
946 N CHAPTER 12 INFINITE SEOUENCES AND SERIES

t ; E l o o r o o l

14. l '= > vn : +,to t :+diverges by comparison with the divergent (partial)p-series t +n - I  n  1 / n  f _ n - t  ? : r J ,
( p :  *  s  1 ) .

E. 
2 + (=)" 

< +, uno f -L .onuerges because it is a constant multiple of the convergentp-series
n\/n - n\/n 7:, n{n

o o 1

t :+ @ : 3 > 1), so the given series converges by the Comparison Test.
* - : r n Y n '

16. --]- a -L : j=, ,o i 
1 

, bv comparison with the convergent p-s( 
cc 1

- 
J# + r t/ns rlrl z -, #converges 

by comparison with the convergent p-series 
LA,

( p :  *  >  1 ) .

17. Use the Limit Comparison Test witl 
1

l  a n  :  
m a n d b n  

:  l t

l i m  p :  I i -  - # :  I i m  : 1 ) 0 . S i n c e t h e h a r m o n i c s e r i e s f  t d i v e r g e s . s o d o e s
;:'a b- ;:; up *1 ;::; \F+ elnr) L, n

r c 1

*L--, JF +t

18. Use the Limit Comparison Test with a,, : 
# 

andbn : !,

l im fl : I im ;j '  : r im ;;|,.-, : l  t 0. Since the harmonic series f t diverges, so does
n-co ()n n-ca ln I  J n-cx> 2 -t  

\ \ ln) ,  =, ,

o o 1

'1'r 2n + 3'
n : l

) . n  ) n  / l \ "  " "  / 2 \ '
19. 

-
'- '  

1 + 3' 
- 

s' 
: 

\5/ ;!, \5/ 
rs a convergent gec

the Comparison Test.

20.  Use the L imi t  compar ison Test  wi th a, ,  :  #  and bn :  # ' , l ,11 # 
:  mf l f f i :  1  )  0.  s ince

iro^converges (geometric series with lrl : ? < 1),E, 
#also 

converges.

21. Use the Limit  Comparison Test wi th a,"  -  - - f - ' -  *nOUn: +:  l im ? :  hm -fr  - :  1 )  0.  Since
I  + \ /n \ /n n-cx On n+oo I + \ /n

i  + is adivergentp-ser ies @ :  *< 1).  i  : - -=alsodiverges.
F-t t/n z - ,i-:r | -l 1/n

22.lJsethe Limit Comparison Tesr wirh a,, : 
## 

andbn : \,

l i m  p :  r i r n " 7 ' ! r y , : \ 1 ) :  l i -  
j J - A - = : 1 ) 0 . S i n c e i + i s a c o n v e r g e n t ( p a r t i a l ) p - s e r i e s

n- "o  bn  ? , .+oo \n  
- f  I ) r  

" * " "  (1  +  * ) "  _ :u : r r "

(p:2> 1), the series i J++ also converges./  t  ( n + l )
2 : J '

( 1), so p, , . * 
converges by

23. r

I
rL

c(

24. rf

c

\
I

a1

25. rf

l i
rL-

Li

26. rf

SO

27. Us

Sir

cor

28. Us,

lir
TL+

oo

\-
/J

TL: .

29. Cle

gec

^ l

90. 
'o'

nn

con



I

SECTION 12.4 THE COMPARISON TESTS ! 947

23. use the Limit comparison Tesr with an : 
iffi 

and bn : 
fi,

-wt:,t* ffi:,r* tr# ffi:,q5 ffi : 2 )0. Since,_i #* "
convergentp-series (p: Z> 1), the series i , 

U 
I 

,:

3 G *'* 
also converges'

24' rr o- : '' - ,uT randbn: 1, th"n -t3;#:,'q ffi: J* G#+F: 1 > 0, so-  
n r  * n

; 
n2 - 5n 

diverges by the Limit comparison Test with the divergent h 
oo 

!. 1Not" thutn'-:t. n3 I n i t 
_*""'u"" 

uJ L's r-lurl \-urlrlJilr.lson lest Wlm tne dtvergent harmOniC SefieS 
F_r;

a n ) j f o r n ) 9 . )

25. If a71 : 
:+T* 

andbn: 1, rh.n

- r luP: . l i rn  W:n^Wn+rnn,o bn ; :Zm 
= 

,*oo 
t / r l ru + rm: 

1 )  o,  so

Limit comparison Test with the divergent harmonic series 
Eri

26. If o.: =!5 
n n 1

{nz Lr:rz ano on : 
W 

: 
m 

: p. then

S  I * n t n 2
L --5=; 

.'^ diverges by the
n : t t / I * n " * n o

l im i3  :  l im 
'o  -1 -  o t t '  

.  
tL  -  l im'z-co bn n-cxt (n7 - l--z\r/3 n.-7/3 

- 
- 'A' j

I -t 5/n
(r, + n2)r/3 n-7/z 

-
n-c. 

[(n7 * nr) f  nzlr/s

0,n nr/t  + bna/3 n-7/s

s b y

:,Lt riffi:#fo:l,',
,o i ^gj

#1 ViJlfr 
converges by the Limit Comparison Test with the convergenr p-series i #

n : I  n ; /
2 7 '  U s e t h e L i m i t c o m p a r i s o n T e s t w i t h a , ,  :  ( t * : ) '  e - n  a n d . b n : e - - n :  l i m  ! :  1 1 m  ( t  , 1 \ '* t L  

\ -  n )  
u  

, , - 6 e  o n  n * F  \  
n ; )  :  1  )  o .

oo

Sincei" - ' :^ i r l  i .uconvergenrgeomerr icser ies ( l r l  :  * .  r ) . rheser ies i0*  -1) ' " l ,u , ro
.onu . [ - I .  

n : t -  - \  n /

28. Use the Limit Comparison Test with 
2n2 + 7n 1Q', : 

FGt+ 5" :T and bn : 
*'

lim ! : lin 
2n' + 7n oo

, ' -*bn ,"- ; f  p l  5rr-1 
:2)  0,andsince D b". , isaconvergentgeometr icser ies( l " l  :*  a f ) ,

krOl* + S" l 
converges also'

2 9 .  C l e a r l y  n ! : n ( n - I ) ( " - 2 ) . .  ( 3 ) ( 2 )  > 2 . 2 . 2 . . . . . 2 . 2 : 2 n - r , r o +  <  #  E r # i s a c o n v e r g e n t
geometric series (lrl : * a t), ," 

E 
{ .onu..ges by the comparison Test.

3 0 .  +  _  r ' 2 ' 3 ' ' " ' ( n - r ) n  
<  l .  ! . r  1 . . . . . 1 f o r  n > 2 , s o s i n c en n  n ' n . n . , . . . n . n  ' r L  

n
converges also by the Comparison Test.

krA 
converges (P :2 > 11, Dr;


