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1.1. syllabus

CHAPTER 1.

INTRODUCTION

Chapter 1

Introduction

1.1 syllabus

Description: The study of the basic principles and techniques underlying the analysis

EECS152A Digital Signal Processing

and design of digital signal processing and digital filtering systems.

Prerequisites: ECE 120B (Signals and Systems IT) and ECE 186 (Probability)

Text:

Instructor:
Office:
Phone:
Email:

Office Hours:

Teaching Assistant:

Email:
Office Hours:

Lectures:

Grading:

Digital Signal Processing, 3rd Ed.

by John Proakis and Dimitris Manolakis

Prentice-Hall

Glenn Healey

ET 616D

824-7104
healey@ece.uci.edu
TBA

Mohit Singh
msingh@ea.nacs.uci.edu
TBA

Tu,Th 5:00-6:20

Homework 30%
Midterm Exam 30%
Final Exam 40%
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1.2 Text Book

J

PROCESSING

Principles, Algorithms, and Applications

John G. Proakis
Dimitris G. Manolakis

Figure 1.1: Official text book
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2.1 some study notes

2.1.1 questions

1. To find |H (w)| it might easier to use the relation that |H (w)|* = H (w) H* (w) this
is true when h (n) is real. can I also use it when input is real? see book page 320

2. need to learn better how to find fourier transform for periodic discrete signal. for
example, if f (x) = 22 then we get F (u) = XV} 22¢772"%* how to evaluate this?

n=0
1 £ 1
only tricks I know are to use geometric series sum, ZnNz_ol a" = 1&“ )
a =

this is if I can get the terms inside the sum to have the form a™ and the other trick
is if T can express f () itself in terms of €2, this happens if f (z) is a trignomtric
function.

3. Should we used normalized H(z) or leave it unnormalized? see question 4.51, HW 5
for example. if we do not normalize it, we are left with by term?

4. Ask how did the book find the phase of H(w) = 3(e’ + 1 4 e7¥) to be 0 for
O§w§%and7rfor%§w<7r

2.1.2 notes

an analog signal is written as A cos (2nF't + 0) where F' is cycles per second.
A discrete signal is written as A cos (27 fn + 6) where f is in samples per second.
(this should be cycle per second?, check)

f= FE where Fj is the sample rate in samples per second and F' is the frequency of the

discrete signal in cycles per sample.

To avoid aliasing we must have f < |1/2| cycles per sample. And since f = FE then this
means Fy > 2F to avoid aliasing. To determine if aliasing exist given an analog signal and
a sample rate, find f and see if it is < 1/2. example:

Given z, (t) = cos(2710t) and Fy = 40 samples/sec, then convert to discrete signal and
find f. 2 (n) = cos(2710(nT)) = cos(27r10(nFis)) = cos(2m10(ny5)) = cos(2min) hence
f= % cycles per sample. and since this is < 1/2, then no aliasing exist.

An analog sinisoidal signal is always periodic, but a discrete sinosoidal signal may not be.
To detrermine, find f of the discrete signal and if f is rational number, then periodic. To

find fundemental period, bring f to lowest terms (relative primes) and this will be the
fundemental period.

A signal can be multi-dimensional and multi-channel. f (x,y) multi-dimension, and f (z) =
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fo (2)

Learned linearity tests. L [ayz1 (n) 4+ asxs (n)] = L [a121 (n)] + Lasxs (n)] if these are the
same, then system is linear.

[ fi (@)

] is multi-channel, one dimension.

1 n=>0
d(n) = this is called a unit SAMPLE
0 otherwise
1 n>0
u(n) = this is called a unit STEP
0 otherwise
k=00
u(n) = kz o(n)

k=00
any signal z(n) can be written as z(n) = > z(k) é(n — k)

k=—00

To find |H (w)] it might easier to use the relation that |H (w)|* = H (w) H* (w) this is true
when h (n) is real. can I also use it when input is real? Also, if I have the Z transform,
I can use |H (w)]> = H (2) H (27") |,—ejw i.e. multiply the z transforms as shown, and do
everything in terms of z (easier) then at the end replace z by e/*

2.1.3 agenda
1. sunday nov 28, 2004. working on last HW, HW6. Very long...
2. saturday nov 20, 2004. 8:50 PM. currently working on last HW for 152A and 203A

3. sunday nov 14, 2004. 9:40 AM. finsihed problem 1 for HW 5 for ECE 203A. coding
mostly.

4. Sunday Nov 14, 2004. 4 AM. finsihed HW 5 for DSP. make a questions section to
collect questions I needed answered. Use Geometrical argument for location of poles
and zeros and coming up with H (z) since it seems more natural.

5. Nov 12, 2004. Working on HW5. Forgot how to find the phase of transfer function.

6. No lecture on thursday Nov 11, 2004. Veternes day. I have been using Mathematica
more now. it is worth learning it.

7. Octb,2004. Lecture day. Talk about Nyquist and sampling theorm. How to convert
discrete signal back to analog using the sinc function.
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8. Oct 4, 2004. Monday. 10 PM. Finished HW1, started this note file to record notes
on each chapter as I go so I use them to study from the exam.

2.2 Cheat sheet
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2.3 some code

2.3.1 file 1

%Script to illustrate aliasing
% by Nasser M. Abbasi

% Oct 14, 2004.

b

h

clear all;
close all;

nSamples=10;

startTime=0;

Fs=input ('Enter sampling frequency (Hz) > ');

Fl=input ('Enter first signal frequnecy (Hz) [1/8] >');
F2=input ('Enter second signal frequnecy (Hz) [-7/8] >');
nSamples=input ('Enter number of samples? >');

T=1/Fs;
endTime=nSamples*T;
ap=T/10;

t=[startTime:ap:endTime];

xal= sin(2%pix*F1x*t);
xa2= sin(2*pi*F2*t) ;
n=[1:10:1length(t)];

xnl= xal(n);
plot(t,xal);

hold on;
plot(t(n),xnl,'0');

xn2= xa2(n);
plot(t,xa2,'r');
plot(t(n),xn2,'*');

2.3.2 file 2

function [x,n]=impseq(n0,nl,n2)
n=[n1:n2];
x=[(n-n0)==0] ;

10
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3.4 HW 4

HWi#4

EECS 152A, Digital Signal processing

UCL. Fall 2004

By Nasser Abbasi
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HW 4, EECS 152A
Problem 4.5, Nasser Abbasi

Question
consider signal z(n) = 2 + 2cos Z¢ + cos I + 1 cos 32
{a)Deternine and sketch-its powu density spec’rrum

(b)Evaluate the power of the signal.

