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1. GENERAL

1.1 This section provides i2A borrowers, consulting cngineers, contractors and other interested

parties with technical information for use in the design and construction of. REA borrovers'
telephone systems. It discusses in particular hov Bridged Tap Isolator devices are uscd in sub-
scriber loop applications, :

1.2 \here the subscriber distribution in & lecop may indicate the need of an end section (including

bridged taps) in excessc of 12 Kf, in meny instances the transmigssicn can be improved by the use
of Bridged Tap Isolator devices hereafter abbreviated at BTI. Several tachniques of achieving tap
igolations are being explored but at present the only device considered satisfactory is the "Satureble
Reactor” type or coil isolator. ihen the saturable rcactor is used in this application, it is referred
to as a Bridged Tep Icolator or BTI. These devices are also known by other names in the industry such
as "{nductor," "reactor," "bridge lifter," and "isolator." ‘

1.3 BTI's are utilized to climinate the effect of bridged taps ao that subscriber line f£ills will not
be adversely affected. Vhen properly applied they electrically isolate taps and thus effectively
contribute to reducing the end section after the last loading point to0 & maximm of 12 XF for any sub-
scriber, even though the total physicel length of the ond section including tape may greatly excesd 12
KF. Algo, used in central office locations for bridging pairs a4 the mainframe, they help improve line
fills. The correct application proccdures for using these devices are given in paregraphs 3 and L.

2, PRINCIPLE OF OPERATION AND OTHER CHARACTERISTICS

2.1 The function of a BTI is to simulate the "on" and "off" switch action. The device has & pair of

balanced windings like a loading coil through which d-¢ current can pass but vhere passage of
speech frequencies depends cntirely on the particular "state" of the switch. It is the presence or the
abcence of d-¢ loop curremt through the BTI which enables the device to produce "on" or "off" switch
action. \Vhen there is no d-¢ loop current flowing through the BTI, as for example when the telephone
set ic on-hook, the device rresents a very high impedance (switch in "off” position) which adds to the
normal impedance of the linc resulting in lov bridging loss. Thus, when & BTI is placed at the beginning
of a bridged tap under an off-hook condition the core becomes saturated, its impedance is reduced to &
very low velue, and the circuit through the tap then operates much the same as though the device was not
mresent. The impedance characteristic of the BTI 15 shown in Figure 1.

2.2 'The BTI requires that the d-c loop current remain above a certain minimm value in order to produce
proper switch action. Insufficient current doec not saturate the PTI and this can result in severe
speech distortion or failure of the device to operate. BTI's may not be effective as bridged tap lifters
vhen subscribers on the same line are located in different branches and more than one telethone set 1is
off-hook at the same time. This is because the d~c loop current divides among the branches having sets
off-hook and the individual branch current may not be sufficient to completely saturate its associated
BTI. Inadequate corc saturation can also result in loaded loops during revertive call conditions if
subscribers have been placed between loading coils isolated with BTI's. This situation will also result
in elther severe spcech distortion or inability of the subscriber to be heard. The amount of d-c loop
current needed to properly opcrate BTI's is 23 millianperes or more when the most distant telephone set
is off-hook and ¥2 milliampercs or morc in any branch vhen two or more telephone sets are off-hook at
the same time, PMailure to meet these requiremcnts will result in severe noise or distortion problems.
Correct mrocedures for maintaining adequate d-¢ loop current needed to assure proper operation are dis-
cussed in paragraphs 3 and 4 beclow. The insertion loss characteristics of the BTI with loop current
are shown in Figure 2 at thrce different frequencies. :
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2.3 BTI's pass multifrequency ringing cuzrrents and dialing curvents vith elmost negligible distortien.
They also have the capability of vorking on Jines which use tubes of the bissed o unbilased twpw .

