CE317 : Computer Methods in Civil Engineering

Lecture 18(:Numerical Integration-Trapezoidal Rule

In some cases, we may need to use numerical integration. Typical cases are:

1- If we have a complicated function that is difficult to be integrated analytically.

2- If we need to find the area under a given curve or surface whose variation is not described by a known function.

We will consider the following techniques to perform numerical integration:

1. Trapezoidal Rule

2. Simpson’s Rules

3. Using ‘Mathematica’

Trapezoidal Rule

Consider the following curve

Single trapezoid
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Let say we need to determine the area under the curve from x = 2 t x = 8. If we approximate that part of the curve by a straight line (dotted), then the area is equivalent to the area of a trapezoid:  


[image: image11.wmf]dx

e

x

x

2

3

1

-

ò


In general, if we approximate the curve by a single straight line segment, then the area under the curve over the region ( x = a to x = b ) is given by
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which is called a single trapezoidal rule.

Multiple trapezoids

If we approximate the curve connecting f(2) and f(8) by 3 straight line segments, the area becomes:
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In general, if the region {a,b} is represented by n+1 points (x0, x1, x2, ….,xn) that are equally spaced (x1-x0 = x2-x1=…….= xn+1-xn = h). This means that we have n equally spaced segments.
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and the integral 
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can be approximated by the area under n straight segments:
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Example1

Determine the area of the shown stream cross-sectional using n = 5, then using n = 10.

Example2


Compute the integral   using the trapezoidal rule with n = 2,4, and 8. 

Note that the exact value up to 4 decimal points is 

For n = 2: (# of segments = 2 & # of points = 3)

	x
	f(x)

	1


	0.3679

	2


	0.0259

	3


	0.0002


For n = 4: (# of segments = 4 & # of points = 5)
	x
	f(x)

	1


	0.3679

	1.5


	0.1291

	2


	0.0259

	2.5


	0.0031

	3


	0.0002


For n = 8: (# of segments = 8 & # of points = 9)
	x
	f(x)

	1
	0.3679

	1.25
	0.2344

	1.5
	0.1291

	1.75
	0.0619

	2
	0.0259

	2.25
	0.0095

	2.5
	0.0031

	2.75
	0.0009

	3
	0.0002


� EMBED Equation.3  ���








( Important: This handout is only a summery of the lecture. The student should take detailed notes during the class and refer to the textbook for more examples and discussion.





_1100982507.unknown

_1100984345.unknown

_1101033403.unknown

_1100984580.unknown

_1100984248.unknown

_1100982174.unknown

_1081923270.unknown

