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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.edu ~jskany

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

lof2 6/21/2010 8:46 PM
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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

2 0f2 3 6/21/2010 8:46 PM
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1.2 Text Book

There was an official textbook, but it was not really needed. Taking good notes and work-
ing 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,tavinz -

RN\

Figure 1.1: text book
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Quizes

Local contents

2.1
2.2
2.3
24
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2.1. Quizz1 CHAPTER 2. QUIZES

21 Quizz1

N/ a »»1_00/ Yy ¥ = 5

ECE 405 QUIZ #1 20 POINTS SUMMER 2010 /{'

- A model of a balanced modulator is shown below. Let the message signal be Lo
m(t) =2 cos(27rx10|0001). The frequency of carrier is f. = 100000 Hz so that Te=1/100000 s. B

=25 kHz.

= (a) Plot m(t) in the time domain for 0 < { < 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.

<7 (d) Plot the spectrum Q(f) = F[q(1)] 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) V() with bandwidth 2B | v(t)
2 and center frequency >
&
- 0]
q()
1
: T T .;‘ :
< ,_4}_' 0 _Zg I, 2T, t
!
-
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2.2. Quizz 2 CHAPTER 2. QUIZES

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 (-y—/*.} gl oy
amplitude modulates (AM) a carrier , )

%(Q‘L.:(/f}'-% ‘—'Aa( 7

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

11
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2.3 Quizz 3

Naeser . Abkse s

I ——

A
ECE 405 QUIZ #3 20 POINTS SUMMER 2010 #

e

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)

N AW X
. ,}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.
_ dfs)
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.
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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 + fB) = cos(a) cos(B) - sin(c) sin(B)

cos(a - B) = cos(ar) 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(2at) = 2 cos*(a) - 1 = 1 - 2 sin’(a) = cos(ar) - sin’(ct)
=[1 - tan*())]/[1 + tan*(o1)]

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(ar) = [ + e1%)/2
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sin(o) = [ - e797/2

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
D kP=12422 434 +n2=w
k=1 6
Z": K = n’(n+1)*
k=1 4

k* = - (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
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=——a,n"? + azn‘”l+p+1a3np+ ..........
= p+2 +1 p
p+1
H1-(p+1) k }
; 3-K)
Series Expansion
3 5 7 9
tant(x)=x— s X X
3 5 7 9
_— 1x* 1.3x* 1.3.5x" 1.3.5.7 x°
sint(x)=x+ -+ "4 24 x
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 8
cos(x)=1- > 4 X X X .
21 41 6 8
45
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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/To.

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

h hd, n=0
T . .

X, =—sinc(nd) =hdsinc(nd) = i

ST (nd) (nd) hsm(n;rd)y N0

nz

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

n=1

x(t)=¢, +i ¢, cos(nayt +6, )

n=1

¢, =hd :g, ¢, =|2hd sinc(nd)

0

, 6=

n

7, 2hdsinc(nd) <0
0, otherwise

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

E, 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

0022’ CI‘I: , en:

.n27rT0

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

Rectangular Pulse Train with Time Shifting

to = 1/2.

X(t)

[

0
-270 -T0

T 5

2z . 27
. n%

X, =ﬁsinc(nd)e_J
0

If Tt =TJ/2, we have

n—t, -in—t, | -1
T =hdsinc(nd)e " =hdsinc(nd)e 2 =hdsinc(nd)e

270

T—
T

o

. 2ntT inzt

L[

X(t)

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

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

TO 3T0/2 270
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Triangular Pulse Train

AN

h

x(t)

0
270 270

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 T

If © = 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) ={ 0, n=even
2h

Let y(t) = x(t — To/2).

|ZANEZANZANZAN

-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= Odd

Half-Wave Rectified Cosine

h

0

-TO 0 TO
t
h
Xl = Z
h
X—l = Z
cos(n”)
X, = h 722 n=+1
7 1-n

Half-Wave Rectified Sine

h /

0 -TO -T0/2 0 TO/2 TO 3T0/2

h = amplitude, j=+-1

—Jh
X, =
g
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jh
X, =4
-1 4
h
2 Nz ] n=0
hCOS 7 T
X, =— /-1 0, n=434547,..
7z 1l-n ho1
., N=12,£4,%6,......
7 1-n

x(®)

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

n

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

Full-Wave Rectified Sine

h

[V

-3 0 TO 270 3T0

x(t)

« _2h cosz(n;z)_zih 1
" 1-4n? 7 1-4n?

Sawtooth
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x(t)

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)el! Flo-o,)
Modulation f (t)cos(w,t) %F(w—a)c)+%F(w+wc)
Time Differentiation dLEt) 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)
—o @
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’

(j2r +a)

St - £)wa(t + )]
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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)
cos(j} rect(;j
% {1 + cos( 7: ﬂ rect(ztaJ

- jﬂ[é’(a)—a)c)—é'(aﬂra)c )]

jo+a

(ja)+a)2 +a)c2

D

jw+a) +w’
(jo+a) +of

ez
“rect| —
c 27C

54

_Zj[5(f —f)-06(f + )]

j2nf +a
(j2rf +a) +(2af, )

278

C

(j2A +a) +(2f, )

1

jf

1 rect(fj
c c
1tri(fj
c c

2a cos(maf )
7 1—(2af

sin(2zfa)
27fall—(2af )° |



Chapter 4

HW’s, and computer assignments

Local contents

41 HW’'s .. ... ... ..
4.2 Computer assignments

55



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

41 HW's

-
HWH1, ECE 405
By Nasser M. Abbasi \/
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 £ + n| - 16 coa[2 730000 £ - — 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*®, * [Xal™}]
Xl
20t o
15r
—
10+
sk
—_— " . -t khz
5 10 15 20 25 30
-

Prinled by Mathematica for Students

56



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

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

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 b
e ¢ PR 10 20 w ™
Printad by Mathematica for Students
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hwinp |3

o

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®, *phase X,"}, PlotRange -+ {Automatic, {-90, 90})]

phase X,
90

<

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

Problem 2

Qw = 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[?]
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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]]

1Xl
D.SF

t
U.4f
03
02}

3 &
0.1
& e
oS o = o
- W » L 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

—®
- B ... 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 +%7], * watt"}]

0.0379954 watt
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HW'’s CHAPTER 4. HW’S, AND COMPUTER...

hwinb |5

= part({e)

