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Example (A finite series)

14+24+3+4+5

is an example of a finite series. So is

-1-2-3-...-10000.

Definition (Finite series, Infinite series)

A finite series is a series that ends. It is possible to write down all the
terms in a finite series. A series that is not finite is called an infinite
series.

Every finite series has a sum. Some infinite series have a sum, and
others do not.
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Example (A finite series)

14+24+3+4+5

is an example of a finite series. So is
—-1-2-3—...—10000.

Definition (Finite series, Infinite series)

A finite series is a series that ends. It is possible to write down all the
terms in a finite series. A series that is not finite is called an infinite
series.

Every finite series has a sum. Some infinite series have a sum, and
others do not.

Example (An infinite series)

TH14+14+14...

is an example of an infinite series. It has no sum.
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Theorem (Sum of an arithmetic series)

The sum of a finite arithmetic series is the average of the first and last
terms, multiplied by the number of terms. That is,

a+(a+d)+(a+2d)+- - +(a+(n—1)d) = a“a*é”_”d)

The only infinite arithmetic series with a sum is the series of all 0.

n.
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Theorem (Sum of an arithmetic series)

The sum of a finite arithmetic series is the average of the first and last
terms, multiplied by the number of terms. That is,

a+(a+(n—1)d)
2

a+(a+d)+(a@+2d)+---+(@a+(n—-1)d) = n.

The only infinite arithmetic series with a sum is the series of all 0.

Example (Sum of an arithmetic series)

Find the sum of the arithmetic series

5+10+15+20+---+100.
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Theorem (Sum of an arithmetic series)

The sum of a finite arithmetic series is the average of the first and last
terms, multiplied by the number of terms. That is,

a+(a+(n—1)d)

5 n.

at+(a+d)+(a+2d)+---+(@+(n-1)d) =

The only infinite arithmetic series with a sum is the series of all 0.

Example (Sum of an arithmetic series)

Find the sum of the arithmetic series

5+10+15+20+---+100.

The series contains  terms.
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Theorem (Sum of an arithmetic series)

The sum of a finite arithmetic series is the average of the first and last
terms, multiplied by the number of terms. That is,

a+(a+(n—1)d)

5 n.

at+(a+d)+(a+2d)+---+(@+(n-1)d) =

The only infinite arithmetic series with a sum is the series of all 0.

Example (Sum of an arithmetic series)

Find the sum of the arithmetic series

5+10+15+20+---+100.

The series contains 20 terms.
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Theorem (Sum of an arithmetic series)

The sum of a finite arithmetic series is the average of the first and last
terms, multiplied by the number of terms. That is,

a+(a+d)+(a+2d)+---+(a+(n-1)d) = a“a*é”—”d)n_

The only infinite arithmetic series with a sum is the series of all 0.

Example (Sum of an arithmetic series)

Find the sum of the arithmetic series

5+10+15+20+---+100.

The series contains 20 terms. The average of the first and last terms is
5+100
S
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Theorem (Sum of an arithmetic series)

The sum of a finite arithmetic series is the average of the first and last
terms, multiplied by the number of terms. That is,

a+(a+(n—1)d)

5 n.

at+(a+d)+(a+2d)+---+(@+(n-1)d) =

The only infinite arithmetic series with a sum is the series of all 0.

Example (Sum of an arithmetic series)

Find the sum of the arithmetic series

5+10+15+20+---+100.

The series contains 20 terms. The average of the first and last terms is
5+100
S

Therefore the sum is 2£1%. = 20105 - 10 = 1050.
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Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4+1 -2 —5is
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SENES

Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.
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Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)
The sum of the arithmetic series7+4+1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series
7+4+1-2—-5—...-53—-56.
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Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series
7+4+1-2—-5—...-53—-56.
Let s denote the sum.
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Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series
7+44+1-2-5—... 53 -56.
Let s denote the sum.
s = 7 +4 4+1 —... 56
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SENES

Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series
7+44+1-2-5—... 53 -56.
Let s denote the sum.
s = 7 +4 4+1 —... 56
s = —-56 —-53 -50 —--- +7
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SENES

Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series

7+4+1-2-5—...-53-56.
Let s denote the sum.
s = 7 +4 +1 —... —-56
+s = —-56 —-53 -50 —--. +7

25 =
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SENES

Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series

7+4+1-2-5—...-53-56.
Let s denote the sum.
s = 7 +4 +1 —... —-56
+s = —-56 —-53 -50 —--. +7

2s = —49
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SENES

Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series

7+4+1-2-5—...-53-56.
Let s denote the sum.
s = 7 +4 +1 —... -—56
+s = —-56 —-53 -50 —--. +7

2s = —49
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SENES

Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series

7+4+1-2-5—...-53-56.
Let s denote the sum.
s = 7 +4 +1 —... -—56
+s = —-56 —-53 -50 —--. +7

2s = —49 -—-49
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SENES

Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series

7+4+1-2-5—...-53-56.
Let s denote the sum.
s = 7 +4 +1 —... —-56
+s = —-56 —-53 —-50 —--. +7

2s = —49 —49
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SENES

Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series

7+4+1-2-5—...-53-56.
Let s denote the sum.
s = 7 +4 +1 —... —-56
+s = —-56 —-53 —-50 —--. +7

2s = —49 —49 49
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SENES

Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series

7+4+1-2-5—...-53-56.
Let s denote the sum.
s = 7 +4 +1 —... -—56
+s = —-56 —-53 -50 —--. +7

2s = —49 —49 —49 —...
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Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series

7+4+1-2-5—...-53-56.
Let s denote the sum.
s = 7 +4 +1 —... -—56
+s = —-56 —-53 -50 —--. +7

2s = —49 —49 —49 —... —49
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SENES

Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series

7+4+1—-2-5—...-53—56.
Let s denote the sum.
s = 7 +4 4+1 —... 56
+s = —-56 -53 -50 —--. +7
2s = —49 —-49 —49 —... —49

Therefore 2s=(—49)( )
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SENES

Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series

7+4+1—-2-5—...-53—56.
Let s denote the sum.
s = 7 +4 4+1 —... 56
+s = —-56 -53 -50 —--. +7
2s = —49 —-49 —49 —... —49

Therefore 2s = (—49)(22)
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SENES

Definition (Arithmetic series)

An arithmetic series is a series whose terms are an arithmetic
sequence.

Example (Sum of a small arithmetic series)

The sum of the arithmetic series7 +4 +1 -2 —5is 5.

Example (Sum of a large arithmetic series)

Find the sum of the arithmetic series

7+4+1—-2-5—...-53—56.
Let s denote the sum.
s = 7 +4 4+1 —... 56
+s = —-56 -53 -50 —--. +7
2s = —49 —-49 —49 —... —49

Therefore 2s = (—49)(22)
s=—-49.22/2 = —539.
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Definition (Geometric series)
A geometric series is a series whose terms are a geometric sequence.

Math 141 Lecture 11 Spring 2015



Definition (Geometric series)

A geometric series is a series whose terms are a geometric sequence.

Example (The sum of a finite geometric series)

Find the sum of the geometric series

M
atar+ar®+ard+... 4+ arM- :Zar’H.
n=1
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Definition (Geometric series)

A geometric series is a series whose terms are a geometric sequence.

Example (The sum of a finite geometric series)

Find the sum of the geometric series

M
atar+ar®+ard+... 4+ arM- :Zar’H.
n=1

Let s denote the sum.
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Definition (Geometric series)

A geometric series is a series whose terms are a geometric sequence.

Example (The sum of a finite geometric series)

Find the sum of the geometric series

M
atar+ar®+ard+... 4+ arM- :Zar’H.
n=1

Let s denote the sum.
s = a +ar +ar® +--- tarV!
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Definition (Geometric series)
A geometric series is a series whose terms are a geometric sequence.

Example (The sum of a finite geometric series)
Find the sum of the geometric series

M
atar+ar®+ard+... 4+ arM- :Zar’H.
n=1

Let s denote the sum.
s = a +ar +ar® +--- tarV!
rs = g7 LEE dhose gl gl
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Definition (Geometric series)
A geometric series is a series whose terms are a geometric sequence.

