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INIRODUCTION

It is the purpose of this course to familiarize members of this or-
ganization with some of-the early toll developements, and to ‘outline
in a general way the types of equipment and the methods used for
handling toll traffis, Por information conoerning telegraph equip-
ment, transmission practices, vacuum tubes, repeater equipment and

carrier equipment, the resder may refer to other readily available
material on these subjeois.

The material for this course has been obtained largely from aimi~

lar courses given by other organiszations and from various publioca-
tions of the Bell Systen.

SCptombei' 1, 1928.
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SECTION 1
OPEN WIRE PLANT

Local subscribers' telephones are con-
nected by means of wires to a central of-
fice im whieh equipment is located to eon-
nect two local subseribers together. Fac-
ilities are also provided in these offices
to eonnect local subseribers to a toll
central office which may be located in the
same building as the losal offise or in a
gseparate building used for handling toll
traffic from a number of offices in a local
area, These toll central offices are con-
nected together by means of wires which are
called toll or long distance lines, The
term toll arising from the fact that an ad-
ditional charge is made to talk over these
lines in addition to the local rental
charges usually made on a yearly basis,The
wires used for connecting two toll central
offices together in nearby local areas are
termed "t0ll lines". The wires connecting
toll central offices together that are in
the order of fifty miles or more apart,sre
termed "long distance lines”,

These wires, with their associated out~-
side plant equipment, that szonneot the
local subseriber to the local central of-
fice, the looal office to the toll office,
and two toll offices together may be divid-
ed into two genersl olasses, namely the
open wire plant and the cable plant. This
first section will deal with the former
as 2)ll of the early forms of telephone com-
munication used open wire circuits to link
one subsoriber %o another, Even to this day
open wire circuits are used for the major
part of the distance on our three iresnscon-
tinental lines,

The use of & single wire with ground re-
turn for toll purposes has never been ex-
tensive., This 1s due to the excessive noise
and orosstelk which ooocurs between oircuits
of this type. "Crosstalk" is a term that
has been applied to the transmission re=
ceived on one talking eircuit due to voice
currents in another oircuit. This crosstalk
is usually due to cepecity effects and
leakages between wires of several circuits,

The use of a ground return for a toll line
eircuit would be satisfactory if there were
no power systems and if only one telephone
sircuit were involved, but when two or more
¢ircuits are used for telephonie communica-
tion, the ground return becomes a common
return for sll of these circuilts as shown
in figure 1.

In figure 1 four local subscribers' lines
are shown connected to a centrsl office in
which line Il is conneeted to L2 and L3 to
L4, These are single wire lines and in order
to complete the circuit from the subseribers'
stations A, B, C and D, it is pecessary for
the voice ocurrents to go through the common
return. This may be the ground or a single
wire whieh is connected to one terminal of
all these subseribers' telephone sets, Each
of the single wire lines will have a certain
resistance depending upon the length, size
end kind of wire used. The ground return
may also have a considerable resistance, de=-
pending upon the physical character of the
earth at the point where the line is ground-
ed, If the ground return is not of zero re-
gistance and if subscribers C and D are
talking, voice currents will flow in both of
the single wires L1 end L2, because the re-
turn eircuit is a parallel circuit consist-
ing of the common return and the single wire
lines L1l and L2. If the current flowing in
the circuits Il and L2 is of sufficlent mag-
nitude, the conversation between the sub-
soribers C and D can be heard by the sub-
goribers A and B, This is termed "orosstalk"
and for this particuler condition, the mag-
nitude or extent of the erosstalk depends
upon the resistence of the common return
cirocuit.

Up to about the year 1900 there were

many ground return systems in use and they
mey still be found in use to some extent In
rural distriots where these oircuits are not
exposed to severe electriocsl interference.
During the early stage of the development

of the telephone, electric street railways
and electric light systems were also eoming

SUBSCLIBERS SUBSCEIBERS
7!§5¢?b”£v CENTRAL OFFICE TELE PHONE
VW -\
c L3 L4 o D
AVAAY, AAN
CGVVA%%Q;{?EZ?#EVV
RP-7921

Ptg.1 Sohematlo of a Ground Return System

3/14/09 S.P.C.




rapidly into use in the larger cities.These
systems also utilized a ground return snd
considerable noise from these souroces was
experienced in ground return telephone sys=-
tems.

The single wire ground return telephone
eircuit was first used for oconnecting two
telephone subscribers together as shown in
figure 2-A. A8 the number of these private
linea inereased, a demand arose for some
method which would provide for telephonie
communication between the so=called private
lines. In order to provide for this olass
of service, it was necessary to terminete
private lines at a central point where they
could be switohed or connested together as
desired, The first loesl central office
actually oonsisted of several private lines
which were terminated in a telephone set,
{one for each line, as shown in figure 2-C)
mounted on the wall in a central office.
Bach telephone was equipped with a Jack
whiech had & terminal sommested to the line.
Calls were answered by the central office
sttendant talking over the telephone set
which was connected to thet partieular line,
The attendant oom?lated the connection be=
tween subseribers! lines by means of long
cords which were equipped with plugs at
each end, The plug on one end of the cord

was inserted into the jack of the calling
subseriber's line and the plug on the other
end of the same cord was inserted into

the Jack of the called subsoriber's line.
This completed the csonneetion between sub-
seribers who desired to communicate with
each other.

Grounded telegraph eircuits were in com-
meroial operation for some time prior to
the invention of the telephone and as it
became desireble in the use of different
telegraph sircuits to be able to comnect
them together to meet various service con-
ditions, a telegraph switohboard as shown
in figure 3 was developed for interchanging
and testing telegraph circults. The line
eonditions of grounded telephone and tele-
graph ocircuits sre the same, therefors, it
was logiocel to use this early telegraph
switcHboard for sonnesting grounded tele-
phone e¢ireuits together for communisation
between two telephone subseribera,

In this switchboard the subseribers' lines
were eonneoted to long bars of brass with
surved slots cut in them at regular inter-
vals. Brass posts with eurved slots cut in
them were placed directly opposite the slots
in the long bar snd spaced so that the ocurv-
ed slot cut in the long bar and the post
would form & oiroular hole for the inser-
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Fig.8 An Farly Switchboard

tion of a tapered drass plux. A long bar
was connected to eselh subseribver's line and
the corresponding contasct posts for each
bar were connected together as shown in
figure 3. The top row of contact posts are
connected together and so on for each row
showm. In figure 3, subsoribers' lines 1
and 4, 2 and 6, and 3 and 5 are shownh con-
nected together by the insertion of brass
plugs. The attendant answers a call by in-
serting a plug which is connested to a
common telephone set in the central office,
into jaoks which are oonnected to esach long
bar and the subscriber's line,

Signalling beiween subscribers and the
eentrel office was done by means of an ele=
mentary cirouit consisting of g wet battery,
push button and buzzer, which was operated
over the same single wire ground return
cireuit used for talking, as shown in
figure 2, The telephones mounted on the
wall in the early central office and the
telegraph switehboard represent what is 10~
day called the central office switechboard,
and the attendant performed the funetionsof
ovr modern telephone operator.

The use of a single wire and ground re-
turn for a toll line cireuit, was abandoned

in the early steges of the development of
the t0ll system and was replaced by the
present day two-wire or metallic toll line
eireuits. The metallic circuit is the same
as the grounded eircuit, except that an
additional wire is provided for each air-
ocuit in place of the ground or eommon return
wire., That is, each telephone or toll line
has its own individuel eirenit whiesh is not
physiceally connected in any wey to any other
ceircuit, This elimineted the erosstalk bae
tween circuits due to the resistance of the
ground eonnections in the common return
wire. These oircuits are still subject to
interference by induation between two or
more toll line circuits and between toll
line and power eircuits, but as will be
desoribed later, a method has been provided
to eliminate to a great extent trouble from
this sourse,

The improvement obtained by using two
wires instesd of one was the beginning of
the toll line development which involved
new problems to be solved, such as those
listed below:
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(1) Xind and size of wire to be used to
obtain satisfastory transmission of
the voisce currents,

{2) Insulation.

(3) Crosstalk between pairs of adjacent
eirocuits,

{4) Interference from power circuits.,

There wers also a great many prodlems to
solve in line construction,ete.,which will
not be discussed. The insulation of a toll
line oirouit becomes an important factor
from a transmission standpoint. It is
necsassary to provide insulation at approx-
imately 40 poles per mile, which gives 40
parallel leakage paths between the two
wires of a pair and between the wires and
the ground, per mile. Therefore, in order
to reduoce to a minimum the trensmission
loss due to leakage, it 18 essential that
the insulation resistance shall be as high
as possible.

Iron wire was used to a considerable ex=
tent for short toll lines but due to its
high resistance compared to that of copper
wire, it was replaced with copper wire for
t0ll and long distance circuits, The ecopper
wire used ranges in size from #14 B & S to
#8 BWG gauge wire, depending upon the
length and importance of the open wire cir-
cult, Very 1little use has been made in the
Bell sSystem of copper wire smaller than
#12 NBS gauge for these circuits,

Toll line eircuits, until recently, have
been of the open wire type strung on oross
arms attached to poles. The demand for
toll service between some of the larger
toll centers has become s0 great thet it
has been necessary in a great many oases
to overload the pole line by stringing ade
ditional wires to provide for the inerease
in traffie. This traffie, of sourse, is in-
creasing all the time and the most recent
development is to provide seriasl or under-
ground cable between cities where the traf-
fic is sufficient to warrant the expense,

The length of open wire line over whieh
we may satisfactorily transmit "ocommercial
speech", (i.e. 200 eycles to 2000 syocles
approx.) depends upon the eross sestionsal
area of the wire and the mutusl and ground=
ed capacity and leskage between the wires
of a pair. It is considered that good
transmigsion will be obtained from sub-
scriber to subseriber over thirty miles of
#19 B & S gauge oable which has a capacity
per mile of 0,054 mierofarads,

#19 B & S gauge osble having a capacity
of ,054 MF and a resistance of 88 ohms per
loop-mile was the standard of eomparison in
determining the transmission equivalents of
different types of toll line cireuits,., For
example, the transmission loss incurred

over a ciroult consisting of #12 NBS gauge
copper wire was expressed in the number of
miles of standard ;19 B & S gauge ocable

over which the same transmission loss will
be inourred. The expression "Ten mile equiv~
alent of a eircuit™ meant that the transe
mission of the e¢ircuit under question was
equivalent to the transmission of ten miles
of standard #19 B & 5 gauge cable, This
transmission unit is dependent upon an arbi-
trary factor, the standard ocable with cur-
rents at 800 cycles, and is apt to be ocon-
fusing when currents at other frequencies
ere being considered. For this reason an=
other unit called "TU" has been adopted
which is based upon the ratio of energies,
It is about 5% larger than the standard
miles, This unit will bde explained later,

While 30 mileg of standard csble or sbout
28,5 TU is considered to give good trans-
mission for frequencies within the voice
range, it is not satisfactory for high grade
toll line service because the termingl logse-
es must be added to the toll line losses
to obtain the transmission equivalent between
two telephone stations, The high grade lines
of the Bell system give transmission equiv-
alents of approximately 10 TU between the
terminals of the toll line sirecuit and very
few toll lines, if any, have an equivalent
of 28,5 TU, The terminal losses may be as
high es 7 miles depending upon the size of
the town or city and the eguipment used for
completing sonnection in the local central
offices,

The diameter in mils, welght in pounmds
per mile of wire, resistance per mile of
circuit and the transmission equivalent in
terms of that received over thirty miles of
standard #19 B & S gauge cable for aiffer~
ent sizes and kinds of wire are given below:

IRON WIRE:
‘Dia, Weight per Resistance

Equivalent to in mile of per mile
28.5 TU's Mils. wire in of cot.
1lbs.
6 BW3 170 Miles 203 590 16 ohms
8 BWG 135 " 165 390 24,2 "
10 BWG 120 " 134 258 36,4 "
12 BWG 90 " 109 170 55,4 "
COPPER WIERE:
#8 BWG B850 Miles 165 435 3.9484
12 §BS 400 " 104 173 9.9402
10 B&S 400 " 10L9 166 10,3330
14 NBS 250 v 80 102 16.8010
12 B&S 250 n 80,81 105 L6.3892

It is obvious from these equivalents that
iron wire is not satisfasctory for long dis-
tance toll lines, but it is not so obvious
what size of copper wire should be used for
a universal system in which the amaller
gauge wires may be connected.to large gauge
elrcuits for long haul service, that is, a
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#8 gauge circuit might be used between New
York end Chicago, and a #l4 gauge cireuit
between New York and Philadelphia, The
transmission received over each of these
eirouits individually would bde fairly sat-
isfactory, but unsatisfactory transmission
would be obtained over these oeircuits be-
tween Philadelphia and Chicago via New Yoi
This illustration is used only to point o
that a real problem exists in determining
the size of wires 1o bs usged for toll and
long dilstence lines and it is not intended
to give the impression that no small gauge
wires are used in the plant as & great many
of the short haul toll lines ere of #12 NBS
wire.

