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IllTRODUCTI01' 

It is the purpose ot this course to familiarize members of this or­
ganization with some ot the early toll developements, and to 'outline 
in a general way the types of equipment and the methods used tor 
handling toll traffic. For information concerning telegraph equip­
ment, transmission praotioes, vacuum tubes, repeater equipment and 
carrier equipment, the reader may refer to other readily available 
material on these subjects. 

The material tor this course has been obtained largely from simi­
lar courses given by other organizations and trom various publica­
tions ot the Bell SJstem. 

September 1, 1928. 
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SECTION l 

OPEN WIRE PL.ANT 

Local subscribers' telephones are con­
nected by means of' wires to a central of­
fice in which equipment is located to con­
nect two local subscribers together. Fac­
ilities are also provided in these offices 
to connect local subscribers to a toll 
central o~ice which may be located in the 
same building as the local of'fioe or in a 
separate building used for handling toll 
traffic from a number of' of'f'ioes 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 f'aot 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 "toll lines". The wires connecting 
toll central offices together that are in 
the order of' f'if'ty miles or more apart,are 
termed "long distance lines". 

These wires, with their associated out­
side plant equipment, that connect the 
local subscriber to the local central of'­
f'ice, the local office to the toll office, 
and two toll offices together may be divid­
ed into two general classes, namely the 
open wire plant and the cable plant. This 
first section will deal·with the former 
as all of' the early forms of' telephone com­
munication used open wire circuits to link 
one subscriber to another. Even to this day 
open wire circuits are used f'or the maJor 
part of' the distance on our three transcon­
tinental lines. 

The use of' a single wire with ground re­
turn f'or toll purposes has never been ex­
tensive. !rhis is due to the excessive noise 
and crosstalk which occurs between oircuita 
of' this type. "Crosstalk" is a term that 
has been applied to the transmission re­
ceived on one talking circuit due to voice 
currents in another circuit. This crosstalk 
is usually due to capacity effects and 
leak88es between wires of' several circuits. 

The use of' a ground return f'or a toll line 
circuit would be satisfactory if' there were 
no power systems and if' only one telephone 
circuit were involved, but when two or more 
circuits are used f'or telephonic communica­
tion, the ground return becomes a common 
return for all of' these circuits as shown 
in figure l. 

In figure l four local subscribers' lines 
are shown connected to a central office in 
which line Ll is connected to L2 and L3 to 
L4. These are single wire lines and in order 
to complete the circuit from the subscribers' 
stations A, B, C and D, it is necessary for 
the voice currents to go throU8h the common 
return. This may be the ground or a single 
wire which is connected to one terminal of 
all these subscribers' telephone sets. Each 
of' the siz18le wire lines will have a certain 
resistance depending upon the length, size 
and 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
sistance and if' subscribers C and D are 
talking, voice currents will now in both of' 
the single wires Ll and L2, because the re­
turn circuit is a parallel circuit consist­
ing of' the common return end the single wire 
lines Ll and L2. If' the current flowing in 
the circuits Ll. and L2 is of' sufficient m8,8-
nitude, the conversation between the sub­
scribers C and D can be heard by the sub­
scribers A and B. This is termed "crosstalk" 
and f'or this particular condition, the m8,8-
nitude or extent of' the crosstalk depends 
upon the r~sistance of' the co111Don return 
circuit. 

Up to about the year 1900 there were 
many ground return systems in use and they 
may still be found in use to some extent in 
rural districts where these circuits are not 
exposed to severe electrical interference. 
During the early st98e of' the development 
of' the telephone, electric street railways 
and electric light systems were also coming 
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rapidly into use in the larger oities.These 
systems also utilized a ground return end 
oonsiderable noise :f'rom these souroes was 
experienoed in ground return telephone sys­
tems. 

The single wire ground return telephone 
oirouit was :f'irst used :f'or oonneoting two 
telephone subsoribers together as shown in 
:f'igur.e 2-A. As the number o:f' these private 
lines inoreased, a demand arose :f'or some 
method whioh would provide :f'or telephonio 
oommunioation between the so-oalled private 
lines. In order to provide :f'or this olass · 
o:f' servioe, it was neoessary to terminate 
private lines at a oentral point where they 
oould be switohed or oonneoted together as 
desired. ~he :f'irst looal oentral o:f'fioe 
actually oonsisted o:f' several private lines 
whioh were terminated in a telephone set, 
(one :f'or eaoh line, as shown in :f'igure 2-C) 
mounted on the wall in a oentral o:f':f'ioe. 
Each telephone was equipped with a Jaok 
whioh had a terminal oonneoted to the line. 
Calls were answered by the oentral o:f':f'ioe 
attendant talking over the telephone set 
whioh was oonneoted to that partioular line. 
The attendant co~pleted the oonneotion be­
tween subsoribers 1 lines by means o:f' long 
oords whioh were equipped with plugs at 
eaoh end. The plug on one end o:f' the cord 

2 

was inserted into the Jaok o:f' the oalling 
subaoriber's line and the plug on the other 
end o:f' the same oord was inserted into 
the Jack o:f' the oalled subsoriber's line. 
This oompleted the oonneotion between sub­
soribers who desired to oommunioate with 
eaoh other. 

Grounded telegraph oirouits were in oom­
meroial operation for some time prior "to 
the invention o:f' the t-1ephone and as a 
beoame desirable in the use o:f' di:f':f'erent 
telegraph oirouits to be able to oonneot 
them together to meet various servioe oon­
di tions, a telegraph switohboard as shown 
in figure 3 was developed :f'or interohanging 
and testing telegraph oirouits. 'fhe line 
oonditions o:f' grounded telephone end tele­
graph oirouits are the same, there:f'ore, it 
was logioal to use this early telegraph 
switchboard :f'or oonneoting grounded tele­
phone oircuits together :f'or oommunioation 
between two telephone subscribers. 

In this switohboard the subscribers' lines 
were oonnected to long bars o:f' brass with 
curved slots cut in them at regular inter­
vals. Brass posts with ourved slots cut in 
them were placed directly opposite the slots 
in the long bar and spaced so that the ourv­
ed slot cut in the long bar and the post 
would :f'orm a o iroular hole for the iiuler-
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tion of a tapered brass plU;.~. A long bar in the early stages of the development ot 
was connected to each subsor~ber's line and the toll system and was replaced by the 
the corresponding contact posts tor eaoh present day two-wire or metal.lic toll line 
bar were connected together as shown in circuits. The metal.lic circuit is the same 
figure 3. The top row of contact poets are as the grounded circuit, except that an 
connected together and so on f'or each row additional wire is provided f'or each cir-
shown. In figure 3, subscribers• lines 1 cuit in place of' the ground or common return 
and 4, 2 and 6, and 3 and 5 are shown con- wire. That is, each telephone or toll line 
nected together by the insertion of' brass has its own individual. circuit which is not 
plugs. The attendant answers a cal.l by in- physically connected in any way to any other 
serting a plug which is connected to a circuit. This eliminated the crosstal.k be~ 
common telephone set in the central. office, tween circuits due to the resistance of' the 
into jaoks which are connected to ea.oh long ground connections in the common return 
bar and the subscriber's line. wire. These circuits are still subject to 

Signalling between subscribers and the 
central. of'tice was done by means of' an ele­
mentary circuit consisting of' a wet battery, 
push button and buzzer, which was operated 
over the aame single wire ground return 
circuit used f'or tal.king, as shown in 
figure 2. The telephones mounted on the 
wall in the early central of'f'ice and the 
telegraph switchboard represent what is to­
day called the central. office switchboard, 
and the attendant performed the f'unctionsof' 
our modern telephone operator. 

The use of' a single wire and ground re­
turn f'or a toll line circuit, was abandoned 

interference by induotion between two or 
more toll line circuits and between toll 
line and power circuits, but as will be 
described later, a method has been provided 
to eliminate to a great extent trouble :f'rom 
this source. 

The improvement obtained by using two 
wires instead of' one was the beginning of' 
the t~ll line development which involved 
new problems to be solved, suoh as those 
listed below: · 
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(1) Xind and size of wire to be used to 
obtain satisfactory transmission of 
the voice currents. 

( 2) Insulation. 

(3) Crosstalk between pairs of adJacent 
circuits. 

(4) Interference from power circuits. 

There were also a great many problems to 
solve in line construction,etc.,which will 
not be discussed. The insulation of a toll 
line cirouit becomes an important factor 
:rrom a transmission standpoint. It is 
necessary to provide insulation at a~prox­
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 reduce to a minimum the transmission 
loss due to leakage, it is essential that 
the insulation resistance shall be as high 
as possible. 

4 

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 
toll and long distanoe circuits. !he copper 
wire used ranges in size from #14 B & S to 
#8 BWG gauge wire, dependiil8 upon the 
length and importance of the ope~ wire oir­
cui t. Very little use has been made in the 
Bell System of copper wire smaller than 
#12 NBS gauge for these circuits. 

Toll line circuits, until recently, have 
been of the open wire type strung on cross 
arms attached to poles. The demand for 
toll service between some of the larger 
toll centers has become eo great that it 
has been necessary in a great many oases 
to overload the pole line by string1IJ8 ad­
ditional wires to provide for the increase 
in traffic. This traffic, of oours e·, is in­
oreas ing all the time and the most recent 
development is to provide aerial or under­
gro1Uld cable between cities where the traf­
fic is sufficient to warrant the expense. 

The length of open wire line over which 
we may satisfactorily transmit "commercial 
speech", (i.e. 200 cycles to 2000 cycles 
approx.) depends upon the cross sectional 
area of the wire and the mutual and ground­
ed capacity and leakage between the wires 
of a pair. It is considered that good 
transmission will be obtained from sub­
scriber to subscriber over thirty miles of 
#19 B &,S gauge cable which has a capacity 
per mile of o.054 microfarads. 

#19 B & s gauge cable having a capacity 
or .054 .UF and a ~esistance of 88 ohms per 
loop-mile was the standard of comparison in 
determiQing the transmission equivalents of 
different types of toll line circuits. For 
example, the transmission loss incurred 

over a circuit consisting of #12 NBS gauge 
oopp3r wire was ex~ressed in the number of 
miles of standard f 19 B & S gauge cable 
over which the same transmis'eion loss will 
be incurred. The expression "Ten mile equiv­
alent of a circuit" meant that the trans­
mission of the circuit under question was 
equivalent to the transmission of ten miles 
of standard #19 B &: S gauge cable. !his 
transmission unit.is dependent upon an arbi­
trary factor, the standard cable w1 th eur­
~ents at 800 cycles, and is apt to be oon­
fus1IJ8 when currents at other frequencies 
are being considered. For this reason an­
other unit called "TU" has been adopted 
which is baseq upon the ratio of energies. 
It is about 5~ larger than the standard 
miles. This unit will be exP.lained later. 

While 30 miles of standard cable or about 
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 terminal loss­
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 circuit and very 
few toll lines, if any, have an equivalent 
of 28.5 TU. The terminal losses may be as 
high as 7 miles depending upon the size of 
the town or city and the equipment used for 
completing connection in the local central 
offices. 

The diameter in mils, weight in pounds 
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 differ­
ent sizes and kinds of wire are given below: 

IRON WIRE: 

Equivalent to 
28.5 TU's r BWG 170 llilee 

8 BWG 135 II 

10 BWG 120 II 

12 BWG 90 " 
COPPER WIRE: 

#8 BWG 850 :Miles 
!12 NBS 400 " 10 B&:S 400 II 

14 NBS 250 II 

#12 B&S 250 n 

Dia. Weight per 
in mile of 

Mils. wire in 
lbs. 

203 590 
165 390 
134 258 
109 170 

165 435 
104 173 
101.9' 166 

80 102 
80.Sl 105 

Resistance 
per mile 
of cot. 

16 ohms 
24.2 It 

36.4 II 

55.4 ft 

3.9484 
9.9402 

10.3330 
16.8010 
16.3892 

It is obvious from these equivalents that 
iron wire is not satisfactory 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 smaller 
gauge wires may be connected.to large gauge 
circuits for long haul service, that is, a 

TCI Library  www.telephonecollectors.info 



#8 ga1J8e oirouit might be used between Bew 
York and Ohioaso. and a #14 ga1J8e oirouit 
between Bew York and Philadelphia. The 
transmission reoeived over eaoh of these 
oirouits individually would be fairly sat­
isfactory, but unsatisfaoto17 transmission 
would be obtained over these oirouits be­
tween Philadelphia and Chioaero via New· Yor~. 
This illustration is used only to point ovt 
that a real problem exists in determining 
the size of wires to be used for toll 8lld 
long distanoe line"s and it is not intended 
to give the impression that no amall gauge 
wires are used.in the plant as a great many 
of the short haul toll lines are of #12 BBS 
wire. 

As the demend for toll servioe inoreased, 
it was desirable from an eoonomioal stand­
point to place several pairs or wires on 
one pole line, in whioh oase the wires of 
different oirou1ta might parallel eaoh 
other tor long distAnoea. It was found 
under these oonditions that obJeotionable 
crosstalk was reoeived from one pair to an­
other, due to mutual leakage, induction and 
capacity. Currents are also induced from 
nearby power circuits whioh cause noise to 
be produced in eaoh individual toll oir­
ouit. For example, assume that a power cir­
cuit parallels a toll l.ine oirouit in the 
same horizontal plane. and .quite close to 
it. One wire of the toll line oirouit will 
be located closer to the po~r circuit than 
the other wire, and the vol taere induced in 
the nearer wire will be slightly higher 
than that induced in the other wire. '?he 
current in both wires is flowing in the 
same direction and if the line had perfect 
insulation the current caused to flow 
throU&h the telephone o iroui t would be the 

5 
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effeot of the difference b~tween the potent­
ials induoed in the two wires. 

