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INTRODUCTION

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

The material for this course has besen obtained largely from simi-
lar courses given by other organizations and from various publica-
tions of the Bell System.

September 1, 1928.
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SECTION 1
OPEN WIRE PLANT

Local subsoribers' telephones are con-~
neocted by means of wires to & central of-
fice in which equipment is located to eon-
nect two local subseribers together. Fao-
ilities are also provided in these offices
to connect local subscribers to a toll
central office which may be located in the
same building as the local office or in a
separate building used for handling toll
traffic from a number of offises in a local
area. These toll central offices are con-
nected together by means of wires whioch are
called toll or long distence lines. The
term toll arising from the fast 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 oonnecting
toll ocentral offices together that are in
the order of fifty miles or more apart,are
termed "long distance lines",

These wires, with their associated out~
side plant equipment, that oconnect the
local subsoriber to the local central of-
fioce, the local office to the toll office,
eand two toll offices together may be divide
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 subsoriber to another. Even to this day
open wire circuits are used for the major
part of the distance on our three transocon-
tinental lines,

The use of a single wire with ground re-
turn for toll purposes has never been ex-
tensive, This is due to the excessive noise
and orosstalk which occurs between circuits
of this type. "Crosstalk" is a term that
has been applied to the transmission re-
ceived on one talking circuit due to voioce
currents in another oircuit., This crosstalk
is usually due to capacity effects and
leakages between wires of several circuits.

The use of a ground return for 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 for telephonioc communica=-
tion, the ground return becomes a common
return for all of these circuits as shown
in figure 1.

In figure 1 four local subsoribers'! lines
are shown connected to a centrsl office in
whioch 1line L1 is conneoted to L2 and L3 to
L4, These are single wire lines and in order
to oomplete the cirocuit from the subsoribers!
stations A, B, C and D, it is necessary for
the voice ocurrents to go through the common
return, This may be the ground or a single
wire whioch is connected to ome terminal of
all these subscribers' telephone sets, Each
of the single wire lines will have a certain
resistance depending upon the length, size
and kind of wire used., The ground return
mey 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 curremnts will flow in both of
the single wires L1 and L2, because the re-
turn ceircuit is a parallel circuit consist-
ing of the common return and the single wire
lines Il and L2, If the ocurrent flowing in
the oircuits Ll and L2 is of sufficient mag-
nitude, the oonversation between the sub-
soribers C and D can be heard by the sub-
soribers A and B. This is termed "orosstalk"
and for this partioular condition, the mag-
nitude or extent of the erosstalk depends
upon the resistance of the common return
cirouit,

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
rurel districts where these circuits are not
exposed to severe electricael interference.
During the early stage of the development

of the telephone, electric street railways
and electric light systems were also esoming
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#g.l Sohematic of a Ground Return System
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rapidly into use in the larger cities.These
systems also utilized a ground return and
considerable noise from these sources was
experienced in ground return telephone sys=
tems,

The single wire ground return telephone
circuit was first used for conneoting two
telephone subsoribers together as shown in
figure 2-A. As the number of these private
lines increased, a demand arose for some
method which would provide for telephonie
communication between the so-called private
lines, In order to provide for this elass
of service, it was necessary to terminate
private lines at a central point where they
could be switohed or conneocted together as
desired, The first local central office
actually oconsisted of several private lines
whioch were terminated in a telephone set,
(one for each line, as shown in figure 2-C)
mounted on the wall in a central offigce.
Each telephone was equipped with a Jack
whioch had a terminal eonneeted to the line.
Calls were answered by the central office
attendant talking over the telephone set
whioch was connected to that partieular line,
The attendant completed the connection be-
* tween subsoribers'! lines by means of long
cords whioch were equipped with plugs at
each end. The plug on one end of the cord

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

the Jjack of the called subseriber's line.
This completed the oconnection between sub-
soeribers who desired to communicate with
each other.

Grounded telegraph circuits were in come-
mercial operation for some time prior to
the invention of the telephone and as it
became desirable in the use of different
telegraph eirouits to be able to oconnect
them together to meet various service con-
ditions, a telegraph switchboard as shown
in figure 3 was developed for interschanging
and testing telegraph circuits. The line
conditions of grounded telephone emnd tele-
graph circuits are the same, therefore, it
was logical to use this early telegraph
switchboard for eonneocting grounded tele~-
phone circuits together for communication
between two telephone subscribers,

In this switohboard the subscribers! lines
were connected to long bars of brass with
curved slots cut in them at reguler inter-
vals, Brass posts with eurved slots cut in
them were placed directly opposite the slots
in the long bar and spaced so that the ocurv-
ed slot cut in the long bar and the post
would form & ciroular hole for the inser-
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tion of a tapered dbrass pluzr. A long bar
was connected to eack subser'ber's line and
the corresponding contact posts for each
bar were connested together as shown in
figure 3. The top row of contast posts are
connected together and so on for each row
shown, In figure 3, subsoribers' lines 1
and 4, 2 and 6, and 3 and 5 are shown con-
neoted together by the insertion of brass
plugs. The attendant answers a ocall by in-
serting a plug whioch is conneoted to a
common telephone set in the central office,
into jacks which are connected to each long
bar and the subscriber's line,

Signalling between subseribers and the
central office was done by means of an ele~-
mentary cirocuit consisting of a wet battery,
push button and buzzer, whioh was operated
over the game single wire ground return
circuit used for talking, as shown in
figure 2, The telephones mounted on the

- wall in the early central office and the

telegraph switechboard represent what is to-
day called the central office switchboard,
and the attendant performed the funetionsof
our modern telephone operator,

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

in the early stages of the development of
the toll system and was replaced by the
present day two-wire or metalliec toll line
eircuits. The metallic c¢ircuit is the same
as the grounded circuit, except that an
additional wire is provided for each cir-
cuit in place of the ground or common return
wire, That 1s, each telephone or toll line
has its own individual circuit which is not
physicelly connected in sny way to any other
circuit, This eliminated the crosstalk be-
tween e¢ircuits due to the resistance of the
ground connections in the common return
wire. These circuits are still subjeoct to
interference by induotion between two or
more to0ll 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 from
this source.

The improvement obtained by using two
wires instead of one was the beginning of
the t¢1ll line development which inwvolved
new problems to be solved, sueh as those
listed belows:
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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
eircuits.

(4) Interference from power circuits.

There were also a great meny problems to
solve in line construection,ete.,which will
not be discussed. The insulation of a toll
line e¢irouit becomes an important factor
from a transmission standpoint. It is
necessary to provide insulation at approx-
imately 40 poles per mile, which gives 40
perallel 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 lesskage, it i3 essential that
the insulation resistance shall be as high
as possidle,

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 distance ecircuits. The copper
wire used ranges in size from #14 B & S to
§#8 BWG gauge wire, depending upon the
length snd importance of the open wire cir-
cuit. Very little use has been made in the
Bell System of copper wire smaller than
#12 NBS gauge for these circuits,

Toll line eircuits, until recently, have
been of the open wire type strung on oross
arms attached to poles. The demand for
toll service between some of the larger
t0ll centers has become =0 great that it
has been necessary in a great many ocases
to overload the pole line by stringing ad-
ditional wires to provide for the increase
in traffie. This traffioc, of course, is in-
oreasing all the time and the most recent
development is to provide aerial or under-
ground cable between cities where the traf-
fie is sufficient to warrant the expense.

The length of open wire line over which
we may satisfactorily transmit "eommereial
speech", (i.e. 200 cycles to 2000 oyocles
approx.) depends upon the cross seotional
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-
geriber to subseriber over thirty miles of
#19 B & S gauge cable which has a capacity
per mile of 0,054 mierofarads.

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

over a circuit econsisting of #12 NBS gauge
coppar wire was expressed in the number of
miles of standard #19 B & S gauge cable

over which the same transmission loss will
be incurred. The expression "Ten mile equive
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, This
transmission unit.is dependent upon an arbi-
trery factor, the standard cable with cur-
rents at 800 cysles, and is apt to be con=-
fusing when currents at other frequencies
ere being considered, For this reason an-
other unit called "TU"™ has been adopted
whioh is based upon the ratio of energies.
It is sbout 5% larger than the standard
miles, This unit will be explained later.

Vhile 30 miles of standsrd cable or about
28,5 TU is considered to give good trans-
mission for frequencies within the voioce
range, 1t 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 tramsmission equive
alents of approximately 10 TU between the
terminals of the toll line e¢ircuit and very
few t0ll 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 c¢ity and the equipment used for
completing connection in the local central
oftices,

The dismeter 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:

Dia, Weight per Resistance

Equivalent to in mile of per mile
28.5 TU's Mils. wire in of ocot.
1lbs.
6 BWG 170 Miles 203 590 16 ohms
8 BWG 135 " 165 390 24,2 "
10 BWG 120 " 134 258 36.4 "
12 BWG 90 " 109 170 55,4 "
COPPER WIRE:
#8 BWG 850 Miles 165 435 3.9484
12 ¥NBS 400 " 104 173 9,9402
10 B&S 400 "10L9, 166 10,3330
14 NBS 250 " 80 102 16.8010
#12 B&S 250 " 80,81 105 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
cireuits for long haul service, that is, a
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#8 gauge circult might be used between New
York and Ohioago, and a #14 gauge cirouit
between New York and Philadelphia, The
transmission received over each of these
oirouits individually would be fairly sat-
isfactory, but unsatisfactory trensmission
would be obtained over these eirouits ba-
tween Philadelphia and Chicago via New York.
This 1llustration is used only to point ovt
that a real problem exists in determining
the size of wires to be used for toll and
long distance lines and it is not intended
to give the impresmsion that no small gauge
wires are used.in the plant as a great many
of the short haul toll lines ere of #l2 NBS
wire.

As the demend for toll service increased,
1t was desirable from an economiosl stand-
point to place several pairs of wires on
one pole line, in whioch case the wires of
different oirocuits might parallel each
other for long distances, It was found
under these oonditions that objectionable
ocrosstalk was received from one pair to an-
other, due to mutual leakage, induction and
capacity. Currents are also induced from
nearby power eirouits which cause noise to
be produced in eaoh individual toll oire
suit, For example, assume that a power e¢ir-
ocuit parallels a toll 1ine oirocuit in the
same horizontal plane, and quite olose to
it, One wire of the toll line ocircuit will
be located closer to the power oirouit than
the other wire, and the voltage induced in
the nearer wire will be slightly higher
than that induced in the other wire. The
current in both wires is flowing in the
same direotion and if the line had perfeot
insulation the current caused to flow
through the telephone oircuit would be the

effect of the dAifference between the potent-
ials induoced in the two wires.

