GTU - Elektronit Miihendicligi

Analog Haberfegme

Frekang karlgtll'lcl, DSB—QC, AM modc’i/aryanu: gig ve verim

Orijinal not: DersB.pdf

UYARL Bu belge, el yazisi ders notlarindan Clavde (Anthropic) yardimiyla dijitale aktarilmistir.
Yardimcl kaynak olarak hazirlanmistir; hata veya eksik igerebilir. Litfen orijinal notlari ve ders

kaynaklarini esas alin.

NOTICE  This document was transcribed from handwritten lecture notes with the help of
Claude (Anthropic). It is meant as a supplementary resource and may contain errors or

omissions. Always check against the original notes and official course material.

Ornek: Frekane kargtiric: (Frequency mixer)

Changes carrier frequency f¢ (yksek) to fr (distk)
i.e, m(t) cos(2mfct) — m(t) cos(2mfrt)

m(¢t) cos(Zm‘Ct)\rx\ x(¢) | BGF m(¢) - cos(27rf162
T ME = fI

2 cos(2m(f; + fr)t)

x(€) = 2m(¢) cos(2mfct) cos(2m(fe = fT)t)
fk:fc—f]_' veya fk:fc"’fl'
= m(t)[cos(2m(fec — F)E) + cos(27(f + F)E)]

fie = fo = fr = x(8) = () [cos(2nfrt) + cos (2r(2fe — Fr))|

fo=F+fr=x(t)= m(t)[ cos(2mfrt) + COS(ZW(ZFC + fI)C)]
N———
Bant gegiren filtreden gegerler BGF'den gegmez

fr =450 kHz
fc = 1000 khHz
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Analog Haberfegme Frekang karigtirie, DSB-SC, AM modilasyonv: gig ve verim

™ H (el olsun

a 1
- o 6 'f
.~1de vel
sinatd o 6F

orijinal gizim, s. 1

*xff-820 = fr=28
Saf olarak elde edebilmek icin

2c—fr1-8B2f1+8 = 2(fc-f1)228 = (fc—f1)28

9.2.9 kagittaki corular: gozelim

— Orneb 4.2-4 (basili coru)
Design a DSB-SC modulator to generate km(t) cos wct, where m(¢) is band-limited to B Hz,

‘ using the modulator of Fig. P4.2-4 whose carrier generator gives cos3 wt instead of cos wt
(any filter allowed). (@) What kind of filter is required? (b) Determine the signal spectra at
points b and ¢ and the frequency bands occupied. () What is the minimum usable value of
wc? (d) Would this scheme work if the carrier were cos? w t? (€) Would it work for cos” wt,
any integer n = 27

7 Gekil: Basili Sekil P4.2-4: m(¢) girisi (& noktas) — garpici ©
(altindan cos> wt giriyor) — (b) — Filter — (¢) — km(€) cos wt;
yanda (b) spektrumu M(w): —27B ile 218 arasinda, tepe
degeri A olan yarim elips. El yazisi eklemeler: gikisin altina
cos(2mf.t), carpiciya giren tasiyicinin altina cos®(27ft) yazilmis.
(orijinal notta, s. 2)

DSB-SC-AM modulator

BG{m(t)} = B Hz2
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Analog Haberfegme Frekans karigtivic;, DSB-SC, AM modilasyono: giig ve verim

M(f)

a) x(£) = m(¢) cos®(2nf.t)
cos> (&) = cos(a) - cos?(x)
= cos o % [1+ cos(2at)]

% cos(o) + % cos(a) cos(2w)

\

\

% cos(a) + F [cos(a) + cos(3a)]
cos® o = 7 cos(o) + % cos(3w)
x(£) = m(¢) - cos®(2mf.t)
= %m(t) cos(&tﬁé) +% m(¢t) cos(2m 3f. ¢)

