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INTRODUCTION

1.1

syllabus

CALIFORNIA STATE UNIVERSITY, FULLERTON
DEPARTMENT OF ELECTRICAL ENGINEERING

Fall 2008
EGEE 443 Electronic Communications (3)
COURSE DESCRIPTION: Lia
e,\ec’rw\iéc S ﬂwb aud S}a@)

Prerequisites: EGEE 310 and EGEE 323.
Principles of amplitude, angular and pulse modulation, representative communication
systems, the effect of noise on system performance.

M—r W Th 700 —=17-%0

INSTRUCTOR: K. HAMIDIAN

M TH R0l 5 —204S
OFFICE: B217 .

Aedvie
TELEPHONE:  ~7|</—278-2884 M TH  dpwm —Spw
FAX: =)~ 2787162 [E-AR] oo
OFFICE HOURS: MW:  1700-17:30 and 20152045 “es<porary)-

TTH: 1700-17:30 and 2015-2045
PREREQUISITE TOPICS: Probability, Fourier Transforms, Linear Systems
TEXTBOOK: Intrduction to Analog & Digital Communications,

S. Haykin and M.Moher, Wiley, 2007,

2" Edition

REFERENCES: 1) Introduction to Communication Systems, F.
Stremler, Addison Wesley, 1982, 2™ edition

2) Digital and Analog Communication Systems, L.
Couch, Prentice Hall, 2001, 6® edition.

3) Analog and Digital Communication Systems, M.
Roden, Prentice Hall, 1996

%@* C(05§ V\()‘\i@a ’GBYY\ bmlﬁ S"\?Y‘t B
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WEEKS

5.5

6.0

1.5

COURSE OUTLINE
TOPICS
Chapter 1. Introduction, Classification of Signals. Handout

Chapter 2. Fourier Transform Review, Properties and xpp l'?i .
Applications, Power and Energy Spectral Density. Band- ;’;/:f ; o
pass Signals and Systems. Hilbert Transforms, Pre- L Cormmun
Envelope, Quadrature Representation of Narrow Band

Signals. Transmission of Signals Through Linear Systems.

Chapter 8. Random Processes Stationary Processes.
Ergodic Processes. Transmission of a Random Process
Through a Linear-Time-Invariant Filter. Power Spectral
Density. Gaussian Process Noise, Quadrature
Representation of Narrowband Noise. Sine Wave Plus
Narrowband Noise. P plex envedp

’ P
MIDTERM 1 (75 MINUTES) " Gorie Teon <

Chapters 2 and 9. Amplitude Modulation
Introduction, Amplitude Modulation (AM), Double

Sidebanb-Suppresed Carrier (DSBSC), Single Sideband
(SSB), Vestigial Sidband (VSB) Modulation. Noise in
Linear Receivers, Noise in AM Receivers. Frequency-
Division Multiplexing.

Chapters 4 and 9. Angle Modulation
Frequency Modulation (FM), Phase Modulation
(PM).Generation of FM wave. Demodulation of FM wave.
Noise in FM Receivers. .
Tt o o bcb
MIDTERM 2 (75 MINUTES) —

Chapter 5. Pulse Modulation: Transition from Analog to
Digital Communication.
Sampling Process. Pulse-Amplitude Modulation (PAM).
Quantization Process. Pulse-Code Modulation (PCM).
Time-Division Multiplexing, Digital Multiplexers. Delta
Modulation.
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1.0 Chapter 6. Baseband Tranmission
Intersymbol Interference, Nyquist’s Criterion for
Distortionless Transmission, Baseband M-ary PAM
Transmission, Optimum Linear Receiver.

1.0 Chapter 7. Passband Digital Transmission
Coherent Phase-Shift Keying, Coherent Frequency-Shift

Keying, Hybrid Amplitude/Phase Modulation, Detection of
Signals with Unknown Phase. Noncoherent Orthogonal
Modulation, Differential Phase-Shift Keying.

0.5 FINAL EXAM (110 MINUTES)

Grading Policy
(1) Grades will be assigned based on the class curve.

(2) A performance around the average class performance
will earn a B-; a performance superior to the class
mean will earn a B or B+ and a very superior
performance will gain an A- or A. A performance
inferior to the class mean will earn a C and a very
inferior performance a D or an F.

HOMEWORK (including computer work) 12%

MIDTERMS 53%
FINAL EXAM 35%
EXAMS CANNOT BE MISSED.

HOMEWORK WILL BE ASSIGNED EVERY THURSDAY AND WILL BE DUE THE
FOLLOWING THURSDAY.

HOMEWORK MUST BE TURNED IN ON TIME AND CLEAN FORMAT.
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COURSE LEARNING OBJECTIVES:

The course is devoted to the study of principles of communication theory as applied to
the transmission of information. The focus is on the basic issues, relating theory to
practice wherever possible. At the end of this introductory course in communication,
student should understand and be able to apply the following to calculate and solve
engineering problems in communication area:

1)
2)
3)
4)
5)

6)
7

8)

10.

11.

Classical method for frequency analysis: Fourier transform and Fourier Series.
Spectral density and correlation functions of energy signals and power signals.
Using various techniques to find the energy and the power of a given signal.
Transmission of signals through linear filters and channel.

Hilbert transform and its application. Concept of pre-envelope, complex envelope
and envelope and their applications.

Evaluating the response of a band-pass filter or channel to a band-pass signal.
Random processes. Transmission of a random process through a linear time invariant
system. Gaussian process. Quadrature representation of a narrow-band noise.

Mathematical descriptions and the spectral characteristics of: amplitude modulation,
frequency modulation and phase modulation. Frequency division multiplexing.
Demodulation of AM, FM and PM signals.

Effect of noise in communication systems. Noise in CW modulation system. Noise
in AM and FM receivers.

Sampling Theorem. Pulse-Amplitude Modulation (PAM). Pulse-Code Modulation
(PCM). Quantization Process. Time Division Multiplexing (TDM).

Baseband Data Transmission. Band-pass data transmission. Digital modulation
techniques such as PSK, FSK and ASK.

ASSESSENT OF STUDENTS’ LEARNING:

At the end of the semester, the effect of this course on students’ learning will be assessed
based on the following criteria:



CHAPTER 1. INTRODUCTION

*The ability to apply knowledge of mathematics, science and engineering.

*The ability to design a system, component, or a process to meet desired needs.
*The ability to identify, formulate and solve engineering problems.

*A recognition of the need for, and an ability to engage in life-long learning.

*The ability to use the techniques, skills, and modern engineering tools necessary for
engineering practice.
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1.2 Text Book

SIMON HAYKIN | MICHAEL MOHER

Introduction to

ANALOG & DIGITAL
CUMMUNICATIUNS

| Second Edition

Figure 1.1: Official text book

€ AL ST

FULLERTON

EGEE 443 \

Hamidian
Electronic Circuits |

Figure 1.2: Instructor own text which we used more
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1.3 Instructor contact information

Hamidian, Karim

Room: E-217

Phone: (714) 275-2884

Email: khamidian@fullerton.edu
Bio: N 4

Figure 1.3: Professor Hamidian, Karim

1.4 Class information

EGEE 443 - 01 Electronic Communication Systems

csU Fullerton | Fall 2008 | D

RETURHN TO RESULTS

CLASS DETAILS

Status o Cpen Career  Undergraduate

tlass Mumber 12869 Dates 8/23/2008 - 12/12/2008
Session Regular Academic Session Grading Undergraduate Student
inits 3 units Option

Location Fullerton Campus

Instruction Mode  In Person
Campus Fullerton Campus

tlass Components Discussion Required

Meeting Information

Days & Times Room Instructor Meeting Dates

TuTh 7:00PM - 8:15PM E 2321 - Lecture Room  Karim Harmidian Eg?fg?gggs-

Notes

Class Notes Enrollment restricted to those students who have met the prerequisite(s),
(See Catalog course description. )

DESCRIPTION

Prerequisites: EGEE 310 and 323 or equivalent.  Principles of amplitude, angular and
pulse modulation, representative comrnunication systems, the effects of noise on system
performance,

Figure 1.4: Course meeting time
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2.1 Handout on random processes
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Table A11.1 Summary of Properties of the Fourier Transform

Property Mathematical Description
1. Linearity agi (t) + bgo(t) = aG(f) + bGy(f)
where a and & are constants
1 (f
2. Time scaling glat) = |al G(“)
where a is a constant
3. Duality If g(t) = G(f),
then  G(t) = g(-f)
4. Time shifting g(t ~ t) = G(f)exp(—j2aft,)
5. Frequency shifting exp(j2mft)g(t) = G(f ~ f)
6. Area under g(¢) r gty dt = G(0)
7. Area under G(f) g0) = JG G(f) df
. e . d .
8. Differentiation in the time domain Ztg(t) = 27fG(f)
9. Integration in the time domain f () dr = L G(f) + G0 5(f
. gT e g\7) 47 — 2mf 9 a(f)
10. Conjugate functions If g(t) = G(f),

11 Multiplication in the time domain -

12. Convolution in the time domain

then gy = G (- f)

OGRS E; GG = by dh

[ atat -0 o= cman

Table A11.4 Trigonometric Identities

exp(+j6) = cosf £ jsinf
cosf = i[exp(j8) + exp(—jO)]

‘sinf = %},[exp(je) — exp(—jo)]

sin? + cos?0 = 1

cos?f — sin?f = cos(26)

cos?g = $[1 + cos(26)]

sin?8 = $[1 — cos(26)]

2 sinf cosf = sin(26)

sin{e £ B) = sina cosB * cosa sinf

cos(a = B) = cosa cosf * sina sinf —
tana * tanf

17 tane anf

sina sinf = ${cos(a — B) — cos(a + Bl

cosa cosp = y[cos(a — B) + cos(a + Pl —

sina cosB = 3[sin(a — B) + sin(a + B)}

tan(a * B)
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3.1.1 Questions

2 Vi [y A :

96 Representation Of Signals And Systems

f'n'hlemvji/ ﬂ> Qo/? l:&th.a\} /soalg-'

s Find the Foorier translonn of the hall-cosine pulse shown in Fig. P24l

thi Zpply the time-shifting property 1o the result obtained in part fa) to evaluate the spectrum
of the half-sine pulse shown in Fig. P2.4¢h)

fc1 What is the spectrum of a half-sinc pulse having a duration equal to aT?

idy What is the spectrum of the negative hall-sine puise shown in Fig. P2.4(c)?

fev Find the spectrum of the single sine pulse shown in Fig. P2.4(d).

Hinl o A = 5 o [!./;) aect {—:f—)

gl gl
4
/'\ Al—
T [ L 5] T ¢
? 2
h
(a)
gl glr)
A
T -T .
0 ! 0 T
—| - “|-a
o 0

Figure P2.4

[rob A2 -2
Grrée Q) = avﬂﬁkgmgwﬁy%@/,@@/
Do frparien Jomegfm o2 g0 FTIH0] =7

a'(VL .
22 = ?‘%M}J—‘

Problem. A, Any function gir) can be split unambiguously into an even part and an odd part.

oy F0=0d0+ g = j///: /2 () Tjﬂ (7[)

The even part is defined by
ye(n: et +at -n]
and the odd part is defined by

gdmr atn—at—n]

L Fualuate the even and odd parts of a rectangular pulse defined by ( 4 /
" ( t_ ! \7‘: %/
3(1]——,4 rect :—T,— 3

/by What are the Fourier transforms of these two parts of the pulse?

'%waMM%Tﬁ%%W”
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X4
Problem Determine the inverse Fourier transform of the frequency function G( /) defined
by the am/p}iludc and phase spectra shown in Fig. P ..

1 arg |G {f})
i
1.0
x
i ?
J
f ; /
-w 0 w -w [v] ;w

_x ]
o

Figure P2.5
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3.1.2 Problem 2.1

3.1.2.1 part(a)

Let F (g(t)) be the Fourier Transform of g(t), i.e. F (g(t)) = G(f). First we use the given hint
and note that g(t) can be written as follows

g(t) = Acos (%t) rect(%)

Start by writing Ztas 27 fot, where fo = % Now using the property that multiplication in
time domain is the same as convolution in frequency domain, we obtain

G(f) = F (Acos (2 fot)) @ F (rect (%)) (1)
But

F (Acos (27 fot)) = A F (cos (27 fot))

_ A r (6j27rfot _|_26—j2ﬂ'fot)

—— F(eﬂﬂfot + e—j27rf0t)

= 2 F (e + F (e

N N s

But £ (e/2/0t) = §(f — fo) and F (e77*"o%) = §(f + fo)hence the above becomes
I (Acos 2nfuf)) = 51807 — fo) + 6(F + o) ©)
Substitute (2) into (1) we obtain
6(1) = 51807 = o) + o( + o1 (reet( 1))
But £ (rect(%)) = T'sinc (fT), hence the above becomes

F(o(®) = 21607 = )+ 8(F + fo)] ® Tsinc (47)

Now using the property of convolution with a delta, we obtain

G(f) = % [ sinc ((f = fo) T) + sinc((f + fo) T)]

note: by doing more trigonometric manipulations, the above can be written as

2AT cos(mfT
G(f) = 71-(1—2?”(2’1{2))
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3.1.2.2 part(b)
Apply the time shifting property g(t) <= G(f), hence g(t — ty) <= e "/ G(f)

From part(a) we found that / (g(t)) = 4L [ sinc ((f — fo) T) + sinc ((f + fo) T)], so in this

part, the function in part(a) is shifted in time to the right by amount %, let the new function

be h(t) ;hence we need to multiply G(f) by e 2"z hence

F(g (t _ g)) — F(h(t))

_H(p)
- (g[ sine ((f — fo) T) + sine ((f + fo) T)])

3.1.2.3 part(c)

Using the time scaling property g(t) <= G(f), hence g(at) <= ri'G(g), and since we found
in part(b) that H(f) = e~ 9™ (4L sinc ((f — fo) T) + sinc ((f + fo) T)]), hence

F{h(at)} = ie_j”gT(ATT[ sinc ((£ — £o) T) + sinc ((£ + fo) T)])

~ lal a

3.1.2.4 part(d)

Let f(t) be the function which is shown in figure 2.4c, we see that

f(t) = —h(=t)
where h(t) is the function shown in figure 2.4(b). We found in part(b) that

(g) = et (G sine (= ) T) + sine (F + 1) 7))

Now using the property that h(t) <= H(f) then h(—t) <= ﬁH(—f) = H(—f), hence

F{f(t)} = ™" (5[ sinc ((—f = fo) T) + sinc((=f + fo) T)])

3.1.2.5 part(e)

This function, call it g;(¢), is the sum of the functions shown in figure 2.4(b) and figure 2.4(c),
then the Fourier transform of g;(¢) is the sum of the Fourier transforms of the functions in
these two figures (using the linearity of the Fourier transforms). Hence

Fan(©) = e (5 s (F = J) T) + sine (7 + 1) D))
- emit (S sne (-7 = ) D)+ sine((=F + #)T)))
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The above can be simplified to
AT . infT —jnfT . iTtfT —jnfT
F(g1(t))=7(smc((f—|—f0)T) [T + e ™) tsine ((f — fo) T) [ + e77™T])

= %(sinc ((f+ fo)T) [2cos (mfT)] + sinc ((f — fo) T') [2cos (7 fT)])

Hence

I (91(¢)) = AT cos (wfT) [sinc ((f + fo) T) + sinc ((f — fo) T)]

3.1.3 Problem 2.2
Given g(t) = e tsin (27 f.t) u(t) find F (g(t)) Answer:

F(g(t) = F (e7u(t)) ® F (sin (27 f.t)) (1)
But 1
F (sin (2 fot)) = 2—j[5(f — fo) = 6(f + fo)] (2)

and

o0

6 u(t /e—t —_727rftdt / —t(1+j27rf)dt
0

t(1+J27Tf)}O 0—1
— @ +j52rf)  —@1+j52rf)
1
T 1+ g2nf (3)

