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In this blog post, I will explain how to use the trapezoidal rule for numerical integration along with Python code and
equations. The trapezoidal rule is a technique for approximating the definite integral of a function by dividing the
interval of integration into subintervals and approximating the area under the curve on each subinterval by a
trapezoid. The formula for the trapezoidal rule is:

where  is the width of each subinterval and  are the endpoints of each subinterval.

I will show you how to write two versions of a Python program that implements the trapezoidal rule. The first version
takes a function and integrates it over a given interval. The second version takes the x and y values of some data
points and calculates the area under the curve using the trapezoidal rule.

Version 1: Integrating a function
To integrate a function using the trapezoidal rule, we need to define the function, the interval of integration, and
the number of subintervals. For example, let’s say we want to integrate the function  over the
interval  using 10 subintervals. We can define these parameters as follows:

import math
# Define the function
def f(x):
    return 3 * math.log(x)

# Define the interval of integration
a = 2 # lower limit
b = 8 # upper limit

# Define the number of subintervals
n = 10

Next, we need to calculate the width of each subinterval and create a list of x values that correspond to the
endpoints of each subinterval. We can use a for loop to do this:

https://en.wikipedia.org/wiki/Trapezoidal_rule
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# Calculate the width of each subinterval
dx = (b - a) / n

# Create a list of x values
x = [a + i * dx for i in range(n + 1)]

Now, we can apply the trapezoidal rule by summing up the areas of each trapezoid. We can use another for loop to
do this:

# Initialize the sum
area = 0

# Loop over each subinterval
for i in range(n):
    # Calculate the area of the trapezoid on this subinterval
    area += (f(x[i]) + f(x[i + 1])) / 2 * dx

# Print the result
print(f"The approximate area under the curve is {area:.4f}")

The output of this program is:

The approximate area under the curve is 27.7141

You can verify the above results by running the code online here or using my Android app. The following is the
result from my app.

https://www.online-python.com/4cDf3U7xK8
https://play.google.com/store/apps/details?id=com.bragitoff.themathapp&hl=en&gl=US
https://play.google.com/store/apps/details?id=com.bragitoff.themathapp&hl=en&gl=US
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Result verification using ‘The Math App’ on Android

I have also created a web app, where you can perform numerical integration: https://numint.streamlit.app/.

Version 2: Calculating the area under a curve from
data points
To calculate the area under a curve from data points using the trapezoidal rule, we need to have two lists of x and y
values that represent the data points. For example, let’s say we have these lists:

# Define the x values
x = [0, 1, 2, 3, 4]

# Define the y values
y = [0, 1, 4, 9, 16]

We can assume that these data points are equally spaced along the x-axis, so we can calculate the width of each
subinterval as:

# Calculate the width of each subinterval
dx = x[1] - x[0]

Then, we can apply the trapezoidal rule by summing up the areas of each trapezoid. We can use a for loop to do
this:

# Initialize the sum
area = 0

# Loop over each subinterval
for i in range(len(x) - 1):
    # Calculate the area of the trapezoid on this subinterval
    area += (y[i] + y[i + 1]) / 2 * dx

# Print the result
print(f"The approximate area under the curve is {area:.4f}")

The output of this program is:

The approximate area under the curve is 22.0000

You can also verify the above implementation by calculating the same thing via NumPy’s np.trapz function.

https://numint.streamlit.app/
https://numpy.org/doc/stable/reference/generated/numpy.trapz.html
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# Verification using NumPy
import numpy as np
area = np.trapz(y, x)

# Print the result
print(f"The approximate area under the curve via NumPy (np.trapz) is {area:.4f}")

The approximate area under the curve is 22.0000
The approximate area under the curve via NumPy (np.trapz) is 22.0000

You can run the above code online here

Web App
I have also created this web app so that you can try out the different numerical integration techniques online.
You can also open this link to go full screen.

Your browser does not support iframes.

I hope you guys liked this post and found it useful. In case you have any questions/doubts or suggestions then leave
them in the comments section down below.

Manas Sharma
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Schiller University Jena, Germany. I write efficient codes for simulating light-matter interactions at
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https://www.online-python.com/aLo69JNvIq
https://numint.streamlit.app/
https://www.bragitoff.com/author/admin/
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https://www.instagram.com/phys.whiz/
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https://www.linkedin.com/in/manassharma07/
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https://www.youtube.com/channel/UCO0mdq1TnLctbwUGj_TnR7Q
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Share this:

Click to share on Facebook (Opens in new window)

Click to share on Twitter (Opens in new window)

Click to share on WhatsApp (Opens in new window)

Click to share on Pinterest (Opens in new window)

Click to share on Reddit (Opens in new window)

Click to share on LinkedIn (Opens in new window)

Click to email a link to a friend (Opens in new window)

Click to print (Opens in new window)

Click to share on Tumblr (Opens in new window)

Click to share on Pocket (Opens in new window)

Click to share on Telegram (Opens in new window)
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