AP Calculus BC
Chapter 9 Test 1 Review Outline

Sequences: {a, }

1. Listing the terms of a sequence
2. Finding a formula for the nth term of a sequence
3. Determining the convergence/divergence of a sequence

Series: iak

k=1

1. Geometric: z:ark’1 =a+ar+ar’+---,a=0,r 20
k=1

a. Converges if |r| <1, diverges otherwise

b. Ifit converges, the sum = e
-r

1 1

2. Harmonic: Z =1+5+§+%+-~- (diverges)

1
=k

a. Convergesifp>1
b. Divergesif0<p<1

4. Alternating:
a. Be able to approximate the sum of an alternating series
b. Error of approximation is less than the next unused term

o0 0
c. Absolute convergence: Y a, converges absolutely if ) |a,| converges.
k=1 k=1

d. Conditional convergence: If Zak converges but Z|ak| does not
k=1 k=1

e. Ifaseries converges absolutely, then it converges (two for one.)




AP Calculus BC
Chapter 9 Test 1 Review Outline

Tests for Convergence of Series

1.

2.

10.

Geometric series - see above

p-series test (including harmonic) - see above

Divergence/nth term test: If Lim a#0= Zak diverges.
) ot

Integral test: " f(x)dx and ¥ a, both converge or both diverge
k
¢ k=1

. a : . o .
Ratio test: If p= llmﬂ <1 then the series converges, if p>1 then it diverges, if p =1 then

the test is inconclusive.

1
Root test: If p= }(im(ak )k <1 then the series converges, if p >1 then it diverges, if p =1 then

the test is inconclusive.

Limit comparison test: If p= Pmb_k is finite and greater than 0, then both series converge
—0

or both diverge.

Comparison test: If Y a, < > b, term by term, then
k=1 k=1

a. If Zbk converges then Zak converges. (If the bigger converges, the smaller must.)
k=1 k=1

b. If Y a, divergesthen ) b, diverges. (If the smaller diverges, the bigger must.)
k=1

k=1
Alternating series test: an alternating series converges if

a. a, >a,>a,--,lie. the sequence {an} is decreasing (prove), and

b. limag, =0

k—o©

a :
—&1} <1 then the series converges

a,

Ratio test for absolute convergence: If p=Ilim

k—

absolutely, if p>1 then it diverges, if p =1 then the test is inconclusive.




Summary of the convergence tests that may appear on the AP Calculus BC exam.

Test Name The series ... will converge if Or will diverge if Comments
o ) For divergence
n™" —term test Z a, rll'_r)g a, =0 only; the converse
n=1 is false.
. S n-1 a
Geometric ar -1<r<l1 r<-lorr2>1 Sum= ——
n=. 1_ r
= |an+l| < |an| and Error bound
Alternating Series (-D)""a )
nz‘ " lima, =0 1S, = Su| <|an.4]
n—oo
e . . f must be
zan and J. f (X) dx J. f (X) dx continuous,
Integral test n=1 1 1 -
converges diverges positive and
a, = (n) >0 8 8 decreasing.
p-series — p>1 p<l
n=1 n
. O<a,<b, and 0<b, <a,and
Direct comparison a * *
; " an converges an diverges
n=1 n=1
. a
w |an | |an | If I|m—| n+1|:1
Ratio Test Zan lim—/22 <1 lim—/22>1 e |, |
-1 = | | = |a, | the ratio test

cannot be used.

Other useful convergence tests that may be used.

Test Name

The series ...

will converge if

Or will diverge if

Comments

Limit Comparison

a,>0,b >0
lim2 - >0
n~>oob

n

and > b, converges

a,>0b >0
lim2 - >0
n~>oob

n

and Db, diverges

n=1 n=1
The test cannot
Root Test z a, LT?O rja, <1 rlgrol ta, >1 b'e used if
= limy/a, =1
n—oo
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In Exercises 51-68, determine the convergence or divergence of
the series using any appropriate test from this chapter. Identify
the test used.

& (—1)m*15 5
st. 3 % 52. 2| 2
53, .-:ﬁ .Y (i—’)
o ,:, n2-: 1 % ,,zl 2n’n+ 1

- n—2

57. 21( 1;,3 s8. ..-.3\1/95’
= 10:2-: 3 “ $ 4,,22“_ 1
o1. :21 C(;'n o "2%5
63. 2’;—? o 3 %
S
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Summary of Tests for Series

Direct Comparison
(a,, b, > 0)

H

-
and ' b, converges

n=1

o
and 2 b, diverges

n=1

. g 242 \‘
Test Series Condition(s) Condition(s) Comment
of Convergence of Divergence
jee] .
nth-Term 2 a, lim a, # 0 This test cannot be used
n=1 n—eo to show convergence.
G a
Geometric Series E ar" Ir] <1 [r] =1 Sum: § = I
n=0 —r
Telescoping Series 2 (b, = b,i1) nli_)ngo b,=1L Sum: §=b; — L
n=1
p-Series i 1 p>1 p=<1
n=1 nr
=S O<a, 1 <a Remainder:
Alternating Series —1)la ot §
g HZI ( ) n and nli)rrolo a, = 0 |RNI < [
Integral o ‘ ‘
f is{g continuous S “ - Remainder:

s ’ =0 f f(x) dx converges f(x) dx diverges oo
positive, and — ) 20 | ! 0<Ry< | flx)dx
decreasing) a, = fln) 2 N

= Test is inconclusive if
Root ”21 a, nll;nolo J iani <1 nl_l_)r‘g: Y Ianl > 1 Iim & ‘anl = 1.

= n—o0

e Test is inconclusive if

: & : Ayt : Ay vy

Ratio > a, lim |- < 1 lim [ > 1 . layay
- n—oc a n—oc a lim |——| = 1
n 1 n n n—oe a
n
0<a,<b 0<b,<a,

Limit Comparison
(a,, b, > 0)

lim W L>0
n—o% n

O
and ' b, converges

n=1|

. a
lim-2=L>0

n—ce

and E b, diverges

n=1
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