Substitute (2) and (3) into (1) we obtain

F(g(t) = 2%.[50‘ —f) —o(f+f)l® 5 +;27Tf

_ 1 1 _ 1
2142 (f—f) 1+52n(f+f)

3.1.4 Problem 2.3

3.1.4.1 part(a)
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hence it is a rect function with duration 7" and centered at % and it has height A

RFCETS) "
g(t) — g(=t)
9o = f

Hence g. = [A rect(t — 1) + A rect(7 — 1)] which is a rectangular pulse of duration 2T
and centered at zero and height A

9o = 2[Arect(L — 1) — A rect(7 — })] which is shown in the figure below

A
a(t)

0 T/2 T

Al2
even part of g(t)

T T

A2
T odd part of g(t)
T
-Al2
Figure 3.1: rectangular pulse

3.1.4.2 part(b)

F(g(t)=F (A rect(t ;§)>

= AT sinc (fT) e~i2mfy
= AT sinc (fT) e ™7 (2)
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Now using the property that g(t) < G(f), then g(—t) & G(—f), then we write

I (9(=t)) = G(=f)
= AT sinc (—fT) &™7 (3)

Now, using linearity of Fourier transform, then from (1) we obtain

o) =1 (202

— Sl (g@) + F (s(=)]
— %[AT sinc (fT) e "7 + AT sinc (—fT) &™/7]

= % [sinc (fT) e /™7 +sinc (—fT) &/™7]

now sinc (—f7T) = smﬁ;%ﬂ = _Sf;(}r{,T) = sinc (fT'), hence the above becomes
AT sinc (fT) _.. .
o) = AT promrr - e
AT si T
:-——fﬂgif—l[zam(wau

Hence

F (ge(t)) = AT sinc (fT') cos (w fT)
Now to find the Fourier transform of the odd part

g(t) — g(=1)

gO: 2

Hence

2
Z%V@@»—F@Gﬂﬂ

= %[AT sinc (fT) e 7™7T — AT sinc (—fT) e™/7]

= % [sinc (fT') e 7™ —sinc (fT) ™7

F@ﬂ»=Fe@Lﬂj»

AT 'sinc (fT) [ o ImIT _ ejnfT]
2

_ —AT'sinc (fT) [ oITT _ e_jwa}
2

_ —AT'sinc (fT)

o 2

[ 2jsin (fT)]
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Hence

F (go(t)) = —jAT sinc (fT) sin (7 fT)

3.1.5 Problem 2.4
G(f) = |G(f)| e’ arg(G(f))

Hence from the diagram given, we write

G(f)={ Ixei W< f<0

Ixeds 0<f<W

Therefore, we can use a rect function now to express G(f) over the whole f range as follows

w _w
G(f) = el rect(%) _ e—j’grect<f W2 >

Now, noting that 6(t — to) < e™72™0 and §(t + to) < /2™ and W sinc (tW) < rect (i) and
noting that shift in frequency by %beeomes multiplication by e~/ 2’”%, then now we write

-1 .7% f + % _ 1 —jg f _ %
git)=r (e rect( W )) F <e rect( 7 ))
=F_1(ejg) ®F_1 <T€Ct< W%>> _F—l(e—jg) ®F—1 (Tect(f —W%>>

_|_

Hence
g(t) = [5 (t + g) ® W sinc (tW) e‘jzﬂt%] _ [5 (t — g) ® W sinc (tW) ejzﬂt%]
= W sinc ((t + g) W) e 27 (t+3) Y _ W sinc ((t - g) W) e2m(t=3) %
W (14 5) ) S e (1) ) e
Hence

g(t) = We 3" (sinc ((t+ 5) W) e 7™t —sinc ((¢ — ) W) &™)
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3.1.6 Key solution
ZE 443 ﬁ/g#/ e
ey !
CHAPTER 2

Problem 2.1

(a) The half-cosine pulse g(t) of Fig. P2.j(a) may be considered as the product of the
rectangular function rect(t/T) and the sinusoidal wave A cos(xt/T). Since

rect(¥) = T stne(fT)
A cos(F2) == Bla(r- 3o « 6(fe 3]

and multiplication in the time domain is transformed into convolution in the frequency
domain, it follows that

G(E = [T sine(fD] ¥y (Bs(r- 3 + 6(f+ 201
where b’}, denotes convolution. Therefore, noting that

S1RC(ET) 4% §(f- 2p) = sinelT(f- 3p))

sinc(fT) },’.L( 5(f+ lﬁ) = sine(T(f+ —;—T-)]
we obtain the desired result
_AT 1 1
- G(f) = = [sinc(fT- ?-) + sine(fT+ 2))

(b) The half-sine pulse of Fig. P2.)(b) may be obtained by shifting the half-cosine pulse
to the right by T/2 seconds. Since a time shift of T/2 seconds is equivalent to multipli-
cation by exp(-jvfT) in the frequency domain, it follows that the Fourier transform of the
ha}f—sine pulse is

AT

G(f) = —5 [sine(fT- %) + sinc(fT+ %)Jexp(—j'ﬂ‘)

(¢) The Fourier transform of a half-sine pulse of duration aT is equal to

E—éﬂ- [sinc(afT - -;-) + sinc(afT + %)]exp(—,}:aﬂ)

(d) The Fourler transform of the negative half-sine pulse shown in Fig. P2.01(c) is
obtained from the result of part (¢) by putting a= -1, and multiplying the result by -1,
and so we find that its Fourier transform is equal to
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= E . Sw# ) /ﬂ//%/ zZ_

" %‘r{sinc(ﬁ'b %) + sine(fT- %)]exp(.jgf‘r)

(e) The full-sine pulse of Fig. P2.1(d) may be considered as the superposition of the
hal f-sine pulses shown in parts (b) and (¢) of the figure., The Fourler transform of this
pulse {s therefore _

G(f) = % (sinc(fT- %) + sinc(fT+ %)][exp(-jrt"l‘)—exp(.j'lf‘l‘)]

= =JAT[sinc(fT= 3 + sinc(fT+ $Isin(afT)

sin(xfT- 5-) sin(xfT+ 1)
-JAT

. - e ] sin(xfT)

L §
lﬁ- 2 ]fTO 2

—JAT(- cos(:ﬂ') . °°’('f'£)mn(:rr)
7= 5 T+ 3

- sin(2sfT) _ sin(2xfT)
I =iTer )

- _ Sin(QufT-w) _ sin(2xfT+x)
= I STt TafTe )

JAT[sinc(2fT+1) - sine(2fT-1)]

Problem 2.2

Consider next an exponentially damped sinusoidal wave defined by (see Fig. 1) ¢

g(t)=exp({ —t)sin(2nf 1 xdt)

In this case, we note that

1
sin(2nf1)= 5 [exp(j2nft) — expl — j2nf1)]

Therefore, applying the frequency-shilting property to the Fourier transform pair
we find that the Fourier transform of the damped sinusoidal wave of Fig. 1 1s

1 ! :
G('”:Z‘ [m N ﬁ-—jlﬂ(f‘*fe)]
_ 2xf, )
T ‘+j2x/)' +(2nf )
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expl=t)

Ak

Figure | Damped sinusoidal wave.

Problem 2.3
(a) The even part ge(t) of a pulse g(t) is given by
8,(8) = Halt) + gl=t))
Therefore, for g(t) = A rect(% - %). we obtain
ge(t) s %{rect(% - %) + rect(- % - %)]
= %[rect(ﬁ%)]

which is shown illustrated below:

g(t)

ge(t)

A/2
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1¢ odd part of g(t) is defined by
1
go(t) s E{S(t) - g{-t)]
A 1
= §[rect(% - 3) - rect (- % - %)]
which is illustrated below:

go(t)

[NYE 2

'
N>

(b) The Fourier transform of the even part is
G (f) = AT sinc(2fT)
The Fourier transform of the odd part is

Go(f) s A% sinc(fT) exp(=jxfT)

- 5% sinc(fT) exp( j=fT)

= i% sinc(fT) sin(xfT)

Problem é.q

exp( %). ]

£f<0
G(f) =4 exp(~J 1'2-). 0rgw
0, otherwi se

Therefore, applying the formula for the inverse Fourier transform, we get

. 0 w
g(t) =/ exp(y Pexp(J2nft)df + J exp(~J Dexp(jaxf)dt
W 0

Replacing f with -f in the first integral and then interchanging the 1limits of
integration:
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W

J exp(=jxft + %) + exp( j2uft - J%)]df
0

2/ cos(auft- H)df

"
o ® o xX

2/ sin(Z:ft)&t

[ cos(Zﬂ‘t)]'
2 | ——————
=t 0

‘ .
"—t‘['l-oos(Zth)]

. % sin2(aWt)
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3.2 HW 2

Local contents

3.2.1
3.2.2
3.2.3
3.2.4
3.2.5
3.2.6
3.2.7

Questions . .
Problem 2.30
Problem 2.32
Problem 2.33
Problem 2.35
extra Problem
Key solution
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3.2.1 Questions

EE s kY F 2 v FL pege !

s
AT

Problem 2.30 Determine and sketch the autocorrelation [unctions of the following exponen-
tial pulses:

(2) glt)=exp(—athulr)
V' (®) gld=exp(—al)
V' (e} alt)=exp( —athdr) —explarhd —1)

~ Problem 2.32 Determine the autocorrelation function of the sinc pulsc A smc(th), and ’
sketch it.

~ Problem 2.33 The Fourier transform of a sxgnal is defined by |sinc{ f ). Show that the auto- “~
correlation function of this sngnal is triangular in form.

(#int i (6107 P S T ) !

~ Problem 2.35 Consider a signal g(t) deﬁncd by
glt)=Ag+ A, cos2nf,t +8)+ A, cos(2nfyt +6)

(a) Determine the auiocorrelariou function R,(7) of this signal.
(b) What is the value of R,(0)?

(¢) Has any information about g(r) been lost in obtaining the autocorrelation function?

(Wt tise frey. clumerte Sl

e%-\( - “E(\m\o\\cb\,‘h_. A}b .
) S @ SGY) wharee T Ay vt Shep

at Laawcon
o) AWM=t TWe <« 5+) a<o

VAW - wWw e \«kﬂ Moty ‘\1

- ca \(\U-) & uL\-) \‘\ Bl
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3.2.2 Problem 2.30
Problem

Determine and sketch the autocorrelation function of the following
(b) g(t) = e~ ¥
(c) g(t) = e™"u(t) — e™u(—t)

3.2.2.1 part(b)

e ®  t>0
g(t) = 1 t=0
e t<0

Assume a > 0 for the integral to be defined. From definition, autocorrelation of a function
g(t) is

R = [ gt)ge—rd

—0o0

Since ¢(t) in this case is real, then ¢g*(t — 7) = g(¢t — 7), hence

R = [ g0gt—7)d

—0o0

Consider the 3 cases, 7 < 0 and 7 > 0 and when 7 =0

g(t—17)

Figure 3.2: Case 1 Part b
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Break the integral over the 3 regions, {—o0,0},{0,7}, {7, 00}

0 T 0o
R(1) = / e®e®t=7)dt + / e~ t=T)dt + / e et gt
0 T

—0o0

2at70 ar
and fOT e~ ted(t=T)dt = g—a7 fOT 1dt = Te "

—2at]>° —<art —aT
and fTOO e—ate—a(t—r)dt — o7 fTOO e—2atdt — eaf% = e [O__ezz ] — e2a
Hence for 7 > 0 we obtain

e—aT e—aT
R — —at A
(1) o + e 4 oa
—aT
= + Te”
a
[ )
g(t)
| t
| 0
|
|
|
_ |
g(t-7)1
|
T 0 t
Figure 3.3: Case 2 Part b

Break the integral over the 3 regions, {—oo, 7}, {7, 0}, {0,000}

T 0 [’}
R(1) = / ettt dt 4 / et gt 4 / e~ gt
T 0

—00
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NOW fzoo eatea(t_T)dt =e f:oo e2atdt == e_‘”—[e al7°° = T 1 =<

and fTO e~ ted(t=T)dt = g—a7 fTo 1dt = —1e™ %"

and [ e atealt-n)dt = ear T o e (1) = €7
Hence
R( ) eaT e_aT + aT
TN=— —7T
2a 2a
=[e (=)

R(0) gives the the maximum power in the signal g(¢). Now evaluate this

0 00
R(T) :/ e“te“tdt—l—/ e Ye %t
—00 0
s ke

o 2a —2a

—2at]8°

Hence

Or we could write

B(r) = (1~ (~Ir)

This is a plot of R(7), first plot is for a = 1 and the second for a = 4
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1+a (-Abs[t])
f[t_] := Exp[a (-Abs[t])] | ——————
Show[{Plot[f[t] /.a~>1, {t, -6, 6}, PlotRange » All, PlotStyle » Red, AxesOrigin- {@, ©}]}, AxesLabel -> {"c", "R(t)"},

PlotLabel -» "Autocorrelation function for part(a), when a=1"]

Autocorrelation function for part(a), a=1
R(1)

1

-6 -4 -2 2 4 6
Show[{Plot[f[t] /. a4, {t, -6, 6}, PlotRange » All, PlotStyle - Red, AxesOrigin- {@, 0}]}, AxesLabel -> {"z", "R(t)"},
PlotLabel -» "Autocorrelation function for part(a), when a=4"]

Autocorrelation function for part(a), when a=4

R(1)

v
-6 -4 -2 2 4 6

Figure 3.4: final part

3.2.2.2 part(c)
g(t) = e %u(t) — e®u(—t)

Assume a > 0.

Consider the 3 cases, 7 < 0 and 7 > 0 and when 7 =0
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: exp(-at) u(t)
t

0
-exp(at) u(-t)

caseT > 0 g(t)

g(t—-1)
e 2Dyt — 1)
o T !
-2 Du(—(t - 1))

Figure 3.5: Case 1 Part c

Break the integral into 3 parts, {—o00,0},{0,7}, {1, 00}

R = [ gwg-ras [ sste=rrae+ [~ owge-a

—00

0 T 0o
— / _eat(_ea(t—T)) dt + / e—at(_ea(t—‘r)) dt + / e—at (e—a(t—‘r)) dt
—o00 0 T
0 T 0o
— e—ar/ e2atdt _ e—ar/ 1dt+ ear/ e—2atdt
—oo 0 T
e2at 0 —2at]®
— e—ar[ 23;00 — 1T + ear [6_2617-
1—0 0— —2at
— e—ar[ o ] — 1T + em—[ _eza ]
e~ a7 o N —at
= —TE€E
2a 2a
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case T < 0

9(®) m
0
‘EW\

t

g(t—17) ety (t — 7)

e
—e2u(-(t-1))

Figure 3.6: Case 2 Part c

0

Break the integral into 3 parts, {—oo,7},{7,0},{0, 0}

R = [ gwoe-mas [ gwga-ras [ sttty

_7?0 0 e}
— / _eat (_6a(t—'r)) dt + / _eate—a(t—r)dt + / e—ate—a(t—'r)dt
—00 T 0
T 0 0o
— e—ar/ €2atdt _ ear/ 1dt + ear / 6—2atdt
—00 T 0
[e2at]7__ [e—2at]°°
__ _—at 00 at at 0
e “oq + 7€ +e€ g
— e 9T [e2a'r - 0] + 7€% + o7 [0 - 1]
- 2a —2a
at at
2% T T

m(l )
=e ' | —+T
a

At 7 =0, we see that R(0) = %, hence the final answer is

6_0’7(%—7') 7>0
R(7) = 1 T=0
e‘”(l+7') T7<0

a
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Or we could write

R(r) = TP r)

This is a plot of R(7), first plot is for a = 1 and the second for a = 4

1
F[t_] := Exp[a (-Sign[t] t)] [——Sign[t] r)
a

Show[{Plot [f[t] /. a-1, {t, -6, 6}, PlotRange - All, PlotStyle - Red, AxesOrigin- {@, 0}]}, AxesLabel -> {"", "R(c)"},

PlotLabel -» "Autocorrelation function for part(a), when a=1"]

Autocorrelation function for part(a), when a=1
R(1)

Show[ {Plot [f[t] /. a-4, {t, -6, 6}, PlotRange - All, PlotStyle - Red, AxesOrigin- {@, 0}]}, AxesLabel -> {"", "R(t)"},
PlotLabel » "Autocorrelation function for part(a), when a=4"]

Autocorrelation function for part(a), when a=4
R(1)

Figure 3.7: Part c

3.2.3 Problem 2.32

problem: Determine the autocorrelation function of g(t) = Asinc (2Wt) and sketch it

solution:

R = [ot)g'(t-7)ds

The above is difficult to do directly, hence we use the second method.