Fourier serices of x(t) is 5,

- Xn EXp[I 21 fOnt)
at n=0

xn (0] /. parameters

1
3

2. o
substituting values, we obtain x(f) = 32 _ ;— e 3Nt Sinc["]—"]

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 = )’ xn[n) Exp(I2n£0nt);

ne-10

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

x(t) approximation

1‘\"»‘\‘ Fr#ﬁ ,r\“ 10 "r.] “.w.’ “‘ ',
081
06}
04}
02}
LT I U
‘OEI—#I l'l"'.';o'oq;".‘u I PR (;‘.63', S 0-0'0”“)

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

30
fourier = Z xn[n] Exp[I2x£0nt);
n=-30

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

x(1) approximation

H H T T R
: os}

06l

0a}

021

oot TS T tsec)
=0.010 .005 B Q005 ' .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 (n + 90) 10]
simplify, the above becomes

1
-3 4 (=90en) »

1 90 +n
ya(n_) t= —e ]
6

8implify [yn(n]]

1 1 2
sinc[u S (-s0+ n)] s —@TtRI R gine [px
6

2
e inn

Sinc[g (-90 +n) n] oSinc’} (90 +n) n”

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,|"},
PlotRange -» {Automatic, {0, 2/6)}}, Ticks - {{(-90, "-30khz"}, 0, {90, *30khz"}), Automatic})

1Yl .
030
025

020

0.10

0051

' . ‘
ot e il g
=30khz 0 30khz

Now plot the phase
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HW'’s CHAPTER 4. HW’S, AND COMPUTER...

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 N NI 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 5khz, 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.
(1) = Tolgy ¥ 12! where fy = I khzand ¥, = ¢ €732 Sinc|Pi 3(=90+m)|+
Using the second form of the fourier series, compute to obtain

2
| -] . .
L ¢73400+m1 gine[pj 22
6 3
| 28

3
Pi

3

1 n 2
wi[n_) t= —sinc[ ] Coe[zn (30000 +n333) t-n ;n]
3

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

nsl ne-?

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

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

0.5

t {scc)

00031 (0003 0004 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[2 m+30000t], {t, 0, .005}, PlotRange -+ All]

Lo}

"0.002 0003 ' 0004 | 0.005

= part(h)

using the shifting property, Z, = ¥, e”"%* %7 where f, is the fundamental frequency of y(t) and fy is the delay amout

10*-3
parameters = {h- 1,d=1/3, f0->1/(3~«10"-3), t0 =+

}s

zn(n_] :=yn[n]) Exp(-I27£0 t0n] /. parameters
zn[n] // Simplify

CHAPTER 4. HW’S, AND COMPUTER...

: | D 1 4 ¢ 1 .
—e "7 Sinc{*(—g(}vmit‘«fsinc — (90 +n) &
6 3 . b3
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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d = width / period

0.25
Hence X, =hd (Sinc(Pind])?=} (Sinc[Pi 2 1)?
1 n 2
xafn_] = ~ [Bine[!'!. -z-]]

a part(b)

hwlnb |9

The fourier series approximation is given by $i2. _Xne-!127fent where f=1khz in this example,

Hence

x(n= % Do (Sinc[Pi %])z e~127 1000

Prinled by Malthematica for Siudents
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10| hwi.nd
= part(c)
H(s)= 2~ = ' where R= =10 =10 =t = 1000
(s) s’% oV ere R=1000 ohm, C = 107°, hence RC = 1073, then H(s) ST = 5e1000"
Lo 1000
hence H(j w) = Tor 1000

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

Now, y(t)=H(j) x(t), hence in terms of the fourier coefficients, we write
Ya = H(jwy n) X,=(| Hiie) | Arg(HG)® (| X, | Arg(X,))

hence

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

Hence | ¥, ] =1 H(jewym) [* | Xn |
and
Arg(Y,) = Arg(H (jwy m) + Arg(X,)

1000

Ju",n”IOOO’

But | H(jwyn) | =

and
Arg(H(jwom))) = -arctan (1=

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

1000

J:}on’uow*

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

J (27 1000 )2+ 10002

Hence ¥, =

. . 2 . “o
% (SlnC[PI 2 ]) EXP['J arctan (:ooo)]

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

1000

1 n 2
yn(n_] 3= — (Sinc[l’i - ]) Exp[-IArcTan [n2n)]
2 2 (2 71000 n)? + 10002

Now that Y, is found, we can find
Y=o Ya Expll 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

1 1 n .2

x[t_] = ;...Z'a (si.nc[u ;]) Exp{-I271000nt)

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)"}]

)
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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B Fhan]=A(w)- = Ty @

Jws -
@ 2 x(+15) —> 2 i’:[_xh‘&S)l = 2 Xwle

~ -3
: B o xEHAY — 1o B *’é—ﬂ?)‘J =30 X (3w) €

S Pl ek EIXE)] = AX (aw)
& + I(HZ) rFxtTQW
W"\g p\o@mh Ho = FZEF{{ X&)j = Jw X (w)

)] - SXl51) @ Sew

arl F C—txﬁ-)] = 0\ X(La)

Then =17 (8] = Q&w @‘X('Sw) )

&’F[ (pw

odyey] = FLCY] FLdxw]

FLconuidio] = mulblicain

Ve

& | Tt ' '
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~
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_2 %\e\(r Con) ugrie ‘
A L e Y ®

~ TG .
s o=ty ELXW\= X (w) -
Thew x4 = gx"(-g) ,
03 ppeh  FTE X4 = Sﬁ)Y/w); e, |
Slex09)= 4 (3x(2) =) a4 (x”@@/
E> rid Bourinctrams fooms o)
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-5 e

- . Aotk
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Prede (> Port (€D

n1s)= 8 = Sinc[Pit}®2Cos[27110¢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 TV
2

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

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

HW 6, Problem 1

by Nasser M. Abbasi

m2s1)= << dsp”

= part (a)

mj282) = Clear([w, t];
fm o 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 -
o part(b)

inf287)= £t = FourierTransform[x(t]), t, £, FourierParameters » (0, -2 P1}];
Print ["Fourier Transform of x(t) is");
ft

Pourier Transform of x(t) is

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

Printed by Mathematica for Students
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2| probl.nd

"

