
A8 answers

Section 2.0

1. Values are approximate; your answers may vary.

x f (x) m(x) x f (x) m(x)

0.0 1.0 1 2.5 0.0 −2
0.5 1.4 1

2 3.0 −1.0 −2
1.0 1.6 0 3.5 −1.3 0
1.5 1.4 − 1

2 4.0 −1.0 1
2.0 1.0 −2

3. (a) At x = 1, 3 and 4. (b) Largest at x = 4; small-
est at x = 3.

(c)

5. (a)

(b)

(c) m(x) = cos(x)

7. Assume we turn off the engine at the point (p, q)
on the curve y = x2 and then find values of
p and q so the tangent line to y = x2 at the
point (p, q) goes through the given point (5, 16):
(p, q) is on y = x2 so q = p2 and the tan-
gent line to y = x2 at (p, p2) is y = 2px − p2

so, substituting x = 5 and y = 16, we have
16 = 2p(5)− p2 ⇒ p2 − 10p + 16 = 0 ⇒ p = 2
or p = 8. The solution we want (moving left to
right along the curve) is p = 2, q = p2 = 4 (p = 8,
q = 64 would be the right-to-left solution).

9. Impossible: (1, 3) sits “inside” the parabola.

11. (a) msec =
[3(x + h)− 7]− [3x− 7]

(x + h)− x
=

3h
h

= 3

(b) mtan = lim
h→0

msec = lim
h→0

3 = 3. (c) At x = 2,

mtan = 3. (d) f (2) = −1 so the tangent line is
y− (−1) = 3(x− 2) or y = 3x− 7.

13. (a) msec =
[a(x + h) + b]− [ax + b]

(x + h)− x
=

ah
h

= a

(b) mtan = lim
h→0

msec = lim
h→0

a = a. (c) At x = 2,

mtan = a. (d) f (2) = 2a + b so the tangent line is
y− (2a + b) = a(x− 2) or y = ax + b.

15. (a) msec =
[8−3(x+h)2]−[8−3x2]

(x+h)−x = −6x − 3h
(b) mtan = lim

h→0
msec = lim

h→0
[−6x− 3h] = −6x.

(c) At x = 2, mtan = −6(2) = −12 (d) f (2) = −4
so the tangent line is y− (−4) = −12(x− 2) or
y = −12x + 20.

17. a = 1, b = 2, c = 0 ⇒ mtan = (2)(1)(x) + 2 =

2x + 2 so we need p to satisfy 6− (p2 + 2p) =

(2p + 2)(3− p)⇒ p2 − 6p = 0⇒ p = 0 or p = 6
so the points are (0, 0) and (6, 48).

Section 2.1

1. derivative (a) of g (b) of h (c) of f

3. (a) msec = h− 4⇒ mtan = lim
h→0

msec = −4

(b) msec = h + 1⇒ mtan = lim
h→0

msec = 1

5. (a) msec = 5− h⇒ mtan = lim
h→0

msec = 5

(b) msec = 7− 2x− h⇒ mtan = 7− 2x

7. (a) −1 (b) −1 (c) 0 (d) +1 (e) DNE (f) DNE

9. Using the definition:

f ′(x) = lim
h→0

[
(x + h)2 + 8

]
−
[
x2 + 8

]
h

= lim
h→0

2xh + h2

h
= lim

h→0
[2x + h] = 2x

so f ′(3) = 2 · 3 = 6

11. Using the definition:

f ′(x) = lim
h→0

[
2(x + h)3 − 5(x + h)

]
−
[
2x3 − 5x

]
h

= lim
h→0

6x2h + 6xh2 + 2h3 − 5h
h

= lim
h→0

[
6x2 + 6xh + 2h2 − 5

]
= 6x2 − 5

so f ′(3) = 6 · 32 − 5 = 49
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13. For any constant C, if f (x) = x2 + C, then:

f ′(x) = lim
h→0

f (x + h)− f (x)
h

= lim
h→0

[
(x + h)2 + C

]
−
[
x2 + C

]
h

= lim
h→0

2xh + h2

h
= lim

h→0
[2x + h] = 2x

The graphs of f (x) = x2, g(x) = x2 + 3 and
h(x) = x2 − 5 are “parallel” parabolas: g is f
shifted up 3 units; h is f shifted down 5 units.

15. f ′(x) = 2x ⇒ f ′(1) = 2 so an equation of the tan-
gent line at (1, 9) is y− 9 = 2(x− 1) or y = 2x+ 7;
f ′(−2) = −4 so an equation of the tangent line at
(−2, 12) is y− 12 = −4(x + 2) or y = −4x + 4.

17. f ′(x) = cos(x) ⇒ f ′(π) = cos(π) = −1 so an
equation of the tangent line at (π, 0) is y− 0 =

−1(x− π) or y = −x + π; f ′
(

π
2
)
= cos

(
π
2
)
= 0

so an equation of the tangent line at
(

π
2 , 1
)

is
y− 1 = 0

(
x− π

2
)

or y = 1.

19. (a) y− 5 = 4(x− 2) or y = 4x− 3 (b) x + 4y = 22
or y = −0.25x + 5.5 (c) f ′(x) = 2x, so the
tangent line is horizontal only if x = 0: at
the point (0, 1). (d) f ′(p) = 2p (the slope
of the tangent line) so y − q = 2p(x − p) or
y = 2px+(q− 2p2). Since q = p2 + 1, the tangent
line is y = 2px + (p2 + 1− 2p2) = 2px− p2 + 1.
(e) We need p such that −7 = 2p(1)− p2 + 1, so
p2 − 2p− 8 = 0 ⇒ p = −2 or p = 4. There are
two such points: (−2, 5) and (4, 17).

21. (a) y′(x) = 2x, so y′(1) = 2 and the angle is
arctan(2) ≈ 1.107 radians ≈ 63◦ (b) y′(x) = 3x2

so y′(1) = 3 and the angle is arctan(3) ≈ 1.249
radians ≈ 72◦ (c) 1.249− 1.107 radians = 0.142
radians (or 71.57◦ − 63.43◦ ≈ 8.1◦)

23. Units on the horizontal axis are “seconds”; units
on the vertical axis are “feet per second.”

25. (a) d(4) = 256 ft; d(5) = 400 ft

(b) d′(x) = 32x ⇒ d′(4) = 128 ft/sec and
d′(5) = 160 ft/sec.

27. Marginal production cost is C′(x) = 1
2
√

x dollars

per golf ball, so C′(25) = 1
2
√

25
= 1

10 = $0.10 per

ball and C′(100) = 1
2
√

100
= 1

20 = $0.05 per ball.

29. (a) A(0) = 0, A(1) = 1
2 , A(2) = 2 and A(3) = 9

2 .

(b) A(x) =
x2

2
(x ≥ 0) (c) A′(x) = x (d) A′(x)

represents the rate at which A(x) is increasing
(the rate at which area is accumulating).