Since the function g(t) is an energy function, hence R(7) and the energy spectrum density
U, (f) of g(t)make a Fourier transform pairs.

R(1) & Uy(f)
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Therefore, to find R(7), we first find ¥,(f), then find the Inverse Fourier Transform of ¥,(f),

i.e.

But

and we know that

Hence

The (2) becomes

But ‘rect(;%) ’2 = rect(

Hence from (1)

Hence

R(r) = F ~(Ty(f)) (1)
Ty(f) =G (2)

. A f
A S1nc (QWt) = Wrect (W)

), since it has height of 1, so
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This is a plot of the above function, for W =4, and A =1

A=1;
W=2;

A2
ft_] = [;] Sinc[Pi2Wt]

Show[{Plot[f[t], {t, -6, 6}, PlotRange » All, PlotStyle -» Red, AxesOrigin- {@, ©}]}, AxesLabel -> {"c", "R(z)"},
PlotLabel » "Autocorrelation function when A=1,W=4"]

Autocorrelation function when A=1,W=4
R(1)

Figure 3.8: Plot for W =4, and A=1

3.2.4 Problem 2.33

The Fourier transform of a signal is defined by |sinc (f)|. Show that R(7) of the signal is
triangular in form.

Answer:

Since

R(r) & |G(f)*

Then

R(7) < |sinc (f)|2
& sinc? (f)

Hence to find R(7) we need to find the inverse Fourier transform of sinc? (f)

But

(s (1) = £ (sne (1) x sne ()
= F Ysinc (f)} ® F ~*{sinc (f)}

But F ~!{sinc (f)} = rect(t), hence
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F ' (sinc® (f)) = rect(t) ® rect(t)

= /oorect(T) rect(t — 7)dr

—00

This integral has the value of tri(t) (we also did this in class) Hence

tri(r) < sinc? (f)

Hence
R(1) = tri(r)

Where tri(7) is the triangle function, defined as

. 1— |t lt| <0
tri(t) =
ri(t) { 0 otherwise

3.2.5 Problem 2.35
Consider the signal g(t) defined by

g(t) = Ag + A; cos (2m fit + 0) + A cos (27 fot + 0)

(a) determine R(7)
(b) what is R(0)
(c) has any information been lose in obtaining R(7)?

Answer:

(a)

Take the Fourier transform of g(¢) we obtain

G(f) = Aod(f) + S [0(F — )+ €°6(F + F)] + 2 [6(7 — ) +e0( + 1)

Hence |G(f)|> = G(f) G*(f), so we need to find G*(f)
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G () = Aod(f) + G [e0(f — )+ &6(F + 1] + B2 e 6(F — )+ 5(7 + )]

So
GUP G (f) = A38(F)+ 167 — £+ (7 + ) + 2200(F = 1)+ 0(F + o)
So A2
Sy(f) = A36(f) + 1[5(f fH)+o(f+ fi)l+ —[ (f = f2) +0(f + f2)]
So

R(r) = F 7 (S,(f))

= A35E) + AL — )+ 8+ A+ RS~ ) 4 (F + £

Hence
R(t) = A2 + AT% cos 2 fiT + AT% cos 27 for (1)
Part (b)
A2 A2
2 —
R(0) = A; + 5 t 5
part(c)

In obtaining R(7) we have lost the phase information in the original signal as can be seen
from (1) above
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3.2.6 extra Problem
(a) find &(t) ® £(t) where £(t) is unit step function
(b)Find t£(t) ® e*£(t) where a > 0

(c)find u(t) ® h(t) where h(t) = e 3u(t) and u(t) is as shown

U(t)

4T

Figure 3.9: Extra problem

To DO
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3.2.7 Key solution

o FE 4y 2 sty 2 My L ey P

2p A) See ﬁ'wafb‘ﬂf e (25) o4 \\"J
37 }) g - @xf(_‘ali/)¢ é‘/{%[[[é') + e dl-£) Wi >0

, gl(t) =y L AD ﬁ/?‘/ /o ,@e’,;§fi P K;’(T/ i

(Ea(ZZ?/‘} o --(:;_fé -4&?/&/44‘// & ¥ => R_{} (JC/: ﬂegf(,(t)
N |
t
aff ./C)g o —a(+=T) i
¢ —— N\ e
—_— ! — . _t-
0 T

ke )
merctors, for 00, = Ky(T) = [ RI)GU-T) S

0

R ('T) = J exp(at)explal(t-t)idt
g o

T
+ [ exp(-at)expla(t-t)ldt
0

+ J exp(-at)expl-alt-t)ldt
T

= %—a— exp(-at)+t exp(-at) + %g exp(-at)

= (%+ 1) exp(-at)
Since Rz(—-:} N Rg(T)’ we may express .Rg('r) for 2ll 1 as follows:
1
'Rg(r) = (G + ItD) expl-alt])

which is illustrated below:

R (1)
g

S~

0
[ W
(e) g(t) = exp(-at)ul(t)—explat)ul-t) / o> o Y j/// Vo) ,4/?6(( §

For 1>0, we . have
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g(t) -’C’L?A

. . | o o
Therefore, for >0, }33~647,; - -4/ﬁ Z§5}£;2§L —2./}47;1L

0
'Rg(T) =/ exp(at)expla(t-7)ldt

-

T
~ J exp(-at)expla(t-r)ldt
0

+ f exp(—at)exp[—a(t—r)]ﬁt
T

1 1
ES‘GXP('ET)—T exp(~at) + Eg-exp(-ar)

= (%-_ 1) expl(-at)
”Since Rg(-w) = Rg(r), we may express Rg(r) for all 1 as follows:
1 Te
Rg(r) = (; - It} exp(-altl])

which is illustrated below: Rg(T)

et T

'/Lr

W
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c e\ A r
2, @:}5/; A sinc(2Ht) == i rect(Gy) = C;(;i/

__—~“:J'Sincef - | i /£L§§@§

2
R (1) == 16(D1%

it follows that for the given sinc pulse
2

R {1) — é——-rect

O

f\

Thercfore;
A .
e
Rg(r) = 5o

> sinc(24W1)

which is shown illustrated below:

R (1)
/ T
3 1 1
T oow W 2W

?roblem 2.33 = Koo \ f%?%a (1f)

Ggf) = 151nc(f)] _
7‘);

)
Therefore,

=7
96(012 = sinc?(f)  e—A /é& C‘T}

The function sine (f) represents the Fourier transform of a trtangular pulse of anlt
amplitude and width 2 secords; centered at the origin. Therefore,

i-{ti, fr1<1
R (1) = :
& 0, fo1>1
which is illustrated pelow:
R (T1)
3
1.0
T
0 1
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- | 4(2) (e=2)d

52443 ' A fp 2 ‘»}%#ﬁ‘ '@%4.
2-23 G/f) - /’g'mc[ﬁ} -
(becid wniflira )
ﬂg(Njé—"‘? /J/f)/ = gimcbf)
_ Binclf) o Sme ()
L____H ‘“—’V*;'{
| Gulf) G2(f)
lherefre  Ryw) = 9(x) & Gev)
-1 |
R gie) = o) = F s g)] = 2 (2)

TICH 1 dal2
. 2 N -
1 L i ~ly +/ =
7 2 2 7.
J9(T-2)
qfi} (ff /)
%/Z/}/@Z Zé’““/’///’ / “He @M/d/ﬁ/ 2 fiee ne }ﬂvl/tq&
o 7 < -1 %(T :
f/—.lr{j — < T<o0 ' » 0
)=, _, o< = S
| - | i

2|
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Fre 775 4L
2«35

(a) glt) = A, + A1 cos(2nt‘]t+e)+A2 cos(2ﬂ‘2t+e)

0
Therefore ;
A‘l
G(f) = AO 6(f) + —5 [6(f—f1)exp(jd)+5(f+r1)exp(—jd)]
ds
+ 5 16 (f-15)exp( JB,)+6(f+vf2)exp(—J8)]
and

2,2 27 + :
GO T = AO §(f) + T [é(f‘—f1)+6(l‘+f1)] + Y [6(f—f2)+6(f+f2)]

Since RS(T) ':—‘— 'IG(f)VI2

it follows that

2 2
2 M Ao
Rg(r) = Ao + 5 cos(Zufir) »+»—2— cos(2nf‘2-()
- , A8

(¢) We see that Rg('t) depends only on the d¢ component Ao, the amplitudes Ay and A2 of

the two sinusoidal components and their frequencies f.l and f2.

The phase information

contained in the phase angles of the two sinusoidal components is completzly lost when

evaluating RS(T). B
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LEnds | daplen | pr#rZ | pae
e oy = %m%)‘ﬂﬁ?*§7%§%/.

A (smz)sic)
-~ N l . 7 /
/ : -/ . A
’?J . r_/,ﬁ(. , . . - /' > - - - — Z\/
L.éy/m(—f/,y g/-fl’/ RN { \/

o

T f(/ | _,.7 '1\
4¢) = ST S ) AT Jen T
| o
- ;?//S/”//}“—z/'f/’é&)f
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Ve

eyt | )
| 7[/\  4LT) = 2ect (£ 2T ARIT) - % e
$ive. 4l avs’ | \
A //”’}/ o ar O (o
Yit)= Uiy @ hlp B )
M("f) Pt
| /_f( )
| .
~47 =
b) Forolt < G4 T
rt sz 3zt -~z
cb)y(,%) = JI J < AT = = _ |- e
O 3 , 3
<) For Z> 4 T\T\_
L
ZL 1 t-4r a
. -
[t) = A ~37+.L97 =37
t=47 o
| 34 9T
= _éj *{ e - — /")
3
2o 7 &, b, & = ,ﬁzj‘ﬁvz/L
] 7= U 2 VA / ;
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3.3.1 (questions

443

/f/l‘l/ #3 5:21.5?- t 7, 200%"

£y s At e e e P o e -

CH. 2 / SIGNALS AND SPECTRA

2-3

24

st

The voltage across a load is given by v(f) = A cos wgt, and the current through the
load is a square wave,

<«

i0) =1 ,.;_w [n (f;_o/";g) _q (t - nT;OIZ(ToQ))]

where wg = 27/Ty, Tp = 1 sec, Ap = 10 V, and I; = 5 mA.

(a) Find the expression for the instantaneous power and sketch this result as a
function of time.

(b) Find the value of the average power.

The voltage across a 50-() resistive load is the positive portion of a cosine wave

That is,

o(t) = {10 cos wpt, |t — nTy < To/4
0, t elsewhere

where n is any integer.
(a) Sketch the voltage and current waveforms.
(b) Evaluate the dc values for the voltage and current.
(¢) Find the rms values for the voltage and current.
(d) Find the total average power dissipated in the load. ‘
For Prob. 2-4, find the energy dissipated in the load during a 1-hr interval if T -
1 sec.
Determine whether each of the following signals is an energy signal or a pows
signal and evaluate the normalized energy or power, as appropriate.
(a) w(®) = [/Ty).
b) w(® = L{F/T,) cos wpt.
(c) w(?) = cos® wpt.
An average reading power meter is connected to the output circuit of a transmitte
The transmitter output is fed into a 75-() resistive load and the wattmeter reas
67 W.
(a) What is the power in dBm units?
(b) What is the power in dBk units?
(c) What is the value in dBmV units?
Assume that a waveform with a known rms value, V., is applied across a 50-
load. Derive a formula that can be used to compute the dBm value from V.
An amplifier is connected to a 50-( load and driven by a sinusoidal current sour
as shown in Fig. P2-9. The output resistance of the amplifier is 10 () and the ing
resistance is 2 k(). Evaluate the true decibel gain of this circuit.

Sinusoidal
current

source

Ioms =0.5mA Amplifier 5062 Vims = 10 volts

W

FIGURE P2-9
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PROBLEMS 81

2-10 The voltage (rms) across the 300-() antenna input terminals of an FM receiver is
3.5 uv.
(a) Find the input power (watts).
(b) Evaluate the input power as measured in decibels below 1 mW (dBm).
(c) What would be the input voltage (in microvolts) for the same input power if the
input resistance were 75 {1 instead of 300 Q7

2-11 What is the value for the phasor that corresponds to the voltage waveform v(z) =
12 sin(wp? — 25°), where wy = 20007?

2-12 A signal is w(f) = 3 sin(1007rz — 30°) + 4 cos(10077). Find the corresponding pha-
sor. '
2-13 Evaluate the Fourier transform of
e %, t=1

win) = {0, 1< 1

2-14 Find the spectrum for the waveform w(f) = e~ ™7, What can we say about the
width of w(?) and W(f) as T increases? [Hint: Use (A-75).]

\/ 2-15 Using the convolution property, find the spectrum for
w(f) = sin 27f;t cos 2mf,t
2-16 Find the spectrum (Fourier transform) of the triangle waveform

s() = {At, 0<1<T,
0, t elsewhere

in terms of A and T
\/ 2-17 Find the spectrum for the waveform shown in Fig. P2-17.

w(r)
I 4 —
3
2 |
l_.
] i ! ] 1
-4 -3 =2 -l 1 2 3 4 t—>
FIGURE P2-17

._j t
\/'2_18 If w(z) bas the Fourier transform GO) :((+) = W (1" "I) e

_J2=f
W =17 j2uf

1
'

find X(f) for the following waveforms.
(a) x() = w(2t + 2). "J‘ .t

£y L. e/l 1Y 7 C«) Xéf)':- ﬁf{;‘" Z{)
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3.3.2 Problem 2.7

Problem An average reading power meter is connected to output of transmitter. Transmitter
output is fed into 75¢2 resistive load and the wattmeter read 67W

(a) What is power in dBm units?
(b) What is power in dBk units?

(c) What is the value in dBmV units?

