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Chapter 1

Introduction

This was a hard course only because it was 5 weeks longs and we meet 4 days per
week and things went very quickly. We had 6 quizes, 2 exams, and HW’s and computer
assignments. The instructor was Dr James Kang, EE dept, and was a very good instructor
and explained things really well, but his exams were a little on the hard side.
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1.1 syllabus

CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA hup://www.csupomona.edw/~jskang/spring98/eced05.ht

CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING

«

SYLLABUS

ECE 405 Communication Systems (4)

Prerequisite: ECE 307 and ECE 315
Instructor: Dr. James S. Kang
Office: 9-321

Office Telephone: (909) 869 — 2532
jskang@csupomona.edu
www.csupomona.cdu ~jskang

Text: Lathi and Ding, Modern Digital and Analog Communication Systems, 4th ed., Oxford,
2009.
Previous Text: Haykin, Communication Systems, 4th ed., Wiley, 2001.

Grading: Quizzes - 40%, Midterm - 25%, Final - 25%, Homework and computer assignment -
10%.

* All exams and quizzes are open book, open notes
¢ No make-up quizzes or tests are allowed unless approved by the instructor in  advance

Topics

Review of Fourier Series and Fourier Transform

Amplitude Modulation and Demodulation
Double-sideband modulation
Amplitude modulation
Single-sideband modulation
AM receiver design

Frequency Modulation and Demodulation
Phase modulation
Frequency modulation
Superheterodyne receiver

ADC and DAC
Ideal sampling
Practical sampling

(" Pulse code modulation
Differential pulse code modulation
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA http://www.csupomona.edw/~jskang/spring98/ece405.htm

Adaptive differential pulse code modulation
Delta modulation
Adaptive delta modulation

Baseband Transmission
Line coding
Pulse shaping
Equalizer design

20f2 6/21/2010 8:46 PM



1.2. Text Book CHAPTER 1. INTRODUCTION

1.2 Text Book

There was an official textbook, but it was not really needed. Taking good notes and
working on the given HW’s was all what is needed. The text book is below.

Text book was Lathi and Ding, Modern digital and analog communication systems, 4ht
edition.

Modern Digital and _
Analog Communication
Systems &.P. Lathi - Z,lat?ins -

v"ﬂ
v

Figure 1.1: text book
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Quizes
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21 Quizz1

Jassay” dipbas,
ECE 405 QUIZ #1 20 POINTS SUMMER 2010 /{'
e
- A model of a balanced modulator is shown below. Let the message signal be o
m(t) =2 cos(27rx10|0001). The frequency of carrier is f. = 100000 Hz so that Te=1/100000 s. B

=25 kHz.

e (a) Plot m(t) in the time domain for 0 <1 < 0.2ms,

" (b) Plot the spectrum M(f) = F[m(t)] in the frequency domain.

.~ (c) Find the exponential Fourier coefficients Q, of q(t) and represent q(t) by its exponential
Fourier series.

<~ (d) Plot the spectrum Q(f) = F[q(t)] in the frequency domain.

_ (&) Plot vi(t) in the time domain for 0 < { < 0.2ms.
(f) Plot the spectrum V (f) = F[vi(t)] in the frequency domain for -600 kilz <[ < 600 kHz.
(2) Plot vy(1) in the time domain for 0 <t < 0.2ms.
(h) Plot the spectrum V,(f) = F[v,(1)] in the frequency domain for -600 kHz < f< 600 kilz.
(i) The center frequency of the bandpass filter is changed to 5f, with bandwidth 50 kHz. find the
expression for v,(t).

Bandpass filter

m(t) Vi) | with bandwidth 2B | v, (1)
2 and center frequency >
&
- 0]
q()
1
l T f |
T, T £
= | - _4,& 0 _Zg I, 2T, t
-1
-
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2.2 Quizz2

(__/f.-n(‘\{ NN o s

IS

ECE 405 QUIZ #2 20 POINTS SUMMER 2010
== 1. A message 7
| #=

/
m(t) = 3.0 cos(2mx2,000t)+6.2 cos(2mx6,0001) N /,/,m ( ,J.,_/;;_) gl oy
amplitude modulates (AM) a carrier , )

Llew(t) 4 ol

10 cos(2m=x100,0001) -—(—

2
(a) Plot m(t) in the time domain for 0 <t < Ims.
(b) Plot the spectrum M(f) of m(t) in the frequency domain.
(¢) Find the modulation index p of this AM modulation.
(d) Plot the AM waveform in the time domain for 0 <t < Ims.

(e) Plot the spectrum of the AM waveform in the frequency domain.
(f) What is the bandwidth of the AM wave?

. c
& 2w @)+ S Ca( P
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2.3 Quizz 3

N aeser . A\;)r:,m S\ /5

A
ECE 405 QUIZ #3 20 POINTS SUMMER 2010 #

—

1. The block diagram of USSB}gcncmtion using phasing method is shown in Figure 1.
Let x(1) = 2 sin(2r3000t)-and {; = 30000 Hz.

(a) Plot x(1) in the time domain for two periods starting from t = 0.
“(b) Plot the spectrum X(f) of x(t) in the frequency domain.
"(c) Find the Hilbert transform (1) and plot £(1) in the time domain for two periods starting
fromt= 0.
‘/((_1) Plot the spectrum X' () of #(1) in the frequency domain.
Ae) Find the waveform at (1) and plot it in the time domain.
(N Find the spectrum at (1) and plot it in the frequency domain.
) Find the waveform at (2) and plot it in the time domain.
(h) Find the spectrum at (2) and plot it in the frequency domain.
/(i) Find the waveform at (3) and plot it in the time domain.
(3) Find the spectrum at (3) and plot it in the frequency domain.

m W) G

x(1)
K
y
oscillat
-1/2 phase —
shifter 3
- cos(wml) é )
v 5—;

-1t/2 phase E

() shifter

sin(w.t)

(2)

PR
. ,}LS\I\ ¢
Figure 1

sin(o + ) = sin(a) cos(B) + cos(a) sin(3)

sin(a - [3) = sin(e) cos(P) - cos(et) sin(3)

cos(o + ) = cos(ct) cos(B) - sin(a) sin(3)
cos(a - 3) = cos(a) cos(P) + sin(a) sin(f})
sin(a) cos(P) = (1/2) [sin(a — B) + sin(c + B) |
sin(a) sin(P) = (1/2) [cos(a — B) — cos(o + B)]
cos(or) cos(P) = (1/2) [cos(a — B) + cos(u + f)]
cos(a) sin(p) = (1/2) [~ sin(a. — ) + sin(a + B)]

16
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24 Quizz 4

Necser M. /{/iiﬂ -

ECE 409 QUIZ #4 20 POINTS /é
e

Ltk . Assume

1. The loop filter of the second-order analog PLL is given by F(s)=
5

that K =0.32, T, = 15/4.

(a) Find the open loop transfer function G(s) = F(s)K/s.
_ (s)
o)’
(c) Find and plot the impulse response h(t) of this APLL.
(d) Find and plot the step response hy(t) of this APLL.
(e) Find and plot the error response he(t) to step input of this APLL.

(b) Find the closed-loop transfer function H(s)

23
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2.5 Quizz5

; Nﬂ $SeC M\, p\\‘_\}b(r‘llz

ECE 405 QUIZ #5 20 POINTS

1. A message m(t) = 5 cos(2mx30001) frequency modulates a carrier of frequency 30 )
MHz. Let kr=2nx3000 rad/s/V and let the amplitude of the modulated wave be 0.2 V.
Determine the output signal-to-noise ratio in dB if the one-sided noise power spectral
density of the receiver is Ny = 10 W/Hz (no deemphasis circuit is used).

2. A message m(t) = 3 cos(2mx3000t) frequency modulates a carrier of frequency 30
MHz. Let ky= 2nx3000 rad/s/V and let the amplitude of the modulated wave be 0.2 V.
Determine the output signal-to-noise ratio in dB if the one-sided noise power spectral
density of the receiver is N, = 10® W/Hz and deemphasis is used at the receiver with Wy
= nif,, and B = f,,. o

3. Determine the minimum value for the carrier amplitude A, if the output signal-to-noise

ratio is 25 dB, and the one-sided noise power spectral density of the receiver is N, = 107
W/Hz, B =5, fn =15 kHz.

29
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2.6 Quizz 6

M QsSey R\D\\JC?/J;

P72}
Bl % N ——
ECE 405  QUIZ#6 20 POINTS 1

1. A sinusoidal message x(t) = 2 cos(2m2000t) is sampled at a rate of 10000 samples per
second (f; = 10000, T, = 1/10000). The sampling signal p(t) is a rectangular pulse train
with period 1/10000 seconds, amplitude h = 1V, and duty cycle d = 1/3.

“/(a) Plot x(t) in the time domain for two periods.
«"(b) Plot the spectrum X(f) in the frequency domain.
L~ (c) Find the expression of P(f) and plot the spectrum P(f) of the pulse train in the
frequency domain.
%) Find expression of the sampled waveform x,(t), and plot x(t) in the time domain for
two periods of x(t). '
]/(C) Find the expression of the spectrum X(f) of the sampled waveform, and plot X(f) in
the frequency domain for -6f; <f < 6f;.
() The sampled signal is applied to an ideal lowpass filter with bandwidth {/2. Find the
expression of the spectrum Y(f) of the output signal, and plot Y(f) in the frequency
domain.
(g) The sampled signal is applied to an ideal lowpass filter with bandwidth /2. Find the
expression y(t) of the output signal, and plot y(t) in the time domain for two periods.
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3.1 Mathematical indentities

Mathematical Tables
Trigonometric ldentities

tan(o) = [sin(o)]/cos(c)

cosec (o) = 1/sin(o)

sec(a) = 1/cos(ar)

cot(a) = 1/tan(o)

sin(o) = cos(90° - o) = sin(180° - o)
cos(o) = sin(90° - ) = - cos(180° - o)
tan(a) = cot(90° - o) = - tan(180° - ar)

sin(a + B) = sin(c) cos(B) + cos(a) sin(B)

sin(a - B) = sin(a) cos(B) - cos(c) sin(B)

cos(a + BB) = cos(a) cos(B) - sin(c) sin(B)

cos(a - B) = cos(cr) cos(B) + sin(c) sin(B)

tan(o + B) = [tan(a) + tan(B)]/[1 - tan(c) tan(B)]
tan(a - B) = [tan(a) - tan(B))/[1 + tan(a) tan(B)]

sin(a) cos(B) = (1/2) [sin(a. + B) + sin(a - B)]
sin(a) sin(B) = (1/2) [cos(a - B) - cos(a + B)]
cos(a) cos(B) = (1/2) [cos(a + B) + cos(a - B)]
cos(a) sin(B) = (1/2) [sin(a. + B) - sin(a - B)]

sin (2a) = 2 sin(ar) cos(a) = [2 tan(o)]/[1 + tan®(or)]

c0s(2a) = 2 cos*(a) - 1 = 1 - 2 sin’(a) = cos?(ar) - sin’(ct)
=[1 - tan*())]/[1 + tan*(or)]

tan(2c) = [2 tan(a)]/[1 - tan*(ar)]

sin(3a) = 3 sin(a) - 4 sin*(a)

cos(3a) = 4 cos®(at) - 3 cos(at)

tan(3c) = [3 tan(a) - tan*(o)]/[1 - 3 tan*(a)]

sin(4o) = 4 sin(a) cos(o) - 8 sin®(a) cos(a)

cos(4a) = 8 cos*(at) - 8 cos’(a) + 1

tan(4a) = [4 tan(a) - 4 tan®(a)]/[1 - 6 tan’(cr) + tan*(a)]

sin®(a) = (1/2) [1 - cos(2a)] = 1 - cos*(at)
cos?(a) = (1/2) [1 + cos(2a)] = 1 - sin’(a)
tan®(a) = [1 - cos(2a)]/[1 + cos(201)]
sin’(ar) = (1/4) [3 sin(a) - sin(3a)]

c0s* (o) = (1/4) [3 cos(a) + cos(3ar)]
sin(a) = (1/8) [3 - 4 cos(20:) + cos(4al)]
cos*(a) = (1/8) [3 + 4 cos(20) + cos(40y)]

cos(a) = [ + e1%)/2
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sin(o) = [ - e799/2

tan(cr) = () [¢" - e7]/[e" + &7°]

% = cos(a) + j sin(a)

e’% = cos(a) - j sin(o)

sin?(a) + cos?(a) =1

1 + tan*(a) = sec?(o)

1 + cot?(ar) = cosec?(ar)

sin(a) + sin(B) = 2 sin[(1/2) (o + B)] cos[(1/2) (a - B)]
sin(a) - sin(B) = 2 cos[(1/2) (a + B)] sin[(1/2) (o - B)]
cos(ar) + cos(B) = 2 cos[(1/2) (a + B)] cos[(1/2) (o - B)]
cos(a) - cos(B) = -2 sin[(1/2) (o + B)] sin[(2/2) (o - B)]

tan(a) + tan(p) = [sin(a + B)]/[cos(a) cos(B)]
tan(a) - tan(B) = [sin(a - B)}/[cos(a) cos(B)]

Indefinite Integrals

jsin(ax Jdx = — %cos(ax)

_[cos( ax )dx=§sin( ax)

jsinz( ax)dx:l—ism( 22x)
2 4a

Icosz(ax )dx=i+M
2 4da
jsin( ax )cos(ax )dx :isin2 (ax)

j xsin(ax )dx=al2 [sin(ax )—axcos(ax)]

J' xcos(ax )dx:al2 [cos(ax )+axsin(ax)]
sz sin( ax )dx=als[ 2axsin( ax +2cos(ax )-a’x’ cos(ax)]

I x”cos( ax )dx=i3[ 2axcos( ax )-2sin(ax )+a’x* sin(ax)]
a
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X _1 X
_fea dx_gea

J‘ xe® dx:alze ¥(ax-1)

J‘xzeaX dx=$eax(a2x2—2ax+ 2)

Xn

jx”eaxdx=
a

n -
eax;J'Xn la®dy
a

'[eaxsin(bx )dx= e [asin(bx)-hcos(bx)]

a’+b?

jeax cos(bx )dx=

Y e* [ acos(bx )+bsin(bx)]

jidx ~Ltan bxj
a?+b?x? ab a

j XPdx X afanl(bxj
a’+b2x® b? b® a

Sums of Powers of the First n Integers

Zk=1+2+3+ .......... +n:M
k-1 2
Zk2=12+22+32+ .......... +n2=w
k=1 6
Z": K = n’(n+1)>
k=1 4

k*="1(n+1)(2n+1)(3n? +3n-1)
i 30
: 5 n’ 2 2

k> =—(n+D*@2n* +2n-1)
P 12
If
Z kP =a,n"* +a,n” +a;n"t+......... +a,,,N
k=1
then

3
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k’”l:p—ﬂalnp*2+p—ﬂaznp“+p—ﬂa3np+ ..........
k=1 p+2 p+1 p
H1-(p+1) }n
i (p+3-K)
Series Expansion
3 5 7 9
tant(x)=x— 4 X X
3 5 7 9
_— 1x* 1.3x* 1.3.5x" 1.3.5.7 x°
sin?(X)=x+ =+ =1 A Z
23 245 2467 2-4.6-89
3 5
cos‘l(x)z——x—x——si ...........
6 40
. x x* x' X
sin(x)=X— "4+ 2 - T —
3 5 79
2 4 6
cos(x)=1- > 4 X X X .
20 4 6 gl
4
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3.2 Fourier series represenation of common signals

FOURIER SERIES REPRESENTATION OF COMMON SIGNALS

Rectangular Pulse Train

T = pulse width (—1/2 to t/2)

d = duty cycle = t/T,.

o = fundamental frequency = 2n/T,
sinc(x) = sin(nx)/(rx)

: hd, n=0
X, :T—Tsinc(nd):hdsinc(nd):  sin(nd)

0

n=0
nz

x(t)=hd +i2hd sinc(nd) cos(nat)

n=1

x(t)=¢, +i ¢, cos(nayt +6, )

n=1

, 2hd sinc(nd) <0
cO:hd_g, ¢, =[2hd sinc(nd)), en:{” . othelfwis)e<
: ,

If T = To/2, d = 1/2, and the equations given above becomes

, n=0
n 2
X, ==sinc| — |=
" [2) sin(%[]
h , n=0
nz

x(t) = g+z::hsinc(%]cos(nm0t)
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x(t)=c, +i ¢, cos(nayt +6,)

n=1
hsinc[n)
2

Let y(t) = x(t — To/2). Then,

T, hsinc[nj <0
2

0, otherwise

. 6,=

h
CO:E, CI‘I:

. 27Ty

Y e A X,e " = X, cos(nz) = (1) SinEMj
h 2

Rectangular Pulse Train with Time Shifting

to = 1/2.

