
Colorado School of Mines CHEN403  POLYMATH Example 
 

John Jechura (jjechura@mines.edu) - 1 - © Copyright 2017 

April 23, 2017 

POLYMATH Example for the Numerical Solution of ODEs 
 
Differential Equations ............................................................................................................................................ 1 

POLYMATH 5.0 ........................................................................................................................................................... 2 

POLYMATH 6.0 ........................................................................................................................................................ 15 

 
The equations & methods outlined here provide a framework with which one could create 
programs or spreadsheets to solve various problems. However, doing this may be tedious 
and, depending upon the skill of the person doing the programming, prone to error. Often 
the time consuming part of doing a numerical solution for a problem is not calculating a set 
of results but rather debugging the program to calculate the results. 
 
The process of numerically solving a problem can be vastly simplified by using special 
software developed to solve these types of problems. There are several sets of software 

available to the student in the Coady Lab to numerically solve systems of ODEs, such as 
Mathematic, MATLAB, and Athena. One software package that is easy to learn & easy to use 
is POLYMATH (though its capabilities are somewhat limited compared to these other 
programs). We’ll use POLYMATH as an example for solving a set of ODEs. There are two 
versions of POLYMATH that are available, 5.0 and 6.0, and their visual style is different. 
We’ll go through the steps to set up the problems for both version. 
 
Differential Equations 

Let’s look at the drainage of liquid from a tank with a valve at the bottom. The ODE 
describing the dynamic liquid level is: 
 

   1
1 0 1 1

dh
A F F h
dt

   

 
and the initial condition represents steady state operation, that is: 
 

     * * * * *
0 1 1 1 00 F F h F F . 

 
We’ll consider two cases: 

• Linear valve characteristics, 1 1LF C h . 
• Square-root valve characteristics, 1 1sqrF C h . 

 
Numerical solutions are for specific problems. So, let’s solve for the following specific set of 
parameters: 
 
 1 2.5 m²A    
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   1 0 1.3 mh    

 

POLYMATH 5.0 

After POLYMATH is started, the user has the following somewhat blank screen. We could 
open up an existing POLYMATH input file by using the Open button, but since we’re going 
to solve a new ODE problem we’ll click the DEQ button instead. 
 

 
 
After clicking the DEQ button we get a screen that looks like the following. By default we’re 
going to integrate equations with an independent variable with the name of “t”. We’ll have 
to put in the initial value (zero for our purposes) and some final value. We can specify an 
ODE (with the Add DE button) or explicit algebraic equations (with the Add EE button). 
When we get done solving we can get output as a report (click the Report button), a graph 
(click the Graph button) or a set of values that could be exported to Excel (click the Table 
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button). We also have options on the algorithm to solve the ODEs, but we’ll keep the default 
RKF45 option (a Runge-Kutta 5th order method which uses an embedded 4th order method 
for error estimation).  
 

 
 
Let’s define the specific ODE for the linear valve characteristics. ODEs are defined without a 
pre-multiplying factor. So, our ODE must be input as: 
 

 
 

    0 11 1 1
1 0 1

1 2.5
L L

L

F C hdh dh C h
A F C h
dt dt A

   

 
Clicking on the Add DE button brings up a screen that can be filled in like the following. By 
the way that we’ve filled in the fields we’ve defined the variable to be integrated as “h1”. 
We have also left the valve coefficient as some undefined variable “CL”. By not putting in an 

0F  term we’ve defined our problem to be one of tank drainage. 
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After clicking Done we get the following screen. 
 

 
 
We still cannot solve this problem until we have a value for the valve coefficient, CL. If we 
were doing this problem “by hand” we’d determine its value from the initial steady state: 
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*

* * 0
0 1 *

1

0 L L

F
F C h C

h
  . 

 
We could do the same thing here and calculate the value or we could let POLYMATH do the 

work for us & just put in the values. Clicking on the Add EE button gives us a screen that 
can be filled in to look like the following. 
 

 
 
After clicking Done we get the following screen. 
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The only thing left to define are the limits of integration. Let’s solve the problem from time 
0 to 50 minutes. After putting these values into the Initial Value & Final Value 
fields we get a screen that looks like the following. Notice the purple right-hand Solve it 
... arrow ( ); this signifies that we have put in enough information to solve the 
problem.  
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Pressing this Solve it ... arrow starts the numerical solution. Since we’ve only turned 
on the Report option, the following is the result. What may be of more interest is a graph 
of the solution, so we’ll close the report window, turn on the Graph option, & then turn the 
Report option off. Now when we press the Solve it ... button we get the following 
graph. It looks like the drainage time is about 32 minutes. 
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We can use the Table option to more closely determine what the actual value for the 
drainage time. Click on the Table button and then re-click the Solve it ... button. 
You may need to go through the Windows menu option to make the results table visible). 
Note that the value for the liquid level does not truly go to zero – this is expected since the 
result is an exponential decay towards zero as an asymptotic limit. Extracting a drainage 
time from these results requires a definition of just what “empty” should be – if we assume 
that it is when the tank is only 0.1% full, then the drainage time is when h1 is less than 
0.0013 m; from the table of results we see that it is between the times of 44.6 & 45.1 

