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Maplets for Calculus is a collection of 94 Maple applets for use by students and
instructorsin single-variable calculus. Students use them to develop intuition and to
practice specific calculus skills. Ingtructors use them as lecture demonstrations and
to create exam problems.

Maplets for Calculus (M4C)is a collection of 94 Maple applets that are useful batttélculus
students and for instructors. The maplets in M4C providedntive graphical user interfaces for
typical examples and exercises on a variety of topicgngle-variable calculus. Most maplets
allow for problems to be either algorithmically-generateduser-entered. The Maplets for
Calculus balance the development of both understanding and tecsiiltsal M4C is divided
into the following eight categories:

* Pre-Calculus (22 maplets)
o0 graphical properties of functions (translations, reitexd, domain, range,
asymptotes)
o0 absolute value, quadratic, exponential, logarithmic agdrnometric functions
0 review of trig
* Limits (8 maplets)
0 conceptual understanding of limits and continuity, one-sided andited
0 ¢-0 definition of the limit (graphical and formal proof)
o intermediate value theorem and bisection method
* Derivatives (24 maplets)
0 basic principles: secant lines and tangent lines
o practice with the terminology of derivatives and with makingpgical connections
between properties of a first or second derivative andrilgenal function
o drill and practice on differentiation techniques (chaireruinplicit differentiation,
logarithmic differentiation, inverse functions)
o applications (linear and quadratic approximations, relaegsy motion, 'Hospital’s
rule, max/min problems)
0 antiderivatives and an introduction to the Fundamentalréneo of Calculus
* Integrals (28 maplets)
o focused practice with specific integration techniques (guben, integration by
parts, trigonometric integrals, trigonometric substitutiontiglairactions)
0 drills for definite and indefinite integration
0 geometrical applications (area of a region, volume by sliciolyime of revolution,
arc length, surface area)

! TheMaplets for Calculusre for sale to individuals at Maplesoft’s webstdre a
http://www.maplesoft.com/products/thirdparty/maplets%5Hc&lontact the authors about site licenses.




0 physical applications (average value, mass, center of, mass fluid force)
0 numeric integration (left and right Riemann sums, zafkand Simpson’s rules)
» Differential Equations (4 maplets)
o drills for both separable and linear differential equations
o direction fields
0 mixing problems
* Sequences and Series (4 maplets)
0 general drills for limits of sequences and convergencerigisse
o more focused practice with geometric and telescopingsseri
* Curvilinear Coordinates (2 maplets)
0 identification of polar curves
* Games (2 maplets)
o plotting and cryptograms

Students find the algorithmically-generated problems velpfiigor practicing new techniques
and for building confidence as they prepare for a quiz or edammediate feedback and infinite
patience are two features students find useful. Studiedtshe hints and step-by-step checking
of their responses as effective as a private tutor.ekample, Figure 1 shows the Integration by
Substitution maplet in which the user has omitted the diffeden the substitution.

Instructors have multiple opportunities to use the Mag@t<alculus to enhance their courses.
The ability to launch a Maplet with a specific exampiakes it convenient to use a Maplet for
demonstrations and examples in a lecture. Plus, the extars#vef graphics — 2D, 3D, and
animation — add to the impact that the Maplets can havesiglassroom. Examples include the
maplets: Epsilon Delta Definition of a Limit (Figure Berivatives of Inverse Functions (Figure
3), Volume by Slicing (Figure 4) and Area as an Antidernaf{Figure 5). Others will find it
more appropriate to develop a project or a lab that utii@edaplet in a guided-discovery
exercise. For example, the Epsilon Delta Definition afrait maplet provides a graphical and
interactive environment for exploring tled definition of a limit (Figure 2). Instructors can also
have their students drill on difficult topics such as Ind&dimr Definite Integration Techniques
and Series Convergence Tests (Figure 6 — Figure 9 ).

A Table of Contents and sample videos of the Maplets falculus may be seen at
http://m4c.math.tamu.edu/ An expanded and updated version of Maplets for Calculus was
completed in January 2008. The remainder of this paper sh@apshais taken from several
different maplets in the M4C collection.




