CIRCUIT DESCRIPTICN ’ ‘
TRANSMISSION SYSTEMS DEVELOPMENT DEPARTMENT

CD-9514%-01
- Igsue 3B
Dwg. Issue 8B

COMMON ‘BYSTEMS
V3" TELEPHONE REPEATER
LINE AND BALANCING
APPLICATICON SCHEMATIC
FCR USE WITH
VOICE FREQUENCY AND CARRIER CKTS.

CHANGES ,
A. CHANGED AND ADDED FPUNCTICNS

4.1 A repeating coil circult comprising a

20-type repeating coil, options for DX
or 8X signaling and some equalization is
provided for use on short nonphantomed. b-wire
lines of exchange-type cable.

B. CHANGES IN APPARATUS

B.l  Added .
In Pig. 3.5

1 - 120-type repeating coil (4)
(120C, 120CS, 120E, 120ES, 120F,
120FS, 120G, or 12068)

1« 4374 eagaci%cr (")

L mf T

1 - 4394 capacitor (G)

2. mf

1- 1%%& resistor (H)
988 ohms s -

Iﬂ Fig;’ 9;63

-1 - 1454 resistor (A)
. ‘909 ohms

D. DESCRIPTION OF CIRCUIT CHANGES
D01 The title formerly read:

COMMON SYSTENS
“V3* TELEPHONE REPEATER

AND NONREPEATERED

LINE AND BALANCING
APPLICATION SCHEMATIC
) FOR USE WITH
2 AND 4 WIRE CABLE AND OPEN WIRE,
MESSAGE AND ORDER WIRE CKTS.

D.0G2 The Sheet Index and the sheet number-

ing system were expanded and all new
elreuit fipures and tables were listed in
the Sheet Index,

D.O3 New figu@s titles and numbers were
added. to the Topical Index,

DOk §3§s¢§tians were added to the Lettered
Options Table 0,11 and to the Record
of Circult Changes Table G.22,

Printed in U, 5, A.

D.05 In Table 1.0, page 1.01, the 1074 and
, 107D networks were replaced by 115BP
and 115BR networks respectively.

D.06 1In Table 1.0, page 1.03, note 1k was

changed in order to ava%& reissue of
the drawing every time a new volee~frequency
cable 1s designed.

D.O7 1In Table 1.0, page 1.03, information

on line faciiity 19FNB bes was removed
from the same column as the 19FNB HBE since
it was relocated in the same table on a
previous issue.

D.08 Information was added to the Central-
1zed Intracircuit Comnmections Ta=-

ble 2,0 for all additions and changes in the

drawing.

0,09 In the Repeating Coil Tonstants

Table 3,13, impedance watio and
resistance information was afiled for the
120«type repeating coils.

D.10 In Fig. 3.4 the labeling of the (D)

capacitor was changed to (D3) since
this figure is sometimes on the same panel
as another (Fig. 7.11) which has a capacitor
designated (D),

D.11 Fig. 3.5 and notes 3,54 threugh 3.5F

were added to a new page numbered 3.5,
This figure provides a repeating coil cirecuit
for nonphantomed L-wire lines.

D.12 Connecting information to Fig. 3.5
was added to Pig, 7.11.

D.13 On page 9.0 filter information was
\ added to note 9.04 for 19HBB-50-type
cable.

D.1% = ig. 9.0 was renumbered 9.01.

D.15 Figs, 9.02 and 9,03 were added, cone-

necting information was added to .
Flgs. 9.01 snd 9.14, and note 9.0D was added
on page 9.0 in order to show how the minis-
fure hewire terminating set return loss may
be improved in the Tileld.

D.16 1In Fig. 9.01 option "TS" was labeled,
Thiz option was previously shown but

not labeled.
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D.17  Connecting inforsation to Flg. 3.5
was added %o Fig. 10.0.

D.18 Cross-connection Figs. 73, 7%, and 75
were added on page 20.3B, which was
also added.

D.19 Page 20.3 was changed to page 20.3A.

0.0 Information covering JEB6S1BG was
asdded to cross-connection Fig. 153.

.21 Plgs, 155 and 157 were rated
wMfy, Disc.' and Figs. 176 through
183 were added.

411 other hneadings wnder Changes, no change.

1. PURPOSE OF CISCUIT

1.1  This cireuit is intended for use with
2o and bewire {toll and exchange area)
cable, 2-wire open wire, and 2- and h-wire
arder wire circults and shows application
of line and 2e-wlire balancing equipment for
repeatersd and nonvepeatered clrcuits, and

for physical, phantom group, and split phan- -
% ¥

tom grounp cireults.
P. WORKIRG LIMITS
2.3 Hone.

. FURCTIONS

ad | LAk

<L Provides means Tor enploving repeaters
for the §§?§a3§ of inserting amplifica=
tion in 2 2~ or bewivs ciroull.

1.2 Provides for terminating 2 2- or be-wire
sirenit, with or without amplification,
by means of

3,21 Z-wire repesting coll hybrid circuits
which include normal but flexible

sgualirers,

4,22 Ze and hewlre repesting coil circults,

%.23 =2 rvesistor hybrid for dispateh and

order wlire clreuits and shord Z-wire
line extensions,

3,7 @ ferninating circult for 2- and
Lewlre elrcults not regquiring preci-
glon balsncing.

