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1 Introduction
This article discusses and demonstrates how to define a 3D object with parametric
equations, graph the object with TI-Nspire’s 3D Graph functionality, and how to inter-
actively translate and rotate the object. The 3D object used for the demonstration is a
circular cylinder.

The TI-Nspire file (3d transforms.tns) that accompanies this article can be opened
in TI-Nspire CX, TI-Nspire CX CAS, desktop versions of TI-Nspire, and the TI-Nspire
App for the iPad.

2 Equations of Cylinders
Cylinders are defined in cartesion coordinates with the equation

x2

a2 +
y2

b2 = 1

If a 6= b, the cylinder has an elliptical cross section. If a = b the cylinder has a circular
cross section, and in this case, the equation of the cylinder is

x2 + y2 = r2

which is the equation of a circle of radius r centered on (x,y) = (0,0) in the xy plane.
The cylinder is centered on the axis that does not appear in the equation. For the two
equations above, the cylinder is centered on the z axis. Figure 1 is an image of a circu-
lar cylinder centered on the z axis.

Figure 1: A Circular Cylinder

It is difficult to graph the above equations in TI-Nspire’s default 3D Graph page since
they do not explicitly define a cylinder in the form z = f (x,y). Instead, the equation
must be converted to a parametric equation using cylindrical coordinates and graphed
using TI-Nspire’s 3D parametric functionality.

In cylindrical coordinates, a point on a cylinder is specified by r, the radius of the
cylinder, θ , the angle between the x-axis and the projection of r onto the x,y plane,
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and z, the cartesian z coordinate of the point1. The equations for converting between
cartesian coordinates and cylindrical coordinates are

x = r cos(θ)
y = r sin(θ)
z = z

where θ is in the interval [0,2π] and z is in the interval [zmin,zmax] (the bottom and
top z values for the cylinder).

The general parametric equations of a cylinder parameterized with cylindrical coor-
dinates are 2

x = ar cos(θ)
y = br sin(θ)
z = z

For a circular cylinder, the equations are simply

x = r cos(θ)
y = r sin(θ)
z = z

3 Graphing 3D Parametric Equations
Creating a 3D Parametric graph for the first time can be somewhat confusing, so the
following describes how to create a parametric graph using a cylinder as an example.

The steps to graph a circular cylinder with the z axis as the axis of symmetry, a ra-
dius of 2 units, a height of 3 units, and an origin of (x,y,z) = (0,0,0) are:

Step 1. Add a Graph application (page) to a document by selecting the Insert -
Graphs menu item.

Step 2. Change the graph from a 2D to a 3D graph by selecting the View - 3D Graph-
ing menu item.

Step 3. Change the graph type from Function to Parametric by selecting the 3D
Graph Entry/Edit - Parametric menu item. After this step, the graph page appears as
shown in Figure 2. The three entry lines are where the parametric equations for x,y and
z are entered. Each entry accepts either one or two parameters, specified as t and/or u.

1Fleisch, page 17
2Sterk, Paragraph 3.4.2
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Figure 2: Definition Form for 3D Parametric Graph

Step 4. Enter the parametric equations for the x,y and z values. For the specified
cylinder, the entries are shown in Figure 3. Note that t is used for θ and u is used for z.

Figure 3: Entries for 3D Cylinder

Step 5. Specify the interval of values for t (θ ) and for u (z) by clicking the button
to the right of the y entry line to open the 3D Plot Parameters dialog. The dialog with
entries for the cylinder ([0,2π] for θ and [0,3] for z) is shown in Figure 4.

Figure 4: Parameter Values for 3D Cylinder

After entering the values for the parameters, the graph of the cylinder appears as shown
in Figure 5.

At this point, the graph can be customized by changing its color and changing the way
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Figure 5: Initial 3D Parametric Graph of a Basic Cylinder

the surface is displayed by placing the pointer over the cylinder, then right-clicking to
pop up a menu and selecting the Attributes or Color menu item. The overall appear-
ance of the graph can also be customized through the View menu.

4 Transformations
The following sections describe how to change the orientation of the cylinder, how to
translate (move) it, and how to rotate it.

4.1 Orientation
Changing the orientation of a parameterized graph is easy: simply interchange the
parametric equations specifying the (x,y,z) coordinates. For the cylinder, the coordi-
nate specified with the u parameter determines the orientation. The following figures
illustrate how this works.

The default orientation (axis of symmetry parallel to or coincident with a coordinate
axis) for the cylinder is the z axis. The cylinder is oriented as shown in Figure 6. Note
that the z value is specified with the equation containing the u parameter.

Orienting the cylinder so that its axis of symmetry is the x axis instead of the z axis
is accomplished by interchanging the settings for the x and z axes. Figure 7 shows
the settings and how the cylinder appears when the x and z parametric equations are
interchanged.

Orienting the cylinder so that its axis of symmetry is the y axis instead of the z axis
is accomplished by interchanging the settings for the y and z axes. Figure 8 shows
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(a) Axis of Symmetry = z Axis (b) Parametric Equations

Figure 6: A Cylinder Oriented along the z Axis

(a) Axis of Symmetry = x Axis (b) Parametric Equations

Figure 7: A Cylinder Oriented along the x Axis

the settings and how the cylinder appears when the y and z parametric equations are
interchanged.

