2 (x> —1)2
48. a. f(x):zx)?"’—1
, X(2) —(D(2x+1)
f'(x)= 2
_2x=2x=-1___1
X2 X2

b.  f(x)=(2x+1)(x})

fr(x)=2(x 1)+ (2 + 1)(=1)x 2
—2_2x+1_2x_2x+1_ 1.
X x2  x2 x? X2
c. Dividing 2x +1 by x, we get
f(x):2+%( =2+x1

£/(x) =0 +(-1)x 2 :—-XJ;

50, 5(x)=2250 _ 2250(x +9)
X+9

$'(x) =-2250(x +9) 2 = 2250
(x+9)
5'(6)=_ 2250

At $6 per flash drive, the number of drives sold
is decreasing by 10 per dollar increase in price.

52. a  AC(x) :¥:@: 7_5+%

75420
X

b. MAC(X) =§'—X

=50

X2
-50__1

C. MAC(50)=—22=-==-0.02
C0)=2z =50

Average cost is decreasing by about $0.02
per additional mouse.

47.

49,

51.

53.

89

_ x6-1
x6+1
yo O +1(6x°) = (6x°)(x° — 1)
(x® +1)?
_xtaex’ —extaex’ | 12x°
- (x8 +1)2 (x5 +1)2

_ x3-1
x4 +1
3
y(-1)= (_1)4_1=—1
(1" +1
The point is (-1, -1).

(x*+1)(3x3) = (4x¥) (x3-1)

y'=

(x4 +1)2
_ x4 A’ +3x%
(x4 +1)2
yi1y==(D° a1 +3(-1° _ 1-4+3
(0t 1) 4
__1
2

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

y+1=—%(x+1)

1. 3
=—=x-2
Y=72%73

a. To find the average profit function, divide

P(x)=6x—200 by x.
AP(x) =8x=200

b. To find the marginal average profit, take the

derivative of AP(X).
MAP(X) = x(6)—(1)(§3x—200) _ ZQiQ
X X

c. MAP(10)=-200 _200 _,

(10)2 ~ 100

Average profit is increasing by about $2 for
each additional unit.

£ (x) =124%3 —9¥x =12x%/2 - 9x/?
f1(x) :%(12)(1/2)_%(9)(—2/3) —18xL/2 _gy2/3
f7(x) = %(18{1/2)—%(—3(5’3)

_ 9X71/2 + 2X75/3
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B4, f(x)=18Yx2 — 4/x¢ =18x2/% 4x*'? 5. 1(0--4-1x
oy ~1/3 1/2 X
f'(x)=12x"""-6x f) =2 13- 2,
fr(x)=-4x*3-3x7/2 3 3
fr(x) = —3(—%x‘4) =2x7*
56. f(X)=i=-%X_3 57. f(x):%:2x‘3
X
"y 34
f'(x)=-%5x f'(x)=-3(2x*) = —6x7* :—%
X
f7(x)=6x">
fr(x) = —4(-6x7%) = 24x75 = %
fr(-1) = (_Zf) c=-24
58. (¥ =X—34=3X’4 50. L —6x°
. 2
fr(x) = -12x 7 =58 -6~ 30x*
(0 = 60x ® =3 p o
60 = x®=30(-2)* =480
fu(_]_)z 5 =60 dx v
-1
d.-2_ 5,3 dJ5_d 5/2_5 302
60. wX = 2X 61. dxw/x_—dxx =5 X
d_sz_A_ 3y _py4_6 d% [5 153/2) 15 1/2
deX dx(2X ) =6X =4 dXZJX_:dX 5 X =4x1
d? 26 6 _3 d? ¥ =18 g2
a2 _6_3 a x5 =22 (16)1/2 =15
dX2 X=-2 (_2)4 16 8 dX2 x=16 4
d f.7_d 72_17 52
62. dex__dxX 2%
d> 7 _d(Z 5/2)_& 3/2
2
L AT =3Pz 210
dx X=4 4

63.  P(t)= 0.25t> — 3t + 5t+200
P'(t) = 3(0.25t%) — 2(3t) + 1(5) + 0= 0.75t* — 6t + 5
P"(t)=2(0.75t)- 6(1)+ 0=1.5t—6
P(10) = 0.25(10)® —3(10)2 +5(10) + 200 = 250 — 300 + 50 + 200 = 200
In 10 years, the population will be 200,000.
P'(10)= 0.75(10)% —6(10)+ 5= 75-60 +5= 20
In 10 years, the population will be increasing by about 20,000 per year.
P"(10) =1.5(10)—6=9
In 10 years, the rate of growth of the increase will be 9000 per year each year.
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64.

