ET@[IW Wm LG

(Trazmnzsszon JSMedic ceredd Connechon )

8.0 Qﬁ‘ﬂ (Introduction) : ol

Transmission media ZC1 QB Material substancc &l Sohd Liquid f&qt Gas TS AIA), A &= Enqg)
waves B F1 A | ANF- AIYRTS FI M1 Receive-99 Transmission medium ZEE A (Air) | IO gy
% AR RO o (Solid) qt ©¥= (Liquid) ot AT ZCS AT | Transmission medium QY IRIGA (Plur;u)
T Transmission media.

AP F (FRIF) Material medium-a9 SSANA Electromagnetic wave-93 & Transmission mediyy,
QLA Light <R Radio wave | WKW 240 “ifd Transmission medium el @I Technical device, Tl Wave.
¥ Transmit ¥ICS Material substance-¢® fataifers @73 | ©i% Wﬂmﬁ W (Optical fiber) S¥I TR Iy

~ (Copper cable)-¢23 Transmission medium €1 [ |
C TR gar IR e fESIZTOTR N4 GO WMH-SAIE CF0d Signal amﬁ N,
iR Signal GG represent FCI AF | WH Q fASATECE Electromagnetic energy TR AF foorgs e )
fSSIZE Transmit $I0S 2 | Fisrpecs Transmit TR CFE I3 W Transmission media.
" TS (Classification) 8 Transmission medium-3 fAaffds gwa Sis 41 a1 8
(¥) Linear medium . (¥) Bounded medium
(") Uniform medium - (¥) Isotropic medium.

8.5 Jrfirets 3Gt oIS T (The categories of transmission media) 8

FfEER W3R WAT) GREHTE fTSIRAGTEAN T SO WHH-WITH (¥ Signal IJIRE T4 1)
w<fie Signal-2 ©IBHE Rcbrcscnt W A | 91 Q@ B Electromagnetic signal 1 Transmission media @3
T4 A T T3 (At & fESIZTT Transmit-receive 9@ LA Communication 5}@ 1 ‘

'f‘ransmission medium-93 98964 ﬂ":ﬂ Transmission media | 3[¥9I1 Transmission media T ﬁ"’i Technical
device 949 ’Nﬁ q1 Signal 99 Wave- (3 Transmit FICS Material substance (Sohd liquid) Q3R Free space (Air,
vacuum) ¢ fArmfere ¥t | -

@ﬁ?ﬁ'@ﬁmﬂﬂ (50 Transmission media-CF "Iﬁ B3 0RIE (Categories)-C® Sl W AR
(l) Gunded (ii) Unguided.

Transmission
Mcdia
T
L | L
Guided Unguided
(Wired) (Wireless) A
’ . J i .
7t Twisted Co-axial Fiber-Optic |- |. Radio Micro -Infrared
Open Wire Pair Cable Cable Ty Cable- [ | Waves ~ Waves Waves
Shielded ' Unshielded || Thinnet || Thicknet Mulumodcl Sln&lc Mode ualellxle Tervestrial
Twisted Pair || Twisted Pair 1[ , r [ 1 L l
Cable (STP) Cable (UTP)

Step || Graded

; 1 ‘ Index Index
[cal,] [cal,] [Cals]

fom ¢ 8.5 Categories of transmission media
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8.2 iif’a"" CRIR- e, - sy e
Co pnstruction of twisted pair (STP, UTp, ot W e W’W@TFT W JTRER o7
Gmdcdﬁﬁﬁ'ﬁ fifea wz 2g oy T ’ 5

@ Picdl Guided transmission medna-

1 v
on Wi Twisted ' :
Open Wire | Palr Cablc| _Fibér-tfl)ptic
L able
Shielded Unshlclded

Twisted Pair | | Twisted Pyir Thinnet [[Thicknet| [Multimode Single Mode

Cable (STP) || Cable (UTP l__l_ P
| I ) ,

t . Step || Graded
¢ ! Index Index
Cal, | | Cal,| | Cal, Cals -

f5@ 2 8.3 Guided transmission media

Open cable 0-5MHz -
Twisted pair cable 0-100 MHz
Co-axial cable 0-500 MHz
Optical fiber cable 186 to 370 THz

Cﬁﬁﬂ 8.3 Frequency range of Guided transmission media
DI €W (Open wire) 3 YIRTS Gfrem dfoe Bow Srelie Siwa wre! DA ATF | Noise
interference (YT T NG T GTS RS FTA Shield (W) TR T A 4TS Qifis AR
_aﬁqﬁa@ewmlamwzo@mmmmwmmmu \

Pinal Unloaded SAG

“- Telcphone ) < 'XC MustNot BEBelow
< Attachment 7 - Line Of Sight R

Separation Between Conduclors
Ilustration Of Par. 4.34, 4. 35AND 4.36 -
" Secondary Present and in Lower Position

f5@ ¢ 8.9 Open wire
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L _ wibt IR e \ |
0 Rebe o wrm (Twisted pair cable) 8 f6 SHISIC Copper cable e Tyvisted pair cable Nﬁl = n,
&ifSf6 IR Insulator jacket 8 Conductor 1T | ¥fE SITR T4 G3f8 Receiver @ {78 Signal I8 Tz v
WR WY SR Ground RETR I9ge o | Wik @3B + ve data signal 9T wo4fS —ve data signal TR TIRT gy Y
Sender T4 §f SIGRA (e 43D O @7 XY FATH Signal A9, I T sificat ¢ g, g g,
(Interference) W3R TBIF (Cross-lalk) TS SR TR SIS f¥g Signal COfA 3T | :

| F'l < : Conductor
\\4; Insulator |
2 : Cable Jacket
PAIRS .
"

‘4[ 7 " Twisted Pair-Side View

foa ¢ 8.8 Twisted pair cable .

(TTE Twisted pair cable 9T 9o et w192 Insulator jacket TRl SIS AL, T ARCEA (AT (Extemy

source) €<} AP ©IEA (Neighbouring wires) ANY Cross-

(Electromagnetic) Noise (¥ &% (S Al | : L ‘
=1 el S O I A1, 2fef A o afo STRIEAIFTSICE SR I | FTA SAPIERS Signal (Noisy

= TR TSR SSRT A0 A 7 | qfo STd 7 938 ZT® Noise 97 3 ISR ATCE, S0 Noige

<TE TR SR A | WA AR *F @ Noise (40 T &, GG Noise-4d FIgife S @9 G Noise

<z =g &, G% Noise (403 HTd T TH | T SHIFIOFS Noise FRF0E (7T T4 At 221X Signa

@Z (e FE TS A@A L - | e :
SFRTSA § AKRATS Twisted pair cable-(F 3fS Sreal Stel Tt AR-

+ Shielded twisted pair (STP) cable.
¢ Unshielded twisted pair (UTP) cable. -
« Shielded twisted pair (STP) cable 8 Shielded twisted pair-4d wefFd Fel T STP | TAFIEFS Nois

ofeze 777 @575 (Techniques), TF/STRAT (Shielding) 932 CSG! STCAA (Twisted pair) NI STP F1e [
I | TR LTTIE (TITIE KTTIATS (Metallic foil) RISt CISITA! (Wrapping) A | STP TR f6 weet e
(%) =Te oiEE 2rTI 4] ! G A 41 ATF (Wrapping in an overall metallic braid)
(%) ozz To7 «Te37TS WAl (LIl AE (Wrapping in metallic foil) |

Outer | | Overall Palr Twisted-Pair

Shield Shlelds

N

7 -
ey, - r——.—-—
Ny

T Color-Coded
Yo -m Plastic
g RN Insulation

e e e

BTP Connoctor e (i’ n\

foa s 8,2 Shiclded wwisted pair cable
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)

r ¢ Performance § Twisted pair cable U9 Performance ’Iﬁﬂn’fﬁ I "ﬁﬁ% T Frequency R Dlstancc Og
TS Attenuation ¢ Compare ¥ | firga 8.9 7 o (Al AR G, Frequency TPTR 9k Attenuation 93

pai 4ir-10- pall' mm B ‘ﬂm W MR (

ﬁ-equeﬂcy interference) 7 l ClI LIRS Elcctrom

rm-nﬁﬁma | S,
‘GW’\WI 9 WWWToken ring network‘ﬂw?ﬂl JISE

g aﬁw g WCouplmg) Q ¥ QR Cable 99 Ty Cross talk 9 A @ Electronic noise
@, TR m QI EMI (Electromagnetic mterference) a3 _RFI (Radio

STP-C? RIS 150-0hm cable-

p FCH CTH 1

5 Unshlelded Twisted Pair (UTP) cable 3 Twisted
g @ AIZS T, ©f T Unshielded Tw:sted Pair
o771 T | UTP FIRTT b8 Foima o errera w

pair 199 T Communication NE\'{ ¥ @ Type &
(UTP) ¥13<1 | UTP (3 B1F (SNl (Four-pair) Wire media-

(chmdauon) et TSGR Twisted wire pair-Sfis Crosstalk 3 1T (T €A Unexpected ot
ﬁﬂ,@ﬂ%ﬁﬂqQWWWm| &

Pair - Color
1-Blue

2- Qrangé :

