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1 Introduction
This article discusses parametric equations and how to graph curves defined as para-
metric equations with TI-Nspire’s 3D Graphing functionality. The TI-Nspire document
that accompanies this article, 3d curves.tns, has examples of graphs of paramet-
ric curves commonly found in multivariable calculus courses. The document can be
opened in both CAS and non-CAS versions of TI-NSpire.

2 Parametric Equations
Expressing the coordinates of an equation as functions of new independent variable(s)
is called parameterization. The new independent variable(s) are called parameters
and the resulting equations are called parametric equations. There are different ways
to parameterize an equation, and any particular parameterization is not unique. Sev-
eral commonly-used parameterizations are described in the following paragraphs and
demonstrated in the TI-Nspire document that accompanies this article. The web page
titled “Parametric Equation”1 has examples of other parameterizations.

By convention, t is used as the parameter for functions of the form y = f (x) or relations
of the form x = f (y) and the resulting parametric equations are x = f (t) = t,y = g(t)
or y = g(t) = t,x = h(t). For equations of the form z = f (x,y), either t,u or u,v are
used as the parameters and the parametric equations are either x = f (t),y = g(t),z =
h(u) or x = f (u),y = g(u),x = h(v). A domain of the form [minvalue,maxvalue] or
(minvalue,maxvalue) is associated with each parameter.

To illustrate, the function y = x2 is parameterized by letting x = f (t) = t,y = g(t) = t2,
and the relation x = y2 is parameterized by letting y = g(t) = t,x = h(t) = t2. The
parametric equations express the coordinates (x,y) as functions of a single parameter,
t. Thus, for y = x2, (x,y) = ( f (t),g(t)) = (t, t2) and for x = y2, (x,y) = (h(t),g(t)) =
(t2, t). If the coordinates model the positions of an object in space over a period of
time from t = 0 seconds to t = 3 seconds, the parametric equations model the path the
object travels over the 3 second time period.

Parametric equations for lines and line segments through the points (x1,y1,z1) and
(x2,y2,z2) are

x = x1+ t · (x2− x1)
y = y1+ t · (y2− y1)
z = z1+ t · (z2− z1)

When the domain of t is the interval [0,1], the graphs of the above parametric equations
are line segments, and when the domain is (−∞,∞), the graphs are lines.

Equations whose graphs are basically circular or elliptical in shape are parameterized
1Reference 3
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with cosines and sines with t equal to an angle in the interval [0,2π] and z equal to u,
with u a constant or in an interval [zmin,zmax]:

x = a · cos(t)
y = b · sin(t)
z = u

When a = b and u is not a constant, the graph of the parametric equations is a cir-
cular helix and when a 6= b, the graph is an elliptical helix. When u is a constant, the
graphs are either circles or ellipses on a plane parallel to or coincident with the xy plane.

Equations whose graphs are shaped like hyperbolas are parameterized with hyperbolic
sines and hyperbolic cosines with t in the interval [−2π,2π] and u a constant or in an
interval [zmin,zmax]:

x =±a · cosh(t)
y = b · sinh(t)
z = u

Two sets of parametric equations are needed for these equations: one set for the positive
hyperbolic cosine and one set for the negative hyperbolic cosine.

3 Graphing Space Curves
3D Parametric curves are created in TI-Nspire’s Graph application by first adding a
graph page, then selecting the View - 3D Graphing menu item, then selecting the 3D
Graph Entry/Edit - Parametric menu item. An entry form is displayed with entry
lines for the parametric equations as shown in Figure 1.

The equations for the x,y and z coordinates are entered in the corresponding line. The
up and down arrow keys are used to move from line to line after entering or editing an
equation. Figure 2 displays the entries for a circular helix centered on the z axis with a
radius of 3 units defined with the parameter t.

The minimum and maximum values for t are set by clicking the button to the right
of the middle entry line to open the 3D Plot Parameters dialog and entering the de-
sired values. The dialog with the values for the circular helix (tmin =−3π, tmax = 3π)
is shown in Figure 3.
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Figure 1: Parametric Equations Entry Form

Figure 2: Parametric Equations for a Circular Helix

Figure 3: Parameter Values for a Circular Helix

After the entries for the parametric equations and the values for the parameter are en-
tered, pressing the enter key displays the graph of the curve with TI-Nspire’s default
resolution. For many 3D curves, the default x and y resolutions produce a graph that
is composed of connected line segments and is thus not a smooth curve, as shown in
Figure 4.
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Figure 4: Graph of a Circular Helix with Default Resolution

The resolutions are increased by moving the cursor over the curve to highlight it, then
right-clicking to pop up a context-sensitive menu and selecting the Attributes menu
item displayed in Figure 5. The default values are x = 21,y = 21. The values are
changed by selecting a resolution, typing a new value and pressing the enter key. The
maximum resolution value is 50.

Figure 5: Attributes Pop Up Menu
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Figure 6 shows how the graph of the helix looks after increasing the x and y resolu-
tion values to 50 and hiding the 3D Box.

Figure 6: Attributes Pop Up Menu

4 Examples
The following paragraphs describe the 3D graphs of the parametric curves in 3d curves.tns,
the TI-Nspire document that accompanies this article.