in sceries with ringers such as might be required for superimposed ringins. The insertica lose inwodused
into the loop by each BTZ unit iz apmoximately 0.3 db 1in the volsa froyusnsy ronge vhen the device in
saturacted. The total d=c loop resistance of the device is approxdmately 20 chme which edds to the cutside
plant resistance., BII's are quite susceptdble to the induced voltege from pover line exposure end eucage
sive noise conditioms can result if they are improperly applied. Paregragis 3.7 and L.10 glve the correct
application proceduxres vhich help avold noise mroblems. BTI's cannot be used oa lines using local battery
talking or Vestern Electric Cumpany 507 type telephone sets due to insufficlent d-c loop current (Less
than 23 milliemperes). - the climination of the loeal battery from the telepione and the we of a 2l-volt
or a 48-volt booster pover supply at the centrnl offlice provides en adegquate supply of loop current 50
that BTI's cen be used. ‘/hen using \lestern Electrie Company 500 E/P momdtox typs telephoue sets, o
equivalent, the monitor feature becomess ineffective when used behind o bridged tap isolator becawse the
high impedance of this device vhen not saturated will prevent passage of volce fyequency curreants. The
same will also be truc on loops which do not normally depend om d-¢ loop current for thelr opsration

such as program circuits, for cxample. Vith regard to teating subseriber loops, bridged tap isclators
should be inserted on the subscriber side of branches or taps, gensrally es close %o the bridglog poind
as possible. Vhen placed on the common side of the line at branch points thay sezrve po useful purpese.
Similarly when installed close to the telephone set they are not effective as bridge lifters. No moxe
than two bridged tap isolators must be in series with the loop in & call between amy subeezibers in the
loopo ' '

2.4 A special type of BTI is available which uses a resistor covmeetad across sach of the windings L3
the BTI. The purposc of the resilstors 18 to allow for ringers to still remain connected divided-

to-ground. This arrangement, hovever, causcs noise and vhere the influence from power limes is high,

the amount of noise will be cixcessive even with high impedance ringexs. Bacause this reslstor type of

BTT is still highly susceptible to nolse and because it further incresses the circuit ilosexticn loss,

its usc 18 not recamended. The conventionsl (nen-resistor type) BTT ahould be used ead all ringers

in the loop should be connceted bridged.

2.5 Bridged tap isolator units are similayr in size and appearance to an exchange type loading coll
and can be simllerly mounted in terminal housings. To avoid coafusicn with lcading coils, the
campletod units are cncapsulated in a bright red case. The unlt bears the designation BG-LO,

3. AFPLICATION OF BRIDGED TAP ISOLATCRS FOR CENIRAL OFFICE BRIDGING

301 Individusl non-loaded pairs to de bridged at the central office must meet the bridged tap
vequirements of 9 KP moxlimm end individual loaded peirs to be bridged at the central office
must meet the end-section requivement of 12 KF madmm.

3.2 Bridge up to three seporate pairs caly, each pair having not more than one subseriber, end place
an office mounted bridged tap isolator in each pair. Use Table I to chack that sufficient loop
current will be available to the bridged tap isolatozs.

3.3 Bridge up to two separate pairs cnly, each pair having not more then two subscribers each epnd no
bridged tap lsolators on their field side. Place office mounted bridged tap isolators in gach
pair., Use Table I to check that sufficient loop curreat will be eveilsble %o the bridged tap lsolators.

3.4 Bridge up to two separate pairs ocanly, cme having not more than one subscribsy and the other pale
not more than three subscribers and no bridged tap isclators on the £leld sids. Place office
mounted bridged tap isolators im each pair. Use Toble I to check that sufficlent loop cuxrent will be
avallable to the bridged tap isolators.

3.5 Do not bridge pairs at the central office which use bridged tap isolatars ca thelr fileld sida.
3.6 Do not bridge pairs at the central office which are equipped with loog line adapters.

3.7 Connect all ringers on a bridged basis only in the palrs being bridged et the centwel offlce using
BTI'a.

4. APPLICATION OF HRIDGED TAP ISOLATCRS TO LOADED LOOFS

.l Connect those subscribers who are cloae together om the same line. Eliminate cable brenches,
latcrals and taps not in use by cutting dead and leaving floating at both ends.

ko2 Conpect subscriders beycnd last loading point only. If the end section (total length of nom-
loaded main line and tapa) 15 less than 12 KF with regard to eny subseriber in the loop, do not
“ge BII's. If the end section with regard to any subscriber 1s longer than 12 KF, use BTI's to redus
\ls amount to less than 12 X¥F. ’

4.2 Do not comnect subscribers between loading points and do not use BTI's to connect subseribers
between loading pointa.
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bo.h If the end section of 12 KF cannot be met with BTI's, use the 19-gauge low capacitance single-pair
wire, only in the amount neededs A 24 KF end scction using the low capacitance wire is equivalent
to bridging 12 KF of exchange type cable.

