Plotting How-to

by W. Garrett Mitchener

This worksheeshowsa lot of differentthingsyou cando with plots, especiallyhow to combine
ghfefmln dflfferentways. It alsoshowsa coupleof techniquedor working with lists of pointsin
ifferentforms.

Basicplots

Here’sthebasicfunctionfor plotting functions: Pl ot
Plot [x"2 -1, {Xx, -3, 4}]
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You canplot severafunctionsat once:
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Plot [{t"2-1, Sin[t]}, {t, -3, 4}]
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To makethe curvesdifferentstyles,usetheoptionPI ot St yl e.

Plot [{x"2-1, Sin[x]},

{x, -3, 4},

Pl ot Styl e » {{Hue[0. 2]}, {Hue[0.8]1}}]
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Plot [{x"2 -1, Sin[x]},

{x, -3, 4},

Pl ot Styl e - {{Thi ckness[0. 0011}, {Thickness[0.01]}}]
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It's goodto useDashi ng or Thi ckness ratherthanHue becauseg/ou wantthe differenceto showup clearly
whenyou haveto print on a black—and-whiterinter.

Plot [{x"2 -1, Sin[x]},

{x, -3, 4},

Pl ot Styl e » {{Dashing[{0.01, 0.01}]1}, {Dashing[{0.03, 0.01}71}}]
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You can also combinethe styles, which is even better becausecolors standout on the screenwhile you're

working or presenting:
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Plot [{x"2-1, Sin[x]}, {x, -3, 4},
Pl ot Styl e - {{Hue[0. 2], Thi ckness[0.005], Dashing[{0.01, 0.01}1},
{Hue [0. 8], Thi ckness[0.001], Dashing[{0.03, 0.01}]1}}]
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If you havepointdata,you candisplayit with Li st Pl ot .

data = {{1, 1}, {2, 4}, {3, 9}, {4, 16}}

{{1, 1}, {2, 4}, {3, 9}, {4, 16}}
Li st Pl ot [dat a]
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Thosetiny dotsarehardto see,sotry this variationof thePl ot St yI e option:
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Li st Pl ot [data, Pl ot Styl e - PointSize[0.05]]
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Someof ourdotsgot cutoff. You canfix thatby specifyingthePl ot Range option.
Li st Pl ot [data, Pl ot Styl e - Poi ntSi ze[0. 05], Pl ot Range -» Al | ]
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You canalsogive specificnumbersto Pl ot Range in the form {{left, right}, {bottom, top}}. Thatworks for
mostplot commandshotjust ListPlot.
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Li st Pl ot [data, Pl ot Styl e - Poi nt Si ze[0. 05],
Pl ot Range » {{-1, 5}, {-1, 20}}]
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There’salsoa muchmore powerful function calledMul ti pl eLi st Pl ot thatyou haveto load from a pack
age. The<< commandoadsthe Graphicspackage:

<< Graphi cs’

Mul ti pl eLi st Pl ot [{data}]
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nmoreData = {{1, 3}, {2, 5}, {3, 0}, {4, 2}}
{{1, 33}, {2, 5}, {3, 03}, {4, 2}}

Hereyou canseethat MultipleListPlot usesdifferentsymbolsfor eachlist of points. This is whatyou haveto do
to makethemlarger:
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Mul ti pl eLi st Pl ot [{data, noreData},
Synbol Shape -» {PI ot Synbol [Di anond, 6], Pl ot Synbol [Star, 6]}]
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How to turn a pair of listsinto alist of pairs
xVal ues = {1, 2, 3}
{1, 2, 3}

(This shouldgive you a spellingwarning——Don’t worry aboutit, it's harmless.)
yVal ues = {0, 3, 8}

— GCeneral::spelll: Possible spelling error: new synbol
name "yVal ues" is sinilar to existing symbol "xValues". More...

{0, 3, 8}

This expressiortreatesa matrix whosetwo rowsarexValuesandyValues.
{xVal ues, yVal ues}
{{1, 2, 33, {0, 3, 8}}

You canseethatwith theMat r i xFor mcommand.

{xVal ues, yVal ues} // Matri xForm
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We wanttwo columnsinsteadof two rows,soall we haveto dois takethetranspose.
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poi nts = Transpose[{xVal ues, yVal ues}]

{{1, 0}, {2, 3}, {3, 8}}

Li st Pl ot [points, PlotStyl e - PointSize[0.05],
Pl ot Range -» {{-1, 4}, {-1, 10}}]
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How to combineplots

Supposeyou wantto superimposéwo plots, say onewith alist of pointsand onewith a function. Neitherthe
Pl ot functionnortheMul ti pl eLi st Pl ot functioncandothis. Pl ot candisplayany numberof functions,
and Mul ti pl eLi st Pl ot can display any numberof lists of points, but you can’t mix the two directly.
Instead you cansavethe actualgraphicsobjectsin a variableandusea specialgraphicsfunctionto showseveral
of thematthesametime. Here’'sanexample.

