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1 Introduction
TI-Nspire does not have functionality for creating contour plots. However, if a func-
tion z= f (x,y) can be solved for y in terms of x and z, the solution(s) can be used to plot
level curves in the x,y plane. This article explains how this can be done, and the TI-
Nspire document files (.tns) contained in the compressed file contour plots.zip

demonstrate the technique.

The document files that accompany this article were created in the desktop software
and require the CAS version of TI-Nspire.

2 Definitions
contour curve - a 3D curve formed by the intersection of a 3D surface and a
plane f (x,y) = z = k, where k is a constant value.

level curve - the projection of a contour curve onto the x,y plane. Common
uses of level curves are to show elevations above sea-level in topographic maps
and to show atmospheric pressure in isobaric maps. Figure 1a is an image of a
topographic map and Figure 1b is an image of an isobaric map.

(a) A Topographic Map (b) An Isobaric Map

Figure 1: Level Curves in Topographic and Isobaric Maps

contour plot - a 3D plot containing a surface and its contour curves or a 2D plot
containing level curves. The term generally refers to a 2D plot containing graphs
of level curves.

3 Example of Contour Curves and Level Curves
The following images from the TI-Nspire document titled contour curves.tns il-
lustrate the relationship between a contour curve and its associated level curve.

Figure 2 depicts a 3D graph of f (x,y) = z = x2 + y2 along with a contour curve and its
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level curve. The plot contains a slider to move the contour curve to different levels of
z.

Figure 2: Contour Curves and Level Curves

Figure 3 shows the same graph with the plane z = 5 intersecting the 3D surface. TI-
Nspire’s z Trace functionality is used to display low-resolution contour curves.

Figure 3: Plane/Surface Intersection, Contour Curves, and Level Curves
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4 Interpreting Contour Plots
A contour plot is a two-dimensional portrait of a three-dimensional object. Its level
curves represent height or depth (the z in an xyz cartesian coordinate system).

The level curves in a contour plot represent vertical distances above or below a ref-
erence value. In topographic maps, level curves represent elevations above sea-level;
in isobaric maps level curves represent atmospheric pressure above zero; and in contour
plots of mathematical surfaces, level curves represent values of z greater than, equal to,
or less than z = 0.

Separations between level curves indicate steepness. Wide separations indicate grad-
ual increase or decrease and narrow separations indicate rapid increase or decrease in
steepness.

5 Examples
The following examples demonstrate how to create contour plots for functions z =
f (x,y). The steps for creating the plots for examples 1,2, and 3 are identical and are:

1. Define the function in a Calculator page and solve f (x,y) = z for y. If a solution
can not be determined, a contour plot can not be created.

2. Graph the function f (x,y) = z in a 3D Graph page and use the menu item Trace
- z Trace to determine the minimum and maximum values of z or determine the
values analytically. These values are used later to create the functions to plot the
level curves.

3. Extract the solutions from f (x,y) = z as separate functions. Many functions
have two solutions: y1 = f (x,z) and y2 = g(x,z). Example 4 has only a single
solution.

4. Use y1 and y2 to create lists of functions with values of z ranging from the
minimum to the maximum value of z. The resulting functions are of the form
y1 = f (x) and y2 = g(x), which can be plotted in a 2D Graph page. A maximum
of sixteen functions from a list can be plotted.

5. Plot the level curves by adding a 2D Graph page to the document and plotting
the lists as f 1(x) and f 2(x). Modify the colors of the level curves if desired. The
examples use the color green for positive values of z, blue for z = 0, and orange
for negative values of z.

6. Use the Settings - Settings dialog to hide the plot labels.

7. Add the functions y1 and y2 to the Graph page as f 3(x) = y1 and f 4(x) = y2.
When y1 is added, TI-Nspire pops up a dialog asking if a slider for z should be
added. Add the slider and modify its settings for the range of z values and the z
step size.

3



8. Modify the color and width of the graphs of y1 and y2 as desired. The examples
use the color red and a width of 2. The graphs of y1 and y2 along with the slider
are used to highlight level curves with values of z from the slider.

9. If desired, add a title to the plot and labels to the level curves (see example 3).

The steps for example 4 are almost identical to the steps for the other examples. The
only difference is that example 4 has only a single solution instead of two solutions.