!o reduoe these effects, a method of trans­
posing the wires has been worked out and the 
standard method used for transposing a pole 
are given in handbooks. 'fo explain in a 
simple we;r the results obtained by transpos­
ing a t.oll line oiroui t. assume that a toll 
line as shown in figure 4 is 500 feet long. 
and parallel to a power circuit. If this pair 
of wires is transposed every 100 feet,there 
will be four transpositions whiOh will give 
a differenoe of potential in the oirouit 
due to 100 feet of the oirouit as the volt­
aere induoed in the other fo\ir seotions of 
the circuit will be the same in each wire. 
Therefore, if the oircuit is transposed 
three times (every 166+ feet) inptead of 
four, no difference of potential should ex­
ist in the two wires of a pair if the same 
volt&Be is induced in each wire per unit of 
length. !his, of course, is ideal and is 
not praotical to obtain, as it is impossible 
to build a pole line so that the distance 
between the interfering circuit and the toll 
line circuit is the same at all points 
throughout the entire length of the oirouit. 

J. standard method of transposing a group 
of circuits on a pole line has been adopted 
by the Bell system, and is in general use 
on the A. 'f. & T. Co.•s and Associate 
Companies' toll lines. Private lines, suoh 
as telephone circuits on power lines, long 
subscribers' lines and low grade toll oir­
cuits may be olose and parallel to power 
oircuits. In general not more than two or 
three circuits of this kind will be placed 
on one pole line. In such oases, the lines 
are transposed to best meet the oonditions 
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FIG.B 
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Ftg.5 Dtagram Showtng the Method of Maktng Transpostttons 

under which they are working. If it is only 
necessary to maka a few transpositions in 
a oircuit to eliminate interference and 
crosstalk, some advantage might be obtained 
by making an odd number of transpositions, 
but where the standard method is used, en 
odd number of transpositions would not 
have any appreciable effect in reducing in­
terference because of the irregular spac­
ing between the toll line circuit and the 

~ --
+--

Lt t ____.. ·--·--
PHAHiOM --· 

power circuit. The transpositions per cir­
cuit are also spaoed equal distances apart 
and are made at least once per mile, de­
pending upon the location of the circuit 
in the pole line. 

The trans.posing of individual pairs to 
reduce interference from induced current 
on the line is not so difficult, as this 
pair of wires can be transposed as often 

·--· 
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as it is necessary to reduce interf'erence 
to a point where it is not obJectionable, 
but where there are several pairs of' wires 
on one pole line, it becomes a real prob­
lem, as crosstalk or interference will 
occur between any of' the pairs of' wires on 
the line. 

Different methods of' transposing two 
wires are shown in figures SA, B and c. The 
transposition shown in f'igure SA in which 
the wire f'rom both directions was one of' 
the first methods used were terminated on 
double groove glass insulators. The wires 
from one direction were terminated with 
sui'f'icient length to make the cross over 
and connection to the wires in the opposite 
direction by means of' a copper sleeve about 
3 inches long, shown in f'igure SD. A copper 
sleeve connection is made by passing the 
wires thro\28h the sleeve in opposite direc­
tions and bending the ends at right angles 
to the sleeve. One end of' the sleeve is 
then clamped in one position and the other 
end is twisted around·about three times. 

The method shown in f'igure 5A is expen­
sive and in view of' this, the· method shown 
in figure SB was adopted. !his transposi­
tion is made by giving two wires one half' 
turn and tying the~ to separate grooves on 
a glass insU'!a.t<:rr. This method is slightly 
less costly thail.the straight away string­
ing of' wires, and it is not necessary to 
make connections at each transposition. 
However, the wires are bro\28h close to­
gether on the insulator and considerable 
trouble has been experienced due to the 
wires swinging together at the cross-over 
point. 

The present method of' making transposi­
tions is shown in figure SC. This method 
is slightly more costly than the method 
shown in figure SB, but it is considerably 
cheaper than the method shown in figure 
SA. The trouble experienced with method 5B 
has been practically eliminated by usill8 
two insulators mounted as ahown. 

In the ground return circuit only a 
single wire per circuit is strung on the 
pole line. It is, theref'ore, impossible to 
transpose a circuit of' this kind to obtain 
the same difference of' induced potent~al on 
each side of' the circuit. with respect, to 
the telephone set connected between the 
single wire· and the common return. Conse­
quently, all of' the current flowing in the 
circuit, due to the induced voltage, will 
flow through the telephone set. The volt-
88es induced into the circuit may be due 
to neighboring power circuits or to voice 
currents nowing in adJacent wires. If' the 
induced voltage is of' suf'f'icent m88Ditude, 
obJectionable noise or crosstalk will be 
experienced. 

From 'l.D economic standpoint it is desir­
able to obtain all of' the f'acilities possi-
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ble from the open wire plant. AB the to1i 
plant developed and more circuits were re­
quired to handle the service, a scheme was 
devised to obtain three circuits from two 
pairs of' wires. This circuit arrangement is 
shown in figure 6 and the circuit derived 
from the two pairs of' wires is called the 
~hantom Circuit. The circuits obtained from 
ea.ch individual pair of' wires and the phan­
tom circuit are called a Phantom Group. The 
two pairs of' wires from which the phantom 
circuit is derived are called Physical Cir­
cuits. These wires are generally called a 
Pair in the plant when they a.re not phan­
tomed, and are seldom, if' ever, referred to 
as a physical circuit. ~e physical circuits 
of' a phantom group are of'ten called Side 
Circuits in the plant. 

The phantom circuit is obtained by connect­
ing into the terminals of' eaah physical cir­
cuit, a repeating coil. which is co11DDonly 
called "phantom repeating coil". This is a 
repeating coil designed for use in this 
particular type of' circuit. so that one 
half' shall have, as nearly as possible, the 
same characteristics as the other half' of' the 
line winding. One side of' the phantom cir­
cuit is brough out from the middle point of' 
the line winding of' the phantom repeating 
coil. and the other side of' the phantom cir­
cuit is brought out f'rom the middle point of' 
the repeating coil in the other physical 
circuit. Two wires of' one physical circuit 
are used f'or one side of' the phantom and the 
two wires of' the other physical circuit are 
used for the other side of' the phantom cir­
cuit. The phantom repeating coil is connect­
ed into the physical circuit to repeat cur­
rents in the physical circuit only, and the 
line windings, as well as the nindings con­
nected to the subscriber's line, are con­
nected inductively into the physical cir-
.cui t. If' the line windings are connected in­
ductively to the physical circuit. and the 
phantom circuit is connected to the middle 
point of' the line windings of' this repeatill8 
coil, the current in the phantom circuit 
will flow through the two line windings of' 
the repeating coil in opposite directions. 
These two line windings of' the repeating 
coil, having approximately the same char­
acteristics, namely resistance, inductance, 
and capacity, no current will be induced in 
the secondary winding, as the current in 
one winding will neutralize the magnetic 
effects of' the current in the other wind­
ing. The current path f'or the phantom cir­
cuit is shown by a dotted line arrow in 
figure 6 and the current path for the phys­
ical circuit is shown by a full line arrow. 

In figure 7 the line wires have been omit­
ted and the conventional f'orm f'or showing a 
WheEtstone Bridge circuit is used to show 
clearly how the phantom circuit is obtained 
by means of' two repeating coils in each 
physical circuit. 

.1 
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8'tg. 7 Phantom C1troutt Sh01611 tn l'orm o/ Wheatstone BMd~-l.tu .,.,,.,... Onttted 

If' the ~eatstone Bridge oirouit were 
balanoed no ourrent would now in the 
phantom circuit due to ourrent f'lowing in 
the physical oircuit or Tioe versa. It is 
praotioally impossible to obtain an exaot 
balanoe of' the bridge with repeatiil8 ooils 
on1y and as the line wires are a part or 
the bridge oirouit , the oharaoteristioa 
of' eaoh wire of' the pair shall be the same, 
as near as possible, in order to reduoe to 
a minimum the current f'lowing due to the 
bridge being unbalanoed. Some of' the prob­
lems in repeating coil design are dis­
oussed brie:tly below: 

If' we take two wires and lay them side 
by aide f'or winding the repeating ooil in 
parallel, there will be a certain amount 
of' distributed capaoity between the two 
wires f'or the en~ire length of' the winding. 
When these two wires are wound on a spool 
or into a ooil, there will be a oertain 
amount of' capacity between the layers or 
turns. If' these capacity ef'f'ects are not 
distributed unif'ormly throughout the entire 
winding, there will be an appreciable cap­
ao i ty unbalance to the phantom oircuit, 
whioh will oause orosstallt between the 
phantom and the physical circui_t. 

'fhe distributed oapaoity of' parallel 
wires, twisted pair, and between layers bf' 
turns in a ooil, is shown diagrammatioally 
in f'igure e. The orosatalk ourrent f'low, 
due to unbalanoed oapaoity between the wind­
ings of C, D and B are also shown in this 
rigure •. The distributed capacity between 
two parallel wires or between two wires 
twiated together should be approximately 
the same if' the ai&e of' the wire, insula­
tion, apaoe between the wires and length, 
1• approximately the same. The capacity be­
tween layers of' parallel wires and layers 
of' twisted pairs, will ohange since the 
spaoe between the wires of' dif'f'erent layers 
is ohanging constantly. 

Ref'erring to the phantom repeating ooil 
circuit, shown.. in f'igure a, the capaoity 
has been oonsidered as lumped on each side 
of' the phantom tap. If' the oapaoitites A 
and B are equal, the impedance of' the wind· 
ings C and D and the leakage per eaoh wire 
of' the pair are the same. No current will 
f'low through the resistance F because the 
same voltage and polarity is impressed upon 
the condensers A and B. If' the capacity A 
is dif'f'erent f'rom that of' B, or the line 
leakage of' one wire of' a pair is different 
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from that of another wire of a pair, the 
voltage impresaed·upon the condensers A and 
B will not be the same, and a current will 
flow through the resistance F, because the 
phantom currents flowing in the winding C 
and D are unequal, thereby causing a cur­
rent to flow in the winding E. The magni­
tude of this current is not sufficient to 
be obJectionable, which enables the phantom 
circuit to be used for commercial service. 

The introduction of the phantom circuit 
brought up a new problem in regard to 
crosstalk between phantom circuits and 
other circuits 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 each side of the 
phantom circuit 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 
circuit and in order to reduce interference 
to a minimum, it ie necessary at some of 
the transposition points to transpose the 
whole phantom group or two physical cir­
cuits together. It is also necessary to 
tr~spose the individual pairs of the phan-

-~-

-~-
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tom group as well as the complete group. 
Standard methods for transposing a pole line 
which carries phantom circuits are given in 
handbooks. A transposition of this kind is 
shown in figure 9. The two pairs 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 case ie the 
equal of a half pole pair because it is the 
pole pair for half of the distance. One of 
the early methods used for transposing a 
phantom group and an adJaoent pair of wires 
is shown 1n figure 9. The wires are termin­
ated 1n both directions on double groove 
glass insulators and the transposition is 
made by connecting the wires together by 
means of Jumper wires which are fastened to 
the cross arm. 

This method is not entirely satisfactory 
from electrical standpoint because the leak­
age between the wires of a pair is i.ncreased 
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 which is 
similar to the arrangement used for tPans­
posing non-phantomed circuits. 

-~-

Fig.10 Dtagrame Showtng Yartoue f'ypee of Phantom Ctroutt Pranspostttons 
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The wires ot a pole pair are spaoed 
farther apart than wires ot other pairs on 
the pole line. Consequently, the oharaoter­
istios of the pole pair are different from 
those of other pairs. This makes it nec­
essary to provide special equipment in some 

.oases for use with the pole pair and hal~ 
pole pair. This will be explained in great­
er detail later in the oourse. 

One of the questions that might be asked 
~ter a study of the phantom oirouit shown 
in figure 6 is this: Can the phantom oir­
auit be phantomed and thus obtain seven 
circuits for each four pairs of wires, as 
shown in figure 11~ Circuits of this kind 
have been shown in various books on tele­
paony, but they have never been used to 
any extent.for commercial service. 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 aountry where they are not subjected 
to inductive disturbances from power or 
other telephone cirouits. When satisfactory 
results are obtained, the circuits of this 
. ~Toup are probably the only circuits on 

11 

the pole line. This circuit is aalled a 
ghost and while it is no doubt feasible to 
obtain an additional circuit in this manner 
that will operate satisfactorily, it is not 
practical for general. use. 

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

1. Two wire or metallic telephone circuits 
which are called physical oirouits. 

2. Phantom circuits which are obtained 
from two metallic or physical circuits. 

3. Physical and phantom aircuits may be 
equipped for carrier tele.phone in addition 
to the regular telephone cirauit. 

4. Physical and phantom oircuits may be 
equipped for composited, metallic and car­
rier telegraph in addition to the regular 
telephone circuit. Carrier telephone and 
carrier telegraph may be obtained on these 
circuits by reducing the number of channels 
of each • 

----, -----
/~r'\ 
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~· 
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Q,UESTIONS 

1. Why are ground return systems not used in th,e toll plant? 

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

3. <What was the early standard of comparison tor determining' the transmission equivalent 
ot different types of toll line circuits? 

4. What were the values of the resistance and capacity and the size of wire comprising 
this standard? 

5. What is meant by a line having a ten mile equivalent? 

6. What is considered the maximum loss over which conversation may take place? 

7. What is the transmission equivalent of a high grade toll line between terminals? 

a. What kind of wire is used tor long haul toll lines? 