Inf290] = dep “plotFourierTransform (ft, £, -2 fm, 2 fm, 0, .5, Large);
Show (%, PlotRange - All, Axeslabel -+ (*f(hz)", "spectrum®}]

spectrum

A 1.0 A
[ X1
06}
Ouy291)=

04}

0.2

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

8 part(c)

nj262)= 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

L‘% 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
Inj3$0) = spectrum = Expand [fs Sum(ft /. £ » (£E-ne£8), {n, -3, 3}]];
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. + £} + 50. DiracDelta (60. + f] +
50. DiracDelta[90. + £] + 50. DiracDelta[110. ¢« £] + 50. DiracDelta [140. + £]) + SO. DiracDelta[160. + )

Printed by Mathematica for Students
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probl.nb |3

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)=

flhz)
-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

In[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 7 10¢]

Printed by Malhematica for Students.
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HW 6, Problem 2

by Nasser M. Abbasi

ngs) = << dsp”

= part(a)

wii4s)= Clear([w, t, t, £}];
fm = 10;
poeriod = 1/ fm;
Print ["Period of message = *, N@period, ® seconds®];

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

x(1)

’ /

Oulf149)=

- + + L
0.05 / 0.10 \ 0.15 020

-l N\

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
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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)

wis)= T8 =1/ 185z
Print([* samping period = ", N@Ts, " seconds*];

samping period = 0.0666667 seconds
In{158) = nSamples = 2 « period / Ts;

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

X

204
I.5F
1.0}
Oulf160)=
A N A " A .
0.5 1 1.5 25 30
-0.51
-1.0+
® part(d)

In161j = Cleoar([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 + £] +
1s DiracDelta (25 + £f] + 15 DiracDelta {35 + f] + 15 DiracDelta[40 + £] + 15 DiracDelta [55 + f)

Printed by Mathematica for Students
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prob2.nb |3

\W‘V w(166} = 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 | S5 10 2025 3540

s part(e)

In[167) = bandwidth = 0.5 £8;
Print [*bandwidth = *, bandwidth, * hz®];

bandwidth = 7.5 hz

169} = 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}

Qu[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| prob2.nb

nhi7s)= y[t_] :=2Cos8[2P110¢t]} +2Co8[2PLi5¢]);
Plot[y[t]l, {t, 0, 2period), AxesLabel - {"t", "y(t)"}]

¥

oul(176)=

. " L A
0.05 0.10 0.15 0.20

-2}

Compare this with the original signal x(1) 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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HW 6, Problem 3

by Nasser M. Abbasi

<< dep”

a part (a)

meg) = 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)

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

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

Printed by Mathematica for Students
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2| prob3.nb

“

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

AT A

08}
0.6t
Outfa77)=

04+

02+

= fth2)
~-20 -10 10 20

® pari(c)

nj478j= T8 = 1/710;
Print[* samping period = ", N@Ts, " seconds"];

samping period = 0.1 seconds
nj480] = nSamples = 6 » period / Ts;

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

i\w X0

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

Clear|[n, £];
fa =1/ Te;
Print ("Sampling frequency = ", £s, ® hz®];

Sampling frequency = 10 hz

Printed by Mathemalica fos Studants
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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 DiracDelta[-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 o.ls 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)
(ﬁ " )

A 7 A ’
\ P \ ‘.
\ B \ '
\\ ’ s !
4 \
i ‘\ y(t) ] \ !

-1} “ 1‘ / ‘\ ’

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] = << dsp”

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
ine75}= 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(1)

6
4_ /
2} [ - |
Ou[303)= i : '
i ‘ \
. L. / N I
0.05 ol | 015 / 020
-2t \ i
\
. \ /
-4t AV \
o part(h)

nj333)= £t = PourierTransform(x[t], t, £, PourierParameters —» {0, -2Pi}]);
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

w340} = dsp plotFourierTransform [ft, £, -2 £2, 2 £2, 0, .5, Large]:
Show (%, PlotRange —+ All, AxesLabel - {"f(hz)", "spectrum”}]

A

fthz)

spectrum
A 20
L5r
Oui3aj= 10}
05
=20 -10 10 2
= part(c)

Injegz}= T8 = 1/50;

Print[® samping period = ", N@Ts, " seconds"];

samping period = 0.02 seconds

Inj322) = 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,

X
(T3
\ "
\ o]
\ I
L )
4 \ , 1
v [ !
1 ' !
v
' f
2k " '
Oulf325)= ' to ' '
1 [N ! t
\ ) y i N
el | L
‘ Voost o010
1 ! \ )
N ] \ ' \
j I v i )
-2F ' \
) A
y [
7 v
-4l . |
» part(d)

m326)= Clear[n, £1;
f8 =1/ Ts;

Print ["Sampling frequency = ®, fs, ®

Sampling frequency = 50 hz

hz"];

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

proba.nd |3

njsun) = spectrum = £8 Sum(ft /. £+ (£-n e« £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)*, "Spesctrum®),

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
8 part(e)
&w in[371)= 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 - ("£(hz)*, “Spectrum"}, Ticks -» ({-20, -10, 0, 10, 20}}]

Spectrum
AT
1L5r
Oulf382)= 1ol
05
fhz)
=20 -10 1020

Printed by Mathsmatica for Students
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4| probd.nb

part(f)

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

mi3s3k= ¥(t_] 3= 2Cos[2P110¢t] +4Cos[2r20t);
Plot[y[t], (t, 0, 2period}, AxesLabal + {"t", Ny (t)"}]
wo
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(a)

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

n(s0s) = x[t_) t=4Cos(2P1i £f1t) +2Cos(2P1f2¢];
Pl = Plot[x[t], {t, 0, 2period}, AxesLabel +» {"t"®, "x(t)"}]

x(1)

6 | \ /
w2 | /
(AR A

&

<

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

Inj3971= dep plotPourierTransform [£t, £, -2 £2, 2 £2, 0, .5, Large];
Show[%, PlotRange -+ All, AxesLabel -+ {"f(hz)", "spectrum®}]

fthz)

spectrum
A 20+ A
1L5F
Qui[398)= 10}
05+
-20 =10 0
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[n Ts]

}, {n, 0, nSamples}];

Show[{ListPlot [data, Filling - Axis, FillingStyle - Thick,
AxesLabel - {®t®, "X,(t) "}, PlotRange - {Automatic, {-4, 6}}], pl}]

U]
6

Ouif436]=

-2

-4

n part(d)

misey]= Clear[n, £];
fs=1/Ts;
Print [*Sampling frequency

Sampling frequency = 10 hz

", £f8, " hz9];

