
Project 21 Numerical Integration

Objectives: Learn a bit about numerical integration.
Outcome:

• Functions that perform numerical integration.

1. Back to MATLAB

1. Start up MATLAB. Remember to set your directory to My Documents

2. Brief Background

1. From Calculus we know the basic idea behind integration (area): approximate by rectangles, sum up the area of the rectangles,
refine and repeat. This is typically written as a basic Riemann Sum:

N∑
i=1

f(x̂i)∆xi

where a = x0 < x1 < . . . < xN = b, xi−1 ≤ x̂i ≤ xi and ∆xi = xi − xi−1.

2. In the theory we only consider the limit value of this sum as max ∆xi → 0, so we don’t care how well this sum approximates the
true value. In practical applications, we do care.

3. In all that follows, we’ll make the spacing even so that ∆xi = ∆x = (b− a)/N . Then xi = a + i∆x for i = 0, . . . , N . From this
we’ll define 3 ways to approximate the integral

∫ b

a
f(x) dx.

4. Midpoint Rule: Take
x̂i = xi− 1

2
= (xi + xi−1)/2 = a + (i + 1

2 )∆x.

5. Trapezoid Rule: Replace f(x̂i) by
1
2 (f(xi−1) + f(xi)).

6. Simpson’s Rule: Replace f(x̂i) by
1
6 (f(xi−1) + 4f(xi− 1

2
) + f(xi)).

3. To Do and Turn In

1. You’ll end up with a script and 4 functions. The script will call the various functions and display the results. 3 of the functions
will be the integration rules described above and the 4th function will be the function you are integrating.

2. Integrand: Create a function called f that takes a value x and returns the value f(x). We’ll edit this function to change the
integrand, but start with something simple like f(x) = x3.

3. Basic Integration Rule Function: This function will take three values as the input a, b and N where a and b are the limits of
integration and N is the number of subintervals to subdivide [a, b] into. The function will take these values and calculate an
approximation to

∫ b

a
f(x) dx using one of the 3 integration rules (one function for each rule). The value returned by the function

will be this approximation, so you’ll have something like this to start the function:

function approx = rule(a,b,N)

Your function will use the function f described above.
Write this function for the Midpoint Rule, then, after you get it working, copy it and make the changes for the Trapezoid and
Simpson’s Rules.
To test your function(s), evaluate an integral where you know the answer with a large value of N (like N = 1000).

4. Write a script that uses N = 10, 20, 40, 80, 160, 320 to calculate approximations to an integral using the 3 different rules. The
script should calculate the values and then present the results in a nicely formatted table which shows N , the value computed
and the absolute error (difference between the computed value and the actual value) and the method used.

5. You’ll run your script twice, changing the function f appropriately. Evaluate∫ 2

0

√
4− x2 dx

which has exact value π. Then evaluate ∫ 1

0

4
1 + x2

dx

which also has the exact value of π.

6. Capture the results in a diary file.

7. Submit your script, functions and your diary file.

8. As always, when you are done, please fill out the survey.
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