3.3.2.1 part(a)

= [48.2607 | dbm
(b)
Papr = 101log,o P
=|—11.7393 | dbk
(c)
V2
P="
R
Hence
Hence
20 ].Oglo V = 10 ]'OgIO P + ].0 ].Oglo R
SO

201log,, V = 101og;, 67000 + 101log;, 75000
=197.0114 dbmV |
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3.3.3 Problem 2.8

Assume that a waveform with known rms value V,,,, is applied across a 50€2 load. Derive a
formula that can be used to computer the dbm value from V.,

Hence

Paom = 101logy (10> X Pas)

10° x V,2,,(V)
R(Q)

= 10(10g10 10°V,%,, — logg R)

= 10(log; 10% + logy, V;2,, — logyo R)

™ms

Hence

When R = 50f2, we obtain

= 30 + 201og;o Vs — 16.9897
= 13.0103 + 201og;¢ Vims
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3.3.4 Problem 2.9

2-8 ASSUME LIAL 8 welvoiw
lpad. Derive a formula
fier i ] ad a Inven by a sinusoidal current soun

r/'l 7.9 An amplifier is connected ta a 50-11 load and drven by a inusoidal cu :

1c shown in Fig, P2-9, The outpul resistance of the amplifier is 10 {1 and the 1m]

that .'-:m he used 1o compute the dBm value from Vom,

resistance 18 2 k{1, Evaluate the true decibe] gain of this circuit,

N RETTE T .
e (e _I'—J_ [

FIGURE P2-2

Figure 3.10: the Problem statement

Gain(db) = 10log;, %

K3

(%)
(0.5 x 10-3) x 2000

10°
=10 ]'OgIO E

= 10(log; 10° — log,, 25)
= 10(5 — 1.39794)
= 36.021

3.3.5 Problem 2.15

Using the convolution property find the spectrum for w(t) = sin 27 fit cos 27 fot

Solution:

I (w(t)) = [ (sin 27 f1t) ® F (cos 27 fat) (1)
But

f@m%ﬁﬂ=%ww—ﬁ%ww+ﬁ»

I (cos2mfot) = S (0(F = ) +8(F + 1)
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Hence (1) becomes

Flw(t) = {%((S(f —fi) = o(f + fl))} ® {%(6(1” — f)+0(f+ f2))}
= 4lj{5(f —f) = 3(f+ )} {8(f — fo) +6(f + fo)} @)

Applying the distributed property of convolution, i.e. a ® (b+ ¢) = a® b+ a ® ¢ on equation
(2) we obtain

45 1 (w(t)) = 6(f — f)(f — f2)+6(f — A)R(f + f2)—6(f + f1)®(f — f2)—0(F + f1)®(f + f2)
3)

Now

5(f— 1) ®6(f — f2) = / 5O\ — £1)6(f — (A — f2)) dA

_5(f+ fom f) /5(f ~ (A= )

=0(f+ fo— f1) (4)

And

5(F — ) ®6(F + o) = / 5A = £)3(f — A+ fo)) dA

—5(f = fo— ) /6(f—(A—f2>)dA

=5(f—f2—f1) (5)
And

S+ 1) ©8(F = f) = [ 6+ RS = (A fa)) A

=6(f+fz+f1)/5(f—(/\—fz))d)\

=0(f+ fo+ f1) (6)
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And

5(F+ F) ®O(F + f2) = / SO+ £1)6(F — A+ f2)) dA

— 87~ o+ £) [ 8~ (A= )i

=0(f—fat fr) (7

Substitute (4,5,6,7) into (3) we obtain

Fw(t) = 50(f+ fa= f1) +6(f — o= f1) = 0(f + fo+ f1) = 6(f — fo + f1)]

or

F(w(®) = 50(f + (f2 = f)) +0(f = (2 + £1)) = 0(f + (fo+ 1)) = 6(f = (fo = f1))]

(®)

This problem can also be solved as follows

w(t) = sin 27 fit cos 2w fot
Using sin acos 8 = (sin (o — 8) + sin (a + f3)), hence
w(t) = %(Sin (27 f1t — 2 fot) + sin (27 f1t + 27 fot))
= 56 @n(f = £)0)+sin 2n(fs + £2) 1)
— 5 (500 = (fr= 2 =87+ (= )+ 300 = U+ ) = 87 + (i + 1))
= 4lj{5(f — (= f)) = 0(f + (fr = f2)) +6(f — (i + f2)) = 6(f + (1 + f2))}
= 4lj{5(f + (2= f))+0(f = (fo+ f1) —6(f + (fo+ f1)) —6(f = (fo—F1))}  (9)

Compare (8) and (9) we see they are the same.
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3.3.6 Problem 2.17

w(t) = 4 rect(%) _9 rect(%)

By linearity of Fourier Transform

o - (2 -2 ()
¢ (ra(2)) = st

Since

and
F (rect (%) ) = 2sinc (2f)

F (w(t)) = 4 x 4sinc (4f) — 2 x 2sinc (2f)
= |16sinc (4f) — 4sinc (2f)

Then (1) becomes

Or in terms of just the sin function, the above becomes

sin (4w f)  sin(27f)

F(w(t)) =16 anf —4 onf
_ 4sin (4rf) 2Sin (27 f)
mf Tf
_ 4sin(4r f)—2sin(27 f)
nf

3.3.7 Problem 2.18

If w(t) has the Fourier Transform W (f) = ;2L find X(f) for the following waveforms
() 2(t) = w(2t +2)

(b) z(t) = w(t — 1)

(c) z(t) = w(1 —1)

Answer:
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3.3.7.1 Part(a)

Then

Hence

This can be simplified to

3.3.7.2 Part(b)

jerf
O T G

w(2t) < %X(%)
w(2t+2) & %X (%) 275 (2)

1 o .
w(2t+2) & - J—sz el f

1 Jjnf 2
o = j2m f
2 (1 +jvrf) ‘

w(2t+2) & 2(:}c_j) elrf

Now Let e 7t = ¢727fot hence 2mfy = 1 or fy = =, then

o)

w(t — 1) e 2ot o X (f + fo) e o)

Hence
—j j277(f + fO) 2
wit—1)e ' & _ ed2r(f+o)
( ) 1+ 52w (f + fo)
; 1
wit-1)e’" & 72n(f + 3) g2 (f+27)
1+j2m (f+ 2)
e gmerfal) o
t—1e’Vt j(2mf+1)
w( e 27r+j27r(27rf+1)e
s jamif + 520 o s
t—1 it o Jj2nf ,j
wit—1)e or + jAmif +jor-  ©
. 2nf +1 ‘ .
wt—1)e Ve 2 = i2fel
( ) —Jj+2nf+1
Hence

—j 2rf+1 g
wit—-1)e 7 & _1_7;{; t el nit)
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3.3.7.3 Part(c)

Then

o0 T4 oy
w(~t) & X(=f)

w(—t+1) & X (—f) 2D
—]27Tf ej27rf

w(l—t) & 1= jonf
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3.3.8 Key solution

Key Sofutrom - :
2- '7[ o .
@) dxm= lol“ﬂ‘(&ou) /DID‘;‘%‘) = 48.26d8y
(b) A7k= /olo}_m) /0/97_6%7?) ~ 174 Bk
© P= I%M

P V=P = V(uw; = 70.9mits

3 d8V/= 20/0}(7(1 = 97d8ml/

e potx = Y
A8 = 10 Iog (w) 10 gy (Y3 = 20/, (- 10ky 0099

29 9217 Re = (x5 (208) = Soxntw

V. _ Ioo
R)kt—k:.‘g—ﬁ— = 2w

8= lblw;,,v( ;:::TJ :/0/»}(4_:%:) = 36 4B

E wit) -.?m(m&) oS (1rfd) = 0 () a3 ()
7 W= W, O0)= LESG g Sr-f] R[4 6(F+) +4564)]
Aside: TEH)REER) = [TEOE)TERHOA = S+,

s W (g) =(i4) [SE+548) +SEH-6) ~SE-R46) - T -4
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EE 943 Sy #5 pasre. 2

210 A~ M) - ) where
wltit) ~4sectl%, )

- s W)= 16 S/ (4F)

i
wgpy) =20el%) »
VU 2 W 4Sinelaf)

YR W)W = |0 Siolfhs) - s 2 /)

| @ wat) ¢ ;’;;T,;.

3 W) «—> gt
& w(t-) «—> %e‘da"’c
1)z 6V ) —,“fo—'lg%%)émm’lﬁ)
) '10'7’*’—“1 s 20w W)

. . _grtr
e i R e

) wrl-1) ¢<—> W) = - f21E .

2 r)=w(-kq)) <> - l?_'\’;mf e-’.m.‘:

1 2nf
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3.4.1 questions and hints

A T SE o ' L ffa& ]

( .
Problem ] Evaluate the transfer function of a linear system represented by the blick
diagram shown in Fig. P2.14.

x{r) > S de 5 S i

Delay Delay
T T

Figure P2.14

Problem 2.

(ta) Determine the overall amplitude response of the cascade connection shown in P2..3.
consisting of V identical stages, each with a time constant RC equal to t,.

tby Show that as N approaches infinity. the amplitude response of the cascade connection
approaches the Gaussian function exp(—%f*T*)\. where for each value of N. the time
constant T, is selected so that

R R R

l Buffer I Buffer I Buffer
CI amplifier CT amplitier ¢ amplifier

Figure P2.15

Problem 5 Determine the pre-envelope y4ir) corresponding to each of the following two

|
{ signals: . . T
, , ; L [mExE re s b
’ i gt =sinel) { it #e /g/’réi‘ < = S’_a/”iﬂ & é(/

ib1 ytri=[1+k cos(2nf,,(t)]cos(2af.r)

%w#@f%%?é%@%@f%fr
e) of g = o) > = ?,g&;

b oof  gu) =2t > FH) =
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XF)
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—Jor7
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260 =/ Ww - ZH)= Wiﬁ LW 56 (2

2
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Jrch # 2

2)
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//%Z /’4/4 /457% ﬂ/ﬂ /%/g/ﬁfc 5 7
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Z) )//’f) dwc - . /_
LK) = YO~ XD~ Rt I dent e




CHAPTER 3. HWS 77

EE s73 /%’/4/#—4 (,7//,;// Y 1
/Mé # 2 é/%/ﬁ/)

W) = —i— T = Rc

/:/74/7% oveedl Y - SEA s T Aaaes, ;/@/&w
0 f e Osenad of A (Ao fliil ZyS et s

,,Z»a/%wym /We /DY //5/?/ 7
b) A %2 e 7 °

+ g
L (14 L) P 2 o (L Px) = eql+f)
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3.4.2 Problem 1

Solution Using transfer function cascading, then the overall transfer function for the system
can be written as

H(f) = Hy(f) Hy(f) = [H ()] (1)
Where
H1(f) = %
Where
Z(f) = F{ /w }
1 W)+ 20 @
~ jonf
Where

W(f) = r{z(t) —=(-T)}

= X(f) — X(f) e 9T
= X(f) [1—e 7] o
substitute (3) into (2) we obtain
X (0)’[_:—0327?
2() = sz o X () [L= e 4 S e ()
= o f e—I2mfT
a J27er(f) [ ] "
Hence
H(f) = %
_ g2+er(f) [1 — e_j27rfT]
X (f)
Hence

H(7) = 5 (1= e 7]

Hence from (1)

1 ‘ ?
H) = (G =)
1
- — 472 f2 [1

-1 , ]
— (27Tf)2 [1 _ 26—]27rfT 4 e—]47rfT}

_ e—jzwa} 2




CHAPTER 3. HWS 80

Hence

H(f) — (27r1f)2 [26—j27rfT _ e—j47rfT _ 1]

3.4.3 Problem 2

3.4.3.1 Part(a)

Transfer function for each stage is H;(f) = }g((’})) =3 +j271r RO
Since RC' = 79, hence .
H(f) = ———
(£) 1+ 527 fro

Then, for N stages, the overall transfer function is

H(f) = Hy(f) Ha(f) - -- Hn(f)

Since they are identical stages, then the transfer function of each stage is the same, and the

above becomes N
1
Hf\ = ———
() (1 +j27rf7'0>

Hence the amplitude of the response is given by

H(f)| = (W)N

1
12 + (27l'f7'())2

1 N
B ((1+4w2f273)5)
1

(1 + 4m2f273)

N
2

Let 78 = the above becomes

72
4m2 N>

Hl = —— 0
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3.4.3.2 Part (b)

Let @ = f?72,8 = 1, then (1) becomes

H(f)| = —5
(1+ %)™
But limpy o (1+%)EN = e hence
1
|H(f)| = (=
e 2
_ f27'2
= ée 2
Which is what we are asked to show.
3.4.4 Problem 3
3.4.4.1 Part(a)
(a) g(t) = sinc (¢)
g+(t) = g(t) +34(t) (1)

Where §(t) is Hilbert transform of g(t) defined as §(t) = g(t) ® =

G(f) = —j san(f) G(f)
= —j sgn(f) rect(f)

Now find the inverse Fourier transform.

I derive the above to answer problem 4 part (b). The answer is the following (please see
problem 4 part(b) for the derivation
4(t) = — (1 cosrt)
= —(1—cosm
g it
In the above, I used sinc (¢) = #2. If one uses sinc (¢) = %2t then the answer becomes
. 1
9(t) = £ (1 —cost) (2)

The problem statement seems to want us to use the second definition of sinc (¢), so I will
continue the rest of the solution using (1).
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Substitute (2) into (1) we obtain

|_|

9+ (t) = sinc (t) + j=(1 — cost)

__sin (2) 1 eJt+e Jt
-5

~

t

1e’t—ejt 1 eﬁ—i—e_ﬁ'
Tt +¥<J+ 2j )
ledt—e™ 9t j  lelt+e it
Tto2 Tttt 2
et 5 1et
12 Tt 125

Hence

g+(t) = ; (4 +¢")

3.4.4.2 Part(b)

9(t) = [1 + k cos 27 f,,t] cos (27 f.t)

9+(t) = g(t) +59(¢)
Where §(t) is Hilbert transform of g(t) defined as §(¢) = g(t) ® .

2G(f) f>0

G+(f):{ G(0) f=0

0 f<o0
But

G(f) = F[1 + kcos2m f,,t] ® F [cos (27 f.t)] (1)
But ]
F leos (2mfut)] = 5[8(F = £0)+ (F + £)

and

F[1+ kcos2mf,t] = 6(f) + g[5(f — fm) +0(f + fm)]
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Hence (1) becomes

es; [5(f fc)+5(f+fc)]

1) = {80+ 5180 = ) + 80+ )b © 5160 = 247+ 1)
o(f
R0~ ) 480+ Sl @ 51607 — £+ 8(F + 1)

= SN @b~ £+
5() ® 8(F + £ +
TR SEY TRt
S~ @O+ 1)+
S+ @ o~ 1)+
557+ ) @ 8(F + )

—_

NIl )

Hence

G(f) = 307 + £+
o(f — fo) +
O(f = fm + fo) +
6(f = fm— fo)+
O(f + fm + fo) +
100 + fm = fo)

|??‘H>|??‘H>|??‘H>|??‘l\3l'—‘

Hence for f > 0 ,G4(f) = 2G(f) and we obtain

Gi(f)=06(f—fo) + g[ﬂf — fm+ f) +0(f = fn = o) + 6(F + fn 4+ ) + 6(f + fom — [o)]

Then (since carrier frequency f. > f,,), we could simplify the above, by keeping positive
frequencies f

Go(f) = 87 = )+ £18(F = fn = F) + 37 + fu = £
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or

G (f) = 8(F = 1)+ 51007 = (i + £) +6(F = (e = )]

Hence

) 27 k., ; 7 o f.—
g1 (t) = Pt 4 7 (efPrUnt I 4 gt
— 6j271'fct + E(ejQﬂ'fmtejQﬂ'fct + ej27rfcte—j27rfmt)
= 6]27cht |:1 _|_ 5 (6.727rfmt _|_ e_JQmet):|

_ gionfet [1 + g(2 cos (27Tfmt))}

= &2t [1 + k cos (2 fnt)]

3.4.5 Problem 4
3.4.5.1 Part(a)
g(t) = 4(t)

i =gt)e
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3.4.5.2 Part(b)
And Since sgn(f) = —1 for f < 0 and sgn(f) =1 for f > 0 then

G(f)=—j [—rect(fj_i) +7‘ect(f:‘_11)]
2 2

3(t) = jr [ct(“) _mt(f;i)] 1)

2

Hence

2

1 . 1 ‘

But /! (Tect<f1r4>> = 1 sinc (31) e~92m5it and [ 1 <7"ect<f 4)) = 1 sinc (51) e™9273t hence
2

(1) becomes

. sin Tt
But sinc (3t) = ~—5* hence
2

sin™ g
§(t) = —5=sin -t
z 2
2 5T
= —sin” -t
mt 2

_2 1—lcost
“a\2 2T

1
= — (1 — cosmt
7rt( cos 7rt)
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3.4.6 problem 5

1
|
l FIGURE 2.47

-2 -1 0 1 2 f Problem 2.44

2.45 Consider the square wave g{t) shown in Fig, 2.48. Find the power spectral density, average
power, and autocorrelation function of this square wave. Does the wave have dc power? Explain
your answer.

ity

Figure 3.11: the Problem statement

So(f) = t@ ©rect (g)

Ry() = F ~(Sy(f))

Ry(r) =~ (rect(ﬁ) et (g))
()] (£

= 4sinc (4t) + 2sinc (2t)

Hence

n7Fl= Plot[4 Sinc[4 t] +2 Sinc[2t], {t, -4Pi, 4Pi},
FPlotRange = All]

Outl7 =

PP )

Un\/[\ 5 10

. N A
T s VU

Figure 3.12: Plot for problem 5
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3.4.7 Key solution

EFE£  F3 \ AP #7 Jeey -

xt) « o wh T 20 + X - ;:/ 2
~Z) £ " (2 ﬂ
Problem *=. I @ = ﬁ :

The first integrator input is equal to x(t)-x(t-T). The Fourier transform of this
input signal is ([1-exp(-j2xfT))X(f). The value of this tramnsform is zero at f=0. It
follows therefore that the Fourier transform of the first integrator output is equal to

1 | 7Rt 125 o) = X)X [=T)=2 WD x e i g3
W ZLf) = gar D-expl-g2e IO 21y = [[w)ds =y 249).. Y2 s L) 1)
Sbce Wi)=0 = 24)= L, —7( $207 2
The transfer function of the first stage of the system of f‘fé s therefore equal

to 24 Vs )

//w "'2 —gnf7 o JTFT ﬁ/f;ﬁ’/] 2 Ginr7) AT

= /5//@_ Jm. [1-exp( j2rfT)] = .@7[ v Z Te Sine(
4

The second stage of the system is identical to the first stage. The overall transfer
function of the system is therefore ! _ . R _
N’z ;;ff{/,fzﬁ L) s P e 7,
HE) = ——  [leexpt-gostT?e 65728077 e
(jonf) (d277) z Zdz/;/c/——} 2

2
,xpc_mn{“9”'33,’?“""“” )1

2
= 2xp(~312fT) [.&:ﬁ;ﬂl:\

= 12 sincz(fT)exp(-JZufT)

ﬁ Wz%/ |
/fff, /M/;&é&e nespsite z/%%g/ //
Al = EX /Zéw zH) = SH) . T

47,// /[5/// S, -7) Jat, = Ut)-LE-7)
2 /zﬁ%/ = /?éé%/—z%:—?é) | _dﬁ;‘;ﬂj—

0
SALE) = %%{/ = 7 ?/47(/ %//
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Problem 2.

(a) The transfer function of the {th stage of the system of Fig. p2.6 1is .

