Puoiko ETTitredo
(Physical Layer)

KaAwolakd cuoTnuaTa

Aounuevn KaAwoiwaon
(Structure cabling)

Aiktua YmroA. | - TTIAAA



Source Node Destination Node

Application | Encapsulation and De-encapsulation Application

To
y Fresentation Presentation
@U GlKO . ; ) Application Data ) i
Y 4 |[ Session ] Session
Enineoo :
Segments
Transport DATA || DATA DATA Transport

‘ . Packet i

l{ MNetwork ]] Header DATA Metwork

Frame
Data Link Header | Header DATA Trailer

FPhysical ot Physical
101001110&1 e

MU Uy L uilr g L signal

L —

To puvowod eminedo (OSI) aoyoieitor pue v petapopd tmv bits oto
OIKTVOKO UEGO petopopdc (media).

)

E‘

I

\
4

Data Link

il



Méca petapopdc Tov PueIKOL ETITEOOV

Outbound (Tx) signal
Sample electrical signals
transmitted on copper cable

' - - Representative light pulse fiber
- A | I signals

oew 2! [1]:[0]: [1]: [, [0] [a] | [4]

Signal _ f — .2 L]L I
AM \/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ Microwave (wireless) signals
A\ WA/ WA WWAWW
APV WV WY

To puoikd eninedo dnuUIoOVPYEL TNV avOTAPACTACT) Kot THV opodomoinon Tov bits
v, KAOE 100G LEGOV UETAPOPAS OTTOG:

Xadikivo kar®oro (copper cable): Ta onpota eivor potifa (patterns) twv
NAEKTPIKOV TTOAUDV.

Ontwkn iva (Fiber-optic cable): Ta onjuata ivor potifo tov emTOC.

Acvppato (wireless): To onpoto eivol HOTiPo TOV LKPO-KOUUOTIK®Y EKTOUTMV.



[Ipotuma tov Puoikov Emméoov

The TCP/IP standards are implemented in
software and governed by the IETF.

The physical layer standards are implemented
Eandartiol, in hardware and are governed by many
ll .U organizations including:
« IS0
[ Physical ] ' lET'&-“pf’t
‘ ANS
IEEE

To vynid eninedoa OSI viomolovvTOL GE AOYIGLIKO TOL GYEOIALETOL OO
LUNYOVIKOUS AOYIGUIKOV KOl VTTOAOYLGTMV.

To povtého TCP/IP éyel oyediaotel amd v opdda Internet Engineering Task
Force (IETF) kot meprypaeeton oto RFCS.



[Ipotuma Tov Dvcikov Emiméoov

ISO

EIA/TIA

ANSI

ITU-T

IEEE

ISO 8877: Officially adopted the RJ connectors (e.g., RJ-11, RJ-45)
ISO 11801: Network cabling standard similar to EIA/TIA 568.

TIA-568-C: Telecommunications cabling standards, used by nearly all voice, video and
data networks.

TIA-569-B: Commercial Building Standards for Telecommunications Pathways and
Spaces

TIA-598-C: Fiber optic color coding

TIA-942: Telecommunications Infrastructure Standard for Data Centers

568-C: RJ-45 pinouts. Co-developed with EIA/TIA

G.992: ADSL

802.3: Ethernet
802.11: Wireless LAN (WLAN) & Mesh (Wi-Fi certification)
802.15: Bluetooth

[Towo¢ owyepiletal ta TpoTLTA TOL PVGIKOV Emnédov;

Aldpopot debveic ko eBvikol opyaviouoi, 01dpopotl puOuUIGTIKOL KpaTiKOl
unyovicuoi (apyeg) Kot 101MTIKEG ETALPELEC.



Boaocua ototyeia tov ucikov Emimeoov

Copper cable

Fiber Optic
cable

Wireless
media

UTP
Coaxial
Connectors
NICs

Ports
Interfaces

Single-mode Fiber
Multimode Fiber
Connectors

NICs

Interfaces

Lasers and LEDs
Photoreceptors

Access Points
NICs

Radio
Antennae

Manchester Encoding

Non-Return to Zero (NRZ) techniques
4B/5B codes are used with Multi-Level
Transition Level 3 (MLT-3) signaling
8B/10B

PAMS

Pulses of light
Wavelength multiplexing using different
colors

DSSS (direct-sequence spread-spectrum)
OFDM (orthogonal frequency division
multiplexing)

AM\ayéc oTo
NAeKTPOUOYVNTIKO TESTIO
"Evtaon (intensity) tov
nAekTpopayvnTIKov tedion
®don (phase) tov
nAekTpopayvnTIKoD Tedion

"Evoc moApnoc isovton pe 1.

