
Integrates S? doc

Last time we showed harmonic series Eng In diverges .

What about ÷
,

n
's ? →

5-
'GE '

-
→ CBD

Notice that FZ
,
IT is sum of height r

of fan .- ¥. at " 12.3.
"

Moreover , we can draw ratagles

of width 1 :

n
? nt, = sum of area of rent angles .
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Integral test (contd) I-1 → y= Yaz
-

na
n

•
→ x = I , y = I

÷÷÷i÷s*÷÷÷÷:i÷ .

fca) -_ Izz goes through top right
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corner of each rectangles ' b

qso
, t. c 1 + fin. I
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z ⇒ ⇐ ntz so so
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Integral test
-

(contd) .

Notice that this method only provides a
bound on the

A

series and not a specific value . It provides a gig,pdx
test for convergence .

'

In Math 316
, you

learn that ÷ # = a 2 .

\

Idea we anticipate that ¥!an€n⇐nI) converges.a÷÷:÷÷::÷



Harmonic series.

¥ series ⇐ an that we expert diverges ?

For example : ⇐ at . write IT IS integral that

diverge.
'
5- ti

|⇒ "
' II = Area of retards .

÷÷ .si : :c:* . . . .

= him I

b →A

so
, If tn is divergent



Tutt .

Theorem (CLP 3. 3. s) : Let No be a positive integer .

Let fox) be a continuous function for all a 3 No
.

Furthermore , aussume that÷¥÷÷÷÷÷÷÷÷÷÷m÷÷÷.A

Then
' CI) If §

.

fed da is convergent ,

then ¥, an is

convergent -

(E) If f!
.

fca) dx diverges ,
then Egan diverges .



proofoftheorem.be
suppose No - 1 . since all we need is to estimate

the tail behaviour of ⇐on . ( convergence or diveyene)-

draw too figures :

t¥¥E¥÷÷÷÷÷÷÷÷:
Arm of n rectangles

:
n

aitdze . . . tan
- s qtffcxdx .

a'¥¥€¥
.
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'a'g n- e n



Proofccontd MCT : A bounded and

Combining ① and ④

{
"tcxsdxe a ne a. + Site.> a . egrena

is

- s
.

convert's

#

Divergence. easy
? S? fix> doe diverge €

2. an diverge
nd

convergence : bounded : Sn E ai f?fGDd" conugat.

increasing : an > 0 A 9
SO , by Monotone convergence theorem we have Ion

NII



Example
- A

Does IZ
,

not diverge or converge ?

£%hf-ne fca> = ÷. .
Then for us, I , fees so and

fed is decreasing .

observe that f?#doe is convergent .

So

¥7 ¥ is convergent .



p - test
.

hat values of psoo
does If # converge on diaye?

Sati : Define f = step . fcxs > o , fax) is decreasing .
on a >1 .

Then f?# dx converges if p >I
. and dings if pets .

so, tnp converges if p>1
and diverges if pets .↳

p - foot
- of series .

0

÷,

is convergent
Remark : By p

-test of series. I
= Na

and €
,

not, is divergent .



Integrate
Another way to

us.E integral test is:

Theorem : If fth is continuous
, positive , and decreasing on

""÷÷¥:::::÷..is÷do

It) If ↳ foe) dx is divergent , so is Ian .

N - No
A

Remark : II
,

an = an t I on . and so
,
above theorem

a- No
<→

fin. ti
D

applies to Jan .

Mel



-

Example 1

Discuss convergence / divergence of ⇐ n e-
n?

sod : Define f = rxe-x2

f-
'

ex) = e-
a' ( 1-2×2) so if I- 2×2<0

or as
it
vs

so
,

we have f ' ex) so if x 71 → decreasing

and fca) > 0 if x>I → positivity

using integral test
:

size.'d . -
- E:[t.e-M.ba?.::t/Ie7

Let . so .

So
, FZ

,

rien is convergent



Example 2
hat values of p with p

> O does ¥2 ntcognyp
converge ?

SLI Define fox) =xfTogxypeftx3a-x2logx5P-poe2a.ps9fkxs-x@oga5f-1.p@gxJ) .
so if

Cbs")

- i- p@ga5' so ⇒ - is I ⇒ a>
-
et

hope

so
, fuel is decreasing on [2, d)

f-Gc) is positive as [↳a) ( also
continuous) .

Sixteen , Pdx = being S.baty.egpdx-li.no?bztupdu .



Estimatingremee.net#
Suppose f-Cx) is decreasing on as N

, f. So on IN

and fan> = an . Suppose that S= II. an < * . Define

N
Ruby e cRµC?

R= S - Spr , Sn = Isn .

.

N n -7

Then we have

N
= AN-11 +9v+zt

. . .
and the estimate

→ upper
bound .

±i¥:*. s:*..
+I



Estimating Remainder (contd) .

Exam.ee:

£It"d"sRns%H×€
- ÷! Is = 1.634 and nnzt = IS .

Determine a
bound for the remainder

,
ntz .

Saif : Here an = ntz . N= too ,
and we want to estimate Rn .

A

S Lada c Kwa f! # doe

lol

so
,
÷, < Rico ' too