Example (The sum of a finite geometric series)
Find the sum of the geometric series

M
atar+ar®+ard+... 4+ arM- :Zar’H.
n=1

Let s denote the sum.
s = a +ar +ar® +--- 4arV
— rs = ar +ar? +--- +ar™' 4aM
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Definition (Geometric series)
A geometric series is a series whose terms are a geometric sequence.

Example (The sum of a finite geometric series)
Find the sum of the geometric series

M
atar+ar®+ard+... 4+ arM- :Zar’H.
n=1

Let s denote the sum.
s = a 4ar +ar® +... farV-!
- E = ar +ar® +-- 4ar"' +arM
S—rs =
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SENES

Definition (Geometric series)
A geometric series is a series whose terms are a geometric sequence.

Example (The sum of a finite geometric series)
Find the sum of the geometric series

M
atar+ar®+ard+... 4+ arM- :Zar’H.
n=1

Let s denote the sum.
s = a 4ar +ar® +... farV-!
- rs = ar +ar® +--- +a"' taM
s—rs = a—ar”
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SENES

Definition (Geometric series)
A geometric series is a series whose terms are a geometric sequence.

Example (The sum of a finite geometric series)
Find the sum of the geometric series

M
atar+ar®+ard+... 4+ arM- :Zar’H.
n=1

Let s denote the sum.

s = a +ar +ar® +... 4arV-
— rs = ar +ar®> +--- 4ar"' +aM
s—rs = a—ar"

a(1—rM)
1—r
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Definition (Geometric series
A geometric series is a series whose terms are a geometric sequence.

—
—
~—
~

Example (The sum of a finite geometric series
Find the sum of the geometric series

atar+ar®+ard+... 4+ arM- :Zar’H.

Let s denote the sum.

s = a +ar +ar® +... 4arV-
— rs = ar +ar®> +--- 4ar"' +aM
s—rs = a—ar"
S a(1—rM)

4
|
L

Theorem (The sum of a finite geometric series)

The sum of the finite geometric series Y . ar™1 is a =
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(12.2) Series

Definition (Series)
If we add the terms in an infinite sequence, we get an infinite series:

at+ta+a3t+ag+---+ap+---

We denote this sum by

i a, or > ap
n=1
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Example (Series notation)
The series

2+44+6+8+...+124
can be written more concisely as
62
> 2+2(n-1).

n=1
2 +2(n— 1) is the nth term, and the sigma sign > tell us to add all
these terms, starting from n = 1 and going up to n = 62. In this
notation n is called the index.
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SENES

Example (Series notation)

The series

2+4+6+8+...+124

can be written more concisely as

62
> 2+2(n-1).

n=1
2 +2(n— 1) is the nth term, and the sigma sign > tell us to add all
these terms, starting from n = 1 and going up to n = 62. In this
notation n is called the index.

Example (More series notation)

Wite 2 24 2 19, %2 >
3 9 27 81 243 729

using series notation.
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Example (Series notation)

The series

2+4+6+8+...+124

can be written more concisely as

62
> 2+2(n-1).

n=1
2 +2(n— 1) is the nth term, and the sigma sign > tell us to add all
these terms, starting from n = 1 and going up to n = 62. In this
notation n is called the index.

Example (More series notation)

Wite 2 24 2 19, %2 >
3 9 27 81 243 729

D

n=1

using series notation.
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Example (Series notation)

The series

2+4+6+8+...+124

can be written more concisely as

62
> 2+2(n-1).

n=1
2 +2(n— 1) is the nth term, and the sigma sign > tell us to add all
these terms, starting from n = 1 and going up to n = 62. In this
notation n is called the index.

Example (More series notation)

Wiite 2 — & 2 19 %2 5%
3 9 27 81 243 729

>

n=1

using series notation.
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Example (Series notation)

The series

2+4+6+8+...+124

can be written more concisely as

62
> 2+2(n-1).

n=1
2 +2(n— 1) is the nth term, and the sigma sign > tell us to add all
these terms, starting from n = 1 and going up to n = 62. In this
notation n is called the index.

