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Chapter 13

3D Plots

To visualize a function of two variables or three-dimensional data in a
Mathcad worksheet, you can create a surface plot, a contour plot, a 3D
bar plot, a 3D scatter plot, or a vector field plot. This chapter explains
how to create and format these plots using Mathcad’s OpenGL graphics
engine.

This chapter contains the following sections:

Overview of 3D plotting

Introduction to creating three-dimensional plots, including multiple plots on
a single graph.

Examples of 3D plots

Instructions for creating surface plots, contour plots, 3D bar plots, 3D scatter
plots, and vector field plots.

Formatting a 3D plot

Basic procedures for formatting a three-dimensional plot. Description of ways
to modify the suiace,lines, and points of a plot. Introduction to lighting and
annotations.

Modifying your 3D plot’s perspective
Rotating, spinning, and zooming ad¢b-dimasional plot.
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Overview of 3D plotting

To visually represent a function of two variables in Mathcad or to plot data in the form
of x-, y-, andz-coordinates, you can create a surface plot, a contour plot, a 3D bar plot,
a 3D scatter plot, or a vector field plot. You insert these different plot types using
commands from thmsert menu or the 3D Plot Wizard. You can also create more than
one of these plots on the same graph. Mathcad renders 3D plots with a sophisticated,
high performance OpenGL graphics engine.

Inserting a 3D plot
In general, to create a three-dimensional plot:

B Store the values to be plotted in a Mathcad variable. Most 3D plots require you to
store the values in a matrix. The row and column numbers typically represent
andy-axis values. The matrix elements themselves typicallg-asdues.

B Clickinthe worksheetwhere youwantthe pl
to appear. Then choo&eaph from thelnsert 9
menu and choose a 3D plot. Alternatively, [
click one of the 3D graph buttons on the Gra [
toolbar. Mathcad inserts a blank 3D plot wi [
axes and an empty placeholder.

B Enter the name of the matrix (or other requir
arguments) into the placeholder. If the plot
requires more than one argument, enclose
arguments in parentheses and separate th
by commas. For a list of the arguments
required by each type of plot, see page 253.

B Click outside the plot or presSiiter ]. Math-
cad creates the plot according to the points
represented in the matrix or other argumen
you specified. For example, a surface plot i
created, as shown at right.

=+
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The plot is created using default format settings
For information on modifying plot characteristigs
such as the axes, lighting, and lines, see “Formi
ting a 3D plot” on page 264.

To resize a plot, click in the plot to select it. Ther
move the cursor to a handle along the edge of|tt
plot until the cursor changes to a double-heade
arrow. Hold the mouse button down and drag th
mouse in the direction that you want the plot’s
dimension to change.

252 Chapter 13 3D Plots




3D Plot Wizard

To help you have more control over the format settings of a plot as it is inserted, use
the 3D Plot Wizardwhich specifies a plot's appearance step by step.

To use the Wizard:

Gk In Yo WO

wherever you want the
graph to appear. Make sur( ' s s |

i I A Surlacel
you see the crosshair. s |
™ i Viacies Fickd Pl o
ChooseGraphD 3D Plot e Tl
Wizard from thelnsert ™ & Scafien Pl

menu. The first page of the
3D Plot Wizard appears.

Select the type of three- [ s | owew

dimensional graph you
want to see and click “Next.”

Make your selections for the appearance and coloring of the plot on subsequent
pages of the Wizard. Click “Finish” to insert a plot with appropriate axes and a
blank placeholder into your worksheet.

Enter appropriate arguments for the 3D plot into the placeholder. A list of the
arguments required by each type of 3D plot is provided below.

Click outside the plot or presEfiter ].

The plot is created using the settings you specified in the Wizard. For information on
modifying the appearance of your plot, see “Formatting a 3D plot” on page 264.

Plot arguments

The following table indicates the arguments required for each kind of three-dimensional
plot. When a plot requires multiple arguments, enter the arguments into the placeholder
separated by commas and surround the group of arguments with parentheses.

3D plot Arguments

Surface plot A matrix whose row and column numbers represenkthe
andy-axis values. The matrix elements themselves are the
values.

Parametric surface Three matrices containing, respectively, Xhey-, andz-

coordinates of points on the surface. The three matrix argu-
ments must be enclosed in parentheses. See “Creating a
parametric surface plot” on page 257.

Contour plot A matrix whose row and column numbers represenkthe

andy-axis values. The matrix elements themselves are the
values.
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Pro

3D scatter plot Three vectors containing, respectively, fhey-, andz-
coordinates of points in space. The three vector arguments

must be enclosed in parentheses.

3D bar plot A matrix whose row and column numbers represenkthe
andy-axis values. The matrix elements themselves are the

values, or the heights of the bars.