Solution
s £ . s T 2w o T s 27 k
(a) I will use these relations for this problem: cos 5= 1 cos 53 = —1 sin 5= sm%f- = %—E
= 2
T a1 3mn
x(n) =24 208 — + cos — + = cos ——
4 \4) v 2 4

First find the period. For the second term 2 cos T, we get It = 2xfn hence f = i hence
periodic (since rational) and period is 8.

For the third term cos %, same period.

For the 4th term cos =% “'“” ,we get 5’% =27 fn hence f = % . hence rational, hence periodi Since

lowest conuron mult]pl.ler allready, thep-period is &.

lHen(:e the period of z(n) is 8.!
Hence 2(n) can be written as|z(n) = 2 + 2cos 2 2n + cos Zn 4 3 cos L3n \/
Expand in complex exponentials we get

¥ 4 ¢ I¥n eI Fn 4 eI %N 1 [els3n 4 e=i%
x(n) = 242 e o | compmngen g .
= 24" ¥y lejgg'” -+ lr—*‘jgﬁi” + lej%?“” -+ Le-i%n
2 5 g ;

Now convert all exponentials to the "positive’ side, so I can compare later with the IDFT. Using
—ﬂe-peuadu’tv of complex exponential, we know that

T . _ ofi (- 3
(T8 = % 4T P2y 4 70m] o LR (- T ™
—j&ran g C\. 3 /
e & g O — & L oy [
> 321(7/8) ™
Hence e o/

x(n)

Now we know that IDFT is of the form

N1
z(n) = Z c(k)e eI
k=0

o1
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Hence by comparing term by term we see by inspection that
(0 =2
\ C(l) =2 %
o3) =—%

And-since (k) will have the same period as z(n) we then write

-

v%g.pe;vﬁ’ﬂensity spectrwfry
Me(k)” = {4, 3,0, 8,0,0,0,0}---X

116)

“~This-is-a-sketch of the power spectfum. y-axes is |¢(k)[?, and x-axis is k.

—————

;|
©5 A
g

-——‘"A/

k=1 /;’\8, l// by 0r%

a4
)
3} °
!
{
2;
{
c8
1= i
i H
i !
: !
; !
d i ° + ° ° 3
2 3 4 R A ? f

N-1

—
(b) Power of signal is given by Z (k) [* =@ +0+ 8=
k=0 —

%)

52
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HW 4, EECS 152A
Problem 4.7 part(a), Nasser Abbasi

Question

Determine the periodic signal z(n) with fundamental period N = 8 if their fourier coefficients
are given by

(a) (k) = cos &x 2 4 sin 341

Solution

a) I will use these relations for this problem
. , . . p

coszT = "’—-———’““2‘3—Jm,sina: = gli—e?

25

A Z —127r Lk (1)

n=0

Expand given c(k) in terms of complex exponentials, and compare terms to find z(n)

kw 3km
(‘(;\) = OST +sn—4—

2m 2
= cos— k+sin—3k
8 8
Ik g emi¥ k Gi%3 _ —iFrsk
+ ;
2 23

]. '.’ k 1 ._j‘lfr k ]. -2n3k 1 ~213k /
= —p - __._.eJ ) —_— 1R 2
27" Tt Ty 25° @)

Now write all the exponentials in 'negative terms, so I can compare with (1).
Using periodicty property, ¢’ F k= i F ko ¥ 3

and eI 53 = %k — _ g%k

Hence (2) can be rewritten as

1 _omny 1 _ion 1 2= |
olk) = —ze T Hp _eTIT R _ __iFk 7Tk

Hence we see that z(1) = 8 (% ;_,17) and z(3) = 8 (—% - %)

Can also be written as l:r = (4+4j) and z(3) = (-4 + 4j)]
or
Hence

lo(n) = {0. (4+4j) . 0. (=4+4j), 0, 0, 0, 0}]

7&

23
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HW 4, EECS 152A
Problem 4.9 part(a,b,c), Nasser Abbasi

Question

Compute Fourier transform for the following

(a)z(n) = u(n) — u(n — 6)

(Ble(n) = 2'u(—n)

(c)az(n) = Y'u(n +4)

Solution

using the Fourier transform for a discrete aperiodic sequence given by

X (w) = Z z (n) ="

N=--00

(a) here z(n) = {1,1,1,1,1,0,0,---}

Hence
o
X (w) = i P =| 1+ e 99 4 eI 4 3% g4 | e“js“q A \/ @
/

n=0
(b)
co o
. n
X(w) = Z .’1:(71 —jwn Z N p—jwn — Z 9=n giwm o Z (e_’zf_) _ 1_1!!_‘2‘_ /
n=--00 n=-—-00 0 2
o0 © - 0o
(¢) X (w) = Z z(n)e™vm = Z 1" gmion = Z 1" gmdn 4 Z 27m glwn
na=—00 n=—4 n=-4 Q
1- -4 y -3 S 1—2 ot 1-1 i o ejw n
C i) = ot - wi 4.2 p2wiy T Lwj il
X (w) ( 1 1 ¢ -i‘4 e +4 e +ZO: 1
— dwg . 3wj 2wj wi
(‘64%8 32 e +16e* +4e )+]_%

7 @

o4
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3.5 HW 5
) a6
K@ Too
Hw# D
EECS [52A
NASER pppAST

25



3.5. HW 5 CHAPTER 3. HWS

HWH4, EECS 152A DSP.
Problem 4.27 Nasser Abbasi
UCI, Fall 2004.

Question

Determine and sketch the magnitude and phase diagrams for the following systems
(a)y(n) = 3(z(n) + z(n - 1)]

() = fatr) 0~ )

(©y(n) = 3lz(n +1) — z(n - 1)]

(d)y(n) = iZ[:z: n+1)+z(n— 1))

(u(n) = £[(n) + 2(n - 2)

(yy(n) = Lla(n) - a(n — 2)

(®)y(n) = 3(z(n) + z(n - 1) + z(n - 2)]

(h)y(n) = z(n) — z(n - 8)

.—ldm-—m

-.N-'te

o6
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Solution
part(a)
h(n) is defined as the output of the system when the input is an impulse § (n) which is zero at all n
other than n =0
Hence, replace z(n) with é (n) in the above, we get
= 4[6(n) + 6(n — 1)
So, we get values only for n = 0,1 i.e. A = {EI, 2}

using the Fourier transform for a discrete apenodnc sequence glven by
oc

Xw)= Z z(n)e™ " we get H (w) = Z h(n)e Jm = Zh (n)e™m =1 4 le~v

n=-—oc n=-—oc

ie. |H(w) = 3+3e =141 (cosw—jsinw) = (3+1 cosw) +j (—3sinw)

|H(w)| = \/( + 2cosw)2+ (—%sinw)z = \/% + 3 cos?w + 1 cos?w + 1 sin’w

= \/i-i-%-}-%cosw: \/é(l-i-cosw)