% Separator

.. 3:-Green

0 v 4 Brown

: - ﬁm 8 8.% Unshiclded twisted pair cable
MR (Categories) 8 EIA (The Electronic: Industnes Association) UTP FIIRece aft Frivisifirs ﬁ_@
T | RN ITRECE FIoER 1 9w wm@awmwmﬁﬁ7ammlmﬁm
msfﬁ e oFa IR W | -

c noise %2 =@, W Main signal-c3 1xS TS A, SIS

aqTd AR AR oA (Insulating material) @11 W@G T | TR i@
| M o T Colour code @7 W4TH 4T AT | EMI 9R RFI-Sf\® SReFs Signal

Category | Speuﬁcatlon Data rate ' Use

MR (Mbps)
1. Unshielded twisted-pair used in telephone _ <0.1 Telephone
2. Unshielded twisted-pair originally used in 2 T-1 lines -
3. Improved CAT 2 used in LANs ' 10 - LANs
4. Improved CAT 3 used in Token Ring networks f s 20 . | LANs
5. . | Cable wire is normally 24 AWG with a jacket and outside | . 100- LANs
. sheath’ . g
SE. An extension to category 5 that includes extra features to | 125 LANs
' minimize the cross-talk and electromagnetic interference ; ,
6 A new category with matched components coming from the. 200 LANs
same -manufacture. The cable must be tested at a 200-Mbps
data rate.
27, Sometimes called SSTP (shielded screen twisted-pair). Fach 600 LANs
pair is individually wrapped in a helical metallic foil | ‘
followed by a metallic foil shield in addition to the outside
sheath. The shield decreases the effect of cross-talk and
[ increases the data rate.

o s 8.] Calegones of UTP Cable

e 9FF Al Detibels per kilometer (dB/km) 3R ©ItH Thickness CERIL Rl Gauge.

— - a3 rAVIEPISPIITAYIIG
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Sy

&
' T oY &
Gauge Diameter (inches) ; v Q;a“'
18° 0.0403 s AR
22 0.02320 &
.24 0.02010 . qﬁ?
0.0159 g

|llllll]ll'lllllll]llllllllllllllllllllllilllll[lll

llllllll[l —_—

1

Q - M (C

- Z3-RrgTaM Signal XA W | @I-SUIEAA T
Conductor, >f® Insulator e 50 Jacket US| 3f¢ Con
conductor SR Outer cenductor | Inner conductor TS Copper

10 . , 100 5 1000
. fo@ ¢ 8.4 UTP Performance .

o-axial cable) 8 Co-axial FE EQF‘GG CoTa FJRER W'Freqm:ncy UERG

@ G OF CFEE WA, S IR SpfeR o
ductor ("fﬁﬁfa) Oq W14F W6 Conductor-CF I W Inner |
faca tefa (9@ ﬁ’fﬁm’a) I Inner conductgy. ;

3 FRE FRATE TN AR (Flexible insula'tlb'fij'-*mﬂf Tl ARwEEs ae | O SRR Ak Outer
conductor ¥TT&, T 4IEF “1S q (S oI (Metal foil@ﬂrbraid) feeat F_[?CH?I wefiret Tefd 1 Outer conductyr |

fiferenaa =SR2 | Outer conductor @R = ",[Ciﬂaﬂ@ (T (MUIA S Plastic cover TS,

 jacket-8 TMEH|

po (1

Co-axial FJIECE AT Coax I A AT |

Copper wire

Insulator

Outer conductor (Shield)

y

Plastic Cover

Co-axial 1A G Conductor-93 W4T Inner conductor-cF fETR Electrical signal at EMI @ oud
conductor I T 4TS | Outer conductor 93, Inner conductor 97 TIS[ g 3R Inner conductor 93 Bt
@ Material insulating i, SIAAE QML F7199 &ifbS (Cable properties) It 2feT (Impedance) ¢ |

fo@ 3 8.% Co-axial cable
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rawc ' mﬁ'ﬁ&%‘"‘ﬁwmﬂ E i LT e
ﬂﬁﬁ TV raxial. W‘d’rﬂa i Impedance mn 75 iy -
SISiE] ‘Ethernet thinnet 92 thicknet g : ohms

S Co-axis ;
m)cdd e T S0Q | FIRTT Nert- g fagrera :1&: al PIRTT
;;;mﬂ R CaCR e =1 m T\wslcd pair

fag Inner conductor copper plate QI3 Zﬁﬁ
rmrm:lncc W‘ﬂﬂ W Inner Conduclor-

feg "l gh frcquencyAﬂ.

: e ACRTS Silver plate W wofy

A

[aner conductor 93 Fﬁ’ﬂt"! QA Insulator WKQ o '{CG N e ?lﬁ%

(Solid P"""“’)ﬁf;mm A Ao (Foam plastic) foca- tefa feeat :

”[ l A " . [ ; .

i PE)-(F¢ T3+ | |Ir wfl’;;’:(zdcu W AR - RG-39 Nexible couxial cable.

polycthylene ( nsulator TRQ F1 LA LOWer-IﬂbS’ : A: outer plastic sheath
Polyethylene: T TR T T ~ B:copper sereen’

s Tellon (PTFE)-GP8 ST IR Insulalor R el sz o) i 1?:::;:::'::;:““ iy

fﬁi fag Co-axial I71Ta EIGIﬂ“L‘f e AERAS) Insulalorfiﬁ'ﬁ A, .

71 Quter conductor (slneld) CRTF Inner conductor (F T Y znt@ "Iﬁ ' . foas 8.

Conductor AT =~ 71 @ 1 | :

Outer conductor TMCH Shield F=11 =3, =1 fafey e "’HRF | Co-axial TR Outer conductor WNH‘T_
iR O 1 (Braid copper wire) W1 0o, TS IS A (Flexible) T @9 Shield C-TAICRA L4y <M
(Gap) 4IF | Braid 7ot (Flat) 74 {341 Shield @7 wrrew czaeea =311,

SRR W T Braid Frerem fien 2f 701 ST Shield @7 ST Performance 16T R TG
[)oublc-laycl' shield 92 1 ) fvu fog fog Shield (%, I *IG Y14 Tube W1 COf | Q@ NG JCE
frelfafia U6 e IR A1 11 1 SRR Cable teleyision (CATV)-4 1% I JIZS T | :

Outer conductor-9% IR @ Insulating Jacket;ATH, 't fafSx Materials frea tefd | =@ f3fS Materials @3
Pl FIW A PVCA (PO[yVln)’l chloride), g Wﬁ‘i ﬁsi FIRCE Wfﬂﬁf%mw (Fire-resistant) Materials -
339 ¥ W 9R 9T Ultraviolet light (Sfetasf af¥)) @z Oxidation @ a'ﬁmntt I W TF 49 =
Co-axial FIRTTA (14 -&ITS RF connector A& AT | '

Standards 3 S Co-axial FFIRCR 3&“[@1*[ 50€2 31 52Q A 75Q A 93Q | Radio frequency (RF) industry

-STfFET TR S0 Standard type name JIRIY I T | Radio government (RG) rating 9 @“’H fofe wta
Co-axial FITIILF FCHSV Standard @ TS T4 ZCACR | ATA-

- "RG-6" SItAd QFH | cBﬁff“—*mawﬁmmmi‘mmcr@ HomcuscnSl?lWRG ()Wﬁ@ﬁlmﬁ_@
8 FEbA ZIGI R 75Q |

| CARIRRAR (Military) /919 &9 Signal passmg tﬂﬂ @"H f&fG Ft3 Co- ax:al T "RG #" A€ "RG #
U &1 7o F17 fafSq standard @ W‘IWT@ | (-

- (5f3#1-8.9 8 RG standards .

Type |[Approx] Core Type Diclectric Overall Braid |Velocity Comments

L imped. diameter factor '
o S | fin] [(mmj| (in] [ (mun]|. ~ ; 3
! [Gaw 75 | 1.0mmlSolid PE| 0.185 | 4.7 | 0332] 1.4 [double | 075 |[low loss at high frequency for cable television,
l!) : satellite television and cable modems
¥ |R6wuQ | 75 Solid PR 0.298 | 1.62 | quad This is "quad shicld RG-6". It has four layers off
? ——— - shiclding, regular RG-6 only has onc or two. -
2 kG-iny 50 | 2.17m [Solidre| 0285 [ 7.2 | 0405] 10.3 Thicknet (10 based) and amateur radio
ﬂ o] m .

KG9 s Solid PR 0420 107 Thicknet Thicknet (10baseS)

kG117 75 163m | Sohid P | 0285 | 7.2 [ 0.412] 105 | | 0.60 | Used for long drops and underground
< 50 [00mmISoid PR 0116 |~ 20 [0.095| S0 | sigle [+ 0.66, [used for rediocommunication and amateur i,
’ thin cthernet (10base2) and NIM clectionies,

T § Common.