Vector field plot

A single matrix of complex values whose row and column

numbers represent the vecierandy-coordinates. The real
part of each matrix element is tkeeomponent of a vector.
The imaginary part of each element is yheomponent of a

vector.

Alternatively, two matrices: one whose elements contain the
x-components of the vectors and one whose elements are the
y-components. The two matrix arguments must be enclosed

in parentheses.

Although you can enclose multiple arguments in parentheses, as indicated in the above
table, in Mathcad Professional you can also createsged array(see page 233) as a
convenient shortcut to assemble multiple arguments. One element of the nested array
must contain all of the arguments for the plot. For example, to pass the matrix arguments
for one of the parametric surface plots in Figure 13-1 using a nested array:

Create a vector each of whose first element contains the three

argument for the parametric surface plot.

Enter the name of the vector, in this casmto the placeholder on th

3D plot.

Graphing multiple 3D plots

Pro

Just as you can plot more than one trace on a two-dimensional graph, you can create
more than one three-dimensional plot on a graph. To do so, insert a 3D plot and enter
the necessary arguments, separated by commas, for each of the plots you want on the
graph. For example, to create a contour plot and a surface plot on the same graph:

Define two matrices, one containing the data for the contour plot, the other

containing the surface plot data.

ChooseGraph Contour Plot from thelnsert menu or click

on the Graph

toolbar. Mathcad inserts a blank 3D plot as shown on page 252.

Enter the name of the matrix containing the data for the contour plot into the

placeholder. Then type (a comma).

Enter the name of the matrix containing the data for the surface plot.

Press Enter ] or click outside the plot. You see two contour plots.

254

Chapter 13 3D Plots



Tip

B Double-click the graph to bring up the 3D Plot Format dialog box. In the Display
As section of the General tab, click the tab labeled Plot 2 and click Surface. Click
“OK.”

Both the contour plot and the surface plot, with default format settings, appear in a
single graph.

Figure 13-1 shows an example of two parametric surfaces on a single 3D graph. Note
that the three arguments for each surface are enclosed in parentheses.

Figure 13-1: Two parametric surface plots shown on the same graph.

As a general rule, you will not want to graph more than two or three plots together since they
may obscure each other and make the graph difficult to interpret.

|
Examples of 3D plots

Tip

This section describes in more detail how to create various 3D plots in Mathcad and
provides examples. Although the instructions focus on using commandslosefte
menu, you can also use the 3D Plot Wizard, as described on page 253.

To see a variety of two- and three-dimensional functions and data sets visualized in plots, open
the Advanced Topics in the Mathcad Resource Center (clesmirce Centerfrom theHelp
menu) and click “Practical Curves and Surfaces.”
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Creating a surface plot

A surface plot is useful for visualizing two-dimensional data contained in an array as
points in space that are connected to form a surface.

To create a surface plot:

B Define a matrix of values to plot. The row and column numbers represantiic
y-axis values. The matrix elements themselves are-thdies, the heights above
thex-y plane.

B ChooseGraphO Surface Plotfrom thelnsert menu or cliclﬁ'ﬁ on the Graph
toolbar. Mathcad inserts a blank 3D plot as shown on page 252.

B Enter the name of the matrix in the placeholder.

B PressEnter ] or click outside the plot.

What you see is a visual representation of the matrix. Mathcad draws a perspective
view of the matrix as a two-dimensional grid lying flat in three-dimensional space. Each
matrix element is represented as a point at a specified height above or below this grid.
The height is proportional to the value of the matrix element. In the default perspective,
the first row of the matrix extends from the back left corner of the grid to the right,
while the first column extends from the back left corner out toward the viewer.

By default, Mathcad draws lines, callesieframe to connect the points in the plot.
These lines define the surface. You can change the way a surface plot looks once it is
inserted. For example, you can color the surface, change lines, or draw points.

For general information on formatting a three-dimensional plot, refer to “Formatting a
3D plot” on page 264. For specific information on formatting a surface plot, refer to
the topic “Surface Plots” in the on-line Help.

Example: Plotting a function of two variables as a surface plot

A typical surface plot shows the values of a function of two variables. First create a
matrix that holds the values of the function, then create a surface plot of that matrix.
Here are the steps in plotting a function of two variables such as that shown in Figure
13-2:

B Define a function of two variabldéx, y).

B Decide how many points you want to plot in thendy directions. Set up range
variables (namedand;j in this example, but you can choose any names) to index
these points. For example, if you want to plot 10 points in each direction, enter:

i:=0.9 j=0..9
B Define x; andyj as evenly spaced points onthendy-axes.

B Fill the matrixM with the values of(x;, Y, ).

