
Name: ______________________________________   Student ID: ________________ 
 

Midterm 3 (Fall 2006) of EE422G:   
1. This midterm consists of eight single-sided pages. The first three pages contain 

various tables followed by FOUR exam questions and one extra worksheet. You 
can tear out any page but make sure all the pages you turn in have your name and 
student ID on them. 

2. You have one hour to finish this exam. 
3. You are allowed to use two double-sided page of cheat sheet.  

Good luck! 
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 Properties Time Domain  Laplace Transform  

1 Linearity 
)(

)()( 2211

txa

txatxa

nn+
++

K
 

)(

)()( 2211

sXa

sXasXa

nn+
++

K
 

2 Frequency Shifting )(txe tα−  )( α+sF  

3 Time Delay )()( atuatx −−  )(sXe sα−  

4 Time Scaling )( tx α  








αα
s

X
1  

5 Time Differentiation )(tx
dt

d  )0()( −− xssX  

6 Time Integration ∫ ∞−

t
dx ττ )(  ∫

−

∞−
+

0
)(

1)( ττ dx
ss

sX  

7 Initial Value Theorem )(lim
0

tx
t +→

 )0()(lim +
∞→ = xssXs  

8 Final Value Theorem )(lim txt ∞→  )()(lim 0 ∞=→ xssXs  

9 Time Convolution )(*)( tytx  )()( sYsX  
 

 
 
 
 
 
 
 
 



Name: ______________________________________   Student ID: ________________ 
 

1. (25 points) Discrete Fourier Transform and Convolution 
 
Let x(n) and y(n) be two three-point sequence: 









=
=
=−

=








=
=
=

=
2nfor 1

1nfor 2

0nfor 1

)(

2nfor 1

1nfor 2

0nfor 1

)( nynx  

 
a. (9 points)  Compute the 3-point circular convolution z(n) between x(n) and y(n). 
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b. (10 points)  Compute the 5-point DFT X(k) for x(n). You do not need to simplify 
your answers. 
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c. (6 points) In addition to X(k), suppose you have also computed the 5-point DFT 

Y(k) for y(n). Without carrying out any computations, comment on whether 
applying a 5-point DFT on z(n) (part a) will result in the product of X(k) and 
Y(k). Explain your answer. 

 
No. When multiplying X(k) with Y(k), one obtains the 5-point DFT of the linear 
convolution between x(n) and y(n), not the 3-point circular convolution z(n).  
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2. (25 points) Fast Fourier Transform 
 

a. (5 points) Name one reason why FFT is very commonly used in signal processing 
applications. 
 
FFT can be executed very efficiently.  
 
 

b. (5 points) We discuss two different FFT implementations in lecture and in 
homework. Name these two implementations.  
 
Decimation-in-time and Decimation-in-frequency.  

 
 

c. (5 points) What is the relationship between DFT and DTFT? 
 

DFT (Discrete Fourier Transform) are frequency samples of DTFT (Discrete-time 
Fourier Transform) 
 
 

d. (5 points)  Complete the missing entries in the following table. 
Signals Fourier Transform Characteristics 
Continuous in t & 
Periodic 

Fourier Series Discrete in ω 

Continuous in t Continuous-time 
Fourier Transform 

Continuous in ω 

Discrete in t Discrete-time 
Fourier Transform 

Continuous in ω & Periodic 

Discrete in t & 
Periodic 

Discrete Fourier 
Transform 

Discrete in ω & Periodic 

 
e. (5 points) Show the internal structure of a 4-point FFT. Make sure you label the 

input, output and multiplication factors clearly. 
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3.  (25 points) A linear system is described by the following transfer function: 
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a) (8 points) Write down the A, B, C, D matrices in the standard form corresponding 

to the above equations. 
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b) (7 points) Write down the transfer function H(s). 
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c) (10 points)  If the same set of state-variable equations also represents the 

following circuit, which physical quantities of the circuit do the state variables x1, 
x2 represent? You must justify your answers. 

 
 

Based on the output equation, we can easily deduce that x1 is the voltage across 
the 1F capacitor. By setting x2 as the inductor current, we can write  
KVL around the bigger loop:  wxxx 22 212 +−−=&  

KVL around the smaller loop: 211 4 xxx +−=&  
which are the same as the state equations. 

½Ω ½H 
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4.  (25 points) An alternative to the impulse-invariant technique is step-invariance 
synthesis. The step-invariant filter is derived by placing a unit step on the input of an 
analog filter and a sampled unit step on the input to a digital filter. The digital filter 
H(z) is computed so that the output of the digital filter represents samples of the 
output of the analog filter.  

 
a) (5 points) Write down the Laplace transform of ya(t). 
 

Since the Laplace transform of the step function is 1/s, we have  
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b) (10 points) Compute the time-domain output ya(nT) of the analog filter and then its Z-
transform Ya(z). 
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c) (5 points) Write down the Z transform of the output Yd(z) in terms of H(z) 
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d) (5 points) By equating Yd(z) and Ya(z), compute H(z) 
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Sampling 
T=0.1s 

Sampling 
T=0.1s    H(z) 

ya(nT) 

yd(nT) 

=
 u(t) 

ya(t) 
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EXTRA WORKSHEET 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