T AT

x(t)

0
-270 -T0 270

. 2rtT inzt

T

o

2z . 27
n

- jnZly, - jnZZy, —jngZZ -
I Ginc(nd)e "™ =hdsinc(nd)e | ™" =hdsinc(nd)e * *? = hd sinc(nd)e

0

X

n

If Tt =TJ/2, we have

L[ |

0
-270 -3T0/2 -T0 -T0/2 0 TO/2 TO 3T0/2 270
t

()

h. (n) o h. (nY) 4 h_. (n
X, =—sinc| — |e”" =—sinc| — |e”"" =—sinc| — [cos(nr)
2 2 2 2 2 2
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Triangular Pulse Train

h

x(®)

0
-2T0 -TO 0 TO 270

T = half of the base of the triangle (-t <t <1)
d = duty cycle = t/T,.
wo = fundamental frequency = 2n/T,

X, =hdsinc*(nd) = :_Tsinc2 (n;ooTJ
0 V4

If T = Tg/2, then the pulse train looks like

\/\/

h

X(t)

o

-2To -To 0 To 2To
t
and
D, n=0
h n 2
X, =Esinc2 (2) =4 0, n=even
2h

Let y(t) = x(t — To/2).

|ZANZANZANZIN

-2To -To 0 To 2To

y(®)

Then,
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D, n=0
e _ 2
Y,=X,e "?=Xe™=X,cos(nr)={ 0, n=even
-2h
nziﬂ-z, n=0dd

Half-Wave Rectified Cosine

FAWANI

nz
h cos(zj
X ——2, nztl

x(t)

"z 1-n?

Half-Wave Rectified Sine

0 /
-TO -

x(t)

[A

TO/2 0 TO/2 3T0/2
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jh
x =
1 4
h
2 nz T n=0
X, =" 2)_) 0, n=t345%7,..
7 1-n -
N n=42,44,46,.......
7 1l-n

Full-Wave Rectified Cosine

VY

0
-3T0 -2T0 0 TO 270 3T0

x(t)

2h cos(nz) 2h (-1)
Xy=— 2 T 2
7 1-4n 7 1-4n

Full-Wave Rectified Sine

h / \/ \/
0
TO -2T0 -T0

x(t)

-3 0 TO 2T0 3T0
t
2h cos’(nz) 2h 1
Xn = — 2 = — 2
7 1-4n 7 1-4n
Sawtooth
5
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3.2. Fourier series represenation of ... CHAPTER 3. HANDOUTS

x(®)

0
-2T0 -TO 0 TO 270

x =N hso, jov
27zn

Exponential Decay

x(t)
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3.3 Properties of Fourier transform

Properties of the Fourier Transform

Property f(t) F(w)
Linearity (Superposition) a f,(t)+a,f,(t) a,F,(0)+a,F, (o)
Time Shifting flt-t,) e F(w)
Time Scaling f(ct) 1 F(gj
d \e
Symmetry (Duality) F(t) 27 (- w)
Time Reversal f(-t) F(-)
Frequency Scaling f(t)ele! Flo-o,)
Modulation f (t)cos(w,t) %F(w—a)c)+%F(w+wc)
Time Differentiation %Et) joF (o)
Frequency Differentiation tf (t) i d';(w)
[0
Conjugate () F (-w)
t
Integration I f(1)dA Ji F(w)+2F(0)5(w)
s @
Convolution jh(ﬂ)x(t —A)dA H(w)X (o)
Multiplication f,(t)f,(t) Zi J F,(v)F, (0 —Vv)dv
T —0
s < 2 173 2
Parseval’s Theorem :ﬂ f(t) dt o ﬂF(wX do
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Table 16.2 Fourier Transform Pairs (a > 0)

tu(t)

te*u(t)

cos(w,t) = cos(2f t)

2a
®® +a?

—2jw
w® +a’

276(w)

ﬂ[&(a)—a)c)+ 5((0+ @, )]

53

F(f)

asinc(fa)

asinc’®(fa)

1
j2xf +a

_1
—j2Af +a

2a
47°f% +a’
— janf
47’ f? +a’

-
(j2or +a)

%[5(f )+ o(F + £,
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sin(w,t) = sin(27f,t)
e "u(t)cos(e,t)

e "u(t)sin(e,t)
sgn(t)

sinc(ct)

sinc?(ct)

ol el

- jalslo-o,)-so+ )] [s(t - £)-a(1+ 1]

_ Jjota jor +a
(jo+a) +o? (j2r +a) +(2af, )
®, 27f,
(jo+a) +o? (j2A +a)° +(2f, )
2 1
jo jA
1 rect(wj 1 rect(fj
c 27C C C
1tri(wj 1tri(fj
c 27C c o
cos| —
2a ( 2 j 2a cos(maf )
1‘(wajz 7 1—(2af
T
a sin(wa) a sin(2zfa)
2 2
wa 2fall - (2af ) |
1_
()]
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41 HW's

Nags

el ‘(vﬂ. . //\’\I.— t.‘ & -

N
=

"
HW1, ECE 405
By Nasser M. Abbasi M
Cal Poly Pomona, ECE 405, first session, summer 2010.
Problem 1
= part(a)
60 30 70
x[t_] :=12Cos[2715000 ¢ - — 7] - 20 cos[2 720000 £ + 7] - 16 Cos [2730 000 £ - — x]s
180 180 180
one sided magnitude spectrum
data = ({15, 12}, {20, -20}, {30, 16}};
ListPlot [Abs[data], Filling -+ Axis, AxesOrigin - {0, 0},
PlotMarkers - {Automatic, 12}, AxesLabel -+ {"khz", "[X,|"}]
Xl
20
15r
10
sk
S L — e e khz
5 10 15 20 25 10
-

Prinled by Mathematica for Students
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2| hwinb

= part(b)

data = ({15, -60}, {20, 30}, (30, -70}};
ListPlot [datn, Filling - Axis, AxesOrigin - {0, 0),
Ticks -+ {Automatic, {{-90, "-90°=}, {90, "90°*}}}, PlotMarkers » (Automatic, 12},
AxeoLabel - {*khz®, *phase X,"}, PlotRange -+ {Automatic, {-90, 90}}]

phase X,
90°

9P L

question: As Dr Kang why key solution has angles summed in different way

= part(c)

data = ({15, 6}, {20, 10}, {30, B}, {~15, 6}, {-20, 10}, (-30, 8}};
% ListPlot [data, Filling -+ Axis, AxesOrigin - (0, 0},
PlotMarkers - {Automatic, 12), AxesLabel - {"khz", ®|X.|"}]

1Xal
D 10} D
9 8f o
ol
of
2 t
e & e 10 20 w ™
Printad by Mathematica for Students
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hwinp |3

a part(d)

data = {{15, -60), (20, 30}, {30, -70}, {-15, 60}, (-20, -30), {-30, 70}};
ListPlot [data, Filling - Axis, AxesOrigin - {0, 0),

Ticks -+ {Automatic, {{-90, *-90°*}, {90, ©90°¢}}}, PlotMarkers -+ {Automatic, 12},
AxesLabel -+ {*khz®, "phace X."}, PlotRange -+ {Automatic, {-90, 90}}]

phase X,
90

<

I D ! -~ khz
-30 Io -10 10 20

Problem 2

kﬁv = part(a)

Clearall [*Global™«*];

xn[n_] := hd8inc[Pind) Exp(-I2P1i £0n t0);

parameters = ({h-+1,d-1/3, £0->1/(3+210"-3), t0-»10"-3};
xn[n] /. parameters

1 2
et tnn

3 Sinc[?]

Printed by Mathematica for Students
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4| hwinb

= part(b)

data = Table[{n, Abs[xn[n] /. parameters]}, {(n, -8, 8}]:
Show[ListPlot [data, Filling -+ Axis, PlotRange - {Autematic, {0, .5)},
PlotMarkers - {Automatic, 12}, AxesLabel - {"n", "|X,|"}], ListPlot [data, Joined - True]]

12Xl

D.SF

f

U.4f

; 03

0.2 f

&) s
0.1F
& ¢
e a . o
Wi i ’ A N
-5 0 5
= part(c)

data = Table[{n, Arg[xn[n] /. parameters]}, (n, -8, B}]:
ListPlot [data, Filling -+ Axis, PlotRange -+ {Automatic, (-Pi, Pi}},
PlotMarkers - {Automatic, 12), AxesLabel - ("n", "Phase X,"}]

Phase .Y,
3t

—9
AN N ... SO ...

= part(d)
Power in the #"™ harmonic is 2 | .Y, |* where we multiply by 2 to take care of both sides of the spectrum. Hence for n =2

Abs [xn[2] /. parameters];
Row[{N[2 +%%], * watt"}]

0.0379954 watt

Printed by Mathemaltica for Students
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= part(e)

Fourier serices of x(t) is 5. _.,
at n=0

xn (0] /. parameters

1
3

substituting values, we obtain x(f) =

hwinb |5

Xa Exp[I271f0nt)

2:, ! -;innv?iunls- [ﬂ]
w3 € inc| 3

To verify, here is a plot of x(t) for n=10 terms for t=-10 ms to t=10 ms. Notice the delay which is 1 ms

10
fourier = Z xn(n] Exp

ne-10

{I2x€0nt);

Plot[fourier /. parameters., {t, -0.01, .01}, AxesLabel -> {"t (sec)", "x(t) approximation®}]

X(t) approximation

b

M H e LOE
08
06}
04}
o2}
M TN
—o.ﬁTﬁ “"""-;oms}"", B " ﬁs, R o010

Changine for numbers for terms to say n=30, we obtain

1]
fourier = Z xn[n] Bxp

n=-30

(I2xf0nt);

Plot [fourier /. parameters, (t, -0.01, .01}, AxesLabel -> {"t (sec)®, "x(t) approximation®})

x(1) approximation

M

06}

04

0.2

M 10}

08}

-0.010 $;S b

R R

L {sec)

0.005 ' .010

The approximation is better. But notice Gibbs phenomena at the comers.
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6| hwi.nb

part(f)

y()=x(t)*cos(2r 30000t). To find y(t), convolve the fourier transform of x(t) with the fourier transform of cos(2r 30000t). The
fourier transform of cos(2x 30000t) is % times impulse at frequency -30khz and at frequency 30khz. The effect of convolving the
fourier transform of x(t) with these 2 impluse is to shift the fourier transform of x(t) and center it over the impulses. Hence
Y,= % Ko + ;— Xn+m where m is amount of shift needed 1o center X, over 30khz and -30khz

The amount of shift is given by m = % =90, hence 90 spectral lines are needed to shift X, , hence
3
Y,= ;‘Xn-% + %ano
Y, =3 hd Sincl(n - 90) d] Exp[~/ 2 Pi f0 (n - 90) (0)+3 hd Sinc[(z + 90) d] Expl~1 2 Pi f0 (1 + 90) 10]
simplify, the above becomes

1 1 1 1 . 950 +n
ya(n_) 1o — e 7100 T gipe [PL - (-90+ n)] +—@ T Mrgyne [Pi ]
6 3 6
Simplify [yn(n]]
2 1 1
—esinn Sinc[— (-90 +n) n] + Sinc’ — (90 +n) n”
6 3 3
Here is a plot of the magnitude and phase of ¥,
data = Table[{n, Abs{yn[n]])}, (n, -120, 120, 1}];
ListPlot [data, Joined -+ True, AxesLabel - {Style(["n £,*, Italic], "|Y,|"},
k‘ PlotRange - {Automatic, {0, 2/6}}, Ticks - {{(-90, "-30khz"}, 0, {90, *30khz"}), Automatic})
1Yol .
030}
025F
020f
J\ 0.15 [
.10
005
Lo cn \;
crtfiil [ il g
~30khz 0 30khz

Now plot the phase
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hwinb |?

data = Table([{n, Arg(yn(n)])}., {n, -120, 120, 1});
ListPlot [data, Joined -+ Falee, Filling - Axis,

AxesLabel -+ (S8tyle["n £,*, Italic), "phase Y,"}, PlotRange - {Automatic, (0, Pi}),
Ticks -+ ({{~90, "-30khz*}, 0, {90, *30khz"}}, {0, (Pi, Pi}}})

phase ¥,
nr

D R NI I AT AT AT S AP S

....................

4 n
=30khz 0 30khz s

= part(g)

Applying the filter to y(t) in the frequency domain: The filter has width of Skhz, hence 2.5khz on each side of the center of the
filter. The filter is centered at 30khz, hence frequencies of 30+2.5 khz and 30-2.5 kz will be allowed through. Since each f is

% khz, then the number of spectral lines that will be allowed through is
57(1/3)

15

Hence there will be 7 spectral lines on each side of the center of the filter. Hence » will run from 90 to 97, and also run from 83
10 89. Let w(/) be the signal whose spectrum is those spectral lines obtained from the filter. Hence we write

2.
wit) = Sy ¥, €27 where f; =  khz and ¥, = § 52" Sinc[Pi 3 (~90 + )] +
Using the second form of the fourier series, compute to obtain

H
1 =i . . 90
leitt """Smc[Pli
6 3
Pin

3
Pin

3

1 2
wi[n_) i= ;sinc[ ] Coe[zn (30000 +n333) t-n ;n]

1 2
w2[n_) := ;sinc[ ]Coslzn (30000 -n333) ten ;n]

7 -1
£ilterOutput = [Zwl[n] + Z w2[n) +w1[0) #WZ[D]] // N

nsl ne-?

