FINAL EXAM

ENTC 4347

DIGITAL SIGNAL PROCESSING

Due:  Noon on 12/5/03

Instructions:

The test is due by noon on Thursday, 12/04/03.  Do not procrastinate since some of the questions require more than a casual answer. Each question has a value of 10 points.  The solutions must be presented in a logical order that the professor can follow; otherwise, points will be deducted.  You may use any resource including working together on the test, but the professor expects some variation in the solutions.  That is, you need to explain the solution in your own words.  For your own sake, try to understand what is going on as opposed to just copying the answer.  Good luck!

Problem 1:

a) Explain the difference between a continuous-time and discrete-time signal.

b) Give at least one reason why the study of each type of signal (continuous-time and discrete-time) is important.

Problem 2:


For the continuous-time signal 
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, explain 
how the signal would be changed by an ideal filter, whose frequency response is 
plotted below. 


Problem 3:


Let,
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Solve the following expressions, giving your answer in both polar and rectangular form.  You may verify your answer by computer, but you must show all work required to arrive at the answer by hand calculation.
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* implies the conjugate
d) 
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Problem 4:

Assume that the response of a LTI system to the input x[n] is 
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is given by:
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For this system, compute the output y2[n] for the following input:
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Problem 5:

Assume a LTI system with the following form: 
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with impulse response,
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Give the numeric value for M and bk, k({0, (, M}.

Problem 6:

Give the difference equation for the following LTI systems with the transfer functions and state if they are FIR or IIR filters:

a) 
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Problem 7:

For the following systems, determine H(ej() and make a sketch of | H(ej() | over the range (((Label each filter IIR or FIR.

a) 
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b) 
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Problem 8:

The intention of the following MATLAB program is to synthesize a sinusoid that could be played out through a D/A converter. The synthesis is done by using a recursive (feedback) filter, implemented via MATLAB’s filter function.

imp = [1,zeros(l,9999)]; 

bb = [0  1  0];

aa = [1  —1.9  1];

yn = filter(bb,aa,imp);

a) Explain how the MATLAB functions filter(b,a,x) and freqz(b,a,N) work.  In particular, what do vectors a and b stand for?

b) Determine the poles of the synthesis filter.

c) Determine a formula for y[n], the signal contained in the vector yn. This formula should give numerical values for the amplitude, phase and frequency of y[n].

d) If this signal is played out through a D-A converter with fs = 8 kHz, what frequency (in Hertz) will be heard?

Problem 9:

The following MATLAB code will compute a time response and the frequency response of a digital filter:

bb = [ 3, -3 ]; aa = [ 1, 0.5 ]; 

xn = ones(1,5);

yn = filter(bb,aa,xn); 

subplot(2,1,1), stem([0:4],yn);

w = -pi:(pi/100):pi;

H = freqz(bb, aa, w)

subplot(2,1,2), plot(w,abs(H))

a) Make the plot of yn that will be done by the MATLAB stem function (in line #4)

b) What are the filter coefficients?

c) Again referring to the MATLAB code above, make an approximate sketch of the mag​nitude response versus ( over the range -< ( < . Label the sketch where | H(ej() | is at its peak value and where it is zero.

d) Is the filter a low-pass, high-pass, band-pass, or band-stop filter?

Problem 10:

For each of the frequency response plots (A, B, C, D, E, F) below, determine which one of the following systems (specified by either an H(z) or a difference equation) matches the frequency response.  NOTE:  frequency axis in normalized; it is (/.
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