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I nvention re %0 a nethod of signal injection, transm ssi h

J nterconnection (term nation), and 5 detection, and to a power
transm ssion network, ie. a mains electricity distribution and/or
transm ssion network, and a filter thergfor. In particular it relates to
the use of nains electricity networks and/or lines for telecomunications
transmssion (e.g. YPhefn BRErRICROE 2 b ”;%%%%é he UK, it is
conventional to describe a power T Or 1 g) as a

"transm ssion network", and opg N INRTWoORKY as a "distribution
network". In this specification the term"electricity distribution and/or
15 power transm ssion network” is normally used, but general references to

power networks. and to transmssion of signals.arg tp be construed as
appl ying to §F+ss YERLICH Kelates to a ékéhod o] sfbnal injection,

transmission, interconnection (termination), and

5 detection, and to a power transmission network, ie. a
mains electricity disttibution and/or transmission
network, and a filter therefor. 1In particular it relates
to the use of mains electricity networks and/or lines for
telecommunications transmission (e.g. voice, data, image

10 and/or video).

In the UK, it is conventional to describe a power network
for 33kV and above as a "transmission network", and one
for less than 33kV as a "distribution network". In this
specification the term "electricity distribution and/or
15 power transmission network" is normally used, but general
references to power networks and to transmission of
signals are to be construed as applying to all such

networks.

Traditionally telecommunications signals have been
20 ‘transmitted on independent networks e.g. telephone lines.
More recently, in order to simplify and increase
efficiency of telecommunications services to domestic or
industrial premises, there have been investigations into
using existing electricity transmission and distribution

25 networks to carry telecommunications services.

A transmission network and a filter therefor is described
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I ndependent networks e.g. telephone |lines. Mire recently, in order to
sinplify and increase efficiency of telecomunications services to donestic
or industrial prem ses, there have been,investigations into using existing
electricity transm ssion and distribution 25 networks to carry
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signals having a carrier frequency greater than around 1MHz on a power
transnissioﬁéiﬂﬂmmmunitamkpn%a@hgnglamhaﬁgmgoswuanﬁiimatrgquency

application sho%Id gg referreg Lﬁ%in relation to the present invention, and
i s i ncor por FEEGTRE: ERATLFTPERS, z on a power transmission network.

S The teaching and disclosure of that patent application
should be referred to in relation to the present

invention, and is incorporated herein by reference.

At such carrier frequencies, it has been found that the
cables of a power transmission and/or distribution
10 network exhibit pseudo-coaxial characteristics and
therefore attenuation of a signal transmitted along the
cables is reduced. In this way, both speech and data
signals can be transmitted at carrier frequencies of
greater than approximately 1MHz, allowing for a larger

15 available spectrum and greater transmission capacity.

However, it has been found that the attenuation effects
still limit the distance over which signals of a given
carrier frequency and bandwidth can effectively be
transmitted. On, for example, a 415 volt network the
20 carrier frequency may preferably be between 1-10 MHZ, and
.on, e.g., an 11kV network maybe between e.g. 1-20 MHZ or
possibly 5-60 MHZ. Signals of this frequency can be
transmitted over large distances (using repeater stations
if necessary) and therefore a network used in this way is

25 suitable for general telecommunications and telephony

signals.

However broadband telecommunications signals, such as



‘At such carrier frequencies, it has been found that the cables of a power

transm ssi r distribution 10 network exhibit pseudg;
characteri g??g@géfg therefore attenuation of a signal trans%(t&?(g%dsg’h%ag t he
cabl es is reduced. In this way, both speech and data signals can be
transmtted at carrier frequencies of gfeater than approximtely 1Mz,
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repeater stations if necessary) and therefore a network used in this way is
25 suitabPe totegermvnlcaciersdmerverliomg. sfe-axiabhoalhlei et ical

fibre etc.

A carrier frequency of up to hundreds of MHZ may be used
on a network as described in PCT/GB93/02163, although the
distance over which a signal with a particularly high
10 carrier frequency may be transmitted is limited by the
dynamic range sensitivities and power levels depldyed on
the network - possibly to around 7-40 metres on a typical

UK network.

The present invention aims to provide a transmission
15 network which alleviates some or all of the above

problems.

Accordingly, in a first aspect, the present invention
provides a network linking a plurality of premises
comprising a section of broadband telecommunications
20 .network and a plurality of electrical power cables each
connected to a respective one of the premises for
supplying mains electrical power thereto, each of said
power cables also being connected to the section of
broadband telecommunications network so that
25 telecommunications signals are transmissible between the
section of broadband telecommunications network and each

of said power cables, wherein a telecommunications signal



However brwedkaysgs t el econmruni cations signals, such as 3 Pl cokiges

communi cations, generally require a higher carrier frequency (or

~ frequenci es) and bandwi dth. As indicated above, such signals are therefore .
usually transmtted on an I ndependent br oadband 5

t el econmuni cations network e.g. co-axial cable, optical fibre etc. A

carrier frequency of up to hundreds of MHZ may be used on a network as

descri bed in PCT/ GB93/ 02163, although the distance over which a signal wth

a particul ar lis hitglanbhigsibler Ebeqaﬁaparnaﬂr$ﬁatggﬁgﬂﬁdjuygﬂfiy | giet ed by
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I nvention a'@%&ﬂﬁﬂ@ﬂ@”é&ié%o munilations network and also along the

respective power cable of each of said'premises.

S- In this wa?, the independent (preferably external)
telecommunications network can be used to propagate the
telecommunications signal over a long distance, with the
(preferably external) power transmission/distribution
network being used to propagate the telecommunications '

10 signal'from the télecommunicatiohs network into e.g. the
premises of a user and vice versa i.e. the communications

may be bi-directional.

By "external", it is meant that the signal transmission
network i.e. power network and/or telecommunications
15 network is external to any building or bremises such as
an office or house. 1Inside such buildings, transmission
distances are typically short and therefore attenuation

losses relatively unimportant.

The broadband telecommunications network may be a
20 standard broadband distribution network e.g. a coaxial,
twisted pair or fibre cable. Such telecommunications
networks are currently available in most major countries.
However, typically, the greatest cost and inconvenience
associated with such telecommunications networks is not
25 the initial installation of the main network but the
connection of the main network to the premises of users.

' The present invention ‘allows the existing power



15 net wor k yhbghbssd | evi ates sonme or all of the above probl engeyégssmosisnal v,
in a first aspect, the present invention provides a network |linking a
plurality of prem ses conprising a section of broadband tel ecomruni cations
20 network and a plurality of electrical power cables each connected to a
respective one of the prem ses for supplying nmains electrical power ]
thereto, each of said power cables al so being connected to the section of

broadband teiecpiBubieal imtworkshelwlikh coimorliAl f@ddt eheeo mawy cations
signals are transm ssible between the section of broadband

t el ecommuni caskbdhabhet premised) edch b veed poweronnzEgitehevhexibsting
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Eiﬁns signal ., 4 is transmssible, to and/or from said
plurality of “prem? ISP ST PEFYRE 'F?eﬁh%lcg?ﬁ‘)"qeﬁle%%‘ﬁ?ﬁﬁ'of'm“s
the additional cost and inconvenience of installing

5 further standard telecommunications network is avoided.

Typically, the distance between the existing
telecommunications network infrastructure and the
premises to which it is desired to be connected is short.
Therefore broadband telecommunications signals may be
10 transmitted over the power transmission/distribution
network without attenuation losses having any significant

effect.

Preferably, the present invention further includes
satellite receiving means for receiving
15 telecommunications signals from a satellite transmitter,
wherein a telecommunications signal is transmissible from
said satellite transmitter to said plurality of premises
via said satellite receiving means, said section of
broadband telecommunications network and said power
20 cables. Alternatively or additionally, the satellite
receiving means may be replaced or supplemented by other
telecommunications signal receiving means, such as a TV

aerial, telephone connection, data connection, etc.

Preferably, the network includes a plurality of interface
25 units, each of said interface units connecting one of
said power cables to said section of broadband

telecommunications network, each of said interface units



cabl e of eac id premses. 5 In this way, the in

(preferably external) teleconmunications network can be used to propagate
t he tel ecommuni cati ons signal over a |long distance, with the (preferably
external) power transm ssion/distributign network being used to propagate
t he tel ecommuni cations 10 signal fromthe tel econmunications network into-

e.g. the prerqn%q' f a}% [ sa_L.g,. the c ni.cations. may be

bi -directional. E}?ﬁnﬁt léi?;ﬁél |%/ ffg.l\%%n?m%%§§ the s%%f"lpgan%ﬁ si on

network i.e. fregaenset voldcontiniicatrebagoBiYAALA t® Paskd beR Gl Kaid

external to any buildi ng or prem ses such as an office or house. Inside
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In a further aspect, the present invention provides a

method of transuiitting a tele_cbmmunications signal

between a pair of buildings, including the steps of

transmitting the signal from a first building along an ‘
10 external power cable for .supplying mains power to the

first buiiding, followed by transmitting the signal along

a section of broadband telecommunications network,

followed by transmitting the signal along a second

external power cable for supplying mains electrical powei:‘

15 to the second building.

Preferably the telecommunications signal has a carrier
frequency greater than approximately 1MHz. The carrier
frequency may in fact be less than 1MHz ie. 800kHz or
even as low as GOOkHz, but as it is reduced so is the
20 bandwidth. The terin "carrier frequencj" refers to the
unmodulated frequency or frequencies of the carrier
signal(s), and not to the frequéhcy of the

telecommunications signal or signals once modulated.

A plurality of telecommunications signals may be

25 provided, each having different carrier frequencies.

The power network may include one or more phases, and may



networ ks are currently available in nost major countries. However
typical Iy, WAt est cost and i nconveni ence associ at ed wiRGHEBI5Poss3

f el ecomuni cations networks is not 25 the initial installation of the main
network but the connection of the main network to the prem ses of users.
The present invention allows the existing power 5 distribution networks
(which commonly feed into nost suitable 8renises) to be used to connect the

exi sting tel econmunications network to the desired prem ses. Thus the
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tel econmuni cabi ons NI VI K 71 @V opiete s TYP AR ent (i HSI8ACERe
bet ween the existing tel ecomiunications network 1nfrastructure and
t he prem ses hetwbrkhmay iscleder differbatcnomberedofspBlses. Therefore
br oadband t el econmuni cati ons signals may be .
Preferably the power network is a single phase network
5 e.g. consisting of one or more single phase cable(s)
connecting one or more customers building(s) or premises

to a main polyphase (e.g. 3 phase) portion of the

electricity distribution network.

