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=rcises 1-4, verify the formula.
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sercises 5-10, match the series with the graph of its
mce of partial sums. [The graphs are labeled (a), (b), (c),
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SECTION 9.6 The Ratio and Root Tests 645

See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

- Numerical, Graphical, and Analytic Analysis In Exercises 11

and 12, (a) verify that the series converges. (b) Use a graphing
utility to find the indicated partial sum S, and complete the
table. (c) Use a graphing utility to graph the first 10 terms of the
sequence of partial sums. (d) Use the table to estimate the sum of
the series. (e) Explain the relationship between the magnitudes
of the terms of the series and the rate at which the sequence of
partial sums approaches the sum of the series.
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In Exercises 13-32, use the Ratio Test to determine the conver-
gence or divergence of the series.
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In Exercises 33-36, verify that the Ratio Test is inconclusive for
the p-series.
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In Exercises 37-50, use the Root Test to determine the conver-
gence or divergence of the series.
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In Exercises 51-68, determine the convergence or divergence of
the series using any appropriate test from this chapter. Identify
the test used.
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In Exercises 69-72, identify the two series that are the same.
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In Exercises 73 and 74, write an equivalent series with e
of summation beginning at n = 0.
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. In Exercises 75 and 76, (a) determine the number &

required to approximate the sum of the series with an ex
than 0.0001, and (b) use a graphing utility to approxs
sum of the series with an error less than 0.0001.
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In Exercises 77-82, the terms of a series E a, are
n=1 3
recursively. Determine the convergence or divergence &

series. Explain your reasoning.

1. a; = %,an,,l = gz ; ;an
78. ¢, = 2,8, = EZJ—F}; a,
9. ay = Lia, . = %an
80. a, =é,a,,+l =@’;—+1 :

1 1
81. a, = 3 n+1 = (1 + ;)an

1
82. a, = Z’ Ay ="/a_n

In Exercises 83-86, use the Ratio Test or the Root Test ta
mine the convergence or divergence of the series.

R S e
84.1+%+%+§43+%+%+
e (ln13)3 + (ln14)4 i (mls)5 ¥ (mls)e *
86.1+1%£33+1 ;;ZS

+ ©357

234567
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-iting About Concepts

- Sizte the Ratio Test.
“zte the Root Test.

are told that the terms of a positive series appear to
~wooroach zero rapidly as n approaches infinity. In fact,
=~ < 0.0001. Given no other information, does this imply
: the series converges? Support your conclusion with
=x=mples.

== graph shows the first 10 terms of the sequence of
- seial sums of the convergent series

E 2 [ 2n )n
—\3n + 2/’
==d a series such that the terms of its sequence of partial
s are less than the corresponding terms of the sequence

= the figure, but such that the series diverges. Explain your
=230 ning.

~=ng the Ratio Test, it is determined that an alternating
~=ies converges. Does the series converge conditionally or
=solutely? Explain.

w< Property 2 of Theorem 9.17.
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99. Prove Theorem 9.18. (Hint for Property 1: If the limit equals
r < 1, choose a real number R such that » < R < 1. By the
definitions of the limit, there exists some N > 0 such that

%/|a,| < Rforn > N.)

100. Show that the Root Test is inconclusive for the p-series
j 1
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101. Show that the Ratio Test and the Root Test are both inconclu-
sive for the logarithmic p-series
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102. Determine the convergence or divergence of the series
8 o

when (a) x =1, (b) x = 2, (¢c) x =3, and (d) x is a positive
integer.

103. Show that if E a,, is absolutely convergent, then
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104. Writing Read the article “A Differentiation Test for
Absolute Convergence” by Yaser S. Abu-Mostafa in
Mathematics Magazine. Then write a paragraph that describes
the test. Include examples of series that converge and exam-
ples of series that diverge.

Putnam Exam Challenge

105. Is the following series convergent or divergent?
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106. Show that if the series
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converges, then the series
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converges also.

These problems were composed by the Committee on the Putnam Prize Competition.
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