Printsd by Mathematica for Students
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probs.nb |3

51y = epectrum = fo Sum(ft /. £+ (E-nw« £8), (n, -4, 4}];
spectrum = Expand [spectrum]};
spectrum = 90 DiracDelta[-110 + £]) + 90 DiracDelta [-100 + £] + 90 DiracDelta{-80 + £) +
90 DiracDelta[-70 + £] + 90 DiracDelta[-50 + £} + 90 DiracDelta [-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 fs5, Small],
AxesLabel -» {“"f (hz)*", "Spectrum®},

Ticke - {{-80, -70, -50, -40, -20, -10, 10, 20, 40, 50, 70, 80}, {£fs, 3 £8}})

Spectrum
I
\ (° f

Outfd54)=

BO |

fthz)
-80-70 -50-40 -20-10" 1020 4050 70%0

s part(e)

w|3ss) = bandwidth = 0.5 fe;
Print [*bandwidth = *, bandwidth, * hz"):
bandwidth = 15. hz

m{373)= gain = T8;
Print[*Gain=", N@gain];
Gain=0.02

O,
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4| probs.nb

&W’ was7i= epectrum = (90 DiracDelta[-10 + £] + 90 DiracDelta (10 + £]);
Show [First @dsp "plotPouriexrTransform [
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
05+
- y fthz)
=20 ~10 10 20

inf460)= h = 0,02 » 90;
v=2e+1.8

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

l\%ﬂ, nj362) = Y(t_) s= 3.6Cos[2Pi10¢);
Plot([y(t]. {t, 0, 2period)}, AxesLabel -» {"t", ®"y(t)"})

¥t

] /-
00s [ o ‘-\ 0.15 / 020 '

. \ /

compare to orginal x(t)

w

~

!

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

Printed by Mathematico for Students
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F1s

¥,
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x(1)
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'
\ f . T 1 \ T il
\ 1005 TN loas’, ., 020
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\ ' ! !
1 !
vy [ v ! v,
vy ] ‘1 v
\ f ’ \
bl o f p A N
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4.1. HW’s

In[15)= Plot[2Cos[2Pi1l0 t] +Cos[2Pi20t], {t, -.5, .5}, AxesLabel - {"t", "x(t)"}]
x(1)

Out[15)=

W W W W W W W
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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)=

= Find the fourier series coefficients of the above pulse train

In[1¢6} =

delay = 0;

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

2pi
W0 o ———; (arad/secs)
period

1
f0 5 ———; (*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

04+

-0.002 -0.001

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

0.000

0.001

4 1(sec)
0.002

Qul106]= {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})

! P T b '
W 1o} .
1] x.." ";
!
1 o8l
|
I
06
Ou107)=
04}
’ 02t
s
—_— “'_ I - b . . 1 - 1
0002 ! "~ -0001 - ' : " 0001 0.002

= Plot the spectrum of the pulse

N inj1og}= data = getMagnitudeOfPulseTrainPourierCoeff [delay, period, range, dutyCycle, numberofCoeff];
ListPlot (data, Joined -+ True, AxesLabel -+ {"f (Khz)®, ®|X(f)|"}]

XNl
025}

020}
015f
o108}

010

005

ot L A ; 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, range, dutyCycle, numberOfCosff];
ListPlot [data, Joined - True,

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

nt

Quy111)=

* " - f (khz)
-5 5 10 15

= Generate normalized low pass butterworth of order 4

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

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

Qut[116}/TraditionaiF osm=

I
s #+2613135° +3.41421 2 + 2613135 4 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=
1.

2.50634 x 107'8 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)
nj19)= 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_, w0_, numberOfCooff_) := Sum(If[n = 0, yn[n, wO) +Exp[IwOnt],
(yn(n, w0) +Exp(Iw0Ont) +yn[-n, wO] «Exp[-IwlOnt]))]., {(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)|*)]

1Yo

025f

020}

oast

Outf125)=

010+

f (Khz)
0

= 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}}]

ATg(Y(F)

nt

Oou127)=

f (khz)
20

Printed by Mathemalica for Students
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6| cai_v2.np

= Plot y(t)

nf128)= Plot[y[t, w0, 10), {t, -range,

ouj128)=

e

o8 {

!
i i
! LX] S '
‘ ,‘ ]

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

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

Epilog - {Thin, Red, currentPulses)

Qul[129)=

y), x(1)

N A\

\ I
\

F ko
b !i
|

L

|

|

!
i
1R
oaf |
o2} |

Y

s

range}, PlotRange - All, AxesLabel - {"t (sed)®, "y(£t"}]

- 1(sed)

-0001 o/

0.001

Printed by Malhematica for Studenls
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4.2. Computer assignments CHAPTER 4. HW’S, AND COMPUTER ...

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 “‘

1

f

1.

t

Oulf50}= '

‘ j \ |
C . ' {
LIk > L i Sy e 'Ll‘ L N\ L

‘ ™ e =t ety oL - il sed)
4 ~0002 )" \/ " oom Y ‘\ / " ) \/ " .001 \/ ooz ‘0
N ; . Y ‘ . ,

Part (2) High Pass

= convert normalized butterworth to high pass butterworth

2Pi
’ 5] ¥
tao

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

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

Outf284 )/ TraditionalFonn=

154

1.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*}]

{0
005}

004}
Ao 003}
Oul290]= i

A 002}

i
|/ ) e i s 3 f(Kh2)
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
10r
05f
f
i
”l
Oul[229)= Vo .
P By S v - - L ‘ A t(sed)
~0002f ST 00m L 0.001 : 0.002
5‘41 [ '
-05|
-1.0%

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

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
¥, x(1)
***** SRR 10
05}
[ 1 ‘1
/\\ |
Out{230)= (I u
e . . L 1oty
-0.002 . o - =0.001 0.00t 0.002
Y
Vi
v
=051
b
-1.0-
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

Py \ | | \ M [
Oul]232]= \ ‘I - ‘ _ , A | L A M

L g e ViR L1 fl | 1y L b | \[ D AL D (ged)
~000f [T S ~0.001 Wi U oo |

-0.5

-10k

Part (3) BandPass filter

= convert normalized butterworth to band pass butterworth

2Pi 4Pi

’ f a]:

tao tao

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

TraditionalForm@newHs

n[273)= newHs = dsp butterToBandPass [ha,

Qui[275)TraditionalF orm=

(1.5%)/(2.50634 5 107" 5* + 1.64604 % 107" 57 + 1.80703 x 1074 50 +
0.000727811 5% + 38.6569 5* + 919450, 5 + 2.88394 10" &% + 3.31871x 105 + 6.3838 x 10'¥)