(08

o 2aman filtremiz bu isareti gegirmeli

a\, 28 bant genisligine sahip

O 2aman BGF
MF = f,
BG = 28
)
@ o)
m(f)
B g
®

-3f. -8 -3f+8
-3f

©T

y(t) = %m(t) cos(2mf.t)
Y(H) = 2[M(F-F) + M(F+F))

Isekildeki eksen etiketi el yazisinda X(f) olarak 9ériniyor; Claude notu: muhtemelen Y(f) olmali.
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Analog Haberfegme Frekans karigtivic;, DSB-SC, AM modilasyono: giig ve verim

X(H)

> f
—f. -8 —f.+8 f.-8 f.+8

—fe fe

) f-8B20 =

= f.28B

d) cos?(2nfct) = 1 [1+ cos(2m 2f.t)]

x(¢)

\|

m(t) cos? (2mif,t)
T m(®) + F m(t) cos(2m 2 ¢)

\|

Haylr.
e) cos"'(2nfct), n=2 2

Evet, n tek ise

Brob/em 4-2-9 (athi

= Orneb 4.2-9 (basily coru)
System shown in Fig. P4.2-9 is used for scrambling audio signals. The output y(¢) is the
scrambled version of the input m(¢). (a) Find the spectrum of the scrambled signal y(¢). (b)
Suggest a method of descrambling y(¢£) to obtain m(t). (Fig. P4.2-9: m(¢) with M(w) between
—15 kHz and 15 kHz — multiplier with 2 cos 30,0007t — low-pass filter 0-15 kHz — y(¢),
scrambled output.)

f (kH2)
MO x(6) LPF
¥ B=1S kHz [y(¢)
T Scrambled
output

2 cos (27 15000, ¢t)
&

a) x(t) = 2m(t) cos(2mBt)
X(f) = M(f-B) + M(f+ B)
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Analog Haberfegme Frekans karigtivic;, DSB-SC, AM modilasyono: giig ve verim

X(H)

> [ (kH2)
Y(f)
1
. L
f (kHz2)
_15 15
—8 +8
b) Descrambling: y(¢) — m(¢)
L | aGr
y(e) T 21(t) BG = B Hz 25(t)

cos(2mBt)

21(t) = y(t) cos(2mBE) = 21(F) = L [Y(F-B8) + Y(F + B)]

1G]

=30

22(6) = Im(®)
12

f (kH2)

Bu soruyu niye yaptik 22

Mesayj isaretini sifrelemek icin mesaj isareti karistirilir. Boylece mesaji okumak igin desifre etmek
lazim.
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Analog Haberfegme Frekans karigtivic;, DSB-SC, AM modilasyono: giig ve verim

DSB-Large carrier ((C)-AM / Biyiik tagiyped (BT) -
CYB-6M

Conventional AM [/ Commercial AM = AW (Ticari GIM)

Faz tahminsiz demodilasyon yapilabilir. Burada maksat aliciyr basitlestirmek. Alict daha ucuz olur.

Tlk sayisal haberlesme s. telegraf, analogta ise radyo.

Verici karmaslk olur alicl ise ucuz olur.

y(&) = Acl  T+ump(t) ] cos(2nfct)

moddle eden isaret

O<p<l modilasyon indeksi

t
mMp = maks [m(t)| = mu(€) . m
~— —— Mp
peak value normallestirilmis mesayj isareti
bitin Eler igin Ve  [mu(E)| =1
~T=smu(t) =1
VE —Tsmp(e)s1
=SVE O<T+umy(t) <2
=VE T+umu(6)20 modile eden isaret her zaman pozitif
_m(&) _m(®)
AM(© S
5 s/ f---

i 1 olmasii tercih etmiyoruz

0 < u <1 arasinda segilirse
=Vt T+umu(6)>0
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Analog Haberfegme Frekans karigtivic;, DSB-SC, AM modilasyono: giig ve verim