(a) Axis of Symmetry = y Axis (b) Parametric Equations

Figure 8: A Cylinder Oriented along the y Axis
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4.2 Translations
Translating (moving) a graph is also easy: simply add origin (x,y,z) variables to the
parametric equations for the graph. For the cylinder, the origin coordinates are labeled
(ox,oy,oz). The graph can then be moved by changing the values of the origin coordi-
nates. The parametric equations shown above in Figure 6, Figure 7, and Figure 8 show
the equations with the origin coordinate variables added.

Adding sliders linked to the origin coordinates enables interactively changing the ori-
gin coordinates. This is an effective technique for observing how translations work.

4.3 Rotations
Rotating a graph around its origin (x,y,z) coordinates is accomplished with rotation
matrices. The parametric equations are placed in a 3-by-1 column vector and multi-
plied by a 3-by-3 rotation matrix. The result is a vector containing the transformed
parametric equations which are then placed in the entry lines specifying the (x,y,z)
equations for the graph.

For a 3D Graph, there are three rotation angles: α is the angle of rotation around the
x axis, β is the angle of rotation around the y axis, and λ is the rotation angle around
the z axis. There are three basic rotation matrices corresponding to the three rotation
angles. These matrices are defined in a Calculator page as rx(α),ry(β ), and rz(λ ).
These matrices rotate an object around the x,y and z axes, respectively. The definitions
of the matrices are3

Important Note: To avoid having the symbols for the angles replaced with values,
the angle symbols α,β , and λ ) do not have values assigned to them.

The parametric equations for the un-transformed cylinder are placed in a column vec-
tor:

3”Rotation Matrix”,Wikipedia
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The vector is multiplied by the appropriate matrix to obtain the parametric equations
to rotate the cylinder.

The parametric equations for rotating the cylinder around the x axis are generated by
multiplying the vector of un-transformed equations by the rx(α) matrix:

The values in the resulting vector are placed in the entry lines for the cylinder’s x,y,
and z coordinates with the symbol α replaced with the variable alpha and the origin
coordinates added to the parametric equations:

Figure 9: Settings for Rotation Around the x Axis

Sliders to manipulate the cylinder’s position and rotation angle are added to the graph
and linked to the origin coordinates and rotation angle to enable interactive translation
and rotation of the cylinder.

The values for tmin and tmax are set to −2π and 2π in the 3D Plot Parameters dialog
so the cylinder can be rotated both clockwise and counter-clockwise as shown in Figure
10.

The same approach is followed for rotating the cylinder around the y axis. The trans-
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Figure 10: Settings for tmin and tmax

formed equations are obtained by multiplying the vector of un-transformed equations
by the ry(β ) matrix:

The values in the transformed vector are placed in the entry lines for the cylinder’s
coordinates with the symbol β replaced with the variable beta and the origin coordi-
nates added to the parametric equations:

Figure 11: Settings for Rotation Around the y Axis

For rotation around the z axis, the vector of un-transformed equations is multiplied by
the rz(γ) matrix:
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The values in the transformed vector are placed in the entry lines for the cylinder’s
coordinates with the symbol γ replaced with the variable gamma and the origin coor-
dinates added to the parametric equations:

Figure 12: Settings for Rotation Around the z Axis

A general rotation matrix to simultaneously rotate a 3D object around all three axes
can be created by combining the three rotation matrices, rx(α),ry(β ), and rz(gamma).
The matrices are combined by multiplying them together to produce the overall rota-
tion matrix:

Note that the order in which the matrices are multiplied is important.

The parametric equations for general rotation of the cylinder are generated by multiply-
ing the vector of un-transformed parametric equations by the general rotation matrix:
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The individual parametric equations for x,y,z are extracted from the rotation matrix
so they can be entered in or copied to the entry lines for the graph:

The easiest way to enter the equations is by copying and pasting them into the en-
try lines. Doing this is a little tricky and involves several steps:

First, create the graph using the un-transformed parameters: x(t,u) = cos(t),y(t,u)) =
sin(t),z(t,u) = u.

Then, perform the following two steps for each equation:

Step 1: Go to the Calculator page, select and copy one of the equations.

Step 2: Return to the graph page, select the appropriate un-transformed equation in
the entry line and replace it by pasting the copied equation to the entry line. Change
the symbols α,β , and γ to the variables alpha, beta, and gamma. Save the changes.

After completing steps 1 and 2 for all three parametric equations, the updated para-
metric equations in the entry lines should look the way they do in Figure 13.
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Figure 13: Parametric Equations for General Rotation

After the transformed parametric equations are successfully copied and saved, add slid-
ers to the graph page to interactively modify the rotation angles and set the value of tmin
to −2π in the 3D Plot Parameters dialog. The finished graph will appear as shown in
Figure 14.

Figure 14: Completed Graph for General 3D Rotations

Modifying the values in the sliders rotate the cylinder, showing the overall effect of
multiple rotation angles on the cylinder.
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5 Summary
This article has discussed creating, translating, and rotating 3D parametric equations
with TI-Nspire using a circular cylinder to illustrate the techniques. These same tech-
niques can be applied to any 3D object the exact same way they are applied to a circular
cylinder.

The TI-Nspire document file that accompanies this article, 3d transforms.tns, demon-
strates the techniques described in this article.
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