Numerical methods for evaluating definite integrals

For definite integrals such as

1 1
f e **dx or j 1—x3dx7
0 0

we can’t use the fundamental theorem of calculus to evaluate them since there are

no elementary functions that are antiderivatives of e~**or V1 — x3. The best we can
do is to use approximation methods for such integrals. We will see two methods that
work reasonably well and yet are fairly simple.

I- Trapezoidal rule

The trapezoidal rule is a numerical method that approximates the value of a definite
integral. We consider the definite integral

b
f f(x)dx

We assume that f(x) is continuous on [a, b] and we divide [a, b] into n subintervals
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We can compute the value of f(x) at these points.

Yo =f(a),y1=f(a+h), v, =7f(a + 2h),,yp_1 = fla+ (n— 1)h),y, = f(b)

The trapezoidal rule can be computed as follows:
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Example 1: Estimate f e’ dx by using trapezoidal rule for n = 6.
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Example 2: Estimate f,/1 + x3 dx by using trapezoidal rule for n = 5.
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I1- Simpson's rule

If n isan even then Simpson's rule is given by:

h /
jf(x)dx = g[ Yot 4y +2y; +4ys + -+ 2yn o+ 4Yn1 t 9 ]
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Example 3: Estimate j 1 x2dx Dby using Simpson's rule for n = 4.
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Example 4: Estimate f eV*dx by using Simpson's rule forn = 6.€ yey
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Exercises

Estimate the following definite integral by using numerical methods

_/r"

2 o
1.j—dx forn=5
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2.j\/1+x4dx forn==6
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