B ChooseGraphO Surface Plotfrom thelnsert menu or cliclﬁ'ﬁ on the Graph
toolbar.

256

Chapter 13 3D Plots



B TypeMin the placeholder and click outside the plot.
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Figure 13-2: Surface plot of a function of two variables.

Creating a parametric surface plot

Parametric equations allow you to describe points in space that vary according to some
other variables such as time and speed. Parametric surface plots are created in Mathca
by passing to the surface plot three matrices representing, theandz-coordinates

of your points in space.

To create a parametric surface plot:

B Define three matrices having the same number of rows and columns.

B ChooseGraphO Surface Plotfrom thelnsert menu or cIicI@'ﬁ on the Graph
toolbar. Mathcad shows an empty plot with a single placeholder.

B Type the names of the three matrices separated by commas into the placeholder,
and surround the three names with parentheses.

B PressEnter ] or click outside the plot.

Mathcad interprets the three matrices asthg-, andz-coordinates of points on a
surface and draws this surface from the viewing angle prescribed by the Rotation, Tilt,
and Twist settings in the 3D Plot Format dialog box.

Note The underlying parameter space is a rectangular sheet covered by a uniform mesh. In effect, the
three matrices map this sheet into three-dimensional space. For example, the Xatrjcesl
Z defined in Figure 13-3 carry out a mapping that rolls the sheet into a tube and then joins the
ends of the tube to form a torus.
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Figure 13-3:A parametric surface plot.

Creating a contour plot

To view three-dimensional data from above or from another direction, you can create
a contour plot:

B Define a matrix of values to plot.

[

iy
B ChooseGraphd Contour Plot from thelnsert menu or click &
toolbar. Mathcad shows a blank plot with a single placeholder.

on the Graph

B Type the name of the matrix in the placeholder.

B PressEnter ] or click outside the plot.

What you see is a visual representation of the matrix’s level curves. Mathcad assumes
that the rows and columns represent equally spaced intervals on the axes, and then
linearly interpolates the values of this matrix to form level curvemotours Each

level curve is formed in such a way that no two cross. By default;¢batours are

shown on the-y plane. Mathcad plots the matrix by rotating it so that the element in
row 0, column 0 is in the lower-left corner. Thus the rows of the matrix correspond to
values on the-axis, increasing to the right, and the columns correspond to values along
they-axis, increasing toward the top.

You can format a contour plot once it is inserted. For example, you can specify whether
or not the contours are to be numbered, how many contours there are, and whether grid
lines appear on the plot. You can also choose to showdhgcontours on thg-zor
y-zbackplane, respectively.

For general information on formatting a three-dimensional plot, refer to “Formatting a
3D plot” on page 264. For specific information on formatting a contour plot, refer to
the topic “Contour Plots” in the on-line Help.
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Example: A contour plot of a function of two variables

A typical contour plot shows the level curves of a function of two variables. To see
such a plot, first create a matrix that holds the values of the function, then create a
contour plot of that matrix. Here are the typical steps in plotting a function of two
variables such as that shown in Figure 13-4:

B Define a function of two variable§x, y).

B Decide how many points you want to plot in thendy directions. Set up range
variables (namedand;j in this example, but you can choose any names) to index
these points. For example, if you want to plot 10 points in each direction, enter:

i:=0.9 j=0..9
B Define x; andyj as evenly spaced points onthendy-axes.

B Fill the matrixM with the values of(x;, Y, ).

%

B ChooseGraphO Contour Plot from thelnsert menu or click on the Graph

toolbar.

B TypeMin the placeholder and click outside the plot.
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Figure 13-4: Contour plot of a function of two variables.

Note If you plot a function as described above, the poskiagis of the plot extends to the right and
the positivey-axis extends toward the top of the plot.
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Creating a 3D bar plot

To create a bar plot of three-dimensional data:

B Define a matrix of values to display.

B ChooseGraphU 3D Bar Plot from thelnsert menu or cIick. on the Graph
toolbar. Mathcad shows an empty plot with a placeholder.

B Type the name of the matrix in the placeholder.
B PressEnter ] or click outside the plot.

What you see is a visual representation of the matrix. Mathcad draws a perspective
view of the matrix as a two-dimensional grid lying flat in three-dimensional space. Each
matrix element is represented as a column extending above or below this grid by an
amount proportional to the value of the matrix element. In the default perspective, the
first row of the matrix extends from the back left corner of the grid to the right, while
the first column extends from the back left corner out toward the viewer.

The perspective on the bar plot depends on the location of the viewer with respect to
the surface. You can change this view and other format options as described in
“Formatting a 3D plot” on page 264. For example, you can specify whether you want
the bars stacked or laid out side-by-side.

