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1. (20 %) As shown in Figure 1, an object of mass M is attached to a viscous

damper having a viscous coefficient D, and a spring K is connected between

the damper and a stationary frame. The mass is placed on a highly varnished table

and slides in one dimension in the absence of friction. Let x and f

respectively denote the displacement and the force acting on the mass, as shown

in Figure 1. Determine the impulse response of the system if the mass is initially
at rest. That is, find x(r) subject to x(07)=0, x(07)=0, and f(¢)=5(), in

which o6(f) denotes the Dirac delta function.

D=2 N/(m/s)
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Figure 1. System for Problem 1

2. (20 %) In the circuit of Figure 2, the capacitor is initially discharged, C =1 uF,

R =1kQ, and R, =1kQ.Let ¥, and V, respectively denote input and output

voltages of the circuit. Determine the unit-step response of the circuit. That is,
find V,(¢) subject to ¥,(0)=0, and V,(r)=u(f), in which u(f) denotes the

unit-step function.
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Figure 2, System for Problem 2
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(15 4-) Determine whether or not the following quadratic form is positive
q

(15 %) Define a function f(x)=1+x on the interval (-1, 1). Find the Fourier

series of f(x) on the interval (-1, I).

(15 %) A fluid flows with velocity v=<z,x*,3* >, where distances are in
meters and the components of v are in meters per second. Find the rate of flow

outward through the portion of the cylindrical surface: x*+y* =1, 0<z<l,

y20.

(15 4 ) Consider the differential equation ¥(¢)+20x%(t)+100x()=0 subject
to various initial conditions. The initial values, %(0) and x(0), may be
represented in a plane with x(0) as the horizontal axis and x(0) as the vertical
axis. Determine the regions in the x(0)-versus-x(0) plane where there is no sign

change in x(#) for r>0. Sketch these regions in the x(0)-versus-x(0) plane.