Soatw =0, |H (0)| = \/' (1+cos0) =1

I need to only look at few values from 0..7, since H (w) is symmetrical even function w.r.t to the
y-axis.

atw=m, |H(7)] =/3(1+cosn) =0

atw=1Z, |H ( )|—‘/ 1+cos \/_ 0.70711

For the phase, we have

i .
O (w) = tan~! ImUH@) _ -1 (1—312) = tan~! (S¥ou)

Re(H(w)) — +4 cosw 1+cosw
Phase diagram is an odd function and symmetrical across the y-axis. Look at few values, then I show
the plot:
When w = 0,0 (0) = tan™! (3)=0°
atw =m0 () = tan™! (F22L) = tan~! ( §) = undefined, so point of discontinuity
(F

l4+cosm
B -
atw-z,@(’—é)— tan™ (H_—msz—)—ta ) =%=400

A plot of phase and |H (w)] is below

Phase of Hw) in degrees magnitude of H(w)

90
\l
= = fres Y« in radians per sample
_45[\
-S0 /

q Yw 1in radians per sample

57
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part(b)
h(n) is defined as the output of the system when the input is an impulse § (n) which is zero at all n
other than n =0

Hence replace x(n) with d (n) in the above, we get
h(n) = 3[6(n) — 6(n — 1)]
Sc} we get values only for n=0,1 i.e. h = { -1}
using the Fourier transform for a discrete dpel iodic sequence giw,n by
e <]
Xw)= Z z(n)e " we get H (w) = Z h(n)en = Zh n)e i n =2 — Leo®
n=—ooc n=-—og
le. Hw)=3—2e™=2— % (cosw — jsinw)
1@ —fomu) + (ne)]
|H (w)| = \/(% - %cosw)2 (%amu = \/;11 + 3 cos?w — Fcosw +  sin’w
= \/% — jcosw = \/%(l — cosw)
Soatw=0, |H(w) =0
I need to only look at few values from 0.7, since H (w) is symmetrical even function w.r.t to the
y-axis.
atw=m, |[H(m)|=/3(1—cosm) =1
atw=2 |H(3)|=/3(1-cosZ) = V3 =0.70711
A plot of |H (w) | is shown below :
For the phase, we have /
—1 Im(H(w)) " Llsinw - sinw
6 (w) = tan™! el = tan~! ((272) Jran! ()
Phase diagram is an odd function and symmetrical across the y-axis. Look at few values, then I show

the plot:
When w =0 ,0(0) = tan™! (g) undcﬁned 80 discontinuity point
at w=7,0 (1) = tan! ({EL) = tan~ (

1

l—cosw

atw=%,0 (%) = tan™! (ﬂi—i—> = tan~

l-cos %

A plot of the phase is shown below

magnicude of Hw)

Phase of H(w) in degrees

T
/

frequencyw in radians per sample

frequencyw in radians per sample
m

/

o8
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Part(c)
h(n) is defined as the output of the system when the input is an impulse & (n) which is zero at all n
(“W other than n =0

Hence, replace z(n) with d (n) in the above, we get
h(n) = 3[6(n + 1) — §(n — 1)]
So, we get values only for n = —1,1 i.e. h = {%,@, —%}

using the Fourier transform for a discrete aperiodic sequence given by
00 1

X(w)= Z z (n) e " weget H (w) = Z h(n)e " = 2 h(n)e v = | zei — %e'”’l:[jsin (w)l
n=—oc n=—o0o n=-1 /

m{ (w)] = [sin (w)| | This is just the magnitude of the sin function, which we know how it looks.

A plot of |H (w) | is shown below

For the phase, since the complex number has only an imaginary part, its phase can only be £90°

When 0 < w < 7, sin (w) is positive, so H (w) on the positive imaginary axis, i.e. phase is +90°

When -7 < w < 0, sin (w) is negative, so H (w) on the negative imaginary axis, i.e. phase is —90°

A plot of the phase is shown below

nagnicude o Hw)

1
Phase of H(w) in degrees

0 0.8

45 .6
b 4 w in radians per sample 034
-2 x
0.
-45
Q ¥ fr Yw in radians per sample
JEE——-Y -x »

/ -

5]

29
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Part(d)

h(n) is defined as the output of the system when the input is an impulse & (n) which is zero at all n
other than n =0

Hence, replace z(n) with d (n) in the above, we get

h(n) = 3[6(n +1) + 6(n - 1)]

So, we get values only for n = —~1,1i.e. h = {l [0] 1}

22h3
using the Fourier transform for a discrete aperiodic sequence given by
00 oo 1
X(w)= Z z(n)e " weget H (w) = Z h(n)e " = z h(n)edn = | jei + Lemiv | =’ cos (w)l
n=-oc n=-00 n=-1

This is just the cos function. |H (w)| = |cos (w)| =1 at w = 0,7 and 0 at 3

This complex number has only real part, so its phase can be either a zero or 180° depending if the
real part is positive or negatibe. when 0 < w < , cos (w) is positive, so H (w) phase is zero. When
¥ <w < 7, then cos (w) is negative, so H (w) phase is 180°

when —5 < w < 0, cos(w) is positive so phase is zero, when —7 < w < —3, cos (w) is negative so
phase is 180

A plot of the phase and agnitude is shown below

magnitude of H(uw)

Phase of H(w) 1in degrees
180

S0

45

24 yu

-2 -

60
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Part(e)

h(n) is defined as the output of the system when the input is an impulse d (n) which is zero at all n
other than n =0

Hence, replace z(n) with 4 (n) in the above, we get

hn) = 3[d(n) + d(n — 2)]

So, we get values only for n = 0,2 i.e. h = {,0., ,—1,}

using the Fourier transform for a discrete apeuodw sequence gl\ en by

oc

X(w) = Z z(n)e ™" we get H (w Z h (n) ewn —Zh (n) e vm = %-}- %e‘”‘“
n=-—

n=(0)

=i+ 5(00%947191112”:(%*1(0% W) + j(—%sn?'w)l

|H (w)| = \/(% - %('052(4))2 -+ (—31, si:12m) = \/(l} - %('082 2w 4+ %cos?w) + %sin“’ 2w

I need to only look at few values from 0.7, since H (w) is symmetrical even function w.r.t to the
y-axis.

at w
al w

at w

at w =

1=0.70711

A plot of |H (w) ] is shown below

For the phase, we have
O (w) = tan™? InlHl) _

=|tan~! ( fsinﬂ‘..')