9. What causes crosstalk between adjacent circuits of a toll line? 
crosstalk reduced? 

10. Why are phantom circuits used? 

11. What is a phantom group? What is a side circuit? 

How is this 

12. Why are special repeating coils used in phantom circuits? 
features of these coils? 

What are ~he special 

13. What are the advantages of the method of transposing phantom circuits shown in 
figure 10 over the.method shown in figure 9? 

14. What is a ghost circuit? Why is it not commonly used? 

15. What are the tour types of open wire circuits used collDllOnly in the toll plant of 
the Bell System? 
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SEC!IOli 2 

CABLE PLil'J! lPOR VOICE n.&liSlrrISSIOl'l 

Open wire toll lines are bro1J8ht into the 
oentral ottioe in aerial or underground 
lead oovered cable. The transmission loss 
to voioe ourrents in thirty miles ot stand­
ard #19 ::B & S g&U8e oable is approximately 
the same as the loss inourred to these 
ourrents in a 250 mile open wire oirouit of 
#12 BBS oopper. Due to this exoessive loss 
in the cable cirouit, it is desirable to 
terminate the open wire lines as olose to 
the oentral offioe as is practicable. 

The toll cable plant of the Bell system 
has, until reoently consisted of entranoe 
cables and a few long distance cables, the 
most prominent of which is the toll cable 
between Boston and Washington. Toll cables 
have recently been developed which will 
provide satisfactory transmission of the 
voice currents for muoh greater lengths of 
oable cirouits. Cable oircuits have recent­
ly been put into operation between New York 
and St. Louis via Chicago, a distance of 
approximately 1300,miles. The satisfactory 
,transmission over long cable circuits is 
-largely dependent' upon the telephone re­
peater, which will later be discussed in 
detail. 

The local cables are used to provide fac­
ilities for bringing into the central of­
fice, several subsoribera' lines within a 
smUl space. The maximum number of pairs 
that can be assembled in a cable is depend­
ent to a great extent upon being able to 
handle the cable economically in the pros­
esses of manufacture, and its installation 
in the plant. The number of paired oonduo­
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 cable. In general, the 
number of oonduotors in aerial cables will 
not exoeed three hundred pair and the larger 
sizes are used for underground oonstruction 
only. 

The first step in making of oable is the 
insulating of the oopper wires with paper. 
This is done by insulating machines which 
wrap the paper tape around the wire in the 
form of a oontinuous helix, overlapping at 
the edges. These maohines put on about 2400 
"wraps" or turns in a minute. Various col­
ored papers are used in order to identity 
the two wires of each pair and oertain 
groups of pairs in the finished oable. TheRe 
papers are, approximately 0.004" thick and 
o.625" in width. 

The insulated wires are then twisted into 
pairs. After . the wires are paired they ere 
formed into a cable by the stranding 

.maohine. This machine oonsists of a number 
of revolving drums, on the outer part of 
whioh are arranged the reels containing the 
pairs of wires. The center pair or pairs of 

wires are araw:D. straight into the maohine. 
The suooessive drums, rotating in opposite 
directions, apply the remaining pairs in 
reverse layers over this center. In the 
same operation the assembled pairs are 
oovered with a double wrapping of hea"f7 
paper as an additional insulation between 
the wires and the sheath, which is later 
applied as an outside protection. !he fin 
ished core as the unsheathed cable is called, 
is wound upon large take up drwns. !his 
stranding together of pairs is neeessary to 
provide flexibility, for if the pairs were 
all run straight through,the cable could not 
be bent without stretching some of the wirea 
or kinking others. 

The core is then dried in vacuum ovens 
heated to about 250 degrees F, 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 oore is drawn from the ovens. 

The sheath is composed of an alloy uf lead 
with approximately ].% antimony and it is ap­
plied by a lead press or sheathing maohine, 
whioh is essentially a machine for making 
lead pipe. A hydraulic press work1z18 at 
enormous pressure foroes the sheath metal 
between the tapered end of a hollow core tube 
and die ring, thus forming the pipe. The 
sheath metal temperature is about 450 degrees 
F, at whioh it is in a plastio state but it 
is not hot enough to damage the paper on the 
core in the short time during whioh the paper 
may be exposed to that temperature. The end 
of the oable core to be oovered is passed 
through the hollow core tube and into the 
pipe. The pipe fits the oore snugly, and 
draws it through the lead press as additional 
pipe or sheath is extended. The core is thua 
protected by a oontinuous tube of sheath 
metal, which mu.st be free from craoka or 
other imperfections. The complete cable as 
it comes from the lead press is wound upon 
the familiar wooden reels. 

~oll entrance oable is made in a similar 
manner to the local cable and the smallest 
wi:..•e used for this purpose is #19 B&S gaU8e 
copper. !wisted pairs provide satisfactory 
transposition on the physioal circuits but. 
it is not sufficient to prevent interference 
between the physical and phantom circuits or 
between phantom groups which consist of two 
physical circuits. Therefore, entrance 
cables whioh are made of twisted pairs only, 
are not satisfactory for bringing the phan• 
tom circuit into the oentral office before 
separating it from the physical circuits. 
Phantom oirouits are, however, brought into 
the central office in short entrance cables 
having only twisted pairs when the interfer­
ence received between the circuits is not 
sufficient to be obJectionable for the class 
of service handled over these circuits. 
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In order to obtain a satisfactory phan­
tom circuit in a long toll entrance cable, 
the physical cirouit and the phantom 
groups are transposed for the same reason 
that it was necessary to transpose the 
open wire toll lines. file capacity between 
wires and pairs of wires is much greater 

. in oable than open wire because the wires 
are plaoed oloser together. Interferenoe 
from power cirouits is praotically elimin­
ated as the wires in a oable are shielded 
by a lead sheath which is connected to 
ground at frequent interval.a. It is there­
fore necessary only to transpose the wires 
in a cable to reduce interference between 
physical circuits and phantom groups. 

In order to reduoe to a minimum the pos­
sibility of obJectionable interference be­
tween the physical and the phantom cir­
cuits of a quad, the capacity between each 
of the wires of the physical circuits 
should be the- same, as nearly as possible. 
!he mutual capacity between the wires of 
the same oircuit is not considered in this 
case. !hese capacities are measured at 
regular intervals and the quads having cap­
acity unbalances, that will tend to neut­
ralize each other, are spliced together. 

In looal and short entrance cable the 
wires of each pair are twisted together and 
eaoh pair in the cable has the same length 
of twist. !he phantom cirouit is obtained 
in the oable by twisting two pairs of wires 
together to.make a quad. Two different 
types of quadded circuits are used in 
cables. Each pair or physical. oircuit form­
ing quad #1 has different lengths of twist; 
each pair of quad #2 has twists different 
in length from ea.ah other and also from 
those of the two pairs forming quad #1. The 
pairs of wires used for quad #1 are twisted 
together and the pairs of quad #2 are 
twisted together with a different length of 
twist from that used in quad #1. 

Q.uads are wound in layers around the oore 
of the oable similarly to twisted pairs and 
quads 1 and 2 are placed adJacent to eaoh 
other in the layer which insures that two 
quads of the same type will not be placed 
adjacent to each other. 

Long cable circuits equipped with tele­
phone repeaters are operated over four 
wires between terminals. One pair of a four 
wire circuit is used for talking in one 
direction and the other pair· is used for 
talking in the opposite direction. The 
phantom ~ircuit is obtained in the same 
manner as explained above. 'rhe four wire 
circuits are terminate.d at the central of­
fice in repeating coils which are arranged 
to change the four wire circuit to two wire 
circuit 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 basis, so 

J that the same general type of cord cirouit 
can be used for completing all connections 
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between subscriber's lines and the toll 
line. 

~elephone repeaters are connected at 
regu1ar intervals into the four wire cir­
oui t to amplify the voice currents, and the 
difference between the input and the output 
currents may be as great as the attenuation 
of thirty-five miles of #19 B&S gauge 
cable. ~erefore, it is desirable to separ­
ate or s'hield the input from the output 
line circuits because the output current is 
of a much greater magn.itude 1 which is likely 
to cause induced currents to flow into the 
input circuit. The induced currents will 
flow into the input circuit of the telephone 
repeater without being attenuated to any 
great extent, and the most interference 
will be obtained near the repeaters where 
the difference in the voice current levels 
is the greatest. The induced currents will 
be amplified in the repeaters and attenuat­
ed in the line sections to the telephone 
station where they will be received as 
noise or cross-talk. 

Eaoh pair of wires of a four wire c 1.rcui t 
is not different from a two wire circuit 1 in 
referenoe to interference between adjacent 
circuits. The two pairs of a quad, there­
fore, may be used for different four wire 
cirouits which will provide a means for 
separating the in and the out circuits which 
are generally. designated as "East" and "West". 
The lay-up of the pairs of wires and the 
quads in a oable varies considerably'because 
the size of wire and number of conductors in 
a cable, vary acoording to the requirements 
of the plant. The following typical layout 
of quads will be used to explain how the 
East and West oircuits are separated in the 
cable: 

Core 5 Quads $19 B&S Gauge Wire East 
Layer l 7 n r = = 

n 
n 2 12 R II 

n 3 25 II 19 n n n East 
n 4 30 

,, 19 n n n n 
n 5 28 n 19 R n n West 
n 6 32 n 19 II R n n 

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 
#S are al.so shielded from the cable sheath 
by the West quads in layer #6. ~erefore, 
the East quads in the core and layer #3, 
and the West qua~s in layer #S are shielded 
and separated sufficiently to make them 
satisfactory for long haul. high grade cable 
circuits, which require several four wire 
repeaters operating in tandem to obtain 
satisfactory transmission of the voice 
currents. The East quads in layer #3 and 
the West quads in layer #5 woul.d also be 
satisfactory for long haul service. The other 
East and West ~uads in the di+ferent layers 
are use~ for short four wire cirouits which 
have only a few four w1r·e repeaters operat­
ing in tandem.These quads and the jl6 B&sgauge 
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oquads may be used for straight two wire or 
phantom group circuits. The layers and 
parts of layers may be interchanged at a 
splice between sections, in such a way that 
the East and West quads•will not be ~xposed 
to each other or the cable sheath for more 
than approximately one-half the overall 
length of the cable. 
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Up to a :few years ago cables were not 
considered a success on acoount of: their 
high mutual capacity and variable unbal­
ances. !he improvements in design and manu­
:racture as previously described in this 
section together with the use of loading 
coils have made it pcssible to use cables 
success:fu1ly in connection .with comparative• 
ly long lines. 

Th.e development of the loading coil more 
than any of the preceding improvements has 
made long distance telephony possiQ.le over 
open wire and cable circuits. In experi­
menting with cables it was soon :found that 
telephone transmission was reduced very 
much more thru the cable than thru a simi· 

- ---

A 

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 inductive ef:fect that 
is present in a #8 B.W.G. open wire line 
having its conductors spaced 12" apart,may 
be obtained trom the following. The commer­
cial range of such a circuit is approximate­
ly lOOOmiles. However,if' we cou1d conce.ive 
of a line where the conductors were spaced 
12" apart, but in some mysterious manner 
self-inductance was eliminated, the commer­
cial range o:r the transmission over this 
line wou1d be only 350 miles. This induc~ 
ance, it may be seen. offsets the effect of 
capacity between conductors. However, if 
the capacity were not present, we would pre­
fer not'to have inductance since the oom· 
bination acts as a low pass tilter thus re­
ducing the frequency band which may be trans• 
mitted over the line. On the highest grade 
],~\es, such as those used for broadcasting 
~poses,extra light loading spaced at rel­
atively frequent intervals is provided. 

Fig.l Analogy Between a Loaded and Non-Loaded Vtbrattng Strtng and a Loaded and Non­
Loaded Telephone Ltne 

lar length of: open wire employing the same 
gauge conductors. It was early recognized 
that since the cable had a very muoh larger 
mutual capacity than open wire lines, tele­
phone transmission must be poorer. 

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

As seen from the foregoing it is necess• 
ary to increase the inductance in open wires 
and to add still more inductance to cable 
circuits to increase their usefu1 range for 
telephony. It remained for Professor Michael 
Pupin in 1900 to furnish the telephone en­
gineer with information, backed by mathemati­
cal investigation and checked by experiment, 
for applying "loading coils" to telephone 
circuits. 
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The effeot of loading in telephony is 
analogous to the loading ot a vibrating 
string with equal weights uniformly spaced 
along its length. It we vibrate the free 
end of a string as shown in figure 1-A, 
waves are set up by this motion and will 
travel the entire distance to the other end, 
but will rapidly become smaller as they 
travel along·the string. Kowever, it the 
string is unitorml7 loaded with equal 
weights, as shown in figure 1-B,the vibra­
tions will travel the entire length ot the 
string and will reach the tar end almost 
as large as when they left the originat­
ing end. In the case ot the telephone line, 
loading is accomplished by connecting in­
luotion coils at reeuiar intervals as shown 

that of a oable circuit, and the self in~ 
ductance is higher, it is not necessary to 
place the loading coils as close together 
on open wire circuits as on cable circuits. 

The usual torm ot a loading coil consists 
ot a 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 cast iron pot and 
covered with an insulating compound to pre­
vent them becoming short circuited and to 
keep them tree 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 ot 
these coils in one cable cirouit between 

RP•? l 
Ftg.a Diagram Showt.ng th• Int~oduotlon of Loadtng Oolls In a Telephone Ltne 

in :tigul!'e 2, thus increasing the e1ectrical. 
mass ot the line. This increased mass re­
duoes the friction (resistance) loss and 
reacting with the elasticit7 (capacitance) 
ot the circuit also reduces distortion.Fro& 
this it may be seen that s~eech can be 
transmitted witn much less attenuation ann 
distortion over a line having a sufficient 
amount ot inductance. 

