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Konu2: Kablolu Kablosuz ve Optik Sistemler



2.3.1 Bilinen Sinyalin Frekans Analizi
* Periyodik sinyal x(t) = x(t + 1)

* Periyot

* Temel frekans

* Acisal frekans

* Harmonikler



2.3.1 Fourier Seri Acilimi

[, x(O)dt

FOT x(t) cos kwyt dt

* b, = %forx(t) sin kwgt dt

* x(t) = ay + a; cosw,t + a, cos 2w,t + -+ by sin wyt +
b, sin 2wyt + -+



Square pulse waveform that repeats
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Figure 2.2 Approximating a square waveform with a Fourier series. The Fourier series




2.3.2 Olculen Sinyalin Frekans Spektrumu

* Fourier dontusimu

* X(f) = [, x(8)e Pt de
* Numerik olarak hesaplanabilir ama sonsuz integral araligi problemdir.
* Sonlu surede integral alinca normalde olmayan bilesenler ortaya cikar
* Bu sorunu ¢c6zmek icin sinyal yumusatilir
* Hamming penceresi

2nm

0 otherwise

.Wn
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Figure 2.3 Using the Fourier transform to calculate the frequency magnitude of a signal.
The use of a window to taper the signal provides a smoother picture, but less resolution.



Waveform Spectrum

2| T ¥ -

g | ﬂ | 0.

[y |

[y |

-2t . . | 0 | | ARASASAA N1
0 1 2 3 4 0 2 4 6 8 10
Time (s) Frequency (Hz)
Waveform Spectrum
2f n | | : 1.5 '
1 L
U I
SRR A
_2 C 1 I 1 7 D I I |
0 1 2 3 4 0 2 4 6 8 10

Time (s) Frequency (Hz)

Figure 2.4 Using the Fourier transform to calculate the frequency magnitude where two

underlying sinusoidal signals are present. It is able to resolve the presence of the two
components.



function [Xm, faxis, xtw] = CalcFourierSpectrum ( xt , tmax ,fmax, UseWindow )
%
dt=tmax/ (length (xt)-1);
t=0:dt:tmax;

%
xtw = xt ;

if (UseWindow )

% window

fw =1/ (2*tmax ) ;

% Hamming window
fw=1/(tmax);

w = 0.54-0.46*cos (2*pi*t / tmax ) ;
xtw = xt. *w;

end

% continuous f requency range
OmegaMax = 2*pi*fmax ;

dOmega = OmegaMax* 0.001 ;

%
fvec=1[];

Xmvals=1[];

p=1

for Omega = 0 : dOmega : OmegaMax

coswave = cos(Omega*t);

sinwave = -sin(Omega*t);

% perform the Four ier Transform via numericalintegration
Xreal = sum( xtw .*coswave*dt) ;

Ximag = sum( xtw .*sinwave*dt ) ;

mag = sqrt (Xreal*Xreal + Ximag*Ximag ) ;
%scalefrequencytoHz, magnitude to maximum time

fHz = Omega/(2*pi);

mag = 2*¥*mag/tmax ;

% save f requency and magnitude

faxis(p) = fHz ;

Xm(p) = mag;
p=p+l;
end

%
end




FFT — Fast Fourier Transform

fs =100; % sampling frequency

t = 0:(1/fs):(10-1/fs); % time vector

S = cos(2*pi*15*t);

n = length(S);

X = fft(S);

f = (0:n-1)*(fs/n); %frequency range

power = abs(X).A2/n; %power

plot(f,power)

Y = fftshift(X);

fshift = (-n/2:n/2-1)*(fs/n); % zero-centered frequency range
powershift = abs(Y).*2/n; % zero-centered power
plot(fshift,powershift)
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 Ramp generator (yukselen bir sinyal Gretir)

e Swept oscillator (voltage controlled oscillator — artan frekans Uretir)

* Mixer (RBW): Giris sinyalini sinus ile carpar (dusuk ve ylksek frekans olusur)
* Low pass (VBW) : yuksek frekansi elemine eder, guc hesaplanir

* Olusan degerler cizdirilir
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Figure 2.6 Spectrum analysis stages with a wide window as it progresses (top) and a narrow
window (bottom). Progressively, we see the input signal and RBW bandpass filter (a), the
bandpass filtered signal (b), the accumulated bandpass filtered signal as the sweep
progresses (c), and the final result after VBW lowpass filtering (d). The two close peaks in the
input are able to be resolved with the narrower filter on the right.
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Figure 2.7 The measured spectrum of a sine wave, as both VBW and RBW are adjusted. A
narrower RBW gives better signal resolution and lower noise floor, but takes more time to
sweep across the band of interest. A lower VBW smooths the resulting display, but leaves
the noise floor unchanged.
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Figure 2.8 Top: measured spectrum of a “pure” sine wave. Note the spurious peaks at the

first and second harmonics, due to imperfections in the waveform generation. Bottom: the
spectrum of a square wave. Note the frequencies of the harmonics are integer multiples of
the fundamental and that their amplitudes decay successively as 1/3.1/5, ... if the decibel

scale is converted to a ratio.