As the demend for toll service increased,
it was desirable from an economical stand-
point to place seversl pairs of wires on
one pole line, in whioh case the wires of
different cirecuits might parallel each
other for long distanses., It was found
under these conditions that objeectionadble
orosstalk was received from one pair to an-
other, due to mutual leakage, induction and
capacity., Currents are also induced from
nearby power cireuits whieh cause noise to
be produced in each individual toll cir-
cult, For example, assume that a power oir-
cult parallels a toll line circuit in the
same horizontal plane, and quite close to
it. One wire of the toll line circuit will
be located closer to the power circuit than
the other wire, and the voltage indused in
the nearer wire will be slightly higher
than that induced in the other wire,., The
ocurrent In both wires is flowing in the
same direction and if the line had perfect
insulation the current caused to flow
through the telephone circuit would be the

offeot of the difference between the potent-
ials induced in the two wires,

To reduce these effeots, a method of trans-
posing the wires has been worked out and the
standard method used for transposing a pole
are given in handbooks, To explain in a
simple way the resulis obtained by transpos=
ing a toll line c¢irouit, assume that a toll
line as shown in figure 4 is 500 feet long,
and parallel to a power eircuit. If this pair

- of wires is transpossd every 100 feet,there

will be four transpositions whigch will give
& difference of potentisl in the eircuit

due to 100 feet of the cirouit as the volt-
age Iinduced in the other four seetions of
the oirecuit will be the same in each wire,
Therefore, if the eircuit is trensposed
three times (every 166+ feet) instead of
four, no differsnce of potentisl should ex-
ist in the two wires of a pair if the same
voltage is induced in each wire per unit of
length. This, of course, is ideal and 1is

not praotical to odtain, &s it is impossible
t0 build g pole line so that the distance
between the interfering sircuit and the t0l1
line oircuit is the same at all points
throughout the entire length of the eirscuit.

A standard method of transposing a group
of osirecuits on a pole line has been adopted
by the Bell system, and is in general uae
on the A, T, & T, Co,'s and Associate
Companies' toll lines. Privete lines, suoch
as telephone circuits on power lines, long
subseribers' lines~and low grade toll eir-
cuits may be olose and parallsl to power
circuits. In general not more than two or
three circuits of this kind will be placed

" on one pole line. In such cases, the lines

are transposed to best meet the conditions
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Fig.4 Diagram Showing how Crosstalk is reduced by Transposing Conductors of a Line
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Fig.5 Diagram Showing the Method of Making Transpoeitione

under whioh they are working. If it is only power eircuit. The transpositions per cir-
necessary to maka 8 few transpositions in cuit are also spaced squal distances apart
& oireuit to eliminate interference and and are made at least once per mile, de-
erosstalk, some advantage might be obtained pending upon the location of the sircuit
by making an o044 number of transpositions, in the pole line.

but where the standard method is used, an

0dd number of transpositions would not The transpoeing of individual pairs to
have any apprecisble effect in redusing ine reduce interference from induced current
terference because of the irregular spac= on the line is not so difficult, eas this
ing between the toll line cirecult and the pair of wires can be transposed as often
‘——
Wom = = =N —
ulfd l
— ,
$ [ d—F== X - - = —— % —>
- — - — —
PHANTOM
= ] =
—— ‘ -——
4———‘--* ¥ o]
LZT l
—_—
- X— == == - —
RP-7926

Flg.6 Simple Sehematic of a Phantom Ckt

3/14/09 S.P.C.




as 1t is necessary to reduce interference
to & point where it is not objectionsable,
but where there are several pairs of wires
on one pole line, it becomes & resl prob-
lem, &s orosstalk or interference will
ocour between any of the pairs of wires on
the line,

Different methods of transposing two
wires are shown in figures 5A, B and C. The
transposition shown in figure S5A in which
the wire from both directions was one of
the first methods used were terminated on
double groove glass insulators, The wires
from one direction were terminated with
sufficient length to meke the eross over
and oconnection to the wires in the opposite
direotion by means of a copper sleeve about
3 inches long, shown in figure 5D, A copper
sleeve connection is mede by passing the
wires through the sleeve in opposite direc-
tions and bending the ends at right angles
to the sleeve, One end of the sleeve is
then ¢lamped in one position and the other
end is twisted around sbout three times.

The method shown in figure 5A is expen-
sive and in view of this, the method shown
in figure 5B was adopted, This transposi-
tion is made by giving two wires one half
turn and tying ther to separate grooves on
a glags insulator, This method is slightly
less costly than the straight away string-
ing of wires, and 1t is not necessary to
meke conngctions at each transposition,
However, the wires are brough c¢lose to=
gother on the insulator and considerable
trouble has been experienced due to the
wires swinging together at the eross-over
point,

The present method of making transposi-
tions is shown in figure 5C, This method
is slightly more costly than the method
shown 1in figure 5B, but it is considerably
cheaper than the method shown in figure
5A. The trouble experienced with method 5B .
has been practically eliminated by using
two insulators mounted as shown. '

In the ground return circuit only a
single wire per eirouit is strung on the
pole line. It is, therefore, impossible to
trenspose a circuit of this kind to obtain
the same difference of induced potential on
ench gside of the csirocuit, with respect,to
the telephone set connected between the
single wire and the common return. Conse.
quently, all of the ourrent flowing in the
oircuit, due to the induced voltage, will
flow through the telephone set. The volt-
ages induced into the circuit may be due
to neighboring power circuits or to voice
currents flowing in adjacent wires. If the
induced voltage is of sufficent magnitude,
objectionable nolse or crosstalk will be
experienced,

From an economic standpoint it is desire-
able to obtain all of the facilities possi-

ble from the open wire plant. As the toll
Plant developed and more circuits were re-
gquired to handle the service, a scheme was
devised to obtain three eireuits from two
pairs of wires. This eirecuit arrangement is
shown in figure 6 and the eircuit derived
from the two pairs of wires is called the
Phantom Circuit. The circuits obtained from
ecch individual pair of wires and the phan=
tom circuit are called a Phantom Group. The
two pairs of wires from which the phantom
oireuit is derived are called Physisal Cir-
cults, These wires are generally called &
Pair in the plant when they are not phane
tomed, and are seldom, if ever, referred to

- a8 & physical eircuit., The physiocal eircuits

of a phantom group are often e¢salled Side
Circuits in the plant.

The phantom ecireuit is obtained by ecomnect-
ing into the terminals of each physieal cire
cuit, & repeating ocoil, which is commonly
called "phantom repeating coil". This is s
repeating coil designed for use in this
particular type of ecircuit, so that one
helf shall have, as nearly as possible, the
same characteristies as the other half of the
line winding. One side of the phantom ocir-
cuit is brough out from the middle point of
the line winding of the phantom repeating
colil, and the other side of the phantom cire
euit 1is brought out from the middle point of
the repeating coil in the other physical -
eirecuit, Two wires of one physical cirecuit
are used for one side of the phantom and the
two wires of the other physical eircuit are
used for the other side of the phantom cir-
euit, The phantom repeating coil iz connect=
ed into the physical circuit to repeat cur=-
rents in the physical cirouit only, and the
line windings, as well as the windings con=
nected to the subseriber's line, are con-
neoted inductively into the physical oir-
ouit. IT the line windings are connected ine
duetively to the physical eircuit, and the
phantom eircuit is connected to the middle
point of the line windings of this repeating
c0il, the current in the phantom sireuit
will flow through the two line windings of
the repeating ecoil in opposite directions.
These two line windings of the repeating
00il, having approximately the seme char-
soteristics, namely resistanee, induetance,
and eapascity, no current will be induced in
the secondary winding, as the current in
one winding will neutralize the magneties
effects of the ocurrent in the other wind-
ing. The current path for the phantom ecir-
ouit 1s shown by a dotted line arrow in
figure 6 and the current path for the phys-
ioal circuit is shown by a full line arrow,

In figure 7 the line wires have been omit-
ted and the conventional form for showing a
Wheatstone Bridge circuit is used to show
clearly how the phantom cirouit is obtained
by means of two repeating coils in each
physieal ¢irocuit.
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Fig.? Phantom Oircutt Shown in Form of Wheatetone Bridge—Line Wirea Omitted

If the wWheatstone Bridge eirsuit were
balanced no ocurrent would flow in the
phantom circuit due to current flowing in
the physical circuit or viee versa. It is
practically impossible to obtein an exact
balance of the bridge with repeating coils
only and a8 the line wires are a part of
the bridge eireuit , the characteristies
of each wire of the pair shall be the same,
as near as possible, in order to reduoe to
& minimum the current flowing due to the
bridge being unbalanced. Some of the prob-
lems in repeating coil design are dis-
sussed briefly below:

If we take two wires and lay them side
by side for winding the repeating ccil in
‘parallel, there will bde & certain amount
of dlstributed ocapacity between the two
wires for the entire length of the winding,
When these two wires are wound on a spool
or into a eoil, there will be a certain
amount of capacity between the layers of
turns, If these capacity effects are not
distributed uniformly throughout the entire
winding, there will be an appresiable cap-
acity unbelance to the phantom eireuit,
whioch will c¢ause orosstalk between the
Phantom and the physieal eiresuit,

The distributed capacity of parallel
wires, twisted pair, and between layers bf
turns in & coil, is shown disgrammatiesally
in figure 8. The orosstalk current flow,
due to unbalenced eapsoity between the wind-
ings of C, D and E are also shown in thisg
figure. The distributed capacity between
two parallel wires or between two wires
twiated together should be approximately
the same if the size of the wire, insula-
tion, spasce betwaen the wires and length,
is approximately the same. The capacity be-
tween layers of parallel wires and layers
of twisted pairs, will ohange since the
space between the wires of different layera
is changing constantly.

Referring to the phantom repeating e6oll
oirouit, shown in figure 8, the capasity
has been consldered as lumped on each side
of the phantom tap. If the oapacitites A
eand B are equal, the impedance of the wind.-
ings C and D and the leakage per each wire
of the pair are the same., No ourrent will
flow through the resistence F becsuse the
same voltage and polarity is impressed upon
the condensers A and B. If the oapacity A
is different from that of B, or the line
leakage of one wire of a palr is different
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from that of another wire of a pair, the
voltage impressed upon the condensers A and
B will not be the same, and a current will
flow through the resistance F, because the
phentom currents flowing in the winding C
and D are unequal, thereby causing e oure
rent to flow in the winding E. The magni-
tude of this current is not suffiecient to
be objestionable, whieh enables the phantom
circuit to be used for ocommercial service.

The introduction of the phantom sircuit
brought up a new problem in regerd to
crosstalk betweéen phantom circuits and
other eircuits on the same pole line, The
transposing of individual pairs of wires
has been discussed and it is apparent that
this method will not be effective for phan-
tom circuits, because easch side of the
phantom cireuit is derived from the two
wires of a physical circuit, From the ex-
ample referred to, it is evident that a
difference of potential exists between the
wires forming the two sides of the phantom
eircult and in order to reduce interference
t0 a minimum, it is necessary st some of
the transposition points to transpose the
whole phantom group or two physical cir-
cuits together. It is also necessary to
transpose the individual pairs of the phan~

S
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tom group as well as the complete group.
Standard methods for transposing a pole line
which carries phantom eircuits are given in
handbooks, A transposition of this kind is
shown in figure 9. The two palirs of wires
next to the pole pair have been selected
for the phantom group and the pole pair is
transposed with the wires of the phantom
group. The pole pair in this ocase is the
equal of a half pole pair becsuse it is the
pole pair for half of the distance, One of
the early methods used for trensposing a
phantom group and an adjasent pair of wires
is shown in figure 9, The wires are termin-
ated in both directions on double groove
glass insulators and the transposition is
made by connecting the wires together by
means of Jjumper wires which are fastened to
the eross arm.

This method is not entirely satisfactory
from electrical standpoint beeause the leak-~
age between the wires of a pair is incrsased
appreciably, particularly during wet weather,
and it is also expensive. In order to im-
prove the characteristics of the circuit and
reduce costs, this method has been replaced
by the method shown in figure 10 whieh is
similar to the arrangement used for trans-
posing non-phantomed sircuits.

—————— ™3 "

——
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Fig.10 Diagrams Showing Varioue Typee of Phantom Ciroult Transpositions
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The wires of a pole pair are spaced
farther apart than wires of other pairs on
the pole line, Congsequently, the charscter=
istios of the pole pair are different from
those of other pairs. This makes it nege
essary to provide special equipment in some
cases for use with the pole pair and half
pole pair, This will be explained in great-
er detail later in the sourse.

One of the questions that might be asked
after & study of the phantom eireuit shown -
in figure 6 is this: Can the phantom cir-
cult be phantomed and thus obtain seven
cireuits for each four pairs of wires, as
shown in figure 11% Cirouits of this kind
have been shown in various books on tele-
phony, but they have never been uged to
any extent for commercisl serviee., We hear
of circuits of this kind being operated
satisfactorily from time to time and they
are generally found to be in sections of
the country where they are not subjected
to 1nductive disturbances from power or
other telephone circults, When satisfactory
results are obtained, the circuits of this
group are probably the only oirouits on

A
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-
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the pole line, This cirouit is cslled a
ghost and while it is no doubt feasible to
obtain an additional cireuit in this menner
that will operate satisfactorily, it is not
practical for genersal use,

The present open wire toll plant of the
Bell system consists of the following types
of circults:

l. Two wire or metallic telephone eirouits
which are oalled physical ecircuits.

2, Phantom e¢ircuits which are obtained
from two metallie or physical sirecuits.

3. Physical and phantom e¢ircuits may be
equipped for carrier telephone in addition
to the regular telephone eircuit,

4, Physical amd phantom eireuits may be
equipped for composited, metallic and car-
rier telegraph in addition to the regular
telephone cireuit. Carrier telephone and
carrier telegraph may be obtained on these
eireuits by reducing the number of channels
of esoch,

Bt
i
il
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lg.11 Schematio of a Ghost Circuit
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QUESTIONS

1. Why are ground return systems not used in the toll plant?

2. What were some of the new problems brought up by the introduction of metallic circuits?

3, What was the early stenderd of comparison for determining the transmission equivalent

of different types of toll line circults?

4., What were the values of the resistance and capacity and the size of wire comprising

this stendard?
5, What is meant by a line having a ten mile equivalent?
6. Whet is econsidered the maximum loss over which conversation may take place?
7. What is the transmission equivalent of a high grade toll line between terminals?
8, What kind of wire is used for long haul toll lines?