3.3 Provides wmeans for adapting standard
message olircult arrangements to

3,31 P2e-wire dispatch cireuits {as for
rallrosd and pipe line company usel,

3.%2 2= and bewlire order wire clrculfs.

3.4 Provides means Tor obtzining fall or
Limited flexinvility in

341 egualization in accordance with
slgnaling,
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3.42 elreuit line and balancling conditions,

3.4%3  interchangeabllity between phanton
and physical clreult reguirements,

3.4% split phantom group arrangements for
noncomposited and composited lines.

3.5 Provides bypass relays for antomatically
cutting out ac-pperated repeaters in
cagze of power fallure,

3.6 Provides for the additional sgqualiza-

tion, external to repeating coll hy-
brids, reguired for 135-cycle signaling and
for the auxiliary equalizastion reguired by
provisional open wire cireunits, longer seo-
tions of nonloaded cable, and some order
wire cirecuits, i

3.7 Provides high-pass filters for protects
ing the type 14 echo suppressor, and
low-pass, volce-frequency fillters.

3.8 Provides for signaling, ssa§§si§§ﬁgg
and assoclzated network balancing.

3.9 Provides a 3-wey and & b-way order wire
bridging network together with asso-
clated pad, jack, and relay cilrculis.

L, CONNECTING CIRCUITS

4,1 ¥or information figﬁresbaaé external
connections to this drawing, see Section
AA263.022 (J68651).

L,2 For complete connecting informaticn in
block diagram form, see "V3" Key Sheet,
8D-59070-02.

DESCRIPTICN OF OPRRATION
Y. METHCD OF INDEXING - SECTICH O

5.1 The information asppearing on this draw-
ing is divided into 13 major sections
appearing in numerical order from O to B0,
The pages of the draving composing s ssciion
gre arranged so that the first digit of the
page numbey is the same 8% the ssction num~
ber. Each ssobtion is subdivided by means
of a decimal system so that the first two
digits of each eircult figure, table, or
circuit note number 1s the same as the
number of the page on which the iten ap-
pears. (See Topical Index, pége 0.0.)
Where space permits, the circult noles and
tables which refer to a particulsr cirvcull
figure sre placed on the same sedtlion paze
as that on which the Tigure appears. Thus,
by referring to the index; all information
relating te the particular administrative
phase or group of egulipment of interest may
be readily located.

6. ENGINEERING TABLER »“Sﬁg?gﬁﬁ i
6.1 Table 1.0
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6.11 This table provides, on a 2-wire basis,
inforration for determining the eircni%
needs, i.e., codes of repeating coils, net-
works, filters, and circuit egualization, in
accordance with each line facility listed.
The table comprises three pages: page 1.01
covers open wire, toll entrance cable, and
provisional open wire; page 1.02 covers toll
cable and pairs assoclated with coaxial
cable; page 1.03 covers exchange area cable.

6,12 To use this table, read along the top
- line to the column headed by the type
of facility involved, Then, read down that
column to £ind the clreult needs listed op=
posite the various circuit elements and con-

ditions. (See 6.3 for example,)

6,2 Table 1.1

6.21 This table provides additicnal engi-
neering information based on phantom-
ing, signaling, and compositing conditions.
The three major divisions of this table
cover: repeatered circuits (terminal repest.
er points and through repeater points); non-
repeatered clrcuits (terminal points and
through points) for certain phantom group
conditions; grounding and spare simplexing
provisions, '

6.22 Due to the manner in which Table 1.1

was prepared, numerous combinations of
phantom group and other cirenit arrangements
may be properly obtained through 1ts use.
These many arrangements are required from the
standpoint of circuit flexibility to accommo~
date those cases where the circuit conditions
for the two sides may differ and where the
circult conditions for the sides may differ
from those for the phantom.

€.23 To use this table, enter the columns

which apply as indicated by the head-
ing of that column, Read down until the
circuit need is found opposite the signaling
and compositing condition involved,

" 6.3 Example

6.31 Assume that the following conditions

be specified. Open wire of 10b-mil
copper; phantom group with de-operated termi-
nal repeaters; no composliting; repeated
20-cycle signaling on sides, repeated 135-cy-
¢le signaling on phantom; phantom-simplexed
telegraph channel,

6.32 Page 1.01 of Table 1.0 provides for
open wire. Enter table in columns
headed by 10%-mil copper open wire. All
pertinent information in Table 1.0 will be
Tound in these columns. It is first neces~
sary to choose one of the repeat coil or
repeat coll hybrid cireuits of Section 1.
In accordance with Table Note No. 75 provide
Fig. 3.0 for each side and phantom.

6.33 To equip each side eirecuit, previde
,_the following for: repeat coils (A)
and fB} of Fig, 3.0, 173E's; precision

network, L15T per Fig. 6.04%; filter, 1282
(no carrier line filters being s;scifisﬁ in
6.31); equalizers, strapping option "S2% in
Fig. 3.0 and, in accordance with Table Hote
Ho. 6, option “X¥ in Fig. 3.0.

6.3% To equip each phantom, provide the

followlng for: repest coils (4) and
(B) of Pig, 3.0, 173D's; Fig. 3.0, option
“Y" a (PH) resistor of 18 ohms; precision
network, 115Y per Fig., 6.04; filter 1284;
egualizers, Pig. 7.03 with equipment option
nps w

6.35 To complete the job, it it now neces-
sary to refer to Table 1.1, Enter the

4%3h§§ under the repeztered cireuits division

and under the terminzl repeaters subdivision.