Oy maAp6g 1oovran pe 0.

Pado xopata



Baocika GTOIXSIOL tov Dvcikov Emméoov

Frequency Modulation (FM)

NRZL | |_| |_| | I_l Modulating Wave Carrier Signa FM Signa
NRZS :| :| |_| I_ \/ \/; || |II |I| ||| ||| |.' ||| l. - ||| ||| '| | ||I || || || I| || II"U."l |||| |||| |I
. HsElsisEE Rl | .

Biphase- L 00 N T N N O
: : : : : : : : : : ; Amplitude Modulation (AM)
e | L] LI TLIL LT |
: : : : : : : : : : : Modulating Wave Carrier Signa AM Signal
Biphase—S : ) b
i MR
Differential /-\ /\ || || ( [ || ||
Manchester [IRARARARARARAR] —_—
| T =
) \/ \/" ||I||||||||||||
Bipolar '

« Kmowkomoinon (Encoding 1 line encoding) — Mé0oooc
LETATPOTNC Liog pong oedouévav bits oe mpokabopiopévoug
KdOkeC (codes).

o YXnmuatodotnon (Signaling) — To puoikd péco mpémel va mopayet
TOL NAEKTPIKA, OTTIKA 1] AGVPUOTO GTUATO TTOV amelkoviCovy To 1"
Ko to 0" Thve 610 LEGO UETOPOPAG.



Gilbert Held

Kmotkoroinon & ZnUotodo0Ttnon | understanding Data

Communications,
Seventh Edition

NRZ-L

NRZ-M

NRZ-§8

RZ

Biphase-L

Biphase—M

Biphase—5
Differential
Manchester

Bipolar

Network
Maintenance and
Troubleshooting Guide




Evpoc Zovng - Bandwidth

Bits per second bps 1 bps = fundamental unit of bandwidth
Kilobits per second kbps 1 kbps = 1,000 bps = 10*3 bps

Megabits per second Mbps 1 Mbps = 1,000,000 bps = 106 bps
Gigabits per second Gbps 1 Gbps = 1,000,000,000 bps = 109 bps
Terabits per second Thps 1 Thps = 1,000,000,000,000 bps = 10*2 bps

« Bandwidth givail n dvvatdtnto evog pécov petapopdc (media)
va uetapépet ogdouévo. (data bits).

« Tomkd petpdron og Kilobits avé second (Kbps) 1 megabits
ava second (Mbps).



PvOudc Anddooonc - Throughput

OOKLA SPEEDTEST @ MYRESULTS @ SUPPORT

Too Slow?
9 Download Google Chrome

Test again with a faster web browser.
connection test ping test website test statistics api forum &2

-

{ = PING DOWNLOAD SPEED
D Ve o

On this page you can test the speed of your broadband connection, and compare the performance of your IP

Your speed test results

== Comcast Cable Communications
24.6.94.149

1.33 Mbit/s

171 Kbytes/s

2 7 s o o o e e e e e

= Comcast IP Services
2601:9:6800:8d::10

.. 3.81 Mbit/s

487 Kbytes/s

 Throughput gival n yETPNON TNG METAPOPAC TWV bits TTAvw OTO PNECO
METAPOPAC O€ Ui OEDOMEVN XPOVIKI OTIVHNA.

*  NAOYyw d1apopwyV TTapayoviwy o pubudc atrdédoong OV AVTIOTOIXEI PE TO
OUYKEKPIMEVO €UPO CwvnG TWV dIA@OPWYV UAOTTOINCEWY TOU PUOIKOU
ETITTEQOU.