Let's continuewith the datawe definedeatrlier:

dat a

{{1, 1}, {2, 4}, (3, 9}, {4, 16}}
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poi nt Pl ot =ListPl ot [data, Pl otStyl e - PointSize[0.025]]
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functionPlot =Pl ot [x"2, {x, -3, 3}]
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Now useShow to combinethetwo:
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Show[f unctionPl ot, pointPl ot ]
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Oneof our pointsgot cut off. That's because&show hasto combinethe optionsgivento the different plots, so
sometimest doesn’tgettherangecorrect,andsoforth. Tofix it, we justaddaPl ot Range optionto Show

Show[f unctionPl ot, pointPlot, Pl otRange » Al | ]
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The curve doesn’tgo all the way to that last point becausewne specifieda rangeof {-3,3} whenwe created
functionPlot.

3-Dimensionalplotting

Mathematica canalsoplot surfaces.Here’'sanexampleof thePl ot 3D command:
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Plot3D[2 -x"2-y"2, {X, -2, 2}, {y, -2, 2}]

- SurfaceG aphi cs -

The surfaceis approximatedy smallflat faces. Therearezillions of optionsyou canaddto a surfaceplot. One

of themoreusefulonesis to controlhow fine the meshis with the Pl ot Poi nt s option:

Plot3D[2 -x"2-y"2, {X, =2, 2}, {y, -2, 2}, PlotPoints - 50]
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If you usea fine mesh,the meshlines cangetdistracting,so you might wantto turn themoff by specifyingthe
Mesh option:

Pl ot 3D[2 -x"2 -y"2, {X, -2, 2},
{y, -2, 2}, PlotPoints - 50, Mesh - Fal se]

- SurfaceG aphi cs -

Sometimesa surfaceisn’t the bestway to view a function of two variables. You canalsouseCont our Pl ot
which drawsandcolorslevel setsof thefunction.
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ContourPlot [2-x"2-y"2, {X, -2, 2}, {y, -2, 2}]
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And there’salsoDensi t yPI ot , which splits the planeinto boxesand colors eachbox basedon the function
valuethere.
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DensityPlot [2 -x"2-y"2, {X, -2, 2}, {y, -2, 2}]
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Savingplots for usein IATEX and other programs

Whatif youwantto savea pictureto usein anothemprogram? Oneway is to usethe Expor t function. It takes
a file namein quotesandan objectto export. The formatof the exportedfile is determinedy the extensionon
thefile name for examplePicture.pnds a PNGfile, Picture.jpdis a JPECile, etc.

Let's go backto thecompositeplot from before:
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conposi t ePl ot = Show[functionPl ot, pointPlot, Pl ot Range -» Al | ]
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If youwantto savethis for IATEX, the bestformatis Encapsulate®ostScript (or EPSfor short). EPSfiles are
madeup of drawingcommandgo be interpretedby a printer, and they can be drawn at any resolution. Most
journalswantEPSfiles for all graphicsn paperssincetheyusuallyprint theirissuesn atleast1200dpi.

Export [" Conposi t ePl ot. eps”, conpositePl ot ]

Conposi tePl ot. eps

Thenyou canloadit into alATEX file with commanddike this:

\ docunent cl ass{artic] e}
\ usepackage{ gr aphi cx}

\ begi n{ docunent }

\'i ncl udegr aphi cs{Conposi t ePl ot. eps}

\ end{docunent }

And the\includegraphiceommandakesoptionslike

\'i ncl udegr aphi cs| w dt h=1i .n]}
\'i ncl udegr aphi cs[ hei ght=1in]{...}

If youwantto savethis for thewebor to putin a Word, Word Perfect,or OpenOffice documenta goodformat
is PortableNetwork Graphics,or PNG. This is a compressedpixel-basedyraphicsformat, and Mathematica
will renderthe graphicsat a specific resolution. Other formatsthat are good for the web are JPEG(which is
morehighly compressebtlecausdine detailsareleft out) andGIF (whichis anolderformatsimilarto PNG).

Export [" Conposi t ePl ot. png", conpositePl ot ]

Conposi t ePl ot. png

If youwantto editthe graphicsafteryou’ve savedthem,sayto addarrowsor otherdecorationsyou haveseveral
options. For EPSfiles, Adobe lllustrator is greatfor editing them directly. XFig and Sketchand other free
UNIX programscanimportthem,andthenyou cansavethe resultingfigure asEPS. For PNG andotherpixel—
basedformats,try a paint programlike Adobe Photoshopor the GIMP. (Many paint programscanopenEPS
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files, but they convertthemto pixel datafirst, so you losethe ability to print themat any resolution.) Word,
Word PerfectandOpenOffice canalsodo somedrawingon top of importedgraphics.

Export alsohaslots of options,butyou probablywon't needthemunlessyou getinto really fancygraphics.