Re(H(w)) — 1+cos 2w
at w=0, ©(w) = tan™! =0
atw=mw, O(w)=tan! )=0

atw=13%, O(w)=tan?( Tl (§) = undefined, discontinuity

A plot of the magnitude and phase are below

-_/
;i‘-‘:
—
=

magnitude of Hw)
Phase of H(w) 1in degreess

S0

45

o
/ :

frequencyuw

frequencyw

oy
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Part(f)

h(n) is defined as the output of the system when the input is an impulse é (n) which is zero at all n
other than n =0

Hence, replace z(n) with J (n) in the above, we get

h(n) = }[6(n) — 6(n — 2)]

So, we get values only for n = 0,2 i.e. h = {E, 0, ——%}

using the Fourier transform for a discrete aperiodic sequence ngen by
oo

X (w) = Z x (n) e we get H (w Z h{n)e " = Zh(n)e”“"‘ =

n=-o0c n=0

so H (w) = 1 — 3 (cos2w — jsin2w) = (%——cosZw)+] sm2w)|
|H(w)|=\/(%—%cos2w) +(§sin2w)2=\/(Z+Zc0522w—%c052w)+( sin® 2w)

1 _1
3 3 cos 2w

I need to only look at few values from 0..7, since H (w) is symmetrical even function w.r.t to the
y-axis.

atw=0, |H(0)] = /4 —3cos0 =0

atw=m, |H(7)| =/} —3cos2r =0
o= 511 ()] = /5~ few2] =1
atw=1 |H(3)| =/} —Lcos2z =\/§=0.70711

A plot of |H (w )| is shown below

For the phase, we have

O (w) = tan™! ) = tan~! (A2t ) tan (:225) -
at w =0, O (w) = tan™! ({222} = tan~! (3) =undefined, discontinuity point
atw=r, ©(w)=tan"! (;#222-) = tan~! (2) =undefined, discontinuity point
atw=3, O(w)=tan! (L) =tan"! (§) =0

atw=2Z O(w)=tan! (%‘?f =tan~! (}) = 45°

A plot of the magnitude and phase are below

Phase of H(w) in degrees magnitude of H(w)

-

-x x

-7 z

1

-

\
\
o)
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Part(g)

h(n) is defined as the output of the system when the input is an impulse § (n) which is zero at all n
other than n =0

Hence, replace z(n) with 4 (n) in the above, we get

h(n) = 3[6(n) + &(n — 1) + é(n — 2)]

So, we get values only for n =0,1,2ie h= {@ L l}

303
using the Fourier transform for a discrete aperiodic sequence given by
oc
X(w)= Z z(n)e ™" weget H(w) = Z h(n)e " = Zh (n) e=d=n —[ + 3e7 + LB
n=—-oc n=-—o¢ n=0

s0 H (w) = §+ 3 (cosw — jsinw) + 1 (cos 2w — jsin2w) = §+ } cosw— }jsinw+ § cos 2w — 37 sin 2w

—‘ ;+3cosw+ 3 cos2w)+1(——smw—-5sm2w)‘

|H (w)| = \/(% + 3cosw+ 3 cos2w) + (—=1sinw - %sin2w)2 = §\/(1 + 2cosw)? -
I need to only look at few values from 0..7, since H (w) is symmetrical even function w.r.t to the
y-axis.

atw=0, |H(0)] = 1/(1+2cos0)’ = 1

atw=m, |H(7)| = 3/(1+2cos7)* =

1
3

atw=13|H(Z)| =1 (1-+-2cosi)2
1

1

3
B (2)] = 3y/(1+2c0s%)" = 3\/(1+2c0s%)” = 0.804738
A complete plot of |H {w) | is shown below

atw=12

For the phase, we have

= -1 Im(H{w)) _ -1 { _—§sinw—4sin2y ~1 [ _—sinw=—sin2w
e( ) tan Re(H(w)) tan ( 3+zcoswty cos?...r) tan (l+cusu+cos2u)

at w =0, ©(0) = tan™! (—]:_‘cﬁ‘s%:_“c‘:soo) tan~ (g) =0

atw=m, ©(r) = tan™! (FEAI-EMIE) — tan~1 (9) =

_x 7\ _ —1( —sinZ—sin2Z =1
atw=3% 0(5) =tan”! (AT ) = tan? (2
A plot of the magnitude and phase are below

0
i)

= —90°

magnitude of H(w)

Phase of H(w) in degrees
120

S0

45 ‘\
t

x

Yw

'
Z
]
(S
]
b
"
~x

frequencvw

-x x

U
I
o

1
N|
[SE]
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Part(h)

h(n) is defined as the output of the system when the input is an impulse 6§ (») which is zero at all n
other than n =0

Hence, replace z(n) with J (n) in the above, we get

h(n) = é(n) — é(n —8)

So, we get values only for n = 0,8 i.e. h = {, 0,0,0,0,0,0,0, 1}

using the Fourier transform for a discrete aperiodic sequence given by
oc oo 8

X(w) = Z x(n)e " we get H(w) = Z h(n)e #m = Zh(n) eim = =
n=0

n=-—oc n=-=0oo

1+ (cos8w — jsin8w) =|(1 +cos8w) +j (— sin8w)|

|H ()| = \/(1 + cos 8w)? + (sin8w)? = \/(1 + cos? 8w + 2 cos 8w) + (sin? 8w) =| V2 + 2cosSw|

I need to only look at few values from 0..7, since H (w) is symmetrical even function w.r.t to the
y-axis.

atw=0, |H(0) =v2+2cos0 =2

atw=m, |H(x)| =v2+2cos87 =2

atw=12 |H(3)| = V2 +2c0s87 =2
atw=1 |H(3)|=/2+2cos8% =2
atw=1,|H(3)|=+/2+2cos8% =1

A plot of |H (w

~—

| is shown below

For the phase, we have

_ ~1 Im(H(w)) _ -1 { —sin8w
© (w) = tan Re(H(w)) — tan (1+scl:sBu)

atw=0,00)=tan"' () = 0
A plot of the magnitude and phase are below

magnitude of H(w)

Phase ot H(w) 1n degrees
S0

\

frequencyw

44 4y
-x -

S B
M)
N

90
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HW o7 EECS 152A DSP.
Problem 4.28 Nasser Abbasi
UCI, Fall 2004.

