- 1- CPTICAL FI BER TAP ThIS I nvention relates to a non-destructive tap for-

an opti cal

fiber, and especially to a tap used to provide a node i nele) ?ﬁEWFT\

togdlogy data processing |local area network. In the past few years, as

| arge scal e integration of seniconductor circuitry has nade m croprocessors

and m crocemputers available, there has arisen an increased interest in

met hods '6f. efficient interconnection into what 10 are usually referred to

as IocaI\Q/ea networks. The aimof thel+ocal. _area network is the

connection of data processing nodes (ternlnals conputers, etc.) in such .a

manner that they nmay communicate with each other, sharing resources and
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exchangi ng i nformation. Such n

ow commerci al ly avail abl e

from such nmanufacturers as Xerox Corporation (Ethernet) and Wang
Laborat ori es (#angnec"). Three general classes of physical |ink topol ogies
are enpl oyed for these networks: bus, star, and ring. The bus 20

t opol ogy provi dtsis bnsenhich apdatiess tos @ mos+destrondliver Zrpnifoxi-on

fadlityt
t he bus an
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propaga IF'eéct 1 ons wher'e they

are tern1nat@mdeSuohaarnopoﬁogplmgMuiﬁﬁﬁepxk$§$$éﬂatﬂaenﬁeﬁFENEChanlsn1 25
nodes 3y eepgeied to or deleted fromthe network w thout disruption. In

- the star-topology, all signals fromthe nodes pass through a central point
(the "hub"). The hub nmay be active, and act as a controller: a typical
exanple of this is a tel ephone sw tchboard or PBX; or may be passive, 30
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semiconductor circuitry has made'microprocessors and

. microcomputers available,'there has arisen an increased

interest in methods of efficient interconnection intoc what
are usually referred to as local area networks. The aim
of the local area network is the connection of data
processing nodes (tetminals, computers, etc.) in such a
manner that they may communicate with each other, sharing
rescurces and exchanging information. Such networks are
now commercially available from such manufacturers as
Xerox Corporation (Ethernet') and Wang Laboratorxes*

- (Wangnec*“).

Three general classes of physical ;ink topologies are
employed for these networks: bus, star, and ring. The bus
topology provides a bus which operhtes as a bidirectional
transmission facility to which all the nodes are attached.
Signals from one node enter the bus and propagate down it

- in both directions to its ends, where they are terminated.

Such a topolbgy precvides a passive attachment mechanism:
nodes may be added to or deleted from the network without
disruption. In the star topology, all signals from the
nodes pass through a central point (the "hub"). - The hub

may be active, and act as a controller: a typical example

of this is a telephone switchboard or PBX; or may be passive,
and simply provide a junction for transmissigon facilities to

and from zach node.

[y



~32-In the ring t opol ogy, however,- the' nodes are ‘connected by
unr-diretti.onal transmssion facilities to forma structure with a single
cl osed path. Signals placed on the ring pass fromnode to node and are\5
regefierated as they pass through each node. The attachnment node haglbeen
refefred to as active attachment, enab+2sg all attached nodes to
synchroni zation. A di sadvantage of the ring topology is., however,
addition or deletion of nodes disrupts the.qnetwork: 10 Appr oxi mat el y
cont enporaneously with the increase in netwrRks™as been interest- in optical
fibers as a datag£oyR@INt £74 | O6\F0 &Y IMhowéPbt fathéi REBEsOREer substanti al
‘advant ages over el ectrical] conduciors; farticulatlx IL.n bgngmﬁdtp (enabl i ng
hi gher dat £atartRERHHRiFIRICEIRNAL FRansMmLfPL9n £261LAF PEAr Onoi se |
gr]g:]g]ui r: ng ﬁo]gsus & £d 6 t\@e With pd im%mé closeldapaanes angnEFagLI ity and

Ifficulty copnectji.on. Adequate techni S, ar w_ayal e for

jacketi ni zf(r}'oa%ﬁ e%t%@%i%ﬁ%&f%c%l}’ﬁ%e'?g‘ggb‘:gssgggt ﬁﬁi‘_ hFﬁiey can be used
virtual |y aegowtated asomheyipass 0rcoghueacht node.cabhe, ashdcbesensdinly
as easily | ol qﬁ{gww ial cab s and | S ection
gont i nue-tﬁérypggavse. t i%%ﬁﬁ%n%'p%?p% t%?%e?{:?ggg?‘gggée%%gq gaused as

- the comuniadal iatiiaghad ymedes ot o i mgimeaimr qyoehroaizatiear dAsadvant age of
optical fiharsaditPtdde obVieRe ar{WgleLdSol6PVES, f hEWRAE] NEnERE WRBK, the .
break in.the ring occupied by the detector-dat.a processor-transmtter of
“t hat nodelﬂﬂﬂiQkPWiqqeﬁF*%Fié@d%fi%%d%%nﬁéﬁfFBﬁsbEPﬁeBﬁtfﬂéknodes on

ei\tLher side of the renpved node. For 30 electrical circuitry, this is

conparaidvely f%E%Srgaimately contemporaneously with the increase in

| . netwcrks “as been interest in cptical fiters gs 2 data
communications medium. Optical fibers offer substantial
advantages over electrical cdnductors, particularly in

bandwidth (enabling higher data transmission rates) and
15 in immunity to electrical noise (requiring less shielding).
- Two principal disadvantages are fragility and difficulty
- of connection. - Adequate techniques are now available for
“jacketing and strengthening optical fiber cables so that.
: fhey can be used virtually as easily as conventional
~'20 dommunications cable, and certainly as easily as higﬁ-
. "bandwidth coaxial cable, and techniques for connection
coqtinue*td improve. ' '

It is when an optical fiber is proposed to be used
| . as the communications medium in a ring network that a .
. 25 real disadvantage of opticalifiberé appears. When a node-
o is removed from a ring network, the break in the ring
e . "occupied By the detector-data processor-transmitter of
that node must be filled to establish connection between
the nodes on either side of the removed node. For
30 electrical circuitry, this is comparatively easy: a
' switch can be used to break the line and connect it to
the naode. The deterioration of signal quality when the
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ﬁMAICh can be used to break the I|ne and connect it to the node. The
deterloratlon of signal quality whén the'. -3- node is switched out of the*“f

dﬁ\l ni mal . However, when an optical fiber is used, connectlons_cannot
Jy made and broken. VWhat is desired is an optical fiber 'tap. -
- which,Xwhign 5 it is not actuated, causes essentially no loss in the-
opti cal