The broadband telecommunications signals are taken e.g.
10 wvia a tap, from the main broadband distribution network
{e.g. coaxial or fibre cable) via a suitable interface
unit and fed into the customer's single phase cable via
a suitable conditioning unit. The signal may be

amplified if necessary.

15 Preferably the power network is unbalanced i.e. provides
unbalanced transmission characteristics. The cable(s) of -
the power network may be screened or clad e.g. with a
suitable metal material, which enables the cable to
behave as a pseudo-coaxial element to provide an

20 unbalanced transmission network at the transmission

frequency of the present invention.'

Preferably the power network is a major (e.g. overground
and/or underground) power.network including e.g. any or
all of 132kv, 33kV, 11kV, 415v and 240v sections. The
25 voice and data signals may be transmitted over any or all

of the sections of the power network by  suitable
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attenuation I osses having any significant effect. Prefera sent
i nvention further includes satellite recei ving nmeans for

recei ving 15 tel ecommuni cations signals froma satellite transmitter,
wherein a tel ecommunications signal is gransmssible fromsaid satellite
transmtter to said plurality of premses via said satellite receiving

means, said geeldc@iosf, braagdbagd £€i6ﬁ0“"%&{aﬁﬁ}i 0 LK @and $gid power
20 cables.. Alternativelygor agditional y, the sa@%ﬁ%ithF%Ceiéﬁ g nmeans

may be repl acgdnsrodustlioneasedndy wheheneteksagyuuni cati ons si gnal
recei ving neans, such as a TV aerial, telephone connection, data
connection, etc. Preferably, the network includes a plurality of interface

25 units, eagh ¢f | b AU T | cl ng_Qf,sai d power cables
to said section of broa aﬂméte é%%%#inica{|6%?E%§?wg?€%l%%bﬁﬁofa§3id
I nterface uniprevided i.e. signals may bg_transmitted and/or received

5 1in all directions simultanecusly.

A network accofding to the present invéntion may be used
for many speech and/or data transmission purposes, such
as remote reading of electricity meters, remote banking
and shopping, energy management systems, telephony
10 (voice), switched telephony, security systems and/or

interactive data services, multimedia services and

television.

The present invention also provides a communications
apparatus (known hereinafter as a "network conditioning
15 unit") for use with a network according to the above
aspects of the present invention. ‘The network
conditioning uniﬁ includes a low pass filter portion or
portions for_ filtering out the low frequency high
amplitude mains powér signal i.e. separating it from the
20 telecommunications signal(s) and'allowing it to pass
through the conditioning unit. The unit also includes a
high pass coupling element for input and removal of
telecommunications signals from the network .and,
preferably, a terminating element of similar impedance to
25 the characteristic impedance of the network at that

point.
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t el ecommuni cations signals to pass between said section of broadban

I el ecomuni cati ons network and said power cable, and for preventing | ow
frequency nmains 5 electrical power signals from passing therebetween. In a
further aspect, the present invention pregvides a nethod of transmtting a
t el ecommuni cati ons signal between a pair of buildings, including the steps

of Lransim {1 nhd hiudti3budt OFN dnt " shabibh Ichd 3t AR0aEN 18 reBtkaERAl

power cable for supplying nmains power to the first ng,

transmtting ttedesiogminiziadrigns sedigmalsof do oanbdandcbatambnavai caheons
network, follgwed by transmitting the signal along a second external power
cabl e for sup&qﬁ%ﬁﬁl i1 SY_ttaTR LRI (PASSeRt { kSide oRdPEEMLaEHy.

Preferably the{£60 QNI A0 RIuT B2 385 theCahte®hal low voltage

5 premises wiring do not contaminate or corrupt the high
frequency telecommunications signals being transmitted
over the external electricity transmission and/or

distribution network.

Preferably, the variable electrical loading effects (i.e.
10 the load impedances) of all items which are céupled onto
the network, from time to time and which utilise
electrical energy (i.e. the electrical 1loads) are
isolated from the communications signals by the action of

low pass filter element(s) of the conditioning unit(s).

15 Preferably an electrical filter is used at the interface
between the external distribution network and the
internal network of the premises, e.g. a house, of a user
to ensure that the two signals are separated. Such a

filter should have minimalleffect on the normal domestic

20 electricity supply.

The filter element of the present invention, which aims
to reduce telecommunications signals entering the
internal network of a users premises, preferably has no
more than 1 volt dropped across it whilst supplying a

25 100amp load from a 240v, 50HZ, single phase source.

Preferably the network conditioning unit provides



frequency t han approxi mately 1MHz. The carrier fr in
fact be Iggé%?%gﬁslh+h I e. 800kHz or even as |ow as 600kk&$q%ﬁ9&§@&?¥ S

reduced so is the 20 bandwidth. The term"carrier frequency" refers to the
unnmodul at ed frequency or frequencies of the carrier signal(s), - and not
to the frequency of the tel econpgini cations signal or signals once
nodul ated. A plurality of telecomunications signals my be 25

rovi ded, eag ' | t | £k, ] . twor k may
el Ude. one. el Bt LRLEY poiser s BT el e ey IBRE i g
e.g. any one axd nothe ofpcer3, networki et c yd#Idonallbi f theenhegfokicons of

the network may j.nglude different nunbers of phases. Preferably the power
network is a tdOPRIURLE A% IRTTYy fuddndpadi ay fAulheusrensr atsi ngl e

phase cabl e(Yower frequencies whilst still carrying the voice and

5 data signals.

In a further aspect, the present invention.proVides a

method of signal transmission using a network as

described herein.

Where signals are being transmitted along a polyphase
10 (e.g. three phase) electricity power cable, thé signal
propagation may be between any or all of the phases and
ground. 1In a preferred embodiment the signal is injected
between oniy one of the phases and ground, which also
provides unbalanced transmission characteristics and the

15 cable behaves as a pseudo coaxial transmission line.

Where signals are being transmitted along a single phase
electricity distribution service cable a pseudo-coaxial
effect may also be obtained. Single phase cables may
typically be either concentric or split-concentric. Ih
20 the case of a spiit-concentric cable, means (such as a
capacitive .coupling' between the parts of the split-
concentric sheath) may be provided so that at the desired
frequency the cable behaves as a standard concentric
cable. Thus a pseudo-coaxial effect is achievable and

25 the cable provides an unbalanced transmission

characteristic.



bconnecting re customers building(s) or premses to |
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pol yphase ( phase) portion of the electricity distrib net'wor k.
The broadband tel ecommunications signals are taken e.g. 10 via a tap, from
the mai n broadband distribution network (e.g. coaxial or fibre cable) via a
suitable interface unit and fed into theustonmer's single phase cable via
a suitable conditioning wunit. The signal may be anplified if

necessary. 1oAPRAIA abliigd NG e PR HEMOTd IRl AN cotlln S OyhLCS

unbal anced transm ssi on aracteristics. e’ power network

may be screenatdadlabllad efgr Wude a stthabl €leetelcimy er ippwerwhi Thnenabl es
the cable to behave as a pseudo-coaxial element to provide an 20 unbal anced
transm ssi on FEMABRRCALiPRe EREASMSEIDN aXEQRS Cc Ppositlagdopr egerhods

entt o o SheISAG M MGt TSDIALESE, SoHLET {fthe ORI
415v and 240vveegiyaNSsidéBand, pulse position , width and amplitude;
frequency shift keying (FSK), Gaussian filtered FsSK
(GFSK) , Gaussian minimum shift keying (GMSK), Quaternary
phase shift keying (QPSK), Orthogonal quaternary phase
shift keying (OQPSK), Quadrature amplitude modulation
10 (QAM), Pi/4 QPSK etc, together with various multiplexing,
duplexing and multiple access techniques including
frequency (FDM) (FDD), time (TDM) (TDD), code division
(CDM) (CDMA) etc. It has been determined that the spread
spectrum method offers inherent security and good
15 interference rejection characteristics. These properties
are achieved using a large bandwidth and hence requires

the design of a specific filter.

A large number of standard cordless telephone

communication techniques may be suitable for effecting
20 signal transmission over a conditioned network. Suitable

standards may be CTO, CT1l and CT2, AMPS, DECT (Digital

European Cordless Telephone Standard), 1S-54, IS-95, GSM,

Q-CDMA, R-CDMA, UD-PCS, PHS, PACS, TACS, ENTACS, NMT450,

NMT500, C-450, RTMS, Radicom 2000, NTJ, JTACS & NTACS,
25 DCS 1800 etc.

The network conditioning unit preferably includes a low
pass filter comprising a main inductor arranged between

a mains electricity input and a mains electricity output



25 voi ce oy odpdsdeSi gnals may be transmitted over any or alg 45@5‘893
sections of the power network by- suitable 8 detection, a ? I cation

and/ or regeneration and reintroduction as and when necessary. In a
preferred enbodi nent, full duplex facilities are provided i.e. signals may
be transmtted and/or received 5 in alfadirections sinultaneously. A
network according to the present invention may be used for many speech.

and/ or dat a afi@nsgbankeelU’ RRSCeacH!IClems ENDE&F agbN00 Blgghricity
meters, renote banking and shoppi ng, energy managenent systens,” tel ephony
10 (voi ce), ineyk {eneput el tpdowhichséguarrangedt éns pardlaeli moerchet i ve data

services, nultjnedia eLvL%es.and tel evision. _The present invention also
provi des a cTﬁﬁRﬁﬂ?%ﬁéiﬁifl Y input and mains electricity output, the

two connections including a first capacitor and a second
5 capacitor each of a predetermined capacitance depending
upon the portion of the frequency spectrum which is to be

utilised for communications purposes.

In this arrangement the main inductor is operative to

preﬁent communications signals from the signal !
10 input/output line from entering the domestic/industrial

premises. This inductor is therefore preferabiy of a

.high inductance such as 10uH to 200uH for frequencies of
1MHz and above.

The first capacitor which connects the mains electricity
15 input and the signal input/output line acts as a coupling
capacitor to allow communication sigmnals through from the
signal input/output 1line. whilst attenuating all low
frequency_components at or about the main electricity

supply frequency (ie., 50/60Hz).

20° The second capacitor arranged between the mains
electricity output and the signal input/output line
provides a further attenuation of communication signals
and is-connected via the signal input/output line to

ground.

