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Ratio Test:

Theorem: [Ratio Test]

Given a series
∞∑

n=0
an, assume that

lim
n→∞

|
an+1

an

|= L

where L ∈ R or L =∞.

1. If 0 ≤ L < 1, then
∞∑

n=0
an converges absolutely.

2. If L > 1, then
∞∑

n=0
an diverges.

3. If L = 1, then no conclusion is possible.
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Root Test:

Note: The following is a related to the Ratio Test with a similar proof:

Theorem: [Root Test]

Given a series
∞∑

n=0
an, assume that

lim
n→∞

n
√
|an| = L

where L ∈ R or L =∞.

1. If 0 ≤ L < 1, then
∞∑

n=0
an converges absolutely.

2. If L > 1, then
∞∑

n=0
an diverges.

3. If L = 1, then no conclusion is possible.
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Example:

Example: Determine if the series
∞∑

n=1

(
3n2+4
4n2+5n

)n
converges or

diverges.

Solution: Let an =
(

3n2+4
4n2+5n

)n
. Then

lim
n→∞

n
√
|an| = lim

n→∞
n

√(
3n2 + 4

4n2 + 5n

)n

= lim
n→∞

3n2 + 4

4n2 + 5n

=
3

4

Since lim
n→∞

n
√
|an| = 3

4
< 1 we can use the Root Test to show that

∞∑
n=1

(
3n2 + 4

4n2 + 5n

)n

converges.COPYRIG
HTED



Example:

Example: Determine if the series
∞∑

n=1

(
1 + 1

n

)n2

converges or

diverges.

Solution: Let an =
(
1 + 1

n

)n2

. Then

lim
n→∞

n
√
|an| = lim

n→∞

n

√(
1 +

1

n

)n2

= lim
n→∞

(
1 +

1

n

)n

= e

Since lim
n→∞

n
√
|an| = e > 1 we can use the Root Test to show that

∞∑
n=1

(
1 +

1

n

)n2

diverges. COPYRIG
HTED
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