









































































































Section 10.4 Comparison Tests

Learning Goals
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Conceptual introduction for improper integrals we learned the

Direct Comparison Test and Limit Comparison Test to test

for convergence We are now going to learn similar tests

for series They are almost the same

These test only work for series with non negative
terms

Direct Comparison Test assume that of an s bn for all n

If Én bn converges then In an converges

If Énan diverges then In bn diverges

Examples 1 Does the series É n'an converge or diverge

Observe that of n'an f 1 for n 1

We know that I I converges geometric series with common ratio

By the DCT IL i converges

and tr

Remark we also have of h s in for n I but that
does not tell us anything since É In diverges












































































































2 Does the series É cos 4 4h converge or diverge
n413

We have cos 3m 0 so cos13m t4h Gn
n413 nuts

cos13m t4h 4
n413 n13

We know that E Y diverges p series with p er

So by the pct É ws 3n t kn diverges
n413

3 Does the series I ni converge or diverge

We have o c n n i n for all n 2

so na
n n I o

na
n3 n I 7 0 for all n 2

We know that É in diverges p serieswith p i

So by the Dct Is ni diverges












































































































Limit Comparison Test suppose that an o bn o and

let L him

If och co then É an and Énbn either both converge
or both diverge

If L O and Énbn converges then Énan converges

If L o and Enbndiverges then In an diverges

Examples 1 Does E syn converge or diverge

LCT we find a reference series to compare to by keeping
only the dominant terms

As I has diverges Ip series with p et

2n

no
fatty

series we are testing for
L lim

Iis reference series

2,715

his

j

him
m

Since ocean and É n'as diverges we conclude that

diverges










































2 Does E sin n
converge or divergen

Intuition sin x a x for x close to o limy sink

so sin h h for n large

Singh a 1 for a large

we use me y g g p

L him
sing

I him
sin h I or use L'tropital's
h

É n
converges Ip series with p 271

So I sin n converges
n

3 Does É 2
converge or diverge

We compare with E using the LCT

2 I 2
him Iz him ant time so

E diverges

So by the LCT I a
diverges



Practice use a comparison test to determine if the following
series converge or diverge

1 If In n n't 46s n
n

2 É Inni
n

3 Is n3 5n 2

23t ne I4 É ntfiij.is 5
5 an

6 Earnings

Solutions 1 Dct Ink 7 1h42 so for n 2
n it is okayif the

inequality is not valid for
We knew that I n diverges p

seriesfifthteptij.ms

So I n diverges as well

2 Intuition Int will be dominated by any hp with pc 2nz
So if we compare with hp with kpc 2 we will
be able to prove convergence

noo
h in n
i i i

Ii



3 Intuition n't 46541 I when n large
n3 5n 2

Let with bn n

no

nits it 4651minhim
y

him
n't4ncostal In
n 5h 2 11ns him it sent21ns

to we know that him 46514
no

e by theIto to
1

Sandwich Theorem

Of 4cosful 4In In diverges no
t n

no
e

times4 so
him

4costal

So Ig n't 46s n
n 5ns z

diverges

4 24h 3 2n t
n813

2
n8 not1 13 natiz

We use the LCT with bn
nah

lim instnbtillis n9112 2n t 3
him
nahn1412 3 114

no hims
not n 1 n813 it n 2 n 8 s

2 3 114
him ith ith 8

2

É ha converges p series with p 29 i

so É n 46s n
n 5ns 2

converges



5 DCT we have 23 n 8 t n z 8
5 3 s 5
23 t ne

sn f so
5 zn

3
8

É I diverges geometric series with r g in 1

So É II diverges

6 Let with bn hey any exponent in Iii will work

1,314
him

rhinin

big hits raining
him n lim x14

x as inHl

É Im
4 3

I Im I
É n'a diverges p series

I

y
ISo Earning diverges