Printed by Mathemalica for Students
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cal_v2.nd |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) «Exp(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)", "[Y(£)["}]

(M

0.0s}

004}

oul281}= 003¢

0021

001

—L > f (Khz2)
20

s 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)=

. — f (khz)
-0 -10 i0 20

-t

Printod by Mathematica for Students
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12| cai_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%}]

il
1.0

05

i d i /‘ i
H LAY . 1 - ‘ 1l
| . LTSN [
Ouf244)= Ai[\[\ a N A A AN

7 L - = = = SRR R S t (sed)]
-0/ Y T aggm Y " T T T v ooz ‘&Y

» 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)"),
Epilog - {Thin, Red, currentPulges}

1
H x(1)
‘ ' Pl |
i | ‘} | ‘ !
i 051
! l
- L 1. o
i /\ \ DA ) \
owass | L L | > T DRI LT
-0002t . -7 0001 o <77 0001 SN o.t)o'z'l )
VYR - ‘
.
~05f
-0t
Printed by Malhematica for Students
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Plot y(t) on top of approximation of x(n) used

in|246) =

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

cal_v2.nb |13

{t, ~range, range}, PlotRange -+ { {-range, range}, {-h, 1.1h}},

AxesLabel - {*t (sed)", “y(t),x(t) approximation"}]

"

¥(1),x(t) approximation

p

05+

Part (4) BandStop filter

a convert normalized butterworth to band stop butterworth

2prPi 4pPi
n[293] = newHs = dsp butterToBandStop [he,

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

TraditionalForm@newHs
Out[295)//TraditionalF orm=

(1.(? + 1.26331 x10°)") /(1..5* + 65675.5" + 7.20984 x 10° s° + 2.90388 x 10™ * +

’

. B]}
tao tao

154236 X 107 s* + 3.66849 X 107 5* + 1.15066 % 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 » (Iw0n)

yn[n_, w0_] := dep”fcPulseTrain [n, h, tac, 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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cal_v2.nb |15

“
= Ploty(t)

inf306)= Plot[y[t, w0, 10], {t, -range, range},
PlotRange - {Automatic, {-h, 1.5h}}, AxesLabel -» {"t (sed)"®, "y(ft"})

e
ILS-
I A A
\ 1
/’\_ | | } i
/ Loff | /
s il § 'J !
P T £y i
’ : 13 'l i . I
; sl Do f
- ; X [ |
Out{306} P 0o }J ,“ ;
r ) I ' | i {‘
: an A‘AI s VAN, Loan ALY D YA SN Lsed)
~0.002 V RARETTEVE A Y T V 0.002
p L
-05|
-0t

= 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)
]

¥l xt)
LS

ost
ou3on= :

) 1 (sed)

-1.0%-

Printed by Malhematica for Sludenls

169



CHAPTER 4. HW’S, AND COMPUTER...

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 ‘
| 0.5 |
| | | [ | ,l
| | | |
\ [ | |
Oul[308]=
| | {
5 : : v ./ T s g : ‘1 (sed
=0.002 | -0.001 0.001 2 i
=05+
- [
r
-1ot
-
Printed by Mathematica for Sludents
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Computer Assignment #2
by Nasser M. Abbasi
ECE 405, summer session 1, Cal Poly Pomona

Simulink setup

(B & 5 -10| x|
Fle Edt Vew Smulton Format Tools Hep
DER& ® o P sphos B0 ARE®

x

L/
Y ioe ¥
1

Ready 100% odeds
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Part (1) non-coherent demodulation

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

&m0 p

seronns

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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4.2. Computer assignments CHAPTER 4. HW’S, AND COMPUTER ...

Computer Assignment #3
by Nasser M. Abbasi
ECE 405, summer session 1, Cal Poly Pomona

Simulink setup

[} <student Version>matiab e
e Edt View Smulton Format JToos Help

D@8 s 2B|e= 2|0 ) ohms RUDSE WRES

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

low pass filter

ﬂi: _,—»M

FFT
camier P of m(t) after demo
Bufter
- o FFT
Butfer spactrum of 8(t)
Ready f100% | [odeqs P
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Original m(t)

Demodulated m(t)

- <Mtudent Vordon> : matha/ spectri

il

{""lT””‘(i';“l'” Iil],. 'J I]!w il

S(t)=(Ac+cos(2 pi fm t))*cos(2 pl fc t)

)
.2 ol "
: )
8 [P !
0 ¥ \ I
\ / L
£0 S
i w1
/ ~ - )
. \ -100 ~. \
b N N\ “
T~ \f ~
e 42 ; ~
-100 S~ ~——
e —~
. IR 71 1 - —
R A\l
-160 !
.0 5 ] 1% % F) k] B ® 4 5 10 15 F:-J -3 o £ 490 45
wENmR D _Froenmrviin famre 3 min

Magnitude Spectrum of

Magnitude Spectrum of

s(t) m(t) after demodulation,
notice fm=1000 hz
i
|
I
afy 4 i
tveve tesayema all |
A s g _,“l
o 4 ;
e m l.:i.
Smre  Covgwr .o‘
alli
Dy Vs i B i ) .’xna FE Computer #3
ettt Part (1)
oD | ot P |[oe el 3|
::.:':' Prve— n fRE o —— |
o [ —
- g 3 [T ey | Ll : | aessa
Y ] hne Fo
31 [T o= reat T
x| —
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‘ Computer Assignment #4
w by Nasser M. Abbasi
ECE 405, summer session 1, Cal Poly Pomona

Simulink setup

ET] <Student Version>matiab
Be Edlt Yew s:num Format Joos Help
DSHE s BBIe 42> ops [BPDOE | RBES

4

time scope 1

o2

mit)

A 4
~

-

Butfert

I

- A LR

Digital Butter spactium scope
Filter Design 1

digital filter design2

time scope2

1000 | I lodeds 4
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Computer assignments

CHAPTER 4. HW’S, AND COMPUTER...

ling ofiset: -0 -

Time scope output

Time scope 2 output

Time scope 1 output
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-3 <Student Version> : matkab/spectrum ! B =10] x|
T
3
: lg