6.36 To complete each side circuit: provide
- Fig. 10.05 on the switchboard side,

provide Fig. 9.0 in accordance with Table

Note No. 1; on the line side, provide

Fig. 3.0 with condition C5; also, since

20-cycle signaling is specified, provide

Fig. 4.01 with option "J.n .

6.37 To complete phantom: provide

Fig. 10.0; on the switchboard side,
in accordance with Table Note Ho. 1, provide
Flg. 9.05 on the line side, provide Fig. 3.0
with condition C6,

6.38 Now, enter the table under "SX" Tele-
graph and Grounding Features, Repeat-
ered Circuits, Phantomed Facilities. Provide
option "SXY in the Pig. 4.0l which was pre=-
viously specified for each side circuit. To
derive the phantom-simplex, provide Fig. 4.03.

6.39 Any additional information which may

be required can be found in the notes
assocliated with each cireuit figure and in
Table 2.0,

7. INTRACIRCUIT CONNECTING INFORMATION -
BECTION 2

7+1 Key Lead Designations

7:11 To facilitate the showing of cornecte
ing information, each lead or pair of
leads in the circuit %igares is given a
designation, "A," W v uC w eéegg referred
to as the "Key ieaﬁ Yesignation.” These
designations are shown in quotes {to dis-
tinguish them from the regular circuit lead
designations which are also shown} and are
used only in conjunction with Table 2.0
(see below) and the connecting eireuit in-
formation of the Bell System Practice men-
tioned at the beginning of this €D, The
user should bear in mind that key lead "4
of one clrecult figure does not necessarily
comnnect to the key lead WAY shown on another
circuit figure; it is necessary to refer to
the tables in order to employ these key
leads correctly. The regular method of showe
intracircuit connecting infermation is also
shown, that is, by direct reference to the
comnecting circult figure. This duplication
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not oply serves as a means of checking, ut
slsn ensbles thne user to employ whichever
method may be most convenient to him.

7.2 Table 2.0

7,21 This table uses key lead designations

iy opder to present a centrallzed,
over~sll pleture of the way in which the
various figures on the drawing interconnect.
Each set of ¥ey lead designaticns assocliated
with a parbleular gipcult flgure znd whieh
cormeets to another cireult figure is listed
in & separate vertical column headed by the
number of that figure.

7,22 - To use this table, first locate the
vertical column iistiag the key lead
designations for the eireuit figure inveolved.
fead down bhis column, Hach time the key
ised designation of interest appears, read
across horizontally to ©£ind the number of
the cirenit flgure to which connectlon mey
he made. Hobe that one key lead designation
may be used to show connection to more than
one figure. The table musi always be entered
at the top. Entering at the right or left,
then eesding vertically to Tind the connect-
ing fipure will not yield correct resulis.
Example

%] LN

=3

.31 Assume 1T is desired to sheck the
information given at the T, NI, and

Ry NR leads of Fig. 3.2. This information

resds, "o Flgs. 6.03 and 6,043 see Ta-

ble 2,03 Lead F.0

7,02  locate the vertical column headed by

the pumber "3,2,.Y Reading down this
ecolumn, it is found that "F" appears oppo-
gite the number "6.03" and "6,04,* indica-
ting that the leads on Flg. 3.2 may connect
to these bwo figures.

7,33 As indlcated by a circult note located

on page 3.2, sonnection of oircults
evternal Lo this drawing may be made at this
point. The "F® deslgnation will be used in
tables asapeisted with the Bell System Prace
tice previously mentioned to show {in a man-
ner similar to the method employed in Ta-
wle 2.0 of this drawing) which external eir-
cults may be connected to these leads.

8, HEPRATING COIL CIRCUITS FOR VOICE
TRAHSHISSION - SECTION 3

$,1 nRepeating Coil Hybrid, Figs. 3.0 and
de2

8,11 Gensral

8,111 A side cirenit repeating coil hybrid
figure mey be used to terminate the
physical 2-wire line. VWhere the lins cir-
euits ars phantomsd, two side cirenit flg~
- ures, togsther with an assoclated phanton
girouit Tigure, make up 2 phantom repesting
gﬁié hyhrid group for terminating a cable
quad.

Pags b
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8,112 The repeating coil hybrid proper is

made up of repeating colls (A} and
(B) connected to terminate the 2-wire line
on a 4-wire basis, the 4-wire trznsmitiing
and recelving arms being the 2-5 terminals
of repeating colls (A) and (B} respectively.
The 4-3 and B8-7 windings of each of the colls
are connected in series such that & phanioo
tap can be obtained via terminals 3 and B oof
coil (B) with terminals 4 and 7 of coil (4]
forming the 2-wire line terminals of the
hybrid. Windings 9-10 and 11-12 of both
repeating coils form the network branch of
the hybrid and are also connscted in series.
However, these windings are sc poled that
in transmission from the WY receiving (2-%
terpinals of moil {B]} to the 2-wive line
{the 4-7 terminals of coll [4A]) and to the
network (the 9-12 terminals of coll [A]),
1ittle or no current flows into the %ﬁ trang-
mitting branch (through 2-1 and 6-5 windings
of coil [4]), when the nybrid is properly
terminated at all peints. In transmitiing in
the reverse direction from the Z-wire Line
(-7 terminals of coil [A]) to the WW trans-
mitting and to the W receiving (2-5 termi-
nals of coils [Aland [B], respectively) for

. the same conditions of impedance terminatlons,

1ittle or no current flows in the petwork arm
of the hybrid. For the side ecircult hybrid
figures the 2-wire line terminals connect

to the eable line; in the case of the phan-
tom eilrcuit hybrid figures they connect to
the phantom taps of two side cireult hybrid
figures.