I ber and whi ch, . when actuated swi tches as nuch as desired of the
* optical signal into/out of the node. v@ have di scovered that it is possible
to produce a tap for an optical fiber, the tap having an open position 10
in which it does not operate on the fiber and a closed position in which it
"does operate on_the. B p ggables the_non;deitru t|ve t appi ng of an
optical fiPRge E%cﬁ"atF Bdnﬁytbg uSB8, TRBP &Raffpnémey R¥8¥¢%% a | ocal

area net woitenpantoptiealyfaberngst apedogyohaeelt iangachhnot et war k. The

~tap operate en. | p05|t|on by bending the fiber to permt
.the detect?%%l%h ﬁ%bgp |caﬁkgggﬁal passing down the fiber and the injection
of. an optical signal into the fiber. The invention.is illustrated inthe ‘

acconpanyi ng 2%3ér§w agsdgdv‘@écgn':bﬁh'i@ai $18¢% tgs WA e ec! 0sed

.position, Figure ows It I1n i1ts opeh position; Figure ’37s oms a
second® enbbli Hentobfaehuated, caUFﬁsaeFFF§F1&§é¥cﬂ° dinss ﬂﬂvéﬁ@ton provides °

~atap for dptacduf febesl aRdi GREch| PAhent BEthaReBFVeRT tRReBPAS RRATH i ON N
' as desired of the optical signal into/out of the node.

We have discovered that it is possible to produce a '
tap for an optical fiber, ‘the tap having an open position
10 in which it does not operate on the fiber and a closed
posltion in which it does operate on the fiber, which.
enables the non-destruct;ve tapping of an optical fiber.
- Such a tap may be used, for example, in a node in a local
area network, particularly a ring topology local area
15 network. The tap operates, when in its closed position, by
~ bending the fiber to permit the detection of an optical
signal passing down the fiber and the injection of an
optical signsl into the fiber. .

_ The invention is illustrated in the accompanying
.20 drawing, in which Figure 1 shows the tap in its closed
position, Figure 2 shows it in its open position; and
Figure.3 shows a second embodiment of the tap.

-



WhICh It does not operate on the flber and a closed p05|t|on in which it
dozs.. operate on the fiber, conprising: (a) a first bendi ng means t hrougt
mhlch the fiber passes and whi ch has an open position in which the fk h\\\is
not". nt. and a closed position in which the fiber is bent sufficiert g
cause, at | east a portion of an optlcql _Signal passing down the fiber\(t
escape and be tapped fromthe fiber; (b) a detecting neans for detecting
the tapped opt| whi ¢ scaped front he en_it i

mai ntained in a éékﬁ% z’oﬁiﬁf gheptiop Bgﬂdﬁﬂﬁsnéaﬁgp foy S|gnal
attenuat|cnarhuﬁﬁarddxuntmtadoﬁh$&mea¢heftabehawdsg asndpey peaibtiothimugh
whi ch: the f an .o | a ed
portion of *$F3c>t|c naﬁﬂfgggﬁn%n Qﬁ@ @Q%bh gpdbgrﬁfggggtaog?gﬁﬁgted
and a closeknrﬂﬁﬂqn(if|QPQMHQQ¢HQF§ Gﬁtépﬁed Beryi eAmBrighBEspti cal signal
passing through ¢de 4 ifieist Dedditgudleans aﬁdoe@natheanataé ﬂsbaatlng neans
for noving the attenuatlo ans  between its open.,and,clo positions, (d)
a second bendi nd3ii% 2 ‘gdgféﬁ d@ﬁh??r@gﬁpop°gﬁ§l§Fgﬁﬁlwéf?gng i on nean
through whi ch t htd Betbeirs peds dxe ndncvndhiac le loas da ppestiboninnwhichhthée flber

I s bent (and préig e'flb'i)é fb%%ta%nﬁﬁ%i%%'ﬂr' QB 'cQu‘Q/@' o &Q&st ?ebobélgﬁ’t bent

and a cl osed position in the fiber’i sufficient
t-he. injection cﬁ°§ﬂ§QuﬁH§ﬁ£a¥yiﬁﬁﬂah ﬁ?&sﬂﬁg ﬁPU@rthEeflpﬁfeE9|ﬁ@eﬁﬂans for
[ I’lj ectl ng an optdrmdlbesit@piled Tr@ut ttgebcmtbepqy tion of the fiber when it i s

i A R R 2 R = e A
bendlng means betignai twhdiah @p@neseaped from the fiber when it is
maintained 1n a bent configuration by the first bending
-meanSf
(c) signal attenuation means, located downstream of the
first bending means, through which the fiber passes,
~.which has an open position in which an untapped portlon
of the optical signal passing through the fiber is not:
attenuated and a closed position in which the untapped
‘portion of the. optical signa1~passing through the fiber
is attenuated and an attenuator actuat1ng means for -
.moving the attenuation means between its. open and closed
. positions, ' '
P '~ (d) a second bending means, located downstream of the
- signal attenuation means, through which the fiber
‘passes and which has a position in which the fiber is
bent (and preferably has an open position in which the
B fiber is not bent and a closed position in which the
« . fiber is bent) sufficiently to permit the injection of
' an optical signal into the fiber;
a:f’ - (e) injecting means for 1n3ecting an optical signal into
' the bent position of the fiber when it is ‘maintained in
a bent configuration by'the second bending means; and
(f) bender actuating means for moving the first, and
optionally the second, bend1ng means between their open
and closed positions..



and cl osed positions. The invention also provides a fibre optic network,~
pre- ferably a local .area network, especially having a ring topo- |ogy, - =%

.havi ng -\tap of the invention. The invention further provides a nethod of
ta@bi loptical fiber carrying an optical signal which conprises; (a)
behdln re fiber at a first positioh’and detecting a signal which escapes

~fromthe fiber; (b) attenuating the signal in ‘the fiber at a second ,
position t haThé:sinvewmbiom al 39 mxovides Qxhne|amt1an@eapswmeamre# athird

posi i onpopgfh €3 Dy éméamka le il iyl Sl Q1 riR3! thpo-

domnstrean1o he secon position at’ nuatlo takes pl'ate and
i nj ecti noSNot BRYL0H ey tasl? ol the wenpkian.d position. The attenuation
means nmay be physically linked to the first bending nearns and detecting

nmeans so t haThé hinsegtibdn Vhurthdrs preswides fa @ty oft itaplp ihigheanby t he

at t enuat n c tect] Parti.cul_ar

advant agggg ?1%& 84}-,9%{;29 %eéé}eio‘% %45%3‘ mﬁ%‘%% °%p i%lésa '
non-destruct (&&, b¢n@1n!kﬁh¢|fkheﬂeﬁﬁu%ufkr&ian%ﬁRﬁﬂﬁ B@ﬂgﬁﬁt&ﬂﬁlnsed not - be -
broken agdsi@hal mmﬁ@degéhﬁ@bf&ws&,@fﬁtm.t ap, (b) even when the fiber.

