ECE 4213/5213
Test 1

Thursday, October 30, 2008
12:00 PM - 1:15 PM

Fall 2008 Name: Sb AT G{\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. Otler 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. Below, Circle the numbers of the four problems you wish to have graded.

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. The causal discrete-time LTI system F shown below has input z[n] and
output y[n] related by the difference equation y[n] — 4y[n — 1] = z[n).

LTI

x[n] — r [ ylnl

(a) 8/6 pts. Find the transfer function F(z). Be sure to specify the ROC.
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(b) 5/4 pts. The system F is unstable; briefly explain how we know this.
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Problem 1, cont...

(c) 12/10 pts. As shown in the figure below, we now add negative feedback to the
system F' from part (a) to form a new causal discrete-time LTI system H.

H

x[n]—igsl}_w F = yln]
G

The purpose of the feedback is to stabilize the system F by moving the pole. The
impulse response of LTI system G is given by g[n] = K6[n], where K € R is a

real constant.

For what values of the constant K is the overall system H BIBO stable?
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2. 25/20 pts. A causal and stable LTI digital filter H has input z[n] and output y[n]
related by the difference equation y[n] — jy[n — 1] + &yln — 2] = z[n] + Lz[n — 1].

The input is given by z[n] = (1)" u[n].
Find the output signal y[n].

Hint: any table of DTFT pairs can be converted into a table of z-transform pairs by
making the change of variable z = e’. The resulting 2-transform pairs are valid for

the region of convergence that includes the unit circle.
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3. 25/20 pts. The continuous-time LTT system H,(Q) shown in the figure below is
implemented using an ideal A/D converter, a discrete-time LTI system H,(e/), and
an ideal D/A converter. The sampling frequency of the A/D and D/A converters is
Fr =44 kHz. Hy is causal and has input/output relation

ol = 2yl — 1]+ Syl — 2] = ol

_______________________________

Assume that all input signals 2,(t) are band limited with |X,(Q)| =0V [Q| > 7/T so
that aliasing does not occur.

(a) 9/8 pts. Find the frequency response Hy(e?®) of the digital filter.
\ P 2. - M) - 2w - .w
e[\ -3 5™ ) = X(ew)

- N(e¥) \
H&W) = . =
Xfev~) -2t H€ gt

\!




Problem 3, cont. ..

(b) 8/6 pts. Find the impulse response hy[n] of the digital filter.
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(c) 8/6 pts. Find the frequency response H,(2) of the overall analog system with
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4. 25/20 pts. Let w[n] and z[n] be complex-valued discrete-time signals with domain Z
and range C. Let y[n] be the correlation of w[n] and z[n], which is given by

[e0]

yll) = Z w[n]’c[n — 4.

n=-—co

Assume that the signals w[n], z[n], and y[n] are all in the spaces £(Z) and £%(Z) so
that they are all both absolutely summable and square summable.

Find an expression for the DTFT Y (e7*) in terms of the DTFT’s W(e/) and X (/).
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More Workspace for Problem 4. ..
Dlution usmf‘a, DIET pwper tes:
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5. 25/20 pts. Let z[n] and v[n] be a pair of 4-point discrete-time signals with
zln] = [0 1 2 3

= dn—1]+20n—2]+3fn—3, 0<n<3.

The 4-point circular convolution of z[n] with v[n] is given by

in] = aln] @ ol @»
= [-4 0 4 0]

= —46[n]+46n—2], 0<n < 3.
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c[n] = z[n] * v[n]

of the signals z[n] and v|n]. -

Hint: use the DFT to find v[n] from the given information. Then perform linear

convolution in the time domain to find ¢[n].
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More Workspace for Problem 5...
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