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Optical fibre in the BT inter -exchange
network

Wednesday 8 " October April 2025

Welcome
The lecture and webinar will start at 7:00pm

Introduction: Kevin Foster FIET, Chairman, Anglian Coastal Local
Network

Presenter: Russell Davey CEng. FIET, Principal Network Architect,
BT Fellow

Questions: Live in the Atrium & via Q&A Messaging in Teams. In
Teams, please type in your questions and these will be taken in a Q&A
session at the end of the presentation.

Close : Approximately 8:15pm
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Optical fibre connects our cities

- and is vital to the internet we all use every day

Key enabling technologies:
Single mode optical fibre
Semiconductor optical sources
Semiconductor optical detectors
Optical amplifiers

Coherent WDM

All - optical wavelength switching

o Joo I T To Do
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Optical fibre connects countries

Map of subsea optical fibre cables
www.submarinecablemap.com




Increasingly Fibre goes to our homes

openreach

A Fibre FTTP passes over 20 million premises &

A Fibre passing 81,000 new premises per week

A Build to 25 million premises by end 2026
Az;? CiINNIT OO OEUUOxD 160
A Today ~38% of passed premises connected

Key enabling technologies:

Single mode optical fibre
Semiconductor optical sources
Semiconductor optical detectors
Passive Optical Networks
Blown fibre

To Jo I I Io

(1) as of September 2025



Fibre connects 4G and 5G
mobile basestations
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0>6,000 (~30%) of mobileasestations
directly connected to fibre

wEven where thdasestations connected to
the telephone exchange with microwave
radio rather than optical fibre, fibre is used
for the onward journey from the telephone

exchange




Post Office Telecommunications

Optical Fibre
systems
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For 10 Mbit/s the light source (laser) is turned
on and off 10 million times a second to give
the sequence of 1s and Os (binary digits or
bits) carrying your Netflix along the fibre and

across the country A 1 Mbit/s (Megabit per second) is 1 million bits per

second

A Your broadband at home will probably be tens of
Mbit/s

A A good quality video needs 2Mbit/s to 10 Mbit/s
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First practical application: Fibre
optic gastroscope invented
Total internal reflection 1950s

)‘:“, Total Internal Reflection (L...

N
p

" ._forceps
P elevator

) (a) lowered/closed (b) raised/open
forceps elevator forceps elevator

duodenum-<

19t Century scientists (e.qg.
Tyndall) guided light within jets
of water as a party piece
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1966 | the birth of optical fiore communication

Charles Kao

Dielectric-fibre surface waveguides for

optical frequencies

K. C. Kao, B.Sc.(Eng.), Ph.D., A.M.LE.E., and G. A. Hockham, B.Se.(Eng.), Graduate LE.E.

Synopsis

A dielectrie fibre with a refractive index higher than i3 surrounding region 13 a form of diclectric
wavegnide which represents a possible medium for the guided transmission of energy at optical frequencies.
The particular type of dielectric-fibre waveguide discussed is one with a circular cross-section. The choice
of the mode of propagation for a fibre waveguide uwsed for communication purpeses is governed by
consideration of loss characteristics and information capacity, Dielectric loss, bending loss and radiation
loss are discussed, and mode siability, dispersion and power handling are examined with respect to
information capagity, Physical-realisation aspecis are also discussed. Experimental investigations at both
optical and microwave wavelengths are included.

List of principal symbols
1, = mh-order Bessel function of the fiest kind
K,= .-nh aorder modified Bessel function of the second kind

= ;' ph.aqe cocfficient of the waveguide

1, = first derivative of 1,
K., = first derivative of J, :
fr; = radial wavenumier or decay coefficient
= relative pEI'II'I.I"I'\'ll.j-‘
kg = Tree-space propagation coefficient
a = radius of the fibre
4 = longitudinal propagation coefficient
& = Boltzman's constant
T = absoluic wemperature, deg kK
.ﬂL = isothermal compressibility
A = wavelength
refractive index .
vib-order Hankel function of the ith type
H, = derivation of H,
v = azimuthal propagation cocficient = ¥, — jiy
L = modulation period

Hli,il

Subscript «r is an inteper and subscript m refers to the seth root
of J, =0

1 Introeduction

A dielectric fibre with a refractive index higher than
its surrounding region is a form of dielectric waveguide
which represenis a possible medium for the guided trans-
mission of energy at optical frequencies. This form of structure
guides the electromagnetic waves along the definable boundary
between the regions of different refractive indexes, The asso-
ciated electromagnetic field s carried partially inside the
fibre and partially outside i, The external field is evanescent
in the direction mormal to the direction of propagation, and
it decays approximately exponentially to zero at infinity. Such
structures are often referred to as open waveguides, and the
propagation is known as the surface-wave mode. The par-
ticular type of dielectric-fibre waveguide to be discussed is
one with a circular croge-section,

