EE 451 Final Exam Fall 2000

EE 451 - Final Exam
December 11, 2000

Name:

Openbook, opennotes, anda calcuator Shav all work. Partial credt will begiven. No creditwill begiven
if ananswerappeas with no supporting work.

1. Thereare mary waysto repreent a disaete-ime sygsem. Someof theseare: differenceequdion,
pole-zerodiagrans, impulserespmseh(n), systen function H(z), frequeng resporse H (w), and
statespacematrices. Below arethe pole-zerodiagramsof four systans. This is followed by other
othe reprerstatinsof thesamesysems.Assocatethe apprriaterepresenationswith the pole-zero
diagrams. For example for pole-zerodiagram (a), is the systen function H (z), Ha(z), Hs(z), or

Hy(2)?
(8 ,
h(n) s H(z) ;| H(w)): ; Diff Eqn: ; StateSpace;
(b) ' ,
h(n)  H(z) ;| H(w)): ; Diff Eqn: ; StateSpace;
© - —
h(n) s H(2): ;| H(w)): ; Diff Eqn: ; StateSpace;:
@d L —
h(n) s H(2): ;| H(w)): ; Diff Eqn: ; StateSpace;: ;
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2. Consicerthefollowing signd:

Za(t) = sin(107t) — 2sin(307t) + 3 sin(34nt)
Thesignal is sampedwith a samplingfrequency of 200Hz.

(a) Whatcontinuoustime frequencesarepresen (in Hz) in a,(¢)?

(b) Whatis thediscrete-timesigral z(n)?

(c) Whatdiscreae-timefrequencies arepresntin thesignd z(n)?

(d) Whatis theoutpu y,(¢)? Whatfrequenciesarepresentin y,(¢)?

(e) Wasthe samping frequeng sufficiently high to preventaliasng? If not, what minimum sam-
pling frequency shauld have beenused®
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3. A cawsalsysemis descibed by the differenceequation
y(n) = z(n) + 0.8y(n — 1) — 0.15y(n — 2)

(a) Findthetransferfunction H(z).

(b) Draw apole-zerodiagamof H(z).

(c) Findtheimpulse respamseh(n].

(d) Findthestepresmpnseg(n) of thesysem.

(e) Isthesysemstalie? Explain

(f) Write a statespa@ representaion of this system.
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4. Datais digitizedwith a20 kHz samplng frequeng. The only dataof interestin thesignal is thatpart
with frequeng contentlessthat3 kHz.

(a) Designasygemwhich changsthe samplingratefrom 20 kHz to 6 kHz. Draw ablock diagram
shaving how you would charge the sampling ratefrom 20 kHz to 6 kHz. Be sureto spedfy
upsanpling anddownsamging factas, andfilter spedfications of the idealfilters.

(b) Are there ary practical problemsin implemening the above sysem?If so,whatwould you do
to make the system easer to implement?
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5. Consicer the systen of Figure X(a), where Hy(z), H1(z) and Hy(z) are,resgectively, ideal linear-
phagfilters with frequency respmsesasindicatedin FigureX(b). Theinput z, (¢) hasthecortinuous-
time Fouriertransformasshowvn in FigureX(c).

> Hl(Z) — y(n)
w(n
x,(t) —= CID +3 *3 > HD >y,
x(n) v(n)
1,000 Hz = H3@ >y (n)
Figure 6(a)
1 1 1
| | | |
0 m 2m m 0 m 2m m 0 m 2m m
3 3 3 3 3 3
Hy(w) [H (@) Ha(w)
Figure 6(b)
12
— |
-500Hz 0 500Hz
Figure 6(c)
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(a) Sketchthedisaete-tmeFourier-trangorm of z(n).

(b) Sketchthedisaete-timeFourier-trangorm of v(n).

(c) Sketchthedisaete-tme Fourier-trangorm of w(n).

(d) Sketchthedisaete-time Fourier-trangorm of the outpus y(n), y1(n) andya(n).
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6. A bardlimited cortinuous-timesigral z, (¢) is samplel atarateof 100samplegpersecad, geneating
adisaete-tmesignal z(n). A 500-point DFT of the signd is taken, usinga rectangubr window.

(a) Whatis the discrde-timefrequeng resoludion (in radsample)of the DFT — thatis, whatis the
differencein frequeny betwea X (k) and X (k + 1)?

(b) Whatis the continuous-timefrequeng resoluion (in Hz) of the DFT — thatis, whatis the dif-
ferercein frequency betweenX (k) and X (k + 1)?

(c) What shouH be the stopbandedgefrequeng in Hz of the continuous-time anti-diasing filter
prior to samplirg?

(d) Determinethe continuous-timefrequeng in Hz of the DFT sampleX (31).

(e) Determinethe corntinuous-timefrequeng in Hz of the DFT sampleX (390).
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7. You areto desgn a Buttemworth high-passdigital filter satisfying the following specifications using
thebilineartransformatbn:

Fpass = 5KHZ  Rpges = 0.3 dB
Fyop = 2.5kHZ Ry = 45 dB

Thesampling frequeng is 20 kHz.

(a) Whatarethedisaete-tme passbad (wy,ss) andstopkand(ws,,) frequencies?

(b) Whatarethecorrespomling continuoustime pas®and(£},,s;) andstopband(2,,,) frequencies
using the bilinear trandormation?

(c) Whatis theorder M of the CT filter?

(d) Whatis the 3 dB frequencgy €, of the CT filter?

(e) Sketchthe s-planepolesandzercs.

(f) Transfam oneof the s-plane polesto a z-plare pole. Sketchwhatyou thing the z-planepole-
zerodiagramwould look like if you foundall the z-plane poles andzeros.



