
 
Section 10.3 The Integral Test

Learning Goals



Conceptual introduction it is in general very difficult to

calculate the sum of a series Énan We have learned how to

do it for telescoping and geometric series In most other

cases we will just try to determine if the series converges
or diverges The Integral Test helps determining convergence

for some series

Integral Test suppose that an fin where f is a

positive continuous decreasing function Then

If f fix ax converges then Inn an converges

If In fix ax diverges then II an diverges

Intuition Egan represents the area of rectangles of width
I under the graph of f

We have the inequality

y y y

f

I So if the integral is finite
then so is the series

A similar reasoning with left handpoint sums would show

that if the integral is infinite then so is the series



Examples 1 Determine if É ne n converges or diverges

Integral test fix xe t is positive continuous on i s

f x e t 2 25 2
1 2 2 e so on ios

so f is decreasing on lies

we can use the integral test

f xe ax lim
b o f xe dx slim je

x

blimp f e b

z
t so f x e ax converges

Therefore É ne n converges as well

I2 Determine if É nina
converges or diverges

Integral test f x an
is positive continuous on 3 o

f x Htt Lo on 3,0

so f is ilecreasing on 13,0
we can use the integral test

I d slim f dx du
u inext3 x inxp s x intxt u I x 3 u in 3

x be a inbl

him fi au
u

Sin d diverges p integral with p

ITherefore É nina
diverges as well



3 Determine if I n
converges or diverges

Integral test fix is positive continuous on i s

f x I c e co on lies

so f is decreasing on lies

we can use the integral test

J dx
x

converges p integral with p 2 1

Therefore É he converges as well

The Integral Test does not say that f g É n
are

equal just that they both converge

J dx
x

but É n

t

More generally we have the following results for p series

In y converges if P IntegralTest t p integralsdiverges if pet

so É n
37136 I pt converges since 33 1

É n'ing diverges since in2 0.751



Practice determine if the following series converge or diverge
and find the value of the sum when possible

The Integral Test is not required possible for all

I1 É en
5hitem

2 É 2 3 Is nvmn
4 É aint ants s 1 6 Eine

Solutions

1 Integral Test fix ex is positive continuous on fo aIt ex

f x excite ex 2e2x
tex a

ex l ex
Ite 2

O on o o

so f is decreasing on f o

So we can use the integral test

f ex
item
ÉÉm yes

Item
d him y ex

It uz

bling tan a Jim tan et I I I I
BE

So f ex
I ex

d converges

Therefore I en

Iten converges as well

2 É I 22h
on I j g converges geometric series

w commonratios i



1 5

l y
415
1 4 5

4 4 I
3 Integral test f x any

positive continuous on 2,0

f x Vink I I n k go on 2 o
x In x

So we can use the integral test
u In1 7

fo ax
inlb

a
a rink him

d t him fi rax InIN

mm g nanny

If

I dry which diverges p integral p ter

I

4 É int ah is a telescoping series

Sw É Int 215
TÉÉ TÉI t TÉÉ GnÉIT
y ants

We have É ah an't him Sn z so the series

converges



It In5 Observe that himeIn I times
items

2

Since the general term does not converge to o we deduce that
Intl

diverges by the Term Divergence Test
natl

6 Integral test f x xe t positive continuous on 2,0

f x é xé i x e o on 2,0

f decreasing on 2,0

So we can use the integral test

go
b

a
e dx limo peggy

IBP

Éax du é'dv ex

bins f xe t Sabetax

him f be
b 2é't f e

Ling f be t 2é2 e
b
e 2

o

We have time beb limo be If hims les 0

So I xé dx 2é te so it converges

Therefore E ne converges as well