2 Dielectric-fibre waveguide

The diclectric fibre with a circular cross-section can
support a family of Hy, and Eg, modes and a family of
hvbrid HE. mades Solvino the Mavwell eguatione under the

boundary conditions imposed by the physical $trecture, the
characteristic equations are as follows:

for HE,,, modes
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for Eg,, modes
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The auxiliary equations defining the relationship betwesn w,
and w; are

W} 4wl = (kpa)e, = &)
W=7+ ke
3=+ e
wy == ey o= 1 and 2

where subscripts | and 2 refer to the fibre and the outer
region, respectively.

All the modes exhibit cutoffs except the HE,; mode, which
i the lowest-order hybrid mode. It can assume two orthogonal
polarisations, and it propagates with an increasing percentapge
of energy outside the fibre as the dimensions of the structure
decrease. Thus, when operating the wavegupde i the
HE;; mode, it & possible to achieve a single-rmode operation
by reducing the diameter of the fibre sufficiently, Under this
condition, a significant proportion of the encrgy is carried
outside the fibre. If the outside medium is of a lower loss
than the inside dielectric medium, the attenuation of the
waveguide is reduced. With thess properties, HE,,mode
aperation 15 of particular inlerest,

The physical and electromagnetic aspects of the dielectric-
fibre wavesuide carrvine the HE..mode for uce at ontical

STL, Harlow, UK

7 Conclusions

Theoretical and experimental studies indicate that a
fibre of glassy material constructed in a cladded structure
with a core diameter of about Ay and an overall diameter
of about 1004, represents a possible practical optical wave-
guide with important potential as a new form of communi-
r:atmn medium. The refrm:twe mdﬂx l:rl' the core needs to be
Aot i:.-',; ]llgm;i DI LT oL e quuulug T Torm—or
waveguide operates in a single HE, E; or Hymode and has
an information capacity in excess of 1Ge/s. 1t is completely
flexible and calls for a mechanical tolerance of around 109%,
which can be readily met in practice. Thus, compared with
existing coaxial-cable and radio systems, this form of wave-
guide has a larger information capacity and possible advan-
tages in basic material cost. The realisation of a successful

Bl womemimnanida  damasmda al eeasae [P PSPPSR

i = e o I e T e =

suitable low-loss dielectric material. The crucial material
problem appears to be one which is difficult but not impos-
sible. Certainly, the required loss figure of around 20dB/km
is much higher than the lower limit of loss figure imposed by
fundamental mechanisms.

W”,FHHH

Receiving Nobel
prize for physics
2009



Post Office Research involved from the start

Kao in his Nobel lecture in 2009 said:

CONVINCING THE WORLD

The substance of the paper was presented at an IEE meeting on January 27,
1966 [7]. Most of the world did not take notice = except for the British Post
Office (BPO) and the U.K. Ministry of Defence, who immediately launched
major research programs [8, 9]. By the end of 1966, three groups in the UK.
were studyving the various issues involved: 1 myself at STL; Roberts at BPO;
Gambling at Southampton in collaboration with Williams at the Ministry of

Deftence Laboratory [10].
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FF Roberts,
Post Office Research

TOPICAL MEETING ON OPTICAL FIBRE TRANSMISSION II - WILLIAMSBURG,
22-24 FEBRUARY 1977

OPTICAL FIBRE TRANSMISSICON SYSTEM STUDIES IN THE UK POST OFFICE
F F Roberts
Poet Office Research Centre, Martlesham Heath, Ipswich, Suffolk, IPS TRE,

England
Background

The present writer became aware in late 1965 of the studies then being
pursued by K C Kao at STL. A parallel interest (1, 2, 3) in high purity
erystalline dielectric materials led (10) to a critical evaluation of the

i b wmiiwa Far el aan rmeahlam sandd Fo dlh e sese e Tieoed mee bl ed T oeee Moo o S L
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could be produced. A PO target loss of less than 20 dB/km was set early
in 1966 and quoted to all interested parties, which included Corning Glass
through their UK asscciate Electrosil. 4 Ministry of Technology contract
WaE B€1 up witl oneirield University and tU COntracts were Let during 140/
with British Titan Products Company, with STL and with Barr and Stroud Lid.
4 Ministry of Defence contract was already supporting the development of
promising gallium argenide lasers at STL and direct PO contract support
has been added there in recent years aimed at & reliable laser for fibre
tranemission systems.

