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11020EE 366000 Introduction to Digital Signal Processing 
Final Exam – Answer  

June 15, 2022 
 

 
1. (20 pts.) Concept MCQs. Ans.debda 

1-1. The following diagrams represent systems with pole-zero. Which of the following statement is 

false? 

 

(a) System C is an IIR system. C, E have poles at places other than the origin and infinity. 

(b) Systems A, F are FIR systems. These have poles only at the origin. 

(c) Systems A, C, E and F are stable. A causal LTI system is stable if and only if all of its poles lie 

inside the unit circle. 

(d) System E has the shortest (least number of nonzero samples) impulse response. F has the 

shortest impulse response, with 7 nonzero samples, A has 12 nonzero samples, and the 

remaining systems are IIR. 

(e) Only system E has a stable and causal inverse. This is the only system having all of its zeros 

inside the unit circle. 

 

1-2. Which of the following is false about the time signal analysis? 

(a) Power spectrum is obtained when we plot |𝑐𝑘|2 as a function of frequency. 

(b) Magnitude voltage spectrum is obtained when we plot |𝑐𝑘| as a function of frequency. 

(c) If an LTI system is described by the difference equation 𝑦[𝑛] = 𝑎𝑦[𝑛 − 1] + 𝑏𝑥[𝑛], 0 <

 𝑎 <  1, then 𝑏 could be (1 − 𝑎) so that the maximum value of |𝐻(𝜔)| is unity. 

(d) Energy density spectrum is a continuous spectrum. 

(e) |1 + 2𝑐𝑜𝑠𝜔|  is the magnitude of 𝐻(𝜔)  for the 3-point moving average system whose 

output is given by 𝑦[𝑛] =
1

3
[𝑥(𝑛 + 1) + 𝑥(𝑛) + 𝑥(𝑛 − 1)]. 

1

3
|1 + 2𝑐𝑜𝑠𝜔| 

 

 

1-3. Which of the following is false about digital to analog converter (DAC)? 

(a) The ideal DAC is a noncausal and unstable system, so it is not practically realizable. 

(b) The result of DAC converter is a staircase discrete-time signal. continuous-time signal 
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(c) The DAC generates an analog voltage at its output which is determined by the binary word 

at its input. 

(d) DAC converter is done by holding the output voltage of the DAC constant for one sampling 

period. 

(e) An idealized operation of DAC converter that reconstructs a continuous-time signal from its 

samples. 

 

1-4. Which of the following is false about aliasing? 

(a) The phenomenon of aliasing has a clear meaning in the time domain. 

(b) The minimum sampling rate that avoids aliasing in a bandlimited signal. 

(c) Under-sampling produces aliasing when reconstructed fall within the Nyquist bandwidth. 

(d) A bandpass signal 𝑥𝑐(𝑡)  can be reconstructed from its samples without aliasing using a 

sampling rate in the range 2𝐵 ≤ 𝐹𝑠 ≤ 4𝐵, where 𝐵 = Nyquist rate 2 𝐹𝐻. 𝐹𝐻 − 𝐹𝐿  

(e) Perfect reconstruction of a bandlimited image 𝑠𝑐(𝑥, 𝑦)  from a set of samples 

𝑠𝑐(𝑚∆𝑥, 𝑛∆𝑦) without aliasing is possible. 

 

1-5. Which of the following is false about Discrete Fourier Transform (DFT)? 

(a) The DFT is an infinite finite orthogonal transform which provides a unique representation of 

N consecutive samples x[n].  

(b) The DFT does not provide any information about the unavailable samples of the sequence. 

(c) The multiplication of two N-point DFTs is equivalent to the circular convolution of the 

corresponding N-point sequences. 

(d) The DFT provides samples of the DTFT of the sequence at a set of equally spaced frequencies. 

(e) Appending zeros to a sequence prior to taking its DFT which results in a densely sampled 

DTFT spectrum. 

 

2. (15 pts.) In Figure q2, 𝐻(𝑧) is the system function of a causal LTI system. 

Figure q2 

(a) Using z-transform of the signals shown in Figure q2, obtain an expression for 𝑊(𝑧) in the 

form 

𝑊(𝑧) = 𝐻1(𝑧)𝑋(𝑧) + 𝐻2(𝑧)𝐸(𝑧) 

(b) For the special case 𝐻(𝑧) =
𝑧−1

1−𝑧−1, determine 𝐻1(𝑧) and 𝐻2(𝑧). 
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(c) Is the system 𝐻(𝑧) stable? Are the systems 𝐻1(𝑧) and 𝐻2(𝑧) stable? 

 

Answer: 

 

 

 

 

3. (10 pts.) Consider the discrete-time system shown in Figure q3-1. Where  

Figure q3-1 

(i) 𝑀 is a n integer. 

