
Page 1 of 9 
  8/25/2018 

Examples of 2D Graphing in Mathcad 5.0 
By Ron Tognazzini 1 

It is the purpose of this project to apply the new charting features of Mathcad 5.0.0.0 to assess their 
benefits for the development of 2D line graphs. 

The graph at the right is based on William 
Dunham's 1994 book titled: The 
Mathematical Universe, an Alphabetical 
Journey through the Great Proof, 
Problems and Personalities, published in 
New York by John Wiley and Sons, Inc.  
Graphing as an analytical geometry tool 
has been around for only 400 years, while 
most of mathematics has been available 
for 2000 years, according to Dunham.  This 
graph was developed from the equation 
shown in Figure XY.1 on page 274.  It was 
developed using the existing MathCad 
plotting capabilities. 

The difference between the existing MathCad plotting 
capabilities and the new Chart Component of the 
same equation and data at the left are evident.  The 
most obvious differences are the labeling of the two 
axes and the title.  In the existing plot above the axes 
are labeled with the variable or function name.  In the 
Chart Component at the left the labels are entered by 
the user.  In addition more options are available for 
the formatting and position of these axes labels in the 
graph at the left.  Minor tick marks are also available 
between major tick marks on each axis.  The title can 
be entered in the Chart Component in several 
locations.  In general the look and feel of the Chart 
Component at the left is better suited for publication 

                                                           
1 Professional Civil, Structural and Earthquake Engineer - Retired 

Plot of  𝑦𝑦 = 𝑥𝑥2 + 1  

Chart of 𝑦𝑦 = 𝑥𝑥2 + 1 
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in a research paper or project report compared to the existing Mathcad plot capabilities which is faint and 
contains jargon known only to Mathcad users.  The background could not be made transparent to allow 
sizing of the graph to provide equal scales against the Mathcad graph paper background in the Chart 
Component as it was for the existing MathCad plotting capabilities. 

The second graph for comparison between the two methods was found on page 277 of Dunham’s book. 

This complex equation contrasts with the 
previous equation because Dunham wanted 
to demonstrate that not all analytical 
geometry can be visualized as sections of 
geometric shapes i.e. “circles, ellipses, and 
spirals”.  These graphs are not symmetrical 
while their shapes still have maximums, 
minimums, and values as they cross both 
axes. 

They were created by copying the graphs on 
the previous page and modifying them to 
include the data from the equation, then 
scaling them to the graph in Durham’s book. 

Since both axes of this graph are to the same scale, 
the previous comment regarding the Chart 
Component’s in ability to make the back ground 
transparent applies to this graph as well. 

The numbering steps on the Chart Component at 
the left was selected because it matches the graph 
in Durham’s book.  I was unable to figure out how 
the same results could have been achieved using 
the existing Mathcad plotting capabilities above.  

All other comments previously made about minor 
tick marks, versatility in naming each axis and the 
addition of a title make the Chart Component a 
better choice for this graph than the existing 
Mathcad plotting capabilities 

Plot of 𝑦𝑦 = 4𝑥𝑥+3
𝑥𝑥6+1

+ 2𝑥𝑥 − 2 

Chart of 𝑦𝑦 = 4𝑥𝑥+3
𝑥𝑥6+1

+ 2𝑥𝑥 − 2 
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The third graph comparison is similar to the first in that it was developed using a second order polynomial 
equation.  According to Durham this graph proves that no two real numbers sum to 10 and multiply to 40.  
In a previous chapter he assigns a first real number to the algebraic value of the unknown 𝑥𝑥.  The second 
real number is assigned the unknown value 𝑧𝑧.  The sum of these two numbers can be represented by: 𝑥𝑥 +
𝑧𝑧 = 10.  Solving this equation for 𝑧𝑧 provides the equation: 𝑧𝑧 = 10 − 𝑥𝑥.  Substituting this value for 𝑧𝑧 into 
an equation for their product: 𝑥𝑥𝑧𝑧 = 𝑥𝑥(10 − 𝑥𝑥) and defining this product as a function of 𝑥𝑥 produces the 
equation for the line below 𝑦𝑦 = −𝑥𝑥2 + 10𝑥𝑥, where 𝑦𝑦 represents the product of all real numbers 𝑥𝑥 and 𝑧𝑧.  
From these graphs it is clear that the maximum value of these products is: 𝑥𝑥𝑧𝑧 = 𝑦𝑦 ≤ 25 in this graph and 
never gets up to a value of 40. 

