
               RATIO AND ROOT TEST FOR SERIES OF NONNEGATIVE TERMS
                                                            Elizabeth Wood 
 
Here are the last two tests we can use to determine the convergence or divergence of a series of 
nonnegative terms. 
THE RATIO TEST 

THE RATIO TEST 

 

a. the series converges if  < 1 

b. the series diverges if  > 1 or  is infinite 

c. the test is inconclusive if  = 1. 

EXAMPLE 

1: 
Does the following series converge or diverge? 

 

SOLUTION: Since this series has a factorial in it, I am going to use the ratio test. 

FACT: The ratio test works well with series that include 

factorials and exponentials in there nth term. 

 

 

EXAMPLE 

2: 
Does the following series converge or diverge? 

 

 SOLUTION: Since this series has an exponential term included in it, I will use the 
ratio test to determine the convergence or divergence of this series. 
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Therefore, this series converges by the ratio test. 

EXAMPLE 3: Does the following series converge or diverge? 

 

SOLUTION: Since this series is made up with factorial, I will use the ratio test to 
determine the convergence or divergence of this series. 

 

Therefore, this series diverges by the ratio test. 

EXAMPLE 4: Does the following series converge or diverge? 
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 SOLUTION: 

  

Therefore, this series converge by the ratio test. 

Now let us define the last test and work some examples using it. 

THE ROOT TEST 

THE Nth ROOT TEST 

 

a. the series converges if  < 1 

b. the series diverges if  > 1 or  is infinite 

c. the test is inconclusive if  = 1. 

EXAMPLE 5: Does the following series converge or diverge? 

 

SOLUTION: 

 

Therefore, this series converges by the nth root test. 

This series is also a geometric series with a ratio, r < 1, so it 
converges. 

EXAMPLE 6: Does the following series converge or diverge? 

 

SOLUTION: Since the nth term of this series is an expression raised to the nth 
power, then I will use the nth root test to determine the convergence 
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or divergence of this series. 

 

Therefore, this series converges by the nth root test. 

EXAMPLE 7: Does the following series converge or diverge? 

 

SOLUTION: 

 

The nth root test is inconclusive. So we will have to use another 
method.  

 

So let us look at the limit of this sequence. I am going to use the nth 
term test of divergence. 

 

This is one of the frequently occurring limits, and since it is not 
equal to zero, the series diverges by the nth term test for divergence. 

One thing that you need to remember about these tests is that if  = 1, you must use another test 
to determine the convergence or divergence of the series. Also, the ratio test works well with 
exponential functions and factorials. Work through these examples making sure to understand 
how I used each test to determine the convergence of series. 
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