GTU - Elektronit Miihendicligi

Analog Haberfegme

Agr modiilasyonu, Carson kural, tek tonlu FM/PM

Orijinal not: Ders12.pdf

UYARL Bu belge, el yazisi ders notlarindan Claude (Anthropic) yardimiyla dijitale aktarilmistir.
Yardimcl kaynak olarak hazirlanmistir; hata veya eksik igerebilir. LUtfen orijinal notlar 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.

Agr modiilasyonv

6(6)
y(t) = Accos (2mfet + $(8))

< kpym(t) F2ZM PM

\

¢
27'[ka m(t)dt FRM
—00

1 do(t) 1 dd(®)
0= gt Tt 2nae

\

t
o(6) = 24 f(t) dr

BG = 0o (Teorik)

Carson kural)

(A1 modilasyonunun efektif BG)

BG{m(E)} = B Hz
SO\pN\O\ orani Af

BG = 2B(B + 1) Hz, & z

EM(FRW)  F(€) = fc + kem(€) — AF = kemp,  mp = max [m(¢)]

PM(FZM)  F(E) = f + % m(t)

k
— Af= le;m;,, n/lJ’D = max [m(6)]
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Analog Haberfegme Agi modiilasyon, Carson kural,, tek tonlu FM/PM

Ad = max [P (6)|
kpkp < = Af< — B<1 = BG=2B  NBFM /NBPM
kpkp > — AfF>— B>1 = BG=2AFf  WBFWM / WBPM

Ornek
m(t) = acos(2mfyt)
c(t) = Ac cos(2mf.t)

P

AffB
() = kpm(t) = kp acos(2mft) = B cos(27fpt)
B
M

b(t) = 271ka m(t)dt = 27[ka a cos(27fp,T) dT

| asin(2mfmt)  kfa
= 2mky It T sin(27fyt)
p

= B sin(27mfpt)

- Ac cos (2mfct + B cos(2mfmt)) P
: Ac cos (ZthCt +B sim(27rfmt)) W

Saf siniicoidal i¢aretin agi modilasyonv

m(t) = acos(27tfmt) = yem(t) = Ac cos (27fct + B sin(2mnfut)),

_ kf~ a
p= £
m(€) = asin(27fmt) = Yom(€) = Ac cos (2nfet + B sin(2mfmt)),

§(E) = A, f(2fettBsinmfnt) = g gi2mfet | B sin(2rfnt)
G C

x(€)
y(€) = Re{g(6)}
. . m .
x(&) = olB sin(27tfmt) — Z Xn ol 2mnfmt
Tm:% ile periyodiktir 77
Xy = LJ’ x(£) e J2fmt e
Tm TM
1 JT'” IB SN(2iEmt) | —j2mnfmt gy
TM o
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Analog Haberfegme Agi modiilasyon, Carson kural,, tek tonlu FM/PM

2nfpt = o = de = 2‘::
m
12" L ino dox
= Bsin(x)  g—jnoc 2
[turuncu gizgilerle Ty, ve fy terimleri sadelestirilmis]
2
R T
27 0
1 27 . .
Xp = ZIT[JO e}(ﬁsmoc—mx) doc = Ja(B)

analitik olarak hesaplayamayiz, numerik olarak hesaplanir

Bessel function of the st kind and nth order
(n. mertebeden 1. tir Bessel fonk.)

o)

xO)= Y Iu(B)ent

n=—o0

g(f) = A, ej27rfct Z JM(E‘) ej27'met

(0,9]

GO = A Y Tn(p) Sl 2ernimd]

n=—oo reel

oo
y(€) = Re{§(6)} = Ac —Z In(B) - cos (2m(fe + nfuw)t)

y(€) = Ac cos (2mfet + B sin(2mfyt))
+00

= Ac Z Jn(B) cos (2m(fe + nfum)t)

n=-—00

Becsel fonkeiyonunu incefeyelim

J-n(B) = (=1)"In(B)
[T_n (Bl = |Tn(B)I

Lathi (Proakis, s176, Fig 4.4 benzeri)
— sekil oradan
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Analog Haberfegme Agi modiilasyon, Carson kural,, tek tonlu FM/PM

dn (_0)

T
o8,

S
. ot - L@:‘)
UL ) ¥ t t } r—t — * >
/10.” —YII*J”.—" —‘_}4'71 -1 2 9 4 5 6 '?_F‘ 540
-0,
orijinal gizim, s. 3
n>PB+1icin In(B) <
1Y) )

1”T I‘“’r o

fromnta (/@Hn H@ fet Nm
=™
FL-QJ" (—u-l;..a-,

orijinal gizim, s. 3

(A

~

fe — nfm fe fe + nfy

A~

BG = 2nfy,
=2+ Dfm, BGM()}=Ffn=8
= 2(B +1)8=28(B +1)

Agl modilasyonu lineer degildir.
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Analog Haberfegme

Agi modiilasyon, Carson kural,, tek tonlu FM/PM

= Ornek
(Proakis)

c(t) = 10 cos(2nfct), m(t) = cos(207E)
FM with k¢ = 50

selected to contain 49 % of the modulated signal power.

