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Abstract
Curve sketching is one of the best ways to visualize and investigate the behavior of
functions and equations. Graphs convey a lot more information about functions than algebraic
expressions would. In this note we shall show how to use MS Excel to graph different types of
functions and equations. Applications to zooming, root finding, parametric studies and online
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1

Introduction

One unique feature of the computer as a teaching and learning tool is
visualization. This powerful visualization capacity of the computer is unprecedented
and incomparable with all other traditional teaching aids. Now abstract concepts that
have proved difficult for teachers to explain or for students to grasp using traditional
teaching approaches or aids can now easily be produced and understood using the
powerful animation and graphical display capabilities of computers. Inline with this
development, many specialized software are developed for graphics, and many
others are having graphics as one of their capabilities. MS Excel is one of the latter.
As a result, not many people are aware that one can use the software to sketch some
sophisticated graphs. In this note, we shall show how MS Excel can be used to sketch
different types of graphs and use them in some applications such as root finding or
parametric studies. Although all what we are going present here can be implemented
using other more specialized software and sometimes even more efficiently or
effectively. The reasons for choosing Excel are for the fact that, the program is widely
available. Furthermore, no purchase of any specialized software is necessary. Also,
the ideas will help teachers and students in teaching and learning many things that
have to do with graphs. And the moment users get a grip of the ideas, they will be in
full control of the implementation, and therefore increase their level of creativity.
For related work in the literature we refer to the papers by Abramovich et al,
[2] and Sugden [5] where the authors explore very interesting applications of
conditional spreadsheet formatting. One of these ideas is a zooming technique for
approximating zeros of nonlinear functions when a change of sign (corresponding to
a change of color) of the dependent variable is detected. An excellent exposition of
graph animations can also be found in Arganbright [2]. By way of comparison, our
work here is more specialized in curve graphing and more systematic. Several new
ideas will also be introduced relating to graphing “non‐functions” and online data
graphing and analysis.
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2

Generating sequences of x values

In this section we discuss two methods for generating sequences of x values for
graphing purposes. The first is an Excel auto-fill method and the second is a formula
copying method.

2.1.

The Excel auto-fill method

Suppose we want to generate values between ‐5 and 5 with a step of 0.2. Then
the procedure is as follows (see Figure 1).
a) In cell A2 enter the first value (-5).
b) In cell A3 enter the next value (-4.8)
c) Select the range A2-A3.
d) Point the cursor to the fill handle (the little box at the lower right corner of the
selected cells). The cursor will change to a +.
e) Click with the left mouse button and drag down. As you drag, you will see a
yellow hint box containing the current value generated by Excel. Stop when
you reach the last value (5 in this case). When you release the mouse button
the desired sequence will be created.
f) Select the whole of column A by clicking on the A label (the box above cell
A1). Now in the main menu bar click Insert, Name, Define. A dialog box
appears which shows all the names defined in the workbook and the ranges
they refer to. In the “Names in workbook:” Box, type x to indicate the values
in the first column will be referred to as x (you will find the name x already
typed there if you generated the sequence as shown in Figure 1). Confirm this
name by pressing OK.

Figure 1: Sequence generation by the Fill Method

2.2.

The formula copy method

As in the above method, suppose we want to generate values between -5 and 5
with a step of 0.2. The procedure is as follows.
a) In cell A2 enter the first value (-5).
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b) In A3 enter the formula =A2+0.2.
c) Select A3, point the cursor to the fill handle, left click and drag down to cell
A52 (note that 52=(5-(-5))/0.2+2). This will create the desired sequence.
The second method offers a lot more flexibility. To illustrate this, assume we
want to generate a sequence of 100 x-values between a left endpoint a and a right
endpoint b. We want the values of a and b to be variable. To do this we take the
following steps: (see Figure 2)
d) Label cells A1, B1 and C1 as a, b and h and name cells A2, B2 and C2 as a, b
and h.
e) In A2 and B2 enter the values of a and b. In C2 enter the formula =(B2A2)/100 to set the value of h.
f) In D2 enter the formula =a and in D3 enter the formula =D2+h.
g) Select D3, position the cursor on the fill handle and drag down to cell D102.
For instance, if a = 0 and b = 2, the implementation of the above steps will yield
the results shown in Figure 2.