* http://www.speedtest.net/

« http://ipv6-test.com/speedtest/


http://www.speedtest.net/

Tomor Atemapav (1/f) Tov nécov petapopdic

SHDSL Management Gigabit Ethernet
Interface Ports Interfaces

[ FastEthernet ]

USB Mini-B
Connector

USB Type A ]

Switch ports Connector

Aldpopot Tomot dremapmv (Interfaces) kol Bupmv (ports) srabéciuon
o€ £va LiKkpoO router.



2 0UVOEGT) GTO OIKTLO

Home Router

Embedded Wireless Antenna

1

[ Ethernet Switch ]

Internet Connection ]

Mia pucik) 6Ovoeon Umopel va vl KOAMOINKT] ] 0GVLPLLOTN.



2 0VOEGT] GTO OIKTLO

LAN
Port

Reset
Button

Power

W ——— ermmmtes
-------

 Switches kot wireless access points eivat 600 EgymploTég Kait
EEELOIKEVUEVEC GLOKEVEC TOV GLVOLOVTUL GE Eva, router.



2 0VOEGT] GTO OIKTLO

Connecting to the Wired LAN

Connect your computer to the
Ethernet port (1, 2, 3, or 4).

» XuvN0mg elvon Lo oAokAnpouévn cvokeovn (integrated service
routers - ISRS).



Serial Ports

Network Interface Cards

Ports Port

* Network Interface Cards (NICs) cuvdéovv o cuokeviy 6To diKTLO.

« Ethernet NICs ypnoipomotovvtal yio Tnv KaAmOlokn GOVOEST EVOD Ot
WLAN (Wireless Local Area Network) NICs ypnowpomotovvtot yio

TNV AGVPLOTN GUVOEDT).



Network Interface Cards
2uvdeon oe Aoupuato LAN péow emnékraong eupéAciac (Range Extender)

(i b
- i
! ifmr

< .!Jl

Wireless-N Router

..g!ﬂ"‘” | L

Range Extender .

* O1 aGOPUATEC GLOKEVEC TTPETEL VOL £YOVV KOVOYPNOTN TPOGRcT) GTO OCVPLOTO
access point:
— Mnopet va mapatnpndet petopuévn anddoomn Tov SIKTVOL
e Mo KOA®OL0KT) GLGKELT O€V YPELALETAL VO pLotpdleTan TNV tpdcPacn tng:
— KdaBe koAmdiouévn cvokenn £xetl Eexmplotd KavAaAl ETKOVOVINS TAV®D amd TO
O1k0 NG KoAmolo Ethernet.




Physical layer — 802.3 mpotvma Ethernet

IEEE 802.2
Data Link
Layer
g
5| o |w [k v |F|E i
£ L L W W w L 7]
L ‘E g 7] 7] 7] 7] E
. AERERERERE
Physical o o o o E E =
Layer - 1T |2 |2 =

Digital,  802.3 Specifications 802.3u 802.3z
Intel, for 10-Mbps Specifications for Specifications for
Xerox, (DIX) Ethermnet 100-Mbps (Fast)  1000-Mbps
Standard Ethernet (Gigabit) Ethernet



Ethernet og £éva campus (w.y. UNIWA)

Fast Ethernet Gigabit Ethernet

Eninedo tehkod  Ilpooc@épel otoug H/Y dacvvoeon  Agv ypnoiLomoleitol Tumikd

YPNOTN 100Mbps e servers o€ aVTO TO EMIMEDO
(End-user)
End-user — workgroups [Tpocpépet vynin
Eninedo opddoac ~ Workgroup — backbone OlloVVOEDT) GTO enterprise
(Workgroup) Server block — backbone server block
Eninedo diktvov  IIpoocpépetl dacivoeon and to IIpocpépet dikTvo KOPHOV
(Backbone) workgroup server block oto VYNADV TOYLTNTOV Kot Olol-
OIKTLO KOPUOV GUVOEGTUOTNTO SIKTLAKOV