Example: A bar plot of a function of two variables

A typical 3D bar plot shows the values of a function of two variables. To see such a
chart, first create a matrix that holds the values of the function, then create a bar plot
of that matrix. Here are the typical steps in plotting a function of two variables such as
that shown in Figure 13-5:

B Define a function of two variable§x, y).

B Decide how many points you want to plot in thendy directions. Set up range
variables (namedand;j in this example, but you can choose any names) to index
these points. For example, if you want to display 10 points in each direction, enter:

i:=0.9 j=0..9

W Define x; andyj as evenly spaced points onthendy-axes.

B Fill the matrixM with the values of ( x;, Y, ).

B ChooseGraphU 3D Bar Plot from thelnsert menu or cIick. on the Graph
toolbar.

B TypeMin the placeholder.

B PressEnter ] or click outside the plot.
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Figure 13-5: 3D bar plot of a function of two variables.

You can change the way a 3D bar chart looks once it is inserted. For example, you can
color the bars according to their height or thxeir y values. You can also control the
way the bars are laid out.

For general information on formatting a three-dimensional plot, refer to “Formatting a
3D plot” on page 264. For specific information on formatting a 3D bar plot, refer to the
topic “3D bar plots” in the on-line Help.

Creating a 3D scatter plot

Tip

To create a scatter plot of three-dimensional data:

B Define three vectors, each having as many elements as you have points to plot. The
three vectors contain the, y-, andz-coordinates of the points, respectively.

B ChoosdGraph 3D Scatter Plotfrom thelnsert menu or clich )L"
toolbar. Mathcad shows a blank plot with a single placeholder.

on the Graph

B Type the names of the vectors, separated by commas, in the placeholder, and
surround the three names with parentheses.

B Click outside the plot or pre$gnter]

If you have a matrix of data that you want to show as a set of points, ceafae ploas
described on page 256, double-click it to bring up the 3D Plot Format dialog box, and select Data
Points in the Display As group on the General page.
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Example: Plotting parametric curves in three-dimensional space

You can easily create parametric curves in space using a 3D scatter plot. For example,
to create the plot shown in Figure 13-6:

B Decide how many points you want to plot. Set up a range variable (namiis
example, but choose any name) to index these points.

B Define two vectorx andy in terms of theeosandsin functions. Define a third
vectorz as the parametric function.

B ChooseGraphl 3D Scatter Plotfrom thelnsert menu or click¥=~| on the Graph
toolbar.

B Type(Xx,y,z) inthe placeholder. Then click outside the plot.
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Figure 13-6: A 3D scatter plot.

You can change the way a scatter plot looks once it is inserted. For example, you can
change the symbol and its color used at each point. You can also connect the points in
space with a line.

For general information on formatting a three-dimensional plot, refer to “Formatting a
3D plot” on page 264. For specific information on formatting a 3D scatter plot, refer
to the topic “3D scatter plots” in the on-line Help.

Creating a vector field plot

In a vector field plot, each point in tixey plane is assigned a two-dimensional vector.
To create a vector field plot, you define a rectangular array of points and assign a vector
to each point. One way to do this is by creating a matrix of complex numbers in which:

B The row and column numbers represerdndy-coordinates.

B The real part of each matrix element is xheomponent of the vector associated
with that row and column.
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B The imaginary part of each element is ypeomponent of the vector associated
with that row and column.

To create a vector field plot:

B Create a matrix as described above.

B ChooseGraph[d Vector Field Plot from thelnsert menu or cIickif—:— on the
Graph toolbar.

B Type the name of the matrix in the placeholder.
B PressEnter ] or click outside the plot.

Mathcad plots the matrix by rotating it so that the element in row 0, column O is at the
lower-left corner. Thus the rows of the matrix correspond to values onatkis,
increasing to the right, and the columns correspond to values aloyguiiee increas-

ing toward the top.

You see a collection ah On  vectors as shown in Figure 13-7. The base of each vector
sits on thex- andy-values corresponding to its row and column. The magnitude and
direction of each vector are derived from the real and imaginary parts of the matrix
element.

Bt m .

L o

Figure 13-7: A sample vector plot from a complex matrix.

You can also create a vector field plot by using two matrices of real numbers rather
than a single matrix of complex members.

B Create two matrices having the same number of rows and columns. The first matrix
should have thg-components of the vectors, the secondytheomponents.

B ChooseGraph[d Vector Field Plot from thelnsert menu or cIickif—:— on the
Graph toolbar.
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B Type the names of the matrices separated by commas in the placeholder, and
surround the names with parentheses.

B PressEnter ] or click outside the plot.