5.1 Example 1: Contour Plot for z = e−x2− y2
2

This first example demonstrates the steps listed above in detail.

Step 1: Define the function z = f (x,y) and solve it for y in terms of x and z.

Add a Calculator application to a TI-Nspire document and enter the following:

Solving z = f (x,y) succeeded and there are two solutions which can be used to cre-
ate lists of functions to plot the level curves.

Step 2: Graph z = f (x,y) and use the menu item Trace - z-Trace to determine the
minimum and maximum values of z.

Add a Graphs application to the document, select the menu item View - 3D Graphing
to set the graph type, then enter the equation for the function:

The initial graph of the function is shown in Figure 4a and the graph after changing
the z aspect to 2 and modifying the attributes is shown in Figure 4b.
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(a) Initial Graph for Example 1 (b) Modified Graph for Example 1

Figure 5a and Figure 5b show how z Trace is used to determine the range of values
for z. The range of values as shown in the images is from 0 to 1.0. The minimum and
maximum values can also be determined analytically.

(a) Minimum z Value for Example 1 (b) Maximum z Value for Example 1

Step 3: Extract the solutions from f (x,y) = z as separate functions.

The two solutions are placed in a list as piecewise functions. The undocumented
function part() is used to obtain the function definition without its constraint. The
commands to extract the function definitions as y1 and y2 are:

Step 4: Use y1 and y2 to create lists of functions with values of z ranging from the
minimum to the maximum value of z.

Use the sequence function, seq() to generate a list of function definitions with z re-
placed with values ranging from the minimum to the maximum value of z as deter-
mined in step 2. The commands are:
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Note: Perform steps 3 and 4 before adding the functions to a 2D Graphs page or
defining a value for z. Otherwise, TI-Nspire will replace the symbol z with any value
assigned to it.

Step 5: Plot the level curves by adding a 2D Graph page to the document and plot-
ting the lists as f 1(x) and f 2(x).

The Graph page entries to plot the lists are:

After the two lists are added to the Graph page, the graph appears as shown in Fig-
ure 6.

Figure 6: Initial Graph of Lists of Level Curves
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Step 6: Use the Settings - Settings dialog to hide the plot labels.

The plot labels do not add useful information to the level curves, so they are hidden by
modifying the settings for the graph as shown in Figure 7.

Figure 7: Graph Settings Dialog Entries

After the labels are hidden, the graph colors are modified, and the graph is zoomed
in, the graph appears as shown in Figure 8.

Figure 8: Level Curves without Plot Labels
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Step 7: Add the functions y1 and y2 to the Graph page as f 3(x) = y1 and f 4(x) = y2.

Add y1 to the graph page with the following entry:

When y1 is added, the graph page pops up a dialog asking whether to add a slider
for the variable z. Add the slider and select its Settings dialog to set the range for the
values of z. The settings for this example are shown in Figure 9.

Figure 9: Slider Settings for Example 1

Add y2 to the graph page with the following entry:

After adding y1 and y2 to the graph page, modify the color and width of the two graphs
and add text to the page if desired. The graph appears as shown in Figure 10. Moving
the slider moves the graphs of y1 and y2 to highlight the level curve with the value of
z.
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Figure 10: Contour Plot with Highlighted Level Curve

5.2 Example 2: Contour Plot for z = x2

9 −
y2

4
This example is a contour plot for a hyperboloid. Details for each step are omitted,
since they were discussed for example 1. The steps to create the contour plot are:

Step 1: Define the function z = f (x,y) and solve it for y in terms of x and z.

Step 2: Graph z = f (x,y) and use the menu item Trace - z-Trace to determine the
minimum and maximum values of z.

After modifying the attributes for the graph and zooming in, the graph appears as
shown in Figure 11. The x,y, and z values are in the interval [−5,5] and the mini-
mum and maximum values of z are −5 and approximately 2.75.
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Figure 11: 3D Graph of z = x2

9 −
y2

4

Step 3: Extract the solutions from f (x,y) = z as separate functions.

Step 4: Use y1 and y2 to create lists of functions with values of z ranging from the
minimum to the maximum value of z. Let the value of z range from −5 to 5 in incre-
ments of 1 since there is no upper limit to its value.
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Step 5: Plot the level curves by adding a 2D Graph page to the document and plot-
ting the lists as f 1(x) and f 2(x).

