Transmission of Analog Signal



AHanor 4oxuo AamMmKyynan

Aryynra:

e AHanor 6I'6I',£I,I'II/II?II' dHaN0l AOXUOHA XyBUPIrax apryys
— AryypurmmH moaynsau,
— JlaBTaMXUNH MmoAayAsL,

— ®a3bIH moaynau

* TOOH ererannMnr aHanor AOXMOHA XyBUPrax apryya,
— Aryypur conmx moaynad,
— [laBTam»K cConnx moaynau
— ®a3 conux moaynau,
— Aryypwur 6a ¢a3 conmx moaynsd,



Oreranunr AOXMOHA, XyBUprax

Orerpen Adoxuo Apra
TooH AHanor Moaynauy,
AHanor AHanor Moaynau




fAaraag moaynau XMUX X3parTam B3?

Frequency translation : loxuor agamKyynaxblH Tyna AaBTaMKUNH
H3I XA3raapaac eep XA3raapT XyBUpraHa.

Practical size of antenna : Moaynau Hb Ham JaBTaM*KTau
baseband poxuor eHaep AaBTaMKTaM AOXMOHA XyBMPracHaap
aHTEeHHaap Aamunx bonomton bandpass 4OXMOHA XyBUPHA.

Narrowbanding : Ham 60n10H eHA6p AaBTaMXKTan JOXNOHYYA
HOITraraaXK AaM*XUraaHa

20Hz, 20KHz => 1MHZ poxnoroop 3eexen :
10%+2020*%103+10° => 0.019

Multiplexing : Moaynau XMnx Hb ONOH AABTAMMXUUT HATTPYYNAX
6onomkTom 60sHO



TOOH ereraen — AHanor Ao0xXuo

* TOOH erera/IMr aHanor Jam»<Kyynax opyHoop
NAaMMKYY/THa

ﬂ Digital/analog % ﬂ [\
T modulation # >

M>303321371 azyyican mooH UMbRYIACUUZ 30024 OOXUOHDI
b HI2 NAPAMEMPUZ OOPUUINHC AHATL02 O0OXUOHO
XY8UP2AHA.



TOOH ereraen — AHanor 4o0xXmo




Toon ezez20nuiiz ananoz 00Xuono xXyeupzax mooyaausblH apzyyo

Digital/analog
modulation

ASK FSK PSK

- A2yypue conux mooynay

- Jlasmamic conux mooynay

- a3 conux mooynay

- Apyypue ba a3 conux mooynauy



30024 0oxuo

* AHO0102 0amIHCYYIIbIH Yeo HaM OABMAMMHCUILH
00XUO02 OHOOD 0ABMAMMHCUUH 0OXUO200D 300HO.

* IHI 00XUO02 3002Y 00XUO 04 3002Y OABGMAMIHC 2IIHC
HIPIIH).

o Toon m309911UH2 AHAI02 OamHCyy/iaap
0amaHcyynaxoaa 30024 00XuUoHbl azyypuz,
0a8MaAMIHC, (hazvie OOPUUTIIHC MOOYIAUAIHA.



Bit rate 6a Baud rate

Bit rate — 1 cexyrno 0sx oumuiin moo (bps)

Baud rate — 1 cexyno 03x 0oxuonsi H322cutin moo
00peep X105 1 cekyHO 03X OOXUOHDI
anemenmutin moo (baud per sec)

Bit rate = Baud rate * nae snemenmso xapeanzax
OUMUUH MO0

Bit rate >= Baud rate



Relationship Data rate (bit rate)=>
Signal rate (baud rate)

For digital transmition:Signal element
S=N*1/r [baud]
N-data rate [bps]
r-number of data elements
For analod transmition: r=log”2L

L-type of signal element



Example 1: An analog signal carries 4 bits per signal
element. If 1000 signal elements are sent per second,find
the bit rate.

