
SM261-Matrix Theory
Lab 1: Systems of equations
Due: Mon. 9/12/2016 beginning of class.

Instructions: Complete the following exercises. Group work is encouraged, but each
person must turn in a project in their own words. You may write directly on this handout.

1. Shown below is the hourly traffic flow through four intersections downtown. As-
sume that the traffic flowing into each intersection equals the traffic flowing out of
that same intersection. Set up a system of four linear equations for the unknowns
x, y, z and w.
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Solve your system of equations and give below a description of the solution set.

What is smallest possible value for w? Explain your thinking.



2. A typical problem in thermodynamics is to determine the temperature distribution
across a thin plate if you know the temperature around the boundary. Assume, for
instance, that the plate represents a cross section of a metal beam with negligible
heat flow in the direction perpendicular to the plate. Let T1, . . . , T6 be the tempera-
tures at the six nodes inside the beam. The temperature at a node is approximately
the average of the four nearest nodes: for instance,

T1 = (10 + 15 + T2 + T4)/4 or 4T1 − T2 − T4 = 25.
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In the real world, the approximation becomes better the closer the points are to-
gether or as we add more and more into the grid.

Set up a system of linear equations to find the temperature inside the plate.

Solve your equations to find the temperatures inside the plate. Hint: Feel free to use
MATLAB to compute the system.



3. The process by which hydrogen is burned is described by the chemical reaction

2H2 + O2 → 2H2O

meaning that two hydrogen molecules combine with one oxygen molecule to pro-
duce two water molecules. While these ratios may be determined experimentally,
we may also apply linear algebra to find them.

Consider the reaction where potassium permanganate and manganese sulfate com-
bine with water to produce manganese dioxide, potassium sulfate, and sulfuric acid:

x1 KMnO4 + x2 MnSO4 + x3 H2O→ x4 MnO2 + x5 K2SO4 + x6 H2SO4.

We would like to find the appropriate values for x1, x2, . . . , x6.

First, write an equation that equates the number of potassium (K) atoms on both
sides of the reaction. Do the same for the number of hydrogen (H), oxygen (O),
manganese (Mn), and sulfur (S) atoms.

Describe the solution space of your system of equations. Why are there infinitely
many solutions?

Find the smallest values for x1, x2, . . . , x6 that are all positive integers and then write
the reaction in terms of those quantities.