In a cable, tor example, loading coils 
are spaoed approximately 1.15 miles and 
1.66 miles apart dependill8 upon the amount· 
of loading required. Since the capaoity of 
an open wire circuit is muoh less than 

Bew York and Chicugo. The use ot these 
loading coils during the period between 
1900 and 1927 has aade possible a saving of 
nearly $200,000,000. 
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gUF.STIONS 

lo lib.at development stimulated the extensive use or the toll cable? 

2. Whe.t material is used tor insulating the conductors or cables used in the outside 
plant? 

3. llhy are the conductors or a cable stranded instead or running straight? 

4. Why are the cores or a cable heated before the lead sheath is applied? 

5. lib.at 1s a quad? Why are quads used? 

&. Why do the twists of two adjacent quads dittert 

7. Why is the input pair ot a tour wire circuit shielded from the output pair? Bow is 
this' shielding arranged tor in a toll oable? 

e. Why is loading used in cable circuits and on open wire circuits? 

9. llhy is it necessary to provide more frequent loading in cable circuits than in open 
wire oirouits? TCI Library  www.telephonecollectors.info 
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SECTION 3 

TOLL SWITCHBOARDS - 1'0. l 'l'YPE 

Until oomparativel.y reoentl.y the No. l 
toll switohboard was the standard for large 
toll oenters and as this switohboard is 
still a very important faotor in our pres­
ent toll system, some of its important de­
tails will be disoussed in this ·seotion. 
The No. 1-D, No. 9 and No. 10 toll switoh­
boards are used in smaller oenters but in 
general perform similar tunotions to the 
No. l toll switohboard. The oircuits, how­
ever, are modified somewhat to meet the re­
quirements of the particular type of switoh­
board and of the smaller toll center. These 
latter switchboards will not be described 
in this oourse in detail ae it is believed 
that if the :f'Undamentals of the larger 
switchboards are grasped, no diffioulty 
will be experienoed with these smaller 
boards. The new No. 3 toll switchboard 
will be taken up in a separate seotio~. 

RECORDING TRU1'K CIRCUIT 

When a call is passed :from a.n "&" opera­
tor in the manual office to a toll operato~ 
the oall is received in the toll office 
over a reoording trunk, a sohematic of wh1on 
is shown in figure l. Battery and ground 
:rrom the calling cord in the manual office 
causes a lamp to light in :rront of the re­
cording operator. When the operator sees 

TO OtlfGOlfllGI ENO 

1N LO,AL OFFICE 

T 

(1..) 

this light she plugs her answering oord into 
the Jack assooiated with the lamp, thereby 
extinguishing it. The supervisory lamp in 
the oord. cirouit in the manual offioe is 
also extinguished beoause the 12,000 ohm 
winding of the L relay in the reoording. 
trunk is short-oirouited, thus allowing 
suffioient ourrent to flow over the trunk 
to operate the manual cord supervisory relay. 

With the recording oord oonnected to the 
trunk, the reoording operator obtains the 
details of the ~all a.nd re~uests the sub­
scriber to hang up e.s he will be called 
when the conneotion is established. Should 
the local operator wish to recall the reoord­
ing operator before she has disconnected,. 
the withdrawal and reinsertion of the manual. 
operators cord will cause the supervisory 
lamp of the recording 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 
looal operator, the repeated withdrawal. and 
reinsertion of the recording cord will cause 
a change in resistance in the trunk oircuit 
thus causing the looal supervisory rela.r to 
flash the associated superyisory lamp. 

(T) 

(N) 
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Ftg. l Reoordtng Trunk Otroutt 
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When the recording operator disconnects 
her cord the local operator will be advised 
of the fact by the steady supervisory lamp 
associated with the calling cord associated 
with the trunk to the.toll office. 

RECORDING CORD CIRCUIT 

18 

When the recording operator sees a light 
appear in front of her, she inserts the 
back or answering cord of a pair into the 
jaok associated with the light, thus extin­
guishing the lamp, bridging a high impedance 
rel~ across the tip and ring, and connect­
ing her telephone set to the calling party 
as shown in figure 2. The recording oper­
ator then obtains the necessary details of 
the cal.l and if necessary connects the sub-

·scriber 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 
circuits thus causing 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 
called operator has disconnected. The with­
drawal of the "A" operator's cord 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 circuit to normal. 

TO fJPERATO/li!S TEL. S£T CKT. 
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Ftg. 2 Recordtng Cord Ctrcutt 

another position. Before completing this 
connection the operator makes a busy test 
with the tip o~ the fromt cord and after se­
lecting an idle trunk to the desired point, 
inserts the plug. This operation causes the 
front supervisory lamp to light from the 
battery and ground across the interposition 
trunk. If the trunk is of the ring down 

.type, the RINGING key is operated to signal 
the desire~ 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 signal 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 cirouit 
to separate the DC supervision 1of the an­
swering and calling ends of the cord. 

TOLL CORD CIRCUIT 

After the recording operator has obtained 
directions concerning a desired toll call 
the ticket used to record this inforwAtion 
is sent to a directory desk where routing 
details, and, in the case of a person to . 
person oall, the desired number and other 
necessary information are added to the 
ticket. From here the ticket is sent to a 
line or outward operator having access to 
trunks to the desired point. This line 
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operator then picks up the "toll" 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 current 
out on the toll line to signal the distant 
operator. From figure 3 it may be seen 

19 

that when the "toll" plug of the cord is in­
serted into the Jack that the S-1 relay op­
erates which in turn causes the RL relay to 
operate, thus preventing the Supervisory 
lamp from lighting. Af'ter the distant op­
erator has been signa.lled, 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 
party she will ca.ll the line operator by 
ringing back over the toll line. This ring­
ing current, applied ~o the line approximat•l1 
two seconds cav.aes the RU relay to operate 
thus causing the RL relay to releas·e and 
light the supervisory lamp associated with 
the "toll"cord. The rele&ae 6f the RL rel!Q' 
also causes the LU relay to loek under con­
trol of the TALKING key and keep the lamp 
lighted after ringing is discontinued. 
Whe~ the line operator operates her TALKING 
key, the LU relay releases and causes the 
light to be extinguished. The line operator 
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The line operator will then establish a 
connection to the ca.lling party by plugging 
the "trunk and toll" end of the same cord 
into the Jack of a toll switching trunk to 
the local office after previously having 
received a trunk assignment over a call 
wire from the local "B" operator. The "B" 
operator is instructed to connect the trunk 
to the calling su.bscribers line but no rin~ 

operates the "trunk and toll" SPLITTING key 
and then the RINGING on trunk key to call 
the originating subscriber. After ringing, 
the line operator will operate the TALKING 
key and when the calling subscriber answers 
the line, the operator will release the 
SPLITTING key thus completing the connection 
between the two subscribers. 

ing is applied at this time. Vlhen the To guard against the possibility of light-
"trunk and toll" end of the cord is inserted ing the toll supervisory lamp as a false 
into the switching trunk the S relay ope~ signal due to telegraph interference or 
ates. The SK relay is marginal and do es i. !'[)..,._)surges of current over the line, the RL re­
not operate over the high resistance sleeve 1&¥ is made slow releasing and the LU slow 
circuit of the toll switching trunk. The operating. Should the RU relay operate 

_ operation of the S relay operates the BT momentarily on telegraph pulses it will not 
relay.outting off the busy teat and con- usually remain operated long enough to oause 
necting the tip of the circuit thru. The the release of the RL relay. If however, the 
supervisory lamp associated with the trunk RL relay has released momentarily,~the slow 
and toll cord will operate as an indication operation of the LU relay will give the RL 
that the calling party has their reeeiver relay sufficient time to reoperate before 
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the LU relay operates and looks, lighting 
the supervisory lamp. 

It was not thought neoessary to show a 
aketoh of the toll switohing trunk used 
with this oord in the toll offioe as it is 
yery simple and is nothing more than the 
customary outgoing trunk oirouit :found in 
a inanual. o:ffioe but having a 500 ohm in­
stead of a 37 ohm sleeve. 
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& new operating praotioe is now being put 
into e:f:feot known &8 the oombined line and 
recording method, often called the crLR 
method. With this new system the line op­
erator aots as a reoording operator and i:f 
possible completes the oonneotion immedi­
ately instead of requesting the originating 
subsoriber to hang up. When using this 
mellhod traf:fic is speeded up considerably. 
&nother oomparativel.y recent development is 
the introduction of straightforward trunk­
ing. When the straightforward trunking 

TO TOLL 
TEST 8oAfi'/? 
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'l'OLL LINE CHR<mIT 

When the line operator plugs the "toll" 
cord into the line Jaok 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. ~ similar 
circuit is used at the inward board at the 
distant toll offioe to receive the ringing 
signal :from the originating toll operator. 
See figure 4. When ringing current is re­
ceived the RU relay operates oausing a 
light to appear at an inward position. The 
inward operator inserts a 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 thPU position she 
may operate the TRANS key. The operation 
of this key will oause the lamp to light 
at the thru position. When the thru operator 
has taken up the oall the inward operator 
may restore her cord to normal.. 
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F'ig.4 Toll Line Otraatt 
system is used the line operator oan esta­
blish a oonneotion to·the loce.l "B" oper­
ator direotly over a toll switching trunk 
without the use of a call wire. These two 
systems will be discussed in more detail 
in a later section dealing with toll traf­
:fic. 

If the oall is intended for this toll 
office the inward opera.tor will complete 
the connection over a toll switching trunk 
in a similar manner to that previously de­
soribed under the toll cord circuit. If, 
however, the call is intended for a more 
distant o:ffice, the call is transferred to 
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t~e thru operator who merely acts e.s a tan­
dem operator and passes the call to the 

desired point. 

Q.UESTIONS 

1. ~t is the f'unction of a recording trunk circuit'? 

2. Trace the operation of a recording trunk circuit from Figure 1. 

3. Trace the operation of a recording oord circuit f'rom Figure 2. 

4. Trace the operation of a toll cord circuit f'rom Figure 3. 

5. Trace the operation Of a toll line cirouit f'rom Figure 4. 
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SECTION 4 

TOLL TRAFFIC AND THE METHODS OF HANDLING IT - PART 1. 

GENERAL 

The telephone service which is f'urnished 
to the aubscribers o! the Bell System is 
divided into two general classes, local or 
exchange service and toll servioe. The 
basis of this olassifioation of servioe is 
the method of charging for it. In return 
for the payment of a local or exchange ser­
viae charge, the subscriber is f'u.rnished a 
telephone instrument which is oonneoted to 
a switchboard and he receives, also, service 
to all other stations in his looal servioe 
area. In oase the subsoriber makes a oall 
for a station whioh is outside of his local 
servioe area, an additional charge is made 
tor eaoh suoh oall. This additional oharge 
is called a toll charge and the amount of 
it, in general, varies with the distanoe 
between the oalling and called stations, the 
duration of the oonversation and the olass 
ot oall made. A oall of this kind for a 
station outside of the subsoribers looal 
area is known as a toll oall, and oolleot­
ively suoh oalls are termed toll traffic. 
The-oirouits over whioh suoh traffio is 
handled are referred to as toll oirouits, 
and the operators whose work oonsists larg­
ely or entirely of handling suoh traffio 
are oalled toll operators, eto. This is 
the broadest si~ifioanoe of the term toll 
and the one usually employecL.in engineering 
and traffic work. The term Toll is used 
sometimes in a rather restrioted sense which 
will be referred to later, but in general 
engineering work the broad meaning of the 
term will be the one usually enoountered. 

The term Long Distanoe in its broadest 
sense as it is now used in dealing with the 
public, refers to t~t portion of the toll 
traffic in any given area whioh is handled 
through recording or CLR operators. It in­
cludes all of the toll traffic except that 
'Rhioh is handled by the loo al swi tohboards 
on an A - B basis. 

In the early development of the telephone 
business it was ~he praotioe of the parent 
Bell Company, which owned the oontrolling 
patents covering the telephone, to grant 
lioenses to operate in oertain territories 
to locally organized oompanies. These 
oompanies, which haYe developed into the As­
sociated Companies o! the present day, hand­
led in general all of the serviBe both local 
and toll, in their respeotive territories. 
The traffio between the territories of the 
Aasooiated Companies was in general handled 
by a separate organization whioh is now the 
Long Lines Department of the American Tele­
phone and Telegraph Company. Many modifi­
cations in this original plan have been 
made during the development of the telephone 
business and numer6us oases now exist where 
the traffic is not divided strictly in ao-

cordance with it. As a resuly of this divi­
sion of the toll traffic between companies, 
in some o! the largest areas suoh as New 
York and Philadelphia, both the Assooiate~ 
Company and the Long Lines Department have 
large toll switohboards eaoh handling its 
own traffio. In these plaoes it has beoome 
the practioe for the purpose of training 
subscribers and operators to distinguish 
between the toll boards, to refer to a oall 
whioh is handled by the Long Lines Department 
on its toll board as a Long Distance oall, 
and to r~fer to a oall which is handled by 
the Assooiated Company on its toll board as 
a Toll oall. This is a speoialized use of 
these terms brought out by the necessity of 
distinguishing by some short and easily re­
membered terms between the traffic handled 
by the Long Lines Department and the traff io 
handled by the Associated Companies. A more 
exaot method of naming these oalls would be 
to refer to them as a Long Lines Department 
toll oall and an Associated Company toll oall. 

Both the local and the toll servioe fur­
nished to the subsoribers of the Bell System 
may be divided into various different classes. 

The toll servioe only will be desoribed in 
this course. 

The toll servioe may be classified in ao­
oordanoe with the _operating methon used in 
handling the traffio and from a rate stand­
point. Considered from this latter stand­
point, the different olasses of toll servioe 
which are furnished subscribers are illustra­
ted by the following olasses of calls. 

