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the installation of optical fibres. A stgndard requirenment for the
instal lation of an optical flbre or bundl € of fibres, is that it should be
fed into a protective tubefor duct which follows the route alonqgwg V\t

fibre is to be laid. An optical fibre is delicate and excessive tension
induced in it at any stage will inpair its operating perfornmance, theref
it is C preferred to install optical fibres in ducts by the

techni que of fibre blowi ng which utilises viscous drag of a fluid. The
fluid, usually conpressed gas i35 hlown annE the tube and the optical fibre
package is urged al ong by &aforc the fibre length. To aid
installation the fibre, or a bundle of fibres, .may be provided with a

| i ght wei ght coatin fo |.as si,c fibre

bl owi ng et hod i s UTRLe EBY%?%f‘a"gEge% gbérﬁ’@%@%é@ §H€F%1948 097,
whi ch are herei rfibnesw porated by this reference Devel opnents of the fi bre
bl owi ng net hod are Egﬁg I ggﬂg Appl i cati ons:
0287225, 0296860, Og}}gg} ré@gf:%@sﬁe éog\ﬂggg 155 %gqlg%gegﬁ 228 856
For the avoi dan@ptigalidibre, orcbynddecos fihves ﬂsnthﬁyibeﬂmgb@hﬁi th any of
the fibre bl ow ri‘édVﬁEﬂoaHtﬁrdiﬁéﬁwé)th@ 'orC BactRAicH fAMYouwtf thBeroute
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delicate and excessive tension induced in it at any stage
will impair its operating performance, therefore it is
preferred to install optical fibres in ducts by the
technique of fibre blowing which utilises viscous drag of
a flnid. The fluid, usually compressed gas is blown along
the tube and the optical fibre package is urged along by a
force distributed over the fibre length. To aid
installation the fibre, or a bundle of fibres, may be.
provided with a lightweight coating such as a foamed
plastics material.

The basic fibre blowing method is the subject of our
US patents 4,691,896 and 4,948,097, which are herein
incorporated by this reference. Developments of the fibre
blowing method are described in the following Buropean
Patent Applzcations- 0287225, 0296860, 0345043.
C 389 Jo¢ 318230
L For the
avoidance of doubt, the present invention may be used with
any of the fibre blowing variants described or claimed in
any of the aforementioned patents or applications.




consi der ngt hs of fibre, so that the point of entry of the fibré into
t he duct aﬁlﬁa*@t"&ﬁ fromthe point of exit of the fibre at thBCT{B/81366
the duct. It would be of considerable assistance in fibre blowi ng and ot her
i nstallati on processes which invol ve "pu%l?i Ng" fibres into .ducts to have
some neans at the installation or entry point end of the fibre of know ng.
when the fibre successfully reaches the far end of -the duct and the route
is thuggsconpleted. This can be done by neasuring the length of fibre paid
out into the duct if Sutk inetallathbon metbodsnmay bebused hosinstalbot al ways be
t he case, especi LR Bl a4, ] b QA i akl atJ.on, and
requires m)rg do%&ﬁﬁé&{lgﬁb&g %En‘géiﬂé]?oflr %&%né‘é’?@é{rzﬁ. p#‘_ﬁg't %?e%{ed' " invention

i s directed t owar®f thekibgeniptenthe, suet |is déstansnfram the podnt ©fi i on t hat

utilises a fibre aitl oPHNRIFMIr@NEE itheOsdt BHEDEENE GuEENS TeSabiry BRI um to
I ndi cat e whet her or not, the u_m,t#as. conpl et.e g iven route .through the
tube. Accor di ngl yo& fensiderable,as Wﬂ%smafm gRAnG okher ng passage