0.666667 Cos[188496. t] - 0.0787613 Sin[0.523599 - 203142. t]) +
0.137832 Sin(0.523599 -196865. t] - 0.551329 Sin[0.523599 - 190588. ¢} -
0.275664 Sin[0.523599 + 192680. t) + 0.110266 Sin[0.523599 + 198 957. t)

plot w(t)
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8| hwi.nb

Plot[filterOutput, {t, 0, .005}, PlotRange + All, AxesLabel - {"t (sec)", "w(t)"}]
wit)
LS;

1.0

t {sec)

,IIO.DQJ;';I - 0.004 0,005

compare w(1), the signal from the bandpass filter, with the original signal y(t) to see the effect of the filtering

Plot[(fourier /. parameters) » Cos[2m+30000¢t], {t, 0, .005}, PlotRange -+ All]

Lo}

0.5

10.002 0003 ' 0004 ' 0005

= part(h)

using the shifting property, Z, = ¥, e'% %" where f is the fundamental frequency of y(1) and fq is the delay amout

10°-3

parume!:ers-{h-l.d»l.f:i.f0->1f(3-10”-3).t0~. ];
zn(n_] :=yn[n]) Exp(-I27£0 t0n] /. parameters
zn[n] // Simplify

: | D 1 4 ¢ 1 .
—e "7 Sinc{*(—g(}vmit‘«fsinc — (90 +n) &
6 3 . b3 L
Problem 3
= part(a)

width = 0.25 % 10" -3; period =10"-3; h=1; £0 = 1000;

X, for triangular pulse the width term used to find the duty cycle is taken as 1/2 of the width of the base of the triangle.
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hwlnb |9

(:%, y d = width / period
0.25

Hence X, =h d (Sinc(Pind])?=} (Sinc|[Pi 2 1)?
1 n 2
xafn_] = ~ [Bine[!'!. -z-]]
a part(b)

The fourier series approximation is given by 52 _Xne-!127fent where f=1khz in this example.
Hence

x(f)= % Toco (Sinc[Pi %])z e~127 1000

Prinled by Malthematica for Siudents
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10| hwi.nd
= part(c)
His)= - = _! h _ —10-6 =103 __ 1 _ 1000
(s) s’% o v ere R=1000 ohm, C = 107°, hence RC = 1073, then H(s) e ovrN
Lo 1000
hence H(j w) = T 1000

H(jw)= | H(jw) | Arg(H(jw).

Now, y(t)=H(j) x(t), hence in terms of the fourier coefficients, we write
Y= H(jwy n) X,=( H(i) | Arg(HGa)* (| X, | Arg(X,)

hence

Yo= |H{jwym) | * | Xo | (Arg(H(jw, m) + (Arg(X,)))

Hence | Y, ] =1 H(jwyn) [* | Xn |

and
Arg(Y,) = Arg(H(jwy m)) + Arg(X,)

Bt | o) |= =
0 *
and

Arg(H(jwom))) = -arctan (=2

Now, | X,| =3 (Sinc[Pi 2 ])? and Arg|X,] = 0 since there is no delay term.

1000

Ju’on’uow*

Now, wg = 2 fg = 2 7 1000, hence
Y. = 1000
' =

J (27 1000 )2+ 10002

Hence ¥, = % (sinc[Pi : ])2 Exp[-j arctan (1“0“0‘:))]

% (Sinc[Pi 2 ])2 Exp[-j arctan (n2 n)]

1000

1 n 4,2
yn(n_] = — (Sinc[l’i - ]) Exp[-IArcTan [n2n)])
2 2

(2 71000 n)? + 10002

Now that Y, is found, we can find
Y=o Ya Expl! 27 fon 1}

where f5 = | khz, hence to plot y(t) using say 10 terms in foruier series and compare to x(t)
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hwlnb |11

10
ylt_] := )’ yn[n) Bxp[I271000nt]
ns=10

2 10 n 22
x[t_] = ;...Z'a (si.nc[u s ]) Exp[-I2711000nt]
Plot[y([t], {t, 0, .01}, AxesLabel - {"t (sec)™, "y(t)"}]

Plot[{y[t), x[t]}. {t, 0, .01}, AxeoLabel -+ {"t {(sec)", "y(t) and x(t)"}]

¥y
0.56

0.54
0.52F
0.50F
0481

046

. L N . P
0,002 0.004 0.006 0.008 0010 o)

problem 4

5 rsin[p1 t] Exp[I2Pint] dt
0

5 (1+e2tn7)

n-an®n
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&
Prede (> Port (€D

n1s)= 8 = Sinc[Pit}®2Cos[2110¢t) + 2Co8[2 10 t])
Plot(s, {t, -2, 2}, PlotRange - All,
AxesLabel -+ ("t (sec)", "AM modulated"), PlotStyle - Thick]

Ouj18]s 2Cos[20nt) +2Cos(20 nt) Sinc[nt)?

AM modulated

Oulf19}=
1(sex)

m20}= 8 = S8inc[P4 ) 2 Cos (2 710 t]
Plot[s, {t. -2, 2), PlotRange - All,
AxesLabel -+ ("t (sec)", "DSB-SC modulated®"), PlotStyle - Thick)
Ouj20)= 2 Cos[20nt] Sinc(nt)?

DSB-SC modulated
2

o ok TR
2
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HW 6, Problem 1

by Nasser M. Abbasi

mn2s1) = << dsp”

= part (a)

mj282j = Clear([w, t];
fm = 10;
period = 1/ fms
x{t_] :=2Co8[2Pi fm t]
Plot[x[t], (t, 0, 2period), AxesLabel - {"t", "x(t)"})

)
? /
W
Out|286)= N \
\\o.ri / 0.10 ‘ / 020 '
-1
/
_2 -
s part(b)

Inf287)= £t = FourierTransform[x(t]), t, £, FourierParameters » (0, -2 P1}];
Print ["Fourier Transform of x(t) is");
£t

Pourier Transform of x(t) is

Oulf269)- DiracDelta[-10 + £] + DiracDelta [10 + )

Printed by Mathematica for Students
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

2| prob1.nd

Inj2¢0) = dsp plotPourierTransform [ft, £, -2 £fm, 2 £fm, 0, .5, Large);
Show (%, PlotRange - All, Axeslabel - (*f(hz)", "spectrum®}]

spectrum

A A

[ X1
06}
Ouy291)=

04}

0.2

. - f(hz)
=20 -10 10 20

8 part(c)

nj2¢2)= T8 = 0.02;
nSamples = 2 « period / Ts;
data = Table[{n, x[nTs]}}, {n, 0, nSamples}];
LigtPlot [data, Filling - Axis, FillingStyle - Thick, AxesLabel -+ {®t"*, *X,(t)"}]

X
2.0

1.5

10

Out[295)= 05 I

a part(d)

Infess)= Cleaxr[n, €]
fa=1/Ts;
Print(*"Sampling frequency = ", fs, ® hz"];

Sampling frequency = 50. hz
Inj3g0) = spectrum = Expand [£s Sum(ft /. £ » (£-n«£8), {n, -3, 3}])]s
Print ["spectrums®, spectrum];

spectrum=50. DiracDelta[-160. + £] + 50, DiracDelta[-140. + £]) « 50. DiracDelta{-110. + £} +
50. DiracDelta[-90. + £) + 50. DiracDelta[-60. + £) + 50. DiracDelta[-40. + £] +
50. DiracDelta[-10 + £] + 50, DiracDelta (10 + f) + 50. DiracDelta{40. + £} + S0. DiracDelta (60. + f] +
50. DiracDelta[90. + £] + 50. DiracDelta[110. ¢+ £] + 50. DiracDelta [140. + £]) + SO. DiracDelta[160. + )

Printed by Mathemalica for Students
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

probl.nb |3

QW

n352)= Show[First@dsp plotFourierTransform {spectrum, £, -3« £8, 3« £8, -.1 £, 1.4 £8, Small],
AxesLabel -» {*"£(hz)*, "Spectrum®},
Ticks - ({-160, -140, -110, -90, - 60, -40, -10, 10, 40, 60, 90, 110, 140, 160}, (50}}]

Spectrum

ou[352)=

f(hz)

-160-140 -110-90 -60-40 10 40 60 90 110 140 160

& part(e)
Inj374)= bandwidth = 0.5 £8;

Print (*bandwidth = °, bandwidth, " hz"};
bandwidth = 25, hz

In345)= gain = Ts;
Print ["Gain=", gain];

( Gain=0.02

n[3gs) = spectrum = £8 DiracDelta[-10 + f] + £8 DiracDelta (10 + £];
Show[First @dsp plotFouriexrTransform [
Expand [gain » spectrum], £, -bandwidth, bandwidth, -.1 , 1.4 , Small],
AxesLabal » {"f(hz)®, "Spectrum"}, Ticks » {{-bandwidth, -10, 0, 10, bandwidth}})

Spectrum

14

12

101

08

Oul[397)=
06

04}

02+

n — f(hz)
-25. -10 10 25,

" part()

From the output above, we conclude that y() = 2 Cos[2 x 10¢]

Printed by Malhematica for Students
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

HW 6, Problem 2

by Nasser M. Abbasi

Ing6) = << dsp”

= part(a)

wii44) = Clear([w, t, t, £}];
fm = 10;
poeriod = 1/ fm;
Print ["Period of message = *, N@period, ® seconds®];

Period of message = 0.1 seconds
in[148)= xX[(t_] 1= 2Cos[2Pi fmt]
Plot [x(t], {(t., 0, 2period}, AxesLabel -+ {"t", "x(t)"}]

x(1)
2

y

Oulf149)=

- + + L
0.05 / 0.10 \ 0.15 020

al S

s part(b)

n{150) = £t = FourierTransform([x([t]), t, £, FourierParameters -+ {0, -2Pi}];
Print ("Fourier Transform of x(t) is", ft];:

Fourier Transform of x(t) isDiracDelta(-10+f] + DiracDelta[10 + f]

Printed by Mathematico for Students

116



4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

2| prob2.nb

157} = dep plotFourlerTransform [£t, £, -2 fm, 2 fm, 0, .5, Large);
Show (%, PlotRange - All, AxesLabel - {"f(hz)", "spectrum®)]

spectrum
1.0 r A
A 08+
06
Out|153)=
04}
021
- f(hz)
-20 -10 10 0
s part(c)

wise)= T8 =21/ 18;
Print([* samping period = ®, N@Ts, " seconds*];

samping period = 0.0666667 seconds
In158) = nSamples = 2 « period / Ts;

data = Table[{n, x[nTs}}, {n, 0, nSamples}];
ListPlot [data, Filling - Axis, FillingStyle - Thick, AxesLabel - {®t®, *X,(t)")}]

L%/ ALY

204
I.5F
1.0}
Quil160])=
" 4 s + s '
0.5 1 1.5 25 30
~-051
-0+
* part(d)

n161j = Cloar([n, £):
fo=1/Ts;
Print(["Sampling frequency = ", £s5, * hz*];

Sampling frequency = 15 hz
In|164) = Bpectrum = Expand[fs Sum[ft /. £ - (E-n«£8), {n, -3, 3})]:
Print([*spectrum=", spectrum];

spectrum=15 DiracDelta[-55+ £] + 15 DiracDelta{-40+ f] + 15 DiracDelta(-35+ £} +
15 DiracDelta(-2S + £] + 15 DiracDelta(-20 + £) + 15 DiracDelta[-10+ £)] +
15 DiracDelta(-S + £] + 15 DiracDelta{5 + £} + 15 DiracDelta (10 + £]) + 15 DiracDelta (20 + £] +
E%., 1s DiracDelta (25 + £] + 15 DiracDelta {35 + f] + 15 DiracDelta (40 + £) + 15 DiracDelta [55 + f)

Printed by Malhematica for Students
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

prob2.nb |3

w166} = Show([Pirst @dsp plotFourierTransform [spectrum, £, -3« £8, 3 « £8, -.1 £8, 1.4 £8, Small],
AxesLabel - {*f(hz)", “"Spectrum®},
Ticks - {{-40, -35, -25, -20, -10, -5, 5, 10, 20, 25, 35, 40}, {£8}}]

Spectrum

Ouf166)=

fthz)
-40-35 -25-20 -10-5 | 5 10 2025 3540

s part(e)
In[167) = bandwidth = 0.5 £8;
Print [*bandwidth = *, bandwidth, * hz®];
bandwidth = 7.5 hz
m169) = gain = Te,
Print["Gain=", Negain];
Gain=0.0666667
173} = spectrum =
(15 DiracDelta[-10 + £] + 15 DiracDelta[-5 + £) + 15 DiracDelta [5 + £] + 15 DiracDelta (10 + £]);
Show[First @dsp plotFourierTransform [Expand [gain » spectrum],

£, -2 » bandwidth, 2 » bandwidth, -.1 , 1.3, Small],
AxesLabel - {"£(hz)", "Spectrum"}, Ticks -+ {{-bandwidth, -10, -5, 0, 5, 10, bandwidth}}])

Spectrum
1.2+
1or
08}

Oul[174)= 06l

04+t

02

f(hz)

-10 =75 -5 5 715 10

® part(l)

From the output above, we conclude that y(r) = 2 Cos[2 7 10 ¢]+2Cos[2 7 5 t]

Printed by Mathematica for Students
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

4| probz.nb

nhi7s)= y[t_] :=2Cos[2P110¢t]} +2Co8[2Pi5¢]);
Plot[y[t], {t, 0, 2period}, AxesLabal » {"t®, "y(t)"}]

¥

oul(176jc

L " L A
0.05 0.10 0.15 0.20

-2}

Compare this with the original signal x(t) to see aliasing

m178)= Plot[{x[t], y[t]}. (t. 0, 2period},
AxesLabel - {*t®, "y(t), x(t)"}, PlotStyle - {Dashed, Thick}]

¥ x(®

Printad by Malhomatica for Studenls
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

HW 6, Problem 3

by Nasser M. Abbasi

<< dep”

a part (a)

mieg) = Clear(w, t, t, £];
fme=10;
period = 1/ fm;
Print ("Period of message = °, N@period , " seconds®);

Period of message = 0.1 seconds

w472}= x[t_] 1= 2Con8[2 Pd £m t]
Plot([x[t], {t, 0, 2period), AxesLabel - {"t", "x(t)®}]

x(1)
2

VY Va
/
Oul[d73)= / \ /
+ A -t
0.05 .10 0.15 0.20

Ll

s part(b)

inf1gsy= £t = PourierTransform[x{t]), t, £, PourierParameters -» {0, -2Pi});
Print("Fourier Transform of x(t) = *, £t];

Fourier Transform of x(t) = 6(/" - 10) + 6(f + 10)

Printed by Mathematica for Studenls
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

2| prob3.nb

w|476}= dsp plotPourierTransform [£t, £, -2 fm, 2 fm, 0, .5, Large);
Show [%, PlotRange - All, AxesLabel - {"£(hz)", "spectrum®}]

spectrum

A A

08}
061
Qutla77)=

04t

02+

" fhz,
~-20 -10 0 tha)

® pari(c)

nf478)= T8 = 1/10;
Print[* pamping period = ", N@Ts, " seconds"];
samping period = 0.1 seconds
nj480] = nSamples = 6 » period / Ts;

data = Table({n, x[(nTse]), (n, 0, nSamples)];
ListPlot (data, Filling -+ Axis, FillingStyle - Thick, AxesLabel - {*t*®, "X, {t)*}]

pAG
41
3 -
ouf48z)= 5
| L.
' t
} 2 3 4 S 6
a part(d)