1. Station-to-Station Call. 
2. Person-to-Person Call. 
3. Appointment Call. 
4. Messenger Call. 

A Station-to-Station oall is one on which 
the person originating the oall does not 
specify a particular person to be reached 
at the called station but gives only the 
number of the telephone station desired or 
the name or address under whioh the telephone 
1.s listed. 

A Person-to-Person oall is one on whioh 
the person originating the oall specifies a 
particular person to be reached at the oalled 
place. 

An appointment call is a Person-to-Perso~ 
oall on which oommunioation is to be estab­
lished at a speoified time. 

A messenger oall is a Person-to-Person oall 
on which the called party is not available 
at a telephon.e oonneoted to the Bell System, 
and on which the Telephone Company assumes 
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the responsibility of notifying him, by 
messenger or other means to oome to a publio 
pay station. 

In making rates for the toll traffio, the 
station-to-station oall is, in general, 
taken as the basis. Broadly speaking the 
rate for this olass of oall is quoted in 
multiples of 5 oents and is based upon the 
air line mileage between the oalling and 
oalled points and the duration of the call. 
The rates for person-to-person, appointment 
and messenger oalls are determined by add­
ing suitable differentials to the rates for 
station-to-station oalls. Under oertain 
oonditions if oommunication is not estab­
lished on one of these three classes of 
oalls a limited charge known as a report 
charge is made. 

Standard Methods of Handling Toll Traffic 

With the introduction of the new aombined 
line and recording method, commonly known 
as the CLR method, of handling toll traffic, 

~··op,11$ 
TrL.CKr. 

system in looal offices will be oovered in 
the next seotion. 

Of the olasses of toll calls desoribed 
earlier in this paper, only Station-to-Sta­
tion oalls are handled by the A-B method, 
while all four olasses, Station-to-Station, 
Person-to-Person, Appointment, and Messenger 
calls are handled by the Toll Board Method. 

With the A-B method the traffio is handled 
entirely on local switchboards and in some -
oases on tandem boards. With the Toll Board 
method, as the name implies, the traffic is 
handled at a toll switchboard and the toll 
board operator has responsible oharge of 
the oall. 

THE A-B-METHOD OF HANDLING TOLL CALLS 

In the A-B method of handling toll traffio 
the airouits are terminated at one end in 
looal switohboards, whioh are easily aoces­
sible to the local operators and at the other 
end in looal or tandem switohboards. When 
a subsoriber originates a toll call to a 

a··aPR..,. 
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Ftg.l A-B Oall aompleted Ove~ Stratght/orward Trunks 

many of the older methods are rapidly being 
disoontinued. As a result of this, toll 
traffic may now be divided into two general 
olassifioations, namely A-B traffio and 
Toll Board Traffio. The general features 
of the A-B method will be desoribed briefly 
in this section and the general features of 
the Toll Board method will be desoribed 
briefly in the seotion following. 

In the description of these methods whioh 
follow, only the equipment and operating 
features whioh are encountered in connection 
with manual equipment are aovered. The 
modifications in the methods whiah are re­
quired due to the introduction of the dial 

nearby point he gives the number of the 
oalled station to the operator as when mak­
ing a looal aall. The "A" operator handles 
the oall, timing, ticketing and supervising 
it. She completes it over a toll cirouit 
whiah ends in a Jack at her position. 1'he 
method of operation the "A" operator follows 
is, in general, the same as that followed in 
looal praotioe. 

Figure l shows the arrangement of oircuits 
for an A-B call between offioes which are 
connected by a group of straightforward trunks. 
Unde~ this condition a tandem offioe is not 
required. SUah a oall would be placed by a -l 
subscriber at Longaore 4321 in ~fanhatta.n to 
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a aubaoriber at Market 1234 in Newark. 
Thea• two offioes are oonneoted by groups 
of direot trunks. In figure 1 the oalling 
subsoriber is referred to as (A) and the 
called subsoriber as (!). When the sub­
soriber at (A) removes the reoeiver from 
the switohhook. operations ooour in the . , 
line oirouit at the "A• board whioh oause 
the line lamp to be lighted. The opera.tor 
answers the oa.11 bY inserting the plug of 
the baok or answering oord of a pair of sub­
soribers oords into the answering Jaok or a 
multiple Jaok of the calling subsoribers 
line. This causes the line lamp to be ex­
tinguished. The operator oonneots her tele­
phone set to the oord oirouit and to the 
oalling subsoribers line by operating the 
talking key in the oord oirouit. The sub­
soriber gives the exohange name and tele­
phone number of the desired subsoribers 
station in exaotly the same manner as if a 
looal oonneotion were desired. The "A• op­
erator must know that the oalled telephone 
is in an exohange to whioh toll oharges are 
made. She makes out a tioket of the oall 
inoluding the number of the calling tele­
phone together with the exohange name and 

· number of the called subsoribers station. 
The tioket on whioh this information is re-
3orded is a speoial form of tioket used only 
for oalls of this type. The "A" operator 
then takes up the associated oalling oord 
and connects it to the Jack 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 indioating system. The oalling 
supervisory lamp is lighted and the "A" op­
erator then awaits two sizurts of tone as a 
signal that the "B" operator is oonneoted to 
the trunk and is ready to take the call. If 
a steady tone is heard it is an indioation 
that the "B" operator is busy at another 
position. This will ooour only during the 
light load period when the "B" operator is 
handliilg several "B" positions. The "B 11 op­
e:r&tor will reoeive a signal whioh will oall 
her attention to a partioular position where 
the oall is waiting. When the "A" operator 
reoeives the two spurts of tone over the 
trunk she repeats the number but not the 
offioe name of the oalled subsoribers station 
to the "B" operator. The "B" operator sets 
up party ringing if neoessary and then takes 
up the plug of the seleoted trunk, indicated 
by a flashing guard signal. and taps the tip 
of it against the sleeve of a multiple Jaok 
of the oalled subsoribers line as a means of 
ma.king a busy test. If the line is busy a 
eliok will be heard in the "B" opera. tors re­
oeiver. In oase the line is not found busy, 
the "B" operstor inserts the plug into the 
multiple Jaok of the subsoribers line. This 
oauses the flashing guard lamp to be extin­
guished and maohine ringing to be sent out 
on the line to ring the oalled subscribers 
bell. When the called party removes the re­
oei ver from the hook, ringing current is auto­
matioally disconneoted and the supervisory 
lamp of the calling oord is extinguished, 

indioating to the "A" operator that the 
talking oonneotion has been established 
between the oalling and oalled subsoribers. 
When the oalling supervisory lamp is extin­
guished the "A" opera.tor notes the time from 
the position olook and enters it on her 
tioket. 

When the conversation is finished and both 
subsoribers have replaoed their reoeivers on 
the switohhooks the tr-ont and baok supervisory 
lamps in the "A 11 board oord oirouit are lighted 
as disoonneot signals to the "A" operator, 
who removes the plugs of the "A" oord oir-
ouit from the subsoribers line and also from 
the trunk Jaok. When the calling oord is 
removed from the outgoing trunk Jack the 
"guard and disoonneot n lamp at the "B_" posi­
tion is lighted as a disoonneot signal to 
the "B" operator who removes the plug of 
the trunk from the Jaok of the called sub­
soribers line thereby restoring the circuits 
to normal. 

If the ''B 11 operator had found the called 
subsoribers line busy she would have in­
ser;ted the plug of the trunk into a Jaok 
whioh was oonneottd to a busy baok interrup­
ter. This would have caused the calling 
supervisory lamp in the "A" operators cord 
circuit to be lighted and extinguished as 
~ busy signal to the "A" operator. Upon 
reoeipt of this signal the ".A. 11 operator 
would remove the plug of the calling oord 
from the trunk Jack and operate the cord 
oircui t talking key and inform the callrog 
subsoriber that the called line'w&s busy. 
Upon reoeipt of the disconneot signal f'rom 
the oalling subsoriber the "A" operator 
would remove the plug of the answering oord 
from the answering Jack, restoring the 
oircuits at her offioe to normal. 

Figure 2 illustrates the conditions for an 
A-B oall between two otfioes whioh are so 
wide~ separated that the common supervisory 
relays will not operate over the trunks 
oonneoting them. In this case the trunks 
are operated on a two way ringdown basis and 
no order wires are provided. ~ oall from a 
subsoriber at Haverstraw, N.Y. to a sub­
scriber at Spring Valley, New York would be 
handled on this basis. In originating suoh 
a call the subsoriber at Haverstraw calls 
the opera.tor as on a looal oall and gives 
her the exohange name and number of the 
called subscribers telephone. The opera.tor 
makes out a ticket as was desoribed tor the 
above call. She then plugs into an outgoing 
trunk Jaok to the desired office with the 
oalling or front cord of the pair used in 
answering the calling subsoriber. and oper­
ates the ringing key. The conneotion 
between the oalling cord and the Jack of the 
outgoing trunk oircuit oauses the "calling" 
or front supervisory lamp in the cord oir­
oui t to be lighted as an indication that 
there is no oonneotion established with the 
opposite, or inward end af the trunk. The 
connection with the calling oord also as.uses 
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the ringdown signal to be disconnected rrom 
across ~he outgoing end of the trunk. This 
is done in order that the outgoing ringing 
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originating operator receives a disconnect 
signal in the form of & lighted &h811'ering 
eu.pervisory lamp. She goes in on the oon-

ftg. a A-B Oall Oompletecl Over Btngdou.n !'7"Unka 

current will not operate this signal when 
the operator signals the distant office. 
The ringing current does, however, cause 
the operation of relays in the incoming 
office which causes the line lamp associated 
with the trunk to be operated as a signal 
to the operator tli&t some other office is 
oalling her. She answers by inserting the 
plug of a regular "A" board subscribers an­
swering cord into the answering Jack or a 
multiple Jack of the incoming trunk: cirouit. 
This causes the line lamp to be extinguished 
and closes a bridge across the trunk circuit 
which causes the operation of relays in the 
outgoing end of the trunk. The operation of 
these relays causes the calling supervisory 
lamp in the originating operators cord cir­
cuit to be extinguished as an indication 
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 
subscribers telephone. !he inward operator 
picks up the calling corn of the pair with 
which the connection-is started, makes the 
bust test on a Dlllltiple Jack of the called 
subscribers l,ine and if the line is found 
idle, inserts th~ plug Qf the calling cord 
in the multiple and rings the· called line. 
The called subscriber answers giving the 
inward operator a siBl'.19.1 by causing the call• 
ing supervisory lamp in her cord circuit to 
be extinguishea and the conversation is 
started. The originating operator does not 
have direct supervision over a call of thts 
class and the timing is not accurate. When 
the conversation is finished, the calling 
subscriber han~ up his receiver and the 

neotion by operating her talking key and 
challenges. If no answer is received the 
plugs are removed :f.'rom the Jack. If, how­
ever, the called subscriber wishes to recall 
the other party, he will signal the inward 
operator by moving the switchhook u.p and 
down thus causing the calling supervisory 
lamp,in the inward operators cord circuit 
to be flashed. fhe inward operator recalls 
the outward operator by withdrawing and 
then inserting her answering cord into the 
trunk jack several times, and the outward 
operator recalls the calling party by ring­
ing him. The operator who originates the 
call al~s disconnects first. In the case 
of this call it is the outward operator. 
When the plug of the calling cord is removed 
:from the outgoing trunk Jack the answering 
supervisory lamp is lighted in the inward 
operat·ors cord ciroui t. The inward operator 
thereupon disconnects, restoring the circuits 
to normal. 

In oases where the offices are located as 
shown in Figure 3, calls fr.om one point to 
another at a distance, pass through & tandem 
office. As shown in the sketch we shall 
take the case where five points are to be 
connected, #1 and #2 in New Jersey, #3 1n 
Manhattan, and #4 and #5 in Brooklyn and 
Long Island. If these offices were all oon­
nect ed by direct trunka as indioated in 
Figure 4 the cabling layout would be a very 
expensive one. A se~arate grou~ of trunks 
would be required to work in each diredtion 
between each two offices. However, by plao­
ing a tandem office 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 mailY miles 
of oable. 

/!fll"OOKL'Y"N ..... ,.,. 
F'tg. 8 Dtagram o/ Tandem Oonneottons 

Figure 5 shows the oirouit arrangement 
used on a oall between subscribers in two 
exchanges where the oonneotion will have to 
be built up through a tandem board. .It 
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will be noted on figure 5 that ~he trunks 
incoming to the tandem office ·terminate in 
plugs and the trunks outgoing from the tan­
dem o.ffioe terminate in Jaoks. These trunks 
are designed to be used for tandem calls 
only and are alwa,ys of the oall oirouit or 
straightforward type. The completing trunks, 
.that is, the trunks :t'rom the tandem of:f!ioe 
to the exchange in whioh the ca.lled sub­
scribers telephone is looated are the follow­
ing oall cirouit or straightfo:rw&rd types. 

Kachine Ringing Trunks equipped with 
meohanioally looking gang keys or a 
set of oommon ringing keys per ~os1-
tion. 

Keyless Ringing Trunks. 

Manual Ringing Trunks. 