al ong an instal | afristalTatibr Processexdwnitli Aavelvé SfushingnisiBpés finese. the
met hod conpri sing,introducing light into.the ady i,ng end at a
pr edet erm ned | ocda‘{qtﬁnt%#{’ﬁ%opﬁg*eﬁnﬁaﬁ &her Efg#&ogr[ﬂﬁ Fﬂeﬂhg the fibre
being installed going end of cthecfibredef dmowingwhen ssheofibrie t he i ntroduced
determning passciscapsfiy fRuChid e tsa®olf OF £66 MEETR the fYne o
optical fibre, thés &ppscomptetedsp Thisreanbe fonechy imeasuringi the | i ght into
the advanci ng endiedgth v ?ﬂ?z’e?g&fd lout ' Site"efe Bﬁ@?!i‘f‘ tNe 'dict THngeRt € m ned
ati : ct _g_thelntroducd_lght .
optitcal fibre. own, but this may not always be the case, especially
for reinstallation or additional installation, and
requires more documentation and information recordal.
The present invention is directed towards providing an
installation completion indication that utilises a fibre
unit being blown into a tube as a transmission medium to
indicate whether or not the unit has completed a given
route through the tube. | |
-~ Accordingly the invention provides a method of
determining passage along an installation route of an
advancing end of an optical fibre, the method comprising
introducing light into the advancing end at a |
._ _ predetermined location on the installation route and
(O monitoring the fibre being installed along the route to
detect transmission of the introduced light along the
fibre. a | o
The invention also provides apparatus for determining
passage along an instalation route of an advancing end of
an optical fibre, the apparatus comprising means for
introducing light into the advancing end of the fibre as
it reaches proximity to a predetermined location and means
for detecting the introduced light returning along the
optical fibre.

| ocation and maanfs or detecti [ returnihd_al ong the
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quh)e |nver61t|on wi || now be described by vvay of exanpl e PCI‘I{;E reference to
the acconpanyi ng drawi ngs in which:.ggure 1 illustrates schematically one
enbodi ment of the invention Figure 2% lustrates schematical ly a second
ent of the invention; Figure 3 illustrates schematically a variant of the
first enbodi mnent of the invention, i n V\/m ch. light sources are pl aced at.

i nt er nedi ate pojnt e llustrates schematicall yh.t’he
i nt er connect i on*ﬁ? S‘t"ﬁ@“‘i‘t’%ﬁehﬂw ‘f'{ﬁeheh!h ‘ﬁ bl owi ng~
appar at us, arithFrefierenté itiol the raacenpamwinq(adrpwmgaf in M:I ens suitable for
use in the |nve ql@.@ gpé)&!sngéﬁ &ﬁ shows a tube 1 .
t hrough which -a 4’ el %ﬁu@ .S bel r%"htt#?l?fﬁe'?e?‘a? exgﬁpée by the fibre
bl owi ng t ecHitieqimwentAens i hre unit 2 for exanple.may be a single fibre or a

bundl e of flbre?igh@tzrmusaﬁﬂééess@atmask d‘”de’ééndmodlﬂt% unit is.
i nstall ed frome g 3 -0f, the tube. and is bl own through the tube to emerge -at

t he opposit &f £ enE-’tR!M A light source '5:is placed at the renpte end 4
of the tube. Thriguders mwttrmsaschélmatrtaiwawaﬁmt loFngR&r ent bead .or

LT cost " oudreRE ERaLH of 'R MNereu Bl (OGS i Bopbted (0Te U0t 20
the install aarleoplaned at\dntermeﬂdatetpoints ialahg gowonten that fibre. Wen the
di stal end ener g rfert@’?altlﬁﬁtféﬁﬁ éé]tén%aédﬁ?t%&oghgector E‘Ejh&! an increase

in the |ight tr tte reto’t us indicating
that the fi mfethm!temnae qnéaest@stt%mansact&hof 1QMa9 and that the route-

|nstaIIat|orapp§rﬁu§pleé@ It WI|| be reallsed that as \
Figure 5 illustrates an example of a bead lens ' L
'suitable for use in the invention. e
The embcdiment illustrated in Figure 1 shows a tube 1
through which a fibre unit 2 is being installed, for .
example by the fibre blowing technique. . The fibre unit 2 L
for example may be a single fibre or a.bundle of fibres |
that may include electrical wires. The fibre unit is
installed from end 3 of the tube and is blown through the
tube to emerge at the opposite, remote, end 4. A light
source 5 is placed at the reuote.end 4,of,the tube. The
fibre unit has at its distal end a transparent bead or
lens 6 which focuses ‘1light from the 1ight source § into o
the fibre unit, and at least. one fibre in- the unit being N
blown is monitored by a detector 1 at the installation end ' -
3 which detects optical power in that fibre. When the
distal end emerges from the tube at the light source there
is an increase in the light transmitted along the fibre to
the detector, thus indicating that the fibre unit has
reached the far end of the tube, and that the route
installation is completed. It will be realised that as
the fibre unit is being installed some light from the




