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A Lecture Outline
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* Physical Layers

e Signals
— Analog vs. Digital
— Periodic vs. Non-periodic
— Phase and Frequency

o Composite Signals

o Signal Spectrum and Bandwidth
« Digital Signals

e Analog vs. Digital

e Data Rate Limits

e Transmission Impairment
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& Position of the Physical Layer
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Physical Layer fluginagjdruarvgauasuuuinaas OSI Taainniiin

1) eruaunssu/dvzayaludinaiy 1du dnivaasdauaas uas
2) usnsiianTavdayadu dudalddruuu idun Data Link Layer

Data link layer
Gives services to
Physical layer
Bit-signal Bit-rate
transformation Circuit el
Bit switching | |
synchronization Multiplexing
\ Controls

() Transmission media )
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o) Important Functions

Duties of
physical layer
Bit-signal Bit-rate Bit Multiplexin Circuit
transformation control synchronization p & switching

e Bit-Signal Transformation nsiauafindayalusluuumansaududinany
ANTdaans Ly MsulasFydnsaitaugiugas (0/1) tdu fuaraimaniuiy

e Bit-Rate Control muAuansIATLURBULLRY (AINL5D) vavFeuaunan Taadl
Agugatiduldle ArnuaTaaanuaIusanadIfInaINNAIITAUN

e Bit Synchronization AuaIIMILVINTTURVTaYR Ldu THJuu 1 auuI AN
(Clock) ilununalunisaiu (w3ade) dayalusinany

e Multiplexing Aansudvdasdyaraunivnaaniw aaniiluzdaveaa (Logical
Channel) (WatAulsz&naninlunisdaans

o Circuit Switching danmsas9idunviiianiagsenine Node dla9
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: Signals
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anilscavdudnuav Physical Layer #@a n1saalaudiaya annyauile ldtivinyaiiie
f1usun1sAadnsaauniiaas Inadayancarya sruisatnsiisiusuaasiaagiudayg

- 'Y v 1 P 'Y '
Physical Layer assinunsa Su-svaunsuaadtaagiusiad'le finatiia aunsuavnai?
[y o 1 | 'Y a a 'Y
165unisudasliiaclusduncan dudavnisdagns iy adudae aduna wieeu
1 P % | o a P-4 P o 'Y 1
wd S A IWHA Wudu Twusunil s1Bann1suldauuilavaaswadsenuludasnisdasnsia
deueunan (Signal)

« Analog Signal da &yanafienaanzrona1ifasa dseduiidulallé
FIwuatud nanda nadvuldausssuann A U B grardunnei
Usznaudrasydudaaiiuituiuaiiug Taafinuuanslouadsedutian i
Annuladntng 0

Qs a &

« Digital Signal #a &yananfissdumdulyld srurudrfa (BuaLme
Liddudasvindu 2)
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w22 Analog and Digital Signals
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AsuanV e aati1gdne #u15avinlddvsl Teausgngnisiddaundas (Waveu
13a ANuLdN) avdauaunar Tunuay (Y) audutial Tuwnuuau (X)

Value Value
A A
>
Time Time
a. Analog signal b. Digital signal
RUEULYA

Q/

Aduldléunnnin 2 seduasanin M-ary
WINUA 4 320U — unudauaudnealle 2 46

frndudyauraufInan NUIUIUTTAU
Matatdu 4-ary 1 anyuauni




Suranaree University

R 1«; Periodic and Aperiodic Signals

deuaunanuvaanlaiiu 2 dscsinn laun

- = oA o a = - % =
Periodic Aa fsysyuraundisuuuu nalunsaunaiaei (a1utan — Period) aivfiu Taan
a = = 1
a fayanandaauundasideusduuuau asu 1 sauzanin Cycle

Value

-

W W W

Aperiodic da Fayanainlilsingsduuuiardu Jwdrenainkiansan

Value Value
A A

Time Time

a. Analog signal b. Digital signal
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i.i’.»; Analog Signals

TunisRaasdaya dauldduraivuuu Analog uay Digital nnnTunsdideyeaunan Analog 150
Wnaglddszianiiluarunian (Periodic) &auaunan Analog 9 wiivaan'léaiilu 2 dszian léun

Simple Aa dyanayagruaiia Sinusoidal (Sine Wave) dafinnudiaefi Laisnuisawtisuean
aaniiludaataalédn dugil

Composite da dyanalsenaudiuain daueynen Sinusoidal AfiANuAuarauIALANEIIAY
I DRIEGHIRBIRRA