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

l!/ll1001fL 'I'# ... ,.,, 
·F'tg. 4 Diag'f'Gm of Direct Connections 

offioe. The subscriber initiates the oall 
by oalling the "A" operator in his own ex­
change and gives the exchange name and num­
ber ·of the oalled subs3ribers telephone as 
on a looal oall. The operator makes out a 
tioket of the oall then takes up the associ­
ated oalling oord and connects it to the 
Jaok end of a trunk to the tandem offioe 
after having found that trunk idle by mean~ 
of the usual busy test. It will be ~ecessary 
for the 8 A" operator to know which'exohe.nges 
are reaohed thru the tandem office and which 
are reaohed over direot trunks. The oalling 
supervisory lamp is lighted and the "A~ op­
ere.tor then awaits three spurts of tone as 
a signal that the tandem operator is connected 
to the trunk and is ready to take the call. 
The "A 8 operator then passes only the name 
of the oalled subscriber offioe to the tandem 
operator. The tandem operator takes up the 
plug of the trunk, indicated by a flashing 
gu&rd signal, and seleots an idle trunk to 
the desired office. When the plug of the 
tandem trunk is inserted into the outgoing 
trunk the guard l~mp of the tandem trunk is 

It may be desi'ra.ble to extend·the tandem extinguished and the tandem operator is dis-
method to oertain offioes not equipped with oonneoted from the trunk. The oonneotion is 
"B" positions in order that the "A" operator now completed thru the tandem offioe and 
may not have to discriminate in completing the "A" operator awaits two spurts of tone 
tandem calls to such offioes. In suoh oases as a signal that the "B" operator is oon­
the circuits should be arranged to employ 
the regular call oircuit or straightforward neoted to the trunk and is ready to take up 
types of completing trunks. There may be the oall. The "A" operator then repeats 
oertain offices in whioh a oall oircuit can- the number but not the offioe name of the 
not be provided owing to laok of facilities. oalled subsori"~ers station to the "B" oper­
and in suoh cases completing trunks arranged ator. The "B" operator sets up party ring­
for straightforward operation m~ be employed. ing if necessary and then takes up the plug 
In this oase the order is passed by the "A" of the seieoted tandem completing trunk, in-
operator over the trimk itself after the dioated by a flashing guard signal, and if 
tandem oonneotion has been established. In- the subscribers line is idle, inserts the 
terposi~ion trunks will sometimes be re- plug of the trunk into the jack of the de-
Qaired at the tandem positions for oomplet- sired line. i'his causes the flashing guard 
ing oonneotions to desks or other special lamp of the tandem completing trunk to be 
positions. extinguished and maohine ringing to be sent 
· out on the line to ring the'oalled subscribers 

A oall from a subscriber at Longacre 4321 bell. When the called party answers, the 

TCI Library  www.telephonecollectors.info 



supervisory lamp of the calling cord in the 
originating office is extinguished indicat­
ing to the "~" operator· that the talking 
connection has been established between the 
calling and called subscribers. When the 
calling supervisory l&mp is extinguished 
the "A" operator notes the time from the 
position clock and enters it on her ticket. 
When the conversation is finished and the 
called subscriber replaces the receiver on 
the switcbhook, the guard and disconnect 
lamp at the tandem operators positiQn is 
lighted as is also the calling supervisory 
lamp in the "A" operators·cord circuit. 
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Upon receipt of this signal and when the 
calling subscriber has replaced the receiver 
on the switchhook which causes the answer­
ing supervisory lamp to be lighted, both 

(A) 

the "A" operator and the tandem operator 
disconnect. When disconnection takes place 
at either the "A" or the tandem position, 
the "guard and disconnect" lamp associated 
with the completing trunk at the "B" board 
is lighted as a disconnect signal, whereupon 
the "B" operator disconnects from the called 
subscribers line restoring the circuits to 
normal. The timing of the call is handled 
in a manner similar to that described prev­
iously in this section. 

There are certain calls which may be passed 
through as many as two tandem offices, but in 
case more than two tandem offices are required, 
the call is not handled on an A-B basis but 
is passed to a CLR operator and the call com­
pleted by her over a toll line. 

I 
I 
I 
I 

,----------.., 
I (WHITE PLAINS) I 
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F'tg. 5 A-B aa11 aompl8ted ov.r Stratght/orwa'T'd Trunks Thru a Tandem O//t oe 

Q.UESTIONS 

l. Explain the difference between long distance or toll board traffic and A-B toll traffic. 

2. Give the four classes of calls furnished the subscriber by toll service and define each. 

3. What class of service is rendered only by the A-B method? 

4. On A-B service which operator handles the supervision, the timing, and the ticketing 
of a call? 

5. Trace a call 'landled by the A-B method using straightforward trunking circuits from the 
originatine: to the terminating subscriber. 

6. Trace a call handled by the A-B method using ring-down circuits from the originating 
to the terminating subscriber. 

7. What advantage is gained by the use of a tandem office? 

a. Trace a call handled by the A-B method, over straightforward trunking circuits through 
a tandem office, from the originating to the terminating subscriber. 
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SECTION 5 

TOLL TRAFFIC A..T-J"D THE METHODS OF HANDLING IT - PART 2 

TOLL BOARD METHOD OF HANDLING TOLL TRAFFIC 

In the. 'I'oll Board method of handling toll 
traffic the circuits are terminated at both 
ends in toll switchboards. When a subscrib­
er originates a Long Distance call, the 
~ooal "A" operator connects him thru to a 
toll operator who supervises and times the 
call, whereas, on short ha u1 toll traffic, 
the call is supervised and timed by the 
local operator as described under A-B traf· 
fie in the previous section. 

This Toll Board traffic may be subdivided 
into two general classifications, namely, 
the combined line end reco~ding, CLR, method 
and the delayed method. With the CLR method 
the call is completed while the calling sub­
scriber stays at the telephone. Calls which 
cannot be completed within approximately 
three. minutes are handled by the delayed 
method. 

Toll switchboards from a traffic stand­
point may be classified under three headings, 
namel·Y, Outward, Inward and Thru. Outward 
positions are used to handle CLR and delayed 
traffic in the originating toll office and 
also inward ticket work at the terminating 
toll office. Inward positions complete 
calls from distant toll offices to subsorib-

. era in the area served by the terminating 
toll office. Thru positions in the toll 
system perform a similar ftm.ction to that 
of the tandem positions in the local system. 
In small offices cer"ain outward positions 
are often used for handling thru traffic. 

CLR METHOD 

Mecording operator acts both as a recording 
operator and as a line operator, completing 
the call whenever possible while the calling 
subscriber waits at the telephone. Calls 
may be completed to the distant toll office 
in one of two ways depending upon the amount 
of traffic involved and the distance between 
the toll centers. Thase 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 subscrib­
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 answer 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 
associated jack thus extinguishing the lamp. 
The CLR operator 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 is given for 
the class of call or to the desired point re­
quested. All Messenger calls, Appointment 
calls, inward collect calls to pay stations, 
and calls for build-up circuit points to 
which CLR service is not rendered, are handled 
at delayed positions. After the CLR operator 
records the details of the call and has de­
termined that she cannot complete it by the 
CLR method, she requests the calling sub­
scriber to hang up s.nd informs him that he 
will be called.when connections to the desired 
station have been completed. The tick~t is 
then forwarded to the delayea board. 

Before the introdootion of the CLR method 
all Long Distance calls were handled on a 
delayed basis, that is, after the Recording 
operator in the toll office received the 
~etails of the call from the originating If, however, the call can be completed by 
subscriber, he was told to hang up and that the CLR method, the CLR operator inserts 
that he would be intbrmed vmen the desired the plug of a toll cord of another pair into 
connections had been completed. The ticket a toll line to the desired point and operates 
made out by the Recording operator was sent the associated ringing key for two seconds. 
to a directory desk where the routing and With the listening key of the toll cord op­
other necessary information was added to the erated and the listening key of the trunk 
ticket.. The ticket was then sent to a Line cord 1·estored to normal. the CLR operator 
operator who established a connection back awaits the answer of the distant toll opel'o-
over a toll switching trunk to the calling ator. \Vhen the distant operator answers, 
subscribers line thru the local ~B" switch- the CLR operator gives the name of the calle~ 
board and eel.led the distant office over a exchange and the station number, and after 
toll line. When the distant operator had the distant operator repeats the number the 
reached the called party, the Line operator CLR operator enters on the ticket the time 
then applied ringl.ng current over the switch- that the call was passed. The CLR operator 
1ng trunk to the calling subscribers line then picks up the trunk cord of the pair on 
thus completing the call. which the toll circuit is being held, and 

. after loc1:1.ting an idle toll switching trunk 
With the new method, the Combined Line and to the "B" operator in the office of 
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the calling subscriber, inserts this cord 
into the trunk and awaits 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 calling sub­
scriber and says "without", indicating that 
she wants the connection made to the sub­
scribers line w1 th.out a busy test, since the 
line is being held on the recording trunk. 
When the trunk is connected thru, the super­
Tisory lamp of the trunk cord is out, in­
dicating that the subscriber still has the 
receiver off the hook. When this connection 
is made, the trunk oord 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 calculagraph 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 see that the conversation has started 
satisfactorily. The monitoring key is used 
as it does not cause as great a transmission 
loss on the line as the listening key and 
also as it excludes operatlng room noise from 
the line because of the operators transmitter 
being removed from the c:ircui t. 

When the inward operator in the called toll 
.office observes a line lamp, lighted as a re­
sult of ringing current 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 
jack associated with the lighted lamp, thus 
extinguishing the lamp. The toll cord super­
visory lamp is out. The inward operator 
answers the call w1 th the name of her office 
and awaits the called number. When the in­
ward operator receives this infor11Btion she 
says "right" and with the trunk cord of the 
pair inserts it into an idle switching trunk 
to the desired local office and awaits two 
spurts of tone. When this tone is heard, 
the inward operator passes the number bpt 
oot the otfi ce name to the loo al •B11 opera tor. 
After the plug end of the toll switching 
trunk in the local ottice is inserted into 
the desired line~ as is indicated by a light­
ed trunk cord sui:arvisory lamp at the inward 
position, the inward operator operates a 
ringing key which causes ringing current to 
be applied to the line of the called party 
to ring his bell. If the desired subscriber 
was on a party line, the local •B" operator 
would have operated a key corresponding to 
the party letter. When the inward toll op­
erator applied ringing current to the toll 
switchill8 trunk, a relay would operate in 
the local trunk circuit to cause ringing 
current of the proper polarity to be sent 
out on the called subscribers line. When 
the called subscriber removes the receiver 
trom the hook, the trunk cord •upervisory 
lamp is extinguished at the inward toll posi­
tion as an indication to the inward operator 
that the·subscriber has answered. 
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Should the aLR operator wish to recall 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 recall, thus causing the super­
visory lamp of the toll cord at the receiv­
ing office to flash until the listening key 
is thrown to answer the signal. 

lib.en the conversation is completed and the 
calling party hangs up, the aLR operators 
trunk oord supervisory lamp lights as a 
dis~onnect signal at the originating toll 
office. !he CLR operator then releases the 
toll circuit, stamps the ticket with the 
caloulagraph and releases the calling line. 
lib.en the called party bangs 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 called line thus 
completing the disconnection of the circuits 
used for handling the ca.ll. 

Should the called station be busy the dis­
tant operator will give a report and after 
the OLR operator has acknowledged it, the 
CLR operator will inform the calling sub­
scriber of the fact and he will be called 
when the distant station can be reached. 
However, the calling subscribers line will 
still be held over the toll switching trunk. 
Alter ~hree minutes have elapsed, the CLR 
operator will make another attempt to secure 
the desired line and if success:rui, the or­
iginating subscriber will be notified. If 
the CLR operator cannot secure the desired 
line in approximately 10 minutes, the call 
will be transferred to the delayed position 
for completion. 

There are three main reasons why the re­
cording trunk circuits from the manual office 
are not used for completing the connection 
between the calling and the called subscrib­
ers on & toll call. First, the toll switch­
ing trwlll; is provided w1 th.. 48 volt instead 
of the customary 24 volt transmission bat­
tery. This arrangement gives approximately 
4 r-.u. better transmission than would be ob­
tained by talking thru the usual 24 volt sub­
scribers cord circuit and the manual record­
ing trunk circuit. It is more economical to 
equip a few toll switching circuits with 
higher grade transmission facilities than 
all the regular subscribers cord circuits in 
the office. 

Second, the use of the toll switching 
trunk provides a method. of checking tho. call­
ing subscribers number. I! he were to ~ive 
the wrong number, the toll swi tohing "B op­
erator would be unable to establish a con­
nection to the calling line. Third, the toll 
switching trunk provides a means for placing 
the direct supervision of the calling line 
in the hands of the toll operator. !he toll 
pperator can control tne ringing and, by 
11eans of the trunk su11erviaory lamp, can de­
termine whether or not the receiver is on 
the switchhook at the calling station. This 

would not be possible were the call com­
pleted thru the local "A" operators cord 
circuit. 

Straightforward toll lines have recently 
been developed for use on short haul routes 
to replace such as those formerly operated on 
a ca.ll circuit basis. For example traffic 
between New York and Philadelphia is handled 
by this straightforward method. The oper­
ating features are similar to the ringdown 
method previously described, with the follow­
ing exceptions. Full switchhook supervision 
from the called station is obtained at the 
outward toll, or CLR position. nisconnec­
tion from the toll line by the outward op­
erator gives a disconnect signal simul­
taneously ~o both the inward toll and the 
terminating toll switching o~erators if the 
called subscribers receiver is on the hook. 
No recall feature is provided such as on 
ringdown trunks. It is necessary to use an 
additional trunk to recall the distant in­
ward operator. The straightforward trunks 
are used for one way traffic only, a separate 
group being provided for traffic in each 
direction. In fact the method used for op­
erating these straightforward toll lines is 
not very dissimilar from the method used for 
operating local straightforward trunks de­
scribed under A-B toll in the previous sec­
tion. 