8,113 Terminals 2~5 of coils (4) and (8)

of the hybrids connect, normally, to
leads associated with one side of a YV3" re-
peater input and output, respectively.

8.114 Capacitors (41), (A2), and (A3} and

resistors {J) and {X) provide sufl-
fielent adjustable egqualizatlon for most line
facilities.

8,12 Pig. 3.0

f.121 PTig. 2.0 is sultable for all cases
requiring a line hybrid for a Z-wire
repeater circull except for trunk circeuits
with loop signaling. It also can be employed
for termlnating a L-wire cireuit without re-
peaters for 2-wire extensions. In ths latter
case, the two "SX" leads obtained via winds~
ings 2-1, 6~5 of the (A) and (B} repeatin
coils may connect to one side of ¥ig. .04
with the other side of Fig, 4.0k cormected

“to terminals 3-8 of the (B) repeating coll to

meintain a de path between the 2- and h-wire
sides.

8.122 Equalization for all line compasiting
and all signaling conditions, except
135-cyele signaling, 1s incorporated in tos
line repeating coil hybrid. A&dditional
egualization regqulred by 135-cyele signaling,
nonloaded cable, some order wire clrouits,
provisional open wire, and railroad dispatch

.

g
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girenits is obtained by means of the auxils
iary egualizer fizures. ’

8.123 Optional wiring and apparatus connect-
ed between terminals 3 and 8 and asso-
glated balancing wiring and apparatus con-
nected between terminals 10 and 11 of the
(A} repeating coll are required for use with
the following: bridge~type composite set
line and bvalancing circuit; serles-type
composite set line and balancing eclrcuit:
type E composite set line and balancing cir-
cult figuresi and, 20-¢ycle signaling.

8.124 VWhen & precision line balancing net~-

work is not required, a resistor (N)
§§ proper value with option "N" may be pro-
vided, ’ :

8,13 Fig. 3.2

8,131 Fig. 3.2 is arranged for trunk cir-

cult use with loop or midcoil signal-
ing. Used primarily for physical cireuits,
it can also be used as a phantom clrcuit %to
connect to two side c¢ircult repeating colils
or repeating coll hybrids when loop or mide
coll signaling is specified for the phantom
circuit. In thils case the glde circults
must employ elther 135-cycle or volce-fre-
guency signaling and be noncomposited. This
figure is not sultable for use on side cir-
cuits for deriving a phantom tap.

8.132 This fipgure requires a filter when it

is assoclated with 2 line circuit.
When assoclated with a central office, 1t
does not require & filter.

8.2 Repeating Coil Circuit, Figs. 3.3
Cand 3.4

8,21 General
8,211 At & circuit terminal or switching

point, these circuits provide means
for terpinating any 2ewire line without re~

" peaters. Where the line circults are phan=

tomed, two side circuits, "igs. 3.3 or 3.4
together with an associated phantom Qi?ﬁﬁi%,
Figs. 3.3 or 3.4, make up a pharton repeat~
ing coll group for terminating a line quad.
Figs. 3.3 and 3.% may be used to terminate
one or two-cireuits of z split phantom group.
Fig. 3.3 is readily convertidle to the stand~
ard repeating coil hybrid,

8.212 These fipures provide arrangements for

employing the following: all Standard
types of signaling including, for physicals
or phantom groups, CX signaling on the line
side with loop or mideoil signaling on the
drop side; bridge-type CX sets (so-called
type "CY.or D"} series-~type CX set {so=
called type YA'"); and type "E" CX set,

%.22 Fig. 3.3

£.221 Veice and signaling carfeﬁts, enter=
ing from the line, pass through

windings %-3, 4-3 and 7-8, 7-8 of the (A) and
{B) repeating colls. (Transmission may also
oceur from the repeat coll to the line.)

£.222 The volce currents, flowing through
all of the line windings in series,

‘are induced into the 2-1, 6-5 windings of

the (8) coll and flow to the clrcult terminal
or drop. The currents also induce core cou-
pling currents which e¢irculate through the
closed path consisting of windings 11-12,
9-10 of the (A} coll in series-opposing with
winding 9-10 of the (B) coil. Due %to this
closed path, the colls (A} and (B) behave as
if they had one core. Windings 2-1 and 6-5
of the (4) coll 'are not used, The particular
gireult arrvangement of Flg. 3.3 results in a
transformation ratic of 9/8 times the hybrid
ratio of Figs. 3.0 and 3.2. This is desir-
able for obtalning good junction return
losses at switching points.

8,223 The 135-cycle signaling currents be-
have in a manner similar To the volee
currents.

8,224 Twenty~cyele signaling currents flow
through the line windings of both
coils in series and out to the *I3% and ¥R3I®
leads. The low mutual inductance of the re-
peating coll connection and the high shunt
impedance of capacltors (D1, EL) and (DZ, E2)
with "Z¥ and "ZZ" options act To attenuate
20=-¢ycle currents only to a small extent.

