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Points 100 @ Published

Details Questions
Q1  Pick 1 questions, 35 pts per question

Q1

Consider an anti-causal LTI system with the transfer function H (z) The transfer function has a second order zero at z — () and two poles at z = % z= —%. Itis also

knows that [ (z) = 8when z = 1. It might be helpful to draw the pole-zero diagram.

-1z _ 9 3 {
H@_&Z Hlas) ~ Gz T e pwre
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a) Determine H(z) Include the ROC.

1
s 3
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S
<

b) Determine the impulse response h [’n,] of the system.

c) Is the system stable? N\).

d) Determine the output, g [n] of the system when the input is the sequence g [n] which is obtained from sampling the continuous-time signal g0 (t) =25+15 cos(407rt), at

a sampling frequency §3g = 27 (40) rad/s. er“,): 9 n-[-’-VQ:Z‘_,O +2ll7 008 “:ﬁnl
H(eY)=%

You can type your answers in the text box below or indicate your solution on your file upload.

Q1

Consider a causal LTI system with the transfer function I (z) The transfer function has a second order zero at z = () and two poles at 2 = —i, z= % It is also knows

that H (z) = 6 when z = 1. It might be helpful to draw the pole-zero diagram.
s _a 3 ¢ c

@ &2 T 17 >

He) = <z
a) Determine H (2). Include the ROC. Kz-&#)\z‘i) KH;-%,Z"' )U., —z‘-‘z-f) n ‘%’2—‘( t b~ .g..zv(
etermine the impulse res| onseh of the system. ], - ; LN~ S \“
poerene e hirlvesn iz £ ) 4 § & 6

¢) Is the system stable? {QS .

d) Determine the output, y [n], of the system when the input is the sequence [n], which is obtained from sampling the continuous-time signal

z (t) = 50 + 30 cos(40mt), at a sampling frequency Qg = 27 (20) rad/s. . -8 _
H &e""’) = l7 M[,V‘-X" L[/Q‘O

You can type your answers in the text box below or indicate your solution on your file upload.

Q1
Consider an anti-causal LTI system with the transfer function H (z) The transfer function has a second order zero at z = () and two poles at 2 = % z= —%. Itis also
knows that (z) = Hwhen z = 1. It might be helpful to draw the pole-zero diagram.
2
He) Tz _ S 2 3 s
L N T = t — \ N
- a0l 1 4) _io AW
a) Determine H (z) Include the ROC. KZ \3) L% +L) U ‘52 )(H 4._% | %2 H--éz-‘ x. '\(§ \\/i
Tz Q7
" . w W =
b) Determine the impulse response h 1] of the system. k(v\‘l = .,)_KJS) n E £
- V‘”‘l'kkz.) ‘AE.V\_(]
c) Is the system stable? O

d) Determine the output, y [n], of the system when the input is the sequence & [n], which is obtained from sampling the continuous-time signal
T (t) =25+15 cos(801rt) , at a sampling frequency Qg = 2 (40) rad/s.

H&g&O) - L ME/\} 220

You can type your answers in the text box below or indicate your solution on your file upload.



Q1

c) Is the system stable? es .

Consider a causal LTI system with the transfer function H (z) The transfer function has a second order zero at z — () and two poles at z = % z=— % It is also kngws
that H (z) = 6 when z = 1. It might be helpful to draw the pole-zero diagram. 2 /W
42> 4 £ 3 A
) = < T = = § + T , - " /

2-3) |2+ ~1zY (1 —a 1 Lo+ ( t

a) DetermineH(z)- Include the ROC. K 'Z) l'.z 3) U 3_2 )L * ‘;2 ) | 2 2 l+ \12 )_“_“) ,
[
_ 2 \ 9 W - ‘s
b) Determine the impulse response h [r2] of the system. nl- ¢ \<- - AN) s/ &

o Nl 5 5 ) + % §3) win) /7

d) Determine the output, y [n], of the system when the input is the sequence z [n], which is obtained from sampling the continuous-timé signal
2 (t) = 50 + 30 cos(407t) , at a sampling frequency Qg = 27 (40) rad/s. . _
® (40m) s (40) HEe")= A N[ 5vo+ 120 C0S )

3\ _ q,
You can type your answers in the text box below or indicate your solution on your file upload. HKe )“

Q2  Pick 1 questions, 20 pts per question

Q2

Consider an input signal & [n] with the spectrum X (ej"") .