I's placed w nthe ta ng, t hrough the bendi ng neans, the tap does
‘not operate g)ast?n%t?'?‘b% i‘%é:a"rf‘ r?qiﬁ'ka]opigh tbi fotadd Serend | -
subst antpasiyiom abaemmtdmstmhmcbmwaﬂm ftia'mt Posittient apd s read| |y
- novabl e P%;\%ﬁg&nlgﬁ Qg@ﬁp&l&,{%ﬁsﬁe ,pcgd& ions,- enabling tapping of the

fiber en desir cause the o tical signals may be passed

through the b@ltbending hkhe | Hiher mto Wey 'f(hﬁtf'Q)fDOtSdé"ifQ'b at is’ o

downstream of the second position at which attenuation takes
place and injecting another optical signal at said third
position.

I'The_attenuation_means may be physically linked to the
'first'bending meanSiand detecting means:so'that the signal
which is removed from the optical fiber by the attenuation
‘means is collected-by the detecting means.

: Particular advantages of the tap of this inventlon

include that (a) it is non-destructlve, i.e. the ‘fiber

remains a eontinuous length and need not be broken and ter-

minated to enable use of the tap, (b) even when the fiber is _
placed witbin the'tap, paseing through the bending means, ~/
the tap does not operate on the fiber when'in its open posi-

tion and there is substantially no attenuation indueed by

the tap, (c) the tap is readlly movable between its open and
'closed posxtions, enabling tapplng of the fiber only:when

desired, and (d) because the optical signals may be passed

through the buffer of the fiber into and out of the fiber,

the fiber need .not be completely stripped and is thus less

subjected to breakage or env1ronmenta1 damage.

Optical fibers for teleeommunications-and data pro-
cessing applications are generally of the glass-on-glass
type, comprising a glass core (through which the optical
signals travel), a glass cladding of a lower



tbe fi ber need not be conpl etely strlpped and i S thus 1 ess subjected to
breakage or environnental damage. Optical. fibers for tel ecomunications and
dat a ro- cessing applications are generally of the glass-on-glass ty
conpr{ising a glass core (through which the optical signals travel.),

gl ass™ cIaddlng of a.lower refractive=6ndex surrounding the core t
"enable-it to act as a waveguide, and a relatively soft polymeric buffer,
general |y of a refractive index greater than the claddi ng, which surrounds
the cladding. A fiber with the buffer 5 r enoved; i.e. a fiber conprising
only core ande £t &6i€livg, 1h6eﬂU€hrmEakeinghahetbersann tnhbilewithta lekf er.

Thi k f est tself , bot b k
when bent | ABUR e EEATHRY 2 E: DnBE R Ry o B bR YRR BY e R G e
better than genemdliyeofdaonefradtiveniindexegreatsrt henr §be- Gdadﬂﬂng,
(because t he,hydy o Y 6uRlisaEe OR10881HGDT ACEEMek! Rethi EnB2bLiIrFlar!y

pyone to, occur at .bends ere m cro-cracks may be formed). Both.of these
factors §|rnRGW¢M9®se¥u¢neBsfbhean9°096hﬂiﬁge°ﬂAVcﬁ°65eP&Fe§16Hd&ﬂ5uffered

fibers, espegd ahbah Wo@ake t tﬁaASthedeéméedxberbexahl | berreneat qelig connect
and dlsconnect an optical coug g i gg n.the caﬁ Elas |c cl ad
silica (PCS)%83KRess %ﬁ?tﬁeﬁF bReLhp FBdaésﬁeEPﬁ I?rFG engdencyse,
and aII-pIas&ncbfebwrﬁhethebﬂf(erbaﬂdecbdddnhgrna;nbcthhd sach. tigihter

e

the tap of t 7 A0\ m or i nj ect si-gnal s into,
an\opt i ¥l famdratbendghcyhbobatfess-Ergoking $herausie thep hyldrofliysic

bnvention ingii ekl §7Cfhe OlnBBPFAELAIFPOSE! 18N paFg L3R rdYRloReS tioO
©  oocur at bends where micro-cracks may be formed). Both of
i these factors limit the usefulness of any technique which
operates on unbuffered fibers, eepecially_when_it is
. 15 desired to:be able to-repeatedly connect and'disconnect
_ an optical coupler or tap. In the case of plastlc-clad
ST silica (PCS) fibers, which are contemplated especially
) for military use, and all-plastic fibers, the buffer and
_ cladding may be the same. The buffer may be surrounded by
”-_20 'a jacket. It is possible, by the use of the tap of this.
1nvent10n, to withdraw signals from or 1nJect signal's into,
‘an optical fiber through the buffer. .

" Figure 1 shows the tap of this invention in:its‘ .
closed, or operating position. The tap comprises two
_ '?5 matching blocks 10 and 12, designed to come together
o . about an optical_fibet 14, along which an optical signal
' may travel in the direction of the arrow. The receiver
S . - section of the tap comprises a first bending mearis
- 16, a first coupling means 18, and a detecting means'ZO,



" .means 32

- 18, .and is then avail a

" 25 natchlng bl ocks 10 and 12, de5|gned to come together about an optical -
fiber. 14, along which .an optlcal signal.may travel in the direction of the“‘*‘

- ar oy receiver section of the tap conprises a first bending neans 16;
a flrst I|ng means 18, and a detecting neans 20,  -7- which nay. be
connect'®¥d Jy a signal line 22 (opticak.or electrical) to a data proeessor,

etc. (not shown). . The transmitter section conprises a second bendi ng mpans
24, a second coupling nmeans 26, and an injecting neans 28, 5 which may be
connected by a signal line 30 to a signal source, e.g. the data processor:

Locat ed beéggﬁn ﬁgebL'EﬁthQQeﬁeﬁgng QS§Q|leq%%n§z!§ %t ighaly ;utenuatlon

as a neans a.seri en ds in the
fiber. 10e1ectrzcaVMehotneda&p sopnssn@,cb¢sed(p@$|ﬁhnvnkx)tﬂkﬁ the fiber

(14 s hel g, DRLugeep! gakt N 2BHp}Essd! ol $380nd BYNAING Medheoimial passing

down t he In t ection he arrow is caused to escape fromthe
fiber by #heeeend RAMALAPEcACARS: RE+f AREr 3y ind@ctiing means ﬁéﬁneans 15

16. ThatypigRakaySbeodBhadcitBobyha degaelli Ndnee3Ts t20 doxszcgnaql i'ng neans
an_ext ernal dEY.I ce.. ,The si %[ remaining in

