
For a real number ✗
,

AnswerTrueorFalse_ :

① If ✗ =3 then F- 9 . True
.

② If +2=9 then ✗ =3 . False
.

( because C-35--9 but -31=3 )

③ If ✗ =3 or ✗ =-3 then ✗2=9 . True
.

④ ✗ =3 ⇒ ✗2--9 True
.

(This is a restatement of ①)

⑤ ✗2=9 ⇐ ✗ = 1--3 True
.

(this is the same as saying that ✗2=91 ⇒ ✗ =±3

and ✗= ± 3 ⇒ I = 9 are both true .)



MoreTrue/FalseQoestious-

① If Liman 1=0 the- Ian diverges .
n→a

True .
This is the Test for Divergence .

② If liz→•au=o then Ian converges:

F.at#!!examplc-
I. I diverges but an __ d- → 0

.

n→ no

③ If Ian converges the- him an
= 0

.
.

n→oo

True
.

(this is another way to state the test

for divergence . )



ÉÉ review

arctau (a) = angle between -172 and The with taufoj __ ✗

[ arctancxs] =

1-
( t ✗

2

y
-

-arctanlx)

>

<

(notice horizontal asymptotes :

lim lin arctancxl = -Mz )
←→*

arctancx) = %
, ✗→

- so

exam-pleZAIFE.nl# Converge or Diverge ? ?
n=i

= Ian

aÉItF- <
+12

not
= ¥

The series I ¥ = I ¥ converges because

I¥ is p- series with p=3s > 1
.

Conclude : £ aIF÷ converges by CT .
n=l

( comparison tests



factorials
For a positive integer n ,

n ! = n(n - 1) (n- 2) - - - (3) (2) . (1)
Thus Cnn) ! = @+ 1) n !

And 0 ! =/

Also
(utz) ! = Cntz) (anti) n !

= ( n~t3ntZ) - n !

r×ampl
,

> • 6. 5.4^3^2.1=7.6 ! -_ 7.720

7 ! = 5,040 = 5.04 × 103

14 ! = 87,178,291,200=8.72×10
"

Does lzn) ! # In ?) ? NI ! !



th-R-ietest-LetE.am be a positive series and

L = himn→o%÷ .

(is If L - l then Ian converges .

Lii ) If L > 1 then Ian diverges =

Ciii, If 2=1 this test is inconclusive .

e✗am_ple E
É
n !

an=I÷ a.*
=

aa¥= Yn¥n.gÉ
- reciprocal of an

= }- ' a.IE#y.--3II=3li- +E)
So dimn→o%=o . =L

Conclude This series converges by ratio test .



A series which is not a positive series may
have many

terms that are negative and many that

are positive .

An important result that applies in
this situation is :

Theorem
-

( page 778 of Stewart )

consider the series Ian .

If the positive series Ilan / converges

than Ian converges .

Terminology when Ilan / converges we will say
that

Ianconvergesabs.co/utely-.Also-If Ian converges but I / an / does not converge

then we say Ian converges conditionally -

examine : I ")¥ converges absolutely

because

/ "in? / = 32¥ and 2T¥ converges .



AST :

An Alternating Series has form I a- where the
term-saterna-teb.tw

een positive and negative .

e×amp : 1- E- + I - f- + ÷ - - - -
= 7¥ '

This is an alternating series with bn=L where

• bn + ,
= ¥ £ I = bn

• ling
,

bn = liz
, •

÷ = 0

Candide : I converges by As
I ÷ /

P
=/

since I
"

I = ÷ and I ÷ diverges we can

say I converges conditionally .



Test your understanding of convergence Tests to

answer the Basic Question BQ with these .

.

Exercisesfromstewart-is.me Easy - Some Not So Easy

should be able to apply
indicated tests.
It

AST LCT
LCT CT

DT DT
AST DT

CT DT
DT Root

Ratio LCT
IT Abs

CT CTRatio IT

Ast Ast
Ps + C-S CT

Ratio Abs + Ct
DT root

Ratio LCT
Root CT

Ratio
LCT LCT

root LCT
AST

Note : Many of these can be solved using more than one method .

See some notes on next page . . .



(converge)

can use LCT by comparing with Ibn
= I ¥ = Itn,

but CT would
'

e quicker because 1¥ < nn÷ < ÷
(converge absolutely)

Here / C-1J
" " h÷ / = "÷ and I"÷ converges using

LCTwith Ibn = ICIJ (or use ratio test )

(converge)

I÷ converges because it is the p
- series for p=3

and p > 1
,
I 1¥)

"

Connie _±÷ii÷ges because it is geometric

series for r = § which is between -1 and 1
.

Result

follows using linearity .

= Ian (converge )

If we write out aan carefully it simplifies to 3,1¥
which limits to 73<1 as n→• . (using ratio test)

(diverge) use L'Hospital to see that limn sink / = 1
.

n→o

(diverge)
1- 7 In because coins 1

.

n t n Costen

and Ibn =I = II.÷ diverges . (using CT )


