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FOR FURTHER INFORMATION Georg
Friedrich Riemann (1826-1866) proved
that if X @, is conditionally convergent
and S is any real number, the terms of
the series can be rearranged to converge
to S. For more on this topic, see the
article “Riemann’s Rearrangement
Theorem” by Stewart Galanor in
Mathematics Teacher. To view this
article, go to the website
www.matharticles.com.

Exercises for Section 9.5

In Exercises 1-6, match the series with the graph of its sequence
of partial sums. [The graphs are labeled (a), (b), (¢), (d), (e), and
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By rearranging the terms, you obtain a sum that is half the original sum.

EXAMPLE 7 Rearrangement of a Series
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The alternating harmonic series converges to In 2. That is,
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Rearrange the series to produce a different sum.

Solution  Consider the following rearrangement.
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See www.CalcChat.com for worked-out solutions to odd-numbes=
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PIV Numerical and Graphical Analysis In Exercises 7-18. :
the Alternating Series Remainder.

(a) Use a graphing utility to find the indicated partiz=
and complete the table.
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(b) Use a graphing utility to graph the first 10 terms
sequence of partial sums and a horizontal line repress
the sum.

(c) What pattern exists between the plot of the successi+
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> n in part (b) relative to the horizontal line represe: ;
sum of the series? Do the distances between the su
points and the horizontal line increase or decrease?

(d) Discuss the relationship between the answers in part &
the Alternating Series Remainder as given in Theorss
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weises 11-32, determine the convergence or divergence of
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suises 33-36, approximate the sum of the series by using
six terms. (See Example 4.)
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ses 37-42, (a) use Theorem 9.15 to determine the
= of terms required to approximate the sum of the
series with an error of less than 0.001, and (b) use a
¢ utility to approximate the sum of the series with an
=ss than 0.001.
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SECTION 9.5
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In Exercises 43-46, use Theorem 9.15 to determine the
number of terms required to approximate the sum of the series
with an error of less than 0.001.
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In Exercises 47-62, determine whether the series converges
conditionally or absolutely, or diverges.

=) (_l)n+l o (_1)11+1
47. ,121 G+ e 48. "Zl =
[ (_1)n+1 o (_1)n+l
49. 50. ———
n=1 \/’; nZI T’l\/ﬁ
o (_1)n+l n2 co (_1)11+1(2n S 3)
51. nzl g 52. 21 R R
N (_1)n N B
53. ;2 T 54, ’;0 (=1)%e
=) (_1)"11 =) (_1)r1+1
55, 2 F 56. ’ZI "
(=) (_l)n
T 2 Gn ¥ D
=) (_I)n
58.
”20 Sk 4
& cosnm
59. "ZO o

60. (—1)** Larctann

&%
o
2]
3
3

N2

61.

S
[¥]

sin[(2n — 1)7/2]
n

Writing About Concepts

63. Define an alternating series and state the Alternating Series
Test.
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62.

=
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64. Give the remainder after N terms of a convergent alternat-
ing series.

65. In your own words, state the difference between absolute
and conditional convergence of an alternating series.

66. The graphs of the sequences of partial sums of two series
are shown in the figures. Which graph represents the partial
sums of an alternating series? Explain.
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True or False? 1In Exercises 67-70, determine whether the
statement is true or false. If it is false, explain why or give an
example that shows it is false.

67. If both X g, and = (—a,) converge, then = |a,| converges.
68. If = g, diverges, then = |a,| diverges.

69. For the alternating series . (_nl)
n=1

overestimate of the sum of the series.

, the partial sum S, is an

70. If = a, and X b, both converge, then = a,b, converges.

In Exercises 71 and 72, find the values of p for which the series
converges.
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73. Prove that if X |a,| converges, then I @& converges. Is the
converse true? If not, give an example that shows it is false.

74. Use the result of Exercise 71 to give an example of an alternat-
ing p-series that converges, but whose corresponding p-series
diverges.

75. Give an example of a series that demonstrates the statement you
proved in Exercise 73.

76. Find all values of x for which the series 2 (x"/n) (a) converges
absolutely and (b) converges conditionally.

77. Consider the following series.
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(a) Does the series meet the conditions of Theorem 9.14?
Explain why or why not.

(b) Does the series converge? If so, what is the sum?
78. Consider the following series.
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(a) Does the series meet the conditions of Theorem 9.147
Explain why or why not.

(b) Does the series converge? If so, what is the sum?

Review In Exercises 79-88, test for convergence or divergence
and identify the test used.
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The following argument, that 0 = 1, is incorrect. D=
error. E
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The following argument, 2 = 1, is incorrect. Descrs
Multiply each side of the alternating harmonic series
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The resulting series is the same one that you stariz=c
28 = S and divide each side by Sto get 2 = 1.

Putnam Exam Challenge

Assume as known the (true) fact that the alternating =
series
e O ey S e |
(DI=g+tz—gFtg—gfa—g+=" :
is convergent, and denote its sum by s. Rearrange the w ¢
as follows: 5
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Assume as known the (true) fact that the series (2) is =

vergent, and denote its sum by S. Denote by s, , S, the &= 2
sum of the series (1) and (2), respectively. Prove each =i
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This problem was composed by the Committee on the Putnam Prize Comme
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