Clear[n, £];

fa =1/ Te;

Print ("Sampling frequency = ", f£s, " hz®];
Sampling frequency = 10 hz

Printed by Mathemalica fos Studants
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HW'’s CHAPTER 4. HW’S, AND COMPUTER...

prob3.nb |3

spectrum = £g Sum(ft /. £+ (£-n+ f8), {n, -7, 7}];

spectrum = Expand [ppectrum];

spectzrum = 20 DiracDelta[-60 + £] + 20 DiracDelta [-50 + £] + 20 DiracDelta[-40 + £] +
20 biracDelta[-30 + £] + 20 DiracDelta[-20 + £] + 20 DiracDelta [-10+£]
20 DiracDelta(£) + 20 DiracDelta (10 + £] + 20 DiracDelta[20 + £]) + 20 DiracDelta (30 + £] +
20 DiracDelta (40 + £] + 20 DiracDelta [50 + £] + 20 DiracDelta [60 + £]:

Show [First @dsp plotFourierTransform (spectrum, £, -6 « £8, 6« £8, -.1 £8, 2.4 fo, Small],
AxesLabel - {"f(hz)", "Spectrum®}, Ticks -+ ({-60, -30, -10, 10, 30, 60), (f8, 2+ ts}})

Spectrum
Y 0f Y
10}
f(hz)
-60 -30 -10 10 30 60

s part(e)
bandwidth = 0.5 £8;
Print["bandwidth = ®, bandwidth, ® hz*);

bandwidth = 5. hz

gain = Ta;
Print [*Gain=", N@gain]:

Gain=0.1

spectrum = ( 20 DiracDelta[£f]);
Show[First @dsp plotFourierTransform [
Bxpand [gain » spectrum), £, -2 « bandwidth, 2 « bandwidth, -.1 , 1.3, Large],
AxesLabel - {"f(hz)*, *Spectrum®}, Ticks -+ ((-10, -5, 0, 5, 10}}]

Spectrum
1.2
1.0
0.
0.6
04
0.2
o s I s w0 ™

Printed by Mathematica for Students
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

4| prob3.nb

= part(f)

From the output above, we conclude that y(¢) = 2 Cos[2 7 0 (]=2

yit_] =2,
Plot(y[t]), {(t, 0, 2period}, AxesLabel —» {"t®, by(t)"}]

)

005 010 015 o'
Compare this with the original signal x(t)

Plot[{x[t]., y[t])}., {t, 0, 2period},
AxegLabel » {"t", "y(t), x(t)")}, PlotStyle » {Dashed, Thick}]

L ¥it), x(1)
(E " )

r
rd
P
/—’
<
-
[\
= -~
N
N
-
-
-
.o
.

=2} e ~7

Printod by Mathematica for Studenis
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

HW 6, Problem 4

by Nasser M. Abbasi

In[266] = << d8p”

s part(a)

wizey)= Clear[w, t, t, £];
£1 = 20;
£2 = 10;
periodl = 1/ £1;
period2 = 1/ £2;

Print ("Period of message 1 = ", N@periodl, ® seconds®};

Period of message 1 = 0.05 seconds

in275}= Print("Period of message 2 = *, N@period2 , * seconds®);

Period of message 2 = 0.1 seconds

In3021= X[t_] :=4Con(2Pi f1¢t) +2CoB{2P1 £2¢];

Pl = Plot[x(t], (t, 0, 2period), AxesLabel » {"t®, *x(t)"}]
x(t)
6

i /

2 / 4 ~
Ou303)= !

0.05 0.10

.
[

-2t

] \/ o\

s part(b)

SRS
c
s
—
e
o b
S

nj333]= £t = PourierTransform(x[t], t, £, PourierParameters —» {0, -2P1i}]);
Print [*Fourier Transform of x(t) = ", ft];

Fourier Transform of x(t) =

2 Diracbelta({-20+ f) + DiracDelta({-10+ f] + DiracDelta [10 + £] + 2 DiracDelta [20 + f]

Printed by Mathemalico for Students
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

2| prob4.nb

wi340} = dsp plotFourierTransform [ft, £, -2 £2, 2 £2, 0, .5, Large]:;
Show (%, PlotRange —+ All, AxesLabel -+ {"f(hz)", "spectrum”}]

spectrum
A 20 A
L5r
Oui3aj= 10}
05
fthz)
=20 -10 10 20
= part(c)

Inegz}= T8 = 1/50;
Print[® samping period = ", N@Ts, " seconds"];

samping period = 0.02 seconds

nj322) = nSamples = 2 » period2 / Ts;
Pl = Plot[x[t], (t, 0, 2period}, AxesLabel -» {"t®, "x(t)"}, PlotStyle - Dashed];
data = Table[{n«Ts, x[nTs)}, {n, 0, nSamples}];
Show|[{ListPlot [data, Filling -» Axis, FillingStyle - Thick,
AxesLabel -+ {"t"*, ®*X,(t) "}, PlotRange -» {Automatic, {-4, 6}}], pl}]}

(T3
\ 1 “ ,
‘
\\ IR B !
v /N ,I
af L e
\ i ' !
l [ ! !
\ :
' f ,
2k ~ ' ' ~
' Y !
owf32s)= ' "o [ . ,
l [ t ! ;o K
| \ i ! !
! ol | d Y ! | E
.
‘ Toos? [ECITE Toist 0.20
1
1 ' \ ' \ ,l ‘\ ,'
[ 1 i '
-2t b i \ K v
i \ , )
v ! Voo V! i
; Y
4L Y - v
» part(d)

n{326)= Clear(n, £];
fa = 1/7Ts;
Print ["Sampling frequency = ®, fs, ® hz"];

Sampling frequency = 50 hz

Printed by Mathematica for Sludents
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

proba.nb |3

njsvn) = gpectrum = £8 Sum(ft /. £+ (£-n« £8), {n, -1, 1));
spectrum = Expand (spoctrum]

Ouf266): 100 DiracDelta(-70+ £] + SO DiracDelta|-60 ¢+ f! + 50 DiracDelta[-40+ £) +
100 DiracDelta(-30 + £] + 100 DiracDelta!-20+ £} + 50 DiracDelta{-20+£f) «
S0 DiracDelta[10 + £] + 100 DiracDelta[20 + £] + 100 DiracDelta (30 + £] +
50 DiracDelta (40 + £) + 50 DiracDelta {60 + £] + 100 DiracDelta [70 + £}

370} = Show[First@dsp plotFourierTransform [spectrum, £, -fs, £8, -.1 £f5, 2 £f5, Small],
AxesLabel «» {"f(hz)*, "Spectrum®),

Ticks - {{-70, -60, -40, -30, -20, -10, 10, 20, 30, 40, 60, 70}, {£s, 2 £8)})

Spectrum
100 L 4
Out{370)= sof
fthz)
~-70 -60 =40 =30 -20 ~10 10 20 30 40 60 70
a part(e)
&w inj371)= bandwidth = 0.5 £8;

Print ["bandwidth = *, bandwidth, ® hz*];
bandwidth = 25. hz

n[373]= gain = Ts;
Print("Gain=*, N@gain];

Gain=0.02

nj361)= spectrum = ( 100 DiracDelta(-20 + £] +

50 DiracDelta([~-10 + £] + 50 DiracDelta[10 + £] + 100 DiracDelta [20 + £));
Show([First @dsp plotFourierTransform [Expand [gain « spectrum], £,
-2 #« bandwidth, 2 « bandwidth, -.1 , 2, Large],
AxesLabel -+ ("f(hz)*®, "Spectrum"}, Ticks -+ {{-20, -10, 0, 10, 20}}]

Spectrum
AT
1L5r
Oulf382)= 1ol
0S5
fhz)
=20 -10 1020

Printed by Mathsmatica for Students
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4.1.

HW'’s CHAPTER 4. HW’S, AND COMPUTER...

4| probd.nb

part(f)

From the output above, we conclude that y(r) = 2 Cos[2 7 10 {]+4Cos[2r 20t]

mi3s3k= ¥(t_] s=2Cos[2P110¢t] +4Cos[2r20t);
Plot[y[t], (t, 0, 2period}, AxesLabal + {"t", Ny (t)"}]
w
6

4}

2+
OCul|384)=

TATATAY

which is the same as orginal x(t)

Printed by Mathamatica for Students
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

HW 6, Problem 5

by Nasser M. Abbasi

Inf3ys) = << dep”

e part ()

m4ys) = Clear(w, t, t, £];
£1 = 20,
£2 = 10;

1
periodl s —;
£1

1
period2 = —;
£2
Print[*"Period of massage 1 = ", N{periodl), * seconds"};

Period of message | = 0.05 seconds
0f504) = Print[*Period of message 2 - ®°, N@period2 , ® seconds®];
Period of message 2 = 0.1 seconds

ns0s)= x[t_) t=4Cos(2P1i£f1t) +2Cos(2P1f2¢];
Pl = Plot[x[t], {t, 0, 2period}, AxesLabel +» {"t"®, "x(t)"}]

x(1)

6. | /
R /
(AR

IS
e

<

S

[—]

=3

B

—//’
<

=3

2

-4}

s part(b)

injsc7}= £t = FourierTransform([x(t], t, £, PourierParameters - {0, -2 Pi}];
Print["Fourier Transform of x(t) = ", ft];

Fourier Transform of x(t) =2 §(f - 20) + 6(f - 10) + 6(f + 10) + 28(/ + 20)

Printed by Mathematica for Students
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4.1. HW's CHAPTER 4

. HW’S, AND COMPUTER...

2| probs.nb

Inj397}= dep plotPourierTransform [£t, £, -2 £2, 2 £2, 0, .5, Large];
Show[%, PlotRange -+ All, AxesLabel —» {"f(hz)", "spectrum®}]

spectrum
A 20+ A
L5+
Qui[398)= 10}
05+
f(h:
-20 =10 0 20 ha)
s part(c)

na31)= Te=1/730;
Print[® samping period = ", N@Ts, ° seconds®];

samping period = 0.0333333 seconds

Inj433) = nSamples = 2 * period2 / Ts;

pl = Plot(x[t], {t, 0, 2period}, AxesLabel - {"t®, "x(t) ")}, PlotStyle - Dashed];

data = Table[{n * T8, x[nTs]}, {n, 0, nSamples}];
Show[{ListPlot [data, Filling - Axis, FillingStyle - Thick,

AxesLabel - {®t®, "X,(t) "}, PlotRange - {Automatic, {-4, 6}}], pl}]

U]
6

1
\
Outf436)= 4 /o
1

4L s .. N v

a part(d)

misoe]= Clear[n, £];
fs=1/Ts;
Print [*Sampling frequency = ", f£8, " hz"];

Sampling frequency = 10 hz

Printsd by Mathematica for Students
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

probs.nb |3

{51y = epectrum = fo Sum(ft /. £+ (E-n« £8), (n, -4, 4}];
spectrum = Expand [spectrum]};
spectrum = 90 DiracDelta[-110 + £]) + 90 DiracDelta [-100 + £] + 90 DiracDelta{-80 + £) +
90 DiracDelta[-70 + £] + 90 DiracDelta[-50 + £} + 90 DiracDaelta [-40 + £] +
90 DiracDelta[-20 + £] + 90 DiracDelta[-10 + £] + 90 DiracDelta[10 + £] +
90 DiracDelta [20 + £] + 90 DiracDelta [40 + £) + 90 DiracDelta[50 + £] + 90 DiracDelta [70 + £] +
90 DiracDelta [80 + £]) + 90 DiracDelta [100 + £] + 90 DiracDelta [110 + £]

ouls17)= 906(S — 110) + 906(S - 100) + 905(S - 80) + 905(S - 70) + 90 5(S/ — 50) + 906(S - 40) + 906(/ - 20) + 905(/ - 10) +
9046(f + 10) + 908(/ + 20) + 90 6(/ + 40) + 905(S + 50) + 9048(S + 70) + 9056(S + 80) + 905(S + 100) + 905(S/ + 110)
njs53) = Show[Pirst @dsp plotFourierTransform (spectrum, £, -2 f8, 2 f8, -.1 f8, 3.2 f5, Small],
AxesLabel -» {“f (hz)*", "Spectrum®},
Ticks -+ ({-80, -70, -50, -40, -20, -10, 10, 20, 40, 50, 70, 80}, {£s, 3 £5}}]

Spectrum
I
\ (° !
Out|454)=
BO |
fthz)
-80-70 -50-40 -20-10° 1020 4050 70 %0
s part(e)
w|3ss) = bandwidth = 0.5 f8;
Print [*bandwidth = *, bandwidth, * hz"):
bandwidth = 15. hz
m{373)= gain = Te;
Print[*Gain=", Ne@gain];
Gain=0.02
Pri y for
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4.1. HW's CHAPTER 4. HW’S, AND COMPUTER...

4| probs.nb

was7i= epectrum = (90 DiracDelta[-10 + £] + 90 DiracDelta (10 + £]);
Show [First @dsp “"plotPourierTransform [
Expand [gain « spectrum], £, -2 « bandwidth, 2 « bandwidth, -.1 , 2, Large],
AxeosLabel - {"f(hz)", "Spectrum®}, Ticks » ({-20, -20, 0, 10, 20}})

Spectrum
20
A A
Outj158)= 1ol
051
- y fthz)
=20 ~10 10 20

inj460)= h = 0,02 » 90;
v=2+1.8

Outfdst]= 3.6
* part(f)

From the output above, we conclude that y{r) = 3.6 Cos[2 7 10¢)

njs62)= Y[t_) 3= 3.6Cos[2Pi10¢]);
Plot[y(t]. (t, 0, 2period)}, AxesLabel -+ {"t", "y(t)"})

¥t

] /-
00s [ o ‘-\\ 0.15 / 020 '

w

~

. \/

compare to orginal x(t)

!

misod)= Plot[{x[t], y[t]}, {t, 0, 2period},
AxesLabel -+ {*"t", ®y(t), x(t)"}, PlotStyle - {Dashed, Thick}]

Printed by Mathematica for Students
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4.1. HW’s

CHAPTER 4

. HW’S, AND COMPUTER...

W), x(1)
6k R
A
\ X(t) B t) h
4k M) y ( '
U ' i '
\)
) f} v . (
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1 1 v i ' [} !
' ' \ i ! N /
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af : N
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4.1. HW’s

In[15)= Plot[2 Cos[2 Pi 10 t] +Cos[2Pi 20t], {t, -.5, .5}, AxesLabel - {"t", "x(t)"}]
x(1)

Out[15)=

||

0.2

/

0.4

N
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4.1. HW’s
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4.2 Computer assignments

w
Computer Assignment #1
ECE 405, Summer session 1, Cal Poly Pomona, CA
By Nasser M. Abbasi
PART(1) LOW PASS
= Load my DSP functions that | wrote for this course

nf2}= << dap”
L«w
(9

Printod by Mathematica for Students
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CHAPTER 4

. HW’S, AND COMPUTER...