2.4 Kablolu Haberlesme

Bakir kablo (telefon kablosu)
* Bir kablo voltaj, digeri referans (toprak)
e Girisim (anten etkisi yapar)
e Cozim (toprak ve voltaj kablolarini burgulamak)

Es eksenli kablo (TV kablosu)

* Cekirdek ve etrafinda orgi (daha maliyetli)
* Daha yliksek frekans
e Daha genis bant (TV yayini)

Diferansiyel sinyal gondermek

* iki kablo arasindaki voltaj farki dis etkilerden
etkilenmez

* Biraz daha karmasiktir

Empedans (Z,): Surici ve alici devreyle
uyumlanmali

. RGS)8 (50 Ohm), RG59 (75 Ohm), RG6 (75 Ohm, 7mm
Gap

Straight cable

Twisted pair

Coaxial cable

Inite f'_.."-' TETLCE
/Hm ided shield

Jr.'.'

te .l'_l,"'.r TETLCE

g

o



Bit stream

2.4.2 Darbe Sekillendirme 1 ]

e Darbe (pulse) nedir?

* Bir bit veya semboll tasiyan sinyal op L — — -

dalgasi

* En basit darbe: Kare  Recelvedsignal
* Art arda bitler 2 Art arda darbeler D;: _
* GOnderilen kare sinyal kabloda of .
degisiyor (gurilti, bozulma) 0.5 1
_1 _

* Aliceda: b

. VI Figure 2.11 Transmitted pulse sequence and the corresponding received signal. Cable
* E§| k d egerineo I daCd k? impairments and external interference combine to reduce the quality of signaling.

e Zamanlama ne olacak?



2.4.2 Darbe Sekillendirme (G6z Diyagrami)

Eye diagram

* Bir darbe siiresinde gelen darbelerin Ust
uste bindirilmesiyle yandaki diyagram
olusur.

* Ortada goz benzeri bir aciklik vardir

* Bu aciklik ne kadar buyuk ise kanal kalitesi
o kadar iyidir.

e Kanaldaki gecikme ve gurilta kétulestikce
aciklik kapanir




o

2.4.2 Darbe Sekillendirme;‘z “ “ “ N

* Haberlesme kanalinin etkisi
 Sinyali zamanda yayvanlastiriyor

* Bir darbe tamamen 6ldigi zaman
ikinci bir darbe gonderiliyor.

el signal x(t)

Chann

* Darbe hizini artirmak i¢in ne = 2y
yapmaliyiz. 4

* C noktasinin 6zelligi ne?

* Darbeyi ona gore ayarlamak iyi bir
cozuim olabilir mi?

sin(mt/T)
it/T

e Sinc fonksiyonu: h(t) =



sin(wt /7)

(7t /T)

The sinc function

2.4.2 sinc darbesi e [\

0.8 _
* Sembol siiresi 0.4 ol |
* Tam o anda ve katlarinda fonksiyon sifir -
* Demek ki o anlarda yeni darbeler iletilebilir = 04f .
%Q 0.2 i
=
0

* |ki problem
* Nedensel degil —0.2| 1
* Sonsuz sureli

_{].4 1 1 1 1 1 1 1 1 1
-4 -32 24 -16 08 O 08 16 24 32 4
Time £

Figure 2.14 The sinc function with r = 0.4, centered about zero.

* Sincplot.m



Bir darbe suresi farkiyla géonderilen iki sinc

1

amplitude




2.4.2:sinc - frekans alani

( 1
1 fl <3
. o __sinmt g _ )1 1
sinc(t) = — = [(f) =« : f= F -
KO diger
* Olcekleme kullanarak:
,
sin(2) T <
*h(@®) =—F~ -7 H) =tl(fo){Z f=F1
T 2 27T
\O diger

* H(f)icizelim



Raised Cosine

* Sinc fonksiyonu belli araliklarla
0 degeri aliyor

* Ancak , yavas sonimleniyor. Ne
zarari var?

* Raised cosine: sinc gibi ama
daha hizli sénuyor

. 3
e T:




Raised Cosine

* Yikseltilmis Kosinus (Raised Cosine)

( 1—
T, 0<l|fl ==
T B 1— 1+
Xee(f) = {51+ eos T (IF1 = 50) |, Sr<Ifl<57
1+B
\ 0, f1>—
Tt
o t COS( T )
° xrc (t) = Sinc (;) 1_46;;221'2

 avantaji: kuyruklari 1/t° mertebesinde zayiflar



2.4.3 Hat Kodu ve Senkronizasyon

* Kablolu (or. Ethernet) ve fiber haberlesme

e Tabanbant sinyal (kare sinyaller)
* Sinus (tasiyici) kullaniimaz

e Senkronizasyon

* Senkronizasyon
* %0.1 hata az goruinse de
* 500 bit sonra %50 eder!
* Uzun 1 veya O serisi
* Baslangic noktasi neresi



