
13 INTEGRATION BY POLYNOMIAL
SUBSTITUTION

A common method for performing integration is to make a change of
variables. If an integral is over one variable x, it can be transformed to an
integral over a different variable u by making a substitution.

To apply the method of substitution to an integral, follow these steps:
1. Try to think of a substitution that will make the integral simpler.
Experience solving a variety of integration problems can help with this step.
2. Write down the equation for your substitution, which relates u to x. The
two variables, u and x, should appear on separate sides of this equation (with
one variable on the left and the other variable on the right).
3. Implicitly differentiate both sides of the equation from step 2: On one side
of the equation, take a derivative with respect to u and multiply by du, and on
the other side, take a derivative with respect to x and multiply by dx. This is
illustrated in the examples.
4. In the equation from step 3, solve for dx in terms of du.
5. For a definite integral, you must also determine the new limits of
integration. Plug the original lower limit, x1, into the equation from step 2 to
determine the new lower limit, u1. Similarly, plug in the original upper limit,
x2, into the equation from step 2 to determine the new upper limit, u2.
6. Make all of the following substitutions into the original integral:
• Replace dx with the equation from step 4.
• Replace x with the equation from step 2.



Replace the old limits, x1 and x2, with the new limits, u1 and u2.
7. Sometimes, the substitution that you try in steps 1-2 doesn’t work out.
When that happens, either try making a different substation or try another
method of integration (such as those described in Chapters 14-16).



Example: Perform the following integral.







Example: Perform the following integral.







Example: Perform the following integral.











Chapter 13 Exercises

Directions: Perform the following integrals.

Write your solutions down on a piece of paper. You can find the full solution
to each problem at the end of this chapter.

Part A
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Part C



Part D



Part E





Chapter 13 Solutions
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