2) cai_v2.nb

s Plot the pulse train

n|95] =

Oul[105)=

delay = 0;

poriod = 1+10°-3;
range = 2« 10°-3;
tao = .25«10"-3;
h=1l;

2pi
w0 = 1 (»rad/secs)

period

£f0 = 1 (*hz#)

period
dutyCycle = tao / period;
numberOfCoeff = 20;

currentPulses = dep makePulseTrain [delay, period, range, tao, h];

Plot [0, {x, -range, range},

PlotRange - {{-range, range), {0, h}), AxesLabel » {*t (sec)®, "x(t)"},
Bpilog + {Thin, Red, currentPulses)

]

x(1)
10

D8} P
06p
04}

0.2+

-0.002

0.000 0.001

= Find the fourler series coefficients of the above pulse train

In[1¢6} =

xn = geatPourierCoeffPulseTrain [h, tao, period, numberOfCoeff)

4 1(sec)
0.002

Qul[106]= {0.25, 0.225079, 0.159155, 0.0750264, 9.74543 x 10 '®, -0.0450158, -0.0530516,
-0.0321542, -9.74543 x10 ', 0.0250088, 0.031831, 0.0204617, 9.74543 x 10 %,
-0.0173138, -0.0227364, -0.0150053, -9.74543 x10 '®, 0.0132399, 0.0176839, 0.0118463]

Printed by Mathematica for Students
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cal_v2.nb |3

Plot fourier series approximation to the above pulse on top of it to compare

in[107)= Plot[getFourierApproximation [t, xn, period], (t, -range, range})

! b I by '
W ne ", "
!
1 o8l
|
1
06
Ou107)=
04}
b 02+
4
e “’- 1 - - — - - 1 — 1
0002 / "~ -0001 - ' : 0001 0.002

= Plot the spectrum of the pulse

n[108}= data = getMagnitudeOfPulseTrainPourierCoeff [delay, period, range, dutyCycle, numberOfCoeff);
ListPlot (data, Joined -+ True, AxesLabel - {"f (Khz)", ®|X(£)|")}]

IXiNI
025}

020F
015f
Ou[ 108}

010

005

S L L y f (Kh2)
-15 -10 -5 5 10 15

Printed by Mathgmatica for Students
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4| cai_va.nb

n|110]= data = getPhaseOfPulseTrainPourierCoeff (delay, period, rangae, dutyCycle, numberOfCosff];
ListPlot [data, Joined - True,

AxesLabel -+ ("f£ (khz)", "Arg(X(£))"}, Ticks -+ (Automatic, (-Pi, Pi}))
Arg(X(f)

ar

Quy111)=

P E e £ (khz
-5 =10 s )

-}

= Generate normalized low pass butterworth of order 4

n[112)= Clear([s, form];
order = 4;
cuttoff = 1;

{poles, hs) = dsp getButterworthPolynomial [order, cuttoff, s];
TraditionalForm@hs

Qut[116}/TraditonaiF osm=

R
5 +2613135° +3.41421 52 + 2613135 + 1.

s convert the above to low pass butterworth with specified cuttoff

2P1

vE]l
tao

In{117)= newHs = dsp butterToLowPass [hs,

TraditionalForm @newHs
Outf118}/TraditionalF orm=

2.50634 x 1078 5* + 1.64604 x 10~ & + 5.40519 x 10~ 52 + 0.000103973 5 + I.

Printed by Mathematica for Students
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cai_v2.nb |5

= Multiply H(jwn) with Pulse fourler series y(n), and plot Y(f)

n19)= Clear([w];
xnFourier [n_] := h dutyCycle Sinc[Pi n dutyCycle)

tf[n_, w0_) :=newHs /. 8 + (Iw0n)
yn[n_, w0_] :s xnFourier[n] » t£[n, w0]

y(t_, wO_, numberOfCooff_) := Sum(If[n = 0, yn[n, wO) +Exp[IwOnt],
(yn(n, w0) +Exp(Iw0Ont) +yn[-n, wO] «Exp[-IwOnt]))], {(n, 0, numborOfCoeff})

data = Table[{m, Abs[yn(m, w0]]), {m, -20, 20)]);
ListPlot [data, Joined - True,
PlotRange - ({~-10, 10}, All}, AxesLabel » {"f (Khz)®, *|Y(£f)|")]

Yl
0.25 r
0.20+
0.5}
Out(125)=
.10+
‘ 005}
. f (Khz)
-10 -5 5 10
= Plot the phase spectrum
nj126]= data = Table{{m, Arg{yn[m, w0]]}, {m, -20, 20}];
ListPlot [data, Joined -+ True, PlotRange - {{-20, 20}, All},
AxesLabel - (“f (khz)*", "Arg(Y(£))"}, Ticks -» {Automatic, {-Pi, Pi}}]
ArglY()
b
Out|127)=
. f (khz)
=20 -0 10 20
o

Printed by Mathemalica for Students
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6| cai_v2.np

s Plot y(t)
Inf128)= Plot(y[t, w0, 10), {t, -range, range}, PlotRange - All, AxosLabel ~ {"t (ged)®, "y(ft"}]
it
\ AY
/‘\ m-’f‘ (\ \
. H
. [ P
i Lo I
! 0s8f i
!
; : {
P osf [
Out{128)= i : ! i )
o4} ;
| !
\ ! |
\ 02}t ] i
! | |
\ / )
) ~ [ SIVaN : WaS L ~ ! sed
-0.002 \/ . -000t i/ L o001 1/ ooz ')
»’ v ;

= Plot y(t) and x(t) on same plot to compare

mf129)= Plot[y[t, w0, 10], {t, -range, range},
i : PlotRange -+ {{-range, range}, All}, AxesLabel » {"t (sed)", "y(t), x(t)"},
Epilog - {Thin, Red, currentPulses)

]
¥Q), x(1)
A N
A N Al
L 0} .
B il it ~
A [
Lo b ‘
: ! o8 | | :
‘t : HE Sy
| e
I :
! o6} ' :
Oulf129)= : P
P
) [ :
i 04r |
' P
TR [
i : 02+
1 : L |
\ v ‘
,__‘“."//\K_ o 'f.‘ ; ,/\— i, oS /.“n‘”
-0002 i / -0001 -, ./ 0.00! ‘ 0002
Printed by Malhematica for Studenls
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cal_v2.nb |7

= Plot y(t) on top of approximation of x(n) used

In{50].=
Plot [ {getPouriexApproximation [t, xn, period], y[t, w0, 10)}, {t, -range, range},
PlotRange - All, AxeslLabel -+ ("t (sed)”, "y(t).x(t) approximation"})
¥(1),x(1) approximation

{h “‘

[}

f

1.

t

Out[50j= '

\ ]
‘ : ] | ‘
N “yp. ~\"‘ﬂ“ N S = Lt ;‘ ‘ \ s o 4 /’ .
- e~ et e - opda——t - " ~ L t(sed
-0002 ;" \/ T 0001 1V ‘\ / Y | \/ " 0001 \/ oom &Y

Part (2) High Pass

s convert normalized butterworth to high pass butterworth

2
In{262)= newHs = dep butterToHighPass [hs,

Pi
tao 8] !

newHs - Numerator [newHs] / Together [Denominator [newHs]);
TraditionalForm @newHs

Outf284 )/ TraditionalFonn=

154

L.s* + 65675. 5% + 2.1566 % 10° 52 + 4.14839 % 10" 5 + 3.98988 x 107

Printed by Mathematica for Students
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8| cai_v2.nb

= Multiply H(jwn) with Pulse fourler series y(n), and plot Y{(f)

Inj285)= Clear(w];
tf(n_, w0_] :=newHs /. 8 + (Iw0n)

yun_, w0_] := dsp”~fcPulseTrain [n, h, tao, period] » tf[n, w0]

yl{t_, wO_, numberO£fCoeff_] := Sum(If(n = 0, yn[n, wO) «Exp[IwOnt],
(yn(n, w0] +Bxp[Iw0Ont ) +yn[-n, w0) «Exp(-Iw0Ont])], {(n, O, numberOfCoeff })

data = Table[{m, Abs[yn(m, w0)]}, {m, -40, 40)}];
ListPlot [data, Joined - True,
PlotRange -+ {{-20, 20}, All}, AxesLabel -+ {*f (Khz)®, "|Y(f) 1*}]

1Y(N)
os|
004}
no. oo}
oull290]= 7\
/
AR 002}
, ‘\\ : 001
/ i
L
" i 2 i I 3 r(Khl)
-20 -10 10 20

s Plot the phase spectrum

Inj227)= data = Table([{m, Arg{yn([m, w0)]), (m, -20, 20));
ListPlot [data, Joined + True, PlotRange -+ {{-20, 20}, All},
AxegLabel -+ ("f (khz)*, *Arg(Y(£))"}, Ticke -» {Automatic, {-Pi, Pi}})

Arg(Y()
ar

Outf228)=

. ” - f (khz)
=20 ! -10 10 20

-TF

Printed by Mathematica for Students
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cal_v2.nb |9

-

= Plot y(t)

Inf229)= Plot{y[t, w0, 10], {t, -range, range},
PlotRange -+ {Automatic, {-h, h}}, AxesLabel -+ (*t (sed)™, "y(ft"}]

n
10
05}
f
i
~
Oul[220)= Vo .
P B S v - - L ‘ A t(sed)
0002 ST 00m L 0.001 : 0.002
‘U & '
~0.5|
-1.0%

s Plot y(t) and x(t) on same plot to compare

(‘wv nj230p= Plot[y(t, w0, 10], {t, -range, range},
PlotRange - {{-range, range}, {-h, h}}, AxesLabel -+ {"t (eed)®, "y(t), x(t)"},
Bpilog - {Thin, Red, currentPulses}

1
yi) x(
rrrrr RS 10
oS}
1 1 1
~ .
ow30 , . L, 1 (sed)
~0002. o Y -0.001 0.001 0.002
Y
5
v
-05}
L
-0t
Printed by Mathematica for Students
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10| cai_v2.nb

Plot y(t) on top of approximation of x(n) used

In[232]:=
Plot[{getFourierApproximation [t, xn, period], y[t, w0, 10]},
{t, -range, range}, PlotRange - {{-range, range}), {-h, 1.1h}},
AxesLabel -+ {"t (sed)", "y(t),x(t) approximation®}]

ylt),x{t) approximation

tol

051

| i fi 'I- Il

Py \ | ‘ \ | /

Oul]232]= \ ‘I - ‘ _ , A | L A M

L g e ViR L1 fl | 1y L e L (sed)
~000f [T S ~0.001 Wi U oo |

-0.5

-10k

Part (3) BandPass filter

= convert normalized butterworth to band pass butterworth

2Pi 4Pi

: .a]:

tao tao

newHs = dsp butterToBandPass [ha,

newHs = Numerator [newHs] / Together [Denominator [newHs]];
TraditionalForm@newHs

Qui[275)TraditionalF orm=
(1.5%)/(2.50634 5 107" 5* + 1.64604 % 1077 5 + 1.80703 x 1074 50 +
0.000727811 5% + 38.6569 5* + 919450, 5" + 2.88394 10" &% + 3.31871 x 105 + 6.3838 x 10'¥)

Printed by Mathemalica for Students
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cal_v2.nb |11

= Multiply H(jwn) with Pulse fourier series y(n), and plot Y(f)

Inf276)= Clear [w];
tf[(n_, w0_] :=newHs /. 8 -+ (Iw0n)

yn[n_, w0_] := dsp”fcPulseTrain[n, h, tao, period] » tf[n, w0]

y(t_. w0_, numbexOfCoeff_) := Sum[If[n = 0, yn[n, w0) «EBxp(IwOnt],
(yn[n, w0] «Bxp(IwOnt ) +yn[-n, w0) «Bxp{-Iw0Ont]))], {n, O, numberOfCoeff }]

data = Table([{m, Abs[yn[m, w0)]}, {m, -40, 40});
ListPlot (data, Joined - True,
PlotRange = ({-20, 20}, All}, AxesLabel - ("f (Khz)", "[¥(£)["}]

(M

00s}

004}

oul281}= o03p

0.02

001

—L . f (Khz2)
20

a Plot the phase spectrum

in2a2)= data = Table[{m, Arg(yn[m, w0]])}, {m, -20, 20}];
ListPlot[data, Joined - True, PlotRange - ({-20, 20}, All},
AxesLabel + {*f (khz)", "Arg(Y(£))®}, Ticks + {Automatic, {-Pi, Pi}})

ArgtY(f)

rk

Ou[243)=

. s f (khz)
-0 -10 i0 20

-t

Printod by Mathematica for Students
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12| cal_v2.nb

n Plot y(t)

In[244)= Plot[y[t, w0, 10), {t, -range, range),
PlotRange -+ {Automatic, {-h, h}}, AxenLabel -+ {"t (sed)", "y(£t%}]

vt
10,

05

1“‘! i ! it

! i A ! i N {

. Pk . LTSN [
Oulf2ddf= Ai[\[\ AL A N A R

0001 . v T it IR sy

» Plot y(t) and x(t) on same plot to compare

Inj24sp= Plot[y[t, w0, 10]), {t, -range, range},
PlotRange - {{~-range, range}, {~h, h)), AxesLabel - ("t (sed)", "y(t), x(t)"),
BEpilog - {Thin, Red, currentPulges}
1

¥, x(1)

e
i
T

|
owese | TN I P B

-03021 ‘ ~0.001 ] <77 o0 Y™
i e :
Vo
~05f
-0t
Printed by Malhematica for Students
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CHAPTER 4. HW’S, AND COMPUTER...

cal_v2.nb |13

Plot y(t) on top of approximation of x(n) used
1n|246) =

Plot [{getFourierApproximation (t, xn, period], y[t, w0, 10]},

{t, ~range, range}, PlotRange -+ { {-range, range}, {-h, 1.1h}},
AxesLabel - {*t (sed)", “y(t),x(t) approximation"}]

¥(1),x(t) approximation
V\‘ﬂ‘ o if'i‘*f.
oSt
A o U Aon
[N > guancer: St R — , L SO S L 1 (sed)
—o.?n\‘ff,' v -0.001 | - H\\H[ = o.@\“;ﬁ/ .
\} \/ v ‘\‘ ‘ \} U’ U \/
r
=051
r
-1ot
Part (4) BandStop filter

a convert normalized butterworth to band stop butterworth

2Pi 4pi
n[293] = newHs = dsp butterToBandStop [he,

’ . a] H
tao tao

newHs = Numerator (newHs] / Together [Denominator [newHs)];

TraditionalForm @newHs

Out[295)//TraditionalF orm=

(1.(? + 126331 x10°)") /(1..5* + 65675.5" + 7.20984 x 10° s° + 2.90388 x 10™ * +

154236 X 107 s* + 3.66849 X 107 5* + 1.15066 x 10% 5% + 1.32413 X 102 s + 2.54706 x 10%)

Printed by Mathematica for Students
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14| cai_va.nb

s Multiply H(jwn) with Pulse fourier series y(n), and plot Y(f)
Inf296)= Clear [w];
tf[n_, w0_)] :=newHs /. 8 » (Iw0On)

yn([n_, w0_] := dep~fcPulseTrain[n, h, tao, period] » tf[n, w0]

y(t_, wO_, numberOfCoeff_ ] := Sum(If[n = 0, yn[n, w0] «+Bxp[Iw0nt],
(yn[n, w0] *Bxp[Iw0Ont ) +yn[-n, wO0] «Exp[-Iwdnt])], {n, 0, numberOfCoeff}]

data = Table({m, Abs[yn(m, w0)])}, {m, -40, 40}];
ListPlot [data, Joined -+ True,
PlotRange - {{-20, 20}, All}, AxesLabel - (°f (Khz)", ®|Y(£)|"}]

