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The Qualifications and Credit Fr ame\

QCF

What is QCF?

f QCF is the new Government framework for recogn
units and qualifications.

T I't provides more flexible routes to full quali

f New standardised titles have been introduced w
understand.

How does QCF work?

A QCF qualification is made up of manageabl e o6ct

of a wunit with the required credits in a qualifi

is assisted by the accumul ation and transfer of

with reduced repetition, as |l earners can build c

of qualification

1 Al units in the QCF use the same unit templ at
needs to know, understand or do) and the asses
outcomes to a defined level).

T A credit value and level are assigned to every
where one credit equals 10 hours of notional
too.

f Some units appear in more than one qualificati
qualifications, as long as it forms part of th
g '
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Course Progression and Transfer
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Ol I @wel _ i att-ABnaddf 26
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Cable Infrastructure

UniDPes8i gn & Planning f

Net wor k Cable Infrastr
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Further available courses delivered by

Eibre Optic & Data Communication Courses

CG36BD1 City & GwWi2l Core6®0Nit 1 (Mandatory to gai
CG36BD2 City & GwWi2l Unid36&7 I nternal Fibre Optic (
CG36BD3 City & GwWi2l Unid36B7 External Fibre Optic (
CG36BD4 City & Gwi2l Uni36e7 Datacomms (Optional)

Fibre Optic & Data Communication Planning & Des

CG36BdM1 Concepts of Designing & Planning a Netwo
CG36BdH2 Designing & Plan for an Internal Network
CG36®BdH3 Designing & Plan for an External Overhea
CG366BH4 Designing & Plan for an External Undergr

Fibre Optic & Data Com ication Planning & Des
CG75@D? City & Gwi2l ds

muni
7540
CG75@3d® City & G®idlds 7540
7540
7540

CG758D City & Gdi2l ds
CG758® City & Gui3l ds

Fibre Optic Test & Measurement
T&MO 3 Test & Measurement OTDR & | LM Testing
T&MO 5 Advanced Fibre Test & Measurement (to

Des&Job XostCosting & System Design of fibre, co

Vol P Voice over 1P software based PBX systems
3CX1 Basic Introduction to VOIP and 3CX

3CX 3 Advanced Training on VOIP and 3CX Instal
Bespoke

Fi br€xttn$i ngle/ Multi Mode Int & Ext Fibre Optics
LS01 Laser Safety course Laser Safety User
LSO3 Laser Safety 3 day course Laser Safety O
FO® 1 Fibre Optic Splicing

FT01 Introduction to Fibre Testing

PBX 1 Understanding PBX Installer Digital [/ An
COS HH1 Understanding COSHH

RAMS 1 Ri sk Assessment & Method Statement

HASAWAl1 Health & Safety



Training From Fibre
Beaalk i PBX using PC softw
from your PBX VOI P Telephony
& phone wiring Utilising 3CX Wi ndows PB

Course | abus

Syl

Core Unit 1: Course
Introduction to
Introduction to
Installing 3CX
Creating Extens
Basic Provisio
Configuring Vol P
Configuring Basic
Call reports
Phonebook
Introduction to
How to Backup anid 2Resitlor e.

Unit 2 Course Duration ( 2 Day)

(Prequisite: completion of basic course or previ
Aut omatic Provisioning
Configuring PSTN Lines
3CX Assistant
Digital receptionist
Forwarding Rul es
Addi ng DDI
Ring Groups and Queues
Call conferencing
Creating a Bridge

Remote extensions
Fax Server -
Monitoring & Tr cAwwhBl5e sOhdoot i ng

I f you know the basics of how to use a
this free PBX software, E 0 r a ce a
one days traini —Ts

snom



ibreplus

Network Specialists

Buil ding
Partnerships
Fusion Spli

cing Fi br

Al |l prices exclud

Parti8bdk1l

e

~

Al

e VAT

Compact fibre preparat
Contains all the requi
accessing and cleaning
prior to cleaving and
Fits neatly in the sto
of th&0BSMnd 8FSSM usi on
splicer carry case.
Fibre cl eanifh@mmabihd.zaNa@mus, fast dryingl opti
FPFO3M ; i i
859 wwah B8i spensing pump/ spray
WF W Lint free f itbhurbe wiitphe s9.0 MiprisbeatedopopOmn x 10
Cable ringing tool Hi gh quality tool fo sl
SRR cables of 4.5mm to 25mm di ameter
KEMW 1 Kevl ar scissors. For clean, easy cutting|]of i
Loose tube cutters. Hi gh quality Fujikurp too
LTO®1 ; b b b .
damaging the optical fibres within
Mil |l édao | Bristri ppers. Single tool for remojing
s 2 and3m®@m jacket
BUMD 1 Lint free miniature cotton buds. These afe pe
fusion splicers, in conjunction with the|] FPFO
Carry Cas|padded carry case made of hard wearing Cprdur

t

e



ibreplus
Network Specialists

Building
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Complete Optical Fibre Preparati

Option 1. Full Tool k3@ @ixeadweli ng
Pri-de395.00
Option 2. Full Tool kB0 Chehudi ng

Pri-de995.00
Al'l prices exclude VAT

A Comprehensive High Quality Toolkit that incorrg
paring optical fibres for fusion splicing. Suppl
designed for the toughest environments
FUJI-TASE |Foam Tool Box| General Tlokrisfe
MSO0 1 Pri mary Coat Stripper Tape Measur e
JS01 Secondary Coat Stripper Screwdr i vidrar(ggl)ott e
LTO1 Loose Tube Cutter Screwdr i vieSrma(l S$jl)ot t e
LT®2 Loose Tubet Cpeé}Yer (peg Screwdr i vielra r(gPgh)i | 1 i
E768001 Cable Ringing Tool Screwdr i vieSma(lPhhyi | | i
KEW 1 Kevl ar Scissors 60 Pliers
HRO 1 Al cohol Dispenser 50 Side Cutter]s
ST200 Li-Rtee Tissues (200) Junior Hacksaw
COTTON BULOSotton Buds (LoDpiver Se|tPrecision Drivler Se
CB0 2 Cinbin
Ml RA CHUIKN Reusabl e Cleaning Cloth

Fibreplus Ltd. Training & Sales Centre

Uni t-¢¢ Brook Lane, Westbury, WitK#éslifi0o)&a22BAB3I6HES



ibreplus
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Building
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Di scolinfcddbD I € foF Ot @4, ISiég can

A24i

KABIFIX FK 28 Optical Fibre Cable Stripper

KABIFIX LK 25 CABLE STRIPPER

Plastic insul alt @d5carh gsl")

Cutter for plalsé-i2& tmumbgsl ")

for Optical cabl es, -pComaxi alabdned ,Moi s
Cutter for pl2&timm (dbé¢s V 6

L The exact Cable Stripper even for
Al uminium screening
: Change from circul
Hardened bl ade whit
Robust body of fib
l'ight weight.

ar to longitudi
chh sipse cdé xad h g g ena
re reinforces r

For insulated iceaRiBeshrm (1 1/8 " )
Cutter for pl as6t-R8 tmmbeées 1/8 " )
Hand operated, easy to use
Safe and fast stripping even for r sheaths.
Automatic change from circular to I cut .
Hardened bl ade, easy to replace.
Robust body of reinforces polyamide,~ Li,g ight.

Tri -Hole Fibre Optic Strippers

Cable/ Buffer Prep. Diameters

Aramid (Kevlar) Yarn Scissors

Specialist hardened scissors f

All.

The discounted prices provided above a
Course, must be purchased or ord:¢
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Al l ocation of exam mar ks

Unit Title & Outcomes No. of QueéwstoiforMar ks

362 Unit 1 Basic Principles of Communications |
l1.ldentify safe working practices/ in com@88/i cat.
2.Describe the basic principles of SI unilt6$% and
3.Describe the basic principles &8 commuBi2é&ati on

4. Describe the basic principles ®f data @dmmuni c

362 Unit 2 Fibre Optic Cabling in an Internal |

1. Working safely with optical fiBres in d4dR2% nter

2. Recommended installation procedures. 28%
3.Preparing fibre optical cable f2or conn®&é&t ori sa
4.Splicing together optical fibr és. 20%

5. Terminating fibre optic cables 4with conl®éctors

6. Testing fibre optic |inks 4 16%

36802 Unit 3 Fibre Optical Cabling in an External
1. Working safely with optical fiBres in dR%exter
2. Recommended installation procedures. 28%
3.Preparing fibre optical cable f2or conn®&é&t ori sa
4.Jointing fibre optical cables by splici20§o.
5. Terminating fibre optic cables 4by spli di6leg on

6. Testing fibre optic |links. 4 16 %

www. fi breplus. co. uk for updates



Content s

Modul e Description

. Modul e 1 Health & Safety and Hazards &
Modul e 2 El ectrical theory & SI uni
Modul e 3 Tel ecommunications, Fibre &

- Modul e 4 Net wor ks

Di scl ai mer

This manual is provided free of charge, for tho:c
information is not available within this manual
This document is provided with the understandi ng¢
course, where an explanation and correct interpr
cannot be held | iable for content pertaining toc
mi sinformation within this document.

Al t hough Fibreplus Ltd. will -tedddeavasrpoosiebberzs
content and requirements of the City & Guilds 3¢

www. fi breplus. co. uk for updates



Heal th and Safety at Work Act (HASAWA)
Ri sk Assessment

Met hod Statement

Hazards

Acts & Regul ations

El ectrical Safety (BS7671)

Portable Appliance Testing (PAT)

Laser Safety (BS60825)

1-1
11
1-2
1-3
1-3
1-4
1-4
1-5

at

No .

Wo r k

Control of Artificial Optical Radiati olns
COSHH 1-6
Asbestos 1-7
Confined Spaces 1-8
Gas Testing 1-8
Personal Protective Equipment (PPE) 1-9
Fibre Safety 1-9
Wor ki ng at Height 1-10
Provision and Use of Work Equi pment Relddl ati on
Fire Extinguishers 1-1 4
Safety Signs 1-15
Revision Questions 1-16

Base SI Units

S| Prefixes

El ectronic Symbol s
AC/ DC

Ohms Law

At omic Structure
Current

Insul ators & Conductors
Revision Questions

Refractive I ndex (I OR)
El ectromagnetic Spectrum
Amplitude

Wavel ength

Frequency

Waves & Wavef or ms
Attenuation

Bandwi dt h

Bitrate

www. fi breplus. co. uk for updates

3-1
3-1
3-2
3-2
3-2
3-3
3-3
3-3
3-3

No .

No .



_NO.

dB & dBm's 34
Power & Loss calculations 3-5
Crosstalk 3-5
Near End Crosstalk (NEXT) 3-6
Basic System or Link 3-7
Laser's & LED's 3-8
Detectors 3-9
Fibre Structure 3-9
Pri mary Coating 310
Secondary Coating 310
Singl emode 310
Mul ti mode 310
Baseband 310
Broadband 310
10Base 2/5/T/F 310
Digital Signalling 311
Anal ogue Signalling 311
MODEM 311
Dupl ex/ Half Dupl ex/ Si mpl ex 311
Serial/ Parallel 311
Wavel ength Division Multiplexing (WDM)312
Couplers/ Splitters 312
Ti me Division Multiplexing (TDM) 312
Di spe-Chromati c & I nter Modal 313
Step & Graded I ndex 313
Fibre v Copper 314
El ectrolytic Corrosion 314
Drawbacks of Fibre 314
Fibre Testing 315
Vi sual Light Source (VLS) 315
Insertion Loss Measurements (1 LM) 315
Optical Time Domain Reflectometer (OTDBR)
Procedures prior to testing 316
Loss Testing 317
Setting up I LM 317
Backscatter 318
Index of Refraction 318
Refl ective Events 318
No-Refl ective Events 318
Revi sion Questions 319

www. fi breplus. co. uk for updates



Uni tMoldul e 4
Net wor ks

Net wor ks

Et hernet

LAN, MAN, & WAN

Topol ogi es

Point to Point

Bus

Ri ng

Star

St-Bus

Branching Tree

Me s h

Campus Backbone Cabling (CD)
Building Distributor Cabling (BD)
Fl oor Distributor Cabling (FD)
Transition Point (TP)

Tel ecommunications Outlet (TO)
Wor k Area Cabling

Sealing/ Fire stopping

Et hernet Cabl es

Bal anced

Unbal anced

Solid or Stranded

Coax Cabl es

10Ba-sTé2 n Net

10Ba-sThd ck Net

Twi sted Pair

Categories/ Class

Unshielded Twisted Pair Cable (UTP)
Screened Twisted Pair Cable (STP)
Foil Twi sted Pair Cable (FTP)

Net work I nterface Card (NIC)

Et hernet Fr ame

Net wor k Protocol: Et hernet XbaseX,
Bit Error Rate (BER)

Hub's and Switches

4 Repeater Rule

Revision Questions

Page

41
41
41
42
42
42
42
43
43
43
43
4-4
4-4
44
44
44
44
44
45
45
45
45
45
45
45
45
45
45
45
45
46
46

A D S47,

4-7
4-7
4-8
4-9

www. fi breplus. co. uk for updates
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City

Basi c

Mo d u |

Regul ations

Under pinning content

I ndustry:

e

Principles

& GuG 2 dwn i3t6 617

of T
1
and Heal
Heal t h

regarding

el ec

th &

& Safety

c

ffHealth & Safety act 1974

fEl ectrical safety and PAT testing

ffconfined spaces

ff'wWorking at height

fCOSHH

fPPE and PUWER

ffFi bre and IR Iight hazards

Not e:

| tems corlealrreec oinrsi dered as most relevant inform

Addi tional information has been added for your c
www. fi breplus. co. uk for updates



Health & Safety

Health & Safety at work act 1974 (HASAWA)
ffThe act places duties on both the employer
1t i s criminal law and can be enforced on c
ffThe act can be summari sed as:

i Employers duty to safe guard, Sso as reas

empl oyees and others affected by the work
i Empl oyees duty to take reasonable cawopefa

not to be reckless.
Remember not to confuse the health & safety
act of 1974 is |l aw passed by the government
health & safety regulations provide guide |Ii
Ri sk Assessment
A risk assessment is an important step in pr
with the | aw. It hel ps you focus ot htthe nriss
potenti al to cause real har m. I'n many insta
example ensuring spillages are cleaned up pr
closed to ensure people do not trip. For mog
your most VvVvabwmbwa@i lesprbdeée ect ed.
The | aw does not expect you to eliminate a
6reasonably practical 8. This guide tells yol
only way to do a risk assessment, there are
ri sks and circumstances. However, we belie
organisations.
What is risk assessment?

ri sk assessment is simply a careful examin
that you can weigh up whether you have take
Wor kers and others have a right to be proted
measures. Accidents and il health can ruin
is damaged, i nsurance costs increase or you
risks in your workplace so that you put in p
How to assess the risks in your workplace
Step 1. I dentify the hazards
Step 2. Decide who might be harmed and how
Step 3. Evaluate the risks and decide on pre
Step 4. Record your findings and i mplement t
Step 5. Review your assessment and update if
When thinking about your risk assessment, re
fAhazarsd anything that may cause harm, such
open drawer etc.
ff'Thei sls the chance, high or Il ow, t hat s omeh
together with an indication of how seriou

A nd
i mi
nab
t et |
act

whi
nes

caut
hem
nec

me mk
as

ody

www. fi breplus. co. uk for updates
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Met hod

St atement

What is a Method Statement?

A work method statement, sometimes called a "saf
work task or process is to be completed. The me
include a step by step guide on how to do the |
control measures have been introduced to ensur e
process.

You have probably noticed that Met hod St atement
organisations of all sizes and in all industrie
and Safety legislation which requires them to m
of any organisation they contract to carry out v
Met hod Statements are frequently requested as p:
an insight into your organisation and the way it
can provide goods and services in a safe and h
become another brochure for your company and it
gain a competitive advantage over your competiti
Writing a Method Statement may seem |ike a daun
process and enable you to approach Method Staten
How do | write a Method Statement?

The first ta®kksks AtcecdameyytkoWltss@&ssment will hig
and control measures required to prevent injury
details to add to your method statement document
The first section of your met hod statement doct
provide information to your staff or prospecti ve
faAa Title e.g. Wor k Met hod St atement, or Standard
fA brief description of the works, task or proce
ff'your company details, logo, name, address etc.
st art dat e, compl etion date

fsite address

ff'site contact details including emergency number
ffDocument author, H&S contact

fDocument number, issue date, revision date, rev
fA summary of the main hazards that are present
section should also be used to |ist the Personse
for this page wil/l be extracted from your risk
any Environment al or Quality procedures that mu
Section 3 is used to describe the task in more c
Staff, Training, and MRMREeri al Handl ing
Permits to work Wel fare and first aid

Machi nery shutdown and@dalckgk oafnfd pmmadc pdepas ati on
Site Access and EgressScaffold & Access to height
Unit 1 MoO®al ewwwpfhi breplus. co. uk for updates



HAZARDS

A hazard is anything that may cause hajrm

Chemical s
Electricity
Confined Spaces
FI ammabl e & Toxic Gas

Asbestos

Hei ghts
Ver mi n
He at

Acts and Regul ations
Acts and regulations provide rules and gyi de
Heal th & Safety at Work Act. ( HA' S A\

New Roads and Street Works Act (NRSYV
Control of Substances Hazardous to| Hea
Provision and Use of Work Equi pment | Reg
Personal Protective Equipment at Wof k F
El ectricity & Work Act
El'ectrical Safety Regul ation. BS 7
The Control of Artificial Optical Rgdi a
Safety of Laser products. BSEN |608?
BS7718 paragraph 4 (fibre safety| gui
Confined Space Regul ation
Control of Asbestos Regul atio

Wor k Safely at Height Regul atilon

www. fi breplus. co. uk for updates Unit 1 MoOF&hﬂex



Electrical Safety

Tel ecommunications cabling should not be
physically separated by a separate medi un
screens, and equipment racks should be ea
continuous and permanent . This will ensul
thetmamsmittin el ement of the cable will
CAUTION | g
Detvcd pea hazad ress

The main hazards associated with electricity are
ﬂEIectric shock

ﬂEIectric burns

ﬂEIectricaI fires and explosions

ﬂArcing

ﬂPortabIe el ectrical equi pment

Electrical safety regarding telecoms

BS76s7ulppl emented by BS6701)

1AL extraneous conductive parts in an installa
mains protective bonding conductors, this appl

permi ssion from the owner of the cable must be
2Tel ecommuni cation cables and power cables must
PAT (Portable Appliance Test) testing

Al portable appliances are subject to variety
competent person and |l abell ed and recorded wit
carry out a check (User Check) prior to using ar
service if found to be faulty.

fuser ibethbhse every use

fA for mal vi sit ol biensgdetdiudred in accordance with
Policy.

TPAT; combined i nigmechtei ocnar& i eestout by a compet
contractor.

Similar taoheneMDhe car is only deemed road wort
equi pment is deemed fit for purpose only at the
User/ Visual check of electrical equi pment/ tool s
1ls there any obvious damage to the plug?

2Are there any |l oose or bare wires?

3Do any parts of the equi pment appear to be mis
4. s the equipment becoming hot when in operatior
5ls the equi pment becoming particularly noisy?
6ls there a smell of burning?

I f the answer is yes to any of the above, the e

faulty/ damaged and repaired/ di sposed of the by t

Unit 1 MoOW®4al ewwwpfhi breplus. co. uk for updates



Laser/ LED safety

Laser/ LED safety

Prolonged eye exposure to any concentrated Iigh

coherent pulses of 1ight can do to your eygs.

(UV) wavel-20@nm)ys. (R®WI0Os can cause a similar i|njur

Infra Red (I R) wavelengths wused for tellesc2dcmpm)n i

and will cause damage to the cornea and the]|res

cause cataract formation in the Il ens of thel ey
coherent or directional as a | aser, a LED, alt
wavel engths (850 and 1300nm), should be reglarde

Safety pointers:

fINEVER l ook directly into any |ight source o I

fBetter safid ft haymous ocrarnggt be sure of a system/ fi

it dondt take the risk, you can get safety |gl a

and wil |l allow you to keep working.

Al ways replace dust caps on patch panels anf ac

Al ways try and turn a |light source or piecel|of

fRemember the | ight used in telecommunication i

because you cano6t see it doesndt mean its npt t

Classification and regul ati on
BSENG60i825t he standard that <covers | ase|r pi
safely. It also provides classificatipn o
The Control of Artificial Opti palovkRdegathie
and safety guidel i neesmprleogyaeredsi gttt loenagx|pod s

LeseAmraanon t he wavel ength range between 100nm and| 1mn

Class 2 | asers and above must have a warning| |l at

Class l&Pass 1 and 2 Il asers are safe under Jal/l
iblink reflexo wildl Ii mit the exposufre t
into the |l aser will cause eye damage| I n

Class 1BABIM: as above but typically with a hilghe
form of magnif-safhedbon unless fieye

Class 3Cka88: 3 |l asers are considered hazardqus
exposure for as Ilittle as 1 millisecpnd
unsupervised people in the vicinity of a
a trained | aser safety officer and hilgh
switch and safety i ntwerriltoecrks. aSwcda na1@emne , |
sights use class 3 |l asers.

Class 4Class 4 |l asers are potentially very Jdang
severe and permanent eye damage and gni
risk. As with class 3, class 4 | aserp mt
interl ock. Most | asers wused within thle [
are in this class.