4.5 1If the end secetion 1s longer than 24 KF when using the low capacitance wire, a separate cable
circuit must be extended. :

4.6 Do not place BII's in more than three different taps in any one loop.
L.7 Insert BTI's at tap bridging point only. BTI's placed close to the telephone set are not effective.

4.8 Do not bridge at thc central office loaded pairs on long line adapters or loaded palrs using bridged
tap isolators on their field side (after the last loading point).

L.9 Use the 2h-volt or the 4B-volt booster power supply on all loops having a loop resistance of 1T00
ohms and greater to assure proper BTI performance.

4,10 NOTE CAREFULLY: Dridge all ringers in the loop where BTI's are used.

L,11 vhere computations are required, use 0.3 db for the insertion loss of each BTI in a talking
‘ connection. REA TE & CM-426 shows typical cxamples.

4.12 The application of BTI's is not simple and ctraightforward but rather it is difficult end

camplex because of the inhcrent characteristics of the device. Therefore, to the extent pos-
sible BTI's should be eliminated {rom use by better subscriber grouping, cutting dead peirs not in use,
etc. Good design should be the primary objective. Furthermore, problems with BTI's can arise at a
later date if the subscriber loop has undergone physical change. VWhenever problems are experienced
with BTI's on revertive calls due to insufficient d-c loop current in one of the taps and it is not
possible to provide other corrective means, the insertion of a balanced resistor of the correct value
to make the current in the taps more nearly equal will be found helpful, in solving the problem.

L.13 A more effective means for solving such a lov loop current problem is to increase the voltage

of the booster pover supply in the central office. A 48-volt to UB8-volt d-c¢ to d-¢ converter

can be used for doing this econamically because 1t applics to a number of loops. This cost of such a

converter unit for three ampere cutput capacity is approximately $300 and this cost is divided by all
lines cquipped with long line adapter equimment. In addition to improving BTI operation the increased
voltage aids signaling as well as the transmission performance of the transmitter in the telepbong set,

L,14 Excessive noise can be caused when BTI's arc installed on subscriber loope equipped with
automatic number identification of the type vhich inherently unbalances the line in the talking
condition when the influcnce f{rom the power system is present.

4,15 uith certain types of central office equimment, cne side of the line relay is heavily unbalanced.

\lhen BTI's are applicd to such equipment, this will result in generation of BTI noise which may
interfere as crosstalk to other working pairs. TFurthermore, with same types of central office equipment,
ringback tone distortion may be encountered on lines cquipped with BTI's.
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TABIE I

RESISTANCE GUIDE FOR ERIDGING PAIRS
AT CENTRAL OFFICEL MAIN FRAME

WHEN THE D.C. LOOP RESISTANCES THE D.C. LOOP RESISTANCE® IN OHMS
IN OHMS OF THE PAIR UPON WHICH OF THE PAIRS TO BE BERIDGED SHOULD
THE OTHER PAIRS WILL BE BRIDGED NOT BE LESS THAN THE RESISTANCE OF

1s: COLUMN (1) AND SHOULD NOT EXCEED:

0-20 160

20-40 180

40-60 210

60-80 260

80-100 340

100-125 %)

125-150 k3o

150-175 450

175-200 530

200-225 580

250 6ko

300 . T00

350 750

400 800

450 8o

500 880

550 910

600 925

600-1000 1000

1 EBRIDGE PAIRS ONLY WHICH MEET THE REQUIREMENTS OF PARAGRAPHS 3.2, 3.3 and 3.4,
THESE PARAGRAPHS ARE REPEATED HERE FOR CONVENIENCE: .

3.2 BRIDGE UP TO THREE SEPARATE PAIRS ONLY, EACH PAIR HAVING NOT MORE THAN ONE
SUBSCRIBER, AND PLACE AN OFFICE MOUNTED BRIDGED TAP ISOLATOR IN EACH PAIR.

3.3 BRIDGE UP TO TWO SEPARATE PAIRS ONLY, EACH PAIR HAVING NOT MORE THAN TWO
SUBSCRIBERS EACH AND NO BRIDGED TAP ISOLATORS ON THEIR FIELD SIDE. PLACE
OFFICE MOUNTED ERIDGED TAP ISOLATORS IN EACH PAIR.