8,225 When CX signaling with type "E" CX

sets is used, the signaling currents
flow through the tip and ring line windings
of both (4) and (B} colls independently,
except for the low mutuzl betwsen them. The
tip eclircuit leads out to the WI3" lead; the
ring cirouit to the "RAY lead,

8.226 Vhen CX signaling with bridge- or

series-type CX sets is used, the sig-
naling currents do not flow through the line
windings of the {A) and (B) coils but are
effectively blocked by the capacitors and
Tlow off the tip and ring leads of the line
circult into the "I¥ gnd "RB" tap leads,
respectively (see Key Lead ¥“CH) which con-
ﬁeit to elther the bridge- or serles-type CX
set,

£.,227 Taps are brought out from terminals
3-B of the (B) coll with "W" option

or from the common strap between the (D1, El)

and (D2, E2) capacitors with "Z¥" and Y"ZZ" op=

tions of twe side cireults, Fig. 3.3, for

the purpose of deriving a phantom line cire

;git §sr connection to a phantom circuit,

Es 3:3s

8.23 Pig. 3.4

8.231 "ig. 3.% performs essentially the same

functions as Flg, 3.3. It utilizes &
single repeating coil. On h-wire circuits
Fig. 3.4 can be used as an input or ocutput
repeating coil.
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8.1 Hepeating Coll cireult, Fig. 3.5

.31 At a elrenlt terminal or switching
pointy this clreult provides means for
serpinating ponphantoned Loyire lines whieh
sve short runs of exchange-iype gables be~
tueen nearby switching offlces. This eireuit
alzo provides arrangements for employing
2% or DX signaling on the 1line gide and can
be used as an inpnt or output repeating coil.

g, SIGNALING COMPOSITING AND ASSOCIATED
WETWORK BALANCING - SECTION L3

9,1 Geneval

9,11 This section provides the folloving:

20-nyele signaling arrangements for
perminal, repeated, and hypass signallngy
meang Tor obiaining a phantom-simplex chan-
nel with side eireult hybrids sgquipped for
po-cycle slgnallingy type ¥E" composite setls
ror CF signaling on 2-wire cable eircuits
for terminal, repeated, and bypass signaling
with siitable balancing sirenits for termi-
aal and through phantom Eroups and phantom
group Lo physical circuits at through eir-
ault points: bype wi somposite sels for
Lewire opder wire circuits.

9.2 Filg. L0l

5,21 Fig. 4.0l iz a 20-cycle repeating coll

cipenit for uvge with & side or phanton
pipeuits at 2 cireult termlusl or at repeated
slegnaling polnts. Tt recelves from or Lranse
plte to the lins vla g repeating coil cir-
wuly, Filgs. 3.0, 3.3, o 3.k,

9,82 The (D) retard coil, comnected in
series with the line side of the 20-cy-
ale ring-through repeating coil (C), bullds
out the input impedance to the high value
raguired at frequencies ahove 20 cycles.

0.1 Fig., L.02

$.71 Tnis de blocking clreult, when reguired
at terminal repeater points, acts to
bloek ont the de from switchboard clreults,

%%%‘ ?i§$ i%‘gf}j‘i

9,41 Two side cireult repeating eoil oir-

eults sach smploying a Flg. 4.0l for
20-cycle signsling require, when a phanton~
simplex is specifled, a Fig. 4,03 to malne
tain the do path between side 1 and side 2
of 2 phantom groups :

9.5 Fip. .04

9,51 Tue to the particular poling of the

{¢) and (D) retard coils, this figure
provides two independent dc paths of one-half
the inductance of a single retard coll esach
efrestive in the slde cireuits. The corre-
sponding lodectance effeotive in the phantom
elrenlt is one-guarter of the inductance of
s slngle retard eoil. Hetards {CY AND (D),

Page

together with capacitors (ay and (B, ars
equivalent to the gireult ssﬁfigﬁzgzggﬁ of
s bridge-type composite eireuit.

9,52 Fig. 4.04 may be used as & bridge-type
{type "D") composite sel at nonrepaat-
ered 2-wire cable terminals or at repeater
ints of 4-wire order wire cireuits. It is
not suitable for use on open wire cireulis
for telegraph nor for use on howlire message
gircuits.

9,53 At intermediate Lewlre vepeaters on
order wire circuits, two Figs. H.Ok

are connected back to back for use as a

type "D¥ intermediate composite circull.

9.5% 4s a type "E" terminal composite olr-

cuit, Fig. %.0k may be used on cable
circuits for CX signaling only. It is not
suitable for telegraph.

9.6 Fig. .05

9.61 Thls phantom composite palancing cir-

cuit is required in the phantom girenlt
to balance the effect of a Fig. L,0% in each
of the side cironlts of a phantom Eroup.

9.7  Fig. 4.06

9.71 This signallng bypass circult provides

means Tor bypassing lov-Treguensy ghgs=
naling, 3~1/2- or 20-cycle and Y, around a
repeater or repeating gsiivaifagi% at points
not requiring repsated signaling.

§¥§ ?ig; }‘3‘;{}?

9,81 This phantom composite halancing by~

ss cireuit is required in the phantom
eireuit to balance the effect of Fig. 06
in eaeh of the side cireults of & through
phantom group.

