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ECE 563 - Fall 2003
Exam 2 (2 hours, 15 minutes; Closed Book - Two Sheets of Notes
Allowed)

(12%) In a phase-locked loop (PLL} used as an FM demodulator, the PLL output
signal v(z) and the message signal m(t) are (approximately) related by the
frequency-domain equation

_ J_AGHTGH
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where G(f) is the loop filter frequency response, A and B are constants, and Wis
the message signal bandwidth.

(a) (6%)Find G(f), Ifl < W, that gives v(r) = m(r).

(b) (6%) In a frequency discriminator FM demoduliator, there is a filter that acts
like a differentiator over the transmitted signal bandwidth. Based on your
result for part (a), what comparable statement can you make about the
loop filter in a PLL FM demodulator?

(16%) Suppose that we want to implement an analog filter having frequency
response H(f) proportional to jf for If| < W. We want to do this using the system

shown below:
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where the discrete-time filter has frequency response H(e/) = jsin(w), lo! < .

(a) (8%) Assuming that sin(w) = @ for le| < 0.1 and that W = 15 kHz, what
range of values can we use for 7,7

(b) (B%) Recalling that jsin(w) = +{e’® — e7®}, find and sketch the impulse
response of the discrete-time filter of part (a).

(22%) Consider a discrete-time filter having frequency response:

wy — _1—2e7®
HE®) = 1 050w

(a) (5%) Find a difference equation relating the filter input x[»] and output y[x].

(b) (5%) Draw the block diagram of a tapped delay line filter implementation.




(c) (7%) Find the filter's impulse response. (Hint: Use the Fourier Transform
tables attached to this exam questionnaire.)

(d) (5%) Is the filter stable? (Justify your answer.)

4. (16%) For the discrete-time signals x[n] and y[n] shown below:

(a) (B8%) Find and sketch z,[n] = the 5-point circular convolution of x[n] and y[n]
for0<n<7.

(b) (B8%) Find and sketch zz[n] = x[n] * y[x] (the regular convolution of x[r] and
y[n))forO0 < mn < 7.

5. (12%) Suppose we have a signal that is bandlimited to 5§ kHz. We sample the
signal at a rate of 12000 samples/sec. We want to examine the signal’s frequency

components using a DFT.

(a) (6%) If the DFT length must be a power of 2 and the analog frequency
spacing between adjacent DFT samples can be no more than 5 Hz, what is
the minimum DFT length N that can be used?

(b) (6%) For the N that you found in part (a): what DFT sample number k is
closest to representing an analog frequency of 4600 Hz?

6. (22%) Suppose we have a message signal m(z) that is bandlimited to 10 kHz. Its
Fourier Transform M(f) is shown below. This signal is used to form the DSBSC
signal x(r) having a carrier frequency of 100 kHz. The Fourier Transform X(f) of

the DSBSC signal is also shown below.
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{(a) (12%) Consider the system:
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where x(z) is the DSBSC signal described above. Find the system output y(z)
in terms of m(#). What analog system does this implement?

(b) (10%) Now suppose that we want to process the DSBSC signal x(¢) to form
the LSSB signal z(r) whose Fourier Transform Z(y) is shown below:
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We want to implement the processing with the system shown below:
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Find a specific T and H(e/*) that implement the desired processing.




TABLE2.2 FOURIER TRANSFORM THEQREMS
Sequence Fourier Transform
x[n] X(e/®)
) Y(el?)
1. ax[n] + by[n] aX(el) 4 bY(e/?)
2. x[n —ng] (ng aninteger) e~fond X (el)
3. efwonx[n) X(eftw-w0))
4, x{—n] X(e— /™)
X*(e®) if x[n] real.
5. nx{n] '%(—Eﬂ
6. x[n]* y[n] X(e/*)Y(e!)

7. x[n]y[n]

Parseval's theorem:

»”
% / X (/)Y (e/—))dp
K

8. Z xf]? = % _[ | 1 X (/) 2dw

H=—0D0

9. Z‘ x[n]y*[n] = % f ” X(e/)Y* (e/*)dw

n=-00

FOURIER TRANSFORM PAIRS

TABLE 2.3
Sequence Fourier Transform
1. &[n] 1
2. 8[n — np} e—jono
3.1 (~00<n<oo) Z:’.n'a(m+2:rk) '

10.

11.

. a"ufn] (lal < 1)

. u[n]

. (n+1)a"u[n] (ja] < 1)

risinwp(n + 1)
sinwp

ulr] (Irl < 1)

sinw,n
mn

, 0=n< M

xn] = { L
* T 10, otherwise
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sinfew(M + 1)/219__-'w&f,-'2.
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Z 2r8(ew — wo + 2 k)

k=-e0

Z [re!8(w — wp +2irk) + we~1%8(w + wg + 27K)]
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