31. (a) 9x8 (b)
2

3x
1
3

(c)
−4
x5 (d) πxπ−1 (e) 1 if x > −5

and −1 if x < −5

33. f (x) = x3 + 4x2 (plus any constant)

35. f (t) = 5 · sin(t) 37. f (x) = 1
2 x2 + 1

3 x3

Section 2.2

1. (a) 0, 1, 2, 3, 5 (b) 0, 3, 5

3. In the table below, und. means “undefined”:

x f (x) · g(x) ( f (x) · g(x))′ f (x)
g(x)

(
f (x)
g(x)

)′
0 2 13 2 −7
1 −15 16 − 3

5
4

25
2 0 −6 0 − 3

2
3 0 3 und. und.

5.

x f + g ( f + g)′ f · g ( f · g)′ f
g

(
f
g

)′
1 5 0 6 2 3

2 − 10
4

2 4 1
2 3 1

2
1
3 − 1

18
3 4 0 4 0 1 1

7. (a) D ((x− 5)(3x + 7)) = (x− 5) · 3+ (3x + 7) · 1
(b) D

(
3x2 − 8x− 35

)
= 6x− 8 (the same result)

9. 19 · 3x2 = 57x2
11. cos(x)− sin(x)

13. x2 · [− sin(x)] + cos(x) · 2x

15. Applying the Product Rule:

D
(

sin2(x)
)
= sin(x) · cos(x) + sin(x) · cos(x)

= 2 sin(x) cos(x) = sin(2x)
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17.
d

dx

(
cos(x)

x2

)
=

x2 (− sin(x))− (cos(x)) (2x)

(x2)
2 =

−x [x sin(x) + 2 cos(x)]
x4 = − x sin(x) + 2 cos(x)

x3

19.
(1 + x2) · 0− 1 · 2x

(1 + x2)
2 = − 2x

(1 + x2)
2

21.
cos(θ) · 0− 1 · (− sin(θ))

(cos(θ))2 =
sin(θ)

cos2(θ)

23.
cos(θ) · cos(θ)− sin(θ) · (− sin(θ))

(cos(θ))2 =
1

cos2(θ)

25. 40x4 − 12x3 + 6x2 + 14x− 12

27. f (x) = ax2 + bx + c so f (0) = c, hence f (0) = 0
⇒ c = 0. f ′(x) = 2ax + b so f ′(0) = b, hence
f ′(0) = 0 ⇒ b = 0. Finally, f ′(10) = 20a + b =

20a so f ′(10) = 30 ⇒ 20a = 30 ⇒ a = 3
2 ⇒

f (x) = 3
2 x2 + 0x + 0 = 3

2 x2.

29. Their graphs are vertical shifts of each other, and
their derivatives are equal.

31. f (x) · g(x) = k⇒ D ( f (x) · g(x)) = D (k) = 0 so
f (x) · g′(x) + g(x) · f ′(x) = 0. If f (x) 6= 0 and
g(x) 6= 0, then f ′(x)

f (x) = − g′(x)
g(x) .

33. (a) f ′(x) = 2x− 5, so f ′(1) = −3

(b) f ′(x) = 0 only if x = 5
2 .

35. (a) f ′(x) = 3+ 2 sin(x); f ′(1) = 3 + 2 sin(1) ≈ 4.7

(b) f ′(x) > 0 because sin(x) > − 3
2 for all x.

37. (a) f ′(x) = 3x2 + 18x = 3x(x + 6), so f ′(1) = 21

(b) f ′(x) = 0 only if x = 0 or x = −6.

39. (a) f ′(x) = 3x2 + 4x + 2, so f ′(1) = 9

(b) f ′(x) > 0 (the discriminant 42 − 4(3)(2) < 0).

41. (a) f ′(x) = x cos(x) + sin(x) ⇒ f ′(1) = cos(1) +
sin(1) ≈ 1.38

(b) The graph of f ′(x) crosses the x-axis infinitely
often. The root of f ′ at x = 0 is easy to see; ap-
proximate others, such as those near x = 2.03
and 4.91 and −2.03, using technology.

43. f ′(x) = 3x2 + 2Ax+ B: the graph of y = f (x) has
two distinct “vertices” if f ′(x) = 0 for two dis-
tinct values of x. This occurs if the discriminant
of 3x2 + 2Ax + B > 0: (2A)2 − 4(3)(B) > 0.

45. Everywhere except at x = (2k + 1)π
2 .

47. Everywhere except at x = 0 and x = 3.

49. Everywhere except at x = 1.

51. Everywhere. The only possible difficulty is at
x = 0: the definition of the derivative gives
f ′(0) = 1 and the derivatives of the “two pieces”
of f match (and equal 1) at x = 0.

53. Continuity of f at x = 1 requires A + B = 2. The
“left derivative” of f at x = 1 is D(Ax + B) = A
and the “right derivative” of f at x = 1 is
3 (if x > 1 then D(x2 + x) = 2x + 1), so to
achieve differentiability we need A = 3 and
B = 2− A = −1.

55. (a) h(x) = 128x − 2.65x2 ⇒ h′(x) = 128− 5.3x
so h′(0) = 128 ft/sec, h′(1) = 122.7 ft/sec
and h′(2) = 117.4 ft/sec

(b) v(x) = h′(x) = 128− 5.3x ft/sec
(c) v(x) = 0 when x = 128

5.3 ≈ 24.15 sec
(d) h(24.15) ≈ 1545.66 ft
(e) about 48.3 seconds: 24.15 up and 24.15 down

57. (a) h(x) = vox− 16x2 ⇒ h′(x) = vo − 32x ft/sec
(b) Max height when x = vo

32 : max height =

h
( vo

32
)
= vo

( vo
32
)
− 16

( vo
32
)2

= (vo)2

64 ft
(c) Time aloft = 2

( vo
32
)
= vo

16 sec

59. (a) (vo)2

64 = 3.75⇒ vo = 8
√

3.75 ≈ 15.5 ft/sec

(b) 2
( vo

32
)
= 8

√
3.75

16 ≈ 0.97 sec

(c) Max lift = (vo)2

2g = (8
√

3.75)2

2(5.3) = 240
10.6 ≈ 22.64 ft

61. (a) y′ = − 1
x2 so y′(2) = − 1

4 and the tangent line
is y− 1/2 = (− 1

4 )(x− 2) or y = − 1
4 x + 1

(b) x-intercept at (4, 0); y-intercept at (0, 1)
(c) A = 1

2 (base)(height) = 1
2 (4)(1) = 2

63. Because (1, 4) and (3, 14) are on the parabola, we
need a+ b+ c = 4 and 9a+ 3b+ c = 14. Subtract-
ing the first equation from the second, 8a + 2b =

10; f ′(x) = 2ax + b so f ′(3) = 6a + b = 9, the
slope of y = 9x − 13. Now solve the system
8a + 2b = 10 and 6a + b = 9 to get a = 2 and
b = −3. Then use a + b + c = 4 to get c = 5:
a = 2, b = −3, c = 5.

