ECE 4750/6750 + CS 4501/6501: Digital Signal Processing Due Th 11/6

Homework 4: The z-Transform

Instructions: Submit a single Jupyter notebook (.ipynb) of your work to Canvas by 11:59pm on
the due date. All code should be written in Python. Be sure to show all the work involved in
deriving your answers! If you just give a final answer without explanation, you may
not receive credit for that question.

You may discuss the concepts with your classmates, but write up the answers entirely on your own.
Do not look at another student’s answers, do not use answers from the internet or other sources,
and do not show your answers to anyone. Cite any sources you used outside of the class
material (webpages, etc.), and list any fellow students with whom you discussed the
homework concepts.

1. In class, we have seen the right-sided exponential and the left-sided exponential LTI systems.
Their impulse response functions are given by:

Right-sided: hg[n] = a"u[n],
Left-sided: hp[n] = —b"u[-n — 1],

where a,b € C are constants, and u[n| is the unit step function.

Now consider an LTI system that is defined by the impulse response:
h[n] = hgr[n] + hr[n].

(a) What is the transfer function, H(z), for this system?
(b) What are the poles and zeros of this system?

(c) What is the region of convergence (ROC) for this system? Hint: This will be a region
defined in terms of the magnitudes, |al, |b]|.

(d) Is this a causal system? Why or why not?

(e) For constant values a = 0.5 and b = 1.5, plot the magnitude of the frequency response.
What can you say about how this system would effect the frequencies of an input signal?

2. Consider the following transfer function:

(z-D(=+1)
(z—05)(z +0.5)

H(z)=

(a) What are the poles and zeros of this system?

b) Write down an equation for this system as a linear constant-coeflicient difference equation
q y q
(LCCDE). In other words, write an equation as a sum of time-shifted and scaled copies
of the input z[n] and the ouput y[n].

(¢) Again, plot the magnitude of the frequency response for this system. What can you say
about how this system would effect the frequencies of an input signal?



(d) Write a Python function to implement your system equation in part (b). Test it on

real-valued sinusoid signals, z[n] = sin(wn), for angular frequencies of w = §, w = 7,
and w = . Verify that you get sinusoids as output. Using the frequency response

function, H(e*), what is the expected change in magnitude (amplitude) and phase of
these sinusoids? Again, verify that your system produced these amplitude and phase
changes.

3. A discrete version of a Taylor series upto second order looks like the following LTT system:
1
yln] = z[n] + Diz[n]} + S D{D{z[n]}},

where D{z[n]} = z[n] — z[n — 1] is the backward difference.

(a) Begin by expanding the above formula until it is in the form of an LCCDE.
(b) What is the transfer function, H(z), for this system?

(c) Plot the frequency response function, H (e™), for this system. Is this system a low-pass
filter, high-pass filter, or something else?

For Grads Only (or Extra Credit for Undergrads)

4. An LTT system is given input signal:

The corresponding output is:

yln] = 6 <;)nu[n] iy <i)nu[n].

a) What is the transfer function, H(z), for this system?

b)

(c) What is the region of convergence (ROC) for this system?
)
)

(
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Plot the poles and zeros of the system.

(d) Is this system causal?
(e) Is it stable?