To reduce these effeocts, a method of trans-
posing the wires has been worked out and the
standard method used for transposing a pole
are given in handbooks, To explain in a
simple way the results obtained by transpos-
ing & toll line oircuit, assume that a toll
line as shown in figure 4 is 500 feet long,
and parallel to a power ocirocuit. If this pair
of wires is transposed every 100 feet,there
will be four transpositions whish will give
a difference of potential in the sirecuit
due to 100 feet of the ecirouit as the volt-
age induced in the other four sections of
the circuit will be the same in each wire,
Therefore, if the oirouit is transposed
three times (every 166+ feet) ingtead of
four, no difference of potential should ex-
ist in the two wires of & pair if the same
voltage is induoced in each wire per unit of
length, This, of course, is ideal and is
not praotical to obtain, &s it is impossible
to build a pole line so that the distance
between the interfering ocireuit and the toll
line oircuit is the same at all points
throughout the entire length of the eirouit.

4 standard method of transposing a group
of oirouits on & pole line has been adopted -
by the Bell system, and is in general use
on the A. T. & T. Co.'s and Associate
Companies' toll lines., Private lines, such
as telephone circuits on power lines, long
subscribers' lines and low grade toll oir-
cuits may be close and parasllel to power
oirocuits, In general not more than two or
three ocircuits of this kind will be placed
on one pole line. In such cases, the lines
are transposed to best meet the conditions

. o0 £1
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Fig.4 Dtagram Showing how Crosstalk is reduoced by Transposing Conductors of a Line
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under which they are working. If it is only
necessary to maks a few transpositions in

a oircuit to eliminate interference and
erosstalk, some advantage might be obtained
by meking sn odd number of transpositions,
but where the standard method is used, an
0dd number of transpositions would not

have any appreciable effect in reducing in-
terference heceuse of the irregular space
ing between the toll line circuit and the
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Diagram Showing the Method of Making Transpositions

power circuit, The transpositions per oir-
cuit are slso spaced equal distances apart
and are made at least once per mile, de-
pending upon the location of the cirecuit
in the pole line.

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

o N o o . N
-— X -—
Lt T l
— Xem— = —— X —>
-* — — - — -
PHANTOM
== ] ———
—_— - -
- Wom = = = =D 5 >
L2 T l
° - —X— == === = —
RP-179206

TCI Library www.telephonecollectors.info



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

Different methods of transposing two
wires are shown in figures 54, B and C, The
transposition shown in figure 54 in whieh
the wire from both directions was one of
the first methods used were terminated on
double groove glass insulators. The wires
from one direction were terminated with
sufficient length to make the oross over
and connection to the wires in the opposite
direction by means of a copper sleeve about
3 inches long, shown in figure 5D. A copper
sleeve connection is made by passing the
wires through the sleeve in opposite direc-
tions and bending the ends at right angles
to the sleeve, One end of the sleeve is
then clamped in one position and the other
end is twisted around- -about three times.

The method shown in figure 5A 1s expene
sive and in view of this, the  method shown
in figure 5B was adopted, Thls transposi=
tion is made by giving two wires one half
turn and tying them to separate grooves on
a glass insu®ator, This method 1s slightly
less costly than the straight away string-
ing of wires, and it is not necessary to
meke conneoctions at each transposition,
However, the wires are brough close to=
gether on the insulator and considerable
trouble has been experienced due to the
wires swinging together at the oross-over
point.

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

In the ground return oircuit only a

. single wire per circuit is strung on the

pole line. It 1is, therefore, impossible to
transpose a circuit of this kind to obtain
the same difference of induced potential on
each side of the oircuit, with respect,to
the telephone set connected between the
single wire and the common return. Conse-
quently, all of the ocurrent flowing in the
eircuit, due to the induced voltage, will
flow through the telephone set. The volt-
ages induced into the eircuit may be due
to neighboring power circuits or to voilce
currents flowing in adjacent wires. If the
induced voltage is of sufficent magnitude,
objectionable noise or cerosstalk will be
experienced.

From an economic standpoint 1t is desire
able to obtain all of the facilities possi-

ble from the open wire plant. As the tol}
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 1is
shown in figure 6 and the circuit derived
from the two pairs of wires is called the
Phanton Circuit. The circuits obtained from
ezch individusl pair of wires smnd the phane
tom eirouit are called a Phantom Group. The
two pairs of wires from which the phantom
circult is derived are called Physiocal Cir-
cults. These wires are generally called a
Pair in the plant when they are not phan-
tomed, snd are seldom, if ever, referred to
as & physical cirocuit. The physical oircuits
of a phantom group are often called Side
Circuits in the plant.

The phantom circuit is obtained by connecte
ing into the terminals of each physical cir=-
cuit, a repeating eoil, which is commonly
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 repesating
coil, and the other side of the phantom c¢ir-
cuit 1s brought out from the middle point of
the repeating coll in the other physical
circuit. Two wires of one physical cirecuit
are used for one side of the phantom and the
two wires of the other physical circuit are
used for the other side of the phantom cir-
cult. The phantom repeating coil is connect-
ed into the physical eircuit to repeat cur-
rents in the physical circuit only, and the
line windings, as well as the windings con=-
neocted to the subseriber's line, are cone-
neoted inductively into the physicel cir-
ouit, If the line windings are connected in-
duotively to the physiecal circuilt, and the
phantom eircuit is connected to the middle
point of the line windings of this repeating
coll, the current in the phantom eircuit
will flow through the two line windings of
the repeating coil in opposite directions.,
These two line windings of the repeating
co0il, having approximately the same char-
acteristices, namely resistance, inductanoe,
and capacity, no current will be induced in
the secondary winding, as the ocurrent in
one winding will neutralize the magnetio
effects of the current in the other wind-
ing. The current path for the phantom cir-
cuit is shown by a dotted line arrow in
figure 6 and the current path for the phys-
i6al circuit is shown by a full line sarrow,

In figure 7 the line wires have been omit-
ted and the conventional form for showing a
Whesztstone Bridge circuit is used to show
cleerly how the phantom eircuit is obtained
by means of two repeating coils in each
physieal circuilt.
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Fig,? Phantom Jirocuit Shown in Form of Wheatstone Bridge—Line Wires Omitted

If the Wheatstone Bridge sireuit were
balanced no current would flow in the
phantom circuit due to current flowing in
the physical eircuit or vise versa. It is
practieally impossible to obtain an exact
balance of the bridge with repeating eoils
only and as the line wires are a part of
the bridge cirocuit , the characteristies
of each wire of the pair shall be the same,
as near gs possible, in order to reduce to
a minimmum the current flowing due to the
bridge being unbalanced. Some of the prob-
lems in repeating coil design are dis-
oussed bdriefly below:

If we take two wires and lay them side
by side for winding the repeating coil in
parallel, there will be a certain amount
of distributed capacity between the two
wires for the entire length of the winding.
When these two wires are wound on a spool
or into a 6oil, there will be a certain
amount of capacity between the layers of
turns, If these capacity effects are not
distributed uniformly throughout the entire
winding, there will be an appreciable cap-
acity unbalance to the phantom eircuit,
whieh will cause crosstalk between the
phantom and the physiecal oircuit.

The distributed sapacity of parallel
wires, twisted pair, and between layers of
turns in a coil, is shown diagrammatically
in figure 8, The orosstalk current flow,
due to unbalanced sapacity between the wind-
ings of C, D and E are also shown in this
figure.. The distributed capacity between
two parallel wires or between two wires
twisted together should be approximately
the same if the size of the wire, insula-
tion, spasee betwaen the wires and length,
is approximately the same. The capacity be-
tween layers of parallel wires and layers
of twisted pairs, will ochange since the
space between the wires of different layers
is ochanging constantly.

Referring to the phantom repeating eoil
eirouit, shown in figure 8, the capacity
has been oconsidered as lumped on each side
of the phantom tap. If the capacitites A
and B are equal, the impedance of the wind-
ings C and D and the leskage per eash wire
of the pair are the same. No current will
flow through the resistance F because the
same voltage and polarity is impressed upon
the condensers A and B. If the capacity A

48 different from 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 impressed-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
end D are unequal, thereby causing a our-
rent to flow in the winding E., The magni=-
tude of this ourrent is not sufficient to
be objectionable, which enables the phantom
circuit to be used for commercial servioce.

The introduction of the phantom c¢irocuit
brought up a new problem in regerd to
ocrosstalk 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 c¢ircuit is derived from the two
wires of a physical oircuit. 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 is necessary at some of
the trangposition points to transpose the
whole phantom group or two physiocal oire
ocuits together. It is also necessary to
transpose the individual pairs of the phan-

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 sczlected
for the phantom group and the pole pair is
trensposed with the wires of the phantom
group. The pole pair in this case is the
equel of a half pole palir because it is the
pole pair for half of the distance. One of
the early methods used for transposing a
phantom group and an adjacent pair of wires
is shown in figure 9. The wires are termin-
ated in both directions on double groove
glass insulators and the transposition is
made by connecting the wires together by
means of Jumper wires which are fastened to
the cross arm,

This method is not entirely satisfactory
from electrical standpoint because the leak-
sge between the wires of a pair is inocreased
appreciably, particularly during wet weather,
and it is also expensive. In order to im-
prove the charscteristics 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 tmans-
posing non=-phantomed c¢ircuits. .

RP-17930

Fig.,10 Diagrame Showing Varioue Types of Phantom Cirouit Tranapositions
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The wires of a pole pair are spaced
farther apart than wires of other pairs on
the pole line, Consequently, the character=-
istios of the pole pair are different from
those of other pairs. This makes it nec-
essary to provide specisl equipment in some
.cases for use with the pole pair and half
pole pair., This will be explained in great-
er detail later in the course,

One of the questions that might be asked
after a study of the phantom circuit shown
in figure 6 1s this: Can the phantom cir-
cuit be phantomed and thus obtain seven
cirecuits for each four pairs of wires, as
shown in figure 11% Circuits of this kind
have been shown in various books on tele=-
puony, 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 seetions of
the country where they are not subjected
to inducetive disturbances from power or
other telephone cirsuits, When satisfactory
results are obtained, the circuits of this
&group are probably the only circuits on
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the pole line. This eireuit is called a
ghost and while it 1s no doubt feasidle to
obtain an additional ocireuit in this manner
that will operate satisfasctorily, it is not
practical for general use.

