ENGR. 213/2, Section XX, Fall 2013, Midterm Test 2, Solutions

Problem 1. The differential equation
(14 2%y — 22y +2y=0
has a solution y;(z) = z. Find another solution y»(x) such that the solution set
{y1(z),y2(x)} is a fundamental set of solutions of the given differential equation for
z in (—o0, 00).
Problem 2. Find the general solution of the differential equation
Yy +2 +y=e"

(a) by using the method of undetermined coefficients;
(b) by using the method of variation of parameters.

Problem 3. Solve the differential equation
22y +zy —y=1In(z), z>0.

Problem 4. A mass of 1 kg is attached to a spring whose spring constant is 1 N/m.
The medium offers a damping force that is numerically equal to the instantaneous
velocity. The mass is initially released from rest, 20 cm below the equilibrium
position.

(a) Formulate an initial value problem (that is: a differential equation and initial
value conditions) describing the dynamics of the spring-mass system;

(b) Characterize the spring-mass system as under-, over-, or critically damped;

(c) Find an equation of the spring-mass motion.

(d) Represent the equation obtained in (c) in an amplitude-phase form;

(e) Find the first time-moment at which the mass passes through the equilibrium po-
sition. What is the velocity of the mass at this time-moment - upward or downward?

Problem 5. (a) Find the first five coefficients (i.e. ag, ay, ag, as, as) of the power
series expansion

o0
y() =) apz”
n=0

centered at zo = 0 of the solution y(z) of the following second-order initial value
problem :

(z-2)y" +y=0, y(O) =1,y (0)=0.
(b) Find all singular points of the initial value problem given in (a) and determine
the minimum radius of convergence of the power series solution y(z) obtained in (a).
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