EEE 391 Recitation 6

Define x(7) as
x(1) = 5v/2cos(207t + 7w/4) + A cos(207t + ¢) )

where A is a positive number. In addition, assume that x(r) has a phase of zero. so that it may be
written as

x(t) = B cos(20mt), (2)

where B is a positive number.

(a) What relationship must exist between 4 and ¢ in order for x(¢) to have zero phase as indicated
in Eq.

(b) If B = 10, what are the values for 4 and ¢?
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1. (35 pts.) Consider a LTI system described by
y(n) = x(n+2) + x(n+1) + x(n) + x(n-1) + x(n-2),
where x(n) and y(n) denote input and output sequences, respectively.
(a) Find and plot impulse response h(n) of this system.
(b) Find the frequency response H(e’™) of the system, and plot it for <x < w < x rad.
(c) Is this system stable or not? [s it causal or not?
(d) Find a recursive difference equation expressing this system.
(e) Fmd a difference equation for the “inverse system” of this system.
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A signal x(r) 1s periodic with period Ty = 8. Therefore it can be represented as a Fourier series of the
form

x(r)= i ake;(ZJer)kt

k=—00

It is known that the Fourier series coefficients for this representation of a particular signal x(t) are given by
the integral

0
a; = % f (4 + e/ Cr/Okt g, ®
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(a) In the expression for a; in Equation (1) above, the integral and its limits define the signal x(r). Deter-
mine an equation for x(¢) that is valid over one period.

(b) Using your result from part (a). draw a plot of x(f) over the range —10 < t < 10 seconds. Label it
carefully.

(c) Determine ag. the DC value of x(r).
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Consider the following system.

x(1) Ideal x[n] Ideal v(1)
. C-to-D > D-to-C —
Converter Converter
TTs =1/f TT; =1/f

Suppose that a discrete-time signal x[»] is given by the formula
x[n] = 4cos(0.125wn + m/8)

If the sampling rate of the C-to-D converter is f; = 2000 samples/second, many different continuous-
time signals x(7) = x¢(t) could have been inputs to the above system. Determine two such inputs
with frequency less than 2000 Hz: i.e., find x;(t) and x,(¢) such that x[n| = xy(nTy) = x2(n1;) if
T, = 1/2000 secs.
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PROBLEM:
A signal x(7) has the two-sided spectrum representation shown below.

20J7/3 2e—J7/3

-30 -10 0 10 30

(a) Write an equation for x(1).

(b) Is the signal x(r) periodic? If so, what is the period?

f (in Hz)

(c) The signal x(r) is sampled with sampling frequency f; = 1/7, = 50 samples/second to obtain the
discrete-time signal x[n] = x(n7;). Write an equation for x[n] and plot the spectrum of x[n] for

normalized frequencies —7 < @ < .
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2. (35 pts.) Consider a LTI system described by the following difference equation:

y(n)—GB/4) yin—-1)+(1/8) y(n-2)= 2x(n-1)
with y(~1) = y(~2) = 0. x(n) and y(n) denote input and output sequences, respectively.

(a) Find the frequency response H(e™) of this system. (10 pts.)

(b) Find the impulse response h(n) of this system. (Hint: Apply partial fraction expansion
before taking the inverse DTFT.) Is this system causal? Is it stable? (10 pts.)

(¢) Consider the inverse system of this system:

TSRV
%(n) H (ej*) o (e > %(n)

Find the frequency response Hy,,(e™) of the invcrs'e system. (7.5 pts.)
(d) Find the impulse response h;,(n) of the inverse system. Is the inverse system causal? Is it
stable? (7.5 pts.)
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A linear time-invariant system is described by the FIR difference equation

y[n] = z[n] — 3z[n — 1] + 9z[n — 2] — 3z[n - 3] + z[n — 4]

(a) Write a simple formula for the magnitude of the frequency response | H (¢

J@)| . Express
your answer in terms of real-valued functionﬁ only.
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(b) Derive a simple formula for the phase of the frequency response / H(e'”)
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Question.

Determine whether or not each of the following signals is periodic. If a signal is
periodic, specify its fundamental period.

@ x(n = je' o (b) xa(n) = et © xiln) = eitm
(d) X_‘[n] e 3el3ﬂ’lnv|/_l/5 (e) -\'S["] e 3enlﬁmolllt
Solution.

(a) z,(t) is a periodic complex exponential.

2y (t) = j&' = SO0HE)

The fundamental period of z,(t) is % = X. .
(b) z2(¢) is a complex exponential multiplied by a decaying exponential. Therefore, z2(t)
is not periodic.
(¢) z3ln) is a periodic signal. ol o gl
z3[n] is a complex exponential with a fundamental period o ] )
(d) z4[n] is a periodic signal. The fundamental period is given byoN = m(325) = m(%).
By choosing m = 3, we obtain the fundamental period to be 10.

i iodi i i ith wo = 3/5. We cannot find
is not periodic. zs(n] is a complex exponential wit . nno
“ ::gl]integer 'l:! such that m(%) is also an integer. Therefore, z5(n] is not periodic.
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Q07. A periodic function x(f) is given by the following equation . 1 et
a. Plot the function x(t). i04) x(1) =
b. Determine the fundamental frequency of the signal. i04) +1 le=f<:
¢. Find D.C. component of the signal (ac). 4]
d. Find the Fourier series components (ax). o8]
e. Plot the first three frequency spectrum (8.1, 8.2, 8:3). 05)
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Simplify the following complex-valued expressions. In each case reduce the answers to a simple
numerical form. Let

1
Vimomong =i
A

(a) Express jV in polar form. In addition plot jV as a vector.
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(d) Express Re{j°Ve’'%} in the standard “cosine” form,
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