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3 20
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5 20
6 20
7 20
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Problem sp-02-F.1:

(a) Let w(t) = cos(1007t + 7/4) + 2 cos(100nt — 7/4) = A cos(wot + ).
Determine A, wg, and ¢.

(b) A periodic signal x(t) is given by

x(t) = 2 4 2cos(10007t + 6) + cos(15007t 4 ).
Determine the period T of this signal.

T) =
(c) If the Fourier series coefficients of the signal z(t) in part (b) are ag = 2, ay = e/™2,
a_g=e9"2 g3 =0.5¢79"/% and a_5 = 0.5¢/7/6, determine # and ¢ for the signal x(t).




Problem sp-02-F.2:

Consider the following system for sampling and reconstruction of a continuous-time signal:

x(t) Ideal x[n] y[n] Ideal y(t)
—> C-to-D > D-to-C —
Converter Converter

?

fs: ?

/T fs =1/T

(a) Assume that the input signal z(¢) has a bandlimited Fourier transform X (jw) as depicted
below. For this input signal, what is the smallest value of the sampling frequency fs such
that y(t) = x(t)?

X(jw)
A
smallest fs = samples/sec

—5007 5007 w (rad/sec)

(b) In this part, the input signal is xz(¢) = 50 + 50 cos(507t + 7/3). If the sampling rate is
fs = 30 samples/sec

, what is the corresponding output y(t)?




Problem sp-02-F.3:

1 —-2<t<1 .

(a) Assume that w(t) =u(t+2) —u(t—1) = { 0 otherwise Plot w(7) as a function of 7.
qw(7)
0 T

(b) Plot y(t) = w(t) * w(t). Carefully label the amplitude and the time axis.

2y()

(c) When the input to an LTI system is z(t), the output is the signal y(t) = x(t) = h(t) plotted
below. What is the impulse response h(t) of the system?

A 6 8 ¢
y(t)
1
5
4 2 9 4 6 80 12 14716 18 20 22 24 26 28 30 32 ¢
_5
1




Problem sp-02-F.4:

A cascade of two discrete-time systems is depicted by the following block diagram:

[n] LTI w(n] LTI yln]
—  »|  System #1 »  System #2 |,
hl[n], Hl(z) hz[n], HQ(Z)

System #1 is defined by the system function Hy(z) = 272(1 + z7!) and System #2 is defined
by the difference equation y[n] = —0.8y[n — 1] + 2w[n].

(a) If the input to the first system is x[n] = d[n] — §[n — 1], determine the output, w(n], of the
first system.

wln] =

(b) Determine the system function H(z) of the overall system.

H(z)=

(c) Determine the impulse response of the overall system.




Problem sp-02-F.5: a(t) Continuous-Time y(t)

— | LTISystem | —

h(t) and H (jw)

The periodic input to the above system is defined by the equation:

1/7

2

. L kE#£0

x(t) = Z ak€]507rkt7 where aj, = |k| 7 )
k=—2 2 k=20

(a) Determine the Fourier transform of the periodic signal z(¢). Give a formula and then plot it
on the graph below. Label your plot carefully to receive full credit.

X (jw) =

X(jw)

(b) The frequency response of the LTI system is given by the following equation:

H(jw) = 2 512(;/7;/2) '

In the following plot, label the maximum amplitude and the frequencies at which H(jw) =0
in terms of the parameter 7.

4H (jw)

0

(c) Determine the smallest value of the parameter T such that y(t) = A for —oco < t < oo, where
A is a constant. Determine the constant A.

T = A=




Problem sp-02-F.6: 2(t) w(t) Lowpass y(t)
> > Filter >
H(jw)
£J4007t

In the above modulation/filtering system, assume that the input signal z(¢) has a bandlimited

Fourier transform X (jw), as depicted in below.

X(jw)

—2007r  —2007 | 200m 4007 w

(a) First give the general equation that expresses W (jw), the Fourier transform of
w(t) = z(t)eI400Tt i terms of X (jw).

W(jw) =

(b) Now carefully plot the Fourier transform W (jw) for the specific input z(¢) whose Fourier

transform X (jw) is given above in . Note that part of the Fourier transform X (jw)
is shaded. Mark the corresponding shaded region or regions in your plot of W (jw), and be

sure to carefully label both amplitudes and frequencies.

W(jw)

4000 —2007 0 200 4007

(c) The frequency response of the lowpass filter is

oy )2 lw| <2007
H(jw) = { 0 |w| > 2007

Plot the Fourier transform Y (jw) below for the X (jw) given in above. Be sure to
carefully label both amplitudes and frequencies and be sure to shade the region corresponding
to the original shaded region in the input spectrum.

Y (jw)

—400m  —200mr 0 200 4007



Problem sp-02-F.7:
In each of the following problems, find the Fourier transform, or inverse Fourier transform. Give
your answer as a formula or plot. ( The symbol * denotes covolution.)

(a) Find Y (jw) when y(t) = z(t) * h(t) = S;ﬁt % [e7Hu(t)].

(b) Find h(t) when H(jw) = d(w +4) * [u(w — 4) — u(w + 4)].

1+e v

(¢) Find v(t) when V(jw) = 5w



Problem sp-02-F.8:

Pole-Zero Plot 1 Pole-Zero Plot 2 Pole-Zero Plot 3
Lio i 1p e . Lpo o O
0 X o X
£ 05[> 5 05f : £ 05f :
o ~ o ~ z o ~ z
> (3) > : > :
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2 2 : 2 :
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(a) Which of the above pole-zero plots represents the system whose frequency response is given
in the following graph?

FREQ RESPONSE OF UNKNOWN SYSTEM
6fF T T T T T T T =

| |
-1 -0.81 -0.61 -0.41m -0.21 0 0.21 0.41 0.61 0.81 s
Normalized Frequency &

System #

(b) Now assume that each of the systems represented by the above pole-zero plots has impulse
response hy[n], where k is the index shown in the title of the pole-zero plot.

(i) In the table below, indicate with an X which of the systems are FIR systems.
[System# | 1 | 2 [ 3 | 4 | 5 |
FIR??

(ii) In the table below, indicate with an X each of the systems for which hy[n] * e/™ = 0,
where * denotes convolution.

‘System#‘1‘2‘3‘4‘5‘

hi[n] * e/™ = 077






