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1 Introduction
This brief article discusses graphing parametric equations of lines and parametric or
functional equations of planes in R3 using TI-Nspire’s 3D Graphing functionality. The
TI-Nspire document 3d lines planes.tns that accompanies this article provides ex-
amples of 3D graphs of lines and planes and can be opened in both the CAS and non-
CAS versions of TI-Nspire.

2 Lines and Line Segments
The parametric equations for a line in R3 that passes through two distinct points,
(x1,y1,z1) and (x2,y2,z2), are

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

where t is in the interval (−∞,∞).

When the value of t is restricted to the interval [0,1], the equations define a line seg-
ment. Figure 1 displays the graph of a line and the graph of a line segment.

Figure 1: Graphs of a Line and a Line Segment
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The parametric equations for the line are entered as

TI-Nspire’s 3D Plot Parameters Dialog does not accept either infinity or its symbol
as an entry, so values less than and greater than the range of the graph are entered as
shown in Figure 2.

Figure 2: Parameters Dialog for a Line

The parametric equations for the line segment are entered as

For the line segment, 0 is entered in the Plot Parameters dialog for tmin and 1 is en-
tered for tmax.

Figure 3a displays the graphs of two lines that appear to intersect. However, these
two lines are actually on two different planes that are separated at the point where the
lines appear to intersect. The separation can be observed by rotating the graph as shown
in Figure 3b. Lines in R3 that are not coincident or parallel and that do not intersect are
called skew lines.
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(a) Graphs of Two Lines (b) Another View of the Graphs

Figure 3: Skew Lines in R3

3 Planes
The 3D Cartesian coordinate system is constructed with three mutually perpendicular
axes, x,y,z. The axes divide the coordinate system into octants and three mutually
perpendicular planes: the xy plane, the xz plane, and the yz plane. These three planes
are depicted in Figure 4.

(a) The xy Plane (b) The xz Plane (c) The yz Plane

Figure 4: xy,xz,yz Planes

The explicit equations for these three planes are:

xy plane - z = 0,x ∈ (−∞,∞),y ∈ (−∞,∞)

xz plane - y = 0,x ∈ (−∞,∞),z ∈ (−∞,∞)

yz plane - x = 0,y ∈ (−∞,∞),z ∈ (−∞,∞)

Since z= 0 is an explicit function of the form z= f (x,y), the xy plane can be graphed as
a functional 3D equation. However, the xz and yz planes must be graphed as parametric
equations and the xy plane can also be graphed as a parametric equation. To do this, use
the parameters t and u for the unrestricted variables and set tmin,tmax,umin,umax
to values less than and greater than the 3D viewing range (-100 and 100 are the values
used in the TI-Nspire document that accompanies this article).

Planes parallel to the xy,xz,yz planes can also be graphed. This is done using the
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parametric form of the explicit equations z = k,y = k,x = k where k is a real number
(when k = 0, the graph is the graph of the xy,xz, or yz plane). A slider can also be
linked to k, enabling the graphed plane to be interactively moved. Figure 5 illustrates
the graphs of the xy,xz,yz planes with the graphs of planes parallel to them and with
sliders to move the graphs of the parallel planes.

(a) Parallel to xy Plane (b) Parallel to xz Plane (c) Parallel to yz Plane

Figure 5: Planes Parallel to the xy,xz,yz Planes

The implicit equation for any 3D plane is

ax+by+ cz = d

Solving for z yields the explicit equation, z = f (x,y), for a plane:

z =
d−ax−by

c
This equation is undefined when c = 0.

The 3D Graphing entry line for graphing an arbitrary plane with constants a,b,c,d
is

For the graph to be displayed, values for a,b,c, and d must be assigned. This is done
with sliders, one for each constant. The graph is displayed in Figure 6.

Using the sliders, any 3D plane can be graphically visualized as long as c 6= 0 and the
values of a,b,c,d are within the range of values specified for the sliders. For example,
the implicit equation of the plane whose graph is displayed in Figure 6 is

2x+13y−6z =−20

To simplify visualizing the angular orientation of the plane, the plot also contains the
graph of a line perpendicular to the graph of the plane through a point on the plane and
the origin. The parametric equations for the line are

x = 0+a · t
y = 0+b · t
z = 0+ c · t
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Figure 6: Graph of ax+by+ cz = d

4 Summary
This short article discussed techniques for graphing parametric equations of lines and
line segments and techniques for graphing horizontal, vertical, and arbitrary planes
with TI-Nspire’s 3D Graphing functionality. The TI-Nspire document file that accom-
panies this article, 3d lines planes.tns, demonstrates the techniques discussed.
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