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1 Introduction
This article and the TI-Nspire document that accompanies it describes Quadric Sur-
faces and demonstrates how to graph them with TI-Nspire’s 3D Graph functionality.
Knowing about quadric surfaces and how to visualize them is an important skill for Cal-
culus III (Multivariable Calculus), particularly for solving problems with line, surface,
double and triple integrals. Additionally, quadric surfaces have many practical appli-
cations such as designing cooling towers for nuclear reactors, satellite dishes, mirrors
for telescopes, water tanks, and gears1.

The TI-Nspire document that accompanies this article can be opened in both the CAS
and non-CAS versions of TI-Nspire.

2 Description of Quadric Surfaces
A quadric surface is a curved surface in R3. Equations of quadric surfaces are second-
degree, non-linear equations. The equations can be specified in either functional form
(z = f (x,y)) or in parametric form using cylindrical, spherical, or hyperbolic coordi-
nates. Paragraph 3.3 of reference 32 describes quadric surfaces along with their func-
tional equations, and paragraph 3.4 describes their parametric equations.

The basic quadric surfaces described below are named for the traces formed by the
intersection of the surfaces with a plane parallel to the xz,yz, or xy plane. The traces
for the basic quadric surfaces are ellipses, hyperbolas, parabolas, and lines.

3 Graphing 3D Equations
To graph a 3D equation in a TI-Nspire document, add a Graphs page and select the
View - 3D Graphing menu item. If the equation is in functional form, enter the equa-
tion in the displayed entry line. If the equation is in parametric form, select the 3D
Graph Entry/Edit - Parametric menu item and enter the three parametric equations
that define the 3D object’s x,y, and z coordinates.

The graph of the equation can be customized by moving the cursor over the object
and right-clicking to display a popup menu with customization menu items. The over-
all graph can also be customized with the View menu items.

4 Graphs of Quadric Surfaces
Although there are many different quadric equations, there are seven basic equations
that appear in most multivariable calculus textbooks. The following paragraphs discuss

1Briggs, page 886
2Sterk
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graphing these equations in functional or parametric form and interactively modifying
them with TI-Nspire sliders.

4.1 Elliptic Paraboloid
The graph of

z =
x2

a2 +
y2

b2

is an elliptic paraboloid with the z axis as its axis. When a = b, the traces of the graph
are circles. When a 6= b, the traces are ellipses.

Since the equation is in functional form z = f (x,y), the equation can be graphed with-
out converting it to parametric form:

The graph with sliders to manipulate the values of a and b is displayed in Figure 1.

Figure 1: Graph of an Elliptic Paraboloid

4.2 Elliptic Cylinder
The graph of

x2

a2 +
y2

b2 = 1
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is an elliptic cylinder with the z axis as its axis. When a = b, the traces where the graph
of the surface intersects a plane parallel to the xy plane are circles. When a 6= b, the
traces are ellipses. The traces where the graph intersects a plane parallel to the xz or yz
plane are vertical lines.

The equation is graphed with parametric equations by converting the functional form
to parametric form using cylindrical coordinates:

x = a · r · cos(t)
y = b · r · sin(t)
z = u

where t is an angle in the interval [0,2π] and u is a z coordinate in the interval [zmin,zmax].

The entry line for the graph is

The graph with sliders to manipulate the values of r (the radius), a and b is displayed
in Figure 2.

Figure 2: Graph of an Elliptic Cylinder
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4.3 Ellipsoid
The graph of

x2

a2 +
y2

b2 +
z2

c2 = 1

is an ellipsoid. When a = b = c, the graph is a sphere and all its traces are circles.
Otherwise, all the traces are ellipses.

The equation is graphed with parametric equations by converting the functional form
to parametric form using spherical coordinates:

x = a · rho · sin(t) · cos(u)
y = b · rho · sin(t) · sin(u)
z = c · rho · cos(t)

where t is an angle in the interval [0,2π], u is an angle in the interval [0,π] and rho is
the radius of the ellipsoid.

The entry line for the graph is

The graph with sliders to manipulate the values of a,b,c and rho is displayed in Figure
3.

Figure 3: Graph of an Ellipsoid
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4.4 Elliptic Cone
The graph of

x2

a2 +
y2

b2 =
z2

c2

is an elliptic cone with the z axis as its axis. The traces where the graph intersects a
plane parallel to the xy plane are circles or ellipses. The traces where the graph inter-
sects a plane parallel to the xz or yz plane are hyperbolas or intersecting lines.

The equation can be placed in functional form z = f (x,y) by solving for z. The re-
sult is

z =±c ·
√

x2

a2 +
y2

b2

The complete graph requires graphing both the positive root and the negative root. The
entry lines are

The graph with sliders to manipulate the values of a and b is displayed in Figure 4.

Figure 4: Graph of an Elliptic Cone
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4.5 Hyperbolic Paraboloid
The graph of

z =
x2

a2 −
y2

b2

is a hyperbolic paraboloid with the z axis as its axis. The traces of the graph when the
graph intersects a plane parallel to the xy plane are hyperbolas. The traces when the
graph intersects a plane parallel to the xz or yz plane are parabolas.

Since the equation is in functional form z = f (x,y), the equation can be graphed with-
out converting it to parametric form:

The graph with sliders to manipulate the values of a and b is displayed in Figure 5.

Figure 5: Graph of a Hyperbolic Paraboloid

4.6 Hyperboloid of One Sheet
The graph of

x2

a2 +
y2

b2 −
z2

c2 = 1

is a hyperboloid of one sheet with its axis the z axis. The traces of the graph when the
graph intersects a plane parallel to the xy plane are ellipses or circles. The traces when
the graph intersects a plane parallel to the xz or yz plane are hyperbolas.
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The equation is graphed with parametric equations by converting the functional form
to parametric form using hyperbolic coordinates:

x = a · cosh(u) · cos(t)
y = b · cosh(u) · sin(t)
z = c · sinh(u)

where t is an angle in the interval [0,2π] and u is in the interval [umin,umax] and de-
termines the height of the hyperboloid.

The entry line for the graph is

The graph with sliders to manipulate the values of a,b and c is displayed in Figure 6.

Figure 6: Graph of a Hyperboloid of One Sheet

4.7 Hyperboloid of Two Sheets
The graph of

− x2

a2 −
y2

b2 +
z2

c2 = 1

is a hyperboloid of two sheets with its axis the z axis. The traces of the graph when the
graph intersects a plane parallel to the xy plane are ellipses or circles. The traces when
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the graph intersects a plane parallel to the xz or yz plane are hyperbolas.

The equation is graphed with parametric equations by converting the functional form
to parametric form using hyperbolic coordinates:

x = a · sinh(u) · cos(t)
y = b · sinh(u) · sin(t)
z =±c · cosh(u)

where t is an angle in the interval [0,2π] and u is an angle in the interval [0,π].

The entire graph is composed of two parts: one part for positive z and one part for
negative z. The entry lines for the graph are

The graph with sliders to manipulate the values of a,b and c is displayed in Figure 7.

Figure 7: Graph of a Hyperboloid of Two Sheets
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5 Summary
This article has briefly described seven of the basic quadric surfaces and described how
to graph them with either functional or parametric equations. The TI-Nspire docu-
ment (3d quadric surfaces.tns) that accompanies this article contains interactive
demonstrations of the 3D graphs.
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