Not e

Despite the different classds, al | |l asers slhoul

protection when ever working with one. Extral cal

es or contact |l enses as these will focus the| har
www. fi breplus. co. uk for updates Unit 1 Mooﬁilmex




Contr ol of Substances Hazar dou:

(COSHH)

Examples of the effects of hazardous substances
ffskin irritation or dermatitis as a resu

ég% =4|fasthma as a result of developing allerg
o ffl osing consciousness as a result of bei

~ ffcancer, which may appear |l ong after the
x ‘ finfection from b-acganiamandbobhegi matr a
Hazardous substances include:

ff[substances used directly in work activities (e.
ff[substances generated during work activities (e.
ffnaturally occurring substances (e.g. grain dust
foi ol ogical agents suohgasilsansteri a and ot her mi
What COSHH requires
To comply with COSHH you need to follow these e€i
1Assess the risks to health from hazardous subst
2Deci de what precautions are needed. You must n
to hazardous substances without first consideri
you need to do to comply with COSHH.
3Prevent or adequately control exposure. You mu:
substances. Where preventing exposure is not r¢
it to make correct assessments and to put the e
4Ensure that control measures are used and maint
5Moni tor the exposure of employees to hazardous
6Carry out appropriate health surveillance wher
COSHH sets specific requirements.
7Prepare plans and procedures to deal with acci
substances, where necessary.
8Ensure employees are properly informed, traine
with suitable and sufficient information, instr

Storage of hazardous substances
Hazardous substances must be stored correctly
that:

ffThey are kept at a stable safe temperature

fTo isolate and prevent mixi - vy

f umes.

ffTo prevent unauthorised acce|{ of se¢

. . -

To provide a centralised st ( ter

situations. In the event of mpl e
Poorly stored substances
left, cause an i mmediate

safety and should be sto
appropriate COSHH cabine

Unit 1 MoOW@al ewwwpfhi breplus. co. uk for updates



Asbestos
What is Asbestos
Asbestos is a naturally occurring fibre which s
forms known as blue, brown and white asbestols an
sound make it wuseful for a variety of purposles,
used in new and refurbished buildings before| 20C
Bl ue Asbestos (CVNotiumdlairtyepban in 1970.
Bl ue and Brown A8khesntds byAmawi i @) 1985.
White Asbestos (Blmpned| ine)l 999.
Everything el stkegandndu pnolsyt (sexoepmit for very high
by 2000. A |l arge number of premises still contai
into contaccomtiaihniamsdg eprtoodsuct s are those in fhe
and related trades.
Asbestos Hazards
Di scovery of asbestos in a building often cafuses
the asbestos is well mai ntained and covered |y &
not present any hazard to health.
I't is only the inhalation of | oose asbestos [fibr
Asbestosi Scarring of the |l ungs
Pl eur al TAheck&meinngpyg or scarring of the Pleurfa (7
Mesothel i Mmdi gnant tumour on/in the Pleura ofr Pe
Lung Cancémncreased risk of developing lung clance
Wor king with Asbestos
Ils a licence required?
Nor maldycememrd work includes work on asbesto|s cc
and certain work of 'short duration' on asbefstos
doing this type of work for |l ess than one holfr,
t wo hour s, in any seven consecutive days. Thl to
hours. This includes time spent setting up, [l es
Licensed work. Doné6t touch this!
Broken asbestos insulating board, asbe|lst o
No#i censed wor k. Do this if you are trained!
Damaged textured coating, a«9ome ati ms nge garstk erto
www. fi breplus. co. uk for updates Unit 1 MoOHhﬂex




Confined space Regul ations 1

Specifically:
s

A confined pace means " any place inclu
wummmpipe, sewer, flue, well or any other sim
ENTER BY PERMIT ONLY
A specified risk means a risk of
finjury from fire or explosion, e.g. ignition of
ffl oss of consciousness; from increased body tem
entry into a furnace which has not cooled down
clothing needed to be worn.
fLoss of consciousness or asphyxiation arising f
ffldrowning as a result of an increase in the | ev
supply pipes had not been properly isolated.
fasphyxiation arising from a free flowing solic
prevented from reaching a breathable atmosphere
ffobi ol ogi cal contamination due to ani mal waste, p
TAs well as sewer work, or welding inside a tank
of cleaning fluids to valet the inside of a car

The Regulations require:

fAssess the work to see if entry can be avoided
fif it is not reasonably practical to avoid entr
assessment . A written safe system of work must

"permit to work".

fEmergency arrangements for rescue and resuscit a
e
\%

fThere ar al so provisions relating to access
protecti e equi pment , ropes and harnesses and

Gas Testing
Some confined spaces, such as manhol es, require
build up of toxic and or fl ammabl e/ expl osive gas

Gas testing procedur e:

1Test at cover/lid |level for gases I|ighter then
2Test at floor | evel for gases heavier than air
floor |l evel after removal of water/liquids.
3Periodic tests or continuous monitoring wild/l n
work to detect the movement and build up of gas

Unit 1 MoOW®&l ewwwpfhi breplus. co. uk for updates



Fibre safety

The main hazard associated withshial{mgenaild tihdrien

and shards). These sharps can enter the skih an
skin these sharps wont get very far and wil n e
glass and typically c¢cleaned with a alcohol slol ut
have with a wood splinter. To date there hafve I

injuries.
Safety pointers:

fNever use tweezers or |ike metallic equipmgnt
fibre making the problem worse.

Al ways safely dispose of fibre waste in thel|cor
fBe aware of fibre contamination in clothin an
unsuspecting third parties (children, pets,]| etec

ff[safety guidelines contained within BS7718 phrag

Personal Protective Edquipment at \
(P.P. E
What is PPE?

/WARNING | PPE is defined in-the Regulations|l as
Hard affording protection against the Weat
hats held by a person ‘at WorkAand which pr
required,| t © his health .or safetyo, e.g. =sgfet
! Jivisibility clothing, safety footwelar e

Hearing protection and respiratory protective e

ered by these Regulations because other regu]l ati

patible with any other PPE provided. Cycl e hlel me
not covered by the Regulations. Mot orcycl e f|heln
traffic | egislation.

What do the Regqgulations require?

The main requirement of the PPE at Work Regul]l atii

supplied and used at work wherever there are¢e ri

trolled in other ways.

The Regulations also require that PPE:

i s properly assessed before use to ensure if is

ffi s maintained and stored properly;

fi s provided with instructions on how to use]| it

fis used correctly by employees.

Key points to remember

Are there ways (other than PPE) in which the] ri:
I f not, check that:

PPE is provided:;

it offers adequate protection for its intended
fthose using it are adequately trained in itp sa
it is properly maintained and any defects afe r
it is returned to its proper storage after juse.

www. fi breplus. co. uk for updates Unit 1 MleFQilmex



managing wor ki

reasonably practic

measur es to preyv

eliminated, us e

Working at Heig
The following should apply when
fAvoid work at height where
fuUse appropriate equi pment or
fWwhere risk of fall cannot be
di stance and consequences of a fal
Specific requirements:

should on

ﬂall wor k at height is properly planned, super
ﬂthe risks from work at height are assessed an
ﬂthe place where the work will be done is safe
ﬂweather conditions are taken into account,

ft hose involved in work at height are trained
ﬂtherisksfromfalling objects are properly c
ﬂtherisksfromfragile surfaces are properly
ﬂequipment for work at height is properly insp
ﬂprovide physical measures to prevent wunauthor
ﬂand post warning signs at the approach to dan
Unit 1 MoMHW!| ewwwpfhi breplus. co. uk for updates
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Provision and UseReffuWat kolkgul

(PUWER) summary

This Regul atusea o€ oveegmus pmleetl i vahcite Wwoi Imé iemsg wo 1
including starting, stopping, programmi ng,
servicing &odkc |[Egad ipmgaartdi any machinery, apy
assembly of components arranged and control
|l adder s, resuscitators to kitchen knives! Al
Equi pment .

Reg-Sudi tability of*work equi pment

Reg-Mabi ntenance

Reg-]l nés pe*** on

Reg-Spreci fit*risks

Reg-1 n8f or mati on and instructions

Reg-Tr9i nithg

Reg.-Céafformity with Community requirements

Reg.-Pidtection against specified hazards

Reg.-HL8h or very | ow temperatures
Reg.-18@ontrols, Control Systems, Stop & Emer
Reg.-1 8461l ation from sources of energy
Reg.iS2@bi lity

Reg.-LR@Ghting
Reg.-M2Rntenance operations
Reg.-M2Bki ng
Reg .-Wa #A ni*n*gs
Reg.-228obil e Work Equi pment

Reg.-298epfopell ed wark equi pment

e |

set
i a
| ed
Il so

jenc

www. fi breplus. co. uk for updates Unit 1 MolFl
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Provision and Use of Work Equi
Regul ati-emnsnmbh9 98

(expanded)

Suitability of work equipment

1. Every employer shall ensure that work equi pmen
purpose for which it is used or provided

2.ln selecting work equipment, every employer st
health and safety of persons which exist in th
is to be used and any additional risk posed by

3.Every employer shall ensure that work equi pme
conditions for which, it is suitable

4.1n this regulation fisuitabled means suitable
affect the health or safety of any person

Maintenance

1. Every employer shall ensure that wor k equi pme
working order and in good repair.

2.Every employer shal/l ensure that where any ma
dat e.

I nspection

1. Every employer shall ensure that, where the s
conditions,- it is inspected
A) after installation and befooare being put int
B) after assembly at a new site or in a new I|o
safe to operate.

2.Every employer shall ensure that work equi pmer
is liable to result in dangerous situations is
A) at suitable intervals
B) each time that wexceptional circumstances Ww
equi pment have occurred to ensure that heal th
deterioration can be detected and remedied in

3.Every employer shall ensure that the result o]
and kept wuntil the next inspection under this

Unit 1 MoMal ewwwpfhi breplus. co. uk for updates



4Every employer shall ensure that no work eqpiopn
A) |l eaves hbos undertaking ,

B) if obtained from the undertaking of another
unl ess it is accompanied by physical evidence
the regulation is carried out.

5This regulation does not apply to:

A) a power press to which regulations 32 to]| 35
B) a guard or protection device for the too] s o
C) work equipment for I|lifting loads includipg p
D) winding equipment to which the Mines (Shpfte
E) work equipment required to be inspected]|by
Wel f are) Regulations 1996(7).

Specific Risks

l1Where the use of work equipment is I|likely tlo ir
shall ensure that:

A) the use of that work equipment is restripfpted
B) repairs, modi fications, mai ntenance or sErvi
who have been specifically designated to pe¢rfo
authorised to perform other operations).

2The employer shall ensure that t-hhaer perasmms(|R)es
graph (1) have received adequate training rlel af
designated.

Iraining

l1Every employer shall ensure that al/l person|s w
for the purpose of health and safety, incl pdin
using the work equipment, any risks which spch
2Every employer shall ensure that any of hip er
equi pment has received adequate training faqr p
met hods which may be adopted when using theg wo
and precautions to be taken.

Warnings

l1Every employer shall ensure that work equi plment
are appropriate for reasons of health and spfet
2Wi t hout prejudice to the generality of paraprap
ment shall not be appropriate unless they afe u
www. fibreplus. co. uk for updates Unit 1 MoldF&iJEex
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Fire Extinguishers
g Fire Extinguishers
y the type of materials in the area

of fire extinguisher

L 9 9 D O @

nw u u u un u|o

(]

ASOLI DS such as paper, wood, plastic etc.
BFLAMMABLE LI QUIDS such as paraffin, petr ¢
CFLAMMABLE GASES such as propane, butane
DMETALS such as aluminium, magnesium, tit:
EFires involving ELECTRI CAL APPARATUS
FCooking OlIL & FAT etc.

Fire Extinguishers

Th
B
Fo

eapest and most widely used f
uid) fires, or where electric
ire Extinguishers

extingui

ire
ity is invol\

Mo
ar
| i
Dr

< <0 = |lo —~ @ |~

xpensive than water, but more versatile.
t recommended for fires involving electri
|l ectrical apparatus.

wder Fire Extinguishers

of
ni

—
@
=}

n

g

termedr phhee®maxtingui sher, as it can be u:
iquid fires (Class B). Wi || efficiently e

DANGEROUS TO EXTINGUI SH A GAS FIRE W THOUT FIR
PLYSpecial powders are available for class D met
War niwhgeen used indoor s, powder <can obscure visioc

very
cCOo2

messy.

Ei

re Extinguishers

Car bon
res

f

We
Sp
Fo
A

an
Co
Pr
t h
Wa
Fo
Dr

t

ch

Di oxide is ideal for fires involving ele
but has NO POST FI| RiEg rSiEtCdURI TY and the fir

emi cal

ecialist extinguisher for class F fires

r

Me

t:al Fires

specialist fire extisnngeutiaslhefri rfeosr suusceh oans Csl cadsis

d

a

l our

(o]

e
t e
a-m
y

r

r

uminium when in the form of swarf or turni

Coding

to 1st Jan 1997, the code of practice for

|l our coding of fire extinguishers as foll
Red

Powder Bl ue

Carbon DiCoOfiBdeack
Hal on Greénow '"illegal' except for a few e
Services and Aircraft).
ew extinguishers should conform to BS EN 3, wF
gui sher be coloured red. A zone of colour of up
the contents using the old colour coding shown ¢
Unit 1 MoMdal ewwwpBhi breplus. co. uk for updates


http://www.mfs-fire-extinguishers.co.uk/wet-chemical.htm
http://www.mfs-fire-extinguishers.co.uk/co2.htm

Types of Sign
ndat or

M a

©@ O €

Safety hel met musStafbee ywdromt s mUFSatcebepr"Botre"btion m

Warning Signs

A A

Stalic hazard Danger EIl ectr i GusEn MADIATION

Q

Do not
All remove

>

smoking guards
sirictly
prohibited Smoking and nakedDd | marte &xotribri glud

st |

gr

iesnh
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Revision questions

1. Which of the following regulations controls t
aCDbhM

bHASAWA

cCOSHH

d NRS WA

2. Which of the following statements is recommer
aStop work and |l eave site i mmediately.

bWear a face mask at all ti mes

cleave site. | mmedi ately

dStop work, seal / |l ock area where possible, inf
3. Which of the following regulations controls v
aCOSHH

bCDM

c NRS WA

dHAS AWA

4. Regarding live fibre, which safety precautior
aTest for visible |light

bWear construction safety goggles

cPoint the fibre away from you

dWear specific | aser safety goggles/ glasses suit
5. Why must chemicals be stored in an separate ¢
aFor ease of access

bTo keep everything neat and tidy

cTo keep them at a constant, safe, temperature
dTo make stock taking easy

6. Please select which Hazards you might find wi
aBright Lighting, too much ventilation & Rodent
bLow Light, Gases, Rodent excrement, Excessive h
cbLow light conditions, too much ventilation & EI
dExcessive heat, Too much ventilation & Electric
7. Which of the following | aser classifications
aClass 2 and above

bCl ass 3 and above

cClass 4

dAl | classes

8. Which of the following regulations provides
aBSEN50173

bPUWER

cHASAWA

dBSEN60825

9. You find someone unconscious, who was operat
aPhone for an ambul ance

bSwitch of the electrical device at the mains
cGive mouth to mouth resuscitation

dGet a supervisor

Unit 1 MoMd@&!l ewwwpfhi breplus. co. uk for updates
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City & Gud2 dsni3te 617

Basic Principles of Tel ec:

Modul e 2

Basic electrical theory a

Underpinning content regarding basic electrical

ff'si units and prefixes
ffac/ bcC
fCommon electrical symbol s

fohms | aw
fBasic atomic structure

i nsul ators & conductors

Not e:
|l tems corlearreedc oin,mi dered as most relevant inform
Addi tional information has been added for your c

www. fi breplus. co. uk for updates



SI _units & symbol s

The 7 Base Units

Ther 8esgeea BASE Units MbpsthbuBlInBysaem other |uni't
The Unit Tdfe Imern$yehhb ol
The umasTshoef ki.l oyrkapgo |
note; the kilogram is the odd one out as it |is t
The uni tT heef steicgimdbol s
The unit of @hecamp8ymbolent.
The unit of ther moTOlyea akne ISyyitkmbroder at ur e .
Unit of amoumtheo MBodnedooolt anc e
Unit of | umiThoeu sCa nndteelnas.i tvy.
SI unit prefixes
The follow list of SI _unit prefixes are the [most
common units of measuUlEg ¥}y eWO hlfd SGO0 P 3 G KQYKS us
in the telecommunicatlfion industry
Facthame/ Symbol 1 Gigahe'Hzz == 11,x01000, 00p | 000
10 TeralT
1b GigalG Largest |, Megaheifz = L xA®0, 00[0Hz
16 Mega/ M
1% Kiko ) .
10 He dit o 1 KiloheHrz==11800Hz
19 Delkda
108 Dedi 1 micromeMer €.Q8Q001M
18 Ce it i
16 MiIml | .
16 Micro/ O 1 nanomethrd .=0 010x0100000 1M
1 Nano/n
102 Picolp Smal |l est
For exampl e a kiteote ec a nomii tdéeticer aesaes;e ;
Al t hough all are rel esvanth, gyaluugehdt @iud dl d dicrug tome t
the smallest (Pico).
01
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c

symbol s

t E EC

Common el ectroni

Batteries ol '”||‘ Resistor

Single & Multl cel l Ameri can
bottom

LED 1'?' Capacitor

Light Emitz—n—%—ulode

Photodi ode ,f; g:’v'ntglcz
—Dl— throw

I nductor

SYY YL

AC/ DC

Alternating Current (AC)

Al ternating Current (AC) f

vol tage

is also continually

Direct
Direct
tronic

Not e

Remember
can inte
Al so an

TV

Current (DC)
Current (DC) al ways
circuitsst emmodsymgDpCl y whbguhresaconstant at or

that when you induce
rfere with data communi
el

o ws

one w
changing

a
b

vy, then ¢t}
e

t ween P O S

flows i

ectric current <can

fHeat-immogr e resistance wi

fcChemi-t@lacti on bet ween t

fMagnethe

he

el ectromagnetic

cat

have

f

DC

n the same di

power i

n

ion.

t he

resul t i

ive

el d

n

to a circu
foll owing
mor e heat

copper wavegu

created when

0 2

Uni t

1
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Oh mo s

Law

There is a scientific relationship between |the
circuit. This is known as Ohmdés Law.
V= Vol tage Vvolts)
Vol tage is the electrical farce
to flow in a circuit
| = Current Aamperes)
Current is the movemeheée DIfovel e
el ectrons through the electrloni
R= Resistan¥e (ohms)
Resi stance is anything that |[cau
electricity in a circuit
By using the simple diagram above any one ujnkn:c
known values. Simply cover the value you wan|t wi
two, multiplying across the triangle and divijdir
12V
]
12A
1Y
vV = 1 x R
Using a simple circuit as an exampl e. Currenft i s
(V12x1l= 12v.
= VIR
In a circuit, a battery is supplying 12 Voltis ar
(1D2/1=12A
R = V/I
In a circuit, a battery is supplying 12 Voltis ar
12/12=1
. ) /03
www. fi breplus. co. uk for updates Unit 1 Mo@Rilve e



Basic Atomic Structure

El ectron

An atom consists of a nucl eus, of
1The pyrowhlhinch has a positi
2The neutwhdrch has a neutr f
Orbiting the nucl euesl dcst rtchres nelgat
Pr ot oW
fThe number of particles within the nucleus is o
ffThe el ectrons orbit the nucleus in layers or #fs
ff[Each shell/layer can hold a certain number of e
fA atom with a fully populated outer shell/laye
fully populated the forces holding the el ectron
free movement of electrons (e.g. electrical cur
a insulator.
f[At oms with incomplete outer shell/layers are g
|l ot weaker when the shells/layers have free sp
easily led astray. Electricity is basically the
ffThe natural tendency, when connected to a circ
attract.
ffThe negative electrons will move towards the po
finterspersed between the electrons are fAholeso
have a positive charge and, due to the movemen
side of the circuit.
fThis movement of the positive holes constitutes
Electric CurrentgFlow
I nsulators & Conductors
Il nsul ator s;
Rubber
Wo o d
Cerami cs
Th atoms of some materials have no free &elect
purpose, l'ike being shared in the orbits of two
di fficult to pull them dwasw.l aWercal l a material
Conductor s;
Most metal s
Air
Wat er
| f a materi al all ows free electrons to move eas
conductMorst metals |l et their free electrons roam
silver being the best. Copper is almost as good
the most popular materi al used in electronics.
04 )
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City & GuG2 dwn i3te 617

Basic Principles of Tel ec

Modul e 3

Basic Telecommunicati on

Underpinning content regarding basic telecommuni

fCommon terms used in telecommunication
ffAttenuation and power, dB and dBm
fAmplitude, wavelength and wavefor ms
fEmitters & detectors, Singlemode & mul ti mode
fBandwi dth, dispersion and multiplexing

fBasic fibre and copper el ements

fBasic fibre optic testing; visual l'ight, inser
Not e:

Il'tems corlealrreed oinrsi dered as most relevant inform
Additional information has been added for your ¢

www. fi breplus. co. uk for updates



Refractive I ndex or
Index of (R®&Rraction

Refractive index; n is the ratio of the speeld of
given medi um.

gu—
Air Gl ass o Speed of |light| in &
n = 1.0 n = 1.5 - ; ; .
Cvac Speed of light| in &
n = o
r T Cmed
300,000 knj/s
) 200,000 knls
3x A/ s 2x i/ s —
Most | mportant Piece of Data Required
This is the most i mportant information to hajve v
refractive index is incorrect, the distance |to e
I nstance where to Use the incorrect Refractifjve |
You may wish to make fibre I ength equal (=) |true
|l ocated in relation to the cable meter markifngs.
The fibre manufacturer will provide you with| the
needed to perform certain tests, namely OTDR| mee¢
Long Wavelength
Low Frequency
Low Eneray
L e pireraft and
Bands
IJA" The el ectromagnetic spectrum i|ls a
; Fadio from radio waves to gamma raysl in
l'ight. The light wused for telecom

€ i Shortwave
Fadio

TWand
FM Radio

infrared (I R) part of the electro

Light e VIILE

e )

7 p ELECTROMAGNETIC SPECTRLM
4 L INFRA RED (Non Visible) VISIELE LIGHT
] Infrared s

P

Ultraviolet
Light

% Herays

VELLOF
AL
KED

P ] | | ] l |
@ — y ' ' o ' '
<8 SiEHikm JiHiim SiHm W m SiHknm LI Alifn
Short Wavelength R - -
High Frequency \‘ '\\ F | .F‘ G-l H

High Energy
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Amplitude, Wavelength and Fregqg

Ampl itude

The amplitude of a wave refers to the maxi mum an
its rest position. Imeat seaSemeéebar aynpt heudmpl Bt i
ured from the rest position to the trough.

ffTher eosft a wave is the point whi ch exhibits the
posi tiroens.f Tahevave is the point which exhibits 2z
Wavelength

The wavelength is another property of a wave whi
a wave is simply the | engltfh yofu owveea ec d opltataec ewsy
wave in the diagram below you wil!/|l notice that
pattern and the I ength of one such repetition (
|l ength can be measured from crest to crest, tro

from one wave cycle to the next.