65. (a) f (x) = x3

(b) g(x) = x3 + 1
(c) If h(x) = x3 + C for any constant C, then

D (h(x)) = 3x2.
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67. (a) For 0 ≤ x ≤ 1, f ′(x) = 1 so f (x) = x + C;
because f (0) = 0, we know C = 0 and
f (x) = x. For 1 ≤ x ≤ 3, f ′(x) = 2 − x
so f (x) = 2x − 1

2 x2 + K; because f (1) = 1,
we know K = − 1

2 and f (x) = 2x − 1
2 x2 − 1

2 .
For 3 ≤ x ≤ 4, f ′(x) = x − 4 so f (x) =
1
2 x2 − 4x + L; because f (3) = 1, we know
L = 17

2 and f (x) = 1
2 x2 − 4x + 17

2 .
(b) A vertical shift, up 1 unit, of the graph in (a).

Section 2.3

1. D( f 2(x)) = 2 · f 1(x) · f ′(x); at x = 1, D( f 2(x)) =
2(2)(3) = 12. D( f 5(x)) = 5 · f 4(x) · f ′(x); at x =

1, D( f 5(x)) = 5(24)(3) = 240. D( f
1
2 (x)) = 1

2 ·
f−

1
2 (x) · f ′(x); at x = 1, D( f

1
2 (x)) = ( 1

2 )(2
− 1

2 )(3)

= 3
2
√

2
= 3

√
2

4 .

3.

x f (x) f ′(x) D( f 2) D( f 3) D( f 5)

1 1 −1 −2 −3 −5
3 2 −3 −12 −36 −240

5. f ′(x) = 5 · (2x− 8)4 · (2) = 10(2x− 8)4

7. f ′(x) = x · 5 · (3x + 7)4 · 3 + 1 · (3x + 7)5 =

(3x + 7)4 [15x + (3x + 7)] = (3x + 7)4(18x + 7)

9. f ′(x) =
1
2
(x2 + 6x − 1)−

1
2 · (2x + 6), which we

can rewrite as
x + 3√

x2 + 6x− 1
11. (a) Graph of h(t) = 3− 2 sin(t):

(b) When t = 0, h(0) = 3 feet.
(c) highest: 5 feet above the floor

lowest: 1 foot above the floor.
(d) v(t) = h′(t) = −2 cos(t) ft/sec

a(t) = v′(t) = 2 sin(t) ft/sec2.
(e) This spring oscillates forever. The motion of a

real spring would “damp out” due to friction.

13. (a) If h(t) = 5t, then v(t) = h′(t) = 5 and
K(1) = K(2) = 1

2 m(52) = 12.5m. (b) If h(t) = t2,
then v(t) = h′(t) = 2t so v(1) = 2 and
v(2) = 4, hence K(1) = 1

2 m(22) = 2m and
K(2) = 1

2 m(42) = 8m.

15. x · (sin(x))′ + sin(x) · (x)′ = x cos(x) + sin(x)

17. f ′(x) = ex − sec(x) · tan(x)

19. f ′(x) = −e−x + cos(x)

21. f ′(x) = 7(x − 5)6(1) so f ′(4) = 7(−1)6(1) = 7.
Tangent line: y− (−1) = 7(x− 4) or y = 7x− 29.

23. f ′(x) = 1
2 (25− x2)−

1
2 (−2x) = −x√

25−x2 so f ′(3) =
−3√
25−9

= − 3
4 . Tangent line: y− 4 = − 3

4 (x− 3) or
3x + 4y = 25.

25. f ′(x) = 5(x− a)4(1) so f ′(a) = 5(a− a)4(1) = 0.
Tangent line: y− 0 = 0(x− a) or y = 0.

27. (a) f ′(x) = ex so f ′(3) = e3. Tangent line:
y− e3 = e3(x− 3) or y = e3x− 2e3.

(b) 0− e3 = e3(x− 3)⇒ −1 = x− 3⇒ x = 2
(c) f ′(p) = ep so tangent line at (p, ep) is y− ep =

ep(x − p); x-intercept: 0− ep = ep(x − p) ⇒
−1 = x− p⇒ x = p− 1

29. f ′(x) = − sin(x)⇒ f ′′(x) = − cos(x)

31. f ′(x) = x2 cos(x) + 2x sin(x)⇒
f ′′(x) = −x2 sin(x) + 2x cos(x) + 2x cos(x) +
2 sin(x) = −x2 sin(x) + 4x cos(x) + 2 sin(x)

33. f ′(x) = ex cos(x)− ex sin(x)⇒ f ′′(x) = −2ex sin(x)

35. q′ = linear, q′′ = constant, q′′′ = q(4) = · · · = 0

37. p(n) = constant⇒ p(n+1) = 0

39. f (x) = 5ex

41. f (x) = (1 + ex)5

43. No. Using the definition of the derivative:

lim
h→0

f (0 + h)− f (0)
h

= lim
h→0

(0 + h) · sin
(

1
0+h

)
− 0

h

which simplifies to lim
h→0

sin
(

1
h

)
; to see that this

last limit does not exist, graph sin
(

1
h

)
or evaluate

sin
(

1
h

)
for small values of h.

45.
(

1 +
1
x

)x
≈ 2.718 . . . = e when x is large.
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47. (a) s2 = 2.5, s3 ≈ 2.67, s4 ≈ 2.708, s5 ≈ 2.716,
s6 ≈ 2.718, s7 ≈ 2.71825, s8 ≈ 2.718178 (b) They
are approaching e.

Section 2.4

1. f (x) = x5, g(x) = x3 − 7x ⇒ f ◦ g(x) = (x3 − 7x)5

3. Setting f (x) = x
5
2 and g(x) = 2 + sin(x) yields

f ◦ g(x) = (2 + sin(x))
5
2 . (The functions f (x) =√

x and g(x) = (2 + sin(x))5 also work.)

