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Chapter 2: Derivatives and Their Uses

EXERCISES 2.1

1.

X | Sx -7 X | Sx-7
1.9 2.500 2.1 3.500
1.99 2.950 2.01 3.050
1.999 2.995 2.001 3.005
a. lim (5x-7)=3
x—27
b. lim (5x—7)=3
x—=2*
c. lim(5x-7)=3
x—2
X -1 x x3-1
x—1 x—1
0.900 2.710 1.1 3.310
0.990 2.970 1.01 3.030
0.999 2.997 1.001 3.003
a. lim *=1-3
xo1” x—1
ox3o1
b. lim =3
o1t x—1
c. lim*=1=3
x—ol x—1
X (1+2x) % x |as2n”
-0.1 9.313 0.1 6.192
-0.01 7.540 0.01 7.245
-0.001 7.404 0.001 |7.374
lim (1 +2x)"* = 7.4
x—0
1 _1 1_1
X x 2 X x_ 2
x—2 x—2
1.9 -0.263 2.1 -0.238
1.99 -0.251 2.01 -0.249
1.999 -0.250 2.001 -0.250

lim 2 =025
m 2

x—2 X —

——

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

1
lim*—-=1
x—1l—x

10.
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X | 2x+1 x  Jox+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—47"
c. lim(2x+1)=9
x—4
X x*-1 x x*-1
x—1 x—1
0.9 3.439 1.1 4.641
0.99 3.940 1.01 4.060
0.999 |3.994 1.001 4.006
4
a. lim X =l_yg
xo1” x—1
-1
b. lim X—=4
xo1t x—1
4
e lim*—=1-4
-1 x—1
X | (1_x)1/x X | (1_x)l/x
-0.1 0.386 0.1 0.349
-0.01 0.370 0.01 0.366
-0.001 0.368 0.001 0.368
lim (1 —x)""* = 0.368
x—0
X Jx-1 v | Ax-1
x—1 x—1
0.9 0.513 1.1 0.488
0.99 0.501 1.01 0.499
0.999 0.500 1.001 |0.500
imYE=1_gs
-1 x—1

-

on [0, 3] by [0, 10]
2
. 2x- =45
lim =5—F2==6
xols ¥—1.5
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38
1 I
:\_\_\_\_‘__‘_\—\_
on [3, 5] by [1, 3]
15 4.0
lim <— =2

13, lim 4x* —10x+2 =4(3)* - 10(3)+2 =8

x—3

2 2_
w55 7x—10  7(5)=10

17. lim \/5 = \/5 because the limit of a constant is

x—3
just the constant.

19. lim [(I+5)t_1/2:|:(25+5)(25)—1/2 =6

t—25

21, lim (5x° +2x%h —xh?) = 5x> + 2x% - 0— x(0)* = 5x°

h—0
2 _
23, lim £=4 = fjp XF2)0(x=2)
x—2 X~ x—2 x=2
=lim(x+2)=2+2=4
x—2
25. 11 x+3 _ hm x+3
x—>3x2+8x+15 x—>—3(x+3)(x+5)

1 1

1
—-3x+5 =-3+5 2

3 2 2 o
217. lim 3x” —3x —6x: lim 3x(x X 2)

x——1 2 +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
x—-1

2
29, lim 2SI o i (2 -38) = 2x-3(0) =2x
h—0 h—0

2
31. 11m%— hm (4x + xh — h2)
h—0

=4x% +x(0)—(0)? =4x?

© 2010 Brooks/Cole, Cengage Learning.

12.

14.

16.

18.

20.

24,

26.

28.

32.
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VVV/V

on [0.5, 1.5] by [0, 3]

lim—X=L _»
x—>1x—\/;

hm7 e 2(7)—

limYr? +1-4=Y(3)> +3-4 =2
t—3

lim 8+2\/7 8+2\/___4:7
¢—98-2\[g 8-29 2

1im(s3/2—3s1/2)=[43/2—3(4)1/2]=2

s—4

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

lim x—1 =lim x—1

x—>1x2+x 2 x—>1(x+1)(x—1)
1 1 1

x—>1x+2 1+2 3

X +9x+20_ lim (x+5)(x+4)

lim
x——4 x+4 x——4 x+4
= lim x+5=—-4+5=1
x——4
lim x(x—1) _ -

x50 x2+x x—>0 x(x+1) Ho x+1

4 2
lim A= _ iy (5 —9.x)
h—0 h—0

= 5x% — 9x(0) = 5x*
2 2 3
lim 2 A=Xh" Fh” i 62 bt i

h—0 h h—0
= x> = x(0)+(0)% =



Exercises 2.1

33.

3s.

37.

39.

41.

43.

45.

a.  lim f(x)=1
x—27

b. lim f(x)=3
x—2%

¢. lim f(x) does not exist.
x—2

lim f(x)=~1
b, lim f(x)=-1
c. lim f(x)=-1

x—2

a. lim f(x)= lim 3-x)
x—4 x—4~

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

c¢. lim f(x) does not exist.
x—4

a. lim f(x)= lim 2-x)
x—4- x—4~

. =2-4=-
bl )= lim (=0
—4-6=22

c. lim f(x)=-2
x—4

a. lim f(x)= lim (—x)
x—07~ x—07"

=_0=0

b. lim f(x)= lim (x)

x—0* x—0*
=0

c. lim f(x)=0
x—0

A

X

—0.1 -1
—-0.01 -1
—0.001 -1
lim f(x)=-1
x—0

b. x M

X

0.1 |
0.01 |
0.001 |
lim f(x)=1
x—0

c¢. lim f(x) does not exist.
x—0

lim f(x)=0; lim f(x)=oc and
X—>—o0 x—37

lim f(x)=—ee,

x—3*

o) lirré f(x) does not existand lim f(x)=0.
X—>

X—>o0

34.

36.

38.

40.

42.

44.

46.

&

39

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

lim f(x) does not exist.
x—2

lim f(x)=3
x—2

1ir£1+ f(x)=3
lim f(x)=3

x—2

lim f(x)= lim (5-x)
x—4- x—4~

=5-4=1
lim f(x)= lim 2x-Y5)
x—4* x— 4"
=2(4)-5=3

lim f(x) does not exist.
x—4

lim f(x)= lim 2-x)
x—4 x—4~

. =2-4=-2
i 0=l 2510
=2(4)-10=-2
lim f(x)=-2
x—4
lim f(x)= lim [H—x)]
x—07" x—07
=—(-0)=0
lim f(x)= lim —(x)
x—0* x—0*
=—0=0
lim f(x)=0
x—0
. I
X
—-0.1 1
—-0.01 1
—-0.001 1
lim f(x)=1
x—0
I
x
X
0.1 -1
0.01 -1
0.001 -1
lim f(x)=-1
x—0
lim f(x) does not exist.
x—0

lim f(x)=0; lim f(x)=e and
X—>—00 x—>-2"

lim f(x)= e,

x—-2"

so lim f(x)=eand lim f(x)=0.
X—o0

x—-2
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47.

49.

51.

53.

55.

57.

59.

61.

63.

65.

67.

lim f(x)=0; lim f(x)=c and
X—>—o0 x—0"

lim f(x)=rco,
x—=0*

so lim f(x)=ec and lim f(x)=0.
x—0 x—>00

lim f(x)=2; lim f(x)=—c and
X——oeo x—1"
lim f(x)=oco,
x—1*
so lim f(x) does not existand lim f(x)=2.
x—1 X—>oo

lim f(x)=co and

x—-2

lim f(x)=1;
lim f(x)=eo,

x—-2%
so lim f(x)=eand lim f(x)=1.
x—-2 X—>oo

Continuous

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

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

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

X—C

(]

b. lim f(x)=3; lim f(x)=3
x—3~ x—3*

¢. Continuous

b. lim f(x)=3; lim f(x)=4
x—3~ x—3*

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

x—3

Continuous

Discontinuous at x = 1
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48.

50.

52.

54.

56.

64.

66.

68.
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lim f(x)=0; lim f(x)=-c and
X——o0 x—=0"
lim f(x)=rco,
x—=0*
so lim f(x) does not exist and lim f(x)=0.
x—0 X—>00
lim f(x)=1; lim f(x)=ec and
X——oeo x—>=-3"
lim f(x)=—oco,
x—-3%
so lim f(x) does not existand lim f(x)=1.
x—-3 X—roo
lim f(x)=2; lim f(x)=ec and
X——0ce x>l
lim f(x)= e,
x—17t

so lim f(x)=ec and lim f(x)=2.
x—1 X—>oo

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

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

xX—>cC

Continuous

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

2 4 6
lim f(x)=2; lim f(x)=1
x—37 x—3%

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

&

exist.

L -]

2

&

lim f(x)=2; lim f(x)=2
x—3~ x—3%

c¢. Continuous

Continuous

Discontinuous at x = -7 and x =2



Exercises 2.1

69.

71.

73.

75.

77.

79.

81.

83.

8s.

f(x)= 5—;'25— is discontinuous at values of x
x’=5x
for which the denominator is zero. Thus, consider
503 —5x =0
5x(x%2 =1)=0

Sx equals zero at x = 0 and X2 -1 equals zero at x
=4].

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

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

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

From Exercise 39, we know
lim f(x)=-2= f(4). Therefore, the function is
x—4

continuous.

From Exercise 41, we know
lim f(x) =0 = f(0). Therefore, the function is
x—0

continuous.

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

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

—1)(x+2

Since the function —1 is not defined

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

1/x 1/x
i [ R [+
10 10
0.1 1.11 0.1 1.10
—0.01 1.11 0.01 1.11
—0.001 1.11 0.001 1.11
—0.0001 | 1.11 0.0001 1.11
1/x
lim (1+i) ~$1.11
x—0 10
im 100 = 100 22@
=01+.001x2  1+.001(0) 1
=100

As x approaches c, the function is approaching
lim f(x) even if the value of the function at c is
X—cC

different, so the limit is where the function is
G‘going9ﬂ.

70.

72.

74.

76.

78.

80.

82.

84.

86.

41

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

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

xt-3x3—4x? =0
xz(x2 —3x—4) =0
x> (x—4)(x+1)=0
K2 equals zero at x = 0, x — 4 equals zero at
x =4, and x + 1 equals zero at x =—1.

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

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

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

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

continuous.

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

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

From the graph, we can see that lim f(x) does
x—7

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

2 2
lim 1—(1) - 1—(2) =0
v—=c C C
1/x 1/x
B G RN [0
20 20
0.1 1.05 0.1 1.05
-0.01 1.05 0.01 1.05
~0.001 |1.05 0.001 |[1.05
~0.0001 |1.05 0.0001 |1.05
1/x
lim (1+i) ~$1.05
x—0 20

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

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

discontinuous function.
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86.

88.

90.

92.
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In a continuous function, when x equals ¢, the
function equals lim f(x). This is not true for a
X—c

discontinuous function.

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

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

x—2"

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

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

The slope is zero at P;.
The slope is positive at P5.
The slope is negative at Ps.

The slope is negative at P;.
The slope is zero at P».
The slope is negative at P3.

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

m=2=4__1

4-1 3

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

m= gfg =2
The slope of the curve at P, is 2.

Your graph should look roughly like the

42

85.  Asx approaches c, the function is approaching
lim f(x) even if the value of the function at c is
Xx—cC
different, so the limit is where the function is
“gOing”,

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

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

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

93. True: The third requirement for continuity at
x =2 is that the limit and the value at 2 must
agree, so if one is 7 the other must be 7.

9s. lim f(x) does not exist; lim f(x) does not exist; lim f(x) does not exist
x—0* x—0"

EXERCISES 2.2

1.  The slope is positive at P;.

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

3.  The slope is positive at Pj.
The slope is negative at P.
The slope is zero at P3.

5.  The tangent line at P contains the points (0, 2)
and (1, 5). The slope of this line is

m=1-0"= 3.
The slope of the curve at Py is 3.
The tangent line at P, contains the points (3, 5)
and (5, 4). The slope of this line is
m=4=__1
5-3 2
The slope of the curve at Py is —3 .
7. Your graph should look roughly like the

following:

© 2010 Brooks/Cole, Cengage Learning.

following:
b




Exercises 2.2

9. a fO-fO)_12-2_,

2 2
b. f@-/M_6-2_,
1 1
c. fA5)-fM)_375-2_
5 =2L=L=35

d. fAD-fMD_231-2_4,
1 1 :

e. fI.0D-/0d)_2.0301-2_
01 === U

f. Answers seem to be approaching 3.

L a f(A)-f(2)_34-8_,4

2 2
b. f®-/2)_19-8_,,
1 1
¢ [f25-f2)_13-8_,,
5 5
d. f@D-/2)_892-8_,
1 1 '
e.  /f2ODH-f() _8.0902-8 _
01 =Tor 0”2

f. Answers seen to be approaching 9.