Question
An FIR system described by the difference equation y(n) = z(n) + z(n — 10)
(a)Computer and sketch its magnitude and phase response
(b)Determine its response to the inputs
(Dz(n) =cos (5§) +3sin (P + %) -co<n<oo
(2)z(n) = 10+5cos(2’"‘+ 2) —o<n<o
Solution
part(a) Take the Z transform of both sides, we get Y (z) = X (z) + 279X (2)
So, Y (Z) = X (Z) (1 +=7") hence H(Z) = ¥12 = (1+:71%)
This has a pole at z=0 or order 10, since pole inside unit circle , then stable. Also the Fourier
transform exist since ROC defined on the unit circle. To find the Fourier transform, let = = ¢/ hence
1+2710=14 (eJ"’)

Hence H (w) = =1+4cos10 w — jsin 10w =[(1 + cos 10w) + 7 (sin 10w)| ~
|H (w)| = v/(1 + cos 10w)2 + sin® 10w = V1 + cos? 10w + 2 cos 10w + sin® 10w
= /2 + 2c0s 10w = /2 (1 + cos 10w)

Try few values: Forw =0, |H (w)|=v4=2
Forw=%,|H (w)| = /2(1 + cos57) = {/2(1-1) =0
A plots for all w values from -7..7 is below.

The phase, is given by © (w) =[tan™! Zinlee} 7~

14-cos 10w
try few values: w = 0,0 (w) =tan~' 3 =0
— _ -1 __sinw__ __
w=m,0(r)=tan Theos 107 = 0
—1 sinl0Z

w=3,0(%) =tan Treos 107 —undefined, discontinuity point

A plot for more points is shown below

magnicude of H(w) Phase of H(w) in degrees
2A 1]

£r yw

0lis

- b }
-390

e > fr yw

- = F - /

part(b)
To find response to z(n) = cos( ) + Jsin ('3" + 1’6) we note that the input is a combination of
complex exponential, hence the output will not modify the frequencies of the input, but will scale

the input, and shift the phase. i.e. the input is an eigenfunctions
i.e. if the input is Ae/*'" then the output is lA |H(w)| e/1n+8) | evaluated at w = w;
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From part(a), we have H(w) = 1+ 7% |H(w)| = /2(1 + cos 10w), © (w) = tan~! {21k
First find the input frequen(:les and phase.

Forcos (), = w1 =%

so response to this input is

% (n) 10 1 + cos 10w,

an  _, sinl0f
\/2(1+c°51010) c°5(10+ta“ T+ cos10%

— _, sinl0g
Vv2(1-1) cos(10+ra1 _—

1+ cos 10%
= 0

v2(1+cosl0w;) cos (ﬂ + tan™! _ﬂri()w_l_)

So response for [ cos (32) is zero.

Now find the response for 3sin (% + %), here wy = §

sin 10w
y2 (n) + — + tan 2 )

3 v2(1+cosl0ws) sin ( 10 1 + cos 10w,

: 102
=3 2(1+cole§) sin(ﬁ+l+tar sin )

w|3

3 710 1+ cos10%
A sm(240°)
_ 3.3 2400 3 0t T cos o)
3 v/2(1 + cos (240°)) sm( 3t 10+ 1+cos(240°))

_ 1 . ™m T _1 —’2@
= 3 2(1—2) sm(3+10+tan (1_%

= 3sin(—+—+tan (—\/5))

3 10
= 3sin(%+%—g)

I
[J%]
@
=
|
|
|\1
\i
N—
Ny
[V
~
S
>
v\
:1
v
bl
b
~
« B
L
w |
P

Hence the response of the system |y(n) = 3 sin (13E - % )

(2) z(n) =10+ 5cos (£ + %)

The response of the system to the input 10 is simply |H (w)| x 10
but |H (w)| at w = 0 is 2, then y,; (n) = 20

To find response to 5 cos (2£2 + %)

27 sin 10ws
= 2(1 —_ tan™! ———
Y2 (n) =5 v/2(1 + cos 10w2) cos( 3 +2 5t 1+c0310w2)
27

but Wy = 5
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2% 2rn T« _; sin 10%’r
y2(n) = 5 \/2 (1+00510?) cos (T+§ + tan m

2mn
b

2rn @
= 10 cos (T + 5)

= 10 cos ( + g + tan™! 0)

so response of system to 10 + 5cos (222 + Z) is 20 + 10 cos (22 + %) / @
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HW §, EECS 152A DSP.
Problem 4.35 Nasser Abbasi
UCI, Fall 2004.

Question

Consider the filter y(n) = 0.9 y(n — 1) + b z(n)

(a)determine b such that |H (0)| =1

(b)Determine the frequency at which |H (w)] = 7‘;

(c)Is this filter a low pass or high pass

(d)Repeat parts (b),{c) for filter y(n) = 0.9 y(n — 1) + b a(n)

Solution
par t(a,) Take the Z transform of both sides, we get

Y(z) = 09:z7Y (z) +bX (2)
Y (2) - 0.9 =Y (2) bX (2)
Y(:)(1-09:71) = bX(2)

H(:) = —)

Hence

A= — b
H(z)= (1-0.9 z=1)

ROC: 0.9z7! < |1] or z > |0.9]
Hence defined on the unit circle, and Fourier transform exist.
To find the Fourier transform, let z = ¢ hence

b
HW) = a=59¢7)
B b
~ (1-0.9 (cosw — jsinw))
b {(1-0.9 cosw) — 0.9 sinw

(1-0.9 cosw) +0.95sinw (1 — 0.9 cosw) — 0.9jsinw
(b—0.9b cosw) — 0.9bj sinw

(1—0.9 cosw)? — (0.9j sinw)?

(b—0.95 cosw) — 0.9bjsinw

= 1.81 — 1.8 cosw e

So Re (H) = (6-0.9b cosw) and Im (H) — _—0.9bsinw

1.81-1.8cosw 1.81-1.8cosw

B (b—0.9b cosw)\? 0.9sinw \?
= \/(1.81—1.8cosw T\ T8 =1 8cosw
_ [(b=0.9b cosw)® + (0.9sinw)’
(1.81 — 1.8 cosw)?