Example (More series notation)

. 2 4 8 16 32
Write = — = + — m—ﬁg

3 9 27 8
6 —
>5(-3)"

using series notation.
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Example (A series)

14+2+3+4+5

is an example of a series.
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Example (A series)

14+2+3+4+5

is an example of a series.

Definition (Series, Sum)

A series is what you get if you add together the terms of a sequence.
The sum of a series is the number that results from adding up its
terms. Some series do not have a sum.
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Example (A series)

14+2+3+4+5

is an example of a series.

Definition (Series, Sum)

A series is what you get if you add together the terms of a sequence.
The sum of a series is the number that results from adding up its
terms. Some series do not have a sum.

Example (A series with a sum)
The sum of the series1+2+3+4+5is
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Example (A series)

14+2+3+4+5

is an example of a series.

Definition (Series, Sum)

A series is what you get if you add together the terms of a sequence.
The sum of a series is the number that results from adding up its
terms. Some series do not have a sum.

Example (A series with a sum)
The sum of the series1+2+3+4+5is 15.
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Example (A series)

14+2+3+4+5

is an example of a series.

Definition (Series, Sum)

A series is what you get if you add together the terms of a sequence.
The sum of a series is the number that results from adding up its
terms. Some series do not have a sum.

Example (A series with a sum)
The sum of the series1+2+3+4+5is 15.

Example (A series with no sum)
The series1+2+3+4+5-+--- has no sum.
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@ Does it make sense to add infinitely many numbers?
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
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SENES

@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

Math 141 Lecture 11 Spring 2015



SENES

@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5+-+n+--

@ If we add the terms, we get the partial sums
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5+-+n+--

@ If we add the terms, we get the partial sums 1,
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,
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SENES

@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+44+5++n+--

@ If we add the terms, we get the partial sums 1,3,
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SENES

@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+44+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,
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SENES

@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+445++n+--

@ If we add the terms, we get the partial sums 1,3,6,
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+445++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

1424+3+4+5+-+n+--

@ If we add the terms, we get the partial sums 1,3,6,10,
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

1424+3+4+5+-+n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

1424+3+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
@ After the nth term, we get
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

1424+3+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2"
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%

@ This goes to co as n gets bigger.
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SENES

@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%
@ This goes to co as n gets bigger.
@ Now consider the series 37 ; .
1 1 1 1 1 1
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%
@ This goes to co as n gets bigger.
@ Now consider the series 37 ; .
i1 A 1 1 1

@ If we add the terms, we get the partial sums
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%
@ This goes to co as n gets bigger.
@ Now consider the series 37 ; .
i1 A 1 1 1

@ If we add the terms, we get the partial sums %
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%
@ This goes to co as n gets bigger.
@ Now consider the series 37 ; .
i 1 A1 1 1 1

@ If we add the terms, we get the partial sums %
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SENES

@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%
@ This goes to oo as n gets blgger.
@ Now consider the series 37 ; .
i 1 A1 1 1 1

ststgtreTa T Tt

e If we add the terms, we get the partial sums 3,3,
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%
@ This goes to co as n gets bigger.
@ Now consider the series 37 ; .
L 1 1 1

ststgtteTa T Tt

e If we add the terms, we get the partial sums 3,3,
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%
@ This goes to co as n gets bigger.
@ Now consider the series 37 ; .
L 1 1

’
ststgtteTa T Tt

e If we add the terms, we get the partial sums 3,3,7,
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%
@ This goes to co as n gets bigger.
@ Now consider the series 37 ; .
L 1 1

’
ststegt et T Tt

e If we add the terms, we get the partial sums 3,3,Z,
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%
@ This goes to oo as n gets blgger.
@ Now consider the series 37 ; .
L 1 1

1
I R TR T I TR

o If we add the terms, we get the partial sums },2,Z,12,
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%
@ This goes to oo as n gets blgger.
@ Now consider the series 37 ; .
L 1 1

1
I R TR TR TR

o If we add the terms, we get the partial sums 3,3,2,12,
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%
@ This goes to co as n gets bigger.
@ Now consider the series 37 ; .
L 1 1 1

statgt et Tt

o If we add the terms, we get the partial sums 3,3,7,12,3%.
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
@ After the nth term, we get W
@ This goes to co as n gets bigger.
@ Now consider the series 37 ; .
11 1 1 1 1
sTztgt gttt
@ If we add the terms, we get the partial sums 5,%,5,73,33-