B. a fO)-fO)_26-16_5
2 2

b fH-fG)_21-16_5
1 1

¢ fBH-fB)_185-16_54

5 5
d. fGD-/B)_165-16_5
1 1
e. fBOD-/f()_16.05-16 _5
01 01

f. Answers seem to be approaching 5.

15. a. f(6)-f(4) _24495-2 _ 0.2247
2 2 '
b. f(S)—f(4)=2.236—2=02361
1 .

¢ S-S _2121-2 _ 9406
5 5 ‘

d. fAD=/(4) _2.025-2 _ (455
1 1 '

e f(40D)-/f(4) _2.0025-2 _
o1 = o1 =0.2498
f. Answers seem to approach 0.25.

10.

12.

14.

16.

43

fO-£) _23-7 _g

2 2
f@Q)-fM _13-7_¢

1 1
SAS)-f1) _95-7_5

5 5

SAD-fD) _742-7 _4,

1 1 ’
SAOD - /(D) _7.0402-7 _

.01 B .01 =4.02
Answers seem to be approaching 4.

SH-/(2) _23-7 _¢

2 2
SB)-f(2)_14-7 -7

1 1
S(25)-f(2)_1025-7 _

5 ==5 08
SQD-f(2) _761-7 _¢,

1 1 ’
S2OD-f() _7.0601-7 _

.01 a .01 =601
Answers seem to be approaching 6.

SO)-fG) _33-19_,
2 2
SAH-/G) _26-19_4
1 1
/G5H-f0) _225-19_,
5 5
fG.D-fB)_197-19 _4
1 1
SB.0D =) _19.07-19 _,
01 01
Answers seem to be approaching 7.

S(6)= f(4) _.6667=1__¢ 1667
2 2 '
SO =SM _8=1_ 55000

1 1 '
S5 =/(4) _889-1_ 99

5 : '
SAD=f(4) _.976-1_ _( 9439

1 1 '
SAO0D-F(4) _.9975-1_ _,

- =1 = —0.2494
Answers seem to approach —0.25.
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17.

19.

21.

lim L&D = /() 18.
h—0 h
- im (x+h)* +(x+h) = (x* +x)

h—0 h
- lim x> +2xh+h> +x+h—x*—x

h—0 h
_ i 2xh+h’+h

h—0
= lim 2x+h+1=2x+1

h—0

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

lim M 20.

h—0 h
- lim S(x+h)+1-(5x+1)

h—0 h
= lim Sx+5h+1-5x—1

h—0 h

= lim 3k

h—0 "
= lim 5=5
h—0
Evaluating at x=3 gives 5,

which matches the answer from Exercise 13.

SfOA)—f(x)

l}in(l) 7 22.
N
— lim 2(x+h) 2 +(x+h)-2—(2x % +x-2)
h—0 h
— lim 2 +4xh+2h> +x+h=2-2x>—x+2
h—0 h
= lim 4xh+2h>+h
h—0
=lim4x+2h+1=4x+1
h—0

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

© 2010 Brooks/Cole, Cengage Learning.
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J(x+h)—f(x)

hlino h

. (x+h)2 +2(x+h)—1—(x2 +2x—1)
h—0 h

= lim Xk2xh+h’+2x+2h—1—x" —2x+1
h—0 h

= lim 2xh+h2+2h

h—0

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

h—0

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

i SEHD= ()

h—0 h

4 _4
= lim (”Z) al
h—0

- lim 1(—4__4
—hlinoh(x-i'h X)

- lim l(4x—4(x+h))
hoh (x+h)x
— hm 4x—24x—4h
h—0 h(x“+xh)

-4 _
+xh X

4

2

= lim
h—0x

2
Evaluating at x=4 gives —iz=—.25 ,

4
which matches the answer from Exercise 16.

lim LOH=S () _ i) 264 ?45-(227+5)
h—0 h h—0 h
— |im 22 H4xh+2h > +5-2x =5
h—0 k
— lim 4xh+2h’
h—0
=lim4x+2h=4x
h—0

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



Exercises 2.2

23.

25.

26.

27.

29.

31.

lim Sx+h)—-f(x) _ \/x+ —Jx 24.
h—0 h—>0

h—0 h Jx+h++/x

lim _(xth)-x

h—>0h(\/X+ Ik +x)
_ 1 1
_hlino\/x+h+f Sir04dx 2Jx

The slope of the tangent line at x =4 is

1 0.25, which matches the answer

24

from Exercise 15.

f(x+h) S _

45

f(X+h) S (x)

i 7(x+h)—2—(7x—2)

h—0 h
Tx+Th=2-Tx+2

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

which matches the answer from Exercise 14.

(x+h)2—3(x+h)+5—(x2—3x+5)

S(x)=

h—>0 h
:limx +2xh+h 2 _3x—3h+5-x*4+3x-5
h—0 h
:}IIim(2x+h—3)
—0
=2x-3
Fix) = f(x+h) f(x) 2(x+h)2—5(x+h)+l—(2x2—5x+l)
h—>0 h
:hmZx +4xh+2h 2 5x—5h+1-2x% +5x—1
h—0 h
=}llim(4x+2h—5)
—0
=4x-5
1109 = i L= B )= i LS00
L 1—(x+h) 2_(1-x2) ](x+h) +1-(1x? 1)
—,glm ; = lim 2
-0 h—0 h
2 2 2
= lim 1=X"—2xh—h” —1+x A lieaheln?a1-1x? -
h—0 h = lim
= lim (-2x—h) h—0 h
h—0 =limx+ih=x
f(x) f(x+h) f(x) 30. f(x) f(x+h) f(x)
m9(x+h) 2—-(9x-2) :hm—3(x+h)+5 (-3x+5)
h—>0 h h—0 h
h—0 h h—0 h
£ = f(X+h) S(x) 2. fix)= f(X+h) S ()
x+h_£ h :hm0Ol(x+h)+0.05—(0.01x+0.05)
= lim —2—2 = lim 2 h>0 h
h—0 h h—0 h — lim 0.01x+0.012+0.05-0.01x—0.05
h—0
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33. f'(x)= llm f(-x"l'h) f(-x) llm 4—4 =0 34. f’(.x)= llm f(x+h) f(x) hm 7Z'=O
h— h—0 h S a0
3s. f(x)_hm f(x+h) f) o a(x+h)2+b(x+h)+c—(ax2+bx+c)
h—>0 h
— lim & +2axh+ah 2 4bx+bh+c—ax’—bx—c
h—0 h
=limQax+ah+b)=2ax+b
h—0
36. Use (x+a)’ =x’+2ax+a’.
f'(x)zlimf(x+h) S(x) _ (x+h)2+2a(x+h)+a2—(x2+2ax+a2)
h—0 haO h
- lim % 24 2xh+h®+2ax+2ah+a’ —x*—2ax—a’
h—0 h
=limQ2x+h+2a)
h—0
=2x4+2a
37. f'(x) hmM 38. f (x) f(x+h) f(x)
:1mm :lim(x+h) X
h—0 h h—0 h
— lim S5 105382 +5xht + 15— X0 i A A 60 A 4 B — i
h—0 h h—0 h
= lim 5x* +10x°h+ Sl + i = 5* = lim 4x> + 6x2h+4xh> + 1 = 4%
h—0 e
+h h
9. (0= lim JEERTE) 0. 0= tim LB
L_l ;__1
2 2
:hhg}) h_x _ lim (x+h)h x
h—0
2x 2(x+h) . e
XEX"';; m X (X+ )
:}}LI%) h — llm XZ(X-I-h)Z xz(x+h)2
Qi 2X=2x-2h 1 h—0
_hhg}) Mxth) h 22 2unp?
= lim — 2h 1 = lim x2!x+h!2
hoo X(x+h) h h—0 h
; 2
= lim — — lim —23xh+h® 1
h—0 X(x+h) hlg}) xz(x+h)2
:_% =hm__2.x_+_h_=__2_x.=__2_
2 2 4 3
¥ h—0 x“(x+h)
41. f'(x) llm f(x+h) f(x) _}lllm \/.x+h —\/;
-0

Wiz

=lim

h—0 h Jx+h ++x
=llm x+h_x

hﬁoh(\/x+h +\/;)

h

=lim———

SR
=lim

h—>0Jx+h +/x 2\/;
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42.

43.

44.

45.

46.

S SR 2y SN i vy N ey

f(x)= hmf(x”') SO _ g xth f\/“h i Nxx b xfxrh

=lim
h—0 h h—0 h—0 h
x—(x+h)
= lim (\/;V)C‘i‘h)(\/;-i- X+ )—11 —h l
h—0 h heO\/;Jx.F (\/_+1/x+ ) h
= lim 1 =-— -
hﬂof\/x+h(x/§+«/x+h) \/;\/;(\/;+\/;) (2f)
2x\/7
3.2
Fx)= f(x+h) SO _ i G+ h) + () = (F +x%)
h—0 h
~ lim (x +3x2h+3xh2+h3)+(x +2xh+ h?)— x> —x?
h—0 h
2 2,3 2
= lim XA 43xh +hh +200Fh" _ iy 3x% 4 3xh+ B 4+ 2x +h
h—0 h—0
=3x2 +2x
L— 1 1 2x-Q@x+2h) —=2h
)= f(x+h) f(x) - lim GFD_Ix _ lim 2521 2% _ i 2x(2;cl+2h) - lim 2x(2)];+2h)
h—0 h—0 h—0 h—0

11

- llm—L me——1_ -1
S0 X(2x+2h) h T 50 x(2x+2h) T 92

a. The slope of the tangent lineatx =2 is f'(2)=2(2)—3=1. To find the point of the curve at

x =2, we calculate y= f(2)= 22 —3(2) +5 =3 . Using the point-slope form with the point
(2, 3), we have
y=3=1(x-2)

y=3=x-2
y=x+1

T

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

a. The slope of the tangent line at x =2 is f'(2) =4(2)—5 =3. To find the point of the curve at
x=2,wecalculate y= f(2)=2(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]

47
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47.

49.

50.

51.

52.

53.

54.

55.

Chapter 2: Derivatives and Their Uses

v
|

7 . — .

£(x)= lim zngzhz [() _ gy S tA) = 2 Gx=4)_ . 3x+3h- Zt 3r+d o 3-3
h—0 h—0 h—0 h—0

The graph of f(x)=3x—4 is a straight line with slope 3.

F(x)= lim x+hh X) _ oy 2 )= Z (2x=9) _ i 2x+2h h9 =2x+9 _ o9
h—0 h—0 h—0 h—0
The graph of f(x)=2x -9 is a straight line with slope 2.

F(x)= lim “hh‘ Y im2=3 = im0 =0
h—0 h—0 h—0
The graph of f(x) =15 is a straight line with slope 0.
_ﬂ_Lﬂ_)
()= lim = lim =12 = im 0=0
h—0 h—0
The graph of f(x)=12 is a straight line with slope 0.

)= f(x+h) JO) _ i 2t h) b —(mx+b) _ o mxtmhtb—mx—b_ ;, mh
h—)O h h—0 h i h

= 11m m=m

h—0
The graph of f(x) =mx + b is a straight line with slope m.
f(x)= lim x+hh —hm'b7b—hm0 0
h—0 h—0 h—0
The graph of f(x)=> is a straight line with slope 0.

)= tim LEED= G _ i W) 84+ 10— (x* ~8x+110)
‘ h—0 h h—0 h
i Aoty b~ R 8h+110=x” +R8¢-110
h—0 h
= lim 2x+h—-8=2x-8
h—0

f'(2) =2(2)-8 =—4. The temperature is decreasing at a rate of 4 degrees per minute after 2 minutes.
f'(5)=2(5)— 8=2. The temperature is increasing at a rate of 2 degrees per minute after 5 minutes.
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56.

57.

58.

59.

60.

o

i 3(x +h) —12(x + h)+ 200 — (3x> —12x + 200)
m
h—0 h

f/(x): lim fx+h)—-f(x) —
h—0 h

i At G+ 3% 123 = 10h+200=3x% 4121 = 200
h—0 h

= lim 6x+3h—12=6x—12
h—0

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

F0= im S+ hz—f(x) g 2640 — (e ) = 2% — x)
—0

h—0 h
2 2 2
= lim X"+ 4hx +2h" =X —h—=2x"+X _ {jin 4y +2h—1=4x 1
h—0 h h—0

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

SGr+ M) = S() _ i =(r /) 4100+ h) = (=x° +10x)

S’(x)= lim

h—0 h—0 h
~ lim —x? oy —p% 4 10x+10h+ x> —10x

h—0 h
=1lim-2x-h+10=-2x+10

h—0

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

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

%(x+h)2—3.7(x+h)+12—(%x2—3.7x+12)

X . fx+h)-f(x) .
'(x) = lim = lim
f(X) h—0 h h—0 h
%xz+xh+%h2—3.7x—3.7h+12—(%x2—3.7x+12)
= lim
h—0 h
_ AxPxh+ LR =37x=37h+12-1x? 437512
= lim
h—0 h
zlim(x+%h—3.7)=x—3.7
h—0

f'(H)=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'(7)=7-3.7=3.3 . Increasing by 3.3 percentage points per decade (so about a third of a percentage point

per year).