DELAYED CALLS 

All calls which cannot be completed by the 
CLR method, such as calls that have to be 
built up at two or more points, calls to 
subscribers that have been busy for more than 
10 minutes, Messenger calls, Appointment calls 
or other calls that require more than three 
minutes for completion are handled at delayed 
positions. Delayed positions are o~en call­
ed point-to-point positions for the reason 
that a certain position 111&¥ handle traffic 
to points whose first letter begins with A., 
B,& C, another position may handle traffic 
to points whose first letter begins with D, 
E & F, etc. It is thus an easy matter to 
refer a subscriber who requests information 
regarding the progress of his call to the 
operator who is handling it. 

When a call cannot be c.ompleted by the CLR 
method, the CLR operator forwards the ticket 
to a directory desk where any additional in­
formation, if necessary, is placed on the 
ticket. The ticket is then routed to a de­
layed position handling calls to the desired 
point. When the delayed operator endeavors 
to complete one of these calls she first 
secures the calling subscribers line over a 
toll switching trunk to assure the accessi­
bility of this line when the called party is 
reached. The distant toll office is then 
called with the toll cord of the pair. When 
'the call is of the person-to-person class, 
the originating toll operator will request 
the terminating toll operator to complete 
the call to the desired. subscribers line and 
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when the called station answers, the origin­
ating operator requests information as to 
whether or not the called person is avail­
able. If the called person is ready to talk, 
the caliing party is notified by the origin­
ating operator and thus the oonneotion is 
completed. If the called person is not 
available, the operator will leave word to 
have him call his long distance operator, 
if requested oy the calling subscriber. 
Dllring the interval the originating operator 
releases the toll line and also the subscrib­
ers line. 

Some classes of service require a ticket 
being made out at both the originating and 
the terminating toll centers; a Messenger 
call and a Collect call are examples of this 
type. When the originating delayed operator 
reaches the inward operator in the distant 
office, she requests that her oall be trans­
ferred to the outward board. It is the duty 
of the outward operator at the distant 
office to record the details of the oa.11 1 to 
supervise the call at her end of the line 
and to render any necessary reports to the 
originating operator. 

PNEUMATIC TUBE OPERA.TION 

When the tickets covering the details of 
calls, that are to be completed at delayed 
positions, have been made out by CLR oper­
ators, it is necessary that these tickets 
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 directory desk 
first, in order that the directory operator 
IIl&7 look up numbers of called subsoribers 
in distant exchanges. The pneumatic tube 
system provides for a central distributing 
desk with operators who are provided with 
lists of different point-t9-point operators 
positions and the names of the offices to 
which they are handling calls. When a • 
ticket has been made out by the CLR operator, 
it is sent directly to the distributing desk 
and from there to the proper outward opera­
tor. When the distributing operator starts 
a ticket to the outward toll operator, she 
operates a key which lights a pilot lamp at 
the distributing table. When the t.icket 
arrives at its destination, a switch is op­
erated by the ticket itself which lights two 
pilot lanipS at the toll positions and causes 
the pilot lamp at the distributing position 
to be extinguished, indicating to the dis­
tributing operator the safe arrival of the 
ticket. When the toll operator removes the 
ticket from the valve in which the tube ter­
minates, a relay is operated which causes 
the two ticket pilot lamps to be extinguish­
ed. One tube termination serves two oper-­
ators, one at the left and one at the right 
position. ;o.rrangements are provided so that 
when either of these toll operators has suf­
ficient tickets, she operates a key whioh 
lights a lamp as a signal to the supervisor 
that this operator can handle no more calls. 

When the keys associated with both positions 
at any one tube terminal are operated, the 
pilot lamp at the distributing position is 
extinguished, indicating to the distributing 
operator that no more tickets are desired 
at these positions. 

SERVICE OBSERVING 

Service observiIJ8 provid&s three things. 
First, information regarding .the speed, 
accuracy and dependability of the service. 
Second, data valuable for supervisory pur­
poses in regard to the technical qU&lity of 
the operating work and the most economical 
use of the operators and toll line time, 
also data valuable in regard to the accuracy 
with which the o~erators follow instructions 
and the aocuracy of the ti()Jcet records. 'l'hird. 
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 individual I on the board. 
However, in order to meet the t'Und.ament&l. 
purposes of the observing plan, it is nec­
essary to distribute the routine observation 
over all kinds of traffic handled by all 
operators and this oondition makes it im­
practicable to obt~in conclusive data in 
regard to the work of individuals. It re­
quires supplementary observing to obtain 
conclusive data of this kind. 

The traffic for toll service observing of 
recording trunks, toll lines, and toll op­
erators telephone sets is as follows: 

When a call for long distance ·is rererre& 
to a CLR operator, the lamp at a·multiple 
of the recording trunk at the service ob­
serving board lights. The service observ­
ing operator plugs into the Jack with a 
cord and enters on a ticket, provided for 
the purpose, the details of the oall. When 
the recording operator has finished ticket­
ing the call, the observing operator dis­
connects from the trunk. The toll line se­
le()ted by the toll operator will be indica-­
ted to the observing operator by the opera­
tion of the busy signal associated with the 
toll multiple at the service observing 
board. The observing operator then plugs 
into the Jack of the line selected with a 
cord and monitors. Another cord can be 
used to listen on an opera.tors telephone 
set whenever it is considered necessary to 
locate the operator who is handling the 
call under observation. 

Arrangements are provided so that the ser­
vice observing operator can originate a 
call to any operator whom she desires. to 
cheok. To do this, she uses her desk set 
to make the call. 

MODIFICATIONS IN THESE ME~ODS WITH LQC!L 
DIAL OFFicrES . 

When dial equipment of either the panel 
or step-by-step type is installed in loca1 
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o:rt'ioes it is neoesear;y to me.ke aome ohangea 
in these methods. 

.l-B Jlethod 

With the A-B method the procedure on the 
part 9f the subscriber in plaoing a oall is 
to dial zero whioh will oonneot hi~ to an 
operator who will handle his oall. From 
this point on hia procedure remains the same 
as with manual equipment. The subscribers 
procedure is the same whether he is oonneot­
ed t~ a step-by-step or a panel "t7pe offioe. 

The trunking methods employed for handling 
A-B toll oalla originating in steP-bJ:-step 
offioee or panel offioes at manual "A" posi­
tions are the same, in general, as have been 
uaed in manual offioes in the past, exoept 
that dialing trunks are usually employed to 
other step-by-step dial offioes and either 
cordless "B" or semi-meahanioal oord and 
district systems are employed to other panel 
dial offioes. 

In manual offioes oonneoted to step-by­
step offioes either dialing trunks or 
straightforward trunks to a cordless "B~ 
board are employed, and in manual offioes 
oonneoted to panel type offioes either dial­
ing trunks, key indicator trunka or straight­
t'orward trunks to a cordless "B" board are 
employed tor handling the A-B toll buaineaa. 

aLR Method 

When a dial subscriber wishes to make a 
call to a distant point he dials Long Dia-

. tanoe and :Ira oomieoted to the CLR operator 
over a rooordi~ompleting trunk to the 
originating toll center. When the aLR op­
erator obtains the details of the call ahe 
completes the connection with the toll oord 
of the pair uae~. to answer the recording 
trunk. 'l'he dial aubaoriber ia not connected 
back thru & toll switching trunk aa was the 
case in manual praotioe. !he recording 
trunka used to terminate the dial oalls are 

.high grade ci:reuits uaing 48 volta tor tl'&D.s­
miaaion instead of the Low grade 24 volt re­
cording circuits uaed in manual practice. 

Should the oall be of such a natw.·e that 
the CLR operator cannot complete the oonnec~ 
tion immediately, the dial subscriber is 
told to hang up and the ticket is routed to 
the delayed board. When connection bas been 
established by the delayed operator to the 
called station. the calling P&r"t7 is notified 
over a toll switching trunk. 

!he toll awitching trunks ri:-om the delayed 
toll board to a dial o:rt'ioe are terminated 
on aelectora in the loc~l office, sinae it 
is not praotioable to tel'lllinate these trunks 
on cords a,nd plugs appearing in f'ront . of the 
aubaoribers multiple in the manner followed 
at present in 11&11ual o:rt'ioes. 'l'hese select­
ors in the toJ.l switching trunks can be ac­
tuated in ditferent W&l• to-cause a oonnec• 

tion to be completed between a toll switch­
ing trunk and a dial subscribers line. These 
methods are, in general, different depending 
upon whether the dial offioe is of the panel 
type or step-by-step type and it has been 
found dtsirable to adopt different methods 
as standard with the two different types of 
equipment. 

With panel type offioes three different 
methods of operating the switching trunks 
have been considered, The first is the 
cordless "B" method in whioh a toll switch­
ing operator looated at a cordless "B" posi­
tion in the looal offioe controls the oper­
ation of the sele~tors in the switching 
trunk. The toll operator with this method 
follows substantially the present operating 
praotiee with manual looal o:rt'ioes. 'rwo 
other methods have also been investigated, 
in both of whioh the operation of the se­
lectors in whioh the toll switching trunk 
terminates is controlled f'rom the toll board. 
The first of these is the so-oalled key in­
dicator method, and the seoond involves the 
uae of a position dial oirouit whioh may be 
associated with each toll oord to oontrol 
the selectors in the looal oentral offioe. 

The operating advantages of the key in­
dicator method appears to .arrant its use 
in every oase with panel type equipment a.a 
compared with the method employing dials. 
The use of the key indicator method, how­
ever, involves a large expenditure at the 
toll board in oonneotion with the fi7at 
machine switching offioe that is put in 
aervioe and it has been found in the case 
of the larger oities that the operating 
savings at the toll switching positions and 
at the toll board are not sutfioient to 
Juati:t:J the use of the key indicator method 
in theae oases at the start as compared 
with the cordless "B" method. 'l'he key in­
dicator method will, in general, prove in 
over the oordleas "B" method where the 
amount of traffio over the toll switching 
trunks, whioh will be completed to looal 
dial otfioes by this method, is f'rom 10 to 
15~ of the total toll switching trunk traffio. 
lb.ether it can be proved in in any given oase 
de~ends to a large extent on looal conditions, 
such, for example, as the life of the toll 
switchboard in whioh it is proposed to in­
stall key indi~tor equipment, the ability 
to make use elsewhere of any cordless "B" 
equipment whioh may be removed from a local 
o:rt'ioe, eto. A11 indications at present are 
that the key indicator arrangement or some 
modification of ~t, wherein the connections 
over toll switching trunks are controlled 
f'rom the toll board, will be the most eoon­
omioal arrangement to employ ultimately when 
all or a large part of the.toll switching 
trunk traffic is completed to dial offices. 
Even in the oase of the larger oities suoh 
as !few York and (Th.icago where cordless "B n 
equipment is now being installed initially, 
it will probably be found eco~omical to re­
place it with key indicator equipment or 
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so~e modifioation of it at some future time, 
when a oomparatively large peroentage of the 
toll switching trunk traffio is completed to 
dial offiou. 

Gonneotions from the toll offioe over toll 
switohing trunks to local step-by-step dial 
offices may be made in one of two ways; by 
the use of dialing trunks or by the recent­
ly introduced oordless "B" system. The key 
indioator method has been under consider­
ation but seems unlikely to be adopted sinoe 

it involves oonsiderable expenoe over the 
present systems. 

The use of dialing trunks is the oheaper 
of the two methods and is at present stan•­
dard praotioe with the No. 3 toll switoh­
board. However, the new oordless "B" 
system applied on a straightforward basis 
gives quicker servioe and is more satis­
faotory in areas where there are a large 
number of manual offioes working into the 
step-by-step dial offioe. 

QUESTIONS 

1. What operator handles the supervision, the tioketing and the ti~ing of a toll board 
oallT 

2. What is meant by the CLR method of handling traffio? 

3. l"lhat is meant by the del~ed method of handling traffio? 

4. What are the advantages of the CLR method? 

5. Under what oonditions must a oall be handled by the delayed method? 

6. Traoe a oall handled by the CLR method over ring-down oirouits from the originating 
·to the terminating subsoriber. 

7. Why are not reoording trunks used for oompleting a oonneotion between the called and 
the oallihg subscriber? 

B. What is meant by a point-to-point position, a GtR position, a delaye~ position, 'IUl T 
outward position, an inward position, a through positiont 

-i!J. Under what oondltions is it neoessary to originate two tiokets on a oallT 

10. 'Nhat is the neoessity for a ticket distributing system in a large toll offioeT 

11. Desoribe briefly the Pneuma.tio Tube System of tioket distribution. 

12. What is the neoessity for servioe observing? 

13. What modifioation is made in the method of completing an A-B call when the connection 
is established through a dial office? 

14. What modifio~tion is made in the method of completing a CLR call when the connection 
is made through a dial office ? 
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SECTION 6 
*TOLL SWITCBBOAHDS- NO. 3 TYPE 

In the early days ot telephony the toll 
signaling apparatus consisted ot a 1118811etic 
drop in the line and a drop or ringer in 
the cord. With the advent ot common battery 
signaling in the local plant,relays and 
lamps replaced the old type drops and the 
subscriber was given means tor calling the· 
toll operator on a toll connection by oper­
ating the switchhook instead ot ringing.Up 
to this time the toll operators were locat­
ed at ~e local switchboard and had direct 
access to the subscriber's line, but with 
the growth ot toll and local traffic, it 
was no longer economical to place the toll 
operators at the local board. !his led to 
the development ot a separate toll switch­
board called the llo.l board, which had ao­
ces• to the subscriber's line over switch­
ing trunks between the toll and local 
boards. For many years the No.l switchboard 
tilled the needs ot the time but with the 
e%pansion ot the toll service and th~ 
srowth ot machine switching local service, 
it became evident that new arrangements 
were desirable. The llo. 3 toll switchboard 
was developed.to·meet the new requirements 
and it has the following advant&&es as new 
installations are required. 