9, What causes crosstalk between adjacent oircuits of a toll line? How is this
croastalk reduced?

10. Why are phantom c¢ircuits used?
1l, What i3 a phantom group? What is a side cirecuit?

12. Why are special repeating colls used in phantom ¢lrcuits? What are the special
Teatures of these oolls?

13. What are the advantages of the method of transposing phantom ¢ircuits shown in
figure 10 over the method shown in figure 9%

14, What is a ghost circult? Why is it not commonly used?

15, What are the four types of open wire circuits used commonly in the toll plant of
the Bell System?

3/14/09 S.P.C.
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SECTIOR 2

CABLE PLANT FOR VOICE TRARSMISSION

Open wire toll lines are brought into the
central office in aerisl or underground
lead ocovered cable, The transmission loss
to voice currents in thirty miles of stend-
ard #19 B & S gauge oable is approximately
the same as the loss inourred to these
currents in a 250 mile open wire cireuit of
#12 NBS copper. Due to this excessive loss
in the ceble c¢ircuit, it is desirsble to
terminate the open wire lines as olose to
the central office as is practicable,

-The 101l cable plant of the Bell Bystem
has, until recently consisted of entrance
cables and a few long distance cables, the
most prominent of whieh is the toll eable
between Boston and Washington. Toll eables
have recently been developed which will
provide satisfactory transmission of the
voice currents for much greater lengths of
cable clreuits. Cable eircuits have recent-
ly been put into operation betwsen New York
and St. Louis via Chicago, a distance of
approximately 1300 miles. The satisfactory
transmission over long cable eircuits is
largely dependent upon the telephone re-
peater, which will later be discussed in
detail,

The local cables are used to provide fao-
ilities for bringing into the central of-
fice, several subseribers' lines within a
smel) space, The maximum number of pairs
that can be assembled in a eable is depend-
ent to a great extent upon being able to
hendle the cable economiecally in the prog-
esses of manufacture, and its installation
in the plant. The number of palired conduoe
tors in local cables varies from five to
twelve hundred. #22 B&S gauge wire is used
in cables having six hundred pairs or less,
and #24 B&S gauge wire is used in the
twelve hundred pair esble, In general, the
number of condustors in aerial cables will
not exceed three hundred pair and the larger
sizes are used for underground construection
. only,

The first step in making of cable is the
insulating of the eopper wires with paper.
This is done by insulating mechines which
wrap the paper tape around the wire in the
form of a continuous helix, overlapping at
the edges. These machines put on about 2400
"wraps® or turns in a minute, Various cole
ored papers are used- in order to identify
the two wires of each pair and certain
&roups of pairs in the finished csble. These
papers are approximately 0,004" thiek and
0.625" in width.

The insulated wires are then twisted into
pairs, After the wires are paired they =sre
formed into a sable by the stiranding
machine. This machine oonsists of a number
of revolving drums, on the outer part of
which are arranged the reels containing the
pairs of wires, The center pair or pairs of

wires are arawn straight into the mashine,
The successive drums, rotating in opposite
directions, apply the remaining pairs in
reverse layers over this center., In the

same operation the assembled pairs are
covered with s double wrapping of heavy
paper as an additionsl insulation between
the wires and the sheath, whieh is later
applied as en outside protestion. The fin
ished sore as the unsheathed cable is ealled,
is wound upon large take up drums, This
stranding together of pairs is nesessary to
provide flexibility, for if the pairs were
all run straight through,the cable could not
be bent without stretoching some of the wires
or kinking others.

The core is then dried in vacuwum ovens
heated to ebout 250 degrees P, until the
moisture in the paper insulation has been
driven out, After the cable has been thor-
oughly dried, the lead sheath is applied as
the ocore is drawn from the ovens.

The sheath is composed of an alloy of lead
with approximately 1% antimony and it is ap-
Plied by a lead press or sheathing mashine,
which is essentially a mmghine for meking
lead pipe. A hydraulic press working at
enormous pressure forces the sheath metal
between the tapered end of a hollow core tube
and die ring, thus forming the pipe. The
sheath metal temperature is sbout 450 degrees
F, at which it 1s in a plastic state but it
is not hot enough to damsge the Paper on the
oore in the short time during which the paper
may be exposed to that temperature. The end
of the ¢able core to be govered is passed
through the hollow core tube end into the
pipe, The pipe fits the core snugly, and
draws it through the lead press as additional
Pipe or sheath is extended. The sore is thus
proteoted by a continuous tudbe of sheath
metal, which must be free from eracks or
other imperfections. The complete esble as
it comes from the lesd press is wound upon
the familiar wooden reels,

Toll entrance esble is made in a similar
manner to the loeal eable and the smellest
wire used for this purpose is #19 B&S gauge
copper, Twisted pairs provide satisfactory
transposition on the physical ecireuits but .
it is not sufficient to prevent interference
between the physical and phantom eireuits or
between phantom groups which consist of two
physical oireuits. Therefore, entrance
cables which are made of twisted pairs only,
are not satisfactory for bringing the phan~
tom eircuit into the central office before
separsting it from the physical eireuits,
Phantom circuits are, however, brought into
the central office in short entrance csmbles
having only twisted pairs when the interfere
ence received between the eircuits is not
sufficient to be objectionsble for the olass
of servies handled over these circuits.

3/14/09 S.P.C.




In order to obtain a satisfactory phan=-
tom eirecuit in a long toll entrance sable,
the physical sircuit end the phantom
groups are transposed for the same reason
that it was necessary to transpose the
open wire toll lines. The capacity between
wires and pairs of wires is much greater
in cable than open wire because the wires
are placed eloser together. Interference
from power cireuits is practically elimin-
ated as the wires in a cable are shielded
by & lead sheath which is conneoted to
ground st frequent intervals. It 1s there-
fore necessary only to transpose the wires
in a cable to reduse interferense between
physieal e¢ircuits and phantom groups.

In order to reduce to & minimum the pos-
sibility of objectionable interference be-
tween the physical and the phentom oir-
ouits of a quad, the capacity between each
of the wires of the physical eircuits
should be the same, as nearly as possibdle.
The mutual capacity between the wires of
the same eirsuit is not eonsidered in this
case, These capacities are measured sat
regular intervals and the guads having ocap-
acity unbalances, that will tend to neut-
ralize each other, are spliced together.

In local and short entrance cable the
wires of each pair are twisted together and
each pair in the cable has the same length
of twist. The phantom circuit is obtained

14

in the eable by twisting two pairs of wires

together to make a quad. Two different
types of quadded sircuits are used in
cables., Each pair or physical eircuit form-
ing quad #1 has different lengths of twist;
each pair of quad #2 has twists different
in length from each other and also from
those of the two pairs form quad #1. The
pairs of wires used for quad #F1 are twisted
together and the pairs of quad #2 are

twisted together with a different length of

twist from that used in gquad #l.

Queds are wound in layers around the core
of the oable similarly to twisted pairs and
quads 1 and 2 are placed adjacent to each
other in the layer which insures that two
gquads of the seme type will not be placed
edjacent to each other.

Long eable oireuits equipped with tele-

- phone repeaters are operated over four
wires between terminsls. One peir of a four
wire sirecuit is used for talking in one
direction and the other pair is used for
talking in the opposite direction., The
phantom gireuit ig obtained in the same
manner as explained sbove. The four wire
circuits are terminated at the central of-
fice in repeating coils which are arranged
t0 change the four wire circuit to two wire
eircuit between the four wire terminal
equipment, and the toll switchboard. It is
necessary to terminate all circuits enter-
ing a switchboard on a two wire basils, so
that the same general type of cord circuit
can be used for completing all connections

between subseriber's lines and the toll
line. -

Telephone repeaters ars sconnested at
regular intervals into the four wire eir-
ouit to amplify the voiee currents, and ths
differense between the input and the output
ocurrents may be as great es the attenuation
of thirty-five miles of #19 B&S geauge
sable. Therefore, it is desirable to separ-
ate or shield the input from the output
line sircuits besause the output eurrent is
of a much greater magnitude,which is likely
to cause induced surrents to flow into the
input eireuit, The induced surrents will
flow into the input eircuit of the telephone
repeater without being attenuated to any
great extent, and the most interference
will be obtained near the repeaters where
the differensce in the voice current levels
ig the greatest. The induced currents will
be amplified in the repeaters and attenuat-
ed in the line sections to the telephone
station where thay will be received as
noise or eross-talk.

Each pair of wires of a four wire circult
is not different from a two wire cirouit,in
reference to interference between adjacent
eirouits. The two pairs of a quad, there-
fore, may be used for different four wire
eirouits which will provide a means for
separating the in and the out circuits whieh
are generally designated as "East" and "West",
The lay-up of the pairs of wires and the
quads in a cable varies considerably bDecause
the size of wire and number of conduotors in
a ocable, vary according to the requirements
of the plant. The following typical layout
of quads will be used to explain how the
East end West oirouits are separated in the
oable:

Core 5 Quads 19 B&S Gauge Wire East
Layer 1 7 " 16 " " "

[ 2 12 " 15 n L) ]

" 3 25 " 19 " w " Bast

L ‘ 30 L 19 n n n R ]

n 5 28 " 19 " n " West

L} 6 32 L} 19 ] N L "

Lead Sheath

East quads in core and layer #3 are
shielded from the West quads in layer #5 by
the East quads in layer #4. Quads in layer
#5 are also shislded from the cable sheath
by the West queds in layer #6. Therefore,
the Bast quads in the core and layer #3,
and the West gquads in layer #5 are shielded
and separated sufficiently to make them
gsatisfactory for long haul high grade cable
eirouits, which require several four wire
repeaters operating in tandem to obtain -
satisfactory transmigsion of the voice
ocurrents., The East quads in layer #3 snd
the West quads in layer #5 would also be
satisfactory for long haul service, The other
East end West guads in the different layers
are used for short four wire circuits which
have only & few four wire repeaters orerat-
ing in tandem.These quads and the #16 B&Sgauge
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quads may be used for straight two wire or
phantom group eircuits, The layers end
parts of layers may be interchanged at a
splice between sections, in suoh a way that
the East and West quads will not be oxposed
to each other or the cable sheath for more
than spproximately one-half the overall
length of the cable.

Up t0 a few years ago cables were not
oconsidered a success on account of their
high mutusl cepacity and variable unbal-
ances, The improvements in design and manu-
faoture as previously desoribed in this
seotion together with the use of loading
coils have made it possible to use cables
successfully in comnection with comparative=
ly long lines,

The development of the loading coil more
than any of the preceding improvements has
made long distance telephony possible over
open wire and ceble ocircuits. In experi-
menting with eables it was soon found that
telephone transmission was reduced very
much more thru the cable than thru a simi-

are very close to each other, this induct=
ive effect is nearly neutralized, Use is
made of this effect in our non-inductive
resistances and in the non-inductive wind-
ings on some of our relays. Some idea of
the benefit of this industive effect that

is present in s #8 B.W.G. open wire line
having its conductors spaccd 12" apart,may
be obtained from the following. The commer-
oclal range of such a eircuit is approximate~
ly 1000miles, Howaver if we could conceive
of a line where the conductors were spaced
12" apart, but in some mysiterious manner
self=-induotance was eliminated, the commer-
eial range of the transmission over this
line would be only 350 miles, This induct-
ance, it may be seen, offsets the effest of
oapacity between canductors. However, if

the capacity were not present, we would pre-
fer not to have inductance since the ocome~
bination asts as a low pass filter thus re-
dueing the frequency band which may be trans-
mitted over the line. On the highest grade
lines, such as those used for broadoasting
purposes,extra light loading speeed ot rel-
atively frequent intervels is provided.

M

//?
0
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Fig,1 Analogy Between a Loaded and Non~Louded Vibrating String and a Loaded and Non-
Loaded Telephone Line

lar length of open wire employing the same
gauge conductors. It was early recognized
that since the oeble hsd a very muoh larger
matual ocapacity than open wire lines, tele~
phone transmission must be poorer.

It was not realized for mesny years that
a "corrective element", namely self inducte
ance was present to & considerable degree
in open wire circuits. In the case of
cables,however, where the two conduetors

As seen from the foregoing it is necess-
ary to inerease the inductance in open wires
end to add still more inductance to cable
oirecuits to inorease their useful range for
telephony., It remained for Professor Micheel
Pupin in 1900 to furnish the telephone en-
gineer with information,backed by mathemati-
oal investigation and checked by experiment,
for applying "loading coils" to telephone

cireuits, 3/14/09 S.P.C.
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The effeet of loading in telephony is
analogous to the loading of a vibrating
string with equal weights uniformly spaced
along its length. If we vibrate the free
end of & string as shown in figure 1l=A,
waves are set up by this motion snd will
travel the entire distance to the other eng,
but will rapidly becoms smaller as they
travel along the string. However, if the
string is uniformly loaded with equal
weights, as shown in figure l-B,the vibra-
tiona will travel the entire length of the
string and will resch the far end almost
as large as when they left the originat-
ing end, In the ocase of the telephone line,
loeding is =zcocomplished by connecting in-
duotion colls at regular intervals as shown

that ¢of a ocable circuit, and the self in=-
duetance is higher, it is not necessary to
place the loading coils as close together
on open wire eircuits as on cable circuits.