t he flbre unit 'i,s being |nstalled sorre Ilght fromthe WO 91/ 03756 -

PCT/ GBOOAN) 33746 - 'SOUT ce ey travel into a straight portio
the duct so that the nmarked increase in optical power transmrb([a“ g'mpong

fibre at the time of emergence may be pregeded by a |ower intensity

transm ssion as the fibre nears the end and becones within line of sight
of the light source, and in sone i-nstances this garlier detection nmay be
usefulvln order to avoid-fal se detections of ends, which mght occur i f

all or"part of the duct into the fi was ,ben
transl ucent or t SQNEEe MK traye t?oﬂmé?g& RarHoDn, '?H'S)’G r end poi nt

detection, it is theefwstabbetiat thmuankﬁnlmmineam eptmalcpoutul ation onto
Sonsi t Cve to v o 3pietses HoRg e 1L fc 113 Bld B APUERLC AT, S ¢ o
el ectrical sourcde pfecedodchyt al loyer; inhensitys transmsasmeas the fflibre escent

| i ght bul bs or tgl?%? t{h{% e é‘%ﬁcﬁq%h%ﬁr 'ﬁt‘ 'd}ns %“b? mve a frequency

distinct fromth oca i Cl arnoni cs thereof.
Wthin the Unitedightgesrcenadoln H@mﬁid#émc@se{) ﬁ#’(’:llitei deheskion s
nonminal |y at 50HpayVe h@geutised a characteristic nodulation in both the
Figure 1 and Fi gure

wel | as end poi nt. det’éc?r(‘T'BOdl ga‘%@“ﬁ?ﬁﬁ%é“@%ﬁ%"%me H’S Egl E;efcszl sed
in selecting eachmight!Wozur off l:quwepant oEfvthe welntdmvhduhttheg i s opaque,
Egg(ra]elrJZ'?egf bf/1 ggglfg‘ﬁ%elrﬁhb%r@oﬁté@rt% gk@glﬂg%%%g?%%p%%# e\ktagsb:asy to
ensure conpl et e gadbationgoHifa waeelength used for end point detection, it
N~ is preferable to impose some characteristic modulation
onto the light'from_source 5. 'Horeover, where the optical
detector 7 is semsitive to visible light or other
wavelengths likely to be smitted'from_electrical sources
of ambient 1ight, such as incandescent or fluorescent
light bulbs or tubes, the eharacteristic modulation should
have a freguency distinct from that of the local
electricity supply or harmonics thereof. Within the
United Kingdom, where the domestic electricity supply is
nominally at 50Hz, we have used a characteristic
modulation in both the Figure 1 and Figure 2 embodiments
of 270Hz. Where intermediate point as well as end point
detection is to be used, similar care should be exercised
in selecting each modulation frequency.
Even where the ducting is opaque, the use of a
characteristic modulation distinct from any likely to be
generated by ambient lighting is preferable, since it is
not always easy to ensure complete screening of the
detector 7.
Clearly, for optimun sensitivity, one is well advised
to use a light source 5 which operates at a wavelength
suitable for the fibres being installed. For




dete arly, for optinmumsensitivit one is well se a
| ghtcﬁg)u lgg%evxlm ch operates at a wavel eng%/h sui tabl e forazgiﬁgglg“‘]bel ng

i nstall ed. - “For WD 91/ 03756

PCT/ GBQO/01366 -5 - silica fibres, vva\f'él engt hs around O. 85[err] 1.3[err]
or 1.55[err] are preferred. The use of the 0.85[err] region has t he
advant age that both sources and detectors are available at |ow cost.
Where appropriate, even visible light or other shorter wavel engths rra)"Jbe

