SERIES CONVERGENCE/DIVERGENCE FLOW CHART

TEST FOR DIVERGENCE
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ZZO:O Up = f(x)

> a, Diverges

\—>| Pick {b,}. Does > b,, converge? [

LIMIT COMPARISON TEST

Pick {bn}. Does lim = =¢>0
c finite & a,, b, > 07

> a, Converges

INTEGRAL TEST

Does a, = f(n), f(z) is contin-
N—| uous, positive & decreasing on
[a, 00)?

RATIO TEST

\—>| Is limy, oo |@nt1/an| # 17

ROOT TEST

1 Is limy, oo {/|an| # 17

NO
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YES — ] !
NO ]
NO
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2 o
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— YES —| Does / f(x)dx converge?
a (@) —— NO
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YES Is lim {/]a,| <1? [— Yl]\EI)(S)

> a, Diverges

> a, Converges

A
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Yoo, an Converges

Y a, Diverges
> a, Abs. Conv.

3 a, Diverges

> a, Abs. Conv.

> a, Diverges



Problems 1-38 from Stewart’s Calculus, page 784
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Answers

STRATEGY FOR TESTING SERIES ™ 3

[s] Click here for solutions.
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STRATEGY FOR TESTING SERIES

Solutions: Strategy for Testing Series

2 2 > 2
-1 1-1 . -1 .

1. nlin;o an = nlergo 22 1 = nan;o ﬁ =1 # 0, so the series ; Z2 1 diverges by the Test for

Divergence.
3 1 < L foralln > 1, so § converges by the Comparison Test with § L a p-series that

.n2+n TL2 = 1 n:1n2+n g y p n:1n2’ p
converges because p = 2 > 1.
) Ant1 _ . _3)n+2 23n . _3. 23n . 3 _ § )

5. RILH;O —an = nan;o‘ PECE=S s = nlin;o S 98 | = nILH;o 2 =3 < 1, so the series

— (=3)~* . :

g is absolutely convergent by the Ratio Test.
n=1
1 . -, . .

1. Let f(z) = Then f is positive, continuous, and decreasing on [2, c0), so we can apply the Integral Test.

B zvVInzx

u=Inx,
Since/ 1 dx = /u_l/zdu =202+ C = 2VInz + C, we find
zvinz du = dz/x

00 t t
/ du = lim / du = lim [2\/ 1nmi| = lim (2 Vint —2 vln2) = o0. Since the integral
9 xw/lnx t—oo P lnm t—oo 2 t—o0
, . R =S S
diverges, the given series Z diverges.
—nvinn
o] o] k2
9. Z e ™® = Z et Using the Ratio Test, we get
k=1 k=1
k+1)2 e k+1)% 1 1 1
klingo GZZI = lm ‘(62——"'1) . % = klirrgo (%) e 12. - =2 < 1, so the series converges.
) (_1 n+1
1. b, = . > 0 forn > 2, {b,} is decreasing, and nan;o bn, = 0, so the given series ngz S converges by

the Alternating Series Test.

n+41 2 | 2
13. lim Gntl) _ lim 3 (n+1) LN lim M =3 lim n_H = 0 < 1, so the series
n—oo Qn, n—oo (7‘L —+ 1)' 3”712 n—oo (n —+ 1)n2 n—oo 77,2
o n, 2
o converges by the Ratio Test.
n=1 :
| anta . (n+1)! 2:5-8----- (3n +2)
15. 1 =1 .
nvoo | an | nseo|2-5-8--- GBn+2)Bn+1)+2 n!
. n+l 1 <1
n—oo 3N + 5 3
>° !
so the series 2::0 Y n Gnt2) converges by the Ratio Test.

oo}
17. lim 2/ =2° = 1,50 lim (—1)™2'/™ does not exist and the series Z(fl)”Zl/” diverges by the
n— o0 n—o0 el

Test for Divergence.
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STRATEGY FOR TESTING SERIES ™ 5

25 Inzx

Let f(z) = . Then f'(z) = 23/2

Inn . .
< Owhenlnz > 2orz > €%, so —= is decreasing for n > €2,
n

By I’Hospital’s Rule, nan;o ln_%L = nl;oo 1 (2/n ) = nan;O % = 0, so the series Z(S 1)"111—; converges by

&
m\

n=1

the Alternating Series Test.

S e Z ( ) D lim Yan| = hm % = 0 < 1, so the given series is absolutely convergent by the
n=1 n—oo
Root Test.

Using the Limit Comparison Test with a,, = tan (%) and b, = %, we have
tan(1/n) I tan(l/z) u

2 2
i 5 = ti S < i S8 i SRV < i sec(1/2) =17 =150

Since y >, by, is the divergent harmonic series, Y >, an is also divergent.

(n+1)! e
et " pl

n+ 1)n!-e” n+1
= lim (n+ Dnt-e” = lim =0<1,5s0
nooe  enit2ntlpl | pooo eZntl <

An+1
Qn

= lim

n—oo

Use the Ratio Test. lim

n— oo

oo
|

n:
E ? converges.
(&

n=1

Inz Inz 1]° . . H > Inn
/ ?dx = tlg})lo [ - E} (using integration by parts) = 1. So ) o converges by the Integral Test,
2 1 n=1
1 1 1 *
and since k—nlcg < i r;k = n—2k, the given series > —nkg converges by the Comparison Test.
(k+1) k k k=1 (k+1)
tan”* 2 2 L .
0< % < :3//2. Z 23//2 = — Z 3/2 which is a convergent p-series (p = £ > 1), so
n=1
> tan~?
> converges by the Comparison Test.
n=1
k k k k
kILITolo ak = hm 3’“5—)&-4’“ [divide by 4"] 1' % =) since klgrolo(%) = 0and lirgo(g) =) .
o k
Thus, kZ:l 3k5—+4k diverges by the Test for Divergence.
1 n .. sin(l  sin(1
Leta, = M and b,, = L . Then lim an _ lim M =1>0,s0 Z M converges by
n n n—oo b, n-ooo 1/n — n
oo}

limit comparison with the convergent p-series Z =3/2>1).

n=1

sz (P