5. f (x) = |x|, g(x) = x2 − 4⇒ f ◦ g(x) =
∣∣x2 − 4

∣∣
7. y = u5, u = x3 − 7x; y = u4, u = sin(3x − 8);

y = u
5
2 , u = 2 + sin(x); y = 1√

u , u = x2 + 9;

y = |u|, u = x2 − 4; y = tan(u), u =
√

x

8. & 9.

x f ◦ g(x) ( f ◦ g)′(x)

−2 1 0
−1 1 2

0 0 1
1 2 2
2 −2 −2

11. g(2) ≈ 2, g′(2) ≈ −1
( f ◦ g)(2) = f (g(2)) ≈ f (2) ≈ 1
f ′(g(2)) ≈ f ′(2) ≈ 0
( f ◦ g)′(2) = f ′(g(2)) · g′(2) ≈ 0

13. D
((

1− 3
x
)4
)
= 4

(
1− 3

x )
)3 · 3

x2

15. 5
(
− 1

2

)
(2 + sin(x))−

3
2 · cos(x) = −5 cos(x)

2(2+sin(x))
3
2

17. x2 ·
[
cos(x2 + 3) · 2x

]
+ sin(x2 + 3) · 2x =

2x
[
x2 cos(x2 + 3) + sin(x2 + 3)

]
19. 7

cos(x3−x) = 7 sec
(

x3 − x
)

so D
(
7 sec

(
x3 − x

))
=

7(3x2 − 1) · sec(x3 − x). tan(x3 − x)

21. D (ex + e−x) = ex − e−x

23. (a) h(0) = 2 feet above the floor.
(b) h(t) = 3− cos(2t) ft, v(t) = h′(t) = 2 sin(2t)

ft/sec, a(t) = v′(t) = 4 cos(2t) ft/sec2

(c) K = 1
2 mv2 = 1

2 m (2 sin(2t))2 = 2m sin2(2t),
dK
dt = 8m · sin(2t) · cos(2t)

25. (a) P(0) = 14.7 psi (pounds per square inch),
P(30000) ≈ 4.63 psi

(b) 10 = 14.7e−0.0000385h ⇒ 10
14.7 = e−0.0000385h ⇒

h = 1
−0.0000385 ln

(
10

14.7

)
≈ 10,007 ft

(c) dP
dh = 14.7(−0.0000385)e−0.0000385h psi/ft. At h =

2,000 ft, dP
dh = 14.7(−0.0000385)e−0.0000385(2000)

psi/ft ≈ −0.000524 psi/ft. Finally, dP
dt =

500(−0.000524) ≈ −0.262 psi/min.

(d) If temperature is constant, then (from physics!)
we know (pressure)(volume) is constant, so
decreasing pressure means increasing volume.

27.
2 cos(z) [− sin(z)]

2
√

1 + cos2(z)
=

− sin(2z)
2
√

1 + cos2(z)

29. d
dx tan(3x + 5) = 3 · sec2(3x + 5)

31. D
(
sin(
√

x + 1)
)
= cos

(√
x + 1

)
· 1

2
√

x+1

33.
d

dx

(
esin(x)

)
= esin(x) · cos(x)

35. f (x) =
√

x ⇒ f ′(x) = 1
2
√

x ; x(t) = 2 + 21
t ⇒

x′(t) = − 21
t2 . At t = 3, x = 9 and x′(t) = − 21

9 =

− 7
3 so d

dt ( f (x(t))) =
(

1
2
√

9

) (
− 7

3
)
= − 7

18 .

37. f (x) = tan3(x) ⇒ f ′(x) = 3 · tan2(x) · sec2(x);
x(t) = 8 ⇒ x′(t) = 0. When t = 3, x = 8 and
x′(t) = 0 so d

dt ( f (x(t))) = 0.

39. f (x) = 1
77 (7x− 13)11

41. f (x) = − 1
2 cos(2x− 3)

43. f (x) = esin(x)

45. −2 sin(2x) = 2 cos(x) [− sin(x)]− 2 sin(x) · cos(x)
or sin(2x) = 2 sin(x) · cos(x)

47. 3 cos(3x) = 3 cos(x)− 12 sin2(x) · cos(x) so cos(3x)
= cos(x)

[
1− 4 sin2(x)

]
= cos(x)

[
1− 4 + 4 cos2(x)

]
= 4 cos3(x)− 3 cos(x)

49. y′ = 3Ax2 + 2Bx

51. y′ = 2Ax · cos
(

Ax2 + B
)

53. y′ =
Bx√

A + Bx2

55. y′ = B · sin(Bx)

57. y′ = −2Ax · sin(Ax2 + B)

59. y′ = x
(

B · eBx)+ eBx = (Bx + 1) · eBx

61. y′ = A · eAx + A · e−Ax

63. y′ =
A · sin(Bx)− Ax · B · cos(Bx)

sin2(Bx)

65. y′ =
(Cx + D)A− (Ax + B)C

(Cx + D)2 =
AD− BC
(Cx + D)2

67. (a) y′ = AB− 2Ax (b) x = AB
2A = B

2 (c) y′′ = −2A
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69. (a) y′ = 2ABx− 3Ax2 = Ax(2B− 3x)
(b) x = 0, 2B

3

(c) y′′ = 2AB− 6Ax

71. (a) y′ = 3Ax2 + 2Bx = x(3Ax + 2B)
(b) x = 0, − 2B

3A
(c) y′′ = 6Ax + 2B

73.
d

dx

(
arctan(x2)

)
=

2x
1 + x4

75. D (arctan(ex)) =
1

1 + (ex)2 · e
x =

ex

1 + e2x

77. D(arcsin(x3)) =
3x2

√
1− x6

79.
d
dt
(
arcsin(et)

)
=

1√
1− (et)2

· et =
et

√
1− e2t

81.
d

dx
(ln(sin(x))) =

1
sin(x)

· cos(x) = cot(x)

83. d
ds (ln(e

s)) = 1
es · es = 1 or d

ds (ln(e
s)) = d

ds (s) = 1

Section 2.5

1. D(ln(5x)) =
1

5x
· 5 =

1
x

3. D(ln(xk)) =
1
xk · kxk−1 =

k
x

5. D(ln(cos(x))) =
1

cos(x)
· (− sin(x)) = − tan(x)

7. D(log2(5x)) =
1

5x
· 1

ln(2)
· (5) = 1

x ln(2)

9. D(ln(sin(x))) =
1

sin(x)
· cos(x) = cot(x)

11. D(log2(sin(x))) =
1

sin(x)
· 1

ln(2)
· cos(x) =

cot(x)
ln(2)

13. D(log5(5
x)) = D(x) = 1

15. D(x · ln(3x)) = x · 1
3x
· 3+ ln(3x) · 1 = 1+ ln(3x)

17. D
(

ln(x)
x

)
=

x · 1
x − ln(x) · 1

x2 =
1− ln(x)

x2

19. D
(

ln
(
(5x− 3)

1
2

))
=

1

(5x− 3)
1
2
·D
(
(5x− 3)

1
2

)
=

1

(5x− 3)
1
2
· 1

2
(5x− 3)−

1
2 ·D(5x− 3) =

5
2
· 1

5x− 3

21. D (cos(ln(w))) = − sin(ln(w)) · 1
w

= − sin(ln(w))

w

23.
d
dt

(√
ln(t + 1)

)
=

1
2(t + 1)

25. D
(

5sin(x)
)
= 5sin(x) · ln(5) · cos(x)

27. 1
sec(x)+tan(x) · (sec(x) tan(x) + sec2(x)) = sec(x)

29. f (x) = ln(x), f ′(x) = 1
x . Let P = (p, ln(p)). So

we need y − ln(p) = 1
p (x − p) with x = 0 and

y = 0: −ln(p) = −1⇒ p = e, hence P = (e, 1).

