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Eventually decreasing

In alternating series, we assumed {bn} is monotonically
decreasing. Can have a few bad terms.

Definition: A sequence {bn}1n=1 is eventually decreasing if there
exists N so that {bn}1n=N is decreasing.
Example: b1 = 2, b2 = 14, b3 = 0, b4 = �26, b5 = 2, and for
n � 6, bn = 1/n.
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Example

1X

n=1

(�1)n n2

(1 + n5)1/2

Need to show decreasing! Compare to f (x) = x2

(1+x5)1/2 ,
f (n) = n2/(1 + n5)1/2, so if f is monotone, so is sequence.

f 0(x) =
2x � (1/2)x6

(1 + x5)3/2

If x � 2, f 0(x)  0, so f monotonic for x � 2.  { n2

(1+n5)1/2 }
eventually decreasing.
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Absolute convergence cont’d

Definition: Let
P

an be a series. If
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Examples
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Which, if any, of the following series converge absolutely?
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1) converges conditionally, but not absolutely
2) converges absolutely
3) converges absolutely
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(n + 1)p ! 1

no matter what p is.  no information, even though we know
the answer from the p test (abs. conv. if and only if p > 1,
conditionally for 0 < p  1).
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Determine if the following series converge absolutely,
conditionally, or diverge. Use the ratio test.
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Exercises

Show that
P r n

n! converges for every real number r .



Root test

Note: X cos(7n)np

10n

does not work for ratio test, since we have to divide by cos(7n),
which might be small.

Theorem: Let
P

an be a series.
1) If limn!1 |an|1/n = L < 1, then series converges absolutely.
2) If limn!1 |an|1/n = L > 1 or ! 1, the series diverges.
3) If limn!1 |an|1/n = 1, no information.
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Use the root test to determine if the following series converge
absolutely, converge conditionally, or diverge:
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X
(�1)n 1
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1) Converges absolutely
2) Converges absolutely
3) No information, but comparison test implies it converges
absolutely
4) Diverges
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