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

1., Two wire or metallic telephone cirocuits
which are called physical oircuits,

2. Phantom eircuits which are obtained
from two metallic or physical circuilts,

3. Physical and phantom eirouits may be
equipped for carrier telephone in addition
to the regular telephone circuit,

4, Physical amd pheantom circuits may be
equipped for composited, metallic and sar-
rier telsgraph in addition to the regular
telephone circuit. Carrier telephons anad
carrier telegraph may be obtained on these
circuits by reducing the number of channels
of each,

>
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Fig,11 Schematiec of a Ghost Circuit
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N QUESTIONS
1, Why are ground return systems not used in the toll plent?

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

3, What was the early standard of comparison for determining the transmission equivalent
of different types of toll line circuilts?

4, What were the velues of the reslstance and capecity and the size of wire comprising
this standerd? .

5. What i3 meant by a line having a ten mile equivalent?

6. What is considered the maximum loss over which conversation may teke plece?

7. What 13 the transmission equivalent of a high érade toll line between terminals?
8. What kind of wire is used for long haul toll lines?

9. What causes orosstalk between adjacent circuits of a toll 1line? How 1s this
orosstalk reduced?

10, Why are phantom circuits used?
11, What is a phantom group? What is a side circuit?

12, Why are special repeating coils used in phantom circuits? What are the special
features of these colls?

13, What are the advanteges of the method of transposing phantom circuits shown in
figure 10 over the~method shown in figure 99

1l4. What 18 a ghost eirouit? Why 18 it not commonly used?

15. What are the four types of open wire cirocuits used commonly in the toll plant of
the Bell System? ‘
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SECTION 2

CABLE PLANT FOR VOICE TRANSMISSION

Open wire toll lines are brought into the = wires are arawn straight into the mashine,
oentral offise in aerial or underground The suocessive drums, rotating in opposite
lead oovered oable, The transmission loss directions, apply the remaining pairs in
to voice currents in thirty miles of stand- reverse layers over this center. In the
ard #19 B & S gauge oable is approximately same operation the assembled pairs are
thé same as the loss inocurred to these . covered with a double wrapping of heavy
currents in a 250 mile open wire oircuit of paper as an additional insulation between
#12 EBS copper. Due to this excessive loss the wires and the sheath, whish is later

in the eable circuit, it is desirable to applied as an outside protection, The fin
terminate the open wire lines as 6lose to ighed sore as the unsheathed cable is esalled,
the eentrel office as is practicadble. is wound upon large tske up drums. This
stranding together of pairs is neeessary to
The toll sable plant of the Bell system provide flexibility, for if the pairs were
has, until recently consisted of entrance all run straight through,the sable sould not
oables and a few long distance cables, the be bent without stretoching some of the wires
most prominent of which is the toll cable ‘or kinking others,
between Boston and Washington. Toll eables
have recently been developed which will The core is then dried in vacuum ovens
provide satisfactory transmission of the heated to about 250 degrees P, until the
volce currents for muech greater lengths of moisture in the paper insulation has been

odble cirouilts. Cable circuilts have recent~ driven out. After the s6able has been thor-
ly been put into operation between New York oughly dried, the lead sheath is applied as

and St. Louls vla Chicago, a distance of the core is drawm from the ovens.
approximately 1300 miles. The satisfactory

Jtransmission over long cable circuits is The sheath is composed of an alloy uf lead
largely dependent upon the telephone re- with approximately 1% antimony and it is ap-
peater, which will later be discussed in Plied by a lead press or sheathing mashine,
detail, which is essentially a meechine for meking

lead pipe. A hydrauliec press working at
The local cables are used to provide fso- enormous pressure forces the sheath metal

ilities for bringing into the central of- between the tapered end of a hollow core tube
fice, several subsoribers' lines within a end die ring, thus forming the pipe. The
small space, The maximum number of pairs sheath metal temperature is about 450 degrees
that can be assembled in a cable is depend- F, at which it is in a plastic state but it
ent to a great extent upon being able to is not hot enough to demage the paper on the

handle the cable economically in the pros- oore in the short time during which the paper
esses of manufacture, and its installstion may be exposed to that tempesrature., The end
in the plant. The number of paired conduce of the cable sore to be covered is passed
tors in losal eables varies from five to through the hollow core tube end into the
twelve hundred, #22 B&S gauge wire is used pipe. The pipe fits the core smugly, and

in cables having six hundred pairs or less, d4raws 1t through the lead press as additional

end #24 B&S gauge wire is used in the pipe or sheath is extended. The sore is thus
twelve hundred pair eable. In general, the proteoted by a continuous tube of sheath
number of condustors in aerial cables will metal, which must be free from eracks or

not exceed three hundred pailr end the larger other imperfections, The complete eable as
sizes are used for underground comstruotion it ocomes from the lead press is wound upon

only., the familiar wooden reels.,

The fir§t step in meking of cable is the Toll entrance oeble is made in a similar
insulating of the copper wires with paper. menner t0 the local cable and the smallest
This is done by insulating machines whiech wiire used for this purpose is #19 B&S gauge

wrap the paper tape around the wire in the oopper. Twisted pairs provide satisfastory
form of a continuous helix, overlapping at transposition on the physical circuits bdut .
the edges. These machines put on about 2400 it is not sufficient to prevent interference

"wraps® or turns in a minute., Various col- batween the physical and phantom eircuits or -
ored papers are used in order to identify between phantom groups which consist of two
the two wires of each pair and certain physicel eircuits. Therefore, entrance

groups of pairs in the finished cable. These oables whioh are made of twisted pairs only,
papers are approximately 0,004" thick and are not satisfactory for bringing the phane-
0.625" in width. tom eirecuit into the central office before

separsting it from the physical eirecuits.

The insulated wires are then twisted into FPhantom ocircuits are, however, brought imnto
pairs, After the wires are palreéd they =are the central office in short entrance cables

formed into a cable by the stranding having only twisted pairs when the interfer=
_machine, This machine consists of a number ence recelved between the oirecults is not
of revolving drums, on the outer part of sufficient to be objectionable for the class

whioh are arranged the reels containing the ©f service handled over these circuits,
pairs of wires. The center palr or pairs of
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In order to obtain a satisfactory phan-
tom e¢irsuit in a long toll entrance cable,
the physical circuit and the phantom
groups are transposed for the same reason
that it was necessary to transpose the
open wire toll lines. The capacity between
wires and pairs of wires is muech greater
-in eable than open wire because the wires
are placed closer together. Interference
from power circuits is practiecally elimin-
ated as the wires in a cable are shielded
by a lead sheath which is connected to
ground at frequent intervals, It is there-
fore necessary only to transpose the wires
in a cable to reduse interference between
physical circuits and phantom groups,

In order to reduce to a minimum the pos-
~ 8ibility of objectioneble interference be-
tween the physical and the phantom o¢ir-
cuits of a quad, the capacity between each
of the wires of the physical eircuits
should be the same, as nearly as possible.
The mutual capacity between the wires of
the same eircuit is not considered in this
case. These capacities are measured at
regular intervals and the gquads having cap-
acity unbalances, that will tend to neut-
"ralize each other, are spliced together.

In loeal and short entrance ecable the
wires of eash pair are twisted together and
each pair in the cable has the same length
of twist. The phantom circuit is obtained
in the eable by twisting two pairs of wires
together to make a quad, Two different
types of quadded eirocuits are used in
cables. Easch pair or physical eircuit form-
. ing quad #1 has different lengths of twist;
. each pair of quad #2 hes twists different
in length from eassh other and also from
those of the two pairs form quad #l. The
pairs of wires used for quad #l are twisted
together and the pairs of quad #2 are
- twisted together with a different length of
twist from that used in quad #1.

Quads are wound in layers around the core
of the cable similarly to twisted pairs and
quads 1 and 2 are placed adjacent to each
other in the layer which insures that two
quads of the same type will not be placed
edjacent to each other,

Long eable circuits equipped with tele-
phone repeaters are operated over four
wires between terminals. One pair of a four
wire eircuit is used for talking in one

~direction and the other pair is used for
talking in the opposite direction. The
~phantom ecircuit is obtained in the same
menner as explained above. The four wire
circuits are terminsted at the central of-
fice in repeating coils which are arranged
- to change the four wire circuit to two wire
eirecuit between the four wire terminal
equipment, and the toll switechboard. It is
necessary to terminate all circuits enter-
ing a switchboard on a two wire basis, so
that the same general type of cord cirecuit
can be used for completing all connections

14

between subscriber's lines and the toll
line.

Toelephone repeatérs are connected at
regular intervals into the four wire cir-
ocuit to amplify the voise 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. Therefore, it is desirable to separ-
ate or shield the input from the output
line eirocuits because the output current is
of a much greater magnitude,which is likely
to cause induced currents to flow into the
input circuit. The induced currents will
flow into the input eircuit of the telephone
repeater without being attemiated 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.

Each pair of wires of a four wire circuit
is not different from a two wire circuit, in
reference to interference between adjacent
circuits, The two pairs of a quad, there-
fore, may be used for different four wire
ecircuits whieh will provide a means for
separating the in and the out e¢ircuits which
are generally designated as "East" and "West",
The lay-up of the pairs of wires and the
quads in a cable varies considerably’because
the size of wire and number of conduetors 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 circuits are separated in the

cable:
Core 5 Quads 19 B&S Gauge Wire East
Leger 1. 7 " lg * " n
n 2 12 " 16 ] ] "
n 3 25 " 19 " " " Tast
LJ 4 30 " 19 n n n ”
n 5 28 " 19 " " " West
” 6 32 n 19 n L] n "

Lead Sheath

Bast quads in core and layer #3 are
shielded from the West quads in layer #5 by
the East quads in layer #4. Quads in layer
#5 are also shielded from the cable sheath
by the West quads in layer #6., Therefore,
the East quads in the core and layer #3,
and the West quads in layer #5 are shielded
and separated sufficiently to make them
satisfactory for long haul high grade cable
eirecuits, which regquire several four wire
repeaters operating in tandem to obtain
satisfactory transmission of the voice
ourrents, The East quads in layer #3 and
the West quads in layer #5 would also be
satisfactory for long haul service. The other
Bast and West quads in the different layers
are used for short four wire circuits which
have only a few four wire repeaters opersat-
ing in tandem.These quads and the #16 B&Sgauge
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.quads may be used for straight two wire or
phantom group circuits. The layers and
parts of layers may be interchanged at a
splice betwean sections, in such = wey that
the East and West guads-will not be ¢xposed
to each other or the cable sheath for more
than approximately one-half the oversall
length of the oable,

Up to a few years ago c¢ables were not
considered = success on account of their
high mutual capacity and wvariable unbal-
anees, The improvements in design and manu-
faocture as previously deseribed in this
gection together with the use of loading
coils have made 1t possible to use cables
successfully in connection with comparative=
1y long lines. .