F

= N
£
|50

ia'oc

.. 0 5 10 15 20 25 30 35 40 45 §0
oo Ertame? Freauency (kHz)

Spectrum scope output

-+ <Student Versions> : mattab/spectiui scope

k

' Magnitudessquered; a8

00

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

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

1<Student Version> CA5 * e ' _llﬂlé(_l
View - Smulbtion: ‘Format Jools Help
Fe@letoe|r o fif |PeRSeE RBBES
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
imae scope 3 Buffar Spectrum
s(t) of recovered mit)
2°pi*V40 —Pp{In3 FOAT ool
g Out2
Constantt In4 > l -
FMMOD — mit)
Digital
Filter Design
Sine Wave _.EI]
time scoped
Gaint
mit) s

[ 2*pi~340

Constant

NCO
Ny
FFT
Bufiert Spectrum
of m{t)
Ready - B f100% | [ lodeas /

& Models of subsystems
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; n Student Ver5|on> subsystem ;
= ew - Smulation Format Tools Help

=13

';_._ae'%@wmrm Sy afo0 |BEBSHE| B

FMMMOD subsystem details

Unit Delay
1

) - P remiu.2°pi) costw)  —{(1)
In1 z Out1
Fen Fen1
In2
Gain
Numerically Controlled Oscilator subsystem (NCO)
Unit Delay1
(24— oostv) [ remiu.2°pi) [
Out2
Fen2 Fen3
In4
) [100% | loded5 4

model file of the above is here
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Recovered (demodulated)
message m(t)

Time scope (4) in the
model

Time scope (3) in the
model
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2 <Student Vendon> : CAS/Spoctrun'of <

4 <Studenmt Version> @ CAS/Spectrum ot it

/ o -100 \
/
\\\ / Y, \
~ .
120 / \\
‘ S AN
A A0 d ™
.// \\\
v// \‘

168 \\

2 - 0 1 2 3 4 4 3 2 A 0 1 2 3 4
.- Fpmoncs i) Frama 16 Expmnivy ()

Spectrum of original

message m(t) Spectrum of s(t), the

modulated carrier (FM)

-} <Student Version> 1 CAS/Spectnim of i

4 3 2 -1 [) 1 2 3 4
Framy 16 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
Cal Poly Pomona, CA
SUmmer session 1, 2010

problem description is here

Simulink model

model is here

Computer assignment #8
modulation sng demodulstion of Binary FSK
by Nasser M. Abbasi. cal poly. summer session 1. 2010

FSK  modulator subsystem FSK de-modulator subsystem

P 0.5 I X

Bernoulli
Binary

Bemoulli Binary
Generator

Ts‘f_‘“w‘ rf'l.los" rm““ FDATool
Ly

o _ Digital . . .
S g ,4"\ gl g Filter »P= 0 35— -
co¥{2pi 800t) Abs C

Banapass filter Digitsl Filter To Car:mn& ™
pl<osy
Comp > x
To Constant1 Prodguct1 I: D
D InPsp D?:;if;:el post digital
mt) l'I_IJ L ) gemodulstor fitter insice
cosiZp 40011 demodulsator

modaulatec mit)

Output and result
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Version>’

Y-

—_—

il ‘,;I 'IIIMW !{H'llill W’q}

o
il

lm\ I

I

S(t), the modulated carrier
message

(Sutput of digital filter
inside the demodulator

-} <Student Ve

Y <Student Version>

Output of bandpass filter in
the demodulator

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

Simulink model
model is here

.1

<Student Version> model

Computer Assignment #7
Nasser M. Abbasi
Cal Poly Pomona, CA
SUmmer session 1, 2010

Tools Help

(@S s B e 222 a5 HuBSE
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
Bernoulli et Compare rn_losp rwua
Binary ToC =4
¥, > oo [—»
Bermoulli Binary -
Genetator cos{2pi 8001) Comp. mit) recovered
low filtes To Constant2
p{<0.5 _{>_’ E x
Ll x L
Compare . Product2
To Constant1 Gain r:roam:ﬂ
g = [
mit)
post proguct post filter
inside inside
demodulat demodulatort
[100% | { lodeds y

Output and result
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-} <Student Version

B2 [

Time offget; 0

Original binary message m(t)

) <Student Version> ¢ pc

} L 1. ﬂ }E

FETEXI

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

model iy
mulation Format Tools Help

Y IR

»shs |ReRSew hBEE®

Computer sssignment #8
modulation ang gemsdulstion of Binary ASK
by Nasser M. Abbasi. cal poly, summer session 1, 2010
ASK modulator subsystem ASK de-modulator subsystem
FDATool
ilter
":HH:T"D£ i Compare IJ-LPSP rﬁwud Abs Compare mit) recovered
Binery To Constant I.U.l low filter Digital Filter To Constant2
Betnoulli Binary
L Generator cos{2pi 8001)
L] (]
modulated caries - |:I post Abs inside
sit) demodulatert
L] D post Abs inside
demogulator
mi{t)
Ready froo% | Jodeds

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

After check on Abs value

. 187
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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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5.1. sheet 1 CHAPTER 5. STUDY NOTES, CHEAT ...

5.1 sheet1

‘ &\f_ Stome 3\?:\‘{\ m“z\.\\";\‘m

o

B A = TOGs (wrnond
\\/ N —d

) % jm(‘b) [Eiig/z@ fn"{m)) ~& (j&f G’{‘"”d

e

P o a3\ .
- Ae = T, S (-Geonf)- ]

A=

®Y, = 25w NS

11
N
4
3
/'\

oW

4

g
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| . {k]
.f—’)"\l\fgt e /&/\
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 = W \a v \G\‘T C&‘é-"u'c—"\fm :@

%:__ k}}\ml: A :_ggi

RN,
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U

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 A5

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



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

Bessel Function Table Dr. James S. Kang, Professor, Cal Poly Pomona :
>
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 10.0000 0.0001 0.0005
18.0000 0.0000 0.0000 0.0000 0.0000 0.0002
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x( t ) ______ Ideal sampling by
impulse train

By Nasser N Abbasi

1 . s
X0 /\ N
\\\
. B .

f(hz)

