Toxic Chemicals

Due: April 30
The Dependable Industrial Reprehensible Toxic Yuck (DIRTY) company, a national chemical company, is having trouble at one of its many plants.  It seems that many of the employees are developing a strange disease.  DIRTY claims that the disease is caused by a virus that just happens to be going around, but the Environmental Protection Agency isn’t quite so sure, and it has hired the Corporate Liaison for Engineering Air Niceness (CLEAN), a division of ACME, to investigate the matter.

The plant in question produces a chemical called convexitygen, a chemical with many industrial uses (it is used in the manufacture of cramerrulic, for example).  The reaction that produces convexitygen takes place in a fairly simple reactor.  Two compounds, arithmetic acid and boundary valuum are placed in the reactor. They react to form convexitygen.  However, the convexitygen reacts with the boundary valuum to produce a waste chemical, determinantanol, which is quite toxic.  The determinantanol then decomposes into arithmetic acid and boundary valuum.  If a, b, c and d represent, respectively, the concentrations of arithmetic acid, boundary valuum, convexitygen, and determinantanol present in the reactor, then the differential equations governing this reaction are:

a’=(1d-0.5(3 ab

b’=(2d-0.5(3 ab – 0.5(4bc

c’=(3ab-0.5(4bc

d’=(4bc-((1+(2)d
where (1, (2, (3, and (4 are constants depending upon the various catalysts that might be used in the reactor.

DIRTY is under suspicion because of the nature of this reaction.  It turns out that whenever determinantanol is present in a greater concentration than convexitygen, trace amounts of it can leak out of the reactor, poisoning the atmosphere nearby.  Workers who happen to inhale the gas become quite ill.  The Environmental Protection Agency suspect that this is happening, but DIRTY will not allow an investigation team on the premises.  Thus, CLEAN has been hired to figure out whether or not a court order to shut down DIRTY’s facility is in order.  Since on-sight measurements are out of the question, the equations are going to have to be solved numerically to determine what is going on inside the reactor.  Your boss at ACME has assigned you to the project.

One of DIRTY’s employees, who was among the first to become seriously ill on the job and who happens to know the value of the (’s in the reactor in question, has volunteered the information in the hope that the health of many of his fellow employees can be saved.  Thus, it is known that (1=(2=0.2, (3=8.0, and (4=10.0.  In addition, the reactor is initially loaded with 50% arithmetic acid and 50% boundary valuum.  Once the reaction starts, it is allowed to run for 10 hours (the same as the time scale for the equations), at which time it is shut down, the contents are drained, and the process is restarted.  Your job is to determine whether or not the concentration of determinantanol exceeds the concentration of convexitygen at any time during this ten-hour period.