The development of the loading 6oil more
than any of the preceding improvements has
made long distance telephony possible over
open wire and cable sircuits. In experi-
menting with dables it was soon found that
telephone transmission was reduced very

much more thru the eable than thru a simiw

—

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

is present in a #8 B.W.G. open wire line
having its conductors spaced 12" apart,may
be obtained from the following. The sommer=-
cial range of such a sirouit is approximate-
ly 1000miles. However if we could conceive
of a line where the conductors were spaced
12" apart, but in some mysterious manner
self=-industance was eliminated, the commere
oial range of the transmission over this
line would be only 350 miles. This induct~
ance, it may be geen, offsets the effect of
eapaocity between oonductors, However, if

the capsoity were not present, we would pre-
fer not to have induotance since the com=
bination acts as a low pass filter thus re-
dueing the frequency band which mey be itranse
mitted over the line. On the higheat grade
lires, such as those used for broadeasting
Yarposes,extra light loading spaced at rel-
atively freguent intervals is provided,

A

B

MMM

RP.TA32

Fg.1 Analogy Between a Loaded and Non-Loaded Vibrating String and a Loaded and Non-
Loaded Telephone Line

lar length of open wire employing the same
gauge conductoras, It was early recognized
that since the oable had a very much larger
mutusl capacity than open wire lines, tele-
phone transmission must be poorer.

It was not realized for meny years that
a "oorrective element®, namely self induct-
ance was present to a considersble degree
in open wire ecircuits. In the case of
sables,however, where the two conductors

As seen from the foregoing it is necesss
ary to incresse the induotance in open wires
and to add still more induectaénce 1o oable
circuits to inocreasse their useful range for
telephony. It remained for Professor Michael
Pupin in 1900 to furnish the telephone en-
gineer with information,backed by mathemati-
sl investigation and checked by experiment,
for applying "loading coils" to telephone
circuits,
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The effeet of loading in telephony is
analogous to the loading of a vibrating
gtring with equal weights uniformly spaced
along its length. If we vibrate the free
end of a string as shown in figure 1l-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. However, if the
string is uniformly loaded with equal
weights, as shown in figure 1-B,the vibra-
tions will travel the entire length of the
string and will reach the far end almost
as lerge as when they left the originat-
ing end., In the case of the telephone line,
loading 1is accomplished by connecting ine
dustion coils at regular intervals as shown

that of a eable circuit, and the self in-
duetance is higher, it is not necessary to
place the loading eoils as elose together
on open wire circuits as on cable circuits,

The usual form of a loading coil consists
of a toroidal or ring core made from come
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 free from moisture. At present
loading coils are being placed in the tele-
phone plant at the rate of approximately
700,000 & year. There are nearly 900 of
these colls in one cable cireuit between

RP-193%

Fig.2 Diagram Showing the Introduotion of Loading Cotls in a Telephone Line

in figure 2, thus inoreasing the elestrical
mass of the line. This increased mass re-
duoes the friction (resistance) loss and
reacting with the elasticity (capacitance)
of the cirocuit also reduces distortion.From
this it may be seen that speech can be
transmitted witn much less attenuation ana
distortion over a line having a sufficient
amount of inductance.

In a cable, for example, loading coils
are spaced approximately 1l.15 miles and
1.66 miles apart depending upon the amount
of loading required. Since the capasity of
an open wire circuit is much less than

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

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

pleant?

3. Why are ths conductors of a ocable stranded instead of running straight?

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

5. What is a quad? Why are queds used?

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

7. ¥hy is the input pair of a four wire cirouit shielded from the output peir? How is

this - shielding arranged for in a toll cable?

8. Why 1is loading used in ocable eircuits and on open wire cirouits?

9. Why is it neoessary toTprovide more frequent loading 1T|cab1e cirouits than in open

wire oirouits?
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SECTION 3
POLL SWITCHSOARDS — NO. 1 TYPE

Until comparatively recently the No., 1
toll switochboard was the standard for large
toll centers and as this switchboard is
8till a very important factor in our pres-
ent toll system, some of its important de~
tails will be discussed in this -sectlon.

The No. 1-D, No. 9 and No. 10 toll switoh-
boards are used in smaller senters bdbut .in
general perform similar funetions to the

NXo. 1 toll switechboard. The ceircults, how-
ever, are modified somewhat to meet the re-
quirements of the particular type of switch-
board and of the smaller toll center. These
latter switchboards will not be deseribed
in this course in detall as it is believed
that if the fundamentals of the larger
switchboards are grasped, no difficulty
will be experienced with these smaller
boards. The new No. 3 toll switchboard
will be taken up in a separate section.

RECORDING TRUNK CIRCUIT

When a call is passed from an "A" opera-
tor in the manual office to a toll operator
the o0all 1s received in the toll office
over a resording trunk, a schematiec of whicn
is shown in figure 1. Battery and ground
from the calling cord in the manual office
causes a lamp to light in front of the re-
cording operator. When the operator sees

this light she plugs her answering cord into
the jack associated with the lamp, therebdy
extinguishing it. The supervisory lamp in
the cord circuit in the manual office is
also extinguished because the 12,000 ohm
winding of the L relay in the recording
trunk is short-oircuited, thus allowing
sufficient eurrent to flow over the trunk

to operate the manual cord supervisory relay.

With the
trunk, the

recording cord sonnected to the
resording operator obtains the
details of the call and requests the sub-
soriber to hang up as he will be called
when the connestion is established, Should
the local operator wish to recall the record-
ing operator before she has disconnected,
the withdrawal and reingsertion of the manual
operators cord will cause the supervisory
lamp of the recording cord to light due to
the faet that the RC relay applies battery
and ground across the tip and ring of the
t0ll side of the trunk "thereby lighting the
supervisory lamp of the recording cord. )

I the toll operator wishes to recall the
loocal operator, the repeated withdrawal and
reinsertion of the recording cord will cause
a change in resistance in the trunk e¢ircuit
thus causing the losal supervisory relay to
flash the associated superyilsory lamp.
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Fig, 1 Recording Trunk Cirouit
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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

When the recording operator sees a light
appear in front of her, she inserts the
back or answering cord of a palr into the
Jack assoclated with the light, thus extin-
guishing the lamp, bridging a high impedance
relay 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 o0all and if necessary connects the sub-
qsopiber 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
supervigsory 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 cirocuit to normal.

70 OPERATORS TEL. SET CKIT.

A

/

RL Lrl_
: (r)

_ 1L
— i [
.F. |
2M.F, +- = ! I_J_: )
B
(s1) uag
) = | rroNT
BACK (MOLP) (RINGING) =
thhtiﬂa {+ T o=
= THRU AUX. G.
© = "hl_ 516, CKT, b | (sP)
= SR i<
450~ 456 Ilrl /ﬁ“r 2-G
2-a L) 'y 4
(R)
&1 e g
= wmr ¥ =
= ,z-;BK
1/3AMP
t
RP-6654

Flg., 2 Recording Cord Circuit

another position. Before completing this
connection the operator mekes a busy test
with the tip of the fromt cord and after se-
leoting an idle trunk to the desired point,
inserts the plug. This operation eauses 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 desired operator. When the desired op-
erator answeres the call, the battery and
ground is removed from the trunk thus ex-
tinguishing the supervisory lamp. This is

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

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

The two condensers, T and R in the tip
and ring leads, are placed in the circuit
to separate the DC supervision of the an-
swering and calling ends of the cord.

TOLL CORD CIRCUIT

After the recording operator has obtalned
directions concerning a desired toll call
the ticket used to record this information
is sent to a directory desk where routing
details, and, in the case of a person to
person call, 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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operstor 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 ourrent
out on the toll line to signal the distant
operator. Prom figure 3 it may be seen
that when the "to0ll" plug of the cord is in-
gerted into the Jask that ths S-1 relay op-
erates which in turn causes the RL relay to
operate, thus preventing the Supervisory
lamp from lighting. After the distant op-
erator has been signalled, the line operator
will operate the TALKING key so that she

may pass the desired number when the distant
operator answers. .

on the hook. When the distant operator has
established a connection to the desired
party she will call the line operator by
ringing bask over the toll line. This ring-
ing ourrent, applied to the line approximately
two seconds causes the RU relay to operate
thus causing the RL relay to release and
light the supervisory lamp assoclated with
the "toll"cord. The release 6f the RL relay
also causes the LU relay to loock under con-
trol of the TALKING key and keep the lamp
lighted after ringing 1s discontinued.

When 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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Fig. 8 Toll Cord Cirouilt

The line operator will then establish a
connection to the calling party by plugging
the "trunk and toll"” end of the same cord
into the jack of a toll switoching trunk to
the local offlce after previously having
received a trunk assignment over a call
wire from the local "B" operator. The "B"
operator is instructed to connest the trunk
to the calling subscribers line but no ring-
ing is applied at this time. Vhen the
"trunk and toll"” end of the cord is inserted
into the switching trunk the S relay opere
ates. The SM relay is marginal and does ; q
not operate over the high resistance sleeve
oircult of the toll switohing trunk. The
operation of the S relay operates the BT

.relay .cutting off the busy test and oon-
necting the tip of the circuit thru. The
supervisory lamp assoclated with the trunk
and toll cord will operate as an indication
that the calling party has their receiver

w)
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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 releuse the
SPLITTING key thus completing the connestion
between the two subseribers.

To guard against the possibility of light~
ing the toll supervisory lamp as a false
signal due to telegraph interference or
surges of current over the line, the R re-
lay is made slow releasing and the LU slow
operating. Should the RU relay operate
momentarily on telegraph pulses it will not
usually remain operated long enough to cause
the release of the RL relay. If however, the
RL relay has released momentarily, the slow
operation of the LU relay will give the RL
relay sufficlent time to reoperate before
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the LU relay operates and locks, lighting
the supervisory lamp.