%(x+h)2—2(x+h)+25—(%x2—2x+25)

X . fx+h)-f(x) .

'(x) = lim = lim

f(X) h—0 h h—0 h

%xz+xh+%h2—2x—2h+25—(%x2—2x+25)

= lim
h—0 h
y 1x2 4 xh+1n? —2x—2h+25-1x% +2x-25
= lmm
h—0 h
—}lllg(l)(x L 2) x—2

f'(1)=1-2=-1.1In2001, operating revenues were decreasing by $1 billion per year.
f'(6)=8—-2=4.1In 2006, operating revenues were increasing by $4 billion 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 change is at a single x-value, and is found

SGAm)=f(x)
h

from the formula f(x)= lim
X—>00

Substitution /2 = 0 would make the denominator
zero, and we can’t divide by zero. That’s why we
need to do some algebra on the difference
quotient, to cancel out the terms that are zero so
that afterwards we can evaluate by direct
substitution.

The units of x are blargs and the units of fare
prendles because the derivative f'(x) is
equivalent to the slope of f(x), which is the
change in f'over the change in x.

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

EXERCISES 2.3

11.

13.

15.

=A== 4y
Fx)= zi%(xsoo) — 5005901 Z 500,49

f’(x): zde_(xl/2) =% x1/2—1 :%x—1/2

ey d (L. 4Y_1 4 41 _5 3
g(x)—dx(4x) 24x 2x

, / /3— -2/
g(w)z-ddv;(6w1 3)=6~J3‘wl o gy
W) =4 (3x ) =325 =67

S(0)=4 @4 -3x+2)

—4.2x>7" 3.6 40
=8x—-3

f'(x)=%(#)=%(x‘”2)

1,32 _ 1

2 232
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62.

64.

66.

68.

10.

12.

14.

16.

Chapter 2: Derivatives and Their Uses

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

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

blivet because the derivative is equivalent to the
slope f(x) which is the change in fover the

change in x.

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

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

f(x)= zld;(xS) =5x° 71 = 5y
f,(X)= _dg’;(XIOOO) - 1000x1000—1 — 1000x999

f’(x): zde_(xl/S) =J3. x1/3—1 _ __l; x—2/3

vy d (1.9\_1 9,91 _1.8
g(x)—dx(3x ) 3 9x 3x
g'(w)z-ddv;(12w1/2)=12-Jz'wl/z_l :6W—l/2
W(x) =4k (4x7)= 437 = 1207

(x)=-L(3x% —5x+4)

dx
=3 2x° 7 =5 140

=6x-5

f'(x)=%(#)=%(x_2/3)

:_Zx—5/3: 2

3 3,573
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17.

19.

21.

23.

25.

26.

27.

28.

29.

30.

31.

32.

33.

51

—d ([ 6 \_d (g3 18. =d (4 \_d (412
£ d(f) 4 (6x71) 71(x) d([) (4x2)
_4/3 —3/2
o[t S Q)2
£i(r)= %(;zr2 )=r(2r) =271 20. ()= %(gﬁﬁ) - %,[(3#) R
f'(x)= ( iy +x+1) 22. f’(x)=%(§x4+%x3+%x2+x+l)
=13xh)+1@2x)+1 —L4(4x3)+i(3x2)+§(2x)+1
=%x2+x+l =1 41 >X 24 x+1
(x) %(xl/z_ 1):%x1/2—1 (=D 214, g(x)= (x1/3 - )213 V3-1_ Lyt
:%x—l/zJr 2 =%x‘2/3 e
'(x) (6x2/3 _12x713) = 6.3 x2/31 12( 1) ~1/3-1
4 —1/3+4x 4/3
h'(x):i(8x3/2 gy 1/4) =g.3 321 8(—l)x_1/4_1
dx 2" 4
=12x"% +2x7*
1 (x)—— 10x™ /2—2x5/3+17)=10(—l)x*”“—2(§)x5/“+0
5 2 513
— 5y 32 3,213
273 5/2 _ 9(_2) -2/3-1 5),5/2-1
= —16x°2 —14|=2[-2 ~16(2 -0
1= =35 el
_ _3x—5/3 — 40,32
2,3
f(x)='g;(x—;‘x—)=;%(x+xz)=l+2x
j‘(x)z'c%(xz(x+l)):'$(x3+x2)=3x2+2x
’ 5 4 , 4
S0=4) =5x" p1(2)=5(-2)" =80
S0)=4 (=437 f(-3)= 4(-3) = -108
)= %(6#/3 _agx113) = 6(%))6—1/3 _48(_13) 43
=4x7 16073
(8)=4(@8Y 3 +168) 23 =4 16 _4 16 _,,16 _
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34.

3s.

37.

38.

39.

41.

Chapter 2: Derivatives and Their Uses

£ =94 (12623 1485 71%) = 12(2)x‘”3 +48(—l)x“”3
' dx 3 3

=4x7"3 +16x 73

£1(8) = 4(8)‘”3+16(8)4/3—i+ 4 _p4 16 _3
AN TR SRR
daf 4,3 .24 _ 2 daf _d 3.4 3
I = e ) =3xT 0 ) =3(3)"=27 36. gy =ux (x*)=4x3; xx:_24(—2) =-32
jlzdi(m;f”z+8x”2)=16(—%)x*3/2+8(%)x*“2
X X
—8x 32 L4102
qaf 372 12 8 4 8 4
-84y L8, 4
PR R Uy e R S &

A _d (545712 +12x”2)=54(—l)x‘3/2 +12(l)x‘”2
dx dx 2

=27x 2 6x7V?

df -3/2 ~-1/2
gﬂ | =270 +609) =——1/2;_%+—‘/6§-=—§%+§=1
B f(0)=2-x'-2+0=2x+2 4. a. r()=2.x'-4+0=2x-4
f'3)=203)-2=4 f)=2)-4=-2
The slope of the tangent line is 4. The slope of the tangent line is —2.
y-5=4(x-3) y=3==2(x-1)
y=5=4x-12 y=3=-2x+2
y=4x-17 y=-2x+5
The equation for the tangent line is The equation for the tangent line is
y=4x-T7. y=-2x+5.
b b
]
-]
,-"ff
on [-1, 6] by [-10, 20] on [-1, 5] by [-2, 10]
& f(x)=3-x2-32)x'+2+0=3x2—6x+2 2. a. r()=302)x'-3-x2=5x-3x>
['(@2=32)%-6(2)+2=2 fM=6(1)-3(1)*=3
The slope of the tangent line is 2. The slope of the tangent line is 3.
y+2=2(x-2) y—2=3(x-1)
y+2=2x-4 y—2=3x-3
y=2x-6 y=3x-1
The equation for the tangent line is The equation for the tangent line is
y=2x-6. y=3x-1.
b. / b. \
i
on [-1, 4] by [-7, 5] on [-1, 3] by [-2, 5]
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43.

44.

45.

46.

47.

48.

49.

53

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

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

/

i
3
a. C'(x):%
c'(s)z%z%zs

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

C'(64) = —3166 =l6_y

Joa 4

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

a. C'(x)=140x""6
140
C'()=—==140
) 0
When 1 license is purchased, the cost is about $140.
b Cieay =140 140 _4,

o4 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.

a. The rate of change of the population in x years is the derivative of the population function
P'(x)= —x?+5x-3
To find the rate of change of the population 20 years from now, evaluate P’(x) for x = 2.
P'(2)=-22+5(2)-3=3

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

P'(0)=-0%+5(0)-3=-3
In 2010, this population group will be decreasing by 3 million per decade.
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50. a. The rate of change of the number of newly infected people is the derivative of the function
fy=132 -3
F(t) =213t =31* =261 — 3¢
The rate of change on day 5 is found by evaluating f’(¢) for ¢ = 5.
£1(5)=26(5)-3(5) =55
The number of newly infected people on day 5 is increasing by about 55 people per day.
b. The rate of change on day 10 is found by evaluating f’(¢) for ¢ = 10.
£/(10) = 26(10) - 3(10)* =
The number of newly infected people on day 10 is decreasing by about 40 people per day.

51. The rate of change of the pool of potential customers is the derivative of the function

N(x) = 400,000 — M

N'(x)= '5;(400, 000 —200, OOOx_l)

N'(x) = 0 — (~1)200,000x 2 =200.000

To find the rate of change of the p(fol of potential customers when the ad has run for 5 days,
evaluate N'(x) forx = 5.

N'(5)= &OSM 8000

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

52.  A(f)=0.01> 1<¢<5
The instantaneous rate of change of the cross-sectional area ¢ hours after administration of nitroglycerin is
given by
A'(t)=2(0.01)¢"" =0.02¢
A’(4)=0.02(4) =0.08
After 4 hours the cross-sectional area is increasing by about 0.08 cm? per hour.

2-1

53.  The rate of change of broadband access is the derivative of the function f(x)= % X2 +5x+6.

fi(x)=1x+5
The rate of change of broadband access in 10 years is found by evaluating f’(x) atx = 10.
['(10)=2(10)+5=10

In 2010, the percentage of household with broadband internet access is increasing by 10% per year.

54. a. The rate of change of the function is the derivative of the function:

fv(x) — _x—3/2 — _ﬁ )

Find the rate of change for x = 1.
=-1

1
)= ———=
S NG
In 1980, the number of fatalities is decreasing by 1 per hundred million over the 5-year interval.
b. Find the rate of change for x = 4.

ay=—_L —_1__
£(4)= NER 0.125

In 1995, the number of fatalities is decreasing by 0.125 per hundred million over the 5-year interval.
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55. The instantancous rate of change of the number of phrases students can memorize is the derivative of the
function p(t)= 24\/; .

Vi d 1/2
P(t—dt(24t )

=1y =127
12 _

W

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

p@)=120y" == =6

56. a. The instantaneous rate of change of the amount of dissolved oxygen x miles downstream is the
derivative of the function D(x)=0. 2x% = 2x +10.
D'(x)=20.2)x-2+0=04x-2
D'1)=04()-2=-16
The amount of dissolved oxygen 1 mile downstream is decreasing by about 1.6 mpl per mile.
b. D(10)=0.4(10)-2=2
The amount of dissolved oxygen 10 miles downstream is increasing by about 2 mpl per mile.

57. a. U(x)=1004x =100x!/2
MU(x) =U’(x) =%(100)x1/ 2-1 _ 50,712

b. MU)=U"1)=50(1)"2=50
The marginal utility of the first dollar is 50.

c.  MU(1,000,000) = U’(1,000,000) = 50(10%) 2 = 50(10)> :T&% =0.05
The marginal utility of the millionth dollar is 0.05.
58. a. U =123x =12x"
MU(x)=U (x) =-;-(l2x_2/3) =4x72/3
b. MU)=U() =41 =4
The marginal utility of the first dollar is 4.
’ —2/3 4 4
¢.  MU(1,000,000) = U’(1,000,000) = 4(1,000,000 = = =0.0004
( )=Ut )=4 ) (3/1,000,000)> 1002

The marginal utility of the millionth dollar is 0.0004.

59. a. [f(12)= 0.831(12)2 —-18.1(12)+137.3 =39.764
A smoker who is a high school graduate has a 39.8% chance of quitting.
f(x)=0.831(2)x —18.1 =1.662x — 18.1
f(12) =1.662(12)-18.1 =1.844
When a smoker has a high school diploma, the chance of quitting is increasing at the rate of 1.8% per year
of education.
b. f(16)= 0.83»1(16)2 —18.1(16)+137.3 = 60.436
A smoker who is a college graduate has a 60.4% chance of quitting.
f7(16) =1.662(16)—18.1 = 8.492
When a smoker has a college degree, the chance of quitting is increasing at the rate of 8.5% per year of
education.
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60. a. r /

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

3.2

b. N(10)=0.00437(10)>?* = 6.9

Chapter 2: Derivatives and Their Uses

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

N'(£) = 0.00437(32)£ 7" =0.013984¢%2
N’(10) = 0.013984(10)>% = 2.2

When a group has 10 years of exposure to asbestos, the number of cases of lung cancer is increasing at the

rate of 2.2 cases per year.

61. a.  1(6)=400(6)> +2500(6)+7200 62.

=$36,600
b. f'(x)=2800x+2500
f'(6) =800(6)+ 2500 = $7300
In 2017-2018, private college tuition will be

increasing by $7300 every 5 years.
c. $1460

63. f(x)=2 will have a graph that is a horizontal 64.

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

65. If fhas a particular rate of change, then the rate of 66.

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

67. Since —f'slopes down by the same amount that f 68.

slopes up, the slope of —f'should be the negative
of the slope of /. The constant multiple rule with
¢ =—1 also says that the slope of —f'will be the
negative of the slope of .

