12.7 Solutions

1. n—|}3" < S'iﬂ = (%) foralln = 1. nz=: (%) is a convergent geometric series [|r| = 1 < 1},5-:)“:1 n—ig“
converges by the Comparison Test.
3. lim |an| = lim - 5 =1,50 lim an, = lim (— lj“T does not exist. Thus, the series Z( 1" +2divergesby
T — O n—oo ¥ TL—s O M— 00 n=1
the Test for Divergence.
2
. |ans1] (n+1)?2" (=5)™ | _ . 2n+1)>* 2 1\"
5. JLH;D ? = n_ﬂ}g‘ (_5)n+1 - nz 2“_1 = nlLIrc:oT = E ﬂli'n;c ]+ ; = —(1) - 1 Sot]]e Sel'les

oo n:! 2.'!'.\.—1

3 =0 converges by the Ratio Test.
n=1 -

1
xv‘lnx-

] 1 u=Inxz,
Smcef : dz l ] =fu—”zdu=2u”z+c=2~.-’1nx+c:',weﬁnd
x nz

du =dx/x

7. Let f(x) = Then f 1s positive, continuous, and decreasing on [2, oo), so we can apply the Integral Test.

fmx - t f rvIlnz _t. [2\/_} o hm (ij_ 2\!‘_) = 0o- Since the integral diverges, the
2 —+0o —oo

an:

given series Z \/_n diverges.

n=2 17

oo k2
9. Y KPe* = Z — . Using the Ratio Test, we get
k=1 k=1 €*
| ags (k1) &* _ E+1\* 1 . 1 1 _
lim (25l — pim |2 S gim |22 ) .2 =12.2 =2 < 1 s0th onverges.
koo | g k—oo | eft+l k2 k—oo k e e e - S0 e Senes ¢ >
1 . _ _ . .= (=1
M. by = —= 0forn > 2, {b,} 1s decreasing, and lim b, = 0, so the given series l—comlergesbythe
n n—oo = nlnn
Alternating Series Test.
. Qnai . gnt+l (n+ 1)2 nl . 3n+ 1)2 . o n+1 3"?12
13. 1 =Lk . = —_— =31 =0 < 1,soth
ni-n;o [L2%Y n—onr.::lo (?‘I-l—].}‘ 3nn? n—oo (?‘I-l—].}?‘lz nl-n:-c n? = s0 the seres nz_:l
converges by the Ratio Test.
. [y . (n+1)! 2.5-8-----(3n+2) . n+1 1
15. 1 =1 : — 1 1
neoo | an | neeo|2-5-8-----(3n+2)B(n+ 1) + 2] ! noedn+5 3
oo !
so the series = converges by the Ratio Test

= 2-5-8-----(3n+2)

oo
17. lim 2Y/" =2% =1 s0 lim (—1)™ 2'/™ does not exist and the series 3 (—1)™2"/™ diverges by the Test for Divergence.
n—oo n=1

n— 00
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19. Let f(x) = —=. Then = < Owhenlnz > 20rx > €%, s0 —= 1s decreasing for n > .
£(x) = TE. Then £'(2) = 275" o sing
By I'Hospital’s Rule, lim Inn _ lim _tm __ lim 2 = 0, so the series E( 1}"111—? converges by the

n— o0 V”; n— o0 1}.' (2 \/_E) T— 00 1L \,"_

Alternating Series Test.

?1“ n—1 \ 7 n—

oo _ 2“‘ oo R
21. E_: =3 (i) ; ].IIT;D Y an| =nll.n:1l:é = 0 < 1, so the given series 15 absolutely convergent by the Root Test.

23. Using the Limit Comparison Test with a,, = tan( ) and b, = L , we have
n n’

n tan(1/ tan(1/ 1/ 1/z?
lim 28— g 200/R) o, ten(le) xo, s (U2) (U2T) iy ee?(1/2) = 17 = 1 > 0. Since
n—oo by n—oo ].|,"'TI T—oo ]_J."':I: T—oo —];’x T— oo

z bn, 1s the divergent harmonic series, E ar 15 also divergent.

n=1

(n+1)! en’

e;(““‘l}n n!

2
I.en n!
i 2t Unl-e” ”+1—0<1502

"n—oo en2+2n+ln! n—oo gin+l

25. Use the Ratio Test. lim |27tL| —

n—oo

fn oo n=1 em

Inn

oo t
27. f hl—fd:a: = 1!lim _nz_ l] [using integration by parts] = %1 So Z —~ converges by the Integral Test, and smce
2 T x

— O T 1
klnk klnk Ink = klnk
< , the given series converges by the Comparison Test.
(k+1)° k* o e Z=: (k+1)7° by
— n — = _ n _ } -~ . i X L ]
29, E n = Z( 1) mshn nz=:1( 1)" by,. Now by, —0 0, {b }Edeueasmg,andr}l.n;b 0, so the series
converges by the Alternating Series Test.
. 1 2 )
Or: Write P < e_" andnzj — 1s a convergent geometric series, sonz_:l . convergent by the
Comparison Test. So Z (— 1}“ iss.hsculutelj.r convergent and therefore convergent.
n=1
_ _ 5% . . (5/4)* 3\ . [5Y"
. Jim o = Jim 5o = ideby &7 lim gl = cosince im (1) = 0and fim (3 = oo
oo 5’“
Thus, g::l ETanwT diverges by the Test for Divergence.
_sin(1/n) an .. sin(l/n) 2 sin(1/n) .
33. Leta, = n andbn—nv,_ Thennll.n;: TR S —1>U,sonz=:l T converges by limit
comparison with the convergent p-senes Z 3}2 [¢p=3/2>1]
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