Find the expression for the modulated signal and determine how many harmonics should be

(k) = 27'ckam(T) dt = égif sin(207tt)

= %SW\(ZOTEO

y(&) = Ac cos (2mfet + $(E))
y(&) = 10 cos (27fct + S sin(2mfyt) )
N—_———

b(6)
Lt
Ac =10, =l —/ 1=
‘ B 10

y(€) = 10 cos ( 2mf b + Ssin(207t) )

6(6)

A2 | ;

= Py = =50 watt (%100)
+00

y(&) = Ac > Jn(B)cos (2m(fe + nfm)e)

n=—o00
+00

=10 Y Ja(S)cos (2n(fe + n-10)E)
n=—0o0

Acz +00 2
py= Ee S 32p)
S0W (%100)"==°

+00
< Y BE)=
n=—00

k
= > J2(B) = 0,99
n=—k
~—~—
k tane harmonik
k
J5(5)+ 2> JA(s)= 0,44

n=1
Sayfa 126, Tablo 41e gore

bu sart k = 6 igin saglaniyor
99% of the power is within fe—6-10

the frequencies fc = k-10 — fy,

B gerektigi = 2 x 6 x 10 = 120 Hz
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Analog Haberfegme Agi modiilasyon, Carson kural,, tek tonlu FM/PM

2B+ 1BV

Ac Ac

3.(5) |2 aa(s (—=5)

n n(S) > n(S) )
0 -0,1?8 — -0,%9
1 -0,328 — -1,64
2 0,047 — 0,235
3 0,365 — 1,825
4 0,391 — 1,955
S 0,261 — 1,305
6 0,131 — 0,655

A~ 1Mee)]
Ar 1,992 mAhed
2
/L 4/%3 '\“ls b
AN 416‘f ,1\ 1/6"( N1, e (l'
1. 1305
o, & 8, %
! ¥ 8,55
1 T

0 ( A P Y Prito [ eerrofB £ P ) €T L 60 ¢
?

\//ﬂ/_\%

orijinal gizim, s. 5

BG = 120 Hz

Mesaji gbnderirken Band pass filtreden gegirip yollanabilir.
Bu bant genisliginde bir IF kullanilabilir.

1= Ornek
Lathi, Or. 5.2.6

m(€) = sin(2000mt)

ke =100000, k, =10

a) Estimate BWs of yem(t) and yom (€)

b) Repeat part (o) if the message signal amplitude is doubled

o frequency is

d) Comment on the sensitivity of FM and P BWs to the spectrum (@amplitude) of m(¢)

m(t) = sin (2mogo t), B=1000 Hz
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Analog Haberfegme

Agi modiilasyon, Carson kural,, tek tonlu FM/PM

) FM: Af=ke-mp — AF=100 kHz

mp = max [m(6)| = 1

AF
L B=5=100

— BG=2B(p+1)=202 ktHz

/(P /
PMW:  Af = Zlﬁ-mp

I’VI/:

p

Af = E X 20007 = 10 kHz
27

BGp

6:5: 1 kHz 7™
m=28(B+1) =22 kHz

b) m(£) = 2 sin(2m- 1000 ¢)
WM mp =2 — Af=kemp = 200 kHz
_Af_ 200 kHz _

— BGgm = 2B(B +1) = 402 kHz

k1,10

! _ —
P I’VIP—-4OOO7T — Affﬂ‘mp»£40007'c

=20 kHz

IR B:%fzzo = BGom = 28(p + 1) = 42 kHz

d) iki modilasyonun da bant genisligi genlige gok duyarlidir

9)

P I’VI}/) = max [m(t)| = max |27t 2000 cos(2t 2000 €)| = 40007
k
— Af= 211;-/1/”/3 = ;% . 40007 = 20 kHz
Af 20k
= —=—— = = +
B z o 10 — BGem = 2B(p + 1)

m(t) = sin (27 2000 t) = B=2kHz

FM: mp =1 — AF = kemp = 100 kHz

= BG& =28 +1) =204 kHz
M 2’((5% )

=22k x (10 +1) = 44 ktHz

d) frekans modilasyonu frekansa gok duyarli degdil ama PM modilasyonu gok duyarlidir.
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Analog Haberfegme Agi modiilasyon, Carson kural,, tek tonlu FM/PM
— Ornek

Lathi Ex SQ
An angle modulated signal with carrier frequency f. = 10 Hz is described by the equation

yem(t) = 10 cos [27[1066 +55in(3000¢) + 10 sin(20007t)]

