Problem 1 (Short questions.) 35 Points (5 Points each)

(a) For the following system, with input z|n] and output y(n|, circle whether the statements

are true or false.
z(n] n>1
y[n| = 0 n=10
zn+1] n< -1

the system is linear

the system is time-invariant
the system is memoryless
the system is stable

the system is causal
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(b) A discrete-time LTI system has the impulse response
hin] = 3" - uld —n]

Circle whether the system is stable or unstable. Give a short justification of your answer
in the additional box.
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The system is:
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(¢) The signals =(t) and y(t) are shown in the following figure.

x(t)
A y(t)
)

-1

Let z{t) = z(t) * y(t). Find the value of ¢ where z(t) is minimum, and the value of z(t)
at that point.
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(d) A continuous time LTI system with input =z(t) and output y(t) is described by the fol-
lowing constant coefficient differential equation:

WO = 2590 - Tvo) + 200

Find the frequency response H(jw) of the system.
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If z'l[t} = of¥ _ 3ot what is y(t) 7
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(e) Find the correct real gains in the block diagram below so that the input and output are
related by the complex difference equation:

yln] — 2¢¥4y[n - 1] = (3j)z(n]
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' (f)

2, =<t<2
Given z{i)=4¢ 4-1, 25t<4,
0, otherwise.
Plot x(15%). Label your axes clearly and carefully!
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(9) Consider a signal z[n] with period N = 8 and Fourier series coefficients aj. Let a signal
y|n], with Fourier series coefficients by, be defined as

y[n| = z|n] cos (?)
Find by and bs in terms of the ay
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Problem 2 15 Points

z(t) is a real-valued periodic signal, with period T = 10. The Fourier series coefficients of x(t)
ure also real-valued, and are shown below
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fa) Write an expression for the real-valued signal z(t)
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(b) Plot the CTFT X(jw) of the signal z(t). Clearly label both axes of the plot.
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(e) The signal z(¢) is now the input to an LTI system, whose frequency response H(jw)is
given by /H(jw) = —2w and |H(jw)| shown in the following figure.
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Write an expression for the output of the LTT system, y(t)

0%-6«1 wepwlies ok = 14T owe_ bV A
LMY =20 vesulks n o gwk s by A
(RN (w) = @_%m)

W= RS (4%-&—15> ]




Problem 3 25 Points

Let X(e’*) denote the discrete-time Fourier transform of the signal z{n| shown below.

2 g #[n]

Evaluate these three integrals:
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Now, consider the signal

z|n] = sin (%) — 2¢os (?)

Suppose that this signal is the input to LTT systems with the following impulse responses.
Determine the output y[n| in each case.
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(e) hn]= sinfrn/4)sin(mn/2)
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Problem 4 25 Points

An audio signal z(t), bandlimited to 20 kHz, is sampled at its Nyquist rate to produce the
discrete time signal z4{n] with spectrum shown below.

x®) Conversion Lo z4ln] | Discrete time filter ye[n] Conversion to y©
Discrete Time Ha(e™™) Continuous Time
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(a) Plot the spectrum of the continuous time signal z(t) (i.e., plot X(jw), the CTFT of z(t) ).
Assume the continuous to discrete time conversion is ideal.
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(b) We want to filter x(t) to keep only the lowpass component between 0 and 10 kHg, ie.,
we want y(t) to represent the lowpass component of z(t). Plot the spectrum of the filter
Hy(#'?) needed to accomplish this task. Assume that the discrete to continuous time

conversion is ideal.
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(¢) 1f the discrete to continuous time converter is replaced by a ZOH (zero order hold), can
we still use the discrete time system shown above to produce a signal y(t) which is equal
to the lowpass 10 kHz of z(t)? Explain why or why not.
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(d} What is the maximum value of T in the system shown above, such that y(t) can equal
the lowpass 10 kHz of z(t) with a suitably chosen discrete time filter?
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