31. 100(−1)(1 + Ae−t)−2 · (Ae−t)(−1) =
100Ae−t

(1 + Ae−t)2

33. f (x) = 8 ln(x) + any constant

35. f (x) = ln(3 + sin(x))+ any constant

37. g(x) = 3
5 e5x + any constant

39. f (x) = ex2
+ any constant

41. h(x) = ln(sin(x)) + any constant

43. (a) When t = 0, A is at (0, 1) and B is at (0, 1).
When t = 1, A is at (1, 3) and B is at (1, 3).

(b) Both robots traverse the same path (the line
segment y = 2x + 1 for 0 ≤ x ≤ 1):

(c) dy
dx = 2 for each, because y = 2x + 1.

(d) A: dx
dt = 1, dy

dt = 2, speed =
√

12 + 22 =
√

5

B: dx
dt = 2t, dy

dt = 4t, speed =
√
(2t)2 + (4t)2

= 2
√

5t. At t = 1, B’s speed is 2
√

5.

(e) Moves along the same path y = 2x + 1, but
to the right and up for about 1.57 minutes,
reverses direction and returns to its starting
point, then continues left and down for 1.57
minutes, reverses, and continues to oscillate.

45. When t = 1: dx
dt = +, dy

dt = −, dy
dx = −.

When t = 3, dx
dt = −, dy

dt = −, dy
dx = +.
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47. (a) x(t) = R(t− sin(t)), y(t) = R(1− cos(t)):

(b) dx
dt = R(1− cos(t)), dy

dt = R sin(t), so dy
dx =

sin(t)
1−cos(t) . When t = π

2 , then dx
dt = R and dy

dt =

R so dy
dx = 1 and speed =

√
R2 + R2 = R

√
2.

When t = π, dx
dt = 2R and dy

dt = 0 so dy
dx = 0

and speed =
√
(2R)2 + 02 = 2R.

49. (a) The ellipse
( x

3
)2

+
( y

5
)2

= 1.

(b) The ellipse
( x

A
)2

+
( y

B
)2

= 1 if A 6= 0 and
B 6= 0. If A = 0, the motion is oscillatory
along the x-axis; if B = 0, the motion is oscil-
latory along the y-axis.

(c) (3 · cos(t),−5 · sin(t)) works.

Section 2.6

1. V = 4
3 πr3 ⇒ dV

dt = 4πr2 · dr
dt . We know dr

dt

∣∣∣
r=3

=

2 in/min, so dV
dt

∣∣∣
r=3

= 4π(3 in)2(2 in/min) =

72π in3/min ≈ 226.19 in3/min.

3. (a) A = 1
2 bh ⇒ dA

dt = 1
2

[
b dh

dt + h db
dt

]
so with

b = 15 in, h = 13 in, db
dt = 3 in

hr , dh
dt = −3 in

hr :

dA
dt

=
1
2

[
(15 in)

(
−3

in
hr

)
+ (13 in)

(
3

in
hr

)]
which is < 0, so A is decreasing.

(b) Hypotenuse C =
√

b2 + h2 so:

dC
dt

=
b db

dt + h dh
dt√

b2 + h2
=

15(3) + 13(−3)√
152 + 132

which is > 0 so C is increasing.
(c) Perimeter P = b + h + C so:

dP
dt

=
db
dt

+
dh
dt

+
dC
dt

= 3 + (−3) +
6√
394

which is > 0 so P is increasing.

5. (a) Perimeter P = 2x + 2y ⇒ dP
dt = 2 dx

dt + 2 dy
dt =

2(3 ft/sec) + 2(−2 ft/sec) = 2 ft/sec.
(b) Area A = xy ⇒ dA

dt = x dy
dt + y dx

dt ⇒
dA
dt =

(12 ft)
(
−2 ft

sec
)
+ (8 ft)

(
3 ft

sec
)
= 0 ft2/sec.

7. Volume V = πr2h = πr2
(

1
3

)
⇒ dV

dt = 2π
3 r · dr

dt .

So when r = 50 ft and dr
dt = 6 ft

hr , we have

dV
dt = 2π

3 (50 ft)
(

6 ft
hr

)
= 200π ft3

hr ≈ 628.32 ft3

hr .

9. w(t) = h(t) for all t so dw
dt = dh

dt . V = 1
3 πr2h and

r = w
2 = h

2 so V = 1
3 π
(

h
2

)2
h = π

12 h3 ⇒ dV
dt =

π
4 h2 dh

dt . When h = 500 ft and dh
dt = 2 ft

hr , then

dV
dt = π

4 (500)2(2) = 125000π ft3

hr .

11. Let x be the distance from the lamp post to the
person and L be the length of the shadow (both
in feet). By similar triangles, L

6 = x
8 ⇒ L = 3

4 x.

We also know that dx
dt = 3 ft

sec .

(a) dL
dt = 3

4
dx
dt = 3

4

(
3 ft

sec
)
= 2.25 ft

sec .

(b) d
dt (x + L) = dx

dt +
dL
dt = 5.25 ft

sec .

(We don’t actually need the value of x.)

13. (a) sin(35◦) = h
500 ⇒ h = 500 sin(35◦) ≈ 287 ft

(b) L = length of the string so h = L sin(35◦) and
dh
dt = sin(35◦) dL

dt ≈ (0.57)
(

10 ft
sec
)
= 5.7 ft

sec

15. V = s3 − 4
3 πr3 ⇒ dV

dt = 3s2 ds
dt − 4πr2 dr

dt so when

r = 4 ft, dr
dt = 1 ft

hr , s = 12 ft and ds
dt = 3 ft

hr : dV
dt =

3(12 ft)2
(

3 ft
hr

)
− 4π(4 ft)2

(
1 ft

hr

)
≈ 1094.94 ft3

hr .

The volume is increasing at about 1,095
ft3

hr .

17. Given: dV
dt = k · 2πr2 with k constant. We also

have V = 2
3 πr3 ⇒ dV

dt = 2πr2 dr
dt so k · 2πr2 =

2πr2 dr
dt ⇒

dr
dt = k. The radius r is changing at a

constant rate.

19. (a) A = 5x (b) dA
dx = 5 for all x > 0. (c) A = 5t2

(d) dA
dt = 10t. When t = 1, dA

dt = 10; when
t = 2, dA

dt = 20; when t = 3, dA
dt = 30.

(e) A = 10 + 5 · sin(t)⇒ dA
dt = 5 · cos(t).

21. In (b) and (c) we must use radians because our for-
mulas for derivatives of trigonometric functions
assume angles are measured in radians.

(a) tan(10◦) = 40
x ⇒ x = 40

tan(10◦) ≈ 226.9 ft.

