University Course

EE 3015
Signals and systems

University of Minnesota, Twin Cities
Spring 2020

My Class Notes
Nasser M. Abbasi

Spring 2020






Contents

iii



Contents

CONTENTS

iv



Chapter 1

Introduction

Local contents



1.1. Links CHAPTER 1. INTRODUCTION

1.1 Links

1. class web page (needs login) https://canvas.umn.edu/courses/158230|

2. Media page (needslogin) https://www.unite.umn.edu/secure/Spring20/EE3015/|

1.2 Text book

ALAN V. OPPENHEIM
ALAN S. WILLSKY

WITH S. HAMID NAWAB



https://canvas.umn.edu/courses/158230
https://www.unite.umn.edu/secure/Spring20/EE3015/
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1.3 syllabus

EE3015: Signals & Systems, Spring 2020

Course Description

Basic techniques for analysis/design of signal processing, communications, and control
systems. Time/frequency models, Fourier-domain representations, modulation. Discrete-
time/digital signal/system analysis. Z transform. State models, stability, feedback.
Prereq: [EE 2011, CSE Upper Division] or dept consent

Instructor

A. B (Bob) Mahmoodi

Office: Keller Hall 2-115
Phone: 612-625-3027

Email: mahmo006(@umn.edu
Office Hours: M W F 9:00-10:00 am

Lecture
MWF 10:10 — 11: 05 am Keller Hall 3-125

Discussion Sections

Wednesdays Sec. 002: A. B. Mahmoodi  12:20 — 1:10 pm Vincent Hall 213
Wednesdays Sec. 003: A. B. Mahmoodi  1:25—2:15 pm Akerman Hall 215
All discussion sections will start on January 29"

Teaching Assistants

Omer Burak Demirel

Email: demir035@umn.edu

Office Hours: Thursday Friday 9:00-10am (Keller Hall 2-276)

Jack Erhardt
Email: erhar057@umn.edu
Office Hours: M Tues 12:00-1:00pm (Keller Hall 2-276)

Text Book
Signals & Systems 2™ ed. Oppenheim & Willsky & Nawab

Computer Software
MATLAB Student version, latest version (this software is available to all CSE students)

Topics covered

Chapter 1 (1/22, 1/24)
Introduction (Sections 1.1-1.7); Continuous and discrete-time signals; Operations on
signals; Properties of signals; Elementary signals, Continuous- and discrete-time
systems; Interconnections of systems; System Properties; Intro to Convolution
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Chapter 2 (1/27 thru 1/31)
Time Domain Representations for Linear Time Invariant Systems (Sections 2.1-2.5);
Convolution; Properties of convolution; Difference and differential equations
(characterizing solutions, block diagrams & interconnections)

Chapter 3 & 4 (2/3 thru 2/21)
Fourier Representations of Signals (Sections 3.1-3.11); continuous time Fourier series
& transform and properties (sections 4.1 — 4.7)

Midterm 1, Friday Feb 28“‘, Chapters 1, 2, 3, 4

Chapter 5 & 6 & 7 (2/24 thru 3/27)
Applications of Fourier Representations (discrete time); Frequency response; Fourier
transform representation for discrete-time signals (sections 5.1- 5.8); Application to
filters (sections (6.1 — 6.7); Sampling continuous-time signals; Reconstruction of
continuous-time signals from samples (sections 7.1-7.5)

Chapter 9 (3/30 thru 4/3)
The Laplace Transform, definition and convergence properties (Sections 9.1-9.9);
Inversion; Solving Differential Equations; Transform Analysis of Systems.

Midterm 2, Friday April 3", Chapters 5, 6, 7

Chapter 10 (4/6 thru 4/17)
Intro to Z transform (sections 10.1-10.9); inverse Z transform properties and
existence of the transform; Applications in digital signal processing.

Chapter 8 (4/20 thru 4/24)
Introduction to Communication Systems (sections 8.1-8.9); Modulation application

Chapter 11 (4/27 4/29)
Intro to Feedback System (11.1-11.5) (If time permits, review otherwise. Typically
this is covered in detail in your control systems course.

Review (5/1, 5/4) Last day of class is on 5/4.

Final Exam: 1:30 — 3:30 pm Saturday May 9", Keller Hall 3-125

Homework Assignments

Homework is assigned every week and is due the following week. The grader will grade
a random selection of problems out of all assigned. 50% of your homework problems will
be graded for correctness of your solution, and the remaining 50% will be graded based
on an attempt at a solution (please show your work). No late homework will be accepted,
except in emergency situations.
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Please scan your homework as a PDF file and submit it via canvas to our TA by the due
date. Paper submissions will not be accepted.

Several assigned problems require the use of MATLAB. This software package is
available to all CSE students, and on the CSE lab computers.

Grading Policy

Midterm I 25% 2/28, in lecture
Midterm II 25% 4/3, in lecture

Final Exam 35% 5/9, 1:30 — 3:30 pm
Homework 10%

Discussion Quiz 5%

Other Important Information

Student Academic Integrity and Scholastic Dishonesty:

Academic integrity is essential to a positive teaching and learning environment. All
students enrolled in University courses are expected to complete coursework
responsibilities with fairness and honesty. Failure to do so by seeking unfair advantage
over others or misrepresenting someone else’s work as your own, can result in
disciplinary action. The University Student Conduct Code defines scholastic dishonesty
as follows:

Scholastic Dishonesty:

Scholastic dishonesty means plagiarizing; cheating on assignments or examinations;
engaging in unauthorized collaboration on academic work; taking, acquiring, or using test
materials without faculty permission; submitting false or incomplete records of academic
achievement; acting alone or in cooperation with another to falsify records or to obtain
dishonestly grades, honors, awards, or professional endorsement; altering, forging, or
misusing a University academic record; or fabricating or falsifying data, research
procedures, or data analysis.