Amplitude
A

s(t)= Asin(2ft + ¢)
(Peak amplitade ) === ===========~ g

N /A
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gf,,,; Sinusoidal (Sine) Signals

Sinusoidal Signal tfufauanadiauyagiu &usuaisiasgisuuy Analog fiansaustdulag
gatliayd NANITLAIIAIEAIUIRNIAIN T (TANniasnlu v aanAlu) avsil

Amplitude

A
Six periods in1 s —> Irequency = 6 Hz

1s

AWAWAWAWA
\/\/\/\/\/\/“‘“

Perlod =1/6s e s (t) Aa AMNuLlinvagdyaua oL Al t

e Afa AmNuLiugygauavdayauial YnNNJA
guUaA fvaaa (Wiaviag) ARU

- o fAa Anubivadduana (I1UIUVAITALANS
S t — ASIn 27Z|t —|— ¢ tRauaag pattern sajuil)

o ¢@a Phase w3a sinuviolfony au AaGBUGY t
= 0 aavFeuauan (LIa1Ea19av)

A
Y
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g_i) Coffee Break

o

" &rduinatulad®

EsasIfeuanas Sine Afianugs A wiae ldangthenansadi A

Qv

a Ao ~ ; o o 2 2 2
IAaYANA IIARUNUSTEN 1 UUAUENUAIELRNANT X + y = A

TeganAdady nauiun Pythagoras &1#3uAuea1I671U
AIFNLNRRANNUAIN AATUIINANAITU URY AN
M3 LNUNG 1duTatliau Auad X, y usduas A uay 0

x(@)= Acos(8) y(8)= Asin(6)

auuAlii s (8) = y (0 (1) agld O(t) = ot + ¢, @ = 27t

ﬁnﬁfwﬁo ANULduuad Sine Wave e ian t Ta9 fusasuIAUlaNNANNFY Y U
fumdauyuann MNaluvnand@ad A Ny 0 = ot + ¢ uazizan o INANULSITIYY
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Period and Frequency Units

Aminaiul®

ang1l agiudn anud (F) wlswneiu fuaiunan (T) fasunsf=1/T

Equivalent Equivalent

Seconds (s) 1s Hertz (Hz) 1 Hz

Milliseconds (ms) Kilohertz (KHz) 103 Hz

Microseconds (ms)

Megahertz (MHz) 106 Hz

Nanoseconds (ns) Gigahertz (GHz) 10° Hz

Picoseconds (ps) Terahertz (THz) 1012 Hz
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Example (1)

guNG idauanauiiaual T = 100 ms 9ugasaNUANTUANUS
Auluniire KHz (Kilohertz)

r— | o

511

Wiaga1n 1 ms favindu 103 s ¢9tiu 100 ms = 100 x 103 s
wnuan f = 1/T aglan =1/ (100 x 103) = 10 Hz
1fiava1n 1000 Hz = 1 kHz @9ifu 10 Hz = 10 / 1000 Hz

9 f = 102 kHz Ans
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& More about Frequency
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anazraddyanauluns®asns wakasanidsnud &u1se
WAnuI o9l

Q/

e ANudAadnIINITIUAaULLRY (addyauaL) LAauAULIAN

1
al

e NMsLdRauLUasluszaZIRTY N8I ANNAFY
e N5LURaURUAITUTZEZLIRNENT YUEHY ANNAAMN

o dndeuanalifinnsildsunday audfia iy 0 (DC — Direct
Current)

o iNJauanafinnsiddaundasiuiiniule audfialiuaiug
(Infinite)
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&, Phaseof A Signal (I)
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Phase wagduaunan Aa snunuativyu ¢ (radian) au 3aaudu (a1 t = 0) Wsa an
Naully AstRaunasduauan Tunnutal e auwsn (First Cycle)

WATauT N9 ueuan Sinusoidal fne 1nAaUTAET A

V'

Yi Waean 0 () = ot + ¢ &9riu 15anandyn 0 (t)

ot Yo aaniiu sasdiu laun

ot shunisdailuedduuaan (t) uas
¢  GLUUIAIN I Phase uagdauaunau

gogrusatdautduunuy ugadaNuFuNUS 521319
YUAUDIFYUN WY GLUUILTIYN 1aavgl

v

131081631 L a1 t = 0 avAdsgnau ot fe iy 0 sutlu s (t) = A sin (¢) €9
N7l U uaIR N au AaBuGYU AAvindu s (0) =y,
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&, Phase of A Signal (I)
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wihean1sinuag Phase dud rad wia degree 1mafi 2n rad 360°

degree
ansd a. b. way c. AasUduaunas sinusoidal 7ifi phase shift 11 0 90 wa
180 av@n aNaIAU