Solution: r=4, S=1000, N="
S=N*1/r=>N=S*r=1000*4=4000bps
Example 2:

An analog signal has a bit rate of 8000 bps and a baud
rate of 1000 baud. How many data elements are carried
by each signal element? How many signal elements do
we need?

Solution:

S =1000, N =8000, and r and L are unknown. We find
first the value of r and

then the value of L.
S=Nx1/r => r=N/S=8000/1000=8bits/baud
r=1og"2L => [=2"r=2"8=256



Azyypuz conux mooynsauy (ASK)

M>30332 unIpxuiiicIn mooHn uyeaanvl 6OPUIOTIMUUH XYYaUAD
30024 X103/ TUUH A2YYPUZHIZ 0OPUTIOXUIHZ XITIHI.

S(baud)=N(bps)

Amplitude
A

Bit rate: 5 Baud rate: 5

1 bit 1 bit 1 bit 1 bit 1 bit
1 1

1 baud

1 baud 1 baud 1 baud




ACM ooxuomnbst 3ypeacvin op2oH

Amplitude
A

Minimum bandwidth = M 4,4

(f ’f]""?rbauu:l/2 Cfc': + Nbaudf2>

Bandwidth = (1+d)* S
S — Mooynauwvin xypo
d- s value between 0 and 1

A




Example 1 ASK xuiracaH aoxmoHbl 3ypeacbkiH epreH 3000 My, 6on
baud rate 6a bit rate-bir on.

ASK : Buad rate = Bandwidth = 5000 buad/s
Buad rate = Bit rate = 5000 bps

Example2
We have an available bandwidth of 100 kHz which spans from 200
to 300 kHz. What are the carrier frequency and the bit rate if we
modulated our data by using ASK with d =I?
Solution
The middle of the bandwidth is located at 250 kHz. This means that
our carrier frequency can be at fc =250 kHz. We can use the
formula for bandwidth to find the bit rate (with d =1 and r =1).

B =(l +d) x S=2 *N *1/r =2 *N =100 kHz =» N =50 kbps



Huw3s  Full-duplex gamxyynnbiH ropumTon TooH aoxuor ASK
Xnmxaa 3ypsacbiH epreH 10,000 My, (1000 to 11,000 )

b6ancaH 6on o4ymx ypcran 6010H byuax ypcrasabiH 3eery
AaBTaMXUNT TOAOPXOWUAN.

Full-duplex ASK-bIH yeg, H3r YnrnannmH 3ypsacbiH 6preHx
BW = 10000 / 2 = 5000 Iy,

3eery gasTamMm)k Hb 3ypBaCbliH 6PreHUM Xaract COHroraoHo
f.(ounx) =1000+5000/2 =3500 Iy
f. (6yuax) = 11000 — 5000/2 = 8500 I'y

Amplitude
A

f;-(backward) frj:(forward)

1000 3500 6000 8500 11,000

Frequency
>




Jlasemamoc conux mooynay (FSK)

M30332 unapxulisicdH MOOH Uy8aaHbl 66p4Y161mulH
Xyynuap 3ee24 xanb3na3auliH 0dasmamiculic eep4ynexutie

Amplitu .gasmamic conux mooynay esHa.S(baud)=N(bps)

Bit rate: 5 Baud rate: 5

1 bit 1 bit 1 bit 1 bit 1 bit

Time

1 baud i 1 baud i 1 baud i 1 baud i 1 baud




Jlasmamorc conux mooynay




l 3ypar 5.7 FSK-maii 0oxuonwt 3ypeacvin opzon

Amplitude

BW = £, — fo+ Maud

Nyaud/ 2 Iy — Iy NMyaud/ 2

Lo 4 Frequency

Bandwidth = (f, — f,,) + Buad rate
f,— I’
fo— 0’



Binary FSK (BFSK)

Binary FSK (or BFSK) is to consider two carrier frequencies f1 and
f2. We use the first carrier if the data element is 0; we use the
second if the data element is 1. Normally the carrier frequencies
are very high, and the difference between them is very small.

