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Yok Arapopewon IMAdtoug - ASK

« ASK Amplitude Shift Keying
« BASK Binary ASK
« MASK M/ary ASK



Yok Arapopewon IMAdtoug (ASK)

Ztn Swapopewon ASK to mAdtog Tov @épovtog petammda (switched) petagd dvo
(1) TEPLOGOTEPWV) ETUTESWV, AVAAOYA PE TNV Pn@Lakn TAnpo@opia mov BeAovpe
VO LETASWOOVLE.

ZUYKeKpLUEVQL:
* T bit=1otéAvoupe enti xpovo T to onua A cos w .t
* T bit =0 otéAvoupe emti xpovo T to undeév
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I'ia Binary ASK (BASK, ovopdaletal emtiong ON-OFF Keying (O0K) ), to ymela 1 kat
0 avtimpoowTtevovtal atnd dVo enineda MAdToug 4, kat A, N A kot -A.


http://en.wikipedia.org/wiki/Amplitude-shift_keying
http://en.wikipedia.org/wiki/Amplitude-shift_keying

MaOnpatikn) meptypagr) BASK
INpa dStapop@wpevo kata BASK:

s(t) = m(t)Acosw,.t 0<t <Tomovm(t) ={0,1}xaL 7T n Sdpkela Tov bit.

2
loxvels(t) = \/%cos w;t 0<t<T,omovE =PTnevépyela kaL P = A?n LoXVG evog bit.
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(a) Avadiko onua eloodov, (b) Alapop@wpévo katda BASK onua



ddaopa onuatos Stapop@wpévou kata BASK

O Fourier tov onuatog s(t) eivaw: S(f) = g[M(f —f) +M(f+ fo)l, omov f, = w. /21
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(a) Avadiko onua elcddov (b) Pdopa onjuatog eloo6dov (¢) Paoua SLaKPLTOV CTUATOS
Stapoppwuévou kata BASK (SumAng mAgvpikng {(wvng DSB pe popéa)

Mapatnpovpe dtin BASK anaitel StmAdoio e0pog {wvng o€ oxEoN LE TO ApPXLKO GT .



MaOnpatikn meptypopn MASK

Ajcosw.t, 0<t<T
0, aAdoV

0omov A; = A[2i— (M — 1)]ywi=01,..M -1k M > 4

Awapopewon ASK M emmédwv (MASK):  s;(¢) = {

Binary 0 of 0o 1/ 1 of 1 1
sequence Awapdép@won 4-ASK
1
| ! : » Time (a) Avadikn eloodog
0
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\LYAVAY > Tme  xotd 4-ASK




daocpatikn TukvoTnTa LoyLog orjpatog MASK

daopatikr mukvotnTa Loxvog (Power Spectral Density - PSD) [f, ouxvotnta @épovtog]:

sinm (f—fc)mT2 sinm (f+fc)mT2
l n(f—fomT ] +[ n(f+fomT ]

P —KT
(f) = M

omov T 1 Stapkela Tov bit, m To MAN00¢ Twv bits/symbol. [oxvet M = 2™

0

Kovovixomomuéim @eopatiaj Muxvomre loyios  {dB)

T


http://en.wikipedia.org/wiki/Power_spectral_density

dacpatikn anodoon onpuatog MASK

Paopatikiy Amodoon (Q)
_R_RslogzM_1 M = m bit .
== R = log, M = m bits/s/Hz
* m  TAnBo¢ bits/symbol [loyvet M = 2™]
* R PLOUOG HETAPOPES SESOUEVWV
« W  amattoVpevo e0pog (wvng

~
A

pLOUOG peTddoons cuUBOAWY

[Mapatnpovpe adEnom ¢ eacuatikng amodoons (Q) pe v avénomn Twv opado-
TomUEVWYV bits ava cuporo (m).