69. Evaluating first would give a constant and the 70.

derivative of a constant is zero, so evaluating and
the differentiating would always give zero,
regardless of the function and number. This
supports the idea that we should always
differentiate and then evaluate to obtain anything
meaningful.

71.  Each additional year of education increases life 72.

expectancy by 1.7 years.
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A £(6)=200(6)> +350(6)+1600
=$10,900
b. f'(x)=400x+350
f'(6) =400(6)+350=$2750
In 2017-2018, public college tuition will be

increasing by $2750 every 5 years.
c. $550

f(x)=3x-5 is aline with a slope (derivative) of
3. A function that has a slope of 3 will have a rate

of change of 3, so its derivative (instantaneous
rate of change) will be three.

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

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

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

be f'(x)+g'(x), which is just the sum rate.

The slopes of the fand f +10 will be the same
because f +10 is just fraised 10 units. Using the
sum rule with g(x) =10, also says that the slope
will just be f'because g'(x)=0.

To find a function that is positive but does not
have a positive slope at a particular x-value, we
need to find an equation with a negative slope.
y=-5x will workat x=-1.

The probability of an accident increases by 13%
as the speed exceeds the limit.
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EXERCISES 2.4

1.

10.

11.

12.

13.

14.

15.

16.

a. Using the product rule:

ch-(x4 0 )= 453 . %8 +x4(6x5) =4x° + 6x° =10x"
b. Using the power rule:

zg;(x4 x® ) 2'5; (xlO) =10x’

a. Using the product rule:
}g’;(x7 : xz): 7x %2

b. Using the power rule:
ch'(x7 : x2)= 'g); (x9)= 9x®

+x7-2x:7x8+2x8 =9x8

a. Using the product rule:
zld;[x4(x5+l)] =437 + D)+ (5x ) = 4x8 + 403 + 5% = 0x8 443
b. Using the power rule:
4,5 9 4 8 3
ch‘[x (x +l)]='§;;(x +x7)=9x" +4x

a. Using the product rule:
ch‘[xs(x4 +1)] = 5x4(x4 +1) +x5(4x3) =5x% +5x% +4x8 =9x% +5x¢
b. Using the power rule:
Lt D] =4 (7 +6%) = 9x" 4514
f’()c)=2)c(x3 +D+ x2(3x2) =2xt 425 +3x* = 5xt +2x
F()=3x2(2 + D)+ 27 2x) = 3x* +3x% + 20? = 5x +3x2
F(x)=16x> =1) +x(10x) = 5x> =1 +10x %2 = 15x% —1

(=2 + D+ 2x@xd ) =20 + 2+ 8t =10x* +2

f'(x)z%x‘m(6x+2)+x”2(6):3x”2+x‘”2+6x”2:9x1/2+x_1/2:9x/;+L
X

NS

lx—z/s

AORIE

(x+D+6x"3(2)=4x"2+2x73 +12x13 =16x 2 +2x723 = 16%/}+3L

\/x_z
()= (20)(xF = D)+ (2 +1)(2x)=2x> = 2x+2x° +2x = 4x°

f(x)= 3)62()63 +1)+()c3 - 1)(3x2)= 3x° +3x% +3x° —3x2 =6x°

F(x)=(2x +DOBx +1)+(x2 +x)(3)=6x> + Sx + 1+ 3x2 +3x=9x> +8x +1

F(x)=(2x +2)2x + D)+ (2 +2x)2)= 4x2 +6x+2+2x% +4x = 6x> +10x +2

£ =2x(x2+3x =D+ x2Qx+3) =2x> +6x2 = 2x+2x > +3x 2 =4x> +9x2 —2x

f'(x)=3xz(xz—4x+3’)+x3(2x—4)=3x4—12x3+9xz+2x4—4x3 =5x*-16x°+9x?
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17. ') =@x)(1-x)+2x>+D)(1) =dx—4x? —2x* —1=—6x* +4x—1
18. ['(x)=Qx)(1-x3)+Q2x—1)(-2x)=2-2x%—4x? +2x=—6x> +2x+2

19. f'(x)z(lx*“)x“z+1+(x”2—1)(lx*”2):l+lx*“2+l—lx*”2:1
2 2 22 2 2

20. f'(x)z(%x_l/z)(x”2 —2)+(x"? +2)(%x_1/2)=%—x_1/2 +%+x_1/2 =1

21, f()=8"3B* P+ ) +6:3 273y =241+ 83 +120 = 361+ 813
22. (=62 -1+ 427V =120 6% + 4t =16t — 61"

23, fU2)=(43 +22) (P - 2)+(* + 2 +1)BZ2 - )

=426 —224 —222 -i-3z6 +3z4 -i-3z2 —24 —22 -1

U f12)= (%2—3/4 +_éz—1/2j(21/4 _ V214 +Z1/2)& ,-3/4 _%2—1/2)

—1/4Jr -4 1

1.1 1 1
—2tyr T3 47 2

25, f0=(2+41712) (222 41)+ (2244212 -1)(2:17172)
472 42444272 4272 44712

622 +z712 410

6

Jz+-L+10
Jz

26, f'(0=(146-1272)(z=22"2 41) 4 (z 4622 (121 2712)
=z4+322 2212 —6+14327V 2 4222 16212 6
=2z+622 43712211
=27+ 67z +—=—11

N

27. a. Using the quotient rule:
(28 223G gy 00
dx - (x2)2 - x4

b. Using the power rule:
8
d _d 6y_¢.5
dx (-;ﬁ?j_dx(x )= 6x

5

=6x
x2

28. a. Using the quotient rule:
(2] 2O y3x3(%) _ oxllozyl!
dx - (x3)2 - x6

b. Using the power rule:

5

=06x
x3
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A2 _d 6,_(5
dx(-;ﬁ?j_dx(x)_wc

29. a. Usingthe quotlent mle

( ) POy37M) a3
dx (x3)2 X6 X4

b. Using the power rule:

d| L) _d, . 3\_ -4 __ 3
dx \ 3 _dx(x )=—3x

30. a. Usingthe quot1ent rule

_a’_( ) 2ora’®y 4l 4

dx (x4)2 x8 xS
b. Using the power rule:
d(L)_d 4_ _4.5__4
dx x4j _dx(x )=—4x = 3
ST PR CLG0 B2 e A P P ML T TS |
(x3)2 x6 x6 x4
200 4y 5 6 6 6
32, flx)== (5x ) 22326()5 D) _5x —2.316 +2x _3x Z2x:3xz+%
(x9) b x x
33 f,(x):(x—l)(l)—(l)(x+1):x—l—x—l )
(x=1)? - (-1
34 f/(x):(x"'l)(l)_(l)(x_l)=r+1—r+1 2

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

S A2 € 1) (€22 I Yk P B
(2+x)? (2+x)? (2+x)

36. f( ) (ZX +1)(1) (4X)(X+1) 2x +1-— 4x —4x —Zx —4x+1

(2x2+1)° (2x2+1)° (2x2+1)°
oo (DO =) 23003 40 4
37. = = =
S0 (12 +1)2 2 +1) 2 +1)2
R PO RV A B3 G G Yo T YL T,

(t* -1)? * -1)? (2 =1y

N S CE S EEun B (DRt N P YR LS W LS

(s+1)2 B (s+1)? o (s+1)?
—DBsH) = (1) +1) 303 -FP 1 28 3%
CENICES (s—1)?2 (s-1%  (s-D?

41. f() (x+1)(2x 2) (1)()(7 _2x+3) 2X -2—-x +2X 3_x +2X 5
(x+1)? (x+1)? (x+1)2
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PP € ) R I ) ) S P B P PP P

(x-1)° (x—1)? (x=1)?2
B )= (2 DX +20) - Qo) +x? +1) 4 (P +1) +2x(x + D) =2x(x) = 2x(x? +1)
) (x2 +1)2 (x% +1)?
— 4x° +4x3 —2x3 — 2x° +4x3
2 +1)? (x? +1)%

44 f(x) = X +r3+r x(x4+x2+1) _ NAEREY
) 34x x(x2+1) x4
5 3
Thus, f(x :2.x_+_4.x__
S (x%+1)%

45. fv(t):(12+f—3)(2t+2)—(12+2t—1)(2t+1):2t3+4,2_4t_6_2t3_5t2+1:_ 2 ares
(P +i=3)° (t? +1-3) (12 +1-3)?

46, pipy= DA =R 4= _ 4P =3+ 7+2— 40 +11=5 _ 3 +181-3

(t*—t+2)? (12 —1+2)? (2 -1+2)2
47. Rewrite Differentiate Rewrite 48. Rewrite Differentiate Rewrite
_ 2,1 d - d 3 1.2 d 1 d

=3x ay _ 4, -2 ay _ 3 —= ay _ 1 ay _x

Y dx — 3x de =2 Y=gr dx ~ 27" dx ~ 2

49, Rewrite Differentiate Rewrite 50. Rewrite Differentiate Rewrite
3.4 & 33 &y 3 32 &y -3 Ay 3

=g dx ~ 2% P r=o dx = dx =3

51. Rewrite Differentiate Rewrite 52. Rewrite Differentiate Rewrite
y=ly2 5, dv_2 5 dv_2x-5 y=4x"? v 5 an Ay D
303 dx 373 dx 3 dx dx [,3

53, %[(x3+2)x “} Lden)d +11 +( +2) (x “)

+1

2 +1 3 (x +D2x) = (x> +1)
3x (—’;H)ﬂx +2) 11

2 2
:3x2{x +1j+(x3+2)x +2x2—1
x (x+1

3 3
i o TR | oo SR 0 (52

310 L)) (D)2 +2)
- SX4(xx:1 ) e )(Cx+1)2 -

3 3 2 3
— 5x4(x +12)+(x5 +1)3X +3x —2X =2
X+ ( +1)

4( X342 j 2x +3x =2
= 5x +(x° 1) R =2
(H ( ) (x+1)
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4 (PaE ) (? +2)4 [ +3)x +1)]~b(x ) f? ) )]

55.
dx 242 (x*+2)?
(x? +2){[%(x2 +3)]x3 )+ 2 4+3)L (P + 1)}—2x[(x2 +3) (341 )]
- (x2+2)
(x2+2) [(2x)(x3 (2 +3)(3x2 )]-2x(x2 +3)(x3+1)
B (x24+2)
_ (2 )x a3t o) - 2x) 137 45 43)
(x? +2)?
_ 258403 3x 0 ot ant ravs et 1gn - 2006t 23 6x
(x%+2)?
_3x®413xt 4180?02
(x2+2)?
o LT Lol v G Jod v2)7 +2) ]
©odx 4l (7 +1)°
3+)[3x2)x242)+ (3 +2 )(2x)]—3x2 (x3+2)(x%+2)
B (x3 +1)?
_ PG 22+ +1)(x +2)(2x)=3x2(x3 +2)(x? +2)
(x> +1)
367 (P42 fo )P +2) P+ D P+ 2)2)
- (x°+1)?
:—?r4—6r2+7r7+6r4+4r
(x3+l)2
_ 2x7 +3x4—6x2 +4x
(x*+1)?
i J;—l _i x1/2 | _( 1/2+1)(2 1/2) 1 —1/2( 1/2_1)
7. dx x+1 _dx x1/2+1 ( 1/2+1)2
%—i——;x_l/z—-;-i-—;x_”z x_l/z
(x1/2+1)2 1/2+1)2 -J_(J;+1)2
" 4 Cx+l 4 x1/2+] _( 1/2 1)(7 1/2)_%x—1/2(x1/2+1)
©ode\ o) a2 0) T (x/2-1)2
= L RN
7212 7212 -2
59 _d_[R(x)J_ X R(x)—1-R(x) _xR(x)=R(x)
c dx| x| x2 - x2
60 _i[P(x)}_ x-P(x)=1-P(x) xP(x)=P(x)
© ode| x| x2 - 2

© 2010 Brooks/Cole, Cengage Learning.



62 Chapter 2: Derivatives and Their Uses

61. a. The instantaneous rate of change of cost with respect to purity is the derivative of the cost
function C(x)= 1_(])-(()1(—); on 50 <x <100.
(100 —x)-0—-(=D(00) _ __ 100
(100 — x)? (100 — x)?
b. To find the rate of change for a purity of 95%, evaluate C’(x) atx = 95.
C’(95) = _L().O_2 - 'LOEQ
(100-95) 5
The cost is increasing by 4 cents per additional percent of purity.
¢. To find the rate of change for a purity of 98%, evaluate C’(x) atx =98.
C'(98) = —H— _ 100 _ 55
(100-98) 2
The cost is increasing by 25 cents per additional percent of purity.