The usual form of a loading coil consists
of & toroidal or ring core made from com-
pressed powdered iron, with copper windings
applied over it. As many as 200 of these
coils are placed in a ¢ast iron pot and
covered with an insulating compound to pre=
vent them becoming short circuited and to
keep them free from moisture., At present
loading coils are being placed in the tele-
phone plant at the rate of approximately
700,000 a year. There are nearly 900 of
these coils in one ¢sable eirecuit between

RP-19%

Fig.2 Diagram Showing the Introduction of Loading Colle in a Telephone Line

in figure 2, thus increasing the sleotriocal
mass of the line, This increased mass re-
duces the fristion (resistanse) loss end
reasting with the elastiscity (oapacitance)
of the eirecuit also reduces distortion.From
this it may be seen that speech can be
transmitted witn much less attenuation ana
distortion over a line having a sufficient
amount of induectance,

In a ceble, for axample, loading coils
are spaced approximately 1.15 miles and
1.66 miles apart depending upon the amount
of loading required, Since the capacity of
en open wire oircuit is much less than

Hew York and Chiougo. The use of these
loading coils during the period detween
1900 and 1927 has made posgible a saving of
nearly $200,000,000,
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QUESTIONS
1, What development stimulated the extensive use of the toll cable?

2. What material is used for insulating the conductors of cables used in the outside

Plant?

Se th‘are the conduotors of a cable stranded instead of running straight?

4. Why are the cores of a cable heated before the lead sheath is aspplied?

5. What 18 a quad? Why are quads used?

6. Why do the twists of two adjacent quads differ?

7. Why 1s the input pair of a four wire circuit shislded from the output pair? How is

this shielding arranged for in a toll cable?

8. Why is loading used in ocable cirecuits and on open wire cirouits?

9. Why 1s it necessary to provide more frequent loading in cable eircuits than in open 3/14/09 S.P.C.
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SECTIOR 3
POLL SWITCHBOARDS -— NO. 1 TYPE

Until ocomparatively recently the Fo. 1
toll switohboard was the standard for large
toll centers and as this switchboard is
still & very important factor in our pres-
ent toll system, some of its important de-
tails will be discussed in this -section.

The No. 1-D, No. 9 and No. 10 toll switoh-
boards are umed in smaller centers but in
general perform similar funotions to the
No. 1 toll switohboard. The circuits, how-
ever, are modified somewhat to meet the re-
quirements of the particuler type of switch-
board and of the smaller toll center. These
latter switchboards will not be desoribed
in this eourse in detail as it is believed
that if the fundamentals of the larger
gswitochboards are grasped, no difficulty
will be experienoced with these smaller
boards. The new No. 3 toll switohboard
will be taken up in a separate seotion.

2

RECORDING TRUNK CIRCUIT

When a ocall is passed from an "A" opera-
tor in the manual office to a toll operaton
the call is received in the toll office
over a recording trunk, a schematic of which
is shown in figure 1. Battery and ground
from the ocalling cord in the manual office
causes a lamp to light in front of the re-
cording operator. When the operator sees

this light she plugs her answering cord into
the jask associated with the lamp, thereby
extinguishing it. The supervisory lamp in
the coxd cirouit in the manual office 1s
also extinguished because the 12,000 ohm
winding of the L relay in the recording
trunk i3 short-circuited, thus allowing
sufficient ourrent to flow over the trunk

to operate the manual cord supervisory relay.

‘¥ith the resording oord connected to the
trunk, the reocording operator obtains the
details of the call and requests the sub-
gcribsr to hang up as he will be csalled
when the sonnection is established. Should
the local operator wish to recall the record-
ing operator before she has disconnected,
the withdrawal and reinsertion of the manual
operators cord will cause the supervisory
lamp of the resording cord to light due to
the faot that the RC relay applies battery
and ground across the tip and ring of the
toll side of the trunk thereby lighting the
supervisory lamp of the recording cord.

If the toll operator wishes to recall the
local operator, the repeated withdrawal and
reinsertion of the recording cord will cause
a change in resistance in the trunk circuit
thus causing the loecal supervisory relay to
flash the assooiated supervisory lamp.
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Fig. 1 Recording Trunk Cirocuit
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When the recording operator disconneots
her cord the local operator will be advised
of the faot by the steady supervisory lamp
asscclated with the calling cord associate
with the trunk to the toll office,

RECORDING CORD CIRCUIT

When the rescording operator sess a light
appear in front of her, she inserts the
back or anaswering cord of a pair into the
Jack associated with the light, thus extin-
guishing the lamp, bridging a high impedance
relay aeross the tip and ring, and eonnect-
ing her telephone set to the salling party
@8 shown in figure 2. The recording oper-
ator then obtains the necessary details of
the call and if nescessary connests the sub-
gsoriber to a toll operating room desk or to

If the local manual operator wishes to

recall the recording operator she will with-

draw and reinsert her-calling cord in the
trunk as described under recording trunk
eircuits thus ecausing the LU relay to op-
erate and lock thereby lighting the back
supervisory lamp of the recording cord.

When the plug of the cord at the calling
position is withdrawn the front supervisory
lamp again lights as a signal that the
salled coperator has disconnected,
drawal of the "A" operator’s sord from the
outgoing end of the recording trunk lights
the answering supervisory lamp as a discon-
nect signal. The recording operator then
releases her HOLD key and withdraws both
plugs returning the oireuit to normal.
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Fig, 2 Recording Cord Cilrcuit

another position. Before sompleting thism
connection the operator makes a busy test
with the tip of the fromt cord and after se-
lecting an 1dle trunk to the desired point,
inserts the plug. This operation causes the
front supervisory lamp to light from the
battery and ground aeross the interposition
trunk. If the trunk is of the ring down
type, the RINGING key is operated to signal
the desired operator. When the desired op-
erator answeres the call, the battery and
ground is removed from the trunk thus ex-
tinguishing the supervisory lamp. This is

a 8lgnal to the recording operator that the
call has been completed and she operates

her HOLD key to remove her telephone set
from the connection.

The two_condensers, T and R in the tip
and ring leads, are placed in the circuit
to separate the DC supervision of the an-

. Bwering and calling ends of the cord.

TOLL CORD CIRCUIT

After the recording operator has obtained
directions conserning a desired toll call
the ticket used to record this information
is sent to a directory desk where routing
detalls, and, in the case of a person to
person ¢all, the desired number and other
necessary information are added to the
ticket. From here the ticket 1s sent to a
line or outward operator having aceess to
trunks to the desired point. This line
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operator then piecks up the ";0ll" plug of
the cord and inserts it into a Jack of the
line going to the desired point and operates
a RINGING key that places ringing ourrent
out on the toll line to signal the distant
operator. From figure 3 it may be seen

that when the "toll" plug of the cord is in-
serted into the jack that ths S~1 relay op-
erates which in turn eauses the RL relay to
operate, thus preventing the Supervisory
lamp from lighting, Jifter the distant op~
erator has been signalled, the line operator
will operate the TALKING key so that she
may pass the desired number when the distant
operator answers.

on the hook. When the distant operator has
established a connection to the desired
varty she will call the line operator by
ringing back over the toll line. This ring-
ing current, applied to the line approximately
two seconds cayses the RU relay to operate
thus causing the RL relay to release and
light the supervisory lamp assosiated with
the "toll"cord. The release of the RL relay
also causes the LU relay to loeck under con-
trol of the TALKING key and keep the lamp
lighted after ringing is discontinued.

When the line operator operates her TALKIRG
key, the LU relay releases and eauses the
light to be extinguished. The line operator
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Pig., 8 Toll Cord Ciroutt

The line operator will then establish a
oconnection to the calling party by plugging
the "trunk and toll" end of the same sord
into the Jack of a toll switehing trunk to
the local office after previously having
received a trunk agssignment over a call
wire from the local "B" operator. The "B"
operator ias instructed to conneet the trunk
to the 6alling gubseribers line but no ring-
ing is applied at this time. When the
“"trunk and toll" end of the cord is insertea
into the switching trunk the § relay opere
ates. The SM relay is marginal and does
not operate over the high resistance gleeve
oirouit of the toll switeching trunk. The
operation of the S relay operates the BT
relay sutting off the busy test and con-
necting the tip of the oirocuit thru. The
gupervisory lamp assoociated with the trunk
and toll cord will operate as an indication
that the ealling party has their receiver

operates the "trunk and toll" SPLITTING key
and then the RINGING on trunk key to eall
the originating subseriber. After ringing,
the line operator will operate the TATKING
key and when the calling subseoriber answers
the line, the operator will release the
SPLITTING key thus completing the connestion
between the two subseribers.

To guard against the Possibility of light-
ing the toll supervisory lamp as a falge
Bignal due to telegraph interference or
surges of ocurrent over the line, the RL re-
lay is made slow releasing and the LU slow
operating. Should the RU relay operate
momentarily on telegraph pulses it will not
usually remain operated long enough to cause
the release of the RL relay. If however, the
RL relay has releasged momentarily, the slow
operation of the LU relay will give the RIL
relay sufficient time to reoperate before
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the LU relasy operates and locks, lighting
the supervisory lamp.

It was not thought necessary to show a
sketch of the toll switching trunk used
with this cord in the toll office as 1t is
very simple and is nothing more than the
customary outgoing trunk eireuit found in
& manmual office but having a 500 ohm in-
stead of a 37 ohm sleeve.

A new operating practice is now being put
into effeot known as the sombined line and
recording method, often called the CLR
method. With this new system the line op-
erator acts as a recording operator and 1if
poasible sompletes the comnnection immedi-
ately instead of requesting the originating
sabseriber to hang up. When using this
method traffic is speeded up sonsiderably.
Another comparatively recent development is
the introduction of straightforward trunk-

TOLL LIRE CIRCUIT

When the line operator plugs the "toll"
cord into the line jJack the S relay oper-
ates thus removing the ring up relay, RU,
from the line and supplying battery for the
operation of the busy signals. 4 similar
aircuit is used at the inward board at the
distant toll office to receive the ringing
signal from the originating toll operator.
See figure 4. When ringing current is re-
ceived the RU relay operates causing a
light to appear at an inward positilon.
inward operator inserts & cord into the
jack assooiated with this light thus causing
the light to be extinguished and the busy
signal to operate. Should the operator wish
to transfer the call to a thru position she
may operate the TRANS key. The operation

The

" of this key will cause the lamp to light

at the thru position. -When the thru operator
has taken up the ocall the inward operator

ing. When the straightforward trunking may restore her c¢ord to normal.
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g.4 Toll Line Cirocuit

system is used the line operator ean esta-
blish a connection to the loeal "B" oper-
ator directly over a toll switohing trunk
without the use of a call wire. These two
aystems will be discussed in more detail

ig a later section dealing with toll traf-
fie.

If the call is intended for this toll
office the inward operator will complete
the eonneation over a toll switeching trunk
in a similar manner to that previously de-
geribed under the toll cord cirsuit. If,
however, the eall is intended for a more
distant office, the call is transferred to
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the thru operator who merely aats as a tan- desired point.
dem operator and passes the c¢all to the

2.
3.
4.

5.

QUESTIONS
What is the function of au recording trunk cireuit ?

Trace the operation of a recording trunk eireuit from Figure 1.
Trace the operation of & rescording cord oircuit from Figure 2.
Trace the operatlon of a toll cord circuit from Figure 3.

Trace the operation of a toll line oirecuit from Figure 4.
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SECTION 4
TOLL TRAFFIC AND THE METHODS OF HANDLING IT - PART 1.
GENERAL
The telephone serviese whish is furnished cordance with it. As a resuly of this divi-
to the subscribers of the Bell System is gion of the toll traffic between companies,
divided into two general classes, loocal or in some of the largest areas such as New
exchange service and toll service. The York and Philadelphia, both the Asscciated
basis of this clasé#ification of service is Company and the Long Linea Department have
the method of charging for it. In return large toll switchboards each handling its

for the payment of a local or exchange ser- own traffie. In thease places it has become
vice charge, the subscriber is furnished a the practice for the purpose of training
telephone instrument which is connegted to subacribers and operators to distinguish

a switchboard and he receives, also, service between the toll boards, to refer to a ocall
to all other stations in hia loeal service which is handled by the Long Lines Department
area., In case the subseriber makes a call on its toll board as a Long Distanee call,
for a station which is outside of his local and to refer to a call whieh is handled by
service area, an additional charge 1is made the Assoolated Company on its toll board as
for each such call. This additional charge a Toll call. This is a specialized use of
ig called & toll charge and the amount of these terms brought out by the necessity of
it, in general, varies with the distance distinguishing by some short and easily re-
between the salling and called stations, the membered terms between the traffic handled
duration of the conversation and the class by the Long Lines Department and the traffic

of call made, A c¢all of this kind for a handled by the Associated Companies. A more
station outside of the subseribers local exact method of naming these calls would be
area is Inown as a toll c¢all, and collesct- to refer to them as a Long Lines Department
ively such calls are termed toll traffic. toll call and an Associated Company toll call.
The .cireuits over whieh sush traffic is

handled are referred to as toll eirouits, Both the local and the toll service fur-
and the operators whose work consists larg- nished to the subscribers of the Bell System
ely or entirely of handling such traffioc may be divided into various dilfferent olasses.
are called toll operators, ete. This is The toll service only will be describded in

the broadest aignificance of the term toll this ecourse.
and the one usually employed, in enginsering

and traffic work. The term Toll is used The toll services may be classified in ao-

gometimes in & rather restricted sense which ocordance with the operating method used in

will be referred to later, but.in general handling the traffie and from a rate atand-

engineering work the broad meaning of the point., Considered from this latter stand-

term will be the one usually encountered. point, the different classes of toll service
‘ which are furnished subseribers are illustra-
The term Long Distance in its broadest ted by the following classes of calls,

sense a8 1t is now used in dealing with the

publie, refers to that portion of the toll l. Station-to-Station Call.

traffic in any given area which is handled 2. Person-to=-Person Call.

through recording or CIR operators. It in- 3. Appointment Call.

cludes all of the toll trafflic except that 4, Messenger Call,

whish is handled by the local switchboards

on an A - B basis. A Station-to=-Station c¢all 18 one on which

the person originating the call does not
In the early development of the telephone spesify a particular person. to be reached
business it was the practice of the parent at the ocalled station but gives only the

Bell Company, which owned the sontrolling number of the telephons station desired or
patents covering the telephone, to grant the name or address under which the telephone
licenses to operate in certain territories is listed.

to locally organized oompanies. Thesse

companies, which have developed into the As- A Person-to-Person call is one on which
sociated Companies of the present day, hand- the person originating the call specifies a’
led in general all of the service both local particular person to be reached at the called

and toll, in their respective territories. place.
The traffic between the territories of the
Assoolated Companies wag in general handled An appointment call is a Person-to-Person

by a separate organization which is now the o©all on whish scommunication is to be estab-
Long Lines Department of the Ameriocan Tele= .lished at a spesified time.

phone and Telegraph Company. Many modifi-

cations in this original plan have been A mesaenger call is a Person-to-Person eall
made during the development of the telephone on which the ealled party is not available
business and numerdus cases now exist where at a telephone connected to the Bell System,
the traffic is not divided strietly in ae- and on which the Telephone Company assumes
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the responsibility of notifying him, by gystem in local offices will be asovered in
messenger or other means to some to a publie the next sestion.
pay station.