PuOpog epgdviong Aabwv og Stapopewon MASK

0 puBudg AMYmg AavBaopévwv cupBOAwY Pg cuvaptioel Tov Adyou E;, /N, Sivetal

oTo:

I?S ==

M-1 3log, M E,
v e MZ—1'N,

'OTov:

* Ejp 1 eAdlOTI ATALTOVUEVT] EVEPYELA GTUATOG TNV £0080 TOU §EKTN 0N
SLApKELX EVOG bit yia TV emitevén cvykekpLUEVOL pLOUOV GPAAUATWY,
Tapovoia 0opUPoV EACUATIKNG TTUKVATNTAS LoXV0G N,

* efrc 1 oCUUTTANPWUATLKY) CUVAPTNON - T
AdBovug (Error function): il /’/F

/

erfc(x) =1—erf(x)
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http://en.wikipedia.org/wiki/Error_function

PuOpog epavions Aabwv oe Stapoppwon MASK

H mBavotta eppdviong Aavbacpueévwy bits (Bit Error Rate - BER) (Pp) slvau:
~log, M

Pg

I'a Svadkn Stapdppwon (M=2), éxovue Pg = Pg

H amodoon oxvog twv ASK eival oxetikd xounAn kot mapovotdlovv HeydAn evaiobnoia otig
aTEAELEG TOV KavaAloV. TIpaktika xpnoipomoteital pdvo n BASK.

B oevdrTo spgivion g AnvBoopsveoy cupfoley

E/N_(dB)


http://en.wikipedia.org/wiki/Bit_error_rate

’
Aoxnon 1
Xpnowomoleitatn uéBodog ASK yla ™ petadoon dedopévwv pe puBuo 28,8 kbps o€ éva
TNAEPWVIKO KAVAAL pe eVpog (wvngs amo 300 £wg 3.400 Hz.
() [I6oeg KATAOTAGELS CUUPBOAWY ATIALTOVVTAL YLt VA ETILTEVYOEL U TOG 0 pLOUDG;

(B) Motog Ba Tav 0 ATALTOVHEVOS PLOUOG KATACTAGEWY GUUBOAWV av 1) (w1 SLEAEVOTG
TOV KAVaALOU ekTevoTav amd ta 0 éws ta 3.100 Hz kat xpnowpomotovvtatl M-adkn
onuatodocia Bacikng (wvng;

(v) Hota eivat n BewpnTikn xwpnTikoTTa TOL cvotiuatos ASK av S/N=33 dB;

Andvtnon:

(a) H xwpntwdmta tov kavarioV ASK Siédevong (wvng, elvatl €5 = B log,M.
Omorte:

28.800 = (3.400- 300)log,M =M = 626,1

N M = 1024 KataoTACELS, TIOV £(val 1) TIANOLEGTEPT SUVAUN TOV 2.

[Mapatipnon: OuunBeite 0t ot petadoon Paoikng (wvng LoxVeL: Cpasepana = 2B log,M




Aoxnon 1

(B) T to lwodVvapo Bacikng {wVnG EXOVUE:
28.800 = 2x3.100 log,M

ato TNV omola mpokvmtel M = 25,021 M = 32 KaTtaoTAoELS IOV elval 1) TANGLECTEPT
SUvaun tov 2.

(Y) E@apupolovtag to Bewpnua Shannon-Hartley £xovpe:
C = Blog,(1+S/N)
Kol Aapuavoue:

C = (3.400 - 300) log,(1 + 1033) = 33,996 kbps

Inueiwon: To Bewpnua Shannon-Hartley toyvel T060 yia kavaAia Baoikng (wvng 060 Kol yla
wvng StEdevone. Kavovikd, Tpémel va auEAveTal 0 aplbuog Twv KATAOTACEWY CUUPOAWY,
AAAG OTtwG Ba Sovpe otn pEBodo QPSK, autod Sev ovvemayetal amapaltnTa 0TL TO TALKO
E,/N,6a mpémnel va vrtoPLfactel og oUykplomn pe ™ (evgn Baoikng {wvng.



[Tapaywyn onuatog BASK

1. Mé0odog piAtpapiopatog StEAevong {wvng [SUoKOAN KaTaokeL]

2. Mé0Bobog @uitpapiopatog Baoikng {mvng

DATpAPLOU TOV PMPLAKOV CTIUATOG ELGOSOV e Eva QIATPO HoP@OTIOINoNG
TOAUWY (VU WUEVOU CUVNULTOVOV), WOTE VA TIEPLOPLOTEL TO EVPOG LWV G KAl VX
mapoaxBel 1 akoAovBia Sedopévwv Pacikng {wvng.

[ToAAaTAAGLAOUOG EPOVTOG PE TNV akoAovBia Sedopuévwy Baotkng (wvng, LETW
Hiog ypap kg SLoop@wong TTaAAUWV.

