Advanced Graphics for Instructors

By Mike May, S.J. - maymk@slu.edu

Overview:

When constructing graphics we start with the simple commands plot and plot3d that are immediately
available when you open Maple.

The second step is to learn tricks and options with those commands.

A third step is to add in the display and display3d commands from the plots package. This lets you put
several graphs together in the same display.

The fourth step is to add in other commands from the plots and plottools packages.

Basic Plotting

Basic plotting uses the plot and plot3d commands to graph functions in Cartesian coordinates.

(O plot(x*2-x,x=-3..3);
plot3d(x*2+y"3, x=-3..3, y=-2..2);
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The plot commands take as input the functions, the domains, and simple options. My list of options
to start with include range, color, and axes. These were covered in the Plotting with Maple

worksheet.

(O plot(x*2-x,x=-3..3,
plot3d(x"2+y"3, x=
axes=boxed);

=-2..4, axes=normal);
-3..3, y=-2..2, view=-4..10, color=red,
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o) plot3d(x"2+y”"3, x=-3..3, y=-2..2, view=-4..10, color=red,
axes=boxed,grid=[25,25]);
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One also wants to be able to do parametric plots.

(O plot([2*sin(2*t), 3*cQséB*t), t=0..2*Pi], color=blue);
plot3d([(3+cos(t))*sin(u), (3+cos(t))*cos(u), sin(t)],
u=0..2*Pi, t=0..2*Pi, color=green, scaling=constrained,

axes=boxed);
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V¥ Getting help with basic plotting

The next level of control over plotting uses more options. The old fashioned way to do this is to use
the help menu, select "Maple Help" and search for "plot, options", or "plot". One can also invoke
help with a question mark from an input prompt, followed by the command of interest.

[O ?plot

A second way is to pay attention to examples and copy, paste, and modify.
One way to do this is with the plotbuilder tool.

Look under the Tools menu, Assistants sub-menu, Plot Builder item. Walk through the construction,
giving an expression to plot, a type of plot, and any option you are interested in. At the last minute,
choose command rather than plot. This lets you see the command that does all the options you have
chosen.

In the example below we chose Plot builder and added expressions sin(x) + cos(y) + x +1 and 1. We
then chose a 3d plot and selected options, making lots of choices to see what happens. Finally we




chose command to print the command. The result can be copied and pasted into a new input prompt

e (plots[d|splay])(plot3d(S|n(x)+cos(y)+x+1 X=-3..8,y=
. 4, style = PATCHCONTOUR, color = plum, shadmg Z,

axesfont = ([TIMES, ROMAN, 18]) title = "Some Graphs",
titlefont = ([HELVETICA BOLDOBLIQUE 24)), orientation =(
40, 60])), plot3d(1, x =-3 .. 3, y=-2.4, axesfont—(
TIMES, ROMAN, 18)), title = "Some Graphs titlefont = (

_ [HELVETICA, BOLDOBLIQUE, 24)), orientation = ([40, 601)))

O plots[interactive]();

plot3d(sin( ¥’c y3) C xy,x=K5.5,y=K5..5, color ="Aquamarine; axes = boxed, (2.1)

scaling = constrained, grid = [40, 40], transparency = 0.2, orientation = [ 45, 60])

o) plot3d(5|n(x’\2+y"3)+x*y, x=-5.5y=-5.5 color=
"Aguamarine”, axes = boxed, scallng = constrained, grid =
[40, 40], transparency- 2, orientation = [45, 60]);
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[O plots[interactive]();

o) (plots[d|splay])(plot3d(S|n(x)+cos(y)+x+1 X=-3..8,y=
4, style = PATCHCONTOUR, color = plum, shadlng Z,
axes—boxed axesfont—([TIMES ROMAN, 16]) title = "Some
Plots", titlefont = [HELVETICA, BOLD, 24]), transparency =
.2, orientation = ([30, 604)) plot3d(1, x=-3.. 3, y=-2
. 4, axes = boxed, axesfont = (ITIMES, ROMAN, 16]), title =
"Some Plots", titlefont = ([HELVETICA, BOLD, 24])




orientation = ([30, 60]))):
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The commands display and display3d