@ After the nth term, we get
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
@ After the nth term, we get W
@ This goes to co as n gets bigger.
@ Now consider the series 37 ; .
11 1 1 1 1
sTztgt gttt
@ If we add the terms, we get the partial sums 5,%,5,73,33-

o After the nth term, we get 1 — ..
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@ Does it make sense to add infinitely many numbers?
@ Sometimes yes, sometimes no.
@ Consider the series ",° ; n.

14+2+43+4+5++n+--

@ If we add the terms, we get the partial sums 1,3,6,10,15.
o After the nth term, we get 2%
@ This goes to co as n gets bigger.
@ Now consider the series 37 ; .
1 1 1 1 1 1

o If we add the terms, we get the partial sums 3,3,7,12,3%.

o After the nth term, we get 1 — ..
e This gets closer and closer to 1. We write 35, 1 = 1.
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Definition (Partial Sum, Convergent, Divergent, Sum)
Given a series Y ;°yai=ay +a +az + - - -, let s, denote the nth
partial sum:
n
Sn=) aj=a+a+ - +ap
i=1
If the sequence {sp} is convergent and lim_., Sp = s, then we say
that the series "7, a; is convergent, and we write

oD
Z aj = s.
P

In this case, we call s the sum of the series.
If the sequence {s,} is divergent, then we say that the series > 7", a;
is divergent.
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An important example is the geometric series

at+ar+arP+arP+ - +ar" '+ Zar’”, a0
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An important example is the geometric series

dtart+arftar+ . --+al+ Zar’”, a0

@ lfr=1,thens,=a+a+ ---+a=na— £.
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An important example is the geometric series

at+ar+arP+arP+ - +ar" '+ Zar’”, a0

e lfr=1,thensp,=a+a+ --+a=na— +oo.
@ Since lim,_, S, doesn’t exist, the series is divergent when r = 1.
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An important example is the geometric series

at+ar+arP+arP+ - +ar" '+ Zar’”, a0

o lfr=1,thensp,=a+a+---+a=na— +oo.
@ Since lim,_, S, doesn’t exist, the series is divergent when r = 1.
@ Ifr #1, then

s» = a +ar +ar® +--- +ar™!
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An important example is the geometric series

at+ar+arP+arP+ - +ar" '+ Zar’”, a0

e lfr=1,thensp,=a+a+ --+a=na— +oo.
@ Since lim,_, S, doesn’t exist, the series is divergent when r = 1.

@ Ifr #1, then
s» = a +ar +ar® +--- +ar"™!
rs, = ar +ar? +--- +ar"™' +ar"
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An important example is the geometric series

at+ar+arP+arP+ - +ar" '+ Zar’”, a0

e lfr=1,thensp,=a+a+ --+a=na— +oo.
@ Since lim,_, S, doesn’t exist, the series is divergent when r = 1.

@ Ifr #1, then
s» = a +ar +ar® +--- +ar™!
- rs, = ar +ar® +--- +ar"™' +ar”

Math 141 Lecture 11 Spring 2015



SEES

s IS

An important example is the geometric series

at+ar+arP+arP+ - +ar" '+ Zar’”, a0

e lfr=1,thensp,=a+a+ --+a=na— +oo.
@ Since lim,_, S, doesn’t exist, the series is divergent when r = 1.

@ Ifr #1, then
s» = a +ar +ar® +--- +ar™!
— rsp = ar +ar® +--- +ar"™' tar"
Sp—rsp, = a-—ar”
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An important example is the geometric series

at+ar+arP+arP+ - +ar" '+ Zar’”, a0

e lfr=1,thensp,=a+a+ --+a=na— +oo.
@ Since lim,_, S, doesn’t exist, the series is divergent when r = 1.

@ Ifr #1, then
s, = a +ar +ar® +-.- +ar"™!
— rsp, = ar +ar® +--- +ar"™' tar"
Sp—rs, = a-ar"
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An important example is the geometric series

at+ar+arP+arP+ - +ar" '+ Zar’”, a0

e lfr=1,thensp,=a+a+ --+a=na— +oo.
@ Since lim,_, S, doesn’t exist, the series is divergent when r = 1.