Figure 2: Sequence generation by formula copying

The most general case where the end points a and b as well as the number of
divisions n are all variable can be handled as follows: (see Figure 3)
h) Label cells A1, B1, C1 and D1 as a, b, n and h and name cells A2, B2, C2 and
D2 as a, b, n and h.
i)

In A2, B2 and C2 enter the values of a, b and n. In D2 enter the formula =(ba)/n to set the value of h.

j)

In E2 enter the formula =a and in E3 enter the formula
=IF(E2="","",IF(E2+h>b,"",E2+h)). (Observe that the inner IF statement
generates the subdivisions as long as the new computed point is to the left of
b and puts an empty cell once we exceed b. The outer IF statement is used to
repeat the empty cells after b.)

k) Copy the formula in E3 by dragging down to as many cells in column E as
you can anticipate your needs for the number of divisions n. (1000 cells may
be a safe amount)
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Figure 3: Sequence generation with variable number of points

We will use the above method to implement a zooming technique later.

2.3.

Inserting new values in an existing table

Another technique that we will be using in this paper is that of inserting new xvalues in an existing table. This technique can be used, for example to graph
piecewise defined functions or introduce finer spacing of points to better visualize
the behavior of the graph. We can start with a “coarse” set of points to get an idea
about how the curve generally looks like and then add points to clarify the behavior
of the curve over specific parts of the domain. The idea is simple. Generate the new
points at the end of the existing table, select the whole ser of x-values and use the
Sort Ascending button to get the new points to line up in the correct order.

3

Sketching graphs with Excel

In this section we show how one sketches different types of graphs using Excel.
Unless otherwise stated, Column A is always named as x.

3.1.

Drawing a simple curve

We begin by showing how to use Excel to draw a simple curve such as that
of y = sin x over the interval [− π , π ] (see also [5]). To do that we take the following
steps:
a) In A1 and B1 enter the labels x and y=sin x, respectively.
b) In A2 enter the first x-value by typing =-pi().
c) In the cell A3 enter the formula =A2+pi()/20. (Thus we are going to take 40
values in the interval [− π , π ] ) Generate the rest of the values as explained
above.
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d) In B3 type the formula =IF(x="","",SIN(x)) and double click the fill handle.
This will automatically repeat the formula for the rest of the x-values
e) Select the range of cells A1-B42, point to the Chart Wizard icon
main menu toolbar and click. The dialog box in Figure 4 appears.

on the

f) Select XY scatter from the chart type pane and “Scatter with data points
connected by smoothed Lines without markers” from the Chart sub-type
pane as shown in Figure 4. If you click on “Press and Hold to View Sample”
button you will see a preview of how the graph will look like. At this point,
the graph is complete, you can click “Finish” to see the graph on the
worksheet or you can click “Next” to view other options you can include in
your graph.
g) By double clicking in various parts of the graph, dialog boxes appear that
enable you to control certain features of the graph like the color of the plot
area, color of the graph line and its weight, etc. Figure 6 shows the result of
some of these choices.

Figure 4 : The first dialog box in the Chart Wizard
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y=sin x
1.5
1
0.5
0
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-0.5
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Figure 5: The plotted sine function

y=sin x
1.5
1
0.5
0
-4

-2

0

2

4

-0.5
-1
-1.5

Figure 6: The edited graph

3.2.

Drawing more than one curve on the same chart

There are two ways to draw more than one curve on the same chart. The first is
best used when the points for all graphs are generated before plotting and for the
same x-values. The second is best used when the points for each graph are generated
separately or when they do not have the same x-values. We illustrate the two
methods by examples.
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3.2.1.

First Method
Suppose we want to plot the graphs of y = x 2 and y = 1 − x 2 on the interval

[− 5,5]. In this case we follow exactly the procedure explained in the previous section

except that we generate the points for the two curves simultaneously and we select
the 3-column range of cells that contains these points before clicking the Chart
Wizard. The following two figures illustrate the details.

30
20
10
y1=x^s

0
-10

-5

-10

0

5

10

y2=1-x^2

-20
-30

Figure 7: Two graphs on the same chart

3.2.2.

Second Method
Here, we plot the graphs of y = e x over the interval [− 3,3] and y = 10 log x

over the interval [0.1, 5] . We begin by generating and plotting the graph of y = e x in
the usual manner. Next we generate the points for the graph y = 10 log x . To plot the
latter graph on the same chart, select the range of x-y points for the graph, point to
the border of the selection, drag and drop in the chart area. A dialog box appears as
shown in Figure 8.

