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(a) (10 Pomts) The quirky instructor produces a sudden, single, clap in an other-

wise silent and empty lecture hall. His clap is so loud and so short in duration za

that it can be modeled as an impulse—namely, z(t) = §(t). Determine a reason- iﬁ

ably simple expression for, and provide a well-labeled plot of, the correspond- tl

ing output signal y(t) = h(t), the impulse response of the system represen ting -

the room’s acoustics.

Hint: Your expression for h(t) should be left as an infinite sum.
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(b) (5 Points) What constraint must the parameters « and B satisfy so that the e
system H is guaranteed to be BIBO stable’ Provide a succinct, but cIear and , -
- convincing, reasoning. :
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(c) (30 Points) Assume in this part that o and f are such that the system H is BIBO

stable. Determine a reasonably simple expression for I (w), the frequency T€-
sponse of the system H that models the room’s acoustics. |

' Show that despite being the frequency response of a continuous-time LTI sys-
tem, H(w) is periodic in w, and determine the smallest £ > 0 such that H(w +

Q) = H(w) for allw € R.
Then provide a well-labeled plot of the magnitude response | H (w)].

Hint: You may want to first plot the magnitude response for the case T' = 1,
* and from there infer the plot for the more generalize values of echo delay T'.
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(d) (15 Points) Suppose the input signal is given by | a Vi
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= 6, and fundamental

o disjoint, contiguous
gth-3. DTFS expansion
=27 /3).

MT2.2 (35 Points) Consider the discrete- -time sign
for all mtegers n. This signal has fundamental period pz =
frequency w,. = 2r/p, = 7/3. We segment this signal int
intervals of duration p = 3 samples and we compute the len
of each segment (correspondmg to fundamental frequency wo =

.+ In one or more parts of this problem you may Or may not fmd 1t useful to know

the following facts:
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~(a) (15 Points) The signal = can be written as -
) = Xo + X ¥+ X 6%, =012 ekite 1)

Determine a reasonably snnple expressmn for each of the coefﬁczents or X1
and X,. You fay. continue your work in the blank space 1mmed1ately above

part (b) on the top of the next page. e .( 0§ ‘_r...,,, P,. peey
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(b) (10 Points) Suppose we send the signal z through a nonlinear system whose

output y is the pointwise (instantaneous) square of the input. That is, y(n) =
?(n) for all integers n. Determine, and provide a well-labeled plot of, Y, the
length-3 DTFS coeff1c1ents for the output signal y.
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(c) (10 Pomts) In part (a) you leamed that Spectml Ieakage occurs if we take a -
length-3 DTES of the signal z. That is, even though z has a single frequencyh 5 Bh
 namely, w, = m/3—every DTFS coefficient X; becomes nonzero if the DTFS
length p is not an integer multiple of the signal’s fundamental period p,. More
generally, let’s perform a length-p DTES expansion of a periodic discrete-time
signal z.whose fundamental period is p;. Suppose that p is not an integer multl-' o A
g ple of P Explam why every DTES coeff1c1ent in the expansion must be nonzero.
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