25 In the event of failure of either the first or second

capacitor each such capacitor is preferably provided with



appar atus (woosnesserei nafter as a "network conditioning 15 Upétighodisdesise
with a network according to the above aspects of the present invention.
The network conditioning unit includes a | ow pass filter portion or
portions for filtering out the |ow frequency high anplitude mains power
signal i.e. separating it fromthe 20 ti& econmmuni cations signal (s) and-
allowing it to pass through the conditioning unit. The unit also includes a
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signals from wor k an ferabl termnating el enent_of simlar
i npedance to %g8§ EBﬁaraﬁF rls éﬁﬁiesof %Hﬁuﬁz WePRE at 1+R& - poi nt .
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signals do not contam nate
incorporated by prov151on of a second inductor arranged

5 between the connections between the signal input/output
line and the first and second capacitors. This inductor
has no effect on communication frequency signals but will
provide a path to ground if the first capacitor develops
a fault thereby allowing the first fuse to blow without

10 allowing the power freqﬁency signal onto the signal

input/output line.

The inductance of the main inductor depends upon the
material of which it is made and the cross-section of the
wire wound around the core. The 10pgH inductance
15 previously specified is preferably a minimum and with use
of better core material a higher inductance, for example
of the order of 200uH, can be obtained. Alternatively,

a number of inductors connected in series could be used.

The coupling capacitor has a capacitance preferably in
20 the range 0.01 to 0.50uF and the second capacitor linking
the mains electricity output with the signal input/output
line and ground has a capacitance preferably in the range

of 0.001 to 0.50uF.

The second inductor arranged on the signal input/output
25 1line preferably has a minimum inductance of approximately_
250uH. This inductor therefore has no effect on

communication frequency signals on the signal
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sources fromthe internal |low voltage 5 prem ses wiring do not contam nate

or corrupt the hi.gh frequency tel econmuni cati ons signals being transmtted
over the external electricity transm ssion and/or distribution network. '
Preferably, the variable electrical |odading effects (i.e. 10 the |oad

| npedances) of all itens which are coupled onto the network, fromtine to
time and whi dnpuyti/puspusl ddnei.calheneogsiu¢tor. usbd ebecdnseahct Ogikls) are

isolated fro he GO ni cati.on iignal s by the action of |ow pass filter
el ement (s) gy%“ﬁe tﬂrorﬁhr?&sl&iihge 593 i%f#%%%mabm;oaﬂ-%%tcf@mwl filter

Is used at t lant @f a et 1=t h na | SLEri Il op_netwrk and the
i nt er nal netaSFE ofbthggg?enggggF esgségﬁ%ouégghgé apﬁéerg%%P%#E&R% t hat
the two si gnehpaaitoxefiaidt ed. shSuthchréulit ceoslipeisn have ninimal effect on
the normal donestic 20 electricity supply. The filter elenent of the
present invention, which ains

S Preferably, any spurious se;f resonance in the inductive
or capacitive elements are avoided. As the lower cut off
frequency of the conditioning unit is increased the
minimum values of inductance and capacitance may be

proportionally reduced. _ '

10 In a preferred embodiment the filter is assembled in a

screened box so as to provide a good earth and prevent

radiation of the communication signals.

In a further aspect, the present invention provides a
signal transmission network including at least one
15 telecommunications network portion and at least one power

transmission and/or distribution network portion.

In a further aspect,'the present invention provides an
'power transmission and/or distribution network including
input means for the input of a telecommunications signal
20 onto the power transmission network, (e.g. an electricity
transmission and/or distribution network) from a
telecommunications network, and output means for removal
of a similar telecommunications signal from the power

network.



to reduce t ¥ @RI cati ons signals entering the internal nelcdRigosabsed
users prem ses, preferably has no nore than 1 volt dropped across it whil st

supplying a 25 100anp | oad froma 240v, 50HZ, single phase source.

Preferably the network conditioning unit provides 10 i npedance nat ching
bet ween reception/transm ssion devices ang the power network. ;
Additionally the network conditioning unit may carry full load or fault

current at poven &r€guehereaspeidest tid Idraumty | ifrddt8 ot groiigk S 4at a
signals. In a further aspect, the present invention provides a nmethod of
signal transni €seehricinyg adAstwdbrtisndesnd/oad powsm. YWansmbsspod s are

bel ng transm {Led SLRN By VP 35RRE0 o Shalll °°sREA° HunbleS HASIG Y
chosen from the list 1,2,4,5,6,7,8,9, :....n (where n is
5 an integer greater than 9), but preferably having 1 or 2
phases, and including input means for the input of a
telecommunications signal having a carrier £frequency
greater than approximately 1MHz onto at least one of the
phase conductors of the network and output means for

10 removing said telecommunications signal from at least one

other phase conductor of the network.

In a further aspect, the present invention provides an
unbalanced electricity distribution and/or power
transmission network at least a part of which comprises
15 a clad cable, the network.including input means for the
input onto the network of a telecommunications signal
having a carrier frequency greater than approximately
1MHzZ and output means for removing said
telecommunications signal from the network, said signal
20 being transmissible along said part of the network having

clad cable.

In a further aspect, the present invention provides a
trunk and branch multipoint electricity distribution
and/or power transmission network including input means
25 for the input onto the network of a telecommunications
signal Thaving a <carrier frequency greater than
approximately 1MHz and oﬁtput means for removing said

telecommunications signal from the network.



propagat i og, R between any or all of the phases and grq;toﬁ(f. 3 |
preferred e#@g ?nent the signal is injected between only one o B!Jts{(}g@phases

and ground, which also provides unbal anced transm ssion characteristics and .
the 15 cable behaves as a pseudo coaxial transnission line. Were signals
are being transmtted along a single pHése electricity distribution service
cabl e a pseudo-coaxial effect may al so be obt ai ned. Si ngl e phase cabl es
may typical |l fibeéd eferehexonspacti sher pgisentc dimventtiian proeidesieacase of a

Parts of i ho e LeEE oot e ENEA (RRADE preed CEARRIS8ORhe
pseUdo- comxi o aPTSer| Doa aia oF WRBpCl SR el Bhatag )
unbal anced theanetiwezkoinchadimg einptt means for the input onto the
5 network of a telecommunications signal having a éarrier
frequency greater than approximately'lMHz and output
means for réﬁoving said teiecommunications sigﬁal-from
the network, said signal being transmiss;ble along said

external part of the network.

10 In a further aspect, the present inveﬁtion provides a
method of signal transmission including input of a
telecommunications signal ﬁaving a carrier frequency of
greater than apprdgimately 1MHz onto at least one phase
conductor of an electricity power distribution and/or

15 transmission network, and subsequent reception of the
signal from at least one other phase conductor of the
network, said network having a number of phases, said
number being chosen from t@e list 1,2,4,5,6,7,8,9, ..... n
(where n is an integer_greater than 9), but preferably

20 having 1 or 2 phases.

Any or all of the above aspects may include features

described elsewhere in this specification.

Embodiments of the present invention will now be
described with reference to the accompanying drawings in

25 which:

Fig. 1 1is a schematic diagram of a part of a network



11 A wide rnep9snsshs di fferent transm ssion techniques are avapdpghssioosdsor
use wth electricity power | i ne communi cati on each using various
yrodul ati on nmet hods including anplitude, frequency, phase; single, double
and 5 vestigal sideband, pulse position , width and anplitude; frequency
shift keying (FSK), Gaussian filtered FSl¢ (G-SK), Gaussian m ni num shift-
keyi ng (GVSK), Quaternary phase shift keying (QPSK), Othogonal quaternary

phase shift ke&tegdi@%&)aslsyedéaéﬂr@hewfééw@ {osaafden 10 (QAM, Pi/4

QPSK etc, together with various multiplexing, duplexing and mul ti pl e access
technlques i ncl udi ng frequency (cho (FDD) , tinme (TDM (TDD), code
di vi si on ( n determ_ned that the €$read spectrum

met hod offers Fé eBeﬁ? §%cﬁ?¥?$a%h gbﬁﬂrig ofnferfigisincer?
h h | bandwi dt h d
c aracterlst|g§tﬁeg £sg Qrﬂggﬁgffs af&l %ﬁﬁkéfipg a large bandwi dth an

hence requires e design o spec | arge nunber of
standard cordless telephone

Fig. 3 is a schematic diagram of a second transmission

5 system for a network shown in figure 1;

Fig. 4 is a schematic diagram of a third transmission

system for a network shown in figure 1;

Fig. 5A is a cross section through a typical three phase

cable;
10 Fig. 5B is a section through a typical coaxial cable;

Fig. 6 is a preferred embodiment of a network

conditioning unit used in the present invention;

Fig. 7 is a second embodiment of a network conditioning

unit used in the present invention;
15 Fig. 8 is a plan view of a network conditioning unit;

Fig. 9 is a view of a circuit board for the network

conditioning unit of Fig. 8.

Fig. 10 is a schematic diagram of a network conditioning

unit as used in present invention.



conmmuni caty@osagsni ques may be suitable for effecting 20 k0089
transm ssion over a conditioned network. Suitable standards may Be %TO
CTl and CT2, AMPS, DECT (Digital European Cordl ess Tel ephone Standard),
|S-54, 1S-95,. GSM Q CDVA, R-CDVA, UD-PCS, PHS, PACS, TACS, ENTACS, NMr450,
NMI500, C-450, RTMS, Radi com 2000, NTJ,18TACS & NTACS, 25 DCS 1800 etc.
The network condltlonlng uni t preferably I ncl udes a | ow pass filter

corrprl si ng aFam nlladandolliarawengestdial werh thivd Behem&eici @idyramput and a
mai ns el ectri out put 12, and connected at each end thereof to a
signal inputP ut LﬂetF“I’?r’ék VFPRMLE Z0n4Rg nuRHt | ASpaised dn tthe eresents
electricity i;RRML ggg mains electricity output, the two connections

i ncluding a #lrst capacitor and a second 5 capacitor each of a
predet er mi ned capacitance dependi ng

'Figs. 12A, 12B and 12C show sectional views through a
5 concentric, split-concentric and pseudo-concentric cable

respectively; and

Fig. 13 shows a hybrid network according to an aspect of

the present invention. . _ ' ‘

Fig. 1 shows generally a network 40. Mains eleétficity
10 —enteré the network ffom an 11kV transmission line 42, via
a transformer 44 and onto ; 415v three phase network 46.
The 415v three phase network is supplied to a number of
locations, such as buildings 48. Each of these
buildings may feceive only a single phase electricity
15 supply or alternatively may receive a three phase power

supply.

Voice and data signals may be injected into the network
(or alternatively received from the network) to/from a
telecommunications network (e.g. co-axial, fibre or
20 twisted pair cable), or a further part of the electricity
distribution/transmission network, at an injection point
50, to be transmitted and/or received by users in the
premises 48. These signals may be narrow bandwidth e.g.
telephony signals, or broadband e.g. television signals,
-25 as desired - depending on the attenuation and distance to

be travelled along the power distribution network.



