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> (5%) Consider a discrete-time system where x[n] is the input, y[n] is the output
y

and the input-output relationship can be expressed as follows.

y[n] = (x[n-3]+x[n-2]+x[n-1]+x[n]+x[n+1]+x[n+2]+x[n+3])/7

Can the system be potentially implemented in real time? justify your answer.
Note that “real time” here means that given an input x[n¢] at time no, the system
can provide the output y[no] at time no immediately if the computational latency

can be neglected.

(10%) For each of the following input-output relationships, please determine
whether the corresponding system is linear, time invariant or both with a_
detailed explanation.

(—) 2%) yIn] = x*[n 2]

(2) 2%) y(t) =t*x(2 - 1)

(=) (2%) y[n] = x[2n]

(I0) (2%) y[n] = x[2 —n]

(F1) 2%) y[n] = XL _o x[k]

(15%) Please determine the time-domain s1gnal X [n] from the Discrete tlme
Fourier Series (DTFS) coefficients,
X[k] = - (=)™ (8[k — 2m] + 8[k + 3m]).

27
Hint: DTFS pair x[n](—FS%—>X[k]

0 N-1 0
x[n]= > ae" = > X[kle™ ™ where X[k] = Dy,
k=—w =i

f=—cw0
N-1

X[k]= % Z x[n]e "

k=0

L g

(10%) Let x[n] be a periodic sequence with period N and Fourier coefficients ax.

Express the Fourier coefficients for each of the following signals in terms of ax:

(—) (5%) x[n ]+1[”+NJ (Assume that N is even.)

(Z) (5%) (=1)"x[n] (Assume that Nis odd.)
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f1~ (10%) Find the impulse response of a system with the following frequency

response:

sin(w)sin’® (3w)

0)2

7N~ (10%) Determine the Fourier coefficients of the following continuous-time

signal:
1
5—4cos(2xr)

T~ (15%) Given the pole/zero plot of a causal system below, determine
(—)(4%) The system function H(s).
(Z2)(4%) The impulse response.
(=)(4%) The output signal for the input x(r)=cos(?).
(F)(3%) The differential equation relating the input x(f) to the output y(z).

JIm{s}

1 | ? \RC{S}

J\ > (10%)
(—) (5%) Prove the convolution property of the z transform, Z {x[n]*h[n]} =
X(2)H(z), and specify the change of region of convergence.
(Z) (5%) Consider a discrete-time system H(z) = 1/(1+az""). Compare the
difference in frequency response between the cases of @ = 0.9 and a=-0.9

by sketching the magnitude and phase response.
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JL~ (15%) The discrete-time sequence x[n] is bandlimited to 27t/3 radians in angular
frequency and you can find its discrete time Fourier transform (DTFT) spectrum
in the frequency range [-n, 7] in the left panel of figure (a). We would like to
use the fractional sampling rate converter shown in figure (b) to change the
bandwidth of x[n] to « radians (as illustrated in the right panel of figure (a)).
(—) (5%)Determine the smallest vatues of 7 and D in figure (b) to achieve the

goal mentioned above.

(=) (10%) For the fractional sampling rate converter in figure (b), can we
exchange the interpolator and decimator in this case while still achieving
the same goal mentioned above? Justify your answer by spectral
illustration, that is, by drawing and comparing the resultant DTFT spectra.

(@) X(ek) Xple®)
—)
()]
T 273 0 2n/3 T -m 0 m
(b)
Interpolator Decimator
T Py
] - ! ]
xfn] 17 Gain = / talalif Gain = 1 | 1 o]
: ’ Cutoff frequency w, = n/I [ 3| Cutoff frequency w, = /D e D '
1 ! 1
1 Upsampling by / Ideal low pass filter : o Ideal low pass filter Downsampling by D :
1
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