Erequency
Frequency refers to howheftfermqeemeyhiofigahapvens

particles of the medium vibrate when a wave pas
fiback and fortho di splacements/vibrations (the
fMost common used unit for frequency is the Hert
fin tel ecommunication MHz (1,000, 000Hz) is commo
Velocity (of propagation)
4—— Wavel engtiP —

A

Amplitude

Wavele
N Ti me period: 1 second
Frequency = 2Hz ( 2 cycles in 1 seco
A snapshot of a Sine Wave can be used to show ¢t}
vel othd ymoti on relationship "distance = velocity
With the wavelength as dli=svt/dn deva vteh iesn grt enl at iVoer sof
This is a general wave relationship which applie
and waves in mechanical medi a.
N\ Li ke Ohmés | aw, wavelength, wvelocit)
J;‘-‘\_ triangle to aid with moving the equa
/ A}
Iy \ Wavel ength = Vel oclizt W/6F Frequency.
K}LIF\‘\\ Vel ocity = Wavel enytlshR x Frequency.
1\ Frequency = VelociRy=lI6V/Wavelength.

:; Vel oci ty
Frequency
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Waves, waveform and wirelless

Al t hough there are many different types of wave

mechanical or electromagneti c.

Me c h a miacveels require a physical waveguide (copper
waves on the ocean or sound waves.

El ect r onmaagvneest i con' t require any physical waviegu
vacuum of space |ikwésibgkt specsrbmg and -dawnfer

gamma rays etc.).
A waveform is the representation of how asivajee \

wavaessoci ated with alternating current (AC) . Sor
wave is unique in that it represents energy |ent
has a sine wave form with a frequency of 50Hz in
N/ MC e A1

Si\ne, Vo Vsquad LI -"4:3/ 2l ‘:Saw tloo\t-h". =
Wireless is a term used to describe telecommuni c
form of waveguide) carry the signal over part o
mitters went on‘tantuiy whiengaragi @t0el egraphy (N
made it possible to transmit voices and musijc, t
television, fax, data communication and the |use
has been resurrected.

Attenuation, Banewi dth & Bi't

Attenuation

Attenuation is the amount of input signal pojwer
of power oWietrh déspmercecables this |l oss is due t
|l oss of energy through the cable insulation fand
Attenuation increases with distance and frequenc
Bandwi dt h

For digital communi cati ons, bandwi dth refers to
medi.Omi s can be referred to in a variety of |dif
and can be measured in bits per second (bps)| and
fBandwi dt h measwur ed rief emesg athoe rttlee (fMHzQuency fof t
medi um. I f a Cathb systems bandwidth is 100MHz,
travel down the cable and each pulse will be di

fBandwi dt h measmatef erss at o kihte amount of actual
transferred through active equipment such als s\
commonly Mbps (megabits per second or 1,000,000

There is a relationship betwee VT, nDneris/I'hti tonas
of bandwidth. |If you-rianer evas$ ¢| & nBe 9% asde Wibdit|h t h
not necessarily at a ratio of 1i k| t hezaw@yd n v
mganing that lMHz.doeﬁ bot as\ATyr%wqqmmw yi[tes.
piece of information that can pe—fanrsm—ttdd an
mon mistake made is to confuse|l Mb3Pp *{NégQBilt?é B
(Megabytes per second) wusually| whesji1,r0ef,esnr,islag 7€

Bits, bytes and bey

03
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dB & dBmbs
fdB & dBm are wuni, sj wst meiakel rfeeneetnt meter, | bs. &
fdB represandsallbé6®er value is preferred.
fT-dB or dBm repdBs=nktespower .

dB | oss Equi valent 9% powesdecibel (dB)

O 1 0 0 ::.::Il:r:.l:;:l:i: iih aptical power, the deckbel (AREE s

3 50 )

6 25 AB Lass = -1 x bngy, (Fower nui-Fawer inp

2 0 1 S -5 I'-'“erm—-— Power ou

20 1 Optical Fitre

30 0.1

40 0.01

50 0.001

60 0.0001
Deci bels are a relative scale comparing the amot
amount of power put into a system. The table at
various amounts of | oss.
dBm Midtlti
ff'dBm is an abbreviation for the power ratio in d
milliwatt (mWw).
fused in radio, mi crowave and fibre optic work a
ffcapability to express both very |l arge and very
are independent of i mpedance.

ffzero dBm equwmdtst .one Mil I

ffA 3dBm increase repr esentwhircohugnne ayn sd otuhba ti n3gd B nn e
2 mW.

fFor a 3dBm decrease the powakihdBmeedqguald by abao
mi Il iwatt.

Example Power Table Referencing dBm to milliwatt
Al t hough the correct way t-prooedédianh@e pPploawenumsr ic
by dBaBfm), it is somégBB3@hBys, abbrkeoughepdraseeding
does indicate power and which side of the controc
and zero being the control or baseline.

e + +

cooococooaq W
cocoococoocoomm®PEe
TWwwwwg 335 PW

EIBIBI 00 0AA
333

coocor3zgu3g

Contr

SHAONA DL

Oo0OO0CO0O0O0OO0OORNA
coor3zs3s
cor3zs =
or3s

r3 s

3=

=
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Power & Loss Calcul ation
Power Budget
A power budget allows a designer to ensure t
ing launch power and receiver sensitivity. F
Al ternatively, any two of the three values (
Medi um Loss Calculati
RXiTX = dB | oss
37dB Loss 40dBBdBmM = 37d
RX + Loss = dB
-40dBm + -BA7RIB =
Launch Power Receive Sensitivity
- RX Calculation
3dBm/ 0. 5mW -40dBm/ 0. 0001mW e 4w R
-3dB-87dB40=dBm
Medi um
47dB Loss
Loss Calculation i
RXIiTX = dB |l oss
40dBMdBmM = 37dB
dB lampl if
Launch Power Recei ve Sensitg*;dvaio%pylz I4e7rc|s|3 gt
-3dBm/ 0. 5mwW -440dBm/ 0. 0001mwW
CroBEasl k
Cross talk is the amount of S|gnal,m|nduce f
into another. With telecomsﬂ‘ ]Tﬂac
within a Cat5, and onwards, 'systiem «a@nd is e
ratio of the power induced over St he pewer eonf

he
rom
TX,

ncl ud

rom
cur
pre
=t hre

Twi sted pairs are t-temmps.efEmeydofcthorn ce® barandaead

to EMI. Because the signal currents are in o
giving a cable that radiates very littl e EMI|
When a signal is applied to cable pair th

Ve

considered as carrying ident@,Wut
ities. If the pair is perfectly uniform and infinitely long then the

el ectromagnetic fields genen/%@@@
cancel each other, result|ng in zero radi

Where signals do radiate frocmostshtealpamnh.tnhasn:a
transmitter not being perfecitdndy! hbnadAlMacrdciend ©nger

wel | as the receiver not belnS'ggnpatleroffe"?l:ntIatiljal%eanlt
combination of these imbalances will result
other and the resulting magnetic field wildl
twisted pairs, cross talk only typically occ
ple). Any damage to the cable or removal of

pairs themselves and possible to other cabl e

ppoS
e Co
wi t

t he
ati
isa ¥ a
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Near End Cross Talk ( NEXT )

Cross talk wildl occur whep,t wo Qlyperpor € copper
present in a cabl e. When a*=signal i—s—transmit
pair a proportion of that sijgnal mayumbe radiate
and induce a smaller but duplicate signal in the
This induced signal, when measured at the trans
short . This NEXT may combine with any signal bel
qguality of that signal . This occurrence i s mir
pairs. Excessive btaldkindueaal éeatcremseérichibssaus el
physical profile. This also changes the characte

Reducing Cross talk

E<-he prc

Maj or factors influencing
r

adj acent pairs and the d \ iL.c “ehe in
conductors are parallel. 0 I's effect,
cables have a different |l ay |l ength for each of

pairs. Due to mechanical constraints it is imp
perfectly balanced. Therefore when a signal i s
radiation in phase with the applied signal. Th
metallic paths that are lying in close proxi mi/
systems crosstalk is usually measured at the ne
because the power of the input signal is reduce
resulting electromagnetic radiation caused by ¢
effects of crosstalk the cable manufacturer car
ensure that the metallic conductors are wuniforn
signal into an adjacent pair is proportional t o
that the |l ay |l ength (the distance between full 1

significantly reduce the distance that conductor

'\ )

Not-es:

- J
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Basic system or Il i nk

In the most basic terms, any communications |l inl
medi um and a Tteiceiivert rf(lReX)af even every day conv

street.
0

M . ZAVYAVAVA
Nz AN

Y

TX Medi um R X

Mout h Air Ear s
This is no different for a fibre optic system. I
fibre (medium) and received at the far end (|RX).
to as a APoint to Pointo system or | ink. Thle pe

and RX or any test equipment being used.

lPatchii Point to ioiPnttchiLg or
Ref . L or Link Ref . L

e
T X Medi um R X
LED or Laser Fibre PI'N or APD
An optical system has four basic requirementis:
1Requires |light to travel from one end to thje ot
2Achieve as low a |l oss as possible.
3Have as little Il ight as possible returning| bac

4Achieve the highest bandwidth possible.

A system or I|ink typically consists of:

lLength or |l engths of fibre.

2Connectors, one at each end of the system.
3Fusion or mechanical splices joining the | ephgtt

07
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Laser & LED

The name or terms given to the |light source of &
Launch, Transmitter, l'ight source, TX, LED, VCSE
down to Lasers & LEDOs.

LDLaser Diimgleg (mode
A semiconductor that emits coherent
mitter when communicating data over

| t when f
I
l'ight emitted and their ability to be

igh
ong distanc
ra

pid turn
cost .
LEB ight Emitrulntgi)dd dae (
A semiconductor that emits incoherent l'ight the
edge emitting LED6s and surface emitting LEDO®s.
the bandwidth required and the cost involved do
area networks (LAN) are LED driven unless a hig
of no me3rkem tthheen L2ZED makes up for | ack of perform
laser .
Vertical Cavity SwrCfSBde Emi tting Laser (
Lasers that emit |ight perpendicular to the plar
di mensions compared to conventional | asers and &

LED Vs Laser

Radi ation Characterist$gasctral Characteristics

Light

= — —
— | |
1 P BT
LED Laser LED Laser

Light emittdd gehdr cesmd t Patisasemmi tt@dlcleremght ed
a wide area@oherent beanwi der rangecodofose range
wavel engthswavelengths

Laser operation

A |l aser consists of three mair —p——— -7 T ptice
. . Pum

and a |l asing medium. Partia,,y

i . . e Transp-r
fiThe optical cavity contains thirro.r’. MiopoPg Gh ot

rors to redirect the produced 4 al on
f The pumping system uses variol rais
:Nintgh;stnta\te by inducing energy |_'\ Lasjr Med,'iLensum an
fiThe | aser medium can be solid Laser Optical Cqvdfygog
(chemical). Once adequately excited by the pump

then directed by the mirrors along the correct
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teleco

Optical
Used for

The fibre
ffcor e
fficiladding

consi

Fibre is

The Core

ffThe central pa

mmuni c

st s-

r

t

typicallwy

of

re

of

ffDopants/impurities
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ffHas
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fAct s
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Primary coat

A protective acrylic coating applied during the
and environment al factors. Colour can also be
primary coat brings ©2heOmotal diameter of a fibr
Secondary coat

This is an additional coating which can be adde
this is added during the manufacturing process

Available in different sizé68pbwmymigcalhley mGQ, c& 0n

Mul ti m6@86&m or 62.50m core)

Named after the multiple fimodeso
LED 1l ight source with each pul s cally use
bandwi dth systems. LANOGS.

Mul ti modA Fibre:with a core dia
Il ength of l'ight transmitted tha
Commonly used with LED sources.

Il arger
many mc

LED Mul ti nmiidteh, each pulse an LED e 2s of
across its entire surface. The output ¢ .er of
the modes of Iight so multiple mMmodesndvdrl Yo deetd:
correct time to register a fA10/ @®Primary Omat: 2°
3Cl addi ogn: 125

Singl e Anfo@ne cor e) 4Cor e: Mode spe:«
Named after the single fimodeo ¢ tted
with each pulse. Typically wused i stan
MANOs/ WANOG s

Singl emodde FRibbbree:wi t h a small C( few t
Il ength of light transmitted, th WS 0
Commonly used with | aser source
LaseSi ngl ewbtdb: each pulse a | asce ingl e
hence Singlemode. Unl i ke the LE rs ou
mode so the | ight can travel a ance.
and off very quickly, much faster than a LED, s

hi gher frequency which I eads to higher bandwi dt'}l

Baseband & Broadband

Basebraenfdker s to there being one signal type/ freqt
any one time. A good example of baseband is a c
unl ess multiplexing is used

Broadbefers to multiple baseband signal s. Today
broadband operation; multiple baseband signal s ¢

10BASE2/5/ T/ F

ffThis is the | EEE short hand identifier
fThedGefers to the mediums bitrate, in this case
fThBASEefers to the medium being baseband.

fTherefers to the maximum distance the medium c:
|l etter instead of a number then this is referri
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Signaling

Anal ogue

fA analogue signal has consTtxntly vairx nNHear®/l ue:
representation of the transmitted signal
fNoi se or signal degradation ‘wi H be-"p,_,ick-é'f_d up b
fA analogue signals frequency, amplitude or |phas
(modul ated) to represent different val ues.
Digital T
fDigital signals have absolute values’ and' are
coded pulses of 16s and 06s (binary).
ffNoi se or signal degradation can be .eliminated a
fipigital signals are preferable to analogue as t
Modem operation
Mo desnt andisd flo@eadli]l at or and is a type of DAC
di gital/analogue converter | o er ati e
( g ) 9 ) ge I Ié (Asy
|l ogue signal from the phone ne nAV"er
for your PC to process and vice ver sjal.
Seriatdiuphek
I'n telecommunication a serial tfransmi ssion S W
qguentially (1 bit after another]) inflone dirlect
channel or frequency. This al sg¢g, app.{hesmlgo a s
travels along the-lad:dajtplllessxmnheorStarpsrrmcst|L,...
sion and receiving of a signtw. both directio
ti me. .
Hal f Dupl ex
_— |—m = We—
Transmi-OKonlRecei v-©®Konl yTransmit -QolRleicsiiore
Par al I-ced p IFeux
Unlike serial, paral |l el transmissions send multt
provesatlei tbut can cause errors over |l ong distanc
correct order. Printers used to be c ofnurbeucptlieslx v i
the transmission addreetebmbahbyohtatbegneaameb|t i me
fer rates but with an increased chance of ijnt er
example opduptes becéusé you can talk and | isten
Parall el

“—. ik

Ful |l Dupl ex
| — [ |
Sy B [ ]
] —— | 1 | —
O — | | .

- A —
 o— 0
(0 —— ' I Transmit and Ree@&K ve at
T —————— {
EEEEEE—— I Pul se
Strobe
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Wave DivisionWVWDWI tSiygltexmsng Coupl e

A WDM system uses a multiplexer at tdheulttriapn senxietr
the receiver to split them apart. Wi th the righ
simultaneously, and camog umelt ioml exsera.n Tolpea i fciad s |
bined two signals. Modern systems can haQkdilte/ sup
fibre system to a theoTlitdivieewr! at ostianlg!l cea pfa chirtey poafi
operate on single mode fibre optical cables, whi
can al so benoused iibm emwlatbil es (al so known as prem
of 50 or 62.5 Om.
Couplers [/ Splitters
Coupl ers-gasSypilva teqwi:pment which ficoupiceow ptl ws 00 1
single fibre into multiple fibres at the oppos
i mportant part of a OTDR, all owing it to transm
the returning lightewnféritomgtaed AP®magisngadhef| as
Al so widely used in FTTX where splitting from 1
TX 1310nm TX 1530nm
WDM | <::> .| WDM
Coupl|€T ”l Coupller
RX 1550nm RX 1340nm
BiDi rectional WDM system . (1310nm/ 15
Ti me DivisionmDMultiplexing (
Mul ti ple channels can be transmitted on a singl
time slots. Each time slot represents a differe
during its time slot. Mul tiple inputs to a sing
screeno feature allowing you to view different f
the goal replay at the same ti me.
Channel Of€&dannel T@Wlwannel Three
e N
Not-es:
\_ J
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DI SPERSI ON
Di speirsi bhe term used to describe the spreading
and as such the amount of dispersion increalses
widt h.
puse | MY | O Fuse
e [ N N
Modal Dispeosl gynprmeesdeatfiilnrensuland deals with| the
ling with different modes of propagati on, halve \
many rays) would be spread or dispersed at tlhe
ence of each ray. As distance and frequency | ncr
With single m&dhe oimabi es(Dd Bsloeedi @®mr omati c sinjce i
di fference in wavelength [or colour] of the | igh
The effect of fd itssygsetresni oins otno amguse signal plul se
cumul ative alondi lmame Iwerddt hhaowfe amy i mpact on th
effectively cope with. I'f the dispersion is| toc
er and the receiver wil/ be unabPiepeosdbsati Blgtht
of a concern on high bandwidth systems but can
f actfuirbeide h di spersion characteristics in opposit
Graded and Step Index Fibre
The paths the |ight travels down the different
core i.e. Graded or Step index, which has an af
Step camebBe found in both multi i Il e mode
the dopant configuration and | OR elar
and remaining constant across t Thil|ls ¢
wi t h -nnoudlet isystems running at hig ncy |[(sm
pul ses) or over a |l ong distance (more time flor g
Graded ciamdeoxnl y be -mfoawend iibm emuwintdi refers to |[the
dopant configuration and | OR of | |l grddua
centre. This ensures all modes a_ a  s/i mi |
the fibre by slightly slowing do i reclt m
centre while slightly increasing «awc opeed of tbh
reduces dispersion issues and allows increajsed
di stance.
www. fi breplus. co. uk for updates Unit 1 Mo]ﬁ&h*e&
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Fibre Vs. Copper

Hi gh Capacity (Bandwidth)
Low Loss

Span Long Distances
Light Weight
Compact

Noi se | mmunity
Secur e
Saf e
Environmentally Friendly

Future Proof
Cost Effective

Capaeityln excess of 600,000 simultaneous phone
Low {ossUp to 340 km without regeneration as op
Light -wellgrht= 300g

Compact Easier to install ideal for high densit

Noi se i mbmuafifteect ed by el ectromagnetic interfere
surges and crosstalk

Secur e Cannot be tapped without detection
Safe Does not carry electrical current, no r

Green 12g of silica lkm fibre 30kg of coppe
Futur e- pAlomdst infinite bandwidth, wupgrade syst:
Cost ef flecdtiavlel ati on cost may be high but cost |

medi um.

Copper Repeaters

I-.;..-.-....--..---I---.-,.-»--.-q--.--.-..-....--.-..-.-..

Fiber Repeaters
Copper cable with fibre ¢

Fibre also has the advVvertageée yaof En ectertswfdfiyanmicn gc ofr
caused by the chemical reaction between air and
contact between copper interfaces (e.g. Batteri
effect of this build up is an i mperfection on t
turn, for exampl e, itrad rke ;e 2 atotpereu atsiyesrn eand c

Fibre Optic Draw backs over |
Capital Thetinitial cost of installing a fibre
TrainingMost installation engineers wil!/l have t

their skills to the fibre field.

Equi pmenfthe cost of equipment to install fibres
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I ntroduction to Fibre optijc t

Several methods of testing exist, the most c|ommc
1Visible Light Source / Fault Locator. (VLS/ VFL)
2Loss Test Set. (Light Source and Optical Power

30ptical Time Domain Reflectometer (OTDR).

Summary Benefits and Drawbacks of all methodis
VLS: Visible6sght) Go@amme (

Benefits Dr awbacks

Red visible glow wher eTyapifcaaul Bty Kehxe ssatss. 2

Hi ghlights connector iGasnunesst show damage through
Continuity B&sding (unbDloeersn20t provide any figure
Cheap

Light Source and Power Meter (I LM Kit)

Benefits Dr awbacks

Absolute Power Loss Only provides a value of t
Hi ghlights Bending | ssQeannot measure individual
Si mul ates the system whancnhotwihilghblei guhste dd amag e
Rel atively cheap t e stReeqquiirperse nttwo persons typic

Good for testing active equi pment power

OTDR

Benefits Drawbacks
One person can test t hEex pseynsstieve
Hi ghlights individual Resqgswierse wa tghoiond tkhneo wliebdrgee t
Provides a graphical representation of the s|lyst ¢

Visible Light Testing

Operating at either 635nm or 650nm in the reld pe
of the cheapest and most i mportant tests whijch =
the system i s3 nkom,modraematgheadn c2onnect ors and splice
the ODF due to excessive bending, you can be| sur

demonstrated by the diagram bel ow.

635nm 850nm

Exampl es of two handhe

1310nm 1550nm
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Procedures prior to Loss, | LM or
Clean
The i mportance of cleaning cannot be stated enolt
reading, but in some cases damage uniters/ adapte
ficlean Connector with I PA and Lint Free Wipes/ Ti
fficlean Adapters/ Uniters with |lint free cotton bu
ffclean the side of the ferrule as well as the fe¢
|l mportance of cleaning connector
Cl ean undamaged connectors are e goc
fTurn of the | ight source
ffinspect connectors. | f damaged
ficlean using proven procedures. I i
Check Connectors and Adapters
Al ways check connector with a micro
ficheck for scratches, chipping and p
fficheck for adhesives , grease and co ion
fDo not check connectors without so t he
injected into the far connector.
Check Connector Ferrules for Damage
Al ways check connector with a visi
ficheck for a strong |ight emerging
fficheck for l'ight showi(nfgadlrtoyn .t he
ficheck for excessive |ight -(efmeulgty)g.
fficheck for light emerging from the
buti on-(Fraaithe )y ) .
4 )
Not-es:
\ _J/
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Understanding Loss Testihg

Loss Testing

In order to produce relevant results with a |ligl
I'n order to achieve this the following procedur e
Firstly check the equipment to ensure all rel ev:
Then switch on the test equipment and allow |to \
its wavelength and output power could fluctulate
will then need to be connected together wusing or

the tests being carried out.