BaziI Hat kodlar

* Biphase mark encoding

e 2 kat bant
* NRZ-I — Inverton O

e Alternate Mark Inversion
* Manchester Encoding

e 2 kat bant

* Multilevel 3 encoding

* 4B5B Bit Level Mapping
5 bitlik stirede 4 bit gonderir

Biphase mark encoding

(0 1:0:1:0:1:0:0:1: 17

NRZ-l = Invert on O

(0:0:1:0:1:0:1:0:1:0]

Alternate mark inversion

0 1:1:0:1:0:0:1:0:17

Manchester encoding

O L0 101001 17

Multilevel 3 (MLT3) encoding

(0: 1:0:1:0:0:1:1:1:07

4B5B bit-level mapping

0101 - 0110

Figure 2.19 Some representative line code waveforms. A coding method must balance the
requirements for receiver synchronization with minimal bandwidth. Note that NRZ-1 is
shown for invert on zero convention (as used in USB).



Bant Genislgi HE HE

 Ethernet . . \—~

0 T, 2/T, 3/T, 4/T, 5/T, 0 UL, 2/L, 3/, 4T, 5/T
e Bakir kablo (twisted pair)
Manchester AMI

e Cat-3:16 MHz ' ' ' ' ' '

* Cat-5: 100MHz.
* Ethernet N [ I

e 10BASE-T: 10Mbp5 0 /Ty 2/5, 3/Ty 4/Ty 5/T 0 UL, 2/T, 3/T, 4T, 5/T;

* 100BASE-TX: 100 MbpS MLT3 4B5B

 MLT3: Dusuk bant genisligi

« Ama 0,0,0,0,0,... olursa? ' ,-l\

* 4B5B: 32 kombinasyonun 16’s 0 1/T, 2/T, 3/T, 4/T, 5/T, 0 1T, 2/T, 3/T. 4/T, 5T,
* 31.25 M HZ; daha IVI senkroniza syon Figure 2.20 Spectra of some common line codes, derived from encoding a very long string
. . L of random binary data. The alternating 1/0 spectrum is shown for reference: It has a primary

e (5 184 b It Eth ernet: 4 ka b | (@) g|ft|’ component at half the bit rate, with discrete harmonics at successively lower power levels.

4PAM (2bit/Tb), 8B10B kodlama



Ornekleme Zamanlama Hatasinin Etkisi

Correct timing
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Figure 2.18 The effect of sampling a waveform early or late. Incorrect timing at the receiver
results in sampling the waveform’s amplitude at the wrong time with respect to the
transmitter, and hence the resulting sample value may be incorrect.



2.5 Radyo ve Kablosuz lletim

e Radyo Frekans (RF)
* EM spektrum, cok genis bir aralik

* Havada ve uzayda ilerleyebilir
* Radyo, TV, Bluetooth, ZigBee, WiFi, GSM, LTE, 5G, Uydu
* Farkli frekanslar farkl davranis gosterir

i Gorunur |§|k Radio/wireless /satellite IR fiber
° L | .
620nm (kirmizi) S & 0 & 8 & S Infrared (IR)j
e 380nm (mor) NG -SSP NP OO B
| | | | | | | | | | | | |
104 10° 109 107 10® 10° 1010 101! 1012 1013 10 101 1016
fHz 1 MHz 1 GHz fHz
Am 100 m Im 10cm 1 pm Am

Figure 2.49 The portion of the electromagnetic spectrum important for
telecommunications. Radio, wireless, and satellite systems use the frequency ranges shown.
At extremely high frequencies, infrared (IR) is used in fiber optics. Still higher in frequency is

the visible light spectrum.



Table 2.1 Radio-frequency (RF) band designations.

Abbreviation

Frequency range

Description

ULF <3 Hz Ultra low frequency

ELF 3 Hz-3 kHz Extremely low frequency
VLF 3 kHz-30 kHz Very low frequency

LF 30 kHz-300 kHz Low frequency

MF 300 kHz-3 MHz Medium frequency

HF 3 MHz-30 MHz High frequency

VHF 30 MHz-300 MHz Very high frequency
UHF 300 MHz-3 GHz Ultra high frequency

SHF 3 GHz-30 GHz Super high frequency
EHF 30 GHz-300 GHz Extremely high frequency

300 GHz-3 THz

Submillimeter

Source: Adapted from [EEE (1997a).
The center block indicates the range of the most commonly used terrestrial (earth-bound)

frequencies.



Table 2.2 Microwave band designations.

Band designation Frequency range
L 1-2 GHz
S 2—4 GHz
C 4—8 GHz
X 8—12 GHz
Ku 12—18 GHz
K 18—27 GHz
Ka 27—40 GHz
\Y 40-75 GHz
mm 100—-300 GHz

Source: Adapted from 1EEE (1997b).
Some variations exist throughout the world, with some
nonstandard terminology also commonly encountered.