Amplitude Amplitude Amplitude
A A A

N [ AA
!/ ! \
> ! > ' ' >
U Time 4»‘ U Time J Time
——
<

1/4 cycle 1/2 cycle

o]

a. 0 b. 90 c. 180"

énatinv §1 phase 1@au (shift) 11 1/6 wihwag 1 Ay azfiawindud rad

541 phase = (1/6) * 2rn = 1/3n rad 72 60 av@n AN
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Sine Wave Characteristics

Sinusoidal Signal & xsauanvléddna Time Domain Plot 1aafiasdusenaui
graeylann anurdiu (A) anud (f) uag W& (¢) avmnadng

Amplitude A=5 f=4 ¢=0
A s() =5sin (2rnd ¢+ 0) I

g /AN YA YA
\_/ \_/IS \_/ \/ Time

A

Amplitude

A s(H) =5 sin 2n2t+ ©/2)

™\ .

1s

A5f2¢m’2|

A
Y
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&% Frequency Domain Plots (1)

f9unm31 Time Domain Plot ua&asnisil@suudasanudinvasdygnaiiausy
AU geilavAisenau 3 dsenns laua anutdin aud wag twa (Phase)

WaanAudidaulunisiiigua wae Stansdaana satandasdaano
LaenAuluae Frequency Domain Plot @vgil

e2a£/1v Freguency Domain Plot zavdayaas Sinusoidal ina1ué6199 Au

Time Frequency
domain domain
A
5 5
* e e )ﬁ ,—
1s >l It 0 Frequency

a. A signal with frequency 0
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& Frequency Domain Plots (1)
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Gt IYURAILANIY AULEN AauAY @1 NE Windavn1suaavadAlsznau i
ATUAIU EADILANLAULRAY LWE tAauduaIudce (Linanaeludiuil)
A

>
Time 8 Frequency

ls

I
I
I
>
Lo |

A

b. A signal with frequency 8

b

16 Frequency

c. A signal with frequency 16
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g_";; Simple vs. Composite Signals
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ludnunis&aans Simple Signal ‘Lifidseiaminnniin tiasannussazdnans
1atiae (ag'lsmaznasuag Simple Signal?)

masadaudasdnwasuasdeuauna Sinusoidal Wugiu naraqdauao
NAANUNAAIIAU U (UIN) AU NRANDTN LAaNIN

Composite Signal s(t)=> Asin(2Aft+g)

NA15ILAI1EU Fourier Composite Signal shunsauga'lalae

1.  &eueyen Sine wave 7Afiaudsieg Aulu Time Domain
2. #lofidfu Delta (5) an amAuAG199 Fulu Frequency Domain




Suranaree University

Jr'?-;“;, Composite Signal Example

s s naule

fating Composite Signal tdavau'laun aRUuiLUREN W98 Square Wave
(limysdusuAudeauauau Digital) 9enszanaaunsu Fourier laaadl

A
A

T 2T 37T Time

s(t) = HAsin 2t + *sin 27(3 It + i 27(5F )t +...
7T

T T
4A

(sm ot + 1sm 3wt +— 1 sin 5wt +. ]
T 3 5
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Frequency Components

s(t) = HAsin 2t + *2sin 27(3F )t + i 27(5F )t +...
7T 7T 7T

Fundamental Frequency (/) finua 44/
Harmonics Frequencies (217 + 1) fliaua 44/[(2n+ Dn], n=1 ... ©

Amplitude _
A 1 Fundamental + 2 Harmonics

A
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Fourier Series up to nt™ Harmonics

§111a9AUsZNa LA NANILIAAY B9F1UIUNIUTATINNAYNLE HAFWET
TaAagtinlnddauananduarivunawiniu (Converge)

s(t)= 4 in 24t + sin 27(3F )t +Hsin 27(5f 1t
7T

Time
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&  Frequency Spectrum

Asadunaduaalu Frequency Domain Taa&ad Aud Lagseaua
aadaaradAlsznay (3anin Frequency Spectrum aaddaanaiiy

I

f 3f 5f 1f 9f 117 131 nf

a. Frequency spectrum of a square wave

|| .

