Math 20300
Calculus I11I

Lesson 31
Series Convergence Tests

Dr. A. Marchese. The City College of New York

Bookmarks have been added to this video
at the following times:

1. The Integral Test 03:57 p4
2. P-series 05:47 p.5
3. The Comparison Test 08:32 p.6
4. The Limit Comparison Test 10:51 .t
5. The Alternating Series Test 14:48 p.8
6. Absolute Convergence 19:27 Pl
7. The Ratio Test 21522, p.l2
8. The Root Test 23:59 p.d3



SQ vies C/o\r\Hqu/nu TQS‘\'S

Convergence Test:

When it can be used:

Conclusions:

Geometric Series
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For |r| <1, converges to =
-r

For |r|=1, diverges

A Test for Divergence

nw=i
All series

If lim a, =0, the series diverges.

The Integral Test

za,, where a, = f(n) for f
el

continuous and decreasing,
and f(x)=0

x

Ya, and [ f(x)dx either
1

n=l

both converge or
both diverge

p-series
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Converges for p>1,
diverges for p=1.

The Comparison Test

ian and ib"

n=l nel

where O<a, <b,
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2“" converges.

n=l1

If Eb" converges,

nel

If Ea,, diverges, zb,, diverges

n=l =l

The Limit Comparison
Test

ia" and ibﬂ where

=l n=l

a,,b,>0 and lim%e =150

n—ex b
n

ia,, and ib" either

nw=l 1wl

both converge or
both diverge

The Alternating Series | & i If ima, =0 and a,,, =a, forall n, then
Test z(‘l) a, - "

=l 5 el

where a_ >0 for all the series 2(—]) a, converges.
Absolute Any series with some positive = =
Convergence and some negative terms If El"nl converges, then 2"':

nwl =l

converges absolutely. (This implies
convergence .)

The Ratio Test

Any series (especially those
with exponentials or factorials)

‘luﬂ
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For lim =L,

n—ex

iIf L<1, 2”" converges absolutely,

nw=l

if L>1 or the limitis o, 2“" diverges,
1=l

if L =1, no conclusion.

The Root Test

Any series (especially those
with exponentials)

For limy/la,| =L,

n—x

if L<1, Ea,, converges absolutely,

if L>1 or the limitis o, 2“" diverges,

nwl

if L =1, no conclusion.




W o v Lassswe D -

e —— /;\%/;\’\,\\_/SJ_;E
p < L
2 4 g b
oo
O wl Wi S
T 2"
Nn=1

Conu’cﬁ.a/ s aoas\kw\%ac—wo:

.
22,\ CA\/\M}Q_S,

T T S
HHFlx)= 2% v'2 ne )
oo
-Z‘j;t A< rawY alro
T , : (A\r\v*-‘vg,(
4 A
3 =
[ I
1 2 3 A 3 (" b

1L

f@st dure, A | gk e cewvges,

AN
‘;'l-—

Y alis ow\\rfﬂrc

&=
1
wi-

£{—
.
Q
[~
P




0 . L
QA(}L_\\ J -Zl_"' dx = \\M J 2"‘ Ao <
LD
\ |
L
= \ ; —J_. = e | ® -‘
L‘,v—\:oo w2 & L ‘M n‘L LZ )
= . -\ ___ 3
T (5 3)
s - |\ \
— S LN e e
M( 2) 2(n2

£

Ean where a, = f(n) for f

=l
continuous and decreasing, for
f(x)=0

The Integral Test
E" and ff(x)dx either

n=l
both converge or
both diverge
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The Comparison Test % i = ®
& 2“" and Eb" If Eb" converges, 2“" converges.
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= ne=
where O=<a, <b,

If E“" diverges, 2”" diverges
=] ne=]
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The Alternating Series | & el
Test Z(—l) a,

nwl

where a, >0 forall n

If lima, =0 and a,,, =a, forall n, then
n—ex

. S n+l
the series 2(—1)" a, converges.
1=l

Prnf Wnto Yo ™M s luenie ¥\ partal Sums S,

1S Meodonac Gwndl bwmndad , amd ™mat  ww Q., =0
N=>0



‘\.Q f\f\w g'ZNH W\\J‘*fba//;k S @mna \\M\’\— )

p (-l‘f“ Mg ASTEOEA An=2 >0 \
S Do 7 e "o asd n
e

@ W Gz lwwe = =0 and L Vo,

>0 N0 nw

2 s

Nnt\

Node' (am oo une Ror 5 GO @

H¥ T Ahema.h}\g Senies Eshmaation Thasvenm ;

¥ o . :
I¢ ZGO @ | @>O  SGhsfio I Rn=0  amd
N=)

A €8 Ya

(S-am ondafriens a0 &J‘R/nod\v\% Sevias 4—(5-\—3

“(V\“"“’\

o LROWS (v
d ‘H?V'\’/V\U betveom WYzl Sum and A pachel sum

Z QB oy D \errc«\é .000%

nc

So A approximate



((LC.Cum‘R ‘o 3 decimal F\&w\

we ook ov ;\’L\ £.000¢ o L Zaw
S .

(Rt

2000 < Ny

-1 « 1

\aag < n

=) C_\/\c»sw\g n= 2000

Zo Q’_‘}_\A_:\ S\W Ban aapevoxxmach.w\.
N\

s n
4‘ é__ (:27\- YA \e((w|< 000S

nel

W occuvatt to 2 deawanl plao,

o0

V\‘b

¢ z oo Cpsevins)

o0

,-- \"j M\\—Vna.*\nfj $evun ks’c) i(“hm‘

N |



I ™G, ase S Z\&m\ LGRS, WE Sany

i PV T Waslutely LoV

n<

Thastwn, T4 ZGM = a.\o.!b\\&d'*-\"} LR aeS
n< |

W s WW

Dmg; Nohie O ¢ Qn+ \Gm| £ 2\Q4

N————
.9,\"\\«9«
G O = Qu

[y Zan o Psely onveptat Tnamy 22\@\ Lonvi s

n<\ nel

g(am4\Qn\> Convegeo . .9 B

n:\
o e
ZGM 2 (@ +1aa) - Z\Q“\ VYLD,
V4
T\ AT
Absolute Any series with some positive
S Convergence and some negative terms If 2|“ | converges, then 2"
» ) converges absolutely. (Thls implies
convergence .)
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The Ratio Test Any series (especially those _a : i
with exponentials or factorials) | For "_'L‘ a” =L,
if L<1, Za,, converges absolutely,
if L>1 or the limitis =, 2“" diverges,
1=l
if L =1, no conclusion.
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The Root Test

Any series (especially those
with exponentials)

(Y

For l'i_rmn 4-/|a,,| =L,
if L<1, ia,, converges absolutely,

n=1

if L>1 or the limitis <, 2"" diverges,

1wl

if L=1, no conclusion.
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