r=1 S=N B=(1+d)S+2Af

B=S(1+d)+2Af
e

et

S(l+d)| 31+ d)
f1 2
20f

N




Bandwidth for BFSK

J10XUOHbI 36624 0AB8MAMM Hb 368XOH 3H2UUH
CUHYcoUO 0oxuoz2 macpanmeyu yYpeaaxusncoH
HUUM31 00XUOHYYO 60s120H Xysupaaxoaa
oasmami He f1=>f2 xoopoHO
eepynec00ee. 1328371 3H3 X0EpP 0asmamucUlH
XOOPOHOOX 3ypB8ACLIH 6P26H Hb 0apaax
MOMBEO0200P Us3PXUlnaco03H3.

B=(I+d)*S+2Af



Example

We have an available bandwidth of 100 kHz
which spans from 200 to 300 kHz. What should
be the carrier frequency and the bit rate if we
modulated our data by using FSK with d =17

Solution

The midpoint of the band is at 250 kHz. We
choose 2Af to be 50 kHz; this means

B=(1+d)xS+2Af=100 =» 2S =50 kHz
S=25 kbaud, N=25 kbps



a3 conux mooynay (PSK)

M50332 Un3pxulsiC3H MOOH UyB8adaHbl
eepyYs16/MUUH Xyyauap 3eeay
X3716371371UUH ha3bie eepynexule a3

CO/TUX MOOYAU 23HA.
2-PSK, 4-PSK, 8-PSK, 16-PSK ...

— 0 gpazmau odoxuoz 0 6umaap unapxuunban asbie
180 epadycaap apayymxk, 1 bumuuz unaasaHa. Haax
OUMUUH yp2arKnax XyeauyaaHbl Mmypuwuo OOXUOHbI
a3 moammori, 0 ba 1 bumuuH mersieemad.

— [daemamxuuH H32 moammosi ymeaac Hezaeed
WIUIDKUX eepyrieimuuH yed 368XeH Hd32 bumuuH
eepyriesim xuuza0dae y4qup PSK-H yed 600 xypo ba
bum xypo0 maHuyy bauHa.



Binary PSK (BPSK) — 2 myswunm ¢a3z conux mooynau
S(baud)=N(bps)

Amplitude
A
Bit rate: 5 Baud rate: 5
1 bit 1 bit 1 bit 1 bit 1 bit

0 : 1 : 1 ! 0 ; 1

1 baud E 1 baud E 1 baud E 1 baud E 1 baud

- 1ls ";!

‘1’ yeo s(t) = Acos(2xf t+ )
‘0’ yeo s(t) = Acos(2af.t)

Bit Phase
0 0 : v
1 180

Bits Constellation diagram



The bandwidth for BPSK

The bandwidth is the same as that for binary
ASK, but less than that for BFSK. No bandwidth
is wasted for separating two carrier signals.

r=1 S=N B=(1+d)S

A Bandwidth
- .




Amplitude

A

1 baud i 1 baud

2 bits
01

4-PSK — 4 myswiunm ¢haz conux mooynay,

Bit rate: 10

2 bits
10

HHHHHHHH
VUVVUVUVTVUY

Baud rate: 5
2 bits 2 bits
10 ! 11

1 baud E 1 baud

Time
1

1 baud
- te 00 s(t) = A cos(2xf.t)
01 : s(t) = Acos(2zf_t + 90)
Dibit Phase 01 10 : s(t) = Acos(2af.t + 180)
¢ 11 @ s(t) = Acos(2zft + 270)
00 0
o1 90 OpooH gnarpamaac xapaxapg
10 ® ® 00 doasbiH 0 rpaayceir 00 6utaap
10 180 UN3PXUNNAX3A M anb Y Tan
11 270 pyyraa 90 rpagyc aprax yea n
- 1'1 CbavaIH eepYnenT
(2 bits) Constellation diagram XUArasHa./Aneut/ 272=4