C'(x)= on 50 <x <100

62. a. AC( ) C(x) 6X+50
X
b. The marglnal average cost function MAC(x) is the derivative of the average cost function

AC( ) C(x) 6X+50

X
X X
_ 6x 6x-50 _ =50
x? x?

c. MAC(25)=;TS§)=—O.08

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

63. a.

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

64. a.

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

65. a. AC( ) C(x) 6x+45
b. The marginal averagxe cost function MAC(x) is the derivative of the average cost function
AC( ) C(x) 6X+45
X
6x+45)= x(6)—1(6x+45) _ 6x—6x—45 _ —45

X x2 x2 x2

MAC(x) =d—

¢ MAC(30) =;;(‘)'25=—o.05

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

© 2010 Brooks/Cole, Cengage Learning.
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66. To find the rate of change of the number of bottles sold, find N'(p).
_(p+7)-0-(1)2250) _ _2250

N'(p)= =
7 (p+77 (p+ 77
, 2250 2250
Whenp =28, N'8)=- =— =-10
p &) ==51 72~ 235
At $8 per bottle, the number of bottles of whiskey sold will decrease by about 10 bottles for each $1 increase

in price.

67.  To find the rate of change of temperature, find 7’(x).
T’(x) =3x*(4 —x?)+ x> (-2x)
=12x" - 3" —2x* =12x% - 5x°
Forx=1, T’()= 120> -5()*=12-5=7.
After 1 hour, the person’s temperature is increasing by 7 degrees per hour.

68. 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)— 5(1)4 =16-5=11.
After 1 month, sales are increasing by 11 thousand per month.

69. a.

T

on [0, 2] by [90, 110]
. Therate of change atx =11is 7.
¢. The maximum temperature is about 104.5 degrees.

70. a.

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

71 a. y;(10)=33.928

The per capita national debt in 2010 would be $33,928.
3(20)=46.301

The per capita national debt in 2020 would be $46,301.
b.  y3(10)=1.342
In 2010 the per capita national debt will be growing by $1342 per year.
¥3(20)=1.141
In 2020 the per capita national debt will be growing by $1141 per year.
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72.

73.

74.

75.

77.

Chapter 2: Derivatives and Their Uses

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

—1.1785714 mi/gallon

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

, 525(50)% —105,000(50) + 3,937,500
21(50) = 32560) (50)

((50)% ~110(50) +3500)
-0 mi/gallon
mi/hour
At 50 mph, your gas mileage will not change for each additional mile per hour.

, 525(60) > —105,000(60) + 3,937,500

((60)% ~110(60)+3500)°
—_1.89 mi/gallon
mi/hour
At 60 mph, your gas mileage decreases by 1.89 for each additional mile per hour.
The positive sign of g'(40) tells you that gas mileage increases with speed when driving at 40

g'(

8'(40) =

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

dl 1 \|\_d, .—2y_ 3 _ 2
d 2

dxly=o 3

Answers will vary.

B
d

d —__L
&l =72 Undefined

Answers will vary.

Undefined

False: the product rule gives the correct right- 76. False: the quotient rule gives the correct
hand side. right-hand side.
True: L (x-f)=Lx frxf'=f+x [ 78. A (S XS _x - f
dx dx True: 4| = |= 5 = =
dx\ x (x) X
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79.

81.

83.

84.

85.

86.

%(f-g)=

(/-2 (/-8)g
S g

The right-hand side multiplies out to

g f

rule.

+ f-g' which agrees with the product

False: This would be the same as saying that

the derivative (instantaneous rate of change) of

a product is a product of the derivatives. The
product rule gives the correct way of finding
the derivative of a product.

=g f'+fg

80.

Lifgmy=Lir@m=Lgn+sLghn

€.

L (g f[ L gl

dx
Z{Cgh+f h+fog-dh
_ L)
O(x) = a(x)
8- 00) =L g

O(x) - g(x) = f(x)

0'(x)-g(x)+ O(x) - g'(x) = f"(x)

Q(x) gx) = /(%)= O(x) - g'(x)
O'(x) = S ()~ Q()(C))C) £ (x)

) 4 €W 5l 10~ /() )

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

which agrees with the

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

_ 8(x)- f70x) = f(x)- g'(x)

Q'(x) = 2(x)

L1/ P =L 110 s

Rewrite [f (x)]

=4 1 |+ e £ )]
= @) S0+ 1) S(6) = 2/(6) )

f(x) and find :id- h‘x—)]

&l

L]

1 }_f(x) 0— /() 1_ _fix)
Lf ()P Lf(0)F

[g(x)]?

65
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87. R-1 R R-1 R-
vl re ) _(H(E)x)R-Re() _ReRx(BA)-Re(S) g
de1+ R J R-1) ) R-1 R-1) .\
() (1+(%2) ) (1+(7)x) (1+(%2) )
To show y'>0, show that both the numerator and denominator are greater than zero.
R>1>0 = numerator is greater than zero.
R>1= R-1>0.
R-1>0;K>0 =815y
K
R-1 R-1 : ;
< >0, x>0=>|1+ < x|>0= denominator is greater than zero.
sy'>0.
This means the density of the offspring is always increasing
faster than the density of the parents.
88. L >5and3.550, (w=1.52>0and w—15>0= R (w)——155>o.
A task that expends w kcal/min of work for w > 5 requires more than w minutes of rest.
EXERCISES 2.5
1 F(x)=4x3 = 3(2)x2 = 23)x +5-0 2. a fl(0)=4x>—ox?+4x-38
=4x3 —6x2—6x+5
F7(x)=3(@)x> = 2(6)x — 6+0 =12x* —12x -6 b, f7(x)=12x>—18x+4
f(x)=2(12)x—12-0=24x-12 c. [f7(x)=24x-18
F®(x)=24 d. [ Pn=24
2 3 4 2 3
3. f(x)= 1+x+12‘x +‘16x +Elzx 4 a. f(x)= 1+x+‘%‘ +i6x
f(x)=1+x+ J2'9c2+i6x3 b. f”(x)=1+x+‘£‘x2
SM(x)=1+x+ Jz'xz c. fM(x)=1+x
SO =14 d. D=1
5, f(x)z ,x3 :x3/2

© 2010 Brooks/Cole, Cengage Learning.

a. f’(x)=%x1/2 =3_J;
b f0)=3x" == WP
c. f///(x): _%x—3/2

&

f(4)(x) :%x—5/2



Exercises 2.5

7.

9.

13.

fy=2=l=1-1
X
. f(0=15
=) = () = 2x
__2

. f(0=-35

= bt
b 'P=35=57
fo=-1
v =2 =

fr@ =)=t =1
b /P =15=5p

f(x)=(x2—2)(x2+3)=x4+x2—6
F(x)=4x>+2x
f(x)=12x%+2

Gl iG] SRS S

8.

14.

67

A f()=--2
= ) e
s
b f"(3)=;i3=2i7
S=i-2=dL
. f(0=5
I ):%(2;):%(%{2): xlz
b f"(3)——313——%
f(x):121x3
A =g
Al ):j—x(—ix_“):x 5_#
b "D=35=55

F=G2-D(x?+2) =x*+x2-2
f'(x)=4x3+2x
f"(x)=12x2+2

( %)(32{5/4):—8{5/4
(x) = (—%)(—83(9/4) —10x~4

(x—1)2 (x=1)?
(x* -2x+1)7§(—1)—%x(x2—2x+1)]—1) _0-Qx=(=D_2x-2 _2(x=)__ 2

(x -1y =_x2—2x+1

S (-]

(x—1)* c-* -t -1’
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18.

19.

21.

23.

25.

27.

28.

Chapter 2: Derivatives and Their Uses
X
[()=-=
=M _xpox 2 2
(x-2)? (x-2)> (x-2)? x?-4x+4
)= (2 —4x+4)-0-(x—4)=2) __4x-8 _4x=2)__ 4
(x2 — 4x + 4)? [(x-2)1% (x-2* x-2)
d 2\ _ d 4 3\_ 42
() =2mr 20. - (Rmr)=4nr
%(nr )=4@m)=2n j—(%n )=4 @n?)= 8
d> 4 d
ﬁ(gnr )—7(81tr) 8n
i _ d 11 _ 10
dx =10x° 22. y 11x
2 2
0 = (10x7) = 904" L = (11519 = 1104
dx X dx X
2 2
4100 =90(-1)¥ =90 4 M =110-1)° =110
dx x=-1 dx x=-1
From Exercise 21, we know 24. From Exercise 22, we know
2 2
L 10 =90 4 = 110x°
dx dx
3 3
10 11 9 8
#x =4 (90x*) =720 #x = (1102”) = 990x
-L 01 —720-1)7 ==720 -d— = 990(=1)% =990
Thus, dx x=— Thus, dx x=—1
d1/ _l :; 1/2 d3f 4 _d 43_4 13
_d 2 26. e X _dxx —3x
2
_d_/3_ 3 12\ 3 -1/2 d- 4=d(4 1/3)=A -2/3
dxz X —dx(z ):4 dxz dx 3x 9x
2 -2/3
2SS 3(LY" 376 d—(%/ 4) =i‘(i) =273 =
4y =2G) =2Y16=3 5|V (27)
dx2 x=1/16 4(16) 4 dx x=1/27 o827 ?
% [(xZ=x+ D) =D]=Q2x =D =D+ (% —x +1)(3x?)
=2x% —x3 = 2x +1+3x% = 3x3 + 3x2
=5x4—4x3+3x2—2x+1
2
2 3 4 3 2
;le[(x —x (0 D)= (5t —ax’ + 367 —2x+1)
=20x> —12x? +6x -2

di[(x3 +x-DE+ D=6 +D(x*+ D+ (2 + x=1)(3x?)

X

. =3 437 + 0+ 1430 +3x° =32 =62 +4x° +1
d d

— [+ x =) +1D)]=— (6x° +4x> +1) =30x* + 12x°

dxz dx
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29.

30.

31.

32.

33.

34.

JL( < )—(xzﬂ)(??}"'dd;(xz“)_x2+1—x(2x>_ 2 1y’
dx \ -

(x2+1)2 D)2 (2?2 xt2x 241

4 d (1=’ (@ 2x P+ ) -x0) - )L (x4
ax? ~ix =

x%+ x*+2x2 +1 [(x2+1)%]?
_ 2 4120 = (=x? (4 +4x) (2 D[ +1)(2x ) -(1=x7) (4x)]
(x2+1)* (x2+1)*
_=2 XO—2x—4x+4x3 _ ZX(X2—3)
(2 +1)° (x*+1)°
( X ): (x*=1)-1-(2x)x ) e R G IR |
x* -1 (x*=1)? (x*=1) (=1 x*-2x*+1

( x )_ (x> =1)* (—2x)—(4x" —4x)(-x* -1)
-1 (x*-1)?

2% 44X —2x—(—4x° —4x’ +4x7 +4x)

- (x* -1’

_ 2% +4x° —2x+4x" —4x _ 2 +4x°—6x

(x*-1?* (x*-1?*

d @x—l _ @2x+1)2-2(2x—1) _ 4x42-4x+2 _ 4

dx \2x+l Qx+1) 4x% +4x+1  4x%+4x+]
_di(zzx—] =(4x2+4x+1)-0—(8x+4)(4)=_ Vx4l6  _ _32x+16
dx2 \2x+l (4x% +4x+1)2 [(2x+D312  (2x+D)?

__l6Qx+l)___ 16
Qx+D)*  2x+)?
d Gxﬂ _ (Gx-D3)-3Gx+) _9x-3-9%x-3_____6
dx \3x—1 Gx-1)? 9% —6x+l  9x*—6x+1

d_ZGXH __(9x2—6x+1)-0—6(18x—6)_ 36(3x-1) 36
dx? - B

x—1 (9x2—6x+1)* [Bx=D)2F  (3x=1)°

To find velocity, we differentiate the distance function s(¢) = 1802 —2¢3.
v(t)= 5'(t) = 36t — 61>

a.
b.

C.

To find velocity, we differentiate the distance function s(¢) = 2412 =27

Fort=3,v3)=5'(3)= 36(3)—6(3)2 =108 —54 = 54 miles per hour
Fort=7,v(7)=s"(7)=37)— 6(7)2 =252 —-294 = —-42 miles per hour

To find the acceleration, we differentiate the velocity function s'(¢) = 361 — 66 .
a(t)y=s"(t)=36-12¢.
Fort=1, a(1)=s"(1)=36-12(1) =24 mi/ hr?

3

v(t)= 5 (f) = 48t — 61>

a.
b.
c.

Fort=4, v(4)=s"(4)= 484)— 6(4)2 = 96 miles per hour
For t= 10, v(10) =s’(10) = 4§(10) —6(10)2 =—120 miles per hour

To find the acceleration, we differentiate the velocity function s’(¢) = 48¢— 61 .
a(t)=s"(t) =48 -12¢.
Fort=1, a(1)=s"(1)= 48— 12(1) = 36 mi/ hr’
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35, v =h(6)=3>+20.5=3>+1¢
v(10) = 3(10)2 +10 =310 feet per second
a(t)=v'(t) =% G2 +1)=6t+1
a(10) = 6(10)+ 1 =61 ft/ sec?