65.

66.

68.

70.

72.

74.

76.

v(t)= s (1) =3 (8%/2) = 20t%?

a(t) = v'(t) =5 (20t %) =30t"?
v(25) = 20(25)%' % = 2500 ft / sec
a(25) = 30(25)Y/2 =150 ft/ sec?

a.  When the height is a maximum, the velocity
is zero. Thus, to find the maximum height,

set v(t) =0 and solve. First, we find

v(t)=s(t).

S(t) =—16t> +148t+ 5

v(t) =5 (t) =32t +148

Now set v(t) =0 and solve.
v(t)=-32t+148 =0

—32t =-148
t=4.625

To find the height when t = 4.625, evaluate

(4.625).

S(4.625) = —16(4.625)2 +148(4.625) +5

= 347. 25 feet

h(z) = (42% -3z +1)°
h'(2) = 3(47 —3z+1)%(8z-3)

9(x) = (100 - x)°
g/(X) = 5(100 — x)* (1) = —=5(100 — x)*

f()=vx2—x+2

f'(x)=5(x —x+2)

12
x —x+2

(2x-1)

w(2) =¥6z-1=(6z-13
w'(2) =4 (62-1)2/3(6) = 2(62-1) 2/

—(5x+1)72"®

h 1
0= \5/(5x +1)?

h'(x) = ——(5x +1)7%(5) = —2(5x +1) "/

g(x)= x2(2x-1)*
g'(x) = 2x@2x-D* + x4(2x-1)32)]
= 2x(2x—1)4 + 8x2(2x—1)3

67.

69.

71.

73.

75.

77.

h(z) = (32% - 5z—-1)*
h'(2) = 437 -52-1)%(62-5)

g(x) = (1000 — x)*
g'(X) =4 (1000 — x)3(~1) = —4(1000 — x)°

f(x) =vx?—5x— x —5x 11/2
f'(x)=§(x —5x—1) (2x —5)

w(2) =¥3z+1 =(3z+1V3
w'(2) =4 (3z+1)23(3)= (3z+ 1) 2/°

h(x) = 1 =(10x+1)3°

J(@ox+1)*

h'(x) = ——(10x+1) 8% 10) = —6(10x +1) ¥/°

g(x)= 5x(x3 —2)4
g'(x) =50¢ - 2)* +5x4(x° —2)°3x%)]
=5(x° - 2)* +60x3(x° - 2)°
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y=x33¥x +1=x3(x +1)1/3 79, y=x*¥x®+1=x*(x +1)1/2
y' =33 (x +1)1’3 [ S +1)723(3% )} y =4 +1)Y2 4 x E%(x2 +1)‘1’2(2x)]
=3x2(x3 +1)Y3 + x3(x® +1)%3 =4x3(x? +1)2 £ x5(x? +1)7V 2

f(x)=[(2x2 +* +x* 8L f(x)=[Bx2 -3 + X3

f1(x) = 3@2x% +1)* + x[4@x? + 1 (4x) + 4x3] f1(x) = 2[(3x% —1)° + x3][3(3x% —1)%(6X) +3x°]
=322 +1)* + xM[16x2x% +1)° + 4x%] =2[(3x% - 1)% + x3[18x(3x% ~1)? +3x?]

f(x):J(x2+1)4 —x* =[P +1)* - X2 83. f(x):J(x?’+l)2+x2 =[0G +1)2 +x2 2

P =2[0¢ +D* - x*T V240 +D3(2%) - 4x°] (=3[0 +17 + X172 20 + 1)(3x°) +2x]
= %[(x2 +1)4 - x“']_1/2[8x(x2 +1)3— 4x3] = %[(x3 +1)2 + x2]71/2[6x2(x3 +1)+ 2X]

=[0G +12% +x21Y2[13x2(x® + 1) + X]

f(x)= Bx+1)*(@x+1)°3

f/(x)=43x+1)°3@)(4x+1)° +(3x+1)*(B)(4x +1)?(4)
=12@3x+1)3@x +1)° +12(3x + 1) * (4x+ 1)
=1203x+ )3 (@x+)?[(4x + 1) + (3x +1)]
=12@3x + )3 @x + )% (7x + 2)

f(x)=(x% +1)3(x? -1)4
f1(x) =30 +1)2(2x)(x* - 1)* + (¢ +1)°[4(x% -1)* (2%)]
= 6x(x% + 12 (x2 = p* + 8x(x® +1)°(x% —-1)°

