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Newton Cotes Integration Formulas
Replace function or tabulated data to be 
integrated with a simpler, easy to integrate 
approximating function

where fn(x) is a polynomial of form
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Trapezoid Rule
Newton-Cotes with n = 1

where
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Trapezoid Rule, continued
Substituting and integrating

This is termed the trapezoid rule
For all Newton-Cotes
– I = width * average height
– where the average height varies with n
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Trapezoid Rule, Comments
Easy to implement
Works with function or tabulated data
For equally spaced data with n equally spaced 
points, formula can be simplified to

Trapezoid has relatively poor accuracy 
compared to other techniques.  Accuracy 
increases as use more points (i.e. delta x 
smaller)
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Simpson’s 1/3 Rule
Set n= 2 in Newton-Cotes
Pass parabola (quadratic) through 3 points
Simple formula if even number of subintervals 
(i.e. number of data points is odd) and the data 
points are equally spaced

Termed Simpson’s 1/3 Rule
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Simpson’s 3/8 Rule
If even number of points and odd number of 
segments, can use Simpson’s 3/8 Rule

3/8 rule is harder to apply than 1/3 rule because 
it needs 4 points instead of 3.  Most common 
use is in conjunction with 1/3 rule.  For odd 
number of segments, use 3/8 rule on last 3 
segments, 1/3 rule on remaining
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Overall Unequal spaced data
Unequal trapezoid will always work, but can 
improve accuracy if any equally spaced 
segments are evaluated with Simpson’s rule
– If 2 adjacent segments are unequal, use trapezoid
– if 2 adjacent segments are equal, use Simpson’s 1/3
– if 3 adjacent segments are equal, use Simpson’s 3/8
– if 4 adjacent segments are equal, use Simpson’s 1/3 

on first 2, remove the 1st segment from 
consideration, and continue
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Numerical Differentiation



Numerical Differentiation
First Derivatives

Central more accurate than forward or backward, but requires 
more calculations

Difference Equation Error 
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Numerical Differentiation
Accurate First Derivatives

Difference Equation Error 
 
Forward 
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Numerical Differentiation
Second Derivatives

Second Derivative (central) 
Difference Equation Error 
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Example of Numerical Integration



Example VBA Code (Trapezoidal)



Few Things to Observe
 The variables in function  Trapezoid are

defined explicitly
 For example:

– Dim = dimension statement in VBA (reserved to
declare variables at the beginning of a program)

– Double = double precision variable (reserves 8 bytes
for each variable to carry 15 decimal places in
calculations)

– Integer = variable to contain integer numbers (saves
memory space)

– Range = a variable defines to contain multiple
elements in a worksheet range



Other Things to Observe
 Statement n = x.Rows.Count
  Counts the number of elements in the variable

x defined in function “trapezoid”
 “n” is used as a counter in the for-loop inside

function trapezoid
 Variable “sum” is initialized to add the areas

under each one of the intervals making up the
numerical integration



Integrating Functions with Matlab

File = fsim2.m

Main File (any name)
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