T T T e s T e T I T S e T e e e et T s s e e
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1966 & 1967 FF Roberts mobilises UK :

++ WBOCExU@e 1T OUExOAN OEOO @i OURF Rolerts sefsultdontrac @@ow LBss Optical Fibre
visited the following UK companies to talk about fibre Consortium:

optics A STL, Harlow (where Kao was working)
A Barr & Stroud, Glasgow

A British Titan Products

A Sheffield University

A 1stMarch. Signals Research and Development
Establishment (MOD). Charles Kao present as well

A 4t March. Ministry of Aviation

A 7t March. Imperial College, London

A 10" March, Glass Developments Ltd, Battersea, _ o 2
London A In 1967 Post Office Research makes its first ~ © 7,7,
optical fibre in a laboratory. £ =

AewnUO PAEEOUT E %UO&e! - =@

A Loss 30dB/m !

A Continued to make (good!) fibres until 1990s

A 11t March. Sheffield University



The preferred solution before fibre came along 2

Post Office Telecommunications Journal. Autumn 1970

A new type of trunk telecommunications system
in which radio signals are transmitted through
hollow copper tubes buried in the ground is to
undergo a full-scale field trial. The tubes, called
waveguides, are just 50 mm in diameter, little
thicker than a car’s exhaust pipe, and are capable A
of transmitting signals of very short wavelength. n

Although loss of signal strength is very low, &, %
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amplifying stations are needed at intervals. If the 3"/
waveguide route is fairly straight and level these

repeaters may be 20 km or more apart. In built-up
areas where the waveguide must bend to avoid '
pipes and cables already in the ground, there are %-
additional losses and repeater spacing may be
10 km or less. 5 —

The field trial equipment will be capable of ;

carrying over 300,000 two-way telephone con-
versations or 200 television circuits or the
equivalent in other forms of traffic. If successful,
waveguides could be laid from city to city to

A Field trial between Martlesham and Wickham Market ran until 1977



1970 | optical fibore breakthrough -

IEE Conference on Trunk Telecommunications London in October 1970

A Most papers about the hollow copper waveguides

A Handful of papers on optical fibre

A Corning announced they had made an optical fibre
with loss below 20 dB/km

A“TEDP ~pPOUU OE »O@U °EETEE " @&
waveguide to be laid in the ground and then come
ANOOI A£OE ET NN TU UTUlI OOUI EA

A 9th November 1970 Corning took a sample
to Post Office Laboratories, Dollis Hill

A Loss 15 dB/km!

A In 2001 IEEE dedicated a Milestone plaque

in Corning, USA to recognise the

~ Ve ~ ~ ~ ~ N ~ pd ~
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IEEE Milestone Plague for Corning

With
due
credit
given to
Post
office

The Worlds First Low-Loss Optical Fiber for
Telecommunications, 1970

In 1970, Corning scientists Dr. Robert Maurer, Dr. Peter Schultz, and Dr. Donald Keck developed a
highly pure optical glass that effectively transmitted light signals over long distances. This
astounding medium, which is thinner than a human hatr, revolutionized global communications.
By 2011, the world depended upon the continuous transmission of voice, data, and video along
more than 1.6 billion kilometers of optical fiber installed around the globe.

During the mid-1960s, members of the British Post Office came to Corning seeking assistance in
creating pure glass fiber optics. Their design required a single-mode fiber (100 micron diameter

with a 0.75 micron core) having a total attenuation of about 20 dB/km. The very best bulk

optical glasses of the day had attenuations of approximately 1,000 dB/km. This meant Corning’s
scientists had to see an improvement in transparency of 1,098 in order to reach the 20 dB/km goal. It
seemed impossible, but they did it, inventing an optical fiber with attenuation of 17 dBkm. As a
result, Corning's invention of the first low-loss optical fiber and the manufacturing process used to
produce it revolutionized the telecommunications industry and changed the world forever. The
explosion of the Internet and other information technologies would not have been possible without
optical fiber. Only optical fiber provides the bandwidth required for high-speed transmission of voice,
data, and video the world depends upon for the way we live, work, and play. Today, there are more
than 1.6 billion kilometers of fiber installed around the globe.