OVOKELOV



Ethernet koA®ola Ko connectors

]
10BASEZ 10BASES5 10BASE-T 100BASE-TX 100BASE-FX 1000BASE-CX 1000BASE-T 1000BASE-SX 1000BASE-LX
Media 50-chm 50-chm EIATIA EIA/TIA 62.5/125 5TP EIATIA 62.5/50 62.5/50 micro
coaxial coaxial Category Category 5 multimode Category 5 micro multimade
(Thinnet) {Thicknet) |3, 4,5 UTP, two fiber UTP, four multimode fiber; 9-micron
UTP, two pair pair fiber single-mode
pair fiber
Maximum | 185 m 500 m 100 m (328 | 100 m (328 feet) | 400 m (1312.3 25 m (82 feet) 100 m (328 feet) | 275 m (853 feet) | 440 m (1443.6 feet)
Segment (606.94 (1640.4 fest) feet) for 62.5 micro for 62.5 micro fiber;
Length feet) feet) fiber; 550 m 550 m (1804.5 feet)
(1804.5 feet) for | for 50 micro fiber; 3 to
50 micro fiber 10km (1.86t06.2
miles) on single-mode
fiber
Topology | Bus Bus Star Star Star Star Star Star Star
Connector | BNC Attachment | 1ISO 8877 ISO 8877 Duplex media ISO 8877 ISO 8877 SC connector SC connector
unit (RJ-45) (RJ-45) interface (RJ-45) (RJ-45)
interface connector (MIC)
(AUI) STorSC
connector

- OAecg o1 ipodiaypawég civar emmédou Layer 1

«  Baogikoi mapdyovreg mou AappdvovTral utoyn...
* KOOTOG
* HUAKOGC KaAwdiou
* gUKOAid gykardoTtaong




XOPOKTNPIOTIKA TOV YAAKIVOV LECHV UETOUPOPOC

VD"EQE3 pr— l_.!
2
0
100 11|00 1 a8 @ 1|1 0 1
ime

What the computer reads

Digital Signal with Interference

8 3

3
oltage | 3
0
0
101 10 o/ 1|0 0 1/1/0]|1

Time
101100101 110 1
Changed Signal

« Efac0ivnon ofunatog (Signal attenuation) — 6co pokpvTEPO TAELOEVEL
T0 oNUO TOGO AAAOIMVETAL, ElvVor EMPPETES oTIS TapeuPorég (Interference)

« Yvvakpoaon (Crosstalk) — pwa dSwotapayn omwd NAEKTPIKA 1 LOYVITIKA,
TEOLOL 6TO GNUA EVOC KAAMOIOV HETAPEPETAL GTO GNLLOL TOV YEITOVIKOV TOV
KOA®OL0V.



XaAkwvo P — =S

LECO
LLETOPOPAG

Coaxial cable

* [0 TpooTacic and To APVNTIKA ATOTEAEGLOTO TOV OL0POPOV TUTOV TUPERPOLOV LePIKA
KOA®OL GLOKEVALOVTOL HEGH GE NETUAMKN O®paKion).

* Tl TpocTacia amd to apvnTikd aroteAéopota tov crosstalk pepikd kKaimolo Exyovv
GUVEGTPOUUEVA TO O1AQOoPpa CEVYAPLE TOV KOA®MIIMV £TGL OGTE VO OVOLPELTOL 1] GLVAKPOWCT).



10Base5 Thicknet (Yellow cable) (Ouoo&oviko)




10Base2 50Q2 Coaxial cable (Opoa&ovikod)




UTP cable (ABwpdkicoto cuvestpaupévov CEvynmv)




Shielded Twisted Pair (STP) cable
(Oopakicuéva CeDyN Kot GLVOAIKT) Bwpaxion)

Quter Overall Pair
Jacket Shield Shields

IR .

"-g--—
/ < Glglrégt?f B
___JOC Insulation

Twisted Pair

STP Connector—>




ScTP ny FTP (Foiled Twisted-Pair)
2VVOAIKT Owpdkion novo

QOuter Overall
Jacket Shield

: l Y
_/—_@"

Twisted Pair

Color-Coded
= Plastic
Insulation

ScTP Connector—=




Unshielded Twisted Pair (UTP)
(ABwpdakicTa cvvesTpapUEVa CEDYN)

Twisted Pair
Quter Jacket ¢
"~ Color-Coded
-« Plastic
Insulation



IIpotuma UTP koAmoimonc

Category 3 Cable Category 5 and 5e Cable
(UTP) (UTP)