) Of the classes of to0ll oalls described
In making ratea for the toll traffic, the earlier in this paper, only Station-to~Sta-

station-to-station call is, in general, tion calls are handled by the A-B method,
taken as the basis, Broadly speaking the while all four classes, Station-to-Station,
rate for this olass of eall 1s quoted in ~ Person-to-Person, Appointment, and Messenger

multiples of 5 cents and is based upon the calls are handled by the Toll Board Method.
air line mileage between the calling and

called points and the duration of the call. With the A~B method the traffie is handled
The rates for person-to-person, appointment entirely on local switchboards and in some
and messenger calls are determined by add- cases on tandem boards. With the Toll Board
ing suitable differentials to the rates for method, as the name implies, the traffis is
station-to-station calls. Under certain handled at a toll awltehboard and the toll
conditions 1if communication is not estad- board operator has responsible charge of
lished on one of these three ¢lasses of the ocall.

calls a limited charge known as a report

charge is made, THE A-B-METHOD OF HANDLING TOLL CALLS
Standard Methods of Handling Toll Traffic In the A-B method of handling toll traffie

the dircuits are terminated at one end in
With the introduection of the new combinea 1ooal switchboards, which are easily acces-

line and recording method’ commonly Xnown sible to the loeal operators and at the other

as the CLR method, of handling toll trarfie, end in loeal or tandem switehboards. When

a subasoriber originates a toll ocall to a

— — —_————— —— — —— ————
I (ovTaomG aFFicE) = |  (mweoruwne orrres)
A" 8OARD | 8" BoARD
I |
(onccms 252) | e L%_ gumol 'dﬁuﬂﬁuq
g1 | % Y reinin cuer. D H
{HH & | —— i
IRE ' ! Il §
@ | 'i | )
: | | |
| 2020 || 8.5
| | |
| | |
| || |
I | |
e e e e e e e o s e e - — -l RP.7934

Fig.1 A-B Call Completed Over Straightforward Trunke |
many of the older methods are rapidly being nearby point he gives the number of the

dissontinued. 4is a result of this, toll called station to the operator as when make-
traffic may now be divided into two general ing a local call. The "A" operator handles
olasgifications, namely A-B traffiec and the call, timing, ticketing and supervising
Toll Board Traffic. The general features it. She completes it over a toll cirocuit

of the A-B method will be described briefly which ends in a jack at her position. The
in this sesction and the general features of method of operation the "A" operator follows

the Toll Board method will be described is, in general, the same as that followed in
briefly in the section following. local practice.

In the description of these methods whioh Figure 1 shows the arrangement of ecireuits
follow, only the equipment and operating for an A-B call between offices which are
features which are engcountered in conneetion connected by a group of straightforward trunks.
with manual equipment are covered. The Under this condition a tandem office ia not
modifications in the methods which are re- required. Such a 6all would he placed by a

quired due to the introduction of the dial subsceriber at Longacre 4321 in Manhattan to
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a subscriber at Market 1234 in Newark.

These two offices are connected by groups
of direot trunkas. In figure 1 the calling
subseriber is referred to as (A) and the
oalled subsoriber as (B). When the sub-
goriber at (A) removes the reocsiver from
the switehhook, operations ocour in the .
line circult at the "A* board which cause
the line lamp to be lighted. The operator
~angwers the call by inserting the plug of
the back or answering cord of a pair of sub-
socribers cords into the answering jack or a
miltiple Jack of the ealling subseribers
line. This causes the line lamp to be ex-
tinguished. The operator connects her tele-
phone set to the cord eireuit and to the
selling subsoribers line by operating the
talking key in the cord circuit. The sub-
seriber gives the exchange name and tele-
phone number of the desired subseribvers
station in exactly the same manner as if a
looal connection were desired. The "A® op=-
erator muat know that the called telephone
is in an exchange to which toll charges are
made. She makes out a ticket »f the ecall
including the number of the ecalling tele-
phone together with the exechange name and
number of the called subsoribers gtation.
The ticket on which this information is re-
corded is a special form of ticket used only
for calls of this type. The "A" operator
then takes up the associated calling cord
and connects it to the Jjack end of a trunk
to the desired office after having found
that trunk idle either by means of the usual
busy test or by signals of the idle trunk
and position indieating system. The ealling
supervisory lamp is lighted and the "A" op-
erator then awaits two spurts of tone as a
signal that the "B" operator is connected to
vhe trunk and is ready to take the call. If
a steady tone ig heard it is an indieation
thet the "B" operator is busy at another
position. This will oscur only during the
light load period when the "B" operator is
handling several "B" positions. The "B" op-
erator will receive a signal whieh will call
her attention to a particular position where
the call 1s waiting. When the "A" operator
receives the two spurts of tone over the
trunk she repeats the number but not the
office name of the called subscribers station
to the "B" operator. The "B" operator sets
up party ringing if necessary and then takes
up the plug of the selected trunk, indicated
by a flashing guard signal, and taps the tip
of it against the sleeve of a multiple jack
of the called subseribers line as a means of
making a busy test. If the line is busy a
click will be heard in the "B" operators re-
ceiver, In ocase the line is not found busy,
the "B" operator inserts the plug into the
multiple Jack of the subseribers line. Thias
causes the flashing guard lamp to be extin-
guished and machine ringing to be sent out
on the line to ring the called subseribers
bell. When the called party removes the re-
ceiver fromthe hook, ringing current is auto-
matically disconnected and the supervisory
lamp of the calling cord is extinguished,

indiecating to the "A" operator that the
talking eonnection has been established
between the ocalling and called subseribers.
When the ealling supervisory lamp is extin-
guished the "A" operator notes the time from
the position elock and enters it on her
ticket.,

When the conversation is finished and both
subseribers have replaced their recelvers on
the switchhooks the front and back supervisory
lamps in the "A" board cord eircult are lighted
as disconnect signala to the "A" operator,
who removes the plugs of the "A" cord olr-
ouit from the subseribers line and also from
the trunk jack. ' When the ealling cord is
removed from the outgoing trunk -jack the
"guard and disconnest” lamp at the "B" posi-
tion is lighted as a disconnect signal to
the "™B" operator who removes the plug of
the trunk from the jack of the called sub-
geribers line thereby restoring the circuits
to normal.

If the "B" operator had found the called
subseribers line busy she would have in-
gerted the plug of the trunk into a jack
which was conneateéd to a busy back iInterrup-
ter. This would have caused the ocalling
supervisory lamp in the *A" operators sord
ciroult to be lighted and extinguished as
a bugy signal to the "A" operator. Upon
receipt of this signal the "a" operator
would remove the plug of the ealling ocord
from the trunk Jack and operate the cord
oireuit talking key and inform the ealling
gubseriber that the ecalled line was busgy.
Upon receipt of the dlsconnect signal from
the calling subsceriber the "A" operator
would remove the plug of the answering cord
from the answering Jjack, restoring the
eircuits at her offiece to normal.

Figure 2 illustrates the conditions for an
A=-B call between two offises which are so
widely separated that the common supervisory
relays will not o¢perate over the trunks
econnecting them. In this case the trunks
are operated on a two way ringdown basis and
no order wires are provided. i call from a
subseriber at Haverstraw, N.Y. to a sub-
geriber at Spring Valley, New York would be
handled on this basis. In originating such
a eall the subscriber at Haverstraw calls
the operator as on a local call and gives

. her the exchange name and number of the

called subscribers telephone. Thé operator
mekes out g ticket as was described for the
above call. She then plugs into an outgoling
trunk jack to the desired offiece with the
ealling or front eord of the pair used in-
answering the calling subscriber, and oper-
ates the ringing key. The connection
between the calling cord and the jack of the
outgoing trunk eircuit causes the "ealling”
or front supervisory lamp in the cord ecir-
cult to ve lighted as an indication that
there iz no connection established with the
opposite, or inward end of the trunk., The
connection with the ealling cord also causes
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the ringdown signal to be disconnected from
aoross the outgoing end of the trunk. This
1s done in order that the outgoing ringing

(ovraomwe arrsce)
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originating operator receives = disconnect
signal in the form of a lighted ahaswering
supervisory lamp. She goes in on the con-
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Fig, & A-B Call Completed Over Ringdoun Trunka

ourrent will not operate this signal when
the operator signals the Aaistant office.

The ringing ocurrent does, however, cause

the operation of relays in the inecoming
office which causes the line lamp associated
with the trunk to bhe operated as a signal

to the operator that some other office is
calling her., She answers by inserting the
plug of a regular "A" board subscribers an-
gwering cord into the answering jack or a
multiple jack of the inecoming trunk circuilt.
This causes the line lamp to be extinguished
and closes a bridge across the trunk cireuit
which sauses the operation orf relays in the
outgoing end of the trunk. The operation of
these relays causes the calling supervisory
lamp in the originating operators cord cir-
suit to be extinguished as an indisation
that the operator in the called office has
answered. The cord circuit talking keys in
both offices are operated and the originat-
ing operator in response to the other’s
question "number please” repeats the name of
her own office and the number of the called
subseribers telephone. The inward cperator
picks up the calling cord of the pair with
which the connection is started, makes the
busy test on a multiple jaock of the oalled
gsubgeribers line. and if the line is found
idle, inserts the plug af the e¢alling cord
in the multiple and rings the-culled line.
The called subseriber answers giving the
inward operator a signal by causinf the ecall~
ing superviso lamp in her eord circuit te
be ext guishgg and the conversation is ’
started. The originating operator does not
have direct supervision over a eall of thts
class and the timing is not accurate. When
the conversation is finished, the ealling
sabseriber hangs up his receiver and the

nection by operating her talking key and
challenges., If no anawer is received the
plugs are removed from the jack. If, how-
ever, the oalled subscriber wishes to recall
the other party, he will signal the inwara
operator by moving the switchhook up and
down thus causing the salling supervisory
lamp,in the inward operators cord cireuit

to be flashed. The inward operator recalls
the outward operator by withdrawing and

then ingserting her answering cord into the
trunk jack several times, and the outward
operator recalls the ealling party by ring-
ing him, The operator who originates the
call always disconnects first., In the case
of this call it is the outward operator.
When the plug of the c¢alling cord is removed
from the outgoing trunk jack the answering
supervisory lamp is lighted in the inward
operatora cord circuit. The inward operator
thereupon dissconnects, restoring the sircuits
to normal.

In oases where the offices are located as
gshown in Figure 3, calls from one point to
another at a distance, pass through a tandem
office. As shown in the sketech we shall
take the case where five points are to be
connected, #1 and #2 in New Jersey, #3 in
Manhattan, and #4 and #5 in Brooklyn and
Long Island. If these offices were all ¢on-
nected by direct trunks as indioated in
Figure 4 the eabling layout would be a very
expensive one. A separate group of trunks
would be required to work in each direstion
between each two offices. However, by plac-
ing a tandem offise at #6 as shown in Figure
3, groups of trunks from each office to the
tandem office would permit the same result
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To be obtained with a saving of many miles
of cable,

R 7936

NEW JERSEY

Ptg. 8 Diagram of Tandem Connections

Figure 5 shows the cireuit arrangement
used on a ¢all between subssribers in two
exchanges where the connection will have to
be built up through a tandem board. It
will be noted on figure 5 that the trunks
ineoming to the tandem office terminate in
pPlugs and the trunks outgoing from the tan-
dem office terminate in jacks. These trunks
are designed to be used for tandem calls
only and are always of the sall eircuit or
atraightforward type. The completing trunks,
that is, the trunks from the tandem office
to the exchange in whioh the salled sub-
soribers telephone is located are the follow-
ing call eireuit or straightforward types,

Machine Ringing Trunks equipped with

mechanically locking gang keys or a

:gt of common ringing keys per posi-
on.

Keyless Ringing Trunks.

Manual Ringing Trunks.

It may be desirable to extend ‘the tandem
method to certain offices not equipped with
"B" positions in order that the "A" operator
may not have to diseriminate in completing
tandem calls to such offices. In such cases
the eircuits should be arranged to employ

the regular call eireuit or straightforward
types of completing trunks. . There may be
certain offices in which a call eircuit can-
not be provided owing to lack of facilities,
and in such cases completing trunks arranged
for straightforward operation may be employead.
In this case the order is passed by the "A"
operator over the trmink itself after the
tandem connestion has been established.
te?position trunks will sometimes be ree
gaired at the tandem positions for complet-
ing connections to desks or other speclal
positions.