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

0=s(r)=1667—16¢>
0=1667-16*
16t> =1667

t* =104.1875
t=10.20722783 sec
The steel ball will reach the ground after
about 10.2 seconds.
b. v(t)=s'(t)=-32¢
v(10.2) = 5'(10.2) =326.4 feet per second

39. a. v(t)=s'(f)=—32t+1280

b. When s(¢) is a maximum, s’(¢) =0.
—32¢+1280 =0

32t =1280
t =40 seconds

c. At =40,
5(40) = —16(40)2 + 1280(40)

=-25,600+ 51,200
= 25,600 feet

41. D'(t)=§(9tl/3):12t1/3

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

” d 1/3)_ 1 -2/3 -2/3
D”(t)==-\12¢t"")==\12¢ =4¢
) dt( ) 3( )
“2/3_4 1 213 4 1 1
D”(8)=4(8 =4(= =4(=|=
(®)=4¢) (8) 4)

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

© 2010 Brooks/Cole, Cengage Learning.

36.

38.

40.

42.

Chapter 2: Derivatives and Their Uses

(t+3)-0—-1)A00)

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

(t+3)°
_e0_—100
(t +3)
v(2)=160 —ﬁ =60 —1—050 = 56 miles per hour
+

a. To find how long it will take to reach the
ground, we need to determine what value of ¢
produces s(¢) =0. Thus, set s(¢) =0 and
solve the equation.
s(t)=1454-16t> =0

;2 -1454
16
t=9.53
It will take about 9.53 seconds to reach the
ground.

b. v(t)=s"(t)=-32t
v(9.53)=-32(9.53)= 305 feet per second

TQ)= 98+% ~103.7

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

7(t) =98 +8¢V?

v -3/2 _ 4
T(t) =—4t _——13/2

4

T'Q)=—— ~—
() 23/2

14

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

ns =52 __6
T"(t) = 6¢ _—15/2
6

T72)=—2= =~ 1.1
25/2

After 2 hours, the rate of decrease of the patient’s
temperature is increasing by about 1.1 degree per
hour each hour.

7(10)=6.3
In 2100 global temperatures will have risen by
about 6.3°F.

T'(t)=0.35¢%
7'(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.
T7(1)=0.14:7¢
7”(10)=0.035
The temperature increases will be speeding up (by
about 0.035 degrees per decade per decade).



Exercises 2.5

43.

45.

46.

47.

49.

51.

52.

L(10)=9.3 44.

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

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

4l

P(x) =1581x707 = 0.70376x°2

P’(x) = -1.1067x 7 = 0.3660x "4

P(3) =487
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]

b. Each 1-mph increase in wind speed lowers the wind-chill index. As wind speed increases, the

rate with which the wind-chill index decreases slows.

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

on [1, 20] by [0, 800]

b.  The second derivative is /"' (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.

a. The first derivative is negative because the 48.

temperature is dropping.

b. The second derivative is negative because the
temperature is dropping increasingly rapidly
making the change in temperature speed up in
a negative direction.

a. The first derivative is negative, because the 50.

stock market is declining.

b. The second derivative is positive because the
change in the stock market is slowing down
in a negative direction.

d* 3

True: For example d—x =0.

4
X

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

b. f'(59) will be negative because the altitude is decreasing.

a. The first derivative is positive because the
economy is growing.

b. The second derivative is negative because the
growth is slowing.

a. The first derivative is positive because the
population is growing.

b. The second derivative is positive because the
change in population is speeding up.
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£"(59) will be negative because acceleration is negative.

53. a. 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)
c. ii (showing stops and starts and then a higher c. 1 (showing positive but decreasing slope)
velocity)
4" 99 98 | 550 4l )
55. 100 (x7 =4x"" +3x7+6)=0 56. L(xH=-x
x
AN NP S T}
dx2 (x ) * x3

Ay d (9 @) [ d . }
. Lo=-L(Lgrs L) [od(grse)
d(d d d d , d ’
=§(7j;'g)+%(f'd—@ [Or%(f 'g+g(f'g)]
d’f _df dg df dg . d’g et
dx2 .g+dx'dx+dx.dx+f.dx2 [Orf g+fg+fg +fg]
=f"-g+2f"-g+fg"
A2
58. From Exercise 31, we know that p S (f9=f"g+2fg+[fg".
X
d3 — d d2 — d 4 4 7’ 2 — 7’ 4 ’ 4 ’ 4 ’” 4 ’” 7
S| s = U g2/ g+ g =17 g+ " g +2/" g+ 2+ "+ g
dx X dx x

:f‘/ll.g+3f”.g+3fl.gll+f.glll

EXERCISES 2.6
Lo f(g()=va®=3x+1 2. f(g0)=(5x"—x+2)*
The outside function is \/; and the inside The outside function is x4 and the inside function
. 2
function is x> — 3x +1. 18 5x" —x+2. \
- X)=x
Thus, we take ORNE Thus, we take {f( ) 5
g(x)=x>=3x+1 g(x)=5x"—x+2
2 —3 .
3. f(g)=(x"-x) 4. flg)=—5—
x“+x

The outside function is x> and the inside

s The outside function is % and the inside function
function is x~ —x .

f(x) — x—3 is x2 +x.
Thus, we take { ) f(x)=41
gx)=x"—x Thus, we take *
gx)=x"+x

© 2010 Brooks/Cole, Cengage Learning.



Exercises 2.6

5. (gl =]
x -1

[l =2

x—1
g(x)=x>

7. _[x+1 4
flem)=|"3
f)=x*

g(x)=2tl
x—1

9. f(g(x)=Vx*-9+5
S()=Ax+5
g(x)=x"-9

1. f(x)=(2+1y
FU(x)=3(x2 +12(2x) = 6x(x% +1)

13. g(x):(2x2—7x+3)4
g'(x)=4(2x? —7x+3) (4x=7)

15. h(z)=(z%-5z+2)%
h'(z) = 4(32% =52+ 2) (62 —5)

17. f(x)=\/x4—5x+l=(x4—5x+1)1/2

f'(x) =%(x4 —5x+1)_1/2 (4x3 —5)

19. w(z2) =39z—-1= 9z— 1)1/3
wi(2)=30z-1)27©9)=30z- 12

21, y=@-x)*
V' =4(4-x2)}(2x) = 8x(4 - x?)?

4
23. y=(3lJ =[w - = -

V= -4’ — ) Bwh) =—12w* W’ - 1)7°

25. y=x*+1-x*
V' =4x3 + 401 - x)’(-1)= 4x3 - 4(1-x)°

10.

12.

14.

16.

18.

20.

22,

24,

26.

73

f(x)=@+D?
FU(x)=4(3 +123x) =12x% (23 +1)

g(x)=(3x3 —x? +1)5
g'(0)=506x7 =x2+1) " (9x2 =2

h(z) = (522 +3z-1)3
h(z) =3(52% +32-1)2(102+3)

o) =Ax +3x—1=(x6 43x-1)

f'(x)=%(x6 +3x—1)_1/2 (6x5 +3)

w(z) =¥10z— 4 = (102 — 4)!/3

w'(z) =—; (10z—4)™310) = 2(10z =4y >
y=01-x

3" =50(1—x)*(=1) = =50(1 - x)*

5
y=( 1 ) =[w* + 1) P =t +1)7
w +1

y = =5w* +17 @y = 20wl (Wt +1)°

F(x)=(x* +4) —(x% +4)?
F(x)=3(% +4)2(2x) —2(x 2 + 4)(2x)
=6x(x* +4)> —4x(x> +4)
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27.

29.

31.

33.

3s.

37.

38.

39.

40.

Chapter 2: Derivatives and Their Uses

-1/2 _

f(x):ﬁ:@xz —5x+1) 28. f(x):mz(bcz—%wl) v
f'(x)z—%(3x2 —5x41) " (6x-5) f'(x)=—%(2x2 —7x41) " (dx=7)

— 1 - 1 - -2/3 30. _ 1 (2, _1)"2/3
T Yoxrn? (Ox+)>? Oxrt) R Jaeon? ey
fi(x)= —%(9x+1)_5/3 9)=-6(9x+1)~" £(x)= —%(3x— D@3 =—203x-1)""
f(x)zﬁz(bcz—3x+l)_2/3 32. f(x)=+2=(x2+x—9)_2/3

252 —3x+1 V(x2+x-9)

f'(x):—%(2x2 ) (4xm3) f'(x)z—%(xz+x—9)_5/3(2x+1)
S)=[(* +1)° +x7P 34, f()=[C+D>-x]*
£ =32+ D)% + 3P BG2 + D)2 (2x) +1] £ =4[(x° +1)? = xT[2(° +D)(3x?) -1]

232+ 1)+ xPI6x (e +1)% + 1] = 4[(x7 +1) —xP[6x7 (x° +1)—1]
f(x)=3x2@Q2x+1)° 36 f(x)=2x(x° -1

F(x)=6x2x +1)° +3x[5Qx +1)*(2)]
=6x2x +1)° +30x2(2x +1)*

f(x)=2x+1>2x-1*

F(x0)=203 =D 42204 - )2 3x )]
=2 - 1) +24x° (% - 1)

£1(x)=32x + D)2 Q) 2x - D* + 2x +1)’[42x - 1)*(2)]
=6(2x+1Y2x-D)* +82x +)2x -1)°

f(x)=2x -1 @2x+D?
£1(x)=32x - 1D)2Q)2x + D)* + 2x - 1)’[42x + 1)(2)]
=6(2x— 1> 2x +D)* +82x - 12x +1)°

g(2)=2:(322 =z 41)"
2 ()=202—z+1) +2:(@) (322 =2 41) (6z—1)

4
g(z)=22(223—z+5)
4 3
g'(2)=22(222—z+5) +2%2(@)(222-z+5) (622 -1)
2 3 3
=22(222—z+5) (1423 -32+5)
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41.

43.

45.

47.

49.

51.

3

Se=1
x—1
s x 1V =DM =(D(x+1)
F(0=3 x_l) [ " }
o x 1P x=l—x—17_Afx+1\’[ -2
=3 x—l) { (x—1)2 }_3 x—1 [(x_l)z
:_6(x+1)2
(x=1?*

f(x)=xZ\/1+x2 :xz(l+x2)1/2

ro=2x(14x2) 422 B(sz)_”2 (2x)}

2)—1/2

=2x(1+x2)1/2+x3(1+x

7o =lavx =(14x12)"
f,(x):%(l_'_xl/z)_l/z(lx—l/z)

2

_1.-1/2 1/2)71/2
=X (l+x )

a. S+ ]=2007 + D)(2x) =427 +4x
b. 7+ 1=2 Gt 2’ 4 ) =4’ + 4
a d (1 :(3x+1)0—3(1):_ 3
©odxBxH )T 3 (3x+1)?
b. %[(3x+l)_l]=—(3x+l)_2(3)

___3

(Gx+1)?

f(x)=(x* +D)°

F(x)=10(x> +1)°(2x) = 20x(x> +1)°

£7(x)=20(x2 +1)° +20x[9(x> +1)¥(2x)]
=20(x2 +1)? +40x2[9(x% + 1))
=20(x2 +1)° +360x% (x> + 1)}

42,

44.

46.

48.

50.

52.

75

5
f.,(x)zs(x—1)4{(x+1)(1)—(1)(x_1)}

x+1 (x+1)?
:5(x—1)4 x+1-x+1 :10(x_1)4
x4l ety (x+1)°

= o122 (2 -1)

=222 21" 442 B(x2 ) (Zx)}

2

)1/2 +x° (x -1

=2x(x2—1 )_1/2

Fo =3 =457
f.(x):%(”xm)‘z“(%x—zu)

_ 1,234 13)7

A _x0-200) _2x 2
@ x2 - (x2)2 - x4 - x3
b. f;(x—lz)=%[<x2)‘1]=—1<x2)‘2(2x>
__2
x3

jj;f (g(h(x))) = f*(gh(x))g (h(x))H’ (x)

f()=(=1)°
FU(x)=5x - D*3x%) =152 (x> -4
£7(x)=30x(x = D* + 15624 - )3 (3x?)]
=30x(x> = )* +180x* (x° - 1)°
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53. The marginal cost function is the derivative of the 54.
function C(x)=¥4x> +900 = (4x> +900)"2 .
MC(x) =3 (4x% +900) ™2 8x)
= 4x(4x% +900)7!/2
MC(20) = 4(20)[4(20)* +900T /2
= 80[4(400)+ 90072
=80(2500)"12 =84 — 1 60
50
55. x=27 56.
57.  S()=17.5(-1)3 58.