ﬂ » Used for Data

\ transmission
@ Category 7 Cable - Cat 5 supports 100

| — (SeTP) Mbps and can support

1000 Mbps but it is not

recommended
Category 6 Cable « Cat 5e supports 1000
(UTP) Mbps

Category 5 and 5e
Cable (UTP)




This is the
Jack

Pair 3 [Pair 1

ATA

Pair 4

A

N\

T

|

RJ45 connector

Pair 2 |Pair 1/ Pair 4

ATATA

This is the
Connector

T568A

T568B




Pair 2

RJ45 connector - 568A

This is the

Jack
- 1

q
= oo
D"’E"‘*”:: —— ]
— o
- — e L)
5 <
Q- S )
ol o
-
'ﬁ< S
* /

//

Ol
o)
oo
>

This is the
Connector




RJ45 connector
568B

This is the
Jack

Pair 3
Pair 2 Pji\ﬂ Pair 4

—

|
[ O
e L)
|— <
e ()

This is the
Connector




2WwaTo HAKOG
KaAUPHATog
(jacket)

TTAaoTiIkO KAAuppa
owoTd Tdopévo




UTP ocvvdeouoroyia straight-through

Pin Label
1 TD+
TD-
RD+
NC
NC
RD-
NC
NC

o~ 3 O = Wk

Transmit Data

1/

Receive Data
Ring -ve

Transmit Data
Ring -ve

e £

w o

-~os

— O

—\D'E

~ T O

o=

Receive Data
Tip +ve




To ohua aphvel To kaAwdio Kai e1gépxeTal oTh kKdpTa NIC
péow Tou TTpdaivou Celyoug.

568

To onpa aphvel Tnv NIC kdpTa Kai 10€pXeTAl 0TO KAAWDI0
HEOW ToU Ceuyoug.




2uvocovtag mapouoleg cvokevéc ue UTP crossover kaAmotlo

Pin Label Pin Label

1 RD+ 1 TD+ 1 8

2 RD- 2 TD-

4 NC 4 NC

5 NC 5 NC wowbwgwhb
o g b br

6 TD- 6 RD r

7 NC 7

8 NC NC

568

O —
o ——

oz

O ——

—os

= o

o=
o=

568A




2uvoecuoroyia Crossover kaimoiov

EIA/TIA T568B Crossover Diagram

\} R

N\ R NN

1
2
3
4
S
6
7
8

RO~NOO HE WON -

=



‘EAleyyog tov ypoudtomv kolndiov (UTP)




TIA/EIA ITpdtoma Aounuévne Koimodimonc

TIA/EIA-568A

TIA/EIA-569A

TIA/EIA-570A

TIA/EIA-606

TIA/EIA-607

Commercial Building Telecommunications Cabling Standard

Commercial Building Standard for Telecommunications
Pathways and Spaces

Residential and Light Commercial Telecommunications
Wiring Standard

Administration Standard for the Telecommunications
Infrastructure of Commercial Buildings

Commercial Building Grounding and Bonding
Requirements for Telecommunications



TIA/EIA 568-A Op1lovtio KaAmoimon

Work Area
Station Cable

Horizontal
Cable

N

/) &S

\

)

Telecommunications
QOutlet / Wall Plate

/ Horizontal
Cross Connect
Patch
Cords / Jumpers

Wiring Closet




UTP Patch Pannels




UTP Patch Panels

CERTIFIED




Aounuévn koimdioon (UTP)
100BASE-TX

(C) Work Area Outlet Assembly
(D
Customer Supplied
(1) 100BASE-TX Hub
(2) 4-Pair Horizontal Cabling
(3) Work Area Equipment




‘Eleyyoc - UTP cable Tester




Epyoieio ohvdeonc - Punch Tool (IDC)

—_—
Vs s
i<




Ontikn iva eEmtepikov yopov — Fiber Optic cable

E€wtepkod nepifinpa (PVC)

EVIOYUTIKO UALKO

Enevduon (coating)
MeputvAypc

Mupnvag




HAextpopayvntikd ®@acpa (f X A =)