4.1 Example 1
The graph displayed in Figure 7 is the graph of a circle centered on the z axis with
radius 1 in the x,y plane defined with parametric equations

x = cos(t)
y = sin(t)
z = 0

where t is in the interval [0.0,2π]. The x and y resolutions are default values (x =
21,y = 21).
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Figure 7: A Circle in the xy Plane

4.2 Example 2
The graph displayed in Figure 8 is the graph of an ellipse centered on the z axis in the
plane z = 3 defined with parametric equations

x = 4cos(t)
y = 16sin(t)
z = 3

where t is in the interval [0.0,2π]. The x and y resolutions are default values (x =
21,y = 21).

4.3 Example 3
Figure 9 displays the graph of an ellipse centered on the y axis in the plane y= 1 defined
with parametric equations

x = 2cos(t)
y = 1
z = sin(t)

where t is in the interval [0.0,2π]. The x and y resolutions are (x = 50,y = 50).
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Figure 8: An Ellipse in the Plane z = 3

Figure 9: An Ellipse in the Plane y = 1
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4.4 Example 4
The graph displayed in Figure 10 is the graph of a circle centered on the x axis with
radius 2 in the plane x = 2 defined with parametric equations

x = 2
y = 2sin(t)
z = 2cos(t)

where t is in the interval [0.0,2π]. The x and y resolutions are default values (x =
21,y = 21).

Figure 10: A Circle in the Plane x = 2

4.5 Example 5
Figure 11 shows the graphs of two slanted parabolic curves with vertices x = 0,y =
0,z = 0. The curve with the x axis as the axis of symmetry is defined with parametric
equations

x = t2

y = t

z = t
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The curve with the y axis as the axis of symmetry is defined with parametric equations

x = t

y = t2

z = t

For both curves the value of t is in the interval [−10,10] and the resolution is x =
50,y = 50.

Figure 11: Two Parabolic Curves

4.6 Example 6
Graphs of the two halves of a hyperbolic curve centered on the z axis are shown in
Figure 12. The graphs are on the plane z = 2. The curves are defined with parametric
equations

x =±cosh(t)
y = sinh(t)
z = 2

The value of t is in the interval [−2π,2π] and the resolution values are x = 21,y = 21.
The full curve is displayed by displaying two curves: one curve for positive x values
and one for negative x values.
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Figure 12: A Hyperbolic Curve on the Plane z = 2

4.7 Example 7
The graph of a ”bent” circle is shown in Figure 13. The circle has a radius of 2 and is
centered on x = 0,y = 0,z = 0. The curve is defined with parametric equations

x = 2cos(t)
y = 2sin(t)
z = cos(2t)

The value of t is in the interval [0,2π] and the resolution values are x = 35,y = 35.

4.8 Example 8
Figure 14 shows the graph of an expanding spiral centered on the positive z axis. The
curve is defined with parametric equations

x = t cos(t)
y = t sin(t)
z = t

The value of t is in the interval [0,6π] and the resolution values are x = 50,y = 50.
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Figure 13: A Warped Circle

Figure 14: An Expanding Spiral
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4.9 Example 9
A circular spiral of radius 4 centered on the positive z axis is graphed in Figure 15. The
curve is defined with parametric equations

x = 4sin(t)
y = 4cos(t)

z = a
−t
10

The value of t is in the interval [0,6π] and the resolution values are x = 50,y = 50. A
slider to observe the effect of changing the value of a is in the graph.

Figure 15: A Circular Spiral

4.10 Example 10
Figure 16 shows the graph of a contracting spiral winding around the positive z axis.
The parametric equations defining the curve are

x = b
−t
10 sin(t)

y = b
−t
20 cos(t)

z = t

The value of t is in the interval [0,8π] and the resolution values are x = 50,y = 50. A
slider to observe the effect of changing the value of b is in the graph.
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Figure 16: A Contracting Spiral

4.11 Example 11
A circular spiral of radius 2 centered on the positive x axis is graphed in Figure 17. The
curve is defined with parametric equations

x = c
−t
10

y = 2cos(t)
z = 2sin(t)

The value of t is in the interval [0,6π] and the resolution values are x = 50,y = 50. A
slider to observe the effect of changing the value of c is in the graph.
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Figure 17: A Circular Spiral Centered on the x Axis

4.12 Example 12
The final example is displayed in Figure 18 and is the graph of a double helix composed
of two intertwined spirals. The red spiral is defined with the parametric equation

x = cos(t)
y = sin(t)
z = t

with t in the interval [−2π,2π] and resolution values x = 50,y = 50. The blue spiral is
out of phase with the red spiral and is defined with the parametric equations

x = cos(t)
y =−sin(t)
z = t−π

with t in the interval [−2π,3π] and resolution values x = 50,y = 50.
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Figure 18: A Double Helix Spiraling Around the z Axis

5 Summary
This article briefly described parametric equations and described how to graph curves
of paramaterized equations in 3D with TI-Nspire. Examples from the TI-Nspire doc-
ument that accompanies this article, 3d curves.tns, were also described and graphs
of the examples were presented.
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