
7 EXTREME VALUES

To find the relative extrema for a function, f(x), follow these steps (as
illustrated by the example that follows):

1. Take the first derivative of the function, df/dx.
2. Set the first derivative equal to zero: df/dx = 0. (Why? The slope of
the tangent line is zero, corresponding to df/dx = 0, at the relative
extrema.)
3. Solve for the values of x that make the first derivative zero. Call these
xc. (A few books also include points where the slope is vertical or
undefined.)
4. Take the second derivative of the function, d2f/dx2, by taking a
derivative of the algebraic result from step 1.
5. Evaluate the second derivative at each value of xc found in step 3.
6. For each value of xc obtained in step 3, follow these steps to classify
the type of relative extrema associated with that value of xc:
• If d2f/dx2 > 0 at xc, classify that point as a relative (or local) minimum.
• If d2f/dx2 < 0 at xc, classify that point as a relative (or local)
maximum.
• If d2f/dx2 = 0 at xc, examine the first derivative just before and just
after xc (as described on the next page).
1. Evaluate the function, f(x), at each value of xc obtained in step 3
corresponding to a relative minimum or maximum. These are the values
of the function at each relative (or local) extremum.
2. To find the absolute extrema of the function over a specified interval,
(a,b), evaluate the function at the endpoints of the interval, a and b.
Follow these steps:
• Compare the values of f(xc) from step 7. Also compare f(a) and f(b).
The largest of these values is the absolute maximum.



• Compare the values of f(xc) from step 7. Also compare f(x). The
smallest of these values is the absolute minimum.



If the second derivative equals zero at xc, follow these steps:
1. Determine the sign of the first derivative just before xc.
2. Determine the sign of the first derivative just after xc.
3. Interpret your answers to steps 1-2 as follows:
• The sign of the first derivative changes from positive to negative at a
relative (or local) maximum.
• The sign of the first derivative changes from negative to positive at
a relative (or local) maximum.
• If the first derivative doesn’t change sign, this is a point of inflection
(where the second derivative, relating to concavity, changes sign.)



Example: Find the absolute extrema for the function below over the interval
(–3,5).

f(x) = x3 – 12x + 4
Take a derivative of f(x) with respect to x:

Set the first derivative equal to zero. Solve for x. Call these values xc.

Take a second derivative of f(x) with respect to x:

Evaluate the second derivative at xc = –2 and xc = 2 (which we found
previously).

There is a relative maximum at xc = –2 (where the second derivative is
negative), and a relative minimum at xc = 2 (where the second derivative is
positive). Evaluate the function at xc = –2, xc = 2, and the endpoints (x = –3
and x = 5).



Over the interval (–3,5), the absolute extrema are:
• f(x) has an absolute maximum value of 69 (when x = 5).
• f(x) has an absolute minimum value of –12 (when x = 2).



Chapter 7 Exercises

Directions: Find the absolute extrema for each function over the specified
interval.

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

1. Find the absolute extrema for the function below over the interval (2,4).

2. Find the absolute extrema for the function below over the interval (½,10).



Chapter 7 Solutions


