_the flbersiﬂrﬁéyoﬁdgfthFlF?fabgﬁafﬁﬁsﬁﬁa AEFtES P akyenn ted by
signal atfgnsatand aaﬁnadBBenudngrmuens dsnhusugmaﬂemwaamdduidﬁ) .

original g Qngha??dsﬁoﬁbgﬂ%et gsP . thaﬁS“?‘ér' %%tc'l%

transmtte I'n some “devi e ern ye%othe tap,
passes |nb@ndae;nnﬁbetfngennans 28, and is then |nJected, via seeond -
coupling neans 26, -into fiber 14 where it is-held bent by the second Q_j
10 When the tap is_in the closed position, so that the
fiber 14 is held between blocks 10 and 12, at least a
portion'df a Signél passing down the fiber in the direction
of the arrow is caused to escape from the fiber by the
bend maintained in the fiber by the first bending means
15 16. That signal is coupled into the detecting means 20
' by coupling means 18, and is then available to an external
device. The signal remaining in the fiber 14 beyand the
~ first bending means may then be attenuated by signal
.attenuation means 32, to prevent confusion between the
20 zriginel signnl and = sig=al to be injected into the
fiber by the transmitter. That signal, originating in
some device external to the tap, passes into the injecting
means 28, and is then injected, via second coupling means
26, into fiber 14 where it is held bent by the second
3 'bending means 24. ~The signal then passes down fiber 14
in the direction indicated by the arrow. ' ' ' s

Though the tap has been shown as being bilaterally -
symmetric in éonstruction; such is not. a requisite of the
- invention, and the receiver and transmitter may be
30 independently designed for optimum performance.
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25 . bending neans 24. The signal then passes down fiber 14 in the

' |?éct|on | ndi cat ed by t he arrow. Though the tap has been shown as being
bllaﬁgrally symetric in construction, suchis not a requisite of the
i nvefiti-on, and the receiver and transnitter may be 30 i ndependent | y.
desi gned for optinum perforfance. FP&Ure 2 shows the tap in its opem\_
position. Because the fiber 14 is not bent hy the bendrng means or signal
attenuation neans, an optical signal nmay pass-down jt in the direction of

t he arrOM/substantlaIIy 5 wthout attenuation, as if the tap were not :
present. The benfiligadieul shotwise thebdmap whentmmqnﬁnrkn$mﬁ$qne bent p05|t|on
by the firs C My n I r I nm :
particul arl Eegl’afﬁ’g 8“(1 l?lgsmi'ecq‘JTFL@j @o‘ﬁ‘ bgrﬂ: %fetq.m Xael?ﬁhjen anngéljae bet ween t he
si gnal enteﬂrngleﬂaﬂeaﬁﬁﬁguﬁﬁé°ﬂlHéﬁ"&b {aife optiEHg ARt ARY (ARST angent

to the fibegopAr gtatint mepeurtbcqulnmactth@f atrrtemslmtamﬂ:lamﬁerabl y be
| ess th t he accEDance an i.ber, for gﬁﬂhe | ess than 20

partlcularly"ﬁBPu tFﬁ&ﬁt 8PP]3f51 e§ﬂ&n9§ﬁ3’%ﬁﬂ) AR5 Y err]  The
poi nt "of inpact of the S|gnal is preferably at the p0|nt at which the bend

mai ntained in th r. b b [ t s t t he
S|gnal S preferiB B%"Fe%ﬁ gﬁglgﬁdtgﬁ ggg%%?féﬁﬁ?g?% raig plé@% ffgflber.
‘This'is parbeoulanbytnnpobWaﬁhefGhrBWeOEramﬂﬂﬂdehendﬂﬂg(mﬂﬁﬂﬁrmﬁhknbers
shoul d- (a) EPPer Hgtl? bl 138/ £8Cq sih ! BAdtRRILadlY 4 it I10ddie path of the
optical signal, an |ncrease the ‘proportion of° the signal coupled into
or\put of tﬁéPSEﬂPééN flﬁér mMsach will

10 The angle between the signal entering of.leavinq the
fiber at the bending means and the tangent to the fiber
core ‘at the point of impact of the slgnal will preferably
be less than the acceptance angle of thg_flber,_Far
example less than 20°, particularly not more than 10°,

15 especially substantially 0°. The point of impact of the

' signal is preferably at the point at which the bend
maintained in the fiber by the bending means st:aightehs
out, so that the signal is preferably directed:along;an 
essentially straight piece of fiber. This is particularly

st important for the transmitter. | S

~ The coupling members should (a) conform to the |
" surface of the flber, (b) 119 1n the path of the optzcal
_slgnal, and (c) increase the proportlon of the signal
. i coupled into or‘out of the opt;cal F;ber, Each will _
25 preferably comprise a block of a resiliently deformable
~ polymeric material, such as a polysiloxane, which is B
transparent to the optital signal and has a refréctiye_
index which is preférably approximately equal'to_the
" refractive index of the buffer of the-fibet,'for'eiample
30 within +0.3, e.g. +0.2, especially +0.1, of the buffer
refractive index. The material of the block preferably
has a Young's. modulus less than that of the buffer, for
example less than 107 N/m .



©25 .preferably conprise a bloeck of -a resiliently deformable polyneric
naferjal, such as a polysiloxane, which is transparent to the opti cal
S|gn | has a refractive index which is preferably approximatel y equal
o{th j; ractive index of the buffer of the fiber, for exanple 30 wi t-hi n
[erT] +0.2, especially 0.1, of the buffer refractive index. The
material of the block preferably has a Young's nodul us | ess than that of
the buffer, for exanple less than 107 N nf. “The signal attenuation neans
‘may conprise neans for inducing a series of bends in the fiber, as it is

wel |- known thﬁ%ebgi‘g\hgﬂ eﬁuhﬁstﬁﬁdaesasshqgal:olngeastehﬁ.reeawsorﬁoﬂt s

desirabl e, however tenuat 1 on nean not danage the
fiber, solndueingssgherifgycfaiendswin hber fBbeTwi @F ddsdd ially no

att egfat L@?omeah’téhebéaamg hnrhbsaomeadaoebt bQQnthQo?%pttWﬁi'diﬁ ea?hl 'y
movabl e ween its o cl ose ons an.actuating nmeans is
ot i on 10F d?%%’%£§ E°"B§eﬁerF8F§EE °§Q§8F§ﬁ&| °fﬁ% sol enoi d may
* be bi §Se¢ﬁwhdthat dbnagepthe fobeel,l ;oopaat angdiighadl m&rydpdw power is
appl i ed t€%the g?gag akg ngenQXSFlnaggmg%tgguaﬁqo%theber {, the

opt:i cal Si'gna y pass down the _

' unattenuanem.1$\iuriherOQGOanDagéloh-the tap of this invention is that it ¥
~may be installed in an optical fiber |oop which forns the basis of a ring
network (for exanple, built into a socket box in a weU. in a building

within which t Heeobap shewdd bei pagilyopovabilec hetoeemidtiopest into use
when it igndlesiégddt poaddiangosy hA hBeubtifigahmelahdl. Pdinils motion | W