@ Ifr #1, then
s» = a +ar +ar® +--- +ar"™!
— rsp = ar +ar® +--- +ar"™' tar"
Sp—rs, = a-—ar”
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s IS

An important example is the geometric series

at+ar+arP+arP+ - +ar" '+ Zar’”, a0

e lfr=1,thensp,=a+a+ --+a=na— +oo.
@ Since lim,_, S, doesn’t exist, the series is divergent when r = 1.

@ Ifr #1, then
s» = a +ar +ar® +--- +ar™!
— rs, = ar +ar® +-.- 4ar"™!' t+ar"
Sh—rsp, = a-—ar”
s = A
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An important example is the geometric series

at+ar+arP+arP+ - +ar" '+ Zar’”, a0

e lfr=1,thensp,=a+a+ --+a=na— +oo.
@ Since lim,_, S, doesn’t exist, the series is divergent when r = 1.

@ Ifr #1, then
S» = a +ar +ar® +..- +ar"!
- By = ar +ar® +--- +ar"™' tar"
Shn—rsp, = a-ar”
s = )

e If -1 < r < 1,then r" — 0, so the geometric series is convergent
andits sumis a/(1 —r).
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An important example is the geometric series

at+ar+arP+arP+ - +ar" '+ Zar’”, a0

e lfr=1,thensp,=a+a+ --+a=na— +oo.
@ Since lim,_, S, doesn’t exist, the series is divergent when r = 1.

@ Ifr #1, then
S» = a +ar +ar® +..- +ar"!
- By = ar +ar® +--- +ar"™' tar"
Shn—rsp, = a-ar”
s = )

e If -1 < r < 1,then r" — 0, so the geometric series is convergent
andits sumis a/(1 —r).
@ If r>1orr< —1,then r"is divergent, so 3.°° , ar"~" diverges.
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This theorem summarizes the results of the previous example.

Theorem (Convergence of Geometric Series)
The geometric series

o0
dar"'=atar+ar®+--
n=1

is convergent if |r| < 1 and its sum is
o
a
darm! = :
1—r
n=1

If|r| > 1, the series is divergent.
a is called the first term and r is called the common ratio.
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Find the sum of the geometric series

_2_{_9_@_‘_&_
5 25 125
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5 25 125

@ The firsttermis a =
@ The common ratio is r =
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Find the sum of the geometric series

_2_{_9_@_‘_&_
5 25 125

@ The firsttermis a= —2.

@ The common ratio is r = —£.
@ Therefore the sum is
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_2_{_9_@_‘_&_
5 25 125

@ The firsttermis a= —2.

@ The common ratio is r = —£.
@ Therefore the sum is
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Find the sum of the geometric series

_2_{_9_@_‘_&_
5 25 125

@ The firsttermis a= —2.
@ The common ratio is r = —£.
@ Therefore the sum is
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.
17 17 17

. o= 2 —=t+t =+ =
2.3171717 3+103+105+ 107
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.
17 17 17

. boo = 2 —=t+t =+ =
2.3171717 3+103+105+ 107
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.
17 17 17

. o= 2 —+t =+ =
2.3171717 3+ 103+105+ 107
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.
17 17 17

BITITN7 ... =23 4 =+ = + =
2.317 3+ 705+ 705 + Tg7
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.
17 17 17

2.3171717...:2.3+W+W+W

Math 141 Lecture 11 Spring 2015



SENES

Write the number 2.317 = 2.3171717 ... as a quotient of integers.

17 17 17
2.3171717...—2.3+W+W+W+...

@ After the first term, we have a geometric series.
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.

17 17 17
2.3171717...—2.3+W+W+W+...

@ After the first term, we have a geometric series.
@ a= andr =
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.

17 17 17
2.3171717...—2.3+W+W+W+...

@ After the first term, we have a geometric series.
° a=-Landr=
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.

17 17 17
2.3171717...—2.3+W+W+W+...