In-

A call from a subseribver at Longacre 4321

to a subscriber at White Plains 9876 would
be handled through the Westshester tandem

#1g. 4 Diagram of Direct Connections

office., The subseriber initiates the call
by calling the "A"™ operator in his own ex-
change and gives the exchanze name and num~
ber of the called subsoribers telephone as
on a looal call. The operator makes out a
ticket of the call then takes up the assoei-
ated calling cord and connects it to the
Jack end of a trunk to the tandem office
after having found that trunk idle by means
of the usual busy test. It will be necessary
for the "A" operator to know which exchanges
are reached thru the tandem office and which
are reached over direct trunks. The ecalling
supervisory lamp is lighted and the "i% op~
erator then awaits three spurts of tone as

a signal that the tandem operator is connected
to the trunk and is ready to take the sall.
The "A"™ operator then passes only the name-
of the ealled subsoriber office to the tandem
operator., The tandem operator takes up the
plug of the trunk, indicated by a flashing
guard signal, and seleets an idle trunk to
the desired office., ¥hen the plug of the
tandem trunk is inserted into the outgoing
trunk the guard lamp of the tandem trunk is
extinguished and the tandem operator is dis-
connested from the trunk. The connection is
now completed thru the tandem office and
the "A" operator awaits two spurts of tone
as a signal that the "B" operator is con-
nected to the trunk and is ready to take up
the eall, The "A"™ operator then repeats

the number but not the office name of the
ecalled subscribers station to the "B" oper-~
ator, The "B" operator sets up party ring-
ing if nesessary and then takes up the rlug
of the selected tandem completing trunk, in-
dicated by a flashing guard signal, and if
the subscribers line 1s idle, inserts the
Plug of the trunk into the jack of the de~
sired line. This causes the flashing guard
lamp of the tandem completing trunk fo be
extinguished and machine ringing to be sent
out on the line to ring the ealled subscribers
bell. When the called party answers, the

3/14/09 S.P.C.




27

supervisory lamp of the oalling cord in the
originating office is extinguished indicate
ing to the "A" operator that the talking
connection has been eatablished between the
calling and called subsoribers. When the
¢alling supervisory lamp is extinguished
the "A" operator notes the time from the
position clock and enters it on her ticket.
When the converasation is finished and the
called subsoriber replaces the recelver on
the switehhook, the guard and disconnect
lamp at the tandem operators position is-
lighted as is also the ealling supervisory
lamp in the "A" operators sord circuit.
Upon receipt of this signal and when the’
calling subscriber has replaced the receiver
on the switochhook which sauses the angwer=
ing supervisory lamp to be lighted, both

——— ks — o —

the "A" operator and the tandem operator
disconnect., When disconnectlon takes place
at either the "A" or the tandem position,
the "guard and disconnect” lamp agsociated
with the sompleting trunk at the "B" board
is lighted as a disconnect signal, whereupon
the "B" operator disconneots from the called
subseribers line restoring the circults to
normal, The +timing of the call is handled
in . a manner similar to that described prev-
iously in this sectionm.

There are certain calls which may be passed
through as many as two tandem offices, but in

case more than two tandem offieces are required,

the call is not handled on an A=-B basis but
is passed to a CLR operator and the e¢all com-
pleted by her over a toll line.
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Fig. 5 A~B Call Completed over Straightforward Trunke Thru @ Tandem Office
UESTIONS
1. Explain the difference between long distance or toll board traffic and A=B toll traftfioc.
2. . Give the four classes of calls furnished the subseriber by toll servioe and define each.
3. What olass of servige is rendered only by the A-B method?
4, On A~B service which operator handles the supervision, the timing, and the tiecketing
of a oall? :

5.
originating to the terminating subscriber,

6.
to the terminating subseriber.

Trace a ocall handled by the A-B method using straightforward trunking circuits from the

Trace a oall handled by the A-B method using ring-down oircuits from the originating ;

7. What advantage iz gained by the use of a tandem office %

8.

Trace & c¢all handled by the A-B method, over straightforward trunking eirsuits through

a tandem office, from the originating to the terminating subsoriber.
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SECTION $
TOLL TRAFFIC AND THE METHODS OF HANDLING IT - PART 2

TOLL BOARD METHOD OF HANDLING TOLL TRAFFIC

In the Toll Board method of handling toll
traffic the eirouits are terminated at both
ends in toll switehboards. When a subaerib-
or originates a Long Distence eall, the
*ocal "A" operator connects him thru to a
toll operator who supervises and times the
call, whereas, on short haul toll traffic,
the call is supervised and timed by the
loeal operator as described under A-B traf-
fic in the previous sectilon.

This Toll Board traffic may be subdivided
.into two general classifications, namely,
the combined line and recording, CLR, method
end the delayed method. With the CLR method
the eall 1s campleted while the calling sub-
soriber stays at the telephone, Calls which
cannot bhe completed within approximately
th:geaminutes are handled by the delayed
method.

Toll switchboards from a traffic stend-
point may be classified under three headings,
namely, Outward, Inward and Thru. Outward
positions are used to handle CLR end delayed
-treffic in the originating toll office and
also inward ticket work at the terminating
toll office, Inward positions complete g
oalls from distant toll offices to subscrib-
ers in the area served by the terminating
toll office, Thru positions in the toll
system perform a similar funetion to that
of the tandem positioms in the local system.
In smell offiocea cervaln outward positions
are often used for hendling thru traffic.

CLR METHOD

Before the introdwtion of the CLR method
all Long Distanoce calls were handled on a
delayed basis, that is, after the Recording
operator in the toll office received the
details of the call from the originating
subscriber, he was told to hang up and that
that he would be informed when the desired
conneoctions had been completed. The ticket
made out by the Recording uperator was sent
to a direoctory desk where the routing and
other necessary informetion was added to the
tioket, The ticket was then sent to a Line
operator who established a connection back
over a toll awitching trunk to the calling
subsoribers line thru the local "B" switch-
board and called the distant office over a
toll line. When the distant operator had
reached the called party, the Line operator
then applied ringing current over the switch-
ing trunk to the calling subseribers line
thus completing the call.

With the new method, the Combined Line and

Hecording operator acts both as a recording
operator and as a line operator, completing
the call whenever possible while the calling
subsoriber waits at the telephome. Calls
may be eompleted to the distant toll office
in one of two ways depending upon the amount
of traffic involved and the distence between
the toll centers. These two methods are the
ringdown and the straightforward. The ring-
down method will be described first as it is
in most common use,

Figure 1 shows the arrangements of circuits

for a Long Distance call between two subsorib-
ers completed by the CLR ringdown method.
When the calling subscriber calls the local
operator and announces that a long distance
connection is wanted, the busy test and the
connection to the toll office over a record-
ing trunk is made with the calling cord of

* the pair of cords used to emswer the calling

subscriber, When the CLR operator sees the
lighted lamp associated with the recording
trunk she operates the listening key and
inserts the plug of a trunk cord into the
assoclated jeck thus extinguishing the lamp.
The OLR operetor requests the desired number
and records this information on a ticket,

She then determines from a list at her posi-
tion whether or not CLR service i1s given for
the ocless of call or to the desired point re-
quested, All Messenger calls, Appointment
calls, inward collect calls to pay stations,
and cells for build-up eircuit points to
whieh CLR service is not rendered, are handled
at delayed positions. After the CLR operator
records the deteils of the call and has de-
termined that she cannot complete 1t by the
CLR method, she requests the calling sub~
scriber to hang up and infarms him that he
will be called . when connections to the desired
station have been completed. The ticket is
then forwarded to the delayed bhoard.

If, however, the oall ocan be completed by
the CIR method, the CIR operator inserts
the plug of a foll cord of another pair into
a toll line to the desired point and operates
the assoclated ringing key for two seconds.
With the listening key of the toll cord op-
erated and the listening key of the trunk
cord restored to normal, the CLR operator
awalts the anawer of the distant toll open-
ator. When the distant operator answera,
the CIR operator gives the name of the calleq
exchange and the station number, and after
the distant operator repeats the number the
CIR operator enters on the ticket the time
that the oall was passed. The CLR operator
then picks up the trunk cord of the pair on
which the toll eireuit is being held, and
after locating an idle toll switohing trunk
to the "B" operator in the office of
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Fig. 1 Long Distance Call Completed By OLR Method Over Ring Doun Toll Lines

the calling subseriber, inserts this cord
into the trunk and ewaits two spurts of tone
as an indication that the "B"™ operator is
ready to receive the call. The CLR operator
then passes the number of the ocelling sub-
seriber and says "without", indicating that
she wants the conneotion made to the sub-
soribers line without a busy test, since the
line 1s being held on the recording trunk.
When the trunk is connected thru, the super-
¥isory lemp of the trunk cord is out, in-
dicating that the subscriber still has the
receiver off the hook., When this oonnection
is made, the trunk cord connected to the re-
cording trunk is released. The local "A"
operator observes a lighted supervisory lamp
associated with the calling cord and discon~
nects both the answering and the calling
cords, When the called station answers, the
ticket is stamped with the caleulagraph to
record the starting time of the conversation.
The CLR operator throws the associated listen-
ing key to the monitoring position end list~
ens to ses that the conversation has started
satisfactorily, The monitoring key is used
as 1t does not cause as great a transmission
loss on the line as the listening key and
also as it excludes operating room noise from
the line because of the operators itransmitter
being removed from the circuit. .

When the inwerd operator in the callsd toll
office observes a line lamp, lighted as a re-
sult of ringing eurrent being applied to the
line by the originating CLR operator, the

inward operator throws a listening key and
inserts the associated trunk cord into the
Jjack associated with the lighted lamp, thus
extingulishing the leamp. The toll cord super-
vigory lemp is out. The inward operator
answers the call with the name of her office
end awaits the called number, When the in-
ward operator receives this informetion she
says "right" end with the trunk cord of the
pair inserts it into an idle switohing trunk .
to the desired local office and awaits two
spurts of tone, When this tone is heerd,

the 1nwerd operator passes the number but

not the office name to the local "B"™ operator.
After the plugd end of the toll switeching
trunk in the local office is inserted into
the desired line, eas ia indicated by a light-
ed trunk cord supervisory lamp at the inward
position, the inward operator operates a
ringing key which ocsuses ringing curreat to
be applied to the line of the called party
to ring his bell, If the desired subsocriber
was on a party line, the local "B" operator
would have operated a key ocorresponding to
the party letter, When the inward toll op-
erator applied ringing current to the toll
switching trunk, a relay would operate in

the local trunk circuit to cause ringing
current of the proper polarity to be sent

out on the celled subseribers line, When
the called subsoriber removes the receiver
from the hook, the trunk cord superviaory
lamp is extinguished at the inward toll posi-
tion as an indication to the inward operator
that the- -subseriber has answered.
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Should the CLR operator wish to resall the
distant toll operator, or should the distant
toll operator wish to recall the CLR oper-
ator for any reason, ringing current is a
applied to the toll line by the operator
wishing to reeall, thus eausing the guper-
visory lamp of the toll cord at the receiv-
ing offise to flash until the listening key
is thrown to answer the signal.

When the eonversation is completed and the
calling party hangs up, the CLR operators
trunk eord supervisory lamp lights as a
digoonnest signal at the originating toll
office. The CLR operator then releases the
toll eirouit, stamps the tieket with the
caloculagraph and releases the calling line.
When the ealled party hangs up, the super-
visory lamp associated with the inward op-
erators trunk cord lights. The inward op-
erator first releases the toll line at the
distant end and then the e¢alled line thus
completing the disconnection of the airecuits
used for handling the call.

Should the oslled station be busy the dis-
tant operator will give a report and after
the CLR operator has acknowledged 1t, the:
CLR operator will inform the ealling sub-
soriber of the fast and he will be called
when the distant station can be reached.
However, the salling subseribers line will
8till be held over the toll switching trunk.
Atter three minutes have elapsed, the CLR
operator will make another attempt to securs
the desired line and if suocessful, the or-
iginating subseriber will be notified., If
the CLR operator cannot secure the deasired
line in approximately 10 minutes, the 6all
will be transferred to the delayed position
for sompletion.

There are three main reasons why the re-
sording trunk oircuits from the manual office
are not used for completing the connection
between the calling and the called subscrib-
ers on & toll eall. First, the toll switceh-
ing trunk is provided with 48 volt instead
of the customary 24 volt transmission bat-
teﬁy. Thia arrangement gives approximate
4 T.U. better transmission than would be ob=-
tained by talking thru the usual 24 volt sub-
soribers cord eireuit and the manual record-
ing trunk cirocuit. It is more esonomisal to
e%uip a few toll switehing cirouits with
hlghor grade transmission facilities than
a

the regular subseribers cord sirouits in
the office.

Second, the use of the toll awitehing
tronk provides a method of chesking thé eall-
ing subsoriders number. If he were to %179
the wrong number, the toll. awitehing "B" op=-
erator would be unabtle to establish a ocon-
nection to the calling iine., Third, the toll
Switohing trunk provides a means for plaocing
the direot supervision of the calling line
in the hands of the toll operator. The toll
operator can eontrol the ringing and, by
means of the trunk supervisory lamp, can de-
termine whether or not the receiver is on
the switohhook at the calling station. This

would not be possible were the call com-
pleted thru the losal "A™ operators cord
eirouit.

Straightforward toll lines have recently
been developea for use on short haul routes
to replace such as those formerly operated on
a 0all circuit basis, For example traffie
between New York and Philadelphlisa is handled
by this gtraightforward method. The oper-
ating features are similar to the ringdown
method previously described, with the follow=-
ing exceptions. Full switohhook supervision
from the ¢alled station 1s obtained at the
outward toll, or CLR position. Disconnec-
tion from the toll line by the outward op=-
erator gives a disconnect signal simul~
taneously -to both the inward toll and the
terminating toll switching operators if the
called subscribers receiver is on the hook,
No recall feature is provided such as on
ringdown trunks. It i3 nesessary to use an
additiongl trunk to recall the distant in-
ward operator. The straightforward trunks
are used for one way traffiec only, a separate
group being provided for traffie in each
direction. In fact the method used for op-
erating these atraightforward toll lines is
not very dissimilar from the method used for
operating local stralghtforward trunks de-
geribed under A~B toll in the previous sec-
tion. .