1
B (£) = 355.7RC

1

1+3 21rf‘ro

wnere it is assumed that the buffer amplifier has a constant gain of one. The overall

transfer function of the system is therefore

N
H(f) I Hi(f)

i=1

1

 (egaer)t

The. corresponding amplitude response is

1

H(E)) =
[1»,(2::‘10)2]“;2
(b) Let
1'2 = Tz
0% T2

Then, we may rewrite the expression for the amplitude response as

1‘ 2 N/2
[H(f)] = [‘I+ i-(f'l‘)

In the 1limit, as N approaches infinity, we have

1 » N/2
lim [+ i-(n)'}
Noo

n

fH(E) |
N 1 2
= exp[-s . i—(f‘l’) ]

2
= exp(~ "t:z—"‘)
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Lot "L £ — Ll ooty AR

Z° e
Problem .5 _. m,mg // /é//u/” /njcfr

4 GE)
(a) g(t) = sine(t) = ﬂ‘% GlE) = net (7, ,r_:j_,} £
Glt)= 2604 = ;
We note that - e e {/’ﬁ——{’) /0" ‘
A(t) 1-cos(xt) gf//)- 3/,,%/5 ) EOZ’T L ¥
g T
S HhH) = S’/me[‘/‘/) J 2’/7' f jg
Therefore, // / 2574 Z
IS ¢ = § > >3 Z\
g, (t) = g(t) + Jg(t) 7 Z / W'Zf /Z)
a/{ = = S /778
- sin(nt) . 3 1-cos(nt) [) /56{)/ / S [/7’//
wt 7t
= %[1 - cos{mt) - j sin('lrt)] ()ff).‘ 573*/ J7
= %[1 - exp(§mt)] = :’;?[ e ] a/rf[ M% jf’, = /_}}Lf)»/;‘fé )—&j'
(b) g(t) = [1+k cos(2sf t)lcos(2nf t) - g,;,,,c-,[é/?/) e

cos(Zﬂfct) + ; cos[Zw(fc+fm)t] + -‘2(— cos[2'n(fc-fm)t]

Since the Hilbert transform of cos(27ft) is equal to sin(27ft), it follows that

;(t) = sin(21rfct) + -g- sin[21r(t‘c+fm)t] + % sinl’.?n(f‘c—f’m)t]

‘where it is assumed that fc>fm. Therefore,

(8) = exp(J2ur t) + & explg2n(f +f Jt] + § explg2n(f -f )t

1+ % exp(j2nf t) + % exp(-J2nf t) )]exp(ert‘ct)

2 [1 + Xk cos(anmt)]exp(j2wfct)
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—— - T W T /"Zj‘ﬂ
Probleu:/ _ 2 # 7 ik
s e 27 [
( 3’2:/4#%(’ Aj sin ¢ 4 /’4/‘/ ﬁ/ﬁ/”%/” WJQX /
24 e &" ’&( ‘
,2/7m;m*/€ The Hilbert transform of sin t/t is W///
“ey o 1 g & | ffm *
(&) == J T N
(0 =y Lo f Gimelt) =52 &> Wﬁf) [
(7). > T L pect
) g 2%~ ‘(%’f )T

1

LR = \ webeic  dime /‘ZM/

\/ﬂez‘/o 4 d///Ee* Glf), 7%
Glopes 5 G(¥) . 7

wt T t-t
N S fve SaE
\ ﬁ// ,_Saf/é ¢//-M47//
1, {
T at : : e ':—t- {n sii':tt bl\’ = G (f) i
— ] 7
Ye note that . , i .y A
;’ EX, 2H
/ sine(t)dt = 1 @(f)~_dggn/’€/ 6’[;/-
Therefore, =47 ?ﬂ[ﬁ [Mt( i )+
- -—-Jﬂ["“f (G- et (522 (ﬁ’)]
f sin 1 dy = ¥ Y

T __A‘

- SUE il BT
g/fﬂé(—*‘ g//"(f/?/}

josntg, .y sialim o W= 7>
B - *fsvmu/ L(I-e¢,
‘31“tf'£=—rdr-ccstf _Si:.t' dt
Ky /.
= -7 cos t g ﬂ"/zé/%‘;"’g% s
| — A/ / /e /
s H1—cos ) V772 /4/ = = /— S

,'71'?6
/ 5D )7 - ,%/;;[ St o7 =Ly

7 Lo
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- 7 o IV =T Viaoma i
;‘ pach # <) S/
( :)j «

- T “ ! f x5 _MS 7f

FH7) = el L) paect (L)
@ () = ;-?L[%zz/j _ 4 e (4T) +2Fme (2T)

Ryts) = P, = & nuts
Tk /4 -
o) = [ S (PMf = € w0 = Fau
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3.5.1 Problem 1

Ficure P1.12

Figure 3.13: the Problem statement

/ 1.12 The power spectral densicy of a random process X({z) is shown in Figure P1.12. It consists
lel on at f 0 and lar com nt
1
k;

3.5.1.1 Part(a)

Assuming stationary process,

R, (1) & S:(f)

But S.(f) =d(f) -I-tri(;f%), hence

Ro(r) = (5( f+ m(i))

2fo

= [+ e

—0o0
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But £ ! (tm(%)) = OLI}E%, and F ~1(6(f)) = 1, hence the above becomes

Hence

dc part AC part

R.(1) = ’/1\ + fosinc? (for)

3.5.1.2 Part(b)
Hence DC power in X (¢) is given 1 watt.

3.5.1.3 Part(c)

The AC power is f, watt.

3.5.1.4 Part(d)

Since R,(1) = 1+ fysinc? (for), we need to make this zero. But this has no real root as
solution (assuming fo > 0)

To obtain a solution, I will only consider the AC part.

Hence we need to solve for 7 in

R.(1) = fysinc? (for) =0

i.e. the AC part only.
This is zero when sinc? (fo7) = 0 or when sin (7 fy7) = 0 or when
wfor = kmw, k=+£1,£2,---.

Hence when 1 5
T = :I:—’ :I:—, RS
fo' fo
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3.5.2 Problem 2

L ' i . | " 4
V' 1.13 A pair of noise processes my (] and n,lz) are related by

nalt) = mlt) cos(infz + 8) my(t) sin(2mfiz + &)
where f, is a constant, and 8is the value of a random variable & whose probability densicy

function is defined by

[.' 1= /= 21
J,ﬂ--]ﬁ.-_-' 0=8s1x
L0, otherwise
The noise process ny(¢) is stationary and its power spectral density is as shown in Figure

P1.13. Find and plot the corresponding power spectral density of nylt).

Figure P1.13

Figure 3.14: the Problem statement

(see graded HW for solution)

3.5.3 Problem 3

A random telegraph signal X (¢) charaterized by the autocorrelation function

RX (7_) _ e—2u|tau|

: B 14. Determine the
. Glter of Fi are P1.14. P
; tant, is applied to the lowW-pass e ILtf the ra%]dom process at the filtes
e e Colﬂs'unsi;v and autocorrelation function ot the :
~ -
power spectral d )

output.

R

'—IVW—]_’_‘-U— ut
Input ¢ Qutp
=

Ficure P1.14

Figure 3.15: the Problem statement

Let Sy(f) be the psd of the output, then
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But

o0

0
= /eQUTe—JQWdeT+/e—2v7'e—]27rf7'd7_
oo 0
oo

0
— /6 (2v— J27Tf)d7-_|_/ T(—2v— ]27rf
0

—0o0

[er(% J27Tf)} e (=20 JQWf)}

2v—j2nf —2v — j2r f
1 -1
= . + ,
v—jg2nf  —2v-—j2nf
1 1
= ; + -
v—jg2nf  2v+j2nf
_ 4v
42 + 4m2 f2

1
Now we need to find H(f). Using voltage divider H(f) = YY) — _i2=ic

X(f)
hence .
H(f) = 721 fRC + 1
Hence
1
|H(f)| = -
1+ @rfRC)

Then

Rtsr7e
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Sy(f) = Su(f) |H(f)?

_ < 4v ) 1

402 4 4m2 f? (1 + (27rfRC)2)

4v
(402 + 472 f2) (1 + 4n2 f2R2C?)
_ = 4qv
v2 + 402 (2r fRC)? + 4m2 f2 + An2 f2 (2r f RC)?

_ 4ov

4v? + 16v%72 f2 R2C?
- f2R C’U + 4m2f2 + 1672 f2n2 f2R2C?

) _|_ 4U27T2f2R202 + 7T2f2 + 47T4f4R202

Now i i
, R,(7) is the inverse Fourier transform of the above

3.5.4 Problem 4

1,15 A running integrator 1s defined by

) = J{_rx{ﬂ dr

t) is the input, y(2) is the outpus; and T is the integration period. Both x(t) and
functions of stationary processes X(t) and Y(2), respectively. Show that
1 density of the integrator output is related to that of the integrator input

where x{
y(t) are sample
the power Spectra
as

72 sin(fT)Sx()

Sylf) =

Figure 3.16: the Problem statement

(see graded HW for solution)
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3.5.5 Key solution
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Pioblem 1.17
- The autocorrelation function of X(t) is

Ry(r) = EIX(t+1) X(t)]

82 Elcos(2xFt + 2¢Fr —0) cos(2sFt — o))

>
g—ueos(umn + 20Fr = 2) + cos(2nF1)]

Averaging over ©, and noting that © is uniformly distributed over 2r radians, we get

A2
Rx('[) = 5 Elcos(2nF1)1]

2 £
%—-— {m fF(f) cos(2nft) df

Next, ue note that RX(T) is related to the power spectral density by

Ry@) =/ S0 cos(2nft) df

-0
Pouse
Therefore, comparing Eqs. (1) and (2), we deduce that theA spectral density of X(t) is

A2

Sx(f) = -2-fF(f')

When the frequency assumes a constant value, fc (say), we have
£(f) = 2 5(e=f ) + L 5(fef )
F 2 c 2 c

Vs gg[ﬂf”@)*gm’é/%
7

Ciro

This §,<(//5

19
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FE L3 crepr - 8

/ Problem . /*’ /@

S FE B

(a) The power spectral density consists of two components:

(1) A delta function §(t) at the or_igin, whose inverse Fourier transform is one.

(2) & triangular component of unit amplitude and width 21‘0, centered at the origin;

.2
the inverse Fourier transform of this component is fO sinc (fot) .

Therefore, the autocorrelation function of X(t) is . -

Ry(t) = 1 + 1 sincz(for)

which i3 sketched below:

RX(T)

1

! | |
1 1 1

_ 2 1 0. 1
fo fO

MHhijw [+~ —
(@]

= cos[E-n(tT_tz)]

(b) Since RX(T) contains» a constant .component of amplitude 1, it follows that the de

power contained in X(t) is 1.

(¢) The mean-square value of X(t) is given by

EX3(e)] = R, (0)

=1
+fo

The ac power contained in X(f) is therefore equal to f

0"

(d) If the sampling rate is fo/n, where n is an integer, the Samples are uncorrelated.

They are not, ho'.-zever, statistically independent.

if X(t) were a Gaussian process.

They would be stétistically independent
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3.6.1 Questions

360

CHAPTER 8 = RANDOM SIGNALS AND NoOISE

8.35) Consider a wide-sense stationary process X(¢) having the power spectral density Sx(f) sh
in Fig. 8.26. Find the autocorrelation function Rx(7) of the process X (t).

I " Fioure 8.26  Problem 8.35.

8.36 The power spectral density of a random process X(t) is shown in Fig. 8.27.
(a) Determine and sketch the autocorrelation function Rx(7) of X(t).
(b) What is the dc power contained in X(2)?
(¢) What is the ac power contained in X(t)?
(

d) What sampling rates will give uncorrelated samples of X(z)? Are the samples statist
independent?

Sx(f)

/" FIGURE 8.27 Problem 8.36,

8.37 Consider the two linear filters shown in cascade as in Fig. 8.28. Let X(2) be a stationary pi
with autocorrelation function Rx(7). The random process appearing at the first filter o
is V(2) and that at the second filter output is Y(#).
(a) Find the autocorrelation function of V(t).
(b) Find the autocorrelation function of Y(2).

. Vo .
X(t)—> — i) —>Y(

FIGURE 8.28 Problem 8.37.

: 8.38\‘}; The power spectral density of a narrowband random process X(¢) is as shown in Fig, 8,29,
the power spectral densities of the in-phase and quadrature components of X(1), assun

fe = 5 Haz.

SN |
(W/Hz) |

f(Hz) "FIGURE 8.29 Problem 8.38,

-7 54 0

Figure 3.17: the Problem statement
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ap. 5 Problems 369

511

5-2

-3 /For the AM signal given in Prob. 5-2:

5
(a) Evaluate the average power of the AM signal. ‘l 4 /Hld/g ald

5-4

(fo)sse — fi” = 7090 kHz — 2.225 kHz = 7087.775 kHz
a space frequency (binary 0) of
(f)sse — fo = 7090 — 2.025 = 7087.975 kHz
and a carrier frequency of
Uodrsg = (fodssp — (fedpen 103 = 7090 - 2.125 = 7087.875 kHz

Consequently, the SSB transceiver would produce a FSK digital signal with a carrier frequency
of 7087.875 kHz.

For the case of zalternating data, the spectrum of this FSK signal is given by (5-85) and
(5-86), where f. = 7087.875 kHz. The resulting spectral plot would be like that of Fig. 5-26a,
where the spectrum is translated from f, = 1170 Hz to f, = 7087.875 kHz. It is also realized
that this spectrum appears on the lower sideband of the SSB carrier frequency (f,)ssg = 7090
kHz. If a DSB-SC transmitter had been used (instead of a LSSB transmitter), the spectrum
would be replicated on the upper sideband as well as on the lower sideband, and two redundant
FSK signals would be emitted.