It was not thought necessary to show a
sketosh of the toll switching trunk used
with this cord in the toll office as it is
very simple and is nothing more than the
customary outgoing trunk cireuit found in
a manual office but having a 500 ohm in-
stead of a 37 ohm sleeve,

A new operating practice is now being put
into effeoct known as the sombined line and
recording method, often salled the CLR
method. With this new system the line op-
erator asts as & recording operator and if
possible completes the connection immedi-
ately instead of requesting the originating
subscriber to hang up. %hen using this
method traffic is gpeeded up considerabdly.
Another comparatively recent development is
the introduction of straightforward trunk-

'TOLL LINE CIRCUIT

When the line pperator plugs the "toll"
cord into the line Jack the S relay oper-
ates thus removing the ring up relay, RU,
from the line and supplying battery for the
operation of the busy signals. -4 similar
circuit is used at the inward board at the
distant toll office to receive the ringing
gsignal from the originating toll operator.
See figure 4. When ringing ourrent is re-
ceived the RU relay operates causing a
light to appear at an inward position.
inward operator inserts a cord into the
Jask associated with this light thus causing
the light to be extinguished and the bdusy
signal to operate. Should the operator wish
to transfer the call to a thru position she
may operate the TRANS key. The operation
of this key will cause the lamp to light
at the thru position. When the thru operator
has taken up the call the inward operator

The

ing. When the straightforward trunking may restore her cord to normal.
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Pig.d Toll Line Circuit

system 1s used the line operator ean esta-
blish a connection to-the local "B" oper-
ator directly over a toll switsching 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-
fie.

If the call 1s intended for this toll
office the inward operator will complete
the connection over a toll switehing trunk
in a similar manner to that previously de-
seribed under the toll cord circuit. If,
however, the call is intended for a more
distant office, the call is transferred to
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the thru operator who merely aects as a tan- desired point.
dem operator and passes the eall to the

1.
2.
3.

4.

QUESTIONS

What is the function of a recording trunk circuit ?

Trace the operation of a resording trunk cirecuit from Figure 1.
Trace the operation of a resording cord circuit from Figure 2,
Trace the operation of a toll cord cirouit from Figure 3.

Trace the operation of a toll line eirsuit from Figure 4.
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SECTION 4

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

GENERATL

The telephone service which is furnished
to the subscribers of the Bell System is
divided into two general c¢lasses, local or
exchange servise and toll service. The
basis of this classification of service is
the method of charging for it. In return
for the payment of a local or exchange ser-
vice charge, the subscriber is furnished a
telephone instrument which is connected to
a switehboard and he receives, also, service
to all other stations in his local service
area. In case the subsoriber makes a call
for a station which 1s outside of his loeal
gervice area, an additional charge 1s made
for each such call. This additional charge
is called a toll sharge and the amount of
it, 1n general, varles with the distance
between the calling and called stations, the
duration of the conversation and the class
of 6all made. A call of this kind for a
station outside of the subseribers loocal
area is known as a toll sall, and colleoct-
ively such calls are termed toll traffic.
The -cireuits over which sush traffiec is
handled are referred to as toll cirouits,
and the operators whose work consists larg-
ely or entirely of handling sush traffiec
are called toll operatora, etes. This is
the broadest significance of the term toll
and the one usually employed in engineering
and traffiec work. The term Toll 1s used
sometimes in & rather restricted sense which
will be referred to later, but in general
engineering work the broad meaning of the
term will be the one usually encountered.

The term Long Distance in its broadest
sense as 1t is now used in dealing with the
publie, refers to that portion of the toll
traffic in any gliven area which is handled
through recording or CIR operators. It in-
cludes all of the toll traffic except that
which is handled by the local switshboards
on an A - B basis.

In the early development of the telephone
business it was the practice of the parent
Bell Company, which owned the controlling
patents covering the telephone, to grant
lisenses to operate in certain territories
to locally organized companies. These
companies, which have developed into the As-
sociated Companies of the present Aday, hand-
led in general all of the serviae both local
and toll, in their respesctive territories.,
The traffic between the territories of the
Assoclated Companies was in general handled
by a separate organization which 18 now the
Long Lines Department of the American Teles
phone and Telegraph Company. Many modifi-
cations in this original plan have been
made Quring the development of the telephone
business and numerdus cases now exist where
the traffic is not divided astrietly in ac-

cordance with it., As a resuly of this divi-
gion of the toll traffic between companies,
in some of the largest areas sueh as New
York and Philadelphia, both the Associated
Company and the Long Lines Department have
large toll switchboards each handling its
own traffic. In these places it has become
the practice for the purpose of training
subseribers and operators to distinguish
between the toll boards, to refer to a call
which 1s handled by the Long Lines Department
on its toll board as a Long Distance call,
and to refer to a call whieh is handled by
the Associated Company on its toll board as
a Toll call. This is a specialized use of
these terms brought out by the necessity of
distinguishing by some short and easily re-
membered terms between the traffis handled
by the Long Lines Department and the traffio
handled by the Associated Companies. A more
exact method of naming these calls would be
to refer to them as a Long Lines Department
toll call and an Associated Company toll call.

Both the loscal and the toll service fur-
nished to the subscribers of the Bell System
may be divided into various different classes.

The toll service only will be desoribed in
this sourse.

The toll service may be slassified in ac-
cordance with the operating method used in
handling the traffic and from a rate stand-
point. Considered from this latter stand-~
point, the different classes of toll serviase
which are furnished subscribers are illustra-
ted by the following classes of calls.

l. Station-to-Station Call.
2. Person-to-Person Call.
3. Appointment Call.

4, Messenger Call.

A Station-to-Station call is one on which
the person originating the sall does not
specify a partiocular person to be reached
at the called station but gives only the
number of the telephone station desired or
the name or address under which the telephone
is liated.

A Person-to-Person call is one on which
the person originating the call specifies a
particular person to be reached at the called
place. .

An appointment call is a Person-to-Person
call on which communiscation is to be eastab-
lished at a specified time.

A messenger call is a Person-to-Person call
on which the called party is not available
at a telephone connected to the Bell Systen,
and on whish the Telephone Company assumes
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the responsibility of notifying him, by
messenger or other means to come to a publie
pay station.

In making rates for the toll traffic, the
station-to-station call is, in general,
taken as the basis, Broadly speaking the
rate for this olass of call 1s guoted in
multiples of 5 oents and 1s based upon the
alr 1ine mileage between the calling and
called points and the duration of the call.
The rates for person-to-person, appolntment
and messenger calls are determined by add-
ing suitable differentials to the rates for
station-to~station calls. Under certain
conditions 1f communication is not estab-
lished on one of these three classes of
calls a limited charge known as a report
charge is made.

Standard Methods of Handling Toll Traffie

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

I e A -

gsystem in local offices will be covered in
the next section.

0f the classes of toll calls desoribed
earlier in this paper, only Station-to-Sta-
tion 6alls are handled by the A-B method,
while all four classes, Station-to-Station,
Pergon-to~Person, Appointment, and Messenger
calls are handled by the Toll Board Method.

With the A-B method the traffic is handled
entirely on local switchboards and in some
cases on tandem boards. With the Toll Board
method, as the name implles, the traffie 1s.
handled at a toll switehboard and the toll
board operator has responsible charge of
the call.

THE A~-B-METHOD OF HANDLING TOLL CALLS

In the A-B method of handling toll traffis
the dircuits are terminated at one end in
local switchboards, which are easily acees-
sible to the loeal operators and at the other
end in local or tandem switchboards. When
a subsceriber originates a toll oall to a

— — —_—————
i (ovTGomeG oFFIcE) = (weornne orFee) |
A" 80ARD B"BoARD
| | |
()| e L — | g rey

UWD INIT7 NS
=a

MNOILILS ONS

kY
a

2" orr's
yee 367

|
|
|
T
|
I
+
|
|
|
I
|
|

— — —— S — — —— — ——

RP.1934

Fig.1 A-B Call Completed Over Stratghtforward Trunks

many of the older methods are rapidly being
discontinued. As a result of this, toll
traffic may now be divided into two general
classifications, namely A-B traffic and
Toll Board Traffie. The general features
of the A-B method will be described briefly
in this section and the general features of
the Toll Board method will be described
briefly in the section following.

In the description of these methods which
follow, only the eguipment and operating
features which are engountered in connection
with manual equipment are covered. The
modifications in the methods which are re-
quired due to the introduction of the dial

nearby point he gives the number of the
called station to the operator as when mak~
ing a local call. The "A" operator handles
the call, timing, ticketing and supervising
it. ©She completes 1t over a toll circuit
which ends in a Jack at her position, The
method of operation the "A" operator follows
is, in general, the same as that followed in
local practice.

Figure 1 shows the arrangement of circuits
for an A-B call between offices which are
connected by a group of straightforward trunks.
Under this conditicn a tandem office is not . i
required. Such a call would bBe placed by & |
subscriber at Longacre 4321 in Manhattan to *

j
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& subsoriber at Market 1234 in Newark.
These two offices are sonnectied by groups
of direot trunks. In figure 1 the calling
subgoriber is referred to as (A) and the
ealled subseriber as (B). When the sub-
goriber at (4) removes the receiver from
the switohhook, operations oscour in the . -
line oircuilt at the ™A™ board which sause
the line lamp to be lighted. The operator
answers the sall by inserting the plug of
the back or answering cord of a pair of sub-
soribers cords into the answering jack or a
multiple jack of the ealling subsoribers
line. This causes the line lamp to be ex-
tinguished. The operator connects her tele-
phone gset to the cord cirscuit and to the
calling subscribers line by operating the
talking key in the cord circuit. The sub-
soriber gives the exchange name and tele-
phone number of the desired subacribers
station in exactly the same manner as if a
local connection were desired. The "A" op~-
erator must know that the called telephone
is in an exchange to whish toll charges are
made. She makes out a tisket of the eall
including the number of the calling tele
phone together with the exchange name and
" number of the called subssribers station.
The ticket on whish this information is re-
sorded 1is a specilal form of ticket used only
for calls of this type. The "A" operator
then takes up the assoclated calling cord
and connects 1t 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 positior indicating system. The ealling
supervisory lamp is lighted and the "A" op-
erator then awaits two spurts of tone as a
signal that the "B" operator is conneoted to
the trunk and is ready to take the call. If
a steady tone is heard it is an indiocation
that the "B" operator is busy at another
position. This will oeour only during the
light load period when the "B" operator is
handling several "B" positions. The "B" op~-
erator will receive a signal which will call
her attention to a particular position where
the call 1s waiting. When the "A" operator
receives the two spurts of tone over the
trunk she repeats the number but not the
office name of the called subseribers station
to the "™B" operator. The "B" operator sets
up party ringing 1f necessary and then takes
up the.plug of the sslected trunk, indicated
by a flashing guard signal, and taps the tip
of it against the sleeve of a multiple Jjack
of the called subseribers line as a means of
making a busy test. If the line is busy a
click will be heard in the "B" operators re-
ceiver. In oase the line is not found busy,
the "B" operztor inserts the plug into the
multiple jack of the subsscribers line. This
causes the flashing guard lamp to be extin-
guished and machine ringing to be sent out
on the line to ring the called subseribders
bell., ithen the called party removes the re-
ceiver from the hook, ringing current is auto-
maticaelly disconneoted and the supervisory
lamp of the calling cord is extinguished,

indicating to the "A" operator that the
talking connection has been established
between the calling and called subsecribers.
When the calling supervisory lamp is extin-
guished the "A"™ operator notes the time from
the position clock and enters it on her
ticket.

