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1.
∞∑
k=1

√
k2 + sin

(1
k

)
tan−1(k5 + 1)

lim
k→∞

√
k2 + sin

(1
k

)
tan−1(k5 + 1)

=

√
∞+ 0
π
2

=∞ 6= 0.

So, by the divergence test, the series diverges.

2. Suppose
n∑
k=1

ak =
n− 1

n+ 1
for all n. Find an and

∞∑
k=1

ak.

an =
n∑
k=1

ak −
n−1∑
k=1

ak =
n− 1

n+ 1
− n− 2

n
=

2

n(n+ 1)
.

∞∑
k=1

ak = lim
n→∞

n∑
k=1

ak = lim
n→∞

n− 1

n+ 1
= 1.

3. Does
∞∑
k=1

5 + cos(πk)

k2/3 + k1/3 converge or diverge? Why?

∞∑
k=1

5 + cos(πk)

k2/3 + k1/3 ≥
∞∑
k=1

5− 1

k2/3 + k2/3 =
∞∑
k=1

2

k2/3 .

This is a divergent p-series, so the original series diverges by the Direct Com-
parison Test.

4. If
∑

ak is a convergent series with positive terms, does
∑

sin(ak) converge?

Does
∑

cos(ak)? Why?∑
ak Converges ⇒ lim

k→∞
ak = 0 ⇒ lim

k→∞
cos(ak) = cos(0) = 1 6= 0. So, by the

Divergence Test,
∑

cos(ak) diverges.

lim
k→∞

sin(ak)

ak
= 1 since ak → 0. Since

∑
ak converges, by Limit Comparison

Test,
∑

sin(ak) converges.



5. Does
∞∑
k=1

k!

ek2 converge or diverge? Why?

lim
k→∞

(k + 1)!

e(k+1)2 ·
ek

2

k!
= lim

k→∞

k + 1

e(k+1)2−k2 = lim
k→∞

k + 1

e2k+1 = lim
x→∞

x+ 1

e2x+1 = lim
x→∞

1

2e2x+1 = 0.

So, the series converges by the Ratio Test.


