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Jiwen He, University of Houston
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Convergence Tests (2)

Comparison Tests

Rational terms are most easily handled by basic comparison or
limit comparison with p-series > 1/kP

Basic Comparison Test

L o 1
Z 2k3 4 1 converges by comparison with Z 3

k3 1
Z a7 converges by comparison withzz 2
Z 13 _ k2 converges by comparison with Z 3

1 1
Z 3+ 1 diverges by comparison with Z m

Jiwen He, University of Houston
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Convergence Tests (2)

Comparison Tests

Rational terms are most easily handled by basic comparison or
limit comparison with p-series > 1/kP

Basic Comparison Test

L o 1
Z 2k3 4 1 converges by comparison with Z 3

k3 1
Z Py converges by comparison with Z 2

2
Z %3 — k2 converges by comparison with Z 3

1 1
Z 3+ 1 diverges by comparison with Z m
1

1
Z In(k + 6) diverges by comparison with Z e

Jiwen He, University of Houston
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Convergence Tests (2)

Comparison Tests

Rational terms are most easily handled by basic comparison or
limit comparison with p-series > 1/kP

v

Limit Comparison Test

Jiwen He, University of Houston
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Convergence Tests (2)

Comparison Tests

Rational terms are most easily handled by basic comparison or
limit comparison with p-series > 1/kP

v

Limit Comparison Test

! 1
Z 757 converges by comparison with Z =

Jiwen He, University of Houston
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Convergence Tests (2)

Comparison Tests

Rational terms are most easily handled by basic comparison or
limit comparison with p-series > 1/kP

| A\

Limit Comparison Test

! 1
Z 757 converges by comparison with Z =

3kZ+2k+1
27

P diverges by comparison with Z%

Jiwen He, University of Houston
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Convergence Tests (2)

Comparison Tests

Rational terms are most easily handled by basic comparison or
limit comparison with p-series > 1/kP

v

Limit Comparison Test

! 1
Z 757 converges by comparison with Z =

2
Z 3kk—’3——2|-k1—i_1 diverges by comparison with Z%
5vk 4 100 5
————— converges by comparison with —
Z 2/(2\/E _ 9\/E g y P Z 2k2

Jiwen He, University of Houston
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Convergence Tests (3)

Root Test and Ratio Test
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Convergence Tests (3)

Root Test and Ratio Test
The root test is used only

Root Test
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Convergence Tests (3)

Root Test and Ratio Test
The root test is used only if powers are involved.

Root Test
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Convergence Tests (3)

Root Test and Ratio Test
The root test is used only if powers are involved.

k2
2k
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Convergence Tests (3)

Root Test and Ratio Test
The root test is used only if powers are involved.

Root Test

k2 1/k 1 1/k12 1
ok converges: (ak)/ :5.[/(/} —3-1

Jiwen He, University of Houston
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Convergence Tests (3)

Root Test and Ratio Test
The root test is used only if powers are involved.

Root Test

k2 1/k 1 1/k12 1
ok converges: (ak)/ :5.[/(/} —3-1

> i (o1 = g =

Jiwen He, University of Houston
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Convergence Tests (3)

Root Test and Ratio Test
The root test is used only if powers are involved.

Root Test

k2
Sk converges: (ak)l/k =1. [kl/k]2 —1.1
1
Z k¥ converges: (ax)Y/* = 2 =0

Jiwen He, University of Houston
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Convergence Tests (3)

Root Test and Ratio Test
The root test is used only if powers are involved.

Root Test

k2

Sk converges: (ak)l/k =1. [kl/k]2 —1.1
1

Z k¥ converges: (ax)Y/* = 2 =0

Z(l_llf o0 = (14 Q) o

Jiwen He, University of Houston
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Convergence Tests (3)

Root Test and Ratio Test
The root test is used only if powers are involved.

Root Test

k2

Sk converges: (ak)l/k =1. [kl/k]2 —1.1
1

Z k¥ converges: (ax)Y/* = 2 =0

S g
> <1 - /1<> converges: (ax)"/* = (1 - (_Tl)) o

Jiwen He, University of Houston
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Convergence Tests (4)

Root Test and Ratio Test

Ratio Comparison Test
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Convergence Tests (4)

Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test

Jiwen He, University of Houston
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Convergence Tests (4)
Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test
2
3 k s _ 1, (kb2 1

ok a, 2 k2 2

A

Jiwen He, University of Houston
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Convergence Tests (4)
Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test

K2 , ;
E — c Ak 1 (kt1) 1
2k converges: a2 K2 — >

A

Jiwen He, University of Houston
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Convergence Tests (4)

Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test

k? a 2
- c Ak 1 (kt1) 1
E ok converges: i

aj 2

1 a 1
> st =751 0

A

Jiwen He, University of Houston
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Convergence Tests (4)

Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test

k? a 2
- c Ak 1 (kt1) 1
E ok converges: i

aj 2

1 a
_ okt 1
g I converges: < = = g — 0

A

Jiwen He, University of Houston
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Convergence Tests (4)

Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test
k? A 2
_ c Ak 1 (k+1) 1
E ok converges: % =3 - r — 3

1 a
_ okt 1
g I converges: < = = g — 0

ZL e _ 1kl 1
10k a, 10 k

A

Jiwen He, University of Houston
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rgence Tests (4)

Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test

K2 , ;
E — c Ak 1 (kt1) 1
2k converges: a2 K2 — >

1 a
_ okt 1
g I converges: < = = g — 0

Ak+1 1 k+1 —

k
Z 1701( converges: aK = i0 "k

A

Jiwen He, University of Houston
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Convergence Tests (4)

Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test
k? A 2
_ c Ak 1 (k+1) 1
E ok converges: % =3 - r — 3

1 a
_ okt 1
g I converges: < = = g — 0

k
E — converges: 2L — % o L %

10k aj k
kk
T 2= (1) e

A

Jiwen He, University of Houston
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Convergence Tests (4)

Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test
k? A 2
_ c Ak 1 (k+1) 1
E ok converges: % =3 - r — 3

1 a
_ okt 1
g I converges: < = = g — 0

k
E — converges: 2L — % o L %

10k aj k
Kk a 1\ k
o diverges: ::1 = (1 4 ;) — e

A

Jiwen He, University of Houston
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Convergence Tests (4)

Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test
k? A 2
. oAk 1 (k+1) 1
E ok converges: % =3 - r — 3
1 a
_ okt 1
g I converges: < = = g — 0

k
E — converges: 2L — % . % — %
k

10k 3k
kk a
o diverges: ::1 = (1 4 %) — e
2k a 1-(2/3) 1
Z 3k _ ok ::1 =2 32(2/3)F 2-3

A

Jiwen He, University of Houston
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Convergence Tests (4)

Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test
k? A 2
_ c Ak 1 (k+1) 1
E ok converges: % =3 - r — 3

1 a
_ okt 1
g I converges: < = = g — 0

k
E — converges: 2L — % . % — %
k

10 2

o diverges: a:Jkrl = (1 4 ;) — e
Z 2k a 1-(2/3) 1
m converges: :;rl =2. m — 2. 3

A

Jiwen He, University of Houston
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Convergence Tests (4)

Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test

Z* Caken _ 1 (k121
2k converges: a2 K2 — >

1 a
_ okt 1
g I converges: < = = g — 0

»|
N

k a
codktr 1 k41
E 10F converges: == = 15 "%~ — 1o
k

kk

kl

2k s o 1=@/3 o 1

Z 3k ok converges: T8 =2 355w — 23

1 ak+1 [ﬂ
g — = —
/kl ak k+1 0
Jiwen He, University of Houston

diverges: ::1 = (1 4 %) — e

A
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Convergence Tests (4)

Root Test and Ratio Test

The ratio test is effective with factorials and with combinations of
powers and factorials.

Ratio Comparison Test

Z* Caken _ 1 (k121
2k converges: a2 K2 — >

1 a
_ okt 1
g I converges: < = = g — 0

»|
N

k a
codktr 1 k41
E 10F converges: == = 15 "%~ — 1o
k

kk

K

2k s o 1=@/3 o 1

Z 3k ok converges: S8 =2 3mmr — 203
1

Z ﬁ converges: a::l = k+1 — 0 [lll

Jiwen He, University of Houston

diverges: ::1 = (1 4 %) — e

A
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Absolute Conv

Absolute Convergence

Alternating p-Series with p > 1

Conditional Convergence

Alternating p-Series with 0 < p <1

\ | | |

Jiwen He, University of Houston
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Absolute Conv

Absolute Convergence

A series > ay is said to converge absolutely if > |ax| converges.

Alternating p-Series with p > 1

Conditional Convergence

Alternating p-Series with 0 < p <1

\ | | |

Jiwen He, University of Houston
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Absolute Conv

Absolute Convergence

A series > ay is said to converge absolutely if > |ax| converges.

Alternating p-Series with p > 1

(=1* 1
Z o p > 1, converge absolutely because Z PE converges.

Conditional Convergence

Alternating p-Series with 0 < p <1

N | |

Jiwen He, University of Houston
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Absolute Conv

Absolute Convergence

A series > ay is said to converge absolutely if > |ax| converges.

Alternating p-Series with p > 1

(=1* 1
Z o p > 1, converge absolutely because Z PE converges.

|

Conditional Convergence

A series Y ay is said to converge conditionally if > ax converges
while 3~ |ax| diverges.

