
33 Lesson 33 (April 20, 2026)

33.1 Numerical Integration

33.1.1 Trapezoidal Rule

Goal: Approximate definite integrals using trapezoids.

Suppose f(x) is continuous on [a, b], and we want to compute

∫ b

a

f(x)dx.

We divide the interval [a, b] into n sub-intervals, each of length !x = b→a
n . We construct a

trapezoid on each sub-interval and compute its area.

Note: The area of a trapezoid is given by

A =
1

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

Let’s do an example where n = 4.
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Let ti denote the area of each trapezoid. So, we have that

t1 =
1

2
(f(x0) + f(x1))!x,

t2 =
1

2
(f(x1) + f(x2))!x,

t3 =
1

2
(f(x2) + f(x3))!x,

t4 =
1

2
(f(x3) + f(x4))!x,

where xi = a + i ·!x. The estimate of the definite integral using the trapezoidal rule with
n = 4 is given by

T4 =
1

2
(f(x0) + f(x1))!x+

1

2
(f(x1) + f(x2))!x+

1

2
(f(x2) + f(x3))!x+

1

2
(f(x3) + f(x4))!x

=
1

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

General Formula: Suppose f(x) is continuous on [a, b]. The trapezoidal rule for approxi-

mating
∫ b

a f(x)dx using n trapezoids is given by

Tn =
1

2
!x(f(x0) + 2f(x1) + 2f(x2) + · · ·+ 2f(xn→1) + f(xn)),

where xi = a+ i ·!x and !x = b→a
n .

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

0 (x
2 + 1)dx. Find the

exact value of
∫ 3

0 (x
2 + 1)dx and compare the results.
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Example: Approximate the area of the shaded region using the trapezoidal rule with n = 4.

Example: Use the trapezoidal rule with n = 4 to approximate
∫ ω

0
cos(x)

x dx.
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Example: Use the trapezoidal rule with n = 3 to approximate
∫ 4

→2

→
x2 + 1dx.
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