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1. (33%) Consider the following signal model. 

Xc(t) = A[m1 (t) cos(2rcfct) + m 2 (t) sin(2rrlct)] 

(a) (4%) Determine m 1 (t) and m2 (t) for QPSK. 

(b) (4%) Determine m 1 (t) and m 2 (t) for MSK. 

(c) (10%) Derive the error probability of QPSK. 

(d) (5%) Explain what is OQPSK and what is its purpose? 

.. 

(e) (5%) Also, what is the difference between OQPSK and MSK in terms of the envelope deviation 

characteristics? 

(f) (5%) Compare the error rate performance between QPSK, OQPSK and MSK. 

2. (17%) A source output consists of four messages [m11 m 2, m3, m4 ] with respective probabilities [0.35, 

0.3, 0.2, 0.15]. Determine the binary code words for the second-order source extension using Huffman 

coding technique. Determine the efficiency of the resulting codes. 

3. (25%=5%*5) Consider a discrete-time linear time-invariant (LTI) system described by the following 

difference equation: 

1 
y(n) = 2[x(n)- x(n -1)] 

where x(n) denotes the system's input, and y(n) the output. (We assume that the condition of initial 

rest is satisfied. Therefore, the system is an LTI system.) 

(a) Plot the magnitude response of the system, denoted as IH(w)l. [~4'( w ).fwtt"t ill- 2tr"' 2n tfJ ~ 

Ill 0 1 
(b) Plot the phase response of the system, denoted as L.H((J)) .[~ 4'( w ).fWtt"t ill - 2n"' 2n tfJ $!Ill o ] 

(c) Is this system a lowpass filter or a highpass filter? Justify your answer. 

(-IY ·sin(: n) 
(d) If x(n) == , plot the magnitude spectrum of output y(n) .[~ 4'( w ).fWtt"t ill - 2n"' 

nn 

2tr tfJ ~ Ill 0 1 
(e) Determine the difference equation that describes the inverse system of H((J)). Note: Please denote 

the input and output of the inverse system as x'(n) and y'(n), respectively. 

[There are problems on the next page.] 
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4. (25%) Consider the following vestigial sideband (VSB) system. The message signal is given by 

m(t) = Acos(2Jif;t) + Bcos(27if2t) where A>O, 8>0, and / 2 > J;. The message signal is first multiplied by 

Ac cos(27ifJ) where fc is the carrier frequency (in Hz). bef'C>re passing through the VSB sideband filter to 

generate the VSB signal Xvss (t). The frequency response oft he VSB sideband filter, denoted as 

H vss (/), is shown below. 

Hvss(/) 
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Note in the figure that H vss (/) is plotted for f;?: 0 only; for f < 0 , we have H vss (/) = H vss (-f). In 

other words, H vss (/) is real-valued and even. We assume that the propagation channel is ideaL i.e., 

the channel gain is 1 and there is no noise. Therefore, the received signal is equal to the transmitted 

signal. 

(a) (5%) Plot the spectrum of Xvss (t), which is X vss (/), the continuous-time Fourier transform (CTFT) of 

Xvss (t) · 

(b) (5%) From the frequency-domain perspective, demonstrate how the VSB signal can be coherently 

demodulated. [That is, show how M(f), the CTFT of m(t), can be recovered from X vss (/) .] You need 

to draw the block diagram of the demodulator. 

(c) (5%) Determine the expression of Xvss (t). Note: You need to express Xvss (t) in the form of 

a(t)cos(27ifJ) + b(t)sin(27ifJ). 

(d) (10%} To enable non-coherent demodulation, we need to insert the carrier signal before transmission. In 

other words, the transmitted signal is given by Yvss (t) = Xvss (t) + C cos(27ifJ) where C>O. 

Demonstrate how the VSB signal can be demodulated in a non-coherent manner. You need to draw the 

block diagram of the demodulator. You also need to clearly specify the conditions (on C) on which 

non-coherent demodulation recovers m(t). 


