
2n

1 + 3 ' ,

I

I L r \/n

5 * 2 n

T+W

:. I

€  l + 2 ^) -
"1:t 

| * 3"

i  n * 2
3 '@+r f

@ t

s  n - - ) n
L t ? .
n : t l l - - t n + L

o .

N  n + )
? l  1  ,

n : l  \ / f r '  t  n '

,T

llll Use the sum of the first 10 terms to approximate the sum
series. Estimate the error.
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38. For what values of p does the series 2T:z l/(np ln n) converge?

39. Prove that if a,7 0 and ) an converges, then Z a3 also
. converges.

40. (a) Suppose that ) an and2 b, are series with positive tenns
2 b"is convergent. Prove that if

nm?:  o
n + @  b n

then ) c, is also convergent.
(b) Use part (a) to show that the series converges.

{  l nn  :  l nn
(i) z -z (ii) ) ----

n:r n' Fr t/ne"

*I,l (a) Suppose that ) an and2 bn arc series with positive terms
and ) D, is divergent. Prove that if

l i m % :  *
n-*  bn

then ) a, is also divergent.
(b) Use part (a) to show that the series diverges.

,, i ^,L
€  l n n

\rr) z -
n:7 n

42. Give an example of a pair of series z an andz b,withpositive
terms where lim,-- (a"/b") : 0 and 2 b^ diverges, but ) a,
converges. [Compare with Exercise 40.]

43. Show that if an ) 0 and lim,-- nan * 0, then 2 aois
divergent.

44. Show that if ao ) 0 and ) a, is convergent, then ) ln(l + a,)
is convergent.

45. If 2 an is a convergent series with positive terms, is it true that
) sin(a,) is also convergent?

46. If 2 an and2 bn are both convergent series with positive tenns,
is it true that ) anbois also convergent?

1  €  ( - l ) ' - '
- + - . - : \ _

a , ?
O n : l n

20.

22.

24.

26.

2s. > 2n2 + 7n

3 " ( n 2 + 5 n - I )

-.(;)

*.2,#
,"),h

: 1
n+

3 1
\ r +2 '

34. f, 
1 + c-os n

t

n:7  n-

3 6 . ) , ,  
n ,

Er @ * 1)3 '

meaning of the decimal representation of a number
dzdz .. . (where the digit di is one of the numbers 0, 1,
.  .  .  ,9) is that

o.d.i.zd.zd.a,... : # . # . # . # .
that this series always converges.

12.5 fllterltdtirro Series

The convergence tests that we have looked at so far apply only to series with positive
terms. In this section and the next we learn how to deal with series whose tenns are not
necessarily positive. Of particular importance are alternating series, whose terms alternate
in sign.

An alternating series is a series whose terms are alternately positive and negative. Here
are two examples:

. 1111r -  + - - -+ - -
2345

123456- -+  + - - -+
234567

n : I


