
IntegralTest :

ex: zt = 1 + 2 + 5 + 4 + ...
n= 1

* called the harmonic series

area
=
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Recall : S** x diverges

Compare :

a = S,xi
n = 1

-

also goes to
d

=> In diverges .

n= 1



ex: + = 1 + + + 5 + y +...
n= 1

area
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↓
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Recall :S
.

"

Eedx converges (p =2> 1)

Compare :SI

# A

= ne < 1 + Sedx
n= 1

I

-
anumber

=> series converges .



TheIntegral Test :
Given a series & an

,

if f(x) is
n= k

a function such that fin)= an for

each natural number n and

· f is continuous

3 for XK· f is positive
· f is decreasing

then = an converges it and only if
n=k

the improper integral
x)dx converges.

Ho hint
↳

"If and only if" is saying 2 things :
&

O If Sofwdx converges then Zan
n=k

converges

②If S
,

fixidx diverges
,

then
&

2. an diverges
n=k



ex: ne -
n2

converges or diverges ?
-

-

n= 1

- x2

#nTest : Let f(x)= Xe .

Check the 3 conditions : Its
, positive and

decreasing on
21,0)

f is continuous

- is positiveon (1 , o) because
- x2

X > O on (1 , 0) and so is e

f is decreasing ?
-
-

f'(x) = e -X + x(-2xe
-XY)

= e
- x2 ((2xz)
- -

78

f(x) = 0 if 1 -2x =0

x2=
= FX 2
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f is decreasing on [E
,

o

so also on (1 ,
0)

So Int . Test applies !

Now compute
t

Sxe* dx = lin Sxe*&xt+ (
I

2
u= - X

du = -2xdx



- th

= li I , e (d

=

- Ele
*

)

- - line
↓
8

=
- E)- b) = z

converges
So the series converges by
the Int . Test .

Note : the value of the series)↓I is NOT !
ze



showingf is decreasing :

- use decivative

- or its obvious : *

↓
- or use

increasing
is decreasing

-mix
integrable

#Test : Let f(x) = ex

f is continuous on (1 , x)

f is positive if hx > o
x >
e



f is decreasing?

f'(x) =(X

=
↑

always 0

f (x)0 if 1 - lux<o

1 lux

e celx = x

f is decreasing [e ,
a)
good

↑ enough

not [1
,

8)

but that's ok.



jdx = lin x

I

u = lux

du= * dx

Int

= linS u du

t+x0

= ein (In2) put
t-x

lit (h+)
+-2= &

the integral diverges so the series
-

diverges by Int . Test.-



The decreasing issue :

decreasing after some point is good
enough

A

= t a
,
+ an+=

n

n= 1 & n= 3

-
↑ S -

diverges too diverges