: 10_ may, For example, be performed by a solenozd.- The

;;%,d‘

. solenold may be oxased such that the tap is normally
open, and is closed when power is applied to the solencid.
In th;s way, if power to the tap is lost, the optical
fxber is released and a signal may pass down the fiber ’
15 unattenuated. ' '

A further advantage of the tap of thzs invention is
.that 1t may be installed in an optical fiber loop which
.forms the basis of a ring network (for example, buil}

-  intn a socket box in 8 wall ‘in a building within which the
20 gptical fiber loop is located) and only put into use when
it ,is desired to add a node to the ring at that point. .
Because the tap may ‘be connected to the data processor of
the node by separate 819"81 lines (e.g. electrical signal
lxnes), add;tzonal slack in the r1ng optical fiber is not
s requlred, and prewzrzng of a bu11d1ng for a network is g

rendered facile.

« -
A}



Beaguse the tap may be connected to the data processor of the node by

sepanate si.gnal lines (e.g. electrical si'gnal lines), additional slack in
t he ring optlcal fiber is not 25 required, and prewiring of a buildi
for a{nEtmork i s rendered facile. E1qure 3 shows an alternative

'slot 112 in which slides (|n the direction oi t he arroms A) a key 138

—

havi ng mi cr obends IndUCI rotru3|o 140 The S ef.erably of
metal or rigid p |1)9I¥§Ip ?gﬁ e 5& fgisat té"atllsvepree"i%ear/da‘b"f tl f&rléﬁe
-refractive tageoft tdist iaventiion in whiidh @d‘marﬁa:lngk maermmmmms a

sol enoi d or ¢ | gr ! gy gggwwq t hat when it is not
urged agai ns?lt?pﬁ 3, ljggrt togﬁtgg%se %tlca%% coupﬁ Ing t eé%ber will be unb_ent

and wi Il show no attenuatlon - The opti mum shape and spaci ng of the

peotrusions 140 Ry la%dc}etﬁrunorrech@ ey His XRAIdHTEN 2 aarvdlmzéxy reference
to e.g. U S Patent .15 4,253, 727. (Jeunhomme et al b?ﬁespa0|ng is
n

pr ef er all y glides 4 t@§pé’&|’§l¢l on 0f XREnATIONY dt ‘baffﬁd ans 114
support ed bhabhagbmdrrbﬂ&nﬂtﬂﬁﬂﬁdﬂng nmuuruéfnﬁsrxﬂQUmﬁihnrkxblﬂﬁa ‘The

backi ef |

2o rud oy TP eS8 ARAY S BRIl Ad AL WHF ardrayt DPEARELRE Y o

t hey form aisapsgfedabily WW'@hlmuanil@ﬁﬂithxsttﬂﬁQXK#h#ncﬁhQFhMﬁEQEQUide
d backi 1

oRata g 1¥a iah qridaliy, oo Hlable pysje SAGRLG IET4RL tﬁe fiber

for m a | nt (0]
122 ma);' be patyating means mtc@moem) . fn?dt. when it is not urged

against the fiber to cause optzcal coupling the fiber
" will be unbent and will show no attenuation. The optlmum
- shape and spaczng of the protruszons 140 may be determlned _
. either by experiment and/or by reference to e.g. U S. Patent
_ 15 No. a 253,727 (Jeunhomme_et al. ), The_spacing_zs preferably.
w- 7 0.5 to 5mm, especially 1 to 2.5mm. o S

‘A rigid backing mc_ans 114 supported by the body 110
of the tap, supports a polymeric rod 116. The backing '
:means may be metal or, preferably, polymeric. The backzng
20 means anc rud may each be flat ot the backing means and
IS rod may be so shaped that they form a waveguide in which
rod-ijé.acts as the "core“'cf the waveguide and backihg'“
means 114 as the "cladding .. Of course, a part of the
_ "cladding" 114 1s ‘then cut. away to form a slot 1nto whlch
.+ 25 the fiber 122 may be laid to allow xt to contact rod 116.



‘It.will be realized that it is desirable that backi ng neans 114 be either. L;;f
_highly reflective or relatively transparent and of |ower refractive i ndex

" tham~ro to inprove its properties as an optical cladding, and be 5 .
rrgﬁd e that it shoukd not deformwhen the fiber is pressed against’
rod 116 light will be lost). A sdi'table material for backing neans 114

is e.g;-polyvinylidene quoride. Rod 116 should be transparent, since it

-is, in effect the "core" of a waveguide, and should be resiliently

defornable 10 and softer than the buffer of the fiber desired to be used. A
preferablee har fpessilabgerealabedt tBatt dt9@ sSkdesd rab 1Be|tdwa talbacik i3@ an

anomal ous, couP! 119 £LT SRERRECHERNLy! U8 (18RL VIO AT TRASYY, by 11 g

energi ng T¢3 € ro ncreases with increasing’force to a
‘certain poratspateat ahdnofledpwazesefractdvisclindexd thian ﬂqqsih%;due to

loss of Itghg,ﬁmewhes 89?a§rt&essageaﬂr as@m/éllowega%laq% QP I Ng

i ncregses with I ncreasin ber ten to break before very
“hi gh coupriegdienauahetbatadtt Hb"PllHeFWts deif Ry wheimn§heo fidess d@ bet ween

-two rel atpyesy¥edOaghiast eauens (ber 19ghtMiTIdebeClioat) J t A Sudtidaled.
‘that the rod ref;aftlve |Q2ex shoul d 82 greater th n t.hat th%lmﬁf at
the fibermatefialyfar Rackingsmeaps: i g Pn8rrud8 WWi"ﬁ%&éﬁﬂﬁa Iyqg
of the typ@daineadyousddbeonrenspenahty Eincenztlﬁen(ﬂﬁlaﬁfecﬂvUﬂxanple of
a suitablg grial i u 0 i,ch i99% +§@% Gone.
Many ot her® ﬁg%er#gls §?§anihcbu§5é gh ggdsgetaggé\mtﬂﬁif cons ralnts,u_
' Qescrlrooedaaﬁoseftinetbnu therbuffes wﬁl thec £ibess deisd resutloedd iugrd. 30
i.e the E“ﬁ’r&ﬁé%gﬁfé AYRYnk58 RGeS 24" 860l Bt tly 9 shore A. '
Beloﬁ_abaut 30 an ahomaldds'coupling effect occurs - che
coupling (as measured by light emergingffrom the end of the
rod) incréaées with increasing force to a certain point ‘and
15 then decreases. It is belzeved that th;s is due to loss
of light from the rod as it is deformed. Above about
90 cqupl;ng increases w:th-increas;ng force, but the fiber
tends to break befare very high coupling is achieved as
_ the fiber is 31mply bezng compressed between two relatzvely
20 rxgzd ob;ects._ '

