
MATH 3200 Elementary Differential Equations
Final Exam May 11, 2021

You can use any books, notes, or online information to help you with the
problems on this exam, but you are required to work alone. Please hand in
solutions that are neat and easy to follow. When you finish the exam, create
a single pdf file of your work and email it directly to eric.culver@ucdenver.edu.
(Eric Culver is the grader for this course.) The exam is due before midnight
MST on Wednesday, May 12, 2021.

1. (30 points) Find a general solution for

(a) y′′ − 6y′ + 9y = 0

(b) y′′ − 6y′ + 9y = 2e3t

(c) y′′ − 6y′ + 9y = e3t

t2

and check your solutions.

2. (40 points) You throw a ball vertically from the ground with an initial
velocity of 10 m/sec, i.e., x(0) = 0 and x′(0) = 10, where x(t) is the
ball’s height above the ground. The mass of the ball is 1 kg, and take
the gravitational constant to be 10 m/sec2. There is also air resistance
which we take to be proportional to the ball’s velocity, and in the opposite
direction. The proportionality constant is b = 1 kg/sec. (See section 3.4
in our textbook, but keep in mind that the problem is solved in terms of
the velocity there.)

(a) Write the second order differential equation for x(t), and solve.

(b) When does the ball reach its highest point, and how high does it get?

(c) When does the ball return to the ground? (Solve numerically to 2
decimal places accuracy.) Is the answer exactly twice the time to
reach the maximum height? Explain.

(d) Let y = x′. Rewrite your equation from part (a) as a system of first
order differential equation in x and y, and verify that the solution is
the same.

3. (30 points) Consider the system of first order differential equations, x′ =
Ax + f , where

A =

[
0 −1
2 2

]
f =

[
3
2t

]
(a) Find the eigenvalues and eigenvectors for A, and write down the

general solution to the homogeneous equation.

(b) Find a particular solution, and add to your answer to (a) to get the
general solution.

(c) Check your solution in (b) by plugging into the original equation.
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