3.4 BRIDGE UP TO TWO SEPARATE PAIRS ONLY, ONE PAIR HAVING NOT MORE THAN ONE
SUBSCRIBER AND THE OTHER PAIR NOT MORE THAN THREE SUBSCRIBERS AND NO ERIDGED
TAP ISOLATCRS ON THE FIELD SIDE. PLACE OFFICE MOUNTED ERIDGED TAP ISOLATORS
IN EACH PAIR. :

2 INCLUDE RESISTANCE OF PLANT ONLY AND LOADING COIL WHERE USED. DO NOT INCIUDE TELEPHONE
SET RESISTANCE OR CENTRAL OFFICE EQUIPMENT RESISTANCE.
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"PIGURE 2
! FREQUENCY - INSERTTON L0SS CHARACTERISTICS
: BRIDGED TAP ISOIATOR (BTI)
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Thig <:mbol 1s uzed in a)l ctarples hereain Lo inlicate o BIT.

ILIUSTRATIVE BXAMPIE 1 7o abow hov to treat & loop similar to the coe showm balow.

2.

3.

This 1is less than 9 kf, Therefure, the tvo paire can be conoacted
at the central office mninfrume without dridged tap leolators.

Each loop alio asets i{ts own trunsmission requiremants for bdeidged
taps.

3,1 KF 1.8 @
cg( 2.0 1.9 13
)
0.9
ERFERERCE = Seotion 48
PROCEIVRS
1. The emount of bridged tap to each subecriber Ls:
Sude. "A® Subs. "B" Subs. "C* Subs. "T” .

1.8 1.3 1.5 0.9

2.0 2.0 31 .1

1.5 1.5 1.8 .8

0.9 2.9 1.3 L3

6.2 xt 5.7 k¢ 7.7kt 6.2 k2

Par. 3.9
Par. 3.1

W

IUSTMTIVE EAMPIE 2 To show how to treat & loop eimilar to the cae sbowm balow.

LOOP A 11.2 KP, 22 GA. N

LOP 3 3.7 XF, 22 GA. 1T
o ——(3) supscaree

—(2) ovmscxoR

1.

2.

3.

PROCXTURS

The bridged tap length to loop “F" subscribder “B" vhen locp "A”
2

greatar than 9 kf. Therefoure, Widgad txp Lsalators are
Check for 4.¢, loop t. The d.c. loop reeistance of
Loop iat u.z% e§.39ot-/kr 352 oms
loop “B* is: 37#:;390&/&:-1200!-

Far thase values of d.c. loop resistance, Lnop current to esaah
loop ¥ill be sdaquate to saturats reactars.

Each loop also mesets its owvn tranemission requirements.
Ringers (n loops "A" and "P" are coupected bridged.

EUENICE:  Sestion ke

Paxr. 3.9

DUBTUTIVE EOMPLE 3

'ﬁomhvwmotolmommwm”mm.

REA T8 & Oi-528

2.1 @

BrI'8 70,9} .Y L2
& 20 08 o

D
o) 1O0GP B (g_o 2.0

Both locpa 22 GA, M,

PROCEDURR

™ bridged tap length to locp "B vhan loop "A" is un~isalated
is at least L1.9 K.

This 18 greatar than 9 f. Therefors, tridged tap isclators wre
used at the central affice moinfrema.

Chack for d.¢. 1 current €.
resistance of loop is: 9

™he mucimm 4.¢. Lloop

x3239uu/kr 320 obme
e minimm d.c. loop

2.8 xf x 32.39 cm/i « A obms

Yor these values of d.c. lmﬁmuum,lmpwwuch
loop will % adsquate t0 saturats reactars.