Low Freguencies

Frequencies

Power and
Telephone

. Rotating Electronic Tubes
Devices Generators De

] kilohertz

100 10 100
Frequency in
Hertz
Wavelength in
Meters
one light- arthys | Meggmeter 1 kilomet
second ter




HAextpopayvntikd ®@acpa (f X A =)

Harmonic Genenrators

Magnetrons, Klystrons, and Masers
Parametric and Molecular
Oscillators
Megahertz GigaEertz Te|

1 10 100

Frequency in
Hertz

Wavelength in
Meters 10

39 1 millimeter

footall

2?9




HAextpopayvntikd ®@acpa (f X A =)

Vacuum

LIGHT

Ultra-violet
Infrared

\8| Fluorescent X-R
A v X-Ray Tubes Rl
s, Arcs, Gas Y Isot d High
Devices 2 and Lasers Electron and lon sotopes, anc -~

Types

Frequency.in

Wavelength in )
Meters
| 1 micrometer polio virus 1 nangmeter 1 Angstrom
atom




HAextpopayvntikd ®@acpa (f X A =)

. Linear Accelerators,
Devices Betatrons,Synchrotrons|, and
Cyclotrons

Frequency in
Hertz
I

Wavelength in
Meters

1 picometer 1 femtometer

proton




Ontikd Pacua

RO GBV

Red Orange Yellow Green Blue Violet

To UAKOC KUPATOG TOU WTOC oThv omTIKA iva cival 1550 nm, 1310 nm n 850 nm.




Agixtne Aud0Aiaong (index of refraction)

O o&iknc 01O aoNC EVOC VAIKOD £lval 0 AOYOC TNG TOYVTNTOG
TOV PMOTOC GTO KEVO TTPOG TN TAYVTNTO TOV PMTOC GTO LAIKO.
Etvor pio p€tpnon mov vmooeIKvOEL TOGO TO VAIKO QPEVAPEL TO
(PMOC: OTTIKY] TUKVOTNTA TOV.

0Oco peyaAvtepog eivarl 0 0eiKTNG 010 G EVOS DAIKOV TOGO
TEPLOGOTEPO EMPPUOVVETOL TO POC UEGH GTO LAIKO.

Aépac: mepimov 1 (1.00029)
Nepo: 1.3 - I'vad: 1.5 - Awopdvt nepimov 2.4

TaxuTnTa eWTOC OTO KEVO
Aciktnc Aid®Aaonc = >

TaxutnTa eWTOC OTO UAIKO



AvtovakAiaon kol Ata0raon

* Mia oéoun @OTOC TEPTEL GTO LAY WPIGTIKO UEPOG
000 VAIK®V

* MEpog TG 0EcUNC aVTAVOKANTOL TIGM

e M£pocC NG o1amePVA TO OO MPIGTIKO UEPOG KOl
EIGEPYETOL GTO AAAO DAIKO, OAAQ O10OAGTOL ONA.
aALaCel KatevOvvoN

Aia®Awpevn

<

]‘[pogmmo@ AVTavakAwpevn



Avtavaxkioon (Reflection)

o 2NV avtovAaKAQcn 1 YOVIO TNG TPOCTITTOLGOS 0EGUNG 04
eltvar iomn pe v yovia g avtavakAopevns osoung 0,

TTpoomimtTouoa déapn | AvtavakAwpevn déaun

Kavovikn ypapun



Awd0Alaon amo Yool o€ aEPQ

Aia®Awpevn déopun

0,

* O aepag exeL IKPOTEPO  Agnqc
deiktn dtbAaong amd
TO YLOAL

* Otav 10 ¢ Tepva
oo TO YLOAL GTO aEpa
N 0éoun amokAivel amo
TNV KOVOVIKT] YPOLLUN

[TuaAi

TTpoomimtTouca déaun



Kpiowyn yovia (Critical angle)

* H npoomnintovca oéoun

TEPTEL GTO SLOYOPIGTIKO Aépac i AigOAwpevn déoun
LEPOC GyNUaTiCOVTOC
YOVio 1on UE TNV KPLloun >

YOVIO

* H owbAiopevn oéoun ’ \ ruahi
eE€pyeTon KoTh UAKOC ”POG"T'T[TOUGC(\
TOV OO MPIOTIKOD UEPOG 0€aun ,
TOV 000 LAIKOV Kpigipn

ywvia



OMKN €6OTEPIKT] OVTAVAKANGN
(Total internal reflection)