—— - - s

R e U 7 - SIS SO
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00 : : : L
Ll ‘ b = —*“m
[ Type. . |Approx.| ‘Core ’|. Type Diclectric - [ Overall | Braid [Veloclty AR RO N s e e ‘
| imped. ] . g : . diameler factor g ' ' :
- [] =] (in] -] (mm] ]| fin] T[mm] : ‘m
RGS9/U | 75 [OBImm|Solid PE[ 0.164 | 3.7 [0242] 6.1 [ sigle.| 034 e reyioally used- for cable slcc(iefi':f‘”*
. Generally it has poor shielding bu! will cany_"n,
3 Y ' | HQ HD signal or vidca over short distancey <
RG-62/U 92 Solid PE [0.242] 6.1 | singlc | 0.84 | uscd for ARCNE‘I; nor:::cusulomu.uvm
RG-GJA | 93 ASP | £ 10242] 6.1 | single | - used rorerM\:ill:cP:glails. more Nexible by
RG-174/Uf 50 [0.48mm| Solid PE| 0.100 25 [0.100[ 255 | single f:s';‘m‘a’:‘R"ésg: used with LEMO 00 cm..:.lc::fs_
oo ' : NIM electronics. 4 f
RG-17&U[ S0 [ 2x0.1| PTFE | 0033 | 084 [0071] 1.8 | single | 069 e :
mm Ag : B ; :
plted Cu
clad ' ; L i
- steel ‘f 7 — —\
RG-179/U| 75 2x0.1.| PTEF .| 0063 [ 1.6 [ 0.405] 2.5 | single | 0.67 |VGA RGBI‘!V L '
mm Ag |. 2 E . T ;
plicd
Cuclad
steel ] SR -
RG-213/U| 350 7x [ Solid PE[ 0.285 [ 7.2 [ 0.405[ 10.3 | single [ 0.66_ | for radiocommunication and “'““‘“'TNW‘,
: 0.0296 ‘ “ ’ iest antenna cables. Typically lower g thay
inCu | .. 5 RG58. Common. ; ;
RG-214/U[ 50 | 7x | PIFE | 0285 | 7.2 | 0425 10.8 [ dowble| 0.66 o
-1 0.0296 : : '
- In : 3
RG-218/U| ~ 50 0.195 | Solid PE[ 0.660 [ 16.76 | 0.870 | 22 | single | 0.66 |large diameter not very ﬂcx_ibm
in Cu (0.6807) |(17.277 (2.5dB/100 @ 400 MHz), diclectric withstang,
) BN
f6f? 8.8 Commercial Designations :
Type [Approx.| Core | Type Dielectric Overall | Braid [Velocity Comments AT
| imped. - diameter 77 B! factor
1 [1 : [in] | (mm]]| [in] [[mm]] :
H155 50 - K : | 0.79 |lower loss at high . [requency for ragi
1 communication and amateur radio. :
H500 50 | 0.82 |low loss at high frequency for radiocmmunication
& = and amateur radio. 5
LMR-195 | 50 : ot low loss drop-in replacement for RG-58. |
LMR-200| 50 1.12 PFCF | 0.116 | 295 | 0.195| 495 0.83 | low loss communications, 0.554 dB/meter @ 24
HDF-200 mm Cu ‘ GHz
CDF-200 <
LMR-400 2.74 ] ] ‘ low loss communications, 0.554 dB/meter @ 24
HDF-400 50 |mmCu| PFCF | 0.285 | 7.24 | 0.405]| 10.29 085 |GHz. . - '
CDF-400 clad Al : : e ‘ : * -
LMR-600 | 50 4.47 PF 0.455 | 11.56] 0.590 | 14.99 0.87 ‘| low loss communications, 0.223 dB/meter @ 24
mm Cu : ‘| GHz ’
clad Al iy :
LMR-900 50 6.65 PF 0.680 | 17.27 | 0.870| 22.10 0.87 [low loss communications, 0.098 dB/meter@
mm BC
tube ' ¥ i - .
LMR- 50 8.86 PF 0.920 | 23.37 | 1.200 | 30.48 0.88 [low loss communications, 0.075 dB/meter@ 24
1200 mm BC GHz !
tube - ' PR
LMR- 50 | 1339 | PF | 1.350 | 329 [ 1.670 [ 42.92 089 | low loss communications, 0.056 dB/meter @ 24 |
1700 mm BC ' GHz '
tube ;
——

AFIATSA 2 107 AR (- Fjtaencas 6 ©esl o o]

m..

I’l'lnlclmel l

fom s 8.

do
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i imﬁmﬁﬁamemmﬂ G e s e 03

) 1‘hi¢kﬂ°t ¢ Thicknet- N Thlcknetwnre-\'i - Thlcknct EoInG| mn Co axial’ Wﬁm Largcr W‘Qﬁ | @9
7 04 ¥ 4R BERPEMITEALE e (Electromagnetic impedance) 50Q | Thicknet ¥714# - CETITe afrm
ﬁmﬂﬁwm 9tS | Backbone wnrmg -9 CFTA8 Thicknet T IR A |

10mm @49 ’ Foul
r (spprox) 2

Center Conductor -

: 4 L Dielectric
" OuterdJacket - Braid
_ fo@s 8.5 Thicknet co-axial cablc
Thinnet 8 Thmnet I m Co-axial FTRCR Smaller AIZS | &7 F ZC 0.2 3@ aR i‘mrcﬁmn'fmﬁ‘@
e (Electromagnetic impedance) LA 50Q | Thinnet FIIRECE FALLHCA Thinwire-8 I TF |
Thinnet T, Thicknet W (T 718 932 Installation I F1%E | Thinnet fame LAN T2t 0, ﬁFﬁ

Thinnet @8 *ifRITE Twisted pair TR LAN 91 SI@ 78 |

5 mm (0.19") - ,
(epprox) i . Center Canductor
« NP ‘v""‘xlm‘fs »
\.l, v’ il
\'A\\ ‘k\\\
Quter Jacket - _L' N Diglectric
-Braid
fom e 8. N'lj i ncl co -axial cable
Performance 8 Co-axial FJIACTH Performance tﬂ?l faw o T Cﬁ"ffﬁ‘uﬂ CATF A AMHR (A, Twisted

pair FRETA (BT Co-axial FJICTA Attenuation TG | I3fita Co-axial IRCEE Bandwidth TH, SRS Signal
passing- SIGTOIE T T TG | @ SHRYl 47 T &) 0T fFgqA 19 o4 Repeater I<-R F91 & |

' 0.7/2.9 mm
35+ , |

w
(=}
]

N
n
i

1.2/4.4 mm
2.6/9.5 mm

Attenuation (dB/mk)
—_ N
wm o
T T

[
o
1

(9}
1

1
0.01 0.1, 0 - 10- 100
f(kHz)

6@ 2 8.59 Co-axial T l’t_:rl'ormnnéc
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w51 FhrefAcem FeoT
; DWWW(Flberopnccable)lwmmﬂzwmmm“ﬁ

qﬁasww‘muawﬁwmqﬁsmﬁwm#ﬁmmn1""@"“?“' . |
FIJRCTA BFTS I Electrical to light encrgy converter IR FJIRER RS WP Light to elcf“'ﬂll Sy |

d0R
w

converter W A
Digital . | Electrical to Fiber Light. EOI Digital
sipnal ——*] light energy _@——— electrica — signal
& | converter ; ' energy converter :
Optic -

f5a ¢ 8,38 SABT TIZIR THS

- 9Af6FIA FI2I[A Electrical signal transimit FICS 10 =1 1 Electrical signal-8TIC® SR W Ught-sigm;_\9
convert $4ICS T | ’
: Jacket  Cladding Core
“ |
By !
bt g
i
it |
. Side View - =14 End View

; foa 3 8.3@ Optical fiber
wqﬁaﬂm TR T4 G T 5 (Glass) ATF, STF (FA (Core) T T | (A MR BRI 4req
Concentric layer qTF, ST Ffee (Cladding) 31 ZW | FINETS (FIIH ™ (Diameter) 62.5 microns (1 micron=
10 BiBR wdie | TRCHA = | FBIEa W % SR 9 i) @2 SR (Cladding) 93 AT T 125 M@
(Microns) | Fifee dl?l BHa (@ ATSe W99 (Coating), Tl AfBS (Plastic) fata tsfa, SIS Jacket T TV ¥
Abrasion (ﬂﬂﬁiﬁ), Solvents (IFF) -9 SR Contaminant (ATF Jacket LUETI(CE Cnrc @3 Cladding (¥ ¥

g |

Corec Cladding Coating

\

f6=1 2 8.3 Core and cladding of optical fiber . : {
qq'ﬁ?aqﬁ T34/ FIRCER Center-Q ST Transmission I & (A 7F IG5 Element AF, OIF Coe |
((31R) e | TP {0 Lighting signal e W) fta &21E® 2 | @IRA Glass-& Bifer @ﬁ.wi‘:s (Siies) |
932 A Element-a3 FAA0H tofd 91 T | qre (T A AR fiees wieen afissiad (Refraction) 4@ |
mwwmuwmwmﬂmmmwﬁﬁmwm|
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Emﬁ'ﬁﬁf@memmﬂ VT LY | Y09

N\ - Raysare bentccrefracted
AN Virtual
Flsh
. : _ foms 8.59 |
el efTaeR eagel tafHEr FeAl— STErRl 49 9T MG (ATF S G AT IR, 4T 2@ fifew
ofoaE 3, T TN ARl T | 39 Wty o3 e e o ffm T, Wumm:m—
m@@mmm-wmﬁwmﬁwmw|

. Less \

Incident \ Angle of
Ray Incident .
(a) I < Critical angle, (b).1 = Critical angle (c) 1 > Critical angle
Refraction - iy (Refraction Rcﬂecﬁon

foass )b‘fBendmg of light ray ;
@TC‘" wmﬁn T LI (AT YT YT 6T o WAeH (@i (Angle of incident) I A6 (i
(Critical angle) St (®1% =W, & Afssraraa famar weqaifit wieeafHG efssifas 23 Wae ol TR T
T3 I | WASA & (Angle of incident) IW FFT (F (Critical angle) ¥ ANW 7W, o1 fenfae G
- freren (6 Tgw) (N AR | wdie ARG Af SIS (Refraction) TR | SRR SISH @A (Angle of
incident) I ALPG (P4 (Critical angle) SIF I T, ST SCARFAYDT ﬂﬁ"ﬁ'@ -1 e | IRUE afsgfrs
(Reflection) A WRA GF2, TG LI ST | :
AET @M (Critical angle) 3 (P17 SENFAN] 9 T (AT ST CF@ (@ HTSA (AT T eifiesiast
@9 90° T, T ML (1 FAAB Sorew (TS @ ' MY 26 (@it 07 |

