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Introduction 

The following worksheet demonstrates how to calculate different definitions related to
approximate error, such as approximate error, absolute approximate error, relative
approximate error, absolute relative approximate error, and the least number of
significant digits associated with these calculations. The concept is demonstrated using
an example of a Maclaurin series. The user will choose which function to perform the
calculation for in the Input section of the program. The choices are given as 1 for ex,
2 for sin(x), and 3 for cos(x). The true value of these functions will be assumed as
given by the Mathcad commands for these functions.

Section 1: Input

This is the only section where the user interacts with the program.

Pick the function of your desire by choosing an integer: 1 for ex; 2 for sin(x);•
3 for cos(x)

funcchoice 1:=

Maximum number of terms used in the Maclaurin series•

n 15:=

Value of x at which the function is calculated•

xv 1.6:=

1



Section 2: Procedure

First, determine which function will be used in the calculations, based on the user
input. Once the function is determined, the value is calculated using a Maclaurin
series in a repetitive loop. 

f x( ) y ex← funcchoice 1=if

y sin x( )← funcchoice 2=if

y cos x( )← funcchoice 3=if

yreturn

:=

sumprevious 0:=

sumpresent n( )

Y sumprevious
xvi 1−

i 1−( )!
+← funcchoice 1=if

Y sumprevious
1−( )i 1− xv2 i⋅ 1−

2 i⋅ 1−( )!
+← funcchoice 2=if

Y sumprevious
1−( )i 1+ xv2 i⋅ 2−

2 i⋅ 1−( )!
+← funcchoice 3=if

sumprevious Y←

i 1 n..∈for

Y

:=

2



Section 3: Calculation

This loop here calculates the following
N = number of terms used
A = approximate value
Ea = approximate error
|Ea| = absolute approximate error
εa = percentage relative approximate error
|εa| = percentage absolute relative approximate error
nsig = least number of significant digits correct in an approximation

table1

Ni i 1+←

Ai sumpresent i 1+( )←

Eai
Ai sumpresent i( )−←

Eaai
Ai sumpresent i( )−←

i 0>if

augment N A, Ea, Eaa, ( )

i 0 n..∈for:=
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table2

Ni i 1+←

Ai sumpresent i 1+( )←

Eai
Ai sumpresent i( )−←

εai

Eai
Ai

100⋅←

εaai

Eai
Ai

100⋅←

sigi floor 2 log
εaai

100 0.5⋅

⎛
⎜
⎝

⎞
⎟
⎠

−
⎛
⎜
⎝

⎞
⎟
⎠

←

nsigi
sigi← sigi 0>if

nsigi
0← otherwise

i 0>if

augment N A, εa, εaa, nsig, ( )

i 0 n..∈for:=
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Section 4: Table of Values

N A Ea Ea

table1

0 1 2 3

0
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

1 1 0 0
2 2.6 1.6 1.6

3 3.88 1.28 1.28

4 4.563 0.683 0.683

5 4.836 0.273 0.273

6 4.923 0.087 0.087

7 4.946 0.023 0.023

8 4.952 -35.326·10 -35.326·10

9 4.953 -31.065·10 -31.065·10

10 4.953 -41.894·10 -41.894·10

11 4.953 -53.03·10 -53.03·10

12 4.953 -64.407·10 -64.407·10

13 4.953 -75.876·10 -75.876·10

14 4.953 -87.232·10 -87.232·10

15 4.953 -98.266·10 -98.266·10

16 4.953 -108.817·10 -108.817·10

=

N A εa εa nsig

table2

0 1 2 3 4

0
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

1 1 0 0 0
2 2.6 61.538 61.538 1

3 3.88 32.99 32.99 2

4 4.563 14.962 14.962 2

5 4.836 5.647 5.647 2

6 4.923 1.775 1.775 3

7 4.946 0.471 0.471 4

8 4.952 0.108 0.108 4

9 4.953 0.022 0.022 5

10 4.953 -33.823·10 -33.823·10 6

11 4.953 -46.117·10 -46.117·10 6

12 4.953 -58.898·10 -58.898·10 7

13 4.953 -51.186·10 -51.186·10 8

14 4.953 -61.46·10 -61.46·10 9

15 4.953 -71.669·10 -71.669·10 10

16 4.953 -81.78·10 -81.78·10 11

=
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Section 5: Graphs

The following graphs show the calculated value of f(x) using Maclaurin series as a
function, approximate error, absolute approximate error, absolute relative
approximate error, relative approximate error, and least number of significant digits
as a function of step size. Each graph displays the error results of each of the
methods of approximation.
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5 10 15
1

2

3

4

5

Exact Value
Calculated Value

Number of Terms Used

A
pp

ro
xi

m
at

e 
V

al
ue

Approximate Error vs. Number of Terms

5 10 15 20
0

0.5

1

1.5

2

Number of Terms Used

A
pp

ro
xi

m
at

e 
Er

ro
r

6



5 10 15
0

0.5

1

1.5

2

Number of Terms Used

A
bs

ol
ut

e 
A

pp
ro

xi
m

at
e 

Er
ro

r

Absolute Approximate Error vs. Number of Terms
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Absolute Relative Approximate Error vs. Number of Terms
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Conclusion 

This worksheet shows how the number of terms taken in a Maclaurin series affects
the accuracy of the calculated answer through the analysis of error. Note that though
approximate error shows the magnitude of the error, it does not indicate how bad
the error really is. Hence, relative approximate error is used here to give a more
complete picture of the state of error.
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