* H yovia tpocKpovonc
etval peyaAdTEPN Ao
TNV Kpioiun yovia

* To pmc ogv umopel va

OLOPVYEL GTO AAAO
DALKO /'< \

Aépacg

TTpoomimTouoa i AvravakAwpevn d£opun

e O)\o 10 QW
i Qe FuaAi

OVTOVOKAATOL TTLoOM
GTO YLOAL



Topun Ontikng ' Ivag

Coating (Emevéuon)
Cladding (MepriAypa)
Core (Muprvac)




Ontw iva (Optical fibre)

* H ontikn iva €yel oyedlaotel £161 OOTE TO POC VA
aVTOVOKAQTOL TTiom otov Tupnva (core) uéom OAKNG
Ecmteptkng AvtavaxKioomnc Kot Vo Uy YOVETOL GTO
nepifAinua (cladding) tnc ivocg.

Cladding Core



Ontwn iva (Optical fibre)

e To VAIKO TOV VPNV (COre) TPETEL VAL EYEL EvaL
LEYAADVTEPO OEIKTN O1dOA0ONC OTTO TO VAIKO
tov mepipAnuartog (cladding)

* To ¢ TPETEL VO EIGEPYETAL GTO TLPNVA VTTO
YOViO, LEYAAVTEPT A0 TNV KPIGIUN YOVIN TOV
000 VAIK®V

* AVTO Qo €YEl GOV ATOTEAEGLLOL TNV OATKT)

EGMOTEPIKT OVTOVAKAOGT) MGTE TO PWOC VO
TOPOAUEIVEL GTO ECMTEPIKO TN TVOLC



AprOunTiko dwagpaype (Numerical Aperture)

* To NA petpd 10 €0pOC TOV YOVIOV TOL TO GOG Ot
VTOVOKAGTOL OAKA GTO EGMOTEPIKO TNG TVOG

ni = cladding index
Nz = core index




IHoAvTpomec ko MovotTpores Ontikég Tveg

Multimode

Single Mode




Xuykpron Hoivtponnc-Movotponng Ivag

Single-mode

Requires very straight path

=
.-""f |

T
P

Polymeric Coating
Glass Core = 8.3 to 10
microns

Glass Cladding 125
microns dia.

« Small core

* Less dispersion

« Suited for long distance applications
(up to ~3km, 9,840 ft)

+ | Jses lasers as the light source
often within campus backbones for
distances of several thousand meters

Multimode

Multiple paths-sloppy

Coating

Glass Core 50 or 62.5
microns

Glass Cladding 125
microns dia.

» Larger core than single-mode cable (50 or
62.5 microns or greater)

= Allows greater dipersion and therefore, loss
of signal

= Used for long distance application, but
shorter than single-mode (up to ~2km,
6,560 ft)

« Uses LEDs as the light source often
within LANs or distances of a couple hundred
meters within a campus network



Xapoktnprotika Ontik@v Iveov

Multimode Multimode Multimode Single-mode

100-140 62.5-125 50-125 10-125
microns microns microns microns




Yvokevéc Exmoummc - Transmission Devices

Light Amplification by Stimulated Emission Radiation (LASER) mapdye pia déapun évrovou
uTtépUBpoU PWTOC ouvRBw C pe pnkn kopatog Twy 1310nm A 1550 nm. XpnoipoToigiTal pe
HOVOTPOTIEG iVEG YIa HakpIvEG amroaTtdoelg oe WANS 1\ campus dikTua koppou.

P-Intrinsic-N diodes
Confifed in a Waveguide (fiber) (PIN pwTtodiodol).

Electrical \ 7 Electrical

Signalln —3p|  Tx Rx — Signal Out

N N
LASER or PIN
photodiode

connectors

Light Emitting Diode (LED) mapdye! utmépuBpo @w¢ pe unkn kOpatog 850nm i 1310 nm.
Xpnoigomoigital e ToAUTpoTeg iveg ae LANs. @akoi xpnoipotmoiouvtal oto TEAOG TG ivag
Yid vd GUYKEVTPWYOUV TO QUG.




