
20 March 2019  Name:___________________ 

ECE 438 Exam No. 2 Spring 2019 

• You have 50 minutes to work the following four problems. 
• Be sure to show all your work to obtain full credit. 
• The exam is closed book and closed notes. 
• Calculators are not permitted. 

1. (25 pts) Consider the causal DT system described by the difference equation 

  y[n]= x[n]− 1
2 y[n−1]  

Use Z-transform techniques, including a partial fraction expansion, to find the 
response of this system to the input   x[n]= u[n]  the unit step function. 
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(a) 

Based on the forward DFT, we have 

𝑋(10)[𝑘] = ∑ 𝑥[𝑛]𝑒−𝑗2𝜋
𝑘𝑛
10

9

𝑛=0

 

Since we are formatting two 5-point DFTs, we decimate the input by 2. 

 

Stage II: 

Let 𝑛 = 2𝑚 + 𝑝,𝑚 = 0,… , 4, 𝑝 = 0, 1, we can rewrite the DFT into:  

𝑋(10)[𝑘] = ∑ ∑ 𝑥[2𝑚 + 𝑝]𝑒−𝑗2𝜋
𝑘(2𝑚+𝑝)
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𝑚=0

1

𝑝=0

 

let 𝑥𝑝[𝑚] = 𝑥[2𝑚 + 𝑝],𝑚 = 0,… , 4, 𝑝 = 0, 1 

⇒ 𝑋(10)[𝑘] = ∑𝑒−𝑗2𝜋
𝑘𝑝
10 ∑ 𝑥𝑝[𝑚]𝑒

−𝑗2𝜋
𝑘𝑚
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𝑚=0
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let 𝑋𝑝
(5)[𝑘] = ∑ 𝑥𝑝[𝑚]𝑒

−𝑗2𝜋
𝑘𝑚

54
𝑚=0   

⇒ 𝑋(10)[𝑘] = ∑ 𝑒−𝑗2𝜋
𝑘𝑝
10𝑋𝑝

(5)[𝑘]

1

𝑝=0

= ∑𝑊10
𝑘𝑝𝑋𝑝

(5)[𝑘]

1

𝑝=0

 

where 𝑊𝑁
𝑘 = 𝑒−𝑗2𝜋

𝑘
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Stage I: 
What we have now is 

𝑋𝑝
(5)[𝑘] = ∑ 𝑥𝑝[𝑚]𝑒

−𝑗2𝜋
𝑘𝑚
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we can generalize it as 

𝑋(5)[𝑘] = ∑𝑥′[𝑛]𝑒−𝑗2𝜋
𝑘𝑛
5

4

𝑛=0

= ∑ 𝑥′[𝑛]𝑊5
𝑘𝑛

4

𝑛=0

= 𝑥′[0] + 𝑥′[1]𝑊5
𝑘 + 𝑥′[2]𝑊5

2𝑘 + 𝑥′[3]𝑊5
3𝑘 + 𝑥′[4]𝑊5

4𝑘 
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Note that I am only showing the corrected twiddle factors here for the x'[4] node. The other nodes would have similar twiddle factors. Everything  here (i.e. the corrected twiddle factors) follows DIRECTLY from the above equations, which ARE correct.



 

(b) 

The overall figure is  
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