Within this course, scholastic dishonesty includes, but is not limited to, looking at and/or
copying from another’s exam, using unauthorized note sheets during exams, any
unauthorized communication during exams (including verbal and/or electronic
communications), etc. A student responsible for scholastic dishonesty can be assigned a
penalty up to and including an “F” or “N” for the course. For additional information,
refer to the student conduct code available here:
http://regents.umn.edu/sites/default/files/policies/Student_Conduct Code.pdf

Disability Accommodations:

The University of Minnesota views disability as an important aspect of diversity, and is
committed to providing equitable access to learning opportunities for all students. The
Disability Resource Center (DRC) is the campus office that collaborates with students
who have disabilities to provide and/or arrange reasonable accommodations.
Additional information is available on the DRC website:
https://diversity.umn.edu/disability/
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2.1. Discussion, second week

CHAPTER 2. MY SOLUTIONS TO...

2.1 Discussion, second week

211 Questions

4 Convolution

Recommended Discvsin 2
Pl‘OblemS Problawl 4. L 4.2 ¢ q.2 (/ L imms ellows)
P4.1

This problem is a simple example of the use of superposition. Suppose that a dis-
crete-time linear system has outputs y[n] for the given inputs x[n] as shown in Fig-

ure P4.1-1.
Input x[n] Output y [n]

1 x[n] 1 »1ln]
—o—L o—o————1n n
-1 0 1 2 ==l 0 1 2

1 x[n] 1 ])’z["]

7Y n " *o—n
-1 0 1 2 3 -1 0 1 2 3
2

II ’ Ix;[nl 11 y3ln)

n - ®- n
-1 0 1 2 3 -1 0 1 2
Figure P4.1-1

Determine the response ¥ (n] when the input is as shown in Figure P4.1-2.

1 x4ln]
n
-1 0 l 2 3

el

Figure P4.1-2

(a) Express z,[n] as a linear combination of z[n], x:(n], and x3[n].
(b) Using the fact that the system is linear, determine y4n], the response to x,[n].

(¢) From the input-output pairs in Figure P4.1-1, determine whether the system is
time-invariant.

P4-1
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CHAPTER 2. MY SOLUTIONS TO...

Signals and Systems
P4-2

P4.2
Determine the discrete-time convolution of x(n] and kin] for the following two
cases.
(a)
fi[n] 2
xin)
. 4 & L » n L d L d » n
-1 0 1 2 3 a4 -l 0o 1 2 3 4
Figure P4.2-1
(b)
3e
hn]
2
x{n]
1
s ]
']
- ? - -——e—e— 11 ~—e - it
01 2 3 4 -1 0 1 2 3 4 35
Figure P4.2-2
P4.3
Determine the continuous-time convolution of 2(¢) and k(t) for the following three
cases:
(a)
x(8) h{t)
1 1
¢ I3
0 4 0 4
Figure P4.3-1
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Convolution / Problems
P4-3

)
x{t) A1)
| e_(’—”u(l—]) | u(t+1)
r
0 1 ! -1 0
Figure P4.3-2
()
E16) h(t)
: §(:—2)
: t !
-~ 0 1 3 0 2
Figure P4.3-3

P4.4
Consider a discrete-time, linear, shift-invariant system that has unit sample re-
sponse h[n] and input x[n].
(a) Sketch the response of this system if z[n] = §n — ng), for some ny > 0, and
Rln] = ()u{n].
(b) Evaluate and sketch the output of the system if k[n] = O uln] and x[n] =
ulnl.
(c) Consider reversing the role of the input and system response in part (b). That
is,
hln] = u[n],
x{n] = Pruin]
Evaluate the system output y[n] and sketch.
P4.5

(a) Using convolution, determine and sketch the responses of a linear, time-invar-
fant system with impulse response k(t} = €™ u(t) to each of the two inputs
(1), 2,(t) shown in Figures P4.5-1 and P4.5-2. Use #(t) to denote the response
to x,(¢) and use y,(t) to denote the response to ().

2.1.2 Problem 4.1

Solution

2121 parta

We need to find linear combination of x; [n], x, [1n], x3 [n] which gives x4 [1]. In other words,
looking at samples at n = 0,1,2 and adding corresponding samples gives

a+b+c=1
b+c=-1
c=1

But from second equation b = -1 -1 = -2 and from first equationa =1-b-c=1+2-1=2.
Hence
2x1 [n] =223 [n] + x5 [n] = x4 [n]
10
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2122 partb

Therefore by linearity
2y, [n] = 2y, [n] + y3 [1n] = ya [1]

Hence
Yaln] =20[n+1]+0[n]+26[n—-1]-26[n-2]
2 2
1
2 I I I I . 2 . 2
-2 -1 0 1 2 3 4
-2
Figure 2.1: Plot of y[n]
2123 partc

System is time invariant if shifted input gives same output but also shifted by the same
amount as the input is shifted by. Let us consider x; [n]. By shifting it to the right by one,
then the output should y, [n] but shifted to the right by one which is y; [n —1]

Figure 2.2: Plot of y1[n —1]

Shifting x; [n] by 2 now the output should be y; [n — 2]

11
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Lo
l¢o
oto
NP

Figure 2.3: Plot of y[n - 2]

But adding x; [n] + xq [n — 1] + xq [n — 2] gives x3 [n]. Which has the output shown. Let us
now add y; [n] + y; [n = 1] + y1 [n — 2] and see if this gives same as y; [1]

Tw

Figure 2.4: Plot of all shifted inputs of x;[x]

Since the above is not the same as y;[n1] then the system is not time invariant.

2.1.3 Problem 4.2

Solution

21.31 Parta

By folding x[n] and shifting to the right, we see that y[0] = 2,y[1] =2+2 = 4,y[2] =
2+2+2=6,y[3]1=8,y[4] =6,y[5] =4,y[6] =2,y[7] = 0 and y[n] = O for all other values.