9,9 Fig. 4,08

9,91 This phantom composite balaneing bypass
circuit is required in the phantom clr-
cuit at a point where the three circuiis of
an incoming phantom group leave on three
physicals or where the phantom iz equlpped
with a terminal repeater and both side eir-
cults leave on physicals, each of the ftwo
side ecirenits belng equipped with a
?ig s 3‘3’;{}&9

10. BYPASS RELAYS POR AC-OPERATED
REPEATERS - SECTION 5

10.1 Flg. 5.0

Thig circult provides means, when
employed with ac-operated repeaters, for
bypassing the two individual a@giifiefg of
& repesater upon power failure without dis-
turbing the line or signaling gquipment.
The relays are normally operated, the (0DD)
and (EVEN) relays being assoclated with the
#pdd" and "Even® amplifiers, respectively.
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11. ADJUSTABLE AND PRECISION-TYPE LINE
BALANCING NETWORKS - SECTION 6

11.1 Pig. 6.01 ‘

11.11 This adjustable line balancing net-
work, for trunk and dispatch cireuits,

provides means for balancing open-wire lines

eguipped with bridge way stations. v

11.2 Figs., 6.02 to 6.0k, inclusive

il.z21 These individual precision networks

are used to give suitable balancing
for particular lines as covered in the ta-
bles of Section 1.

11.3 Pig. 6.05 balances the 524 or equive
alent operator's telephone set.

12. AUXILIARY EQUALIZERS AND FILTERS -
SECTION 7

12.1 Fig. 7.01

12.11 This figure provides a 5-4b pad for

use with provisional open wire cir-
culls equipped with 3-kc¢ carrier line
filters.

12.12 This pad, connected between the
hybrid coil and input equalizer, is
required to improve the very poor return
losses between the provisional open-wire
lines as seen through the 3-ko carrier line
filter sets at a Z2ewire repeater point,

12.2 Fig. 7.02

12.21 This auxiliary eqaaiizer% for use with -
s

railroad dispateh elircui s introduces
added low-frequency equalization external to
the hybrid repeating coll circuits,

12.3 Fig. 7.03

12.31 This figure may be emploved as an
auxiliary equalizer for provisional

open wire znd as an equalizer for circuits

with 135«cycle slgnaling.

12.32 A1l provisional open wire cirecults re-

quire Fig. 7.03 in addition to the
equalization furnished in the hybrid repeat-
ing coll cireuits,

12.3% a1z clrcuits with 135-cyele signaling

require tip and ring blocking capac~
itors; certain line elircuils, at the same
time, require the (A) and (8} reglstive
,shunig as well, In these cases, the equale
Azer elements in the hybrid repeating cotl
circuits are pot used. (See "V" option in
Figs. 3.0 and 3,2,)

l2.% Pig. 7.04
L2.41 This figure provides means for using

the 128-type filters at 2.wire repeat- .

€r points, some through L4-wire switching
gsiﬁﬁs% and gt 2-wire terminals of hewire
Be k .

12.5 Fig. 7.11

12.51 This figure provides a Y-wire equal-
izer which may also be used on some
2-wire circults. It consists of & low=
frequency series equalizer and a high-fre-
quency shunt egualizer, each of which can be
adjusted with some degree of independence.

12.52 On 4-wire ecircuits, this figure pro-
vides input equalization at repeater
points,

12.53 The equalization available in the
hybrid repeating coll eircuit is not

setisfactory for ronloaded cable circuits

and some of the longer Z-wire repeater sec-
tions encountered on order wire cireuits.
In these cases, Fig, 7.11 is reguirsd.

12.6 ¥ig, 7.12

12.61 This filter, for Y-wire circuits

provides a means for preventing %he
operation of an echo Suppressor by telegraph
ti}ﬁﬁ;} *

13. SPLIT PHANTOM GROUP - SECTICN 8B
13.1 General

13.11 At special polnts on line cirveults
.where it is required to equip or
terminate the first of the two side circults

of a phantem group while the remaining two
¢ircuits go through, the second side circuit
requires Figs. 8.01 and 8,02 to balance the
effect of the first line eguipment,

13.2 Fig. 8.01

13.21 Fig. 8,01 is used o 'balance a line
composite set,

}-3¥3 ?1go g‘ﬁg

13.31 Pig. B.02 is used to balance the

effect of a repeating coll and to
provide a means for maintaining the through=-
phantom circuit.

1k, PFOUR-WIRE TERMINATING CIRCUITS AND
ASSOCTATED CIRCUIT FIGURES - SECTICHN 9

4,1 Figs. 9.01 and 9.11

14,11 Figs, 9.01 and 9.11 provide means for
terminating 2- ana LYewire alrcuits :
with terminal repeaters. For either circuit
the impedance of each palr of terminals is
about 600 ohms when the other pairs of termi-
nals are terminated in 600 ohms. These cir-
cults may be employed for very short Zewire
extensions not requiring preclsivn balancing.,

14,12 Fig. 9.01 is not sultable for order
wire cirecuits.  The loss between

either of the Y-wire sides and the 2-wire

line can bhe independently adjusted,  For

Page 7
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further detalls see CD-8951%7-01 and note 92.0D
of the circult drawing.