Bach 1o0p alse meets its ova tresexission requirasscts.
Ringsrs in loops "A" amt "3 are ocmxwoted bridesd.

resistances of loop "B" is:

REYEREKE — Section 428

—————

Table I

Par. 3.1
Par, 3.7
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DIBBATIVE EAPIE * T shov how to treat & 10op sixilar 0 e one shova below.
D) |1.o

2.2% bS50 k.9 h.5 100" I
‘.m ! 1 w2 3y M 1.;5 5.00,9] #:0 O.
: ) 150

(ALl Distanses in XF Unlees

)
PROCEUTE: RFEECE i
i 1. ‘The total length of the loop including all bridged tepe 1e: '
! (2,25 + b, x 3) + (2.5 + 5.0+ 0,9+ 2.0+ 1.0+0.9) @267kt
: 2. This is longor than 18 k. Thevefors, D-G6 loading is usod.
| : 8 Section hsh
s, total of the 1ina after tha last looding paint isy Bar. 2.0 .
1.5+ 85,040.9+20¢1.040.5%10.90kt !
i Section !
M. Tiis is lsos thanm 12 k¢, Terefore, no bridged tap isolators are Por. b.03 '
amosssary end the snd-sectica reguiremsnt 4s mat, |
. 1
Ngte: "X” tndicatas lomd pofmt. '
DUWPWSIVE EAPIE ° %o shov bov to treat o 100p similar to the one shova Welov. i
\ -~ : :
- 1.0 ~1.0 (ALl Dietaaees in K@)
{ o0 |8y k3 s b b R0 5.0 o 'S
2 3 & 5 LY
2.018 ‘
A. -
TROCHER - NSEANCE
1. hmuwxmmmﬂmmwwum
18 kf. Thorefore, D65 Loading 1s used (4 loed poinss).
2, The total length of 1(ne after the leat loading point (eoil X¥o. ) tet .~
$.5+204+2,0+1.0+50¢10+10+1.0017.5 Kk
3. s is over 12 kf so that hridged tap Lsolators sre oconsidered,
But tridged tap 1s0lators are not effestive, for the partioular
subearider distritution of this sxeeple, in reducing tee end
seation to 12 kf,
%, Therefore, subsoriber "A" (including brench tap 18) is assigned
%0 o 4ifferent oable peir. This allows loading point Wo. 5 %o
be placed in the line,
5.mmmuumgﬁmmwmwm(»uu.3) |
now 19t 2.0 + 1.0+ 5.0+ 1.0+ 1.0+ 1.0esll it .
é. This (s less than 12 kf. Therefors, no bridged tap ilsolators are Seotion Lab
required and the emd-section requiresant is met. Par. kO3
7. The final loop layout is shown in the figure belov: .
| ] 1
- |1.0 1.0
' m_h:?_x_i'}_*..u.*_ﬁ_*..hw;__i'g__i__j
J NN ¢ 3 » s o 190
: N
t 3
t 1
: ILUSTMTIVE DAMPLE O To shov hov to treat & 100p eimilar to the one shown belov, '
)
; L line ) Line 1VW (]x.o
I i e.es;__}_-.s__,._)_-z_;;__'u:_r_l-ﬁl} A TS
. 2 |*‘ . N . 0
e o~ O (ALl Distances in EF)
1.0 16.0 /1400 18
1. The total length of the loop including all bridged tape is longer .
than 18 kf. Thersfore, D-66 loading is usod. f,:‘rf‘;“ 12"
2. The total length of line after the last loading point ist
1.0+ (1.0 + 1,0 « 10.0) + 6.0 + 3.5 * 2.0 + 1.0 + 0.5) = 23.b ikt
3. s 1o longsr Wem 12 X, Therefwre, Wridged tap isolatore are Seation A2k
used a8 showa above. :
)
5. T placemsut of the Wridged tap iz0latere a8 showvn abowe embles
any subscridar on Idneos 10 end 1V to met ond-section requiresents.
s, are




T total leogth of the 1img efter the losding paint is
2.0 + +0.3.+2,0) s.oﬁ.o...e .R.u_.u

0
1s loogar Wam 13 Xf. Tarefore, btwidged 2 feolators oo Paz. B.0h
o ghoms . . .

(&rups aro wgloetad) after o
« 018 %.542.0¢2.0+30+50¢1.

o -3

TSTMTIVE BAFLE 9 Higsalp-gglsuirxlii.

oy
[ Y
3. Using e MTI-19 lov cupacitanse vire the affective bridged @
length is: .
By 13 1.3 (6.5 ¢ 6.2 +8.7)/2 » 1.0 XP
mp 2 1.3+ (MBs6201.005.8)/2W20

™is eoots (29 mt-corticn reguiremzata.