(b) x = 40
tan(θ) = 40 cot(θ) ⇒ dx

dt = −40 csc2(θ) dθ
dt

⇒ dθ
dt = − sin2(θ)

40
dx
dt so when θ = 10◦ ≈ 0.1745

radians and dx
dt = −25 ft

min :

dθ

dt
= − sin2(0.1745)

40
(−25) ≈ (0.1736)2(25)

40
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≈ 0.0188 rad
min ≈ 1.079 ◦

min.

(c) dx
dt = −40 csc2(θ) dθ

dt = −40
sin2(θ)

dθ
dt so when θ =

10◦ ≈ 0.1745 rad and dθ
dt = 2 ◦

min ≈ 0.0349 rad
min :

dθ

dt
≈ −40

(0.1736)2 (0.0349) ≈ −46.3
ft

min

(The “-” indicates the distance to the sign is
decreasing: you are approaching the sign.)
Your speed is 46.3 ft

min .

Section 2.7

1. The locations of x1 and x2 appear below:

3. x0 = 1: a; x0 = 5: b

5. x0 = 1: 1, 2, 1, 2, 1, . . .
x0 = 5: x1 is undefined because f ′(5) = 0

7. If f is differentiable, then f ′(x0) = 0 and x1 =

x0 − f (x0)
f ′(x0)

is undefined.

9. f (x) = x4 − x3 − 5 ⇒ f ′(x) = 4x3 − 3x2 so
x0 = 2 ⇒ x1 = 2 − 3

20 = 37
20 = 1.85 ⇒ x2 =

1.85− 1.854−1.853−5
4(1.85)3−3(1.85)2 ≈ 1.824641

11. f (x) = x− cos(x) ⇒ f ′(x) = 1 + sin(x) so x0 =

0.7 ⇒ x1 = 0.7394364978 ⇒ x2 = 0.7390851605,
so root ≈ 0.74.

13. To solve x
x+3 = x2 − 2 we search for roots of

f (x) = x2− 2− x
x+3 . If x0 = −4, then the iterates

xn → −3.3615; if x0 = −2, then xn → −1.1674; if
x0 = 2, then the iterates xn → 1.5289.

15. For x5 − 3 = 0 and x0 = 1, xn → 1.2457.

17. f (x) = x3 − A⇒ f ′(x) = 3x2 so:

xn+1 = xn −
x3

n − A
3x2

n
=

1
3

[
2xn +

A
x2

n

]

19. (a) 2(0)− b2(0)c = 0− 0 = 0

(b) 2( 1
2 )− b2(

1
2 )c = 1− 1 = 0

2( 1
4 )− b2(

1
4 )c =

1
2 − 0 = 1

2 → 0
2( 1

8 )− b2(
1
8 )c =

1
4 − 0 = 1

4 →
1
2 → 0

2( 1
2n )− b2( 1

2n )c = 1
2n−1 − 0 = 1

2n−1

→ 1
2n−2 → · · · → 1

4 →
1
2 → 0

21. (a) If 0 ≤ x ≤ 1
2 , then f stretches x to twice its

value, 2x. If 1
2 < x ≤ 1, then f stretches

x to twice its value (2x) and “folds” the
part above the value 1 (2x − 1) to below 1:
1− (2x− 1) = 2− 2x.

(b) f ( 2
3 ) =

2
3

f ( 2
5 ) =

4
5 , f ( 4

5 ) =
2
5 , and the values continue

to cycle.
f ( 2

7 ) =
4
7 , f ( 4

7 ) =
6
7 , f ( 6

7 ) =
2
7 , and the values

continue to cycle.
f ( 2

9 ) =
4
9 , f ( 4

9 ) =
8
9 , f ( 8

9 ) =
2
9 , and the values

continue to cycle.

(c) 0.1, 0.2, 0.4, 0.8, 0.4, 0.8, and the pair of values
0.4 and 0.8 continue to cycle.
0.105, 0.210, 0.42, 0.84, 0.32, 0.64, 0.72, 0.56,
0.88, 0.24, 0.48, 0.96, 0.08, 0.16, 0.32, . . .
0.11, 0.22, 0.44, 0.88, 0.24, 0.48, 0.96, 0.08, 0.16,
0.32, 0.64, 0.72, 0.56, 0.88, . . .

(d) Probably so.

Section 2.8

1. (a) The desired points appear below:

(b) The “error” appears in the figure above.

3. (a) With f (4) = 2 and f ′(4) = 1
2
√

4
= 1

4 , the tan-

gent line is y − 2 = 1
4 (x − 4) or y = 1

4 x + 1
and
√

4.2 = f (4.2) ≈ 1
4 (4.2) + 1 = 2.05
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(b) f (81) = 9 and f ′(81) = 1
18 so tangent line is

y− 9 = 1
18 (x− 81) or y = 1

18 (x− 81) + 9 and√
80 = f (80) ≈ 1

18 (80− 81)+ 9 = 161
18 ≈ 8.944

(c) f (0) = 0 and f ′(0) = 1 so tangent line is
y = x and sin(0.3) = f (0.3) ≈ 0.3

4. (a) f (1) = 0 and f ′(1) = 1 so tangent line is y =

x− 1 and ln(1.3) = f (1.3) ≈ 1.3− 1 = 0.3

(b) f (0) = 1 and f ′(0) = 1 so tangent line is
y = 1 + x and e0.1 = f (0.1) ≈ 1.1

(c) f (1) = 1 and f ′(1) = 5 so tangent line is
y− 1 = 5(x− 1) or y = 5x− 4 and (1.03)5 ≈
5(0.03)− 4 = 1.15

5. f (x) = (1 + x)n ⇒ f ′(x) = n(1 + x)n−1 so
f (0) = 1 and f ′(0) = n, hence tangent line is
y− 1 = n(x − 0) or y = 1 + nx and (1 + x)n ≈
1 + nx (when x is close to 0)

6. (a) f (x) = (1 − x)n ⇒ f ′(x) = −n(1 − x)n−1

so f (0) = 1 and f ′(0) = −n, hence tangent
line is y− 1 = −n(x − 0) or y = 1− nx and
(1− x)n ≈ 1− nx (when x is close to 0)

(b) f (x) = sin(x) ⇒ f ′(x) = cos(x) so f (0) = 0
and f ′(0) = 1, hence tangent line is y = x and
sin(x) ≈ x (for x close to 0)

(c) f (x) = ex ⇒ f ′(x) = ex so f (0) = 1 and
f ′(0) = 1, hence tangent line is y = x + 1 and
ex ≈ x + 1 (for x near 0)

7. (a) f (x) = ln(1 + x) → f ′(x) = 1
1+x so f (0) = 0

and f ′(0) = 1, hence tangent line is y = x and
ln(1 + x) ≈ x

(b) f (x) = cos(x) ⇒ f ′(x) = − sin(x) so f (0) =
1 and f ′(0) = 0, hence tangent line is y = 1
and cos(x) ≈ 1

(c) f (x) = tan(x) ⇒ f ′(x) = sec2(x), so f (0) =
0 and f ′(0) = 1, hence tangent line is y = x
and tan(x) ≈ x

(d) f (x) = sin
(

π
2 + x

)
⇒ f ′(x) = cos

(
π
2 + x

)
so

f (0) = 1 and f ′(0) = 0, hence tangent line is
y = 1 and sin

(
π
2 + x

)
≈ 1.

