Sechion (0.6 Alter a.l-&r\s Series and
onditional Co vergence.
Learning Goals
Learning Goal Homework Problems

10.6.1 Determine whether a series diverges, conditionally
coverges or absolutely converges

10.6: 1, 5, 6, 25, 27, 29, 31, 35, 39, 40, 41, 48, 59, 65, 66,
69, , 85, 88, 94

10.6.2 Estimate the remainder of an alternating series

Questions 14, 15, and 16 in MyLab Assignment for §10.6




Conc_e,pl'ual introduction :  recall that 2. a, tonverges absolutely

n
Nn= No

when 2, |om] converges .
We have seen that (ABSolu:\'e. Conver;cjenc.e,) 3 (_Converaence.),
However, #he converee ¢ ,Fa.(se.: o Senido may  converge, bu
not tonverge o.loSo(u\'e\S.

60

Delinition : 'u_? 2. o, tonverges buf  does not tonverge.

nzng

abs‘olu.\'Qld, we say that & converget eonditionally .

So %‘o Qq conversu mnd.hor\a\ld |¥ ° n%:‘o Qq cenve.rae.a

o] di\ler‘ses.

NnN=nNy
Summmarg of fermminology
2, a, 2, Qg rDQSC.r'tf)Hon of 2, a,
) PY n=n, Nn=nN,

(o averges Converdlzp Convevau Ab&:lul’eb

Conversu ’D'Nerec.o Converdep Condrhon oJB

Di verges ‘D'we_rso.o ’D'werae,s-

We have ae.\— to see nxamP]a o,g serits  that c.enve.rae,

cond'\Hona\lJ- (o ruenon Qxa:«\‘)lu are  Some o.l’rernozﬁa_\q eres.



'De..(:'m'ul:'lon : o an QH'Erna.an geriea W& 0. Secieo o,F the ,form\
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263 e, = @ -a,+a, ~ag4+ - :
= " ' 2737 74 Wwh a,> 0

ot . ,{or all n.
or 2.ENa : -a + Q, -0y 4 Q- -

n=1I

Soe W s o seriee  where the s'asn of ferms alfernates  between
Pos'lee_ and nesa}'\ve,.

0o
Examples: 2. (1) = -l#1-141-14--
L] n= 1
nz;'o. CYa = 2-3+4-S-6a are a.l*zrnaliaj
2, W™ )
N9 n#) ! ,‘L+ 3 _L_,+

But 2. LM e not+ ( s'tsns do not alkmale with a
) n+ )
Period o,(.‘. o )

AH‘anCLan Series  Test : ek ‘{“"B:n, be o &que.na. such  that:
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('i) e, 2 ©

@) {a,\b 18 dec.reo.xind: a, <o, dJor all nzn.
(41) lim o, = ©

N= 00

Then | the aH'arr\oA-;r\S et 2o, , Z(1)a, converge .
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Exe.fmple,o; 1) 760" . take o -



(W) 2 ¢ L ond (a1) liom = O.
n

|
N4 N—2oo N

S 53 the AST, i ()" converge.

' on
However, 2|07 . 3 diverges (p- eriee with p=1).
n=1 n Nz n

There fore, | Z. (7 converges  conditonally |.

n

l) For  whien of these  gemet can yoo o.‘)pld e AT 7

6o

n o b '
2) 7. ") b) . Cos (%n) ) % sin(w)
net hﬂ-'(“) net n lﬂ ne! '\3
> ) ' ' -
o) ' : Q, = 16 posibve, decreasing
net l‘an"(n‘) n mn—l (“) 3
bur  lim ' =1 -2 30, so AST does not opply .-
n=y 0o fo.n"(n') ~a ™
Teren  Divecqence  Test :  |liom 1) + 0, s
0 1" v N tan'(v)
2. ) duve,rae; :
"' tan'(n)
) = S5 7 E)”  Gece  tosfrn) = E1)"
net n ln n=1 na'\
| ' " ; ' : g
0, = - 18 positive , decreasing (tinee reciprecal n2™ s
increasing ) and  liom ' :2o. & 4he ACT o.ﬂ:h'es and
i COS(RI\)\J e 02

u:mrersu .
NnNet n
n o

Doay it Converge obsolurely or Cof\d“"\m&“d?
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oo oo
2|l Do . o< ' ¢ and 2 L cnverges

}
net [ aan A2t pan nan 20 net 3
(geomervic tefies  with  tommon  raRe r= L, \r\ <),

b0
So 2, Gos(er) Lonv erdu cbso\u*e\d.

1
nN= '\1"

Remark: we tould have raved for obsolure converge  diredty
wiih  the DT wrhout do'\tj the AST  fist. We would
have olie used 1he Rabo o BRoot Teals.

) 'é. s.":f;) 18 not olternaling, se AST doas noh apply.

We can uvie the DT to test dor absolute tonvergence:

o <
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Sin(») £ 1 and 2 2 cpq\\le,aa C P ~seciet  wiw ?:3)‘).
“3 n3 sy ’\3

& i $in(=) Oonve.f‘au o.bSolu.\'e.\g :
n=t “3

i j "lmr\pod'ad- eomnarcks :

® The AST con never be uted 1o show +thar o gertes

d‘\vuaa.

° Jut becawe the AT does not apply doat not fmean  thot-
the  semer d'we,rsu.