«

3 3
3 s
2 2
B R S S SR S SR SR S |
-2 0 2 4 6 8

Figure 2.5: y[n]
12
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21.3.2 Partb

By folding x[n] and shifting to the right, we see that y[0] =0,y[1] =0,y[2] = 0.5,y[3] =
1,y[4] =15,y[5] =1,y[6] = 0.5,y[7] = 0 and y [n] = O for all other values.

Figure 2.6: y[n]

2.1.4 Problem 4.3

Solution

2141 Parta

By folding x(f) and shifting, we see that for + < 0 that y(tf) = 0. And for 0 < t < 4 the
integral becomes

y(t) = ‘[(;th(’()d’[ O<t<4

t

:fldT
0

=t

Andfor 0<t-4<4o0ord<t<8

y(t):ft:h(’f)d’c 4<t<8

= f 1dt
t—4

=4-(t-4)
=8-t
Andfor 4 <t—-4ort>8
y(#) =0
Hence y (t) is
0 t<0
t O<t<4
P =
y® 8-t 4<t<8
0 t>8

13
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Figure 2.7: y(t)

2142 Partb

By folding £ (t) and shifting, we see that for ¢ < 0 that y (tf) = 0. And for ¢ > 0 the integral
becomes

() = j;1+th(’[)d’[ £>0

1+t
= f e Vdr
1

e_(T_l) 1+t
=]

1
~[e]

_ [e=(@+D-D) _ (1)
| ]

-[e+-1]

1+t

=1-¢7t
Hence y (¢) is
1.0:-
0.8 —
0.6 —
oA4:-
0.2 —
2 4 6 8 10

Figure 2.8: y(t)

21.4.3 Partc

By folding / (t) and shifting, we see that for -2+t < -1 or t < 1 that y(t) = 0. And for
-1 < -2+t <3 orl<t<5 the integral becomes x () itself (i.e. original x (t) but shifted to
right by 2). And for 3 < -2+t or t > 5 then y () = 0. Hence

0 t<1
y) =9 x(t-2) 1<t<5
0 t>5

14
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1.0

0.6

0.2

-2

Figure 2.9: y(t)

2.1.5 Kkey solution

4 Convolution

¢

Solutions to  Dicvscn 2 Slohun
Recommended Problems

S4.1

The given input in Figure S4.1-1 can be expressed as linear combinations of x,[n],
Lz[n], xs[n].

x,[n]

|
T

Figure S4.1-1

(@) xy[n] = 2x\[n] — 22:[n] + X4[n]
(b) Using superposition, y4[n] = 2y,[n] — 2yz[n] + ys[n], shown in Figure S4.1-2.

n

=2

Figure S4.1-2

(c) The system is not time-invariant because an input x,[n] + x,[r — 1] does not
produce an output y,[n] + y,[n — 1]. The input z|[n] + x[r — 1] is xy[r] +
xy(n — 1] = z,[n] (shown in Figure S4.1-3), which we are told produces y,[n].
Since y,[n] # yi[n] + yi[n — 1], this system is not time-invariant.

xy[n]+x[n—1]=2x,[n]

|

0 ]

Figure S4.1-3

S4-1

15
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CHAPTER 2. MY SOLUTIONS TO...

Signals and Systems
54-2

54.2

The required convolutions are most easily done graphically by reflecting x[n] about
the origin and shifting the reflected signal.

{a) By reflecting x[n] about the origin, shifting, multiplying, and adding, we seé
that yin] = xin] * R[n] is as shown in Figure 54.2-1.

yin] ¢8

Figure $4.2-1

(b) By reflecting x[n] about the origin, shifting, multiplying, and. adding, we see
that y[n] = x[n] « k[n] is as shown in Figure $4.2-2,

¥

——e
o b—e

p

o

(=} ]

Figure $4.2.2

Notice that y[n] is a shifted and scaled version of k[=].

543

(a) It is easiest to perform this convolution graphically. The result is shown in Fig-
ure. 54.3-1.

16
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Convolution / Solutions
S4-3

y(O=x(t) « k(1)

Figure §4.8-1

(b} The convolution can be evaluated by using the convolution formula. The limits
can be verified by graphically visualizing the convolution.

y(t) J- . x(Hh (t— n)dr

J ¢ Vu(r — Lyu(t — + + Ldr

t+i
[Meran im0
1

0, t <0,
Let = r — 1. Then
e "dr 1-—e7, t>0
y(t) = j 0 = !
0 0, t <@
{c¢) The convolution can be evaluated graphically or by using the convelution

formula.
y(t) = fj 26t — v — 2)dr = x(t ~ 2)

So y(t) is a shifted version of x(t).

y{)

Figure 84.3-2

17
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2.2 Discussion, week 3

2.21 Questions

Dl‘LwSSIoN q _ ?vac‘)‘l'u, PV«—-LLI-P\-‘ Fov f‘h‘JEM-\L wed od‘lv

PwLLun L Con Q?ch-r e CO\*VDL:‘T“" ?jth = xh= l"(h DN
Xl+\: G/)CT('{’\ .[.U,L{q-,) —u(f-l)J
L\H’\ = U+ —ul+A)

Comple  yth R £ 4°

FyOL\LMZ. Co.l(,,l,,,\w_ )l Fouriec Sevies (oc#- 0“(
SI‘SV\L\ *H'\
ity e S1(E Y GalTT

\ v 'C\-Md m.n.)
i by a\\ S'V-C\vbu(.ltls’{ o pahet Bl g‘-c'\v:‘“&sﬂuz‘

P,_,,Llc\hl. olb‘)‘ﬂ:~ D“_\(,L‘Q CuthLl\‘L UL

Q_h uln-s]
W +hie Whiee  XW) =
i @ RO RN hinyz @(=n)

ALsom ;n> \O"\ <\

Ceede LTI System
?"""l"“""- /\)\_g fm‘x,\kc fugx«nbf— og-a A'S“

hiny 11 2 2]
s \Y \ i \'1 e\
,T‘ N n n=o ”
o e \\‘,J- KRy s X(n)=[;~ L] n
r=o
I The obypd Gy B d

el ol : ok
Ky B By #

2.2.2 Problem1

Solution

Folding h () to becomes h (-7). Therefore, when 1+t < -1 or t < -2, then y (t) = 0 since

there is no overlap.

