
 
Recall: 

             
ሺ௡ାଵሻ!

௡!
ൌ

ሺ௡ାଵሻ௡!

௡!
ൌ      

ଷ೙శభ

ଷ೙
ൌ

ଷ೙⋅ଷభ

ଷ೙
ൌ  

 

Ratio Test for Convergence 
 

If            has positive terms and…    
 

 lim
௡→ஶ

௔೙శభ
௔೙

൏ 1, then the series converges. 

 lim
௡→ஶ

௔೙శభ
௔೙

൐ 1, then the series diverges. 

 lim
௡→ஶ

௔೙శభ
௔೙

ൌ 1, then use another test.   

 
Let’s look at two series we already know. 
 
1.               (harmonic, diverges) 
 

lim
௡→ஶ

𝑎௡ାଵ
𝑎௡

ൌ
1
ሺ𝑛 ൅ 1ሻൗ

1 𝑛ൗ
ൌ

𝑛
𝑛 ൅ 1

ൌ 1 

 
Inconclusive 

 

 
2.                 (converges) 
 

lim
௡→ஶ

𝑎௡ାଵ
𝑎௡

ൌ
1
ሺ𝑛 ൅ 1ሻଶൗ

1
𝑛ଶൗ

ൌ
𝑛ଶ

ሺ𝑛 ൅ 1ሻଶ
ൌ 1 

 
Inconclusive 

*The ratio test is always inconclusive for 𝒑-series. 
 
Using the Ratio Test to find convergence or divergence. 
 
3.  
 

𝒂𝒏ା𝟏 ൌ
ሺ𝒏൅𝟏ሻ𝟐⋅𝟑𝒏൅𝟐

𝟓𝒏൅𝟏
,     𝒂𝒏 ൌ

𝒏𝟐⋅𝟑𝒏൅𝟏

𝟓𝒏
 

 

 𝐥𝐢𝐦
𝒏→ஶ

𝒂𝒏శ𝟏
𝒂𝒏

ൌ
ሺ𝒏൅𝟏ሻ𝟐⋅𝟑𝒏൅𝟐

𝟓𝒏൅𝟏
⋅

𝟓𝒏

𝒏𝟐⋅𝟑𝒏൅𝟏
 

 

 𝐥𝐢𝐦
𝒏→ஶ

ሺ𝒏൅𝟏ሻ𝟐⋅𝟑𝒏⋅𝟑𝟐

𝟓𝒏⋅𝟓𝟏
⋅

𝟓𝒏

𝒏𝟐⋅𝟑𝒏⋅𝟑𝟏
 

 

 𝐥𝐢𝐦
𝒏→ஶ

ሺ𝒏൅𝟏ሻ𝟐⋅𝟑

𝟓𝒏𝟐
ൌ

𝟑

𝟓
൏ 𝟏 

 
Converges! 

 

 
4.  
 

𝒂𝒏ା𝟏 ൌ
𝟒𝒏శ𝟏

ሺ𝒏ା𝟏ሻ!
,     𝒂𝒏 ൌ

𝟒𝒏

𝒏!
 

 

 𝐥𝐢𝐦
𝒏→ஶ

𝒂𝒏శ𝟏
𝒂𝒏

ൌ
𝟒𝒏൅𝟏

ሺ𝒏൅𝟏ሻ!
⋅
𝒏!

𝟒𝒏
 

 

 𝐥𝐢𝐦
𝒏→ஶ

𝟒𝒏⋅𝟒𝟏

ሺ𝒏൅𝟏ሻ𝒏!
⋅
𝒏!

𝟒𝒏
 

 
 𝐥𝐢𝐦
𝒏→ஶ

𝟒

𝒏൅𝟏
ൌ 𝟎 ൏ 𝟏 

 
Converges! 

 

10.8 Ratio Test  
Write your questions 
and thoughts here! 

Calculus Notes 

෍𝑎௡

ஶ

௡ୀଵ

 

෍
1
𝑛

ஶ

௡ୀଵ

 ෍
1
𝑛ଶ

ஶ

௡ୀଵ

 

෍
𝑛ଶ ⋅ 3௡ାଵ

5௡

ஶ

௡ୀଵ

 ෍
4௡

𝑛!