‘upon the pogiggRReak the frequency spectrumwhich is to be utpbiendsbeess
conmuni cations purposes. In this arrangenent the nmain inductor is operative

to prevent comuni cati ons signal s from the signal 10 input/out put
line fromentering the donmestic/industrial prem ses. This inductor is
therefore preferably of a high inductancegssuch as [err] to [err] for
frequenci es of 1MHz and above. The first capacitor which connects the mains

electricity 154 fedenndot bepairgnal thepukdivd pahd! HAEaatommaniaaequal i Ng
capacitor to al | ow communication signals through fromthe signa
i nput / out put Signadsd | Eromt tagusidwhginedueney f r diEncgmpbipodenpower or

~about the main_.electricity.supply_frequen le., 50/60Hz),. 20 Th econd
capaci tor arr dged _ e%lgﬁggné?ﬁgcil%%%Zééi§%$§ﬁﬁﬁﬁﬁ°4mﬁf BFEVSFGhal
i nput/out put 1y}i18; P5OHe eI fé%ﬁ&‘?éi@ﬁiﬁé‘“ﬁhﬁﬁ” 9 : COHRRIAL AL} OoteInal s
and is connected via the signal 1 nput/output |ine to ground.
5 detail in figure 1lla. This network conditioning unit
includes a low pass filter for separating out the two

‘signals.

A further (high current) conditioning unit 51 - shown
also in figure 11b - may be fitted between the
10 electricity and distribution transformer 44 and the
injection point 50 in order to further remove transformer
noise from the condition network 40. The unit 51 is

fitted with a high current inductor.

Fig. 13 illustrates a portion of a hybrid signal
15 transmission network accoraing to the present invention.
A part of a cable 130 of a brecadband telecommunications
network (e.g. a coaxial, fibre or twisted pair cable) is
illustrated running {(for the purposes of this example)
parallel to an e.g. 3 phase electricity distribution
20 cable 132, The electricity distribution network 132 may
also carry telecommunications signals of suitable carrier
frequency and bandwidth, as described elsewhere in this
specification and that of PCT/GB93/02163. The
telecommunications network 130 carries broadband

25 telecommunications signals e.g. television signals.

The telecommunications signals e.g. television signals,

which may be analogue and/or digital format, are input



25 In thewgydpbssgl failure of either the first or second cpepehdtossaCh
such capacitor is preferably provided with 13 a respectrve use arranged
between the first or second capacitor and the . signal’ I nput / out put
| ine. Furthernore an additional safety precaution can be incorporated by
provi sion of a second inductor arrangedap between the connections between
the signal input/output line and the first and second capacitors Thi s

| nduct or has (s efeie¥edy £26ATHAL 041 Mbrgh SAUNGUnS! OASTP Uil pr OV de

a path to ground if the first capacitor develops a fa | owi ng
the first fustoX ofmoml vat poutich dliowofig thee eruernaleqlertyigigpal onto

t he signal ut./ oyt put e inductance of the main inductor depends
upon the mat e‘?’r%ﬁ "B"vﬂrﬁ’?:hn?'fw‘% madé It theCerditicring oyndt w4AR6.

the conditioning unit 136 allows the telecommunications
5 signals to be input onto (or removed from) the
electricity = cable 134 without either the
telecommunications signals entering the electiicity
dlstrlbutlon network 132 or the electr1c1ty signals

enterlng the telecommunications network 130.

10 Similarly telecommunications signals may be input onto
the telecom network from the portion 134 of the

electricity distribution network 132.

If necessary, a coaxial/fibre interface unit 138 and an
amplifier (e.g.'a broadband amplifier)-140'may be used to
15 interface between the telecommunications network 130 and
the conditioning unit 136. The amplifier 140 ma? be bi-
directional (as shown) or uni-directional (in either

direction, as required).

Preferably the portion 134 of the external electricity
20 distribution network 132 is . a single phase cable. ‘This
may be a concenti‘ic single phase cable or a split-
concentric single phase cable set up to act as a pseudo-
concentric cable as described with reference to Figs 123,
12B and 12C. Typically, this single phase cable connects
25 a users premises 142 to the e.g. 3 phase electricity

distribution network 132.



wire woundywois@ydlg the core. The [err] inductance 15pgpR%besbady
specified is preferably a mninmnumand with use of better core material a

hi gher inductance, for exanple of the order of [err], can be obtained.

Al ternatively, a nunber of inductors connected in series could be used. The
coupling capacitor has a capacitance preggrably in 20 the range 0.01 to -
[err] and the second capacitor linking the mains electricity output with

the signal i nmédaudduln lraeandtaeouBdrhpseni 68paLis AGe BY &f ety i n the
range of 0.001 to [err]. The second inductor arranged on the signal

i nput / out put ZBPnditdqnigier abpiltas alé#ni nuwhicbuct ssepaxHEtesmppr oxihent el y
therefore has on co ni cat,i qn

requency  siGHAERmsACRe algrats’ 15 | Fpam) deipuhacEiomy
conduct or usedsighI6PNY UCThuBedistribution of both:electrical energy
5 and broadband telecommunications signals ié facilitated

without mutual impairment gnd without the need for a

further coaxial/fibre link between the telecommunications

network 130 and the user premises 142.

A plurality of such 1links may be made from the
10 telecommunications netwofk 130 to a corresponding
plurality of users premises. Also, the
telecommunications network 130 may be connected directly
to the broadband telecommunications signal(s)
transmitter, or alternatively may be connected via a

15 radio or satellite link 150.

The conditioning unit(s) 136 may be sited e.g. at street
level, such as in a. curb-side pillar or vault and
adjacent to the electricity service position within the
customers premises. The conditioning unit(s) 142 may be
20 sited, for example, near the customers premises or within
the customers premises such as inside a HRC cut-out unit

and/or the electricity meter.

Fig. 2 shows a portion of a three phase network 40 into
which and from which data signals may be transmitted and
25 received using the network conditioning units 52. The
cable of the network is clad i.e. is surrounded by a

sheath 41 e.g. along all or substantially all of its



[err] ind uld be of sufficient cross-sectioned are aul t
current s F"%E’f}ra”fﬁg ap‘%ﬁ%%ﬁgﬁ?g

decoupling capacitor fail to short circui fon. 5
Preferably, any spurious self resonance in the inductive or capacitive .
el ements are avoided. As the |lower cut off frequency .of the conditioning
unit is increased the m ni mum val ues of,, nductance and capacitance may be
proportionally reduced. 10 In a preferiéd enbodinent the filter is

assenbled in ee 0 t rovi de @ good .earth _and prevent

radi ati on of lgﬁéecbmm i%ﬁﬁ’%ﬁ@?gng?g? ?Jr‘sréa]f%%tqfifi ggpgﬁ?’,‘s'{‘ﬁeteﬁfesent

i nvention preykdestaesi gadhol’ QPRAEEST &1 n@ﬁgorﬁeéwgikmhgy)eﬁegﬁgyﬁ. one 15
t el ecommuni cati ons network portion and at | east one power transm ssion
and/ or di st rcondisiomingoniditpS2Ai dre. | nthe fsigrialr issppplied Heetpwesxent

i nvention proyides.an power_ transm ssion and/or distribution network

i ncl udi ng inE ﬁ‘&&ﬁ?‘?cﬁﬁ\fﬁ%ﬁ BTN 428 o FBOWRUNI TR | 'FRRSRSAD 20 onto

the powerstragedl #ayOBhBA! BRM keckfvea BY £h§ChE! £11Yof conditioning
units 52B, 52C and 52D which are connected to the yellow,

red and .blue phases respectively. In_ other  words

transmitted data may be picked up oﬁ any;phaée of the

cable, including the phases onto which the signals were

10 not injected by the transmitting unit. This is due to

ﬁhe _mutual capacitance between the phase conductors

producing an'effectively pseudo-coaxial nature of the

three phase cable. As can be seen, data can be

transmitted and received hy each unit.

15 Each pha_se of the network 40 is shown to include_ a
transformer 43. Typically this is effected by a single
three phase transformer for all three phases, and not by
three separate single phase transformers - although the

latter may be possible.

20 Fig. 3 shows a portion of a three phase.power network 40
into which and from which data signals may be transmitted
and received using four network conditioning units 52.
As shown, the daté signals are transmitted across two
phases of the three phase network - in this case the red_

25 and blue phases.

If one or more phasés are not in use (e.g. the yellow

phase in Fig. 3), the non-used phase(s) may be terminated



transni ssi ogyo @Rgémr distribution network) from a tel eco@EfdioSaisesNs
networ k, and out put nmeans for renoval of a simlar tel econmunications

signal fromthe power network. 15 In a further aspect, the present

i nvention provides an electricity distribution and/or power transm ssion
networ k having a nunber of phases, said &&nber being chosen fromthe |ist
1,2,4,5,6,7,8,9,....n (where nis 5 an integer greater than 9), but
preferabl y halih@iaowid® ahadppropyipte cinpedgncaput Théanmayobet denenput of

a tel ecommuni cati ons_signal having,a carrier fregueng reater fhan
appr oxi mat el y W2 oftf'o Q? I 8_&§Fugﬁe of®1h@ phEst %o_r’r\éggf’&f’%' d‘(""'tr}heanetv\or k
and out put Meagfrfrer LApheIB¥ENeh Sid RlRFAIHeR salik ONSTI SNAloiliel at
| east one ot her phase conductor of the network.
an optimum impedance and ensures that an RF signal which
S 1is coupled between e.g. the red and yellow phases, is not
shunted down by a low impedance transformer connection.
This 1is particularly useful if there is insufficient
inductive reactance at e.g. the yellow phase transformer

connection point.

10 In Fig. 4 an alternative transmission system to Fig. 2 is
shown, in which the data signals are transmitted across
all three phases, i.e. blue, red and yellow, of the three

phase network 40.

Fig. 5A shows a simplified cross section of a three phase
15 power cable 54, including red phase 56, yellow phase 58,
and blue phase 60. Data signals are transmitted between
blue phase 60 and earth 62, and are injected into the
network via network conditioning unit 52. At high
frequencies, the mutual capacitance between the phases
20 effectively produces a short circuit. Therefore, such a
transmission system gives a pseudo-coaxial
characteristic, roughly equivalent to the coaxial cable
shown in Fig. 5B. The mutual capacitance between any two
of the phases in the three phase cable is shown
25 schematically as 64 in Fig. 5A - similar mutual

capacitance exists between other parts of phases.