When the conversation is finished and both
gubseribers have replaced thelr receivers on
the switchhooks the front and back supervisory
lamps in the "A" board oord circult are lighted
as disconnect signals to the "A" operator,
who removes the plugs of the "A" cord eir-
ouit from the subseribers line and also from
the trunk jack. When the calling cord 1is
removed from the outgoling trunk -jack the
“guard and disconnesct”™ lamp at the "B" posi-
tion 1s lighted as a disconnect signal to
the "B" operator who removes the plug of
the trunk from the Jjack of the called sub-
soeribers line thereby restoring the circuits
to normal.

If the "B" operator had found the oalled
subseribers line busy she would have in-
serted the plug of the trunk into a Jack
which was conneatéd to a busy bask Interrup-
ter. This would have caused the calling
supervisory lamp in the P®A" operators cord
circuit to be lighted and extinguished as
3 busy signal to the "A" operator. Upon
receipt of this signal the "A" operator
would remove the plug of the 6alling cord
from the trunk Jask and operate the cord
eircuit talking key and inform the calling
subseriber that the called line "was busy.
Upon receipt of the disoonnect signal from
the calling subseriber the "A" operator
would remove the plug of the answering cord
from the answering Jack, restoring the
circuits at her office to normal.

Pigure 2 illustrates the conditions for an
A-B call between two offices which are so
widely separated that the common supervisory
relays will not éperate over the trunks
connecting them. In this case the trunks
are operated on a two way ringdown basis and
no order wires are provided. A call from a
gubseriber at Haverstraw, N.Y. to a sub-
seriber at Spring Valley, New York would be
handled on this basis. In originating such
a call the subsoriber at Haverstraw calls
the operator as on a local call and gives
her the exchange name and number of the
called subscribers telephone. The operator
makes out a ticket as was described for the
above 0all. She then plugs into an outgoing
trunk Jask to the desired office with the
calling or front cord of the pair used in
answering the calling subscriber, and oper-
ates the ringing key. The connection
between the calling cord and the Jack of the
outgoling trunk eircuit csauses the "ealling™”
or front supervisory lamp in the cord oir-
cuit to be lighted as an indication that
there is no sonnection established with the
opposite, or inward end of the trunk. The
connestion with the calling cord also causes
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the ringdown signal to be disconnected from
across the outgoing end of the trunk. This
is done in order that the outgoing ringing
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Fp. 3 A-B Ogll Completed Over Ringdoum Trunks

ocurrent will not operate this signal when
the operator signals the distant office.

The ringing ourrent does, however, ocause

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

to the operator thHat some other office 1is
salling her. She answers by inserting the
plug of a regular "A"™ board subscribers an-
swering cord into the answering Jack or a
maltiple jask of the incoming trunk circult.
This causes the line lamp to be extinguished
and ocloses 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
angwered. The cord sircuit talking keys in
both offices are operated and the originat-
ing operator in response to the other’s
question "mumber please” repeats the name of
her own office and the number of the called
subseribers telephone. The inward operator
picks up the ealling cord of the palr with
whieh the connection-is started, makes the
busy test on a multiple Jack of the ocalled

subseribers line and if the line is found
dle, inserts the plug of the calling cord

in the multiple and rings the salled line,
The ocalled subscriber answers giving the
inward operator a signal by oausin§ the call~-
ing su ervisor{ lamp in her cord oircuit te
be extinguished and the oconversation is
started. The originating operator does not
have direct supervision over a call of this
class and the timing is not acsurate. When
the conversation is finished, the calling
subscriber hangs up his receiver and the.

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

to be flashed, The 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 oalling party by ring-
ing him. The operator who originates the
call always disconnects first. In the ocase
of this 6all it is the outward operator.
When the plug of the calling cord is removed
from the outgoing trunk jack the answering
supervigory lamp 18 lighted in the inward
operators cord eifouit. The inward operator
thereupon disconnests, restoring the circuits
to normal,

In cases where the offioes are located as
showm in Figure 3, calls from one point to
another at a distance, pass through a 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 in
Manhattan, and #4 and #5 in Brooklyn and
Long Island., If these offices were all oon-
nected by diresct trunks as indisated in
Figure 4 the eabdling layout would be a very
expensive one. A separate group of trunks
would be required to work in each diredtion
between esach 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 many miles
of cable,

BROOKLYN

NEW JERSEY RP-79%6

Flg. 8 Diagram of Tandem Connections

Figure 5 shows the circuit arrangement
used on a call between subsceribers in two
exchanges where the connection will have to
be built up through a tandem board. It
will be noted on figure 5 that the trunks
incoming to the tandem office terminate in
Plugs and the trunks outgoing from the tan-
dem offise terminate in Jacks. These trunks
are designed to be used for tandem calls
only and are always of the call eireuit or
straightforward type. The sompleting trunks,
that 1s, the trunks from the tandem offige
to the exchange in which the ecalled sub-
scribers telephone 1s located are the follow-
ing call eireuilt or straightforward types.

" Mashine Ringing Trunks equipped with
mechanically locking gang keys or a
set of common ringing keys per posi-
tion.

Keyless Ringing Trunks.

Manual Ringing Trunks.

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

the regular call eircuit or straightforward
types of completing trunks. There may be
certain offices in which a ¢all circuit can-
not be provided owing to lack of facilities,
and in such cases completing trunks arranged
for straightforward operation may be employed.
In this case the order is passed by the "A"
operator over the trunk itself after the
tandem connection has been established.
terposition trunks will sometimes be re-
quired at the tandem positions for complet-
ing conneotions to desks or other speeial
positions.

In-

4 oall from a subseriber at Longasre 4321

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

Fig. 4 Diagram of Direct Connections

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

a 8ignal that the tandem operator is connected
to the trunk and is ready to take the call.
The "A" operator then passes only the name
of the called subsoriber offise to the tandem
operator, The tandem operator takes up the
plug of the trunk, indicated by a flashing
guard signal, and selects an idle trunk to
the desired office. “hen the plug of the
tandem trunk is inserted into the outgoing
trunk the guard lamp of the tandem trunk is
extinguished and the tandem operator is dis-
connected from the trunk. The connection is
now completed thru the tandem office and
the "A" operator awaits two spurts of tone
as a signal that the "B" operator is con-
nected to the trunk and is ready to take up
the call. The "A" operator then repeats

the number but not the offise name of the
ocalled subscribers station to the "B' oper-
ator., The "B" operator sets up party ring-
ing if negessary and then takes up the plug
of the selested tandem completing trunk, in-
dicated by a flashing guard signal, and if
the subseribers line ig idle, inserts the
rlug of the trunk into the Jjack of the de~
sired line. This causes the flashing guard
lamp of the tandem completing trunk to be
extinguished and machine ringing to be sent
out on the line to ring the called subscribers
bell, When the called party answers, the
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supervisory lamp of the calling cord in the
originating office is extinguished indicate
ing to the "A" operator that the talking
connection has been established between the
calling and called subscribers. When the
calling supervisory lamp is extinguished
the "A" operator notes the time from the
position clock and enters it on her ticket.
-When the convergation is finished and the
called subsceriber replaces the receiver on
the switchhook, the guard and disconnect
lamp at the tandem operators position is
lighted as is also the calling supervisory
lamp in the "A" operators cord circuit.
Upon receipt of this signal and when the
calling subsceriber has replaced the receliver
on the switechhook which causes the answer-
ing supervisory lamp to be lighted, both

the "A" operator and the tandem operator
disconnect. When disconnestion 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 disconnest signal, whereupon
the "B" operator disconnects from the called
subscribers line restoring the eircuits to
normal. The +timing of the e¢all is handled
in a manner similar to that deseribed 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,
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Fig. 5 A-B Call Complated over Straightforward Trunks Thru a Tandem Office
QUESTIONS
l. Explain the difference between long distance or toll board traffiec and A~B toll traffic.
2. Glve the four classes of calls furnished the subsoriber 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 oall?

5. handled by the A-B method using straightforward trunking ocircuits from the

the terminating subseriber.

Trace a call
originating to

6. Trace a call handled by the A-B method using ring-down circults from the originating

to the terminating subscriber.
7. What advantage is gained by the use of a tandem office ¢

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

8.
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SECTION 5
TOLL TRAFFIC AND THE METHODS OF HANDLING IT - PART 2

TOLL BOARD METHOD OF HANDLING TOLL TRAFFIC

In the Toll Board method of handling toll
traffic the circuits are terminated at both
ends in toll switchboards. When a subserib-
er originates a Long Distence call, the
Yocal "A" operator conunects him thru to a
toll operator who supervises and times the
call, whereas, on short haul toll traffiec,
the call 1s supervised end timed by the
local operator as described under A~B traf-
fic in the previous seotion.

This Toll Board traffic may be subdivided
into two general c¢lassifications, namely,
the combined line enf recording, CLR, method
and the delayed method. With the CLR method
the eall is completed while the calling sub-
soriber stays at the telephone, Calls which
cannot be completed within approximately
three minutes are handled by the delayed
method.

Toll swi techboards from a traffic stand-
point may be classified under three headings,
. namely, Outward, Inward and Thru, Outward
- positions are used to handle CLR and delayed

traffic in the originating toll office and
also inward tiecket work at the terminating
toll office., Inward positions complete
calls from distant toll offices to subserib-
ers in the area served by the terminating
"toll office. Thru positions in the toll
system perform a similer funotion %o that

of the tandem positioms in the local system,
In small offices cervailn outward positions
are often used for handling thru traffic.