1,13 Flg, 9.11 iz & presistor hybrid of

10, 7=db fixed loss. The theory of
elroult operation with 600-chn terminations
is as follows: 1T a wolce-Treguency voltage
iz applled at key lead "F¥ 1% will divids at
the midpolnts of the {£) and (D) ?ssisiars;
half Tlowing toward key lead "A%" {with "ia®
optlon) and half flowing towvard key lead
“E.®  Zach of these currents arriving at key
lsad polnts PAY™ and VE®™ tends to send ecurrent
towards the (B) and (D) resistors to a common
polnt, key lead "D," but dus %o the internal
turnover in transmisslion leasds beltwsen key
lead ¥EY apd the (L) and (B) resistors and
tne symmetry of the elroult, the currents
balance out. Thus, when ftransmiiting from
key lead "F¥ to key lesd "A" 1ittle or no
current Clows indo key leads "D,Y Likewlse,
vy cecloroeity, when transmliting from key
iead "DF o kev lesd YAM 1lifttle or no current
flows inte key lead P In a similar man-
ner, in franssitting from key lead YAYW to
ey Teads YFY apd "DY 1ittle or no current
flows into kev lead YE.” As employed in
this elroult:

Corresponds to the

Esv Lead

wan Z-wire line
Hiyh bewire transmit
By b-wire recelve.
TR ralancing netwerk
I, Fig, B.1p
.21 Flge. 9.12 1z reguired for network

bullding out to balance the effect
of gwitchbosrd cabling and the line build-
ing-oul capacitance,

4.3 Fig. 9.113

.31 Flp. 9.13 is used at switching points
to obtaln good junction return losses.

It provides means for bullding out sll of the

switehbosrd olireuits to a like inmpedancs.

e, Plpg. 9,14

w3, .
;,}*%v%@

Thils pad circult provides means for
increzsing the transmitting or re-
celving loss.

ik

Flg. 9.1%

H o
LIt

sk

Thnis compromise balancing network
sirenlt provides means for balancing
syltched elrcudts dn.a 600-chm switching ofs

fics.

L%, Y3 TELEFPHONE HEPEATER - SECTION 10
1%.1 Fiz. 10.0

15,41 Tnis figure shows & 2-ws

use on elther Z-wire or S-wire line

clreniits. It ewploys two one-way volce ame
plifier cireults and varlous battery supply
Pags B

repeater Tor

and. Jack circultl arrangements. Thess
arrangoments are shown on the Schematie

Drawing mentioned In the box,.

15,12 Wesk volee currents entering the
repeat input via key lead "GY appear

at the oulput, key leads "AM™ and ¥B, 7"

strengthened by the gain in that direction.

Similarly, volce currents entering over kay

lead "D" appear at the ocutpub, key leasds 57 .

and ¥F," amplified by the gain in this di- :

rection. (For details on the amplifiers,

see draving applicable.)

g

15,13 The input 2nd output impedances of the

. repeater are approximately 600 obma, o
Repeater gains in the two directions of transe :
misslon are independently adjustable from
about 0 to 35.% db. The repesters can be
operated at oubtput levels ag high as +10 dbn
without appreciable distortion.

16, ORDER WIRE =~ SECTICN 11

16,1 Fig. 11.01 ~ The Order Wire i-way
Bridge Cireult

16.11 This cirenit provides an ovder wire
drop at intermediate repeater points.

16.12 This consists of an (IN) and (QUT)

palr of ‘173C repeating colls connected
as hybrid colls snd & wheatstone bridgs oir-
cult intercomnecting the two 1730 coll by
brids. The 2-wire branches of the {(IN) hyw
bridy via the (0DD) and (EVEN) TrSC vad olp-
cuilts of Fig. 11.02, are connected across
the dnputs respectively of the odd and even
amplifiers of an intermediszte 2-wire repsate-
er, Similarly, the Z-wire branches of the
{CUT) hybrid, via the (ODD) and (RVEN) REC
pads of Fig. 11.02 are comnected scross the
cutputs respectively of the intermediaie
2-vire repeater.

16.13 &n order wire Jjack circult connects
viza a signeling circuit to the lowest

T and R leads while an asscciated televhone

set balancing network cornects to the lowest

Tl end Rl leads. The (BAL) resistor serves T

to balance the effect of the slgnaling re-

celving circult which is associated with ihe

order wire jack,

16.1% Normslly, the (L) and (N) close Limit R
reslators terminate these T and B and

T3 apd Bl leads via the normally mede con- “

tacts of the (8W) relay. When a telephone TR

set is plugged inte the order jack, battery
is placed on the BR lead, causing the
(8W) relay to operate and transfers the core

- nectlons from the (L) and {}} resistors o

the plugged-in telephone set and its telaow
phone set balancing network.

16,15 Arrows in Fig, 11.01 indicate the » S
normzl direction of transmiszzion,

Outgoing speech or signaling tone entering

the T and B lsads of the wheatstone bridge

are transmitted to the Z-wlre branches of

the (IN) hybrid, thence via the (TRSG) pads

to the inputs ol the reveater where they are
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mplified and transmitted both ways to the
outgoing line ecircuits.. Due to the symmetry
of the cirenit znd to equal gains in the am-

plifiers of the repeater, the amplified sig-

nals entering the 2Z-wire branches of the
{CUT) hybrid are annulled by the turnover in
one Z-wire branch so that 1little or none of
the original signals are returned to the
wWheatstone bridge.