%Wtﬂﬁcmnneltﬂﬂﬂﬂﬁmmmq @WWWW I Glass?ﬂ
Plastic-97 1@f3 (19 (Core) @3 SR @ TR (Cladding) AMF, St Glass A Plastic @7 T TTT (Less
dense) | BT (Core) SRR &fSAfAS (Refracted) FTH, L (Cladding) ST efSTfETs (Reflected)
MW | @R (Core) WIS efSHFe I ST PABER Ik “dew T XEIT 18 I, Cladding ST

mm@mmmﬁrﬁmﬁmmawwmm (Ffeam) aaaﬁ@mmmm ,
#0 fafem Tug Frmas 7 |

Cladding y ¥
Sender . ' ~ Receiver
‘ Cladding

foa 3 8.5% Optical fiber
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WWW

W W (Fiber size) 8 ﬁ‘N (Core) 9 Frifee (Claddmg) a3 (D|ameter) @::,—::% W:;;;M
TIRINA Mk Fify 2w A | <y AR memmaﬁmliiﬁlﬂ e s Ay

Wmﬁw%ﬁmwmmm

Type laddi m Mode

58’/[;25 ;:(;) ;e () Claf;;ng (l-l. ) “Multimode graded index 2
62.5/125 62.5 125 Multimode graded index ey
100/125 100.0 125 ; Multimgdc graded index
7/125 7.0 125 ~ Single mode

—

FAATF Repeater STGH 27 |

100 B
50 -

b
no

Loss(dB/km)
e

0.1 |

0.05

0.01

Cf*ﬁﬁ 8.9 Fiber types .
Performance 3 wvrmm FJRCTR Attenuation 432 Wavelength-93 FATI f;TCW fora ot =M . ~aXig|
IR Twisted pair cable 93 (5TH Attenuation fiber optic FJRTA WO T | 9 A ST T O

1 1

,i.:; -.‘-/-L;

01 BIE |

1 3
3-

800 1000

Waveleﬁgr{h
feas8.20 Optical fiber

8.9 RRTVC (R (STP, UTP), - er R woifbarier Sigateas RfF8T (Statement of
the characteristics of twisted pair (STP, UTP), co-axial and fiber-dptic cable) $

FMTOE R ST GRSt oMot T ©bM SIMM-STRa ¢ Signal G974 1 Q|
WHE 9 Signal-F 93 SOz (qF W= foSiZ@ Transmit T4 CFTE IR I Transmission media I ¢
Transmission media F€ATS 7T, = (F) Guided 93 () Unguided | . .

A9 Transfer rate-99 B4 ﬁ‘iﬁi FE Guided media (F FTIF0 SA St T4 RCACR | Twisted pair; Co-axial
93R Fiber-Optic ¥J1991 ©ItMq SO | Frequency range Attenuation delay 932 Repeater-’i—"@m g @

12007 1400 1600 1800

i, o1z B |
Frequfency Range | Typical attenuation Delay Repeater spa&?
Twisted pair (with loading) 0to 3.5 kHz 02dB/km @ IkHz | SOps/km | 2 km e
Twisted pairs (multipair cables) | 0to | MHz 0.7dB/km @ 1 kHz | Sps/km 2 km
Co-axial cable 0 to 500 MHz 7dB/km @ 10MHz  [Spskm  [Tw0Okm -~ |
Optical fiber 18610370 THz | 0.2 0 0.5 dB/km Sukm [d0Em |

[ THz = Tera Hertz = 10"“ Hz |

. (6121 8 8.¢ Characteristics of guided Modia.

W
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mﬂﬁ*mﬁhrew

ﬁﬁw C’ﬁm FIRCTR By (Characterlstlcs of twisted pair cable) H

_, Analog 93 Digital BRI Twisted pair T IRTS T | Analog BT o etfis 5 corcss ¢ B
g o4 FTOITCE Amplify THCS 290 | S fEfaie Grfiriera o @fs 2 oo 3 iy o1 o Repeaterzﬁm

Gt Repeat TS W |

»

Jo¢

Twisted pair T AR R AR~ (a) Shlelded twisted pzur (STP) (b) Unshielded twisted pair (UTP) [ f:TCﬂ

o P R 8
0 Shielded twisted pair (STP)mzﬂﬁfEI s

(¥) Co-axial et UTP I1t19 oo v oy
(%) @ FIRE I S IS QST TGIGTe! F1 T |
(") 4TS Attenuation e | -
() EMI ST “{Taief @ 2 At
(®) Installauon process JIRET |
(5) 93 \'5131 Transmission speed &8 0 CQI'W 100 Mbps I
(®) 93 HTQTCQT 100 fOH =g “4 Data transmit T 17 |

(%) e 93 FIX TR TGRS TR (Medium) (3 7@ (Large) 6% 27 |

a Unshnelded twisted pair (UTP) TRWH ¢af#8r ¢ -
(75) 9 Y909 Cabling cost FICHTH T |
(?) Catsaﬁﬁmmpwiﬂﬁm*mwﬁwu
(1) Installation Process (¥l F1%® |
(%) Attenuation ST1 fmyaT |

(®) mmq—mﬁaﬁmmﬁmﬁ\awwewﬁﬁmw AR G Cost ¥ T UTP

FIRCEA |
(5) UTP SJIRCTA Data transmission speed Qﬂfl 100 Mbps |
(2) 9ft I *S fi6R “IF Transmit FCS ﬂT@ |-
(%) UTP 1T B SRBTRrA 20T 0.7 dB/km@ 1 kHz.
() UTP ReeTa fofaramiet fowt == sps/km.
(@) UTP FIRTR %™ iR = 2km.
(%) UTP F_C @’ﬂ‘qﬁi Range ¢ 0 to IMHz.
(3) qr® EMI Al Transmission loss @3R Cross-talk 01 ﬁﬂ'ﬂﬁ I
(%) ©41ar @@ (Temperature range) § 20° AP 60°C.
() wAfE1% 24 (Insulation material) 8 Polyolefin.
() 419 TF (Jack material) 8 FR-PVC.
(®) 74 Conductor (Min-conductor OD) & 0. 515 mm.
(4) 4R ZACA6a (Min. insulator OD) $0.889 mm.
() 715t 6T (Nom. weight 305 Mirs) 9.5 kgs.
(1) 7reifaa 25 (Nom. Diameter) & 5.1 mm.
ZI9H (#1G (Color code) 3
Pair | : 7 @3z A/AA (Blue & White/Blue)
Pair 2 : @a] @@ AMI/FaA1 (Orange & White/Orange)'
Pair 3 : 71w @4 AMY/Ag@ (Green & White/Green)
Pair 4 & am1fi @7 vnmmvnﬁ: (Brown & White/Brown) |

»
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oY S5 FE R e

AT A AT (Connection with connector) 3
ST UTP FIR0TA S 21439 Z0 RI-4S.

T4 UTP FIIE RJ-45 FIABEE A Install FICA W, THAZ ¢ (OGWE Source (0 BUCTF Noise 3
Fhen o |

Electronic industries a.lliance (EIA) 9 Telecommunications Industry Association (TIA) B0 (ure
FICTR & RJ-45 A0 BT 3208 1 RJ W92 W21 A G- Registered Jack AT 45 W A0~ (wpm
@R Sequence | 6 AR 8.33 @ UTP #1313 Male €2 Female G701 T0°11 8

RJ-4S Female R4S Mule

. fom 1 8.9 UTP TR
Q Co-axial TR (I™BT (The characteristics of Co-axial cable) 3

. . Co-axial IR M8y Aw o oo ¢

(¥) Co-axial FIRTAI Cost, TR SWTR-QA (5TW G | WA Thinnet 97 ATH, Thicknet-ad m:l |

(¥) Co-axial IV Install TN NTFFS L& | F1ah AT @ (Robust) wgfea wae afd s 7

@A TS Ethernet 8 ARC net @ f¥ Configuration-9 Co-axial 7147 Install 1 70

(1) Co-axial FIIICTR Capacity Il Data iransmission speed &0 20Mbps 763 |

(V) @3 Tt @a 0-500 MHz.

(8) Co-axial FIRTT FBf*ITMT UGN 7dB/km @ 10MHz.

- (5) @3 fofrene B 4ps/km.

(®) 93 Repeater CP1R 0-9km. - _

(%) 9TS Electromagnetic interference (EMI) (A2 I7T1R, 57 |

() Analog 9 Digital ¥ 101 Transmit-4 Co-axial TR I35 z7 | _ .

