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is:'%5 on concerns the teaching of calculus o
ioring in sciesnce and sngineering at a land grant
uniVEPﬁiL; uhh as Morth Carolina State University. It is not
concerned with the teaching of students majoring in mathematics.
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in the sxwellent pamphlet "College Mathematics:
Suggestions on How to Teach it", prepared in 1777 by the
Mathematical Association of America, the Forward is taken from
an article witten in 1%971 oy Frofessor Feter Hilton. Hes
suggeslts that the teaching 6f mathematics to future
mathematicians is effective. Then he writes: "However, the main
point to be made is that we are far less successful in teaching
eftectively thosz who are not destined to becoms professional
mathematiciansy and these, of couwrse, constitute thes vast
majority of our clisntele as Leachsrs of undergraduaate
mathematics. " Eince that statement was made, computers and
Lhelr accompanying technology have revolutionized many aspscts
af ouw lives; bt the teaching of calculus has remained in a
haclkwater: wvirtwally vntouched, except by a few people on an
edperimaental basis. Apart from some cosmebtilc changes. our
textioooks conld have been written many vears 800G. It i=s time
for radical changes.

One of the conseguences of today®™s technoiogy is that
those in control of the curricula of encinesring students are
denanding that the service courses in mathematics move more
rapidly, while containing mors matarial. My own department has
afquigscad to such demands by simply concentrating +iu ther the
Lraditional svilabus, with less than admirable cooasequences.
Again, we need to change the syllabuos.

The ingreadients of the traditional syllabus, with the
they zre addressed, and their acoompanying
_ congaaled many years ago in an age when

i = it took place at all, was limited to the slide
rule. The slide rule, physically, has gone. The mental

: Fizt accompanied its use are =till with us. How can
We justify today surh assignments as: "Solve an e ddfiﬁﬂ (non—
linear?) corvsct to ons place of decimals", or "Use differentials
to approximats the sguare roct of 4.1"7 Yet ﬁimilﬂr sanltences
poear in all of owur contemporary textbhooks. {and T have seen

i
cion to the souare root o 4.
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is described as
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licaticns" form a iarge part of ow syilabus. One

arg o bhe nead For change is to increase the
arige b Lhe applications: this is particalarty

i 1rlraﬂw;tcry tortbooks on ordinary diffoerential

Firesumabl v owe beasch applicaticors Lo demonstrate how
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caloulus can be actually apolisd. But some of my collesagues in
engineering treat ou- "epplications" with open contampt i havs
heard these applications called "triwvial", and unrelated to the
material as it is= used cutside the calculus classroom; FfFurther,
I have been Ltold, they are presented by mathematics instructors
who are unfamiliar with the2 subiect matter. The encinesrs may
Have a valid noint. For instance, many texts on differenti
eqguations, a2nd nearly all texts on calculus include a discu
ot orbital motion, including so-callsd "proofs" of pr‘H' =
laws. T have yet to see a single presentation of this mater
that avolids fundamental error: an sreor that hMewton himself
corrected. It is clear to mz that the authors are not competent
to prespnt this material, and thst their textbools are unuszable
for its prEﬁEPtafiDn, At a time when the buzz word in
curriculum review is "lgan", it can be argued that
"applications" represent fat.

L] I'{-. i

-
-
£51 0N

Changes in the curviculoin can be considered in various
catagories:

l. Existing material can be droposd. HBpart from many
applications, =ome of the basic mathematics might go. Some
gramples: Most of the coverage of the convergence of infinite
garies could disappear without endanagering the career of a
single scientist or engineer. The =ama applies to the
Weronskian. While "exactness" is imsportant in csaloculus for
future application elsewhers, "axact differsntial equations® are
essentially unknown outside the classroom, and need not be
taught. Many other similar assertions could be mada.
2. Ewisting material can be modified. For instance, "
sketching™ is, in practice, mechanical drudgery for tha s
But since curves can be graphed very esaszily, and almost
instantaneously, on a compubter monitor, visible to an entirs
class, or on & student’s hand held calculator, we can now place
our emphasis on the interpretation of curwves rather than on
their mechanical production. HNewton’s method for a single
eguation, which at present is applied with just two or three
iterations, can be carried through to convergence to the full
accuracy available: then gualities of the convergence can ba
cbserved and taught, and the method instantly compared with
others, such as the secant method.

Sa Mew material can be introduced. Mewton™s method for systems
of eguations, for example, or the method of stezepest descent
(easily implemsnted, and a beautiful application of the gradient
voctor). These topics cannot be tackled without at least a rey-
programmable calculator. Others will become accessible as
programs for symbolic manipulation remove Lhe deudgsry from
albegraic work. Fower series ars sasy to manipulalte on a
computer, and can be applied to problems such as Lhe nunerical
gsolution of non-linear differential sguations. DEher topics
that are not part of calculwus way be called tor:s thoss, ftor
instance, traditionally found in the areas of diflfsrence




equations, linsar algebra or finits mathematics.

4. The notion of "applicaticn" can be changed. The calculus
and differentisl sguations that we teach are., of necessity, so
elementary, that only the most rudimentary physical syvstems can
be discussed. Most non—-trivial procblems (especially if the
field of differential eguations) reguire computation. But if
computational facilities, such as a FC are accessible, a
freshman or sophoamore can use calculus Lo discuss and solve
problems that were, until recently, in the domain of graduate
scchools, and therefore never even s2en by most students.
Assuming that we teach applications to demonstrate how the
mathematics can be usefully applied, we should uss any available
tool, and, especially, the computer.

5. The way in which we teach can chang=s. Unless we ban
calculators from the classroom, we must assume that students
will have access to fundamental formulas through storage in
calculators. 5o we must abandon putting a premium on the
memorization of formulas. Instead, perhaps, we can concentrate
mora on technigue and interpretation. Computers can be u=ed in
class to produce accurate figures. Three-dimensional figures,
viewed with correct perspective, can ease the Lteaching and
learning of multivariate calculus. Solutions of differential
equations can be shown in animated form, emphasising the dynamic
nature of differential eqguations. In all of these
demonstrations, there can be interaction with the class, with
students suggesting diftferent parameters, such as the direction
to view a three—dimensional surface, the height of a countour to
be plotted, or initial conditions to a differential equation.

Curriculum revision reguires experiment and argument. It
also involves, ultimately, textbook revision, and this is a
major problem, because of the crippling expense to thsa
publisher. But perhaps the traditional type of textbook (all
1000+ pages of it) should become as obselete as the traditional
curriculum: we should certainly consider alternatives. The
chapters of a bhook cmight be published as separate modules, with
options as to coverage, especially with regard to applications.
I+ we can bear to dispense with glossy pictures, then a
department, on the adoption of a text, would purchase rights to
its reproduction from the appropriate diskettes. The material
in a module could include software for computer aided
instruction, supplementary sxercises to be performed by student
at the keybpard, and computer demonstrations that can be used in
or out of class, with source code that can be understood and
modified by the user.

For a presentation of this kind I can only apologise that
the brashness of the comments cannot be balanced by more
speciftic ideas. I have written further material in the
following references:

"Learning Multivariate Calculus with the Help of the
Computer."” Collegiate Microcomputer, 1, 263272, 1983,
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"Domputing Applications to Differential Equations.”
Frentice-Hall, 1%835.

"Computer Applications to Differential Egquations." From
"Computers and Mathematics, MAA Notes, Mumber %, pp. 73-78,
1788.