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

an-£xe0-m I 8
n=—n 'lfi' ‘v

( ) )
xs(1) = x(1) D 8(1 —nT) = D x(1)8(1 - nT) = D_ x(nT)8(t — nT)
xs(l) = x(t)(fs Z ei%’") ;Wo::a:?:'}e:mpmw
X:(N) = X() ® (fs Z 5(f - nj})) =fs ZX(f— nfs)"iclgal filter (height=f—t)
K n=-w ) N== E /; E

G\((f) A A /\' VAN Af(hz)

2
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2 Practical sampling

‘e
1y b practical l
"0 YU e
Founer 1 ~. EIN:;EE:‘;N’
v/\
X - f(hz)
8 0 B
A xs(t)
Fourier senes coeff XS(/)
g(r) = Zhlect( ol y Z hs smc(nT) e’?"'”” ”H H” F
: t
T
~ s ;lj: ?\!:: ?,E\
<5 £ £
- _ < < |d49 4
G(f) = f:hA Z sinc(n4)d(f - nf;) = IE ) o
N==x 2y .y .L_l 2Fg Fs
| Rewnte 11 lounst senes appioumation —l
- hd = 4
AN . 21
xs(1) = x(t)(z h recr(%)) = x(r)(fshA Z sinc(n%))e/ 7"
S i |d§al filter (héight=—1—
e -S:T{E&"—"""_“.—_-!/- --------- f_, " e
> Loy 2 S
Xs() = XU)@(@Z smc(n@)é‘(f nfs) ) Té(i) é ‘5’
TE s
el LIS
A H H f(hz)
2 1 l-a 0 Bl T 2f,
e I
w T 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 (7 axp(st) Y(s)ds
‘ ) J:__ C—)E
13 SY(s) - y(0) B first derivative
; s) - 7
¥ | y' (V)
- (
B e - ; [ derivative
32 Y(5) = 5v(0) = v'(0) second
1.4 37 X(8)=35¥( ¥\ } v 1)
|
"y (s)— 0] :_w ,:-,,[ ‘ ' nth derivative
1.5 = . | @-2),,
—Sn [jv (0)]" i i-'- _H “-"’ ,;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 a
1.8 —F i f(at)
D WO
- shifting in the s-plane
1.9 F(s-a)

10f7 198 7/13/2010 3:48 PM
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http://www_vibrationdata.com/Laplace.htm

Table of Laplace Transforms
_ exp(-at) f{t)
w l110] T expl(—sT) .foT exp(=st)f(t)dr f{(t) has period T, such that
f(t+T)=1(1)
1 — ex;(- - *‘;l‘ exp(-sD) el d: g(t) has period T, such that

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
23 exp(-us), o =20 d(t-a)
unit step
- 2.4a I/s u(t)
1 0 t<a
2.4b ; [expk“ai:'— exp‘_-bs "] 1 a<t<b
0 t>b
! expl ~us)
25 s uw
1
2.6 =z t
s
1 n-1
—. =123 t_
2.7a S n (n - 1)'
7o 2 .
2. t
sm-l ,n=1,2,3,2.
o 1
2.8 x
$° , kis any real number > 0
20of7 199
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Table of Laplace Transforms

http://www.vibrationdata.convLaplace.htm

i
‘ F't
the Gamma function is given
7 | in Appendix A
1
29 Tt exp(-at)
2.10 1 t exp(-at)
b +a)
! 12123 7!
|2.11 (s+ 0P B=le = exp (- at)
o
2.12 m 1 - exp(-at)
{2.13 Gra)e h) B#a .fs—oi"e:\-p.\-a”_exp'-ﬁ“]
1 1 _exp(-ot)  exp(-8t)
P = —_+ +
214 s(C+a)s+8) fra af  ofle-8) B@E-<)
1
L ——[ xexp(- o) - exp(- 6t) |
215 (s+og)(s +ﬁ)’ B (Ol -.6)
o
2.16a m sin(at)
[sin @)] s + ex[cos(4)] _
2.16b ) N ) sin(at + f)
s"t+a
s
2.17 2 4ol cos(at)
g2 — o2
(I 2.18 sz+az 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)]
¢ + o o
-
1
220 m 2LB[sin (at) - ot cos(at)]
‘ o
5 1
221 —[tsi
(52 . az)z e [tsin ()]
52 1
2.22 (2—2)2 2—[sin (at)+ atcos(at)]
s +a @
1 1 1
1223, 1 { }{— in (ot) - —sin (wt)}
‘ i » XFW 2_ .2
‘ (52 +w2)(52 +oei) wé -l w
22 > ! [
24 ra) t-—[1-exp(- )]
225 SR — i
. . s +oe)2 +82 exp(-at)sin(bt)
‘ sta
2.26 s+ o:)2 + ﬁ? exp(-at)cos(bt)
s+A A-a.
227 Gta)? 142 exp( oet){cOS(ﬁt)+ [ 5 ]sm (ﬁt)}
Ste 7.2
2.28:
82 +ﬂ2 ﬂsm wt+¢), ¢= arctan[.é]
8 o
2.29 1 " sinh (o)
29 —S [*4
2 _ o2 o
2.30 :
. 2 _ o2 cosh(at)
o 1.
2.31 arctan| — Ssin (at)
s
. ' 1 1
o 232 7 =

4 of 7 201 7/13/2010 3:48 PM
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Table of Laplace Transforms

5of7

1 ‘ 1 ‘
_ = ot
233 — g exp| - ot |

1
7 1 t

2.34 = | 2 \E
1 Ty (o)

2:35 _52J+7—032

|Bessel function given in Appendix A

2.36 (Tﬁ [i] Ty ()

7 to o
) I [&:t)
2.37 2 2
sY - Modified Bessel function given in
Appendix A
1

2.38 W

[g] Ty (es)

—
——exp(Bt) - exp(at)]

2t wt

239 Vs—o - fs-B

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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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 _ ;2] 2
o2=E[z*(t)] + 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 (&) 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 (¢), 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 (t)
has the form A.e?® Hence the above becomes
- t) = Re (Ae/?Meiet)

= A, (coswctcosf (t) — sinwetsin @ (t))

204
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But cos (A + B) = cos A cos B — sin Asin B, hence the above becomes
Q@ﬁ 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

2. Time scaling
3. Duality

4. Time shifting
5. Frequency shifting

6. Area under g(:)

7. Area under G(f)
8. Differentiation in the time domain

9. Integration in the time domain

10. Conjugate functions

. 11. Muldiplication in the time domain

\\\S\"\V\}V

Phuse.