The next commands to learn about are the display and display3d commands from the plots package.
[O with(plots):
We have already seen a number of uses of these commands:

1) We can put together elements with different options.
(O paramplot := plot([sin(2*x), cos(3*x),

x=0..2*Pi], color=red):
curveplot := plot(x"2-2, x=-2..2, color=blue):

display({paramplot, curveplot}, axes=normal);
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2) We can put together elements from different kinds of plot structures:

O curvel := plot(x"3-3*x, x=-2..2, color=Dblue):

extremepoints := pointplot%[l,-z , [-1,2]],
color=[green,red], symbol=diamond,
symbolsize=20):

textl := textplot([-1,2,"a local max";,
color=red, align={ABOVE}

text2 := textplot([1,-2,"a local min"],
color=green, align={BELOW}):

display({curvel, extremepoints, textl, text2});




a local may

3) We can make animations

K¢
O f:=x->sin(x):
framer := proc(f,x,x0)
local fx0, slope;
fx0 := eval(fﬁx),xzxog;
slope := eval(diff(f(x),x), x=x0):
plot([f(x), slo e*&x-x0)+fx0 , x=0..10,
3/:-3..3, color=[black, red]);
end proc:

o) framer(f,x,6);
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a local min
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O display([seq(framer(f,x,counter), counter=0..10)],
insequence=true);




K3 -

More Kinds of plots than you can imagine

Plotting with Maple is a deep subject. | favor the "just enough knowledge" approach to do the task at
hand. It is however useful to see some of the places where you might find more commands. These
commands are parts of packages that must be loaded to be used. In worksheets you have seen their
use indicated by the with command in the first line.

The plots and plottools packages

There are, of course, the plots and plottools packages.

'O with(plots);
with(plottools);
[ animate, animate3d, animatecurve, arrow, changecoords, complexplot,

complexplot3d, conformal, conformal3d, contourplot, contourplot3d, coordplot,

coordplot3d, densityplot, display, fieldplot, fieldplot3d, gradplot, gradplot3d,

graphplot3d, implicitplot, implicitplot3d, inequal, interactive, interactiveparams,



intersectplot, listcontplot, listcontplot3d, listdensityplot, listplot, listplot3d,
loglogplot, logplot, matrixplot, multiple, odeplot, pareto, plotcompare, pointplot,
pointplot3d, polarplot, polygonplot, polygonplot3d, polyhedra supported,
polyhedraplot, rootlocus, semilogplot, setcolors, setoptions, setoptions3d,
spacecurve, sparsematrixplot, surfdata, textplot, textplot3d, tubeplot |
[arc, arrow, circle, cone, cuboid, curve, cutin, cutout, cylinder, disk, dodecahedron,  (4.1.1)
ellipse, ellipticArc, hemisphere, hexahedron, homothety, hyperbola, icosahedron,
line, octahedron, parallelepiped, pieslice, point, polygon, project, rectangle,
reflect, rotate, scale, semitorus, sphere, stellate, tetrahedron, torus, transform,

translate, virml]

From the plots package | have used:

animate, arrow, contourplot, contourplot3d, display, display3d, fieldplot, fieldplot3d, gradplot,
gradplot3d, implicitplot, implicitplot3d, pointplot, pointplot3d, spacecurve, textplot, and
textplot3d.

As a rule of thumb, the plots package has commands for kinds of plots and the plottools has
commands for special kinds of objects. The distinction is not clean. Note that each has an arrow
command, with the commands being slightly different from each other.

Commands in a package can also be called with a long name. Thus plots[display] is available
even if we have not loaded the plots package.