used. Prefer abil,li,cat fs&mqwWen@hstmunﬂo&nﬁuﬂnc&-ﬁmmnﬂﬁm est function -_
wher eby, befog ??ET?%H”Q PHaS e 'o?ttﬁ‘ﬂ.d!iﬂ‘rf; on! figs Fher opri ate

characteri st | Cs hone- on the:rele end,. W th the equi prrent

giving an i nctdvantage thiakbotli sonrces and ﬁﬁ??"(?rﬁr%fal'&na..- idable atay that the

detector 7 hanvi %ﬂtyeﬂ}thbf’@ &?ﬁopﬂiaﬁé,t eveﬂhﬂslibbé 1 gﬁbtorﬁﬁmélﬁve a
different chara er| Stl ulation characteri-stic,

erably i'fferent no
‘to that of th%h nmgf’ gdgmnt indicating light. This »
precaution furt h@refmthd.ps ﬁhleeeQuilmenththﬁ 'homett end i imedhdes aggeri ng of -
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mar ker |ight Sour ]
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addition to defiatcthedietecter qohas receivedFtlsnutesﬁZ dbhvs FheuEstl through .

.}“ﬂ: gh a T1bre fil mZy(ix%GBrd sdi?Pex%ht &&%&c&&ﬁs&é’r %%e?er%%iyg s blown. — 1y
different modulation characteristic. to that of the end - : o
or intermediate - point indicating lignt‘ This precaution
further reduces the likelihood of unintentionel triggering
of the end/intermediate point detection. o -

It is-also possible to have distance marker light _ ‘
sources; possibly at different wavelengths or modulations,
at intermediate route locations uhich may be particularly
useful in conJunction with multi stage air input blowing
or other boosting techniques. The light detection may
then become part of the control system for example for
boosting air into or venting air from the ducts, in |
addition to detecting route completicn o |
Figure 2 shows a tube 1 through which a fibre unit 2

comprising at least two fibres 8 and 9 is blown In this
-embodiment one fibre 8 is monitored by detector 7 at the
installation end 2 uhich detects optical pouer in that
fibre. A second fibre 9is coupled ‘at the installation
end to a light source 5. During installation. while the
fibres are being blown through the tube, the two fibres 8
and 9 remain uncoupled, so that light from 1ight source 5
cannot pass from fibre 9 to fibre 8 and there is




enbodl ment qne fibre 8 is rmnltored by detector 7 at the installation'end 2

whi ch det wo91437562al power .in that fi bre.” A second fibre 9
the installation end to a light source 5. During installati On’Pi:;\lZ&P%/ﬁa&t

fibres are being blown through the tube, _the two fibres 8 and 9 remain
uncoupl ed, so that |ight from light source 5 cannot pass fromfibre 9 to
fibre 8 and there is =~ WD 91/03756

PCT/GE%Q/OlSGG -6 - substantially no |ight det ectéd by detector 7. At the

di stal “end of thet her e 0 con a|n|n a fluid or
e e S b
Ihe fluid 11 in rgggﬁjé‘é‘ﬁ@ 513?&%8} #leé, ﬁﬂﬁsft&EWﬂ"@% @#E%% tﬂ‘ mat chi ng
refractive index wefrackiveindex df bhegibnes;oaplaa simblar sypstahcem | i ght
i DT SR A B O 2
the fibre unit hagorghg edozt asp f@itoon Qiuitdliltﬂi)?ece}itdcié‘%b tiga route is

SRR e b A
reference to Fi guwgll alIb_w ﬁneofibrlaseﬁo Souple. 9 _mtyl_ uﬂapaﬂgmt as shown
e u0s” o1 % cony SRl 57 AR el Gaban haH Poho Bl S VeCRuF oo T
A, B and C along gel; rthen| passesrbackuinto fibrei 8indyis tiransmitted to
/ detector 7. The detector at the installation end '
registers an increase in optical power, indicating that
the fibre unit has reached the far end of the tube, and
that the route is completed. |
This fibre coupling technique may be used alone or in
combination with the technique of intermediate light
sources described with reference to Figure 1. The two
fibres 8 and 9 may be independent, as shown in Pigure 3,
or part'of a single bundle. : :
Figure 3 illustrates schematically the use of several
light sources 5, §' and 5" to identify several locations
A, B and C along an installation route. Typically, the
Y, different locations might be different floors or points -
- within a building, or different buildings on a campus-like
site. As mentioned previously, the different light
sources provide distinguishable signals, whereby the
identity of the relevant light source can be determined
remotely. Conveniently, the light sources at the
different locations each have different modulation rates.
Display means 16 are provided to indicate when the fibre
reaches each node.’ |
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diffe ions night be different floors or points withi:n a building, ~
or di WQ:’&%@S%H& ngs on a canpus-like site. As nention @?Pfﬂ}?ﬁ?, the