8-PSK — 8 myeuwiunm ¢paz conux mooynsay

Tribit Phase
000 0
001 45
010 90
011 135
100 180
101 225
110 270
111 315

Tribits
(3 bits)

010
®
011 001
100 ® ® 000
101 111
@
110

Constellation diagram

OH3 da3biH 0 cbastan goxmor 000 buTasp

* 8 pa3biH WUAHUAMMAU  wnaepxuitnk, 0-aac 90 rpaayc, 90-135

@a3bIH Wunxcuam 45°

rpagycT oasblH 66epYNenT XUUraaX ar Tap
XOMX33HUM Xyralaa eHrepcHUn gapaa
270, 315 rpagycT dpaszaa eepunsHe.
[Tpnbut/ 2"3=8



PSK doxuonwl 3ypeacein epzon

Amplitude
A
Minimum bandwidth = M ,, 4
< g
mllllllll |||||||
>
1,
( j’“frl:)aud/2 ( c Nbaud/2>

Bandwidth_. = Baud rate = Bit Rate

min



Wuwsas Half-duplex pamxyynnbiH roppmton ®CM fOXMOHbI ereraen
Aamxyynax xypa 2000 bps. 3ypBacblH 6PreHnnr on.

1 baud =1 bit
®CM poxunoHbl xysba: Baud rate = Bandwidth = 2000 'y

HMuwazs 16-OCM goxmoHbl ereraceH 3ypsacbiH epreH 5000 My,
6on erergMnH xypa 6a moaynaubiH XypAbir TOOL00/.

®CM pgoxmnoHbl xysba: Baud rate = Bandwidth = 5000 'y,

16-®CM yepn Har 4OXMOHbI anemeHT (baud) Hb 4 6UTI3P
nnapunnargsx Tyn : Bit rate = 20,000



Azyypuz 6a @a3z conux mooynay (QAM)

M30332 un3pxulisfic3H MOOH UyB8aaHbl 66pYN6aAMUUH Xyyauap
30024 X3/16371371UlH a2yypue ba ¢asbie eepynex mooynayuulea
X3/1H3.

baza ¢a3biH WUAXUAMI3P Unyy eHoep xypomau e2e201utie
0amMKyysHa.

KAM Hb ACM 6a ®CM x0épbiH H3203/133C YYCHA.

4-KAM, 8-KAM, 16-KAM, 32-KAM, 64-KAM, 128-KAM, 256-KAM

A
011
o1 .®00 010
\\ // .
~ | .- 101 001
> . . 2 & @ To—
100 000
- Rt ®
10 ® ®11 110
111
4-QAM 8-QAM

1 amplitude, 4 phases 2 amplitudes, 4 phases



8-KAM cuznanvin Xy2auaanvt Ouazpamm

Amplitude

A

3 bits

101

|

3 bits
100

A

Bit rate: 24
3 bits

001

A

3 bits
010

3 bits
000

!

!

vV

V

Baud rate: 8

3 bits

011

A

3 bits
110

3 bits

|

111

|

1 baud . 1 baud | 1 baud | 1 baud | 1 baud

!

!

1 baud | 1 baud

V

1 baud

»

1ls

>]

Time



Constellation Diagram

A constellation diagram can help us define the
amplitude and phase of a signal element,
particularly when we are dealing with multilevel
ASK, PSK, or QAM (see next section). In a
constellation diagram, a signal element type is
represented as a dot. The bit or combination of
bits it can carry is often written next to it.The
diagram has two axes. The horizontal X axis is
related to the in-phase carrier; the vertical Y axis
is related to the quadrature carrier.