9. (a) Area A(x) = (base)(height) = x(x2 + 1) =

x3 + x ⇒ A′(x) = 3x2 + 1 ⇒ A′(2) = 13 so
∆A ≈ A′(2) · ∆x = (13)(2.3− 2) = 3.9

(b) (base)(height) = (2.3)((2.3)2 + 1) = 14.467
so actual ∆A = 14.467− (2)(22 + 1) = 4.467

11. V = πr2h = 2πr2 and ∆V = 2π · 2r∆r = 4πr∆r.
Because V = 2πr2 = 47.3, we have r =

√
47.3
2π ≈

2.7437 cm. We know |∆V| ≤ 0.1 so, using
∆V = 4πr∆r, we have 0.1 ≥ 4π(2.7437) |∆r| and
|∆r| ≤ 0.1

4π(2.7437) ≈ 0.0029 cm. The required toler-
ance is ±0.0029 cm. (Reality check: A coin 2 cm
high is quite unusual; 47.3 cm3 of gold weighs
around 2 pounds!)

13. V = x3 ⇒ ∆V ≈ 3x2∆x, V = 87 ⇒ x = 3
√

87 ≈
4.431 cm so ∆x ≈ ∆V

3x2 ≈ 2
3(4.431)2 ≈ 0.034 cm

15. With P = 2π
√

L
g and g = 32 ft

sec2 :

(a) P = 2π
√

2
32 = π

2 ≈ 1.57 sec

(b) 1 = 2π
√

L
32 ⇒ L = 8

π2 ≈ 0.81 ft

(c) dP = 2π√
32
· 1

2
√

2
dL = 2π

16 (0.1) ≈ 0.039 sec

(d) 2 in
hr = 1

6
ft
hr = 1

21600
ft

sec so dP
dt = 2π

4
√

2
· 1

2
√

24
·

1
21600 ≈ 5.25× 10−6 > 0 (increasing)

17. (a) d f = f ′(2) dx ≈ (0)(1) = 0

(b) d f = f ′(4) dx ≈ (0.3)(−1) = −0.3

(c) d f = f ′(3) dx ≈ (0.5)(2) = 1

19. (a) f ′(x) = 2x− 3⇒ d f = (2x− 3) dx

(b) f ′(x) = ex ⇒ d f = ex dx

(c) f ′(x) = 5 cos(5x)⇒ d f = 5 cos(5x) dx

(d) f ′(x) = 3x2 + 2⇒ d f = (3x2 + 2) dx so when
x = 1 and dx = 0.2, d f = (3 · 12 + 2)(0.2) = 1

(e) f ′(x) = 1
x ⇒ d f = 1

x dx so when x = e and
dx = −0.1, d f = 1

e (−0.1) = − 1
10e

(f) f ′(x) = 1√
2x+5

⇒ d f = 1√
2x+5

dx so when

x = 22 and dx = 3, d f = 1√
49
(3) = 3

7

Section 2.9

1. (a) x2 + y2 = 100 ⇒ 2x + 2y · y′ = 0 ⇒ y′ = − x
y

so at (6, 8), y′ = −6
8
= −3

4

(b) y =
√

100− x2 ⇒ y′ =
−x√

100− x2
so at

(6, 8), y′ = − 6√
100− 36

= −6
8
= −3

4
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3. (a) x2 − 3xy + 7y = 5 ⇒ 2x− 3(y + xy′) + 7y′ =

0⇒ y′ =
3y− 2x
7− 3x

⇒ y′
∣∣
(2,1) =

3− 4
7− 6

= −1

(b) y =
5− x2

7− 3x
⇒ y′ =

(7− 3x)(−2x)− (5− x2)(−3)
(7− 3x)2

so at (2, 1), y′ =
(1)(−4)− (1)(−3)

(1)2 = −1

5. (a)
x2

9
+

y2

16
= 1⇒ 2x

9
+

2y
16

y′ = 0⇒

y′ = −16
9
· x

y
⇒ y′

∣∣
(0,4) = 0

(b) y = 4

√
1− x2

9
=

4
3

√
9− x2 ⇒

y′ =
4
3
· −x√

9− x2
⇒ y′

∣∣
(0,4) = 0

7. (a) ln(y) + 3x− 7 = 0⇒ 1
y

y′ + 3 = 0⇒

y′ = −3y⇒ y′
∣∣
(2,e) = −3e

(b) y = e7−3x ⇒ y′ = −3e7−3x ⇒
y′|(2,e) = −3e7−6 = −3e

9. (a) x2 − y2 = 16 ⇒ 2x − 2yy′ = 0 ⇒ y′ =
x
y
⇒

y′
∣∣
(5,−3) = −

5
3

(b) The point (5,−3) is on the bottom half of
the hyperbola so y = −

√
x2 − 16 ⇒ y′ =

− x√
x2 − 16

⇒ y′
∣∣
(5,−3) = −

5√
25− 16

= −5
3

11. x = 4y− y2 ⇒ 1 = 4y′ − 2y · y′ ⇒ y′ =
1

4− 2y
.

At (3, 1), y′ = 1
4−2(1) =

1
2 ; at (3, 3), y′ = 1

4−2(3) =

− 1
2 ; at (4, 2), y′ = 1

4−2(2) is undefined (the tan-
gent line is vertical).

13. x = y2 − 6y + 5 ⇒ 1 = 2y · y′ − 6y′ ⇒ y′ =
1

2y−6 . At (5, 0), y′ = 1
2(0)−6 = − 1

6 ; at (5, 6),

y′ = 1
2(6)−6 = 1

6 ; at (−4, 3), y′ = 1
2(3)−6 is un-

defined (vertical tangent line).