DELAYED CALLS

All, salls which cannot be gompleted by the
CIR method, suoh as calls that have to be
built up at two or more points, ealls to
subscribers that have been busy for more than
10 minutes, Measenger calls, Appointment calls
or other calls that require mores than three
minutes for completion are handled at delayed
positions. Delayed positions are often call-
od point-to-point positions for the reason .
that s certain position may handle traffiec
to points whose first letter begins with 4,
B,& C, another position may handle traffic
to points whose first letter beginas with D,
E& F, eto. It is thus an easy matter to
refer a subscriber who requests information
regarding the progress of his sall to the
operator who is handling it.

When a call cannot be sompleted by the CLR
method, the CLR operator forwards the ticket
to a direotory desk where any additional in-
formation, if necessary, is placed on the
ticket. The ticket is then routed to a de
layed position handling ealls to the desired
voint. When the delayed operator endeavors
to complete one of these calls she first
secures the eslling subseribers line over a
toll switehing trunk to assure the ascessi-
bility of this line when the called party is
reached, The distant toll office is then
called with the toll cord of the pair. Vhen
the ¢all is of the person=-to-person class,
the originating toll operator will request
the terminating toll operator to complete
the call to the desired subacribers line and
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when the oalled station answers, the origin-
ating operator requests information as to
whether or not the called person 1is avail~
able. If the called person is ready to talk,
the calling party is notified by the origin-
ating operator and thus the connestion is
completed. If the ealled person is not
avallable, the operator will leave word to
have him ¢all his long distanse oparator,

if requested by the ¢alling subseribver.
During the interval the originating operator
releases the toll line and also the subserib
ers line.

Some classes of service require a tioket
being made out at both the originating and
the terminating toll genters; a Messenger
oall and a Collect eall are examples of this
type. When the originating delayed operator
reaches the inward operator in the distant
offioe, she requests that her cazll be trang-
ferred to the outward board. It is the duty
of the outward operator at the distant
office to record the details of the eall, to
supervise the call at her end of the line
and to render any neceasary reports to the
originating operator.

PNTUMATIC TUBE OPERATION

When the tickets covering the details of
calls, that are to be completed at delayed
rositions, have been made out by CLR oper-
ators, it is necessary that these tisckets
be forwarded to the proper delayed operators
with as little delay as possible, In addi-
tion to this, it is necessary that some of
the tickets be routed to the direstory desk
first, in order that the direstory operator
may look up mumbers of called subscribers
in distant exchanges. The pneumatic tube
gystem provides for g sentral distributing
desk with operators who are provided with
lists of different point~to-point operators
positions and the names of the offises to
which they are handling calls. When a
tiocket has been made out by the CIR operator,
it 18 sent direstly to the distributing desk
and from there to the proper outward opera-
tor. When the distributing operator startas
a ticket to the outward toll operator, she
operates a key which lights a pilot lamp at
the distributing table. When the ticket
arrives at its destination, a switeh is op-
erated by the tisket itself which lights two
pilot lamps at the toll positions and causes
the pilot lamp at the distributing position
to be extinguished, indicating to the dig-~
trivuting operator the aafe arrival of the
tieket. When the toll operator removes the
tioket from the valve in whieh the tube ter-
minates, a relay is operated which causes
the two ticket pilot lamps to¢ be extinguish~
6d. One tube termination merves two oper-
ators, one at the left and one at the right
position. asrrangements are provided so that
when either of these toll operators has suf-
ficient tickets, she operates a key which
lights a lamp as a signal to the supervisor
that this operator can handle no more oalls.

When the keys associated with both positions
at any one tube terminal are operated, the
pilot lamp at the distridvuting position is
extinguished, indiecating to the Adistributing
operator that no more tickets are desired

at these positions.

ICE OBSERVING

Service observing providss three things.
Firast, information regarding the speed,
accuracy and dependability of the service.
Second, data valuable for supervisory pur-
poses in regard to the technical quality of
the operating work and the most esonomical
use of the operators and toll line time,
also data valuable in regard to the acouraoy
with which the overators follow instructions
and the ascuracy of the ticket records.
data valuable for engineering purposes.

To effect improvements in the toll work,
it is necessary to have data in regard to
the work of the individusls on the board.
However, in order to meet the fundamental
purposes of the observing plan, it is nee-
easary to distribute the routine observation
over all kinds of traffic handled by all
operators and this condition makes it im-
practicable to obtain conclusive data in
regard to the work of individuals. It re-
quires supplementary observing to obtain:
conclusive data of this kind,

The traffie for toll
resording trunks, toll
erators telephone sets

gervice observing of
lines, and toll op~
is as follows:

When a call for long
to a CLR operator, the
of the recording trunk at the service ob-
gerving board lights. The service observ-
ing operator plugs into the Jjack with =
cord and enters on a ticket, provided for
the purpose, the details of the call. When
the recording operator has finished ticket-
ing the call, the observing operator dis-
sonnects from the trunk. The toll line se-
lected by the toll operator will be indica--~
ted to the observing operator by the opera-
tion of the busy signal agsociated with the
$011 multiple at the service observin§ )
board. The observing operator then p ngs
into the jack of the line selested with a
cord and monitors. Another eord ean be
used to listen on an operators telephone
get whenever it is oconsidered necessary to
locate the operator who is handling the
call under observation. ‘

distance is refrerrea
lamp at a multiple

Arrangements are provided so that the sger-
vice observing operator ean originate a
call to any operator whom she desirea to
check., To do this, she uses her desk set
to make the call.

MODIFICATIONS IN THESE METHODS WITH LOCAL
DIAL OFFICES

When dial equipment of either the panel
or step~by=-step type i1z installed in looesal
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offices it ls necessary to make some changes
in these methods.

A=B Method

With the A~B method the procedure on the
part of the subsoriber in placing a eall is
to dial zero whioh will connect him to an
operator who will handle his sall. From
this point on his procedure remains the same
a8 with manual equipment. The subsoribers
procedure is the same whether he is connect-
ed to a step-by-step or a panel type office,

The trunking methods employed for handling
4-B %oll oalls originating in step-by-step
offices or panel offisces at manual "A" posi-
tions are the same, in general, as have been
used in manual offices in the past, except
that dialing trunks are usually employed to
other atep-by-step dial offices and either
ocordless "B" or semi-meghanical eord and
district systems are employed to other panei
dial offices.

In manual offices connesctsd to step-by-
step offices either dialing trunks or
stralghtforward trunks to s sordless "B"
board are employed, and in manual offices
conneoted to panel type offices either dial-
ing trunks, key indicator trunks or straight=
forward trunks to a cordless "B" board are
employed for handling the A-B toll business.

CLR Method

When a dial subsoriber wishes to make a
oall to a distant point he dials Iong Dis-
tance and is connested to the CLR operator
over & recording-sompleting trunk to -the
originating toll center. When the CLR op-
erator obiains the details of the call she
eompletes the connection with the toll sord
- of the palr used to answer the recording
trunk. The dial subsoriber is not connested
back thru a toll switching trunk as was the
case 1n manual practice. The recording
trunks used to terminate the dial oalls are
high grade circuits using 48 volts for trans-
mission instead of the low grade 24 volt re-
cording oircuits used in manual practice.

Should the ocall dbe of guch a nature that
the CLR operator cannot complete the conness
tion immediately, the dial subsariber is
told to hang up and the ticket ia routed to
the delayed bhoard. When connestion has heen
established by the delayed operator to the
oalled station, the oalling party 1is notifiea
over a toll switoehing trunk,

The toll switoching trunks from the delayed
toll board to a aial office are terminated
on seleotors in the local office, sinee it
is not practicable to terminate these trunks
on cords and plugs appearing in front of the
subscribers multiple in the manner followed
at present in manual offices. These select-
ors in the toll switehing trunks san be ac-
tuated in different ways to cause a conneg~

tion to be completed between a toll switoh~
ing trunk and a dial subsoribers line, These
methods are, in general, different depending
upon whether the dial office is of the panel
typre or step-by-step type and it has bdeen
found desiradle to =dopt different methods

as standard with the two different types of
equipment.

With panel type offieces three different
methods of operating the switehing trunks
have been considered. The first is the
cordless "B" method in whioch a toll switech-
ing operator located at a cordless "B" posi~
tion in the loeal office sontrols the oper-
ation of the selestors in the switching
trunk. The toll operator with this method
follows substantially the present operating
practice with manual loesl offices. Two
other methods have also been investigated,
in both of whioch the operation of the se-
lectors in which the toll switohing trunmk
terminates is eontrolled from the toll board.
The first of these is the so-called key in-
dicator method, and thes second involves the
use of a position diel eirouit which may be
associated with each toll cord to control
the selectors in the local eentral office.

The operating advantages of the key in-
dicator method appears to warrant its use
in every ocase with panel type equipment as
compared with the method employing dials,
The use of the key indicator method, how-
ever, involves a large expenditure at the
toll board in connection with the first
machine switching office that {s put in
service and it has been found in the sase
of the larger cities that the operating
savings at the toll awitching positions ana
at the toll board are not sufficient to
Justify the use of the key indicator method
in these cases at the start as compared
with the cordless "B" method. The key in-
dicator method will, in general, prove in
over the cordless "B" method where the
amount of traffic over the toll switshing
trunks, which will be completed to local
4ial offices by this method, is from 10 to
15% of the total toll switching trunk traffiec.
Whether it can be proved in in any given case
depends to a large extent on loocal eonditions,
such, for example, as the life of the toll
switechboard in whieh it 1s proposed to in-
stall key indieator equipment, the ability
to make use elsewhere of any cordless "B"
equipment which may be removed from a loeal
office, etc. All indications at present are
that the key indiecator arrangement or some
modification of it, wherein the connections
over toll switehing trunks are controlled
from the toll board, will be the most econ-
omieal arrangement to employ ultimately when
all or a large part of the toll switching

. ¥runk traffic is completed to dial offiges.

Even in the case of the larger cities such
a8 New York and Chicago where cordless "B"
equipment 1s now being installed initially,
it will probably be found economical to re-
rlace it with key indicator equipment or
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some modification of it at. some future time,
when a ocomparatively large persentage of the
toll switehing trunk traffic is completed to
dial offices. :

Connections from the toll office over toll
switohing trunks to local step=-by-step dial
offices may be made in ons of two ways; by
the use of dlaling trunks or by the recent-
1y introduced cordless "B" system. The Xey
indicator method has been under consider-
ation but seems unlikely to be adopted since

it involves considerable expence over the
present systems.

The use of dialing trunks is the cheaper
of the two methods and is at present stane-
dard practice with the Nos 3 toll switoh~
board. However, the new cordless "B"
system applied on a straightforward basis
glves quicier service and {s more satis-
factory in areas where there are a large
number of manual offises working into the
step-by~step 4dinl office.

QUESTIONS

1. ?&:t operator handles the supervision, the ticketing and the timing of a toll board
ca

2. What 18 meant by the OLR method of handling traffic?

3. What 18 meant by the delayed method of handling traffiot

4. Unat are the advantages of the CLR method?

5. Under what conditions must a eall be handled by the delayed method?

6., Trace a ocall handled by the CIR method over ring-down eirsuits from the originating
to the terminating subseribver.

7. Why are not recording trunks used for completing a connection between the called and

.the callihg subscribder?

8., What is meant by a point-to-point position, a CLR position, & delayed rosition, @an ¢
outward position, an inward position, a through positiong ¢

9. Under what condltions is it necessary to originate two tiockets on a call?t

10. ‘What is the necessity for a ticket distributing system in a large toll officer
11. Desoribe briefly the Pneumatiec Tube System of ticket distribution.

12, What 1s the nescessity for service obgserving?

13. What modification is made in the method of completing an A-B call when the connection

is establighed through a dial officet?

14. VWhat modification is made in the method of completing a CLR ocall when the conneestion

is made through a dial office %
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SEGTION 6
*, .
TQLL SWITCHBOARDS= NO, 3 TYPE

In the early days of telephony the toll
signaling apparatus consisted of a magnetioc
drop in the line and a drop or ringer in
the cord. With the advent of common battery
signaling in the loesl plant,relays and
lamps replaced the 0ld type drops and the
subseriber was given means for oalling the
toll operator on a t0ll connection by oper-
ating the switchhook instead of ringing.Up
to this time the toll operators were locsat-
ed at the local switchboard and had direct
access to the subsoriber'’s line, but with
the growth of t0ll and local traffie, it
was no longer economical to place the toll
operators at the losal board, This led to
the development of a separate toll switohe
board ealled the No.l board, which had ac~
cess to the subseribder's line over switoh=
ing trunks betwesn the toll and loosl
boards. For many years the No.l switchboard
filled the needs of the time but with the
expansion of the toll service and the
growth of machine switohing loeal service,
it became evident that new arrangements
were desirable, The No, 3 toll switchboard
was developed to meet the new requirements
and 1t has the following sdvantages as new
installations are required.

(a) Reduotion in apparatus, resulting in
equipment sconomies.

(b) Improved maintenance arrangements.

_ (8) More readily adapted to modifications
required by new operating methods.

In disoussing the features of the No,.3
board, frequent ocomparisons will be msde
with the No,l awitshboard to set forth the
ochanges which have been made in the design
of the new cirocuits.

MAIN FEATURES

Cord Simplified by Loocating Supervisory
Relays in Line and Trunk Cirouits

The cord circuit of the No, 1 switchboard
ig equipped with two supervisory relays.
One of these relasys responds to 20-cyole
current and gives the toll operator a ring-
ing signel, indicating that the distent
operating is calling, The second relay re-
aponds to diresct current received from the
switoching trunk end gives the operator
switehhook supervision of the subseribder,
Associated with these two relays are other
relays which prevent false signals, and
permit the operator to make a dbusy test or
use the cord for a terminating or a through
connection. This cord is shown in Fig, 1.