Hence

Let w = 0 and solve for b

/
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(b—0.9b)° \/oouﬂ _\/ _ 106
Q%/ (1.81 - 1.8)° 0.0001 0.01

10b6=1

then @ A
o

part(b)

solve for w

C H()| == \/ (b—0.9b cosw)® + (0.9bsinw)®
(1.81 — 1.8 cosw)?
(b— 0.9 cosw)® + (0.9bsinw)?
(1.81 — 1.8 cosw)®
(1.81 — 1.8cosw)?® = 2(b-0.9b cosw)?® + 2(0.9bsinw)®
3.24cos’w — 6. 516 cosw + 3.2761 2% — 3.6b% cosw + 1. 62b% cos® w + 1. 62b% sin w

Sl
N == N

-]

0 = 2% —3.6b%cosw +3.246%* — 3.24cos®w + 6.516cosw — 3.276 1

Let cosw ==z

0 = 2b% — 3.6b%z + 3.24b% — 3.242% + 6.516z — 3.2761

{%V with help of computer, Solution is:
1.0056 — 0.154 321/20. 99562 + 12. 96b% — 0.555 562,
0.154 321/20. 99552 + 12.96b% — 0.555 566% + 1. 0056
Le
w = arccos (1. 0056 — 0.154 321/20. 99562 + 12. 966% — 0.535 56b?)
w = arccos (0.154 32v/20. 99562 + 12.96b% — 0.555 56b2 + 1. 005 6)

for example, at b = .1 we get ws 8
w = arccos (1. 0056 — 0.154 32\/20. 995 (.1)% +12.96 (.1)* — 0.555 56 (.1)2) =0.37878
_ Lf
part(c)
- (6—0.9b cosm)z-)-(ll.Qb:sin;..')2
|H (w)| = (1.81~1.8cosw)?
at w = 7 we have, when b = (0.1), |H ()| = “0'])'0'9((:'1111311?.”8):;(:#(0")‘i" D' = 5.2632 x 102
Hence we see that |H (w)| is much smaller at high frequency than at DC, hence this is
Take the Z transform of both sides, we get
Y(z) = —=09:7'Y(2)+0.1X(2)
Y(z)+09:"'Y(2) = 01X(2)
(W Y()(1+09:7Y) = 01X(2)
Y(z)

<10 S
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Hence

) — 0.1
H(z)= (1+0.9 =-7)

(%V To find the Fourier transform, let = = e/* hence

1

(1+0.9e)

1
(14 0.9 (cosw — 7sinw))

1 (14 0.9 cosw) + 0.95sinw
(14+0.9 cosw) —0.95sinw (1 + 0.9 cosw) +0.95sinw
(.1-0.09 cosw)+0.095sinw
(1+0.9 cosw)? — (0.9j sinw)?
(:1-0.09 cosw)+0.09jsinw

1.8cosw +1.81

H (W)

S0

— :1=-0.09 cosw . 0.09 sin w
So Re(H) = {311 5ems and Im (H) = 350

\/(.1 -0.09 cosw)2 + ( 0.09sinw )2

1.81 +1.8cosw 1.81 + 1.8cosw

_ (.1 -0.09 cosw)2+ ( 0.09sinw )2
1.81 + 1.8cosw 1.81 +1.8cosw

(1-0.09 cosw)?+ (0.09sinw)?

(1.81 + 1. 8 cosw)?
0.0181 — 0.018 cosw

6.516cosw + 3.24cos?w +3.276 1
6.516cosw +3.24cos’w +3.2761 = 2(0.0181 — 0.018 cosw)

6.516 cosw + 3.24cosw + 3.276 1 0.0362 — 0.036 cosw
0 = —6.552cosw — 3.24cos’w — 3.2399 -

ES
£
|

DOl = N = N =

Let cosw =z

0 = —6.552z — 3.2422 — 3.2399, Solution is: z = —1.1607,z = —0.861 52
i.e. |w = arccos (—0.86152) = 2.6091 | the other root is not used as imaginary
To find if low or high filter, let w = 0 then

_ [({1-009 cos0)\2 0.09sin0 2 _ _[7.1-000 12 _ -
|H (0)] = \/(1.81+l.8coso) + (aietsees) = \Y (1?8!+1?8) =2.7701 x 107°
= cosx\2 .09sin 2 A1-0. cosm\2
atw=m, |H(7T)l = \/(11810-3?8cm:rr) + (1.82-?-!1.518nc0s7r) = \/( 11,8&?19.8cou:11) =190
Since |H (w)] is much larger at large frequency, than at DC, then this is a | high pass filter

B
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3.6 HW 6

HW#6
EECS 152A, Digital Signal processing

UCI. Fall 2004

By Nasser Abbasi
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HW 4, EECS 152A DSP.

Problem 4.53 , Digital Signal Processing, 3rd edition, Proakis, anolakis
by Nasser Abbasi

UCI, Fall 2004.

Question

Derive the expression for the resonant frequency of a 2 pole filter with the poles at p; = re?® and p; =
gien by 4.5.25
Solution

Here, wg =0
Hence 4.5.25 is

2
wy = cos™ ! (1 all cosH)
2r

U (w) = /1472 —2rcos(f —w)

We know that

and

Uz (w) = /14712 —2rcos (8 +w)

Take the product of U310 and minimize the result and solve for w = w,

U, = \/1+'r2 27‘COS (0 —w)\/1+72 —2rcos (8 — w)
d
- (U1l) (Uz)+U2 (th)

(2rs1n (6 — w) (~1)) = ——rsinlbw) __

i1

But Z; dw (Ul) 2 /1+r2 2rcos(0 w) \/1+r'2—2rcos(0-—.u)
1
-2

N _ rsin(f+w)
and &5 (U2) = 3 ey 27900+ 0) (D) = BBl
Hence

i(Uu) = U U)+Ud(U)

db.) 1U2 - ldllJ( 2 25 1

V1+72—2rcos(d —w)rsin(§ +w) /1472 —2rcos( +w)rsin(f —w)
V1+712 —2rcos(f +w) V1+72—2rcos(f — w)

Take common denomenator

(1472 —2rcos(f —w)) rsin(f+w) — (1472~ 2rcos (8 +w)) rsin (6 —w)
V1+71%=2rcos(0 +w)y/1+ 72 —2rcos(f —w)

This derivative is mimumum when the numerator is zero.
Hence

d
o (hUs) =

0=(1+7r%—2rcos(f —w)) rsin(@+w)—(L+r2—2rcos(f+w)) rsin(d—w)
But for r # 0, divide the above by r to simplify, we get

0=(1+r2—2rcos(9—w)) sin(9+w)—(1+r2—2rcos(0+w)) sin (6 — w) (1)

Expand (1) and use the following relations to simplify
sin (8 + w) = cos@sinw + sin # cosw
sin (f — w) = sin @ cosw — cosfsinw
cos (0 — w) = cos@cosw + sinfsinw
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cos (0 +w) = cosfcosw — sinfsinw
Hence (1) becomes:

e Se— .
—sinf cosw + cos @ sinw —r

(1+ %2 — 2rcos (0 — w)) (cos@sinw + sin f cosw)

—(1+ 2 — 2r cos (0+w)) (sinfcosw — cosfsinw)

