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LESSON 71 - Testing for

Covergence
HL Math —-Santowski

OBJECTIVES

(a) How do we estimating Truncation Errors &
how do we make use of that idea?

(b) Deciding on which method to use when testing
series for convergence......

EXPLORATION ..... TRUNCATION
ERRORS

o (_1)n+l
Let’s work with the known series E )

n=

Determine the EXACT value of this sum
(use wolframalpha please!) &

Then write out the value approximated the sum,
correct to 9 decimal places

2>

EXPLORATION ..... TRUNCATION
ERRORS

© (_ 1)n+]
Let’s work with the known series E "
n=I

Determine the EXACT value of this sum g2
(use wolframalpha please!) 2 12

Then write out the value approximated the sum,
correct to 9 decimal places

=> 0.822467033......
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EXPLORATION

ERRORS

Let’s work with the known series E 2

TRUNCATION

(_ 1)n+]

n=1 n

Use wolframalpha to determine the following partial
sums (round answers again to 9 decimal places — so
we have estimated the sum of the series)

EXPLORATION

ERRORS

... TRUNCATION

o (_ 1)n+]

Let’s work with the know series E 2

Use wolframalpha to determine the following partial
sums (round answers again to 9 decimal places — so

n=1 n

we have estimated the sum of the series)

S (_1)77+1 10 (_1)"“] 15 (_I)IH-I 20 (_1)ﬂ+l 25 (_1)ﬂ+1 2(_1)174‘] 10 (_1)Vl+l i(_l)n'}l 20 (_1)71+1 25 (_I)IH-I
016144077 | 0.004504857 |.002074723 | 0.001187655 | .000768051
EXPLORATION ..... TRUNCATION EXPLORATION ..... TRUNCATION
ERRORS ERRORS

Now let’s find the truncation errors, R = ‘S _S
n o n

when we do these approximations

Now let’s find the truncation errors, R = ‘Sm -S,

when we do these approximations

5 (—1)"“ 10 (_1)n+1 1 (—l)m 20 (_l)n+l 25 (_1),,”
; n ; n’ = a4 n &
016144077 | 0.004504857 |.002074723 | 0.001187655 | .000768051

Now, let’s find u,,;

5 (_1)n+1 10 (_1)n+l 15 (—1)”” 20 (_1)"+1 25 (—1)""
Z n’ “= n’ &= n’ Z n’ &
.016144077 | 0.004504857 |.002074723 |0.001187655 |.000768051
Now, let’s find u,,,
1 W oL w =L |, L u =l
um‘_S() Ty " 7916 T4 " =576
027777777 |.008264462 100390625 .002267573 001479289
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EXPLORATION ..... TRUNCATION
ERRORS

Now, what general observation do we make
about the truncation error and u,,,

5 (_1)n+| 10 (_1)n+1 15 (_1)n+l 20 (_1)n+1 25 (_l)m
; 2 n’ n’ n? &

n n= n=l n=|

.016144077 | 0.004504857 |.002074723 |0.001187655 |.000768051

Now, let’s find u,

1 1 1 1 1
Uy =7~ Uy = Uy = Uy = Uy =

36 121 216 441 576
027777777 |.008264462 100390625 | .002267573 001479289

EXPLORATION ..... TRUNCATION
ERRORS

Now, what general observation do we make
about the truncation error and u,,, ?

u

>‘Sw—S,1

In general,

n+l

WHY?

& how do we make use of this “mathemagics”?

EXAMPLES

EX 1. What is the least number of terms in the series

3 (_])n+|
2 n? such that the error in the estimate is

smaller than 10-6?

EX 2. How many terms of the series below must be

taken in order for the error to be smaller than 10-5?
11 1 1

TESTS TO USE .......
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|

yes or maybe

Geometric

Series Test [ Is Za, = atar+ar’+ ... ? ]

series diverges

yes [ Converges to a/(1-r)
—|if |r|<1. Diverges if

p-Series Test Is series form

T Ir|>1
no
yes | Converges if p>1
Diverges if p<1
[ no yes

non-negative

0
terms and/or Does = |a, | converge?

Apply Integral Test, Ratio

Original Series
Converges

absolute Test or nth-root Test
convergence
I noor maybe
Alternating | Is Ta, = u-uytuy-...

Series Test an alternating series

yes

ves| Is there an integer N
}/ such that uy>uy ;...7
!

Converges if u, — 0
Diverges if u— 0

PROCEDURE FOR DETERMINING CONVERGENCE

nthTerm Test [ Islima, = 07

Seris diverges, )

Geometric
Series Test

Does the series have the

p-Series Test fom§ 17
w1

Converges toa/(1 -~ n)if || < 1.
Diverges if |r| = 1.

Nounegative terms Does 3 la, converge? .
lfor | (Apply one of ison tests, integral o
absolute convergence | test, ratio test, or nth-root test o, -

See what you can do with the partial
It more advanced boo

Alternating BEa, = -yt Yes Ts there an integer N such
S T (an alernating serics)? that iy =y, =7
ol Yes

sums,

orexplore with a CAS, J

Series converges if 4, 0.
Series diverges if 4, 0.

EXAMPLES

See handout