The basic elements of a network conditioming unit 101



In a furtheiogappegt, the present invention provides an unbapeflegskiooses
electricity di stribution and/ or power transm ssion network at |east a

part of which conprises 15 a clad cable, the network.including i nput neans
for the input onto the network of a tel ecommunications signal having a
carrier frequency greater than approxi npgely 1Mz and out put means
for r enovi ng sai d tel ecommuni cations signal fromthe network, said

signal 20 beiagcdrdirmgT 661 kine adspuriabt pie Pfeddif: nsﬁw@ﬁkiéﬁvhge cl ad
cable. In a further aspect, the present invention provides a trunk and
branch mul ti petlnstaasedr isi F{ggi st¥a land dibandFégspokka andirisll shiown

networ k i ncl uding jnput nmeans, 25 for the input_ontqQ the netwrk of a
teIeconqu(xﬁgéghgﬁéﬁﬁﬂg UL nyS es%%???%&_é?réﬂgeﬁéylngﬁégPEE Lt han
appr oxi mat el yredddetaRd 19Ut Pethe "BEHE: € Qn iy AW BI Al He t ELGSHEPYY ¢aL 1 ONs
signal fromthe network. '
5 be equivalent to a low pass filter 100 and a coupling
capacitor element 102 (which can be considered to be a

.high pass filer element).

The low pass filter element 100 allows mains power to be
supplied from the distribution network to a consumer
10 whilst preventing high frequency communication signals.
from entering the consumers premises. A coupling
capacitor, or high pasé filter element, 102 is provided
to couple the high frequency commuhication éignals onto
the distribution network whilst preventing the mains

15 power from entering the communications apparatus}

The'conditioning unit components may be fitted into e.gq.
an electricity meter case 1located in a 'cohsumer's~
premises, or possibly may'be set into a compartment at
the rear of such a meter. Alternatively the necessary
20 components may be located in e.g. a éustomer's high

rupturing capacity (HRC) fuse or cut-out unit.

" Referring to Fig. 6, an embodimenﬁ of a conditioning unit
(essentially a filter) according to an aspect of the
invention is indicated generally by the reference numeral

25 10 and is connected between a mains electricity input 12
and a mains electricity output 14. A signal input/output

line 16 is also connected into the filter. The mains



16 In a f ur Gpesmasdeect the present invention provides an el eglchicHokidoses
and/ or power transm ssion network at |east part of which is

di stribution

external to a building,

onto the 5 ne
frequency gre

aspect, the p
i ncluding inp
of greater th
electricity p
subsequent re
of the networ

10

15

20

25

twork of a tel econmuni cations signal having a carrier

t he network including input neans for the input

ater than approximately' 1M and output neans for renoving
sai d tel ecommuni cations signal fromthe network, said signal being
transm ssi bl e poweg Shnd ext ar neaniRird foRbemachEOekectBibity buwkher
resent invention provides a nethod of signal transm ssion
FURELY: Rravddimeu @ demestd osiedesit riaiityyy pewear sosrcer ofjuency

' Ly 1Nz I h d
AP RS MR 8Pt 6% ARG ARES) GRENBORBAR, CHATS:

of an

ception of the signal fromat |east one other phase conductor

k, said network having a nunber of phases, said
The filter 10 is assembled into a metal box which

prevents radiation of the communication signals to
externally located appliances and which provides a
connection 18 to earth for the signal input/output line
16. The filter 10 includes a first or main inductor 20

formed of 16mm?* wire wound on a 10mm diameter, 200mm long

-ferrite rod with 30 turns of wire therearound. This

provides an inductance of approximately 50uH. This may
be a minimum for the signal characteristics utilised.
The use of better materials or a plurality of series
inductors would increase the inductance of the inductor

up to, for example, approximately 200uH.

Each end of the main inductor 20 is provided with a
connection to the signal input/cutput line 16. A first
connection 22 between the mains electricity input 12 and
signal input/output line 16 comprises a first or
coupling capacitor 24 having a capacitance of between
0.01 and 0.50uF, and preferably around 0.1u?. This
coupling capacitor 24 is connected to a first fuse 26
which is arranged to blow in the event of failure or a

fault developing in capacitor 24.

A second connection 28 includes a second capacitor 30
having a capacitance of between 0.001 and 0.50uF,

preferably around 0.1iuF. This capacitor provides further



nunber beig n fromthe list 1,2,4,5,6,7,8,9. ..... an
I nt eger grea?eﬂg?ﬁan 9), but preferably 20 having 1 or 2 phaselﬁ’ﬁ%f al
of the above aspects may include features described el sewhere in this

speci fication. Enbodi nents of the present invention will now be descri bed
with reference to the acconpanying drapgngs in 25 which: Fig. 1 is a

schematic diagramof a part of a network 17 accordl ng to aspects of the
present i nvea%wzmaﬁ&a FE Itheé c%iﬁﬁiﬁda&;@ra&&@maq 'sh%&‘t&hgnﬁg ssion
systemfor a network shown in figure 1; Fig. I's a sChematic di agram of a

second transtheseartls axy gremmtonsa nAt necbndhﬁu\smnfmsglpmvideﬂ go 4 is a
schemati c dlggran1of a thigd transm ssion
ow if a fault develops in the second capacitor 30

thereby preventing further unit damage.

5 The signal input/output line- .16 is connected to includes
a second inductor 34 having an inductance of
approximately 250uH minimum. This inductor is pf:ovided
as a damage limiter in the event of failure of the
coupling capacitor 24. 1In the event of such failure this !

10 inductor provides a path to the ground 18 for the 50Hz
mains electricity power frequency thereby blowihg fuse
26. The inductor has no effect on the communication

frequency signals present on the signal input/output line
16.

15 Fig. 7 shows a second embodiment of a filter according to
an aspect of the present invention. The filter 70
includes a pair of inductors L1, L2 arranged in series
between a mains electricity input 72 and a mains
electricity output 74. A preferred value for L1 and L2

20 is approximately 16uH. Connected between the RF input
line 80 and the mains input 72 is a fifst fuse F1 and
capacitor Cl, and connected between the RF input 80 and
ground is a third inductor L3, which acts as an RF choke

and has a typical value of 250uH.

25 Connected in a similar fashich between the connection
point of Ll and L2 and ground is a second fuse F2 and

second capacitor C2. Connected between the mains



'systemfortﬁpgg}%%;k shown in figure 1; Fig. 5Ais a cross sg&}b%gs@%pugh

a typical

coaxi al cabl e;

ase cable; 10 Fig. 5B is a section through atypi

Fig. 6 is a preferred enbodi nrent of a network conditioning
unit used in the present invention; Fig. 7 is a second enbodi nent of a

network conditioning unit used in the present invention; 15 Fig. 8is a

pl an view of a network conditioning unit;

board for the
di agram of a

conditioning unit as used in the present

10

i5

20

25

around 0.1uF and for the fuses approximately 5 amps HRC

{(high rupturing capacity).

The values given for these components are exemplary only,
and different preferred values will be appropriate for

other design frequencies.

Turning to Fig. 8 a typical housing arrangement for a
network conditioning unit according to an embodiment of
the present invention is shown. The main inductors L1
and L2 are housed within a shielding box 90. Various
connections are shown, dincluding a communication
interface port 92 to which a user's communication
equipment would normally be connected. However, as shown
in Pig. 8, this port may be terminated in an impedance

matching port terminator 94.

Fig. 9 shows a circuit board 96 which fits inside the
unit 90 of figure 8 and houses the rest of the circuitry
for the network conditioning wunit of figure 7.
Connections A, B, C, D and E are shown which connect to

the appropriate points of the box shown in figure 8.

Fig. 10 is a schematic representation of a network
conditioning unit 52, showing the varicus building blocks
80-86 of the network conditioning element. To design a
suitable network conditioning wunit, the circuits

represented by blocks 81 and 86 should be high-impedance

Fig. 9 1is aviewof a circuit
t WOl . iLLboni it of Fig. 8.  FEig..1Q i hemat i

TR eGP ERE g HR st 2 reda TeabeRerBRE

Fig. 1la and kHairar eapaesedrand.t hiygi ssher@ite AR ac3 tReEWREK

c
18



I nventi ong, Fi 12A, 12B and 12C show sectional views thr

concentri chﬂss%ﬁﬁs concentric and pseudo-concentric cable rgggggﬁ@g 3y; and
Fig. 13 shows a hybrid network according to an aspect of the present .
.invention. Fig. 1 shows generally a network 40. Mains electricity 10 enters
the network froman 11kV transm ssion pgne 42, via a transforner 44 and
onto a 415v three phase network 46. The 415v three phase network is.

supplied to & Jwaied QvdrOCoheONSequirsdChodmmittiddl s 4SequenEych of
t hese buildings may receive only a“single phase electricity I5 supply or

al t er nat i vel gpemtrunecEg.e 1MHzhaond phave) panér low pimpedarme: @ lameéntat a
signal s may gf %E%ected I nto the ne;mnrk alterpatively received from
0

or
t he net wor k)3% of ¥ FENFRACY ePecBAMII € FFBﬁ%gHEYW3PRP@¥.dFepo§ BRH2)f i bre or
20 twsted #?!rtﬁé@éeéleﬂénésfHE&“EPdﬁé&&rQﬁ tEﬁmﬁhS&&?‘%ﬂB&kS 80
di stribution/transm ssion network, at an injection poin .
5 and 82 should be low impedance coupling elements over the
required communications frequency spectrum and high
~ impedance isqlating elements at the frequency of the

mains electricity supply ie. they are capacitors.

HRC_ (high rupturing capacity) fault current limiting ‘
10 fusible safety links (84 and 85) are provided in series

with elements 80 and 82. An additional iﬁpedance

matching network 83 may be included for connection to a

communications port. This element ma? be external to the

network conditioning unit S52.

15 The optimum values of items 81, 80, 82 and 86 will be

dependant upon factors including:-

a) The required frequency range over which the network is

to be conditioned.

b) The unit length of the network which is to be

20 conditioned.

c) The number and types of loads which may be encountered

on the network.

d) The characteristic impedance of the network_phase

conductors with respect to earth je. conductor outer



50, to be tyk g@g,ggsgged and/ or received by users in the prem sgsr ,ﬁﬁgs,@%se
signals may be narrow bandwi dth e.g. tel ephony signals, or bro an

television signals, 25 as desired - depending on the attenuation and

di stance to be travelled along the power distribution network. 19 In
order to separate the voice and data con®finication signals fromthe |ow"
frequency hi gh anplitude power signal each signal source and/or
destination i eljpransided weHdatd.network conditioning unit 52 - shown in nore

5 detail in figure 11a. This network conditioning unit includes a | ow
pass filter for separating out the two signals. A further (high current)
condi tioning | tmpl a Qur e | d .bet ween t he
10 electr|C|t&Qan %Hﬁg |o%§0$éékso Or Ter %‘ gﬁﬁ %ﬁ% fic devicés.