For optimum detection, it is expected that the rod
refractive index should be greatef than'that'of the buffer
at the fiber. Suitable materials for the rod include,
for example, silicones. of the type already used conventionally

ES  in f1ber optzcs.. An example of a suitable material is

Shinetsu KE106, which is a two-part RTV silicone. Many IR
other materials are, of course, also suitable within the
constraints described above.

The end of rod 116 which carries the coupled light,

30 ji.e. the end furthest away from the source of the light,

' abuts against a detector 152, which may be connected to
~data processing means, etc. by a signal line (not shown).

L)

el



abwt.s agai nst a detector 152, which nmay be connected to data processing
meansy -etc.. by a signal |ine (not shown). -12- The buffered fiber 122,
after(pa55|ng through the coupler as described above, then posses throu
trans£ mitter section conprising a macrobend inducing nmeans shown as
154 afnd a signal injecting neans shom& as 5 a light source 156 and (.
coupling nmeans 158 anal ogous to 28 ad=26 of Figures 1 and 2. Althod

is believed that the single nmacrobend of the transnmitter section causes no
substantlal attenuation of the |ight which may be passing down the fiber
122, it is possible to have the 10 transmtter section open and close -

(SUCh as by ”DYSBEBthirSGUWQOeESGzanduﬁnqﬂIgly thisdigh tHe direction
of the arrows

B t o] tt
section i€° HB}'EeFﬂgghggaig §ﬁ§§-e§§§ Hﬁhﬁpmﬂégkgﬂult)JWHi;a?fgL1eﬁa
160 15 majtberneecdion coupkeaimgt@ n@ttﬁﬁ?ndnlﬂﬁngingsﬂﬁt&ﬂso att enuat ed

by the coppbgh bE2ka8S154! aAldl ¥ 3gWalan et eisq ey bty dgie fiber by
the ti reac ansmtter sectl s may be desirabl e when

t he ta€E|! &ésﬂta§°atﬁadé5ﬁn'& dr coyeddngomeens, 13l ANBLRIPYH AL 20 recei ves
and regeriggagRad RBeo¥i suabr%en alnd 2 actuvc.aidugwrnecwobémasche circuit.
Thus this ﬁ ﬁogg n? I, ment g %allelg_ férst e odlnent jn function, and
di ffers ihh® 88 PH&P Racrobend of the trapamy 34t 17 L9 HRS neans
and attenﬁetsousﬁint&i&n:t&hﬂu&tﬁamaheIUhdftigﬁxxuﬁﬁchﬁnnbrtmt t he

ienuat! 9. UEARS B IRCTURIE TN 1Y AP HGUFAYLY €O TV thi s vy,

i st nmeans corfresponds
10 transmitter section open and close (such ns by movement of

souree 156 and coupling means 158 in the dircctzon of the
arrows B) to minimize the extent of the bending when ‘the )
transmitter section is not being vsed. o

_ kisignal plssing down optical fiber 122 from 6hd'150”
15 may be not only coupled into rod 116, but may also be so
- attenuated by the coupler that essentially no signnl'is
being carried by the fiber by the time it reaches the
transmitter section. This may be desirable when the tap i
is used as a node in a ring network, in which each mode |

20 receives and regenerates the signal when it is actively
connected into the circuit.

Thus this second embodiment parallels the fir§t
- embodiment in function, and differs in the fact that while
- - in the first embodiment the detecting means indhattenuntion
' 25 means are sepsrate in the second embodiment the attenuatxon menns
and detecting means are physically combined. In this way,
the first bending means corresponds to the first key
- protrusion (although each protrusion causes a coupling of



:protrusiOn (al though each protruSion"dauses a coupling of -13- |ight out~s./

of the fiber);.and the attenuation means to the key and rod assenbly as a -“%
key and rod assenbly shown in Figure 3 is, of course, suitable
uation nmeans for the tap of Figure 1, and the rod 5 then may
f desired. By the use of-¢Bther enbodi nent, or indeed any ot her
within the scope of this invention as Iimted by the clains,.it"
~is possible to provide a tap for a buffered_opti.cal fiber capable of acting
as a node for a local area 10 network, especially a ring topology |ocal
- area netWidht tdaé oF | thé CHLbEL) il dhAUENET 8¥LehlEt2BA Meanisd@op@hkability
for the nodes. -%- CLAINF: 1. A tag for- _buLfered ogtlcal fiber, the
tap havi Hifér?'?ﬂ)eﬁ" RFFBRLY n2fint cHhPiedoelMRoke¥paPdi £98n the fiber and a
cl osed pasddemtyly nsindwmhint Filgese oPeiaf cobnebbesti,beuitabdpriasiag: (a) a -
first bengdi t, h I t flLbegs es a i.ch S an open
positionqﬂhﬂﬁhlc The #?ﬁgrf¥€.ﬁ€?_Eg%t&gnglgagFOZédgggggbgoﬁg?n which the
“fiberdis than may foeiepaqyet bf cdesbred.| east a.portion of an optical signal
. passing down the fiber to escape and be tapped fromthe fiber; (b) a
_detecting nmeans for detecting_ the tapged opti-cal

By the use of either embodiment, or indeed any ather _ 4
- embodiment within the scope of this"in#entidnsaS'limited.by
the claims, it is possible to pravide a tap for a buffered
optical fiber capable of acting as a node for a local area W)
10 npetwork, especially a ring topology local area network, that
~.will :equiré minimum-prewiring_éhd pruvide-pottability ior

the nades. '