X(e™)

37 b4 k4 l‘

L T oz 3 g,
4 2 4 4 2 4
You pass 2 [’n,] through the below filter-bank where HLO (z) and HHI (z) are ideal low-pass and high-pass filters with cutoff frequency of W, = %
x[n] yln]
Ho() 12 Hu(2) 12 ——

a) Below are possible output spectrums, Y’ (ej“’) labelled A-L. Indicate which is the output spectrum of the above filter bank or say none if the correct spectrum is not present.

Y, (e™) Y,(e’) Y.(e’) Y, (e”)
‘N, A, A4
- l' T - l: T - T - l T

Y, (") ¥, (") Y, (e™) Y, (")

1/4 ’\—I 1/4 1/4’__
- T - F - =

Y, (e") Y (e") Y Y, (")
A PALNAL A
- k4 -7 A Ed - k4 - A k4

— —\\2
b) Design a new filter bank which results in the output spectrum YL (3-7“’) @ ) \\» 7/ M

Write your answers in the text block below or indicate your solutions on your file upload.



Q2

Consider an input signal & ['n,] with the spectrum X (eJ“’)

X(efw)
R
4 2 4 4 2 4
" . . " . T
You pass 2 [’n,] through the below filter-bank where HLO (z) and HHI (z) are ideal low-pass and high-pass filters with cutoff frequency of W, = R
x[n] yln]
Ho() 12 Hu(2) 12 ——

a) Below are possible output spectrums, Y (ej“’) labelled A-L. Indicate which is the output spectrum of the above filter bank or say none if the correct spectrum is not present.

Y.(e’) Y, (e”)
14— 1/4
T - T - l T
" Yy(e™) Y, (e")
—I 1/4 1/4 ’_.
T -7 T - T
Y (e™) Y, (e’
/4 1/4
Ed - n - A w

b) Design a new filter bank which results in the output spectrum YG (efw), H LQQ‘) ) \\_l/}__,) ‘_( LOKZ) 7 g \LL \

Write your answers in the text block below or indicate your solutions on your file upload.

Q2

Consider an input signal g [n] with the spectrum X (eJ“’)

X(ejzu)

z oz 3 g
4 2 4

You pass & ['n,] through the below filter-bank where HLO (z) and HHI (z) are ideal low-pass and high-pass filters with cutoff frequency of We = %

(n yin]
ol Hu(2) 12 Hio(2) 12 >

a) Below are possible output spectrums, Y (57“’) labelled A-L. Indicate which is the output spectrum of the above filter bank or say none if the correct spectrum is not present.



Y, (e™) Y, (e”) Y.(e’) Y, (e”)
V4 1/4 [Z— 1/4
- l, T T - ‘l T
Y, () 7, (e’ Y,(e")
1/4 /4
- l, T T - »l: T
Y, (e oy YK(e"") Y, (™)
14 | i Va : "" :l
- l. T T - T
b) Design a new filter bank which results in the output spectrum YE (e]w) @\%@_‘7 “\( S
—_
Write your answers in the text block below or indicate your solutions on your file upload.

Q2

Consider an input signal & [n] with the spectrum X (ej"’) .

X(e’)

I )
4 2 4 4 2 4
You pass & [n] through the below filter-bank where HLO (z) and Hyg (z) are ideal low-pass and high-pass filters with cutoff frequency of W, = %
x[n] y[n]
Hu(2) 12 Hio(2) 12 —

a) Below are possible output spectrums, Y (3-7"’) labelled A-L. Indicate which is the output spectrum of the above filter bank or say none if the correct spectrum is not present.

Y, (e") Y,(e") Y (e") Y, (e")
1/4 1/47|_ 1/4 V4 e \
- g -7 g - kg - w
Y (e") Y, (e")
1/4 — \ 1/4 ’\_I
=7 T - T
Y, () Y,(e’)
1/4 K\ 1/4
-7 w - A Ed

b) Design a new filter bank which results in the output spectrum I/I (eJ“’) Hw ") \\/\/ \—’3 )

—_—

Write your answers in the text block below or indicate your solutions on your file upload.



Q2

Consider an input signal [n] with the spectrum X (ej“’) .

X(ejw)
/\ |
37 b4 T l’ k4 k4 3r
-y 2T T rZ x Sz o

4 2 4 4 2 4
You pass & [n] through the below filter-bank where HLO (z) and HHI (z) are ideal low-pass and high-pass filters with cutoff frequency of We = %
x[n] yin]

Hu(2) 1 2 Hio(2) l 21—

a) Below are possible output spectrums, Y (5-7‘") labelled A-L. Indicate which is the output spectrum of the above filter bank or say none if the correct spectrum is not present.

