ECE 4213/5213
Test 2

Wednesday, December 1, 2010
4:30 PM - 5:45 PM

| Fall 2010 Name: SOL(/LT [O[\j

Dr. Havlicek Student Num:

Directions: This test is open book. You may also use a calculator, a clean copy of the course
notes, and a clean copy of the formula sheet from the course web site. Other materials are

not allowed. You have 75 minutes to complete the test. All work must be your own.

Students enrolled for undergraduate credit: work any four problems. Each problem

counts 25 points.

Students enrolled for graduate credit: work all five problems. Each problem counts 20

points.

SHOW ALL OF YOUR WORK for maximum partial credit! GOOD LUCK!

SCORE:

1. (25/20)
2. (25/20)
3. (25/20)
4. (25/20)
5. (25/20)

TOTAL (100):

On my honor, I affirm that I have neither given nor received inappropriate aid in the completion of this test.

Name: Date:




1. 25/20 pts. A causal FIR filter H has a four-point (finite length) impulse response

given by
M = (Y
= Z8ln]+ 20— 1] + 10— 2 + 2o —3), 0<n<3
= 7 n 20 10 20m , 0<n<3.

The system input is a four-point (finite length) signal given by

zn] = [11-10]
= dn]+dn—1]-0n—-2, 0<n<3.

Use the DFT to find the finite length system output y[n].

NOTE: in this problem, you are being asked to use the DFT to implement linear
convolution, not circular convolution.
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More Workspace for Problem 1. ..

Y= FW o VA" W‘”“m)%/ Al TCM/y

° n<
L2 MTO W,
= nzD

= ym:[itt 5 0-r0]

= —;; ST+ 25 Un-1) 3 Lgin-2) +-—5ﬁ,z}
— 59053, 0sn <],
/ \\N‘M

e

T




2. 25/20 pts. Consider the non-ideal digital communications channel H shown below.

LTI

x[n]—= gz — yln]

It is determined by experiment that this channel can be modeled as a causal IIR LTI
system with transfer function
1) (42 (14 37

(1-3
H(Z) = 2 1
(1—3271)" (1-427Y)

Design a digital pre-equalizer Q(2) to go in series with the channel as shown below

....................................

xlnl =+ Q(z) [~ H(z) [~ ln]

so that the overall equalized channel E(z) is allpass.

It is required for your pre-equalizer Q(z) to be both causal and stable and to have

minimum group delay.
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More Workspace for Problem 2. ..

Hzy = (22052
R e Al
zi) (f ‘Pz )

(14:2)
= (]-_\_2-‘)?3—(' szg) ("%?“)0*‘%2—-;)
2 s 5 ,
(1+527) o2 . g“f,!_%
] El L) (-k2) Q"%T*) 3 (1+5z oy
! ! .
(1~ é%")(?"‘_ 37:)(2“‘4- %) Q_g_?;) (\+ )
LY -
e N=2) RN CEEDI D
\/—/‘“'—\/—\—/ \/W
Hoin (2 AL PASS
H (2,) - ([—g—%z—;)(__ %)(\,%Z-()(%Xl+ %Z")
min ﬂ(‘-‘"ézd)zct—«%i/f)
s Gusr)(-3z)(k2)
S UnsE)t(-Fe)
— -

| (V) s
Q8= i - " e (eEe)

-

i




3. 25/20 pts. An FIR linear phase filter has a real-valued impulse response h[n] that
is nonzero only for 0 < n < 6. In addition, it is known that h[0] = 1.

The transfer function H(z) has a complex zero at z = 0.4e77™/3 and a real zero at

z = 3. Note: these are not the only zeros.
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4. 25/20 pts. A causal discrete-time system G has transfer function

5+ 271
Ce) = g Tas 21)
Give a Parallel Form I realization of G(2).
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5. 25/20 pts. Design an analog Type I Chebyshev low pass filter to meet the following
analog specification: l = e

Vites
passband edge freq. | €2, = 7 rad/sec \/I—fwif“ = 2/ ¢
stopband edge freq. | €25 = 27 rad/sec \ -t—f«z - 0 /g, |
max. stopband ripple 1/A=1/m 160~ - l&/
— 2~ = 19
passband equiripple | 1/4/1+¢%2=0.9 7= 2\

€ = 048432

Give the analog filter transfer function Hg(s).

Hint: The design formulas for the analog Type I Chebyshev filter are given on pages
191 and 192 of the text.
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