The following checks should then be made:

ay

fEnsure that both |ight source and power metler

fficheck that the | ight source has been set folr cc
|l ight source to stabilise (reach opti mum ouftput

i This having been done a reference |evel can| be
power meter can be zeroed

The |l ast check is to ensure stability of realdinq
carry out the tests. To do this you must di|scor
reading comes back to the reference |l evel seft.

Steps to Good Test PBbepsutesGood I LM Testinlg Pr
1Cl ean Connectors andChAdapteosnectors on system
2Connect Reference Le€@€dsneot KBtand PM to systen
3Switch on Light SouBtTakaende&dabglise
4Set wavelength on UBi sadnP®&ct and Reconnecft PN

5Wait until meter staBPPPE%EEd to system three
readin

gs
6Set Reference or takf.RETELPACKays at both wave

Once the reference | evel has been| se
connected up and the system|tes

(1510

Fibre longihs = 2km

Light Source Ciptical P Mlter
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Understanding and analysis of
Opti Ciamm@o maiRef |l ect ometer

Basic OTDR ter ms

fBack skiaghtrreflected back to the OTDR by the

findex Of RefReftéeisnt 6l ORg: speed of light in a v
in any given medium (Cmed). Typical fibre | OR i
is very important as it forms part of the fispee
This figure can also be adjusted to achieve cat

fNoRefl ecti Vee&eeate:events/ components within a
back reflection.

l1Fusion splice

2Macr o bends

3Micro bends

fReflecti ThesEBvamtesevents/ components within a s\
contribute to the |l oss, with the exception of &
which has no | oss.

l1Mated pair of connectors
2Cracks and chips
3Mechanical splices

4Fi bre end

Typical Optical Features

LsLass due to
LcLass due to
connector
LaLsass due to f
Fusion Spli Connector Fibre End attenuation
e S
L
.
— La
[o) AT o3V T —— A B—
Powelr ] I |
Ls
(dB e || Reflectance
of connector
La T ||

__ || Refl ectance of
l- || Fibre end face

~ | Noise Floor

l'"l'r‘-""ﬂ'ffll’wﬁ

Distance (Km)

18
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Revision questions

1 What does the Index of Refraction relate |to?
aThe speed of | ight

bThe speed of Iight in a vacuum compared to the
cThe different colours Iight splits into wheh re
dThe rate of | oss over distance.

2. What is Attenuation measured in?

adBm

bdB

cOh ms

ddB/ km

3. Which method of communicating does a telelphor
aBroadcast

bDupl ex

cTriplex

dSi mpl ex

4. What is the main physical difference between
aThe speed of the signal sent.

bThe core di mensions.

cThe cladding di mension.

dThe outer sheaths/ar mour protection.

5. What is the cause of electrolytic corrosifon e
aHeat reaction/expansion of copper cores.
bChemical reaction/electron drift.

cExcessive bends/ electron drift.

dExceeded pulling tension/eventual break in copp

a coupler?
two connectors together.

6. Where would you use
ng)
ple TX/ RX signals on a singl e
pat
es

aWhen joining (mat
bWhen sending mult
cWhen connecting a
dWhen securing fibr

i
i
ch lead to a patch pangl (
into a enclosure.

19
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City & Gud2 dn i3t 617

Basic Principles of Tel ec

Modul e 4

Basic networks

Underpinning content regarding basic networks:

fPurpose of a network

ffNet work types; LAN/ MAN/ WAN
ffINet work topologies
ffcabling options and types

ff'switch/ hub operation

Not e:
Il tems corlearreedc oinrsi dered as most relevant inform
Additional information has been added for your ¢

www. fi breplus. co. uk for updates



Net wor ks

A network can be described as a group of peppl e

with each other. The purpose of a network is|] to
A network also allows the sharing of periphegral
ing the cost of one printer etc. per wor kstaftior

197006s Early 19B0O6&tate 198/06sEarly 19pP|0b6s

Early net ywolrrktsr adannct j0fiPosuppon{Fast rbdherget d
Thick Coalx ficcahbelaecper ngt 6 cabl e

Et hernet Technol ogi es
f10 Mbit/-OnEt ldr nenite ol dest network technol og|i es
fFast EtherneUpdgr dd0® mMbuteé shrom 10 Mbit/s p|r ov
the most commonly wused.

fGi gabit Et her nTehte (n elx0tO OgMebnietr/ast)i on for servefs a
throughput.

Origins of 10 Mbit/s Ethernet

fforiginal system design by DEC, Intel and Xefrox,
finstitute for Electrical & El ectronic Enginleer
ffEthernet type 11 adXptEdrast pEBEEi 8B2d3i hohalgs

Net work Types

LAN MAN & WAN

The three main network types we will focus oJn ar
l ocation and geographical coverage.

LAN

LocarleNet wor k. A network that typically coverg a
a campus or hospital site connecting buildinlgs c

Buil diBgi IAdi nlgAM wi thin bu|ldin

Buil di g C

Campus wide LAN

www. fi breplus. co. uk for updates Unit 1 MleF:Imgezt



MA N West London East London

Met r ophrleNsd tamor k . A network that ) |l arger
graphical area than a LAN, ¢ 0ss a
l'ink between business, hosp i tie
achieve via the internet or ween
Internet or direct |ink
—W.AN London Gl asgow
Wi dia eNet wor k. A network that rovides country o
data communication, for examp ies
internet can be regarded as ks us

I nternet

SAN

St or Argeede t wor k. A storage device (such as disk
accessible to servers so the devices appear as
has its own network of storage devices that are
regul ar devices.

Net work Topologi es

Al 1 networks involve the same basi oi phjnpiapked
bypassed within a number ofmasadamputceormpaut &tri o(nsse |
applications include LANsuUi |IMAMsgb lbWAN $inngt &l snmu i
broadcast distribution, intelligent transportat.|
and data acquisition (SCADA) networ ks, et c.

Net wor ks can be configured in a number of topol

Point {(d6ipgoildpt
The most basic network topolog
as peer to peer) consists of a

yoint
bet v

3

Fig.1
Bugfig. 2) [; E;
In a Bus topology, dat a ’ avels
(Bus) network in one directlon Irni |
with the nodes/pcbdés |listening
the most reliable topology as a
affect all following nodes/ pcd

Flg.2
Ri(dig.3)
Similar to a Bus topology exce|
active equipment (switch/ hub) a
ring starts and ends at the sa
reliable than the Bus network a<3
transmit Hence a single break

Unit 1 MoOW®al ewwwpfhi breplus. co. uk



St 4fig.4)
Superior to both Bus and

mai ntenance. Each node/ pc
their own cabl e, so i f one
node/ pc that uses that partic

St#uefig.s) @@{a Fig.s
A SBas topology consists of m e

te

he

t wo |
central bus. Suffers from the L |6 I]i ty
net work except that instead a \ ijvi du
occurs on the bus, you can 1| o e nofr ks.
Branchi(nfgi g¢.ré)e
Al so know as a fAhierarchical % % 9 t o
single top | evel node which i t wo
more nodes are added to the | %% % %ﬁbra
formed with new nodes connect ‘ he
88 oy
Me s(hf i g. 7)

A mesh topology consists of m (&% < — flout
other via multiple connection:f\l "_.ll sho!
mesh, this provides quite a hi(\)" A éf)edunc
is to expensive and complex f. @ ,‘V clal
connected mesh refers to only Fidf.elw of the node
connections. The internet is a typical mesh| net
)
Not-es:
\- J
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Cabling System

Terminal

Subsystom Madia Type Rocommended Use o BI Fi . rll.‘ }:‘I T i panenl
Hortoond Cabbng  Bolascad Cablles Viodos and Dita
Optical Fibee~ Data
Building Bakbore  Budascod Cilics Vioio: snd Low 1o Campas Budlding Harizontal Cabling Wark
Modiars Speod Dala Eackbome Backbani wren
Optical Fibee Madiers 1o High Spead Cabling Calbding Cnhling
Dty - ] 2] ] e
Carspes Becklvmse  Opticad Fibee Mot Applications
Bulsaced bk [Low Bandeith R Generic Cabling System .
Campus/ Site distributor (CD/ SD) and backbone c:
A Campus/ Site distributor is a passive piece of
instance, that all ows connectivity between bui
|l arge amount of data through put, the cable re
typically a fibre optic.
Building distributor (BD) and backbone cabling
Similar to the CD but provides connectivity bet)
copper or fibre depending on the situation but
Floor distributor (FD) and horizontal cabling
The floor distributor provides connectivity acr
can be copper or fibre.
Transition Point
The optional Transition point within the horizor
1. To provide a | ocationoacuwhi Eéhga cabhd ¢
2. To connect cables with different numbers
I/0
Telecommunications Outlets or T/ Ob6s are the | as
typically compxj smoot!| @/ jpack and a facepl ate. T
modul e wi tdlowa poothbefore being fitted -baxo a
Connectivity to any equipment to provided via ¢t
Wor k Area Cabling, Patch cords and Jumper Leads
The work area cabling provides the interconnect
equi pment . I'n most cases it wildl be non per man
the generic cabling standard BS50173. The combi
cable and patch cord in the floor di stributor
all owance is a maximum required | ength of 5m f
combined | ength of the patch cords or jumpers i
exceed 20m. The combined Il ength of the equi pmel
di stributor should not exceed 30m. This and t
advisory, but strongly recommended, as it cont
covered by British standards.
Sealing
I'n some circumstances your cable route may have
hazards, |like a firewall (internal protection ac
el ement s, particularly moisture). When installir
through fire or moisture repellent walls. This ¢
foam (fire and imoti smas eefsiteras ésndgal ianngd) .
Unit 1 MoOW®4al ewswwpfBhi breplus. co. uk for updates



Copper Cabling Options

Ethernet cabling options

A balanced cable is a cable where

been designed with the same phywrct

and insulating material. The t - U R A
. BalancedTvﬂasbtleed E

together to form a pair so that "5 o0 o3 c

each ot her throughout their Iength I n an

conductive elements wusually hal” = —— | - p

coaxlal cable is an example of Unbalancem&ﬁglde

Solid/ Stranded cor e

I'n a solid core cable the conductors are mad

cable has conductors made up from multiple s

used for permanent | inks. I't is less flexibl

Stranded cable is used for patch |l eads at th

where there cable needs to be flexible. The

conductors <caused by bends. Stranded core i

manufacturing process.

Coax (RG58/59 or RG6)

Single copper core <cable r

shi
dielectrAlct mmughialol der cabl
today in two common for ms:

fio0baseBeTh{ @0Mb/s and. 185m. md

fi0basesnemthi(clko Mb/ s and 500m m —
Twisted pair (Cat X)

With the inclusion of twists to the copper ¢
popul ar for structured cabling and comes in

ffcat 3/ Cl as
fficat 4/ Cl as
ffcat 5/ Ol as
ffcat 5ebCl afs
ffcat 6/ €l as
ficat 6aECl afps Higher performance
ffcat 7/ €l as
ffcat 7aFCl a¥s

UTRUnshielded TFwiustedppPerr pairs e
twist minicimnster ference and crosst
addition signal shielding.

STRScreened Twiistiddar Pdaior UTP but

screen around it to furt hrairnirmeiaslec . |
energy. :
FTRFoi l Twi St md!| #mai ro STP but

twisted pair. Mainly wused for

Mi ni mi ses EMI (electro magnetic

or e
S eVve

avir
tyr
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Connecting to a LAN

Net work I nt(eNIfG)ce Card Network
The network interface &arhdis pro,/ym.i‘n,p‘.e_&l" ""int.(grface
bet ween the networ k and@iheiube pcmﬂpQ.ﬁjﬁ-'- . cd ar e
available with copper, fijbre or "wi 'F‘elee\s leans
connectivity and typica|1.|y contain: V
ffThe connection to the trangceiver or a /It in
transceiver (able

. . TN Netuced " / .
ficircuitry for generating,.fr cessing t

—

net wor k MAC
fiThe physical MAC addr eZs l Conummication Network  Address
tlhe

fA software interface t Walia@eld 0 C Ol s Oof t war e i
the host ! Protocol Card (NIC)

How Data is Transferred
TAl1 1 data is transferred in O6packetso

fA packet of data has addressing details at the
6framebd.

fMoving data in smal/l pieces gives everyone an ¢
f'Ssmaller packets are more likely to be delivered
SOF Destination I P/ 1 PX Packet
Del i mi MA€C Address *

6 Byt 6 Byt e Dat al 5460 Byt es J
Preambl eSource CRC

MAC Address

ﬂPreambIe; allows timing alignment.
ﬂStart Of Frame (SOF) delimiter; indicates start of frame.
ﬂCycIic Redundancy Check (CRC); is a checksum to

ensure the frame was received OK.

ﬂTotaI frame | ength varies from 64 to 1518 bytes (after
SOF delimiter).

The Ethernet Fr ame

I't is important to understand the differences be
Prior to this, we need to review the structure
t hper ea;mbtl lei s i denti fies Afheerf rtahnee par sd aveebliiada tEBtoheesra
dr es $ hbey tsei xXMAC address of the station to which t
hexadeci WM& P HFoFFF FFlsr d dicd@adtr ess, whalslhameans bDhat
network are to recebysetuhics if@kdmneds axtwhetrtee tdier
from. The source address is the key to a switct

At the end of the fcupmkeicthedécCBE&Ehayctibek&kkoumns mi
performs some arithmetic on the entire frame | usc
The receiving station performs the same arithmet
is different, there must have been an error in t
long. This means t hcdat da he6 mb nti enss,m asnotume foif xed p
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Net wor k

Protocol

fProtocols are the 6languaged used on a netwprk.
i The network just sends and receives packets| of
delivered to the correct destinati on.
fusing common protocols allows computers frojm di
Protocol Bandwi dt h
ATM 155Mbps
Token Ring 802.5 4/ 16 Mbps
| SDN/ Euro Digital |Tel 6pKbpg (per channel
ADSL Up to 24Mbps
Et hernet 10base2/§5/T 10Mbps
Et hernet 100baseT/[FX/ SX 100Mbps
Et hernet 1000baseT/ TX/ SX/1IGH/pEX/ BX10
Et hernet 10GbaseSR/LR/LRWMOBRpS
Bi Er rRRart e ( BER)
I'n telecommunication transmission, the bit elrror
tive to the total number of bits received in| a 't
For example, a transmi®ssmeanim g htthaita,v eowt BER| B,f0
one bit was in error. The BER is an indicatijon ¢
error. Too high a BER may indicate that a sllower
time for a given amount of transmitted data |[sinc
packets that had to be resent.
The maxi mum BER cur fé(ntdry Jalilm wla,bd 00 ,i000,0000)] 000
Hubs and Switches
Within a network you require some form of adgtiyv
This used to be Hubs before the advent of Swlitct
HUB Switch
Transmission fV/ Mul tiple trapsmis
I— M) is received by al, simultaneously se
- i © . other devicesxnug.he X and from relgvant
"network == > ” devices
| 7/ NR
AN .-\\
N
9 ¥
. N
HUBHal f duplex & Broadcast
A Hub works |like a big repeater. I nformatioh r e
devices with each device |istening for any dat a
it can onl yduoppleerxa toet hienr vhiaslef 6collisionsd will o
Swi tkewtl | duplex & Direct
A Switch is superior to a Hub due to the faqt t
the port/device that the data was addressed |to.
being able to operate in full dupl ex.

.co.uk for updates Unit 1 MoGF



The four repeater rule

The four repeater rule was a problem for many |
environment s.

Ethernet is limited to a maximum of four repeaters
(hubs) per segment,

this is because each repeater takes up to 16 bits
of the preamble to synchronise.

(16 x 4 =64 Bits .....further repeating would
destroy the packet address field )

In order to beat the 4 repeater rule bridges w
completely rebuilds it prior to retransmission
multiple bridges to be used and to boost the dat

Switches allow larger networks to be built and
create new collision domains to improve

performance
A e

3 9 0 @

The natural development was to build bridges wi:

geographicBii dlg st amalces. had the advantage of br e

groups could be isolated from one another provi
)

Not-es:

- J

Unit 1 MoOW®&l ewswwpfhibreplus. co. uk for updates



Revision ¢
1. What is 10base?2, regarding c
aThi-ce&kt coax/ 185m
bThinmt coax/ 200m
cThinet coax/ 185m
dThi-ce&kt coax/ 500m
2. Which of the following best
aMAN
bLAN
cCSAN
d WA N
3. What is regarded as the ma x
al@
b1d?
c1§
d1d
4. Which of the following best
aHaddtuplex to individual ports/
bSerial to all connected devic
cFulduplex to individual pots/
dHadtuuplex to all connect devic
5. Which of the following topol
aRing
bBus
cStar
dMe s h
6. Which of the following best
aTo dedicate bandwidth to user
bTo allow sharing of informati
cTo allow higher bandwidth
dTo secure the computers from

uestio

able type

describes

i mum Bit

describes
users

es

users

es

ogies is

describes
s when
on and

the i

ns

and

a

ne

Error

t he

regar

t he

browsin
peri phe

nternet

ma X

t wor

Rat

ay

ded

purp
J
al s
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City & Gud2 ds 3667

Fibre Optic Installation
Il nternal & External

Modul e 1

Wavel ecBtédh -REBmr act Flveesd ndex

Underpinning centent regarding:
ffwavel ength / Frequency Explained
fEl ectromagnetic Spectrum

fdB (loss) & dBm (power) explained

flLoss Budget s

Not e:
Il tems corlealrreedc oinjsi dered as most rel evant inform
Additional information has been added for your ¢
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Refractive I ndex or
I ndex of (Re@OR)acti on
Refractive index; n is the ratio of the speeld of
given medi um.
g—
Air Gl ass - Speed of Ilightl in
n = 1.0 n = 1.5 b .
Cvac Speed of lightl in
n = e
1 T 1T Cmed
300,000 km/s
J 200, 000 km/ s
3x A/ s 2 x4/ s —
Most | mportant Piece of Data Required
This is the most i mportant information to halve
refractive index is incorrect, the distance |[to
I nstance where to Use the incorrect Refractif|ve |
The fibre manufacturer will provide you with| the
needed to perform certain tests, namely OTDR| me:
You may wish to make fibre |l ength equal (=) |trut
|l ocated in relation to the cable meter markilngs.
The electromagnetic spectrum is a range of el ect
including visible and non visible Iight. The| |ic
(I'R) part of the electromagnetic spectVL@. u¥i siigk
red |light at 635 or 650nm)
I nfra R¢idsi(mloe) Visible Lipght
Third Second First
'WindowWi ndowWi ndow
1550nm1300nm850nm
1625nm131
Red
| | | | | |
Li L L 1 Li L L] L
FAMMN JiHhm SiHhmm S JiMhnm S S
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Ampl i tude, Wavelength and Frec

Ampl itude

The amplitude of a wave refers to the maxi mum ar
its rest position. Imeat seoaSemieber bympt heudmpl Bt
ured from the rest position to the trough.

fTher eosft a wave is the point whi ch exhibits the
posi tiroens.f Tahevave is the point which exhibits zi
Wavelength

The wavelength is another property of a wave whi
a wave is simply the | engltfh yofu owvea ec dmopltataec ewy
wave in the diagram below you wil!/l notice that
pattern and the Il ength of one such repetition (
|l ength can be measured from crest to crest, troc

from one wave cycle to the next.

Erequency
Frequency refers to howheftfemgeemeyhiofigahappens

particles of the medium vibrate when a wave pas
fiback and fortho di splacements/vibrations (the
fMost common used unit for frequency is the Hert
fin tel ecommunication MHz (1,000, 000Hz) is commo
Velocity (of propagation)
4—— Wavel ergtitp —

A

Amplitude

Wavele
h Ti me period: 1 second
Frequency = 2Hz ( 2 cycles in 1 seco
A snapshot of a Sine Wave can be used to show tF
vel othd ymoti on relationship "distance = velocity
With the wavelength as dli=sit/dn d eva vteh iesh grt enl at iVoer sof
This is a general wave relationship which appl i e
and waves in mechanical medi a.
FA Li ke Ohmdés | aw, wavelength, velocit)
J,.r\-‘\_ triangle to aid with moving the equa
/ A}
I \ Wavel ength = Vel oclizt W/6F Frequency.
;"}LIF\'\,\ Vel ocity = Wavel enytlsR x Frequency.
L1\ Frequency = VelociRy=lI6V/Wavelength.

:) Vel oci ty
, Frequency
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Three Operational Wi ndow;g
1st Wi-r8dbdwAIml ows cheap LED6s to operate over
2nd Wi-Pdewominantly the main wavelengths uss-g

although 1300nm is a loose term som
and 1310nm used in a single mode syst
3rd Wi-ndodwW-Empl oys expensive sophisticated |
repeaters (1006s of km) and the more ¢
Attenuation Vs Wavelength for a si
50— % N '
2 0. Wi ndow
\
A
10— \
i Wi ndow
Fi bre?5 T
Attenuation , Wi ndow
dB/ km, " |
-,
\-\.
1 " [
2 {
s ™
0.5 .,
e - '-_‘.
"'\.
0. 2 o R
T T T T T -
800 1000 1200 1400 1600
Wavel ength (nm)

Window

800 i 900 nm

1260 i
O Band

1360 nm

1360 i
Bands
E,S,C,L&U
C Band used
most

1675 nm

Benefits Drawbacks

Operating
Wavelength

1310 nm

Cheaper components
Least susceptible to
bending losses

Range severely
restricted
Highest attenuation

Lower attenuation than
850nm, although covering
both SM & MM Systems

More susceptible to
bending losses than
850nm

High speed,

High bandwidth

Lowest attenuation of all
windows

Division Multiplexing more
predominantly used here.