(ii) 𝑥𝑒[𝑛] = {
𝑥[𝑛/𝑀]

0
   

𝑛 = 𝑘𝑀,   𝑘 
otherwisw.

  

(iii) 𝑦[𝑛] =  𝑦𝑒[𝑛𝑀]. 

(iv) 𝐻(𝑒𝑗𝜔) = {
𝑀
0

  
|𝜔| ≤

𝜋

4
          

𝜋

4
< |𝜔| ≤ 𝜋.

 

(a) We had exercised the assumption of 𝑀 = 2  in Quiz 2. Now, assume that 𝑀 = 6  and 

𝑋(𝑒𝑗𝜔), the DTFT of 𝑥[𝑛], is real and is as shown in Figure q3-2. When 𝑀 = 6, we have 

𝑋𝑒(𝑒𝑗𝜔) = 𝑋(𝑒𝑗6𝜔). Then, determine 𝒀𝒆(𝒆𝒋𝝎) and 𝒀(𝒆𝒋𝝎). Be sure to clearly marked with 

range and the values must be simplified. 

is any integer 

錯一個-2 

錯一個-3 

寫對 1 分 
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Figure q3-2 

(b) For 𝑀 = 6, the overall system is LTI. Determine and sketch the magnitude of the frequency 

response of the overall system |𝐻𝑒𝑓𝑓(𝑒𝑗𝜔)|. 

 

Answer: 

 

 

 

 

 

4. (10 pts.) Consider the system in Figure q4-1, and answer the following questions. 

 Figure q4-1 

The periodic sampling signal 𝑝(𝑡), the Fourier Transform of the input signal 𝑥(𝑡) are shown: 

 Figure q4-2   Figure q4-3 

錯一個-3 

值不對-1 

範圍不對-1 
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(a) To derive the Fourier transform of a continuous signal sampled by impulse train, we first 

consider the Fourier transform of a simple impulse train 𝑝𝑡𝑟(𝑡) = ∑ 𝛿(𝑡 − 𝑛𝑇𝑠)∞
𝑛=−∞  with 

period 𝑇𝑠 , which is known as: 𝐹{𝑝𝑡𝑟(𝑡)} = ∑ 2𝜋𝐶𝑘𝛿(𝜔 − 𝑘𝜔0)∞
𝑘=−∞ ,  where 𝐶𝑘  are the 

Fourier Series coefficients and 𝜔0 = 2𝜋/𝑇𝑠 . Show that the formula is true. (Detailed 

description for each step of the proof is needed.) 

(b) For ∆<
𝜋

4𝜔𝑀
, find out the Fourier transform of 𝑝(𝑡). 

 

Answer: 

 
(b) 

 
 
 

5. (10 pts.) Let 𝑥[𝑛] =  0.8𝑛𝑢[𝑛] + (−0.8)𝑛𝑢[𝑛]. 

(a) Determine the DTFT �̂�(𝑒𝑗𝜔) 

(b) Let 𝐺[𝑘] = �̂� (𝑒𝑗
𝑗2𝜋𝑘

10 ). Determine 𝑔[𝑛] without computing the IDFT. 
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6. (10 pts.) Determine the system function, magnitude response, and phase response of the 

following system.  

𝑦[𝑛] =
1

4
(𝑥[𝑛] − 𝑥[𝑛 − 1]) +

1

4
(𝑥[𝑛 − 3] − 𝑥[𝑛 − 4]). 

System function: 2pts, magnitude response: 5pts, phase response: 3pts 

 

  

 

7. (5 pts.) Determine whether or not the following signals is periodic. If a signal is periodic, 

determine its fundamental period: 𝑥[𝑛] = |cos (0.1𝜋𝑛)| + sin (2𝜋𝑛/11) 

 

 



7 
 

 

8. (15 pts.) Suppose we have two 4-point sequence 𝑥[𝑛] and ℎ[𝑛] as follows:  

𝑥[𝑛] = cos (
𝜋𝑛

2
) ,           𝑛 = 0,1,2,3. 

ℎ[𝑛] = 2𝑛,                       𝑛 = 0,1,2,3. 

(a) Calculate 𝑦[𝑛] = 𝑥[𝑛]○4 ℎ[𝑛] by doing the circular convolution directly.[7pts] 

(b) Calculate 𝑦[𝑛] of part (a) by multiplying the DFTs of 𝑥[𝑛] and ℎ[𝑛] and performing an 

inverse DFT.[8pts] 

Solution: (a) 

 
 
(b) 
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9. (10 pts.) Below figures show the impulse response for several different LTI systems. Determine 

the group delay associated with each system. 

 

 

 
𝒈𝒓𝒅(𝑯𝟏(𝒆𝒋𝝎))= 3 

𝒈𝒓𝒅(𝑯𝟐(𝒆𝒋𝝎))= 3 

 

 

 

 