(@) Long-distance @ SUETT B Gmfierems o=t Ry fetenfism o o e Amplify 399
QTAEH T | W Digital ﬁm m o= &S i, g oy Repeater %71 fsteyrenc amplify
A9 THEH W | _ _ v :
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iﬂfﬁ‘ﬁ ﬁﬂ%‘m 8 ALY j09
) F.bcr-optlc W ST - Co-axial F1E Y Wiy U (U | &"iﬁ?’ (chhnolo;,y) ZeEl well- known

@eRfee) |

Cable Telcvnslon'\sﬁ ﬁ% SB[ Data communication-9 951 W 11‘{?1 m Wa T SR |
Twisted pair 99 (6TA Co-axial ?PTH'CFR Installation ¥96 RRIEGES e,
Thicknet TR TR BTHT Installation Bre! wwifee, a5 27 |

Outside 9 0.35 cm IR Thinnet ¥J19# Ethernet network- 9 W LYl 'lhmnet 93 Inst
thicknet 93 (BT FFRETS HRE @ I wify | -

vsmfém T N AT IF TR [, TS NI mgﬁ-sa iﬁ: Conductor, 9% Insulator
qq2 930 Jacket AMF | {6 Conductor-93 NT4) tﬂ?ﬁﬁ? Conductor-C& T 2 Inner conductor, ST et
Quter conductor |

ﬁfﬁ] Application @ Wﬁﬁ‘? ™ Co-axial FTRCTA Impedancc Qﬁﬂ 50 ohms, 60 ohms, 75 ohms 94a 93
ohms.

50 ohms 8 Radio transmitter; 99 CFCA 50Q Co-axial IR G TS | TR S
Transmitter antenna-93 M IS Match T8 932 Swo=fers Transmitter FXCS Handle TACS AN |
High frequency digital appllcauons (@~ ECL and PELC logic matches nicely to 50 ohms cable),
elecmnlcs laboratory interconnection (G- High-frequency oscilloscope probe cables) QI Co-axial
ethernet network 9 50 ohm Co-axial TR TIXR TLF AT | G RO mmﬁ@ RG-8 W3 RG-58 sﬁm\a
50Q IR© W |

60 ohms $ 1950 T TV Radio- 97 CFT@ 60Q Co-axial IV ~A&H FATS | TR 9GB! QFA
Transmitting-99 F1& IICS! UR Antenna network-938 IS Fare! | f5E SESE 38ENA RF ﬁﬂ’ﬁtﬂ
50Q WAl 75Q- 3% I7e TR |

75 ohms ¢ (FI-IfFW= FJRE 75Q ImpEaance e e Wﬁiﬁ'ﬂi A, TR B ﬁ_<l IQ
Long distance 99 ©19] Co-axial FJ1941 ﬁﬂﬂiﬂw LUN

15Q fofbs col-nifmm el fofde, Sfde vy GRS T (T TN TGS T«
HIYRTS 7N Baseband video application (both analog and digital)-4 (1 (1-SIfFIE G I9ZS
=W, 1 T 75Q Impedance AFHTER T |

93 ohms § SEFE 4% LAFIER WRED (o7 JIFS W A (- aasmasﬁ»@ﬁmaaonﬁﬁmmm
AT (AAIE & Q@ IR DI use 0O | 9 RO g Digital communication systems (IBM-3270
terminal network) 432 f¥g g LAN-@ W2 €901 7194 F79%© 0O |

@)
(®)
(v)
)

allition,

© @

@
Q)

Q)

(*)

(¥) Co-axial FJMECT f&g @9 Insulating materials WITE | O Velocities ZE— .
+ Polyethylene (PE) 66%
+ Teflon --—--70%
* Foam -—- ---78-86%
iR Co-axial FITATeA icat g wwrgeyd Laf*ie) o =T 8 sy , |
Cabletype RG-6 RG-59 B/U_[RG-11 RG-11 A/U_| RG-12A/U_| RG-58 C/U |RG-213U] RG-62 AU
Impedance (ohms) |75 75 75 75 75 75 75 75 ‘
Conductor material Bare Copper Bare Tinned Tinned Tinned Barc Copper Planted Steel
copper Planted Steel |Copper Copper Copper (iuppcr Copper
Conductor atrands 1 - 1 ] 7 7 19 7 1
Conductor area (mm?) |0.95 0.58 1.63 0.40 0.40 0.18 075 1064
Conductor diameter  |0.028" 0.023" 0.048" 0.035" 0.089 0.025
Zi ANG 2"MWU 1I8AWG | 20AWG 13AWG | 22AWG )
Insulation material Foam PR | PR Foam P | PE PL re I'e PE (scemi-soiid)
Insulation djameter  |4.6mm 3. 7mm 7.24inm 7.25mm 9.25mm '2‘..‘)5 7.25 3.7n‘\m
Outer conductor Aluminium| Bare Aluminium | Bare Bae Tinned Dare Bare
olyester | copper polyester | copper copper copper copper copper
z 1-/aud wire tape und wire wire wire wine wire
|i,': :'uppcr braid tin copper | braid | b'l‘llld braid braid braid
braid Lraid .
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dew T T D e o

T 213 -
- [Cabletype - RG6 nq 9B/ IRG 11 TRG-ITAU | RG-1ZA/U_| RG-58 C/U ;‘; 2#'U ll)ls(;;6m
. [Coverage " |Foil 1008 [958 [|Fail1008 | 958 . |98 |98 : B |
e _ braid 618 - - |Buaid 618 R | Ve .
Outer sheath, - - PVC PVC . PVC PVC - | PE PG P(;/ :(3: :)\I/E y
| Outside diameter 6.90mm |6.15mm ' [10.3mm | 10.3mm 14.1mm 4.95mm :06'“F"‘ 4 omm
Capacitince per meter |67. pF |67 pF Is7 pF . | 67pF 67 pF 100 pF 30 8P - |35' F
Capacitance per feet - |18.6 20.5 16.9 206 _ | 206pE 28.3 pF : 83" LA
Velocity 788 668 188 | 6os 668 668 |
Weigth (g/m) * |59 56 108 . |140 220 138 . ‘
At tenuation dbllOOm - e 3 63
|50 MHz 53 8 |33 4.6 4.6 (
100 MHz 45 - |2 49 7 17 - |16 7 10
200 MHz 10 18 7.2 10 10 23 <l 13
400 MHz " has 2 10.5 14 [ SRS X Bt 14 1
500 MHz' 162|275 12.1 6, |16 : 325 :
9 " /" - *
00 MHz 21 . 39.5 17.1 24 24 — ]

(51R1-8..% &' Co-axial ITICTA &=
Co- axnal*ﬂmhﬁﬁm‘bﬂﬂtﬁ% CWCQ axml?’ﬂ?ﬂﬁw bﬁ:‘Wﬂ‘M ExURIER
. () Thicknet
('~1) Thinnet.
. Thlcknet W Co-axial FTIACTA Larger AR, ¥4 11 0.4 3 axR Wﬁ RET 5002,
® Thinnet W Co-axial FTIRTT Smaller 1S, TR JFT v:m 0.2 iﬁ@ aR W 50Q.
Co axial I JYIXS Connector ¢ BNC, BNC-T, BNC Termmator, UHF Connector, N- Conneclor, TNC
I, SMA FTE3Y, 7 - 16 DIN FICTH, F-1070% | - ; BN

Conneclor . Cable o5

. - BNC Terminator BNCT - - BNC Connector
fo@ ¢ 8.29 Co-axial FA Connector,

(F) Co-axial TR CTER @@ TR TV 8¢t oy fESi2em A &t F96, (37 9 Connect 4|
W4 TV-99 & Connect ZT BNC (British Naval Connector) g Frequency (9@ 1 04 GHz.

(¥) Ethernet network @ BNC-T FIH3315 Use 27 |

(°) Signal-93 Reflection-C(F TFIF T IITS T BNC- Termlnalor

(Y) BNC I3 7oA TFo ©rfq A TNC W 1A #A1SAIY Handling-99-%T®1 100 watts at 1GHz &%
Frequency range Z(T 0-11 GHz.

Q Fiber optic-97 t3f*8 (The characteristics of fiber optic) 3

() 9Ff oF T2 WS e prem gen |

(}) wAfoema wizam Internal reflection-99 4T Light-beam (SteTie ) st Bt Encode-@

Transmit 9T | |
(") 9 43T T GG G0 Electrical to light energy converter 3g 8TV Light to electrical energy
, converter AIZA T T | '

(%) AT FIIAGA TG C1 T T (Glass) AT, I G (Core) <e1l 2 | otz e GRA
41%4 (A Concentric layer 94ItF, ST Fifte (Cladding) DL Cl.ldding-\ﬂ‘ﬂ T @ Ared LU
(Coating), T A1F8% (Plastic) fAth tofa, @It Jackel RGN

(¢) wfomm wRama owm efemd o el BERIFUEIIS (D e— I @R ((\m)
AIATFATE AfEARS (Refruct) 7, S Fifse TR ofvpfe (Reflect) 0 |
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| . e R e wem Yob
(5) @d Data transmission speed (3% Hioh. &fT X) i “ . : :
(%) s 4 igh, &AW 186000 mile/sec. W32, 1Gbps 'ﬂ@l.Dnta aF 3[51 A W'{lﬁ
(%) 97 Brgmf GO M 186 (= 370 THz, '
(@) @ BT BRI SIORrR R | sReme @ Tmgs e, o 7 0.2 16 .
) BSBEL 5008 S B e ’W T, 210 0.5 dB/km.
(@) R P &t Sps/km. :
(%) 99 fafior =131 4°km.
(‘)5) Optical fiber ARATS 7§ 4q1a-
(?F) Glass optical fiber
-+ () Plastic optical fiber.