(U]
025¢

0.20¢
0.5}
Oulf301}=

0.10}

0.051

L - f (Khz)
-20 10 10 20

s Plot the phase spectrum

inj302)= data = Table([{m, Arg[yn[m, w0]]}, {m, -20, 20});
ListPlot [data, Joined -+ True, PlotRange - {(-20, 20}, All},
AxesLabel - (*f (khz)*, "Arg(Y(£))"}, Ticks +» {Automatic, {-Pi, Pi}}]

Arg(Y(£)
n 3
Out[303)= .
— “ n . N N f(l:hz)
=20 -10 10 20
—

Printed by Mathamalica for Students
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= Ploty(f)

inf306)= Plot[y[t, w0, 10], {t, -range, range},

cal_v2.nb |15

PlotRange - {Automatic, {-h, 1.5h}}, AxesLabel -» {"t (sed)"®, "y(ft"})

ne
L5p
A ~ s
1 13
/’\_ f\ }1
/' Lof | i
oot / § P
A I \
P [
; osf P
Out|306}= ; [ ! !
[ o J
r ; " i 1
1 2 A.AI i - AN L L WA NN i al
~0002 V N Voo ) YTV VoY Ve
-05f
-10%

= Plot y(t) and x(t) on same plot to compare

Inj307)= Plot[y[t, w0, 10], {t, -range, range},

PlotRange -+ {{-range, range}, {-h, 1.5 h}}, AxesLabel -+ ("t (sed)®, "y(t), x(t)"},

Bpilog -+ {Thin, Red, currentPulses)

Ouf307)=

]
y), x1)
LS
! LA i
i 3
N (_"_‘ V"-o f“.ﬁ ; X r—
- fl
| | i
i | b |
i i an | f
Z \ ~ R 3
i \
R 2 N C Y \ N,
L : Pl 1 1 1 ]
-0.002 ‘\’ N ~0.001 / 0.001 0 000 &
-05f
-0t

Printed by Malhematica for Sludenls
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4.2. Computer assignments

16 | cal_v2.nb

Plot y(t) on top of approximation of x(n) used

In{308):=
Plot [{getFourierApproximation (t, xn, period], y[t, w0, 10]},
{t, -range, range}, PlotRange -+ { (-range, range}, (-h, 1.3 h}},
AxesLabel - ("t (sed)", "y(t),x(t) approximation®}]
y(1),x(1) approximation

I\

|
| |
| 104
.I ‘
05 |
| | | ||
| | \
1 |I
Oul[308]=
| | {
L ¢ g - A—— : L y(seq
=0.002 | -0.001 0.001 .002 i
=05+
- [
r
-1ot
-
Printed by Mathematica for Sludents
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4.2. Computer assignments CHAPTER 4. HW’S, AND COMPUTER...

Computer Assignment #2
by Nasser M. Abbasi
ECE 405, summer session 1, Cal Poly Pomona

Simulink setup

[BEE =5 -10| x|
Fle Edt Vew Smulton Format Tools Hep
DSR& ® o P sphos B0 ARE®
= ™
BT spacrum of mut; after Jema
Suftert

iy
é

Ready 100%

ode4s
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Part (1) non-coherent demodulation

After run of the simulation, the following are the outputs
time scope:

versk
enit J

&@o P

Original m(t) S(t)=m(t)*cos(2 pifc t) Demodulated m(t)

[ 1 <stsscnt vensdsas 2 [+ <Btude i
Magnitude Spectrum of Magnitude Spectrum of
s(t) mi(t) after demodulation,

notice fm=1000 hz
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Computer Assignment #3
by Nasser M. Abbasi
ECE 405, summer session 1, Cal Poly Pomona

Simulink setup

ﬁ <Sludnt sioumatlab
;e Edt Vew Smuaton Format Joos Hep ,
DNSEE| s 2Bie || npos BB wE

1:K

» 1
origins) mt)
nFSP
re +
7 1
L > | -
L
m) Procuct h-coherent dem mit) sfter demedulation

low pass filter

=

l_r[lDSP M

"Lrl FFT
camier P of m(t) after demo
Bufter
- o FFT
Butfer spactrum of 8(t)

Ready {1009% | fode4s 4
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8 & & 8

&

S lEmmed . .

Demodulated m(t)

. [ |l
) ll""""u

Wl

Turdent Verdon > @ mattah/ spect

//
/
]

A% § T

40 N

] % 2 5 » B 0 4
-~ Froumory ey

3 B W 5 N 5
me

Magnitude Spectrum of
s(t)

Magnitude Spectrum of
m(t) after demodulation,
notice fm=1000 hz

3 0%y TrI i Tt Wb !
0BEOR ANOX G HOGA A0 AUO-¥ i
|
ofp ‘ i
tncve tesayemn ald i
AR s g _,“l
. T
g ¥ i
Rl oy -
Buara m““ ¢ wosou . Comp ter #3
) ! Fa E B uter
1 oy oo
-”-'Mw_ = Part (1)
s T | PN PN q | J|
R SO Yy (p—
& eraun ran X - ————
- - 3 oo e it gy | 028 P -
- - hine fo2
K :._;:’___J 1 rewt F——
| —
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Computer Assignment #4
by Nasser M. Abbasi
ECE 405, summer session 1, Cal Poly Pomona

Simulink setup

ET] <Student Version>matlab !
_Be Edt Vew gSmultion Fgrmat Jook Help
DSEAE s BB|ed (2> ohs (HuROW | RBES

el

4

o2

mt)

time scope1

A 4
~

Y

i

o I

Butfert
FOAT ool
] — B
Presua2 FFT

Digital Butter spactrum scope
Filter Design 1

digital filter design2

time scope2

Ready [foo% | [~ fodess .,
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-} <Student Version>

e offset: -0

Time scope output Time scope 2 output

-} <Student Version

Blo

Time scope 1 output
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-} <Student Versian> : matab/spectrun : =10] x|
T
Y
32
: lg
F
= N
: § 640.
e
-504
ia'oc
.0 5 10 15 20 25 30 35 40 45 50
oo Ertame? Freauency (kHz)

Spectrum scope output

-} <Student Version> : matlab/spectiuti sCopeL:

k

' Magnitudexsquared; cB-

0 5 10 15 20 25 30 35 40 45 50
Framn- ? Eremipny (ki)

Spectrum scope 1 output
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Computer Assignment #5, FM wideband modulator and coherent demodulator using PPL
Nasser M. Abbasi
- Cal Poly Pomona, CA
SUmmer session 1, 2010

Simulink model
model is here

R=TE
View - Smulbtion: ‘Format Jools Help
B sRB(E ¢ (22|r a5 |HelRew WEDS
Comp Assig #53, FM wideband modulaior and conerent aemodulstor using PPL
By Nasser M Abbasi
Cal Poly Pomons. CA
Summer seasion 1, 2010
Ny N
FFT
Buffer2 Spectrum
of K1)
= N
FFT
_.@ ime scope 3 Butfer Spectrum
s(t) of recovered m{t)
kaw 2°pi*V40 —Pp{In3 FOAT ool
Out2
Constantt In4 > l -
FMMOD e mit
Filter Design
Sine Wave _.EI]
time scoped
Gaint
mit) s

[ 2*pi~340

Constant

NCO
Ny
FFT
Bufiert Spectrum
of mit)
Ready 1100% | | lodeas 4

&  Models of subsystems

178



4.2. Computer assignments

CHAPTER 4. HW’S, AND COMPUTER...

v grmulan Format Tools Help

=13

TsmBles 70> afi0 [BEdSE| B

FMMMOD subsystem details

Unit Delay

Gain

-, &
In1
In2

Numerically Controlled Oscilator subsystem (NCO)

1

2

1 remiu, 2°pi)

costu)  —( 1)

@ o

o

Unit Delay1

Out2
Fen2

Ready

Fen

Out1
Fen1

remiu,2°pi) o
Fen3
In4
[100% | [odeas

model file of the above is here
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__J_L_' -3 <Student Vers

Recovered (demodulated)
message m(t)

Time scope (4) in the
model

Time scope (3) in the
model
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) <Student Vendon> : CAS/Spoctruny'of s(t)

440 /’ \\\

A 0 1

E []
Emmo 16 Erpaonry fkHr)

Spectrum of original
message m(t)

Spectrum of s(t), the
modulated carrier (FM)

K] 0 1 2 3 4
Frammnry (k)

Spectrum of recovered

message m(t) (compare to

spectrum of original m(t))
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Computer Assignment #6
Nasser M. Abbasi
e Cal Poly Pomona, CA

SUmmer session 1, 2010
problem description is here

Simulink model
model is here

Computer assignment #€
modulation sng demodulstion of Binary FSK
by Nasser M. Abbasi. cal poly. summer session 1, 2010

bsys
FSK  modulator - subsystem FSK de-modulator subsystem

b= 0.8 I > x

bnnnr
Bomoulli | Ts‘f_‘“w‘ s Produat FOAToo!
Binary LLI" ” > ! vl P Digital ~ pl>e035 o]
Bemoulli Binory + v v Filter v el
Genesator co¥{2pi 800t) Abs Comp it
Banapass filter Digitsl Filter To Constant2
B0
Comp » X
To Constant1 Product! N
‘“%.4 > r"lfsp post filter
inside poat digital
o l1.|J L = demodulstos fitter inside
cos(2pi 4001)1 demodulstor

modaulatec mit)

Output and result
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1

-+ <Student Versm

Output of bandpass filter in
. the demodulator
<Student Versiol

i
||!'|‘

g

[l
hlllm

Time offset; 0" ...

S(t), the modulated carrier
message

-} <Student Versiol

demodulated message
m(t). Notice some delay at
the start compared to
original m(t)

(Sutput of digital filter
inside the demodulator
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Computer Assignment #7
Nasser M. Abbasi
Cal Poly Pomona, CA
SUmmer session 1, 2010

problem description is here

Simulink model
model is here

<Student Version> model o
‘Smubton  Format - Tools Help
@8 B e 22| o5 (BEBS

Computer assignment #7
modulation and demodulation of Binary PSK
by Nasser M. Abbasi, cal poly, summer session 1, 2010

PSK modulator subsystem
y PSK de-modulator subsystem
| - o*.El l_’ x
Mmm | __ 1 Compare rn_losp rwua
C
Binary To (]
¥, e
Bermoulli Binary -
Genetator cos{2pi 8001) Comp. mit) recovered
To Constant2
p{<0.5 _{>_’ E x
Ll x L
Compare . Product2
To Constant1 Gain r:roam:ﬂ v
g = N [
mit)
post product post filter
inside inside
demodulator demodulater!
[100% | [ lodeds 4

Output and result
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-} <Student Versio

N 22 i . Recovered (demodulated) binary
: message m(t)
Message after passing the low pass
filter, before compare
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Computer Assignment #8

Nasser M. Abbasi
Cal Poly Pomona, CA

SUmmer session 1, 2010

problem description is here

Simulink model
model is here

i[.71 <student version> model .
Simulation Format Tools Help

T

»ehs |ReRew BB

Computer sssignment 88
modulation ang gemsdulstion of Binary ASK
by Nasser M. Abbasi. cal poly, summer session 1, 2010

ASK modulator subsystem ASK de-modulator subsystem
FDATool
oo ™ | x | A\ L] 1u] |frp D'_f!ili‘“' >z 0.35 [
ilter
Malli i Compare IJ-LPSP rﬁwud Abs Compare mit) recovered
Binery To Constant low filter Digital Filter To Constant2
Betnoulli Binary L\‘rl
L Generator cos(2pi 8001)
L] (]
modulated caries - |:I post Abs inside
sit) agemodulatert
N [ post Abs inside
demodulator
m{t)
\Ready 100% | _lodeds /£

Output and result
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tudent Versior

After the digital filter

Demodulated message
m(t) recovered. Notice
delay at the start
compared to original

-0 message m(t)

After check on Abs value
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Chapter 5

Study notes, cheat sheets

Local contents

5.1 sheet1
5.2 sheet?2
5.3 sheet3
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CHAPTER 5. STUDY NOTES, CHEAT ...

5.1. sheet1
5.1 sheet1l
Side ome FM meddaNon
- B = M, % :Yr@@s (b tnd )
\\/ N~ =)
f’°z (D) | B
w0) - b 2 WL )it
P o a3\ .
- Ae = T D) [SG-Genfy)- ]
A=0
®,.. = 2(Smr oF)
' = ALLL%%)
= £
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| . {k]
.f—’)"\l\fgt e /d/\/—\
TMGH = Ao C"mtk@ + KA %‘mmmﬂ)
L,

iz

L//\/\_J
DA ( P}\MQL)
// AR«

gt\c C{@u.\aﬂ!‘n C’\ ‘ (*3 = o)

y ﬁ\ : k% )

Sz AL«,D = ¥ et ye \G\‘T C&‘é-"u'c—"\fm :@

%:__ k}}\ml: A :_{5:%-

RN,

191



5.1. sheet 1 CHAPTER 5. STUDY NOTES, CHEAT ...

