University of Kentucky
Department of Electrical and Computer Engineering

EE421G: Signals and Systems | — Fall 2007

Problem Set 6
Issued: October 4, 2007 Due: October 10, 2007 (In class)

Reading Assignments:
Read Chapter 3.7, 3.8, 4.1, 4.2, 4.3 of Chen
Computer Assignments:

1) Simulating a discrete-time LTI system in Matlabasy During lecture, you have
learned that a causal difference equation can be wattdollows:

ay[n+a,yn-1]+...+a,,,yIn—-M] =bu[n] +b,uln-1] +...+ by,,uln— N]

Given a finite duration signal u[n] (specified agator in Matlab), you can compute
the zero-state output of the system using the cominahter :

>>vy = filter(b, a, u)

where a is the vector{aa, ..., as+1] and b is the vector [bby, ..., 1.
a) Assuming zero initial conditions and inpuin] = cos(g n)q[n], compute the first
100 values of the output of the following differential egurat

yin] -1.143y[n—1] + 0.4128{n - 2] = 0.0675[n] + 0.1349[n—1] + 0.675u[n - 2]

b) Alternatively, you can first compute the impulsspense of the LTI system using
the following command:

>> [h, t] = inpz(b, a, n)

where n is the number of impulse response valubs ttomputed. The vector h
contains the values of the impulse responset aadtains the corresponding time
indices. After computing h[n], you can then usedonv command between h[n]
and the input u[n] to compute the output. Repeat a) using this method and
plot the outputs for both part a) and b) versue tusing the commarst em
Explain any discrepancies, if any. Remember,ggualways use

>> hel p <command nane>

to find out the proper syntax and usage of amgroand



2) Continuous-time LTI system is handled a little diffahg in Matlab. Given the

differential equation
M
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LT u(t) +...+by tu(t)+bN+lu(t)

YO+ .+ 2y YO + YO =y <

you can specify the CT LTI system as a transfaction object as follows:
>> sys = tf(b, a)

where a is the vectorfaa, ..., aw1] and b is the vector [bby, ..., by+1]. Matlab
cannot directly compute the output of a CT sysbexcause one cannot specify a
continuous-time signal in a digital computer. Katlab can do is to compute the
output at specified time instances usingdbemand | si m

>>y = |sin(sys,u,t)

where sys is the transfer object function, tv@etor that contains the discrete time
instances, u is the vector of the input signal@athat those time instances and y is
the output sampled at the same time instances.

Using these command, compute the zero-state orgpponse of the following
differential equation

d- %u(t) +4u(t)

d—3 y(t) + Gd—2 y(t) + 11£ y(t) +6y(t) =—u(t) +3
dt® dt? dt dt?

for time instances starting from 0.01 sec to X0atean internal of 0.01 sec. The
input isu(t) = log(2t) cosét) .

Paper and Pencil Assignments:

The first three are the same as last homework. You do noeed to turn them in if
you have done them previously. BUT DO NOT FORGET THE REMANING
THREE PROBLEMS!

1) Problem 3.14: Consider the positive feedback systeow below. Find its impulse
response.
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2) Problem 3.15: Compute the integral convolution;@) land w(t), shown below.
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3) Problem 3.18: Find a differential equation to describedalewing network.
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4) Problem 4.1: What is the fundamental frequency and fundah@eriod of the signal
Express it in complex Fourier series and plot the nhades and phases of its frequency
components.

X(t) =3+sin6t —2cos6t + 77SiN9t — cosl2

5) Problem 4.2: Consider the full-wave rectifier igéiie 2.21(a). What is its output y(t) if the
input is u(t)=sin2t? What are the fundamental pkand fundamental frequency of y(t)?
Express the output in Fourier series. Does theubaipntain frequency other than 2 rad/s?

6) Problem 4.5: What is the total energy of the sigm&roblem 4? What is its average power
in one period? How many percentage of the averageplies inside the frequency range
[-7, 71?