15. 3y2 · y′ − 5y′ = 10x ⇒ y′ =
10x

3y2 − 5
⇒ m =

y′
∣∣
(1,3) =

10
22

=
5

11
17. y2 + sin(y) = 2x− 6⇒ 2y · y′+ cos(y) · y′ = 2⇒

y′ =
2

2y + cos(y)
⇒ m = y′

∣∣
(3,0) =

2
0 + 1

= 2

19. ey + sin(y) = x2 − 3 ⇒ ey · y′ + cos(y) · y′ =

2x ⇒ y′ =
2x

ey + cos(y)
⇒ m = y′

∣∣
(2,0) = 2

21. x
2
3 + y

2
3 = 5 ⇒ 2

3
x−

1
3 +

2
3

y−
1
3 y′ = 0 ⇒ y′ =

−
( y

x

) 1
3 ⇒ m = y′

∣∣
(8,1) = −

(
1
8

) 1
3
= −1

2
23. 2x + x · y′ + y + 2y · y′ + 3 − 7y′ = 0 ⇒ y′ =
−2x− y− 3
x + 2y− 7

⇒ y′
∣∣
(1,2) =

−2(1)− (2)− 3
(1) + 2(2)− 7

=
7
2

25. Explicitly: y = Ax2 + Bx + C ⇒ y′ = 2Ax + B
Implicitly: x = Ay2 + By + C ⇒ 1 = 2Ayy′ + By′

⇒ y′ =
1

2Ay + B

27. Ax2 + Bxy + Cy2 + Dx + Ey + F = 0
⇒ 2Ax + Bx · y′ + By + 2Cy · y′ + D + Ey′ = 0

⇒ y′ =
−2Ax− By− D

Bx + 2Cy + E

28. x2 + y2 = r2 ⇒ 2x + 2y · y′ = 0 ⇒ y′ = − x
y

so

the slope of the tangent line is − x
y . The slope of

the line through the points (0, 0) and (x, y) is y
x ,

so the slopes of the lines are negative reciprocals
of each other and the lines are perpendicular.

29. From the solution to problem 23, we know that
y′ = −2x−y−3

x+2y−7 so y′ = 0 when −2x− y− 3 = 0⇒
y = −2x− 3. Substituting y = −2x− 3 into the
original equation, we have:

x2 + x(−2x− 3) + (−2x− 3)2

+ 3x− 7(−2x− 3) + 4 = 0

⇒ 3x2 + 26x + 34 = 0 ⇒ x =
−26±
√

262−4(3)(34)
2(3)

= −13±
√

67
3 ≈ −1.605 or −7.062.

If x ≈ −1.605 (point A), then y = −2x− 3 ≈
−2(−1.605)− 3 = 0.21 so coordinates of A are
(−1.605, 0.21); if x ≈ −7.062 (point C), then
y = −2x − 3 ≈ −2(−7.062) − 3 = 11.124 so C
is (−7.062, 11.124).

31. From the solution to 29, point C is
(−7.062, 11.124). At D, y′ = −2x−y−3

x+2y−7 is unde-
fined so x + 2y− 7 = 0⇒ x = 7− 2y. Substitut-
ing x = 7− 2y into the original equation:

(7− 2y)2 +(7− 2y)y+ y2 + 3(7− 2y)− 7y+ 4 = 0

so 3y2 − 34y + 74 = 0 ⇒ y =
34±
√

342−4(3)(74)
2(3) =

17±
√

67
3 ≈ 8.395 or 2.938.
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If y ≈ 2.938 (point D), then x = 7 − 2y ≈
7− 2(2.938) = 1.124 so point D is (1.124, 2.938).
Similarly, point B is (−9.79, 8.395).

33. (a) Using the Product Rule:

y′ = (x2 + 5)7 · 4(x3 − 1)3 · 3x2

+ 7(x2 + 5)6 · 2x · (x3 − 1)4

= (x2 + 5)6(x3 − 1)3(2x)
[
6x3 + 30x + 7x3 − 7

]
= (x2 + 5)6(x3 − 1)3(2x)

[
13x3 + 30x− 7

]
(b) ln(y) = 7 ln(x2 + 5) + 4 ln(x3 − 1) so:

y′

y
=

14x
x2 + 5

+
12x2

x3 − 1

and solving for y′ yields:

y′ = y
[

14x
x2 + 5

+
12x2

x3 − 1

]
= (x2 + 5)7(x3 − 1)4

[
14x

x2 + 5
+

12x2

x3 − 1

]
which is the same as part (a). (Really! It is!)

35. (a) y = x5(3x + 2)4 so:

y′ = x5 D
(
(3x + 2)4

)
+ (3x + 2)4 D

(
x5
)

= x5 · 4(3x + 2)3(3) + (3x + 2)4 · 5x4

(b) ln(y) = 5 ln(x) + 4 ln(3x + 2) so:

y′

y
=

5
x
+

12
3x + 2

and solving for y′ yields:

y′ = y
[

5
x
+

12
3x + 2

]
=
[

x5(3x + 2)4
]
·
[

5
x
+

12
3x + 2

]
which is the same as in part (a).

37. (a) y = esin(x) ⇒ y′ = esin(x) · cos(x)

(b) ln(y) = sin(x)⇒ y′

y
= cos(x)

⇒ y′ = y · cos(x) = esin(x) · cos(x)

39. (a) y =
√

25− x2 ⇒ y′ =
−x√

25− x2

(b) ln(y) = 1
2 ln(25− x2) so:

y′

y
=

1
2
· −2x

25− x2 =
−x

25− x2

and solving for y′ yields:

y′ =
√

25− x2 · −x
25− x2 =

−x√
25− x2

41. y = xcos(x) ⇒ ln(y) = cos(x) · ln(x)
⇒ y′

y = cos(x) · 1
x − ln(x) · sin(x) so:

y′ = xcos(x)
[

cos(x)
x
− ln(x) · sin(x)

]
43. ln(y) = 4 ln(x) + 7 ln(x− 2) + ln(sin(3x))
⇒ y′

y = 4
x + 7

x−2 + 3 cos(3x)
sin(3x) so:

y′ = x4(x− 2)7 sin(3x)
[

4
x
+

7
x− 2

+ 3 cot(3x)
]

45. ln(y) = x · ln(3 + sin(x))
⇒ y′

y = x · cos(x)
3+sin(x) + ln(3 + sin(x)) so:

y′ = (3 + sin(x))x
[

x cos(x)
3 + sin(x)

+ ln(3 + sin(x))
]

47. f ′(1) = 1(1.2) = 1.2; f ′(2) = 9(1.8) = 16.2;
f ′(3) = 64(2.1) = 134.4

49. f ′(1) = 5(−1) = −5; f ′(2) = 2(0) = 0;
f ′(3) = 7(2) = 14

51. ln( f · g) = ln( f ) + ln(g) ⇒ D( f · g)
f · g =

f ′

f
+

g′

g
so D( f · g) = ( f · g)

[
f ′
f + g′

g

]
= f ′ · g + g′ · f

52. ln
(

f
g

)
= ln( f )− ln(g)⇒

D
(

f
g

)
(

f
g

) =
f ′

f
− g′

g
so:

D
(

f
g

)
=

(
f
g

) [
f ′

f
− g′

g

]
=

f ′

g
− f · g′

g2

=
f · g′ − g · f ′

g2

53. ln( f · g · h) = ln( f ) + ln(g) + ln(h)

⇒ D( f · g · h)
f · g · h =

f ′

f
+

g′

g
+

h′

h
so:

D( f · g · h) = ( f · g · h)
[

f ′

f
+

g′

g
+

h′

h

]
= f ′ · g · h + f · g′ · h + f · g · h′

54. ln(ax) = x ln(a)⇒ D(ax)
ax = ln(a)⇒ D(ax) = ax ln(a)