CLR METHOD

- Before the introdwtion of the CLR method
ell Long Distance calls were handled on a
delayed basis, that is, after the Recording
operator in the toll office raeceived the
details of the call from the originating
subscriber, he was told to heng up and that
that he would be informed when the desired
connections had been completed. The ticket
made out by the Recording uperator was sent
to a directory desk where the routing end
other necessery information was added to the
ticket, The ticket was then sent to a Line
operator who established a connection back
over a toll switching trunk to the ocalling
subscribers line thru the local "B" switch-
board and called the distant office over a
toll 1line. When the distant operator had
reached the called party, the Line operator
then applied ringing current over the switch-
ing trunk to the celling subsoribers line
thus completing the call.,

With the new method, the Combined Line and

.subscriber.

Heoording operator acts both as a recording
operater end as a line operator, completing
the call whenever possible while the calling
subscriber waits at the telephome. Calls
may be comploted 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 Distence call between two subscrib-
ers completed by the CLR ringdown method.
When the calling subscriber calls the loceal
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 palr of cords used to answer the calling
When the CLR operator sees the
lighted lemp assoclated 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 reocords 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. 41l Messenger calls, Appointment
calls, inward collect calls to pay stations,
eand cealls for build-up circuit points to

which CLR service 1is not rendered, are handled
at delayed positions. After the CLR operator
records the detalls of the call and has de~
termined that she cannot complete it by the
CLR method, she requests the calling sub-
seriber to hang up and infoarms him that he
will be called.when connections to the desired
station have been completed. The ticket 1is
then forwarded to the delayed board.

If, however, the call can be completed by
the CLR method, the CLR operator inserts
the plug of a ftoll cord of another pair into
a toll line to the desired point and operates
the associated ringing key for two seoonds.
With the listening key of the toll cord op-~
erated and the listening key of the trunk
cord 1estored to normal, the CLR operator
awalts the answer of the distant toll oper-
ator., When the distant operator answers,
the CILR operator gives the name of the ocalleAd
exchange and the station number, and after
the distant operator repeats the number the
CLR operator enters on the ticket the time
that the call was passed. The CLR operator
then picks up the trunk cord of the pair on
whish the toll cirecult is being held, and
after locuting an idle toll switehing trunk
to the "B" opsrator in the office of
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Ftg. 1 Long Distance Call Completed By CLR Method Over Ring Doun Toll Lines

the calling subsoriber, inserts this cord
into the trunk and awgits two spurts of tone
es an indication that the "B"™ operator is
ready to receive the call. The CLR operator
then passes the number of the calling sub-
soriber and says "without™, indicating that
she wants the connection made to the sub-
scribers line wl thout a busy test, since the
line is being held on the recording trunk.
When the trunk 1s connected thru, the super-
visory lamp of the trunk cord is out, in-
dicating that the subscriber still has the
recelver off the hook. When this connection
is made, the trunk cord connected to the re-
cording trunk is released. The local "A"
operator observes a lighted supervisory lamp
associated with the calling cord and discor~
neots both the enswering and the calling
cords. When the celled station answers, the
tioket is stamped with the calculagraph to
record the starting time of the conversation.
The CLR operator throws the essocieted listen-
ing key to the monitoring position and list~-
ens to see that the conversation has started
satisfactorily. The monitoring key is used
as 1t does not cause as great a transmission
loss on the line as the listening key and
also as it excludes operating room noise from
the line because of the operators transmitter
being removed from the circuit.

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

inward operator throws a listening key and
inserts the associated trunk cord into the
Jeock associated with the lighted lamp, thus
extinguishing the lamp. The toll cord super-
visory lamp is out. The inward operator
answers the call with the name of her office
and awaits the called number. When the in-~
ward operator receives this information she
says "right"™ and with the trunk cord of the
pair inserts it into an idle switehing trunk
to the desired locel office and awaits two
spurts of tone., When this tone is heard,

the inward operator passes the number but

not the office name to the loeal ®"B" operator.
After the plug end of the toll switching
trunk in the locel office is inserted into
the desired line, as 1s indicated by a light-
ed trunk cord supervisory lamp at the inward
position, the inward operator operates a
ringing key whiech causes ringing current to
be applied to the line of the called party

to ring his bell, If the desired subscriber
wéas 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 ocurrent to the toll
switching trunk, a relay would operate in

the locel trunk circuit to cause ringing
current of the proper polarity to be sent '
out on the called subseribers line. When
the ocalled subseriber removes the receiver
from the hook, the trunk cord supervisory
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 CLR operator wish to recall the
distant toll operator, or should the distant
toll operator wish to reecall the CLR oper-
ator for any reason, ringing current is a
applied to the toll line by the operator
wishing to reeall, thus causing the super-
visory lamp of the toll cord at the receiv-
ing office to fiash until the listening key
is thrown to answer the signal.

When the conversation is completed and the
ealling party hangs up, the CLR operators
trunk eord supervisory lamp lights as a
disconnest signal at the originating toll
office. The CLR operator then releases the
t0ll eircuit, stamps the ticket with the
caloculagraph and releases the calling line.
¥hen the ealled party hangs up, the super-
visory lamp associated with the inward op~-
erators trunk cord lightas. The inward op~
erator first releases the toll line at the
distant end and then the called line thus
completing the disconnestion of the circuits
used for handling the eall.

Should the ealled station be busy the dis-
tant operator will give a report and after
the CILR operator has acknowledged it, the
CIR operator will inform the calling sub-
socriber of the fact and he will be called
when the distant station can be reached.
However, the ealling subseribers line will
still be held over the toll switching trunk.
ATter three minutes have elapsed, the CLR
operator will make another attempt to secure
the desired line and if suceessful, the or-
iginating subseriber will be notified. If
the CLR operator cannot secure the desired
line in approximately 10 minutes, the ocall
" will be transferred to the delayed position
for completion.

There are three main reasons why the re-
sording trunk circuits from the manual office
are not used for completing the connection
between the ealling and the called subscrib-
ers on & toll call., First, the toll switeh-

ing trunk is prov%ded with 48 volt instead
of the customary 24 volt transmission bat-
tegy. This arrangement gives approximatel

4 T.U. better transmission than would be ob-
tained by talking thru the usual 24 volt sub-
gsoribers scord oircuit and the manual record-
ing trunk circuit. It is more economical to
equip a few toll switching cirsults with
higher grade transmission facilities than
all the regular subseribers cord eireuits in
the office.

Second, the use of the toll switching
trunk provides a method of checking the oall~
ing subscribers number. If he were to ﬁive
the wrong number, the toll switching "B" op-
erator would be unable to establish a ocon-
nection to the calling line. Third, the toll
switehing trunk provides a means for placing
the direct supervision of the calling line
in the hands of the toll operator. The toll
operator can control the ringing and, by
means of the trunk supervisory lamp, can de-
termine whether or not the reeeiver is on
the switchhook at the calling station. This

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

Straightforward toll lines have recently
been developed for use on short haul routes
10 replace such as those formerly operated on
a oall sireuit bYasis. For example traffie
between New York and Philadelphia is handled
by this straizhtforward method. The oper-
ating features are similar to the ringdown
method previously described, with the follow-
ing exceptions. Full switehhook supervision
from the called station is obtained at the
outward toll, or CLR position. Disconnec-
tion from the toll line by the outward op-
erator gives a disconnest signal simul-~
taneously ‘to both the inward toll and the
terminating toll switching operators if the
called subscribers receiver is on the hook.
No recall feature is provided such as on
ringdown trunks. It 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 traffis in each
direstion. 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
CIR method, such as calls that have to be
built up at two or more points, calls to
subsceribers that have been busy for more than
10 minutes, Messenger c¢alls, Appointment calls
or other calls that require more than three
minutes for completion are handled at delayed
positions. Delayed positions are often call-
ed point-to~point positions for the reason
that a eertain position may handle traffic
to points whose first letter begins with 4,
B,& C, another position may handle traffie
to points whose first letter begins with D,
E& F, etoc. 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 sompleted by the CLR
method, the CIR operator forwards the ticket
to a directory desk where any additional in-
formation, if necessary, is placed on the
ticket. The ticket 1is then routed to a de-
layed position handling ealls to the desired
point. When the delayed operator éndeavors
to complete one of these calls she first
secures the calling subsoribers line over a
t0ll switehing 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 ocall is of the person-to-person class,
the originating toll operator will request
the terminating toll operator to complete
the call to the désired subseribers 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 1s avall-
able. If the salled person is ready to talk
the calling party 1s notified by the origin-
ating operator and thus the connection 1s
completed. If the called person 1s not
available, the operator will leave word to
have him call his long distance operator,

if requested by the calling subseriber.
During the interval the originating operator
releases the toll line and also the subseribd-
ers line.

Some classes 0f service require a ticket
being made out at both the originating and
the terminating to0ll 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 call be trans-
ferred to the outward board. It 1s the aduty
of the outward operator at the distant
office to record the detalls of the eall, to
supervise the call at her end of the line
and to render any necessary reports to the
originating operator.

PNEUMATIC TUBE OPERATION

When the tickets covering the detalls of
calls, that are to be completed at delayed
vositions, have been made out by CIR oper-
ators, it is necessary that these tickets
be forwarded to the proper delayed operators
with as 1ittle 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 direstory operator
may look up numbers of called subscribers
in 4istant exchanges. The pneumatic tube
system provides for a central distributing
desk with operators who are provided with
lists of different point-to-point operators
" positions and the names of the offisces to
which they are handling salls. When a
ticket has been made out by the CLR operator,
it 1s 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 ticket
arrives at its destination, a switeh 1s op-
erated by the ticket itself which lights two
pilot lamps at the toll positions and ocauses
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 whiech the tube ter-
minates, a relay 1s 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
pogition. arrangements are provided so that
when either of these toll operators has suf-
fioclient tickets, she operates a key which
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
pillot lamp at the distributing position 1is
extinguished, indicating to the distributing
operator that no more tickets are desired
at these positions.

SERVICE OBSERVING

Service observing provides three things.
First, information regarding the speed,
accuracy and dependability of the service.
Second, data valuable for supervisory pur-
poses in regard to the technisal quality of
the operating work and the most economiecal
use of the operators and toll line time,
also data valuable in regard to the accurasy
with which the overators follow instructions
and the ascuracy of the tioket records.
data valuable for engineering purposes.