High Cost of
components

Most susceptible to
bending losses

1550 nm

r e«

tim

(D

hser
Xpe
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ATTENUTATIOM

dEBE/k

nm

COMPARISION OF TRANSAMISSTON MET A

TWISTED
PAIR
[ Y
WAVEGLUIDE
OFTICAL
FIBRE
i ] |
hHz | GiHz 1 TH=

BANDWILTH

Loss Budget Tabl e
BSEN 50173 Generic values

This table should be known by

Wavelength Single mode Multi mode
850nm N/A 3.5dB/Km
1300nm N/A 1.5dB/Km
1310nm 0.35dB/Km N/A
1550nm 0.20dB/Km N/A
1625nm 0.15dB/Km N/A
Splices For Mechanical or Fusion Splice Losses are the same

value
0.1dB Max.  for Video (CATV) Systems
0.3dB Max.  Voice/Data
Connectors 0.75dB Max  per connectors where both on one span

=1dB or less

2 Connectors + 1dB = 0.5dB Average.

For

fibre specific (OM1/2/3 etc.) |l osses

S

hear

ee

uni
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dB & dBmobs

fdB & dBm are uni, sj wst meialsal r feenetn,t met er , I bsg. &
fdB represandsallbé®er value is preferred.
f-dB or dBm repdBs=nktesspower .

dB | oss Equivalent % poWehkdecibel (dB)

0 100 '::..ul:-lnlnrnll-._l::|:i:|:h-u[n.-:l poewer, the decibel (Al is

3 50 )

6 25 B Loss = <10« bngy, (Fower oui=Fawer inp

9 1 2 : 5 Fower in Fower oul

10 10

20 1 Optical Fitre

30 0.1

40 0.01

50 0.001

60 0.0001
Deci bels are a relative scale comparing the J|amol
amount of power put into a system. The ablle at
various amounts of | oss.
dBm Mwdtlti
fdBm is an abbreviation for the power ratio n d
milliwatt (mw).
fused in radio, microwave and fibre optic wofk a
ffcapability to express both very Il arge and very
are independent of i mpedance.
fzero dBm equamdtst .one Mil |
f[A 3dBm increase repr esentwhircohu gnel ayn sd otuhbal ti n3gd B nh e
2 mWw.
fFor a 3dBm decrease the powakihdBmeegueald thy| aba
milliwatt.

Exampl e

Power Table Referencing dBm to millijfwatt

Al t h

ough

the correct way t-proonedédiang Pplbaenumpsric

by dBmBfm) , it is someéB-8@hBys, abbrleoughepr as-eed| ng
indicate power and which side of the contrc

does
and

zero

being the control or baseline

+6dBn 4 mW

+3dBnm 2mW
Contr®@dBm= 1mw

-3dBm= 0. 5mW

6dBm= 0. 25mwW

-10dBm 0. 1 mwW

20dBm 0. 01 mw

30dBm 0.001mw

-440dBm 0.0001mwW

y 50dBm 0.00001mwW
60dBm 0.000001mwW

www. fi breplus. co. uk for updates Unit 2&3 M@&FE@



Power & Loss Budget Calcul at

Power Budget

A power budget allows a designer to ensure the ¢
ing launch power and receiver sensitivity. From
Al ternatively, any two of the three values (TX,

Medi um

37dB Loss *6dBmw 4mwW
+3dBnmn 2mW
—— ContodBm= 1mw
-3dBm= 0. 5mwW
6dBm= 0.25mW
Launch Power Receive Sensi tlioWiBm 0. 1 mW
-3dBm 40dBm 20dBm 0. 01 mW
0. 5mw 0.0001mwW -30dBm 0. 001 mW
L cal lafXoal lati ®X_Cal lati 40dBm 0.0001mw
0SS a cu a (0] a cu at a cu a 1 on
RXITX = dB | oR% + Loss = dBmob% = dem rRx ©0dBm 0.00001mw
40dBHdBmM = 340BBm + -B7RIB-3% B-87dB40=dBm 60dBm 0.000001mW
AWorst Casedo Design Approach
A power budget for a singlemode fibre optic net v
ation from above, the maxi mum (worst ¢ all o
Mean Launch Poflwer4ddBm Loss margin from power36bduBd ¢ et
Receiver Sensifti v4iotdyBm Cable (fibre) Loss 25dB
Loss Margin 36dB Splice Loss 4dB
40dB®BHdBmM = 36dB Connector Loss 1dB
System Design Penalfie3dB
Margin for Age & Tempe3aBufe
Dispersion Penalty 0dB
Tot al Losses 36dB
Loss Budget
fFor an installer a loss budget allows you to va
budgets total |l oss are failures.
i The three key factors to a |loss budget are the
as these are the most common/ essenti al componen

Cable (fibre) loss: Multiply the Il ength of the s

E.g. 2km x 3.5dB/km (850nm) = 7dB
Splice WMuslst:i ply the number of splice by the spe
E.g. 3 x 0.3/0.1dB (data &voice/video) =
Connectadtulltdspsl:y the number of connectors (typi c.
E.g. 2 x 0.5dB = 1dB
Once each group of components | oss has been calc
total. E.g. 7dB+0.9dB+1dB = 8.9dB. Any test resu
Generic Loss values |l ocated on pg. 4, Fibre speci
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Revisi on questlons
l1what does the Index of Refraction relate tol?
aThe maxi mum bandwidth a fibre can provide.
bThe speed of Iight in a vacuum in relation fo t
cA value given to back reflected |ight
dThe rate of | oss over distance.

2. What is the wunit of measurement AAttenuatl]i onc
aResistance

bdB/ km

cOh ms

dAmperes

3. What would the |l oss be for 10km section off fi
al6dB

b10dB

cl5dB

dl16. 6dB

4. What are the typical wavelengths used by| a \
a720nm and 850nm

b635nm and 850nm

c650nm and 720nm

d635nm and 650nm

5. I'f power is reduced by a factor of 50% frjom t
at3dB

b-6dB

c0dB

d-3dB

6. Where you havédBmwoidpPpd Bemrand. gou subtract n f
i the resulting value?

a-36dBm

b.36dB

c.44dB

d-44dBm

www. fi breplus. co. uk for updates Unit 2&3 M@@H@
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City & Gud2 ds 3667

Fibre Optic Installation
Il nternal & External

Modul e 2

Emi tter s, Detectors & WI

Underpinning centent regarding:
fTransmitterBD,EnMVEIELU s& LASER
ffRecei ver sPDNt &c ABDs :

fwbM & DWDM Systems

Not e:
Il tems corlealrreedc oin,mi dered as most relevant inform
Additional information has been added for your c
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Basic system or |ink
In the most basic terms, any communications |l inl
medi um and a Tteiceiiveert rf(lReX)af even every day ¢conv
street .
Bz AAAAA .
S
TX Medi um R X
Mout h Air Ear s
This is no different for a fibre optic system. I
fibre (medium) and received at the far end (|RX).
to as a APoint to Pointo system or | ink. Thle pe
and RX or any test equipment being used.
lPatchii Point to ioiPnttchil'ég or
Ref . L or Link Ref . L
T X Medi um R X
LED or Laser Fibre PI'N or APD
An optical system has four basic requirementis:
1Requires |light to travel from one end to thje ot
2Achieve as low a |l oss as possible.
3Have as little Il ight as possible returning| bac
4Achieve the highest bandwidth possible.
A system or I|ink typically consists of:
lLength or |l engths of fibre.
2Connectors, one at each end of the system.
3Fusion or mechanical splices joining the | ephgtt
. . 01
www. fi breplus. co. uk for updates Unit 2&3 MObuie



Laser & LED

The name or terms given to the |light source of &
Launch, Transmitter, l'ight source, TX, LED, VCSE
down to Lasers & LEDOGs.

LDLaser Diimglee (mode). MAN/ WAN

A semiconductor that emits coherent |ight when f
mitter when communicating data over |l ong distanc
l'ight emitted and their ability to be rapid turr
cost .

LEB ight Emi trhulntgi dd pede. (AN

A semiconductor that emits incoherent l'ight the
edge emitting LED6s and surface emitting LEDOs.
the bandwidth required and the cost involved do
area networks (LAN) are LED driven unless a hig
of no me3rkem tthhaen L2ZED makes up for |l ack of perform
l aser .

Vertical Cavity SwrCiSHde Emitting Laser (

Lasers that emit |ight perpendicular to the plar
di mensions compared to conventional |l asers and ¢

LED Vs Laser

Radi ation Characterist$gesctral Characteristics

Light

‘ ___z': I'\.__ I
- -~ X o
LED Laser LED Laser

Light emittaeddgehdr e t Patlseasemi ttedlscheremght ed
a wide are@oherent beaamvi der range cdfose range
wavel engthswavel engths

Laser operation

A |l aser consists of three mai ptice
and a |l asing medi um. Partially

fThe optical cavity contains thirrojr': I,“rrapzfare?nlt
rors to redirect the produced g al or
ffThe pumping system uses vari ol = rai s
|rlg ;tate by inducing energy il | .cer Meds um an
within. . v poLens

fThe laser medium can be solid h3%er, Optical Cqvityyg
(chemical). Once adequately excited by the pumg

then directed by the mirrors along the correct

0 2
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Detectors or Photo Diode|s
At the opposite end to the transThhe tcecampolnXenti sp a
Rx is called the detector and is generally one
turns optical energy into electrical pul ses)
APD Silicon and germanium currently although|gal
phosphide substrates and gallium antimonjde
PI'N Germanium di odes, tend to need cooling but
Aval anche Photo Diode (APD)
ff'sSpecified for Singlemode operation
ffHi gh frequency and sensitivity (hijgh |
ffGood for long haul systems
ffProne to noise and expensive
PI'N Photo diode (PIN):
fSpecified for Multimode operation
fLower frequency and sensitivity
fGood for short haul, simple systems
fficheap and easy to produce.
APD Photo detectors Applications
ffLight detection
flLaser range finder
fPhoton counting
fDatc mm.
foptical Tomography
L1 DAR
ff[Fluorescence detection
fParticle sizing
Aval anche photodi ode detectors (APD) have an|d wi
such as |l aser range finders, data communicat|i on:
For -lliogsht detection in the 200 toll50nm-trtaemge, t
silicon PIN detector, the silicon avalanche |[phot
APDs are widely wused in instrumentation and |aer
speed and high sensitivity unmatched by PIN |[det ¢
APDb6s are generally recommended for high ban|/dwi
overcome high preamplifier noise. The following
APD is the most appropriate for your |1ight dete:
1) Determine the wavelength range to be covelred.
determine the specific APD type useful for tlhe
2) Determine the minimum size of the detecto|r tI
of ten beefnfoeeticoestt han the use of a@eteceéenolry | arg
3) Determine the required electrical frequenfcy I
wi || degrade the SNR of the system
. . 03
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Types of APDs

Aval anche photodiodes are commercially availabl
1700nm. Silicon APDs can be used between 300nm t
and I nGaAs from 900nm to 1700nm. Al 't hough sign
Il nGaAs APDs are typically available with much |
to 1700nm, and provide higher frequency bandwi:
recommended i-ma gmiegh celiemdterrd er ence ( EMI) enviroc
significantly higher than the noise from an | nG
consideration.

PIN Photo detectors

Gener al purpose I nGaAs photodiodes are wuseful

instrumentation and moderate speed communicatio
mi crons in diameter. Some models of silicon de
65950 nanometre region, while other models ger me
range of measurements between 800 and 1800 nan

down8% odBm at 1300nm and 1550nm.

Wave Division Multiplexing (W

hus ex@hnfdi/mr ebassyisct el t o a t heolrbeibtMesal at ot a

TX 1310nm TX 15350nm
WDM | Q | wbm
Coupl|€Tr ”l Coupller
RX 1550nm RX 1320nm
BiDi rectional WDM system . (1310nm/ 15
A WDM system uses a multiplexer at ddnal trirathsesmett
the receiver to split them apart. Wi th the right
simultaneousl vy, and edarno pf umuclttiiopnl eaxseran opti cal i
The first WDM systems only combined two signals.
t
|

single fibre pair.
Most WDM systems operate on single mode fibre o]
Certain forms of WDMmcae fillsoebeahblses (al snal knov
which have core diameters of 50 or 62.5 Om

6 into 1 coupler. At the oppos

is a lciomtpdbed / sl itter

04
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http://en.wikipedia.org/wiki/Data_rate_units#Gigabit_per_second
http://en.wikipedia.org/wiki/Data_rate_units#Terabit_per_second

Revision questions

1Which emitter/receiver would be suitable fo a
aLED and APD.
bLaser and PIl N.
cLaser and APD.
dLED and PI N.
2. Where would you use a coupler?
aWhen joining (mating) two connectors together.
bAt each end of a fibre span/link or (point to p
cWhen connecting a patch |l ead to a patch panel (
dWhen sending multiple signals on a single f] bre
3 What wavelength(s) typically do Lasers oplerat
al300nm and 1550nm.
b1560nm only.
cl1300nm and 1625nm.
d1310nm and 1550nm.
4 Which of the following is the LEDO&s main jadve
aHi gher frequency than | aser.
bSmall er size, aperture than |l aser.
cCheaper, more reliable & longer 1ife.
dOperates better than |l aser over |l ong haul syste
5. What does WDM provide?
aReduce power |l oss in a system.
bL mprove splice | oss
cReduced back reflection.
dHi gher frequency/bandwidth & full dupl ex on| a s
6 Whi ch Regul ati on Regul ates Laser safety?
aBS EN 50173
bBS EN 60825
clLSO 11801
dBS EN 50174

. ) 05
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City & Gud2a2ds 3667

Fi bre Optic Installation
nt ernal & External

Modul e 3

Fi bre El ements, Fibre Physi

Underpinning centent regarding:

fFi bre El ements

flunderstanding Light and its effects

fBandwi dt h, Di spersion and their Relationship
flwWoor Distribution and splice closures

fstep and Graded Index Fibre

Not e:
Il tems corlealrreedc oin,mi dered as most relevant inform
Additional information has been added for your c
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Fibre optic elements, Singlemod:

Optical fibres

Used for telecommunication applications are |made
I osili

The fibre consists-of two a ica materi all s:
fficore

ficl adding

Fibre is typically referred to by ités core |and
The Core

fThe central part of the fibre that carries the
fDopants/i mpurities are added to raise its refra
The Cladding

i The surrounding materi al around the core.
fficontains less dopants than the core.

ffHas an refractive index |l ess than the core.
Cladding provides two functions:

fActs to confine the light within the core. fir
fProvides a physical fsized capable of handljng.
Next is the added | ayers of protection

Primary coat

A protective acrylic coating applied during |the
and environment al factors. Col our can also |be

primary coat brings vhe®Omotal diameter of a [fibr
Secondary coat
This is an additional coating which can be adde
this is added during the manufacturing procless
Available in different sizé68pbwmymigcalhley mGQ, |c&®0ng

Mul t i :mo@lz. 50m ofs&éOmodokre 6 for bre types)
Named after the multiple fimodeso emitt
LED |Iight source with each puls ally| use
bandwidth systems. LANOSs.

Mul ti modé& Fibre:with a core dia |l afrger
Iength of l'ight transmitted that any mc
Commonly used with LED sources.

LED Mul ti nwidtehy each pulse an LED e 2s| of
across its entire surface. The outpu of
the modes of light so multiple ingéice&nd'vdrl))oﬂoaetd'
correct time to register a ﬁlé/ozrbrlmary Omatl: '2!

Singl e8lod@&m :cvee modul e 6 for Osﬁgb%éd|®%88§§5
t

Named after the single fAmodeod Sé)de(
with each pul se. Typically wused st an
MANOs/ WANOG s

Singl emodAe FRibbbree:wi t h a smalll [o¢ flew t
Il ength of I|ight transmitted, th ‘WS 0
Commonly wused with | aser source
LaseSi ngl ewwbdk: each pulse a | ase i
hence Singlemode. Unli ke the LE ros
mode so the |ight can travel a a

and off wvery quickly, much fast =D,
higher frequency which | eads to wii

www. fi breplus. co. uk for updates Unit 2&3 MO®



Light

When a ray of light is shone Rhya bt ofiggl ass
surface attributes
Two things wild.l occur , l'ight pass straight
glass, although a percentage Reflecdilbgcted b
Refraction Gl ass Slab
A ray of light strikes the glass at an angle, we
reacts differently. Firstly the reflected portic
travel back in the direction it f Qm but | e
angle equal to but opposite the struck
portion of light that travels t glass
straight |ine but appears to be ake di f
This is due to the difference ctive nde
gl ass. The light i t he |l ass rave ng
thus appears to e T s ti
exiting the gl a r s
because the 1lig i t
Critical Angl es
By decreasing
can alter the
angle such that
is refracted we
this angle we
fThe angle at which | ight
Angl e(s) of Acceptance
fiThe angle(s) of Acceptanc
the core of a fibre via r
these angles will only ac

Angle of Acceptance
Numerical Aperture
NA=sin(CA x 1OR ) Light enters with
NA = numerical aperture Numer Agerdture
CA = critical angle

Angle of Acceptance
Il OR = index of refraction of the material from v
travdlaliirngs. 1) i
fThe above formu!a can be_useq N € ¢
aperture of a fibre. This fi eApert Uoet ed
ease at which it willdl accept iyt o itself
its length. As a comparison S T will have
NA t han MM.
fThe area between Angles of Accept’dh'Eedlf Acceptance

Unit 2&3 MOAul evwdv.gg.brepl
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Cone of acceptance
NA is a two dimensional re Numerical Aph I'n e
dealing with three di mensio c%%zeif'ki herlef or
of acceptance may hbe eusde dneti
of a fibre. '

A

N

<>
Total Internal reflectance (TIR) )
I'f we now shine a ray of 1light %%ﬁQ$—H%%O%%%%tb%n
it is within its cone of acc woul |d was
completely within the glass u Refrakftt he
l'ight is |l ost along the way. T to |t he
core cladding interface at an t hajnh tF
which gives 100% reflection an ctiol.

Tot al InternBll)RRefl e

This would be termed as to | flelctar
main principle that enabl es ranijs mi s
Micro Bending Micro Bending
I'n optical fibre, sharp but miSecnadscopined réumsviat ul
tions in the core/cladding i nltoeak aicre daurrei ntge rmmaendu
frequent cause is longitudinal shrinkijg of |the
it al so can result from pQ&I i abl e
met hods, installation.
Only replacement of the fibre j Ms| 1 ss
Macro bending
Occurs when the fibre i s bent into a visib|le
relativeagi darlgend i n an optical fibre may BQhe f
in a splice or gaonpitziecr ctarbalye otrh aa fhiabsr ebeen
bent

Macro Bendi ncg
Not e: A macro bend will resultiLang®@o Bxwg&idajcant
is of sufficiently | arge radigaasn bleh emidneifmins etd oonr
depends on the -mype PDifibfedrreaveiaglew nu-
mer i cal aperture, t al
more susceptible to d
wi || not tolerate a
(2.5 to 3 inches).
Certain speciambded
tolerate a far shor
|l oss Andeaded!| t i mo
500m and a numerica r
mi ni mum bend radius of not | ess than 3.8 c¢cm |(1.5
fibres commonlypremedeisnappsi cmei ons (62.50m
core) typically have a relatively high numerijical
(approximately 0.27), and can tolerate a benld ra
an inch (2.5 cm).
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DI SPERSI ON

Di speirsitome term used to describe the spr&hidsng
ef fect wildl be cumul fat mme wl bhghakhe bhengmpbaof a
tem can effectively cope with. I'f the dispersi
one another and the receiver will bei spabdieomn oi s
fore more of a concern on high bandwi dth systems
Modal Diispeonl pnp rneosdeen tf iibnr ensu.l tDi f f erent modes t
propagation have varying path |l engths and so a
spread or dispersed at the other end of the fib
di stance and frequency increase, so does the |ik

Chromatic ®&ffkseetrsi shn@adleimodlectliindmatsi ¢ d

persior
e

s
wavelength, or colour of the I|light and th speed

i

—
—>
N Y g W

Il nput pul se OQut put pul se
Graded and Step Index Fibre
The paths the I ight travels down the different
core i.e. Graded or Step index, which has an af
Step ¢anekxe found in both multi e mode
dopant configuration and | OR bei ar | iste
remaining constant across the <c¢o an ¢
mu kntoide systems running at high f [ Csmal l
or over a |l ong distance (more time for pulses toc

Gradedciandexly bemédenfli bnemahdirefers to t he d«
configuration and | OR of the cor lLl'y inc

This ensures all modes arrive _ ti me
by Iightly sl owing down the d|r s travi
whil e Ilghtly increasing the spe e indir
di spersion issues and allows increased system fr
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Attenuation & Bandwi dth
Optical attenuation in fijbr
Attenuation (loss of power over dist-ance) in fi
Absorption
Rayl eigh scatter
Dopant dependent
Waveguide fluctuations
Curvature effects
Splice |l oss or connector | oss
Absorption Loss due to difference between two f
Rayl eigh schose®rcaused by the scattering of |lig
index.
Dopant depebdssatdue to | evel of impurities iln f
Wavegui de f-Duttemémoe@s in waveguide parameters
bends
Curvatur-e eMaecolsends
Bandwi dt h
I'n simplest terms bandwidth is the amount 0 f i
di stinguishable by the receiver at the end.| As
spread. The spreading of these |ight pul ses| cal
frequency, the pulses become unreadabl e by he
cause this overlap to be much greater than| fo
di fferent | engths, which cause each mode of |[lig
Representative rays
(Symmetrical about fibre axis)
-Cladd|ng
e _-‘;.v' "2ﬁ3
c 7o~ =)
Rays of Proﬁaga%rfon "‘*»\‘
Cladding
HHW
‘Input Pul ses OQutput: Broadened optical pul s
System bandwidth is measured in megahertz (MHz)
100MHz. km, it means that 100 million pulses |of
each pulse will be distinguishable by the recei
www. fi breplus. co. uk for updates Unit 2&3 M@&E@



Fibre Vs. Copper

Hi gh Capacity (Bandwidth)
Low Loss

Span Long Distances
Light Weight
Compact

Noi se | mmunity
Secur e
Safe
Environmentally Friendly

Future Proof
Cost Effective

Capaeityln excess of 600,000 simultaneous phone
Low $ossUp to 340 km without regeneration as op|
Light -wellkrht= 300g

Compact Easier to install ideal for high densit)

Noi se i mbmuafifteect ed by: el ectromagnetic interfer:¢
surges crosstalk

Secur e Cannot be tapped without detection

Safe Does not carry electrical current, no ri
Green 12g of silica = 1km fibre 30kg of coppel
Futur e- pAlomdst infinite bandwidth, upgrade syst¢

Cost efflemcstiavlel ati on cost may be high but cost |

medi um.

