2003/2004 Semester I MA2108 Advanced Calculus II
Solutions to Tutorial 4
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Question 1 (a). Let a, = —222 — Then nh_)rgo a, = — 7A 0 and so the series Z 7;2 —
is divergent by the divergence test. =

uestion 1 (b). Let a, = Sinm. Then {a,} = {1,0,—1,0,1,0,—1,0,...} and so
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lim a, does not exist. Thus the series Zsin7 is divergent by the divergence
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test. 0J
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Question 1 (c). Let a, = % and let b, = - Then
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Since Zb Z - is divergent, so is Z H by the limit comparison
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Question 1 (d). Observe that
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Since Z 5 =4 Z — is convergent by the p-series, the positive series Z _
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is convergent by the comparison test. 0]

Question 1 (e). Observe that
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for n > 2. Since Z 2 (5) is convergent by the geometric series, the positive series
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Z ———— is convergent by the comparison test. O
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Question 1 (f). Let a,, = - and let b, = —. Observe that
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Since Z is divergent by the harmonic series, the positive series Z T is diver-
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gent by the limit comparison test. 0
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Question 1 (g). Observe that
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Since ii = §il is divergent by the harmonic series, the positive series
o 2n - 2 o n g y 9 p
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Z % is divergent by the comparison test. 0
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Question 1 (h). Observe that
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for p < 0. Since Z— is divergent by the harmonic series, the positive series
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Z ———  is divergent for p < 0 by the comparison test. 0
“—~ n(l+Inn)
Question 1 (i). Observe that
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Since — = = — is divergent by the harmonic series, the positive series
ZZn Zan ivergent by rmoni ries, positive seri
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Z 5 is divergent by the comparison test. 0
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Question 2(a). Since Z a, is convergent, we have lim a, = 0 and so there exists a
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positive integer N such that a, = |a,| = |a, — 0] < 1 for n > N. Since a,, > 0,
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a, =an-a, <1-a,=a,
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for n > N. By the comparison test, the positive series Z a? is convergent. [l
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Another Solution of Question 2 (a). Since Z a, is convergent, we have T}erolo a, = 0.
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Let b, = a?. Then
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that is, b, << a,. Since a, > 0, by limit comparison test, an = Zai is
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convergent. 0
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Question 2 (b). Let a, = 2 Then Z a, is convergent but Z Va, is divergent by
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the p-series. O

Question 3 (a). Let f(x) = m

function over [1, +00). Since
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Then f(z) is a positive monotone decreasing
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is divergent, the series ngl m is divergent by the integral test. |
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Question 3 (b). Let f(x) = 2 o) Then f(z) is a positive monotone decreas-

ing function over [1,400). Since
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is convergent, the series Z i 1 is convergent by the integral test. O
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