§7(0) =9.275G =1y Y
§7(25)=927525-1)""*7 = 2.08

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

59.  R(x)=4xy/11+0.5x =4x(11+0.5x)"?
R'(x)= 4x(% (1140.5x)"2(0.5)+4(11+0.5x)"/2

=—X 1 4J11+0.5x
J11+0.5x

The sensitivity to a dose of 50 mg is

R'(50)=—2——+4./11+0.5(50
(50) J1140.5(50) (50)
50 50
= +411+25 ==L 4436

Ji1+25 V36
=201 94=25472 _97_3;1
6 3 3 3

61. 62.

on [0, 140] by [0, 50]
x =26 mg

© 2010 Brooks/Cole, Cengage Learning.
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/

on [0, 30] by [-10, 70]

S(e)=0.22(e+4)*!
S’(e) =0.462(e+4)"!
S’(12) = 0.462(12+ )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(1 +0.01r)°
V()= 5000(1+ 0.01)*(0.01)
=50(1+0.017)*
V'(6)=50[1+0.01(6)]* = 63.12
At a rate of 6%, the value increases by about

$63.12 for each additional percentage point of
interest.

-

on [1, 5] by [0, 3]
x=3.6 years

R(x)=025(1+x)*
R(x)=4(0.25)1+x)* =1 +x)°
a.  R(0)=(1+0)1>=1
b. R()=(0+1)°=8



Exercises 2.6

63.

65.

66.

68.

70.

72.

74.

76.

78.

P(t)=0.02(12+21)*'2 +1
P(1)=0.03(12+2¢)'2(2)
=0.06(12+21)""?
P'2)=0.06[12+2(2)]""? = 024

b.  0.0456
¢ L8_¢ 0456
X

x=39.47, so about 40 years.

h(40)=8.2—(0.01(40)—2.8)* =2.44
h'(x)=-2(0.01z—2.8)(0.01) =—0.0002z + 0.056
h'(40)=10.048
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.

o (551

True: dif(x+5)=f'(x+5)'(l)=f’(x+5)
X

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

di[ FO =[£'(0)], where f(x) is the length
X

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

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

Thus, & E(g(x)) = E(g(x))-£'(x).

64.

67.

69.

71.

73.

75.

77.

7

1/3

T(p)=36(p+1)
T'(p)=-366)(p+1) " =—12(p+1)¥?
'@ =-120+1)"" =-3

The time is decreasing by about % minute for

each additional practice session.

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: 4 £(5x)=45x. f'(5x)=5 £'(5x)
dx dx

False: The outer function, \/; , was not
differentiated. The correct right-hand side is

e ™ g

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

di[ £ =[£'(x)]*, where f(x) is the length
X

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

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

But since L' (x) =<, L' (g(x)) =22

g(x)”

a4 _&()
Thus, e L(g(x)) = 2(0)

© 2010 Brooks/Cole, Cengage Learning.
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EXERCISES 2.7

1.  The derivative does not exist at the corner points
x=-2,0,2.

3. The derivative does not exist at the discontinuous
points x =-3, 3.

f(x+h)—f(x)

o P22

5. For positive A, lim 7 7
h h—0

-0
. |0+2@:|0| |2ﬁ|
lim 7 =7
h—0

Chapter 2: Derivatives and Their Uses

The derivative does not exist at the discontinuous
points x =-3, 0, 3.

The derivative does not exist at the vertical
tangents at x =—4, -2, 2, 4.

. For x =0, this becomes

= f0) . pxr2hH2d L
lim x+hh = :hm]x—hlj—xl. Since x = 0, we get

= lim

= lim

=2 because / is positive. For 4 negative,

1

PEE which does not

h—0

which does not exist.

i
h—0 h—0
0+24-0] |2
lim ]J};:Ll = ]% =-2 . Thus, the derivative does not exist.
h—0
— 0+34—0
6. For positive #and x =0, lim x+hh L = im 7 =
h—0 h—0
— 0+3
For negative 7 and x =0, lim x+hh 2 = lim 7
h—0 h—0
Thus, the derivative does not exist.
_ 2/5 2/5
7. Forx=0, lim LOHA=T0) _ pip OH_ 20y S
h—0 h—0 h—0
exist. Thus, the derivative does not exist at x = 0.
_ 4/5_ 4/5
8. Forx=0, lim L ”’21 [ _ iy “’””h O_ fjm 4=
h—0 h—0 h—0

Thus, the derivative does not exist at x = 0.

9.  Ifyou get a numerical answer, it is wrong because
the function is undefined at x = 0. Thus, the
derivative at x = 0 does not exist.

11. a. Forx=0,

i JOHD =) _ 0+ h -0

h—0 h h—0 h
zlimﬁ
h—0 h

b.
noo |

0.1 3.162

0.001 31.62

0.00001 316.2

¢. No, the limit does not exist. No, the
derivative does not exist at x = 0.

On [0, 11by [0, 1]

© 2010 Brooks/Cole, Cengage Learning.

10.

12.

1
h—0 B3

If you get a numerical answer, it is wrong because
the function is undefined at x = 0. Thus, the
derivative at x = 0 does not exist.

a. Forx=0,

i L= (), Y05 =30

h—0 h—0 h
3
=1lim ﬁ
h—0 h
b. 3
h h
0.1 4.64
0.0001 464.16
0.0000001 |46,415.89

¢. No, the limit does not exist. No, the
derivative does not exist at x = 0.

d. /
]

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




Exercises 2.7

13. Ata corner point, a proposed tangent line can tip
back and forth and so there is no well-defined
slope.

15. At a discontinuity, the values of the function take
a sudden jump, and so a (steady) rate of change
cannot be defined.

17. True: For a function to be differentiable, it cannot
jump or break.

REVIEW EXERCISES FOR CHAPTER 2

1. x 4x +2 x 4x+2
1.9 9.6 2.1 10.4
1.99 9.96 2.01 10.04
1.999 [9.996 2.001 |10.004
a. lim 4x+2=10
x—27

b. lim 4x+2=10

x—2%

c. lim4x+2=10

x—2

3. a  lim f(x)= lim 2x—7)
x—5" x—5"

=2(5)-7)=3
b. lim f(x)= lim 3—-x)
r—=5T x5+
=3-5=-2
¢. lim f(x) does not exist.
x—5

5. limvxl4x+5=v42+4+45=1649
x—4
=\25=5

7. lim (ls—sl/z):%(16)—l6”2 =8-4=2

so1612

. X2 . x(x—1)
9. lim&=—% = |
ol x?-1  xo1(x+)(x=1)
= lim =X— =4
lim =53

2 2 _
2x " h—xh” _ lim xh(2x—h)

h—0 h—0
= lim x2x—h)
h—0
=x(2x—0)=2x>

14.

16.

18.

10.

12.

A vertical tangent has an undefined slope, or
derivative.

False: A function can have a corner or vertical
tangent and still be continuous.

False: A function could have a vertical tangent.

x+1-1
X

x+1-1
X

0.1
—0.01
—0.0001

0.513 0.1
0.501 0.01
0.500 0.001

\/x-i-l—l:O.5
x

0.488
0.499
0.500

a. lim
x—0"

b. lim ¥X*I=1_g5
X

x—0"

Nx+l=l_g5
X

c. lim
x—0

®

lim f(x)= lim (4-x)
x—5" x—5"

=4-5=—1

b. lim f(x)= lim @x—11)
x—5" x—5"

=2(5)-11=-1

c. lim f(x)=-1
x—5

limn=m

x—0

lim—s—Ltsr =—S8——-—8_~_»
r>8 2 =303 82-3038 ~ 04-30(2)

lim 3x3—3x: . 3x x2—1

x>-12x242x  x—>-1 2x(x+1)

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

. 3(x=1)  3(-1-1)
= lim =
xo-1 2 2

= lim

=-3

2 2 _
lim 6xh™—x"h — lim xh(6h—x)
h—0 h—0
= lim x(6/4 —x)
h—0

=x(0—-x) =—x?

79
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13. lim f(x)=0; lim f(x)=co and

X—>—o0 x—-2

lim f(x)=oco,
x—-2*

so lim f(x)=e and lim f(x)=0.
x—-2 X—o0

15. Continuous
17. Discontinuous at x = —1

19. The function is discontinuous at values of x for

which the denominator is zero. Thus, we consider

x2 +x =0 and solve.

¥ +x=0
x(x+1)=0
x=0,-1
Discontinuous at x = 0, —1

21. From Exercise 3, we know lim f(x) does not

14.

16.

18.

20.

22.

Chapter 2: Derivatives and Their Uses

lim f(x)=3;
X—>—c0

hm f(x)=rco,
x—=2*
SO hm f(x) does not exist and lim f(x)=3.

X—>o0

lim f(x)=—c and
x—2"

Continuous
Continuous

Discontinuous at x = -3, 3

From Exercise 4, we know lim f(x)=-1= f(5).
x—5

x—5
exist. Therefore, the function is discontinuous at x Therefore, the function is continuous.
=35.
23 lim LG h) —f() _ 2(x+h)2+3(x+ h) 1-(2x? +3x-1) _ 2(x2 +2xh +h?)+3x +3h—1-2x 2 =3x +1
T A0 h—>0 h—>0 h
— hm 2X +4Xh+2h +3Xh 3X+3h 1+1 2X _ llm 4Xh+2}fl +3h _ hm 4x+ 21’! +3 4X+3
h—0 h—0

m L& +h) Sx) _

3(x+h)2+2(x+h) 3-(3x2+2x-3) _

o 3 +6xh+3h° +2xh+2 h=3-3x —2x+3

24.
h—>0 h—>0 h—>0
- 1imwﬂ}fL2h= lim 6x + 3 +2 = 6x +2
h—0 h—0
h 3 13 3x—3!x+h!
. X+h)—f(x) .. ik oy g x(x+h) m 3x=3x=3h 1 _ 3h _ _ -3 _
25.  lim 7 = lim = lim =5 Nim =G h T T Grn T G T2
26 f(x+h) f(x) 4\/x+ 4\/_ \/x+ \/_ \/x+h+\/_ x+h—x

h—)O h—>0 h—>0

h

ISy L A N

=1lim4

2. f()=6Yx - +1—65/3—4x‘”2
f'(x)=§(6x2/3)—(—%)(4x_3/2)+0
=10x>"7 +2x72

© 2010 Brooks/Cole, Cengage Learning.

28.

. 4 _ _ 2
Y W S e L W e S N i

F) =42 —r a6
X

ey — 9 (g.32) (1 -4/3
£ =2(ax2) ==L (6x) 0

— 10x3/2 +2x—4/3



Review Exercises for Chapter 2

29.

31.

33.

3s.

37.

39.

41.

42.

S@="=x7
X
f(x)=-2x"°
(L) 2 (1) 2 ooy o
f(z)_ ? 2) i

F(x)=123x =12x'3
Fix) = %(12{2/3) =423

1'(®)=4(8) 2" = 4(%)2/3 - 4(%)

() (7) !

a. C'(x)=20x""¢

20
C'()====20
\/_
Costs are increasing by about $20 per
additional license.

b. 20 _ 20
C'(64)=—===-=
(64) Yoi 2
Costs are increasing by about $10 per
additional license.
a. A=mw?

A'=2mr

b. As the radius increases, the area grows by “a

circumference.”

F(x)=2x(5x> +3)
F(x)=2(5x" + 3)+2x(15x%)
=2(5x> +3)+30x° = 40x° +6

f(x)=(x* +5)(x* -5
(%)= 2x(x> = 5)+ (x* + 5)2x)
—2x0 —10x+2x° +10x = 4x°

y=(x4+x2+l)(x5—x3+x)

y' = (4x3 + 2)c)(x5 —x3 +x) +(x4 +x2+ 1)(5x4

30.

32.

34.

36.

38.

40.

—3x2 +1)

81

f() —i—
fx)=-
Ao

f(x)=63x =6x"3
fi(x)= (6x‘2/3) 25723

S1-8)= 2(—8)‘2/3 - 2(-1)2/3 _ z{ L)

flx) = 150 ~0-322

F/(x) = -0322(150x" 1322) = 48 35 1322
7710) = —48.3(10) 32 = .3
After 10 planes, construction time is decreasing

by about 2300 hours for each additional plane
built.

_4_3
a. V—3nr

A':3enr2 ): 42

b. As the radius increases, the volume grows by
“a surface area.”

f(x)=x*(3x3 -1)
F(x)=2x3x> =)+ x> 9x?)
=2x(3x> =)+ 9% = 15x* —2x

f(x)=(x* +3)(x%-3)
F/(x)=2x(x? = 3)+(x? +3)(2x)
= 2x3 — 6x + 2x3 +6x= 4x3

=4x8 —ax® +4x? + 2x0 23 +2x% +5x8 =3x 0 +x* +5x0 = 3x* +x% +5x% = 3x% +1

—ox® 155 41

yz(x5 +x3 +x)(x4—x2 +1)

V' =Gxt 32 + Dt =22 H )+ (0 + 2%+ x)(dx - 2x)

4

=5x8 —5x(’+5x4+3x6—3x4+3x2 +x

=5 —ox® 3t ax? w14 4x®  2xC 4 ox?

