Definition of a Derivative 1

In this MATLAB exercise you will see how the definition of a derivative works.
Open MATLAB and define a function:

>> F = inline(CCO.5*x"4 + x°2 - 27, ’X7)
Graph this function:
>> ezplot(f, [0,2])

Enter:
>> hold on

Now we want to find the derivative f/(1.2). As you learned in class, this derivative is equal to:

FL2+h) — f(1.2)
h

Let us create a new inline function that signifies this quotient:

>> g=inline(”(0.5*(1.2+h)"4+(1.2+h)"2-2-(0.5*1.274+1.2"2-2))/h",”h?)
Note that in the above definition, g is assumed to be a function of h.

Now let us evaluate g(h) for several values of h. To find g(1), enter:

>> g(1)

Now find: ¢(0.1), g(0.01), ¢(0.001), g(—0.001), ¢(0.0001), g(—0.0001)

Does g(h) seem to get closer and closer to a fixed value? What would this fixed value be? To get an
idea what the limit would be, enter:

>> g(0.0000001)

Your output should be 5.8560, which is in fact the derivative of f at 1.2. However, ¢(0.0000001) is
not exactly equal to this derivative. To see this, enter:

F/(1.2) = lim (1)

>> format long

and

>> g(0.0000001)

You will see that the seemingly exact value of the derivative f’(1.2) that we had obtained previ-
ously is an artifact of MATLAB’s rounding. Here you have an example of the relationship between

computing limits and using “instruments of measurement with increasingly better precision.” The
“instrument of measurement” is MATLAB’S output routine in this case.

Now let us have a look at the graphical interpretation of the derivative. As we mentioned in class,
the derivative f’(1.2) is the slope of the tangent line to the graph of f at the point (1.2, f(1.2)). By
entering:

>> F(1.2)

we find that f(1.2) = 0.4768. As was mentioned above, f’(1.2) = 5.856. Thus an equation of the
tangent line in point-slope form is given by the formula:
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= 5.856(z — 1.2) + 0.4768 )

Let MATLAB graph this function by entering:

>> y = inline(’5.856*(x - 1.2) + 0.4768”, ’Xx”)
and

>> ezplot(y, [0,2])

Now let us see what the term “tangent line” means. Let us zoom in on the interesting part of the
picture. Enter:

>> axis([1 1.4 0 1]

and look at your picture again. Can you figure out what the “axis” command does? Now let us try
to zoom in even more closely. Enter:

>> axis([1.15 1.25 0 1])

As you can see, as you concentrate on the neighborhood of the point where the tangent line touches
the graph of the function, the two graphs become practically indistinguishable. In particular, the
graph of the function f becomes more and more similar to the graph of a linear function. You may
want to explore this phenomenon further by experimenting with other settings for the axes.

The official definition of the tangent line at (1.2, f(1.2)) is that it is the graph of the linear function
which best approximates the graph of f(z) for xz-values that are close to 1.2. We will explore this
interpretation of the tangent line in later parts of this course.

Now let us zoom out again by entering:

>> axis(JO0 2 -5 10])

Let us see how the tangent line is related to various secant lines by entering:
>> g(-1)

We find that the slope of the secant line through the points (0.2, £(0.2)) and (1.2, f(1.2)) has slope
2.436. We can instruct MATLAB to draw it by entering:

>> y = inline("2.436*(x - 1.2) + 0.47687, ’X”)
and
>> ezplot(y, [0,2])

You don’t have to retype the whole instructions. You can use the upwards arrow key to retrieve the
previous definition of the inline function y, edit it by changing the slope, and then hit ENTER.

Now add to your picture the following secant lines:

e The line through (0.7, f(0.7)) and (1.2, f(1.2))
e The line through (1, f(1)) and (1.2, f(1.2))
e The line through (1.15, f(1.15)) and (1.2, f(1.2))

Can you see how these secant lines are getting closer and closer to the tangent line?

Now add the title “MATLAB Exercise on definition of the derivative” to your picture and print it if
submission is required.



