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PROBLEM 1:

Parts a and b (10 points each) can be solved independently of each other.
(a) Let x(t) = 3 cos(84mt — m/4) + 8 cos(72mt + 3m/5) cos(504mt) in the ideal C-D/D-C system shown below.
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(i) Find the condition on f; (in Hz) to avoid aliasing in y(t).

y(t)

E—

5

Max Frequency is: 288 Hz therefore f; > 2 * 288 = 576

T 3 3
x(t) = 3 cos (847115 — Z) + 4 cos (4327Tt — —) + 4 cos (5767Tt + —)

5

576 Hz

(ii) Independent of your answer in part (i), now assume f; = 500 Hz and find y(t) as a sum of sinusoids in the
standard form below (where N represents the total number of sinusoids)
y(t) = Ay + Ay cos(wit + @1) + A, cos(w,t + @) + -+ Ay cos(wyt + @p)

For f; = 500, only the 288 Hz cosine will alias and fold.
s 3
y(t) = 3 cos (847‘[t — Z) + 4 cos (4247‘[t — —) + 4 cos (4327‘[t ——

5

5

37{)

y(t) =

(b) Let x(t) = —9 + 5cos (727rt — g) + 8cos (120nt + g) + 2cos (2647‘[t + 1—”())

Find fy

fo

12 Hz

The Fourier Series (FS) representation of x(t) is x(t) = Yy._., a,e/?™/ot, List the non-zero FS Coefficients (a,)
along with their k-index in the table below in increasing index order (i.e. for all non-zero FS Coefficients start with
the smallest negative k-index in the first column and end with the largest positive k-index in the last column).
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PROBLEM 2:

Parts a and b (10 points each) can be solved independently of each other.

(a) For the ideal C-D/D-C system below, assume x(t) = cos(Ant? + Bnt + 0.27), f, = 6400 Hz, and the
spectrogram for y(t) is as shown in the figure. Let f; ,, (t) represent the instantaneous frequency of y(t).

Sgectrogrgm for y(t)
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Find: (i) A >0 and (ii) B > 0 and (iii) f;,,(38)
B
fir) = At +- A= 400
B
fix(0) = = = 400 - B = 800
fix(7) = A(7) + 400 = 3200 - A = 400
fiy(38) = 400(38) + 400 = 15600 — 2 * 6400 = 2800 Hz B = 800

f,y(38) = 2800 Hz

(b) For the ideal C-To-D converter below assume that x(t) = 10 cos (2107Tt + 1”—0) + 6 cos (3307‘[t - g)

x(t) Ideal x[n]

—— CToD —s

Converter

£
(i) Find the fundamental frequency, f,, for x(t) in Hz.

fo = 15 Hz

(ii) We wish to set the sampling rate f; such that x[n] = x[n + Ny] (i.e., x[n] is periodic with a period of N,
samples). Find the smallest sampling rate f; that avoids aliasing and sets N, = 67 samples.

Highest frequency is: 165 Hz so f; > 330 Hz

No _ fs No
ﬁziﬁfszﬁfpggoﬁz
67(15)>330 m<® 12
= —_ e d = .
fs =7 330

The smallest f; is equal to f; = %(15) = 335

335 Hz
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PROBLEM 3:
Parts a and b (10 points each) can be solved independently of each other.
(a) Consider the cascaded LTI system below

hin] = hy[n] * hy[n]

Sl [ oy LWL 1o

where hy[n] = ¥2_, k8[n — 2k] and y[n] = 6w[n — 1] — 9w[n — 3].
(i) Find the overall impulse response h[n].

hi[n] = 6[n — 2] + 26[n — 4]
hy[n] = 66[n — 1] — 98[n — 3]
h[n] = hy[n] * hy[n] = 8§[n — 2] * (66[n — 1] — 96[n — 3]) + 26[n — 4] * (66[n — 1] — 96[n — 3])
h[n] = (66[n — 3] —98[n —5]) + (126[n — 5] — 18 §[n — 7])
h[n] = 68[n — 3] +38[n — 5] — 186[n — 7]

hln] =

(ii) Find y[6] when x[n] = u[n] (i.e., the unit step function)

y[n] = 6u[n — 3] + 3u[n — 5] — 18u[n — 7]
y[6] = 6u[3] + 3u[1] — 18u[-1] = 6+1+3x1—18%0=9 y[6] = 9

(b) Consider the LTI system shown below.

x[n] y[n]

We know the following information:
h[n] = —=26[n — A] + 38[n — B]

x[n] = 36[n] — 26[n — 1]
y[n] = —68[n — 2] + 46[n — 3] + 96[n — 4] — 68[n — 5]

Find A and B

Let Ny pyy,r @Nd Ny yy,. FEPresent the First and Last non-zero values for the signals x[n], h[n] and y[n],
respectively. Then:

n{x},F + n{h},p = n{y},p - 04+A4A=2-A4A=2

Ny + Ny, =Ny > 1+B=5->B=4