[Turuncu/kalem notlar: yem: exponential modulation (angle modulation); 10: A.; 2710°: f;
S sin(3000¢) + 10 sin(20007t): $(L); tim argiman: O(); f = 2999; £, = 20007 = i
BG{m ()} = TkHz2]

o) Find the power of the modulated signal

b) Find the max frequency deviation Af

o) " the deviation ratio

d) 7 the max phase deviation Ad

e) Estimate the BW of ygm(€)

Af = max |F;(€) = fl

2
a) Py = % = 50 watt
_ 1 de(t) 1 do(8)
" T 1 o e

1 .
= Af = o max[d(6)|

1
AF= — max ‘5 X 3000 cos(3000¢)
27 —_————
=1
+10 x 2000ncos(2000m€)’
i S g
=1

1
Af 5~ [15000 + 20000m] = 12388 Hz

Af 12388
9B = B 1kHz
lp m(€)
b(6) = { veua
27tkam(T) dt

= 5sin(3000t) +10sin(20007¢)
f=2999~422,5 Hz f2=1000

= BG=f =1kHz

d) Ad = max|d(¢)]
= max |Ssin(3000¢) +10 sin(2000mt) | = 15 rad
1 =1

) BG=2B(B+1)=2 Tkx (12,388 +1) = 26,8 kHz

Haftaya 17’de quiz
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Analog Haberfegme Agi modiilasyon, Carson kural,, tek tonlu FM/PM

Periyodik mesaj isaretinin agr modilasyonv

y(€) = Ac cos (2mfet + d(8))

= kp m(t) P
= 271ka m(t)dt FM

m(t) Tm= % periyodik = ¢(€6) Ty = % ile periyodik

9(8) = AP OO y(t) = Re{y(6)}
x(8)

x(t) = ejd)(t) - c ol 2mnfmt
; ICV(IG‘;IZC”

Cn ¥ L J eJd’(t) .e‘jzﬂ”fmt dt
T o~

x(€)

+00
9(6) = A - e]27’rfct Z leal e}'[(27‘rnfmt)+4cn]

n=—00

X(f):g)‘b(t)

y(6) = Re{§(O}

+00
y(6) = Ac Z lenl cos (2m(fe + nfm)t + Zey)

n=—o0

+00
=T Z (Cm|2
n=—00
Ornek
| Lathi, Ex 5.3
-4
()
Lt a5 W(&)

v
r

IR
-Jg«&\/\

5 karsl 1
komsu  2.10-4/4
0\) BWFM =7 @V\/p(\/\ =7
if ke =10°, kp = Smt
b) Repeat a) if the amplitude of m(¢) is doubled

orijinal gizim, s. 9

= 20000
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Analog Haberfegme Agi modiilasyon, Carson kural,, tek tonlu FM/PM

Q) Repeat a) if m(€) is time expanded by a factor of 2, ie, the period of m(¢) is 4-10~% s

1
w=2-10"%s —>fM=Tl:5{<Hz

m
chi A 3,7 n tek
0 n cift

— n=3ise 3. harmonik %11 of the fundamental (Ffn) — glce katkisi %1,21
n=>5 S. harmonik %4 of the fundamental (fy) — %0,16

yani: 3. harmonik birincinin %11%;
le3|2 = 0,0121]¢42 (= 1. harmonigin %1,21)

Efektif BG'ni n = 3. harmonik belirler
B=3fy =15 kHz

@) FM: Af = k¢ mp = 100 000 x 1= 100 kHz
_Af 100k _

100
= BGew = 2B(B +1) = 2- 15{<(f + 1) = 230 kHz

k
PII: Af = 21};%’3, m), = max [im(E)] = 20 000

Af SO
=>Aff£x20000 SO kHz — B—;—E

50
BGom = 2B(p +1) = 2 x 15!<(E + 1)
=130 kHz

D) FM m, =2 — AF=200 kHz = BGew = 28(B + 1)

- 2(2%6 ! 185)

=430 kHz

P m = 40000 — Af=100 kHz = BGpw = 2(Af + B)
= 230 kHz

Bant genisligi iki katina gkt
1
OTm=4-10"%s = fu=— = 2,5 kHz
Tm

BG[QF( =B = 3fM = "7,5 kHz

EWV: Af = kg - mp = 100 kH2
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Analog Haberfegme Agi modiilasyon, Carson kural,, tek tonlu FM/PM

PM:Af:ki-m'
2 P

My, = max [m(t)| = 10000

Af=A§%-TOOOO==25kH2

B8 =2(Af+ B) = 65 ki
= Som (25 ?,5) e

PM bant genisligi yariya indi, frekans yarya inince

FM 2amandaki genislige pek duyarli degil
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