KoAwoiwon Ontikowv Ivav




KoAwoiwon Ontikov Ivav




ST ko SC connectors

ST Connector

SIS SR

SC Connector

O mio auvnBiguévog TUTTOU connector pe TIC ToAUTpoTEC iveg gival o Subscriber Connector
(SC) connector. ZTIg povoTpoTeG iveg Xpnotdomoigital ouxvd o Straight Tip (ST) connector.



Network Fiber Connectors

e

ST Connectors SC Connectors

A

LC Connec tor Duplex Multimode LC Connectors




Fiber Optic connectors




‘EAeyyoc OTIKOV KOA®OI®V

Optical Time Domain Reflectometer (OTDR)



2. UYKPION OTITIKAC ivag KAl XOAKOU

Bandwidth

AtréoTaon

Avooia os EMI kai RFI

Avoaoia g NAEKTPIKOUG KIVOUVOUG

KooTn kaAwdiwv Kal connector

ATTQITOUPEVEC IKAVOTNTEG
EYKATAOTAONG

METpa ao@aAeiag

10 Mbps — 10 Gbps

2 XETIKA MIKPN
(1 — 100 pétpa)

XaunAn

XaunAn

[MoAU xaunAa

[MOAU xaunAEG

MoAU xaunAa

10 Mbps — 100 Gbps

2 XETIKA MeydaAn
(1 — 100,000 pétpa)

YynAn
(MARPNG avoaia)

YynAn
(MARPNG avoaia)

[MoAU upnAda

MoAU uywnAgg

[MoAU uwnAa



Fiber Optic Patch Panels

CABLING SIDE

Simplex or Duplex
Connectors

Duplex
Connectors

5685C Connections

USER SIDE



Fiber Optic Patch Panels
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Ontikn dounuévn kaiwdimon (Fiber)
1000BASE-SX-LX (Fiber)
@

Siemon Product
(A) Fiber Jumper
(B) Fiber Enclosure

(C) Fiber Connector

(D) Fiber Connector

(E) Work Area Outlet Assembly
Fiber Jumper
Customer Supplied
1) 1000BASE-SX/LX Hub
(2) 2-strand Horizontal Optical
Fiber

(3) Work Area Equipment




TOmol Tov AGUPUATOV LEGOV UETAUPOPOC

* IEEE 802.11 npotuma
* Avagépetar cuvnbmg cav Wi-Fi.
* Xpnowonoei CSMA/CA
ﬂ * TMoparrayég mepriapBdvouv:
a 802.11a: 54 Mbps, 5 GHz
? 802.11b: 11 Mbps, 2.4 GHz
802.11g: 54 Mbps, 2.4 GHz
' 802.11n: 600 Mbps, 2.4 and 5 GHz
802.11ac: 1 Gbps, 5 GHz
802.11ad: 7 Gbps, 2.4 GHz, 5 GHz, and 60 GHz

=
J

« |EEE 802.15 npdtumo

® |« Yroompiler toyvtnteg péypt 3 Mbps
u e 0 0 * TTapéyetl Cevydpopa cvokevmv (pairing) og amootdoelc omd 1

uéypt 100 pétpa.

« |IEEE 802.16 mpotvmo
* TTapéyet tayvreg pnéypt 1 Gbps

x + Xpnowomnotet pia point-to-multipoint toroAoyia yio va
M napéyel acvpuatn broadband npocPfaon.

g




[MpotuTtra 802.11 Wi-FI

: 2UMBOTO pE
MéyioTn : up TOH

’ 2uxvoTnTa TTAAAIOTEPO

TAXUTNTO >
TTPOTUTTO
802.11a 54 Mbps 5 GHz (0%
802.11b 11 Mbps 2.4 GHz Oxi
802.11¢g 54 Mbps 2.4 GHz 802.11b
802.11n 600 Mbps 2.4 GHz or 5 GHz 802.11b/g
1.3 Gbps

802.11ac (1300 Mbps) 2.4 GHz and 5.5 GHz 802.11b/g/n
802.11ad 7 Gbps ZaalClab S (elabdchile 802.11b/g/n/ac

(7000 Mbps) 60 GHz
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