ஶ

௡ୀଵ

 



5.  𝒂𝒏ା𝟏 ൌ
ሺ𝟐𝒏ା𝟐ሻ!

ሺ𝒏ା𝟏ሻ𝟓
,     𝒂𝒏 ൌ

ሺ𝟐𝒏ሻ!

𝒏𝟓
 

 

 𝐥𝐢𝐦
𝒏→ஶ

𝒂𝒏శ𝟏
𝒂𝒏

ൌ
ሺ𝟐𝒏൅𝟐ሻ!

ሺ𝒏൅𝟏ሻ𝟓
⋅

𝒏𝟓

ሺ𝟐𝒏ሻ!
 

 

 𝐥𝐢𝐦
𝒏→ஶ

ሺ𝟐𝒏൅𝟐ሻ⋅ሺ𝟐𝒏൅𝟏ሻ⋅ሺ𝟐𝒏ሻ!

ሺ𝒏൅𝟏ሻ𝟓
⋅

𝒏𝟓

ሺ𝟐𝒏ሻ!
 

 

 𝐥𝐢𝐦
𝒏→ஶ

ሺ𝟐𝒏൅𝟐ሻ⋅ሺ𝟐𝒏൅𝟏ሻ⋅𝒏𝟓

ሺ𝒏൅𝟏ሻ𝟓
ൌ ∞ ൐ 𝟏 

 
Diverges! 

 
 

10.8 Ratio Test   
Calculus 

Determine whether the following series converges or diverges. 
 
1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2. 
 

3.   What are values of 𝑥 ൐ 0 for which the series 

                    converges? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.   What are all positive values of 𝑝 for which the 

      series            will converge? 

 
 
 
 
 
 
 
 
 
 
 A.   𝑝 ൐ 0B.   0 ൏ 𝑝 ൏ 7 
 
 C.   𝑝 ൐ 1D.   There are no positive  
       values where the  
       series will converge.  

Practice 

Write your questions 
and thoughts here! ෍

ሺ2𝑛ሻ!
𝑛ହ

ஶ

௡ୀଵ

 

෍
ሺ𝑛 ൅ 1ሻ3௡

𝑛!

ஶ

௡ୀଵ

 ෍
𝑛!
5௡

ஶ

௡ୀଵ

 

෍
𝑛6௡

𝑥௡

ஶ

௡ୀଵ

 ෍
𝑛௣

7௡

ஶ

௡ୀଵ

 



5.   Which of the following series converge? 
 

I.      II.      III.   
 
 
 
 
 
 
 
 
 
 
 

A.  I only B.  I and II only C.  III only D.  I and III only E.  I, II, and III 

 
 
 
6.   If the Ratio Test is applied to the series             , which of the following inequalities results, implying that the 

series converges? 
 
 
 
 
 
 
 
 
 

A.   lim
௡→ஶ

௡గ೙

ଵହ೙
൏ 1 B.   lim

௡→ஶ

ଵହ೙

௡గ೙
൏ 1 C.   lim

௡→ஶ

ሺ௡ାଵሻగ೙శభ

ଵହ೙శభ
൏ 1 D.   lim

௡→ஶ

ሺ௡ାଵሻగ

ଵହ௡
൏ 1 

 
 
 
7.   If 𝑎௡ ൐ 0 for all 𝑛 and lim

௡→ஶ

௔೙శభ
௔೙

ൌ 6, which of the following series converges? 

 
 
 
 
 
 
 
 
 
 
 

A.    B.    C.    D.    
 
 
 
 
 

෍
7௡

𝑛!