f 3f S5f

b. Frequency spectrum of an approximation with only three harmonics
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& Solving a Fourier Expansion
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nA153LATgk Composite Signal sen1snsyanaaunsu Fourier tilaniaINug
yag1u (Fundamental Frequency) uagmud Harmonics w&ndg laaail

s(t) = %ao + i(an cos(nayt)+D, sin(na,t))
n=1

9/

da o, =24, =27/T Taafiduilszand Fourier Auialégoil

—I cos(neyt)dt  (n=>0)

—I sin(no,t)dt  (n>1)
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A5  Transmission Medium
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lun1s&aans daueurar Composite azdvrudINa19 (Ldu aetinduanas 3a
a1nNd) dasnalvaazlssianaziinauguiiguanataiuly

AENTRYaIfINa1y duiusAumud na1fa dIna19ana d9KIU LRE
UIIANUD LAY aanau ra An ANUDNLIARE

fonu dayara975u ldviar1a61usugavdIinarvara luauysal 12y ifady
A 1UANUFAA NG IAR I Aua 1145121332 L lasuda Qa8 it illa uAiy
HUNWA L6

@ Transmission medium > r\ur\u >

Input signal Output signal
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Bandwidth

Amplitude
A

Bandwidth
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Aafidauadaud dudrnatveanliniuly'le drulalsiann
NRATITERINIANUAFIFA UALAFHA ILTLAUNAIINURAANAURY LAiLAUNINTY

0.5-A ()< A (F)< A (f)

1000

Bandwidth = 5000 - 1000 = 4000 Hz

50

00

>
Frequency
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Bandwidth and Signal Spectrum
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s s naule

71 Bandwidth aaddanae luganadasdy Signal Spectrum aziinn1sAatRaunal
Jeyaunaunenusu (Distortion) enatvidu Tuilaqiiu felifidinarvniale Ma1usa
gonuaudladivaliug svtluddedeuauran Square luaudinarvagiia Error taua

AWA
v UV

Output signal

I I l LA N *
f 3f 5f 1f 9f 111 13f nf

Frequency spectrum of a square wave

_______

Alating Signal Spectrum uad&avnwaatise1iing 300 — 3300 Hz (Waea = 3000 Hz) én
Un&erusIna1enil Bandwidth 2000 Hz (500 — 2500 Hz) agziiie Error (Distortion)
4u wamNuRaLNauiiantaaunn uligusatantLazaNNUane1g 16
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& Examples
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Example 3 adayaunainuuaiu Periodic uanaanleiilu Sinusoidal Waves
5 aud leiwa 100 300 500 700 uag 900 Hz u’r Bandwidth uasdeyaunal
HavinAuvinlea wagaeda Spectrum  &UuAININNG ANNANTTAUF UM

LinAy 10V
m BW= f,— ;=900 - 100 = 800 Hz
Spectrum # Spike 5 wviv 9 100 300 500 700 way 900 Hz

Amplitude
A

Rl | | | | |
>

100 300 500 700 900 Frequency
LBandwidth =900 — 100 = 800 Hz»l
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Example 4 d1daanafl Bandwidth 20 Hz LLavmmaaoammnu 60 Hz

aommmamam 9716 Spectrum aaddeyanauil drdauenandlsenavdne
Adu Sine AmNuddiTwIULdNMIbE Aflauawindy

B - osw-c0-20- 40k

Spectrum 1 Spike 21 uviv AnnudLduniie

-
40 41 42 58 59 60 Frequency
B Bandwidth = 60 — 40 = 20 Hz »‘
;=40 Hz

f, =60 Hz
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Example 5 d&ayayunraudl Spectrum agTunivszning 1000 Hz uag 2000 Hz

(& Bandwidth = 1000 Hz) uay ddnatadvsiiuaINd Tudiesening 3000
Hz uay 4000 Hz Jeuaunautiazainuainaiy'lanialil

1316 twszaviiin Bandwidth agtvinfiu weNdaaavavaug
FYUININUaN LLRZAINKRTY Ludiauiudu aegd

Amplitude
A

Suranaree University
of Technology

Examples

Signal Medium

>

1000 2000 3000 4000 Frequency
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A Conclusions
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* Physical Layers

e Signals
— Analog vs. Digital
— Periodic vs. Non-periodic
— Phase and Frequency

o Composite Signals

o Signal Spectrum and Bandwidth
« Digital Signals

e Analog vs. Digital

e Data Rate Limits

e Transmission Impairment
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