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When we first mentioned the word “derivative”, it was part of the phrase “the derivative of f(x) at x = a”, referring to
the slope of the curve y = f(x) at x = a. We computed this slope by calculating the value of a limit. However, if we
want to find the slope of a curve at many different points on the curve, we don’t want to have to evaluate a limit each
time. Instead, we want to calculate the limit once, for a generic value of a, and then plug in specific values for a at the
end. In other words, we define the “the derivative of f(x)”, denoted by f ′(x), to be the following function:

f ′(x) = lim
h→0

f(x + h) − f(x)
h

This function is defined for all values of x where the limit exists.

Our goal for this worksheet is to understand what happens to the function

f(x + h) − f(x)
h

as h goes to zero. To this end, we will make use of the applet at the following site:

http://www.math.psu.edu/dlittle/java/calculus/derivative.html

You may either click on the above address or type this address into your favorite web browser that supports Java. Make
sure you read the instructions on the above web page and then click the applet to begin.

How to compute the derivative of f(x) = x3 − x using the limit definition:

f ′(x) = lim
h→0

f(x + h) − f(x)
h

= lim
h→0

[(x + h)3 − (x + h)] − [x3 − x]
h

= lim
h→0

[x3 + 3x2h + 3xh2 + h3 − x − h] − x3 + x

h

= lim
h→0

3x2h + 3xh2 + h3 − h

h

= lim
h→0

3x2 + 3xh + h2 − 1

= 3x2 − 1

How To Use The Applet: Note that for this assignment, we are only going to use the applet to graphically verify our
calculations for the derivative of f(x).

1. Enter the function f(x) that you want to study. The curve y = f(x) will be drawn in black.
For example, enter f(x) = x3 − x (type “x^3 - x”.)

2. Enter the function f ′(x). The curve y = f ′(x) will be drawn in gray.

For example, enter f ′(x) = 3x2 − 1 (type “3x^2 - 1”) , as suggested by our calculations from above.

3. Enter a specific value of h. The graph of y = f(x+h)−f(x)
h will be drawn in red.

For example, enter h = 2. The graph of y = [(x+2)3−(x+2)]−[x3−x]
2 is drawn in red.

Now adjust the value of h, making it progressively closer to 0 each time. Make sure to consider values of h that are
less than zero as well as values of h that are greater than zero. The value of h is represented by a red dot on the
x-axis. You can drag this dot along the x-axis to adjust the value of h.

Notice that as h gets closer to 0 (without actually being 0), the graph of f(x+h)−f(x)
h gets closer to the graph of

f ′(x), thereby graphically verifying our calculations for the derivative of f(x).
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NAME SECTION

Instructions: For each of the following functions, compute f ′(x) using the limit definition of the derivative. Verify your
answer using the applet. No credit will be given for computing the derivative any other way. Make sure to write
“ lim

h→0
” in your calculations wherever appropriate (see example on previous page). To receive full credit,

you must show all of your work and simplify your final answer as much as possible.

1. f(x) =
x

2 − x
. This function can be entered into the applet as “x/(2-x)”.

2. f(x) =
√

1 − x2. This function can be entered into the applet as “sqrt(1-x^2)”.