Figure 8: The dialog box to paste a second graph
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Select: Add Cells - New Series, Values (Y) in - Columns, Series Names in First
Row, Categories (X Values) in First Column. When you press ok, the graphs below
will appear.
25
20
15
10
y1=exp(x)

5

y2=10*log(x)

0
-4

-3

-2

-1

-5

0

1

2

3

4

-10
-15

Figure 9: Two graphs with different domains

3.2.3.

A General Purpose Grapher

We describe here a general purpose function grapher that works much like
specialized CAS graphers in the sense that the user need only insert the rule of the
function and the endpoints of the interval on which the function is to be plotted. The
procedure is as follows:
a) Type the labels a, b, n, h, x and y in cells A1, B1, C1, D1, E1 and F1,
respectively. Name A2, B2, C2, D2, E2 as a, b, n, h and x, respectively.
b) Generate a sequence of n=200 (n is fixed) x-values between the endpoints a
and b as explained in Section 2.
c) Select the range F2:F202 and type a rule of a function (say =x^2+x-1) in the
active cell. Press Ctrl+Shift+Enter. This generates the corresponding y-values.
d) Plot the corresponding graph as usual.
At this point we generated the first graph. If we wish to graph another
function, we do the following: 1) Provide the values of a and b and 2) Click in cell
F2, type the rule of the new function in the formula bar and press Ctrl+Shift+Enter
get the new graph.
Figure 10 shows the plots of the two functions e x − 2x 2 and x sin(10 x ) over the
interval [−2, 3] and [ −π , π ] respectively, obtained using this procedure.
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Figure 10: Plot of the functions e − 2x (left) x sin(10 x ) (right)
x

3.3.

2

Graphs of curves that do not represent functions

Suppose we want to draw the graph of the equation y 2 − xy − x 2 + y = −2 . The
graph does not represent a function since

( x − 1) ±
y=

5x2 − 2 x − 7
2

,

i.e., every x corresponds to two values of y . An added difficulty here arises
because of the range of allowable x -values. For instance, x = 0 is not allowed. We
want to show that this will present no problems as far as graphing is concerned. The
idea is to draw two graphs on the chart, one for each value of y . Thus we will be
plotting the graphs of

( x − 1) +
y=

5x2 − 2 x − 7
2

and

( x − 1) −
y=

5x2 − 2 x − 7
2

over the interval [-8, 8], a subinterval of which is not in the allowable range of
x-values. When producing the points for these graphs you will notice that Excel
produces the error message #NUM! for the range of x-values that are not allowed.
You simply need to delete the cells that contain these errors. You should leave at
least one empty row of cells between the undeleted ones (try to see what happens if
you do not leave an empty row, you can always undo the changes by clicking the
undo button in the toolbar). The following figure shows the graph corresponding to
an x-step of 0.1.
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Figure 11: A graph of a non‐function

You will notice that part of the graph is missing. This is because the 0.1 step
was too big for the rapidly changing graph around x = 1.5 . This brings us to the idea
of adding points to a graph. We will use this idea to add more points near 1.5. This is
done as follows.
a) Insert values between 1.401 and 1.5 in steps of 0.01, say, as explained in
Section 2.3 above. Extend the y-values correspondingly. This can be done by
copying the formulas to the corresponding cells in the usual manner. You will
need to insert an empty row again after the x-value -1.
b)

Click somewhere in the chart area to select it. The range of points used to
generate the graph will be highlighted by Excel. You will notice that the
highlighted range misses some values towards the end of the table. To extend
the highlighted range point to the little red box at the end of the highlighted
x-values. The cursor will change to a diagonal double headed arrow. Click
and drag to extend the highlighting to the end of the generated points. The
following figure shows the results.
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Figure 12: Filling the gap in the graph

3.4.

Parametric and Polar curves

Parametric and polar curves pose no special challenge to Excel graphing. In the
case of a parametric curve ( x = f (t ), y = g (t ) ), an extra column for the values of t is
needed. The values of x and y are then generated using the functions f and g . For a

polar curve ( r = f (θ ) ), a column of values of θ is first generated, a corresponding
column of the values of r is then computed. The x and y values are generated using
the formulas x = r cos θ , y = r sin θ . Figure 13 shows parts of Excel tables for the
cycloid x = t − sin t , y = 1 − cos t and the butterfly curve r = e cos θ − 2 cos 4θ + sin 3 θ 4
[2].