The network conditioning unit may be filled with air,
inert gas, resin compound‘or oil depending upon the
5 location and load and/or fault current ratings of the
conditioning unit. Also it may be sited indoors, pole
mounted, buried underground or ihserted in street lamp

columns.

Similarly items 81 and 86 may comprise of a number of
10 individual inductors in series, and if no interconnection
is required, for example, on a street light, items 84,

80, 83 and 86 may be omitted.

Items 80 and 82 may comprise of a number of capacitors in
series and/or parallel configuration depending upon
15 working voltages encountered ie. 240, 415, 11kV, 33kV
etc. Alternatively, or additionally, items 80 and 82 may
comprise of two or more capacitors in parallel in order
to overcome, for example, deficiencies in capacitor
design when conditioning a network over a relatively wide

20 frequency range, for examéle 50 MHZ to 500 MHZ.

Furthermore, items 81, 85 and 82 of the network
conditioning unit may be cascaded if required. In a
typical design, the greater the number of cascaded
elements the sharper will be the roll off response of the

25 filter and the greater its attenuation.



I njection.gy in order to further renove transforner t he
_candition ﬁgitdv%v?)z? 40. The unit 51 is fitted with a high curééﬁ?k;oﬁ@&ctor
Fig. 13 illustrates a portion of a hybrid signal 15 transm ssion network
according to the present invention. A part of a cable 130 of a broadband

t el ecomuni cations network (e.g. a coaxggl, fibre or twisted pair cable) is
illustrated running (for the purposes of thIS exanpl e) parallel ‘to an e.g.

3 phase el ectigs {aghst ibBUBbAN 130 able J02ci e opEENST LY disLri but ion

network 132 may al so carry tel econmuni cati ons signals Barrier

frequency andsingiiphase mndentrn.bedsplﬁe%@m@emrritdﬂl@ds pesleligeat Lon and
that of PCT/ GB93/02163. he tel econmuni cati ons net wor k 130
carries br o%ﬁ%t%?@%%ﬁnﬁﬁ?&&ﬂ;éﬁglm gnah st¥pgcal econcensmisi gnal s.

lggl ggtgcgnd/orﬁﬁ gg{}%g%’lf ?r;%gtg qgrgeligﬁgf'i'géo SI aglslz I%gnrsr? tge
5 of a central metallic conductor core (typically
aluminium) 110 surrounded by an insulating layer 112

_(typically PVC). Around the insuiating layer 112 are

laid a plurality of.méﬁallic conductors 114 (typically

copper) over which lies an insulating and protective

10 sheath 116 (typically PVC). 1In use the neutral and earth ‘
are combined in the outer sheath of metallic conductors

114.

A split-concentric cable (as illustrated in Fig. 12B) is
similar to the éoncentric cable except that the outer
15 layer of metallic conductors 114 is split into two
portions - e.g. an upper portion 115 and a lowef portion
117. These portions are divided by insulators 118, 120
and in use the neutral and earth are split so that one

portion of the outer metallic sheath carries only one of

20 them.

In order to maintain a pseudo-coaxial effect in the
split-concentric service <cables at the desired
-transmission frequencies (e.g. above 1MHz) one or more
capacitors 122 may be connected between the upper and
25 lower portions 115, 117 of.-the outer metallic sheath 114.
These capacitor(s) may be fitted e.g. at the termination

and/or conditioning points of the cable.



20 (or renygrfhs m the tel ecomuni cations network 130 ont oy
portion 134 of { %ﬁexternal electricity distribution network %génﬁ§ﬂﬁ$3
conditioning unit 136. The conditioning unit 136 allows the

t el econmuni cations 5 signals to be input onto (or renoved fron) the
electricity cabl e 134 W thout 3ieither - the tel ecommuni cati ons
signals entering the electricity distribution network 132 or the

el ectricity silimatisllerdeerdesn tfront allac doreydiaid aaT el Wiip123¢1i1t@r
Simlarly tel econmunicatjons signals may_be input onto the tel ecom network

fromthe portl%ﬁ1PE9Y%ﬁeq:W?1§PeEﬁﬁ?EF%YEEYs§¢P§%E¢Qﬁ1ﬁﬂﬁﬂﬁ%ﬂ(hﬂyanIﬁ
b d . Q.
br oadband ampls TSt o sBeb R, il B0 raR S, Bl adn °

t el ecomuni catdiiralnet sk dBOs@ndft Beagaadit nalihag eqa'cftﬂ%@tyT @aﬂpl ifier
140 may be bi- directional (as shown) or uni-directional (in &ithe
5

supply without significant loss of power or quality ln

.-.

either signal. Thus the electrzczty distribution and/or
transmission networks can be used for both the provision
of electricity supply and the propagation of broadband
telecommunications signals which may be analogue and/or

10 digital in format.

bn The use of such a filter at each consumer supply point
in a low voltage underground electricity distribution
network providés a conditioned network suitable for the
transmission of high frequency communication signals
15 together with the distribution of S50Hz, 240v single and
415v, three phase electric%ty supplies. The provision of
such a conditioned network constitutes a further aspect

of the invention.

The invention is not confined to the foregoing details
20 and variations may be made thereto within the scope of

the invention.



di rection, wirosj0€sdi red) . Preferably I ' Fn of the.

electricity 20 distribution networ km n mmum"‘ﬁ Ilphase cg(ﬁlgﬁ h?gs? may
be a concentric single phase cable or a®sptit"™ conéentric single phase
cable set up to act as a pseudo- concentric cable as described with
reference to Figs 12A, 12B and 12C. Ty@zally, this single phase cable -
connects 25 a users premses 142 to the e.g. 3 phase electricity
distribution network 132. ;. 21 Located in or near the user prem ses 142
may be a second conditioning uni t 144 whi ch separ at es t he
t el ecommuni c &kbdMNEisi gnal s 146 fromthe electricity supply 148. Thus
distribution of both electrical energy 5 and broadband tel econmuni cati ons
signals is facilitated wi thout mutual inpairment and without the need for a

1. A network linking a plurality of premises (142),

comprising:
a section of broadbanq telecommunications network
5 (130), and
a plurality of elect;ical power cables (134) each
connected to a respective one of ‘the premises for
supplying mains electrical power thereto, ' ‘
each of said power cables also being connected to
10 the section of broadbénd telecommunications network so
that telecommunications signals are transmissible between
the section_of broadband telecommunications network and
each of said power cables,
wherein a ;elecbmmunications signal is transmissible
15 to and/or from said plurality of premises by being
transmitted along . the section of  broadband
telecommunications network and also along the respective

power cable of each of said premises.

2. A network according to Claim 1 further including
20 satellite receiving means for receiving
telecommunications signéls from a satellite transmitter,
wherein a telecommunications signal is transmissible from
said satellite transmitter to said plurality of premises
via said satellite recéiving means, said section of
25 broadband telecommunications network and said power

cables.
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further coaybakmdsspre |ink between the t nepeRERoslodsezand
the user prem ses 142. A plurality of sﬁlﬂlﬂmm&ﬂﬂﬂmﬂd?f ron?t he 10
tel ecommuni cations network 130 to a correspdnditng®plirality of users
prem ses. Al so, t he tel econmuni cati ons network 130 may be
connected directly to t he br oadband33 t el econmuni cati ons signal (s)’
transmtter, or alternatively may be connected via a 15 radio or satellite
link 150. The3 condA tnetwork atccrsling3Gonayalim si b£dCEafm AtirdIwkEind evel ,
such as in a cur? side pillar or vault and adjacent to the electricity
servi ce posit®oR-WF ?%%Hytﬁé dpseshars préfBsesachefcadid iiomanfand t (s)

142 may be 20 he custo rs pem ses_of W thin the
custoners prem sesq:sc‘lffé1 g‘@@# of %?écﬁﬁwecﬁjt gﬁdf%?‘ (FRSAR v ci ty
meter. Fig. 2oshpweadbhaat lt@le@fomumrc%%m%éwmk d8chnbg Wi and
from which data signals may be transmitted and 25 recei ved usi ng the

net wor k coddiinterfaceniundts? imhaiding high pass filter means for

allowing high frequency telecommunications signals to
pass between said section of broadband telecommunications
network and said power cable, and for preventing low

frequency mains electrical power signals from passing

10 therebetween.

4. A network according to any one of the above claims
wherein said electrical power cables are entirely

external to said plurality of premises.

5. A network according to any one of the above claims
15 wherein said section of broadband telecommunications
network includes any or all of fibre optic, twisted pair

or co-axial cable.

6. A method of transmitting a telecommunications signal
between a pair of buildings, including the steps of:

20° (I} transmitting the signal from a first building along
an external power cable foi supplying mains power to the
first building, followed by
(ii) transmitting the signal along a section of broadband
telecommunications network, followed by

25 (iii) transmitting the signal along a second external
power cable for supplying mains electrical power to the

second building.
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cabl e of ofRkyPrk is cl ad i.e. | s S mmllﬂ Meat Pc‘f' BOs/6bs03| ONg
all or suysk?ant%ﬁjl y all of its Hmﬂn um‘ ata s?gna S
could be transnmitted onto the yeIIOM/phasé oft t Me hetWor k by net wor k
conditioning unit 52A i.e., the signal is applied between the yell ow phase

and earth as shown.' The transmtted 34 data may then be received by any
or all of conditioning units 52B, 52C and 52D which are connected to the
yell ow, red and bl ue phases respectively. In other words transmtted

data nmay be picked up on any phase of the cable, including the phases onto
whi ch the 5|§nalSAWQﬁﬁhQQ)Ofn§Fanﬁmb%ttmglg/Qei§Cpmanamcat1¢@pLﬂmgnal This is

due to the nutual a en t he ase conductors producing an
ef fectivel y PSEOHBE %§ § ?ﬂﬁ e??&?tEgﬁecﬁﬁﬁésrcgﬁﬁguenCYA§fncan be
seen, data g£88 é@iecommunlcatlons signal is at least 1MHz.
8. A network.substantial%y as herein described with
5 reference to Figure 13 of the accompanying drawings.
9. An electricity distribution and/or power

transmission network having a number of phases, said
number being chosen from the list 1,2,4,5,6,7,8,9, ....n
(where n is an integer greater than 9) and including
10 input means for the input of a teleéommunicatidns signal
having a carrier frequengy greater than approximately
1MHz onto at least one of the phase conductors of the
network and' output means  for removing said

telecommunications signal from at least one other phase

15 conductor of the network.

10. An unbalanced electricity distribution and/or power
transmission nétwork at least a part of which comprises
a clad cable, the network including input means for the
input onto the_netwdrk-of a telecommunications signal

20 having a carrier frequency greater than approximately
1MHzZ and :output means for removing said
telecommunications signal from the network, said signal
being transmissible along said part of the network having
clad cable.