For the case of random data, the PSD for the complex envelope is given by (5-90) and
shown in Fig. 5-25 for the modulation index of A = 0.7. Using (5-2b), the PSD for the FSK
signal is the translation of the PSD for the complex envelope to the carrier frequency of
™87.875 kHz. N

An AM broadcast transmitter is tested by feeding the RF output into a 50-C2 (dummy) load. Tone

modulation is applied. The carrier frequency is 850 kHz and the FCC licensed power output is

5000 W. The sinusoidal tone of 1000 Hz is set for 90% modulation.

(a) Evaluate the FCC power in dBk (dB above 1 kW) units.

(b) Write an equation for the voltage that appears across the 50-Q load, giving numerical val-
ues for all constants.

(c) Sketch the spectrum of this voltage as it would appear on a calibrated spectrum analyzer.

(d) What is the average power that is being dissipated in the dummy load?

(e) What is the peak envelope power?

An AM transmitter is modulated with an audio testing signal given by.m(r) = 0.2 sin w;t +

0.5 cos w,t, where f; = 500 Hz, f, = 500 VF Hz, and A, = 100. Assume that the AM signal is

fed into a 50-Q load.

(a) Sketch the AM waveform.

(b) What is the modulation percentage?

(c) Evaluate and sketch the spectrum of the AM waveform.

(b) Evaluate the PEP of the AM signal. al f el
Assume that an AM transmitter is modulated with a video testing signal given by
m(t) = —0.2 + 0.6 sin @, f where f; = 3.57 MHz. Let A, = 100.
(a) Sketch the AM waveform.
(b) What is the percentage of positive and negative modulation?

) Evaluate and sketch the spectrum of the AM waveform about f;.

jwu‘ -
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——3( 5-5 /A 50,000-W AM broadcast transmitter is being evaluated by means of a two-tone te
transmitter is connected to a 50-Q load and m(t) == Ay cos wyt + A, cos 2w!
fi = 500 Hz. Assume that a perfect AM signal is generated.

(a) Evaluate the complex envelope for the AM signal in terms of A, and w;.

{(b) Determine the value of A, for 90% modulation.

(c¢) Find the values for the peak current and average current into the 50-Q2 load for the 90
ulation case.

5-6 An AM transmitter uses a two-quadrant multiplier so that the transmitted signal is descr
(5-7). Assume that the transmitter is modulated by m(¢ - = A,, cos w,,t, where A, is adj
that 120% positive modulation is obtained. Evaluate the spectrum of this AM signal in -

Ac, fe, and f,. Sketch your result.
/@ A DSB-SC signal is modulated by m(z) = cos wyt + 2 cos 2wyt where o
fi = 500 Hz, and A, = 1.
(a) Write an expression for the DSB-SC signal and sketch a picture of this waveform.
(b) Evaluate and sketch the spectrum for this DSB-SC. signal.
(c) Find the value of the average (normalized) power
(d) Find the value of the PEP (normalized). ‘ Hlek—
5-8 JAssume that transmitting circuitry restricts the moduiated output signal to a certain pe
T‘tﬁ say Ap, because of power-supply voltages that are used and the peak voltage and curr';f
sh f — of the components. If a DSB-SC signal with a peak value of A, is generated by this circ!
. that the sideband power of this DSB-SC signal is four times the sideband power of a,
- ble AM signal having the same peak value, A, that -ould also be generated by thisgga.,

5-9\ A DSB-SC signal can be generated from two AM siznals as shown in Fig. P5-9. Usi
matics to describe signals at each point on the figure prove that the output is a DSB-

\,-H«\GQJM“ »=

AM
modulator

m(t) Osciliator
| kO f=% Bandpass
e AAA output

et e [ x
. MW Amp ~ > modulator

L
[y

Figure P3-9

5-10 Show that the complex envelope g(t) = m(¢) — ri(t) produces a lower SSB sig!
that m(¢) is a real signal.

5-11 Show that the impulse response of a —90° phase shift network (i.e., a Hilbert tr
1/t Hint:

[-je=ef F>0

Y¥ros O ) S
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5.12 SSB signals can be generated by the phasing method, Fig. 5-5a; the filter method, Fig. 5-5b; or

5-14

5-15

by the use of Weaver’s method as shown in Fig. P53-12. For Weaver’s method (Fig. P5-12)
where B is the bandwidth of m(z):

S
Low-pass
filter

0-+BHz

v3(1) vs(1) vo(1)

—

p,(ry | Oscillator Oscillator | )
fn:'TB ft):f,-+%3

m(r) +

Modulation -90° -90°
input phase shift phase shift

(1) vg(r)

Low-pass
v | () viold)

0-+BHz

Figure P5-12 Weaver’s method for generating SSB.

(a) Find a mathematical expression that describes the waveform out of each block on the block
diagram.
(b) Show that s(z) is an SSB signal.

n SSB-AM transmitter i1s modulated with a sinusoid m{t) = 5 cos wt, where w; = 27xf;,
1 = 500 Hz, and A, = 1.

(a) Evaluate mi(t).

(b) Find the expression for a lower SSB signal.

(c) Find the rms value of the SSB signal. &—

(d) Find the peak value of the SSB signal. ~~

(e) Find the normalized average power of the SSB signal.‘/

{f) Find the normalized PEP of the SSB signal.

An SSB-AM transmitter is modulated by a rectangular pulse such that m(¢) = II(z/T) and
A, = 1.
(a) Prove that

1
m(t) = —1In
n

u+T
2t—~T

as given in Table A-7. ,
(b) Find an expression for the SSB-AM signal, s(¢), and sketch s(z).
{c) Find the peak value of s{r).
For Prob. 5-14:
(a) Find the expression for the spectrum of a USSB-AM signal.
(b) Sketch the magnitude spectrum, |S(f)}.
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5-16 A USSB transmitter is modulated with the pulse

mt) = sin zat

i} mat
(a) Prove that

sin2{(ra/2)1]

) =

(b) Plot the corresponding USSB signal waveform for the case of A, = 1, a = 2, and
fe =20 Hz.
5-17 A USSB-AM signal is modulated by a rectanguiar pulse train:

m@y= > Tt — nTp)/T)
where 7y = 27T.
(a) Find the expression for the spectrum of the SSB-AM signal
(b) Sketch the magnitude spectrum, |S(f)].
____:..> 5-18\ A phasing-type SSB-AM detector is shown in Fig. P5-18. This circuit is attached to the IF out-
put of a conventional superheterodyne receiver to provide SSB reception.

A o A e +
L mM\,&—.ﬁS\’)M{*} L * MC««;I‘VV"’&M&“ o 8 |
A B % c es
— - LPF
A Cony j’
D Oscillator
455 kHz + Audio
] 1 output
-90° LA
=
E Sin —\:L“' A
F G

LPF ——» -90° phase shift |

LA 4,,2%.‘\‘
N . 3
- )_;'w: -‘cﬁ_;m S;"."‘L‘( *Figure P5-18

" (a) Determine whether this detector is sensitive to LSSB or USSB signals. How would the de-
tector be changed to receive SSB signals with alternate (opposite type of) sidebands?
(b) Assume that the signal at point A is a USSB signal with f. = 455 kHz. Find the mathemat-
ical expressions for the signals at points B through /.
{c) Repeat part (b) for the case of an LSSB-AM signal at poin: A.
(d) Discuss the IF and LP filter requirements if the SSB signul at point A has a 3-kHz band-
width.
5-19 Can a Costas loop, as shown in Fig. 5-3, be used to demodulute an SSB-AM signal? Demon-
strate that your answer is correct by using mathematics.
\; 5-20 A modulated signal is described by the equation

s(t) = 10 cos[(2z X 108)r + 10 cos (27 X 103¢)]
Find each of the following.
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. 5-21

V522

5-23

T 524

A

(a) Percentage of AM.

(b) Normalized power of the modulated signal.

{c) Maximurm phase deviation.

(d) Maximum frequency deviation.

A sinusoidal signal, m(f) = cos 27f, 1, is the input to an angle-modulated transmitter where the
carrier frequency is f, = 1 Hz and f,, = f./4.

{a) Plot m(r) and the corresponding PM signal where D, =

(b) Plot m(t) and the corresponding FM signal where Dy = 7.

A sinusoidal modulating waveform of amplitude 4 V and a frequency of 1 kHz is applied to an
FM exciter that has a modulator gain of 50 Hz/V.

{a) What is the peak frequency deviation?

(b) What is the modulation index?

An FM signal has sinusoidal modulation with a frequency of f,, = 15 kHz and modulation in-
dex of 8 = 2.0.

(a) Find the transmission bandwidth using Carson’s rule.

(b) What percentage of the total FM signal power lies within the Carson rule bandwidth?

An FM transmitter has a block diagram as shown in Fig. P5-24. The audio frequency response
is flat over the 20-Hz to 15-kHz audio band. The FM output signal is to have a carrier frequency
of 103.7 MHz and a peak deviation of 75 kHz.

FM
output
FM exciter Bandpass X8 Class C
» fc = 5.00 MHz filter > Frequency multiplier amplifier
S
Oscillator
="
Figure P5-24

(a) Find the bandwidth and center frequency required for the bandpass filter.
(b) Calculate the frequency fp of the oscillator.

- (¢) What is the required peak deviation capability of the FM exciter?

5-25

Vv sa

Analyze the performance of the FM circuit of Fig. 5-8b. Assume that the voltage appearing

across the reversed-biased diodes, which provide the voltage variable capacitance, is u(t) = 5 +

0.05m(t), where the modulating signal is a test tone, m(t) = cos @y, @; = 2zfi, and f; = 1

kHz. The capacitance of each of the biased diodes is C; = 100/y1 + 2v(r) pF. Assume that

Co = 180 pF and that L is chosen to resonate at 5 MHz.

(a) Find the value of L.

{b) Show that the resulting oscillator signal is an FM signal. For convenience, assume that the
peak level of the oscillator signal is 10 V. Find the parameter Dy.

A modulated RF waveform is given by 500 cos{w.z + 20 cos wt], where @, = 2af],

fi = 1 kHz, and f, = 100 MHz.

(a) If the phase deviation constant is 100 rad/V, find the mathematical expression for the cor-
responding phase modulation voltage m(r). What is its peak value and its frequency?

“(b) If the frequency deviation constant is 1 X 106 rad/V-s, find the mathematical expression

for the corresponding FM voltage, m (). What is its peak value and its frequency?
{¢) If the RF waveform appears across a 50-Q load, determine the average power and the PEP.



CHAPTER 3. HWS 109

374

\/5-27

5-28

5-29

5-30

5-31
5-32

5-33

5-34

AM, FM, and Digital Modulated Systems  Chap.

Given the FM signal s(¢) = 10 cos [w.z + 100 [' . m(c) der], where m(t) is a polar squar

wave signal with a duty cycle of 50%, a period of 1 s, and a peak value of 5 V.

(a) Sketch the instantaneous frequency waveform and the waveform of the corresponding F
signal (see Fig. 5-9).

(b) Plot the phase deviation 8(¢) as a function of time.

(c) Evaluate the peak frequency deviation.

A carrier s(¢) = 100 cos(2z X 10°t) of an FM transmitter is modulated with a tone signal. F

this transmitter a 1-V (rms) tone produces a deviation of 30 kHz. Determine the amplitude a

frequency of all FM signal components (spectral lines).that are greater than 1% of the unmo

ulated carrier amplitude for the following modulating signals

(a) m(t) = 2.5 cos(3m X 10%).

(b) m(t) = 1 cos(6zw X 10%).

Referring to (5-58), show that

- J—n(B) = (=D (B)

Consider an FM exciter with the output s(¢+) = 100 cos[271000r + 8(¢)]. The modulation

m(t) = 5 cos(228¢) and the modulation gain of the exciter i+ 8 Hz/V. The FM output signal

passed through an ideal (brickwall} bandpass filter which has a center frequency of 1000 Hz

bandwidth of 56 Hz, and a gain of unity. Determine the normalized average power:

(a) At the bandpass filter input.

(b) At the bandpass filter cutput.

A 1-kHz sinusoidal signal phase modulates a carrier at 146.52 MHz with a peak phase dev

tion of 45°. Evaluate the exact magnitude spectra of the PM signal if A. = 1. Sketch your

sult. Using Carson’s rule, evaluate the approximate bandwidth of the PM signal and see if i

a reasonable number when compared with your spectral plor.

A 1-kHz sinusoidal signal frequency modulates a carrier at 146.52 MHz with a peak deviat

of 5 kHz. Evaluate the exact magnitude spectra of the FM s.gnal if A, = 1. Sketch your res

Using Carson’s rule, evaluate the approximate bandwidth of the FM signal and see if itisar

sonable number when compared with your spectral plot.

The calibration of a frequency deviation monitor is to be ver:fied by using a Bessel function t

An FM test signal with a calculated frequency deviation is 2enerated by frequency modulat

a sine wave onto a carrier. Assume that the sine wave has a frequency of 2 kHz and that

amplitzde of the sine wave is slowly increased from zerc w.ntil the discrete carrier term (at

of the FM signal reduces to zero, as observed on a spectrim analyzer. What is the peak :

quency deviation of the FM test signal when the discrete currier terim is zero? Suppose that

amplitude of the sine wave is increased further until this discrete carrier term appears, reac

a maximum, and then disappears again. What is the peak fre Juency deviation of the FM test ¢

nal now?

A frequency modulator has a modulator gain of 10 Hz/V and the modulating waveform is
(0, <)
5 0<r<
m(ty =¢ 15 1<tr<3
7, 3<t<4
0, 4<¢

\

(a) Plot the frequency deviation in hertz over the time interval 0 <<t < 5.
(b} Plot the phase deviation in radians over the time intérval 0 < ¢ < 5.
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3.9 HW9

Local contents

391 Problem 5-5. .. .. . . ... 119
3.92 Problem 5-8. . . . . . .. 1221
3.93 Problem 5-13 . . . . . . ... 1123
3.9.4 Problem 5-18 . . . . ... 125]
3.95 Keysolution . ... ... ... .. ... 128
3.9.1 Problem 5-5
)
5.5 A 50.000-W AM broadcast transmitter is being evaluated by means of a two-tone 1u_\l '1.\1'6 “hlnl“L
mitter is connected to a 50-Q load, and m(r) = A; cos ! h Ay c05: Lah: ey
f, = 500 Hz. Assume that a perfect AM signal is generated.
(a) Evaluate the complex envelope for the AM signal in terms of A} and @, .
(b) Determine the value of A; for 90% modulation. . i b 00%
(.c) Find the values for the peak current and average current Into the 50-Q load for the 9
modulation case. L
Figure 3.18: the Problem statement
3.9.1.1 part(a)
in-phase component
s(t) = Ac(1 + kym(t)) cosw,t
Assume k, = 1 in this problem. m(t) = A;(cosw;t + cos 2w t), then s(t) becomes
b )
in-phase component
s(t) = Ac(1 + Aj(coswit + cos2wit)) cos w,t (1)
But s(t) can be written as
s(t) = s1(t) coswet — sq(t) sinw,t (2)

Where sy(t) is the inphase component and sg(t) is the quadrature component of s(¢). Compare
(1) to (2), we see that

s1(t) = Ac[l 4+ Ai(coswit + cos 2w t)]
sq(t) =0
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Now, the complex envelope §(t)of s(t) is given by
3(t) = s1(t) + jso(t)
Hence replacing the value found for s;(t) and sg(t) we obtain
5(t) = A¢[l + A1(coswit + cos 2w t)] (3)

Now, we can find A, since the average power in the carrier signal is given as 50000 watt as

follows
2

A
P av__carrier — =
3 > 50 = 50000

Hence

A. = v/100 x 50000 = 2236.1volt

Then (3) becomes
5(t) = 2236.1[1 + A;(coswit + cos 2w t)] 4)

The above is the complex envelope in terms of A; and w; only as required to show.