When -1 <1+t <1, or -2 <t <0, then there is partial overlap. In this case

1+t
y(t):f cos (mtt)dt -2<t<0

=~ fsin (ro)]}

= % [sin( (1 +t)) —sin (-m)]

= 1 sin (7t (1 + t))
e

18
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When 1 <1+t <3,or0<t<2,then there is partial overlap. In this case

1
y(t):f cos(mi)dt  0<t<2
t-1

1 . 1

= [sin(n7)],_,
1

= — [sin (71) —sin (7t (f = 1))]
U
-1

= —sin(n(t-1))
U

When 3 <1+t or t > 2 then y () = 0 since there is no overlap any more. Hence solution is

0 t< -2

sin(m(l+f)  -2<t<0

Zsin(m(t-1) 0<t<2
0 t>2

y(t) =

The following is a plot of y (f)

mySolution[t_] := Piecewise[{

{0, t < -2},

{1/PisSin[Pi (1+t)], -2< t <@},

{-1/PisSin[Pi (t-1)], @< t <2}, {0, True}}]
Plot [mySolution[t], {t, -3, 3}, PlotStyle - Red, GridLines - Automatic,

GridLinesStyle - LightGray, AxesLabel » {"t", "y (t)"}]
y(t)
0.3}

2F

oAb

-0.1F

=02

-0:3-

Figure 2.10: Plot of y(t)

19
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2.2.3 Key solution

Distossom 4

S)\v'l\'vw ; {+‘ k{+)‘

-1 . !“'_\1

Lleml.
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( T L 2 | w(nt
Con( M b | d = — \ \ ‘

prodlema Ly . S& ‘A})fcm(-mﬂ
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3 g 1
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To °\>¥‘*‘.‘- ;umit‘-wu..lu.\ s"‘“\“-"‘) e b‘ /é WAE]
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4
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3 1

N3l

,
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3.1 practice exams
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3.1.1 Midterm 1, oct 2001

EE 3015 Name :
Midterm 1
Oct 10 2001

Problem 1. Obtain the impulse and step responggs for the LTI system described by: I
Ay :5'(“\ Yu Vel

~(05)u(m) - 2 ZA0 hnkyremy ] 90, RYTI
A (15pts) h) =05 u@) - “Jin) l\Z _—iﬂ" Wt sty Shop

B. (15 pts) h{t) = exp( 0.5 §) aes

e WU oty xCy= 80 b
Yih -jmv\kuq\olr | ek | * U el
-
MED
Problem 2. Given the frequency response of a LTI system H( € ), for the following input signal find
the steady state expression of the out put signal , \ .
R v TR N ST
= r—y NN Yy € .

A. (10 pts) x(n) =2 cos((n/6)* n + =/5) [

B. (10 pts) x(n) =5 sin((n/3)*n + =/8) Amy o=,
3. Compute Fourier series coeff. For the following signalsi—— . a

5 (am\r;-'\‘ ';rm;‘,: SI\«; Jfo Ce Siiag
A. (15 pts) x(n) =2 sin((n/3)*n + w/2) + 3 cos((w/6)*n + =/5) = t6Y= C (h )
B. (15 pts) x(t) =exp(j2nt) + exp(j3nt) S = e r )
=Ch(x-m /‘L>
DXy =2 C’>C-n15 »n—*“/i’:‘-n/L) - 36"’(”/;;‘" + n/r).
Fuv\(}\(«\V"’-LD L2, = T\/(,~
4. (20 pts)Given the magnitude & phase profile of a filter find the impulse respimse of this ﬁlter_.
1Hced®) ] LE.E.N>
fvo ! T I‘-[ Nag N . P“J/St«w r\* -b';\_sc_‘.g,‘*\ﬂ..
. gwg- = nN
. anid k\

“Ma | oAy oo T .
' -0 ;
| 70 Iy ~&i\-he“ﬂ::.g}_-»-
] N 1 en , iy ~ ‘Jﬂ-. .
\’1""\ N'Z—(:\ Weed ) e da T Hiee e —'ﬂL‘é Sl Dy
- el
- = <« *
M n. o
Y Joun
=\ e J:Lu‘f (_)/L_
zn ‘ . —
Y Ty ¥ (- .
ke L Mlema 1l ’
= e 4-2.\"2_, = — . im,
zn o zr J (”") . | Iu
—-Tl/..[ ‘ [ JCn“:ST!MI ;J (y‘")“_/w‘:l R
Ty -

24



3.1. practice exams CHAPTER 3. EXAMS

Q‘.lv)\.{ ’\rw Sawa\m £?§r,‘w~
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= \

l'l?- Kiry =8y The. D)= ?qu hin4) = heny = 0.5y )
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o/ ° |
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&
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3.1.2 My solution to Midterm 1, oct 2001

3.1.21 Problem1

n
Obtain impulse and step response for L'IT described by (a) h[n] = (1) uln] (b) h(t) =

2
1,
e 2u(t)

solution
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3.1.21.1 Parta Letx[n]=06[n], hence

yln]=o[n]@h(n]

o0

= ), Olklh[n-k]

k=—00

But 0 [k] = 0 for all k except when k = 0. Hence the above reduces to

y[n] =hn]

yfom

y[n]=uln]®hn]

o0

= Y] hlklx[n-k]

k=—00

Let x[n] = u[n], hence

Folding x [-n], we see that for n < 0 then there no overlap with & [n]. Hence y[n] = 0 for
n < 0. As x [-n] is shifted to the right, then the convolution sum becomes

y[n]:zn:h[k] n>0
k=0

a1+n

This is the partial sum, given by a—l_ where a = - <1
1+n
3 U
z) T I
k=0 5 1
1+n
1
(B -
= 1
2
=2-2@2)""!
=2-2" (2)