Copper Repeaters
I..’.‘-.-.‘..‘.“-‘-'.-.‘.;.‘.’-.‘.*"-‘.-‘.‘.-‘.‘....-.‘-.-.‘
Fiber Repealers

Copper cable with fibre ¢
Fibre also has the advVvertagé yaof ENeten s wfdfyanmicn gc ofr
caused by the chemical reaction between air and
contact between copper interfaces (e.g. Batteri
of this build, wildl deviate the electromagnetic
exampl e, increastsl hternaactopmeransy strom.s

Fi bre Optic Draw backs over |

Capital Thetinitial cost of installing a fibre |
TrainingMost installation engineers will have t
their skills to the fibre field.

Equi pmenfthe cost of equipment to install fibres,

Unit 2&3 MO6Bul evwdv.gg.breplus. co. uk for updates



Revision questions

1 What is the main physical difference between
aThe speed of the signal sent

bThe core di ameter.

cThe cladding diameter.

dThe outer sheaths/ armour protection.

2. How can Aintermodal 0o di spersion be reduce|d?
alncrease frequency.

bReduce distance and/ or frequency.

cLower the |l oss in the system

dChange wavelength.

3. Which of the following can provide the hijghe:t
aThi cknet coax

bSinglemode fibre

cCat 6

dMul ti mode fibre

4. How would you refer to the 2D representati|ion
aCritical angle

bTI R

cNumerical Aperture

dlL OR

5 Whi ch wavelength would be the most suscepjtibl
a850nm

b1625nm

c1310nm

d1300nm

6. What does the term Refraction relate to wjithi
aThe speed of Ilight in a vacuum

bBending of 1ight

cTIR

dBack reflection

07
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City & Gud2ads 3667

Fibre Optic Installation
Il nter nal & External

Modul e 4

l nstallation & Preparation

Underpinning centent regarding:
finstallation Safety

fEqui pment List

fEnvironment al Considerations
finstallation Equipment & Safety

fPl anning

Not e:
Il'tems corlearreedc oinrsi dered as most relevant inform
Additional information has been added for your oc

www. fi breplus. co. uk for updates



Environmental considerat:i
Avoid installing in temperatures below 0U0UC a
Obtain installation specifications from cabl
OQutdoor applications require protection rega
Moi stur e Just as silica gel is used to absorn
altering its optical characteristi
ProtectionPVC sheat hhWakeds@apebet ape, gel fil
Hygroscopic powder s.
TemperaturkEffects differing materials within
and contraction.
Uv | 4ight With all cables UV will cause a det
UV stabilisers, carbon black, PVC,
Chemicals Ever present in the ground may caus

Tensil e-stPruedngtnhgSt eesgbhkdesmbeels, gl ass fibr
plastics, Kevlar braid.

Abrasi on During dtudtghp ulelnisng;y polyethylene.

Crushing During storage first coil s Inowsste wiut

armoured( externally or internally).
Rodent s Cause |l ots of ¢ afdlluemidna nuany,e setaecehl ytead
El ectri caiWhleirgeh trid¢emeidnege;t al | i c cabl es possible
ENVI RONMENTAL FACTOMRSTALLATI ON FACTORS
ffMOlI STURE fTENSILE STRENGTH
fTEMPERATURE fABRASI ON
fULTRAVI OLET LI GHT YCRUSHI NG
fCHEMI CAL RESI STANCRODENTS

TELECTRI CAL [/ LI GHTNING H

er i
hyt
e d

bhes, t

pre;s ,

NZ AR

www. fi breplus. co. uk for updates Unit 2&3 MO®




FI BRE OPTI C CABLE I NSTALLATI ON

fsafety
fEqui pment
fProcedures

SAFETY

Per sonal

Per s-dn dlr e and cable safety regarding personal
COSHH, electri-gat,taasatdengrogodrding of mankol es
jackets) sign posting, weils disease

Third party

Thir d-Emasrutrye safety of those you work with and t
Diversions if necessary

Property & Equi pment

Property a+ed seuguei psnaefret condi ti on of equi pment ar
certificate. Any discrepancies should be report

UNDERGROUND | NSTALLATI ONS
CABLE LAYI NG

fPULLI NG METHOD

TEQUI PMENT LI ST

fPRETEST

fNEED TO SITENEQHMCEBMRDI NGLY
fCABLE SPECI FI CATI ONS

EQUI PMENT LI ST

Cable-J&éokd cable drum to allow free movement .
Pump Cl ear manholes of any standing water.
Rol{er Guides cable into ducts and reduce frict
Gas TesfTerdetect poisonous and asphyxiating gas
Cabl e-Sdokgrip the outer sheath of the cabl e, a
Swi vel Connects between the cable sock and the
Fused S@®@bupled between draw rope and cable to e
Comms L1 iTokenable contact between the pulling te
speed may be maintained and stopped if a
Roddi ngUsed for short | engths instead of draw r
Draw Rofpe pull the cable though the ducts Mu s t
draw ropes installed.
To be considered
fPreparation for a cable installation
finstallation rules and procedures

fficable variants Plenum & LSZH
ffindoor cables consideration OM1, oM2, OM3 & OS
ffOutdoor cables consideration G652, G653, G655

Unit 2&3 MO&ul evwAw.gg.breplus. co. uk for updates



Written installation program to include:
fRi sk Assessment & Met hod Statement.
fPre cable testing (see Stagel & Stage 2 Testfting
fLogistics
flLocations of pulling equipment
fPrecise description of pit box, termination| cab
fficable sizes, types, makes et c.
ficonduit sizes, types, makes etc.
ffcable tray requirements
fficable routes
fTi metabl es
fRoad works with Signing and Guarding
fResponsibilities for team members
General Installation Rul es
finspection of cabl e:
Physical damage; damage in transit |etc.
Correct cable specifications; correlct
fDo not exceed minimum bending radius (Statif or
fAvoid sharp bends (Flattening of Tubes)
fluse curved cable trays and conduits
fLay cables on flat surface
fAvoid laying heavy objects on cabl es
fAvoid kinks and twists during pulling
flLay directly off reel
fNote i stallation radius and |l ong term radips
fFor a ingle pull have no more than three 9pU c
Leaving extra cable/fibre
Leave cable slack at all
fTermination cabinets (allow up to 3m) for pphnel
fduncti on-2.oxmetsr g)1. 5
fPit bdasensrEc5Cabl e)
ffManagement/ Splice tra®s 5( peitmarsy coated fibfe 1
fEnd equi pment
Ensure you | eave sufficient fibre to maintaipn mi
changes.
www. fi breplus. co. uk for updates Unit 2&3 M@@M@



Al ways Survey and expect the unexpected

Survey all routes and Comms rooms as you may ex
these (fig. 2). Pl anning is a vital part when wur
all owing identification of any problematic or h

management and containment (fig. 3).

Spaces: Fibre Distributiopn e Feat
Computer room ffiBend Radi us manag, R ]
Tel ecommunications 11'(:oom | 'y .
Entrance room recsosnnect soluti 4P
Main distribution affCna Frame splicing “
Hori zont al distribuﬂJiuonqbearr/epaatch | eal stor
Zone distribution aﬂ'FeaP sc \ ‘
Equipment distributifor PG e0d conngl a

LIS [
Cabling subsystems:
Backbone cabling
Horizontal cabling ')
Backbone subsystem (Fibre) :
ffBackbone cables J
fMai n -carmmsesct s
ffHori zontahnecbss
fMechani cal terminations
ffPatch cords
Hori zontal subsystem (fibre or copper)
ffHori zontal cables
fMechanical terminations
ffPatch cords
ffzone outlets or consolidation point (optional)

Unit 2&3 MOdul evwAw.gg.breplus.co. uk for updates



10 Gbps Performance Compart

Conventional vs. Laser Optimised

1o1e10101010222222222222 22277 1010101010101010101010101010101

[I 4“" — Edv:':'

. Conventional fiore, 50 o1 62.5 pm 850 nm laser optimzed 50 pm fibre

Cind

! Data erers at 10 Gbps Reliable transmission at 10 Gbps
High DMD Low DMD

ffConventional mul ti-8ndbdmeetfnédg eatl i md Glegls t o 23

ffConventional f-b5EbbeMBahdwmi dth 200
fLaser Opti mi sed-4f9i0Wr eMHzdndkwi dt h 950

ffAdvanced cabling processes yields maxi mum
controlled DMD perfor mance

ff[state of the art 10 Gigabit Ethernet wusi ng

Mul ti mode Vs. Singlemode
Source Datectar Soufce I | Detector
E]l | O
ffLow cost sources: ff[Hi gh cost sources:

fflss50nm & 1300nm LEDOGS ff1310nm & 1550nm
f850nm lasers at 1 &10 Gblpl Gbps
fLower cost packaging fliooo

fLow cost connectors (flat Ilb@Ngh)cost pack
fHi gher fibre cost ffHi gher cost connecto
fLower installation codfigher installation
flLower system cost fLower fibre cost

fHi gher |l oss, | ower baldwglieh system cost
fDistance to 2km fLower |l oss, higher b

ffDi stance to 60km +

Best For Data centrebdsBeptremosesomgpdhaéa ANHsSM

Gbps with D

o @D
oo

att

s e

| ase

WD M
agin

tost

A ndw

ANO s
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Revisi on questlons
1 What is the recommended amount of spare fibre
a.1l.-2.5m
b.510m
c.1020m
d.. 255m
2. What equipment ensures you do not to exceed ¢
aUse a draw rope
bA swivel
cRol l ers
dFused Swivel/Link
3. For which of the following environmental fact
cabl e?
aUV 1l ight
bChemical
cRodent s
dMoi stur e
4. When routing/installing cable through wall s v
aFire Stopping
bAir circulation
CEMI protection
dMi ni mum bend radius
5. When routing/installing fibre optic cable, wt
system?
aE MI
bBending
c WD M
dCOSHH
Unit 2&3 MOGBul evwlw.gg.breplus. co. uk for updates
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City & Gud2 ds 3667

Fibre Optic Installati on
I nternal & External

Modul e 5

Fibre Tooling & Fibre Pre

Underpinning centent regarding:
fFibre & Cable Preparation

fFi bre Optic Tooling

Not e:
|l tems corlearreedc oinsi dered as most relevant inform
Additional information has been added for your ¢

www. fi breplus. co. uk for updates



Cable laying planning
Carried out by the design engihneer

Roddi ngTo ensure the duct will take the cablfe.

Draw + oplkis need only be done if there is nolt ol

Drum sefhiismgmust be in a secure and stable plosi i
prtecested cable to the duct.

Pul l i-ngEfdsiuring pulling tensions are not excleed ¢

Test Ensure the cable was not damaged durifng |

Fixing Joint the cable were necessary and fi|lx el
brackets.

Test Ensure the completed installation compl i

permanently recorded for future referjlenc
Cabl e Specification

When pulling in a cable two parameters must |be
Pulling tension

Al'l cable will have a specified maxi mum pullling
ANOTO should be exceeded otherwise permanent da
exceed this tension. Where mechanical winches a
vided between both winch and cable to avoid|exc
Al'l tensions should be calculated prior to inst
depend on the |l ayout of the duct system bei g u

Maxi mum bend radius

There are two figures for bend radius:
St a-tTihe max bend after installation without faus
DynamrWMax bend during installation without <calusi:

Cable preparation

The starting point for any cable preparation| is
can be used it is always good practi ce ftcoheucske a
t he bl adiEex cdeeepdihmdg t he sheath depth will damage t

fibreds themselves.
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Abowd:ri pping internal <cable with

Bel ®&wr i pping external cable with

Fig.1 Fig. 2

Fig. Check bl ade depth i s cor r8ecntc,hetshefnr oam ctihrec veln
FigBY:firmly pulling the stripper up the cabl e s
be peeled away.

Fi g683 i nches is stripped from he end to reveal
depth by looking for any signs of dama8ei hohebhe
of sheath, any damage caused before final bl ade
sufficient slack to pull through.

Fi gAfdt.er making a second circular cut at the des
circular cut.

Fi gTtbe sheath should now easily peel away, if no

Fig. 4

a

a

generic stri

Kabi fix stri

Unit 2&3 MOAul evwaw.gg.breplus. co.
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Kevlar (aramid yarn) scissors
The correct cutting tool shoul dSpmpeciuasle dKkewH éamr r
cutters are available and are either specially

them to cut the Kevlar without blunting the |bl ac

Loose tube cutter

When wusing a | oose tube cutter it is important
cuThe blade should not cut all/l the way t hroulgh t
This ensures the fibres within wi || not

-

Secondary coat strippers
The tool of choice for 2500m, 4000m and 9000m coc

coated tool for an all in one removal of secflonde
secondary coated fibreds from different manuffact
causing macro or micro bending issues.

LeftGeneric secon

Ri'gBtri

i ppi el wi tsh
using the 250 h

m

Oz

-r'ers

Primary Coat Strippers

Essential they are kept clean and not wused oln ar
grooves, this in turn can damage the claddinflg, \
will aid the primary coating stripping procelss,
tool removes down to the cladding, NOT the c|l adc
cladding would be i mpossible.

LefMi:l l er stripper
common types of

I\ Ri gBtri ppi phgo!l ewistt
using the 1250m h

- X
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Revision questions

1. What should be checked prior to using either

aCable type

bBl ade depth

cBlade thickness

dCabl e weight

2. When pulling cable, what are the main consi de
aRefractive I ndex

bCritical Angl e

cBend radius & Pulling Tension

d WD M

3. Select two secondary coating sizes from belov
a9000m

b1250m

c2500m

d4000m

4. What is the purpose of the rip cords within e
aTo suspend the cable from fixings

bTo strip sheath coating

cTo tie back excess cable component s

dSecuring of cable into joint/enclosure

5. Which tools would you use to prepare various

aPrimary Coat Strippers, Secondary Coat Strippe
Scissors (Kevlar)

bPri mary Coat Strippers, Secondary Coat Strippe
cPrimary Coat Strippers, Sheath Strippers, Loos
dPrimary Coat Strippers, Secondary Coat Strippe

Unit 2&3 MOdul evww.gg.breplus. co. uk for updates
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City & Gud2a ds 3667

Fi bre Optic Installat

i on

l nter nal & External

Modul e 6

Fibre Types & Fibre

Underpinning centent regarding:
fom1, omM2, OM3, draft OM4 also OS1 & OS2

fces51, G652, G653, G655 & G657

Not e:
Il tems corlealrreec oincsi dered as most relevant

Additi onal information has been added for

www. fi breplus. co. uk for updates
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OM & OS fibre types
(Optical Mul ti mode & Optical Singler
In all the standards the OM/ OS system applies tc
cabling standards dealing with cables and connec
Even though they call the OM/ OS scheme AOF types
designation OM1l, OM2, OM3, OS1 and OS2 relate toc
The BS EN 50173 series describes the OM/ OS schen
Category Maxi mum Attenuation
850 nm 1300 nm
oM1 3.5dB/ km 1.5dB/ km
oM2 3.5dB/ km 1.5dB/ km
OoM3 3.5dB/ km 1.5dB/ km
Wavel ength nm Maxi mum Attenuation
os1 0s2
1310 1.0 dB/ km 0. 4 dB/ km
1383 Not specified 0.4 dB/ km
1550 1.0 dB/ km 0.4 dB/ km
Bandwi dt h | MREFRW
Fibre \X/},{p OverFilled Launch B
vel eMatxh L (LED driven)
(nm) | (CaB/ |y BW EMmB
EMB
oM1 850 3.5 200 NA Ef fective Modal Ban
62.5ym 1300 1.5 500 NA (Laser driven)
oM2 850 3.5 500 NA LO = Laser Opti mi se
50um 1300 1.5 500 NA
OoM3 850 3.5 1500 200
LO 50um1300 1.5 500 NA
oM4 850 3.5 3500 470¢(
LO 50uml1300 1.5 500 NA
I
www. fi breplus. co. uk for updates Unit 2&3 M@dbep



Mul ti mode Link Distance Suppc

LO = Laser optimised

Transc

i wer oo OEMl om2 | owm3s oma | os1
10/ 40/ 1loo VEKFS 59 .5

OmoOMmLO 50/ 5 0GB OGm

850nm

1OGBas=S%erial C?E?Lm 82m 300m 550 n] NA
10GB4Xd é%%&’iii%p”tﬂ 300n 300m 300n10,0p0m
10GB4 R Slegr?(;':m_%ggp 220n 220m 220n NA
40GBSRd 850nm toor 1254 wa

-z
>

(draf fharall el Vé\‘EO‘L a aly

100GBaf e 850nm
SR10 Parall el VONRAL |aNAaly 100m 125m NA

(draf}])

*Mode conditioning patch | eads

Why not jusmoduese Singl e
40Gb/ s @ 250m
Al t hough singlemode cabling costs |l ess than mult
to the active equi pment (Laser/ APD transceiver s

BActive Equipn
Oinstalled Cab
> 3X

1068R 106SR4 4068R4 XR 43R4 40GR4
2 fibre ®MB8ibre 10M3fibrel@QM3ibre Q@M4 i bre
Singlemode

Rel ati vy .COShy oo th & ~d 00 O &

|EIZUnit 2&3 MOdAul evwev.gg.breplus. co. uk for updates



| TU (I nternational Telecoms Union)

Mul timode Fibre with a 50 micron Core (G.651)
The -TTG8.651 is an MMF with a 500m nominal cor e

di ameter with a graded refractive index. This fi
operate in the 850nm band.

Standard Singlemode Fibre (G.652) SMF

The -TTG. 652 fibre is also known as standard SMF
fibre has-iadeixmplte ucsttaspe and is optimized for of
di spersion wavelength at 1310nm and can al so ope
this region. (G. 652 is available in different va
Di spe-®Bi ohed Fibre (G.653) DSF

Conventional dsdPpemas om zvewvel ength that falls nea
been shifted -bhom wavehdnghbk WBBEOe the attenuation
mi zed for operating in the region between 1500 t
1550nmMLosmi zed Fibre (G.654)

The G. 654 fibre is optimized for operation in tfF
in the 1550nm band Low |l oss is achieved by wusi:
power | evels and have a Ilhairggherc hcroornea tairce ad i sTpheerssei ¢
G. 654 fibre has beenhdawlsi gmedadr fwa a@epxpgleindatdi d man.g
No#zero Dispersion Shifted Fibre (G.655)

NZDSF fibredi dper shenzewawel ength shifted to outs
practical effect of this is to have a smal/l but
mini mizes dispersion issues whivilhsi@ame muéden pi exe
systems without the need for costly dispersion c
Compliant Bend Insensitive Fibre (G.657)

G. 657 fibres are the new comers in the market, s
more installers are |l ooking for G.657 fibres. A
suitable for applications where multiple bends w
ble for installation at home and office environr
some manufacturers.

10Ghb

1Gb p-s—
Mul t i mod

Gl

300m50m 1Km 10Km

Transmi ssion Distance
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[0}

I'n vidual fibrescabhleae moketbften di stodegdi shed
j a ets or buffers on each MmabmufeactThhreern sleing i b as
TI- 8Opt"i cal Fibre Cabl El-Bd8obdef Codsnigdenti fic
fi es, buffered fibres, fibre units, and gro

fi e cabl es. This standard allows for fibre

me od can be used for identification of fibr

co esponding printed numerical position number
Fibre Jacket <co Fibre Jacket colour

1 Bl ue 13 Bl ue with black tra
2 Orange 14 Orange with bllack t
3 Gr een 15 Green with black tr
4 Br own 16 Brown with blajck tr
5 Sl at e 17 Sl ate with black tr
6 Whi t e 18 White with blalck tr
7 Red 19 Red with black trac
8 Bl ack 20 Bl ack with yelllow t
9 Yel |l ow 21 Yell ow with bllack t
10 Viol et 22 Violet with bllack t
11 Ros e 23 Rose with blaclk tra
12 Aqua 24 Agua with black tra
Unit 2&3 MOdul evwev.gg.breplus. co. uk for updates
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Revision questions

1. Which of the following is a NzZDS fibre?

aG. 653

bG. 652

cG. 656

dG. 655

2. Mul ti mode fibre with a 62.50m core is which
aOM1

bOS1

cOM3

dOoM4

3. 1310nm is a wavelength used with which type ¢
aOM1

bOS1

cOM2

dOoM4

4. What is the size and fAfibre typeo of a OM3 f
a50/ 125mesdergl e

b9/ 125-moidreg | e

c62.5/1MmMpdmul ti

d50/ 12 5monduel t i

5. What is the Il oss of a OS2 fibre operating at
a0. 35dB/ Km

b0. 20 dB/ Km

c0.4 dB/ Km

d0. 15 dB/ Km

www. fi breplus. co. uk for updates Unit 2&3 M@&u-b
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City & Gud2a2ds 3667

Fi bre Optic Installation
nt ernal & External

Modul e 7

Cabl e E-AFarhaeart €£1 ement s

Underpinning centent regarding:
ffFi bre El ements

funderstanding Cable Uses and Purposes

Not e:
I tems corearreedc oinrsi dered as most relevant inform
Addi tional information has been added for your

www. fi breplus. co. uk for updates



| NDOOR CABLE DESI GN CONSI DERA

ATTRIBUTES

si zE

fFLEXIBILITY & WEI GHT

ffHORI ZONTAL | NSTALLATI ONS

f'VERTI CAL OR RISER I NSTALLATI ONS

fFI RE RETARDENT (LSZH)

fLow SMOKE ZERO HALOGEN

fEASE OF TERMI NATI ON

fLABELLI NG

Si ze Number of fibres, type of coatings

Fl exi-bi Typg of strength member, coatings usg§g

Hori zonAhl types suitable

Vert-sicaRAvoid | oose tube or gel filled as gr

Fire retatdanal cabling regulations stipul af
duration of exposure to enable fire
the cable to adjoining areas.

