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a. Explain what steady-state (stationary) and transient responses are.

(2 p)

b. Given the impulse response h(n) of an LTI system, how can we determine if
it is a stable system or not?
(2 p)
c. What does the sampling theorem say?

(2 p)

d. The transfer function of an LTI system is given as H(z) = z −1 + z. Is it a
causal system?
(2 p)
e. A filter (LTI system) has the transfer function H(z) = 0.5 − 0.5z −1 . Is it a
lowpass or highpass filter?
(2 p)

2

A causal discrete-time LTI system is realized according to Fig. 1 with
a0 = a2 = 0.125, a1 = 0.25, and b1 = −0.5.

a. Determine the system’s diﬀerence equation.

(2 p)

b. Determine the system’s transfer function H(z) and its zeros and poles. Is it a
stable system?
(4 p)
c. Determine the system’s impulse response h(n).
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3

Determine the output sequence y(n) of a causal discrete-time LTI system with
the impulse response h(n) = 0.5n u(n) when the input sequence is x(n) = u(n) +
sin(0.5πn), where u(n) is the unit step sequence.
(10 p)

3
4

A causal discrete-time LTI system has the following transfer function:
H(z) = G

(z − rejα )(z − re−jα )
z2

a. Determine the values of r and α so that the output sequence becomes y(n) = 0
for all n when the input sequence is x(n) = 2 sin(0.25πn) for all n.
(6 p)
b. Determine
∑ 2 the value of G so that the energy of the impulse response is unity,
(4 p)
i.e., n h (n) = 1.
5

A continuous-time signal xa (t) = sin(1000πt) + 2 cos(2000πt) + 3 sin(2600πt), for
all t, is sampled uniformly and then reconstructed using an ideal PAM, generating
xr (t).
a. Sketch the spectrum for the sequence x(n) = xa (nT ) when fs = 1/T = 2500
Hz and fs = 1/T = 1600 Hz, respectively.
(6 p)
b. Determine the reconstructed signal xr (t) for each of the two cases in a. above.
Is any of the reconstructed signals equal to the original signal xa (t)? Motivate
the answer by sketching the spectra of the reconstructed signals.
(4 p)

6

A sequence x(n) is given as x(n) = 1 + cos(0.875πn + 0.25π) for all n.
a. Show that x(n) is periodic with period N = 16.

(2 p)

b. A finite-length sequence x1 (n) of length 16 is formed according to x1 (n) =
x(n), n = 0, 1, . . . , 15. Compute X1 (k), |X1 (k)|, and arg{X1 (k)}, for all values
of k (k = 0, 1, . . . , 15) where X1 (k) is a 16-point DFT for x1 (n).
(8 p)

4
7

The sequence x(n) has a real spectrum as seen in Fig. 2(a) and is a sampled version
of a continuous-time signal xa (t) according to x(n) = xa (nT ) for some T .
a. Assume that a new sequence is formed as y(m) = xa (mT1 ), T1 = T /5. That
is, y(m) is also a sampled version of xa (t), but the sampling frequency is here
five times higher. Sketch the spectrum of y(m), i.e., sketch Y (ejωT1 ).
(4 p)
b. Assume that y(m) is obtained from x(n) through the system in Fig. 2(b)
using upsampling by five followed by a filter (LTI system) with the transfer
function H(z). Determine the gain constant G, and the values of the edges
ωc T1 and ωs T1 so that the desired y(m) in a. above is obtained. Motivate the
answer by sketching the spectra involved in the system of Fig. 2(b).
(6 p)
Relation between the Fourier transforms for upsampling by L:
X1 (ejωT1 ) = X(ejωT ),
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