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Math 211 Fall 1999 Exam 2: Part 1
Tuesday, November 9, 1999

Instructions: This is a closed book, closed notes exam. Use of calculators
is not permitted. You have 75 minutes to complete this exam. Do all 5
problems. The points for this part total to 60. Please do all of your work in
the blue books. Remember to write and sign the pledge on your blue book.
Please put your name, your Rice ID number, and the name of your
instructor on the front of each of your blue books.

1. Consider the two by two matrices

1 2 2 1
A—(1 1)andB_(O 1).

(a) (4pts) Calculate AB.
(b) (4pts) Calculate BA.

(c) (2pts) What does this show about the commutativity of matrix
multiplication?
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2. Consider the following graph.
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(2) (2pts) Is it possible that line ¢ is the solution set of an inho-
mogeneous system of equations and m is the solution set of the
corresponding homogeneous system?

(b) (4pts) Why or why not?
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3. Consider a reaction between two kinds of chemicals, modeled by the
system of equations

(y - 2)(z - 2)
—y*+4y -3

¥ =
y =
where z(?) is the amount of the chemical X-onium, and y(¢) is the
amount of chemical Y-onite.

(a) (8pts) Plot the nullclines for each equation. Use a solid line for
the nullcline corresponding to the first equation, and a dashed line
for the second equation.

(b) (4pts) Calculate the coordinates of all equilibrium points of the

system. Plot the points on your sketch from part 3a and label
them with their coordinates.

(c) (6pts) Suppose that if the amount of X-onium, which is poisonous,
ever becomes greater than 3 units, the chemist performing the
experiment will die. If the chemist starts the reaction with 1 unit
of X-onium and 2 units of Y-onite, will the chemist live or die?
Justify your answer.
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4. Consider a spring with damping constant p = 12 and spring constant

k = 18. Hang a ball of mass m on the end of the spring, and consider
the motion of the spring.

(a) (2pts) Write down the differential equation corresponding to the
motion of the spring.

(b) (4pts) Describe the m for which the motion of the spring will be
overdamped, the m for which it will be critically damped, and the
m for which it will be underdamped.

(c) (3pts) For parts (c), (d), and (e), assume that m=3. Find
the general solution for the differential equation in part 4a.

(d) (3pts) Suppose the spring is initially stretched to distance .1 me-
ters and released with initial velocity equal to 0. Find the partic-
ular solution corresponding to these initial conditions.

(e) (2pts) Describe in a few words the physical behavior of the spring
after it is released.
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5. (a) (2pts) Write the following system of equations in matrix form
Ax = b:
2r —4y+2z =6
3z —4y+2z =5
—6z + 8y — 42 = -10.

(b) (6pts) Find the solution space of the system in part 5a. Put your
answer in parametrized form.

(c) (4pts) Is the matrix A for this system singular or nonsingular?
Justify your answer.
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