(a) Reduction in apparatus, resulting in 
equipment economies. 

(b) Improved maintenance arrangements. 

(o) Kore readil;y adapted to mc><Ufications 
require~ by new operating methods. 

In discuaaing the features ot the No.3 
board, frequent oomparisona will .be made 
with the 110.1 awitohboard to set torth the 
changes which have been made in the design 
ot the new circuits. 

To Aux. 
Sig Ckt. 

MAIN FEATURES 

Cord Simplified by Locating Supervisory 
Relays in Line and Trunk Circuits 

The cord circuit of the No. 1 switchboard 
is equipped with two supervisory relays. 
One ot these relays responds to 20-cycle 
current and gives the toll operator a ring­
ing signal, indicating that the distant 
operating is calling. The second relay re­
sponds to direct current received from the 
switching trunk and gives the operator 
switchhook supervision of the subscriber. 
Associated with these two relays are other 
relays which prevent false signals, and 
permit the operator to make a busy test or 
use the cord tor a terminating or a through 
connection. This cord is shown in Fig. 1. 

In the Bo. 3 switchboard the ringing re­
lay and the direct-current supervisory re­
lay, which were formerly connected across 
the tip and ring conductors ot the cord 
circuit, have been moved from the cord to 
the line and switching trunk, respectively, 
and the cord circuit has been simplified as 
is illustrated in Fig. 2. In this board the 
line and trunk signals are transferred to 
the cord over the sleeve circuits. This is 
accomplished by using a nominal sleeve re­
sistance of 1,800 ohms tor the line and 
trunk circuits and connecting the la111ps in 
the sleeves of the cord. Under these con­
ditions there is not sufficient current 
flowing in the sleeve to light the lamp, but 
when a ringing signal is received over a 
line and a cord is associated with that line 
or when a receiver-on-the-hook signal is 
received over a switching trunk,the sleeve 
resistance ot the line or trunk is changed 
from 1,800 ohms to 80 ohms, which increases 

To Tell Set 

l!'tg. l Btgh tmpedanoe toll oo7'd /OT' toll swt tohboa7'd No. l 

9"hl1 Hnioa 11 a reprint of a paper on tu 'l'oll Switchboard No.3 publilhed in the Bell S71tem Technical 
Jou:ru.i, JUfll&r7 1927, written b7 J.Da't'id1on ot th8 Jmerican Telephone and. Telegraph Campal\Y'. '1'11,11 
&rilol.e •• oo,rrlchted. in 1927 1'7 the JM:ricu telephone and Telegraph Comp&JQ'. 
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F'tg.2 Toll oo1'"d /or toll ewttohboa1'"d.No.8 
the current in the sleeve of the cord suf­
fio ien tly to light the lamp. 

Line Relay Functions in fwofold Capaoit7 

The majority of toll lines in the plant 
today are of the ringdown type and the 
operator at one end oalls the operator at 
the distant 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 connecting a cord 
to the line, the line relay is disconnect­
ed and replaced by the ringing relay in 
the cord which responds to further rering 
signals over the line. This arrangement 
of the line and cord, as well as the 
switching trunk for the lio .l board,. is 
shown sohematioally in Fig.3. 

By transferring the ringing relay from 
'he oord to the line in the mo. 3 toll 
board, this rel117 is made to f'unction in a 
twofold oapaoi'tJ', 'hat is, to give the line 
signal as well as the cord rering signal. 
When a oall is received from a distant 
point, the app8.l'atus in the line functions 
to light the line signal and this remains 
lighted until a toll cord is inserted in 
the line Jack. Further signals over the line 
cause the apparatus in the line to ligh' 
the lamp in the cord. This is obtained by 
changing the sleeve resistanoe of the line 
from 1,800 ohms to 80 ohms and is illus­
trated in schematic form in Fig.4 • .ls in 
the past, the line signal is multipled be­
fore several operators and appears as a 
steady illuminated lamp which is extinguish­
ed by an operator answering the oall. The 
oord signal appears before one operator and 
has been changed from a steady lamp signal 
to a flashing signal for the purpose of ob-

Cord Switching Trunk 
RP-794Z. 

.F'tg.8 Sohematto:!I'oll switchboard No.l otroutte 
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locking Line Relays and 
arrangement for Flashing 
cord supervisory lamp 
omiHed For sake of 
clearness 
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Switch in~ Trunk 

l'tg.4. Sohematto: Toll BUlttohboard No.8 otroutts; monitoring and posittonal oircutt keys 
a1'9 not shown 

taini.ng prompt attention on the part of the 
operator. 'J!he cord signal is extinguished 
when the operator oonnecta to the ciroui t 
by the operation of the talking key. This 
connects an additional 600 ohma in the 
aleeve circuit, which releases relays which 
are he~d operated in the line circuit and 
control the lamp. 

Composite Ringer Simplified 

In order that the toll lines may be used 
for telegraph as well as telephone service, 
composite sets are often connec'\ed into the 
line circuit at each end. These composite 
sets are electrical filters which separate 
the telephone and telegraph currents and 
direct the telephone currents to the switch­
board and the telegraph currents to the 
telegraph equipment. 

When composite sets are connected in the 

Composite 
Ringer 

lines terminating in a No. l switchboard it 
is also necessary to connect a composite 
ringer in the circuit between the composite 
set and the switchboard. Thia is necessary 
because the 20-cycle current, which is used 
as ringing current from the switchboard, is 
in the telegraph range of frequencies and 
consequently will not pass through the tele­
phone branch of the composite set. The com. 
poaite ringer substitutes for the 20-cycle 
outward ringing current received from the 
switchboard, 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 frequency current which comes 
over the line and through the telephone 
path of the composite set, a 20-cyole cur­
rent which will operate the ringing relays 
of the line or oord circuits. A schematic 
of the composite set and composite ringer, 
as used with the No.l board, is shown in 
Fig.5. 

Line 

P&g.5 Sohematto: CJOM.oostte ringer and composited toll ltne /or toll switchboard No. l 
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In general, the composite ringer for the 
No.3 switchboard has been greatly simpli­
fied and made a part of the terminating 
line equipment. This has been accomplished, 
as illustrated schematically in Fig.4,by 
ai'ranging the line circuit so that a relay 
may be cross-connected in the line to re­
ceive the 20-cycle, or the higher frequenc~ 
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. 

Purthermore, the practice of using 20-
cycle current in the cord circuit for ring­
ing has been discontinued and ringing is 

ltll1'4f 

F'tg.6 Sohema'tf.o: :i.·011 oord talktng otroutt; 
talktng key normal for toll 

swttohboard No.B 

effected in the uo.3 switchboard by con­
necting 24-volt direct cur~ent throU€h the 
ringing key to the tip conductor of the 
cord. This current operates a relay of the 
line or trunk circuit which applies the 
proper frequency of ringing current to the 
line or trunk circuit. By this ar_rangemen t 
one relay in the line circuit accomplishes 
the same result as was accom~lished by 
several relays in the composite ringer. As 
the ringing current leads to the relay in 
the line are brought through terminals on 
the frames, the line can be readily changed 
for any desired frequency or ringing current. 

To Dial ,,__.____ 

r-= 
-..-Transfer 
vOut·Pos. 

Elimination of Transfer- Key from Face ot 
Inward Switchboard• 
tn the past the practice has been to pro­

vi~e 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 call from the inward switchboard to 
the outward delayed positions or to the thru 
positions. With the No.3 toll switchboard 
the 'use of these transfer keys individual' 
to the line and appearing in the face of 
each section of the inward switchboard has 
been discontinued and the transfer is ef­
fected by a transfer key in the positional 
circuit which may be used to transfer a call 
on any line.This ke'y applies 24-volt battery 
either directly or through a resistance to 
the ring conductor of the .line and operates 
the proper transfer relay 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• 
eq~ipment but saves the space in the face of 
the switchboard which was formerly occupied 
by the transfer keys. 

Use of Positional Circuit 

Another circuit feature of the No.3 switch­
board which marks an improvement OTer switch­
board No.l is the use of a so-called posi­
tional circuit in which is located much 
equipment ~uch as splitting keys, dialing 
keys, eto.,which heretofore were individual 
to each cord• Under normal conditions the 
tip and ring conduotors of the front cord 
are connected to the tip and ring conduc­
tors of the corresponding back cord with no 
shunts across the circuit. This is illus­
trated in Figure.6. 

Ril\gi"!'-91._ __ .....J 

F'tg.7 Sohem.atto:Toll oord postttonal ctroutt;talktng key O,'Oerote&. /or.tall swttohboard No.8 
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By the operation of the talking key assoo­
iated with each oord oirouit, the position­
al oirouit is oonneoted between the front 
and baok oorda and the operator's telephone 
set is oonneoted aoross the oircuit as il­
lustrated in Fig.7. With the talking key of 
any cord operated, the ·operator m~ 

(a) Dial on either the front or the baok 
oord. 

(b) Split the talking circuit between the 
front and the baok cords. 

( o) 'J!ransfer an inward oall from the in­
ward to the outward or the through 
positions. 

This oircuit arrangement not only effects 
substantial economies but it is much more 
flexible and will lend itself to new devel­
opments without requiring changes in the 
cord circuit. · 

Monitoring and Ringing Keys Individual 
to Cords 

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

Switohing 'J!runk Features 

In the Bo.3 toll switchboard a repeating 
ooil which has a high impedance to 20-oycle 
ringing current is used in the outgoing end 
ot the switohing trunk. This arrangement 
has equipment and signaling advantages.Also 
where loaded toll switching trunks are in­
volved, the use of a repeating coil of the 
type referred to, but having the proper 
transmission characteristics, has the ad­
vantaee of reducing reflection losses by 
providing for a uniform terminal impedance 
of the switohing trunks. 

PRINCIPAL ADVANTAGES 

Equipment Economies 

38 

.AJJ has been pointed out, the expansion in 
toll business, together with reoent devel­
opments in the telephone art, have been such 
that with the circuit arrangements used in 
the past there has been a growing necessity 
to add equipment to the cord circuit with 
the result that the positions are becoming 
oongested with apparatus. With the circuit 
arrangements outlined for the No.3 toll 
switchboard,.however, the transfer of the 
signaling apparatus from the cord to the 
line and switching trunk makes a marked 
simplification in the cord and incidentally 
reduces the congestion in the section.Also 
it shou1d ef'i'ect a substantial economy in 
equipment because of the fact that we are 
approaching a situation where there are ap­
proximately 60 per cent.more cords than 
lines and 2s·per cent.more cords than 
switching trunks. 

The use of the positional .circuit end the 
elimination of the individual splitting key 

from the toll cord has simplified the switch­
board keyshelf. This simplification together 
with the equipment savings effected by the 
simplifioation of oomposite ringers and the 
transfer of the supervisory relay equipment 
from the toll cord to the toll line and 
switching trunk circuits has effected sub­
stantial economies. 

Maintenance 

In addition to the saving in first cost 
of equipment the No.3 switchboard fac!li­
tatea maintenance. The ordinary toll c~rds 
in an office must be suitable to work w1 th 
any toll line terminating at the switch­
board and consequently with the circuit ar­
rangement used in toll switchboard No. 1 1 

the ringing relay in all the toll cord cir­
cuits must be maintained to operate in con­
neotion with the longest as well as the 
shortest line circuit. In the case of the 
No.3 toll switchboard, however, the ringing· 
relay is individual to the line and conse­
quently may be adjusted to meet the operat­
ing conditions of that line. Long lines with 
severe ringing conditions require the relay 
to have a sensitive adjustment while short 
lines with easy ringing conditions permit 
a less sensitive relay adjustment to be 
used which is more easily maintained. 

Easily Adaptable to Machine Switching 
Methods 

The introduction of machine switching re­
quires provision for dialing on the trunks 
and may in the future require the same fea­
ture for dialing over toll lines. Such pro­
vision in the boards previously employed 
requires the addition of the necessary keys 
and relays on a "per cord" basis, whereas 
with the No.3 board the equipment can be 
placed in the positional circuit, without 
any change in the cord circuit. This re­
sults in a great economy in apparatus and 
makes a change to a dialing basis rather 
simple • 

SUMMARY 

It is interesting to note in conclusion 
that heretofore an increase in cord circuit 
apparatus has necessarily followed the de­
velopment of new and improved switchboard 
systems and the extension of the crea 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 switchboard 
brought the necessity for extending switch­
hook supervision to the toll operator, and 
resulted in the condenser-type cord consist­
ing of 5 relays, now largely abandoned be­
oause of the relatively large transmission 
loss introduc'ed by it. The high•efficienoy 
cord consisting of 8 relays resu1ted from 
the demand for a cord having a minimum 
transmission loss, and additional complica­
tions have resulted in the requirement for 
dialing in machine switching areas, each 
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improvement, of course, increasing the 
number of relays in the cord circuit. 'l'he 
No.3 system, on the other hand, makes 
possible by the transfer of apparatus to 
the line.and switching trunk and by the 
use of common positional equipment the 
relatively simple toll cord shown in Fig. 
2 in which the individual apparatus is 
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limited to two keys and one relay per cord. 
This provides in many oases a toll cord 
suitable for either inward, outward or 
through operation, reduces the apparatus 
congestion in the section and results in 
decreased maintenance, while being easily 
adapted to the future trend in toll devel­
opement. 

QUESTIONS. 

l. What two functions does the ringing relay perform in the No.3 Toll Line Circuit? 

2. How is.it possible to change a No.~ 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 are the functions of the position circuit? 

5. What 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 circ~it and the addition of equipment 
in the line circuit effect a saving in the toll office? 

s. How does the new switchboard effect a saving in maintenance? 

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