di ff-erent '|ight sources provide dlst|n€U|shabIe signal s, whereby the
identity of the relevant |light sourc& €dh be deternined renotely.
Conveniently, the light sources at the different Iocations each have
different nodul ation rates. D splay neans 16 are prow ded to indicat e,v.hen
the fibre reaches each node. - WD 91/ 03756
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installation | owi ng -
system The op I%&Q&%ﬁi@ 0] l'Qt |¢1s fk? t‘hﬁ 'm%ht l'{olvir"?'{:ffsé)connect ed
via control néibre-biowing ﬁlﬁ%t%-o Qhe" be’?@ bl owi ng system
Dependi ng on herdrdaeiod dbtéuuoirgweeﬁnéc&e vié cansrdiemesfseaeary to shut off

o Yoo oort . %é‘lweggi"“a”' Read 1810 £86 g Wngviig ArsBBbnca onoe the - 0
et et o ) "aDepataiag ash the wypesen tlowing heid “f“'"""“’““”&‘&‘ﬁ bing means.
Since the preBFE%S’%é? a‘?‘? %ﬁﬁé,??ﬁqf (l.%g %@y gﬂt 30?%%9&%?% gf t he -

i ndi vi dual bl means 16eaand/or applpca filbrethrake Jt&)oﬁenmUSOMacIny how t he
control neans "ld {)ﬁe&@wcg dépgi%rﬂiﬁﬁra s geon%gl {.‘ﬂ dinthe art will

readily percelgve t rs-require aspect "of: the present

i nvention to dﬁ?ecmfb?élﬂﬂ acged eHi'%ﬁnEﬁ Qf 39RO FEMcr 0ss. However, it
I's worth nment ggitdtd st @l eeqmtﬂx@ednﬁ%lenmrs 22 ebRerd10 the present

| nvention maysolenoids and/or other switching means.. since the precise \J
details depend upon the control requirements of the
individual blowing head, it is not practical t6 set out
exactly how the control means should be connected.-
Moreover, those skilled in the art will readily perceive -
what is required to apply this aspect of the present L
invention to any fibre blowing sgstem which they cone
across. - : :

However, it s worth mentioning that a remote—end
detector according to the present invention may
conveniently be configured as a stand alone unit, with a
plurality of suitched outputs for connection to the
solenoids and other controls of different blowing heads..

Where, as in the case of the fibre blouing systems
detailed in European patent applications 83311112 2 and
90303168 0, the near fibre end to. which the detector 7
must be coupled is in a sealed container, the detector may
be connected to. the control electronics 12 by means of an
inductive or radio link, the detector 7, a transmitter )
and, where necessary, a power supply being located within
the pressurised container. As an alternative to providing'
a power supply within the pressurised container, it is
possible to use inductive coupling from an external power
supply to power the detector circuit.




conveni ently be.confi gured as a stand al one unit, with a plurality of-

swi t chedwolgpgdssef or connection’ t'0 the solenoids and ot her W Is of
di fferent bl owi ng heads. Were, as in the case of the fibre %

detailed in European patent- applications_88311112.2 and 90303168. 0, the
near fibre end to which the detector 7-n@ist be coupled is in a seal ed
container the detector may be connected to the control electronics 12 by
means\g@f an inductive or #adio link, the detectof %7, a transnitter and,
wher e necessary, a power supply being located within the pressurised
container. As an dieserpeafierably; pheniedr riijibre panderay bppfed oiit lofh t he

ressurised con L oyl i ng from an
gxternal power tgﬁé:}f‘{ es§ﬁf1§e§ Wﬁiﬂf Eetég?ec?érﬁeeéf wem%Ql/ 83756