B3
@ WIF--IG\/-
%:..8.‘7(/.
@ N:sb‘.d's . Exwd w@f & haa P
= 1€ ) )
A= ?':raTY_

® SIQn/ naghdels ..
Swee x <o Yhen Gde = 2:}4.70: B+Fo= 1&

wl«'cL\ N I m.\l s

@ 2IS (@M@)ew\a\f‘
8
‘S')VU{ Y < "'zé__' ‘f’bz-w\ Gde. = 2 -F0 = 25630
= g€

wheh in Dinar ‘15) lol| IOIG{

@ ||$Cd7“q3)€,h/l€«f\.-‘f'
=mce YX<o \herv,
Code <Q8~')—'7'0-’= 255-F0= 195
Which in Sinam i3 ] 1011 loo]]
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&hﬂ‘- = ‘([UIAS}Ynte ﬂf,‘; hore, ﬂm \OM
L Chedibons aswix = + 87U

‘Hse-(- bivwiv\&
A= s - o025

27
Levd =  yoomd ( gﬁ.})r 696 — -]E
Sin x50 Tlen Code_ (':,la) =0lao 0j)g
2

8 ogriinde
Sima XYoo Ther Code (70)&2 0)00 ollo

75 Coenplemad
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5.1. sheet1

CHAPTER 5. STUDY NOTES, CHEAT ...

thondiont

n

0
1.0000
2.0000
3.0000
4.0000
5.0000
6.0000
7.0000
8.0000
9.0000
10.0000
11.0000
12.0000
13.0000
14.0000
15.0000
16.0000
17.0000
18.0000
19.0000
20.0000
21.0000
22.0000
23.0000
24.0000
25.0000

n

0
1.0000
2.0000
3.0000
4.0000
5.0000
6.0000
7.0000
8.0000
9.0000
10.0000
11.0000
12.0000
13.0000
14.0000
15.0000
16.0000
17.0000
18.0000
19.0000
20.0000
21.0000
22.0000
23.0000
24.0000
25.0000
26.0000
27.0000
28.0000
29.0000
30.0000

4/6/2:710— EeE AoSs

11.0000
-0.1712
-0.1768
0.1390
0.2273
-0.0150
-0.2383
-0.2016
0.0184
0.2250
0.3089
0.2804
0.2010
0.1216
0.0643
0.0304
0.0130
0.0051
0.0019
0.0006
0.0002
0.0001
0.0000
0.0000
0.0000
0.0000
0.0000

16.0000
-0.1749
0.0804
0.1862
-0.0438
-0.2026
~0.0575
0.1667
0.1825
-0.0070
-0.1895
-0.2062
-0.0682
0.1124
0.2368
0.2724
0.2399
0.1775
0.1150
0.0668
0.0354
0.0173
0.0078
0.0034
0.0013
0.0005
0.0002
0.0001
0.0000
0.0000
0.0000
0.0000

12.0000
0.0477
-0.2234
-0.0849
0.1951
0.1825
-0.0735
~0.2437
-0.1703
0.0451
0.2304
0.3005
0.2704
0.1953
0.1201
0.0650
0.0316
0.0140
0.0057
0.0022
0.0008
0.0003
0.0001
0.0000
0.0000
0.0000
0.0000

17.0000
~0.1699
-0.0977
0.1584
0.1349
-0.1107
-0.1870
0.0007
0.1875
0.1537
-0.0429
-0.1%91
-0.1914
~0.0486
0.1228
0.2364
0.2666
0.2340
0.1739
0.1138
0.0671
0.0362
0.0180
0.0084
0.0037
0.0015
0.0006
0.0002
0.0001
0.0000
0.0000
0.0000

13.0000
0.2069
-0.0703
-0.2177
0.0033
0.2193
0.1316
-0.1180
-0.2406
-0.1410
0.0670
0.2338
0.2927
0.2615
0.1901
0.1188
0.0656
0.0327
0.0149
0.0063
0.0025
0.0009
0.0003
0.0001
0.0000
0.0000
0.0000

B
18.0000
~0.0134
-0.1880
-0.0075

0.18863

0.0696
~0.1554
-0.1560

0.0514

0.1959

0.1228
-0.0732
-0.2041
-0.1762
-0.0309

0.1316

0.2356

0.2611

0.2286

0.1706

0.1127

0.0673

0.0369

0.0187

0.008%

0.0039

0.0017

0.0007

0.0003

0.0001

0.0000

0.0000

14.0000
0.1711
0.1334

-0.1520

-0.1768
0.0762
0.2204
0.0812

-0.1508

-0.2320

-0.1143
0.0850
0.2357
0.2855
0.2536
0.1855
0.1174
0.0661
0.0337
0.0158
0.0068
0.0028
0.0010
0.0004
0.0001
0.0000
0.0000

19.0000
0.1466
-0.1057
-0.1578
0.0725
0.1806
0.0036
-0.1788
-0.1165
0.0929
0.1947
0.0916
-0.0984
-0.2055
-0.1612
-0.0151
0.1389
0.2345
0.2559
0.2235
0.1676
0.1116
0.0675
0.0375
0.0193
0.0093
0.0042
0.0018
0.0007
0.0003
0.0001
0.0000
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15.0000
-0.0142
0.2051
0.0416
-0.1940
-0.1192
0.1305
0.2061
0.0345
-0.1740
-0.2200
-0.0901
0.1000
0.2367
0.2787
0.2464
0.1813
0.1162
0.0665
0.0346
0.0l166
0.0074
0.0031
0.0012
0.0004
0.0002
0.0001

20.0000
0.1670
0.0668

-0.1603

-0.0989
0.1307
0.1512

-0.0551

-0.1842

-0.0739
0.1251
0.1865
0.0614

-0.119%0

-0.2041

-0.1464

-0.0008
0.1452
0.2331
0.2511
0.2189
0.1647
0.1106
0.0676
0.0380
0.0199
0.0098
0.0045
0.0020
0.0008
0.0003
0.0001
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Bessel Function Table Dr. James S. Kang, Professor, Cal Poly Pomona :
>
Ny
B
n  0.1000  0.2000  0.3000  0.4000  0.5000  0.6000
0  0.9975  0.9900  0.9776  0.9604  0.9385  0.9120
1.0000  0.049%  0.0995  0.1483  0.1960  0.2423  0.2867
2.0000  0.0012  0.0050  0.0112  0.0197  0.0306  0.0437
3.0000  0.0000  0.0002  0.0006  0.0013  0.0026  0.0044
4.0000  0.0000  ©0.0000  ©0.0000  0.0001  0.0002  0.0003
5,0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

L]

n 0.7000 0.8000 0.9000 1.0000 1.1000 1.2000

0 0.8812 0.8463 0.8075 0.7652 0.7196 0.6711
1.0000 0.3290 0.3688 0.4059 0.4401 0.4709 0.4983
2.0000 0.0588 0.0758 0.0946 0.1149 0.1366 0.1593
3.0000 0.0069 0.0102 0.0144 0.0196 0.0257 0.0329
4.0000 0.0006 0.0010 0.0016 0.0025 0.0036 0.0050
5.0000 0.0000 0.0001 0.0001 0.0002 0.0004 0.0006
6.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001

g

n 1.0000 2.0000 3.0000 4.0000 5.0000

0 0.7652 0.2239 -0.2601 -0.3971 -0.1776
1.0000 0.4401 0.5767 0.3391 -0.0660 -0.3276
2.0000 0.1149 0.3528 0.4861 0.3641 0.0466
3.0000 0.0196 0.1289 0.3091 0.4302 0.3648
4.0000 0.0025 0.0340 0.1320 0.2811 0.3912
5.0000 0.0002 0.0070 0.0430 0.1321 0.2611
6.0000 0.0000 0.0012 0.0114 0.0491 0.1310
7.0000 0.0000 0.0002 0.0025 0.0152 0.0534
8.0000 0.0000 0.0000 0.0005 0.0040 0.0184
9.0000 0.0000 0.0000 0.0001 0.0009 0.0055
10.0000 0.0000 0.0000 0.0000 0.0002 0.0015
11.0000 0.0000 0.0000 0.0000 0.0000 0.0004
12.0000 0.0000 0.0000 0.0000 0.0000 0.0001

B

n 6.0000 7.0000 8.0000 9.0000 10.0000

0 0.1506 0.3001 0.1717 -0.0903 -0.2459
1.0000 -0.2767 -0.0047 0.2346 0.2453 0.0435
2.0000 -0.2429 -0.3014 -0.1130 0.1448 0.254¢6
3.0000 0.1148 -0.1676 -0.2911 -0.1809 0.0584
4.0000 0.3576 0.1578 -0.1054 -0.2655 -0.2196
5.0000 0.3621 0.3479 0.1858 -0.0550 -0.2341
6.0000 0.2458 0.3392 0.3376 0.2043 -0.0145
7.0000 0.1296 0.2336 0.3206 0.3275 0.2167
8.0000 0.0565 0.1280 0.2235 0.3051 0.3179
9.0000 0.0212 0.0589 0.1263 0.2149 0.2919
10.0000 0.0070 0.0235 0.0608 0.1247 0.2075
11.0000 0.0020 0.0083 0.0256 0.0622 0.1231
12.0000 0.0005 0.0027 0.0096 0.0274 0.0634
13.0000 0.0001 0.0008 0.0033 0.0108 0.0290
14.0000 0.0000 0.0002 0.0010 0.0039 0.0120
15.0000 0.0000 0.0001 0.0003 0.0013 0.0045
16.0000 0.0000 0.0000 0.0001 0.0004 0.0016
17.0000 0.0000 0.0000 0.0000 0.0001 0.0005
18.0000 0.0000 0.0000 0.0000 0.0000 0.0002
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x( t) ______ Ideal sallmpling by
impulse train
“ ;

By Nasser N Abbasi

1 \ i
x0) /\ N
N
. 8 .

B 0 fihz) \
\\ xs(t)
X ':;J..;ﬂ;s;;n";s;j;;,""*
so- Lo _{111111] /O
T I+,
6 N

an-£xe0-m I 8
n=—n 'lfi' ‘v

Altetnative way to wnie the sampted signal x(t)
AL

( )
xs(1) = x(1) D 8(1 —nT) = D x(1)8(1 - nT) = D_ x(nT)8(t — nT)

Hn=-x

Fourier se] approx

w
xs(t) ~ x(t) (fs Z ei’T”’") ;Wofv:‘a:?:'}e:mpumn

n=-w

Fourier Jrinsform

X = X() ® (fs i 5(f - nf;)) =/, iX(f— nfs) ideal filter (height=f—t)

N\ y ) e
G(f) A -A i/\: N\ Af(hz)
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2 Practical sampling

‘e
1 - practical l
0 YU rperi
Fourner 1 ~. EIN:;EE:‘;N’
v/\
XU : fthz)
B 0 B
A xs(1)
Fourier senes coeff XS(/)
g(t) = Zhlect( ""T) ~ Z hA smc(n ) e HH ”H H” _];
L
N==Cr T
~ s ;lj: ?\!:: ?,E\
<5 £ £
- _ = S €19 <
G(f) = f:hA Z sinc(n4)8(f - nf;) T = IE ) o
N==x 2y .y .L_l 2Fs Fs
| Rewnte 11 lounsr senes appiouniation —l
- hd = 4
~r~N . 21
xs(1) = x(t)(z h recr("%”) = x(r)(fshA Z sinc(n%))e/ 7"
S " ideal filter (héight=—1— Y
_______________________________________ Fou ﬁ e { 3, - ’<"I:-
> Loy 2O
Xs(f) XN ® (@Z s1nc(n@)6(f nfs) ) Té(i) é ‘5’
RS
humiura o AL
A : : f(hz)
AT | TR
e
w > 7
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Table of Laplace Transforms hitp://www.vibrationdata.convLaplace.htm

Welcome to Vibration Data Laplace Transform Table

- Laplace transforms are used to solve differential equations.
As an example, Laplace transforms are used to determine the response of a
harmonic oscillator to an input signal.

By Tom Irvine Email: tomirvine@aol.com

Operation Transforms

| N | F(s) F(t),t>0
@0 _ definition of a Laplace transform
11 Y(s):J‘ exp(-st)v(t) dt
0 -
y(t)
‘ inversion formula
1.2 Y(s o= .
v | v(ti= _1 [T axp(st) Y(s)ds
‘ ’ )21 JC—)* '
13 SY(s) - y(0) B first derivative
; s) - 7
¥ | y' (V)
- r - -
1.4 52 Y(s) - s v(0) - v'(0) -‘ second Eierlval|ve
' ' } y(0
|
"y (s)— 0] :_w ,:-,,[ ‘ ' nth derivative
1.5 = . | @-2),,
—Sn [jv (0)]" e =8 i-'- s “-"’ ,;Hl. Irl &)
_}:yl_ﬂ—n(oﬂ
integration
1.6 (1/s) F(s) “t Y(t)dt
-0
| convolution integral
1.7 F(s)G(s) " f(t-tia(t)dt
<0 =
1 [ s .
1.8 —F, =~ f (at)
D WO
- shifting in the s-plane
1.9 F(s-a)
03:48 PM
10f7 7/13/201
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Table of Laplace Transforms http://www_vibrationdata.convLaplace.htm

exp(-at) f{t)
w 1

[110]  1-exp(-sT)

j‘(;r exp(-st)f (1) dr f(t) has period T, such that
f(t+T)=1£(t)

1 T t) has peri
eXp(-st)g(t)ds g(t) has period T, such that

L 1 exp(—sT)-*O

gt+T)=-gt)

Function Transforms

N F(s) f(t),t>0
d(t)
2.1 1
unit impulse att =0
g 3y
22 s ¢
) double impulse att =0
2.3 exp(-as). 20 d(t-a)
unit step
- 2.4a /s u(t)
1 0 t<a
2.4b N [expt-as) - exp-bs "] 1 a<t<b
0 t>b
1 expl ~us)
25 s uw
1
) _ t
2.6 g2
1 n-1
—. a=123.. L
2.7a S n (n - 1)'
b nl a
2.7 t
gn*! ,n=1,2,3,2
o 1
2.8 x
$° , kis any real number > 0

20of7 7/13/2010 3:48 PM
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Table of Laplace Transforms

http://www.vibrationdata.convLaplace.htm

i
. (k)
the Gamma function is given
- - in Appendix A
1
29 Tt exp(-at)
2.10 1 texp(-at)
b +a)
! 1=123 !
|2.11 (s+ 0P B=le = exp (- at)
o
2.12 m 1 - exp(-at)
“ 1 _,
213 T E) 8#a ‘G_G]Lexp.\-a::—expn-{jn}
1 1 _exp(-ot)  exp(-8t)
_ = N +
2.14 s(C+a)s+8) g o ofe-6) BE-)
1
5 — -at)- - £t
2.15 At 8+ (a_ﬁ)[oeexp( at)-8 exp(-6t) |
o
2.16a m sin(at)
[sin @) s + &[cos()] _
2.16b 2, 2 sin(at + f)
s”+o
5
2.17 2 4ol cos(at)
s2 -2
(I 2.18 sz “22 2 t cos(at)
30of7
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Table of Laplace Transforms http://www.vibrationdata.com/Laplace.htm
1 1
2.19 T — 1= cos(at)]
s° + o o
-
1 1
[2.20 (32 . az)z 2—3[sin (at)- ot cos(ot)]
o
5 1
221 —|tsi
(52 + az)z e [tsin ()]
s2 1
222 y —— —[sin (at) + et cos(at
. L ()]
1 1 1
|2.23, 1 { }{— in (t) - —sin (wt)}
‘ i » XFW 2_ 2
‘ (52 +w2)(52 +oei) wé-ef|le w
22 > ! [
[22¢ era) t-—[1-exp(- )]
225 8 :
- . s +oe)2 +82 exp(-at)sin(bt)
‘ sta
2.26 s+ o:)2 +42 exp(-at)cos(bt)
s+ A A-al.
227 Gta)? 152 exp( oet){cOS(ﬁt)+ [ 5 ]sm (ﬁt)}
s+o 3
2.28. +
s +52 isin Bt+¢) ¢= arctan[-E]
8 o
2.29 1  sinh (at)
29 —S [*4
s2 - o2 a
2.30 :
. 2 _ o2 cosh(at)
|
o 1.
2.31 arctan[—] Ssin (at)
S
. ‘ 1 1
o 232 7 =
40f7 7/13/2010 3:48 PM
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1 ‘ 1 ‘
—— exp[- ot
2.33 = — x|~ o] |

1
s t
234 = | 2 \E
1 T (at)

2:35 _52J+7—032

|Bessel function given in Appendix A

2.36 (Tﬁ [i] Ty ()

s+t ]
1 I, [&’t)
2.37
s -a? Modified Bessel function given in
Appendix A
———r )1y )
2.38 372 — | I (et
(52 = a2) [0‘] l
—
-~ 58 =B ——[exp(Bt) - exp(at)]
’ : : ZtJm

Examples of the Laplace Transform as a Solution for Mechanical Shock and
Vibration Problems:

Free Vibration of a Single-Degree-of-Freedom System: |/

Response of a Single-degree-of-freedom System Subjected to a Unit Step
Displacement: unit stop

Response of a Single-degree-of-freedom System Subjected to a Classical Pulse
Base Excitation: shaso s

Partial Fractions in Shock and Vibration Analysis: »

References

1. Jan Tuma, Engineering Mat!
1979.

2. F. Oberhettinger and L. Badii, Table of Laplace Transforms, Springer-Verlag,
N.Y., 1972,
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‘l_f/_L emed = 3
L0 & TENS D = g7 N,

O

A
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€ 2Npn T o fm

R= ¥s P \
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5.2 sheet?2

6 What is the relation between variance and power for a
e random signal z (¢)?
Variance is the sum of the total average normalized power and the DC power.
total Power DC power
2 _Tr 20 2
o2=E[z* ()] + Elz(t)]

For the a signal whose mean is zero,
total Power

N,
2 =E[ ()
How to find average, power, PEP, effective value (or the RMS) of a periodic function?