ஶ

௡ୀଵ

 ෍
𝑛!
𝑛ଶ଴

ஶ

௡ୀଵ

 ෍
𝜋ିଶ௡

𝑛

ஶ

௡ୀଵ

 

෍
𝑛𝜋௡

15௡

ஶ

௡ୀଵ

 

෍𝑎௡

ஶ

௡ୀଵ

 ෍
𝑎௡
𝑛଻

ஶ

௡ୀଵ

 ෍
𝑎௡
7௡

ஶ

௡ୀଵ

 ෍
ሺ𝑎௡ሻଶ

7௡

ஶ

௡ୀଵ

 



 
8.   Consider the series          .  If the Ratio Test is applied to the series, which of the following inequalities results, 

implying the series diverges? 

 
 
 
 
 
 
 
 

A.   lim
௡→ஶ

௡!

ଷ೙
൏ 1   B.   lim

௡→ஶ

௡!

ଷ೙
൐ 1 C.   lim

௡→ஶ

௡ାଵ

ଷ
൏ 1 D.   lim

௡→ஶ

௡ାଵ

ଷ
൐ 1 

 
 
 
9.   For which of the series is the Ratio Test inconclusive? 
 
 

I.      II.      III.   
 
 
 
 
 
 
 
 
 
 
 
 

A.  I only B.  II only C.  I and III only D.  I and II only E.  I, II, and III 

 
10.   Apply any appropriate test to determine which of the following series diverges. 
 

I.      II.      III.   
 
 
 
 
 
 
 
 
 
 

A.  I only B.  II only C.  III only D.  I and II only E.  I, II, and III 

 

෍
1

3𝑛

ஶ

௡ୀଵ

 ෍
√𝑛
𝑛 ൅ 1

ஶ

௡ୀଵ

 ෍
𝑒௡

𝑛!

ஶ

௡ୀଵ

 

෍
𝑛

2𝑛ଶ ൅ 1

ஶ

௡ୀଵ

 ෍
𝑛!
9௡

ஶ

௡ୀଵ

 ෍
𝑛൅ 1

4𝑛 ൅ 1

ஶ

௡ୀଵ

 

෍
𝑛!
3௡

ஶ

௡ୀଵ

 



Match the test for convergence of an infinite series with the conditions of convergence. 
Convergence Test Condition of convergence 

 

11.   _____  𝑛th-Term Test 

12.   _____  Geometric Series 

13.   _____  𝑝-series 

14.   _____  Alternating Series Test 

15.   _____  Integral Test 

16.   _____  Ratio Test 

17.   _____  Comparison Test 

18.   _____  Limit Comparison Test 

 

A.   𝑝 ൐ 1 

B.   lim
௡→ஶ

௔೙శభ
௔೙

൏ 1 

C.   0 ൏ 𝑎௡ ൑ 𝑏௡ and            converges 

D.   lim
௡→ஶ

௔೙
௕೙
ൌ 𝐿 ൐ 0 and           converges 

E.   |𝑟| ൏ 1 

F.   Inconclusive for convergence 

G.   |𝑎௡ାଵ| ൑ |𝑎௡| and lim
௡→ஶ

𝑎௡ ൌ 0 

H.   ׬ 𝑓ሺ𝑥ሻ
ஶ
ଵ 𝑑𝑥 converges. 

 
 
 
 
 
 

19.   If the Ratio Test is applied to the series                    , which of the following limits results, implying that the 
series converges? 

 
 
 
 
 
 
 
 
 
 

A.   lim
௡→ஶ

଻೙

ሺ௡ାଵሻ!
 B.   lim

௡→ஶ

଻

௡ାଶ
 C.   lim

௡→ஶ

ሺ௡ାଵሻ!

଻೙
 D.   lim

௡→ஶ

௡ାଶ

଻
 

 
 
 

20.   Use the Ratio Test to determine the convergence or divergence of the series           . 
 
 
 

Test Prep 10.8 Ratio Test 

෍𝑏௡

ஶ

௡ୀଵ

 

෍𝑏௡

ஶ

௡ୀଵ

 

෍
7௡

ሺ𝑛 ൅ 1ሻ!

ஶ

௡ୀଵ

 

෍
𝑛௡

𝑛!

ஶ

௡ୀଵ

 