Figure 13: Generating points for a parametric (left) and a polar (right) curve

In the tables shown in Figure 13, Column A is named as t for the parametric
curve while for the polar curve, Column A is named as Theta and Column B is
named as r_. The underscore in naming Column B is necessary because the letters R
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and C are reserved names and cannot be used. The graph of two loops of the cycloid
is shown in Figure 14 and the graph of the butterfly curve is shown in Figure 15.
2.5
2
1.5
1
0.5
0
-1-0.5

1

3

5

7

9

11

13

Figure 14: Two loops of a cycloid

-4

-2

0

2

4

6

Figure 15: The butterfly curve

3.5.

Parametric studies

Excel graphing is also a great tool to study the dependence of graphs on
parameters. We illustrate this by plotting the graph of the polar curve r = a + cos θ
for various values of a. The table set up is the same as the one for polar curves except
that we need an extra cell to store the value of a. The lay out of the table is shown in
Figure 16.

Figure 16: Table for the curve

r = a + cosθ

The graphs for several values of a are shown below.
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a=1
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Figure 17: Graphs for several values of the parameter a

The values of the parameters can also be controlled by scroll bars. Figure 18
shows an implementation of this idea. In this figure, cells A2, B2, C2 and D2 are
named as cont (for counter), a, theta and r_, respectively. The scroll bar
implementation is done as follows:
a) Click View, Toolbars, Control Toolbox (the Control Toolbox bar is displayed).
b) Click on the scroll bar control. Click on the worksheet at the location where
you want to place the scroll bar. Drag the control to the size you want. (On
top of cells A3 and B3 in Figure 18.)
c) To set the necessary properties for the scroll bar to control the parameter a,
right-click the control then click Properties on the shortcut menu (or click on
the properties button in the Control Toolbox bar). Set the properties Linked
Cell, Max and Min to cont, 10 and 0, respectively. Close the properties dialog
box and click the design mode button
to quit the design mode and
activate the scroll bar control. If you click on the scroll bar arrows or drag the
scroll button, you will see the values in A2 change from 0 to 10.
d) Using the values generated in A2, we can now create parameter values in B2,
e.g., by using the formula =-(10-cont)/10+2*cont/10 to map the values 0 to 10
to the values -1 to 2.
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e) The rest of the table for the curve is constructed as before and the graph is
created in the usual manner. If the scroll bar is pressed or scroll button is
dragged, you will see the parameter values change and the corresponding
polar curve drown.

Figure 18: Controlling the parameter with a scroll bar

One thing to notice in Figure 18 (and also in Figure 17) is that the correct value
of the parameter always shows in the chart title. To do this automatically, insert a
Text Box from the Drawing Toolbar, click inside the text box to activate it and type
the formula =a in the formula bar. When you press enter the current value in the cell
named a (B2) will be displayed in the text box.

4

Further Applications of graphing techniques

It has been observed in [4] that from the last quarter of the last century,
mathematics as an activity has become more experimental and more visual. The
trend now is more so, due to technological advancement than when this observation
was made. In line with this development, Excel is a tool that has the potential for
enhancing both visual and experimental features. We shall give two applications
were experimentation is encouraged and visualization is vivid in Excel. The first is
the zooming technique in order to detect a zero of a function, while the other is
online graphing, whereby a collection of data is linked to a graph that is
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automatically updated as new data is generated. The graph gives a visual summary
of the history of data generation.

4.1.

A Zooming technique to bracket zeros

Suppose we want to find the roots of the equation x 5 − 4 x 4 + 3 x − 10 = 0 . One
way to do so is to plot the graph over a large range and then zoom in on the roots,
one by one, to better bracket them. For this purpose we use the technique for
generating values in an interval [a, b] that was explained in Section 2.2. We started
by plotting the function over the interval [− 3,5] as shown in Figure 19.
y
800
600
400
200
0
-4

-2

-200

0

2

4

6

-400
-600
-800

Figure 19: The polynomial plotted on a “large” interval

We see from this Figure that the roots of the polynomial are located in the
interval [0,4] . So we change the values of a and b to 0 and 4. The graph in Figure 20
is generated.
y
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0
-10 0
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2

3

4

5

-20
-30
-40
-50
-60
-70
-80
-90
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Figure 20: Zooming closer

From this graph, it is clear that the polynomial has only one root near 4, so we
change a and b to 3.8 and 4.1. Figure 21 is generated.
y
40
30
20
10
0
-10

3.7

3.8

3.9

4

4.1

4.2

-20
-30
-40
-50

Figure 21: Bracketing the zero of the polynomial

At this point, by looking at the table of generated y‐values we see that the root
is actually between 3.992 and 3.995. This means we have bracketed the root to two
decimal places. Observe also that if you move the cursor near the root, the yellow
hint box will appear giving the following points:
and

,

So there is actually no need to look up values in the table. By continuing this
process, we can bracket the root to any degree of accuracy we desire. See also [2].