°*  When de AST opphiea, we can condude thot the riex.
tonverges bur we do not knas W the c:onvardence., e
obsolute. or condrional wfkoui' fucther analysis .

Ex: > &9 2. g AST opplies to both.
nso '—'\4_‘ nzo o1

Converger coadil-'\onalld. Convesges o.‘oSolu}eld.



Approx\mno.hnq the swm of on o.(i'ernahr\q seriey .

Contider on o.lfemahns series & Z(u) a, with {a.9. positive.,

de,creas|n3 and lim o, = O,

= oo
S\:a[ h )
. Sy ai-0, 40, The  sequence of partiol sumns
DA I S S Y {80y, oellaks back and forth
1 g.q % N S u
o .
Seaa, ocrost the  Sumn wrth  decreaing

_T ) O.J“\Prﬂ‘u de.

T ,S“’ The errr made  when u\im\a}iv\j
[ S R __{_2’_”_*_' ______________ S using Sy ¢ of mosth.
S = -
N+l 'SN +( )aﬂﬂ Ll S < I < A“'anaﬁnq Series
- L)
NS Eshrmalion Theorem

S-S, = 2. =) "a, ¢ called 4he remoinder R,

n =N

U.Eshol--. '-J". on al*emo.\‘wﬁ seriea | meels 4he  condihont of the
AST, +hen o, 18 dhe bat ethmale of the emr |S-§,]

mn

) wmlersu (C.::nd h oc\a":j)

Examples : 1) The aH‘Ema.HnS seriee 2,
! N2y Js_“

bs the AST + p- bect.

How rmo.nd Yermso mount be tumvmed ,{.‘or the remnainder

to be le than o001 in ma.snﬁude?

We oace look\rg ,.Yor N sueh thar (8-Sl <¢ol . We hknow

that  |8-8u| € oy, S0 b suffices o have 0y ¢ O
|
V3(aH)

= < o




= V33 5 lo = 3B 100 D 3N @’ o M7‘%,§ 32.33--
So the emallat value of N for which the rmainder

1¢ leae thoan 0.1 ‘& N:= 33.

a2 .
8.« Z &) s 33-4+1-[30 ferms].
33 nch \IT

&) How rmany terms o.@ > ("')h

20 n

the Po.r!-io.\ sum Yo a‘)ProxHax{ah S with an error of lex
than 1o7* ?

muwy  be  Swmmed ,.]’.or

We  want LY  1o3 = ! Z 1o ® = Q\)H)‘, > |ooo
(w#)! /
We connot  solve thig olao,bm:\ca.lldl N ()t
[o] | x
So  we  Solve num\e,r\mll\j YN ! L«
3 fa N
a caleulator /dable of values. . a8
S Ao x
6 5040

The smallead  value o,{! N that works ¢ N=§g & the Po.rHol
‘ n

um Sezz(”_) hoa 6-04+1 = |F ferons |.
n= o n'

Practice :  determine  1f +he ,[_ollow'ms Serita  eonverge absolutely,

tonverge wnd?ﬁor\all\\j or d'uvo.rse.
() (-]

SECr C nEer  5fcrwes
nc2  |n(n) N2 dn nee (3"“)'.
k) 2, o) 5) Z (1) sin(L)
ne 2 n=2 n

n



l) AST . a, : I:‘T.) 18 Poéﬂ:'wc R decre.as'mj (élnce. In 'mcrea.s')nj)
OJ\G‘ 0% \ = O.

naee  In(n)

So i (- I)n ton VQfsu.

N2 jaln)

Observe  4hat h(n) ¢ n B a3

-) n \ - 0y ' '
Lo %(L") 7 — 29, ond n;; _‘: dwerges (P~ wMnes  with ?:I).
& n
There fore, 2 | i verges.
ned In(n)

(= i cn tonvarges cpv\d‘\Hona\ld,

"erin(x)
&) liem n =1, & lim ()"~ paneE and by the
N0 An+) o~ NAase 2An4H

[\/j%

C9% diveraes
) N1 dnad) 1 8 '

Tereon D) vergence Teak

3) Raho Teot : |
’0 = Il.ﬂY\ ﬂ = li:m ((M-‘) ‘) 3“‘" . (o‘l“‘ﬂ)" = ||m\ 3("”)1 = 2
n~oo | Qn n- oo (.?.M-.B)! (n,! )23-\ na e (&n+1)(d,\+3) 4

Since < 2, ) )3 converges obsolutely|.
f) ) ne (an,‘.‘)! s \3

4) DCT: o« Ihtf:) \ < i and :Z,' l}. tonverges (f-serlu
with F: o'l)l).

cos(n)
] nﬂ.

So

M8

tonverges o.\omhx\'e_\a :




5) AST : a,-= $in(L) i pesitive, decreating ( becaws
Sin 18 Inereating  on (o,._)> and  lim gin (L) = sn(c).n.

2o Z ()" sin (L) tonvergen. "

.

To test ,\’or a.bsolude convergence, e ux the LCT wih b, =2,

|G)sin (%)) i (%)

e [im = = D S0
n- s l'-‘ N oo -‘; uso w

(-]
e 2.\ d'mzrsu (P-&ariu with Pcu).

ne< 2 n

So %.. ‘ en” Sln )) dwer‘ﬂu

Therefore, i )" $n (‘_“) torverges  tondifionally f.