2.5.2 Radyo Dalgalarinin Yayilimi

* <1MHz: Yer dalgasi

* HF-VHF: iyonosferik yansima, bliyiik antenler
 HF: Cok uzun mesafeler (kitalararasi)
* VHF: Acil durum, seyrusefer, kara ve deniz

 UHF (mikrodalga): Gorus alani iletimi, engellerden sacilim
e Karasal TV, hiicresel, engellerde kirinim ve yansima, daha kliclik anten
e MIMO

e Ku-Ka-K: Uydu haberlesmesi, 6G

e SHF: Su buhari tarafindan emilim (30GHz), atmosferik emilim, insanlar, agaclar
tarafindan engellenme

* Cok kuiciik antenler, ultra yogun MIMO
* Frekans arttikca, frekans bandi da artar

* Frekans bandinin kontrolQ
* International Telecommunication Union (ITU)
* Bilgi Teknolojileri ve lletisim Kurumu



2.5.3 Gorus Alani (LoS)

* Vericiler genelde yuksege konur
* Binalar, daglar ve hatta dlinya yuzeyi

* Yandaki sekilde verilen bir verici ylksekligi
(h¢ye) icin maksimum iletim mesafesini (d¢,)
tiretelim

* R =6370km




masl

X

2.5.4: Radyo dalgalarinin yang

* Sintizoidal bir sinyal

« iki farkli yoldan ulasiyor i
* (kirmizi ve siyah yollar)

* Aliciya ulasan iki sinyal farkli mesafeler katediyor R
e Faz farki olusuyor
* Faz farki sifir: Birbirini gliclendirir
 Faz farki 180 derece: Birbirini sifirlar/zayiflatir



2.5.4: Radyo dalgalarinin yansimasi

e Devam...

. Mesafe farki: Ad = 2l

* Faz farki (rad): ¢p = le—nAd




2.5.5 Radyo Dalga Kirinimi

* Huygens/Fresnel prensibi: Bir acikliktan gecen dalga

e Kucuk dalgaciklar olusur ve etkilesime girer

Incon iil’l_‘__‘_; waves

—

Aperture

Fy

P

Emerging
wavefronts

g

___,.-!""

_r

Incoming waves

\/‘\\
\
\
\
\
\
A

Aperture

Barrier

Far point



2.5.5 Kirinim ”)>> \
/

Figure 2.54 Diffraction at an aperture. Image (a) is shown assuming no diffraction; (b), (),
and (d) illustrate the situation as the aperture gradually increases.

* Tam gorus alaninda olmayan engeller kirinim yaratir

e Bicak ucu kirinimi Tz \\) R
g h 1/

* Yine iki yol var. Yol ve faz farkini tiiretelim

H




2.5.5 Kirinim



!

2.5.6 Hareketli Alici ve Verici Ve <

* Ambulans bize yaklasirken sesi daha ince, uzaklasirken
sesi daha kalin gelir : Doppler etkisi Stationary —
* Bir tastyici (sintizoidal) dalga génderelim n. o
e c =stkhizi, f = %z frekans

* Kaynagin hizi (yaklasiyor) vy

* Ardisik dalgalar arasi mesafe A Note original A
. Az? vsr_§—$=cf”5</1
f g - 1—f— Up — Stationary
* Kaynak uzaklasirken m_‘;&_ﬂ s
f - % - 1I5

* Etkisi: Tasiyici senkronizasyonu bozulur
* Or. 2Ghz frekans, 100km/saat hiz?



2.5.7 Radyo Dalgalarini lletmek ve Yakalamak

* Es yonlU anten

e lletim glicQ: P,
. P
e  uzaklikta elektromanyetik aki —

* Yarim Dalga Dipol
* Yayilim oriuntusu

cos(n—L COS 9)—cosn—L
A A

*E(0) =K

sin 6

ATrT2
* Pratik uygulamada yonli anten gerekir....*

Support

H

I

=7

)

Transmission line

T a

(A

Dipole

elements

Current
distribution

Figure 2.58 A basic half-wave dipole. The support beam is electrically insulated from each
arm of the dipole. Note that the angle toward a receiver @ is measured from the dipole arms,
and thus the direction of maximum intensity or sensitivity is perpendicular to the dipole
arms (6 = 90°). The total length of the dipoleis L, and in this case itis L = 4/2. As a result,

each arm is a quarter wavelength.



2.5.7 Radyo Dalgalarini lletmek ve Yakalamak
 Giic P(8) = E?(8)
e Simit seklinde bir orunti

* Yarim gu¢ htizme genisligi
* Tanim:

(a) Dipole power pattern (linear) (b) Dipole power pattern (dB)

SO (0

Figure 2.59 The normalized dipole pattern. From this, we may determine the relative field
strength of a transmission at a given angle or, alternatively, when used as a receiving
antenna, the sensitivity when aligned with respect to a transmitter. (a) Linear scale.