Figure 13-8 shows a vector field plotted using two real matrices rather than a single
complex matrix.
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Figure 13-8: A sample vector plot from two matrices of real numbers.

You can change the way a vector field plot looks once it is inserted. For example, you
can change the color of the arrow heads and the lines.

For general information on formatting a three-dimensional plot, refer to “Formatting a
3D plot.” For specific information on formatting a vector field plot, refer to the topic
“Vector field plots” in the on-line Help.

I
Formatting a 3D plot

A three-dimensional plot’s default appearance depends on how you insertit. When you
chooseGraph 3D Plot Wizard from thelnsert menu, you make selections in the
pages of the Wizard that determine a plot’s appearance. When you insert a plot by
choosing a plot type from tHasert menu, however, the plot automatically acquires
default characteristics.

You can change the appearance of any 3D plot after it is inserted. To do so, you use
the many options available in the 3D Plot Format dialog box. For example, you can use
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the options to change a plot’s color, format the axes, add backplanes, and format the
lines or points.

To bring up the 3D Plot Format dialog box:

W Click once on the plot (0 Sele | T —— :

it and choos&raph 3D Plot e 111 1] HHH
from theFormat menu. Alter- L R s T
_natlvely, double—c_:llck the plot 5-'-.:-.:.. e et
itself. Mathcad brings up the 3D wE 4 Sy

Plot Format dialog box. The e Tl - TTRTTHTS
General page is shown at right T | [ ipathis | ety
The remaining tabs take you tC ey |

additional pages. Bt || |1 b L s Pt

Do 1 i P [ Bk P

B Click the tab for the page you
want to work with. For an over- I | ]
view of the options available on
each page, see below.

B Make the appropriate changes in the dialog box.
B Click “Apply” to see the effect of your changegthoutclosing the dialog box.
B Close the dialog by clicking “OK.”

The 3D Plot Format dialog box

Note

The tabs in the 3D Plot Format dialog box bring you to pages containing options for
formatting various aspects of a three-dimensional plot. Some options available on
certain pages in the dialog box depend on the kind of plot you are formatting. Options
on other pages are available for any three-dimensional graph.

B TheGeneral page gives you access to basic options that control the overall
appearance of the graph. Use these options to control the position of a plot, set the
axis style, draw a border or a box, or convert one 3D plot to another type.

B The options on th@xespage allow you to control exactly how each axis looks.
You can specify the weight of each axis and whether it has numbers or tick marks.
You can also specify the axis limits. Use the tabs at the top of the page to format
thex-, y-, or z-axis.

B TheBackplanespage has options for specifying whether a backplane is filled with
a color, has a border, or has grid lines or tick marks. Use the tabs at the top of the
page to format thg-y, y-z, orx-zbackplane.

Both the Backplanes page and the Axes page have options for setting and formatting grid lines.
When you set the grid lines for an axis on the Axes tab, you set them for the two backplanes
shared by the axis. When you set the grid lines on the Backplanes tab, you set them for one
backplane only.
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On-line Help

Fill color

Note

B Use the options on th&ppearancepage to format the surfaces, lines, and points
that make up a plot. For example, the options here let you apply color directly to a
plot’s surface, its contours, or its lines and points. To learn more about controlling
the surfaces, lines, and points of a plot, see the sections that follow.

B ThelLighting page options control both the overall lighting of the plot as well as
individual lights directed onto it. See “Lighting” on page 271 for more information
on lighting and how it affects a plot.

B TheTitle page gives you a text box for entering a title for the graph and options for
specifying the location of the title on the graph.

B The options on th8pecialpage are for controlling plot options related to specific
kinds of plots. For example, the Bar Plot Layout options let you specify the way
the bars are arranged in a 3D bar plot.

B TheAdvancedpage has options which you are likely to use only when you need
very fine control over the appearance of a plot, such as the vertical scale.

For details on the options available on a particular page in the 3D Plot Format dialog box, click
the Help button at the bottom of the dialog box.

Some options in the 3D Plot Format dialog box work together to control the appearance
of a plot. For example, the options on the Appearance page, the Lighting page, and the
Special and Advanced pages work together to control the color of a plot. Refer to the
sections that follow for more information on controlling the color of a plot’s surface
and its lines and points.

When you format a graph containing more than one plot, as described on “Graphing multiple 3D
plots” on page 254, some options in the 3D Plot Format dialog box apply to an entire graph while
others apply to individual plots. For example, all the options on the Axes, Backplanes, and
Lighting pages are for the graph as a whole: each plot on the graph uses common axes,
backplanes, and lighting. However, options on the Appearance tab are specific to each plot on
the graph. That is, each plot can be filled with its own color, have its own lines drawn, etc. Use
the tabs labeled Plot 1, Plot 2, etc. to control the settings for individual plots.