PCT/ GB90/ 01366 aecess_eéséimné* aBt ymay: atsch barpassible af@hay be fed out of
the pressuri sedategpnakies ,tOSPrdﬁaé Hebaed %r7wm>’oﬂ9%tﬁ€§essed directly. It

may al so be possibl e as v FQ e a ute for wire or other.
mechani cal | i nk3€ %atq:].cgihgr}gg e@gaﬁhﬁ EBE%&QB ?Ir:" ‘i)i% ri sed container,

so that the V\ﬁet préssurdsed cohtaimerpesd ehat etie adetector t:lﬂncmemjurﬁesedd )

cont ai ner. er C e riSe er g systens are used, the

control neans 120%%&’&%?? il.lfe ﬂf&%ﬂ%ggﬁﬁ@%g\l ng brake of the type

descri bed i n Eur opdtherpaguciit prassutisedi mnta&nersblowmgasysmseare t he detector

7 is coupled toug%f ‘EBE'&%&& tﬂ{eﬁv@ ﬁyn@c)ﬁgg E oi'e! BQfFre VWile it is
ol on t

not essential to rman accura e near end of the
fibre, the use Blowinghbeakecnf ﬂh&st%ﬂﬁ?tq}'ébgd iﬁygﬂmﬁx}' nagentiet ector 7 will

be &jPI N phot odapp‘lﬁcabﬂén 363131.

In all cases, the aetector 7 is coupled to the optical
fibre 2 by any convenient method. While it is not
essential to form an accurately cleaved end on the near
end of the fihre,'the use of such an end has advantages.
Typically the detector 7 will be a PIN photodiode, but
could be an APD or even a phototransistor.

Figure 5 shows an example of a bead lens 50 which has
been found to be particularly suitable for use in the
present invention. The bead, which is made of a plastlcs
material such as polymethyl methacrylate, which has a
suitable refractive index and other optical properties, is
of circular cross~section with a substantially _

W, hemi-spherical end 51. At the opposite end an axial
bore-hole 52 is formed to receive an optical fibre unit 53
- that is an'optical fibre 54 with a relatively bulky but
lightweight coating (which might be foamed polyethylene or
foamed ethyl vinyl acetate). Typically such a unit
carrying a single optical fibre, whether single- or
multi-mode, would have an external diameter of between 1.5
and 2mm. The bore-hole 52 extends into the body of the
lens to bring the end face of the fibre unit into position
to receive light 'gathered' by the main lens portion 51 of
the lens.




coul d we s1pp3¥8p or even a phototransistor. Figure 5 shows g?rwb f a
bead | ens 50- whi ch has been found to be particularly suita =T0or u ' -'
the present invention. The bead, vvhigkbdi s made of a plastics material, such -
as pol ynet hyl nethacrylate, which has “suitable refractive index and otHher
optical properties, is of circular cross-section with a substantially

hem - spherical end 51. At the opposite end an.axial bore- hole 52 .is fo,r*med
to receive an optical fibre unit 53 - that is an optical fibre 54 with™*
relatively bul ky Aasecondgand/@ngmen:ba:enéwmm gzithbther oaned

pol yet hyl ene ?ifét?agﬁdfdﬁai ithliMheiliﬂéphhﬁcalTeﬁdoﬁ I yﬂwch a unit carry| ng
ca

a single opti whet her si ngl e- or ul d. have an . . :
ext er nal di anBF@jenge %m@@ bore J‘ﬁg Eﬁrgiﬁm’% extends into the-

body of Itheh{ eospntiﬁx ghef gieiémsy eﬂehhfeasmplfe lénstesl ﬁnienuw?u%avet? pOSItIO\r;\Dto -

receive lig ‘e ens. -
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-9- A second zange wfl ahmltbb:.’etomm.cue dmwalusadt henm havmg ags forned in