LSZH Low smoke zero halogen. Prevent inju
by toxic fumes from the fire. I nt er na
hal ogen.

Ter mi n-aEi bphdrerpmmenated cables (which can be
installation must be known prior to i
installable connectors.

Label-1i Agsuitable colour scheme, usually ut/|

Remember that internal cables are going to

(moisture & crushing) so they require | ess |

and flexible to negotiate the route though

BASI C CABLE BNDYFESBR

fBARE FI BRE

fSECONDARY COATED FI BRE

fRI BBON FI BRE

fSINGLE RUGGEDI SED

fSTRANDED SECONDARY COATED OR DI STRIBUTI ON

fBREAKOUT CABLES
fLOOSE TUBE CABLES
TARMOURED CABLES

q

TI

ABL

www. fi breplus. co. uk for
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Distribution

Any cable that goes from po

Typically to distribute fib

internal environment via pa

Fame) Can be |l oose tube (t

Breakout

The term breakout refers to 0 e ca
(ext<drnnaldlromslett gbhe buffered) ount
(1x72cores to 3x24 cores) of abl e
out, to service various areas tall
more to the use than the cabl

Tight buffered

Secondary coated fibre typically found in an i
The secondary <coat (buffer) is tight to the p
examples of tight buffered fi ail s

Loose tight buffered

Similar to tight buffered ex e sec
coating) is Il oose over the pr this
micro bending issues when bending applied

pressure to the fibres.

Loose tube

Pri mary coated fibre within a gel filled tube.
protection and is typically etroleum based. A
fibres allow for a high fibr of
but can be wused inter-hhbhmmalp el i
fiservice | oopso ar e added erti
bet ween floors to provide st d to
The cable to the right i-®i ra hed,
Ar mour) external | oose tube cabl e.

Single Rugge

Fl exible, du Kevl a
designed to ords

of ruggedi se

Unit 2&3 MO&ul evwiv.gg.breplus. co. uk for updates



Cable Construction S i =

9 Fibre Protection

il Strength Members pristaoimali—

q Moi sture Barriers 08 micn Tight_
Bullesad Fitre

i Armour Types

9 Sheath Materials

Fibre Protection \

Two Basic Styles
T Tight buffer

9 Loose tube

Strength Member Types

ﬂ Aramid Jarn \ Dupslex — Pateh Cable
i Steel

Gl ass rod (RBG)

Gl ass yarn \\

Oi sture Barriers

/
1/

Interstitial gel

Wat er Blocking Tape

Wat er Blocking Yarn EB 0 ity
LA2M Ut Sheuth

Non Metallic MB (PE)

Met al lic MB AL/ PE
rmour Types

Ayrasodag Tape

Fon Metale Cantead
Ysewzt Vervam
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Yrevzf) Wervzarr

P00 acwny gt Enlleved Flve

Steel tape armour

\
Steel wire braid \

Tight Buffered indoar \
Gl ass yarn - Breakout Cabie

Nyl on (chemical resistant)
heath Materials

Hal ogenated Materials

TraditionadPVcCabl e sheath
Low Smoke, Zero Hal ogen Maté;‘i::ﬁ':ﬂ.a-nlms.

RBgcondy

cabl ews.he
Streegn Memten
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Butternd Fiare

-

Distribution Cable
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1
l
l
1
A
| Steel wire armour (S
)l
1
l
1
S
1
)l
il
)l

FIl ame Retardant L SF
indoor and universa

i Polyethylene
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Loose Tube Cabl es byt ghare Samimy

Multiple Loose Tube

f

1

Uni ub®ne gel filled tube

o waby Cppouts
P
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focer Mzt
Twnt Yam Arvenrey
wdwdad vhos Ftem

Central Strength Memb

Six or more gel fille

around the centre ~
Unitubse - External Glass Yarm Asmoured

Up to 144 fibres
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——- 0 -

Py il 190 s

f
f

Strength member aroun

24 fibres maxi mum oo R rrmie £

Chacing 115 pw

LSO Shauts
Lwbeaty
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UG Ve
Fibe Vs vy Ly

f B e v
[ Qumabe
o,
-~ /

Gl Piled .bwn b oty

. wowded woard tw
tareal #3n7h rerter

%0 12 4bew por wbe

Outdoor Direct Burial Steel Tape Armoured Cable

Slotted Core Optical Cable
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Revision questions
1. Which cable type is most suited to meet rlegu
aLSZH
bOPGW
cCADSS
dBl own Fi bre Bundl es
2. Loose Tube Cable contains which fibre typle?
aTight buffered
bPri mary coated
cLoose tight buffered
dSingle ruggedi sed
3. Which cable type is predominantly used e|xte
aTight Buffered
bRuggedi sed
cLSZH
dLoose Tube
4. Prior to removal of cable from a drum it |[is
aReduce insertion loss, check internal/exterjal
bCheck cable |l ength, internal/external charajlcte
cCheck cable |l ength, internal/external charalcte
dCheck cable |l ength, back reflection value, [ttt
5. Select the elements you may find within aln e
aAr mour , Loose Tube, Aramid Yarn, Aluminium [Foi
bAr mour, Loose Tube, Aramid Yarn, Secondary |[Coa
cArmour, Loose Tube, Gel, Aluminium Foil, PvVC
www. fi breplus. co. uk for updates Unit 2&3 M@&M@
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City & Gud2 ds 3667

Fibre Optic Installati on
Il nternal & External

Modul e 8

Encl osur es, ODF6s & Patch

Underpinning centent regarding:
ffoutdoor Enclosures
fiDressing

ffTel ecoms Outlets (TOds)

flwWoor Distribution and splice closures

Not e:

Il tems corlealrreedc oinrsi dered as most relevant inform
Additional information has been added for your c

www. fi breplus. co. uk for updates



Il nt er nal Encl

Requirement s:

osur es
Patch panel/ ODF

ffPoint of Entry Pwiotvhi d@asb Iset rGlianndr:el i ef and
fFi bre manQagretmeintment for the fibres
f'spl i ce managHonmednst /sbprlaicceess i n pl ace.
ffBul kheads/ adéptoevri d/ewsniitngres:f aces .

fLaser sSafety/ Radiaties kahslss 2

Fibre organisation
components

and

to main

above

a I

cho

ain

ght

www. fi breplus. co. uk for updates
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Fi bre Cabinets & Racks

Features to | ook for:

ffPatch, Splice cassette and trunk cable
ffExpanded front and rear access

ffBidi rectional fibre management trays
ffPatch cord management, hook/ |l oop lances
ffLarge chassis for improves fibre organi
ffHi gh capacity splice trays

ff[Accessible and reusable | abelling

support

sation

Unit 2&3 MOA&ul evw8.pgg.breplus. co. uk for updates



External Enclosure
External enclosures come in three basic typels:
1 NLI NE RUNK)
fMULTI (TRUNK CHR JBOR AN )
fCAP ENBEMDRUNK)
REQUI REMENTS
fEnvironment al sealing of enclosure.
fMet hod of entry.
fsealing of cabl es.
fAnchoring of cables.
fiBend I imiting of fibres.
fFibre organisation.
fSplice management and organisation.
flLabelling of hazards e. g. l'aser warnings
MEANS OF CABLE SEALI NG
fResin pottmongture resistant resin is used tlo s«
ffHeat shriAkrshkeevesleeve is fiheat shrunko with
the enclosure.
ffMechani c@® i ngal)s Typically rubber seals or slome
enclosure that when closed provide enough pfpess
fintumescA&nsesataltbat expands in excessive helat t
I'n some circumstances the enclosure can be fl|il 1l e
Apressureo seal
FI BRE MANAGEMENT
Fi bre management is required to store (dress| tt
|l ength of excess fibreés should be around 2| 5m.
for the installer to work comfortably and neflat]!ly
fiBend | imiting fibres by routing through ben i
fFibre orga+tirsagitsion units
f[Framework to route tubes.
www. fi breplus. co. uk for updates Unit 2&3 M@@M@



Exampl es of External encl osur e

Wiia

"»

Mul ti Entry Enclosure 1.Multi Entry Encl os

The enclosures above show good and poor dressing
on the above.

IlAine Type Enclosure 3.1l+#ine Type Enclosur

Unit 2&3 MOdul evw8.pgg.breplus. co. uk for updates
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Revision questions

1. What is the preferred |l ength of spare fibre v
alOm

bl.-2. 5m

c.35m

2. Which of the following are requirements for &
aResistant to EMI

bRip cord anchor

cConnector housing

dFi bre/ splice management and organisation

3. When dressing fibres into the management tray
aBend radius

bSealing

cCorrect refractive index is wused

dBack reflection

4. To avoid the cable moving within the joint yo
aEnsure the | oose tubes are fitted correctly
bEnsure the strength members is secured

cCEnsure there is sufficient management trays
dEnsure the splices have |l ow | oss

5 When completing a joint or ODF what must you
aTi me and date installed

bFragile components inside

cLaser classification and /or Radiation warning
dMet er mar ks

6 Why should you consider | eaving additional Ce
aTo avoid damage when the cable contract and exp
bTo provide addition spare for reworks, changes
cTo induce |l oss in the systeddjose | ess power s
dTo assist in cable identification

Unit 2&3 MO6Bul evw8.pgg.breplus. co. uk for updates
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City & Gud2ds 3667

Fibre Optic Installation
Il nter nal & External

Modul e 9

Splicing

Under pinning centent regarding
ffFi bre Cleaving & Probl ems
fFusion Splicing & Splice |Issues
ffMechanical Splices

fTypes of Fusion Splicer

Not e:
Il'tems corlealrreedc oinrsi dered as most relevant inform
Additional information has been added for your ¢

www. fi breplus. co. uk for updates



Splicing

What is splicing?
f'sSi mpl esthe ejransni ng of two fibres.

Why do we splice?

ffTo join cables

fTo repair damaged cables permanently or tempor
ffTo join etaebrineisn attoedprceonnect or s

ffTo provide a low |Iloss connection between two f

Types of splicing
ffMechanical
ffFusi on

Mechanical Splices
Areas of application
ffconfined Areas Where You Cannot Fusion Splilce

fExplosive Areas
fTestimermimated Fibres
fTemporary Repairs

Mechanical Splice types

Tempoid@hgse type are typically used for testing
Semier mawsretd for temporary repairs or areas in
Typically will not be easily reusable as. they

The ElastomsroaeSpfi the best type used for tlesti

and value for money become apparent. For mechani
you would for fusion splicing, with cleave I|llengt
SIDE VIEw Deformabile Flastc insen

Holds Fuores

ndex Matohing Gel

Fibres Asgned
by V. Groove

Addi tional I nformation

Temporary repair or test a bare fibre. The gener
solution, due to the use of the gel which i s us:¢
reflection and |mﬁrove performance. This gel is
environment . e. eat , ageing and moisture etc.

www. fi breplus. co. uk for updates Unit 2&3 MObuie



Fusion Splicing

Fusion Splicer's typically come in two types:
1Core Alignment -

fildeal fnoordeSifnigdiree due to truc 1 1 t
ffMore expensive than cladding alignment splicer’
firdeal where cored6s in fibre are not concentric

2Cl adding Alignment

fldeal Mmodem@ii bre where the core diameter is | ar
fLess expensive than core ali

fican splice multi and single mode, Dbut 1Tn claddi
Not e:

All | osses provided by fusion splicer's are onl
using the splicers video screen.

Fusion Splices will always be the preferred chol
ficheaper, smaller. and more reliable

And having:

ffLow | oss, Less Back reflection and Core Al i gnme
Losses below 0.03dB are easily achievable by mo:q

Famon Spins
nmc ol No Sivcign mutcrind betwees splicd fwes
-
5
peckad Lt ke Travared Light
Mochaseod Spdvs
Forcign madarad dogrods by stscll and o cotees lighh Dok seficction

Topeotsad Lgn Liacsmutiad g

',
.

Hak Retloctam Gl or Indes matchimg pd

Unit 2&3 M®”Rul ewww.pfgi.brepl us. co. uk for updates



Splicing and Cleaving | ssue:

I'N ORDER TO ACHI EVE GOOD RESULTS, I T6S ESSENTI Al
PROPERLY AND THE ENDS ARE SQUARE AFTER CLEAVI NG
STEPS FOR FUSI ON SPLI CI NG

CLEAN FI BRE

STRI P FI BRE

CLEAN FI BRE

CLEAVE FI BRE

FUSE FI BRES

PROTECT

War ni-megver c¢clean afurelresd eyou ntygavie btreeuched or co
prior to splicing.

Contamination is the main cause of bubbles when

Cleaving issues

Good ol o R

Bad cleave! |HINGINNGINIGH SHIE_—_—_—_——
Hac ki o/ B NG
DIty i MG

coating 1 T w—

Splicing issues
Bubbl ¢ Separ a W [m: :
Hubbe  |Bad Fibre End Prepare the fbre again or check the cleaver.
[ Dirt On Fibre End Prepare the fibre again.
| ] ] Qc Chipping The Edge Of Fibre End | Prepare the fibre again or check the cleaver.
Short Prefuse Time (MM Only) | Adjust the prefuse Sme
{Separalion | Lack Of Saff Amount Carry out Sff Check.
~ |Strong Arc Power Reduce the arc power
Too Thiln Too Fat Long Prefuse Time Adjust the prefuse me
oo Thin | Taper Funcion "ON’ Ensure the "Taper” function is off
— | Lack Of Saff Amount Cany out Stff Check.
—_— L Strong Arc Pawer Reduce the arc power
ooFal  |Large Stuff Amount Carry out Stuf Check.

www. fi breplus. co. uk for updates Unit 2&3 MOBuie



Differences in core diameters

Light travelling from a | arger diameter fibre t

But no |l oss with the reverse scenario
fFor 50 Om f iCor epsos+s/i bl e
fifMi smatch 53 Om to 47 mm gives 21 % (1 dB) |

f62.5 Om to 50 Om gives 35% (1.9 dB) 1l oss

Lateral Misalignment Of Fibres

Epliw Loss Do fo ore Lageral .'|1ie.|'lig|1l1|:'|1t

* "y

Off-cantar car in second fibar coes not necaive all a light from Ny { !
the first e Tha amaunt of kght lost is the Spica Lass N

S [ o

E S
gne dibly—tviewing the

PAS Alignment Syst
The fibres are ali
i

real and virtual ‘thage With tthe“lise of
a CCD andl hmisr rnert.hod can | -
adjust for fibre core concenmtricity is.

sues (Core Centred within -esk=adding).

- — .L= — !
-
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Revision questions

1. Where would you finotdo use a fusion splicer?
aDusty Environment

bWhere there is flammabl e/ explosive gases
cDirect Sunlight

dWi ndy Conditions

2 What would most I ikely cause a bubbl e when f

aBad angl e

bContamination on the end of the fibre
cCoating left on

dHackl e/ Bur

3. Which method is usednodleehi buei?on splicing mul

aCore to Core alignment

bMechani cal

cCladding alignment

dCoating alignment

4. Which of the following describes the process
aClean, Cleave, Clean, Splice, Protect

bCl ean, Strip, Clean, Cleave, Splice, Protect
cCl ean, Strip, Cleave, Splice, Protect

dStrip, Cleave, Clean, Splice, Protect

5. You are splicing a single mode fibre, the | oc¢
aThe splice protector heater is set incorrectly
bThe cleave |l ength is incorrect

cThe splice mode setting is set to multimode (CI
dThe primary coating is left on

www. fi breplus. co. uk for updates Unit 2&3 MOBuie
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City & Gud2 ds 3667

Fibre Optic Installati on
I nternal & External

Modul e 10

Connector, Adapters & Pol

Underpinning centent regarding:
fficonnectors

fAdapters

fPolish Variations

Not e:

Il tems corlealrreedc oincsi dered as most relevant inform
Addi tional information has been added for your c

www. fi breplus. co. uk for updates



Connector

ST Conne

types

ctors & Adapter

Applications

Local Area Networks (LANs)

Data Processin Net wor ks &;

Premise Installgations ’ W

Instrumentation w e

Features

Bayonet style housing for easy ter%@v

Epoxy addsespwouxy sions .

Hi gh precision alignment 5

Rel atively low insertion | oss and back reflelctic

Connector Description

The ST (Straight Ti-p)ylcenmecs ionglhaasdead bfagnmwlte rt

fibre. The ST is one of the older generationjs of

including LANG6s for buildings and campuses. |Al sog

nati on. ST simplex adapters are available wifh n

nia split sleeve The duplex is available in|eit
SC Connectors & Adapters

Applications

CATV

Metr o

Active device termination

Test equi pment 1=

Telecommunications networ ks

Local Area Networks (LANs) SC/PC

Data processing networks

Premise installations utt?

Wi de Area Networks (WANSSs) | TV ,

Industrial, medical & Military

The SC/ PC connector incorporates a-fRRysithalt |@oret

reduces | oss and back reffleeaca.i on over a ferrpule

Connector Description

The Subscription Channel (SC) Connector is kjnown

click when pushed ipnulolr dpeuslilgend poruetv.e nTthsi sr optuasthi o n

gled Physical Contact (APC) efcarcree onfiatrriy | caeonmioBi i ndehs  ve

ally eliminates all back reflection.

www. fi breplus. co. uk for updates Unit 2&3 IVId)Odth@I



FEC/ PC
Face Contact/ Physical Contact

Applications

CATV 5/ FC/ APC
Metr o

Active device termination )?'_’. <l
Test equi pment

Tel ecommunications networ ks

Local Area Networks (LANs) FC/ PC
Data processing networks ' -

Premise installations s )-)"' -

Wi de Area Networks (WANO6S) :-P-' o
Industrial, medical & Milidt

Features :
Low insertion | oss and back efect
|1

r
One piece conptpoottdensignd pu
Free floating ceramic ferrule
Preci si mtnatainen key

Corrosion resistant body (Nickel plated brass)

Description

The FC/PC connector incorporatefsaae Phlyati cal e £Liolny

backreflection over the regular FC connector wit

ble in both sing Ile and multi mode versions. The

a curvieadceenidhn gl @ Which virtually eliminates bac!|
LC Connector

Applications

Gigabit Ethernet

Vi deo

Active Device Termination

Premise Installations

Tel ecommuni cations Networ ks ’ ’

Mul ti medi a L hspuess

I ndustri al

Military

Features ’ M X

Compacprophtl design ‘_ A8

Low insertion loss & back reflection®

Hi gh precision alignment

Behind the Wall (BTW) style short connector & boc

Description

The LC family of single and multimode connector s
density applications. A Behind the Wall/l (BTW) ve
for ultra compact requirements. The LC has a fer
APC £ade for optimum r-edcécbance. | e bh@dabdapke
plex and duplex configurations and feature self
tions.

Unit 2&3 MoOdul ewww. fpigbrepl us. co. uk for updates



Connector wvariants
Fi b@Optic Cable Termination
There are many types of optical connectors. T he
it with and the application you are wusing it| on.
end of-opmtifd bcabl e, l'ight source, receivert,jicor h
cabl e, l'ight sour ce, receiver, or housing tdg be
l'ight and collect light and must be easily afttac
place in theppiremidiaea fibkewhere signal powe ca
by a mechanical connection. Of the mapyidi ctdl e
and plasptiicc fchble are discussed in this chdgdpte
repeatability of connection and vi bration resi
consideration. -€pmmontgnneedofsbaeree di scussed in
FEi bOptic Connectors
EC Connectors
These connect or smoaree awnsde dnufodprit mmidregalbel ese FC |con
extremely precise-oposict icamileg woft ht tesfpiebtetd th
emitter and the receiver's optical detector. FC
threaded receptacle. FC connectors apleatceoth.stffluey
have ceramic ferrules and are rated for 50 ( ma
connectors is 0.25 dB. From a design perspectiive
the vendor recommendation for FC connectors.
SC Connectors
SC connectors amedasadd wntbpisinedge abil ese The of
simplicity, and durability. SC connectors propvid
SC connectomr, dDpfflalcpoebctor with a |l ocking talpb. 7
rated for 1000 mating cycles and have an insert
recommended to use a loss margin of 0.5 dB o t h
ST Connectors
The ST connector is a keyed bayonet commcket pr &
filopeic cables. It can be i-oipteird edab Ind ob atnld ¢ wimo
Met hod of Il ocation is also easy. -BT. c®oheset alrs &
and slporaidnegd . T hieny aanrde tpwissht types. ST connecftor s
housi ng anpdl aastreed .niTchkeeyy have ceramic ferrules| and
typical insertion l oss for mat ched ST conndgcto
recommended to use a |l oss margin of 0.5 dB o t h
LC Connectors
LC connectors amedea semddd wnu-thp tsmondge ®bi bse The |[LC
constructed with a plastic housing and provil|lde
connectors have a |l ocking tab. LC connectors| ar
|l oss for matched LC connectors is 0.25 dB. Firom
margin of 0.5 dB or the vendor recommendati o f o
MT-RJ Connectors
MT-RJ connectors amoa eused wnutblpt snomglad-RBseoimhelcMT
ors are constructed with a plastic housing 4nd
pins and plafticoheectibes. aM&€ rated for 100 ma
|l oss for -mAhtcbrewde dMTors is 0.25 dB for SMF anjd 0
spective, it is recommended to use a | osRJ mafrgir
connectors.
MTP/ MPO Connectors
MTP/ MPO connector smoaade arsdk dmus pithmesd enagbliebs e Thle M
a connector manufact ufrielllr espreichbomcatbphl énodElme mMMT
connectors have an angled ferrule allowing flor
nector ferrule is commonly flat. The ri bb-on abl
i ke structure, which houses fibres side by si
MTP/ MPO connectors is 0.25 dB. From a design| per
of 0.5 dB or the vendor recommendation for MTP/ M
www. fi breplus. co. uk for updates Unit 2&3 McbOcHBM@I



REGARDLESS OFALILYRREONNECTORS ARE MADE UP OF THRE
1. Back -@nmdoviRlest strain relief and bend | imitin
2. Bpdypyvides a |l ocking/latching mechanism to ad
3. Feprekcéesion alignment of the fibre
4
—
Back End Bod Ferrul e
Connector polishes
The finish of the end of the ferrule is called t
performance situations.
Type Baerkef | ef tlamsceer f TYOmi cal area| of a
dBm Loss
(High neg alug Pestl)
(Low valpe best)
Fl at/ Straidght Common MM copnect
Short Haul tEleph
—_— — >-14dBm > 0.5dgB
PC (Physical Contact) Common SM copnect
Medi um/ 1l ong paul
<-30dBm| 0.-0. 3dRB dat a
—_— -—
APC (Angled Physical Contact) |[High Speed tpleco
and video. Typica
<6 0dBm > 0.3psBM onl y.
—_— .___.--'
Unit 2&3 MoOddu!l ewww. fpigbreplus. co. uk for updates



Performance parameters

I nsertion Loss

fThe magnitude of 1 oss introduced on insertifon c
signal the stated amount
A small dB value indicates better perfor manje.