The color of a plot is primarily determined by its fill color. This section describes the
ways to apply color to a plot by filling its surfaces or contours. A plot’s color and
shading are also affected bighting, as described in more detail in page 271.

Mathcad allows you to apply either a solid color or a colormap to the surface or contours
of a plot. A solid color is useful when you don’t want to overcomplicate a plot with
many colors or when you want to use primarily lighting to shade a plot. A colormap
applies an array of color to a plot according to its coordinates.
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Note Mathcad comes with a variety of colormaps for applying rainbow colors and shades of gray, red,
green, and blue. You can also create and load custom colormaps by uSaga@ielormapnd
LoadColormagfunctions, described on page 216. By default, a colormap is applied in the
direction of thez-values, or according to the height of the plot. You can apply the colormap in
the direction of the-values ory-values by clicking the Advanced tab and choosing a direction
in the Colormap section. For more information on colormaps, see on-line Help.

Filling the surface

To apply color to a plot’s surface, use the options on the Appearance page of the 3D
Plot Format dialog box. Fill the surface with a solid color or a colormap. For example,
to color the bars in a 3D bar plot according to a colormap:

" Double-click the graph to bring gy ey
up the 3D Plot Format dialog i | |
box. Gawmd | dem dppasnres | Lk | it
Pt
B Click the Appearance tab. an Ling Dok Poird latiora
. . = filsies 7 'shuare ¥ [ Prarin
B Click both Fill Surface and : Fil [orimnn ';Cn'lll Sl
Colormap in the Fill Options Bt S s T |
section. I bpoohiheded [T oot | [ 3 tge
. ) Coles iy Cokn 1 piora Faoks hgriors
W Click “Apply” to preview the ,fﬁ':,,— e e ;::d—::-
plot. Click “OK” to close the . o
dialog box. [ o | Con | aew | hee |
Figure 13-9 shows an example.
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Figure 13-9: Filling the surface or contours of a plot.
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Note

The plot is shaded using the default colormap “Rainbow.” To choose a different
colormap, click the Advanced tab of the 3D Plot Format dialog box and select a
colormap from the Choose Colormap drop-down menu.

If you wanted to fill the bars of the plot with a solid color, choose Solid Color instead
of Colormap and double-click the color box next to Solid Color to select a color.

Filling contours

When you format a surface plot, you can choose Fill Contours instead of Fill Surface
in the Fill Options section of the Appearance page. If you fill the contours of a surface
plot, the plot is filled according to its contours rather than directly by its data. You can
fill according to thex-, y-, or zcontours or two at the same time. For a contour plot,
you must choose Fill Contours instead of Fill Surface to fill the contours of the plot.

For example, to fill a contour plot with color:

B Double-click the graph to bring up the tabbed dialog box.

B Click the Appearance tab.

B In the Fill Options section, click Fill Contours.

B Click “Apply” to preview the plot. Click “OK” to close the dialog box.

The plot is shaded using the default colormap “Rainbow.” To choose a different
colormap, click the Advanced tab of the 3D Plot Format dialog box and select a
colormap from the Choose Colormap drop-down menu.

If you have a contour plot projected on a plane other thax-ytlane, you can fill the contour

using options on the Special page of the 3D Plot Format dialog box. To do so, click the Special
tab, then choose a contour direction from the drop-down menu. Click Fill for each contour you
want to color. For example, if you have Fill checked forzltentours ana-contours, you will

see contour color on both tlkey backplane and thez backplane.

Lines
Mathcad provides many ways to control the appearance of the lines on a three-
dimensional plot. You can draw the lines so they form a wireframe, or you can draw
only the contour lines. You can also control the weight and color of the lines on a plot.
Drawing a wireframe
To control whether lines form a wireframe on a plot, use the options on the Appearance
page of the 3D Plot Format dialog box. For example, to remove the wireframe on a
surface plot as shown in Figure 13-10:
B Double-click the graph to bring up the tabbed dialog box.
B Click the Appearance tab.
B Inthe Line Options section, click No Lines.
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B Click “Apply” to preview the plot. Click “OK” to close the dialog box.

To turn lines on again later, choose Wireframe on the Appearance page.

Figure 13-10: A wireframe vs. contour lines on a surface plot.

Drawing contour lines

When you format a surface plot, you can choose Contour instead of Wireframe in the
Line Options section of the Appearance page. Contour lines are those drawn according
to the contours of a surface. You can draw eithexthg, orz- contour lines, two of

these contours lines, or all three.

Note For contour plots, Mathcad always chooses Contour instead of Wireframe to draw contour lines.