25 11. A trunk and branch multipoint electricity
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the perimokookds i s
ected by a single

t hree phase transfornmer for:all three phases “an8 nbt by three separate
singl e phase transforners - although the latter may be possible. 20 Fig. 3
shows a portion of a three phase power nggwork 40 into which and from which

data signals may be transmtted and received using four network
condi tioni ng udistribuitiAm dder pbRedateafb@lnalSorl e twsts MiddIRMiag 0SS
two phases of the three phase network - in this case the red 25 and bl ue

phases. |f onelRPUfpreaskmsdPrar hgot ihputiseoibog. thde nattwark phefsea n Fi g.

3), the non- usedlgg n%gra%%ag:&:}/orpse ggrggaaathav1n92% tga {'Jc.)gzl'defr%nquapproml ate

i npedance.

Thi's

5

10

15

20

greater than approximately 1MHz and output means for

removing said telecommunications signal from the network.

12. An electricity distribution and/or power
transmission network at least part of which is external
to a building, the network including input means for the
input onto the network of a telecommunications signal
having a carrier frequency greater than approximately
1MHz and ocutput means for removing said
telecommunications signal from the network, said signal
being transmissible along said external part of the

network.

13. A method of signal transmission including input of
a telecommunications signal having a carrier frequency of
greater than approximately 1MHz onto at least one phase
conductor of an electricity power distribution and/or
transmission network, and subsequent reception of the
signal from at least one other phase conductor of the
network, said network having a number of phases, said
number being chosen from the list 1,2,4,5,6,7,8,9, ....n

(where n is an integer greater than 9)
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using an "L"woigsees3s i.e. a series inductor with a shunter cgPgg n
the transfornmer side. This provides an optimum i npedance and ensﬁ?%@ﬁ¥$%ﬂ
an RF signal which 5 is coupled between e.g. the red and yel | ow phases, is
not shunted down by a | ow i npedance transforner connection. This is
particularly useful if there is insufficient inductive reactance at e.g. -
t'he yel | ow phase transformer connectiddldoint. 10 In Fig. 4 an alternative
transm ssion systemto Fig. 2 is shown, in which the data signals are
transmtted across all three phases, i.e. blue, red and yellow, of the

t hree phase network 40. Fig. 5A shows a sinplified cross section of a three
phase 15 power cable 54, includi ed phase 56, yell ow phase 58, and bl ue
phase 60. Data signals are transhﬁg(édlbetmeen bl ue phase 60 and earth 62,
and are injected into the network via network conditioning unit 52. At

hi gh frequencies, the nutual capacitance between the phases 20 effectively
produces a short circuit. Therefore, such a

40
Ny I ]

43

e
N\

I Network
48— conditioning
[ elements
| 1
52 .
L
)
48

5 52
Injection \
Point — | 415 v 3 Phase
—— 46
50
@ o H

11 kv ‘—_42
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transm ssi orwo 952953 em gi ves a pseudo- coaxi al characteristic
roughly equivalent to the coaxial cable shown in Fig. 5B. Th Qﬁﬁ%%$mﬂn
capaci tance between any two of the phases in the three phase cable is shown
25 schematically as 64 in Fig. 5A - simlar nutual capacitance

exi sts between other parts of phases. The basic elenments of a network
conditioning unit 101 24 accordigglko one aspect of the present
invention are illustrated in Figs. 1la and 11b. Figs. 1la and 11b show
conditioning units as designated 52 and 51 in figure 1 respectively. The
conditionin% unit can be consjdered to 5 be equivalent to a | ow pass filter
100 and a c@uplfing capacitor glenment 102 (wiich:can be considered to be a
hi gh passifEIer el enent). Thej |l ow pass filtgr fkenent 100 al leyws mains
power to bew A i r=

% % Ty =

Transceiver/
Modem

40
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Speech/Dala out
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Modem
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supplied frowddsmegiest ri buti on network to a consunmer 10 whilst preventing
hi gh frequency comunication signals from entering the con8§ 5/00893
prem ses. A coupling capacitor, or high pass filter elenent, 102 is
provi ded to couple the high frequency conmunication signals onto the

di stribution network whil st preventing the mains 15 power fromentering the
conmmuni cations apparatus. The condif}pping unit conponents may be fitted-
into e.g. an electricity neter case located in a consumer's

prem ses, or possibly may be set into a conpartnment at the rear of such a
nmeter. Alternatively the necessary 20 conponents may be located in e.g. a
custoner's high rupturing capacity (HRC) fuse or cut-out unit. Referring to
Fig. 6, an enbodiment of a conditioning unit (essentially a filter)
according to an aspect of the invention is indicated generally by the
reference nuneral 25 10 and is cqqquged betweén a mains electricity input
12 and a nains electricity output A signal input/output line 16 is also
connected into the filter. The mains

40
33V | 415V/240V
BLUE

T 1 i TN
N 1\ Nl
\ Iy /
=2 § "41 2
|
11kV l{
S
P
RED 2 =2
T~ r‘— f ! * Y XN
N/ | i | i
!
| |
. 11kV | |
]
YELLOW ' k'
\EF/ I ' Earth Y l NI

i
Transcetver/ Transceiver/
Modem

Speech/Data in b Speech/Data out

Speecn/ Dataout

Speech/Data in
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25 power | i m®9R9s86st andard 50Hz mains electricity power suppcy/gRosiisds Ng a
donestic electricity power source of 240v at a maxi mum current of 100 anps
for normal usage. The filter 10 is assenbled into a netal box which 5
prevents radiati on of the comunication signals to externally |ocated
appl i ances and which provides a connection 18 to earth for the signal

i nput/output line 16. The filter 10 #At4udes a first or main inductor 20
formed of [err] wire wound on a 10mm di aneter, 200nmlong 10 ferrite rod
with 30 turns of wire therearound. Thi s provides an inductance of
approximately [err]. This may be a mnimumfor the signal characteristics
utilised. The use of better materials or a plurality of series inductors
woul d i ncrease the inductance of the inductor 15 up to, for exanple,

approximately [err]. FIG.4 _
° 40
33KV C{/ 415V/240V
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v .
BLUE Ao — —
L. S :‘ L__h N/
4 —1
il
il
11kV ' l
|
/& 1 2\
RED
ar.m i l D
N~ = i = -7
l
|
ukv |
b
i
YELLOW = lt %
) Pavom !__}/ i ™ C;D
N/ : -
R e Y M
—L |
L | !
Transceivers ; Transceivers
Modem : Modem
1
Speech/Data in ' ! l ‘e Speech/Data out

Speecn/Data our Speecin/Datain

SUBSTITUTE SHEET (RULE 26)



Each end of wbes2essé i nductor 20 is provided with a connecti
signal input/output line 16. A first connection 22 between t?ﬁn%ﬁsnﬁs”

el ectricity input 12 and signal input/output I|ine 16 conprises a first
or 20 coupling capacitor 24 having a capacitance of between 0.01 and [err],
and preferably around [err]. This coupling capacitor 24 is connected to-a

first fuse 26 which is arranged to bbgmin the event of failure or a fault
.devel oping in capacitor 24. 25 A second connection 28 includes a second
capacitor 30 having a capacitance of between 0.001 and [err], preferably
around [err]. This capacitor provides further 26 attenuation of the
communi cation signals by shorting to the earth or ground 18. A second fuse
32 is provided to blowif a fault develops in the second capacitor 30

FIG.5B
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“thereby preygbiddasy further unit damage. 5 The signal input/ ROIpERISIONEN 16
is connected to includes a second inductor 34 having an inductance
of approximately [err] mninum This inductor is provided as a danmage
“limter in the event of failure of the coupling capacitor 24. |In the event
of such failure this 10 inductor provides a path to the ground 18 for the
50Hz mains electricity power frequehAd¥4thereby bl ow ng fuse 26. The

i nductor has no effect on the comruni cation frequency signals present on
the signal input/output line 16. 15 Fig. 7 shows a second enbodi nent of a
filter according to an aspect of the present invention. The filter 70
includes a pair of inductors L1, L2 arranged in series between a mains
electricity input 72 and a nmains electricity output 74. A preferred val ue
for L1 and L2 20 is approximately [err]. Connected between the RF input
line 80 and the mains input 72 is a first fuse F1 and capacitor Cl, and
connected between the RF input 80 an?IG 6
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ground i s aW@P¥¥SInductor L3, which acts as an RF choke and peascysioysdscal
value of [err]. 25 Connected in a simlar fashion between the connection
point of L1 and L2 and.ground is a second fuse F2 and second capacitor

C2. Connected between the mains 27 electricity output 74 and ground
is athird fuse F3 and third capacitor C3. Typical value for the capacitors
is around [err] and for the fuses approZVhﬁtely 5 anps HRC (high rupturing
capacity). 5 The values given for these conponents are exenplary only, and
different preferred values will be appropriate for other design
frequencies. TurningXo Fig. 8 a typical housing arrangenent for a network
condi ti oning unit acEBrding to an enbodi mnent of 10 the present invention is
shown. The main inducfors L1n >

F1G.7

500 TERMINATION IN PLUG
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and L2 are lwooigemsyw thin a shielding box 90. Various connecti re
shown, including a comunication interface port 92 to mhi?ﬁagnﬁ§3?m§
comuni cati on equi pnent would normal |y be connected. However, as shown 15
in Fig. 8 this port may be term nated in an i npedance matchi ng port
termnator 94. Fig. 9 shows a circuit board 96 which fits inside the unit
90 of figure 8 and houses the rest of tQ?1ﬁircuitry for the network
conditioning unit of figure 7. 20 Connections A, B, C, D and E are shown
whi ch connect to the appropriate pointsAf the box shown in figure B. Fig.
10 is a schematic representation of a ngtwork conditioning unit 52, showi ng
the various buil di ng bl gpéee=S0-26—0 Qe _net work conditioning elenent. To -
design a 25 suitable DAnr K ondi tiibning unit, "-oaircuits
represented by bl ocks 81 ahd 86 shoul o |

CONDUCTOR —

FIG.8

COMMUNICA TION 2

NTERFACE PORT ////

COMMUMCATION 94
PORT TERMINATOR

TO MA.C. FUSE Mam U
NCOMING SUPPL Y CONSUMERS
EARTH ro
METER
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28 el ements W@NS2933¢ requi red comuni cations frequency spect rp@tycB8kqodddiZ
and above) and | ow i npedance el enents at frequency of mains electricity
supply (ie. 50/60HZ) ie. these elenents are inductors. Simlarly blocks 80
5 and 82 should be | ow inpedance coupling elenents over the required
comuni cati ons frequency spectrum and hi gh i npedance isolating elenents at
the frequency of the mains electricity Spdly ie. they are capacitors. HRC
(high rupturing capacity) fault current limting 10 fusible safety |inks
(84 and 85) are provided in series with elenents 80 and 82. An
addi tional inpedance matching network 83 may be included for connection to
a communi cations port. This elenent may be external to the network
conditioning unit 52. 15 The optimum val ues of itenms 81, 80, 82 and 86 w |
be dependant upon factors including:- a) The required frequency range over
which the network is to be conditio ,

