ECE 158 Fall Quarter 2007
Gibson 12/15//07
Final Exam

Instructions: Do all problems. Show all work. Problems are weighted
as shown.

1. (10) Show that (a) W,™'* = (= j)* (b) W2 = (=1)* (c) W™ = (j)*

N-1
2. (15) Giventhe N point DFT X (k) = Zx[n]\NNkn , break it into four N /4 point DFT's
n=0
in preparation for a radix-4 decimation-in-frequency FFT algorithm. Simplify the
expressions as much as you can.

3. (15) For the two-channel QMF filter bank below,
(@) If the analysis filters are H,(z) =3+4z'and H,(z) =1+ 2z, find the synthesis

filters that achieve perfect reconstruction.
(b) Show that your filters from (a) satisfy the perfect reconstruction and aliasing
cancellation properties.
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4.(20) If H,(z)and H,(z)are as given in Problem 4 (a),

(a) Find the transfer function from the input to the output for each branch in the filter
bank below.
(b) What are the advantages and disadvantages of the given filter bank structure?

5. (20) In the figures below, match each time domain signal on the left to its
corresponding DFT magnitude on the right by specifying the letter A through H that
corresponds to numbers 1 through 8. Explain your reasoning for full credit.






0B~ SRR AP o
06t - e AR
04 L] - Y S A .
0.2TPT o ' R A ]
0 i B seloca?
0 5 10 15 0 5 10 15
1 —E ‘ 5 )
08 S S ab S S —
06 AR e 3 S AR
0.4 - -Gerer o -h - ol AR A
0.2 60 [ttt T : J— N ~~~~~~
Telelee T ade onala
0 5 10 15 0 5 10 15
G 7
T e T T
0.8f------ SR Sy R . 4t@----- P R —_—
o : : : :
06f------ S AT e e
04 - AOR N Y A A
02 TS L P IR A A
Joote] obol |lopPpatfele o00e
0 5 10 15 0 5 10 15
1 I H I I 5 I 8 I I
08 AR e dro AR
ool S S sl S
oallo 1o -] A 1 S
et
0 5 10 15 0 5 10 15

6. (20) You have a signal of x[n]=sin(2zn/100) n=0,1,2,...,200. You get the first 64
samples of the signal and take the 64 point fft (You can only use size K ffts, where
K =2", minteger). You want to see the two impulses in the frequency domain.

a) What will your fft look like? Two impulses? Why?

b) One friend of yours suggested to window the 64 point signal with the 64 point
Hamming window to see the impulses. Will it work? Why?

c) Another friend of yours suggested doubling the samples you take. Will it work? Why?
d) What can you do to see the two impulses?

e) What is the technical name of the effect in part a). (Hint: covered in one of the labs)
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