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Numerical Integration

We have seen examples of many types of functions that we can integrate by hand. However,
there are functions that we cannot integrate by hand, so we rely on computers. One method
computers use to compute definite integrals is the Trapezoidal Rule. This method uses the
same ideas as Riemann sums, but instead of using rectangles to estimate the area between
the function and the x-axis, it uses trapezoids. If we want to use the trapezoidal rule to
approximate the area between a curve and the x-axis on the interval [a, b] with n trapezoids,
then we partition the x-axis between a and b into n subintervals of width ∆x = b−a

n
. We

then form trapezoids under the curve on each of these subintervals and compute their areas.
An example using 4 trapezoids is pictured below. Recall that the area of a trapezoid is given
by A = 1

2
(height)(base 1 + base 2).

For this example, we have that

T4 =

[
1

2
∆x(f(x0) + f(x1))

]
+

[
1

2
∆x(f(x1) + f(x2))

]
+

[
1

2
∆x(f(x2) + f(x3))

]
+

[
1

2
∆x(f(x3) + f(x4))

]
=

1

2
∆x(f(x0) + 2f(x1) + 2f(x2) + 2f(x3) + f(x4)).

General Trapezoidal Rule Formula

The general formula for the trapezoidal rule using n trapezoids on the interval [a, b] is

Tn =
1

2
∆x (f(x0) + 2f(x1) + 2f(x2) + · · · + 2f(xn−1) + f(xn)) ,

where ∆x = b−a
n

.
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Example 1: Use the trapezoidal rule with n = 4 trapezoids to estimate
∫ 4

0
(3x2 + 1) dx.

Compute the integral to find the exact area and compare the exact area with the trapezoidal
rule estimate.

Example 2: Approximate the shaded area using the trapezoidal rule with n = 4 trapezoids.



MA 16010 Lesson 33

Example 3: Use the trapezoidal rule with n = 3 trapezoids to approximate
∫ 6

2
ln(x) dx.

DIY

1. Use the trapezoidal rule with n = 3 trapezoids to approximate the following integral.∫ 1.5

0.5

sin(x)

x
dx


