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Ratio Test

Applicability : Any series Ian with an to all n.

Test : limit of sequence of successive term nations :

ana
,

neo
D ㄴ

Then : L(1-D an converges absolutely

(c1 vIan diverges s

L = 1, DNE -D test inconclusive

Example:~
〜 日器品 〜∞ ;歳最品品

(t 1 ) ! = 1^+ *) (n) ( n 」/ n~ ) …(3/に )
川

〜

= (n + i) n !

E0 L = 0
,

L 《 1
P ! = I 2

. " " -au.

" L " " = .
"nnhmC

〜
ロ

臨最converges by Rat.



Example:
〜 ☆の 器 ~∞㎡+ 2nt 、 でこでで2 - 27

1Dn2+ 2n+1 me ∞

∞ 글 = 다
리

℃ L《 1〜 ∞忘路品

Notice:t converge(p= 2 >1)

Yet
and

〜D前 い加品にか
an = 古

n + 0

미

So L = 1 D RaT is inconclusive.

Also :In diverges (fails SDT)

yet : 1器 1 ~∞器 =築
1 Ratconcdusve.

Moral : Rat bad for rat . functions ...



Explanation of Ratio Test :

Have series an
, =lim

n - 9

Write Rn= So IR-1
,

and

an+= Rn : An

(恐無少

Say LC1
.

Pick any between : L < r >/

ㅣ
: Eventually (Rn/ r

별 i . e. IRnI<r all n > N

(some N)
.

Ours : Geometurc :

=ao = eo a. do

Rodo = a, r a.
== dor

RiRodo = Az r. r. do = dor

RzR, Ro9o = az rn. r. do == dor

: :

rc)
,Zor" converges

But lanldor" n > N (Dietparison
soland converses

~Dan converges absolutely



Illustration : It
"N

"

Rn = 더 when na 20
,
R

.
< 글

so set r = 話

찮. = ()
"

Root Test

Applicability : Any series .

n n + a

Test : an 마

**anl

Then : L(1-D an converges absolutely

(c1 vIan diverges s

L = 1, DNE -D test inconclusive



Explanation of RooT :

Suppose lan1"-> < r =)

Eventually (n > N)
,

Land ar all now

론

lankn" all no N

"converges (Geometre withus a

-> Z(anl converges by Direct Comparione

-Zan convergesabsolutlyo



Examples : (a)(b)
Solutions :

aい 永 (片) 〜 ㎡ lan =1片 1
)

" 'm()
"

n + $

~∞1 ÷
1금

~o 금 D O

So L = 0
,
211 -D by Root, converges

absolutely

61☆ げ (前↑ 〜。 / げ ^ (前 )
”

}
"”

〜
∞

志り(
“
〜

∞

前
“℃ 語

So L =E
,
2) -D by Root, converges

absolutely

You try : n Rat or Root ??
Do it both ways !

(before the 1 : 00pul
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Example :In

Ratio Test :

ND
an+

、=
mn盛別 の 引 ”智”

an
=器

~ 告 (器)
℃

-
D告
,s

0 L
= '

s , し《 1

- converges absolutely by RaT.

Root Test :

ソッ

In
mrs

rs lanl
"
" =;

5
m
. sun

〜o (号)
”

(号) ー→ ??

Lo hs
Indeterminate:

"

Take log : In (15) =en (5) + en (55)

nsen - enL의

的

“

—名哈 …… …

en15) as n + 0.ω

en ( 1号)先 ! la1号
) 号= 法別- resoe

so L = , (2)D Co126s. by RooT.



SDT
LCT IT

에 높옳 밝Div 지 옳밝un르리 3) 臨 ne
-㎡

corv conv

DCT/LCT Rat DCT+ Geo

り 点器s ) 志崎 61臨器
”

ABS CONV conv

1) Notice : no exponents; highest purs same=E

- terms - so SDT => diveges

2) Notice : "algebrais", lage n ud p-seres

n

↑nunn
器∞ urヶプ器ー

口1に 1

S . L = 1
,
OCLs ∞

26n= 2 ∞Ʃ話 =Ʃ前

converges (p = 3/2)

So by LCT
,

"

converges

위 1
.

β ce"
~
~

y="

!
'

폴 e'du ns
e.
I

.

폴 e
'

d.

de =-2 sdx

i ℃
(
-exdx)

~ 2le..

(-Ke
β
- ie >

= 슬 e
"

converges



Power Series

f (x ) = Qo t aixtaix " e93 x aux
"

…

=☆ an"

Radius of Convergence

Apply ratio test with "" included :

an +,
2c"

*

-> le (m)(
an sch

So L = lo
. 1

lly , conv .when Lal

⇐) """ " lmea In | < 이

- "R" = "radius of
i

convergence

So (2) < R-D converges
(13 R D diveges
Ixに R D ?? look more closely

{
check "endpoints" manually
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"standard form"

Example : It-

ㅣ筑器最歳隊り 〜そわリー 節にん

Ratiotest : 11 I ve con
,
11 div .

く二⇒

글짜니 con .

⇒

Iala 2 conu
,

1k2 div.

So radius of convergence is R = 2, mmn

"Preliminary" interval is I = (- 2
,

+ 2)

Actua interval : check endpoints :

@ x = - 2 : @ x= + 2:

~o 옳쓺
釀

〜∞ ‰ ( -”

Diverges (DT) Diverges (DT)

So : interval of convergence is I = (- 2
,

+2)



Exoupt:愛器筑影舞Solution :

zn+2

an = 器!(
にntて) ! = (2 nt2] (2 mか )(てい

MD 2
csns anty ley

n 7 ∞

n O = と
"

So by RaT :
converges for all us.

R =∞
,
I = C- ∞

.

t ∞ ) = R



Example : Find R
Solution :

an +
、=”

〜 ☆器舞飛
an = 節

〜D ld n ∞

p 31 x 1 =

"

L

"

So by RaT : 3kck) v corr.

Solve : 1xk < 1 wa conv.

So R = Y
, "brelim" I

0

= (-Y,

+3)
·

Check endpoints :

@ x = - 143 됩 , dir lo = a)

"

~☆ 臨
”
〜 D☆
“

"

最nvi
+.

( ' )diV
.

it div .

@ x = + 163

wの 臨~∞臨 - Cond)vy Ast
ㅗ
it

is:decreasina
So final interval : 1 = (n, + 1]



Example: Find R
,
F.

Solution :

筑藻品器 、遂
〜D 前 yxt

( n 8

b 14xt リ =

"

L
"

So by Rati 4xtil a 1 - cOsV .

Solve : 122-aI CYu Nf conv.

So R = 1ky,prelim . I0=
(

-、- )
= (- と ,

0 )
Check endpoints :

ex = - 12 :

~口籔〜 ☆☆ con.Ly ASt

@ < < = 0 :

uD 臨〜 ∞臨方 div. 6yp = 1

So interval of convergence : I = [ -1
, 0)