(b) Decibel (logarithmic) scale.



2.5.7 Radyo Dalgalarini lletmek ve Yakalamak

(a) Elemental dipole (b) Electric field vectors
Y '}

Far point p A )
Q.
. S 7y s

P

= T

Figure 2.60 An elemental or Hertzian dipole (a) consists of a hypothetical current-carrying
element. It is used as the basis for modeling more complex antenna types. The electric field
vectors are decomposed into orthogonal (perpendicular) components (b).



x=-2:01:2;y=-2:0.1:2;

Nx = length(x); Ny = length(y) ;

L=1.0; % use to simulate a longer antenna L=0.1; % use to simulate a point source
[X, Y] = meshgrid (x,y);

id = find ((X==0)&((Y<=L/2)&(Y>=-L/2)));
omega = 2*pi ; dt = 0.01; tmax = 4; lam = 1; beta = 2*pi/lam ;
for t = 0:dt:tmax

Isum = zeros(Ny,Nx);

Idip = zeros(Ny,Nx) ;

for i = 1:length(id)

xo = X(id(i)); yo = Y(id(i));

% cosine currentprofile

lo = cos (pi*yo/L);

% use for Hertzian point dipole with small L
%lo=4;

% save dipole currentatthis point
Idip(id(i))=lo;

dX =X-x0;

dY =Y-yo;

% distance plot from current point

R =sqrt(dX.A2 + dY.A2);

theta = atan2(dX,dY);

| = lo*cos ( omega*t-beta*R).*sin(theta);
% division by zero if R=0, but this is only on the dipoleitself
i=find(abs(R)<eps);

R(i)=1;

I=1./R;

Isum =Isum+1;

end

figure(1);

set(gcf, 'position’,[20 90 450 300]);
meshc (X, Y, Idip ) ;

figure(2);

set (gcf, 'position’, [500 90 450 300]);
IsumDisp = Isum*1 + Idip*40;

mesh(X,Y, IsumDisp);

set(gca,'zlim', [-20 4]);

figure(3);

set(gcf, 'position’,[1000 90 400 300]);
IsumDisp = abs(Isum)*10 + Idip*200 + 80;
image (IsumDisp ) ;
colormap(parula(255));

axis('off');

drawnow

pause(0.05);

end

O

LRY

Far point P



2.5.7 Radyo Dalgalarini lletmek ve Yakalamak

Reflector

* Yagi anten (karasal TV anteni) q Dipole clement N
nOF irectors
 Yansitici, dipol ve yonlendiriciler '*
-—
Support .

=& === —

-_—
@ Dipole antenna 2.4 GHz ) Yagi antenna 2.4 GHz . ) )
. A =4 —
. v

Figure 2.64 A half-wave dipole, when combined with one or more directors and a reflector,

O forms a Yagi antenna.

Figure 2.65 Experimental measurements of antennas at 2.4 GHz. (a) Dipole antenna.
(b) Yagi antenna.



Log-periyodik anten: Genisbant

Dl _ DZ 'Rl
* Dikkat: Arduk dipoller ters baglanmis

.—‘h

J

/

-y

-

Radio

signal

Figure 2.66 A log-periodic antenna formed by multiple half-wave dipoles. Note the reversal
of the interconnections between successive dipoles, which effects a phase reversal.



Parabolik Reflektor

* Enerjiyi odaklar
* Yuksek yonluluk

e Parabol: y? = 4fx
D
c () = (h3) > f =
e Gelen butln 1sinlar odaga
dogru yansir




Dizilim antenler

 Onceki antenlerin 1s1ima ydniniu degistirmek icin anteni
fiziksel olarak oynatmak gerekir.

* Dizilim antenlerin i1simalari yonlendirilebilir
* |ki es yonlu elemanli anten dizisi

* Elemanlar arasi zaman farki ?

* Orta noktayi referans alalim

* ¢, = 'BdeOSH+L|J

* P, = £ 056 — Ul
. E(H) = K|I, cos(wt + ¢;) + I, cos(wt + ¢,.)]




Dizilim antenler - devam

o A
e Anten araligl: d = E olsun



(ﬂ) Two-element array pattern, (b) Two-element array pattern,
spacing A2, phase zero spacing A2, phase =
90° 90°

—90° —-90°

Figure 2.69 Changing the relative phases produces the two patterns illustrated. Note that
the 8 = 0 axis is along the horizontal, corresponding to the axis of the radiator elements,
whose relative positions are indicated. (a) w =0,d = 4/2. (b)y ==n,d = 4/2.
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Figure 2.70 Receiving a radio signal means selecting a particular RF band and translating it
back to the baseband. Sending a signal is the reverse - translating from the baseband up to
RF. The actual bandwidth taken up in the RF area is invariably greater than the bandwidth of

the baseband signal.

