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10 n + l  5 = lim - - = -  
n-m(d2 ' n + l )  8 'I' 

so the series is absolutely convergent by wries are positive, absolute couvqence is the 
Same as convergence. 

1 t geometric series C - [I r 1 = a < 11 . 
n=l 4n 

sin4n : 
Thus, C - is absolutely convergent. 

,,=I 4" 

- 1  OC 

21. ICos (nri/3)' - < and - converges (we me Tast), so the r& converges absolutely by the cos(nr/3) 
n ! n! n! 

n=l 
n ! 

Comparison Test. 

an+1 = lim 28, lim - 5n/[(n+2)24n+3] 5 n-ml &, / n-oo 5"-1 /[(n+1)24*a] = - 4 * - = % + 3  Lim (*)l= 2 4 > 1, so the series diverges by the Ratio Test. 

(-1)" arctan n ~ < x , s o s i n c e  x/2 w 

a==$&$ (-l)n arctan n '@IF 2 > 11, the given series C 
n=l %' n=l n 2  

converges absolutely by the Comparison Teat. 
/ 

1 m 
C-1)" ,, lim - = O < l , s o t h e & ~ @ ~  - 
(ln njn absolu@ly by the Root Test. 

n-+m Inn 
n=2 

I .  

- - - lim (I+:)= lim ( n + 1 ) = h h ( ~ + 1 ) = m ,  
27 n-m n - w  a- 

so the series is divergent by the Ratio Test. 

m 

i 0, the &es 0" cunverges by the Alternating Series Test. Since 1 @me {-$- } is decreasing and n-m lim - nlnn - 
,L=P 

lzlnn 

03 M 

diverges by the Integral Test (Exercise 8.3.15), the series is conditionally convergent C -  n=2 n In n 
n=2 

nlnn 

m (2.1) . (2 .2) . (2.3) . . . . . (2 - n) arm! * 
2 . 4 . 6 . . . - ( 2 n )  = - C zn, which diverges by the Test for 

n! n=l a! 
= C n! n=l 

Divergence shce lim 2n = W. 
n-m 

zn+' (n + I)! 
5 ' ' l1 ' ' ' ' ' (3n 5, = ri_ 2(n + - < 1, so series converges absolutely by 

2n n! n-m 3n+5 - 3  
5 .8 .11 . . . - - (3n+2)  

the Ratio Test. 
n3 1 l / (n+')  = lim = lim = 1. inconclusive 

39m (a)~sfo_l l I n 3  ' 1  n - ~ ( ~ + l ) ~  " - " ( l+ l /n)3 

(b) lim l ( n + l )  = hm C = lim (i + &) = i. conclusive (convergent) 
n-rm 2n+l n n+oc 2n n4- 

(-3). 
f i  1 = ::. a - 3 Jim Jz = 3. conclusive (&ergent) 

lln2 + 1 = 1, hconclusive 

r l l ~ l  



xn x n  
@fan = =,then 

1x1 Tesf the series converpes when - < 1 u 1x1 < 3, so R = 3. When x = -3, the series is the alternating harmonic 
3 

series, which converges by the Alternating Series Test. When x = 3. it is the harmonic series. which diverp. 

Thus, I = [-3,3). 

- - - 

xn+l 
, r o n ~ l ~ t ? - / =  n-co I, 1 El = 

I X I  ( )" = u. By the Ratio Test, the series 5n+l n lim - - 
( + 1)' xn n-oc 5 a+ 1 5 

OC xn 1x1 w - conmges when - < 1 * 1x1 < 5, so R = 5. When x = -5, we get the series - I ,,=o 5" n5 5 (-'In, which converges 
n=1 n5 

eQ 1 the %ries Test. When x = 5, we get the convergent psa ies  2 [ p  = 5 > 11. mus, I = [-5,51. 
n=l 

( n + l ) l ~ - 4 1 " + ~  n 3 + l  = 8m 
n3 + 1 

( l )  n 3 + 3 n 2 + 3 n + 2  
15 - 41 = I X  - 41. 

n-co ( n +  l )3+ 1 n1x - 4In n-m 

m n w 1  
When Is - 41 = 1, C lanl = C -, which converges by comparison with the convergent gseries C - 

n=l n=l n3  f 1 n=l n2  

an+l lim f k  =n!(2x - l)",then lirn - (n + I)! (22 - I)"+' 
= lim ( n + l )  122- 11 -+ m a s a  + mfor 

n-oc I a. I = n-eQ I n!(2x - 1). I n-rn 

all x + i. Since the series diverges for all x # $, R = 0 and I = { ) . 

n2xn - n2xn --- - nxn 
2 . 4 . 6  . . . . .  (271) 2"n! 2" (n - l)! ' 

= lirn (n + 1) lxln+' 2"(n - I)! = jim -- 
R-co 2n+ln! n IxIn n-oo n2 2 

+ Ix' = 0. Thus, by the Ratio Test, the series converges for 

all real x and we have R = m and I = (-m, m).  
m 

19. (a) We are given that the power series C k x n  is convergent for x = 4. So by Theorem 3, it must converge for at least 
n=O 

00 

-4 < x 5 4. In particular, it converges when x = -2; that is, C ~ ~ ( - 2 ) ~  is convergent. 
n=O 

m .i 
(b) It does not follow that G c,(-4)" is necessarily convergent. [See the comments after Theorem 3 about convergence at 

n=O 
the endpoint of an interval. An example is cn = (-1)" /(n4").] 

m 
We are given that the power series c,,xn is convergent for x = -4 and divergent when x = 6. So by Theorem 3 it 

R=O 

converges for at least -4 5 x < 4 and diverges for at least x 1 6 and x < -6. Therefore: 

(a) It converges when x = 1; that is, C cn is convergent. 

(b) It diverges when x = 8; that is. C c,,8" is divergent. 






