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• You may use the Texas Instruments TI-30X IIS calculator and a 8.5×11-inch double-sided
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1. (a) (6 points) Find the general solution of the differential equation:

y′′ − 10y′ + 29y = 0

(b) (4 points) Find the unique solution that satisfies the initial conditions:

y(0) =
5

2
, y′(0) =

1

2
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2. (a) (4 points) Find a particular solution to

y′′ − y′ − 2y = 5 sin(2t)

(b) (4 points) Find a particular solution to

y′′ − y′ − 2y = 3et − e−t

(c) (2 points) Give the general solution to

y′′ − y′ − 2y = 5 sin(2t) + 3et − e−t
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3. (a) (6 points) A spring-mass system has the following equation of motion:

u(t) = −4 cos(5t) + 4 sin(5t), t ≥ 0.

i. Rewrite u(t) in the form R cos(ωt− ϕ).

ii. Find the first time the mass passes through its equilibrium position.

(b) (4 points) A spring-mass system with external forcing function having the equation

3u′′ + ku = 7 cos(4t)

experiences resonance. Find the value of k and briefly explain the main characteristics
the resulting motion (max two sentences).
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4. (8 points) Find a second order differential equation whose general solution is

y = c1e
3t + c2te

3t + e−2t + t2 − 3
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5. A certain spring is known to stretch 0.06 m beyond its natural length when a force of 0.54
N is applied to it. An unknown mass m is attached to this spring along with a damping
device with constant γ = 6 N · sec/m. The mass is pushed up 0.04 m and released from rest.
The resulting motion is observed to oscillate with decreasing amplitude and a quasi-period
of T = 4π/3 sec. Use the convention that the downward direction is positive.

(a) (8 points) Find the value of m. (Hint: What is the quasi-frequency?)

(b) (4 points) Write down the initial value problem for the above spring-mass system (do
not solve).