Therefore

] 2-27" n>0
nl =
4 0 n<0

31212 Partb Letx(t)=05(t), hence

yt)=ut)®h(t)
- fm X (D) h(t = 1) dt

:fm SO h(t—-1)dr

=h(t)
— 005t

Let x (t) = u(t), hence

yt)=ut)®h(t)
:foox(t—’[)h(’()d’[
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Folding u (-t), we see that for t < 0 then there no overlap with & (1) = ¢%°%u (7). Hence

y(t) =0 for t < 0. As u[-n] is shifted to the right, then the convolution becomes

t
ym%ifh@MT £>0
0
t
— f e~ 05741
0
_ (e—O.ST )t
-0.5 0
=2 (6—0.5t _ 1)

=2_ ze—O.St
=2(1-e0%)

Hence

CJ2(@-e) 20
y(t)_{ 0 t<0

3.1.2.2 Problem 2

Given the frequency response of LTI system H(Q) for the following input signal, find
the steady state expression of the output signal. (a) x[n] = 2cos (%n+ g) (b) x[n] =

5sin (gn + g)

solution

3.1.2.21 Parta
Tt T
x[n] = Zcos(—n + —)
6 5

To find the fundamental period, cos (gn + g) = cos (% (n+N) + g) = CoS ((gn + g) + gN).

Hence need gN = m27m or % = 11—2 Hence. N =12. Therefore
O = 27
07 12

And the input is x[n] = 2 cos (Qon + g) Hence the output is

y[n]=2 |H (Q0)| cos (Qon + g + argH(QO))

31222 Partb
(1] = 5sin (20 + 2
x[n] = 5sin 311 5
To find the fundamental period, sin (gn + g) = sin (g (n+ N) + g) = sin (gn + g + gN)

Hence need gN = m27 or 1@\1 = %. Hence. N = 6. Therefore

27
Qy= —
07 6

And the input is x [n] = 5sin (Qon + g) Hence the output is

y[n]=5 |H(Qo)| sin (Qon + g + argH(QO))

3.1.2.3 Problem 3

Compute Fgurier §eries coefl. for the following signals. (a) x [1] = 2sin (gn + §)+3 cos (gn + g)
(b) x(t) = & 4 37t

solution
28
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3.1.2.3.1 Parta For discrete periodic signal, the Fourier series coeff. a; is given by

x[n] = i akejk(%)n 1)
k=—00
= - N ainge H @
n=0

In this problem

[n] = 25 (7’( +7'c)+3 (n +n)
=2sin|=n+ = —n+—=
x[n sinfzn+ 3 cos{zn+ g

To find the common fundalmental period. sin (gn + g) = sin (g (n+N) + g) = sin ((gn + g) + gN)
Hence gN = m2m or % = gl. hence N = 6 for first signal. For second signal cos (gn + g) we
obtain EN = m2m or 1% = 5> or N =12. hence the least common multiplier between 6 and

12 is N =12. Therefore

O = 21
T 12
Hence (2) becomes
1 & k{2 )
G == Q x[nle %
12 nz:;)
1 11

= — Y x[n]e ko
12 &=

But instead of using the above formula, an easier way is to rewrite x [] using Euler relation
and use (1) to read off a; directly from the result. Writing x [#] in terms of the fundamental
frequency Q) gives

. Tt T
x[n] = 2sin (ZQOn + E) + 3 cos (Qon + —)

5
, [ J2Qon+3) _ -i(2Q0m+37) ; [ J(Qont5) e_]'(QO;H_g)]
= +
2

2

2 T T YL L
= 2— (eIEeJZQO” — 3_153_1200”) + E (eIEeJQO” +e 756_100”)
]
1.~ . 1 . L it
= —‘3753]200” ——e 13 =201 4 23756]00” + gg 15 p=7C0n
]

Now we can read the Fourier coefficients by comparing the above to Eq(1).

This gives for k = 2,a, = %e’g and for k = -2,a_, = —%e_jg and for k =1,a; = 2373 and for

T

3 _il
k=-1,a_; = 5e T3

N
vl A

N
=
|

J
ala

AN
AN
|

o

o~
NIA

a, =

=P NN W

And a; = 0 for all other k.
29
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3.1.2.3.2 Partb For continuos time periodic signal x (), the Fourier series coeff. g; is
given by

x(t) = Z aelkwot

k=—c0

1 )
a = ffo(t) e Tkaot g

In this problem
x(t) = pf2mt 4 3Tt
The period of ¢?™ is 1 and the period of ¢*™ is ; Hence least common multiplier is Ty = 2

2n .
seconds. wy = S =7 rad/sec. Both of the above terms can now be written

ot et
x(t)y=¢eTo +¢7T0

— ejza)ot + ej3a)0t

Comparing the above to

x(t) =Y apelkoot

k=—00

Shows that for k = 2,4, =1 and for k = 3,4, =1 and a; = 0 for all other k.