The existing Mathcad plotting capabilities 
include a horizontal marker that is set at a 
value of 25 in the graph at the left.  In 
addition the maximum number on the y-
axis is set at 40 to illustrate graphically the 
maximum product in this proof.  The Chart 
Component does not allow for either of 
these functions. 

However, the Chart Component gets 
around the horizontal marker by allowing 
the use of multiple functions plotted on the 
same graph.  In this case a second function 

was defined that assigned the number 25 to all values of 𝑥𝑥.  
The x-axis and y-axis were configured in two steps each to 
remove the clutter of axes values in the plot developed 
from existing Mathcad capabilities above, replacing them 
with minor axis tick marks to make up for not being able to 
show the value of 40 on the y-axis.  This further emphasizes 
that the only way to get the maximum product of 25 is for 
both numbers to have a value of 5 as emphasized in the 
middle of the x-axis on the Chart Component at the right.  

Like the transparent background comment on the first 
page, it would be desirable to include both horizontal and 
vertical makers in the Chart Component in the next release 
of this software. 

Plot of  𝑦𝑦 = −𝑥𝑥2 + 10𝑥𝑥
 

Chart of 𝑦𝑦 = −𝑥𝑥2 + 10𝑥𝑥 
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The fourth graph is similar to the second in complexity.  Like the previous graph, no attempt is made to 
make the scales of the two axes the same.  The equation for the two graphs below is an unusual 
polynomial which according to Durham has an algebraic geometry way to solve for a solution for 𝑥𝑥 when 
𝑦𝑦 = 0 as shown on the following page. 

Using the second chart as a template, I was able 
to plot these graphs quickly.  Like the previous 
chart, no attempt was made to make the scales of 
both axes equal to one another.  This chart also 
was faster to make than the previous chart 
because no second function was defined on this 
chart.  

The new Chart Component shown on the left, offered 
clearer axes labels and a title compared to the existing 
Mathcad plots. 

Plot of 𝑦𝑦 = 𝑥𝑥7 − 3𝑥𝑥5 + 2𝑥𝑥2 − 11 

Chart of 𝑦𝑦 = 𝑥𝑥7 − 3𝑥𝑥5 + 2𝑥𝑥2 − 11 
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The graph created by the Chart Component on the previous page is an example of how to graphically find 
a solution for 𝑥𝑥 when 𝑦𝑦 = 0.  This page demonstrates the method that involves zooming into the location 
on the graph where it crosses the x-axis.  In this case the lower x-axis value was increased and the number 
of steps adjusted until it became clear that 𝑥𝑥 = 1.8 approximately when 𝑦𝑦 = 0.  It may not be exact, but 
Dunham conducted successive reductions in the interval zoomed in to find that this value of x is 
1.7998295 when y equals 0.00001.  Note that I was able to eliminate the y-axis from the chart, 
concentrating the reader’s attention on the 2D line graph where it crossed the x-axis only. 

  

Chart of 𝑦𝑦 = 𝑥𝑥7 − 3𝑥𝑥5 + 2𝑥𝑥2 − 11 
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Dunham’s next Chart on page 280, leads into his last graph by demonstrating the calculation of the slope 
and distance (length) of a line segment. 

The MathCad steps involved in this Chart were to define the points P and Q, then chart a line segment PQ 
between them.  Calculate the distance (length) of PQ, its rise and run from the selected P and Q 
coordinates and define the slope of the line segment.  Then derive an equation for the line by calculating 
its intercept with the y-axis and add annotations superimposed math regions on the Chart Component. 

Dunham’s next two graphs involve the use of transformation from one reference frame to another for the 
same plotted data.  Although it is possible in Mathcad to plot a 2D set of data on a 3D graph by setting the 
third dimension equal to zero, It is difficult to force an overlay of a 3D graph with a transparent 
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background over the top of a Chart Component with enough precision for the 2D data to line up with the 
same points on the Chart.  Durham was using these two graphs to demonstrate how translation between 
two orthogonal reference systems could be used to prove the theorem symbolically in the last graph on 
page 284.  I elected to use a numerical analysis method to show how the Chart Component could be used 
to substantiate the theorem overlaid at the top of the chart below instead. 

 
In the chart above three variables are defined by the user with a global triple bar equals sign.  Two 
equation lines are drawn as diagonals, the slope of one was user defined as angle ⦟OB < 90° while the 
slope of the other ⦟AC is defined during analysis as perpendicular to the user’s definition.  The x 
coordinate of point A is also defined by the user to set the length (Distance) of side OA and then 
inserted in the Global definition of point A through the use of the horizontal vector with the coordinate of 
0 for y.  Once that step is completed the Chart changes to conform to the given information that 
demonstrates the length of all sides of the parallelogram are equal to form a rhombus.   