For example, to draw lines showing thieontours of a surface plot:
B Double-click the graph to bring up the tabbed dialog box.
Click the Appearance tab.

Click Contour in the Line Options section.

Click the Special tab.

Verify that Z-Contours is selected in the drop-down menu at the bottom of the
Contour Options section. Click Draw Lines to remove the check mark. This turns
lines off for thez-contours.

Choose X-Contours from the drop-down menu on the Special page.

B Check Draw Lines.
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Points

Note

B Click “Apply” to preview the plot. Click “OK” to close the dialog box.

The surface plot is drawn with contour lines perpendicular ta-thés, as shown in
Figure 13-10.

When you format a contour plot on a multi-plot graph (see page 254), the options in the drop-
down menu on the Special tab determine on which backplane the contour lines are drawn. For
example, if you have Draw Lines checked forztoentours ana-contours, you will see contour

lines on both the-y backplane and thezbackplane.

Line color

You can control the color of the lines in a plot using the color options in the Line Options
section of the Appearance page. Just as you can fill a plot’s surface with a colormap or
a solid color, described on page 267, you can also apply a colormap or solid color to
the lines in a plot.

For example, to make the lines of a contour plot orange:

B Double-click the graph to bring up the tabbed dialog box.

B Click the Appearance tab.

B In the Line Options section, click Contour to draw contour lines and Solid Color.
|

Double-click the color box next to Solid Color, click the orange box, and click
“OK.”

B Click “Apply” to preview the plot. Click “OK” to close the dialog box.

You can draw and format points on any three-dimensional plot, since all 3D plots are
constructed from discrete data points. Points are most useful, however, on a 3D scatter
plot in which points are the main focus of the plot. Mathcad allows you to control the
symbol used for the points in a plot as well as the color and size of the symbol.

To draw, remove, or format the points on a plot, use the options on the Appearance tab
of the 3D Plot Format dialog box. For example, to draw points on a surface plot:

B Double-click the graph to bring up the 3D Plot Format dialog box.

B Click the Appearance tab.

B In the Points Options section, check Draw Points.

B Click “Apply” to preview the plot. Click “OK” to close the dialog box.

Point symbols

To specify a symbol for the points on a three-dimensional plot such as a 3D scatter plot:

B Double-click the graph to bring up the 3D Plot Format dialog box.
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Lighting

Note

B Click the Appearance tab.

B In the Points Options section, choose a Symbol from the drop-down list. Increase
or decrease the size of the points using the Size spin box.

B Click “Apply” to preview the plot. Click “OK” to close the dialog box.

Point color

You can control the color of the points in a plot using the color options in the Point
Options section of the Appearance page. Just as you can fill a plot’s surface with a
colormap or a solid color, described on page 267, you can also apply a colormap or
solid color to the points in a plot.

For example, to make all the points in a 3D scatter plot red:

B Double-click the graph to bring up the 3D Plot Format dialog box.

Click the Appearance tab.

In the Points Options section, check Draw Points. Then click Solid Color.

Double-click the box next to Solid Color, click the red box, and click “OK.”

Click “Apply” to preview the plot. Click “OK” to close the dialog box.

The color of a three-dimensional plot is a result of color you use to fill its surface, lines,
and points as well as the color of any ambient light or directed lights shining on it. This
is just asitis in the real world where an object has color, but its color is affected by the
surrounding light. This is due to the fact that as light shines, an object reflects and
absorbs light, depending on its color. For example, a yellow ball reflects mostly yellow
light and absorbs others, and it can look grayish under dim lighting, green under blue
lighting, and bright yellow in bright lighting.

As described in previous sections, you can fill a plot’s surfaces, contours, lines, and
points with either a solid color or a colormap using the options on the Appearance and
Advanced pages of the 3D Plot Format dialog box.

Light is controlled using the options on the Lighting page of the 3D Plot Format dialog
box. If you are content to fill a plot with a colormap, you may not need to use lighting
at all. However, if you want to shade the plot differently, or if you fill the plot with a
solid color and want to shade it, you can enable lighting.

If your 3D graph contains multiple plots, lighting affects all the plots in a graph, but you can fill
individual plots with color independently.
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Figure 13-11: A white surface plot with lighting enabled.

If you want lighting to be the sole determinant of the color of a plot, use the Appearance page
options in the 3D Plot Format dialog box to fill the plot with solid white.

To enable lighting:

Double-click the plot to open the tabbed dialog box.
Click the Lighting tab.
Check Enable Lighting in the Lighting section.

Click the options on tabs labeled Light 1, Light 2, etc. to enable a directed light and
set its color and location. Mathcad lets you set up to eight directed lights.

Double-click the Ambient Light Color box to set the ambient light color. Note that
black corresponds to no ambient light.

