Section 2.1 The Derivative and the Tangent Line Problem
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(b) As Ax— 0, the line approaches the tangent line to f at (2, 5].
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The limit does not exist. Thus, fis not differentiable at x = 1.

50. f(x) = |x — 2|,c =2
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The limit does not exist. Thus, fis not differentiable at x = 2.

51. f(x) is differentiable everywhere except at x = —3. (Sharp turn in the graph.)

52. f(x) is differentiable everywhere except at x = +3. (Sharp turns in the graph.)
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53. f(x) is differentiable everywhere except at x = — 1. (Discontinuity)
54. f(x) is differentiable everywhere except at x = 1. (Discontinuity)
55. f(x) is differentiable everywhere except at x = 3. (Sharp turn in the graph)
56. f(x) is differentiable everywhere except at x = 0. (Sharp turn in the graph)
57. f(x) is differentiable on the interval (1, co). (At x = 1 the tangent line is vertical.)
58. f(x) is differentiable everywhere except at x = +2. (Discontinuities)
59. f(x) is differentiable everywhere except at x = 0. (Discontinuity)

60. f(x) is differentiable everywhere except at x = 1. (Discontinuity)
61. f(x) = |x — 1]
The derivative from the left is ]ir{l_ f(i) — {(l) =
X =
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The one-sided limits are not equal. Therefore, fis not differentiable at x = 1.

62. f(x) =1 — x?

The derivative from the left does not exist because
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The limit from the right does not exist since fis undefined for x > 1. Therefore, fis not differentiable at x = 1.
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The derivative from the left is
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These one-sided limits are equal. Therefore, f s differentiable at x = 1. ( f(1)=0)
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The deri vative from the left is
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The derivative from the right is
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These one-sided limits are not equal. Therefore, fis not differentiable at x = 1.
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65. Note that fis continuous at x = 2. f(x) = [4x o s

The derivative from the left is
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The derivative from the right is
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The one-sided limits are equal. Therefore, f is differentiable at x = 2. (f(2) = 4)
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66. Note that fis continuous at x = 2. f(x) = [% ¥ <2
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The derivative from the left is
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The one-sided limits are equal. Therefore, fis differentiable at x = 2. (f/(2) = %)

67. (a) The distance from (3, 1) to the linemx — y + 4 = 0 is
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(b) 5 i

\/m The function d is not differentiable at m = — 1. This corresponds to the line

-
e
.

¥y = —x + 4, which passes through the point (3, 1).
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68. (a) If fis odd and f'(c) = 3, then by symmetry, f(—c) = 3 also.

(b) If fis even and f'(c) = 3, then by symmetry, f(—¢) = —
69. False.y = |x — 2| is continuous at x = 2, but is not differentiable at x = 2. (Sharp turn in the graph)

70. False. If the derivative from the left of a point does not equal the derivative from the right of a point, then the derivative does
not exist at that point. For example, if f(x) = |x|, then the derivative from the left at x = 0 is —1 and the derivative from the
right at x = 0 is 1. At x = 0, the derivative does not exist.

71. True—see Theorem 2.1

72. (a) f(x) = x* and f(x) = 2x (b) g{x) = x*and g'(x) = 32? ¥
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(d) If f(x) = &, thenf'(x) =
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Hence, if f(x) = x*, then f’(x) = 4x* which is consistent with the conjecture. However, this is not a proof, since you must
verify the conjecture for all integer values ofn,n=22.

73. fx) = { xsin(l/x), x#0

x=0

Using the Squeeze Theorem, we have — |x| < xsin(1/x) < x|, x # 0. Thus, iirr(l)x sin(1/x) = 0 = f(0) and fis continuous at
x = 0. Using the alternative form of the derivative we have st

lim fx) = f(0) _ im xsm(lfx) K

. 1
im = lim (sm—).
=0 x—0 x—bO x=0 X
Since this limit does not exist (it oscillates between — 1 and 1), the function is not differentiable at x = 0.

o8 [x sin(1/x), x# 0

x=10

Using the Squeeze Theorem again we have —x* < x? sin(1/x) < x%,x # 0. Thus, lim x %sin(1/x) = 0 = £(0) and fis
continuous at x = 0. Using the alterative form of the derivative again we have A

lim 1 f(O) = lim 2 sin(1 /x) = llmxsml 0.

x=0 = x=0 Y x—=0 X

Therefore, g is differentiable at x = 0, g(0) =