(cos@sinw + sin @ cosw) + 7% (cos B sinw + sin @ cosw) — 2r cos (6 — w) (cos fsinw + sin 6 cosw)

2

— (sin@cosw — cosfsinw) — r° (sinf cosw — cosfsinw) -+ 2r cos (0 + w) (sin 6 cosw — cos fsinw)

. . . b I « .
cos fsinw + sin 8 cosw 477 cos B sinw + 1% sin 6 cosw —2r cos (# — w) cos fsinw — 2r cos (§ — w) sinf cosw
———
% sinf cosw 412 cos Bsinw + 2r cos (8 + w) sinf cosw — 2 cos (8 + w) cos fsinw

2 cosfsinw + 2r% cos fsinw — 27 cos fsinw (cos (§ — w) + cos (8 + w)) — 2rsin f cosw (cos (# — w) — cos (6 -H«)

2 cos fsinw + 21 cos Bsinw — 2r cos @ sin w (cos # cosw + sinfsinw + cos f cos w — sin I sinw)

—2rsinf cosw (cos @ cosw + sinf sinw — cos f cosw + sin fsinw)

2cosfsinw + 202 cos fsinw — 27 cos @ sinw (2 cos f cosw) — 2r sin 0 cos w(2 sin f sinw)
2 cos fsinw + 272 cos fsinw — 4r cos? #sinw cosw — 4rsin® 6 cosw sinw)

. . . 2 .9
2 cos fsinw + 212 cos fsinw — 47 sinw cosw (cos' 6 + sin” §)

2 cosfsinw + 2r cos fsinw — 47 sinw cosw

So the solution to 2 cosf sinw + 2r2 cos fsinw — 4rsinw cosw = 0 will give us w,
g

. 5 . .
2cosfsinw + 2r°cosflsinw — drsinwcosw = 0

sinw [2cos 0 + 2% cos ) — dr cosw| =

Hence, we get first solution as sinw = 0 or

and we get the second solution when

2cosf + 2rlcost — drcosw =

(2+2r2) cosf) —drcosw = 0
drcosw =
(2 +2r?)
cosw = ——+cosf
4r \/
2
cosw = (1_’_—1) cos b
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HW 4, EECS 152A DSP.

Problem 4.69 , Digital Signal Processing, 3rd edition, Proakis, anolakis

by Nasser Abbasi

UCI, Fall 2004.

Question

Determine the gain by for the digital resonator described by 4.5.28 so that |H (wp)| = 1
Solution

From page 342, equation 4.5.28 is

1— e
H (w) = bo =y s g (4.5.28)
Hiw)= % 1 — (cos2w — jsin 2w)
T = 7 (cos (wo — w) + 7 sin(wp —w))) (1 — reos (wo +w) + jsin (wp +w))
Set w = wy
1 — (cos 2wy — J sin 2wp)
H(w) = b _ —
(1 — 7 (cos (wo — wp) + jsin (wo — wp))) (1 — 7 cos (wo + wo) + j sin (wp + wp))

e 1 — cos 2wg + 7 sin 2wy

B 0(1 —7) (1 — 7 cos 2wy + J sin 2wy)

_ 1 — cos 2wq + 7 sin 2wy

T rcos (2wp) + jsin2wg — 7 + 72 cos 2wy — jrsin 2wq

— b (1 — cos 2wq) + j sin 2wq

- 0(l — 1082wy — r + r?cos 2wg) + j (sin 2wy — 7 sin 2w)
Hence

\/(1 — c0s 2uwqg)? + sin® 2wy

|H (w)|

2

bo
\/(1 —reos2wg— 7 +r2cos 2w0)2 + (sin 2wg — 7 sin 2wy)

\/ 1 + cos? 2wy — 2 cos 2w + sin? 2wy
’ V(L4712 =2r) (1 + 72 — 27 cos 2wy)
2 (1 — cos 2wp)
0 V(1412 =27) (1 + 72 — 27 cos 2wp)
Set |H (w)] = 1 and solve for by

2 (1 — cos 2wo)
/(T + 12— 2r) (1 + 72 — 2r cos 2wy
V(1472 —2r) (14 r2 — 2r cos 2wg)
2(1 — cos 2w)
\/(1 — 1) (1472 — 2rcos 2tp)
2 (1 — cos 2wy)

bo

V1412 — 27 cos 2wy
V2 — 2 cos 2wy

b(]:‘—(lv’r)
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HW6_EECS_152.nb 1

Inf118]:=

(*To TA, I could not simplify this any more, so I solved it
using Mathematica, please see solution for b0 below *)

(*solution by Nasser Abbasi for HW 6, 152 x)

pl=0.8Exp[I » 2Pi/9];

p2=0.8Exp[-I « 2Pi/9];

p3=0.8Exp[I » 4Pi/9];

p4=0.8Exp[-I « 4Pi/9];

z1.= 15

22 = -1¢

z3 =Exp[3IPi/4];

z4 =Exp[-3IPi/4];
(z-2zl1) (z-22) (2-23) (z-4)
(z-p1) (z-p2) (z-p3) (z-p4)

result = H[Exp[Iw]];

Print["Result before substitution for w is= ", result];

H[z_] :=Db0

result =result /. w- 5Pi/12;
Print["Result before substitution for w is= ", result];

gain = Solve[Abs[result] == 1, b0];

Print["Gain is = ", gain];

Result before substitution for w is=

(b0 (-4 et¥) (~1-e*) (1+e'¥) (-e™H" +e')) /(((-0.612836-0.51423 i) +&*¥)
((-0.612836+0.514231) +e!¥) ((-0.138919-0.7878464i) +e**) ((-0.138919+0.7878461) + &*¥))
Result before substitution for w is= {19.967-10.6848 1) b0
Solve::ifun : Inverse functions are being used by Solve, so scme

sclutions may not be found; use Reduce for complete solution infermation. More..

Gain is = {{b0 - -0.0441577}, (b0 - 0.0441577}}) @

Se use fb;;}éo 19 /Al

s H®) = o o 44

Printed by Mathemaltica for Students
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CHAPTER 4. EXAMS

4.1. Exam 1
4.1 Exam 1
‘%V 1

EECS152A Exam #1 October 26, 2004
Name:  NASSER- ABRASTI.

ID.:

This is an 80 minute, CLOSED BOOK exam. If you have any questions, please ask. GOOD
LUCK!