Let x (t) be a periodic function, of period T, then

average of z (t) = (z (¢)) = %/Tx(t) dt
0

The average power is

T
Pav = (2 (1)) = % /0 |z (&)]2 dt

Effective value, or the RMS value is

~ Trms (t) = V(@2 (1)) = /Pow = —/ 22 (t) dt
For example, for z (t) = cos (z), (z (t)) = 0, Pay = §, Zrm, (t) = 0.707
To find PEP (which is the peak envelope power), find the complex envelope Z (t), then find the
average power of it. i.e.
PEP = 5 max (t)
7 How to derive the Phase and Frequency modulation sig-
nals?
For any bandpass signal, we can write it as
z(t) = Re (Z (t) &™)
Where Z (t) is the complex envelope of z (t). For PM and FM, the baseband modulated signal, Z (¢)
has the form A.e?® Hence the above becomes
- t) = Re (Ae/?Me/t)

= A, (coswctcosf (t) — sinwetsin @ (t))
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But cos (A + B) = cos A cos B — sin Asin B, hence the above becomes
Q@-;z z (t) = cos (w.t + 8 (t)) 1)

The above is the general form for PM and FM. Now, for PM, 6 (t) = kym (t) and for FM, 0 (t) =
ks fc: m (t,) dt;. Hence, substituting in (1) we obtain

4
Tras (t) = CO0s (wct + kf/ m (tl) dtl)
0

and
Tpp (t) = CO0S (wct + k,,m (t))
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Table A11.1  Summary of Properties of the Fourier Transform

Property Mathematical Description
1. Linearity ag (1) + bgol) = aG(f) + BGo(f)
where a and b are constants
21 (f
2. Time scaling glen) = HG(;)
where a is a constant
8. Duality If g0 = G(),
then Gy = g(~f)
4. Time shifting g(t = to) = G(f)exp(~j2nf1))
5. Frequency shifting exp{j2nf ) glt) -‘—‘—GM)—
6. Area under g(¢) J- gty dt = G(0)
7. Area under G(f) g0) = J— G(f) df
8. Differentiation in the time domain ;d-'g(l) = 27fGS)
9. Integration in the time domain f... g(7) dr =j2L7rf G(f) + G—;oz W(f)
10. Conjugate functions u g(1) = G(f),
then g =6(-f)
/ . 11. Muldiplication in the time domain algt) = J-; GA)G(f — A) di i‘»;f
ms\cm\ '
\W’ Phase. 12. Convolution in the time domain J:, a(Nglt - ) dr= C,(])'Q(f y
A (S ) _—> Phase devictian
' ok
&, )= Wit + DA ,
St
Ci@i - wi (+) = w(‘_ + ﬁl : Table A11.4 Trigonometric Identities . oz é&
di \( | 6 exp(£8) = cosf + jsind ‘
, 4 ' cosd = lexp(jB) + exp(—jO)
SN Prequersy

1 ,
AN : ind = - (exp(j0) — exp(-j6}}
| cdleoiahdn SIn¥ =9

‘FrW]VUa sin?0 + cos?@ = 1

‘ cos?6 — sin®@ = cos(20)

" - \WSQ cos?8 = }[1 + cos(26))
30 ‘Y)g}" Ph{(&@» wc‘\ + PC{@U“A)Q(\ sin?a = iu —- C05(29)]
2 sinf cos@ = sin(26)

. sin(a = B) = sina cosB * cosa sinf
\“)er' Fra = UJC. + -G((g:\ ' cos(a = B) = cosa cosf = sinasinf —
CleU.\O\'hm tane * tanf

ran(a = B) = 1 % tana unp
sina sinB = }[cos(a — B) — cos(a + B)]
. cosacosp = b[cos(a — B) + cosla + Al —
. sinacosf = tsin(a — B) + sin(a + al

Cot S = - 1 Sinlw-B) ¥ Siv atB)
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[ . e
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— —1-1"

g~! i

“beJ3 «OFJIDFT o xl]= Mﬂﬁ], TR
W"“‘ -:r-a_a] ]
)—g Zlﬁ)pr-nw/:c,/)em—{ W Line—: 4., +4, ser 57 a X +aX, Va1
i -"Z't-ﬁu T Tk
. b= J LX = &l redr Gmmls v7L a , X, - W’C cg%"—
ot lo~ pass _L_—-] = hoy- g n=o N
“e T We 20 We yq
T wen
LTI M
H(i)“ ;b :w&b’d . dli‘““ Srebhs Y]z ~ 2 e, y(""‘)'f 2 b :‘(n"'c)
= —_ =g
‘—-1%;_'_ do oo Cicerdt bomy iy, v Arms o L,w-./ Convelr La-‘:n 'ju"é‘\mﬂ'ﬂi)"" )
¥ | 347 aad entlt. ,'”/m‘ 51311-/
NI o Jlsn- [ — . w= 2773["7
o tinome 2sit) / 215G _/ 1xd ’144 "f" Z(F)/ * 4"6?:3
~N W' 4 (Tfﬂ“""’g / . \ 7
Re ”l" «(7) sty d T patede T ‘ apete
c-rF.s (Frurine S X ('"";L ) ' pTEs mi, | RH= 2 20e
- Jwo k. (e =5y —_— N n na =
o) = .LS ane n)é’“" L =zlde
- dn =t 2 Juam
J—‘S’ X( N gco oz""n 1[3,,__ jﬂ")e duwo

-Zl"')- 2C" dh’ckf

ot 'FS'
_ y [76 = 2_ cld] &
. x =% ] A= 210 ifxn) redd om) x E 1=¢ﬁ-:l = ’*‘2 k“l Ex‘ZI""”EJ—Jw”
¥ {' X{a)= 2-"5"33 [\M -~
L e i

ﬁyﬂ)‘“ 274’“’"

at & T e 1217
M
ul-n & ,J— Lo 2141 ) /F&(b)- -2 a‘,‘ly[n-;c)+ =L :r( II-K)

pctn) B ,ath_ @):'X(:’Df 'Z‘Ch)(—ez & MH{;} "2_,::9
2 uln) E» ___L.- Sl 3(2) 1'” )

- X ,| n}:hm 2 bJ

atyin &> < X(" 2/
4:_”_%&— = r(’Tnf%sz)H XBXdZ)
X,Xa -

Time Frogd
Red even -f-"'[—'; R, ever
Red s v Lrenginegs ot

T, evem Tomogia, €0t

< aﬂ"-bm
z\ !.0) ¥ zz( [} (Nfﬁryﬁi £l

larol2) = T L dd e Reds <t
TN \ -
SMH’ Symaretoy rala,iwk‘?" Va2
umnés - 2tn) +—s X¥ (-
A &> — - = Al s " A0
2] w A Thrim
oty Y Ee B
& ,uﬁrl‘ J"% E] 't lx(k’)) = =
)= 2 *"‘) /‘(""‘) /) 2o = gin)
-} "‘7—"—"—, < = = -
e zq  obie) + 2 > ] PR =iz =4 ,-E AR
TIR > 1007 2 ang #o)= = p 2"
H(x) = = "/-l-%,-. * K=o

208



CHAPTER 5. STUDY NOTES, CHEAT ...

5.2. sheet?2
H(2)= = & :L,—-',—_| (l- Z)‘Z ) [2_2')(2—1-‘)' . !
‘*;%"* T ope)  EPEA--
- b, sbsch A —ernkn r‘")\l-«.{' H(”'))=1' 2{3 AN e ' “‘)
[V, (Vs (wh- - N | W= xby+ w(N-MF T
[H®) = 1) £ - | ZHE)= £0+ ‘
L{[NXU&(“')‘, ’U (’V)/
|4 = H(lu) e L*V e XY ek U]
= H{W H(-w)
DA = H(z)HCz .
Auy o1 .
’ _,4) foo e by, 1 XOW) =[RIE3 ), A XN

Proy—te “FOFT X (NK)- Z
1 23 red Qeven , R X UK = = 1) s Z0En | xm-— = X) Cs %’5

z[ J 'OAMJ‘:{J
lf n Ton F o (J’Sm?—LE )J xfu3 a—kzzaf) anglr
F3) “"ﬂ-’lﬁ’"g o[ -2 - N
s AL .7) — R(c)e - 2reQ Z[”JeTz”ﬂ
25 = X w-e] | NN (¢ t\ﬂ%)/
0 ) ot =y s,

giver ZG)ef ot L, hD1 of leth M v+ P Laghn-) DET? N =[4+M~]
\*W’ d ¢ hee L-4 anu hinl= 3, -yvh\. VIO WY N 'C J
2 we Cor _'X' X‘ o 3"“‘!1-5 . IDFT ,qyﬁ,.v/r,..pw‘ ,7(5;7541«, .

like Laay, Comvilinf i, | Ld\-ao-a'vt_, ?“"‘J Seg vt e

=t (I52%F)
o
Je Atz e
oy P E(N-K)zf(k);-w

QN\,_ e Mt m

(>4
/'fwe T Givep Donic [doin 3] ./ DF?’J tye Con -zﬁ—‘/ PP R

| w=2. X()-X(s82)-X 1

o I 25y ws
N'“\t@ PaBET heniogsisinfin S [ i/ xty= BoZn o DFE
- L 4 ~.

Z e:-J 2lin- (k") N S(K") & = e:’ + e %’. /;{Z"}T{/‘fﬂ)]
o rd .f/h): SJ»?F‘,‘ N K

5 ey T A D= & [steon
;-f,. € ”f(/‘ ) St = @ ~€& ——

2 J

/JZZ)L) = ,,... [ 6(/"‘)1'5(?41‘")3 - :((") - MS’H(
n "
DFT 7(6)-1.’\ <~47M ' TLY) MJ&}(.‘,{ T2 7"“‘{ VQ En-«h L, g e—)%_)
£ = Z 2ty x(n) - Er~vt, = (Mznk“ 'rJ?;/—.r

pot 770 _
e @ Ec T xaaers & 2N= -GLLJ'_J';__ 1y
ate P gy :;. = :r((n-*j)) Q—J 2T 5k
Lot sgvomame TS Ffor iyt ] ‘Y N
R eFrre ‘., X 333 spm-l:u/*m-

209



5.2. sheet?2

CHAPTER 5. STUDY NOTES, CHEAT ...

Properties of the Fourier Transform

Property 1) Flw)
Linearity (Superposition) a f,()+a, £,(1) a,F,()+a,F,(w)
Time Shifting fl=1,) e’ F(w)
Time Scaling fler) 1 F(Q)

Il \e
Symmetry (Duality) F(r) 27 (- w)
Time Reversal S0 F-)
Frequency Scaling f(e)e™ Flo-o,)
Modulation S)cos(w 1) %F (@-o, )+ % Flo+o,)
Time Differentiation %E’) joF (@)
Frequency Differentiation i (r) j%@
Conjugate 7@ F'(-o)
Integration I f(A)da _/—la)_ Flo)+ zF(0)5 ()
Convolution Ih(i)x(t - A)dA H(w)X(w)
Multiplication FAQTAQ) % IF', V)F, (@ - v)dv

R % 2 1 % 2

Parseval’s Theorem il 7)) dr EJF (v) do
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FOURIER SERIES REPRESENTATION OF COMMON SIGNALS

Rectangular Pulse Train

T = pulse width (-1/2 t0 1/2)

d = duty cycle = /T,

@p = fundamental frequency = 27/T,
sinc(x) = sin(wx)/(nx)

. hd, n=0
X, = Tasinc(nd) = hdsinc(nd) = h sin(nzd)

0 , nz0

nw

x(t)=hd + i 2hd sinc(nd ) cos (nayt)

nal|

x()=c, + i ¢, cos(nayt +6,)

nol

¢, =hd = ?, ¢, =|2hd sinc(nd)|, 8,

[

_m, 2hd sinc(nd) <0
- 0, otherwise

If 1 =To/2, d = 1/2, and the equations given above becomes

—}1, n=0

2
sin(ﬂ)
2

nmw

X, =ﬁsinc(ﬂ)=
2 2
h

, n#0

x(1)= g + ihsinc[%)cos(nwot)

n=|
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x(t)=c, + i ¢, cos(nayt +6,)

n=l

. [n
(o3 =g, c,= hsinc[%)‘, 6, = n, hsnnc(§]<0
0, otherwise
Let y(t) = x(t = T¢/2). Then,
ﬁ, n=0
25T 2

Y, = X,,e_lnT" ? =X, e = X, cos(nr) =

(~1)"sin (%]

h , n#0
nx
Triangular Pulse Train
hl- 1 0 T — - {
g | ;
o L —_ 1 L - . t
-2T0 0 0 T0 2To
t
t = half of the base of the triangle (-t <1< 1)
d = duty cycle = /Ty,
wp = fundamental frequency = 2n/T,
X, = hdsinc® (nd) = M ine? (%)
T, 27
If © =Tgy/2, then the pulse train looks like
h[ | . — 1
g 1
L To 0 To 2To

and
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ﬁ, n=0
h . n 2
X,,=Esmc2(5)= 0, n=even

3—}12, n=odd
n‘r

Let y(t) = x(t — To/2).

=
E .
>

2To <To 0 To 2To
1
Then,
h , n=0
pLy) . 2
Y,=Xe "?=Xe/ =X cos(nr)={ 0, n=even
% , n=odd
nn
Half-Wave Rectified Cosine
h ] Rl T 1
v o B
t
X2t
4
x, =k
4
X, =t 20 e
7 l-n
Half-Wave Rectified Sine
3
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x®

0 - [

-T0 -Tor2 0 To/2 TO0

h = amplitude, j= J-1

31072

Xl=—_fh
4
X, -2
4
h
of nw —, n=0
n cos > F 3
Xy=———5*= 0, n=43,£5,%7,..........
. l-n P
- 7, n=12,%4,%6,.......
T l-n
Full-Wave Rectified Cosine
h | T T - — {
I 270 o o %o " 210 :

_2h cos(mr)_ﬁ (=)
" x 1-4n® 1 1-47°

Full-Wave Rectified Sine
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