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Prepared by Jaejeong Lee
Exercise 12.14(b) Denotes,, = 2 and observe that

nn

Sni1 (("T%# = ; n"l’) = 11) . Thus
Exercise 11.2(a ) and the others are themselves® e o PN
Exercise 1 (@) (azn) lim*#L — 1 and, by Theorem 12.2 and Theorem
; . i L. /n _ 1 1/n _ 1
(b) {11}, {O},{—l—oo},{g}, 10.7(ii), we hanlI{llnf(S.n) .hmsupl(/in) ) e
(©) liminfa, = —1, limsupa, = 1, liminfh, = BY Theorem 10.7(ii) again, we géin(s,)"/" = ;.
limsup b, = 0, liminfe¢, = limsup Cn = 00,

liminf d,, = limsupd, = g;

(d) (a,) does not convergép,,) converges td), (c,)
diverges to+oo, (d,,) converges td;

(e) (an), (bn), and(d,,) are bounded.

The followings are needed in the proof of Exercise 12.5.

Exercise 5.4Case |l:—co < inf S. This case is proved in
Exercise 4.9. See page 313. Caseto = inf S. Then

. . . S is not bounded below and therefores is not bounded
Exercise 11.5a) S = [0, 1]. (The proof is essentially theabove. Thusup(—S) — oo, and hence- sup(—S) —

same as Example 3 on page 65. For example, you may " . -
want to explain why) € S.) (b) limsup g, = sup S = %o = inf S. See the definitions on page 27.
1,liminf ¢, = inf S = 0 by Theorem_______ .

Exercise 9.9(c) See page 317.
Exercise 11.6Note that a sequeneds a subsequence of

a sequence if and only ift = s o o for some increasing gyercise 11.94a)
functiono : N — N.

. N [l . .
Now let ¢ be a subsequence pfand letr be a subse- liminfs, = lim inf{s, [n> N}
guence of;. Then there are increasing functiongand W
mappingN into N such that. rand. . Since - ]\;gnoo(isup{isn [n>N})
T=L J=po (e s)andoo7: N — Nisalso @ _ lim sup{—sn|n > N}
L1 (why?), we see that is itself a subsequence N—oo
of p. Y Jimsup(—s,).

[i] & [iv] Definition 10.6; [ii] Exercise 5.4; [iii] Theorem
Exercise 11.1Qa) S = {0} U{X | n € N}. (You need to 9.2 & Exercise 9.10(b).
explain this. Find subsequences which convergédad
%, respectively.) (b) By Theorem_______, we have that
limsup s, = sup S = 1 andliminf s,, = inf S = 0. Exercise 12.4Forn > N, we have

$n <sup{s, |n >N} and t, <sup{t,|n > N},

Exercise 12.2lims, = 0 <% lim|s,| = 0 <& hence

limsup |s,| = 0. [i] Exercise. _____[ii] Theoremc _____, Sp +tn < sup{sn | n > N} +sup{t, | n > N}.

Thussup{s, | n > N} +sup{t, | n > N} is an upper
Exercise 12.3Note that(s, + t,) = (2,2,3,1,...) and bound of{s, +¢, | n > N}. Thereforesup{s, + ¢, |

(sntn) = (0,1,2,0,...). @)0+0; (b) 1;(c) 0+ 2; (d) 3; n > N} <sup{s, | n> N} +sup{t, | n > N}. Now
(e)2 +2; (f) 0; (9) 2. apply Exercise 9.9(c) and Theorem 9.3.