"Theorem: If the diagonals of a parallelogram are perpendicular, 
the parallelogram is a rhombus" 

Given: 
 ⦟OB ≡ 30° axy.9 ≡ 11 A≡ [axy.9 0] 

DistanceBC = 11 
C= [5.5 9.53] 

B= [16.5 9.53] 

DistanceAB = 11 

A = [11 0] 

O = [0 0] 

DistanceOA = 11 

DistanceCO = 11 ⦟AC-⦟OB = 90° 
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The information in this graph was included in an Excel Component and saved as a separate file to be 
graphed using Excel.  The diagram below is the graph created in Excel with the same information as the 
previous page. 

A, 11, 0

B, 16.5, 9.53C, 5.5, 9.53

O, 0, 0
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"Theorem: If the diagonals of a parallelogram are 
perpendicular, the parallelogram is a rhombus"

DistanceCO = 11 

Given:
⦟OB ≡ 30° axy.9 ≡ 11       A≡ [axy.9 0]
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Prior to MathCad 5.0.0.0, any desire to exceed the existing MathCad Plot capabilities required the use of 
Excel or some other graphing application.  Both the Chart Component in MathCad and Chart insert in 
Excel have the same problem with respect to scaling the two axes to each other.  MathCad allows for 
more authentic looking math regions for variable annotations, while Excel relies on Text Blocks to be 
inserted that need to be formatted to look authentic.  Both have legends that can be automatically 
generated, although Excel allows more formatting capabilities in the legend than MathCad.  Both allow for 
placement of the Title and axes labels, although Excel offers more flexibility than the choices offered by 
the Chart Component in MathCad.  Both allow for the use of special characters based on ASCI characters 
(except the triple bar symbol used by MathCad to define a global variable).  The only noticeable difference 
between MathCad and Excel appears to be in the annotation of the coordinates.  In the Excel graph a loci-
based callout is used, while the coordinates in the Chart Component need to be included as a math region 
and placed manually at the location on the chart that they reference.  The other difference between the 
Chart Component and Excel graph that is obvious only to the user is that when transferring the graph 
from MathCad to Word, a bit mat image is used.  When transferring from Excel to Word the image is an 
Excel object.  This allows the Excel object in Word to be vector formatted, while the image of the Chart 
Component in Word is fixed and cannot be changed except in MathCad.  The look and feel of the two 
different images on the previous two pages provides a sharp image of the Excel object and a slightly fuzzy 
and faded image of the Chart Component bit map. 

Conclusions 
The following is a list of observations during this assessment of the Chart Component based on the 
preceding 2D line examples.  These conclusions reflect my opinion shortly after receiving an upgrade to 
MathCad 5.0.0.0. 

• The benefits of using the Chart Component over the existing legacy MathCad Plot capabilities are 
evident in that it allows for better formatting of the axes with offsets, major and minor tick marks, 
axes titles, a chart title, line format, font format, font angle, font style and legend, similar to Excel. 

• Using the Chart Component does not eliminate the need for at least one of the existing Plot 
capabilities which allow for the placement of vertical and horizontal markers.  Unlike the existing 
MathCad plotting capability the Chart Component requires the user to define a second function to 
plot a horizontal or vertical marker.   

• Both methods do not allow for scaling the two axes to each other, although the existing legacy 
MathCad Plot allows the background to be made transparent so that the underlying grid can be 
used to assist in equalizing their axes scales.   

• In the past, the only way to get a publishing quality chart was to export the data to another 
application via Text or through an Excel Component.  Excel is one of those applications that is 
commonly available to many MathCad users which has a simple loci-based point callout, while the 
Chart Component does not. 

• Excel Charts are transferred to report writing software such as Word as an object, while MathCad 
Chart Components are transferred as bit mapped images.  This allows the user to modify the 
vector components of the Excel Charts in Word, while the MathCad Chart Component can only be 
modified in MathCad. 

The new Chart Component is a welcome addition to MathCad Plotting capability for the development of 
2D line graphs.  There is still room for improvement of 2D graphs in this MathCad version, and perhaps 
the number of zero placeholders in this version recognizes that fact.  For now exporting data with an Excel 
Component to Excel then importing an Excel 2D graph as an object into Word is better for publishing 
research reports and project papers. 
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