9x® +5x* +1

—x2+1+4x8+4x6+4x4—2x

6 —2x4 —2x2
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43.

45.

47.

49.

51.

—

X —

Y=XF1
JRECERDETUTERS T T
(x+1)? x+1)%  (x+1)7
_x0+l
xs—l
=06 - Gath® + 1)
g o - 1)?
_s?ostosd st oxd
(x> —1)? (x> —1)?
a. fln=2H
)= _(_ulﬂx_Jr)
:M:_L
2 2
X X

b.  f(x)=x+D(x"hH

F(0)=2(x"Y+ Qx+D)(=1)x 2
_2 _2x+1_2x 2x+1___1
X x2 x2 x2 x2
c. Dividing 2x +1 by x, we get

f=2+1 =245
f0)=0+(1p ==

a. To find the average profit function, divide
P(x)=6x-200 by x.

AP(x) =
b. To find the marginal average profit, take the
derivative of AP(x).

MAP(r) = HE=(162=200) _ 200
x

X
_200 _ 200 _

c. MAP(10)=

Average profit is increasing by about $2 for
each additional unit.

F(x) =124 —9Yx =12x¥2 —9x!3
S@=3 3(12412) - %(9x_2/3)=18x1/2—3x_2/3

£7(x) =5(18x*”2)—%(—3x*5/3)

— 9x71/2 +2x75/3

© 2010 Brooks/Cole, Cengage Learning.

44.

46.

48.

50.

52.

Chapter 2: Derivatives and Their Uses

y_x—i-l
JRIEES VO (B2 S TSy S
(x—1? (x—1)? (x=1)?
_x0-1
x6+1
e (8 +1)(6x°) = (6x)(x° = 1)
(x®+1)
_6x' w6’ —ex! 46 12x°
(x%+1)2 (x6+1)?
S(x)=223 = 2250(x +9)™"
’ _ -2 —
S§7(x)= —2250(x +9) 2 = ——2230
(x) (x+9) o £9)
, 2250
§(6)= ——=2=20
(©) 6+972

At $6 per tape, the number of tapes sold is
decreasing by 10 per dollar increase in price.

AC(x) = Cix) _ 7.5xx+50 _ 7'5+%

b. MAC(x)=< (75+50) =0
X

B YY)
50

Average cost is decreasing by about $0.02
per additional mouse.

F0)=18Yx? —4x? =18x27 — 4532
.f'l(x) — 12x—1/3 —6X1/2
() = —4xt _ 312

~50
¢ MAC(50)=—2=—
507



Review Exercises for Chapter 2

53. (x)=—L =142
S(x) 323
1 -3 2 -3
] __2 1 —_ 4
f'(%) 3x 3,x

55. f(x) _ % _ 2x_3
1) ==30x*) =—6x* = - x_64
£7(x) = —4(=6x7) = 2457 :i_zst

v L 24 _
£7(=1) Ciy 24

57. —Xx =6x

59.

d2

61.  P(t)= 025 — 3> + 5t +200

P(t)=3(025t>) = 2(36) + 1(5)+ 0= 0.75/ — 6t + 5

P’(t)=2(0.75)— 6(1)+ 0=1.5t— 6

54.

56.

58.

60.

f=T =37
S()=-3x7"

S7(x)=6x7

fx) =2 =374
X

Fx)=-12x""

’ _ -6 _ 6
/() =60x"" =%

7(~1) =—2% - 60
10 =4k

=

d = —
dxx =-2x
2
d- -2 d 3y 4 6
dxzx = (-2x ")=6x =4
&Ll 2__6 _6_3
2 = 716
dx —n (=2) 16 8
d f7_4d 72_7 512
VY Tt T2
2
d_/7_il 52\ 35 32
P _dx(Zx )‘4x
2
L AT =P =70
dx x=4

P(10)= 0.25(10)> —3(10)% +5(10)+ 200 = 250 —300 + 50 + 200 = 200

In 10 years, the population will be 200,000.
P0)= 0.75(10)2 -6(10)+5=75-60 +5= 20

In 10 years, the population will be increasing by about 20,000 per year.

P’(10)=1.5(10)-6=9

In 10 years, the rate of growth of the increase will be 9000 per year each year.

62. s(=8r"
V()= 5'(0) =2 (86'7) = 2012

a(t)=v'() == (206" %) =301

v(25) =20(25)> % = 2500 ft / sec
a(25)=30(25)"% =150 ft/ sec?

83
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63.

64.

66.

68.

70.

72.

74.

76.

78.

a.  When the height is a maximum, the velocity

is zero. Thus, to find the maximum height,
set v(#) =0 and solve. First, we find

v(t)=s'(t).
s@t)=-1672+148t+5
v(t)=s'(t) =321 +148

Now set v(#) =0 and solve.
v(t) =-32t+148 =0

-32t=-148

t=4.625
To find the height when ¢ = 4.625, evaluate
5(4.625).

5(4.625) = —16(4.625)2 +148(4.625) +5
=347.25 feet

h(z) = (4z% =3z +1)°
h(z) =342 =32+ 1)%(82-3)

g(x)=(100-x)’
2'(x)=5(100 — x)*(-1) = =5(100 — x)*

F(x)=Vx?—x+2 =(x2—x+2)1/2

£i(x)= %(x2 —xr2) P x-)

w(z) =¥6z—1=(6z-1)"3
w(2)=36z-123©) =2(6z— 127

h(x) = 1 -2/5

J(x+1)?

h'(x):—%(5x+l

=(5x+1)

)7 (5)=-205x+1)7"

g(x)=x*(2x—1)*
g(x)=2x2x - )* +x[4(2x - 1) 2)]
=2x2x-D* +8&*(2x 1)}

y=x343 X +1 =x3(x3 +1)1/3

» =32 (3 43 +x3B (x3+1)—2/3(3x2)}

=323 413 453 + 1) 23

F()=[2x2+D* +x4P

F0=3x" + 1) +x* P + 1 (4x)+ 4x)
=32 + 1)+ P16x(207 +1)7 + 4]

© 2010 Brooks/Cole, Cengage Learning.

65.

67.

69.

71.

73.

75.

77.

79.

Chapter 2: Derivatives and Their Uses

h(z)=(3z%-5z-1*
h(z) = 4(32% =52 1) (62— 5)

g(x)= (1000 — x)*
g’(x)=4(1000 — x)? (1) =—4(1000 — x)

)= —5x—1=(x?=5¢-1)"

f(x)= %(x2 “sx—1)(2x-5)

w(z)=¥3z+1=(3z+1"3
w(2) =—§ BGz+1y233)=Bz+ 123

h(x) = 1 -3/5

Jaox+1)>

h'(x)z—%(10x+l)

=(10x+1)

510) = —6(10x + 1)/

g(x)=5x(x> -2)*
2/(x)=5(x = 2)* +5:4(x> =2)* 3x?)]
=502 = 2)* +60x° (x° - 2)°

y=x4fx2 +1 =x4(x2 + 1)1/2

y' = 4x° (x2 + 1)1/2 +x4|%(x2 +1)_1/2 (Zx)]
432+ D)2 4 x5 2 1) M2

f(0)=[3x* -1+

(x)=2[(3x% = 1> + > 1[303x% =1)*(6x) +3x2]
=2[(3x% = 1)® + X ][18x(3x% —1)% +3x?]



Review Exercises for Chapter 2

(x)—,/(x +1)4—x —[(x +D)4—x
f(x)= lux+n 214
1 (CERR M I e

30. 1/2

81.
+1) (2x)—4x3]
+1)° - 457

82. f(x)=@x+D*@x+1)?

F(0)=403x+1)>B)4x+1)Y +Bx +D*B)4x +1)%(4)
=12Gx + 1) @x +1)° +123x + ) (4x+ 1)
=12Gx + D)>@x + )?[(4x +1) +Bx +1)]

=12G3x+ D) @x + )3 (7x +2)

83.  f(x)=(x*+1’x*-D*

F1(0) =30 + 122002 = D + (2 + 1[40 2 =1) (2x)]
=6x(x? + 17 (2 = 1* + 8x(x? +1)’ % 1)
_ (x+3 \

fn=(E2)

f@ﬂ=4£§;5[ﬂn—§}x+$}

-4 &55(3€—_}€—5j __20 (x +5)°
X 2 2 3
x x

X
_20(x+5)°
- 5
X

84. 85.

86.  h(w)=(Q2w?-4)° 87.

h'(w) = 52w? — 4)* (4w)

h7(w) = 202w — 4)>(4w)(dw) + 52w? — 0)* @)
=20(16wH)2w” — 4)° + 2002w* —4)*

=320w2 (2w? — 4)° + 202 w* — 4)*

gz)=2(z+1)
g(2)=322+ D)3+ 2B+ 1)?1=322(z+ 1) +323(z+1)?
g7(2)=62z(z+1) + 323z + 1?1 +922(z+ 1)* + 322 [2(z + 1]
=62(z+1)° +1822(z+ )2 +62° (2 +1)

88.

glz)=zz+1?
g(z)=42z+)* +44(z+1)

89.

85

f()=4+D2+2? =[P +D? +x2]72
S(0)=%" +1) +x2]_l/2[ (x* +1)(3x% ) +2x]
=217+ + 272 [6x (0 +1)+ 24]

=[x +1)2+x2]—1/2[3x2(x3+1)+x]

fin= (4)
f(x)=5 x—“‘)“[w}
Sl )

20(x +4)*

x°

h(w) = Gw? +1)*
h'(w) =4Gw? +1)3 (6w)
h(w) = 1203w + 12 6w)6w) + 4Gw? +1)°(6)
=432w2 (3w? +1)% +24(3w? +1)°

g (2)=1222 +1) + 4214+ D 1+ 162+ )P + 42 Bz + DA

=1222C +1)* +3223 @+ 1) + 1220 2+ 1)?

90. a. Z(’-1)7=2("-1(B2%)=6x7 (" - 1)=6x" —627

b -1 =4 (227 + 1) =6x° - 627
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86 Chapter 2: Derivatives and Their Uses

oL a _i( I )z(x3+1)<0)—(3x2)<1):_ 3,
T APy (x3+1)? (x3+1)?
A1 _\_d 3 1 137232y —_ 3x?
b (x3+1j_dx(x )7 =10 )T ) =i

92, P(x)=4x° —3x+34 = (x3 —3x + 34)/2
2
— - o 3x" -3
P(0) =3 =3x+34)7 (327 - 3) =

29x° —3x+34

35 -3 n__1
P(5)= ——2_-12_3
WG -35)+34 2144 24

When 5 tons is produced, profit is increasing at about $3000 for each additional ton.

93.  V(r)=500(1+0.01r)’
V() =1500(1+ 0.017)%(0.01) = 15(1+ 0.017)*

V’(8) =151+ 0.01(8)]2 =17.50
For 8 percent interest, the value increases by about $17.50 for each additional percent interest.

94. 95.

[t

on [0, 10] by [0, 30] on [0, 20] by [-2, 10]
a. P(5)-P(4)=12-9.27=2.73 =16

P(6)— P(5)=15.23-12=3.23
Both values are near 3.

b. x=7.6
96.  R(x)=0250.01x +1)* 3 97.  N(x)=10005100—x =1000(100—x)"'?
R'(x)=0.25[4(0.01x +31) (0.01)] N'(x) = 500(100— x) (1) = 500
= 0.01(0.01x +1) V100 —x
, 3 500
R’(100)= 0.01[0.01(100)+ 1)]" = 0.08 N'(96) = ————=—==-250
(100) [0.01(100)+1)] (96) T00—9¢
At age 96, the number of survivors is decreasing
by 250 people per year.
98. The derivative does not exist at corner points 99. 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.
100. The derivative does not exist at the corner point x =3.5 and the discontinuous point x =0 .

101.  The derivative does not exist at the corner points x=0 and x=3.
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102.

103.

For positive 4,

- Sx+5hf-|5 S5(0H+5H4—5-0
tim LG/ () _ i BESAEISA L 1SC >+hhH | for
h—0 h—0 h—0

x=0

- Sh
=lim===5
h—0 h
For negative 7,
- S5x +5h|—|5 5(0)+ 5K —|5(0
tim LEE D=/ _ NN SRR s o2 Y () hhi 5Ol .
h—0 h—0 h—0
. Sh
= lim-="=-5
h—0 h
Thus, the limit does not exist, and so the derivative does not exist.

g _f 3/5_.3/5 3/5
lim f(“h})l SOy ) "= x = lim &= for x=0
h—0 h—0 h—0
]
= lim ==
h—0 W25

which does not exist. Thus, the derivative does not exist.

=0

87
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