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9.6. Exercises

Exercise 9.6.1 (★). For any of the following series, compute the partial sums and discuss the convergence
(computing the eventual sum) of the series:

1.
∞∑︁
𝑛=0

1
(2𝑛 − 1) (2𝑛 + 1) . 2.

∞∑︁
𝑛=0

(√︁
𝑛(𝑛 + 1) −

√︁
𝑛(𝑛 − 1) − 1

)
. 3.

∞∑︁
𝑛=2

log
(
1 − 1

𝑛2

)
.

Exercise 9.6.2. For any of the following series
∑
𝑛 𝑎𝑛 find 𝑏𝑛 such that 𝑎𝑛 ⩽ 𝑏𝑛 and

∑
𝑛 𝑏𝑛 converges.

1.
∞∑︁
𝑛=1

1
𝑛3+(−1)𝑛 . 2.

∞∑︁
𝑛=0

1 + sin 𝑛
2𝑛

. 3.
∞∑︁
𝑛=0

2
√
𝑛3−𝑛.

Exercise 9.6.3. Applying the asymptotic comparison test, we discuss the convergence of the following series

1.
∞∑︁
𝑛=1

(𝑛 + 2)𝑛
𝑛𝑛+2

. 2.
∞∑︁
𝑛=1

𝑛 + log 𝑛
(𝑛 − log 𝑛)3

. 3.
∞∑︁
𝑛=0
( 3√
𝑛 + 1 − 3√𝑛).

4.
∞∑︁
𝑛=1

1
𝑛 𝑛
√
𝑛
. 5.

∞∑︁
𝑛=1

1
𝑛

(
𝑛 + 2
𝑛 + 3

)𝑛
. 6.

∞∑︁
𝑛=2

1
√
𝑛2 − 𝑛(

√
𝑛 + 1 −

√
𝑛)
.

7.
∞∑︁
𝑛=0

𝑛𝛽

(
1 −

√︂
𝑛3

𝑛3 + 1

)
, (𝛽 ∈ R).

Exercise 9.6.4. Applying root or ratio tests, determine if the following series converge:

1.
∞∑︁
𝑛=0

5(−1)𝑛−𝑛. 2.
∞∑︁
𝑛=1

(𝑛!)2
𝑛2 (2𝑛)!

. 3.
∞∑︁
𝑛=1

𝑛𝑘

𝑛!
. 4.

∞∑︁
𝑛=0

𝑛𝑛+1

3𝑛 (𝑛 + 1)! .

5.
∞∑︁
𝑛=1

𝑛𝑛𝑥

𝑛!
, (𝑥 ∈ R). 6.

∞∑︁
𝑛=1

(𝑛!)𝑥
𝑛𝑛

, (𝑥 ∈ R). 7.
∞∑︁
𝑛=1

𝑥𝑛!, (𝑥 ⩾ 0). 8.
∞∑︁
𝑛=0

𝑛! 𝑥𝑛, (𝑥 ⩾ 0).

Exercise 9.6.5. Applying Leibniz test, determine if the following series converge:

1.
∞∑︁
𝑛=1
(−1)𝑛 𝑛

𝑛2 + 1
. 2.

∞∑︁
𝑛=1
(−1)𝑛

√
𝑛 + 1 −

√
𝑛

𝑛
. 3.

∞∑︁
𝑛=1
(−1)𝑛 ( 𝑛

√
3 − 1).

4.
∞∑︁
𝑛=0
(−1)𝑛

(
1 − cos

1
√
𝑛 + 1

)
. 5.

∞∑︁
𝑛=1

𝑒
1
𝑛 − 1

cos(𝑛𝜋) . 6.
∞∑︁
𝑛=1
(−1)𝑛

(√︂
1 + 1

𝑛
− 1

)
.

7.
∞∑︁
𝑛=1
(−1)𝑛 sin

1
𝑛
. 8.

∞∑︁
𝑛=1
(−1)𝑛

(
1 − 1

𝑛

)𝑛
. 9.

∞∑︁
𝑛=1
(−1)𝑛 𝑛 + 1

4𝑛
.

10.(★)
∞∑︁
𝑛=1
(−1)𝑛 (𝑛!)2

𝑛2 (2𝑛)!
. 11.(★)

∞∑︁
𝑛=1
(−1)𝑛 log 𝑛

𝑛
.









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