This breakthrough work established the optical fiber category. There were no similar achievements at
the time of the invention. In recognition of this achievement, the three scientists responsible for
inventing low-loss optical fiber — Dr. Robert Maurer, Dr. Peter Schultz, and Dr. Donald Keck — have
been inducted into the Inventors Hall of Fame and were awarded the National Medal of Technology.

14

IEEE Regions
1

IEEE sections

Rochester

Additional IEEE section information

Milestone sponsored by the IEEE
Photonics Society

Achievement date range
1970-1970

1972. Dr. Robert Maurer, Dr. Peter Schultz,
and Dr. Donald Keck. Sullivan Park Archive,
Corning, N.Y.
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Light Is a wave

Wavelength
Crest |

N ANA
\

Trough
Wavelength, \ (nm)
400 450 500 550 600 650 700
15t Telecoms window 850 nm - '3" F
2"d telecoms window 1300 nm ﬁ
3" telecoms window 1550 nm

1 nm =1 nanometre = 0.000000001 metres



Multimode versus single mode

MULTIMODE MONOMODE MULTIMODE

% ST Ay
125tm . _L |
50 um O_ 5-10um l

? 50 um

=il 4 o T
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STEP - INDEX PROFILES GRADED - INDEX PROFILE

Fi1G. 2—Fibre geometry
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single mode fibre

A Through the 1970s the world moved towards using multi
mode fibre because easier to get light into the larger core and
join fibres together

BT Group PowerPoint | 16

Fig. 1 Multimode Step-index Fibre
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Fig. 2 Singlemode Fibre
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20" November 1975 ’

A Technical improvements made since 1970
A In the fibre itself and the semiconductor sources and detectors

A Atthe opening of Martlesham laboratories there was a demonstration of
8Mbit/s over 6km of multimode fibre

OPTICAL
FIBRE
COMMUNICATIONS
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1977: First Post Office fibre trial

KESGRAVE
BSWICH TELEPHONE EXCHANGE

TELEPHOMNE EXCHANGE CABLE ROUTE 2
140 Mbarss

IPSWICH

CABLE ROUTE 1
& Mbir's

A Adastral Park- Kesgrave- Ipswich telephone exchange
BPO RESEARCH CENTRE
WAV BTN A Graded index multimode fibre
A 140 Mbit/s over 5.75km from Adastral to Kesgrave
EAB;EMT? UTE 3 A 8 Mbit/s over 13 km Adastral to Ipswich link z no repeaters
A Corning made the fibre with loss ~5dB/km at the operating
A In the same year STL wavelength ~840nm
deployed 140Mbit/s on a A BICC put the fibre into cables which local Post Office field
9km route between Hitchin engineers installed into ducts
and Stevenage telephone A®AExxT EE °UxO0Ee@ ET xgU OUCRIE ¢
exchanges
A 3km repeater spacing which A Post Office work on the Martlesham -Wickham Market copper

was deemed uneconomic waveguide trial now stopped



1978: BT starts deployment of multimode fibre

1978: BT plans for operational optical network on 15 GEOGRAPHIC LOC.
. . . OF PROPRIETARY
routes. Proprietary Optical Line Systems (POLS) OPTICAL FIBRE
_ . ,  SYSTEMS
1979: contracts placed with 3 vendors
1980: 15t deployment between Brownshill and Walsall KiNGsweLLS ABcRDEEN
8 Mbit/s
Prime N § Metwork | Ready P . Route
System Con- Route S 0.0 Applica- | for Fox;g Length
tractor ystems tion Service | =M km
140 Mbit/s
STC |London-Basildon 2 T 1982 v 47
Basildon-Colchester 2 T 1982 J 61
GEC |London-Reading 2 T 1980 J 74
34 Mbit/s
GEC |Oxford-Reading 2 T 1981 J 48
PTL |Guildford-Reading 2 T 1982 v 53 T
it/s
8 Mbit/s TOWYN DOLGELLAU gRrowNHILLS
Long Haul MACHYm_‘ CORRIS ?Nl\il\l:.i;s“:
GEC |Banbury-Oxford 2 T 1981 v 39 ABERYSTWYTH | PONTERWYD CAMBRIDGE
8Mbit/s BANBURY J 8Mbit/s
8 Mbit/s 8 Mbit/s ARRINGTON  ¢g; CHESTER
Short i OXFORDS 140 Mbitls 140 Mbit/s
Haul ? | 34 Mbit/s §__v .. BASILDON
‘ READING FARADAY
STC |Aberystwyth-Ponterwyd 2 J 1981 X 20(A) ! ; 34 Mbit/s 3
Aberdeen-Kingswells 2 J 1981 X 12 pisvesioa 8 M
Croydon-Vauxhall 2 J 1980 X 15 VAUXHALE
London-Vauxhall 2 J 1981 X 4 CROYDON
PTL |Corris-Dolgellau 4 J 1981 J 16(A)
Corris-Towyn 2 J 1981 X 23&#\] \
Corris-Machynlleth 4 J 1081 X A) 2
Brownhills Walsal 2 J 1980 | X 9 8 Mbity
140 Mbit/s
GEC |Arrington-Cambridge 2 J 1981 J 17
Tatal 34 447
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Martlesham led the world to single mode fibre