UL

= BN
, ..‘__._,.-l‘_\
Eicodog ’E€080g ASK
SdeSopévwv ®iAtpo
Hop@oToinong
TIOALLGOV j) cos{omt)

Alapop@wtng BASK


http://en.wikipedia.org/wiki/Raised-cosine_filter

AMym onuatog BASK

0 6éxtng ASK (aAAd kat FSK, PSK) «Stafale» to Stapopewpévo onpa kat kabe T sec
«amo@aocile» av oto avtiotolyo Stdkotnua édafe 11 0.

1. AcVUp@wvn aviyvevon (non-coherent detection)

H mAnpo@opia mov petadidetal pe tnv ASK petagépetal otnyv mepiBdAiovoa (envelope) tov
Stapop@wuévov onuatod. ‘Etol ta Sedopéva pmopolv va aviyvevBouv Xp1oLUOTIOLWVTAS EVOV
aviyveut (@wpat)) epiaiiovoags (envelope detector).

YAomoinon: xprion pag §tédov mov Acttovpyel wg avopOBwTNGS Kat evog @iAtpov eEopdAvvong.
ZT1G VPMAEG TIHEG Exoupe 1 Kal oTig YaunAeg 0.

SN
.-r._.r"
i m 15 _r} d Aocvpewvog amodiapop@wtic BASK
Cinkat

SS%

pmamrTm

¢ AMAOTNTA KATAOKELNG, 0AAQ KOl LELWUEVT] LKOVOTNTA SLAXWPLOLOV TOU OT)LATOS ATIO TOV
Bopufo.


http://en.wikipedia.org/wiki/Envelope_detector

AMym onuatog BASK

2. XOp@wvn aviyvevon (coherent detection)

'Evag oup@wvog aviyveutng (coherent detector) avaptyviet To LloEPXOLEVO OTO SEKTN
SLtPOPPWHEVO o SESOUEVWY E EVa PEPOV aVaPOPAS, To oTolo Snuovpyel ToTkd
ETIIAEYOVTAG T1) CLUVIOTWOA SLAPOPAS ATIO TNV £§080 TOL UIKT.

'E€od0¢ pikm: a(t). cos(w,t) .cos(w.t + 6) = %a(t). cos 6 + %a(t). cos(Qw,t + 0)

* Edv o Tomkog popéag elvat cOp@wvos o€ @aon (6 = 0°) pe To eloepxOUEVO oMU,
TOTE M ££080G ElVAL AVAAOYT) TOU ELCEPXOLEVOU OTUATOG KAl EXOVUE TEAELX aviyvevom.

« Av 6O =90° tote cos(8) = 0, apan €€0606 lval undév.

N

i H_ B ZOp@wvogs amodiapopwti¢ BASK
T

a(t).cos(w,t)

)
cos(w .t + 6)
['la To «kAeSwpa» w¢ pog TN @don (6 = 0°) Tov ToTKOU TAAAVTWTN 0TO SEKTT LE AUTOV

TOU TIOUTIOV XpNOLHoToLElTaL 1) TeEXVIKT Bpdxou kKAEWSwpéEVNS @aon¢ (phase-locked loop - PLL).
16



http://en.wikipedia.org/wiki/Phase-locked_loop
http://en.wikipedia.org/wiki/Phase-locked_loop
http://en.wikipedia.org/wiki/Phase-locked_loop

ZUuykplon peTad Zuopewvnc & Acupewvne Aviyvevong ASK

MBavémTa eppavions Aavlacpévwv cupBoAwv (Py):

*  ZUpewvn aviyvevon (COH-ASK)

1
1 Ep 10
Pc. ==-erfc —
s =3 f</2N0> . NONCASK

0

n
-y
=

B
—
2 10
o
niPT
T COHASK
& 4o
, , o 10
* AcOppwvn aviyvevon (NONC-ASK) g
Z 10
Ep B
1 - E
Ps=-le 4No+e‘r'fc< ﬁ)] 10 10 20
0 Eb/No (dB)

[Tapatnpovpe 6TLT CUUPEWVT AViXVELOT) EXEL LEYOXAVTEPT avToxT| oTtov BOpufo.
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Aoxnon 2