In the Ho. 3 switechboard the ringing re-
lay and the direst-current supervisory re-
lay, whioch were formerly connected across
the tip and ring oconductors of ihe cord
cirouit, have been moved from the cord to
the line and switehing trunk, respectively,
and the cord eircuit has been simplified as
is illustrated in Fig, 2, In this board the
line and trunk signels are transferred to
the cord over the sleeve sirouits. This is
accomplished by using a nominal sleeve re-
sistance of 1,800 ohms for the line and
trunk circuits and econnecting the lamps in
the sleeves of the cord., Under these oon-
ditions there is not suffiecient current
flowing in the sleeve to light the lamp, but
when & ringing signal is received over a
line and a cord is assoeiasted with that line
or when & receiver=on=the-~hook signal is
reseived over a switching trunk,the sleeve
resistance of the line or trunk is changed
from 1,800 ohms to 80 ohms, which incoreases
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Fig,1 Htgh impedanoce toll cord for toll switohboard No.l

*This section {s & reprint of a paper on the Toll Switchboard Ko.J published in the Bell System Technical
Journal, Jammary 1927, written by J.Davidson of the American Telophone and Telegraph Company. This
_article was copyrighted in 1927 by the imericen Telephone and Telegraph Company.

3/14/09 S.P.C.




35

4
To Other Cords
i¥ *..{.mepr o s oo 1
T = F T
- L Y A J ]
;’u.kim Monitoring B SATE g} 2'king —J —! Ringing =21 _ |
. Ded ) | 1 o
B Per. Lo}
078454 -
2-F o
20600 2r
TMIRM] 1 RU RY AL FS RT| FT]  FR| Rﬁi i.
| S —— — . J =
magfeé.;stn,_ To Positional Ckt. RP 194.'

Mg.2 Toll eord for toll switohboard. No.8

the eurrent in the sleeve of the cord suf-
ficiently to light the lamp.

Line Relay Funetions in Twofold Capaoity

The majority of toll lines in the plant
today are of the ringdown type and the
operator st one end cslls the operator at
the digtant end by ringing over the line.
To receive this ringing signal in the No.l
board, the lines are equipped with relays
which respond to the ringing current re-
ceived from the distant end of the line
and give a line signal, After the operator
answers this signal by comnesting a cord
to the line, the line relay is disconneoct-
ed and replaced by the ringing relay in
the oord which responds to further rering
signals over the line. This arrangement
of the line and cord, as well as the
switohing trunk for the No.l board, is
shown schematically in Fig,3.

By transferring the ringing relay from
the sord t¢ the line in the No, 3 toll
board, this relay is made to function in a
twofold espaelty, that is, to give the line
signal as well as the cord rering sigmal,
When a eall is received from a distent
point, the apparatus in the line functions
to 1light the line signal and this remains
1ighted until a toll oord is inserted in
the line jack. Further signals over the line
csuse the spperatus in the line to light
the lamp in the cord. This is obtained by
ohanging the sleeve resistance of the line
from 1,800 ohms to 80 ohms and is illus-
trated in sohematic form in Fig.4. As in
the past, the line signal is miltipled be-
fore several operators and appears &8 a
s%eady illuminated lamp which is extinguish-
ed by an operator answering the call. The
oord signal appears before one operator and
has been ochanged from a steady lamp signal
to a flashing signal for the purpose of ob-

} L L_\ O_J_Jgf L |IL EJL—._O . rJ
1\-13 ,\u f _f’lmt; | L :r:‘:r— b ux_j
fr-—une = Cord = é"‘“""": "RP.1942

Flg.8 Schematio:Toll switehboard No,l otrouits
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Fig.4, Sohematic: Toll switehbdeard No.$§ cirouits; monitoring

are not

taining prompt attention on the part of the
operator. The cord signal is extinguished
when the operator connests to the cirouit
by the operation of the talking key., This
eonnects an additional 600 ohms in the
sleeve cirouit, whish releases relays which
are held operated in the line ecirscuit and
control the lamp.

Composite Ringer Simplified

In order that the toll lines may be used
for telegraph as well as telephone serviase,
composite sets are often conneoted into the
line oirouit at each end, These composite
seta are eleotrical filters whioh separate
the telephone and telegraph currents and
direct the telephone currents to the switch=-
board and the telegraph ourrents to the
telegraph equipment,

When oomposite sets are sonnected in the

Cord

o

80
1800

;

Switching Trunk

RP-1943

and positional oircuilt keys
shoun

lines terminating in a No, 1 switohboard it
is also necessary to connect a composite
ringer in the circuit between the composite
set and the switehboard, This is necessary
because the 20~cycle ourrent, which is used
a8 ringing current from the switehboard,is
in the telegreph range of frequencises and
eonsequently will not pass through the tele~
phone branch of the composite set., The com-
posite ringer substitutes for the 20-cycle
outward ringing current received from the
switohboard, a higher frequency current
which will pass through the telephone path
of the composite set., Likewise on incoming
ringing signals, the ringer substitutes for
the higher frequeney ourrent which comes
over the line and through the telephone
path of the composite set, a 20=cycle cure
rent which will operate the ringing relays
of the line or cord eircuits. A schematio
of the composite set and composite ringer,
as used with the No.l board, is gshown in

Fig.5.
=
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Mg.5 Sohematio: Compoelte ringer and composited toll line Jor toll switchboapd No. 1
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In general, the composite ringer for the
No.3 switohboard has been greatly simpli-
fied and made a part of the terminating
line equipment. This has been sccomplished,
as illustrated schematieally in Pig.4,by
arranging the lines circuit so that a relay
may be cross-comnected in the line to re-
ceive the 20-cyele, or the higher frequeney
ringing current, and arranging this relay
so that it gives the line signal or the
cord supervisory signal direct without
going through the step of changing ringing
frequencies,

Furthermore, the practice of using 20=-
eycle current in the ocord eirocuit for ring-
ing has been discontinued and ringing is

piny
B

' F1g.8 Sohematio: Toll cord talking cireuit;
talking key normal for toll
suitehboard No.8

effected in the No.3 switochboard by con-
necting 24-volt direct current through the
ringing key to the tip conductor of the
cord. This current operates a relay of the
line or trunk circuit whioch applies the
proper frequensy of ringing ourrent to the
line or trunk eireuit. By this arrangement
one relay in the line circuit accomplishes
the same result as was accomplished by
several relays in the composite ringer., As
the ringing ourrent leads to the relay in
the line ere brought through terminals on
the frames, the line can be readily changed
for any desired frequensy of ringing current.

it

[Hl

Elimination of Transfer Key from Face of
Inward SwacﬁBog;I.

Tn the past the prastice has been to Pro=
vide one or two transfer keys per line for
each multiple appearance of the line lamp
at the inward toll switchboard. The func-
tion of these keys is to transfer the in-
ward ¢all from the inward switchboard %o
the outward delayed positions or to the thru
positions, With the No.3 toll awitchboard,
the use of these transfer keys individual
to the line and appearing in the face of
each section of the inward switehboard has
been discontinued and the transfer is ef-
feoted by a transfer key in the positional

oircuit which may be used to transfer a eall

on any line.This key applies 24-volt battery
either dirsctly or through a resistance to
the ring ocondustor of the line and operates
the proper transfer relasy in the toll line
and causes lamps individual to that line to
light at the outward or through positions.
This feature not only effects a saving in
equipment but saves the spase in the face of
the switehboard which was formerly occupied
by the transfer keys.

Use of Positional Cirouit

Another c¢ircuit feature of the No.3 switeh-
board which marks an improvement over switch-
board No.l 1s the use of a so-ealled posi-
tional circuit in which is looated much
equipment sueh as splitting keys, dialing
keys, ete,,which heretofore were individual
t0 each oord. Under normal conditions the
tip and ring conductors of the front eord

- are connected to the tip and ring oonduc~

tors of the corresponding bask cord with no
shunts eoross the eirouit. This is illus-
trated in Figure.é6.
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Fig,? Schematio:Toll cord poaitional ciroutlit;talking key overated for toll switchboard No.8
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By the operation of the talking Xey aasoe-
iated with each ocord e¢irouit, the position=-
al circuit is connected between the front
and back cords and the operator's telephone
set is eonneated across the oireuit as 1l-
lustrated in Fig.7. With the talking Xkey of
any cord operated, the operator may

{a) Dial on either the front or the back
oord.

(b) Split the tdlking oirocuit between the
front and the back oords.

(o) Transfer an inward oell from the in-
ward to the outward or the through
positions. N

This eirouit arrangement not only effects
substantial economies but it is much more
flexible and will lend itself 1o new devel=
opments without requiring changes in ths
sord eircuit,

Monitoring and Ringing Keys Individual
to_Cords

The monitoring and ringing keys are, as
in the past, individual to each cord,

Switehing Trunk Features

In the No.3 toll switchboard a repeating
60il which has a high impedanse 1o 20-oycle
ringing current is used in the outgoing end
‘0of the switohing trunk. This arrangement
has equipment and signaling advantages.Also
where loaded toll switching trunks sare ine
volved, the use of a repeating coil of the
type referred to, but having the proper
transmission characteristies, has the ad-
vantage of reducing reflection losses by
providing for a uniform terminal impedance
of the switohing trunks.

PRINCIPAL ADVANTAGES

Equipment Eeonomies

As has been pointed out, the expansion in
toll business, together with recent devel-
opments in the telephone art, have been such
that with the circuit arrangements used in
the past there hes been & growing nescessity
to add equipment to the cord cireuit with
the result that the positions are beooming
congested with apparatus. With the circuit
arrangements outlined for the ¥o.3 toll
switohboard, however, the transfer of the
signaling apparatus from the ocord to the
line and switshing trunk makes a marked
simplification in the cord and insidentally
reduses the congestion in the seetion,.Also
it should effest a substantial economy in
equipment bescause of the fact that we are
approasching a situation where theres are ap-
proximately 60 per cent.more cords than
lines and 25 'per cent.more cords than
switehing trunks,

The use of the positional circuit snd the
elimination of the individual splitting key

from the t0ll cord has simplified the switch-
“board keyshelf., This simplifieation together
with the equipment savings effected by the
simplification of composite ringers and the
transfer of the supervisory relay equipment
from the toll cord to the toll line and
switohing trunk eircuits has effected sub-
stantial economies,

Maintenance

In addition to the saving in first cost
of equipment the No.3 switehboard faciliw
tates maintenance, The ordinary toll cords
in an offiece must be suitable to work with
any toll line terminating at the switoh-
board and consequently with the circuit ar-
rangement used in toll switehboard No, 1,
the ringing relay in all the toll cord cir=-
cuits must be maintained to operate in con~
nection with the longest as well as the
shortest line circuit., In the case of the
No.3 toll switehboard, however, the ringing
relay is individual to the line and conse=-
quently may be adjusted to meet the operate
ing conditions of that line. Long lines with
severe ringing conditions require the relay
to have a sensitive sadjustment while short
lines with easy ringing conditions permit
a lesa sensitive relay adjustment to be
used which is more easily maintained.

Easily Adaptable to Machine Switehing
ods

The introduction of machine switching re-
quires provision for dialing on the ¢
end may in the future require the same fes~-
ture for dialing over toll lines. Such proe-
vigion in the boards previously employed
requires the addition of the necessary Xeys
and relays on a "per sord" basis, whereas
with the No,3 board the equipment san be
placed in the positionsal oirocuit, without
any change in the cord oircuit. This re-
sults in & great economy in apparatus and
makes a change t0 a dialing basis rather
simple.

SUMMARY

It is interesting to note in conclusion
that heretofore an increase in cord cirocuit
apparatus has necessarily followed the de=
velopment of new and improved switchboard
systems and the extension of the =rea of
long distance communication. For example,
the magneto cord with a single drop bridged
across the circuit sufficed in the early
days of small magneto boards., The advent of
the common battery multiple switechboard
brought the necessity for extending switech-
hook supervision to the toll operator, and
resulted in the condenser-type cord consiste
ing of 5 relays, now largely abandoned be-
ocsuse of the relatively large transmission
loss introduced by it. The higheefficiency
cord consisting of 8 relays resulted from
the demand for a cord having a minimum
transmission loss, and additional complica=
tions have resulted in the requirement for
dilsling in machine switching areas, each
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improvement, of ocourse, inoreasing the 1imited to two keys and one relay per ocordl.
oumber of relays in the cord eirouit, The This provides in many cases a toll ocord
No,.,3 system, on the other hand, makes suitable for either inward, outward or
possible by the transfer of apparstus to through operation, reduces the apparatus
the line and switching trunk and by the congestion in the section and results in
use of ocommon positional squipment the decreased maintenance, while being easily
relatively simple to0ll cord shown in Pig, adapted to the future trend in toll devel-
2 in whioch the individual apparatus is opement.

QUESTIONS.

1. Whaet two functions does the ringing relay perform in the No.3 Toll Line Cirouit?

2, How 1s 1t possible to change = No.Z Toll Line Circuit operating on 20-cycles to
operate on 135-cycles or on 1000-cycles?

3. How is transfer now accomplished on the No.3 Toll Switchboard?
4. What ere the functions of the position.cirecuit?

5. Whet keys are individual to each cord?

6. What are the advantages of the new toll switching trunk?

7. Why does the reduction of equipment on the cord circuit and the addition of equipment
in the line circuit effect a saving in the toll office?

8. How does the new switchboard effect a saving in msintenance?

9. How does the new circuit arrengement of a No.3 Toll Switchboard lend itself to future
use with dial offices?
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