A Dave Payne of BT Labs showed a significant cost saving if could get a repeater spacing of 30km or more and bit rates of
140Mb/s or more

Up to 30 km

- 6-10km

[
»

FiG. 8—Laser transmitter module showing fibre (left), submount,

I chip and % s (o “ FiG. 9—PINFET receiver module showing fibre entry (left), quartz
S g phoc(m;o(d:;}::)cmrc N — cube submount for photodiode (centre left) and preamplifier circuit

(centre and right)

Single mode was lower loss than multimode, was cheaper to produce and did not suffer mode dispersion which limited
the bit rate and regenerator spacing on multimode fibre systems.

BUT more difficult to get light into the smaller core of single mode fibre

WPEOEP °e3 FEx/AE | EOUUP " 1T xEEUOx WEQ@EAxE(I} EI £ xEE £0 10U
single mode

First Martlesham open week in 1980: lab demo of 37km unrepeatered 140Mbit/s single mode fibre link

o Do o I



1982 BT labs World first field trials of single mode fibre

A February 1982: BT Labs does world -leading single mode fibre field trial between Martlesham and Woodbridge (7.5km)
A splicing/joining fibres in real -world is key aspect

A 140Mbit/s and 650 Mbit/s over 37.5km  unrepeatered (1300 nm wavelength)

A 140Mbit/s over 62km unrepeatered (1300 nm wavelength)

A A second trial link deployed Martlesham - Ipswich

21
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DW111 October 21, 1983
FIRST SINGLEMODE OPTICAL FIBRE LINK

Another world first in optical fibre communications has been
notched up by British Telecom. :
Optical fibres are strands of glass as thin as a human hair.
Phone calls travel along these filaments as pulses of light 
This form of communications offers significant cost savings
over conventional long-distance coaxial telephone cable.
In this new achievement, British Telecom has successfully.
tested the world's first 140 Mbit/s commercial optical fibre link
" using the technique known as singlemode transmission.
5 The link runs 27 km (17m) between Luton and Milton Keynes,
without intermediate regenerators (which boost the light along

the route). L
In general, singlemode systems can span distances
n ’
the less
t 30 km without regenerators. By contrast, using
o installed
erators have to be
imode alternative, regen
advanced multimo

1s.,
usually in manholes - at 6 to 10 km interva

Corporate
hﬁ Relations

THE FIRST monomode

s

In a major technological
step two 140 Mbit/s
systems cover the 27.3km
(17 miles) between Luton
and Milton Keynes with-
out signal regenerators
along the route,
e order for the
systems was won by STC

elecommunications’
Transmission Products
Division, Basildon which
also installed the equip-
ment at the terminals,

The fibre was manufac-
tured at Harlow and
cabled by Cable Products
Division, Newport. The
electro-optic devices were
made at Components,
Paignton.

The optical fibre cable
on the iuton to Milton
Keynes route, following
the Watling Street Roman
road (the A5), was instal-

and joined in existin

cable ducts by Britisﬁ
Telecom engineers. Train-
ing and oversight of the
whole operation was a
joint ST /British Telecom
undertaking.

The ability of the mono-
mode optical fibre system

UK FIRST

optical fibre communica-
tions systems for operational use in the UK net-

work have been supplied by STC to British Telecom.
- to operate over such long

distances without needing
signal regenerators stems
from its far greater effic-
iency compared with the
previous multimode 140
Mbit/s systems.

They have needed, in-
stead, regenerators at
intervals of 6-8 km along
the cable route.