minutes.  
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Let’s set up this problem in a more general manner. The following screen shows a set of 
ODEs and algebraic equations that defines this problem. Notice that we’ve kept the 
equation definitions as general as possible and used explicit equations to define the 
problem parameters. Note that you cannot define initial conditions with an explicit 
equation’s variable, however, only with a constant. But now it is fairly straightforward to 
change parameters, initial conditions, and even inlet flow assumptions without making 
major changes to the input file. 
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The following screen shows what the input for the square-root valve problem could look 
like. Notice that all we’ve had to do is change the formula relating F1 to h1 and how the 
valve coefficient Cv is calculated. Note the function to evaluate the square root is “sqrt” 
(lower case required!). 
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But, it’s not really that simple. Pressing the Solve it ... button starts the solution and 
then gives the error message shown below. What’s happening is that numerically h1 
becomes negative but we cannot calculate the square root of a negative number. 
Realistically, if h1 goes negative the flow out should be zero. We can use an “If .. Then” 
construct for the F1 variable (like in the following screen) to handle this situation. Now 
when we press the Solve it ... button we get a solution. From the graph it looks like 
the drainage time is about 12 minutes. From the table we see that h1 does indeed go 
slightly negative. The drainage time can seen to be between 12.8 and 13.5 minutes. 
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POLYMATH 6.0 

After POLYMATH is started, the user has the following blank screen. We could open up an 
existing POLYMATH input file by using the File Open menu command or the associated 
toolbar button ( ), but since we’re going to solve a new ODE problem we’ll create a new 
file. We can do this directly by using the Program DEQ Differential Equations 
menu command or clicking the  button instead.  
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After doing this we get a screen that looks like the following. By default we have no 
equations entered for our problem. We can enter new ODEs using the  button and 
explicit algebraic equations using the  button. When we get done solving we can get 
output as a report (select the Report check box), a graph (select the Graph check box) 
and/or a set of values that could be exported to Excel (select the Table check box). We 
also have options on the algorithm to solve the ODEs, but we’ll keep the default RKF45 

option (a Runge-Kutta 5th order method which uses an embedded 4th order method for 
error estimation).  
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Let’s define the specific ODE for the linear valve characteristics. ODEs are defined without a 
pre-multiplying factor. So, our ODE must be input as: 
 

 
 

    0 11 1 1
1 0 1

1 2.5
L L

L

F C hdh dh C h
A F C h
dt dt A

   

 
Clicking on the  button brings up a screen that can be filled in like the following. By the 
way that we’ve filled in the fields we’ve defined the variable to be integrated as “h1” and 
the independent variable is “t”. We have also left the valve coefficient as some undefined 
variable “CL”. By not putting in an 0F  term we’ve defined our problem to be one of tank 
drainage. 
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After clicking Done we get the following screen. This is an interpreted view of the text file 
that communicates the information to the POLYMATH program. Notice that color coding is 
used. Variables are colored blue. Comments occur after the “#” sign and are colored green. 
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We still cannot solve this problem until we have a value for the valve coefficient, CL. If we 
were doing this problem “by hand” we’d determine its value from the initial steady state: 
 

    
*

* * 0
0 1 *

1

0 L L

F
F C h C

h
  . 

 
We could do the same thing here and calculate the value or we could let POLYMATH do the 
work for us & just put in the values. Clicking on the  button gives us a screen that can be 
filled in to look like the following. 
 

 
 
After clicking Done we get the following screen. 
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The only thing left to define are the limits of integration. Let’s solve the problem from time 
0 to 50 minutes. Click the  button and fill in the boxes as follows. After specifying these 
values we get a screen that looks like the following. We have the message Ready for 
solution and the Solve button ( ) is now active; this signifies that we have put in 
enough information to solve the problem.  
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Pressing this  button starts the numerical solution. Since we’ve only turned on the 
Report option, the following is the result. What may be of more interest is a graph of the 
solution, so we’ll close this report window, turn on the Graph option, & turn the Report 
option off. Now when we press the  button we get the following graph. It looks like the 
drainage time is about 32 minutes. 
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We can use the Table option to more closely determine what the actual value for the 
drainage time. Select the Table option and then re-click the  button. You may need to 
go through the Windows menu option to make the results table visible). Note that the value 
for the liquid level does not truly go to zero – this is expected since the result is an 
exponential decay towards zero as an asymptotic limit. Extracting a drainage time from 
these results requires a definition of just what “empty” should be – if we assume that it is 
when the tank is only 0.1% full, then the drainage time is when h1 is less than 0.0013 m; 
from the table of results we see that it is between the times of 44.6 & 45.1 minutes.  
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Let’s set up this problem in a more general manner. The following screen shows a set of 
ODEs and algebraic equations that defines this problem. Notice that we’ve kept the 
equation definitions as general as possible and used explicit equations to define the 
problem parameters. Note that you cannot define initial conditions with an explicit 
equation’s variable, however, only with a constant. But now it is fairly straightforward to 
change parameters, initial conditions, and even inlet flow assumptions without making 
major changes to the input file. Changes are made directly to this text input, just you would 
with any text editor (such as Window’s Notepad). 
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The following screen shows what the input for the square-root valve problem could look 
like. Notice that all we’ve had to do is change the formula relating F1 to h1 and how the 
valve coefficient Cv is calculated. Note the function to evaluate the square root is “sqrt” 
(lower case required!). 
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But, it’s not really that simple. Pressing the  button starts the solution and then gives the 
error message shown below. What’s happening is that numerically h1 becomes negative 
but we cannot calculate the square root of a negative number. Realistically, if h1 goes 

negative the flow out should be zero. We can use an “If .. Then” construct for the F1 
variable (like in the following screen) to handle this situation. Now when we press the  
button we get a solution. From the graph it looks like the drainage time is about 12 
minutes. From the table we see that h1 does indeed go slightly negative. The drainage time 
can seen to be between 13.0 and 13.8 minutes. (Note that you can see the whole set of 
columns by using the menu command Analysis Hide Options Pane.)  
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