
Exam 2  
Name: Zhankun Luo

 

Problem 1  

Given the following DSP system with a sampling rate of 8000 Hz

a. Obtain transfer function 

b. Obtain the frequency response  and then the magnitude response 

c. Compute the filter gain at the frequency of 0 Hz, 1000 Hz, 2000 Hz, 3000Hz, 4000 Hz, respectively.

d. Make a plot of the magnitude frequency response.

e. Determine the filter type: that is, the lowpass filter, or highpass filter, or bandpass filter, or bandstop filter.

(20 points)

solution  

a. transfer function 

b.  and magnitude response 

c. Compute the filter gain at f=[0, 1000, 2000, 3000, 4000] Hz

Then the filter gain
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d. Plot of the magnitude frequency response.

e. Filter type:

Bandstop Filter

 



Problem 2  

Design a 5-tap band-stop FIR filter whose lower cutoff frequency is 800 Hz and upper cut-off frequency is
1200 Hz using the Fourier transform method with Hamming window. Assume the sampling frequency is 8000
Hz.

a. List the FIR filter coefficients

b. Determine the transfer function

c. Determine the DSP equation

d. Set up MATLAB routine “freqz()” to obtain the frequency response plot

e. Draw the realization block diagram for linear phase implementation

(25 points)

solution  

a. List the FIR filter coefficients

For band-stop filter, M = (5-1)/2 = 2

Then

Thus

b. Determine the transfer function

c. Determine the DSP equation
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d. Set up MATLAB routine “freqz()” to obtain the frequency response plot

e. Draw the realization block diagram for linear phase implementation

freqz([0, -0.03803, 0.9, -0.03803, 0], [1], 4096, fs)



Problem 3  

Given a sampling rate of 2000 Hz, design a 3-tap FIR low-pass filter with a cut-off frequency of 100 Hz using
the frequency sampling method. Determine the transfer function H(z) and difference Equation.

(15 points)

solution  

So, 

Then, calculate 

Thus, 

The transfer function 
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Problem 4  

Design a first-order high-pass IIR digital Butterworth filter with a cut-off frequency of 400 Hz at a sampling
frequency of 1000 Hz using the bilinear transformation method. (25 points)

(hint: do not forget the frequency warping)

a. Determine the transfer function H(z).

b. Make a pole-zero plot and determine the stability.

d. Determine difference equations.

e. Set up MATLAB routine “freqz()” to obtain the frequency response plot.

f. Determine the DSP equations for the direct-form II implementation.

g. Draw the realization block diagram using the direct-form II implementation.

solution  

a. Determine the transfer function H(z).

 rad/s,  Hz, 

The 1st-order digital lowpass Butterworth filter 

Then substitute , band-pass filter

Then with BLT, transfer function

b. Make a pole-zero plot and determine the stability.

Pole:  Zero: . Because all pole , Stable
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d. Determine difference equations

e. Set up MATLAB routine “freqz()” to obtain the frequency response plot.

f. Determine the DSP equations for the direct-form II implementation.

g. Draw the realization block diagram using the direct-form II implementation.

freqz([0.2452, -0.2452], [1, 0.5095], 4096, fs)



Problem 5  

Design a second-order band-stop filter (notch filter) using the pole-zero placement method sampling
rate=4000 Hz, center frequency=600 Hz, bandwidth=20 Hz

a. Make a pole-zero plot for pole-zero placement.

b. Determine the transfer function H(z)

c. Draw the realization black diagram in the direct form I.

(15 points)

solution  

a. Make a pole-zero plot for pole-zero placement.

First, compute 

Pole: 

Zero: 
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b. Determine the transfer function H(z)

Then compute K

Thus, transfer function

c. Draw the realization black diagram in the direct form I.
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