: d Glass optica! fiber & FPTCR Silica fica ﬁsﬁ:; g Longer \;favciength infrared WY ’61_'{] W‘G ﬁ“i
2ot fATa AICF, (T4 Fluorozirconate, Fluoroaluminate @32 Chalcogenide glas; | ST Glass-93 9710 9 ATS
Glass @3 Refractive index 1.5 | Core @3¢ Cladding-43 NS SoMITQTeAR T @ 758 AR AR &
4@ Percent-A% JTST | : _ | .
D Plastic optical fiber (POF) ZeAt Step-index multimode T34, TR -CHIA AP T 0.5 mm I SF G
st 4P QR | Glass fiber-a3 FAM POF-U3 Attenuation-Sif<e ! G, TR <@ 1dB/m.
0 Optical channel-9 3y T8 SCeT 76 Mode-4 #efis za—
(¥) Multimode '
() Single mode I Monomode. . ' '
0 TFeE WiAR 3f6 Form @ Rew- ‘ L
(¥) Step-index multimode .
' () Graded-index multimode. J _ _ 4
'O Multimode 9 Source (JITF TS Light beam core 93 W4] famn fafSy s wwfaEs el N

i

]

Destination

o e S TLE ALAYS
- s X ), “ b U TR
: . fro0 A AN d AL T Sk
- 3 ) > S0 I ARG TE Y
. B TR T B WA e T
v i P,
] l I | i € S N O\
i vl \
A 8 T 2
AT LN N
)

ALY B
i
—

Destination

Source

(b) Graded-index ]
multimode .

' : 5@ -¢ 8.28 fafSq &1 Multimode ﬁﬂ@m : :

[ Step-index WFBTANCE @fSTlTe TSl §e fFafSe 2@ 9§ g (Lower density) QI AT T

Core @3 Cladding-@3 e Interface T | Step-index ITC® SIHAE AT NG MIESEEE CIL T :

[ WS wiZaE Graded index multimode € Signal ¥ WHE AfaEa 90 1| TS Y9g (Density)

@3 o ffs e wreTa &fSo@el XeB | Core @9 (FCA Density @R @3 @ qia QFI [uEe mﬁk{m TN Density

L

Y
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356 Ema maaﬁ@m-mﬁm

.'-‘\ﬂﬂTf\ﬁE?NI

Destination

Source

‘Single-mode

. . fo@1 2 8.2¢ Single mode FEETH
= Optical fiber communication system 9 Source (4F. Informauon S|gnal (¥ LED |

wht signal f&g3y ILDW

LASER “f3q¥s IR A TFfi?l@ﬂ 24 T8 Transmission ¥ 20 | FIRCIA WA AT RCLCIV\:-T Optigy

S'g“ull -G Photodetector 31 P-intrinsic-n (PIN) diode Gl *ITaR Electrical signal 9 Re-convert $91 T |

Information : Optical fi ber Information
-Optical cable | QOptical
Transmitter | Receiver i
Electronic (LASER/. (Pholo Electrical
Transmitter LED) ' ‘ diode) u Receiver
™ MM [ ‘ d
EIcclrdnic . Electronic
scgment | ‘Optical ! segment
i segmcent "'—"—;

fo@ ¢ 8.2V Optical transmission
= Twisted- -pair 9 Co- axial ST Fiber optic F99E-Higher bandwidth m"ﬂf" T AT 1 99 Data transfer.
9 Rate 1600 Gbps. IR '
- = Fiber-optic FJ19T1 Transmission- &ﬂa L Elec.tromagxrtlc noise &[T (FC1 1 |
Fiber-optic SJ1AC1 6 ¥FTTA Connector I9%® QAL W I+

(¥) Subscriber Channel (SC) connector 8 SC (Subscriber Channel) @133 39197 lV © W@' T I aw |

Push/pull 5% F1e6% 35780 967 1 ' I
‘ (}) Straight-tip (ST) S8 3 oA fTOIRETM AN FEEE AL WA & ST W W EZI
T'1 B1 QY1 TS Bayonet IR 1557 wItg @3 @ff SC st Reliable.

(*) MTRJ ¢ MTRJ 9B TG ST, TR AZS T RI-4S FIHIEE N0 | AMP@@W%@RHW
g awgm 9ot % H (ATTS *FISITS FOCIS 12 (Fiber Optic Connector Imermeabnuy Standards) STe
wfeFaTa RS o |

(?) LC 387 8 SC 93 (5T c'il?»‘ Wms LC W T 1 Lugent lmhnolooy AR ITA LC S Lo
FAA |

(®) FC3It34 8 ngh vibration environment & FC 330 qj93® 21] |

SC conncctor ST connector M:l‘-R 1 conneetor

1°C Connector

f6a 8 8.29 Fiber optic cable connector
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SR - Iefemffme e BN
8.8 &TIT &FH TR IRt @ Wifa4t (Advantages and disadvantages of each type of
cables) &. Ly Sy S e P S S :
X wi GRRfEAE feemmerm g ihr SmMR-eTER ov Signal JITR T T |
it Signﬂl-i‘gm gfefAfeg I3 Ut | urg ﬁiﬂﬂﬂm Electromagnetic energy ¥ Transmission media (209
iz o1 TR feedt Air)-93 '-‘I*ﬂﬁﬂ 9% fToI3 (A ﬁﬁﬁl’f Transmit-receive IR T Communication
pu | e
si5re fA% (ATF Cable transmission Ffems v onst st 2= AR, O el
(¥) Open wire , i : : e
'(q) Twisted pair cable

(a) Shie]ded twisted pair cable (STP)
(b) Unshielded twisted pair cable (UTP)

() Co-axial cable
(a) Thinnet
*~ (b) Thicknet
(%) Fiber Optic cable
* (a) Single mode
(b) Multimode
(¥) Step-Index multimode :
() Graded Index multimode
ETeIF &I WREH R4 @ SRyt FRew oo w721 gt 8
6TAF S (Open wire) §
{4t (Advantages) 3
(¥) Open FIRCTH Frequency Range TTET 0+ 5:MHz |
(¥) Open wire FAT® G T3 Borw IR TS BIFIH. AT | T (A AR TB-Rpfs
- @2t fater = <= ot Identify <91 TR L1, ¥
() @I oIe @ fo-Rpfe Al 2@ o 4@ ©f crmre w7
(7) @b Wt /1 8 Installation process -, 1,1, '
() O ACGA [0 (CTHA- 20 TB) GGl AAH-SATAI AT Fwa U] |
ﬂ’lﬁm (Disadvantages) 8 4 : ’
~ (¥) =T Open cable-93 Frequency range 0-5 MHz, ©12 @3 W @ Frequency-9¥ Glol SATSTC
AEd 74 | B
", (d) 4TS Noise Interference (ITF TH1 AN T (FIAT Shield (TIAY) JIZA TF 1 | T GIB! Loss
a3 A AR @ AaE o :
(%) '9TS &P 4 Attenuation T WA L
(9) @33 o A a3 ea it St A Al |
W@ P I (Twisted Pair Cable) 8
Shielded twisted pair cable (STP) 8
ﬂﬁ‘ﬂ (Advantages) 8
(¥). 9T Installation process 71X |
(4) 937 ©IB! Transmission speed & 100 Mbps | -
(1) 4 g7 == e 100 f6/ 730G 4@ Data transmit 31 T |
-(3) Token ring network-@ STP 197 IJI7S T | !
(8) Crosstalk-97 7% ¢4 Electronic noise 72 ¥, STP I ©f I o | ,
(%) Fatem af&a (4t EMI (Electromagnetic interferance) @< REI (Radio Frequency Interferance)-
- Gfi® q SRS Electronic noise 8 ¥, T main signal-(F 1S FACS AA1H, S8 STP I
(Ll

ORX

S
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(®) QIR 4F 8 % RGN ATl 21 q1H |
(%) Open wire-9% T @7 G5t BMEER S @ |
() Open wire aamaaiﬂﬁmmwn

(Disadvantages) 3

" (%) Co-axial feeat UTP I7RTe™ 5w Wi afit |

R) ars Attcnuatioﬁ e ‘

() EMI T sfiafd vim 2 1 |

(?) 4 Cable Ta Long distance 9 TIo1 "fTé‘I'Fﬂ TEI@AI L

(®) Point-to-point 9 ‘Analog signaling-@3 CFT@ Bandwidth A% 1MHz *INSTl MM, IS MU o
Voice channel QI3 71 | ‘ '

(®) Digital signaling-93 (T TS Data rate W& FCF Mbps |

Unshielded Twisted Pair Cable (UTP) 3

ﬁﬁ*ﬁ (Advantages) 8 : . : et

(F) Twisted pair FI197 AT communication i T @ Type 5 TR QR RS 7, Bl
Unshielded Twisted Pair (UTP) ¥ | -

(}) EMI 93 RFI-Sf¥ SHISIFS Signal-cs i FTS W2, Twisted Wire Pair-Sfas Cross-talk-qg
FICA (T {HTH Unexpected Formyrer Seofy 2w, o Aeraanet @ 4079 P 992 A1

(1) Color code (7T @ IR Cabling RS 31 WA | Color code XETI— )
Pair 1 39 @32 TA1-F
Pair 2 8 T QR AWt-T9=A}
Pair 3 8 98 QR AMI-FF&-
Pair 4 3 IMIf @2 A1-amIfT i

(¥) 9 <ITFT Cabling cost T T |- T ¢

(8) Cat 5 IS UTP W Installation IT6 YHR |

(5) Installation Process (3™ 7 | e :

(R) RIS TR affm (DenfFe-9 o ¥e wwim [ewt witg, FRCW Cost T A UTP

(%) UTP F19CT4 Data Transmission Speed &% 100 Mbps.

