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SECTION 11.4 THE COMPARISONTESTS O3 1083
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(b) Use the Limit Comparison Test with a, = n3 " and by = =
ns 4 2 n
an . on?—n n_ n3 —n? ’ 1-1/n  1-0

=1>0

A = I T T A e T T2 1

> 1 x n®-n
Since 3 = is a divergent (partial) p-series [p = 1 < 1], the series ) also diverges.
n=2

=9 = n3 + 2
5. An inequality can be used to show that a series converges if its general term can be shown to be less than or equal to the
. . . . . e e . = 1.,
general term of a known convergent series. The only inequality that satisfies this condition is given in part (c) since i
n=1
a convergent p-series [p = 2 > 1],

6. An inequality can be used to show that a series diverges if its general term can be shown to be greater than or equal to the

general term of a known divergent series. The only inequality that satisfies this condition is given in part (c) since

x 1 1 &1, . . e e
> == =z > = ishalf of the harmonic series, which is divergent.
n=1 2n 2 n=1T
7 1 < L foralln > 1, so OOE 1 converges by direct comparison with §°° L which converges because it is a
. n3+8 ns - n=1 n3+8 g y p n=1 na’ g

p-series withp =3 > 1.

o=}
diverges by direct comparison with Z

ne==2

. —\/—%}:—i>%foralln22,soz

p-series withp = 3 < 1.

1 1
—e —, which diverges because itis a
V-1 vn

n=2

o0 o0
. ntl >0 = 1 foralln > 1,50 > ntl diverges by direct comparison with ) ——L, which diverges because it is
nvn  nvn

\/’;l: n=1MV"Nn n=1 n
ap-series withp = 2 < 1.

- oo oo
@ 53—:_—11— < ﬁ_—l- < ;:—Lg = % foralln > 1, s0 ,;1 :3;11 converges by direct comparison with Z ;7‘1—2, which converges

n=1

because it is a p-series withp =2 > 1.

1. 5——1—?—10: < 1—90_” = (%) foralin > 1. anjl ()" is a convergent geometric series (|r| = % < 1), so ) 5—3—16;
converges by the Direct Comparison Test.
6 6 [6)" © em. o ] < 6
12, =10\ foralln > 1. 3 (£)" is a divergent geometric series (|r| = € > 1), s0 - diverges by
- n=1 n=1 -

the Direct Comparison Test.

OO OO
13. Forn > 2,Inn < n, so L > l Thus, > L diverges by direct comparison with 3 l, which diverges because it isa
Inn " n neolnn e n

p-series with p = 1 < 1 (the harmonic series).
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23, Use the Limit Comparison Test with an = ntl and b, = L:
n3+n n?
. Qn (n + 1)n? . niin . 1+1/n N - .
—_— B Bt i —— —t =1 . By =
nl.l.,néo " - @3 1) nlf»uolo Pl ke T 1/ > 0. Since nz::l 5isa convergent p-series
L& n+41
[p = 2 > 1], the series ngl o also converges.
2
24. Use the Limit Comparison Test with a,, = ntntl and b, = —1-:
nt 4 n? n?
o an . (MP4n+Dn® . n’+n+l . 14+1/n41/n® =1,
nh_)nolo - = nl:n;o P nlLu;o s nl_m i 1/n2 =1 > 0. Since El OB a convergent
o nZ4n+1

p-series [p = 2 > 1], the series 3

also converges.
n=1 TL4 + n2 g

25) Use the Limit Comparison Test with a, = vitn and b, = —1-:
2+n N

n v . Vn? vn? .oy/1+1 . &, L .
nango %: = 7}:11;0 %@ = nli»nolo _%—{%)L/_ﬂq_ = nl: 0 2/++4n =1 > 0. Since n};l % is a divergent p-series
! +nn also diverges.

OO
[p=21 < 1], the series Y

n=1 2
Use the Limit Comparison Test with a,, = Gn:—f)s and b, = ;33:
nli_?go 9—:— = ,,l_i_,n; %%_%%2 = n_'ngo -(-Il-:—%%)—a =1 > 0. Since 23 ;}5 is a convergent (partial) p-series [p = 2 > 1],
the series 23 (—:——3—12)—3 also converges.
27. Use the Limit Comparison Test with a,, = (Ts-:;sg)a and b, = -ﬁlgz
Jim %f = lim %———%2)7—;2 = lim 527;:’—”2?: ) 1/1 (/7?:)2 = lim (_;;i—;:—?f =2 > 0. Since 21 ;%5 is a convergent

. . & b+2n
- = 1], th e al .
p-series [p = 3 > 1], the series 7;::1 T2 also converges

n+3" 3" 3" 3" 1 3"

3\" L . . . .
28, nTon C nyom > o =55 =5 (§> , S0 the series ; o diverges by direct comparison with

o0 n
% Z (%) , which is a constant multiple of a divergent geometric series [|r] = % > 1].  Or: Use the Limit Comparison
n=1

Test with a,, = ::+3 and b, = (é) .

+2n 2
n n n o n
29, = +1 > e +1 S ! = 1 forn > 1, so the series Z e t1 diverges by direct comparison with the
net+1~" ne*+n nler+1) n “ner +1
o 1 e” +1 1
divergent harmonic series nz_:l o Or: Use the Limit Comparison Test with a, = eyt and b, = —
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