Incoming speech or signaling tone frsm‘
an input line circult transverses the asso=-

¢lated amplifier of the repeater and is am-

plified, a part of which is transmitted out
to the outgoing line circuit and the remaine
der entering the asscciated 2-wire branch of
tne {OUT) hybrid via the (REC) pad and into
the wheatstone bridge. 4 portion of the
energy entering the wheststone bridge appears
as output into the "plugged-in' telephone sel
with an equal ocutput being dissipated into
the telephone set balaneing nebtwork. Due

to the fair balance beltween the telephone set
and balancing network, little energy is re~
turned to the input of the amplifisr. Vhen
no telephone set 1s plugged into the order
wire jack the energles are dissipated instead
in the (L) and (N) resistors. ¥or this cone-
dition a wheatstone bridege balance of about’
L0 db can be obtalned,

16.16 The (N1) and (N2) 733W resistors are
compronise balancing networks for the
173C (1) and {0UT) hybrids.

16.17 The impedance looking into an wIY"

or "OUT" terminal with the remaining
HIN® and "CUT" terminals terminated in
600~ohm circuits or 300-ohm resistors is
normally 3000 ohms. This impedance, when
bridged across a 600-chm line, introduces a
shunt loss of 0.9 db.

16,18 The normel loss between an "INY or

"OUT" point and the order wire jack
measured between 600-ohm impedances with the
remaining YINY and "OUT® terminals terminated
in 300-chm resistors or 600-ohm lines is
gbout 24 db,

16.2 Fig. 11.02 Transmitting and
Hecelving Pads

16.21 These pads are impedance building-out
registor pads., Four such pads cone
nect on one side to the 2-wire branch points
of the 173C hybrids and one the other side
of the bridge across the repeater inputs,
for (TRSG) pads, or ascross the repeater oute
puts for (REC) pads at the intermediate re-
peater points., When line cirenit conditions
require the pad loss o be reduced 5 db, this
can be accomplished by reducing the series
pad arms from 1000 ohms to 500 ohms and
féscﬁﬁneeting the shunt 2700 ohms at the same
time.

15,3 Fig. 11.11 = bewire h-way Sridge
Cireult

16.31 This figure provides either a 600-chnm
low-loss 1%.B-4b or & 600-ohm high-

loss 10-db turn tube circuit. The low-loss

gireult requires only series tip and ring

‘resistors, whereas the high-loss cireuit

employs series tilp and ring resistors and
shunt resistors,

16.32 The arrows, sée ¥ig., 11.11, indicate
the normal directlon of transmission.
There are four sets of input terminals and
four sets of output terminals, The input
and output berminals normally associated with
a h-wire line are given the same small let-
ters as a, b, ¢, and d, Each input terminsl
connects to a "V3iM amplifier ocutput and each
output termingl connects to a "Vi" amplifier
ocutput, ~

16.33 Speech currents entering at an input

- terminal "a"% transverses the three
direct paths of equal (1%.8 or 30 db) loas
to the output terminals "Bb," %¢,* and 4.0
Due to a turnover introduced as shown in each

face of the Ycube® circult figure, lititle or

ne current appears at output ¥a® to be re-
turned to the other side of the fourth cirs
euit as an echo.

16.34 Similarly, because the L-way bridge
circult is symmetrical, the following
three other circult paths exist:

(a) Tome entering the input terminal “b*

appears, attenuated by the circuit, at
the outputs %e," "4," and "a,® 1ittle or
no tone being returned to output ¥bh."

(b} Tone enterinz the input terminal Ye®

.appears, attenuated by the circult, at
the outputs "d," "a," and "b," little or no
tone belng returned to output %ec.¥

(¢) Finally, tone entering the input termie

nal 4% appears, attenuated by the cire
aaiti at the outputs "a," b, " and e,
e

little or no bone being returned to cut-
put #g,v

16.4% Fig. 11.12 Jack and 600-chn Termina-
tion

16,41 This circuit provides termination for
the fourth leg of ¥ig. 11.11 when the
fourth b-wire circuit is not equipped.

16,5 Tig. 11.13 Termination Switching
Relay

16.51 This ecircuit is normally employed at

terminal repeater points. It is in-
serted between the transnltting h-wire side
of the resistor hybrid circuit, Fig, 9.11,
and the terminal transmitting side of the
#Y3IM repeater, Fig. 10.0.

16.52 When 2 telephone set is plugged inte

the assoclated terminal order wire
Jack, battery is placed on the BR lead,

Page §
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cauzing the relay (8Y) to operate, thus
closing the path from the resistor hybrid
and the transmitting side of the terminal
repeater, With the order wire jack cleared,
relay (8W) releases, breaking this path and
placing 600-chm terminations T1 and 12 on
the opened leads.

16.6 Fig. 11,14 Line Relay

BELL TELEPHONE LARBORATORIES, INCORPCRATED

UEPT 2161-MAP-LP

Page 10
10 Pazes

16.61 This eircult for "N" order wire sasrves

to normpally disconnect the order wire
jack and 1ts multiples from the drop side of
the line-~bridging repeating coll of the order
wiré circuit. When a telephone set is
plugged into the order wire jack, battery is
placed on the BR lead, causing the relay (L)
to operate and eﬁﬁ§i&%§ the transpission pall
through the made relay contacts.




