Digital Signal Processing

 Fall ’03
Quiz 3 (Chaps. 8~10)
(Close Book)
1. (20%)

Given an IIR filter defined by the difference equation
y[n] = - y[n - 5] + x[n]
(a) Determine the system function H(z).

(b) How many poles does the system have? Compute and plot the pole locations.

(c) When the input to the system is the two-point pulse signal:
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determine the output signal y[n], so that you can make a plot of its general form. Assume that the output signal is zero for n < 0.

(d) The output signal is periodic for n > 0. Determine the period.

[Answer]
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2. (15%) 
The input to the C-to-D converter in the following figure is
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The system function for the LTI system is
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If fs = 1000 samples/sec, determine an expression for y(t), the output of the D-to-C converter.

[Answer]
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3. (15%)

The impulse response of a linear time-invariant system is
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(a) Is the system stable? Justify your answer.

(b) Is the system causal? Justify your answer.

(c) Find the output y(t) when the input is 
[image: image8.wmf]()(2)

xtt

d

=-

.

[Answer]

(a) Stable.
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(b) Causal.
for t < 0, h(t) = 0.
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4. (15%)

The system in the following figure is an LTI system.
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(a) Determine the impulse response of the overall system (i.e. from x(t) to y(t)). Give your answer both as an equation and as a carefully labeled sketch.
(b) Is the overall cascade system a causal system? Explain.

(c) Is it a stable system? Explain.

[Answer]

(a) 
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(b) Non-causal.
for t < 0, h(t) ≠ 0.

(c) Stable.
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5. (15%)

The input to an LTI system is the periodic pulse wave x(t) depicted in the following figure.
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This input can be represented by the Fourier series
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(a) Determine 
[image: image16.wmf]0

w

 in the Fourier series representation of x(t). Also, write down the integral that must be evaluated to obtain the Fourier coefficients 
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(b) Plot the spectrum of the signal x(t); i.e., make a plot showing the 
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(c) If the frequency response of the system is the ideal highpass filter
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plot the output of the system, y(t), when the input is x(t) as plotted above.

Hint: First determine which frequency is removed by the filter, and then determine what effect this will have on the waveform.

[Answer]

(a) T0 = 8, 
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(b)


[image: image25]
(c)
The ideal highpass filter blocks only DC component of x(t).
y(t) = x(t) – 2.5
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6. (20%)

Suppose that the input x(t) to an ideal frequency-selective filter is the square wave depicted in the following figure.

[image: image27]
The Fourier series representation of this waveform is
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(a) Determine the fundamental frequency 
[image: image29.wmf]0

w

.
(b) Determine the Fourier coefficients 
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 for this signal.

(c) State whether or not it is possible that the corresponding output of the LTI system could be the signal
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If it is impossible, state why. If it is possible, determine the frequency response 
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 of an ideal frequency-selective filter (lowpass, highpass, or bandpass) such that the output is as specified. Draw a carefully labeled sketch of 
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 showing the gain and cutoff frequencies for the filter.
(d) Repeat part (c) when the desired output is


[image: image34.wmf]()2cos(2/3)

ytt

p

=


[Answer]

(a) T0 = 4, 
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(c) 
The spectrum of the input signal x(t).
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The output signal consists of two frequency components at 
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A bandpass filter is required to pass the two spectrum components, but reject the other components. The bandpass filter 
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To make the output a cosine function, the gain of the bandpass filter must satisfy:
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The output is
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(d)
The input signal has no frequency component at 
[image: image48.wmf]2/3
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. We cannot filter the input signal to the desired output signal.
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