Click “Apply” to preview the plot. Click “OK” to close the dialog box.

For details on the options available on the Lighting page, click the Help button at the bottom of
the dialog box. For additional information on lighting, see the Help topic “Lighting a 3D plot.”

Changing one 3D plot to another

You can change almost any three-dimensional plot into another kind of three-
dimensional plot by using the Display As options on the General tab in the 3D Plot
Format dialog box. Simply select another available 3D plot type and click “Apply” or
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Note

Annotations

“OK" to change the plot instantaneously to another type. Figure 13-12 shows the same
matrix displayed as three different plot types.
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Figure 13-12: The same data displayed in several different 3D plots.

Some three-dimensional plots cannot be converted to other forms. For example, you cannot
convert a vector field plot into any other kind of plot. If a plot cannot be converted to another
kind of plot, that plot type is grayed in the 3D Plot Format dialog box.

In addition to adding a title to your three-dimensional plot by using options on the Title
page of the 3D Plot Format dialog box, you can annotate a three-dimensional plot by
placing text or bitmaps anywhere on it. This allows you to label or highlight any part
of the plot that you wish.

To add a text annotation to a three-dimensional plot:

B Create a text region in your worksheet using the methods described in Chapter 5,
“Working with Text.”

B Drag the text region from its location in your worksheet and drop it directly onto
the plot. See “Selecting and moving text regions” on page 75 for more on dragging
and dropping text regions.

You can select the text annotation on your plot to reposition it. To edit a text annotation
on a plot, select the text and drag it off the plot to your worksheet. You can then edit
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Tip

the text region as you would any text in Mathcad. Then drag the text region back onto
the plot.

You can drag a bitmap image from your Mathcad worksheet onto a three-dimensional plot just
as you drag and drop text annotations. To place a bitmap you create in another application onto
a three-dimensional plot, copy the bitmap from the other application to the Clipboard, click on
the plot with the right mouse button, and choBaste Speciafrom the pop-up menu.

I
Modifying your 3D plot’s perspective

Rotating a plot

Note

You can resize a three-dimensional plot using the same methods you use to resize any
graphicsregions in Mathcad (see page 88). Mathcad provides several additional options
for manipulating the presentation of your 3D plot:

B You can rotate the plot to see it from a different perspective.
B You can set the plot in motion about an axis of rotation so that it spins continuously.

B You can zoom in or out on a portion of the plot.

When you rotate, spin, or zoom a three-dimensional plot, any visible axes move or resize
themselves with the plot. Text or graphic annotations you add to the plot (see page 273) remain
anchored at their original sizes and positions.

You can rotate a plot interactively with the mouse or by specifying parameters in the
3D Plot Format dialog box.

To rotate a three-dimensional plot interactively by using the mouse:

B Click in the plot, and hold the mouse button down.

B Drag the mouse in the direction you want the plot to turn.

B Release the mouse button when the plot is in the desired position.

To rotate a three-dimensional plot by using the 3D Plot Format dialog box:

B Click once on the plot to select it and cho@saphd 3D Plot from theFormat
menu. Alternatively, double-click the plot.

B Click the General tab.
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B Edit the settings for Rotation, Tilt, and Twist in the View options.
B Click “Apply” to preview the plot. Click “OK” to close the dialog box.
Spinning a plot
You can set a plot in motion so that it spins continuously about an axis of rotation:
B Click in the plot, and hold theshift ] key and the mouse button down.
B Drag the mouse in the direction you want the plot to spin.
B Release the mouse button to set the plot in motion.

The plot spins continuously until you click again inside the plot.

Note If you make changes to equations that affect a plot, the plot recomputes even when it is spinning!

Tip  To create an AVI file of a spinning plot, see the techniques in “Animation” on page 145.

Zooming a plot

You can zoom in or out of a plot interactively or by specifying a zoom factor in the 3D
Plot Format dialog box.

To zoom in on a three-dimensional plot by using the mouse:
B Click in the plot, and hold theCtrl ] key and the mouse button down.

B Drag the mouse toward the top of the plot to zoom out, or drag the mouse toward
the bottom to zoom in.

B Release the mouse button when the plot is at the desired zoom factor.

Tip If you use an IntelliMouse-compatible mouse with a center wheel, you can rotate the wheel to
zoom in or out of a three-dimensional plot.

To zoom in or out of a three-dimensional plot by using the 3D Plot Format dialog box:

B Click once on the plot to select it and cho@saphd 3D Plot from theFormat
menu. Alternatively, double-click the plot.

B Click the General tab.
B Edit the Zoom setting in the View options.
B Click “Apply” to preview the plot. Click “OK” to close the dialog box.
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