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APM 153 Assignment Nine – Using the van der Waals Equation to Calculate Pressure. 
 
Introduction 
 
(1) The Ideal Gas Law (P = nRT/V) calculates the pressure (P) of a gas where 
 
P - pressure in Pascals   n - the amount of gas in moles 
T - is the temperature in °Kelvin V - is the volume (in cubic meters) 
R - is the universal gas constant (8.314 Joules/mole * °K) 
 
 
(2) The Ideal Gas Law however assumes that there is little or no interaction between gas 
molecules or between the gas molecules and the walls of the container. 
 
 
(3) The van der Waals equation accounts for these interactions using two constants (a and 
b).  Each gas has its own values of a and b which have been derived empirically.. 
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(4) For this week’s assignment you are to set up the equations for both the Ideal Gas Law 
and the van der Waals equation and plot the resulting pressure for both equations for a 
range of temperatures and for three different gasses: propane, methane, and oxygen. 
 
 
(5) The constants a an b for these gasses can be found in the table copied from the CRC 
Handbook of Chemistry and Physics.  However, you will need to convert the units. 
 
 
(6) For the constant a, you will need to first convert from bar*L²/mol² to Pa*m6/mol² and 
then convert the resulting value to atm*cm6/mol². 
 
 
(7) For the constant b, you will need to convert from L/mol to 0.001 m³/mol and then to 
cm³/mol. 
 
 
(8) To take propane as an example, the table lists the constant a as 9.39 bar/L²/mol², but 
says in that one bar/L²/mol² is equal to 0.1 Pa*m6/mol².  So start with,.. 
 

constant_a := 0.939 Pa*m6/mol² 
 

then type    constant_a = 
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(9) When MathCad shows you the value of constant_a, it also displays the “unit place 
keeper”.  Type the units you want into the unit place keeper and MathCad automatically 
changes displays the value of constant_a in the correct units. 
 
 
(10) You can then assign the value of constant_a being displayed to the variable a (used 
in the van der Waals equation) . 
 

for propane  a := 9.267 * 106 atm*cm6/mol². 

 
 
(11) You can set up the first section of your worksheet to perform these conversions and 
then just replace the initial values of a and b for each gas. 
 
 
(12) Similarly, you can set up the equations once for the Ideal Gas Law and the van der 
Waals equation and when you change the values of a and b, the resulting plot will change 
as well. 
 
 
(13) You will need to save the resulting plot for each gas before changing the values of a 
and b.  See if you can come up with a way to save each plot. 
 
 
(14) Finally, on the next page is an example of how your worksheet should look.  
Remember, MathCad is also a word processor and we will use only MathCad to print out 
our assignment.  Your assignment will probably take three or more pages. 
 
 
(15) The example worksheet also shows you how to set up both equations, but what you 
see is the result of entering the equations and assigning all the values using the correct 
syntax.   
 
 
(16) For example, where I assign the range of temperature values to T, I typed in,… 
 
T :  300, 301; 1700  but MathCad converts this to  T := 300,301.. 1700 
 
 
(17) You will turn in one MathCad document showing your equations and with the plots 
showing pressure vs temperature for all three gasses. 
 
 
(18) Assignment Nine will be due in class on Wednesday, April, 12th.
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Joseph Cornell 
APM 153 
Assignment 10 
April 7th, 2006  

This assignment calculates the pressure of a given amount of propane 
in a container of a known volume using the van der Waals equation. 

First, calculate the number of moles of gas given 22.7kg of propane (44 
grams/mole) 

n 22.7
kg

44
gm

mole

:=  

Next, assign the values for the volume, and the constants, R, a, and b 

V 0.150m3
:=  R 8.314

J
mole K⋅

:=  
a 9.267 106

⋅ atm
cm6

mole2
⋅:=  b 90.5

cm3

mole
:=  

Then, create the functions P(T) and P_Ideal(T), and set T = a range from 300°K to 1700°K 

P T( ) n R⋅
T

V n b⋅−
⋅ a

n2

V2
⋅−:=  P_Ideal T( ) n R⋅

T
V

⋅:=  T 300K 301K, 1700K..:=

Then, plot P(T) and P_Ideal(T) to compare the results over the range of values for T 
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