441 (Disadvantages) .

(¥) Attenuation 71 fRATHIN | e, :

(?) «ff 7t Fereere TR 14 Data transmit 4t T, I Long distance-9 Data transmit ¥4 T A |

(1) . @ FyeeTa ol R Ry | g : , -

(%) Aat® EMI 9l Transmission lés_.s 932 Cross-talk 3371 fwy1e |

CFI-SIHA F137 (Co-axial cable) 3

’Iﬁ‘ﬂ (Advantages) 8 :
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nmafmﬁamma@waﬁﬁrwawﬁmwwmﬂaﬁwmaaﬂﬁ%mnamum—
ci‘ﬁﬂ 8.% s‘lﬁcammwm '
BIaft e (ﬁ*tmfw)
U 03=1,12 -
L 1L12-17
LS 17-26
S s 26-395
C 3.95-585
XC 5.85-82
X ; 82-124
Ku 12.4 - 18.0
K 18.0 - 26.5
Ka 26.5.— 40.00
ﬁm@ﬁmﬁ&mﬁaﬁhawm}ﬂwmml
, ' . ofm-8.5 ,
e 1 v FTR
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GfE-8.50 § AR CF@ IS TIEHTS TS
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" . Infrared transmtssmn system-f0 TV remote control-{ I il - 51'4 nal,y |
(BRTf&™ Receiver-a@ Instruction code 4% T ©1 Pllse W ecei RISE

communication % ¥ JY, T ogy TITH W Data transmit 33| |,

(¥) Broadband optlcal telepoint &8 9 *AOCS Broadband Technol e o
(¥) Line-of-sight infrared 8 @ ¥JTq Commumcatlon receiver '8 transmitter tﬂa@' ig lpath

l“frared

MRS T A |
t-tﬂ 7,
(") Reflective infrared § 9 "f‘ﬁﬁb‘ﬁ Wireless PC TR =TS Signal '—‘Wfﬁ" @4t Uni MER IS O
AT |
(4TI 7 Node 9 Signal transmit A 3E cﬂ}m

(R) Scatter infrared § 9 &STS 100 feet ACFA W4T Reliably data receiver g
Transmission way-43 N4 Wall, floor f¢al Ceiling 297 A& | Infrared communication 100 feg

VRUGR W4 ST @ Speedfull 93 @ &S LAN, WAN a% 76 Transmission- R Ty R
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R | STF TS (Voice Band) § ST AT (TGB! BBLR IS MRS AT 300 bps cmmrw%o(}bps
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T QG JT NS 25eT3 (@ | ; by
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(R) are Transmission loss famre |
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(5) <o FFwf <300 GHz.
(v) errered | fafafism (4t 1,00,000 & |
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() “N1€U (Power requirements)
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User network =~ | _ network ~ User
FOA & IO
| Earth Eary EEWD
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Terrestrial -
network
‘| User

-

-fo@ ¢ 8.99 A Basic Satellite Systcm

8] m w IS (Frequency bands of satellite) $ .

CRE-8.b @ @AM IIGR REEGEITADT BEEh (RGN AT JR | TINES @ty
T oM R et a3k awit 2R Brpwt Trewe 7w 1 BRE 8.53-a TGRS BrFwht cueEm gy
TR | W@mﬂmﬁamﬁm@mamm@ﬁﬁﬁﬁ@ﬁr@mwwmwm

Cﬁﬁﬁﬁ'@ﬁw‘ma AT T 7 | \ L—;* : .

T Frequency i o a i Wavelength'(rm); i Designation?

3 Hz - 30 kHz _ 10° - 10%- I Very Low Frequency (VLF)

30 -300 KHz “110°-10° ) | Low Frequency (LF)

300 kHz -3MHz - 10°-10° iy, Medium Frequency (MF)

3-30MHz 10" - 10 High Frequency (HF) ‘
30—300 MHz : 10-1 - Very High Frequency (VHF) 3
300MHz-3GHz 1-107 - " | Ultra High Frequency (VHF) B
3-30GH:z ; 107 10" Super High Frequency (SHF) :

30— 300 GHz ' 107-107" Extremely High Frequency (EHF)

10° - 10’ GHz 3x10°-3x 10 3 : Infrared, Visible light, Ultraviolet

(Ofe 3 8.3 Electromagnetic Frequency Spectrum

Frequency band : Rangt:: (GHz)

L. T )
S ' 2-4
C T 4-8 . i
X 8 -12 ;
Ku y 12-18
K . 18 - 27
Ka 27-40

Millimeter 40 - 300

C6fa71 8 8,53 Frequency spectrum
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Transmission media I

) Transmission medium e tﬂﬁiﬁ Ma
mrgy w.lVeS Beot 91 T | O

roP QIR 14 IR CFER FH (Solid) T wxeT (Liquid) °F|va

75364 (Plural) TN Transmission media,

LY

TAYRTS T wrat Recewe-

3¢

[arifeTa1-303 8]
tcrml substance (= Sohd qumd e Gas TS #f1t1), T1 %141
99 Transmxssnon mcd:um R ATSTH (Aiir) |
EILEE LS AT | Transmission medium 94

Transmission media (3 FTSITH ©tst 1 TraTR @ '&f?ﬁ;
wedl, e RfEmerm offRemt e,

: [0 y)
enf) Grifiem Rfemete cififRert fams 5 .
v Trunsmission
Media’ K
L ! 3
1 1
Guided ;
& Unguided
(Wired) (Wircless) |
1 s [
‘ — 1 e R |
Qpen Wire Twisted Co-axlal Fiber-Optic . Radio Micro Infraced *
Pair Cable. Cuble Cuble . waves waves waves
hielded Twisted Unshiclded Twis Thinne| “Thickne i . I satellite rrostital ¢
S MG.::[ m?iirta:;:bm |Mulnnwd<.i | Single Mom bmllu-.—] I 'h.m.slrml—l
(STP) - b (LTP) :,_‘r_lhl;__ ‘
Stepl ! || Graded
“ndex Index

9l . Gmded transmission-9¥ W‘i‘ a1\ [Frefatat-2058]
wedt, iides Gt At ciftfRen oae [AreiTat-2058 (4if)]

-mmﬁwﬁﬁnﬁmﬁﬁ—mﬁwm

Guided Transmission

Media
[ 1 R TR 7|
Twisted Co-axial -] Fiber-Optic
Open Mrﬁ Pair Cable Cable Cable

s

Shiclded Twisted
Pair Cable
(STP)

Unshiclded Twisted
Pair Cable
(UTP)

‘ Cal, ”Cal4 l I Cayg |

minnCI]l T.l\icknc‘ll IMultimodt?' [ Single Mod?l.

Graded
Index

Step:
Index

81 Guided transmission frequency range 9% &35 (714 |
Guided transmission frequency range 7 &6 feiset 8

Open cable 0-5 MHz
Twisted pair cable | 0-100 MHz
Co-axial cable 0-500 MHz
Optical fiber cable 186 to 370 THz

Frequency range of guided transmission medin

Scanned with CamScanner



Ny ‘ - wiot R TR [
.Ql Oi)en wire mwﬁwmmwmm ATA? ‘ _Wm"‘%ya]
-Opcn\wremqo?ﬁwmﬂlﬁmw-ﬁmwm| ‘ .
b1 Twisted pair JRE T ©iet Ot 1 TETR € R A7
- ) SRS Twisted pair cable-C¥ ‘Iﬁ SiTs Sl ¥4l m Bal e
(F) Shielded twisted pair (STP). o (%) Unshielded twisted pair Smfm I
q| EM[ RFI, STP, UTP, EIA, CATV, RG, TIA, LED, ILD, LASER-49 ’ief
| EMI = Electromagncnc Interference. RFI = Radio Fr,equcnc;_( Il\(tjcrlc?rc?ncc.
STP = Shiclded Twisted Pair. UTP = Unshielded Twiste pﬂil:-

EIA = Electronic Industrics Association. CATV = Cable Television.
RG =Radio Government. TIA = Telecommunication lnduxtry ASSOCI-HIOn

LED = Light Emitting Diode. -+ ILD = Injection Laser Diode.
LASER = Light Amplification by Stimulated Emission Radiation.
v1 UTP IR TS (1t o AHTF?

E==p) UTP wIRE! 8 (5T) oI O ATE |
®1 UTPWWWMWWeﬁﬂr

(=p) ﬁzm@ oIS o6 311 TR 3 : .
Category Specification Data rate Use )
3 (Mbps)
vl Unshielded twisted pair used in telephone <(_)‘ | :rc'“‘m
2. Unshielded twisted-air originally used in T-lines 2 - ”_'lﬂg_\
3. Improved CAT 2 used in LANs 10 LANs °
4. Improved CAT 3 used in Token Ring networks ’ 20 LANs
5. Cable wire is normally 24 AWG with a jacket and outside sheath 100 LANs
" SE. An extension to calegory 5 that includesetra features to minimize the 125 LANs
cross-talk and electromagnetic interferencel B
6. A new category with matched compoHehts coming from the same 200 LANs
manufacturer. The cable must be tested at i 200-Mbps data rate. - L. Lt
7. -| Sometimes called SSTP (shielde. scféen|twisted-pair). Each pair is 600 LANs |
individually wrapped in a helical metﬁl__j foil followed by a metallic
foil shield in addition to the outside sheath. The shield decreases the
effect of crosstalk and increases the data rate.