3]



signal which has escaped fromthe fiber when it ] | n a
coﬂglirf’l__g_ur'ati‘on by the first bending neans; (c) amllmmmwmw me
1 ocated downstream of the first bending neans, throGghtwh?ch tHe fi
passes, whi ch has an open position in which an untapped portion of ft
optical signal passing through the fiberijs not attenuated and a cl osed
posjtjbn_ln-mhgggghﬂg.untapped-portion of the optical signal passing
through the fie attenuated, and an attenuator actuating neans for
movi ng the attenuati on neans between its open and closed positions, (d) a
second bendi ng heakstap ofeft et Rffienadkantdicalnd idiegnalthg: tarubavéR8neANS,
thrgugh \(Nm gﬁeﬁh éibglﬁén-ﬁﬁs&&ﬁi&ﬂctﬂ/\*ddék e @g&@-&mitbih@nhim?wliebpt Badf i Eer
i s bent (an efera as_an open.pasitjon in i,ch t [ S not bent
and a cl ose® HHR7e 0%0#“%?1‘? cH t"ﬁ'b“’f*f | 40550@&3ra§,& Pincggﬁt ?@5’? *per nit
the injecti compfimingoptical signal into the fiber; (e) injecting nmeans for
injecting an optigcal, sPHRal e J%W? YU Wl ont REef iERBepWen it is
mai ntained in a E%Ztac%nf | gu?ﬁfio‘%{'g%/ e seco&nd(s_l. bendi ng r?eans; l"and=(f)
bender actuati ngPa®i®3 388 Wrlshdrahar iaran - pafd YoM dRamiy ebhéhgecond,
bending neans befyser idendt ot aith o aSDPdsiwinn in whith- tRe The
tap of 'claim1l | ch further, compri ses .a first ol _in n Li.§l Ng a
resiliently def \(()\ﬂtg% _ el?m$leeﬂ a u ﬁ%%e,n 'entq k?@%%llélrosatt %S%i%ng% %gg'relsl.qﬁs in
‘its closed posi-ofiam, opkic¢ak 3ignal mansing rowuthec £idert fe esgepre (b)
e and be tapped from the fiber; |

'_k/ (b) a detecting means for detecting the tapped optical

signal which has escaped from the fiber when it is

- maintained in a bent configuration by the first bending °

means; _
(¢) signal attenuation means, located downstream of the
first bending méans, through which the fiber passes,
which has an open position in which an untapped portion
of the optical signal passing through the fiber is not
‘attenuated and a closed position in which the untapped
portion of the optical signal passing through the fiber
is attenuated, and aﬁ'attenuator.actUating means for
tmoving the attenuation means between its open and closed
positions, - . L
(d) a second bending means, located downstream of the
signal attenuation means, through which the fiber
passes and which has a position in which the fiber is
bent (and preferably has an open position in which the
C - fiber is not bent and a closed position in which the
fiber is bent) sufficiently to permit the injection of
an. optical signal into the fiber; ' ' :
(e) injecting means for injectihg an optical signal into
the bent position of the fiber when 1t is maintained in
a bent configuration by the second bending means; and
(f) bender actuating means for moving the first, and
optionally the second, bending means between their open
and closed positions.



in the path of an optical signal escaping fromthe fiber, and (a) |ncrease~ ~
t he proport I”"mmuﬂ'm[ﬂ'u ﬂllaSI gnal escaping fromthe fi ber which is RY
gcejved by . The tap of claim2 wherein thé bend
& @ a i bér hmi'htal neéd by the first bending neans is 1.5 to 15mm 4.
any preceding claim which further conprises a second ceupling
rising a resiliently deformable material which, wll (a) conform

to the_sdrface of the fiber, (b) lie fsnthe path of an optical signal from
t he |nject|ng ‘means, and (c) increase the proportion of an opti- cal signal

f t hé [ Ch .S The t f
Gl o 5 Bher B84, o BENG 41, el it MoolSel BllegBe 100,00 O
means |scquaatmsjgﬁﬁnsepompmﬂﬁknq)aﬁreﬁﬁlqgnédédﬂngocmab&p patieriadt ed such
;ggtn stgﬁ‘éﬁ%?‘ﬁ% widh PEe fgzcefnoaﬁazdﬂ.g Em;l&?ﬁd'i?g 12)‘5'3%% keokla abse- nuat 'Tﬁg
tap of ah}®%r e‘f:{eﬂ]r ga{: W ?h%e“ﬁ'#é’r‘?uz??o g‘& ?Bgﬁf'ngqﬁ&aié e s

oper at i oiml tiye cpawiecddart mnﬁi&éjerﬁeynﬂctempri@gm‘anm sheh fibar ,t he first
bendi |

7 12 BTy SR OB S S i, BB

tap of aﬁiﬁlﬁ)r&% fbl"&ﬂfﬁ%ﬁ@r é’ler‘i!ed-tqueé%‘t t@%"@ﬂ‘%ﬁé“&c@&&?ﬁng nmeans

conprises a solenoid which is biased - such that the means noved by the
act uati ng. rre'fms taap | 6 |dﬁiﬂp@1 vﬂre&tdﬂmrtwlmﬁ paddiusi 9fapplfiedrt o t he

solenmc{na ?ﬁb 'ﬁﬂ?qﬁgt ngMT%FqI% Ege1§hhenuatlon nmeans _

conpri ses neans a plYral’ity of “pai'nt s, : \\j

sufficiently to cause a substantlal portlon of an
. 4. "The tap of any preceding claim, which further comprises

a second coupling means comprising a resiliently deformable
material which, will (a) conform to the surface of the
‘fiber, (b) lie in the path of an Optiéal signal from the
ingecting means, and (e¢) increase the proportion of an opti-
cal signal from the injecting means: which 1s injected into
the fiber. -

5. The tap of'claim_u wherein the bend radius of a fiber
maintained by '_tne second bending means is 1.5 to 15mm.

6. The tap of any preceding claim, constructed such that the
fiber can pass from the first bending means to the atte-
nuation means and from the attenuation means to the'second
bending means. : ' '

7. The tap of any preceding claim-whefein the attenuator
actuating'means-is,opgrationally'cohneéted to the bender
actuating means such that the first'bending means, second
bending means, and signal attenuation means are simulta-
neously movable between their open and elosed positions.