Z_C; Integration by Substitution g il

I=JCOS[X2—8:K] (x-4)dx it |
Hink |
Syntax |

to conpute the integral:

_ Use & substitution

~Step 1 - Define the substitution:

u= [x"2-3%x du= I(Z*x-S) -I Iwarning Shiow |

~Skep 2 - Rewrite and evaluate the indefinite integral:

Substitute in the indefinite integral: I=| Preview |-| Shiaw |
Carmpute the indefinite u-integral: I=| Prewview | Check || Shiow |

~Step 3 - Rewrite the integral in kerms of the ariginal variable:

Substitute back:  I= Presview | Check: || Shiow |

In your formula for du, you forgot to mulciply by dx.
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Figurel: Constructive feedback in thetegration by Substitutiomaplet. Note that

the user has omitted the differentidk) in their response faiu.
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Figure2:  Visualizing thee-d definition of the limit with theEpsilon Delta Definition
of a Limit maplet. Users can control the valueg aihdd using the sliders,
or by entering a value in the corresponding input field.
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Figure 3:

TheDerivatives of Inverse Functionmaplet, showing a function and its

inverse along with tangent lines at mirror image points.
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Figure 4:

TheVolume By Slicingmaplet, showing one frame of the 3D animation

and the emphasis on the setup of the definite integral.



'_e; Area as an Antiderivative: Derivation of the Fundamental Theorem of Calculus o [m] s

Let Ai(x) ke the area below v = £(x), showve the x-axis, bketween a and x. Quit
It is shown in magenta.
~Goal: To compute the derivative of the Area function, A'(x). - Animation
o Alx+h)-Alx
Its definition is: A'(x]=hfx._?£30 ( ; ( ] e
CCl R
T

The quantity A(x+h) iz the area of the region
¥ Flat afx+h) helow ¥ = f(x), above the x-axis, hetween a and x+h,
It i= shown in magenta and green. Click on Play.

The guantity A(x+h) - AL(x) is the area of the region helow v = £(x].
above the x-axis, between x and x+h. It iz shown in green.

wth
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The guantity Aix+h) - Aix) mway be approximated by the
| Plot Rectangle area of the rectangle with height £(x)] and width h.
It iz shown in kblue. Click on Play.

I Notice the approximation gets better as h gets smaller.

Detivation:
Approximate: A(X+k) 'A(X] ?IF(X)"’ h
Approximate: Mﬂ 7 IF(x)
wor _ o Alxth)-4(x)
o | Aflx) = hjiﬂn g =[x
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Figure5: IntheArea as an Antiderivative: Derivation of the Fundaraemheorem of
Calculusmaplet an animation helps students understand why Gas=T
true.
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Figure6: TheConvergence Tests for Series of Numbmeplet. When users select a
convergence test to apply, the test appears in a sepapate window.
(See the next 3 figures.) Note the graphical dispfalie terms (blue) and
the partial sums (green).
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~3tep 1: All terms of this series are positive,

" True f* False

~3tep 2: Computation of rho

= im a[k+1} B —-1/3%exp(l)
g kF—um Q'k B

~3tep 3: In conclusion, the Ratio Tesk

= implies the series converges € implies the series diverges % is inconclusive

_I - Show finswer | Close |
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Figure7:  The popup window for the Ratio Test. This test is inkgiee because the terms of
this series are not all positive.

E-2 application of the Alternating Series Test x|
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~Step 2: In conclusion, the Alternating Series Test

" implies the series converges  © implies the series diverges % is inconclusive

_I - Show Answer | Close |
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Figure8: The popup window for the Alternating Series Test. Th# tannot be applied
because the sequence of terms increases (in absdlugg fea the first few terms.

E-2 application of the Absolute Ratio Test x|
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~Step 2: In conclusion, the Absolute Ratio Test

f+ implies the series converges € implies the series diverges  § is inconclusive
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Figure9: The popup window for the Absolute Ratio Test. This tast be used to show the
convergence of this series.