16-KAM ooxuonwt azyypuz oa ghazvin 00punoImuilH xamaapai

3 amplitudes, 12 phases 4 amplitudes, 8 phases 2 amplitudes, 8 phases
® @
® ® @ @ : :
\ ! 1
A rL o & @ o ¢ o
\\ \\ ;r ’I \\ 1 ’/ N /,
I
.‘r \. \\ ;,0 ,.’ ’. ‘\ ll ,‘ ‘\ I //.
=~ ~ ’ =" ~ 1 ’ ~ [
= -..‘_.\"”"r/‘_," \\|’/ S0,
Pl ®--@ = -- S - - S - O0--9----J----0---®
o ® . v @ " @ ‘ .
,I, I,.t \‘. \\\ ,4. : ‘\ ,. i .\
L ~ ~
,/’ I,.r \\ \\\ @ ‘ ® ., I \.
I
. o O o ' |
¢ é



Bit rate / Baud rate

Modulation Units Bits/Baud Baud rate RBa::::e
ASK, FSK, 2-PSK Bit 1 S N
4-PSK, 4-QAM Dibit 2 S 2N
8-PSK, 8-QAM Tribit 3 S 3N
16-QAM Quadbit 4 S 4N
32-QAM Pentabit 5 S oN
64-QAM Hexabit 6 S 6N
128-QAM Septabit 7 S /N
256-QAM Octabit 8 S 8N




Toon 620201uiiz ananoz 0amxicyyannaap 0amxicyyaiax

« MODEM : Modulator + DEModulator
* ToOH ererIMir aHajaor JamMmXyyssiaap JaMXKyyJaHa
« ACM, JICM, ®CM, KAM ammurnana
* Yyxay napamerp :
- Jlamxyymisin xypa(baud rate, bit rate)

- 3ypBachbIH 6PIreH
( Ayy = 3000Hz, Orernen = 2400Hz)




/Kuwsa  TonprmniiH 8 UarT dasbiH ©6PUYNSATUNT AYPCINCIH
erergen agamxyynax xypa Ho 4800 bps 60n moaynaubiH
xypa 6a 3ypBacblH O6PreHNNT TOOL,0O0.

da3biH Xa3anAaT 8 U3rasp AypcnaracaH yump 8-OCM 6onHo.
MMM33C OHUIMWUH Xa3auaT Hb 45°,

1 baud = 3 bits
Baud rate = 4800/ 3 =1600 baud
Baud rate = Bandwidth = 1600 Iy,



Kuwsza 72,000 bps xyparan TooH ereranunir 64-KAM-aap
aHa/Ior JOXMOHA, XyBMpracaH 60n 3ypBacbiH 6PreHUMNr
TOOL,00/1.

64-KAM 0OXMOHbI HAMK CUTHAbIH 3N1E€MEHTI, AaMKUX OUT
log, 64 =6
DH/A33C,
Baud rate = 72000 / 6 = 12000 baud/s
Baud rate = Bandwidth = 12000 Hz



AHanor = aHanor



AHanor moaynau

M>30332 unIpxXuiiicIH HaAm OAGMAMIACUIH MACPATTMZY U
OOXUOHDBL XYYIUApP OHOOD 0ABMAMMCHAU 30024 OOXUOHDI
anb HIZ napamempuiz 00puUIexXun2 Ananoz mooyaiay 2an).

ﬂ Analog/analog
/\/\/\ conversion ﬂ

AHanor ererpen AHanor ooxumo



AHanor ererg/iIuiH aHaNor 4OXNOHA,
XyBUprax moaynsbiH apryya,

 Amplitude Modulation (AM)
* Frequency Modulation (FM)

 Phase Modulation (PM)



A2yypuauiiH mooynay (AM)

Modulating signal (audio)

M>30332 unapxunicin Ham
oasmamacmail macpaaimayu

L\

N,

Carrier frequency

[

OOXUOHDBL XYYJIUAD OHOOD
0aBMaAMMCMAil 30024
O0OXUOHDBL A2YYPUSUTZ

00PUI0X MOOYAAUUUZ XITIH).