Back Reflectance

ffThis gives a value of the amount of light tlhat
fA Iarge negative dBm value indicates better| per

Connector back reflectance
Gl ass to Air to GIlass ( GAG)

With connectors not only is there reflection| frc
I'f this back reflectance is of sufficient pojwer
will become wunreliable.

You can minimise back reflection by using dilffer

Back Reflectance Back Reflectancg
1 face 2 faces

L |

Clowvn Slewve
Ferruie Famida mde
ey

sy amy

@ Slewve ¥ 8 Sheve

3
it Fiber

Fibre connector of the straigfithrte/ Pon BelCtho ra sa ff FétPCypreg! sd ctho mtsa
ffinsertions loss of 0.1dB to 9Ps 3f8Bgree angle on polished falce
ﬂReturn LosslBack'|'4§dBmctanceﬂmnfs(_yrptit(pns loss of 0.2dB to Ol 5dB

ﬂRet urn Loss/ Bat6ko drBenf loerc tnmeonrcee. |o f

The main requirement sThfeorre aa rgeo osdo nteo ngneencetroarl [gr oL

are: -Straight contact

-Insertion loss -Straight non contact
-Return loss -Angled contact
-Repeatability -Angl ed non contact
-Durability/Reliability

www. fi breplus. co. uk for updates Unit 2&3 rﬂtbl)dtﬁ\m@l



Common connector probl ems

Core Diameter Mismatch

Lateral/ Concentri C|l_3=

_ TA variation of 5um causes
ficore diamet e L o

Angul ar Misalignment
ivumerical ap HEEG_— (E—

mi smatch.

. TA variation of 5umc

ffLrateral mi salignment .
Surface Finish

ation

fEnd face separ i .
. 1 For e%oefrymilsali gnment a |
TAngul ar misal 0.2dB is induced.
ﬂSurface fi End Face separation
icomeentrier ty propl e, | losses in excess
For pitted surfaces, i of

1dB my be induced.

T Each air/glass, glass/ ai
a 0.17dB |l oss.
T For every 5um of separati

0.1dB is induced.

Addition to Connector Loss

The uniter, addptnerr ,t oburldeknhtedaod ocar fiew names gi ve
two connectors, the most common name is the adap
fThe adapter can be equally responsible for high
ffThe adapter can become contaminated, or connect
al i gnment

ffThe adapter should always be considered when te

SC Connector

Viaskar Demd

Couplng \
“ ‘ R
Carrmctor Body
STRAHT FERFULE |push-pul ioching|

Corvectry Smew Avergeressy

Unit 2&3 MoOdéul ewww. fpighrepl us. co. uk for updates



Connector problems & ident

Visual Inspection Criteria

As can be seen on the diagram below the ferr
of visual inspection. The inspection wil/l be
magni fication.

Outer cladding

Any scratch chip or imperfection that appear
excess of 25% of the circumference of the fe
Ilnner Cladding and Cor e

Any i mperfection that falls within the bound
polishing will be required or the connector

[octer Cladding |

Inner Cladding

mostly used for si
Physical Cont a bres; some manuf ac
for pol amaizmttaiomi ng

Grey, Bei g Physical Conta multimode fibre conne

Whi t e Physical Cont a

power

connect ex
Raman pu

It is also possible that a smeloldepar te.qf. a
E-2000 connector or a frame of an adapter. Thii
patch cord, if many patch cords are installe

ul e
ma

tor ¢

www. fi breplus. co. uk for updates Unit 2&3 MaoOd/



Field Installable Connector

ffHot cure epoxy and polish (pot & polish)
fiCold cure/anaerobic

fHot mel t

fuv cured

fficrimp and cleave

fPret ubbedb®

fFactory terminated and spliced onto main cable

Cleaving Field | mgtegplalrda mige f@aonrmentdormpo !l i shing me

for -Modéeisystems due to only flat polish achi eve:
single mode systems or where connected to | aser:
hi ghlOsBm, which can compromise the | aserds perf

Machine PolishedpiCgnaettorspatch cords achieves
and prepares the super, angled and super angl ed
The connector is the beginning and end of the fi

high percentage of problems occur providing bad

Unit 2&3 Mo0dBul ewww. fpighrepl us. co. uk for updates



Hand polishing
Al t hough pigtails are the prefefred
polishing is still a useful skill
Note: Only multimode systems shopuld
due to the type and quality of he
1
stage, how the connector il
an air polish where you remov
a course grade of polishin fi
2
d stage, how the connector]| wil
after using the same coursf gr
ibre close to the connectof e
. 3
Third stage, how the connector Wwildl
face after polishing with a med] um
deep scratches from the previoup st
stage 4.
I'f any deep scratches remain or| app
and surface for any contaminatipn o
4
stage, how the connector will
polishing with a fine gragde p
Il e within the core and innjr oc
FEig. 5
This image demonstrates pitting|and
and fibre. Always check the inner c
This connector may be repairabl e bu
then finish with the fine (finis$hin
with patch cords due to excessiye u
www. fi breplus.co. uk for updates Unit 2&3 rﬂ¢0dtﬂtm$)l




Revision questlons
1. Which part of a connector provides the interf
aBackend
bFerrul e
cBody
dBoot
2. Which of the following connector types woul c
aST
bAPC
cFC/ PC
dLC
3. When inspecting a connector with a microscope
i mportant?
alnner cladding
bFerrul e
cOuter Cladding
dCor e
4. What is the name given to the device which al
aFerrule
bCoupl er
cAdapter/ Uniter
dBody
5 What is the main purpose of the ferrule?
aTo hold and align the fibre
bTo contain the |light within the core
cTo lock the connector
dTo provide strain relief to the body
6. Which statement is true?
aThe best connector wil/@ provide the | owest dB |
bThe best connector will provide the | owest dB |
cThe best connector will provide the highest dE
dThe best connector wildl provide the | owest dB |
7 Which of the following polishes can be achi ey
aAngl ed
bEI at
cSuper
dSuper angl ed
8. Which of the following would be acceptable ir
alarge scratch on the outer cladding
bSmal | scratch on the inner cladding
cMark/ i mperfection on the core
dSmal | scratch on the outer cladding
Unit 2&3 Moldoul ewww. fpigbrepl us. co. uk for updates



Not es

www. fi breplus. co. uk for updates
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Fibre Optic Installati

I nternal & External
Modul e 11

Fault Finding / Testing

Underpinning centent

regarding:

ffConnector I nspection and Cleaning
fTesting Method

ffcut Back Method

ffvisible Light Source Testing
finsertion Loss Testing

fOTDR Testing

fiTransmi ssion Equi pment

Not e:
Il'tems corlealrreec oinrsi der ed
Additional informati on
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EIBRE TESTI NG AS PER BS EN 501

Priccabl e Installation Considerations
To include the first PRrENo0F01TH3® two Stages as g
STAGE 1la: Acceptance Testing

This test is provided while stildl on the drum ar
storage. Wit hout test results at this stage, nc
Attenuation Coefficient.

Physical Acceptance.

Damage:

finternal construction

ffexternal construction

Cabl e specs:

l'tés important to check that the cable is of the

Each should be tested and a permanent record Kkerg

LengThis can either be measured using an OTDR as
However this can be inconsistent to the cable | e
protection from installation and temperature.

The sattateenduati ohecopefIiTdBmdim bercBBORemYd using t}
test set.

The OTDR will also identify any specific vari anc
if necessary a new cable obtained.
Physical -ddc smpmtoaudnade be inspected to ensure the c
I nt eenmal and | abelling of elements, water barrie
Ext efdiiadmet er, condition of sheath, mar ki ngs
Transportation should be checked, cable drum i s
STAGE 1b: Laid cable into trench or duct sysitems
reqguired are for the following:
Test Equi pmeinght Source & Power Meter and or OTD
Insertion |®fsst:the fibre due to excessive pulling
I'LM testingOne direction would be adequate.
Test Wav-el edignchl:e fibre testing at 1310 & 1550nm
Document atiToon:have this documentation wil!/l ensur
installation and wil/| save costs, wh e

STAGEF2:nal Testing of the completed system with
customer requires full and final test results toc

Test Equi pmemngtht Source & Power Meter and or OTD

Insertion |Cfsst:he fibre due to excessive pulling

I'LM testingoth directions on all fibres.

Test Wav-el eSnigitghi:e fibre testing at 1310 & 1550nm

OTDR Te-stinlgeests must be in both directions at b
results pertaining to the fibre chara

Documentat iPom:vi ding all traces and | LM test res
also fibre to cable Il ength adjustment
|l ength = cable Il ength this wildl assis
exact |l ength to fault

www. fi breplus. co. uk for updates Unit 2&3 MoOdiuieep |



Standards coveri

ng

design, install atio

core
IEC 611

IFC 6874

IEC 617584 -
Intelligent Buildings N

I SO 1180 1c RRanndg eExd

ffDefines Channel and Permafiedd| didKkst em design s
ffopen Office wiring intrOdﬂ’éleadsses A to F Optica
ffcentralised Optical ArChiﬁzenccfuerdeitiinotnropduubcleidshed
ffcat 3, Cat 4 and 150 ohm cable removed

very similarfEdotl 86 1
ffcat 5, Cat 6 and Cat 7 cables and components de

) fff or use within the EU

ffbut will be replaced by I ECs i6nlgl 5fu rinide | Edn Hy0 6 0 3
ffclasses A to F defined EN50173 2nd Ed.
ffTesting is now IEC 61935 referenced Standar
3 new optical channels de¥EM 30174 Installation
4 classes of optical fibrBENeFqQHes Testing

fEN 61280 optical test

fEN 50310 Earthing

flEC 61935 copper test
Unit 2&3 MoOdul ewww. fpighbhrepl us. co. uk for updates
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I ntroduction to Fibre optic t
Several methods of testing exist, the most ¢ ommc
1Visible Light Source / Fault Locator.
2Loss Test Set. (Light Source and Optical Power
30ptical Time Domain Reflectometer (OTDR).
Summary Benefits and Drawbacks of alll met hods’s
VLS: Visible635ght) GSpmme (
Benefits Drawbacks
Red visible glow wher eTyapifcaaull-Bty Kehxe ssatxs. 2
High 1l ights connector Gasnsnuoets show damage throu g
Continuity B&m)ing (unbDloeers 26t provide any figur
Cheap
Light Source and Power Meter (I LM Kit)
Benefits Drawbacks
Absol ute Power Loss Only provides a value of t
Hi ghlights Bending | ssGeaemnsnot measure individual
Simul ates the system whannh twghit demaged
Rel atively cheap t estReeqqwiirperse nttwo persons typic
Good for testing active equi pment power
OTDR
Benefits Drawbacks
One person can test t hEx pseynsstiewme
Hi ghlights individual Resgswierse wa tghoond tkhreo wliebdrgee t
Provides a graphical representation of the syste
Hi ghlights Bending |ssues
Visible Light Testing
Operating at either 635nm or 650nm in the red pas
of the cheapest and most i mportant tests whigch s
the system i s3 nkom,modraematgheadn c2Zonnect ors and splice
the ODF due to excessive bending, you can be sur
demonstrated by the diagram bel ow.
635nm 850nm
Examples of two handhel
1310nm 1550nm
www. fi breplus. co. uk for updates Unit 2&3 MoOd3uieep |
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roach
ic nety
cul ati c

AfWorst Caseo Design App
power budget for a singlemode fibre opt
the table below. By using the | oss cal
|l ocated to specific areas of the system.

Power
Mean Launch Powefy-4dBm
Receiver Sensitiy#40dBm
Loss Budget 36dB
System Design Pe|3dB
Margin for Age &|3dB ur e
Di spersion Penal {0dB
Cable Loss 25d8B
Splice Loss 4dB
Connector Loss 1dB
Mar gin 0odB
Total Losses 36dB
Patchi Point to Poiﬁatchibg
or Ref . L Or Link or Ref . Lead

Power Sensitivity
-3dBm Patchl Point to |rPtatch| g -40dBm
0. 5mw or Ref. L Or Link or Ref. L 0.0001mwW
T —
R.! - -
N ONES T ) SRV AN
I I
t 2&3 MoOddul ewwtdt. fpighrepl us. co. uk for updates



Procedures prior to Loss, | LM or
Clean
The i mportance of cleaning cannot be stated enol
readings, but in some cases damage uniters/ adap!
ffcl ean Connector with I PA and Lint Free Wipes/
ficlean Adapters/ Uniters with lint free cotton bl
ficlean the side of the ferrule as wel/l as the fz¢
|l mportance of cleaning connector
Clean undamaged connectors are e ens .|
ffTurn of the |ight source
finspect connectors, if damaged.
ficlean using proven procedures. [
Check Connectors and Adapters
Al ways check connector end face wit rosc
fficheck for scratches, chipping and p
ffcheck for adhesives grease and co e t]i on
ffDbo not check connectors without so t he
injected into the far connector. Vi de
Check Connector Ferrules for Damage
Al ways check connector with a visi t| sol
fficheck for a strong |light emerging f| ’ cor ¢
fficheck for l'i ght showing from the s the f
fficheck for excessive light emerging resé
fficheck for light emerging from the p and
Distribution Frame)
4 )
Not-es:
- J
www. fi breplus. co. uk for updates Unit 2&3 MoOdbuieep |
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Understanding Loss Testing
Testing
rder to produce relevant results with a |igh
rder to achieve this the following procedur e
tly check the equipment to ensure I releva
switch on the test equipment and Il ow to
|l ength and output power could uctuate unde
need to be connected together using one or
g carried out.
foll owing checks should then made:
ure that both |ight source and power meter
ck that the | ight source has been set for
ht source to stabilise (reach optimum outoput
s having been done a reference |l evel can be
er meter can be zeroed.
|l ast check is to ensure stability of readi
y out the tests. To do this you must discon
ing comes back to the reference |l evel set.
Tess/ I LM Kit
ntages.
s complete installation from one end to anot
tively inexpensi ve.
esentative of operating system.
t wei ght, portable units are available.
dvantages.
not identify fault | ocations.
onnel and equi pment needed at both ends of
not identify | o6sgsvdaseatbotabdi vodsafigueaj}
atability dep-&dsedant testmadryndfsactedrs
2&3 MoOdéul ewww. fpighrepl us. co. uk for updates




Inserltoisbeasur ement (1 LM)
Examples of setup and system under

est equi pment being
the power metre ar
he

di splayed | oss

The diagram below shows the t
|l eads allows us to fzero offo
equi pment to the system from t

Note: Mandrel wrap, used on multimode fibre only

Setup steps for good tes:

1Cl ean Connectors and Ad:
2Connect Reference Leads
3Switch on Light Source

4Set wavelength on LS ai
5Wait until meter stabil]i

6Set Reference or take R¢

ReferenceUheadr L AdRegfteerrence Lead 2

Steps to Good I LM Testir

1Cl ean connectors on SYys
2Connect LS and PM to sy
3Take reading

4Di sconnect and Reconnec
|l ead connected to syste
average readings,

5ALL CONNECT/ DI SCONNECT ¢
SHOULD BE DONE AT THE
ADAPTER POI NTS ONLY.
6Test both ways at both

System End A System End B

The above diagram shows

the system under test (i
with a uniter at each end)

www. fi breplus. co. uk for updates Unit 2&3 MoOdduieep |



Mandrel Wraps & Cladding Mode

Mandrel Wraps

flused when ILM testing multimode only.
fSometi mes referred to as a mode conditioner
ffLocated in the Light sources reference | ead.
fBasically acts as a filter, using controlled ma
ffPrevents fAHigh ordero modes (modes of |light e
entering the system/test equi pment.

ffiHigh ordero modes, due to their indirect path
upon arriving at the receiver they would of inc
broadened pulse and higher |l oss figures.

Hi gh Orde&Giekinnes)
ffHi gh number of intern,

Examples of high and Iglwh%lrrdeecrtm%%tegs within
ffiLi ght travels a |longe|
ffLess power remaining,

\

Il

l-oss.

Low OrRed&r (Bl ack | ines)
fLower number of inter
fMore direct paths wit
fLight travels | ess di

TMore power remaining

Cladding Modes

ffDue to an Aoverfillo at the transmitter or betyv
the cladding.

i The cladding isnét designed to carry transmitte
have an increased attenuation.

ficladding modes that do reach the receiver have
pul se to widen and providing erratic |l oss value
i To prevent cladding modes from reaching the rec
di stance wil/l attenuate any modes propagating i

Unit 2&3 Mo0dBul ewww. fpighbhr epl us. co. uk for updates



Optical Ti me Domain Reflectom
Principle of Operation
. . Fi bre core
Incident l.ight
o '-.-'- Dopant & Backscatte
" -
OTDR operation
OTDRs receive and display not only signals from
the fibre is kAsowni gahst btarcekvseclast tdeaown a fi bre it i
Ral eigh scattering This is caused by small char
continuously along the fibre. Some of the scatte
backscatter The receiver of an OTDR is made to
signal ('t is typically 40 to 80 dB |l ower in pc
Ilnternal operation
r I _
Laselr/ _ P v Attenuation
LED > Coup f<e Splice | ossgs
Connector insertifon 1 ¢
o Return | oss
v Fibre |l engtihh
5] Location of splijces &
ul sg
GeneratoDrete tor
\ 4
Anal ysing Circujtrly & Display
filntelligendeo
g J
Example Ilink and OTDR trace
Froemnd Fusi BencConneMechanCracFibre
connectSed i Pait splic End
T ? |
A
www. fi breplus. co. uk for updates Unit 2&3 Mo0Od9uieep |



What Can You do With an OTDR
ffverify and document the quality of a | nk.
flLocate and analysis faults

The OTDR can measur e: OTDRs are used for:

il The location of evefntslpopatallankon and c¢commi
il The attenuation of ftheMai htenanca. link.
il The loss of an evenft..Fault |l ocation and ana
il The reflection of a&ah e¥ehte identification.
il The end to end |l ossf of Rambitakfibre tests sys

The OTDR wi Il automatically |l ocate an
OTDRs are the primary tool for installing and
ured from one end
OTDRs |l aunch pulses of |ight from a | aser diod
within the fibre itself return back to the OTD
receiver where it is converted to an electrica
trace.
OTDR measures the returned signal versus ti me.
the fibre to calculate distance. Thus, the OTDR
di stance.
With this information i mportant characteristics
Di stancé@&he | ocation of features on the 1|ink, t he
Loss: Such as the | oss of an-tkiemndi viodsusalof stphlei cle
AttenuaODiobnhe fibre in the Iink.

Refl ectiTbr: size of the reflection (or return |

Unit 2&3 Moldoul ewww. fpigbreplus. co. uk for
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Understanding and analysis of
Opti CTiamm@o maiRef |l ect omet er

Basic OTDR ter ms

f Back stciagherreflected back to the OTDR by the

f I'ndex Of RefRetéeisnt 6l ORg: speed of light in a
l'ight in any given medium (Cmed). Typical fibr
this figure is very important as it forms part
works on. This figure can also be adjusted to

f NoReflecti VeeE€eeate:events/ components within a
no back reflection.
lFusion splice
2Macr o bends
3Micro bends
f Reflecti ThesEBvamesevents/ components within
contribute to the loss, with the exception of
l1Mated pair of connectors
2Cracks and chips
3Mechanical splices
4Fi bre end
5Dead Zone
6Ghost

s
o

Understanding OTDR traces
The OTDR plots the backscatter results as optic
fibre wildl exhi bit attenuation due to Rayleigh
called a trace, is displayed on the OTDR as a
attenuati on.

LslLass due to s
LcLass due to
connector
LalLass due to f
Fusion Spli Connector Fibre End attenuation

Oopti ey

Powelr h I Il
Ls

(dB e || Reflectance

- of connector

__ || Reflectance of
U= S5 [ SO, Fibre end face
LC-I ||

-"I Noi se Floor

l'l'l‘.-‘u"'iﬁbf.llfﬂ

Di stance (Km)
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Averaging & Ghosting
Averaging
Someti mes the backscatter received by the OTDR
To correct excessive noise the OTDR takes mul tirg
trace by averaging out all the peaks and troughs

Actual Signal Recei \

) -=-=-=-True Backscatter Le\
Optical

dB

Di stance Km

Ghosting

Ghosting typically occurs due to a frontend conrt
of back reflection which can fAiping pongo back f
turn refleceéenmngr ibagkt B@dOTEBR causing the i mage ¢

Ghosts are relatively easy to identify:
ffThey have no | oss.
ffThe ghost will be twice the distance from the C

Large Fresne

] Ghost

Unit 2&3 Moldul ewww. fpigbhrepl us. co. uk for updates



Backscatter

Backscatter is the small part of the Raleigl
It is very important that the OTDR be abl e to me
|l evel determine the | oss of events along the |ir

Backscatter imowel & ifhbare ar<ei Mg@lpdED@adBm atn I Hhlke0 ramc
and in BheX8&adBme for 850 nm and 1300 nm multi mod

I ndex Of Refraction (I OR)

Fibre End

ffThe 1 OR for the fibre under test must be
the OTDR.

f The I1OR lies typically between 1.4 and 1

fThe exact value is supplied by the cable

The I ndex of Refraction is a number, shown as
in a vacuum to the speed of light in t
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