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Instructions

1. Examination Duration: 1 hour 15 minutes. If you arrive 15 minutes early,
you can have that extra time. |

2. ONE 8.5” x 11”sheet, with both sides of hand-written material, is allowed. No
solved problems of any kind are allowed. Violation will result in a grade of

zero for this exam, and other disciplinary actions may be taken.
3. One calculator is allowed.
" 4. Answer in the space/sheets provided.
5. Answer all 5 questions. There is a bonus question at the end for 10

points.
6. DO NOT RELY ON PARTIAL CREDIT, WHICH IS SOLELY AT THE

DISCRETION OF THE INSTRUCTOR.
7. Any copying or cheating will result in appropriate action as per university

regulations.



1. (20 pts)
The transfer function of two causal FIR filters with identical magnitude responses are given below:

Hiz)=156+289 z'+ 339 272+ 219z°+0.81 z**

Hyz)= 126+ 251z + 350 z ?+ 258 7%+ z*

One of the above is a minimum phase filter; identify that filter giving appropriate reasoning. How
many other causal FIR filters (nontrivial) filters exist with the same magnitude response? ldentify
them. For each of the case, state whether it is minimum phase, maximum phase or mixed phase filter.

Fly‘df—(j 7a‘n 'h"'hs" wetf"ér'rn?hg_ /‘h\; éYAnSfr/v fwwé[—,‘*&-w/éj_.

et for  Neke Ba)k
W}th fther

/4 C ) | /f&/fvf ) .
];‘ (z, > ’AZ[@] (;\g. 7;mcl<£$} «émﬂfay ).
I




Imaginary Part

Imaginary Part

o
o

-0.5 0 0.5 1
Real Part in Fha’t

Mix est £ hom

O ”1("5)

Real Part

Magnitude Response (dB) _
T . .

Imaginary Part
o

0.5}

Imaginary Part
o

1
Real Part Max rhan

Phanc

-1 -0.5 0 0.5 1
Real Part

Magnituda (¢8)

. L )
o 0.1 02 03

—" Nﬂg .ﬂ¢-5/7"hfh |

L
05

1
06 0.7

04
Normalized Frequency (xx rd/sample)

L 1
(X 09



2. (20 pts)

(a) Design a causal FIR filter of length 3 samples, which notches out the continuous time frequency of
Yith the sampling frequency, and has a unity gain at half sampling frequency. Sketch the pole-zero
diagram of the filter. (12 points) (b) A continuous time signalx (t) = 4+ 2cos (2 1001) + 2 cos(2m
200¢) is C/D converted at the rate of 800 samples per second, and the resulting discrete time signal,
x(n), is input to the above FIR filter. The output, y (n), is D/C converted to the continuous time signal
Y(t) at the same rate as C/D conversion. Determine the signal y (1). (8 points)
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3. (20 pts) '
The pole-zero plot of a causal signal x(n) is shown below. (A4) Determine the pole-zero plot of the
signal x;(n) = x (-n +2), including its ROC. (B) Determine the pole-zero plot of the signal x,(n) =
(1/2)"x (n), including its ROC.
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4. (Two Parts)

(a) Let X (w) denote the DTFT of the sequence x(n) shown below. Express the DTFT of the sequence
in terms of X (w), without explicitly computing either of the DTFT.

x(@m)= {123}

yi@={1230 -3-2-1}

Ya(m)={3-2-1012 3}




(b) Determine the discrete Fourier series (DFS) coefficients of the periodic sequence given below.

y (n) =2 cos {(2n/3) (n-2)] + 2 cos [(2n/5)( n-2)]
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5. Let h(n) be the impulse response of an ideal low pass filter with a cutoff frequency of
/4 radians/sample. Determine and sketch the spectrum of the overall system in each of the following
cases. In each case, state whether it is low pass, band pass, band stop or high pass.

(a) (10pts)  h;(n) =;h (n), for n even

0, for n odd

(b) (10 points) The system h; (n) as shown below.
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Bonus Question (10 points)

Express the following causal, stable non-minimum phase system as a cascade of minimum phase and
all pass systems (with a magnitude of unity for all frequencies), clearly identifying each. (5 pis)
Determine the transfer function of the stable magnitude compensator; sketch its pole-zero diagram and
state its ROC.(5 pts)
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