SIGNAL and SYSTEMS

 May 20, 2009
(Instructor : In-Joong Ha, Professor)
EXAM II
[Problem 1] (20points) Consider the system S shown in Fig. 1, with the following input 
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The impulse response of channel is 
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and the impulse response of the ideal low pass filter is 
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 (1.3)
(a) Sketch Fourier transform of the output 
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.
(b) Find impulse response 
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 of the system S and its Fourier transform.
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Fig. 1
[Problem 2] (20points) Suppose that a discrete-time system H can be described by the following discrete-time state vector difference equation.
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where 
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, while
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 are constant matrices with appropriate dimensions.
(a) Assume that the Fourier transforms of the input
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 and the impulse response of the system H exist. Then, show that 
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(b) Suppose that the constant matrices 
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 are given by 
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Then, determine specifically the impulse and frequency responses of the system H. Further, find the difference equation in terms of 
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, which has the same frequency response of the system H.

[Problem 3] (20points) A particular discrete-time system has input 
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 and output 
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. The Fourier transforms of these signals are related by the equation
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(3.1)

(a) Is the system linear? Cleary justify your answer.

(b) Is the system time invariant? Cleary justify your answer.

(c) What is 
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[Problem 4] (20points) Let 
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 denote the unit sample response of a desired ideal system with frequency response 
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 denote the unit sample response for an FIR system of length 
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 and with frequency response 
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(4.1)
is minimized.

(a) The error function 
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can be expressed as the power series
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(4.2)
Find the coefficients 
[image: image31.wmf][]

en

 in terms of 
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(b) Using Parseval’s relation, express the mean square error 
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 in terms of the coefficients 
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(c) Show that for a unit sample response 
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 of length 
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    (4.3)
That is, simple truncation gives the best mean square approximation to a desired frequency response for a fixed value of 
[image: image40.wmf]N

.
[Problem 5] (20points) Consider a band pass filter whose frequency response is specified as
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              (5.1)
(a) Find the impulse response of equation (5.1).
(b) An ideal band-pass filter can be approximated by cascading a first-order low-pass and a first-order high-pass filter. Sketch the Bode plot for system S as shown in Fig. 2. 
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Fig. 2
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