'Evag cOpu@wvogs amodtapop@wtis ASK €xel amokAion 5° 6TO TOTIKA TTAPAYOUEVO (PEPOV
ava@opdg. [owa etvat 1 vtofad o Tov TpoKaAEiTAL TNV avoxn} 6To B0pU0 TOL CUGTIUATOG, OE
OUYKPLOT] PE Evav LOAVIKO ATOSLAUOPPWTY);

Amdvmmon:

*  EZautiag TOU 6(AANATOG (PAGTG TOV (PEPOVTOG, 1) TAOMN £E080V TOV UIKTN TTOV XPTN|CLUOTIOLE(TOL
Yyl TN oUYKpPLoT TOU eloep)Opevou cupfoAov a(t) cos w,t e To oo avagopdgs cos(w .t +
59), B pelwBel katd tov Tapdyovta cos(5°), Ao T HEYLOTT TLUT TOV.

*  AvutO pe ™ OEPA TOV LOOSVVAUEL LE PEIWOT) TNG EVEPYELAS TWV GUUBOAWV TTOV PTAVOLV OTNV
el0060 Tov 8¢kt katd cos?(5°) = 0,9924 (1 evépyela Twv GLUPBOAWVY Elvatl avaAoyn NG
o006 el TN Stépketa Tov cLPPBOAOL 1) AAALWG (oM pe TV Taon? emi tn SLdpKeLx TOV
ouvuBoArov).

*  Otovviotwoes Tov Bopufou Tov TTEPVOVV ATO TOV UIKTN EMNPEALOVTL ETILOTG ATIO TO CPAALLN
@aong. Emedn opwg ta Stavdopata tov BopVov katavépovtal Tuxaio amo 0° €wg 360°, To
OPAAL DA LELWOEL KATIOLEG CLVIOTWOES BopPUPoL Kol Ba avinoel KATTOLEG AAAEG, LE GUVOALKO
QTOTEAEGUA TN SLATI|PNOT) TNG LEOTG TAOTG TOL BopUov 6TV £€£060 TOU UIKTN OTA (Slo
emimeda.

* 'Etol, povo 1 evépyela twv cupoAwv Ba emnpeacTel Ao TO GEAALX @A S KAL OXLT) LOXVG
Tov BopUov. AuTO onuAlveL OTL TO TINALKO TNG EVEPYOU AAUBAVOUEVNG EVEPYELXS GUULOAWY
TPOG TNV TIUKVOTNTA Loy VoGS Tov BopUfou Ba pewwbdel katd évav apdayovta 1 / cos?(5°) =

1,0076 1 xata 0,0033 dB w¢ AmOTEAEGUA TOV UT)-UNSEVIKOU OQAAUATOS (PAONG.



Awxypappata AGTEPLOUOV

To Sudypappa actepiopov (constellation diagram) eivat pia avamapaoTaoTt Twy
KATAOTACEWY GUUBOAWY WG TPOG TAATOG KAL T1) PAGT] TOL SLAUOPPWUEVOV PEPOVTOG.

0 oplovTLog dEovag Bewpeltal wg ava@opa Kol TTEPLypA@eL cUUBOAX TIOV Elval O€ @AC
LLE TOV POPEN COSw L.

0 KaTaKdpLEYOG AEOVAG AVTITIPOCWTEVEL TOV 0PHOYWVIKT) CUVICTWOX Sinw t.

21 Svadikn Stapopewon ASK (M=2), umtdpyouv Hovo §U0 KATAGTACELS YLX ATIELKOVLOT
oTo Slaypappa acteplopo, ot a(t) = 0 kat a(t) = A cosw,t.

Ztnv oktadikn Stapdp@won ASK (M=8), utapxouV OKTW KATAGTAGELS 6TO SLAYPAUHX
aotePLopoV petadl Twv a(t) = 0 kat a(t) = A cosw,t.

- sesssnne
0 cos{wct) 0 cos(oct)

Aaypappa acteplopoV ASK (a) Avadikng kat (B) Oktadkng Stapdpewong ASK


http://en.wikipedia.org/wiki/Constellation_diagram

Aoxnon 3

Noa oxebldoete To Staypappa actePLopoV yia oktadikn Stapop@won ASK pe StmoAiko
SLHOPEWVWV oM KAt PEPoV NG Lop@nS (cosw.t + 45°).