@ After the first term, we have a geometric series.
° a=-Jfandr=
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.

17 17 17
2.3171717...—2.3+W+W+W+...

@ After the first term, we have a geometric series.

_ 17 - 1
@ a=qzandr= 5.
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.
17 17 17

. o= 2 — ==+
2.3171717 3+103+105+ 107

@ After the first term, we have a geometric series.

— 17 S
@ a=1xn andr_mz.

23171717... = 23+ ]
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.

17 17 17
23171717 ... = 2. —+ =+
3 ST TR T
@ After the first term, we have a geometric series.
oa_—andr_102
l
2.3171717... = 23+ 1C

1_
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.
17 17 17

. o= 2 — ==+
2.3171717 3+103+105+ 107

@ After the first term, we have a geometric series.

_ 17 - 1
@ a=qzandr= 5.

17

2.3171717... = 2.3+11°
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.
17 17 17

. o= 2 — ==+
2.3171717 3+103+105+ 107

@ After the first term, we have a geometric series.

_ 17 _ 1
@ a=qzandr= 5.
17

23171717... = 234 10

_ 1
-1
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.

17 17 17

23171717 ... = 2. —+ =+
3 ST TR T
@ After the first term, we have a geometric series.
oa_—andr_102

L73 A7
_ _ 7000
2.3171717... = 23+1_L_2'3+@
10 100
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Write the number 2.317 = 2.3171717.

. as a quotient of integers.

17 17 17
23171717... =23 + 10° +W+W+...

@ After the first term, we have a geometric series

oa_—andr_102
o a7
2.3171717..... 23+ — =5 108
1— 1 700
23 17
10 990
Math 141
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Write the number 2.317 = 2.3171717 ... as a quotient of integers.

17 17 17
23171717 .. 23+103+W+W+...

o After the first term we have a geometric series
@ a= 103 and r = ;

02
17 a7
23171717 ... 23+ ¢ =23+ 100
-1 100

. §+17 1147
~ 10 1 990 495
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Show that the series Y > , W is convergent and find its sum.
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series?
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series? No.
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series? No.
@ Use partial fractions:

’
an = n(n+1)
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series? No.
@ Use partial fractions:
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series? No.
@ Use partial fractions:

3

1
5 = .Zi(i+1)

i=1
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series? No.
@ Use partial fractions:

3
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series? No.
@ Use partial fractions:

a1 1t
"“nin+1)  n n+1
s = 1 = <1 1 )
n = =70 = = = T .
—i(i+1) =\ i+

(5= 7+7)
+ -
n n+1
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series? No.
@ Use partial fractions:
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s = 1 = <1 1 )
n = =70 = = = T .
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series? No.
@ Use partial fractions:

a1 1t
"“nin+1)  n n+1
s = 1 = <1 1 )
n = =70 = = = T .
—i(i+1) =\ i+

(7= 7+7)
_|_ .
n n+1
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series? No.
@ Use partial fractions:

a1 1t
"“nin+1)  n n+1
s = 1 = <1 1 )
n = =70 = = = T .
— i(i+1) — \ I+1
(N (Y (D
B 2 2 3 3 4 n o n+1
1
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series? No.
@ Use partial fractions:

a1 1t
"“nin+1)  n n+1
s T 4 <1 1 )
n = =70 = = = T .
i:1/(/+1) — \ i+ 1
(oY (Y (Y,
B 2 2 3 3 4 n n+1
_ _ 1
B n+1
=1
Therefore ; G+ 1) = nl_>rgo Sn
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series? No.
@ Use partial fractions:

a1 1t
"“nin+1)  n n+1
. = 1 _”<1 1)
n = Y = - — T 7
—i(i+1) =\ i+
R AT A A 1
N 2 2 3 3 4 n n+1
]
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Show that the series Y > , W is convergent and find its sum.