YA ) YE(B oy ’(e ) YD ()
/4 14 - 1/4 /4
h I x e T - A E - ) Ed
YE (™) YF () YG(e““) YII (')
/4 -\ 1/4 I\ 1/4 /4
- T - T - T - T
Y,(e’) Y,(e") Y, (")
/4 /\ /4 4
- T - T =T »l T

esign a new filter bank which results in the output spectrum Yy ej“" .
b) Desig filter bank which results in the output spect C( ) HH‘L _‘7 \\,) >HH—L-——>‘Q/2‘

Write your answers in the text block below or indicate your solutions on your file upload.

Q2

Consider an input signal & [n] with the spectrum X (ej“’) .

X(ejw)

A
4 2 4 4 2 4
You pass & [n] through the below filter-bank where HLO (z) and HHI (z) are ideal low-pass and high-pass filters with cutoff frequency of We = %
x[n] yln]
H o(2) 12 Hyi(2) 12 -

a) Below are possible output spectrums, Y (67"‘) labelled A-L. Indicate which is the output spectrum of the above filter bank or say none if the correct spectrum is not present.



Y, (e™) Y (e”) Y.(e’) Y, (e™)

V4 1/4 [Z— 14
- l’ T - l~ T - T - ‘l T
Y, (e’) Y.(e™) Y ()
/4 /4 1/4
- l’ T - l' T - T
Y, (e j(n) Y,(e jary YK(ef"') Y, ()
1/4 T2 p—— /4 —p— - 1/4 f
- '1' T - T - T - T

b) Design a new filter bank which results in the output spectrum YK ej“’ . ./) l
=) e Ve 2\ Hw 2|V

Write your answers in the text block below or indicate your solutions on your file upload.

Q3  Pick 1 questions, 21 pts per question

Q3

A system has been built for computing the 8-point DFT Y [0] Y []_] Y [7] of a discrete-time sequence y [0] Yy []_] ] [7] However, the system is not working properly
and only the even DFT samples Y [0] Y [2] Y [4] Y [6] are being computed correctly. To help you solve the problem, the data you can access are:

« the (correct) even DFT samples, Y [0] Y [2] Y [4] Y [6]

« the first 4 input values g [0] y [1] y [2] y [3] (the other inputs are unavailable).

a) Ify [0] =1landy [1] =y [2] =y [3] =0 adY [0] =Y [2] =Y [4] =Y [6] = 2, what are the missing values Y [1] Y [3] Y [5] Y [7]’7 Explain how

you got them.

b) You need to build an efficient system that computes the odd samples Y [1] Y [3] Y [5] Y [7] for any set of inputs. The computational modules you have available are one 4-

point DFT and one 4-point IDFT. Both are free. You can purchase adders, subtracters, or multipliers for $10 each. Multiplying by 1 or 0 is also free. Design a system of the lowest
possible cost that takes as input

Yy [0] y [1] y [2] y [3] Y [0] Y [2] Y [4] Y [6] and produces as output

Y [1]. Y [3]. Y [5]. Y [7]. Draw or describe the associated block diagram and indicate the total cost.

Write your answers in the text block below or indicate your solutions on your file upload.



Question 3:

The key to this question is to note the decimation-in-frequency computation of the FFT:

y[o] P _ y[o]
(1] 4-point | v[4]
v[2] o)
v[3] — ¥[6]
v[4] — 1|1
y[S] 4-point B Y[S]
v[6] PEL 3]
»[7] — 7[7]

a) If Y[O] = Y[2] = Y[4] = Y[6] = 2, then the IDFT gives us g[0] =2, g[1] = g[2] =g[3] =0. We
then can solve for y[4] = g[0] —y[0] =2 -1 =1, and y[5] = y[6] = y[7] =0.

Then computing the 8-pt DFT of our time samples gives Y[1]=Y[3]=Y[5]=Y[7]=0

b) The plan to implement this with the given computational blocks is below:

o] - g[0] o] —y1]
1[4]— A-point gg[[;]] 3 / W, 4§§iTnt — 1[3]
[2] _| IDFT - ~o—] - Y[3]
Y[6]— — Y[7]
»[0] 5
y[1] 5
(2] 5
[3] 5

The diagram above shows 7 multipliers and 4 subtractors for a total cost of $110.
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