T

\} 3062y doxuo

\} ModynsaunazdcaH doxuo



Azyypuzuitn mooynay Xuiu203x CuHyc 00OXuoHbvl HoOOU0o

* Mooynay xutiedsx ooxuo : €.(t) = Ecos(2xf 1)
* 30024 doxuo : e,(t) = E.cos(2zft + ¢.)
* Mooynaynazocau ooxuo : S(t) = (E, + E,cos2xf t)cos2af t

* Mooynaywvin unoexc 6yroy ‘m’napamemp :
E...=E.+E., E..=E.—E, 29691
m= (Emax o Emin) / (Emax + Emin) = Em/Ec
s(t) = E. (1 + mcos2xft) cos2xf.t

M<1l yeo 366 mooyrsauLIA20CAH OOXUO
m=1 yeo E.=E, 6oromocum maxcumym mooynay

M>1 yeo  yHOCOH 0oxXUO02 CIP2IIX OOTOMIUHCSYU



AM 0oxuomnvt 0a8mamx#cuitn cneKkmp

AM Ooxuonwvl dasmamdicuilh Cnekmp :
s(t) = E. (1 + mcos2zft) cos2zf.t
= E, cos2zf t + m E, cos2zf t cos2zf.t
= E. cos2af t + m/2 E_ cos2z(f, — f )t +
+ m/2 E.cos2a(f, + f )t

E

o

(m/2)E, [ (m/2)E

||




AM ooxuonvt 0aemamcCcuili cnekmp

AKuwrr: IMI 'y oaemamorc, 10B azyypuemaii 30624 00Xuo Ho
M20332 unspxuuacan IKIu oaemamorc, 68 azyypuemaii
00XUO200P MOOYIIAUNACOCAH 2382]1 MOOVIAUAACOCAH OOXUOHDL
0aAB8MAaAMICUUH CNEKMDP 0a MOOYIISIUbIH UHOEKCUl2 OJl.

m=E,/E, =6/10 =06 <1

10B
f, = 106+5*10% = 1005KTy
f =106 -5%103 =995 KTy 3B 3B

A=0.6*10/2 =3B

995 1000 1005



AM ooxuonwt 3ypeacwvin opzon

BW = bandwidth of the modulating signal (audio)
BW, = total bandwidth (radio)

[.= frequency of the carrier

Amplitude
A

||||||"“|||||I| .

Frequency

BW BW

’4 m m
[ -

BW, = 2 x BW

O

m

AM-mal 00XUOHbI 3ypB8acskIH 6p2eHuUU2 YHOCIH OOXUOHbI
3ypB8acbiH ep2eHUl2 X0Ep OaXUH ascHAAp MoouHo.
Bandwidth = 2 x Bandwidth

audio



AM 3ypeacwvin xysaapunanm

f. = carrier frequency of the station
2 le 2
A

>

530 |_(_,...| 1700
kHz 10 kHz

kHz



AM 0oxuonwvt uaoavin moouoo

o  AM 30024 doxuonwvl uadan uryeamoin 3copeyyusn (R)-sop
MOOYO0T0200HO

P.=E2/2R

o Xaowcyyeuiln 0asmamaic 033p .

Pe = (ME,/2)? /2R =P_.m? /4

* Huiim yaoan = P_ (1 + 2(m?/4)) = P, (1 + m?/2)



AHanor moaynaubiH apryya

 Amplitude Modulation (AM)
* Frequency Modulation (FM)

 Phase Modulation (PM)



Jasmamorcuiin mooynay (FM)

Amplitude

Modulating signal (audio) »
V\ M30332 un3pxuiiicin

~ T e Ham 0a6MamHcman

macpaamzyi 00XuoHbwl

Am}jiimde Carrier frequency xyyﬂuap OHOOP
0a8MAaAMI*CMai 30024
- 00XUOHDI
0A8MAMMCUNZ OOPUTIOX

Amplitude MOOYIAYUUZ XITIHI.

