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1. (20%) We are given the complex baseband signal x,(t) = sinc(t — 1) + j2sinc(t).

(A)(5%) Calculate the real and imaginary parts of the Fourier transform X, (f). To express the
transforms, please use the function rect(t), which is defined as a rectangle of unit height and
spanning the interval [-1/2,1/2].

(B) (5%) Plot the real and imaginary parts of X, (f).

(C) (10%) Plot the real and imaginary parts of the Fourier transform of the bandpass signal obtained

by upconverting x,(t) to the carrier frequency of 10 Hz.

2. (20%) Let x(t) = m(t) + cos(w,t). Let W be the bandwidth of m(t). Assume that the average value
of m(t) is zero and that the maximum value of |m(t)| is M. Also assume that the square-law device is
defined by y(t) = 4x(t) + 2x%(t).

(A)(5%) Write the equation for y(t).
(B) (10%) Describe the filter with input signal y(t) that produces an AM signal for g(t), where g(t)
represents the output of the filter.

C) (5%) Specify the requirement of M to ensure no distortion when using envelope demodulation.
q

3. (10%) A transmitter uses a carrier frequency of 1000 Hz, with the unmodulated carrier represented as
A cos(2mf.t). Determine both the phase and frequency deviation for each of the following
transmitter outputs:

(A)(5%) x.(t) = cos[2m(1000)¢t + 40 sin(5t2)]
(B)(5%) x.(t) = cos[2m(600)¢]

4. (10%) Consider the following three signals:
250 450 450

1 5/4

t

-7/4

(A)(6%) Use Gram-Schmidt procedure to find the set of basis functions from the three signals and

determine the dimensionality of the set.

RAFHE LT > FEEF DATHA




AP LRZISEFERALHRALAMEIER A LR RA

B LM ERER [ERAALERAES - SNALHET A - CaBE - EhpomLy

#A4] AR 437002

MAMBKEFRL T EAF AR (B e R#) (MAPHME)  #£3F%2F
(B) (2%) Find the signal-space representation of the three signals based on the basis functions

obtained in (a). (Represent the signals in terms of vectors)

(C) (2%) Determine the minimum distance between any pair of waveforms.

5. (20%) Let x(t) denote a real valued WSS random process with an autocorrelation function R,(7) and
y(t) = x(t) cos(2rf.t +6),0~U(0,2m).
(A)(5%) Find R, (7).
(B) (5%) y(t) is passed through a low-pass filter with a frequency-domain response H(f)

={ éi |‘]]: || ; jj;c and J(t) denotes the filter output. Find E[y(t)?].

C)(10%) If we let 6 = Zand T(t) = s(t) cos(2nf.t) + y(t), please show how to demodulate s(t)
4

based on r(t) in detail.

6. (10%) Let x(t) = g(t) + w(t), 0 <t < T, be the received noisy signal, where g(t) denotes the

transmitted pulse that represents a binary symbol 0 or 1 and w(t) denotes an additive white noise
process with zero mean and power spectral density (PSD) % . Since the filter is linear, the result

output can be express as y(t) = g,(t) + n(t), where g,(t) denotes the response to g(¢) and n(t)

denotes the response to w(t). We know that the peak pulse signal to noise ratio of the match filter is

lgo (T2 2=
9 = E[:;ZT)} Please show that n < ED—LDO GO df .

Linear time- .. "
Signal ~ Al i o vi{s) y(7T)
\ invariant filter of - . "
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7. (10%) Consider two discrete random variables X and ¥ with the joint distribution:

P(x,y) X=-1 X=0 X=1
Y =2 0.1 0.15 0.15
Y =4 0.05 0.2 0.15
Y =6 0.05 0.05 0.1
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(A)(2%) Find the entropy H (X, Y).

(B) (2%) Find the entropy H(X).

(C) (4%) Find the entropy H (X|Y).

(D) (2%) Find the mutual information /(X;Y).
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