* Sinyali antenle basmak icin 6nce antenin kullanilabilecegi hale
getirmek gerekir (baseband > passband )

* Bir banda tasimak gerekir (tabanbant sinyal antenle yayilamaz)

« AM: u(t) = m(t) cos(wt)
« AM: (5kHz)500-1500 kHz, FM: (200kHz)88-108 MHz, WiFi: (20MHz)2.4GHz

* Antene gelen sinyal bant gecirgen bir sinyaldir
* Alicida 6nce bir ara frekansa tasinir



2.5.8 Kablosuz Alici: Basit bir radyo alicis

Antenna
Y
Tunable
7 bandpass filter
Radio-frequency o
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Figure 2.71 The Tuned Radio Frequency (TRF) receiver is essentially just a bandpass filter
followed by a detector. The very weak received RF signal is first amplified, and the particular
band of interest is selected using a filter. The information signal must be selected from that,
and originally this was just a “detector” before more sophisticated modulation methods

.
T T



2.5.8. Superheterodyne Receiver (Armstrong-1921)

Antenna
v Not: Hemen hemen bitin kablosuz teknolojilerde bu alici yapisi var
|}
RF ~rf = if Audio
lifier " Mixer | [}' amp [—lDemodulator f— Lifier
almnplner ampliner

L AGC —J Speaker

(Gain feedback

Local oscillator

Figure 2.72 The general principle of heterodyning in a receiver. The Radio Frequency (RF) is
mixed down using the Local Oscillator (LO) to produce an Intermediate Frequency (IF),
which is then demodulated according to the modulation method used at the transmitter.
The final stage shown is the Audio Frequency (AF) output. The Automatic Gain Control
(AGC) feedback loop is used to adjust the output amplitude to maintain a constant output
irrespective of the presence of strong or weak radio signals.



2.5.8. Superheterodyne Receiver (devam)

* Once ara frekansa cekilir
* Oor. AM: w;r = 2m455kHz, FM: w;r = 2110.7MHz

* Ara frekans icin tek bir gicli, keskin bir filtre tasarlanmistir, istenen

kanali (wgr) ceker, yan bantlari atar.

* AM sinyali m(t)A, ¢ cos(wgrt)
* Yerel osilator A;, cos(w;pt)

*Wro = WRr — WIF

Figure 2.74 A signal mixer
for downconversion consists
of an oscillator and a signal
multiplier, followed by a
lowpass filter. The difference
frequency will always be
lower, and hence it is
removed by an
appropriately designed
lowpass filter.
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2.5.8. Superheterodyne Receiver (eslenik frekans)

* Eslenik frekans w;y = wrr + 2 X w;p
* Mixer islemi sonucu bu frekans istenen frekansla cakisir.
* Onceden elemine edilmesi gerekir (RF amplifier bu isi yapar)

Figure 2.77 Mixer example Sum 170 MHz Difference
with an image frequency ~ Difference 10 MHz — T~
\ T ——
prese nt. L - e /,,« D) fference —
(s ) ' o —_—
. W - . M=LO—TI RF
Radio i T [F Dndestred LO Desired
frequency Lowpass output
filter
TN Loeal
|\_n'-, ;| oscillator
A Jop="9MHz Wi Wio—wif Wi Wef







Direct conversion
* Ara frekans yoktur. Dogrudan tabanbanta cekilir.

 Sayisal haberlesmede kullanilir
e |ki osilator var, sinis ve kosin(s
* Tabanbant Sinyalin gercel ve karmasik kisimlari elde edilir.
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2.5.9 Intermodulasyon

* Su ana kadar dogrusal bir sistem
var saydik (cos ile carpim ve

filtreleme)

* Gercekte yukseltecler dogrusal
olmayan etkiler yapar

* Bu etkiler farkli frekansta sinyaller
dogurur (istenmeyen mixer etkisi)

« ¥(t) = Gyx(t) + Gox?(t) + Gax3(t)

* y(t) = y1(8) + y2(t) + y3(¢)
e Ozellikle kiibik terimler problem

yaratir.

Linear, second-order, and third-order nonlinearnties
Linear terms only
1

2
i L Wl Wl i
I:I 1 J ‘ 1 1 1 1 1
1] 50 100 150 200 260 300 350 A00
Square-law terms
0.2 T T T T T T T
o1 f g (e W ey i) .
) ‘ W2 L ER.-I.-:l E:A.-!g
|:| 1 1 | I I 1 1 1
L] 50 100 150 200 250 300 350 400
Cubic-law terms
I:":}'q' 1 1 1
Ll Wi
7 o J ‘ o (2ury + ) (2w +wy) T
Sy Jis
. 1Ll Al e
1] 50 100 150 200 250 300 350 400

Relative frequency

Figure 2.81 lllustrating the effect of a nonlinearity in the amplifier system, resulting in
intermodulation terms. The example shown uses G, = 1.G, = 0.1,and G; = —0.01. The
frequency scale is arbitrary. Note that the amplitude scales are not equal.






