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EPIC (Exploration Programs In Calculus) is a microcomputer software package that permits
users to investigate mathematical concepts. It includes mathematical style function input, an exten-
sive function plotting routine, a module on limits, a module on integration, and a versatile polar coor-
dinate and parametric equation curve sketching module.

EPIC supports the use of parameters in functions and easily shows how the graph depends
on these parameters. Users may estimate the location of zeros, critical points, and inflection points,
draw tangent lines and secant lines, and draw first and second derivative curves. Limits and differ-
ence quotients may be examined; the area under a curve or between two curves may be approximated
by Riemann sums, the trapezoidal rule, or Simpson’s rule. Intersection points of polar or parametric
curves can be approximated and these curves can be “traced.”

EPIC allows functions to be entered in multi-line textbook style, including restricted domain
specifications and summations. Virtually any function in calculus texts can be entered and examined.
EPIC can be used to enhance many topics in single variable calculus. Due to the required brevity of
this paper, we will only discuss a few topics where EPIC may be useful in elementary calculus.

Continuity and Differentiability

EPIC supports the definition of functions involving more than one segment or section. For
example, the function
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is entered into EPIC as shown in Figure 1. The primary difference between textbook display of such
functions and their input into EPIC is the inclusion of the double line to separate sections.

Many functions included in the discus-  Figure 1
sion of continuity or differentiability in calculus
texts involve multi-section functions and these
functions may be copied into EPIC exactly as
they are written in the text. This formulation
versus a one line, computer-language definition
enhances readability and student understanding,
minimizes error in function input and enables i u,-.-l; shing KT
the student to focus on the mathematics of the
task rather than the translation of the formula to
a computer-language expression.
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Students could be assigned several problems related to functions of this type. For example,
what values should be chosen for the parameters @ and b to ensure that f (x) is continuous and dif-
ferentiable at x = w? The proper value of a2 isa = (w?+ 1)/{(2w — 3)arctanw). EPIC supports alge-
braic expressions as input for numerical information, so the student could enter this value as

(7 "2+ 1)/ ({27 — 3)arctanm).

EPIC will draw tangent lines and secant lines; the secant line feature may be used to illustrate
that, when the choices for a and b differ from their proper values, the curve essentially has two dis-
tinct "near” tangent lines at x = m, and hence is not differentiable there.

Inverse Functions

The graph of y = f(x) is the collection  Figure 2

of points {(x,y) | y = f(x)}. The inverse relation 3= ; 1
corresponding to f is the set {(y,x) 1y = f (x)} 5k & i
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Relative Extrema and Inflection Points

Superimposed on the graph of f, EPIC will draw the graphs of f' and f''; the first and
second derivatives may be computed by formula or approximated by difference quotients, at the
user's discretion. EPIC will also find the zeros of f, f' and f'' (by Newton's method). The connec-
tion between a critical point and a relative extrema can be easily demonstrated as well as the distine-
tion between possible inflection points and inflection points. In addition to drawing several graphs of
a function by varying parameters in the function definition, EFIC allows two functions to entered and
plotted at once, and then additional functions may be entered and plotted without destroying the
screen. Thus many functions may be displayed at the same time.

The Computer May Mislead

EPIC plots functions by evaluating the function at equally-spaced points throughout an inter-
val selected by the user. (EPIC starts with 128 sampled points, but the user may vary this from 2 to
600.) Because of this sampling, important behavior of a function may be missed. An extreme exam-
ple is the graph of f (x) = cos256mx on the interval [0,1]. Sampling at x; = i/128 yields a value of 1
for each i. Consequently, the graph appears to be a straight line aty = 1.
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Another example is the graph of Figure 4
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for x # 0 and f (0) = 1/6. The graph of f on a sk ;
small interval about the origin produces inaccu- .
rate function values due to round-off error. The Atk b "
graph is "bumpy"” when it should be monotone L memta
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Implicit Differentiation

Consider the graph of the polynomial  Figure 5
f(x) = x* — ax + 1. Figure 5 shows the curve
obtained for 2 =2 and ¢ = 4. Increasing a
seems to have moved the two leftmost roots left
while the largest root has moved to the right. If
we view x? — ax + 1 = 0 as an equation defin-
ing x as a function of a, then implicit differen-
tiation yields
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For the roots near —2 or 0.3, a quick calculation verifies that x'(a) < 0; for the root near 1.5,
x'(a) = 0. This supports the observed movement of the roots. However, note that for the case
a = 2, the function almost has a double root. For values of a smaller than that needed for a double
root, there are no positive roots, leading to questions of when is a function x(a) defined by an impli-
cit relation. In this setting, EPIC may be used to motivate the need for more analysis of the situation.

Series

EPIC will plot functions defined by a series, including power series and Fourier series. Figure
6 shows the input screen for the series representation of Bessel functions, J,(x). Note the parameters
in the upper limit of the summation and in the terms of the series. The first controls the number of
terms computed to evaluate the function; the second parameter is the index of the Bessel function.
Figure 7 shows the graphs obtained by choosingm =8andn =10, 1, 2.
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Additional Features

e  EPIC enables the user to approximate area under a curve or between two curves by five
methods: left, right and midpoint Riemann sums, the trapezoidal rule and Simpson’s rule.

®  EPIC contains a module that demonstrates the concept of limits. A small "window" (chosen by
the user) of the graph of the function is magnified repeatedly, displaying details of the behavior
of the graph.

®  EPIC contains a module on polar and parametric equations. Some of the standard polar and
parametric curves may be selected from a menu, or the user may enter the functions of his
choice. A frequent question related to these curves is the precise order in which the curves are
traced as the polar angle or the parameter varies. EPIC provides the answer to this question by
slowly tracing these curves, with the tracing rate under user control.

¢  EPIC contains a calculator which "understands” most standard mathematical notation. The cal-
culator may be invoked within every module. Parameters may be assigned to calculated values
and then used in subsequent calculations. Up to ten formulas or calculations may be saved and
recalled for later use.