t he hem -sphe s 0 as been found to
| nprove the cég&"laél% g’ﬁ%m ency o he s rrpé enses %&tﬂ we have used.
For fibre uni Bs'hma»w“ fthe guch 1enses andtfébse lﬂﬂﬂiﬁe thendlanetestofit 1.5 to 2mm
we have used tsassaamm 8, O Bokn IopRBaLsell a€ @bt WTBmand a di amet er

second bore. EGr SiAGLeTuETeRad Eilred. maaﬁéﬁt scgeiAnerrs SORGR o but 1 or o

fibres, smallbe Juede di ameters woul d be used. In the exarrple shown t he

bead-Tens is el(”lhatﬁevgnﬁﬂpfe shcwn, the bead~lens is elcngate with a N\
long tapered body. A spherical or mcre nearly spherical
bead 1ens could of course be used, but a long bcdy, such |
as that shown ‘in Figure 5, provides plenty of scope for
attachment to the fibre/fibre bundle. The hore 52 of the
bead-lens may ‘be threaded, as shown, or provided with

- other fcrms oi teeth to grip the bundle. - Where a
__single-huffered fibre: (that is a fibre which does not have

a bulky outer sheath) is being installed. something else.
in addition t0 or in place of the teeth, is needed to
secure the lens to the fibre. Typically a U.V. curable or
heat curable adhe51ve, such as an epoxy resin, will be |
suitable for securing lenses to such fibres. Even where a
fibre or fibre hundle ‘does have a bulky coating into which
lens teeth could bite, it may be preferred to use a u. v.
curable epcxy or the like 1n addition to or 1n place of
the teeth. :

Typically no special preparation of the fibre end is
required prior to attaching the bead-lens. It is. for
example, normally quite satisfactory merely to cut the
fibre with a pair of pliers or s;de-cutters, there is

_ normally no ‘need to cleave the fibre ends accurately.



rong tapered body. A spherlcal or _nore nearly spherlcal bead | ens coul d of
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pl enty of scope for attachment-to the fibre/fibre bundl € The bore 52 of

t he bead-1ens may be threaded, as shown, or provided w th &
teeth to grip the bundle. V\here a si ngle buffered fibre ( ﬂm“uﬂmur |“|
whi ch does not -have a bulky outer sheath) is bejng i nstadll ed, csokethinfg *
el se\n addition to or iplace of the teeth, #§"needed to secure the |ens
to the fibre. Typically a U V. curable prI@eat cur abl e adhesive, such as
an epoxy resin, will be suitable for securing lenses to such fi‘bres. Even
where a fibre or fibre bundl e does have a bul ky coating into. which |ens
teeth could bite, it may be preferred to use a U V. curable epoxy or the
like in addition to or in place of the tEe;E. Typi cal ly no speci al

preparation of the fibre end is requirec ~ to attaching the bead-I|ens.
It is, for exanple normal ly quite satisfactory nerely to cut the fibre

th |
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pr edet er m ned catio i'nsta
Pl bre being | HEPAPEaIRLPSfly 1REREIGR (O dHoR: LREKSAFEELOR o aks © and
i ntroduced | imgbhitbebagt frthd | Bibre2.beind\ mbsltadladcoa.tiong tithet| Fomwtehetei n

the light is LoLr om.a C d he

route romt o STEHEREEHRERLPEPRORE Cphe Do fOMiEEs FERME SEORd w RO e fhuo, ")

wher€in the |2ght i A method according to claim wherein the light is
10 introduced from an optical source located at an end of the

route remote from the installation end.

3. A method according to claim 1 wherein the light is
introduced at a location intermediate the ends of the route.
4, A method according to claim 1 in which the light is

15 introduced by permitting the advancing end to dip into a
container of fluid of lesser or matched refractive index than
the fibre, the fluid being coupled to an optiéal source.

5. A method according to claim 4 in which the fluid is
coupled to an optical source via a fibre also advanced along

20 the route and arranged to dip into the fluid.

o 6. A method according to any preceding claim wherein the
~ advancing end of the fibre is provided with a lens.
7. Apparatus for determining passage along an

installation route of an advancing end of an optical £fibre,

25 the apparatus comprising means for introducing light into the
advancing end of the fibre as it reaches proximity to a
predetermined location and means for detecting the introduced
light returning along the fibre.
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