2.5.10 Guraltd ve Girisim

* Coklu kullanici: Girisim ve glrulti

Wireless spectrum 2.4 GH
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Figure 2.82 Wireless 2.4 GHz channel usage and interference. Two separate WiFi networks
may or may not interfere with each other, background interference may exist for short or
long periods of time, and background noise is always present.



2.6 Optik Haberlesme

* Kablolu ve kablosuz gérduk
* Fiberoptik (i1s1g1n fiberglass icinde ilerlemesi)
* Yuksek bant genisligi ve veri hizi
e Girisime karsi direng
* Cok dusuk kayip ve uzun mesafe haberlesme
* Gerekenler
* Birsik kaynagi (belli bir dalga boyunda)
* Fiberoptik: Lazer diyodu (IR)
* lsik kilavuzu
* Fiberglas (esnek)
* Karsida gelen 1sig1 elektrige ceviren bir alic
* Fotodiyot
* Problemler
 |siga bilgi yiklenmebilmesi icin modiile edilebilmeli (6r. Yakip sondiirme)
* Yayilan dalga boyunun dalga kilavuzuna uyumlanmasi
* Karsida gelen 1sig1 voltaja cevirmek



2.6.1 Optik Haberlesme Pren5|pler|

* Fiber optik : Infrared

e Gorunur isik: 650nm - 400nm
(frekans?)

 Ultraviyole, Kizilotesi

* near IR: 0.78 = 3 um, mid IR: 3 -
50 pum, far IR: 50 - 1000 pum
(1SO, 2009).

* Mevcut sistemler: 1310 - 1550 nm

* Detektor:
e Spektral olarak ortismelidir
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Figure 2.83 Illustrating an optical emitter and detector response overlap. Precise matching
is almost never possible. This leads to a smaller electrical signal at the detector output, as
well as additional noise due to the wider detector bandwidth.



2.6.2 Optik Kaynaklar

* LED,

PN diyot
Daha ucuz
Daha genis alana yayilir

Farkli dalga boylari farkh hizda ilerler ve kare dalg
bozulma olusur

optically resonant cavity

Light Amplification by Stimulated Emission of Radiation

Standing wave olusur

Daha dar bir hizme olusturur

Daha pahali

Gulcu daha dar bir spektruma sigdirir

X OO KKK KD

Full mirror Fhrtial mirror
p-Type

¥ \J '
il o - C)f | Jawd

o 0 ° e
| ¥ Y Y |

Figure 2.84 llustrating the basic laser principle. External energy is supplied by the
junctions at the top and bottom, stimulating the emission of cascades of photons. The
lasing medium has a high gain over a defined optical wavelength. The stimulated radiation
thus emitted bounces back and forward within the cavity to form a standing wave, with a
fraction released to provide the laser output.

!

aud

LED spectrum, FWHM = 50 nm
T T T T T

.

| | | | | | |
200 1220 {1240 1280 1280 1300 1320 1340 1380 1380 1400
Wavelength A (nm)

Laser diode modes
T T T

T
———- Cavity gain

. I— — Laserline
FrrHE

i t

A 1%

P IREEs SuEEE Eun
1 il i
apure’ I L1 .II- il II|I " e
1208 1297 1208 1299 1300 1301 1302 1303 1304

Wavelength A (nm)



2.6.2 Optik Kaynaklar
* Frekans ve dalgaboyunda bir degisiklik oldugunda

*ve = (f+AHA+A)

*c=flo



2.6.3. Fiberoptik - Kirilma

Single mode

Multi mode

Infrared

Ic cekirdek daha yiiksek kirilma indisine sahip

Isik fiberglas icinde tam yansima yaparak ilerler
(kirtlma indisi)

C
.n=_
v

* Kirtlma indisi yaklasik sabittir ama dalgaboyuna bagldir

. A'B
SIin 61 = T

i AB/
S1n 62 = T

(a) (b)

ath ucket
cladding

Figure 2.86 Multimode step-index fiber cross section (a), with typical sizes shown. More
examples are given at the Fiber Optic Association The Fiber Optic Association (n.d.). The
image in (b) shows a single-mode optical fiber with a human hair. The magnification is x500.
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2.6.3. Fiberoptik - Yansima

* Isik yuksek kirllma indisinden dustge dogru gidiyor

* Cikista aci artiyor
 Kritik acidan sonra: tam yansima

* Fiber kablonun calisma sekli
* Ny SiN B, = nq sin 64
° In('ldlutSin 02 — nZL§(itp 83

g =M
0 =0,
Efl 6,
H B >~ R h _
| %\
L,

Refracted
5

Figure 2.88 Principle of refraction at an interface (left) and total internal reflection (right).
This shows that light emanating from a point S may be kept inside the material with higher
refractive index, provided the outside material has a lower refractive index, and the angle is
shallow enough with respect to the axis of the core.
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2 . 6 . 4 F| b e r O ptl k Table 2.3 Transmission medium broad comparison.

ka yl p | a r- Medium Frequency range Attenuation dB km™!
Twisted pair (UTP) 1 kHz — 1 MHz 5-150
Coaxial cable (Coax) 1 MHz — 1 GHz 1-50
Optical fiber ~300 THz 0.2-1

Indicative figures only; see Henry (1985).