12. Convolution in the time domain

ag(1) + bgo(t) = aG(f) + BGolf)

where a and b are constants

glat) &= I-—'G(f)

where a is a constant

If g1 = G(f),
then &) = g(-f)
gt = ) = G(f)exp(~j2nf1,)

exp(j2nfgl) = G(F =Ty~
Jt _ &0 dt = G(0)

g0 = J-.-.. G(S) df
d
Eg(l) = j2n7fGS)

f__z(f) = fc(f) + —‘203‘;0')

I 8 = G(f),
then g =06(-fN

alg) = f; GG — A) dr “x

[ atmste = ar= Gungn ™

AC (05<@i (ﬂ} > PM& c(éolflﬁbn
O, [4)= Wit + DA

o - i) = We f\t‘l'jl

Table A11.4 Trigonometric Identities

dl
osdant
‘\?rwll/d/‘“\

hase
so M PY\M wHPwmﬂ

(

Prap(uaw
CléUlthY\

sin?0 + cos?@ = 1

cos?6 — sin®@ = cos(20)

cos28 = }[1 + cos(26))

sin®0 = §[1 - cos(26))

2 sin cos@ = sin(26)

sin(a = B) = sina cosB * cosa sinf
cos(a = B) = cosa cosf = sinasinf —
tane * tanf

1 ¥ tana tanf

m@r Frog=w +-€r€¢\

devahon L -

exp(*j8) = cosf * jsind
cosf = lexp(jB) + exp(—jO)]

sind = éj[exp(ja) - exp(-jo))

sina sinf = }cos(a — B) — cos(a + B)]
. cosacosp = b[cos(a — B) + cos(a + Bl —

. sinacosf = tsin(a — B) + sin(a + Bl
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Properties of the Fourier Transform

Property F10) Flo)
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-w)
Frequency Scaling f(e)e™ Flo-o,)
Modulation S()cos(w 1) %F (- )+ % 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 FAQYAQ) % IF', V)F, (@ - v)dv

R % 2 1 % 2

Parseval’s Theorem il 7)) ar EJF (v) do
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~%> = 4 = /\ W
a_ <« —
2T
e
Table 16.2 Fourier Transform Pairs (a > 0)
1) Flw) F(f)
- w=20%
L P ! inc| &2 inc( L_w
H(a) rect(a) asmc(zﬂ) asnnc(@) T .
A(L) =tr{iJ asincz(ﬂ) asincz(fa) A s s
a a 2r — /T
3 72, )
a
a0 — -
Jo+a J2af +a
a 1 1
¢ u( ') -jo+a ~j2af +a
et 2a 2a
o' +a 47 ft +a?
- a “2jo - Jj4of
rul)-emulo) vl yreyiv
() 1 I
| 276(w) s(f)
ult) ﬂ'(‘)‘(m)+L lé’(f)+;
jo 2 2
0) 2 (o) —— L () ——
jo " (jo) Ay (j2n)
1 1
-at t —————
te u() Uw+a)2 (_iz’d“f’a)z

coslo.)=coseafs)  alblw-v)+sl0ra)] SOl - L)+l + 1)

—>
A >
-

Se
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- S; .
sinfw)=sin@2afs) - jalslw-0,)-s@+a)] ZLlotr-£)-50+ 1)
eult)cos(w,) o TR
rulsinto.) Gora o Go ey "oy
sgn(t) j% ﬁ

sinc(cr) 1 recl(i) - recl(

o N

)

sinc? (cr) &,,,(%J %,,,(%J
. “{3) o co
M) TR
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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,

o = fundamental frequency = 27/T,
sinc(x) = sin(nx)/(nx)

5 hd, n=0
X"=?:sinc(nd)=hdsinc(nd)= hsin(mrd)’ ne0
nx

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

nal|

x()=c, + i ¢, cos(nayt +6,)

ns=l

¢, =hd = ?, ¢, =|2hd sinc(nd)|, 6,

[

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

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

—ll, n=0

2
sin(ﬂ)
2

nmw

X, =ﬁsinc(ﬂ)=
2 2
h

, n#0

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

n=|
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x(t)=c, + i ¢, cos (nayt +6,)

n=l

R n
hsinc[%)‘, 6, = z, hsnnc(§]<0

0, otherwise

Let y(t) = x(t = T¢/2). Then,

, n=0

25Ty 2

Y” = X"e_lnT(' L. X"e‘/"ﬁ = X" COS("”) = (—l)n 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) = KT inc? (%)
T, 27
If © =Tgy/2, then the pulse train looks like
h[ | . — 1
< 1
0 . - : — ‘
2To To 0 To 2To

and
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,» h=0
h n 2
X,,=—sinc2(—)= 0, n=even
2 2
2h

—, n=odd
it

Let y(t) = x(t — To/2).

=
E .
>

2To -To 0 To 2To
1
Then,
h
-, n=0
22T, 2
T2 —jnn
Y,=Xe *%=Xe’"™ =X cos(nr)={ 0, n=even
=2h
2—”2, n=odd

Half-Wave Rectified Cosine

h i T [N T |

x(t)

T0 Y )

x,=
4
x, =k
4

Half-Wave Rectified Sine
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x(

0 R | [

-T0 -Tor2 0 To/2 TO0

h = amplitude, j= J-1

31072

Xl=—_fh
4
x, =t
4
h
of nm —, n=0
n cos > F 1
k_/ X,=——F*%= 0, n=43,£5,%7,..........
S T l-n P
- 7, n=12,%4,%6,......
T l-n
Full-Wave Rectified Cosine
h - T T Ty e - i {
I 270 o o T %o " 210 :

_2h cos(mr)_ﬁ (=)
" x 1-4n 1 1-47°

Full-Wave Rectified Sine
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h ; — e
L 7
'I
0{ . . 2 [ et i
370 210 To 0 To 2To 3T0
1
2h cos’(nx) 2h 1
Xn = 3 = e~ 3
7 1-4n 7 1-4n
Sawtooth
h— e —— — e« g
]
o 1 i 1 1 1
270 To [ T0 270
t
h
X,=—
2
jh .
X,==—, n=0, 1=J——l
27n
Exponential Decay
h 1 ' — - s
. !
1
= 1
" |
’f |
o L S e T S A_;
270 < [+] TO 270
t
=l
X, = i l-e -
T a+ jn—
T
5
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