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1. Signal and System Properties + Convolution (35 points).

(a) (15 points) Determine if each of the following statements is true or false. Briefly explain
your answer to receive full credit.

i. (5 points) z(t) = cos (V/3t) + sin(—3t) is a periodic signal.
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iii. (5 points) Let f(¢)*g(t) denote the convolution of two signals, f(¢) and g(t). Then,

F@)16(t) * g(®)] = [F(£)o(2)] * 9(2)
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(b) (10 points) Determine i
ermine if the followin i
g system is an LTI system. Explai
. Explain your answer.
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(c) (10 points) For signals f(t) and g(t) plotted below, graphically compute the convolution
signal h(t) = f(t)*g(t). To receive partial credit, you may show h(0), h(1/4) and h(5/8)
in the graph when illustrating the convolution using the “flip and drag” technique.
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2. LTI Systems (20 points).

Consider the following LTI system S:

S
t t
x(t) - y(®

Consider an input signal z;(t) = e~ %u(t — 2). It is given that

oi(t) —E— ()
) S )+ e u(y)

(a) (4 points) Show that:

dxd;t(t) = —22(t) + e~ 26(t - 2)
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(b) (10 points) Find the impulse response h(t) of S.

Hint: Since we have not provided S, we cannot straightforwardly input an impulse
into the system and measure the output. One approach is to solve for h(t) by writing
the output of S in terms of a convolution when the input is dz1(t)/at, i.e.,

dwc;t(t) " h(t)
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(c) (6 points) Consider a new system, So, whose impulse response is ha(t) = e~3u(t + 3)
Find this system’s output to the following input signal:

za(t) = cos (%t) 8(t—-1)
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3. Fourier Series (20 points).

(a) (10 points) Let the Fourier Series coefficients of f(t) be denoted fi, and the Fourier
Series coefficients of g(t) denoted g. Let T, be the period of f(t). If g(t) = f(a(t — b)),
where a > 0, show that
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(b) (10 points) Let the Fourier Series coefficients of z(¢) and y(¢) be z and y;, respectively,
with respective periods T} and T5. We define f(t) = aiz(t) + agy(t) with non-zero
oy, ag, with period T, = mT} = meT5. What are the Fourier Series coefficients f, in
terms of z; and y;?
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. Fourier Transform (25 points).
Consider the signal

z(t) = sinc(2t)

and let the Fourier transform of z(t) be denoted X (jw). We are interested in calculating the
area under the curve of z(t).

(a) (10 points) Prove that the following relationship holds.
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(b) (5 points) Use the result of part (a) to calculate:

/_ Z 2(t)dt

Xuha:o = [ o xeyac

for w(t) = sinc(2t).
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(¢} (5 points) Consider the following system:
y(t) = e 70tz (t)

Let z(t) = sinc(2t) and consider only wp > 0. Are there any values of wqy for which

1G)wo= [ vi)it=0

and if so, what value(s) of wg does this hold for?
_\')\,Jo't
Y =e xtt)

AR —> YL}‘*’\ ‘

e

XN K Lw- U\\u))

() = ALjpme0))

W ~Wo

-
de( qn

\\/(‘g@) \bl:b = 1t (,-'E(;’\




(d) (5 points) Consider the following system:
y(t) = z(t) + arect(t)

Let z(t) = sinc(2t). Are there any values of o for which

/ ~ W)dt =0
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and if so, what value(s) of o does this hold for?
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Bonus (6 points) Suppose z(t) = cos(wot) is an eigenfunction of an LTI system S for any
wo, and S cannot be defined as S[z(t)] = az(t) for some constant a. Is the system S causal?
Justify your answer. :
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This is an extra piece of paper to show your work. If you use this space for a question, for that
question, please write ”Refer to page 16.”
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