© 30| Co-axial ¥R (S A W ’ [Qrsttercal-2o%|
- Co-axial IJRE TE O GF I3 FIRE, TS TR Wl'ff_? 96 Conductor, > Insulator @3
@FfG Jacket AMF | Co-axial cable PRCVT (AR IR RAFS Frequency-93 (6TH ﬂ?{-@‘fﬂﬁ Sigml
TR B | - '
33 | Co-axial FTIIT FH N AT @ A Az =
- Co-axial FJ19TA B1AMG & 3 (F) Inner conductor ) Outcr conductor, (%) Insulator, ('il) Jacket.
NI Co axial inner conductor 8 Outer conductor ¥ fATy tof? .
Co-axial FJ19C=14 Inner conductor AYRTS Copper (35"“3) f':TN ZGﬁ UEH Oulcr conductor %9 *°
91 4req T?fl (Metal foil or braid) femt @ ‘itﬂ?l 4t ﬁl?ﬂl"l tefq | Outer Londuuorﬁff%lw Wﬁff:ﬁﬁ?
39 | Impedance FITF IMA? Co-axial FRTIA Impedance-STAT (51 | -

- Outer conductor @32 Inner conductor-93 JLITSf LEA] Inner conducmr-tﬂﬁ IR (@ Malcnll
insulating 41, SITAACE GFANY F7IA e (Cable properties) a1 Zf ey (Impedance) @

Co-axial I Impedance-8Ta1 THE — 50Q a1 52Q. 31 75Q 21 93 O
8 | mwtra Co-axial FIACF T ST Sttt 391 7171 @ | Rz

159 S Co-axial FRATE B ©fTet w1t w1 Arw—
(%) Thicknet Co-axial cable
(4) Thinnet Co-axial cable.

\
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@) JREE YFS A Converter UMF, B e T Electrical
Folwa 9 | ©1R @ Converter-93 /Ix Electrical-to-light energy converter.

) FIRER YIS Convcrterﬁ_v‘ IS TW, SI IE A Light
91 | ©I2 O AW Light-to-electric

i R A shke

o Tl Rt e seea-
1 e FAE Converter R f IS TRA T T , 3
Wb FIRIAA 38 Converter TS T~ 4l e TS mg Wt TR CITE |

ﬂfmwm'&ﬁl

yq 1 Critical angle P NI FI INF I
(AN SRR, T TGN (T
T 1 AR SSR (FIT @ §'MGTR 106 1ol 70 |

al energy converter.

energy-(3

I)DA,

Light energy-C®

ght energy-C3 Electrical energy- (% Hl@d .

TR OV (T WioAeA (P ) @fomet. el 00° 2, ¥

yw1 Core ¥R Cladding 3 I LMERCITE e Fiber-optic FTRT™ W Bre{T & e |

(E==f) Core 9 Cladding 49 TG Beta 5% I Fiber-optic TR 2w A= 3

Type Core (um) Cladding (um mode
50/125 50.0 12.5 | Multimode graded indk
62.5/125 62.0 125 Multimode graded indk
100/125 100.0 125 u Multimode graded indk
7125 7.0 125 .| Single mode

s» | Guided transmission CAPBRIR & T TCHA S0 94 |

(F==f) Guided transmission &A1 PPz famet B

Freq_uency | Typical Attenuation Delay Repeater
Range s : spacing
Twisted pair (with loading) | 0t0o3.5kHz .,0.2 dB/km @ 1kHz 50us/km 2 km
Twisted pairs (multipair | 0 to | MHz  arl=P7 dB/km @ 1 kHz 5us/km - 2 km
cables) 0C kg pee o T Ao
Co-axial cable 0 to 500 MHz;,,,|;7dB7km @ 10 Sus/km . 1to 9 km
Optical fiber 186 to 370 THz;} |02 t0 0.5 dB/km - Sus/km 40 km
01 1THz =F% Hz? . e 3% T [P0 Y]
1 THz = 1024 GHz = 1024 x 1024 MHz = 1024 x 1024 x 1024 kHz = 1024 x 1024 x 1024 x 1024 Hz
=10“Hz :
3 | STP IR RIBretat e | : [qrefical-2058] .
STP FIRTAR Gferete gt 3 - B o
(%) Co-axial fEe@l UTP #1157 Wi & |
(}) <% ZJRA 4T @ =G QEUT TGS T T |
(1) 4TT Attenuation f¥TaS |
(%) EMI 7= rznfa v & =1
(%) Instruction process 1€ |
(%) % 1Bl Transmission speed @M 0 (T 100 MBS.
21 UTP Fyrvms e a4 | [arfiat-2038, R0l
U4, UTP Cable-42 taf4B1atat (4 | [Arfica-2055)

UTP s v iy fs 8
(%) @ €272 Cabling cost 71A0T0 731 |
(%) Installation process ¢4 Y@t |

(1) «fb womae fbra 462 Transmit F408 1 | ’
(%) UTP T Data ransmission speed @il 100 Mbps,
(%) Uty wyacera Bf4mmm fom o spusikm,
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Rl ' | | ‘ wiGt aﬁ%ﬁmﬂ ﬁiﬁﬂ
"Q\'J | RJ-45 Connector (T Cable-9 m W‘mf |

E==g) UTP Cableamg® 701 d
8| WCo-malwme@@rrmﬂhW‘ﬁ'

E=p) m % (T Co-axial FIREAE iﬁ SISt 91 - (¥) Thicknet, (%) Thinnet
® Thicknet TC¥ Co-axial FIIRCEA Larger 3113@7 T/ T 0.4 2 g3 T T 509Q.
® Thinnet A Co-axial FFIRCETR Smaller AR, TIF T ZC=1 0.2 3@@ ‘ﬂw W bl 350Q.
@ | Optical Fiber 3 (0 ¢ | Az SIT77 16 o |
| W Fiber Optic Cable-7 @gUoeA W e iy e fofFe # 1 IRFTat-2530¢
§) Optical fiber AYRIS 13 A (i) Glass optical fiber, (ii) Plastic optical fiber.

Glass optical fiber &% FITATR Silica faa tefd, 8¢ Longer wavelength infrared-a% S Wi g ﬁﬁ%m
i a1 - Fluorogirconate, fluoroaluminate 9<% Cladding-43 TGS THAMITRTER ﬂ'CiU 9 Sy

AW ’fﬁﬁﬂ‘i N 93 Percent ag TSt |

[Wm_‘\os\g]

1)

Jacket Cladding Core

Side View | End View
o ﬁxq 8 Opncal fiber
Plastic optical fiber (POF) %t Step-index multimode W T (PR P T 0.5 mm W oW ’WW
@ | Glass fiber-93 B9 POF-9T Attenuation s Tt A, T4 AR 1dB/m.
RY | Optical channel-€R W47 7T B Mode-« WITet o 23 @ it iy

E==p) Optical channel-a7 w4 fia wiEen esterEA ﬂ*ﬁf% 3f6- (¥) Multimode, (¥) Single mode/morg

mode.
Mulumode—ﬁs SR X ©ie ot 33 qiE— (ﬁ‘) Step index, (¥) Graded index.
R4 | T IR Optical chamel-tﬂiwmmﬁ@m%ﬂ?W‘IﬁW 8 J '?f? .
y) o6 I Optical channel-93 74 foca weeifers ST Soi e *ﬁ -
(®) Scattering, (¥) Absorption, (1) Dispersion.
b 1-UTP mwﬁmﬂr [efRIzal-3088, 3
UTP FIRTTR SREIST Zeotl— & o
(F) Wﬁam*rﬂ ST fRmra | :
(}) 92 R fRE fo v
(1) Cross-talk A1 AWy | e ' e
> | WAF FkIE TR A R ' _ [0
(E]) o wizam e e g | -
(%) 9@ grosfesry |
() =t e fefete o s fnam arge x|
(1) Grafirem Fe S caf | . '
o | S FEAR 7 A Tt | . (Rrfiat-200d

e %A Defius o1 36 i g i tofi vy 11 e TR T 7 | 9
it feee @afes cerer af<i@ s eib) e @) a
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O \ . Wﬁm\emmﬂ | 3 .' | 3%
oy | CO -axial TRCH i”ilﬂ'C'TIC'lﬂn LR [Frifeicat-200y]
- Co-axml FIRCTE qﬁmm ﬁ;ﬁq o '

(¥) Co-axial TR Twisted pair IR Rye gt om - ﬁrmﬁ Bt w=m @
) Co-axial TS FJIA TV- AR IE AU |

() 9 T FRETT ¢ R m@wm‘sﬁtmﬁfwmu
| Radio @R Microwave Q¥RMR-«3 Giifers sy @ |

N Radio 93 Microwave Qf3(w- -93 WY GhifES ofiday ﬁﬂ'ﬂi’l 3

EE Radio
Microwave
@) 3;::7@@ 8 mﬁﬁﬁ%ﬁwtﬂmﬂm < | (%) G < o
l :
®) Wﬁmﬁmmmmﬁmm ) % cmeowﬁam\sﬁrmﬁmm
AT | ’ ) M |

() ) ST T R 1 | () SV =ra—— '
w.mmwﬁﬁwﬁﬁﬁwmwm - T [eIrElosY)
w43, Microwave Communication System 345 J3%R T4t TH? | [ArifEiTal-20 v y(Aif), sb]
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