
thm If [ lad converges ,
so does { an

.

Notes �1� If [ lanl converges, we say
{ an Coty-

absolutely

�2� If { an converges but { lad diverges, then

the series contra Ideally

E± E ttf converges ,
{ tn diverges .

So the alternating harmonic series

converges conditionally .



Pf that [ lad converges ⇒ { an converges

÷
= Sn = aitaat .

. .  + an

} given { lad cow 's ( tn cow 's)

tn = lad t . .it/an/ want to show Sn converges .

ane lad ⇒ snetn .
Comp

.
Test doesn't apply .

1

( an
, Sn may

not be nonnegative)

{ lanl converges c⇒ tn converges ( ⇒ tn Cauchy .

So  we can  make tn - tm small
.

Given { so
,

F NS.t .
n >m > N ⇒

Itn - tnl = I lam+,I+Iam+
,

It . . . Had |< {
.

|sn - Snl = / am + , tamtat . . . . tan / { |am+,
It Ian,  

!t.it/a
⇒ sn Candy ⇒ snow 's ⇒ { an onus

,

= Itn ' tml !



Other Tests

=
m_ (Alternating Series Test) If an

- so and is decreasing
then { th

"  '

an converges .

EI ±→o ,
dev 'g ⇒ { thn

" 'T conv 's
.

thm (Ratio Test) Then(Root Test)

Ial if limpet < I then (a) linlanl
" n

< I then

{ an

#ege#'
y .

{ an com 's absolutely

Hitting!÷÷ok' men / attainting's
then

(c) otherwise no info (c) otherwise no  info

lim Kaitlin lad
"



¢
Ratio / Root Tests in § 8.2 use lim inf and

tim sup from § 4.4 - which we don't cover .

Use lecture versions for this class

thm (Integral Test) let an
= fens

,
where f :C o

, x ) - IR is

positive ,
continuous and decreasing . Then

{ an = { for ) converges a fidfcxsdx converges

Recall : fifadx = btinxfbtcxsdx



Stretch of Proof

⇐Ep#p¥¥t
.

Using Left endpts ,
a ,+a2+a ]

... tan zfnfandx
( bk rectangles have more area than  under curve )

if fPfadd×=+x ⇒ { an =+x too
.

Using right endpts,
a ,t ...  tan IS

,

"

fcxsdx so  if ftfu , do

Converges ,
so does series

.



limlanatntl , limlanl 'Y tin (fifa

[fl÷f R±KT÷Mt=n÷i¥→ ? Ro±k±Hh=n2→0⇒Ekt
"

converges .

absolutely

ank,F Ration yF÷µ.;f÷=3=,→o< 1 so come
. absolutely .

←ns ( Integral)ni{

5÷aj¥→ts±o⇒
diverges .

n€tIYnntT
( use Alternating Series Test)



EI More generally
,

Ent is called a p.SI .

Int test :

f ,n÷,pdx= fnxtdx

( assume
= X-P

't

*i .

at ,=e÷ - ÷

As n→X , convergence depends on n
' - P term

.

Converges if I - p< 0 or 1< p ( Ex p⇒ : tn→o)
diverges if 1 -

p >o or p<
1 ( Ex p='b : Find

p=l :[ tn harmonic series ⇒ diverges .



Given { an
,

which test to use ?
-

• If ants 0
,

then [ an diverges .

• Known series :geometric series
, p

- series - use formulas

f Check if  it's telescoping ]

• If an has th
"

or C- D
" "

1 etc )
,

AH
.
Series Test

.

• If it's
"

similar "
to known series (geo .

, p ,
harmonic :

try comparison test :

E± { sit < ⇐



• Factorials
,

terms like I
,

etc : Ratio Test .

. If  n appears as exponent ( and especially if it's

also  in base
, e.g. n ,n Loottest