N 3“7)‘:.. ﬂ‘c..[‘! tPAma (.t'):] (_0_5(244,_{-) I

’l'-rl%e- - > Ale)inn 2 Ctrwelw'j :meJ -
\
1 l
- (e)
4 -
" d S

K o) /{

-(td)-

orijinal gizim, s. 6

y(&)nin zarfi (envelope) = m(t)2 — Faz tahminsiz demodilasyon, zarf demodilatsri (Envelop
detector)

mesaj isareti 2arfta gizli

Eder pu>1

2o # m(t)

chK

&
&

Zou e o\@-""-OEJ?Zh =
4—/—! ile Feoget =Tl
\_/ -4
-1- %

orijinal gizim, s. 7
*x EZer n > 1 (Asin modilasyon)

Over modulation

y(&) = A1+ umn(8)] cos(2nfct)
= Ac cos(2mtfet) + uhc mp(€) cos(2fet)

BT TB-CYB-GM
BUyUk tasiyicl

A0) = SE[5(F ) + 5(F+ £2)] + BOE [Malf— ) + Mn(F + £2)]

2Clavde notu: zarf aslinda Ac[1+ wmu(t)] ifadesidir (mesajla orantili dedisir); muhtemelen kastedilen budur.
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Analog Haberfegme Frekans karigtivic;, DSB-SC, AM modilasyono: giig ve verim

7(f)
A2 Acf2

Ma(f)
A, olsun > f
—fc—8 —fc+8 fc—8 fc+8
~fe fe
T f >
-8 0 B BG = 2B Hz
Ornek
Ton modilasyonu = m(€) = c cos(2mfpt), fmn < fc
for u = %, sketch DSB-LC-AM signal g(t)
" y(f)
_ _ _m© _
m(t) = \c/cos(27rfmt) = mp=c = mp(t) = M—P cos(27fyt)
c>0
y(€) = Ac[1+ pmu(6)] cos(2mfct)
= Ac[1+ % cos(2mfmt)] cos(2nfct)
fn <fe = T > T¢
y(&)
/ y(&)nin zarfi m(¢)
R e R e DGR LS - 1+ % cos(27fnt)
N
AT AT AT
0,5 1t 1HIEE LHEH-- — y©®
Acx > ¢
u)7 o= =14 %cos(ZﬂfMt)}
y(&) = Ac[1+ L cos(2mfmt)] cos(2mft)
= Ac cos(2mtf.t) + % cos(27tfyt) cos(2mfE)
= Ac cos(2mft) + % {cos(Zn(fC — fm)t) + cos(2m(fe + fm)t)}
A'C AC
Y(f) = - [8(F—fc) + 8(F+ Fc)] + = [8(F—F) +8(F+ )
+ 6(f—f2) + 5(f+ fz)]
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Analog Haberfegme Frekans karigtivic;, DSB-SC, AM modilasyono: giig ve verim

()

Acf2 Acf2

! R ! 1

> f
-, . -f fe

= e Furd fi=foafn 2= fotfu

BG = 2fm

BT - CYB-6M'nin Giicii

y(€) = Ac[1+ pmu(6)] cos(2nfct)
= Ac cos(2mtfct) + uAc mp(€) cos(27ft)

Taslyic yan bandlar
(carrier) (side bands)

Tasiyiciin gict = Pe = —-

Yan bandin gici = Ps = e P,
1 T/2 2
P, = lim J Imn(6)12 dlt
/2

* my'nin ortalamasi pratikte O o yizden %m,,(t)’nim 9Ucl yaklasik O o yizden iki isaretin
carpimindan gelen katki (a + b)2 = a? + b2 + 2ab gdrmezden gelinir.

Verim =V=_—= = =
(Efficiency) Py Pc+Ps %

\|
\

_ |vL2Pmn
T+ u2Ppm,

Ton modilasyonu — m(€) = c cos(27fpt) = mu(t) = cos(2mfpt)
Prn = 5

= V=

H21 ’2+u2

o1
) u?
1+

N

2

ton modilasyonu verimi V = b
2+ p?