3.9.1.2 part(b)

Amax - Amin
— fTmax  ‘'min 5)
# Amax + Amin ( )
Need to find angle at which cosw;t + cos2w;t is Max and at which it is min. then Let
A = coswit + cos 2wt

We see that when w;t = 27, then A =1+ 1 = 2, hence
Amax = Ac(1+ 24)

Need to find A,,;, hence we need to find A,,;, For this case we must use calculus as it is not
obvious where this is minimum

0A
e =0 = —w; sinwyt — 2w sin 2wyt
0 = —w; sinw;t — 2wy (2sin (w1 t) cos (wit))
= —wj sinwst — 4w sin (w;t) cos (wit)
= ¢
4 = cos (wit)

Hence wit = cos™ () — wit = 104.477° (using calculator). hence

Amin = cos (104.477°) + cos (2 x 104.477°)
= —0.2499 — 0.875
=-1.1249
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Then Apin = Ac(1 —1.1249A4,), so from (5) above

_ Anax — Anin
M B Amax + Amin
A (142A4;) — A1 —1.12494,)
A (1+24))+ A, (1 —1.12494;)
(1424;) — (1 —1.12494,)
(142A4;) + (1 —1.12494,)
1424, -1+ 1.12494,
T 1424, 4+1—1.12494,

09 =

. 3.1249A,
24087514,
Hence
1.840.9(0.87514;) —3.94; =0
1.8—-234; =0
Then
A; =0.770

3.9.1.3 part(c)

Since

Amax = Ac(l + 2A1)
= 2236. 1(1 +2x0.770 12)
= 5680. 2 volts

Then from Ohm’s law, V = RI,

Vmax
I max —
R

_5680.2

50
= 113.6 amps

Since mean voltage is zero, then average current is zero.
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3.9.2 Problem 5-8

5-8 Assume that transmitting circuitry restricts the modulated output signal to a certain peak value,
say. Ay, because of power-supply voltages that are used and because of the peak voltage and
current ratings of the components. If a DSB-SC signal with a peak value of A, is generated by
this circuit, show that the sideband power of this DSB-SC signal is four times the sideband pow-
er of a comparable AM signal having the same peak value A, that could also be generated by
this circuit.

Figure 3.19: the Problem statement

answer For normal modulation, let
Sam(t) = Ac(1+ m(t)) coswet

Maximum envelop is 24, (i.e. when Mmuyax(t) = 1), this means that A, = 24,

But
carrier side band
Sam(t) = A.coswt + Acm(t) cos w,t
. . A . . s 1( A 2 A2
So max of sideband is A, or =?. Hence maximum power of sideband is ; (7”> = 2 and for

DSB-SC, where now use A, in place of what we normally use A. then we obtain
s(t) = Aym(t) coswct
Hence maximum for sideband is A2

Hence we see that power of sideband of DSB-SC to the power of sideband of AM is
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3.9.3 Problem 5-13

-1 an the l'I‘UC‘)i
~nt of each block on the D
i . waveform out Of €ac
I tical expression that describes the wavefo
= od a mathematical eXpresst
(a) Find a mal
diagram. I N
(b) Show that s(1) 15 an SSB signal. Jsoid m(1) = 3 cos @1fs whers g = 25
SSB-AM transmitter 18 modulated with a sinusoic
5-13 An SdB-ANL Halk
f, = 500 Hz, and A, = 1.
3 =\ at ".:. ). )
(a) Evaluate ml ) P
(b) Find the expression for a lower S3 ﬁla___
he €Xf NN ianal.
(c) Find the rms value of the SSB sign ]
f the SSB signa
= seak value of the 5 gnal. S
(d) Find the ped s i T
(¢) Find the normalized average pm}urrin .1 1
) i . ized the SSB signal.
(f) Find the normalized PEP of the SSB s1g

- An -F ansmitter 15 hodulated ar angular 58 ch that m(! = {T) anc
14 x A i 1 that () \1
5 " lated by lEEE
-ansmitier 1s C P
SSB AM 1
A, = 1.
(a) Prove hat

Figure 3.20: the Problem statement

3.9.3.1 part(a)
m(t) = 5coswt
m(t) is Hilbert transform of m(t) defined as i(t) = / m(7) 7-dr. Or we can use the fre-

quency approach where Mm(t) = F ~}[—j sign(f) M(f)] where M(f) is the Fourier transform

of m(t). We can carry out this easily, but since this is a phase 90 change, and m(t) is a cosine
function, then

A

m(t) = 5sinw;t
3.9.3.2 part(b)

sssp(t) = Ac[m(t) cosw.t F () sin w,t]

Where the negative sign for upper sided band, and positive sign for the lower sided band,
hence
srssB(t) = Acm(t) cos wet + mi(t) sin w,t]

= 5A.[cosw;t cos w.t + sinw;t sin w,t]
= 5A.[cos (w. — w1) t]
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We can plug in numerical values given

SLSSB(t) = 5[COS (wc - wl) t]

3.9.3.3 Part(c)

To find the RMS value of the SSB, pick the above lower side band. First find P,,,.

SLSSB (t) = 5[COS (wl - wc) t]
Hence

RMS value of signal = %

= 3.5355 volt

3.9.3.4 part(d)

Then maximum of 5[cos (w; — w,) t] is when cos (w; — w,)t = 1, hence

SLSSBmax (t) = 5Hvolt

3.9.3.5 part(e)

1
-Pzwz_A~2
9*t

1
=—-x25
2><

= 12.5watt

3.9.3.6 Part(f)

1
PEP = 53%553,,,“ (t)
52
T2
= 12.5 watt
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3.9.4 Problem 5-18

5-18\ A phaging-tvpe SSB-AM detector is shown in Fig. P5-18. This circuit is attached to the IF out-

= put of a conventional superheterodyne receiver to provide SSB reception.
B cC
A > > LPF
D Oscillator ;
+ Audio
455 kHz e

»  -90° phase shift

Figure P5-18

termine whether this detector is sensitive to LSSB or USSB signals. How would the de-
site type of) sidebands?

455 kHz. Find the mathemat-

(a) De
tector be changed to receive SSB signals with alternate (oppo

(b) Assume that the signal at point A is a USSB signal with f =
ical expressions for the signals at points B through I.
t (b) f : z -AM signal at point A.
(c) Repeat part (b) for the case of an LSSB-:  signa . . o .
(d) Discuss the IF and LP filter requirements if the SSB signal at point A has a 3-kHz ban

width.

Figure 3.21: the Problem statement

3.9.4.1 part(a)
This is a detector for USSB (Upper side band). i.e.
s(t) = A.(m(t) coswt — Mm(t) sinw,t)
Note, I wrote A, and not Aj in the above. As long this is a constant, it gives the same
analysis.

The reason is because at point H the signal is —%m(t) and at the C point the signal is
+3m(t) , hence due to subtraction at the audio output end we obtain m(t). To receive LSSB,
we should change the sign to positive at the audio output end.



CHAPTER 3. HWS 126

3.9.4.2 part(b)
s(t) = Ac(m(t) cos wet — M(t) sin w,t)
at point B

local oscillator
sp(t) =s(t)x A

(&
o(m(t) cosw.t — () sin w,t) cos w,t

!

COS Wt

A
Ac(m(t) cos® wet — i(t) sin w,t coswet)
A

1 1 1, .
| m(?) <§ + 5 cos 2wct> - §m(t) sin 2wct)

low pass highApass highApass
A, . AA, C A, K
= —<—m(t) + —<—m(t) cos 2wt — c2 m(t) sin 2wt

at point C, after LPF we obtain

o, m()
SC(t)_AcACT

at point F' we have

s¢(t) = s(t) A, sinwt
= A, A (m(t) cos wet — mu(t) sin w,t) sin wet

= A A, (m(t) cos (wet) sin (wet) — m(t) sin® wet)

= A A, (m(t) % sin (2w t) — Mm(t) (% — % cos 2wct))

- %(m(t) sin (2wet) — (t) (1 — cos 2wet))
at point G after LPF
AA, .
sy(8) = =2 o
at point H after —90° phase shift
A A,
su(8) = + 2 et

at point I, we sum s;(t) and s.(t), hence s;(t) = A;Ac@ + %m(t) = A Am(t)
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3.9.4.3 Part(c)
s(t) = Ac(m(t) coswct + m(t) sinw,t)

This the same as part (b), except now since there is a sign difference, this carries all the way
to point I, and then we obtain
m(t) ALA.

““m(t) =0

i:A,Ac
i) = 40,70 _ A

This if this circuit is used as is to demodulate an LSSB AM signal, then the signal will be
lost. So, instead of adding at point I we should now subtract to counter the effect of the
negative sign.

3.9.4.4 part(d)

Since SSB has bandwidth of 3kH z then this means the width of upper (or lower) band is
3khz. This means the signal has 3khz bandwidth. This diagram shows the LPF requirement

-455-3 _455khz 455+3
Upper band SS 455

signal

Frequency fin khz

-455khz -3 +3 455
LPF

Showing the Low Pass Filter requirement for use with LSSB demodulation

Figure 3.22: Low pass filter

Hence LPF is centered at zero frequency and have bandwidth of 3khz (may be make it a
little over 3khz band width?)

The IF filter is centered at 455 4 (2) for the upper band of the positive band, and centered
at —455 — (2) for the upper band of the negative band. (i.e. for the USSB).
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For LSSB, IF should be centered at 455 — (2) for the lower band of the positive band, and
centered at —455 + (3) for the lower band of the negative band. (This works if there is a
guard band around 455, small one, to make the design of IF possible).

3.9.5 Key solution
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o)
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B, = 2236 L1 1025A [
- AMA ~AW\[A 3.’25_
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3.10 HW 10
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3.10.5 Problem 5.24 . . . . . . . . . ... 138}
3.10.6 Problem 5.26 . . . . . . . . . . . ... 139
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3.10.1 Problem 3.24

" 13 I 2t \rriel ~\ 08 Y=Ff ¢+ 4+ HYtoa
] | d | g a nonconercnt o 1€ L LH ek .
3.24 Consider a Ccomposire wave obtained by adding a nONCOH i nvelope detector.
darf .t)m(t his composite wave 1s -ij‘i‘lil'd to an ideal envelope detec =
tymil). nj 1 Ve

l)\l" S wave COS\&T
Find the resulting detector output for

la ah L

(b) & ) and (1 A./2

Figure 3.23: the Problem statement

s1(t) = A cos (wet + @)

DSB-SC signal is

S9(t) = m(t) cos (wt)

Hence by adding the above, we obtain

s(t) = m(t) cos (wet) + A. cos (wet + @)

The above signal is applied to an ideal envelope detector. The output of an envelope detector
is given by

Since s(t) is a bandpass signal, we need to first write it in the canonical form s;(t) cos (w.t) —
sq(t) sin (wet)
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Using cos (A + B) = cos Acos B — sin Asin B, then we have

s(t) = m(t) cos (wet) + Ac[cos wet cos ¢ — sinw,tsin @]
= [m(t) + A. cos @] cos (w.t) — A, sinw,t sin ¢

Hence we see that

sr(t) = m(t) + A.cos ¢
sg(t) = Acsin¢g

Now we can start answering parts (a) and (b)

3.10.1.1 Part(a)
When ¢ = 0, then

s1(t) = m(t) + A.
sq(t)

Il
o

Hence

a(t) = /Im (&) + AJ? + 02
=m(t) + A,

3.10.2 Part(b)
When ¢ # 0 and |m(t)| << 4

at) = \/[m (t) + AJ> + [A.sin g
= /[m? (t) + A2 + 2A4.m (£)] + [A2sin® ¢]

Since |m(t)| << 4¢, then m?(t) + A2 + 2A.m(t) ~ A? hence

a(t) ~ \/Ag + A?sin? ¢

= A.\/1+sin? ¢



CHAPTER 3. HWS

135

3.10.3 Problem 5.20

5-20 A modulated signal is described by the equation

Find each of the following:

(a) Percentage of AM.

(b) Normalized power of the modulated signal.
(¢) Maximum phase deviation.

(d) Maximum frequency deviation.

Figure 3.24: the Problem statement

s(7) = 10 cos[ (27 X 108)¢ + 10 cos (27 X 10°1)

3.10.3.1 Part(a)

An AM signal is s(t) = A1 + u m(t)] cos (2m fet + 6(t)). Now compare this form with the
one given above, which is s(t) = A.cos (2w f.t + 6(t)). We see that u = 0, i.e. no message

source exist. Hence percentage of modulation is zero.

3.10.3.2 Part(b)

1
Pav == _A2
2 C
But A. = 10, hence
100
Pav = Q5
2
= 50watt

3.10.3.3 Part(c)

From the general form for angle modulated signal

s(t) = cos (w.t + 0(t))

Looking at
Total Phase

27 fe 0(t)

s(t) = A.cos | (2m x 10°%)¢ +10cos (2m x 10%¢)
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Phase deviation is
6(t) = 10 cos (2m x 10%¢)

Which is maximum when cos (2 x 103¢) = 1Hence maximum Phase deviation is 10 radians.

3.10.3.4 part(d)

Now, we know that the instantenouse frequency f; is given by

1d
A(t) = — - (total ph
fi(t) o 7t (total phase)

_1d
C2rdt

= %% (27 fot + 10 cos (2 x 10%¢)]

= fo —10(10%) sin (27 x 10%¢)

[wet + 0(t)]

The deviation of frequency is the difference between f; and the carrier frequency f.. Hence
from the above we see that the frequency deviation is

= —10(10°) sin (27 x 10°¢)

So, maximum A f occures when sin (27 X 103t) = —1, hence

max (Af) = 10* Hz

3.10.4 Problem 5.22

522 A - !
- sinusordal modulating ‘lorm IV
I dutating wavelorm of amplitude 4 and frequency 1 kHz is applied t FM
exciter that has a modulator gamn of 50 Hz/V - T
(a) What is the peak frequency deviation?
(b) What is the modulation index?

Figure 3.25: the Problem statement

The modulating waveform is m(t) Hence (I am assuming it is cos since it said sinusoidal)

m(t) = Am cos (27 fint)
= 4 cos (20007t)
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Since it is an FM signal, then

6(t)

~ ™~

t
s(t) = Accos |wet + 27rkf/ m(z) dx
0

Where k; is the frequency deviation constant in cycle per volt-second. The gain here means
the frequency gain, which is the frequency deviation (deviation from the f. frequency). Let
Af be the frequency deviation in Hz, then

1 d
= %ae(t)

= k:fm(t)
= ky[4 cos (20007¢)]

3.10.4.1 Part(a)

max Af is

(AS) max = 4Ky

But k; = 50 hz/volt, hence

(Af)max = 4% 50

= 200hz
3.10.4.2 Part(b)
Modulation index
A
/B — ( f)max
fm
_ 200
~ 1000
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3.10.5 Problem 5.24

) :
=24 An FM transmitter has the block diagram shown in Fig. P5-24. Th
| = - . C

R—— . g

i1s flat over the 20-Hz-10-15 kHz audio band. The FM «
of 103.7 MHz and a peak deviation of 75 kHz

(a) Find the banc

audio frequency response

wtput signal 1s to have a carrier frequency

Iwidth and center frequency required for the b

andpass niter
{(b) Calculate the frequency f [ L

ol the oscillator
(€) What is the required peak

deviation capability of the FM exciter?

