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Name:

Note: Indicate you answer clearly by circlingit or drawing a box around it. When
asked to make sketched of functions, label the horizontal and vertical axesof the

plots.

Problem Points Score
1 30
2 45
3 25

TOTAL: 100

Problem 1 (30 pts.) The suspension of a car can be modeled as a second-order system
with inputx(t) and outpuy/(t), as shown in the figure below. Heygjs a constantn > 0,

k>0, andb = 0.
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It can be shown that the differential equation relatitgandy(t) is my + by + cy = bx +
cx, where the dots denote time derivatives. When initial conditions are zero, the

suspension can be considered an LTI system with kffjuand outpui/(t).

(@) (10 pts.) Find the frequency respoHhi§gv) of this LTI system.



The car rolls along an infinitely long road with regularly spaced triangulad $peaps,
so thatx(t) is the periodic signal indicated below.
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(b) (10 pts.) Find a Fourier series representatior(fpr

(c) (10 pts.) Find an expression for the vehicle elevatiprwhen the vehicle rolls over

the road pictured above. This is most easily done using results obtained in parts (a) and
(b). If you were unable to explicitly obtaki(jw) and/orX[K], you may give your answer

to part (c) in terms of arbitrai(jw) and/orX[k], in which case you may receive partial
credit.



Problem 2 (45 pts.) A non-ideal sampler starts with a CT sig(taland obtains a DT
signalx[n] according to the figure below.

CT

x(t)

Non-ldeal
Sampler

DT
nl=["  x(t)at

n

(n-)T

(@) (10 pts.) Show that the non-ideal sampling(ffis equivalent to ideal sampling of
y(t) =x(t)Th(t), i.e.,x[n] = y(t)k =nt, as indicated below, if we choose

h(t) = u(t) —u(t —T).
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(b) (10 pts.) Lek(t) ~ X(jw) and let{n] « X(€“"). Find an expression fot(€*") in

terms ofX(jw) andT.



FT
(c) (a0 ptsjg Suppose thgt) - X(jw) is bandlimited toch| <. Find the largest
such thas[n = X(€“") exhibits no aliasing.

(d) (15 pts.) Assume that the requirement in part (c) for no aliasing is satised. W
reconstruct a CT signal(t) using the system shown. Fihdt) such thak(t) = x(t).

DT Pulse Generator CT
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Problem 3 (25 pts.) AHilbert transformer is an LTI systeniHyr having impulse
responséiyr(t) and frequency responbiyr(jw), which is given by:

] w<O0
Hyr(ja)=-jlsgne)= 4 0 w=0
- w>0

If x(t) is input ot the system, the outputyd) = Hyr{ x(t)} is called theHilbert transform
of x(t).

(@) (10 pts.) Let the input bét) = cosuat. What is the outpug(t)?



(b) (15 pts.) Find the impulse respohggt). Hint: use the fact that sgi) = 2u(w) — 1.