1
H= 1 Vinax = 5 = %33
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Analog Haberfegme Frekans karigtivic;, DSB-SC, AM modilasyono: giig ve verim

Pratikte verim V ~ %25 olur.

Neden yapiyoruz alici ucuzluyor verici pahali oluyor, bdyle herkes alabiliyor aliciyt.

Verim sorabilir

'T Ornek

m(t) = S cos(2mfpt) u= %, Ac =10
y(b) =2 Pc=2 Py=2 V=2

My =5 = mp(t) = cos(2mft)

y(€) = Ac[1+ mu(b)] cos(2nf.E)
= 10[1+ 3 cos(2nfmt)] cos(2nfct)

AZ 102
Pe=—F=—5-=50W
22 1\2 2
HeA (3)°-10¢ 15 100
P = P =-3=-"TF 625w
° 2" 2 2 16
Py = Pc+Ps=5625W
yoPs_ Ps _ 625 _ 625 1
Py Pc+Ps S0+6,25 5625 9
2 1
veya V= e == =l
2+ pu? 2+£ q

Ornek (Proakis)

m(€) = 3 cos(200mt) + sin(600mt) is used to modulate the carrier c(t) = cos(27 - 10°¢). The
modulation Index is u = 0,85. Determine the power in the carrier component and in the

sideband components of the modulated signal.

m(€) = 3 cos(200mt) + sin(600mt)

Max degeri bulmak igin tirev alip O'a esitleriz

m'(t) = =3 - 2007 sin(200mt) + 6007 cos(6007t) = O
6007 sin(200mt) = 6007 cos(600Tt)
sin(2007t) = cos(600mt)
cos(5 — 200mt) = cos(600mt)
= Z_200nt = 600nt
2 =800mt = t= 1200

sinx = cos(% - x)

— 1 _ —
m®|_ , =m(ho) = 36955 = m,
1600

3Claude notu: muhtemelen % (Pm, = % ile garpim) olmali.
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Analog Haberfegme Frekans karigtivic;, DSB-SC, AM modilasyono: giig ve verim

¢
Ma(t) = 3’2225 = 0,118 cos(200mt) + 0,2206 sin(6007t)

P, = 3[0,81182 + 0,272062%] = 0,3661 W

1
Pc = 5
(ot 77 e 1.5
b, = WeAg P = (0,85)< (1)< 0,3661 - 01323 W
2 2
* yaklasik olarak maksimum bulunabilir boyle cos 1 olur veya sin 1 segilebilir
— Ornek Lathi, Pr. 4.3-3
m(t)
I e e T T
VANEVAN
L >

Ac =20, n=0,25

a) Sketch y(¢) =7

b) Pc, Ps, Py, V=72

y(€) = Ac[1+ umu(6)] cos(2nfet)
= 20[1+ 0,25 mu(t)] cos(2mft)
AZ _ 202
0 pe= =" =200w
22
A
PS — PL 2 (5 pmn
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Analog Haberfegme Frekans karigtivic;, DSB-SC, AM modilasyono: giig ve verim

i (6) egim: my(t) = —TO% t+1
: = _4000¢+1
To/2 :
. > ¢
of4 To =103
(I
= 4000¢-3 4
1 2
Pm, = — [mn (6 dt
To J1,
] 1073/2 1073
= J (—4000 ¢t + 1) dlt + J (4000 ¢ - 3)? ot
10— 0 10-3/2
=0,3334 W
2A'2 2 2 2
b, = “TCpMm _ M X 0,3334 = 32,5 W

Py = Pc+Ps =200 +3%75=3375W>

4sekilde ikinci formil el yazisinda m(t) olarak yazilmis; Claude notu: muhtemelen my(£) olmali.
SClaude notu: 200 + 37,5 = 23%7,5 olmali (bir sonraki satirda da 237,5 kullaniliyor).
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