
 3 The Comparison Tests

is
Ex Does

not a converge or diverge

This would be easy if the t2 weren't present

since Is is a convergent p series p 5 27

We can however say that

I
n't 2

E Is for all n

So the terms of our series n's z
are even

smaller than those of the convergent series 2,45
Thus É n 5 2

must also converge

The above argument is the idea behind

The Comparison Test

Suppose that Okane bn for all n sufficiently large



i If Ʃ bn converges then an converges

Iii If an diverges then bn diverges

Note If an converges or bn diverges

the comparison test gives no information

Ex
3 1

We have 31 and s

is a convergent geometric series Ir 1

A 2consequently
34

converges by comparison

Ex costal I
48

Note that since O cos n 1 we have

costal I 1 1 2
n8 48 n8



The series E Is 2 pig converges as it

is 2 times a convergent p series Therefore

E
cos in I

converges by comparisonMs

Ex E n'tht I
mz

We have n'tht I
n

n
m

F
na

and

fu is a divergent p series as p z E 1

Thus E n'thts
p

also diverges by comparison

Ex Does
2n y converge or diverge

Idea Try removing the I in the denominator

IWe have
an 1 Ln z for all n and



É z is a convergent geometric series

but this isn't helpful

Recall Being larger than a convergent series or

smaller than a divergent series tells us nothing

We still guess that n g converges as n

converges and n In when n is large

To make this precise we'll need a new test

The Limit Comparison Test Lett

Let an and Ibn be series of positive terms

and let

finds In

If L exists and O L o then an and bn

either both converge or both diverge



Back to the example of In 1

Let's try the LCT with an In and but n

We have

L him In

him 124
El

him 2
n o 2 I

2hits 2mg I 110 1

Since L exists and OC Leo the L T implies

that E in and I In either both converge or

both diverge Thus since In is a convergent

geometric series Irl z in must converge too



nEx Does If not converge or diverge

Previously we used the integral test

to show this is divergent but that

took a lot of work

Solution Let's try the LCT with an mfg and

bn 1 In Tip Use themost dominant term
in the numerator and

denominator to define bn

L firs g firs ite
I

egg
E lim

now En I f lo is

By the LCT since h diverges it's the

harmonic series I n

ne n 6
must also diverge



as
jn6 4Ex Does
2ns y converge or diverge

Solution Use the LeT with an
n 4

2ns
and

bn no
my

n
Ms 42 We have

fires first
H

fire ninth

firm n't It 41h6

2n't I

him 1 46 Vito
2 0 I f 10,012 45

Thus by the LCT since he is a

convergence
Jn6 4

p series p 2 17 If 2ns
must converge too


