University of Kentucky
Department of Electrical and Computer Engineering

EE421G: Signals and Systems | — Fall 2007

Problem Set 9
Issued: October 29, 2007 Due: November 5, 2007 (In class)

Reading Assignments:
Read Chapter 5.1 — 5.3 of Chen

Paper and Pencil Assignments:

1) Problem5.1

Solution:

x[n] - wasn - «, its spectrum is not defined. The sequence is not ablsodutamable.

(32 =w)

2) Problem 5.2
Solution:

Xq(w) = i x[n]e ™" =26/ 1% + 2671 = 4 cogu- .

n=-co

It is real valued, periodic with periogr. Its NFR:(—%T,_II_—T] =(-mn.
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3) Problem 5.8

Solution:
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A X (®)with T,=0.4
NFR = (-7.9,7.9]
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NFR = (-5.2,5.2]
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If T <7m/W =7/10=0.314, then there is no frequency aliasing antj, (w) and X (w) are

the same inside the NFR. Thixs(w) or x(t) can be recovered fro, (w) or x(nT). Note
that TX, (w) and X (w) are always different outside the NFR becalig(w) can be
extended periodically with period/z/T outside the range anyd (a)) Is zero outside the range.

4) Problem 5.11
Solution:

x(t) =sin 4@+ cos 60
Using (4.53) and (4.54), we have



X (w) =~ jmd(w-40) + jm(w+ 40)
+71 (- 60) + 70 (w+ 60)
It is complex-valued. We plot its magnitude and phase spect
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x(nT) =sin 40T + cos6AT
T, =m/100:NFR= (-100,100
X4 (@) =-j1005(w—- 40 + j 100 (w+ 4D
+1000 (w— 60 + 100 (w+ 6P
There is no frequency aliasing and we have
X () :{xd (w) for win(-100,100

0 for |a]>100

\j

T, = /50 :NFR = (-50,50

x(NnT,) =sin 4T, + cos 60T,

=sin 4T, + cog 66 10T,
=sin 4T, + cos 44T,

Using (5.16) and (5.17) , we have



X4 (@) =-j500(w- 40+ j 5@ (w+ 49
+500(w— 40) + 5@ (w+ 40

=(50-j50 5(w— 49 +( 50+ j 5Po(w+ 4P
=70.7%"""*5(w- 40 + 70.8™*0(w+ 4P

There is frequency aliasing and we cannot ob¥aw) from X (w).
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T, = 77/30:NFR = (-30,30]
x(NnT,) =sin 4T, + cos 60T,
=sin(40- 6QnT,+ co$ 66 6MT,
=-sin2T,+ 1

X4 (w)=j300(w-20-j 3@ (w+ 20+ 60(w)

There is frequency aliasing.

5) Problem 5.12
Solution:



The spectrum 0&%%, t > Ois computed in (4.30) aX (w) =1/( jw+ 0.09
It is not band limited. The spectrum &{nT)=€e**"is, as in (5.8),

X, (@)=

- 1— @ 00T g iaT

Typing in MATLAB

T=2;

w=-pi/T:0.01:pi/T;

X=1./(j*w+0.05);
Xd=T./(1-exp(-0.05*T)*exp(-j*w*T));
subplot(2,1,1);
plot(w,abs(X),w,abs(Xd),"");
subplot(2,1,2);
plot(w,angle(X),w,angle(Xd),"");

yields in the top figure the magnitude spectraXqfw) (solid line) andTX, () (dotted line)

in the NFR(—%T,%T] , and in the bottom figure their phase spectra. Thexppseciable

frequency aliasing.
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6) As described in the question, we wish to reconstrugtg@ed on the following block
diagram:

x(t) —>@—>| Low-pass fitter — y(t)

p(t)

To analyze what the oscilloscope is doing, we statt thié¢ Fourier spectrum of
the signal A+Bcos[(&/T)t+6] which is

X(f)=Ad(f)+e75(F ) +8"5 0(f + )

Pictorially, the spectrum consists of three daltactions with different values:

1 #

H o Yo K
Let f=1/(T+A)<1/T. This is substantially less than the Nyquage which is 2/T.
The following shows the original spectrum and thet two periodic extensions to
both the negative and positive directions. Foritglathey are shown in separate
graphs even though they are all present simultateowe do not need to
consider the third periodic extensions and beyantheair frequencies are too high
to affect the low-pass interpolation filter.
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It is clear from the above drawing that in ordeh&ve the low-pass region
resembled the original spectrum, the red bar (g@m the right) in the second
graph must be closer to the origin than the blugfivat from the right) in the
third graph.

Location of the red bar =sH1/T = -1/(THA)+1/T




Location of the blue bar =21/T = 2/(T4A)-1/T
The condition is thus: -1/(M)+1/T < 2/(T4A)-1/T
=  3/(T+A) > 2/T
= A<T/2
If this condition is satisfied, then the cutoff frequgran be set to the location of

the rightmost position of the red bar in the secomglgri.e.-1/(T+T/2)+1/T =
1/(3T)



