ECE 4213/5213
Test 1

Tuesday, October 22, 2002
5:00 PM - 8:00 PM

Fall 2002 Name. SOLUTION

Dr. Havlicek Student Num:

Directions: This test is open book and open notes. You have 180 minutes to complete the
test. All work must be your own.

Students enrolled for undergraduate credit: work the first four problems. Each prob-
lem 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):




1. The input z[n] and output y[n] of a discrete-time system H are related by

y[n] = i (1>n~kx[k].

k=~c0 2

(a) Is the system H memoryless? Justify your answer.
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Therefore, the System is not memoryless

(b) Is the system H causal? Justify your answer.
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(c) Is the system H linear? Justify your answer.
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Problem 1, cont. ..

(d) Is the system H BIBO stable? Justify your answer.

Let X0 be kounded Then FEERY 4.+ (X003 <B Vnegz,
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Therefore jtv\-) is bounded and the
S/s5tew ic BIBY stuble.

(e) Is the system H invertible? Justify your answer. Ifit is, then construct the inverse
system. If it is not, then find two distinct input signals that produce the same

output signal.
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2. Consider a frequency selective LTI digital filter H with input z[n] and output y[n].
The impulse response h[n] is real-valued and is given by

hln] = ad[n] + Bé[n — 1] + adln — 2].

(a) Find the system frequency response H(e/®).
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(b) The system input is given by
z[n] = cos[0.1n] + cos[0.4n].

Design the coefficients «, § € R so that the system H meets the following speci-

fications:

e H(e™) has linear phase.
e Input term cos[0.1n] is blocked from reaching the filter output.

e Input term cos[0.4n] is passed without attenuation.
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More Workspace for Problem 2. ..

P-4 [Cos(o.ﬂl-)—ws(o,l)] =1
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3. Consider a causal digital filter H with transfer function

sind
- g
H(z) = 72— (cosB)z + 1’

where § € R is a real constant.

(a) Find the filter impulse response h[n].
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(b) Is the system H BIBO stable? Justify your answer.

z ”\EV\JI Z_\Z s e~ l)jl Z— 27"
neZ

b

1 - = < B0
nz;w — = %

There {fere H i« BIRO é'\'aU-S

———




Tlnis <o ;M'{‘"m 'S
More Workspace for Problem 3... I'- MP i '(C'.m% !V ‘@é;&;,(ﬂ

(¢) Suppose that the input is given by z[n] = cos (gn) Find the system output y[n).
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R (c) Suppose that the input is given by z[n] = cos (%n) Find the system output y[n).
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4. Consider an LTI digital filter H with impulse response

1 n
B[] = @ uln).
Use the convolution property of the Z-transform to find the filter output y[n] when
the input is ‘ L\
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9. The length-N signal z[n] is defined for 0 <n < N — 1. It has a length-N DFT X&)
that is defined for 0 <k < N — 1.

The length-N? signal y[n] is defined for 0 < n < N2 — 1. Tt’s values are given by
yln] = z[({n)n]; i.e., y[n] is the N-fold periodic repetition of x[n]. Y[k], the length- N2
DFT of y[n], is defined for 0 < k < N? — 1.

Express Y[k] in terms of X [k]. A
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