3.1.2.4 Problem 4

Given the magnitude and phase profile of this filter, find impulse response.
solution

We are given H (Q2) and need to find / [n]. i.e. the inverse Fourier transform
1 Tt .
Iﬂn]:——lf H(Q) d2dQ)
2nJd_,
1 Tt . .
= o [ IH@dve@e g
2n J_,

But |H(Q)] =1 and argH (QQ) = —Q as given. The above reduces to

f Y e g0y
T

1
hin] = —
[n] = -
1

f * Q) 0y

_I
4

1

:2n

()
(=)

1 1

—j (L =mn)

= (L =mn)

1 [e—jQ(l—n) ]%n

1 &ﬁ%km_gﬂkm)

J30 _ iz m

n(l-n)
1
n(l-n)
-1
n(l-n)
1
nt(n—1)

=
sin (g 1- n))
sin (g (n- 1))

k

)

|

sin
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3.1.3 Midterm 1, oct 2018

EE 3015 Midterm 1 — Oct 10th 2018 Name &ID & Uwv\
(Derati. So mu)

caleotds alloted

Problem 1. {25 pts.) Given the discrete time system with input x[n] and impulse response h[n] obtain
the output sequence y[n] by applying discrete convolution.

x[n]=[1,0,-1,1],hjnl=[1,1,-1,-1] both sequences are positive and start with n =0 position.
Show your work below.

al +t e
Yy i'n’—‘{i:L ) X n=2. Azl T\\L"\
i n=o . i e (';‘pn;-l i l

wewys L KB heo-k ¥ o

Y= —e?

n <o Ne owf\uw “viny=o

N=o Weoy = (L =\

n=d Wy = (DO &« We =
n=z qizy = (D) g (3 + N0 = - =y =—1
n=3 Ylay = (EHED A Y L=y = = =t z-=1
N =i by = (k) A (D ey = Fri=2
n=s YeY= Enin +(-0(H= 1\ =0
SV S P A R
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Problem 2. (35 pts.} The impulse response of a LTI system is given as

hit)=u(t) -2u(t-1)+u{t-2)

Where u(t) is a unit step signal. Determine the output of this system y (t) where it's input x(t} is given as

t
ty=er (-t} . u(t+1 4 .
x(t)=e (-t} .u(t+1) X4y 'm"ﬂ wikyze W lts)
26

‘q(-{" = L) —zut o) «-L-(("r-l)

4
& -t
e
\3(—{-}—_ f Y -1 L»(T"\dr {\ il
P - ‘n(h &
\ 2
o vt
feyiom V. ) _/A/]
— o <t Lo pNooveleyy
oty me e
ﬂtbiv-l: \ »'{:“V'>D =3 o 7 '% ?-i
T +
'-3(4\:} - -
Lenewz 2y tabt = 1>ty

PR | Ty -t 4
%Uﬂ'—f"f Jdr +j(_|)\e AT = 2€ ~e& e

o
{

ﬂ\*)u‘-f oSt I>z = oy 4 71

| et 2z -1
lﬁ@r“’j AN +Ic-.).é AT
] l ([-1’.‘\ —+- (l'f_)
€

= 2é -€ -
o ~o? (‘t‘-’\‘-ﬂ
l_—-
-‘" 'ﬁt'}r\ - e_e -1 <.t <o
2.3“—4—_)4_{_"& o Lt 40

2 éM?. e_iﬁ(z-ﬁ‘\ b2 e

32



CHAPTER 3. EXAMS

3.1. practice exams

Problem 3.(40 pts.) A discrete periodic sequence is given as x[n]:
x[n] = 2sin{3nn/8 +n/2 )+ cos(mn/4 +m/3) obtain the following :

(a) {10 pts} Find the fundamental frequency and period of this signal.

{b) (15 pts) The Fourier series coefficients for x(n) sequence.
(c) (15 pts) Fx{n) = cos { tn/4 + w/3) is an input to a system with frequency response H{ e #jQ)

where

H (erj0) = (1- e Q) ) ( 2 + er|-j20)) obtain the expression for output y(n).

i .
‘Jﬂ\.. \_e“\ PACEN 9
Rie - - - j2Ln -———l ™

- &

| Hiem\ = e

xere 2 sa(3n =) = Calnnh < Th)

oy - 2n
“Q\ = g‘éj‘— ﬂ.'_—;_-n/‘_i_ \"UV\AG\W\%\\O gbt-\ -—g?-u - ‘:;.
Ly Q.3 s o= NEle el
€ e = 04
- .ﬂb - ‘,—l; = n/g, \’\»"\')@*«"""-' . b\\
- J)A/luv\\ '
), X () = Z:Z(k\_ € S8 ) —-J(j'ﬂa” "'ﬂ/L\))
h'r-.—ﬁ - .17 ( C —_—
) Jlegon SIS ~y (22, ~74 )
~ L ( e + €
T
e e
} . Ej"" =1 k-2 |- &A(: 1y +) SN R :H(E\M)
T XLM = e Sy L: ~2 2 -CH( ) a,‘_\ INPY (T
?:i"né " I HLC.;‘H' = JU‘"C\’. Cip‘_.))':' - $ian,
.e—__ =
= / \/(Z Ll 1A 5‘:%?/:.‘}
e)"”/gf b = +3 B At ﬂ-‘—‘—ﬂ/‘-f
j e ety ot s e S moma T \ ‘ |
: 'ernbx 1 )A) L S |
\ T by (12, (2 i
(O yo)= FHES S| 6“0(3‘”*/;* 4 oy ALhem C»c.,m)_;
\ - ) _"L“_" SIQ{ZQ)
2-Colrpy

‘0 {0 :‘-5-"/# ,+b' g!u‘\('ﬂ/) -‘k g ('nf\

5 J {"f' R .:‘(_...._.-——q-—' n o 1~ (A

’ Hie' S| .-.._l_l_:f_.j-ﬂ/-'[\ AK Hie™) V=2a (M) z-a.,(nr)
[ i

pety [2-e

= ‘\/Z‘"‘%‘?]L'f{{;" =

3.1.4 My solution to Midterm 1, oct 2018

3141 Problem1

Given the discrete time system with input x [#] and impulse response / [n] obtain the output
sequence y [n] by applying discrete convolution.

x[n] = [1,0,-1,1],h[n] = [1,1,-1,-1]. Both sequences are positive and start with n = 0
position.
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Solution
y[nl=x[n]®h[n]

Folding x[-n]. When n = 0,y[0] = 1. When n =1, then y[n] = (0)(1) + (1) (1) = 1. When
n=2y[nl=-1)1Q)+0) 1)+ 1)(-1) = 2. When n =3,y[n] = (1) (1) + (-1) (1) + (0)(-1) +
M(1)=1-1-1=-1. Whenn=4,y[n]=1+1=2. Whenn =5,y[n] =-1+1 =0, when
n==6,y[6] =-1. Whenn > 6,y[n] =0.