4.2.

Online graphing for data recording

Sometimes need arises to graph and/or analyze data points that are generated
online. For example, the computer may be hooked to a measuring device in an
experiment, or the data is being generated by another program. Excel can be used to
graph/analyze and update the graph/analysis periodically at time intervals of as
little as one minute. We illustrate the procedure by considering the data shown in
Table 1 (see [7], page 359) which gives measurements of normal stress vs. shear
resistance for a certain metal specimen.
To simulate the online data generation, open a text file and type the first 2 or 3
values. Save the file as, say, “dat.txt” in “my documents”, or some other
convenient directory. In an Excel sheet, type the labels Stress, Shear and Ratio in
cells A1, B1 and C1, respectively. Name Columns A and B as Stress and Shear,

(x, y )
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respectively. In C2 enter the formula =Shear/Stress (do not worry about the error
message that appears when you press Enter). The ratios generated in Column C
represent analysis that we want to perform on the generated data. Select cell A2 and
then click Data, Import External Data, Import Data... to open the Select Data Source
dialog box. Navigate to where you saved the dat.txt file (My Documents in this
example), select the file and then click Open to bring up the Text Import Wizard
shown in Figure 22: Step 1 of the Text Import Wizard.
Normal Stress

Shear Resistance

22.6

25.8

23.6

27.1

23.9

25.9

24.7

26.3

25.4

27.3

25.6

24.9

26.8

26.5

26.9

21.7

27.4

21.4

27.7

23.6

28.1

22.5

28.9

24.2

Table 1: Data for online graphing/analysis

Figure 22: Step 1 of the Text Import Wizard
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In this dialog box you can select the Original data type and at which row to
start importing. Make the selections shown and click Next. In the next dialog box,
check, the Comma box in the Delimiters sub-box to tell Excel that your data is
separated by commas. Click Finish.
The Import Data dialog box starts (see Figure 23: The Import Data dialog box).
In this dialog box click Properties.

Figure 23: The Import Data dialog box

The External Data Range Properties appears as shown in Figure 24. Make the
selections shown in Figure 24 and set the Refresh every box to 1 minute. Click Ok.

Figure 24: The External Data Range Properties dialog box
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The imported data appears as shown in Figure 25. Observe how the formula in
Column C is extended automatically to the three imported rows.

Figure 25: The initial imported data

Now with the range A1:C4 generate the two graphs shown in Figure 26.

Shear and Ratio vs. Stress
30
25
20
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15

Ratio

10
5
0
22
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23

23.5

24

24.5

25

Figure 26: Graphs of the initially imported/analyzed data

Next, to simulate the generation of new data, open the file dat.txt and insert
some more points. Do not forget to save the changes. Figure 27 shows the addition,
analysis and plotting of the new imported data.
Figure 27 shows actually the data after it was imported into Excel. This
updating takes place within a minute of saving the changes. You will also notice that
the graph is automatically updated to include the new points.
Further simulations can be done by actually adding or deleting points. Excel
will update automatically every one minute. One point to note here is that, if you exit
Excel and reopen it again, a dialog box comes up asking you if you want to enable
automatic importing or not. If you want to continue the updating choose Enable
automatic refresh.
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Stress
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Shear and Ratio vs. Stress
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Figure 27: More data imported, analyzed and plotted

5

Conclusions

In this note we have shown how to graph curves given in rectangular and
parametric forms using MS Excel. As an application of the techniques, we have
shown how to do parametric studies and how to zoom to approximate zeros of a
function with very high precision. In addition, we have shown how Excel can be
used to continually update graphs/analysis of data generated online by an external
source. The importance of having a facility to visualize a function as a graph cannot
be overstated. While there are a few graphing packages that provide great support
for this process, the value of using Excel to make the graph is that the users aren’t
working with a black box. They really do create the graph for themselves, a process
which undoubtedly enhances understanding.
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