\ 5
9= %5) 87. f(x):(x—‘;—4)
f'(x):4x;55[w} f,(x):5x_;4)4[x(l)—§(lg(x+4)}
(x+5)° Gy
=4 x+55( )_ _g) ;3 ZS(X__XM)(X_XXZJ):"ig(X';‘(Aj
__20(x+5)° 20(x+4)*
- < _ £
y=2ra-(x2+a)" 89. h(w)=(2w22—4)54
y(2)=Y(2)*+4=2 h'(w) = 52w* — 4)* (4w)

The point is (2, 2). h"(w) = 202w — 4)3(24\,\,)(2\,\,) 502w - 434(4)
2Lk a) P ox)=2x = 20(16w)(2w” — 4)% + 20(2w? —4)
y' = 3 )2/3 _ 320\,\,2(2\,\/2 _ 4)3 + 20(2\/\/2 gy
220 _1
3((2)2 +4)2/3 3

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

y'(2)=

y—2=%(x—2)

1.4
==X+
Y=3""3
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90.

91.

92.

93.

94,

95.

96.

97.

h(w) = (3w? +1)*
hr(w) = 4(3w? +1)3 (6w)
h"(w) =12@3w? +1)%(6W)EW) + 43w +1)°(6)
= 432w? 3w +1)% +24(3w? +1)°

9(2)= B(z+1)°
9'(2) = 32%(z+1)3 + 2°[3(z+ 1)?] = 32%(z+1)® +32(z+ 1)?
9"(2) =62z +1)° + 32 [3(z+ )?]+ 972 (z+ 1) + 32°[2(z+ 1)]
=62(z+1)° +182%(z+1)? +62°(z+1)

9(z)=Z(z+1)*
9'(2)=42(z+)* + 4 (z+1)®
9"(2)=1222 @ +1)* + 42°[4(z+ )3+ 16 2 2+ 13 + 4 [3(z+ DA
:1222(2 +1)4 +3223(z+ 1)3 +1224(z+ 1)2

a. ZE('(><3 ~1)2 =23 - (3x%) = 6x%(x° —1) = 6x° —6%°

. 1( 1J:(x3+1)(0)—(3x2)(1):_ v
T (3 (x3+1)2 (x3+1)2

2
1 _ .,
o () Loty w2t -

(3 +1)2
P(x) =¥ X% —3x+34 = (x3 —3x + 34)1/2
2
P'(x) =3 (¢ -3x+34) 2 (3x* - 3 = —AE=L—

24x® —3x+ 34

, 3(5)° -3 72 72
P/(5) = - _I12_3
263 35)+34 24144 24

When 5 tons is produced, profit is increasing at about $3000 for each additional ton.

V(r) =500(1 +0.01r)3
V'(r) =1500(1+ 0.01r)%(0.01) = 15(1+ 0.01r)?

V'(8) =151+ 0.01(8)]> ~ 17.50
For 8 percent interest, the value increases by about $17.50 for each additional percent interest.

98.

It
on [0, 10] by [0, 30] on [0, 20] by [-2, 10]
a P(B)-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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94 Chapter 2: Derivatives and Their Uses
99. R(X)= 025(0.01x +1)* 100. N (x) =1000+/100— X =1000(100— x)"'2
Y (%) — 3
R (x) = 0.25[4(0.01x +31) (0.01)] N''(x) = 500(100 x)‘”z (<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(100) +1)] (96) T
At age 96, the number of survivors is decreasing
by 250 people per year.
101. The derivative does not exist at corner points 102. The derivative does not exist at the corner point
x=-3 and x=3 and at the discontinuous point x =2 and at the discontinuous point x=-2.

x=1.
103. The derivative does not exist at the corner point x = 3.5 and the discontinuous point x=0.
104. The derivative does not exist at the corner points x=0 and x=3.

105. For positive h,
f(x+hr)]—f(x) _ lim [5x+5h|-|5% — lim [5(0)+5H-5-0|

lim n for x=0
h—0 h—0 h—0
= lim 3D =
h—0

For negative h,
- 5% +5h|—|5 5(0)+ 50 —|5(0
lim f(”hr)] P00 _ ji 2X 250154 Iiml()+—w for x=0
h—0 h—0 h—0
. 5h
= lim-<-=-5
h—0 h
Thus, the limit does not exist, and so the derivative does not exist.

_ 3/5_3/5 3/5
106. ||mw: ||m(x+h)—X: ||th for x=0
h—0 h—0 h—0
= lim ==
h—0 h2/°

which does not exist. Thus, the derivative does not exist.
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