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Give all details of your reasoning.
Each problem is worth 25 points for the total of 100 points.

Problem 1. An object of mass m = 18kg is attached to a spring with unknown spring
constant k. There is no damping present. Let z(t¢) be the distance of the mass from the
equilibrium position at time ¢t. The mass was initially displaced by 1m from its equilibrium
position and released without any initial velocity. It is observed that it took 3 seconds for
the mass to reach the equilibrium for the first time. Calculate the spring constant k. (Give
the exact value for k.)

Problem 2. Consider the initial value problem
1
1 2"+ 162 =10 cos(7t), x(0)=0, 2z'(0)=0.

(a) Solve the given initial value problem.

(b) Place the answer in the form A sin(dt) sin(wt). Calculate the amplitude and the period
of the envelope of the solution.

Problem 3. Consider the equation

1 2
"+ ga:' tgr= cos(t).

(a) Find the steady-state response in the form A cos(t — ¢).
(b) Find the amplitude of the steady-state response.

(¢) Now consider the forcing term cos(wt) with a variable frequency w. Find the transfer
function and the gain.

(d) Plot the gain as a function of w. From your plot estimate for which frequencies w the
resulting gain is larger than the gain obtained for w = 1. Estimate the maximum possible
gain and the frequency at which it occurs.