[Tota Ba etvat 1 £€£0806G EVOG AGUUP®WVOL ATIOSLALOPPWTN YL AUTT T SLAUOPPWoN;

Andvtnon:

Ze eva SLaypappa aotepLopov ta cUUPBoAa pe @don (cosw t + 0°)
oxedldlovtal otov 0pl{OVTIO Afova, EVw Ta CUUBOAN e Ao °

(cosw.t +90?) oxedialovtal oTov Katakopu@o agova. Emeldn °

TNV MEPITTWON TG doknong elvat (cosw,t + 45%), onuaivel 6Tl y cost@ct)
Tta ovpPora Ba Bplokovtal oe pla ypoauun pe yovia 45° wg mpog o

ToVv 0pLlOVTLO GEova. ¢

sin(mct) ®

H SimoAikn @Von S1apdp@won Tov SLapop@®VoVToS OTILATOG EL0OS0V OTUAIVEL OTL T
TAG TN TwV cVUPOAWY ™G ASK Ba €xouv TOG0 BeTIKEG OGO KAl apvNTIKES TIUES. 'Eva mAATOG
LLE APV TIKN TLUTY) OTUALVEL ATIAG OTLT PACT) TOU (PEPOVTOG AVTIOTPEPETAL YL T CUUB0AN
aUTA, ONA. ep@avifeTal 6To AVTIBETO TETAPTNUOPLO TOV SLAYPAUUATOG.

'Eva SumoAko onpoa ASK Sev pmopet va aviyveuBel IKavoTomTIKA ot VoV aviXVEUTN
mepLBdArovoag, emeldn avutog Sev pmopel va AdBeL vTOYPT TNV AVAGTPOPT] PACTG TOV
@épovTtoc. Emopuévwg, 0Aa ta cUpoAa pe apvnTikd TAGTOoG Oa aviyvevbolv AavBaopueva wg
Ta avTtioTolyo OETIKA TOVG.



Aoxnon 4

‘Eva oxtadikd cvotnua Stapop@wong ASK exmeéumnetl o€ éva KavaAt pe puduo 2.400 baud.
[Tolo elval To eVPoG {WVNG IOV KATAAAUPAVETAL ATIO TO SLAHOPPWUEVO O, BEWPWVTAG OTL
TO OTUA QIATPAPETAL ATIO Eva LOAVIKO 0pBoywvio @IATpo; Av xpnoiuomoinBel piAtpo
vPwuévou cuvnuitovov pe a = 0,5 oo Ba eivat ToTe To KatadapBavouevo evpog (wvng;

Andvtnon:

['a éva kavdAl Baotkng (wvng, o puBuos twv 2.400 baud cuvvemdyetal Eva EAGXLOTO
eVpog {wvn¢ (oo ue 2.400 /2 Hz = 1.200 Hz. H Stapdpewon ASK amattel StmAdoio
gVPog {wvng, agov 1 Stadikaoio TG Stapdpwong Snuovpyel aAvw Kot KATw (WVES,
avtiypa@a tov onuatos Bacikng (wvng. 'Etol, to katadapfavopevo vpog (wvng eival
2.400 Hz.

EvoAAaxTikd pmopoupe va XpNoIHOTIOMGOVUE TOV TUTO Cpanapass = B log,M 6Tov
M = 8koain xwpntikdétnTa eivat 2.400 x 3 bps. 'Etolmpokuntet B = 2.400 Hz.

['a éva @idtpo vPwpévou ocuvnuitovou pe @ = 0,5 To amattovpevo eVPog (WVNG
av&dvetal kata évav ocuvtedeot (1 + a). Autd elval aAnBeg yla onpatodooia faoikng
(wvng kol StEdevons (wvne. 'Etol, To véo katadaufavopevo e0pog {wvng eival

2400x (1+0,5) = 3.600Hz



Aoxknon 5

‘Eva c0p@wvo, Suadikd cvotnua dStapopewong ASK supavilel o@daipa @daong (oo
ue 25° oto avaktnuevo onua @epovtog. [lota Oa elval n emi Tolg ekaTo peiwon
OTNV TAOT TWV GVULOAWVY €000V TTOU SIVEL O HIKTNG AVLXYVEVTNG KL TTOGO TIPETEL
va avu&EnBel n evépyela Twv eloEPXOUEVWY OCVUBOAWY WO TE va avTiotaduicel tnv
ATWAELX AOY®W TOV CQOAALATOG OTO (PEPOV;

Andvmon:

* Htaomn €€660vV TOL UIKTN TTOV XPNCLUOTIOLEITAL YL VX CUYKPLVEL TO
gloepyopevo cvpforo a(t) cosw, .t pe v avagopa cos(w t + 25°) Ba petwbel
Katd Evav ovvtedeotn cos(25°) 1 oto 90,6% NG HEYLOTNG TIUNG TOV, OOV
QTIOTEAECUA TOV OPAAUATOG PAOTG TOV (POPEQL.