Hence
]/ [n] = [1/1/ _21 _11 2/ OI _1]

3.1.4.2 Problem 2

The impulse response of LTI system is given by h(t) = u(t) — 2u(t —1) + u (t - 2) where
u (t) is unit step signal. Determine the output of this y (t) where its input x (¢) is given as
x(t) =etu(t+1).

Solution

By folding x (f). See key solution. Used same method.

3.1.4.3 Problem 3

. . . . . . 37 e ¢ b4 .
A discrete periodic sequence is given as x[n] = ZSIH(?n + E) + cos (Zn + 5). (a) Find
fundamental frequency of this signal. (b) Fourier series coefficients for x[n]. (c) if x[n] =

. . . 1-e79 . .
cos (gn + g) is an input to system with frequency response H (Q) = 2+eTfQ’ obtain expression
e

for y[n]
Solution
. [3m m 3 m 3 . .

3.1.4.31 Part a For sm(§n+ E)’ we need §RN = m2m or N = e Since relatively
prime, hence N = 16. For cos (%n + g) we need %N = m2m or I% = —. Hence N = 8. The
least common multiplier is 16. Hence fundamental period is N = 16. Therefore Q, = %ﬂ = g.
3.1.4.3.2 Partb Since input is periodic, then

x[n] = 2 a,elkon 1)

k=—o00

By writing the input, using Euler relation, we can compare the input to the above and read
off a;. First we rewrite the input using common Q) as

x[n] = 2sin (300” + g) + cos (ZQOn + g)

Hence

x[n]=2

67(390n+§) B e—j(agomg) e;(zgon+§) + e—j(ZQon+§)
2 " 2

= 1e7(300"+§) _ 13‘7(390“%) + 18(290”%) + 1e_j(zgoﬁg)
j j 2 2
= L5 epnon _ L5 pp00n o L5 gocon | 1 55 o
j j 2 ?
Bu: ¢z = jsin; = j and e’ = ~jsin = —j and Js = COS(%) +jSin(§) - %\/§j+% and
e 73 = cos (g) — jsin (E) =1_ %\/5] Hence the above simplifies to

3 2

] = 000 4 PO 4 (14 V5]) P01 — 2 (1~ V5j) @
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Comparing (2) to (1) shows that

a3 =1

a_s =1

az—%eig - 31(1+\/§j)
g =3¢ =3 (1-V5)

3.1.4.3.3 Part c The output is

y[n] = |H(Q)|Q:% cos (zn + g + argH(Q)Q:

4
But

1-e79

2 +¢720
I1-e79

T R+e?@

IH ()] = ‘

\/ (1 - cos Q)2 +sin?Q

\/ (2 + cos ZQ)2 + sin? (2Q2)

When Q = z the above becomes

=0.34228
And

2 + 720
(1-cosQ)+jsinQ
= ar
&2+ cos (2Q)) - jsin 2Q)
sin Q)

e/
arg H(Q)) = arg

= arctan (

When Q = Z the above becomes

T Sin (g)
argH(—) = arctan | ———— | — arctan
4 1-cos (Z)
. Tt
sin (- -1
= arctan 4)77 —arctan (—)
1 - cos (Z) 2
. Tt
sin (— 1
= arctan 4)“ + arctan (—)
1 - cos (Z) 2
= arctan (2.4142) + 0.46365
=1.1781 + 0.46365
=1.6418 rad

;) .

¢ —sin (2Q))
1-cosQ arctan 2 + cos (2Q))
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Hence (1) becomes
y[n] = 0.3423 cos (gn 4 g 4 1.6418)

3.1.5 Final exam practice exam 1

ECE yog - C\\:uo [-\U-';'\

S«v..r\.ﬁ \
1. {25 points) The Laplace transforms of the natural and forced response ﬁor_u systema;egzmby
a) Find the natural nse ™ (t). -
© A C ‘-m{___is_"‘jf’_f) . S - T A= 3;:? 5:~2_= :‘\-:

E+NGH) Srz S+

B= 3s%S
S4 2 S ~|

fl
e

1!

|\)

_ -t
y V= e ”u&) + 2e  ule)

C ~
f a——
{b) Find the forced response y\(t). \{“(q: -é--» ?;‘—‘;‘ AT @

= bt _ B G - %@
(Si'l\ks"\) S:.D‘ 3 S (Sf l) \S=‘\ - e ca
c= e%\ 2
< (S+1Y g"'l _ vk
) o Baly) - ée tu\%) + % e ux{:%B
? -1

Cp=3 Hotv\o%en. \( =) f?,sL\,(ﬂ{Qv(,H
(c) Find the differential equation description for this system. O
Let S be AX) + B A "!(k\ 1CP = (x\' = 4:1

e AXS + B s - B ®(o%) Xley= %%‘ x(o%)=3
s = ﬁ_!--L 2%~ 3B

A -
A= @=0 iﬁ(@ P30 P = Lx(t)

{d) Find the initial conditions and the input. 76(4:‘) _ Q w(_.g)

7(0")=

(l

—2e & —2e

-t o _
.,I: \f(. ) \{—;01’ 2 . £
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2. (15 points) Find the Fourier Transform of the signal

() = (% [te“"““]) + (cos(2t)etu(t))