FM | P e TR ] [ - —

exciter VA ' Bandpass g I Pt

- A, *‘P L %\‘ # | -—. ol

500 MH»2 "(’ N/ filter : ey | | .

t i multuplicr | | .
Oscillato
Figure P5-24 k

Figure 3.26: the Problem statement

t
s(t) = A, cos (27rfct + 2mky / m(z) dz)
0
We are told the carrier frequency has f. = 103.7 Mhz, but there is a multiplier of 8, and
hence the center frequency of the bandpass filter must be % of the carrier frequency. i.e.
center frequency of the bandpass filter is $103.7 = %7 = 12.963

Since peak deviation is 75khz, which means the deviation from the central frequency has

maximum of 75khz, then

%5 — 9.375 khz

Hence bandwidth from center of frequency of bandwidth filter is 9.375 but we need to add
frequency width of the audio which is 15000 — 20 = 14980 Hz on both side, hence

Bandwidth of BPF is 9.375 x 10° + 14980
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3.10.5.1 Part (b)
To do

3.10.6 Problem 5.26

-~ '\ nodu Ml N ( cn (8 {0 0N (o \ - -4 |
- 6 Ul - F\ Wi ¢l )
f s 5 rm Is ven by SIN) f F
UM ‘ - L& il N hLI( [¢ -

I kHz, and ¢ 100 MH72

(a) If the phase deviation constant 1s 100 rad/v

find the mathemati | ¢

- I i JdUCAl expression tor the coe
} o0 phace n "y
respx mlm_:_ phase modulation voltage m(r). What is ins

peak value and its frequency?
(b) If the Irequency deviatic A

m constant is | X 10"

rad/V-s, find the mather
i : . Iin athematical express
for the corresponding FM voltage m(1 What is s

its peak value and its freque )
(O Bl M et o ; K cquency
areiorm appears across a 50-1) load, determine the ay erage power and the PEP

Figure 3.27: the Problem statement

s(t) = Ac cos (wet + 20 coswyt)
where A, = 500, f1 = 1khz, f. = 100Mhz

3.10.6.1 Part(a)

The general form of the above PM signal is

phase deviation

—_——
s(t) = Accos | wt +  kym(t)

Where k,m(t) is the phase deviation, and k, is the phase deviation constant in radians per
volt. Hence we write

k,m(t) = 20 cos wt
Then

20 t
m(t) = czs w1
P

But we are given that k, = 100 rad/voltage and f; = 1000hz, then the above becomes
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20 cos (20007)
B 100
= 0.2 cos (20007t)

m(t)

its frequency is 1 khz and its peak value is 0.2 volts

3.10.6.2 Part(b)

The general form of the above FM signal is

s(t) = A, cos (wct +k /O (@) da:)

Where k; is the frequency deviation constant in radians per volt-second

Hence

t
kf/ m(z) dz = 20 cos wqt
0

Solve for m(t) in the above, given that k; = 10°radians per volt-second, hence

t
kf/ m(z) dz = 20 cos wt
0

t 20 cos (20007t
/ m(z) dx = 1(06 )
0

Take derivative of both sides, we obtain

20
m(t) = 1—06[— sin (20007t) x 20007]
_20 x 20007

= —0.126 sin (20007t)

Hence its peak value is 0.126 and its frequency is 1 khz
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3.10.6.3 Part(c)

(s*(t))
50
ﬁ
50
5002
100
= 2500watt

PEP is average power obtained if the complex envelope is held constant at its maximum
values. i.e. (the normalized PEP) is

PEP = %[max EONk

Since
s(t) = A. cos (wet + 20 cos w; )
= A.[cosw,t cos (20 cos wqt) — sin w,t sin (20 cos w;t)]
s I,(\t) SQ/St)

= :46 cos (20 cos wltS cosw.t — A, sin (20 cos wy tj sin w,t

Hence
3(t) = s1(t) + jsq(t)
= A.cos (20 cos wyt) + jA.sin (20 coswst)

Then

13(¢)| = \/[AC cos (20 cos wyt)]? + [Ae sin (20 cos w; )]

= A, \/ cos? (20 cos w;t) + sin? (20 cos wi t)
— A,

Hence the non-normalized PEP is

= 2500watt
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ps. is there an easier or more direct way to find PEP than what I did? (assuming it is correct)

3.10.7 Key solution

EE 493 s |0 e

58] la st
@ =Moot 7 ;Li}%/m it

S)
&

)= ¥ wigt
(B) pt)= 1 )45t = M/ O3 wéri 7 Ay wirt cos it
- (14 o5 2et) T Al s 2wyt

@ NG TN v, L0

) 4wl
22

0§ w8
[ o RN
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505 T e 1858 siypels | suntect

Uy () frew u b)) ot e Summer,

C}
> T
! -

(b)) see part (a.)

(¢ see part (al) (ussff-
(d) TF dhould be centered oF £ F 15k,
have JEHy B oond <LSS€'

as small o roll-ofd facter as <
QCEN\QM\‘CQH?T \CQQSI'UQ,

LPF hould have 3KH: R awmd

at twell a o ll-off Loctr as ¢
‘CQO\C,\'L)\Q [ also,

5-20. (a) 0% AM
\b.) Paorm= Al = hYr = 2DW
(C.) BBy, = ID radiny

@U wd&) = a%ﬁ_/ =-/p {100077}4";4 (7—‘3@” t)

* = H
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3.11 HW 11
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This was not collected. Practice problems for class only.
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3.11.1 Problems

Fondl Yhawd awt‘ e

fro Se—ply

Problems 397

high noise peaks. It is apparent that these false pulses have a finite though small
probability of occurrence when the noise is Gaussian, no matter how small its
standard deviation is compared with the peak amplitude of the pulses. As the
transmission bandwidth is increased indefinitely, the accompanying increase in
average noise power eventually causes the false pulses to occur often enough,
thereby causing loss of the wanted message signal at the receiver output. We thus
find, in practice, that both PPM and PDM systems suffer from a threshold effect
similar to that experienced in FM systems.

Synchronization in Pulse-Time Modulation
Systems

As with PAM systems, synchronization in pulse-time modulation systems is
established by transmitting a distinctive marker per frame. In a PDM system, the
marker may be identified by omitting a pulse, as illustrated in Fig. 7.13(c) for a
PDM system involving three independent message sources. One method of
identifying such a marker in the receiver is to utilize the charging time of a simple
resistor-capacitor circuit to measure the duration of the intervals between dura-
tion-modulated pulses. The time constant of the circuit is chosen so that, during
a marker interval, the voltage across the capacitor rises to a value considerably
higher than that during the normal charging interval. Thus, by applying the output
of the circuit to a slicer with an appropriate slicing level, the presence of a marker is
detected. '

In a PPM system, the marker pulse may be identified by making its duration
several times longer than that of the message pulses, as illustrated in Fig. 7.13(d).
At the receiver, the marker pulses may be separated from the message pulses by
using a procedure essentially similar to that described for the PDM system. In this
case, however, the capacitor is charged during the time of occurrence of each pulse,
and discharged during the intervening intervals. Accordingly, the voltage across
the capacitor reaches its highest value during the presence of a marker pulse, and
the marker pulses are thereby separated from the message pulses.

Problems : |
\/ Problem 7.1 The signal
g(1)= 10 cos(20nt)c0s(200x+)
is sampled at the rate of 250 samples per second.
(a) Determine the spectrum of the resulting sampled signal.
(b) Specify the cutoff frequency of the ideal reconstruction filter so as to recover g(t) from its
sampled version.
(c) What is the Nyquist rate for g{1)?

(d) By treating g(r) as a band-pass signal, determine the lowest permissible sampling rate for
this signal.
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398 Puise-Anaiog Modulation

Problom 7.1 The signals
(1) = 10 cos{ 100xr)

- and

()= 10 cos{30xr)
are both sampled at the rate of 75 samples per second. Show that the two sequences of samples
thus obtained are identical. What Is the reason for this phenomenon?
Problem 7.3 The signal
gl = 10 coal60nr)oos( 1 60x}

is sampled at the rate of 400 samples per second. Determine the range of permissible cutofl
frequencies for the ideal reconstruction filter that may be used to recover g(1) from its sampled

version.

Problem 7.4 A signal gl0) Ists of two freq P fi=3Y9kHzand f;=4.1 kHz
in such a relationship that they just cancel each other out when the signal g(1) is sampled at the
instants 1= O, T. 2T, .. .. where T = 123 us. The signal g(1) s defined dy

g(t)-a»(lx/,l + ;)+ A CORKSy1 +4)

Find the values of amplitude 4 and phase ¢ of the second frequency component.

Preblem 7.5 Let E denote the energy of a sirictly band-limited signal g(t). Show that E may be
expressed in terms of the sample values of g(t). taken at the Nyquist rate, as follows

e L o)

where W is the highest frequency comp of git).

Problem 7.6 The spectrum of a signal g{r) is shown in Fig. P7.1. This signal is sampled at the
Nyquist rate with a periodic train of rectangular pulses of duration 50/3 milliseconds. Plot the

spectrum of the sampled signal for freq up to 50 hertz.

)
Problem?$7" This problem is aimed at the fact that practical electronic switching
circults will not produce a pling fi that of exactly r pulses. Lot ¥

M) denote some srbitrary pulse lh:pe. 0 that the sampling function c(() may be expressed as

B (b) Glven that

' Probiem7.10 Considera of samples x(nT;) obtained by

Problems 399

dtt= ¥ Mt-nT)

LLEE )
where T, is the sampling period. The sampled version of an Incoming analog signal g(1) is
defined by

A0)=cltygir)
() Show that the Fourier transform of sit) is given by

et § o)

where G( [)m= F[g(t)] and H( )= F[kn).
(b) What is the effect of using the arbitrary pulse shape A(1)?

Problem 7.8 Consider a continuous-time signal gir) of finlte energy. with a continuous
spectrum G{f). Assume that G(/) Is sampled uniformly at the discrete frequencies f=kF,
hereby ob g the seq of frequency ples G(kF,), where k is an integer In the entire
range — 0 <k<w, and F, is the frequency sampling Interval. Show that if ¢it) is duration-
Iimited, 5o that It ls 2ero outside the Interval — T €1« T: then the signal s completely defined
by specifying G{f) at frequencies spaced 1/2T hertz apart.

Problem 7.9
{8} Consider a stationary process X(¢) that Is not strictly band-limited In the band W that is,
SN+, |f>w

where Sy( [} Is the power spectral density of the process. The process X(r) Is applied to an
ideal low-pass filter defined by the fer functi

L |f]<w
Hy )'{o. lr|>w

producing the process X (¢). This process is next sampled at a rate equal to W, producing
the sequence of samples X (n/2W). An approximate reconstruction of the original process

s defined by _
o= £ xlg pod (- 5;)]

Show that the mean-square value of the sampling error is
&=E[(X(0)- Y(1)*)

-2 I:SAIW

fo

D= En

determine the corresponding value of the mean-squace error &, and plot it as a function of
W/fo.

L ling a conti -tiny

signal xir) at the rate 1/T,. [t is required to increase the sampling period 7, to a new value
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3.11.2 Key solution

o

EE G4 3 //Af/r / : A

Chapter 7
Pulse-Analog Modulation

Problem 7.1
(a) The signal g(t) is
g(t) = 10 cos(20wt) cos(200wt)
= 5{cos(220nt) + cos(1807t)]
The Fourier transform of g(t) is
G(f) = 2.5[6(f-110) + 8(f+110) + &(f-90) + 6(r+90$]

Hence, the spectrum of the sampled version of g(t), with a sampling period Ta = 1/250 s,

is given by . 4R
> / -
1 - n 2 é’(zp ]?}
G ==— I G(f-=F) =
s( ) Ts neme 'I3 ,]ﬁ o z—op

250 x 2.5 T  [8(f-110-250n) + &(f+110-250n) + &§(f-90-250n) + &§(£+90-250n)]

n=-=

4
"

(b) The spectra G(f) and GSU) are illustrated below:

G(f)
e ‘ e | ' £ (Hz)
-110 -90 [+] 90 110
G_(f) °
§ .~ Ideal reconstruction
r filter characteristic
. " T "
LT ] ]
: 1o . .
L Hit it it
- R 1 I P ey - - £ {H2)
t -390 0 (

]
-360 -340 -250 ~160°% 5 160 250 340y tm
-140 -110 110 140 360 390
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- ey =7 - Vi acda

From this diagram, we deduce that in order to recover. the original signal g(t) from
sd(t)' we need to use a low-pass filter with a cgtoff frequency that is greater than 110
Hz but less than 140 Hz.

(c) The highest frequency component of g(t) is 110 Hz. The Nyquist rate of g(t) is
therefore 220 Hz. .

(d) The signal g(t) way be viewed as a band-pass signal occupying the frequency interval
90 to 110 Hz, that is,

Zz,//a w= fle-90 = 20

fo - 24

—

V/&<

o

o?x//a )
- = 4G 2

=> =5

o

Problem 7.2
The spectrum of gi(t) is
G (f) = 5[8(f-50) + 8(r+50)]

Hence, the spectrum of the sampled version of 51“’)’ using a sampling period T, = 1/75 s,
is

1 n
Gm(t‘)=,r I G1(t— )

. T
' S Nz=—v s
e |
= 4§75 I [8(f-50-T5n) + &(f+50-75n)] (1
Z’K N=—e . -

e

Next, the spectrum of gz(t) is
G, () = S[8(£-25) + &(f+25)]

Hence, the spectrum of the sample version of gz(t), using a sampling period T, =1/75 s, 1is

Gza(f‘); 375 I [8(f-25-T5n) +8&(f+25-75n)} 2)

Nz

- ’ In the right-hand side of Eq. (2), substitute n = £-1 for the first teru..and.n = m+1 for
the second term, and so rewrite this equation as follows:
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EE 4% 3 clept #7

st(f) = 375 I  6(f+50-75%) + 375 I &(£-50-75m)
Lo M=

375 I [8(f-50-75n) + &(f+50-75n)} ‘ ' (3)

Nz—e

We thus find from-Eqs. (1) and (3) that the spectra G1c(f) and st(f) are identical.  That
is, the sample versions of g‘(t) and gz(t) are 1dgntica1. )

We note that the Nyquist rate of g1(t) is 100 Hz; hence, with a sampling rate of 75
Hz, the signal 31(t) is under-sampled by 25 Hz below the Nyquist rate. On the other hand,
the Nyquist rate of gz(t) is 50 Hz; hence, the signal gz(t) is over-sampled by 25 Hz above
the Nyquist rate. Thus, although g,(t) and g,(t) represent two sinusoidal waves of .
different frequencies, we find that by under-sampling gl(t) and over-sampling gz(t)
appropriately, their sampled versions are identical. -

Problem 7.3

Express the signal g(t) as

g(t) = 10 cos(60xt) cos2(160xt)

5 cos(60nt){1 « cos(320nt)j

5 cos(60xt) + 2.5 cos(380xt) + 2.5 cos(260xt)

The spectrum of g(t) is
G(f) = 2.5[8(f-30) + &8(£f+30)] + 1.25[6(f-190) + 8(£+190)] + 1.25[6(f-130) + &6(f+130)]

The corresponding spectrum of the sampled versionof g(t), using a sampling rate of 800 Hz,
is therefore —

L
Tsn

Gﬁ(f)

[ %)

G(f - )
- S

2.5[6(f-30-800n) + §(f+30-1400n)]

oo & + 1.25[8(£-190-400n) + &(f+190-800n)]

|__+ 1.25[ §(f-130-800n) + 8(f+130-200n)]

The spectra G(f) and G(f) ‘are 1llustrated below:
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EFE G4 3 pLlephtt 7] . /"‘//‘6
. 2
G(£f)
1 ‘ ‘ ‘ - £ (H2)
. =190 -130 -30 0 30 130 190
G _(f) 1deal reconstruction
____________ filter characteristic
r
| I
| |
L i I
) L : l . f(Hz)
-430 =370 -270 =210 =190 -130 -30 0 30 130 190 210 270

From this diagram, we deduce that in order to recover the original signal g(t) from its
sampled version, the low-pass reconstruction filter must have a cutoff frequency greater

than 190 Hz but less than 210 Hz.

Problem 7.4
The signal at the sampling instants is:
g(nT) = cos(2xf1n1‘ + -;—) + A cos(Z:fznT + ¢
=0, n=0, 1,2, «os
At n=0,
cos(%) + Acosd=0.

STAt N = 1, 2, ee., With f1 = 3.9 kHz,

co0s(0.975n% + %) + A co3(1.025 nx¥ + ¢) =

From (2) and cos(0.975nx + -;-) being non-zero, A must be non-zero.

non-zero, ¢ must be * % Equation (2) then becomes:

-31n(0.975n%) + A sin(1.025n%) =

fZ = 8.1 kHz, and T =

(1)

125 us, we have

(2)
From (1) and R being

(3)

Since sin(s) is odd symmetric about n:, 4 equals 1 and the anbiguous sign in (3) is

Therefore, ¢ = 2.

negative. 2°
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