V¥ Visualization in the Student package

There are also graphical commands in other packages:

'O with(Student[Calculus1]);
withéStudent[MuItivariateCaIcqus]);

[ AntiderivativePlot, AntiderivativeTutor, Approximatelnt, ApproximatelntTutor,

ArcLength, ArcLengthTutor, Asymptotes, Clear, CriticalPoints,
CurveAnalysis Tutor, DerivativePlot, DerivativeTutor, DiffTutor, ExtremePoints,
FunctionAverage, FunctionAverageTutor, FunctionChart, FunctionPlot,
GetMessage, GetNumProblems, GetProblem, Hint, InflectionPoints, IntTutor,
Integrand, InversePlot, InverseTutor, LimitTutor, MeanValueTheorem,
MeanValueTheoremTutor, NewtonQuotient, NewtonsMethod,
NewtonsMethodTutor, PointInterpolation, RiemannSum, RollesTheorem, Roots,
Rule, Show, ShowIncomplete, ShowSteps, Summand, SurfaceOfRevolution,
SurfaceOfRevolutionTutor, Tangent, TangentSecantTutor, TangentTutor,
TaylorApproximation, TaylorApproximationTutor, Understand, Undo,




VolumeOfRevolution, VolumeOfRevolutionTutor, WhatProblem |

[ Approximatelnt, ApproximatelntTutor, CenterOfMass, ChangeOfVariables,
CrossSection, CrossSectionTutor, DirectionalDerivative,
DirectionalDerivativeTutor, FunctionAverage, Gradient, GradientTutor,
Jacobian, LagrangeMultipliers, Multilnt, Revert, SecondDerivativeTest,
SurfaceArea, TaylorApproximation, TaylorApproximationTutor ]

Some examples are in order:
O MeanValueTheorem(x"3 - x, x=-3..2, output = plot);
The Mean Value Theorem Applied to
f(X) = x"3-x
on the Interval [-3, 2]

o1

I L1 IQ

PN
AT

/ -
/klot

K15-

K20-

K25 -

f(x)
o) RiemannSum(tan(x) - 2*x, x=-1..1, method = midpoint, output
= plot, partition = 10);

(4.2.1)



An Approximation of the Integral of
f(x) = tan(x)-2*x
on the Interval [-1, 1]
Using a Midpoint Riemann Sum
Area: 0.
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e FunctionChart(sin(x; + x/2, slope=[thickness(2, 1),
linestyle(solid, dash)], pointoptions=[symbolsize=20]);




The Chart of
fix)= sim{x)+1/2*%x
on the Interval [-10, 10]
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o) CrossSection(x"2+y"2+z"2 = 4, x+y=[1.9, 1.71.1,0.1, -1],
x=-2..2,y=-2..2 ,z=-2..2, title="Sphere");




Sphere

0 LagrangeMuItipIiersEx*y, x"2/8+y"2/2—1],[x,y ,output=plot);
Iaagr_zim eMultipliers(x*y,[x"2/8+y"2/2-1],[x,y],output=
etailed);
LagrangeMultipliers(x*y,[x"2/8+y"2/2-1],[X,y]);




[x=2,y=1,7u1=2,xy=2], [x=K2,y=K1,k1=2,xy=2], [x:KZ,yzl,M:KZ’
xyIKZ], [x=2,y=|<1,7u1=|<2,xy=|<2]

[2,1], [K2,K1], [K2, 1], [2 K1] (4.2.2)

o) Approximatelnt(x"2+y~2,x=-4..4,y=-6..6, output = value,
partition = [12,12], frames=2..12);
1652.444453 (4.2.3)

o) with(Student[VectorCalculus]);
[&x, *,°C " - ! ,0,! |0, BasisFormat, Binormal, CrossProduct, Curl, (4.2.4)

Curvature, D, Del, Divergence, DotProduct, FlowLine, Flux, GetCoordinates,
Gradient, Laplacian, Linelnt, MapToBasis, Nabla, Norm, Normalize, Pathlnt,
PositionVector, PrincipalNormal, RadiusOfCurvature, RootedVector,
ScalarPotential, SetCoordinates, SpaceCurve, SpaceCurveTutor, Surfacelnt,
TNBFrame, TangentVector, Torsion, Vector, VectorField, VectorFieldTutor,
VectorPotential, diff, eval VF, int, limit, series|

o) TNBFrame( <cos(t),sin(t),t/(2*Pi)>, output=animation, _
frames=15, scaling=constrained, axes=boxed, range=0..8*Pi )
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