-V FT 2
< " Irw®
- e\ T Ze-su
6 f-"—’-—} !-4-(.4.)7" ‘_5“; .
R , ...)
- -1 FV d 7-3__) E': _236 - Z:e - z.ZLd
‘te s 'J:o I’H’Q‘L H—uf‘ (H—UO)
_')w
' —e-d T - é:_ le §
i% N } )m dw 1w’
|
-+ 1 JUL B
e wldy. ——> ]w+\ I
N ) ¢ ()
Ccos2te Ul «—> = (SLVJ*-?.)H J
AW A\ \
WAL BLANES By R RSN
Xcgw) = )«;—“’: dw \jrw® )
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Since

3. (20 points) A system hag impulse response
. Cod 1\" )
h(t): -} 8t~
g“;) (t ~ n)

Use convolution to find the output y(t) for an input z(t) = u(t

+ 3) — u(t - }). Sketch y(t) in the apace>

- N) ¥ xE) = K(E-N)

S EYsten) % x@) = 5 (L) x(£-n)

i (_‘i)n [u(%-rl*"z.) ~ule-nt = )J
n=o

et
1
g L
N L
‘ia.t L‘ 0 A i : A
5 Y, ¢ Sy 5, 3t

38



3.1. practice exams CHAPTER 3. EXAMS

4. (25 points) Consider the system depicted below. We have zfn] = z(nT), yira] = hinjs z[n], and
¥(t) = h(t) « ys(t).

Samopl { .
X %\‘ b X} \‘Am-’- s.;w: ALY ’\“m___ sivx"%t Y
? " Y

ATA

a5 . -w,z! W X 3% W
(a) Find the maximum 7 so that z(t) can be reconstructed from x[n| using a lowpsss reconsiruction filter.
ampline T v y [ 3¢ G 2

(b) Let 7 = 2. Sketch X;(jw) in the space provided. ¥ ¢ ({u) =§§-_x(r@"k“°"55 we= 1T

‘ls-aﬁ

K ljws)

/\/\/V\\/W\/ AVAVANSS

(c) Sketch Plei). — T o

W)= 30D se YDI= Dy = G|

= St
=
N(ed™)
\/kl\m/\
(@ S Biw). -R ‘ « 2w L
T
~ \ fwo | 5
Hkgw’) - 0 0%2(‘
_CL \'(in
T
~W. Wi ! ' ‘G- “
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He™)
.
5. (15 points) A discrete-time system is depicted below. We have 4 rj ‘ : i.
3 Y '.’:TT. ‘F n o 7
3h]=Z(I+k)om(k§-n), y{n}=2+4m(§n) ¢ e e ‘
= 22200) o (T2,)
21l = (nbintad)(gw )
Ytei™)
Yt { ‘T Ta«T f.« r‘ 1“‘
' T w ™ 52
F3%
» ™)
(8) Sketch Z(e™). t \ =
8, &
N £ T T
2(25) 1. \{L€3 )@Qkﬁ ) + T \ 1_ ‘*/‘L
Y
Q™)
1 \ T
-7 | x
Y kY

) -% \ v R} N n_
(b)m;(h]- 7 I %‘; ;?1 w
Y
- g!l'.
Yied™) y W)= 6N T qeoszn
A TR
T
1 ‘—ﬁ ‘ T
5 T
7z 1 15"( 2z
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3.1.6 Final exam practice exam 2

gef 27 il ten
.Shvv‘\-! z
1. (20 points) An LTI system is described by the differential equation

&? d d? d
Bf—,y(t) + 93—ty(t) -10y(t) = 3:2—{2-:1:(0 + TEEz(t) - 10z(t)

Assume the system has initial conditions y(0%) = 5, %y(t)L_0+ = —28 and input (%) =
u(t —~1). -

(a) Use Laplace transforms to find the natural response. x(ty\= O

Ny - é‘}?\bo’” sy(e) +4s¥t) -Ayiom) -10Yts)= O

Nis) = S¢ +45-28 _  Ss ¥ 1T 6 LR

2* +Q¢ - 10 (s- )(s+to) st SFIO

A= ‘?’s*'”\ =y pe2R) o ER=3
e 5= | A PO

V()= Qetue) + 3 el
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(b) Use Laplace transforms to find the overall output of the system. d v
\/L‘\:\‘-: \i(“\’(‘t\*— 7‘”({-} Note x¢8)=0 -————‘X{)\

() z 7e - 1O
\( (SB:—' g% -\--_ZS

=0t
-5
X() X(s)= e (.1_)
* . as - 10 >
-5 - 2 -0
= RAe Re *® . Ce > A= 5i+7§ \ = |
_—-_S P . <+ 10 s+ Qs -t0 Fa)
B:’ 1;97'-&7%”0 - .-?—-: )
S (S+10) Vo= W
220 .
C = 234510 ) = /o = &
360— ‘S(Q") SE—10
S (1)
—j0 (-1
v (Y= ule-) + e dule-1y
) (£) )
tﬁ(LB’ G4 (ey j (t)
. -toC €=t
T Qetate) 37 oy Tuleny 4 27T ey

(c) Is this system stable? Justify your answer
Not SHHe N&"wurq\ reSFo\«w W lows “ >
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2. (20 points) Let a signal y(t) have FT representation

Y(jw) = e-i% (Siﬂ(%)) ( 4 )

w 9+ w?
Find y(t). 2 _ ) _ 2
X(gw\ = & yo 2._,.__.-———-—?":(1“3 %(3"‘)5 g +w™
-3t
(&) = le
X \ £ k
‘he’g ‘s Y e ¥
‘ ~ -
o 4 o B l =
\f({—\ = X&) &)
| 202 \) t<O s+
/| W ey= he e et
ﬁﬁﬁﬁﬁ -7 ) O oftier
|
T
. -
+7 £ T We o = e 3% 6 <€ <t
' o o Haer
+<«0 ES y<t | 3 |
(" LT ) _.:S\‘/%e 3E g-HeT <t
yie) = 3¢ T d< WARED o Hee
+ -4 O
= 631:]'[7 i -\—