FlG.9

96
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" b) The unif leenghh of the network which is to be 20 condi t | RCRGBISIOP8IBhe
nunmber and Pypes of | oads which may be encountered on the network. d) The
characteristic inpedance of the network phase conductors with respect to
earth ie. conductor outer 29 electrical sheath. e) The inpedance of the
comuni cations interface devices. The network conditioning unit may be
filled wwth air, inert gas, resin conp¢gQpmigor oil dependi ng upon the 5

| ocation and | oad and/or fault current ratings of the conditioning unit.
Also it may be sited indoors, pole nmounted, buried underground or inserted
in street lanp colums. Simlarly itens 81 and 86 nmay conprise of a nunber
of -

it i ~ o
cm:ﬂt\.i t i 81 : l { -0
: 8 | 8s {
l
|
[ | =] | FIG.10
| | |
l 82 36 | | i
e+ =
(b— COMRURLCATACRS POTT .}
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10 individwaosmsiéctors in series, and if no interconnecti Opcirfposoidsbs €d,
for exanple, on a street light, itens 84, 80, 83 and 86 nay be omtted.
Jtens 80 and 82 nmay conprise of a nunber of capacitors in series and/or
paral | el configuration depending upon 15 working voltages encountered ie.
240, 415, 11kV, 33kV etc. Alternatively, or additionally, itenms 80 and 82
may conprise of two or nore capacitors ftidfparallel in order to overcone,
for exanple, deficiencies in capacitor design when conditioning a network
over a relatively wide 20 frequency range, for exanple 50 MHZ to 500 MHZ.
Furthernore, itens 81, 85 and 82 of the network conditioning unit may be

cascaded i f required. In a typical design, the greater the nunber of
cascaded el enents the sharper will be the roll off response of the 25
filter and the greater Lgs attenuati on.
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éo Figs. 12Avod8fysaed 12C show sectional views through a si ng}cerl‘g%%%? 0
concentric, split-concentric and "pseudo"” - concentric cabl es Tespec ?eely.

A typical concentric single phase cable (as illustrated in Fig. 12A)
consists 5 of a central nmetallic conductor core (typically

al um nium 110 surrounded by an insulating |ayer 112 (typically PVC).
Around the insulating [ayer 112 are laiti2B4lurality of netallic conductors
114 (typically copper) over which lies an insulating and protective 10
sheath 116 (typically PVC). . In use the neutral and earth are conbined in
the outer sheath of netall ié conductors 114. A split-concentric cable (as
illustrated in Fig. 12B) isgsimlar to the concentric cable except that the
outer 15 |layer of netallig=conductors 114 is split into two portions -
e.g. an upper portion 115 a@d a | ower portion 117/ These portions are
divided by insulators 118, 2@ and in use the neut€al and earth are split

so that one -
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portion of tAEO®UIEI6 netallic sheath carries only one of 20 them In order
to maintain a pseudo-coaxial effect in the split-concentric FSAfQRISM@0893
cabl es at t he desired transm ssion frequencies (e.g. above 1MHz) one
or nore capacitors 122 may be connecteq323%meen t he upper and 25 | ower
portions 115, 117 of the outer netallic sheath 114. These capacitor(s) may
be fitted e.g. at the term nation and/or conditioning points of the cable.
31 It will 'be seen fromthe foregoing that a sinple filter is provided

whi ch effectively separates signals having a frequency spectrumindicative
of radio communi cation signals fromthose of standard mains electricity
power 5 supply w thout significant I"8ss of power or quality in either
signal. Thus the electricity distribution and/or

2
lie

o

FiG 12A

1o FiG 128

FIG 12C
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transm ssi owawst28g86ks can be used for both the provision of etegigokbdshy
supply and the propagati on of broadband tel ecommuni cati ons signals which
may be anal ogue and/or 10 digital in format. bn The use of such a filter at
each consuner supply point in a |low vo e underground electricity

di stribution network provides a conditioned network suitable for the
transm ssion of high frequency comruni cation signals 15 together with the
di stribution of 50Hz, 240v single and 415v, three phase electricity
supplies. The provision of such a conditioned network constitutes a further
aspect of the invention. The invention is not confined to the foregoing

details 20 and variations may be nade%%uweto within the scope of the

‘i nvention. 32 3
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1. A net'wor k | p~akd | of prem ses (142), conprising: 5

a secton of brcaﬂﬁﬁkkﬁENENEccﬂﬂpqnlcatlons network (130), -and a. pIuraIity of
‘el ectrical powe connected to a respective one of

preni ses for sugpllyi ' c{rical power thereto, andum ulﬂglluu ﬁim;
entirely external i1y of _prem ses, each of s

al so bei ng conngc Jipn of 3 roadband t el ecommuni cat i ons  net wor k
so that tel ecom 5 are transm ssi bl e between the section of

br oadband t =& ] network and each of said power cables,
wherein a teleconnunlcatlons S|gnal Is transm ssible to and/or fromsaid
plurality of prem ses by being transmtted along the section of broadband

t el econmuni cat.i ona network hbakihgoe PNty 3 premese8Ciiyg) povwer cable

of each of said prem ses. 2. A network according to Claim1l further
| nc| ud| ng CcmprLSLng
5 a section of broadband telecommunications network
(130), and

a plurality of electrical power cables (134) each
connected to a respective one of the premises for
supplying mains electrical power thereto, and each

10 being entirely external to said plurality of premiges,
each of said power cables also being connected to
the section of broadband teleqommunications network so
that telecommunications signals are transmissible
between the section of broadband telecommunications
15 network and each of said power'cables,

wherein a telecommunications signal is
transmissible to and/or from said plurality of premisges
by being transmitted along the section of broadband
telecommunications network and also along the

20 regpective power cable of each of said premises.

2, A network according to Claim 1 further including
satellite raceiving means for receiving
telecommunications signals from a satellite transmitter,
wherein a telecommunications signal is transmissible from
said satellite transmitter to said plurality of premises
via said satellite receiving means, said section of
.broadband telecommunications network and said power

cables.

AMENDED SHEET

Ta T ¢ LrJU 2 1 LT T L0 L0VIIILT— +49 BY 23994465 # 4



pE R 7 e ¥ & e 2

1o & wauy

satellite’

signals froma
s transmissible fromsaid satellite transnmtter to sﬂﬂ,"m,muﬂtmw
prem ses via sai.d.satellite receiving neans, said sectli

t el ecommuni cations network and saig 5E

A network according to CCaiml or Ca
interface units,

TR e R R ¥V RS

123U

i,

TJect Wik wiad olileld 8 wa T LV 1L 0UWI00T? n UT?J‘? ‘J?E <3200 # D

iU

recei ving nmeans for recei ving tel ecomunications

power cabl es. AVENDED"SHEET®
2 i ncluding a plurality of
each of said interface units connecting one of said power

satellite transmtter, wherein a tel ecommunications signal

!

* 33 3.

cabl es to sditd sBCRRNPT AGCGXARBHJCP FEai Pt SLRSMS2 nbagkuddngeach of

cald S Inteff8eaolfilsy bECIHOLPEOL W PAS {ddd Sle TRANS {Ale Ala QM NO NN

frequency tel

comruni I ONS SiI gna O pass

broadband t ghfedreBiitedtingNéne of said power cables to said section

. of broadband telecommunications network, each of said

10

15

20

25

interface units including high pass filter means for
allowing high frequency telecommunications signals to
pass between said section of broadband telecommunications
network and said powar cable, and for preventing low
frequency mains electrical power signals from passing

therebetwaan.

4. A network acecording to any one of the above claims
wherein said section of broadband telecommunications
network includes any or all of fibre optic, twisted pair

or co-axial cable.

5. A methed of transmitting a telecommunications signal
between a pair of buildings, including the steps of:

{I) transmitting the signal from a first building along
an external power cable fo} supplying mains power to the
first building, followed by

{ii) transmitting the signal along a section of broadband
telecommunications network, followed by

(1ii) transmitting the signal along a second external

power cable for supplying mains electrical power to the

second building.
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network and said power cable, and for preventing | ow frequency mains

el ectrical power signals from passing 10 therebetween. 4. A net wor k
caccording to any one of the above clainms 15 wherein said sf"l,lﬁmlﬂnmu"mmm
br oadband tel-ecomuni cations network includes any or all ot/

tw sted pair or co-axial cable. 5. A nmethod of transmtting a t " oo

t el econmuni cati ons signal between a pa#r of buildings, including the steps
of: 20 (I) transmtting the signal froma first building al ong an external
power cable for supplying mains power to the first building, followed by
(ii) transmtting the signal along a section of broadband

t el ecomunifat i oAsmachodral trenEBIREing P selpromunigationsi atgnale si gnal

al ong a second ext.er nal r cable for s | ving mains electrical power to
t he g accor)é:.ng to p&mﬁm 8 % ezein tul?é) garzgz.er requency ofa P

said telecommunications signal is at least 1MHz.

7 A network substantially as harein described with

5 reference to Figura 13 of the accompanying drawings.
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(57) Abstract

A telecommunications network is disclosed for linking a plurality of premises, comprising, typically, a fibre optic or coaxial cable
(130), and a plurality of electrical power cables (134) each connected to a respective one of the premises for supplying mains electrical
power thereto, Each of the power cables (134) is also connected to the fibre optic or coaxial cable (130) so that telecommunications signals
are transmissible between the fibre optic or coaxial cable and each of the power cables. A telecommunications signal is transmissible to
the plurality of premises by being transmitted along the fibre optic or coaxial cable and subsequently along the respective power cable of
each of the premises.




10 having a carrier frequency greater than approximtely 1Mz cihd

out put
net wor k,
net wor k.

t el econmuni cati ons signa

power

nmeans
said signa

" for

r enovi ng

sai d tel econmuni cations signal fromthe
bei ng transm ssi bl e al ong sai d external
15 13. A nethod of signal

part of the

transm ssion including input of a
having a carrier frequency of greater than
approximately 1MHz onto at | east one phase conductor of an electricity

di stribution and/or transm ssion network,

and subsequent

reception of

the 20 signal fromat |east one other phase conductor of the network, said
sai d nunber being chosen fromthe |i st

networ k havi ng a nunber of phases,
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