Installed

Two such multimode
Systems were installed on
the 47 km route between
London and Basildon and

anded over to British
Telecom by STC in March
this year,

Trials of the new mono-
mode operationg were car-
ried out by STC ‘and
British Telecom between
Ipswich and Martlesham,
Suffolk last year. )

he news of the historic
Luton-Milton Keynes link
helped boost considerable
worldwide interest shown
in STC’s 140 Mbit/s
optical transmission
systems at Telecom 83 in

eneva last month,

Steve Chui, seni

ment laboratory, Basildon tests the S
line system used for the Lyt




Martlesham world experts on design of single mode fibre S

A In 1982 Jim Ainslie & Clive Day have plenary paper at world -leading Optical Fibre Communications
EOOEExEOEE" é-@idestatis®ikingled mddé fibers &

A Their results @ below show low loss operation at both 1300nm and 1550nm wavelengths as is widely
deployed today

A BT Labs licensed their fibre to GEC and Ericsson in 1982

I |

f?g%UEEOeQ

2.0

Loss
dB/km LF".I 1 cut aff

1.0 {xl

1.0 1.2 1.4 1.6 i.8

Wavelength, um

(1) IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. MTT-30, NO. 4, APRIL 1982. Ainslie, Day, Beales & Rush
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MOVPE technique used to make
semiconductor optical components

A Post Office Research was involved from
the outset in research to make suitable
light sources and receivers for the new
field of optical fibres

A In 1970s & 1980s, Metal Organic Vapour
Phase Epitaxy (MOVPE) was being
developed across the world for various
applications ! ' Toshaolaaeli i oot 1or 1050

was presented to the Optical Research Division
of BT Laboratories for the development of

A Post Office worked collaboratively on metal OIBRICREAEC I ee epitaxy (MOVPE)
and its use for making semiconductor devices

MOVPE with universities and companies v e epectri SR
like Plessey and STL

A Commercialised MOVPE through BT&D
joint venture with Du Pont

A MOVPE used ubiquitously today to make
the semiconductor optical components
that are connected to optical fibres today

200 pm



Coherent transmission
Rank Prize 1984

A Coherent is a technique to increase reach and

“THE RANK PRIZE FOR OPTO “CLECTRONICS

bandwidth carried in an optical fibre through Awarded to
1.  using the fact light is a wave and Wﬁ@m;f;g:ﬁ;ﬁv@mam S
2. Electronic signal processing f‘l’ﬁ‘i&?;?}f&‘;‘;‘?‘.m
Ai110x TUxY@ BRI Ui EEOI Ux UUEOUO wwuammm%ﬁwmmwu'
Dre Commmamication systems

by aseries o ingonious
!ascr qand
T L R

It has been e for soms time that the single lase
Sources with heterodyne detection WMWW&W W
ma&wuwmoausmqnmm Smuhmdm«vw«kmmmtg:“
cial. problems and showed how such systems con be made

MMMMawMQ’Wmm enginceringwhichwill exploit to the

ammwm ~optical waveduids components and offer grear
s and versatility. m &lmswm aﬂvuuitdtg“mm.;
syuana\ K link aceoss the the need for vepeater cirouits—'

Sﬁuﬂuu&:ﬂcgyoﬂmmwmw ctrum space avwilable inmonemeode fi-

"ﬂwwrhcf Smith and his team is o significant stepin the continuing improvemet di
yerld communications and {s of real bax tomankind.

practice. Smith and his co -workers overcame the crucial
problems and showed how such systems can be made. The

work is a significant step in the continuing improvement of

world communications and is of real benefit to mankind |

v i
i

e

Chairman of the Trustees
“THE RANK PRIZE FUNDS
nd Oetednr, 1984




1988. BT first in world to deploy coherent in the field 2

A Taking the optical reach to 176km
A 565 Mbit/s

337 km

Cambridge

Bediord

A Today coherent widely used in inter - city fibre transmission to deliver hundreds of thousands of Mbit/s
over hundreds and thousands of kilometres 3 X X o
A0 EOOCTI O&UT 60 UT Ui OOUTEAN ETCxE AOONT ET Ex@++1 1



Optical fiore amplifiers

erbium ions

— signal
=== and pump
field shapes

ol multiplex ﬁ
maki :|gna ‘/ _ splice splice
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Erbium fibre amplifiers first reported by Southampton University in
1987
Tim Whitley of BT reported 1 stlaser diode pumped operation in
1988
Commercial device by 1990 z see next slide
Erbium fibre amplifiers now widely used in our inter - city fibre
networks

A Total reach >1000 km

A Amplifiers every ~80km

A They work in 1530 - 1565 nm wavelength range where single

mode fibres have lowest loss (~0.2dB/km)
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