@ Is this a geometric series? No.
@ Use partial fractions:

a1 1t
"“nin+1)  n n+1
s = 1 = <1 1 )
n = =70 = = = T .
— i(i+1) — \ I+1
_ (oD (Dt 11
B 2 2 3 3 4 n o n+1
1
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S 1 1 1 :
Show that the harmonic series ; o= 1+ > 1 3 4 1 + - -+ diverges.
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Show that the harmonic series ; o= 1+ > 1 3 4 1 + - -+ diverges.

s = 1
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Show that the harmonic series ; —=1+5+35+ 5+ dierges.
Sq =
Sy = 1+ %
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S 1 1 1 :
Show that the harmonic series ; —=145+35++ - dierges.
s = 1
S = 1+73
S = 1+5+5+13
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B = 1T 1 1 :
Showthattheharmomcserles;n—1+2+3+4+---dlverges.
s = 1
S = 1+3
S = 1+5+5+i>14+5+1+1
4 27371 2T 371
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S 1 1 1 :
Show that the harmonic series ; —=145+35++ - dierges.
s = 1
S = 1+3
ss = 1+3+d+i>1+f5+1+1=1+3
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. . =1 1 1 ,
Show that the harmonic series ; o= 1+ > 1 3 4 1 + - -+ diverges.

s = 1

S = 1+3

ss = 1+i+i+i>1+f5+1+1=1+2
ss = 1+5+s+3+i+5+3+3
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. = 1
Show that the harmonic series E — =1
n=1 n

ST =
Sy =
S4 =
Sg =
>

Math 141

.
23" 4

’

143

T+3+3+5>1+5+1+1=1+3

1+%+%+%+%+%+%+%

T+3+ 4+ +s+ts+s+s

Lecture 11
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B = (R .
Show that the harmonic series ; o= 14 >t 3 tat diverges.
s = 1
S = 1+3
ss = 1+3+i+i>1+f5+1+1=1+2
ss = 1+%+$+%+%+%+%+%
> 14+3+3+5+s+tststs
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(e, o]
1 1 1 1
Show that the harmonic series —=1+-+ -+ -+ diverges.
;;n +totgtgt 9

s = 1
S = 1+3
ss = 1+i+i+i>1+f5+1+1=1+2
ss = 1+%+%+%+%+%+%+%

> 145+ +s+s+ts5+s+3s

_ 1

—
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. = 1
Show that the harmonic series E — =1
n=1 n

Sq =
So
S4
Sg

Math 141

.
23" 4
’
143
T+3+3+5>1+5+1+1=1+3
1+%+%+%+%+%+%+%
T+3+ +i+ts+ts+s+s
1T+3+3
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o
1 1 1 1
Show that the harmonic series — =1+ -+ -+ -+ ... diverges.
;;n +tytgztgt g

s = 1
%2 = 1+% 1,1 1,11 2
S4 = 1+§+§+Z>1+§+Z+Z:1+§
ss = 1+%+$+%+%+%+%+%

> 1+§+Z+Z+g+g+g+g

= 1+5+3
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. = 1
Show that the harmonic series E — =1
n=1 n

ST =
Sy =
S4 =
Sg =
>

Math 141

’
143
1+
143
1+3
143

=N

+%+%>J+%
t3tatsts
tatatsts
+3+3

Lecture 11
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. =1 1 1 A1
Showthattheharmomcserleszﬁ:1+—+f+—+--
n=1

- diverges.
273 "4 c

s = 1
S = 1+3
ss = 1+i+i+i>1+f5+1+1=1+2
ss = 1+%+$+%+%+%+%+%

> 14+5+3+3+s+s+s+3s

_ 1 1 1 _ 3

= 1+5+5+5=1+3
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(e, o]
1 1 1 1
Show that the harmonic series » — =1+ -+ -+ — + .- diverges.
;;n +tytgztgt g
s = 1
S = 1+3
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Show that the harmonic series » —=1+5+3+ 4+ diverges.
n=1

23" 4
s = 1
S = 1+3
ss = 1+i+i+i>1+f5+1+1=1+2
ss = 1+%+$+%+%+%+%+%
> 14+5+3+3+s+s+s+3s
= 14+3+5+5=1+3
P YT O N CIE
> i+ QD ot D+ G+ o)
= 1+5+5+3+3=1+3

- n
Son > 1+ 5
Therefore son — 0o as n — oo, so {sp} is divergent, so the harmonic
series is divergent.
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