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INSTRUCTIONS: There are 6 problems
worth 20 points each. You can eliminate any
one problem, or I will count your best 5 out
of 6. You may use one sheet (8.5” × 11”) of
your own prepared notes/formulas.
No use of a calculator, text book, smart de-
vice, or other resource is permitted. Illicit
use of any additional resource will result
in a grade of zero on this exam as well as a
formal allegation of academic misconduct.
Show all of your work on the paper provided
to receive full credit.

1. A constant 50 volt electromotive force is applied to an RC-series circuit in which the resistance
is 10 ohms and the capacitance is 1

10
farads. Find the charge q(t) on the capacitor if the initial

charge q(0) = 0 coulomb.
5



2. Consider the second order, linear, homogeneous equation
d2y

dx2
− 8

dy

dx
+ 16y = 0.

(a) Write the characteristic equation and show that it has one root m = 4.

(b) Briefly state why niether y = c1e
4x nor y = c1e

4x + c2e
4x could be the general solution.

(c) Use reduction of order1 to find a second solution y2 given y1 = e4x.

(d) Show that y1 and y2 are linearly independent, and write the general solution.

1We know that the second solution is y2 = xe4x. You’re being asked to actually derive it using reduction of order.
Feel free to use the reduction of order formula for this.



3. Find the general solution of each second order homogeneous equation.

(a) y′′ + 16y = 0

(b) y′′ − 5y′ + 4y = 0

4. Solve the initial value problem y′′ − 6y′ + 9y = 0, y(0) = 1, y′(0) = 0.



5. Newton’s law of cooling says that if an object with temperature x(t) at time t is surounded by
a medium with tempurature A, the rate of change of the object’s temperature is proportional to the
difference x− A. That is,

dx

dt
= −k(x− A) for some positive constant k.

Suppose the object is a bowl of soup with initial temperature x(0) = 180◦F placed in a room that
is kept at A = 70◦F. Solve2 the resulting initial value problem. Find the long time temperature of
the soup lim

t→∞
x(t).

2You do not have enough information to find k, and you don’t need to. The parameter k will appear in your
solution.



6. Provide a short answer for each question.

(a) Suppose yp is a particular solution, and yc + yp is the general solution of the differential
equation

y′′ + x2y′ + 2xy = cos(2x).

What differential equation does yc, by itself, solve?

(b) What are the conditions under which Reduction of Order can be used to help find the solution
to a second order, linear differential equation?

(c) Jack and Diane each use Reduction of order to find a solution to a homogeneous equation.

Jack finds y2 = x4, and he is correct. Diane finds y2 =
1

2
x4. Is Diane correct or incorrect,

and how do you know?

(d) The characteristic equation for the fifth order, homogeneous equation

y(5) + 4y(4) + 14y(3) + 38y′′ + 45y′ + 18y = 0 is (m2 + 9)(m+ 1)2(m+ 2) = 0.

What is the general solution of this fifth order ODE?