8. The tap of any prgceding'claim wherein at least one of
the actuating means comprises a solenoid which is biased



‘fOpticaI si gnal passing down the fiber to escaFe fromthe fiber. 10. The tap

of<claim 9 wherein the attenuation neans conp mﬂ\t IIIEH'IUHME liently
s the — v

defornable polyneric rod of cross- section at

buf}ebed fiber; (2) rigid backing nmeans for the polynerlc rod; and/
ri gid key haV|ng regul arly spaced prorﬂ@§|ons on a surface thereof"aﬁ
- actuating nmeans conprises nmeans for urging that surface of the key having
t-he protrussus thadi thie meanisi mevedobffothe actiuatingomeans iwtint bes

pol yirer i ¢ roq,cgratcpo%tuh%%stunaeah%%hew19f gswaa' Bguead .L;?:I,%Jﬂsié' ber by the

protrusions to cause an optical “signal passing down er to pass into
the polyneric rod, thereby attenuating an optlcal si gnal passing down the

fiber. 11. 9Themﬁpt@‘p Jfaiaiyl rededeng theihi waerbendthg attesuatibn

h |l h '
o 2o AR ol 1386 mednsy (68 HeREIng Che) BEbok ool A0 RERFLER, e
at t enuat or cfttpedmitisg m@&ﬁﬁcd@nﬁﬂwséothsunsaassﬁbﬂtaﬂging phetk@y ofjaamst

the fiber. gidiche dighal palsdiifg 3Qwﬁn@hé1f‘%8f'et8 &Qsaﬁaapwa bré WeEgle f he
protrusions of the key surface i's between 0.5 and 5mm "13. The tap of clalm

12 wherein the spacing is between 1.0 and 2. 5mm 14 The tap of any
precedi ng d0ai Fhehéapi oft pdadmc8nyhereinibhe akbhenwatiedReanR® an open
position iRowpnrdRehie fibre is not bent and a closed position in which the

fiber is bent. 13y 2 138135REY) "debOraly 18" SSTHRENL S RO ot NEhSsd S

[ ' section at least as great as the buffered fiber;

- ' (2) rigid backing means for the polymeric rod; and
(3) a rigid key having regularly spaced protrusions on
a surface thereof; :
and the actuating means comprlses means for urging that
surface of the key having the protrusions against the
'fiber to force it into contact with the polymeric rod
at'at least a plurality of bends induced in the_fiber”
by the protrusions to cause an optical signal passing
down the fiber to pass into the polymeric rod, thereby
attenuating an optieal'éignal passing down the fiber.

" 11. The tap of claim 10 wherein the first bending means and
./ attenuation means are physically comblned such ‘that the
' first bendlng means comprises the first protru31on of the
key and the bend actuating means and attenuator actuating -
means comprise. the means for urging the key against the
fiber.

12. The tap of claims 10 and 11 wherein the spacing betweén
the protrusions of the key surface is between 0.5 and 5mm,

13. The tap of claim 12 wherein the spacing is between 1.0
and 2.5mm.- '

14, The tap of any preceding claim wherein the second



bender act S 1S also capabl e of noving the second bendi ng neans: N
between its open ortion. 16. A fibre optic network having a t aps
-accor difr to\ ﬁ!ﬁ“mﬁw u claim 17. A network according to claim16,

( I wor k¢ and/ or a network having a ring topol ogy.: 18. A
cordlng to claim16 or 17, in which the attenuation neans-is

part of or is upstream of the attenuatifon neans. ‘19. A network accordlng to
- claim 16, 17 or 18, wherein the fiber subjected to the bending neans is

buf f er ed e h ng b a e; I d an
opti - caﬂﬁgﬁgngrﬁéggg %ag rou%%h ﬁgg%??§8 g% Sﬁgég %% Pg?ﬁ%a gggnjected
t hr ough demyf rad. 32910Aeﬂeph§é épﬂtappWhgchntthfth?rfi%ebe%hrry|ng an
optical' signal which conprises; (a) bending the fiber at a first position

and dlet eqtsi.ng A?tb'ilpga&bo‘ﬂﬂlmh eacaayspf-téeaumg &186d, &ﬂp&r@ttwu?tl ngdt][\e t
S| gna e | a Sec Lon S eamn) o Sdal Irs P
p05|t|onQ§W§eﬁp§F%gggﬁnF Qeﬁﬁ Frd p-!??iSﬁ?aéﬂ . b goﬁﬁgr { W%?ﬁgrﬁg t he -

fi ber at bemslinigi m¢apssibeitwrenhdtsi opdovandr ebosed phettecond position at
which attenuation takes place and injecting another optical signal at said
third posigli anridke /a BRLhad ta6PRr HaRinkCaCtap MaclordiRg ety Ay giefected
si gnal esgﬁﬁes fro e fiber and/or the |nJected signal Is |nJected into
the fiber® N8u G mcoupllng means.

4

17. A network according to claim 16, being a local area net- W/
work and/or a network having a ring topology.

18. A network according to claim 16 or 17, in which the

' attenuation means is upstream of the second bending heans
and. the first bending means forms a part of or is upstream
of the attenuatlon means. '

19. A netwonk according to claim 16, 17 or 18, wherein the
fiber subjécted to the bending means is buffered such that
when the first and second bending means are closed an opti=-
cal Signal escapes through'a:buffeb and an optical signal is
injected through a buffer.

20. A method of tapping an optical fiber carrying an optlcal Q.I
signal which comprises;
(a) bending the fiber at a first position and detecting
a 31gna1 which escapes from the fiber; - _ _
(b) attenuating the signal in the fiber at a second p051-
tion that is downstream of said first position and upstream
of a third position; and '

R



. ————

22\\A met hod according to cIa|n120 or 21, mhereln the detected signa
escapes fromthe fiber and/or the inj ect eﬂlﬂumm' ] ed into_the
fiber through a buffer of the fiber. mu,“um{? .__ﬁf.\
cl-ai .20, 21 and.22, wherein steps (a) (b &nd*“(ch a#e*readll ver si bl e
and. When reversed the optical signal is transmtted along the f
position of the tapping with substantially no loss. 24. A nethod according
to any of clainms 20 to 23, wherein thengiber conprises a glass core
surrounded by a glass claddi ng. 25, hod .according to any of clainms 20

to.24, wherein the fiber forns'ggrt of a ring network. 26. A nethod
according to ah§)obeedingstn® f ,atHdrei i mosidions thedt 1gbout a

rad|us of BeiMEeRedmSoANEhnd 5sé@Bnd position at which attenuation takes
place and injecting another optical signal at said third
position.

21. A method according to claim 20, wherein the detected
signal escapes from the fiber and/or the inJected signal is
injected into the fiber through a coupling means.

22. A method according to claim 20 or 21, wherein the
detected signal escapes from the fiber and/or the lnjected

- 8ignal is- injected into the fiber through a buffer of the
fiber. '

23. A method according to any of claims 20, 21 and 22,
wherein steps (a), (b) and (¢) are readily reversible and
when reversed the optical signal is transmitted along the
fiber at the position of the tapping with substantially
no loss,

-

_ 2# A method aceording to any of claims 20 to 23, wherein
the fiber comprises a glass core surrounded by a glass ;
'claddlng. '

25. A method according'to any of claims 20 to 24, wherein'
the fiber forms part of a ring network.

- 26. A method according to any of claims 20 to 25, wherein
_the fiber is bent about a radius of between 1.5 and 15 mm.