A FM signal

AR A T m [\

IVAVA'S
ALY,




Jlasmamorcuitn mooynay
* Mooynay xutiedsx ooxuo : €.(1) b xyevcax 3062u
oasmamoicuile auueaand

o Jlasmamoicuiin 00pusoNm Hb OABMAMICULIH XA3AUTMbIH
koaghpuyuenm ‘k’(I'ylB)-ooc wyyo xamaapanmaii, ke (t)

* Mooynaunazocan 00OXuonvl a2uiut 3yYpPblH OA8MAMHC
1:i(t) = 1:c + Kk em(t)
* Mooynaunazocan 0oxuo :
e (t) = E,, cos2xaf t ,
f.(t) = f. + ke (t) =f. + KE cos2zf _t
=f.+ Af cos2af _t
* Mooynayvin unoexc ff = Af/ f,
s(t) = E, cos (2xft + p sin2zf _t)



JIM ooxuonul 3ypeacvin opzon

o JIM ooxuo no : T+t f.+ 2 oasmamoicyyowie acyynna

* JIM ooxuonwl 3ypsacwin epeer : Bey, = 2 (1+ f)B

JIM 0oxuo no AM ooxuonooc ux 3ypeacvin 6p2oH
wmaapoazoana



Jlasmamorcuitn mooynaymaii 00XuOHbL 3yPBACHIH OP2OH

Amplitude
A BW,, = bandwidth of the modulating signal (audio)
BW, =total bandwidth (radio)
f,. = frequency of the carrier

HHHHHH”” "””"””"H ,.
! f. . Frequency
! 5BW,, 5BW,, !

~ -t g

| BW,=10 xBW, :

< S

Jlasmamorcuiin mooynaumaii 00XuoHbsl 3yPeACHIH OP2OHUIZ YHOCIH

0OXUOHDBI 3YpP6acCsblH opzenuiiz apae OaxXuH aecHaap moouHo.
Bandwidth = 10 x Bandwidth,;,



FM 3ypeacwein xyeaapunanm

f = carrier frequency of the station

88
MHz

£, £ £ T £
A A A A A
No No No
station station cee station
here here here
-]

200
kHz

Op26eH 3ypeacbiH cmepeo 00XUOHbI 3ypP8aCbIH
ep2eHuUl2 npakmukm 15Ky eaxc y3032. FM
cmaHuyyoao 150kly 3ypsacsiH ep2eHuUU2
3e8We6poe..

108
MHz



JIM 0oxuoHbl 4ao16lH MOOUOO

*  A2yypue mocmmon yuup uaodan YHOCIH OOXUOHbI
yaoaimau moHyyy oauna

P=A2/2

* YHnocan ooxuonwvt acyypue A, Hb 0agmamarc uxcox’0
eepunioImayu

o JIM 00oxuornbl 0amicyyanviH 4aoail Hb 3YPBACHIH OP2OH
UXCIX20 bazacHa.



AHanor moaynaubiH apryya

 Amplitude Modulation (AM)
* Frequency Modulation (FM)

 Phase Modulation (PM)



Da3zvin mooynay (PM)

Amplitude

Modulating signal (audio)
V\ _ MD»30332 unapxuiiicon

S~ Tme HAM 0A6MAaAMMCMail

Amplitude | macpaaimayi 00XuoHbl
A Carrier frequency
Xyyauap eHoop
0a8mMamIICmail 30024
OOXUOHDI
0ABMAMMCUNLZ 0OPUTIOX
FM signal MOOYIAYUU2 XIIH).

TATVAWANATS
UUuuuuuuuuk}\}U UUm

* ModynaynazaocaH doxuo : s(t) = Ac cos [(w_t + p(t)]

Time

Amplitude

Y

* ModynaybiH uHoeKc n, 2363 : (t) = n, m(t)



Da3vin MoOOyaAUMAU OOXUOHBL 3YPBACHIH OP2OH

Bpv = 2(1 + f)B

bk -

- i.u
fo

The actual bandwidth is difficult to determine exactly, but it can be
shown empirically that it is several times that of the analog signal.
Although, the formula shows the same bandwidth for FM and PM,

the value of f is lower in the case of PM (around 1 for narrowband
and 3 for wideband).

0



AHxaapan TaBbcaHA baapnanaa