Alternating p-Series with 0 < p <1

\

=

Jiwen He, University of Houston
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Absolute Conv

Absolute Convergence

A series > ay is said to converge absolutely if > |ax| converges.

Alternating p-Series with p > 1

(=1* 1
Z o p > 1, converge absolutely because Z PE converges.

|

Conditional Convergence

A series Y ay is said to converge conditionally if > ax converges
while 3~ |ax| diverges.

|

Alternating p-Series with 0 < p <1

—1)k 1
Z (kp)' 0 < p <1, converge conditionally because Z I
diverges.

A\

Jiwen He, University of Houston
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Examples

Alternating Series Test

(=1* -
Z K1 converge since

3 (—1)<k :
—— -~ converge since
k2 +10

Jiwen He, University of Houston
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Examples

Alternating Series Test

Z (—l)k ) £(x) 1 < d . .
, converge since f(x) = is decreasing, i.e.,
& 2x +1 &

2k+1
f,(X) = —m >0 for Vx > 0,

—1)%k
E /(<2 —i—)10' converge since f(x) =
2-10
Fl(x) = —
(x) (x? 4+ 10)?

)(2_)1(_710 is decreasing, i.e.,

> 0, for Vx > /10,

Jiwen He, University of Houston
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Examples

Alternating Series Test

Let {ax} be a decreasing sequence of positive numbers.

(—1)* . . .
Z , converge since f(x) = is decreasing, i.e.,

f'(x) = —m > 0 for Vx > 0, and lim f(x) = 0.
—1)kk
Z /(<2 —i—)10' converge since f(x) = )(2_)1(_710 is decreasing, i.e.,

)
F(x) = _(;2+710)2 > 0, for ¥x > /10, and lim f(x) = 0. i

Jiwen He, University of Houston
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Examples

Alternating Series Test

Let {ax} be a decreasing sequence of positive numbers.
If ax — 0, then Z(—l)kak converges.

(—1)* . . .
Z , converge since f(x) = is decreasing, i.e.,

f'(x) = —m > 0 for Vx > 0, and lim f(x) = 0.
—1)kk
Z /(<2 —i—)10' converge since f(x) = )(2_)1(_710 is decreasing, i.e.,

)
F(x) = _(;2+710)2 > 0, for ¥x > /10, and lim f(x) = 0. i

Jiwen He, University of Houston
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Problem 1

Determine

i 2n(—1)"
324+ n+1

n=0

a) converges
conditionally

b) converges absolutely

c) diverges

d) None of the above.

Jiwen He, University of Houston
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Problem 1

2n(—1)" .
Z —5 -, converges since

Determine 312 4+n4+1'

i 2n(—1)"
324+ n+1
n=0

a) converges
conditionally

b) converges absolutely

c) diverges

d) None of the above.

Jiwen He, University of Houston
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Problem 1

2n(—1)" .
Z —5 -, converges since

Determine 3 +n+1’
i 2n(—1)" e
o o q 2
o 3n2+n+1 f(x) = W);—i—l is decreasing, i.e.,
a) converges 6x% — 2

f'(x) = — <0, Vx>1/V3

conditionally (3x2 4+ x + 1)2
b) converges absolutely

c) diverges

d) None of the above.

Jiwen He, University of Houston
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Problem 1

2n(—1)" _

I%Stermine Z 32+t converges since
Z 2”(-1)”

32 Ll 2
pard 3 +n+1 f(x) = W);—I-l is decreasing, i.e.,
a) converges , 6x% — 2
conditionally f'(x) = “BEIx e S 0, Vx >1/V3
b) converges absolutely and X'me f(x)=0.
c) diverges
d) None of the above.

Jiwen He, University of Houston
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Problem 1

Determine

i 2n(—1)"
— 3 +n+1

a) converges
conditionally

b) converges absolutely
c) diverges

d) None of the above.

Jiwen He, University of Houston

Z 2n(—1)" .
—— >~ 7 converges since
32 +n+1' &

2
f(x) = W);—I-l is decreasing, i.e.,
6x° — 2
Fl(x) = — = <0, Vx>1//3

(3x% + x + 1)?
and lim f(x)=0.

X—00
2n
32 +n+1

diverges by comparison with Z 3
n

conditionally, since Z
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Outline

@ Sections 10.4-10.6
o Important Limits
e Indeterminate Forms
o Review Problems

@ Section 10.7 Improper Integrals
e Improper Integrals
e Review Problems

@ Sections 11.1-11.3
o The Integral Test
o Convergence Tests
e Absolute Convergence
o Review Problems
P

Jiwen He, University of Houston
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