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Three-Dimensional Graphing

Rectangular Coordinates

If the function is expressed in rectangular coordinates, Maple uses the plot3d command. For example, to graph the function 
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 for x in [(3, 3] and y in [(3, 3], we can type:

> plot3d(x^2-y^2,x=-3..3,y=-3..3);
Note that this graph has no scale, no axes and is oriented in an unknown way.  Maple has many ways to fine tune this graph.  For example, we can rotate the picture in space.  Simply use the mouse to move the cursor over the picture (the cursor becomes an arrow); now hold down the left mouse button and slowly move the cursor.  The graph should rotate in the direction of the movement of the mouse.  Many options are accessible by right clicking the mouse when the cursor is over the graph.  This produces a menu of graphing options.  By clicking on the Boxed option under the Axes menu, we can see where our graph is oriented in space.  We can also achieve this effect by including the command axes = boxed in the command line after the domains.  Other axes options are normal and framed.  (To get back to the original graph, place the cursor anywhere in the command line and press Enter again.)

Another useful option command is the grid command.  Maple produces the graph by evaluating the function at a grid of points in the xy-plane.  This grid is set by default to be a 25x25 grid inside the domain.  Often more grid points will produce a sharper picture (but will take longer to draw).  Observe how grid is used to change the grid to be 50x50 and the resulting improvement in clarity in the following examples.

> plot3d(3*sin(3*x)-5*cos(4*y),x=-Pi..Pi,y=-Pi..Pi);
> plot3d(3*sin(3*x)-5*cos(4*y),x=-Pi..Pi,y=-Pi..Pi, grid=[50,50]);
Much more information is available on the plot3d command in the help file.

Cylindrical and Spherical Coordinates

Maple can plot the graphs of functions expressed in cylindrical or spherical coordinates.  There are two ways to do it.  We can use the plot3d command and use an option to change the coordinate system or use commands designed for the coordinate systems directly.   To do the second method  requires opening the plots library.  

> with(plots):
Maple uses the cylinderplot command for cylindrical coordinates and the sphereplot command for spherical coordinates.  The syntax for each command is similar to plot3d commands.  Namely, inside the parentheses, we type the expression we want to plot followed by the intervals for the domain variables.  (Note that a 
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 is typed as theta and [image: image3.wmf]f

 is typed as phi.)  For example, to graph [image: image4.wmf] = 
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 with 
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 in [0, 2(] and z in [(2,2] in cylindrical coordinates, we can type as follows:  

> cylinderplot(z*cos(theta),theta=0..2*Pi,z=-2..2);
The sphereplot command is similar. For example, we can plot the sphere [image: image6.wmf] = 
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 in [0, 2(] and [image: image8.wmf]f

 in [0, 2(] by typing

> sphereplot(5,theta=0..2*Pi,phi=0..Pi);
For comparison, here is the command for the same graph using the plot3d command.  

> plot3d(5,theta = 0..2*Pi,phi=0..Pi,coords=spherical);
> 

Implicit Plots

Maple plots the graph of implicitly defined surfaces using the implicitplot3d command.  Before using this command, the plots library must be opened.  The syntax of the implicitplot3d command is as follows:

           > implicitplot3d( an equation in x,y and z, x = a..b, y = c..d, z = e..f);

For example, to graph the unit cylinder [image: image9.wmf] = 
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 for z between 0 and 2, we can type

> with(plots):
> implicitplot3d(x^2+y^2=1,x=-1..1,y=-1..1,z=0..2);
Contour Plots

Level curves or contour plots of functions of two variables can be plotted using the contourplot command, but the plots library must first be opened.  The syntax for contourplot is exactly the same as plot3d.  For example, here are some level curves of [image: image10.wmf] = 
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> contourplot(x*cos(y),x=-2..2,y=-Pi..Pi);
Often in contour plotting, we wish to specify the levels of the contours.  This can be done with the contours option.  We need to make a list enclosed in square brackets, [], to tell Maple exactly which contours to draw.

> contourplot(x*cos(y),x=-2..2,y=-Pi..Pi, contours=[0, .5, 1, 1.5, 2]);
Vector Fields


Maple can draw vector fields in two or three dimensions, but the plots library must be open.

   
Two dimensional vector fields can be drawn with the fieldplot command.  The syntax is similar to other plotting commands in that we start with the function, the vector function has its components enclosed in square brackets, [], and then follow with the domain intervals.  For example, the vector field for F(x, y) = ([image: image11.wmf]x
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, y) for x in [(2, 2] and y in [(2, 2] is given by the following.

> fieldplot([x*cos(y),y],x=-2..2,y=-2..2);
An option that is useful  in this context is the arrows option.  The arrows can be made thin, slim, thick or line.  Thin is the default and line is used in slope fields of differential equations.

> fieldplot([x*cos(y),y],x=-2..2,y=-2..2, grid=[10,10], arrows=thick);
Three dimensional vector fields can be drawn with the fieldplot3d command.  The syntax is exactly as fieldplot, except we now have three domain variables.  To draw the three dimensional vector field for F(x, y, z) = (-y, x, 2), we can type:  

> fieldplot3d([-y,x,2],x=-2..2,y=-2..2,z=-2..2,axes=boxed);
Use the cursor to rotate the graph to get a clearer picture of what is happening.

Parametric Curves

Maple can draw a parametrically defined curve in three dimensions using the spacecurve command.  (This command also requires the plots library.)

For example, to plot [image: image12.wmf] = 
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 for t between 0 and 10(, we can enter:

> spacecurve([t,sin(t),cos(t),t=0..10*Pi]);

As usual, we can make a prettier picture using some options.  Using axes to supply axes, color to fix the color as black and numpoints to have Maple sample more points to provide a smoother picture (50 is the default).

> spacecurve([t,sin(t),cos(t),t=0..10*Pi],axes=normal, color=black,numpoints=100);
Parametric Surfaces

Maple can plot parametrically defined surfaces using the regular plot3d command.  The command line must take the following form:

       > plot3d([x(u,v),y(u,v),z(u,v)], u=a..b,v=c..d, other options);
Let's do an example.  We'll plot the unit sphere as a parametric surface.  Here we need x(u, v) = sin(u)cos(v), y(u, v) = sin(u)sin(v),  z(u, v) = cos(v) with v in [0, 2(] and u 

in [0, (]

> plot3d([sin(u)*cos(v),sin(u)*sin(v),cos(u)],u=0..Pi,v=0..2*Pi);
As always, we can insert any 3d plot option we desire.

Partial Derivatives

Partial derivatives are computed the diff command.  For example, to compute [image: image15.wmf]¶
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, we can type:

> diff(3*x^5*cos(y)+5*x*y^3,y);
Higher order partial derivatives can be found by listing the variables in the order in which we want to take the derivative.  To find [image: image17.wmf]f
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, with f as above, we type:

> diff(3*x^5*cos(y)+5*x*y^3,x,y,y);
Multiple Integrals

Multiple integrals are computed using the int more than once.  This can be done with multiple command lines or by nesting the commands.  For example, to compute [image: image18.wmf]d
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, we can type:

> int(int(x^2+y^2,x=y..1),y=0..1);
Triple integrals are done exacly the same way.  For example, [image: image19.wmf]d
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 is given by:

> int(int(int(y^2+z^2,z=0..1-x),y=0..sqrt(1-x^2)),x=-1..1);
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