Step 6: Use the Settings - Settings dialog to hide the plot labels.

Step 7: Add the functions y1 and y2 to the Graph page as f 3(x) = y1 and f 4(x) = y2.
Add a slider to modify the values of z when y1 is added to the graph page.

After changing the colors of the graphs of the level curves to indicate values of z that
are positive, zero, or negative, the contour plot appears as displayed in Figure 12.

Figure 12: Contour Plot with Highlighted Level Curve
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5.3 Example 3: Contour Plot for z = xcos(y)
This example is similar to example1 and example 2. The major difference is that
xcos(y) is a periodic function: the values are repeated for integral multiples of π . The
periodicity affects the way the level curves and contour plot are specified in TI-Nspire.
The abbreviated steps to create a contour plot for this function are:

Step 1: Define the function z = f (x,y) and solve it for y in terms of x and z.

Notice that the solutions contain a variable n1. This variable is an integer that imple-
ments periodicity for the cosine function. The base values (when n1 = 0) are repeated
with each increment or decrement of the variable.

Step 2: Graph z = f (x,y) and use the menu item Trace - z-Trace to determine the
minimum and maximum values of z. The graph is displayed in Figure 13. The values
of z in the graph range from −5 to 5.

Figure 13: 3D Graph of z = x · cos(y)

Step 3: Extract the solutions from f (x,y) = z as separate functions.
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Step 4: Use y1 and y2 to create lists of functions with values of z ranging from the
minimum to the maximum value of z.

Step 5: Plot the level curves by adding a 2D Graph page to the document and plot-
ting the lists as f 1(x) and f 2(x). Use the constraint operator (|) to set the value of n1
to zero (type |@n1=0).

Step 6: Use the Settings - Settings dialog to hide the plot labels.

Step 7: Add the functions y1 and y2 to the Graph page as f 3(x) = y1 and f 4(x) = y2.
Substitute zero for the value of n1 for the two functions. Add a slider to modify the
value of z after adding y1 and set the values for the slider.

Step 8: Modify the color and width of the graphs of y1 and y2.

Step 9: Add a title to the plot and labels to the level curves. After this final step,
the contour plot appears as displayed in Figure 14.
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Figure 14: Contour Plot of z = x · cos(y)

To observe how the base pattern of level curves repeat, add another repetition above the
base pattern (with n1 = 1) and another pattern below the base pattern (with n1 =−1).
The entries to do this are

After adding the level curves for n1 = 1 and n1 = −1 and modifying their colors,
the contour plot is as shown in Figure 15.
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Figure 15: Contour Plot with Additional Level Curves

5.4 Example 4: Contour Plot for z = x·y
x2+2y

This final example has only a single solution to z = f (x,y) and the the solution is not
constrained. Creating the contour plot is somewhat simpler, requiring fewer definitions
for y = f (x,z) and for the list of level curve functions. The steps to create the contour
plot are:

Step 1: Define the function z = f (x,y) and solve it for y in terms of x and z.

Step 2: Graph z = f (x,y) and use the menu item Trace - z-Trace to determine the
minimum and maximum values of z.

Figure 16 shows the 3D graph. The range of z values is from approximately −3 to
5.
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Figure 16: 3D Graph of z = x·y
x2+2y

Step 3: Extract the solutions from f (x,y) = z as separate functions.

Since there is only a single, unrestricted solution, extracting it can be done by sim-
ply using the function right().

Step 4: Use y to create a list of functions with values of z ranging from the mini-
mum to the maximum value of z.

Step 5: Plot the level curves by adding a 2D Graph page to the document and plot-
ting the list as f 1(x).

Step 6: Use the Settings - Settings dialog to hide the plot labels.

Step 7: Add the function y to the Graph page as f 2(x) = y, add a slider for the variable
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z and set the values for the slider.

Step 8: Change the colors of the level curves and modify the range of x,y values in
the graph page to see the contour plot in more complete detail. The final contour plot
is shown in Figure 17.

Figure 17: Contour Plot of z = x·y
x2+2y

6 Conclusion
As the examples illustrate, even though TI-Nspire does not have built-in support for
creating and graphing contour plots, if a function z = f (x,y) can be solved for y as a
function of x and z, a graph of the function’s contour plot can be generated.
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