Question 1: (¢
Question 2: 20
Question 3: |5
Question 4: 1<
Question 5: 10
" Question 6: 7
Question 7: | 7

TOTAL:
()
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4.1. Exam 1

2

Question 1 (10 points) Consider the continuous-time signal o Fr= &

= f:_, = Yor MR
z(t) = 5sin 80t + 3 cos 257t — cos 707t
a) What is the Nyquist rate for this signal?
F =40 #2 Fro = 12-5 Ha 5 = 38 H2 .
Ser : , H 2 . —~ J _
e U7 7\0[ T Z{lxs _@

e 2E

b) For what values of the sampling rate F, will sinc interpolation allow us to recover z(t) exactly O

from its samples?
ﬁw v Lo g =7[ '}‘; ;7 N77V.’J7L Z{weejrﬁ»aZ‘
) ) .
v @
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3
| -
Question 2 (20 points) Consider the continuous-time 51gnal ( e
-
z1(t) = 10 cos(507t + )
Suppose that we sample z;(t) at a rate F, = 20 Hz to generate the sampled signal z; (n).
a) Determine the sampled signal z,(n).
T(P))—— fs) CA/JC S0 77 (HTB ‘I'_"V‘> @ A
=l Go( s (L))
" 2o
)ﬁ‘.'"} =)0 flan ( 277(1 _’_.n)
: s il L
b+ ')(:I bwi‘ i ! = :’/{ (‘)TI‘I: 1o M(‘?“ (V)WI_TI\)J
Y B Ty Fps g =3 =
7 /
b) If we apply sinc interpolation to z;(n), determine the recovered continuous-time signal z/ (£).
S = T 'S e o e
LY SH = 5/!’)1 = = _"fL >/£) z’ﬁqfﬁ“’u'
G — _j
| - Lj __—— | gec
ENSE ) s , nde el T
== 7(_—-(‘-\}_._ o Cen (/ 277 ( )y\.._z_/r $
50‘ 77 -:_--- 7 — /] "
_I’ {_--j_l = /o {/‘_,{ ?i!(;}f“?““‘ 7"7})
=3 "
=W Co Lo ¢4 m) = |le &WC lo 7Tt ﬂﬁ
¢) Consider the continuous-time signal - L/ @
Zo(t) = 10cos(27 F't + 7)
Suppose that we sample z5(t) at F; = 20 Hz to generate the sampled signal x3(n). Determine
all values of F' for which the signals z,(n) and z;(n) are equal for all samples n.
2y (“) = (0 Cis f/ 4y 7 F {QT) + 7 )
=loa(er £, +7
W) - - + _r N b \ - 1 T
3(‘7’_', f}O be;(?,p 2—@”"’_ } { = ,u(,,/‘r)): }G /IU(’ZfJ ]f n{‘i)
- lsse F . oy ] )
ZFTZ‘; n T
CY e f"_;—le—r' 5 F=FE + <‘r§ g 2N, P
\\_./'/\/r—";‘_“"“?f e _
1_ = 594 3)75),QS,' 35 -3‘ 55\,-»—_7
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Question 3 (15 points) a) Compute the z-transform of ) [ ll '
5y

b) What is the region of convergence?
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Question 4 (15 points) Consider the system

y(n) = 2z(n) +4
a T[)(,(n)l b TC’X\(“).B

| ?
a) Is this system linegy® T Ya ze0xb i)y =
. led . p
NG . \/ 2(a =(\(-)+n\(“\]'r4~/i f&[l?f.th)'t‘f)-&-b.[_ 213‘11"11‘4]\/

2 %, () 4 2b X109 4 2 2.a%,(D+4L + Zeca(n) -,_-ﬂ‘cg
b) Write down the definition of a linear system. Use the definition of linear system to justify
your answer to part a).

Adinitln 5 LT EXTIE. w\)} = a T[] b Tl

— .
Tf‘\f’_ﬁ_n_j 4)5, M( '64«4' 4\4:) :z’}[\o)) ’_y.,_(v,)® ‘
%) ”’P‘g'lg Bl At we e A LHS % RHS
(e ‘02” A A Y B Fre a=h b=l b

rmL«&ﬂ/M? a=l ,b=1 .
Hewer  NST  Linee ‘5

-
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Question 5 (10 points) Consider the system

y(n)=i;x(lc) = ax(o)yxli)ry(2)+- - % (n)

k=0
a) Is this system time-invariant?

o (9
b) Justify your answer to part a).
a2 /)W\afw La 7Z;vv1€ ',lq\/avfcm_qL ]f— W i"/m
7){*»:&4(:_} Thoe %;J M{WW—F ;7L 111/‘_1 }hdéﬂﬁ h)LJ"\
e pet g ot Aol ieip s -

o 9(nL) = Y(n=Ll) "«“#‘fv{)b

9(”-’ L) = Z“Q’" = (K’-.‘L) = wxl-L)y (1) (2 - . +x (L)
k=0 |
oL
&CH-L) = = DC(K) : = x(o)+x()+ x () + -~ Fx(n-L)
Foa

W e 7(»,)») —_ ‘()(Y)~L) o%éb S+ Lo

*'?). NeT  Fime —amvenink @ .

‘é)tvwhl S om= 3) L= | e et

ume) s s (=) tx(o) + x (1)t x(2)
ylnv) = 2) +%() vx(2)
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7

Question 6 (10 points) Let z(n) = §(n) and let y(n) = (%)"u(n). Compute the cx:osscorrelg.-
tion rzy(l) of z(n) and y(n). T o

A

Wik = = A Sk

ﬂ:_d

b b ![n—f)z o alf n-£ & o .
< e whm N f = S =

> )f

% o I(r;a(ﬂ) - (4—)? 7

£ wha f=n
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- 8

Question 7 (20 points) The following input-output pairs are observed during the operation
of a linear time-invariant system

z1(n) ={0,0,4} «— w(n)={0,4,6,-8}
T T

z2(n) = {2,4} +— w(n) ={2,7,2,-8}
t t

a) From this information, is it possible to determine the output y3(n) of the system for the input

Clo D . £ s
E o ot
\( S 23(0) =1 z3(1) =-1 6: " e W&
elta ) P

Assume that z3(n) is zero for all other values of n. fo pV)ie

m

b) If you answered no to part a), explain why not. If you answered yes to part a), determine

the output sequence y3(n). T ol Need to yse =, (), Y, ()
N Fond  J=) B
o s 09w,
Y (2)= 42 LEE -wﬂ S
2 HE) YR L ysleyioea® - (E +2 4 Z_I/
%Z) 4& > @ +@
oo g, mnes (T ) o 6
n oz
( ) ‘fﬂ( a]‘(}\{( P p‘WU[' >

f/( Zi’g/'): ~| , o 5¢+ - | L‘\’J
Y= BRI BT
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