* AvUTO UE TN CELPA TOV AVTLOTOLXEL O€ Pelwon NG evEPYELXG cLUPOAOL OTNV
£l0060 TOv §EKTN KATA évav cuvTeAEoTn (00 pe cos?(25°) = 0,821 0,85 dB.
(H evépyela ouuorwv eivatl avaroyn g LoxVog €Tl To U1iKog Tov cVUOA0L 1)
LLE TNV TAOM? €T( TO UNKOG TOL GLUBOAOV).



Aoxnon 6

‘Eva modem Svadikng dtapop@wong ASK xypnowpomolel acOp@wvn aviyvevon. (a)
Me Baomn TIg KaUTUAEG TTILIOAVOTN TS ELPAVIOTG ECPAALEVWV bit va TTpoodloploeTe
TNV TIUN TIOV TIPETEL VI €XEL 0 AOYOG Ef /Ny, wote va emitevxBel mBavotnta
o@dApatog pkpodtepn amd 1 wpog 102, (B) Mowx sivat 1 toodVvaun amddoomn evdg
OLVOTHUATOG CVUPWVNG SLapop@wong ASK yL avtiv tnv Ty tov Adyov E, /Ny;

Andvmon:

(a) Mia mbavotnta oarpatog 1 mpog 102 amattel Evav Adyo E;, /N, mepimov (oo
ue 12 dB.

(B) H toodVvaun anddoon BER ywa E, /Ny = 12 dB sival mepimov ton pe 1 mpog
10°.



Aoxnon 7

ZXESLAOTE TO SLAYPAUUA AOTEPLOUOV Vi pia Stapopewon ASK tecodpwv
ETUTES WV XPNOLUOTIOLWVTAG EVA (PEPOV TN G LOPPNG Sinw,t, OTAV 1) E(0050G TOV
SLapopPWTN lvat:

() €va HOVOTIOALKO OO TECCAP WYV ETLTTES WV
(B) €va SLTTOALKG oA TECCAPWYV ETLTTES WV

Anévtnon:
[Tapaxkdtw @aivovtal o Ataypappoato AcTEpLOUOD, YIX TA OUATA:
sin(wct) sin(met)
™
™ [ ]
¢ »
.
cos{mct) ® cos(wet)
e

() LovoTIOALKO 4 ETITIES WV (B) SumoAkd onua 4 eMITES WV



Aoxnon 8

Mia (e0En Yn@Lakng amooToANG PWVNGS ATALTEL TTIOAVOTNTH EUPAVIONG
eo@aALEVWYV bits Oyl xelpotepn amo 1 mpog 103. Ao ta oxetikd Staypappata BER
ylo T mepimtwon M-adiknc uebddov dtapudppwong ASL, Tola TpEMeL va elval 1
TIPOCEYYLOTIKY) TIUN Tov AdYyov Ej, /Ny av nf ASK elval dvadikn) kat av eivat 16-

adikKn;

Andvmon:

Mia mBavotnta o@aiuatos 1 mpog 102 amaitel évav Adyo E;, /N, mepimov (oo pe 7
dB yla dvadkn Stapopewon kot 21 dB yia 16-adikn ASK.



Aoxnon 9

M pébodog dtapoppwong 8-ASK xpnotpomoletl @iAtpa pilag vpwpévou
OUVTULTOVOV 0TOV TToUTO Kol To Sk, e a=0,33. [Toto elvat To €0pog {wvng oV
QATULTEITAL WOTE Vo VTTOoTNPLYOel pLOUOGS SeSopévwy 64 Kbps;

Andvmon:

H ywpntikémta evog {wvoditaatol kKavaAlov divetal amd tn oxéon:

C = (Blog,M) /(1 + a)

'EtoL 64.000 = (B x log,8) / (1,33), amo6 tnv omoia exovpe B = 28,373 kHz