* Bakir kablolara gore cok iyi pertormans

e Kayiplar: fiberdeki su buhari

* Uygun dalgaboylarini secmek lazim : 1310, 1550, 1625 nm
 Or 1dB/km kayip olsa...



2.6.4 Fiber optik kayiplar

* Fiber parcalari ya kaynak yoluyla, ya da optik konektoér ile baglanir

* Toplam kayiplar dB kayiplarin toplamidir (veya dogrusal kayiplarin
carpimidir)

% ().79434
/5{[}.?943 [} r9—13 ] r9—13 [ “9—1\
= F—ldB—)I-(—ldB—bl-(—ldB—bl—ldﬂ—)'l:-
lm 1lm lm l m

Figure 2.90 lllustrating the calculation of fiber loss over four segments. The numerical
gains, which are less than unity, are multiplied. But an equivalent method, arguably easierin

practice, is to add the dB figures. The dB figures are understood to be negative, since they
represent a loss (<0 dB).



2.1 A wireless Local Area Network (LAN) uses the 2.4 GHz band. What is
the corresponding wavelength?

2.2 Plot the Hamming window equation as given in Equation (2.15). Verify
that it gives a smooth “taper” function, starting at 0.54 — 0.46 = 0.08 and
ending at 0.08, and a peak of 1 = 1.

2.3 Power levels and voltage magnitudes may be determined from a spec-
trum analyzer display.

a) In Figure 2.7, the sine wave amplitude is 200 mV peak to peak. Verify
that this corresponds to the power level of —10.30 dBm shown on the
figure.

b) Determine the absolute and relative voltages of the harmonics in

Figure 2.8, and compare to the power levels that were measured as
—8.20,—17.73, —22.18, and —25.10 dBm.



2.5 Using the tapered frequency response for the raised-cosine filter
(Section 2.4.2), evaluate the integrals for Equations (2.27) and (2.28) to
give the time-domain impulse response for the raised cosine filter.

2.6 A coaxial cable with unknown termination impedance is subjected to a
pulse from a matched signal source. The pulse is from 0 to 2 V when
measured open circuit at the source itself. The waveform monitored at
the signal source is shown in Figure 2.94.

a) Determine the line length, assuming that the propagation velocity is
2 x 108 m s~! for this particular cable.

b) Determine the termination impedance as a proportion of the charac-
teristic impedance.

Transmission line test
25

1.5
1 N,
0 J

-0.5

-1.5
0 50 100 150 200 250

Time (ns)

Figure 2.94 Transmission line with a square pulse input.



2.8

2.9

2.10

The binomial approximation is used in determining some approxima-
tions for antennas. This states that (1 + x)* ~ 1+ ax for x  0.5. Plot
these functions using MATLAB to determine if this is a reasonable
approximation.

A 1 GHzradio signal is transmitted from a stationary transmitter toward
a receiver moving at 100 km h~!. Calculate the approximate frequency

shift.

The isotropic radiators in a phased array as shown in Figure 2.69 are fed
by the same current magnitudes with equal phases and have a separation
of d = A. What is the shape of the pattern produced?



2.11 Given an incoming RF signal @y, and a local oscillator at frequency
@; o, mathematically derive the output frequencies from an ideal mixer.
Explain the significance of having two output frequencies. What image
frequency would also produce a spurious IF signal?

2.12 An FM system is designed for an intermediate frequency (IF) of 10.7
MHz. Suppose we wish to tune stations over the FM band from 88 to
108 MHz.

a) At the lower end of the band, what would the local oscillator (LO)
frequency need to be in order to let the difference frequency through,
for tracking above the RF? For tracking below the RF?

b) At the upper end of the band, what would the local oscillator (LO)
frequency need to be in order to let the difference frequency through,
for tracking above the RF? For tracking below the RF?

c) Explain why the range of frequencies is not as dramatic as withan AM
receiver operating in the 540 — 1600 kHz band with an IF of 455 kHz.



2.13 Section 2.5.8 showed the local oscillator (LO) as having a frequency
below that of the radio frequency (RF). This is termed low-side injection.
It is also possible to have the LO frequency higher than the RF, which is
termed high-side injection.
a) Draw a diagram similar to Figure 2.73, which shows high-side injec-
tion.

b) For the same IF of 10 MHz, what would the required LO frequency
be in order to receive an RF signal of 100 MHz?

c) For this LO frequency, and a required IF of 10 MHz, what image fre-
quency might be fed through?

2.14 The 2.4 GHz wireless channels 1-13 are separated by 5 MHz and have a
width of 20 MHz (IEEE, 2012). Channel 1 has a center frequency of 2412
MHz, and it follows that channel 13 is centered at 2472 MHz. What two
channels are in use in Figure 2.82?