To effect improvements in the toll work,
it is necessary to have data in regard to
the work of the individuals on the board.
However, in order to meet the fundamental
purposes of the observing plan, it 1s nee-
essary to daistribute the routine observation
over all kinds of traffic handled by all
operators and this condition makes it im-
practicable to obtain conclusive data in
regard to the work of individuals., It re-
quires supplementary observing to obtain
conclusive data of this kind.

The traffie for toll
recording trunks, toll
erators telephone sets

service observing of
lines, and toll op-
is as follows:

When a call Por long
to a CLR operator, the
of the recording trunk at the service ob-
serving board lights. The service observ-
ing operator plugs into the Jjack with a
cord and enters on a ticket, provided for
the purpose, the details of the call. When
the recording operator has finished ticket-
ing the e¢all, the observing operator dis-
connects from the trunk. The toll line se-
lected by the toll operator will be indica--
ted to the observing oEerator by the opera-
tion of the busy signal associated with the
to0ll multiple at the service observi
board. The observing operator then plugs
into the Jack of the line selected with a
cord and monitors. Another eord can be
used to listen on an operators telephone
set whenever 1t is considered necessary to
losate the operator who 1s handling the
call under ohservation.

distance is refrerrea
lamp at a:-multiple

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

MODIFICATIONS IN THESE METHODS WITH LOCAL
DIAL OFFICES

When d41al equipment of either the panel
or step-by-step type is installed in loocal
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offices it is necessary to make some changes
in these methods.

A=-B Metho

With the A-B method the procedure on the
part of the subsoriber in placing a call is
to dial zero whioch will connest him to an
operator who will handle his oall. From
this point on his procedure remains the sanme
a8 with manual equipment. The subscribders
procedure is the same whether he is connect-

ed to a step-by-step or a panel type office,

The trunking methods employed for handling
4-B toll ealls originating in step~-by-step
offices or panel offices at manual "A" posi-
tions are the same, in general, as have been
used in manual offices in the past, except
that dialing trunks are usually employed to
other step-by~step dial offices and either
cordless "B" or semi-mechanical cord and
district systems are employed to other panel
dial offices.

In manual offises connested to step~dy-~
step offices either dialing trunks or
straightforward trunks to a cordless "B"
board are employed, and in manual offices
sonnested to panel type offices either dial-
- ing trunks, key indicator trunks or straight~
forward trunks to a cordless "B"™ board are
esmployed for handling the A-B toll business.

CIR Method

When a 4ial subscriber wishes to make a
sall to a distant point he dials Long Dis-

- tance and I8 connected to the CLR operator
over a rooording-eompleting trunk to the
originating toll senter. When the CLR op-
erator obtains the details of the call she
completes the sonnection with the toll cord
of the pair usel to answer the recording
trunk. The dial subscriber is not connected
back thru & toll switehing trunk as was the

. case in manual practice. The recording
trunks used to terminate the dial calls are

.high grade oirouits using 48 volts for trans-
mission instead of the low grade 24 volt re-
cording oirouits used in manual practice.

Should the sall be of such a naturre that
the CLR operator cannot complete the sonness
tion immediately, the dial subsoriber is
told to hang up and the ticket is routed to
the delayed board. When connection has been
established by the delayed operator to the
oalled station, the calling party is notified
over a toll switehing trunk.

The toll switohing trunks from the delayed
toll board to a dial offise are terminated
on selectors in the local offise, sinee it
is not prasticable to terminate these trunks
on cords and plugs appearing in front of the
subseribers multiple in the manner followed
at present in manual offisces. These select-
ors in the toll switching trunks ean be acs-
. tuated in different ways to. cause a conneoc-

tion to be completed between a toll switch-
ing trunk and a dial subscribers line. These
methods are, in general, Adifferent depending
upon whether the dial office is of the panel
type or step-by-step type and it has bdeen
found desirable to adopt different methods

as standard with the two different types of
equipment.

With panel type offices three different
methods of operating the switching trunks
have been considered. The first is the
cordless "B" method in which a toll switch-
ing operator located at a cordless "B" posi-
tion in the local office controls the oper-
ation of the selectors in the switohing
trunk. The toll operator with this method
follows substantially the present operating
practice with manual local offises. Two
other methods have also been investigated,
in both of which the operation of the se~
lectors in wnich the toll switehing trunk
terminates is controlled from the toll board.
The first of these is the so-called key in-
dicator method, and the second involves the
use of 8 position dial eireuit which may be
agsociated with each toll cord to control
the selestors in the local sentral offise,

The operating advantages of the key in-
dicator method appears to warrant its use
in every case with panel type equipment as
compared with the method employing dials.
The use of the key indisator method, how-
ever, involves a large expenditure at the
toll board in connestion with the firsi
mashine switehing office that is put in
service and it has been found in the case
of the larger citles that the operating
savings at the toll switohing positions and
at the toll board are not sufficient to
Justify the use of the key indicator method
in these cases at the start as compared
with the cordless "B" method. The key in-
dicator method will, in general, prove in
over the cordless "B" method where the
amount of traffic over the toll awitohing
trunks, whioch will be completed to local
dial offices by this method, is from 10 to
15% of the total toll switching trunk traffie.
Whether it can be proved in in any given case
depends to a large extent on loocal conditions,
such, for example, as the life of the toll
switehboard in which it is proposed to in-
stall key indiecator equipment, the ability
to make use elsewhere of any cordless "B"
equipment whioh may be removed from a loocal
office, etc. All indications at present are
that the key indieator arrangement or some
modification of it, wherein the connections
over toll switehing trunks are controlled
from the toll board, will be the most econ-
omical arrangement to employ ultimately when
all or a large part of the toll switching

. frunk traffiec 1s completed to dial offices.

Even in the case of the larger cities such
a8 New York and Chioago where cordless "B"
equipment is now being installed initially,
it will probably be found economical to re-
rlace it with key indiecator equipment or
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sone modification of it at some future time,
when a comparatively large percentage of the
toll switching trunk traffic is completed to
dial offices.

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

it involves considerable expence over the
present systems.

The use of dialing trunks is the cheaper
of the two methods and is at present stanw-

" dard practice with the Nos 3 toll switoh-

board. However, the new cordless "B"
gystem applied on a straightforward basis
glves quicker service and 1s more satis-
factory in areas where there are a large
number of manual offices working into the
step~by-step dial office.

UESTIONS

l. What operator handles the supervision, the ticketing and the timing of a toll board

call?

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

3. What is meant by the delayed method of handling traffic?

4, Vhat are the advantages of the CLR method?

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

6, Trace a call handled by the CIR method over ring-down e¢ircuits from the originating

‘to the terminating subseriber,

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

the calling subscriber?

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

Y. Under what conditions is it necessary to originate two tickets on a callr

10. What 1s the hecessity for a ticket distributing system in a large toll officer

1l. Describe briefly the Pneumatic Tube System of tisket distribution.

12, What 1s the necessity for service observing?

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

is established through a dial officet

14, What modification is made in the method of completing a CLR call when the connestion

is made through a dial office ?

-
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SECTION 6
* .
TOLL SWITCHBOARDS- NO., 3 TYPE

In the early days of telephony the toll
signaling apparatus consisted of a magnetie
drop in the line and a drop or ringer in
the cord, With the advent of common battery
signaling in the loeal plant,relays and
lamps replaced the old type drops and the
subscriber was given means for calling the
toll operator on a toll connection by oper-
ating the switohhook instead of ringing.Up
to this time the toll operators were loocat-
ed at the loocal switchboard and had direct
ascess to the subsoriber's line, but with
the growth of toll and local traffic, it
was no longer economiocal to place the toll
operators at the local board, This led to
the development of a separate toll switoche
board called the No,l board, which had ao-
cess to the subsorider's line over switoh-
ing trunks between.the toll and local
boards, For many years the No,l switochboard
f£illed the needs of the time but with the
expansion of the toll service and the
growth of machine switching loscal servige,
it became evident that new arrangements
were desirable. The No. 3 toll switchboard
was developed to meet the new requirements
and it has the following advantages as new
installations are required,

’ {a) Reduotion in apparatus, resulting in
equipment economies.

(b)
(s)

Improved maintenance arrangements.

More readily adapted to modifications
required by new operating methods.

. In discussing the features of the No,3
board, frequent somparisons will be made
with the No,l switehboard to set forth the
changes which have been made in the design
of the new cirouits.

MAIN FEATURES

Cord Simplified by Locating Supervisory
Relays in Line and Trunk Circuits

The cord circuit of the No. 1 switehboard
is equipped with two supervisory relays.
One of these relays responds to 20-cycle
current and gives the toll operestor a ring-
ing signal, indicating that the distant
operating 1s ealling., The second relay re-
sponds to direst current received from the
switohing trunk and gives the operator
switehhook supervision of the subscriber,
Associated with these two relays are other
relays which prevent false signals, and
permit the operator to mske a busy test or
use the cord for a terminating or a through
connection, This cord is shown in Fig, 1.

In the No. 3 switchboard the ringing re-
lay and the direot-current supervisory re-
lay, whioh were formerly connected across
the tip and ring conductors of the cord
cirouit, have been moved from the cord to
the line &nd switching trunk, respectively,
and the oord circuit has been simplified as
is illustrated in Fig, 2, In this board the
line and trunk signals are transferred to
the ocord over the sleeve circuits., This is
accomplished by using a nominal sleeve re-
sistance of 1,800 ohms for the line and
trunk circuits and oconneoting the lamps in
the sleeves of the cord. Under these con-
ditions there is not sufficient current
flowing in the sleeve to light the lamp, dut
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 switohing trunk,the sleeve
resistance of the line or trunk is changed
from 1,800 ohms to 80 ohms, which inoreases
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b T ™ 501 I Busy Test
Key AlA
LI e
Ringing = | [ ¥ Splitting k onitoring mglngﬂ a26
— L | 105%
G | T\, o = o=
('\J:i'-— _!EI"’\‘?/ o A):u'\a (\4—0- = 1000, Bsir
=1 - = Vo = e
=3 F
%®44D |
E1468 L, 3 85° :i: , B4
—d s
364 2-
H Rz 1 - 42
H i 4y =
) v -
[ =
Lh -HJ =
“o00”(l) )12
L hiz-

R 7940
Fig,1 High impedance toll ocord for toll switohboard No.l

*This section is & reprint of a paper on the Toll Switchboard No.d published in the Bell System Tochnicui
Journal, Jumary 1927, written by J.Davidson of the American Telephone and Telegraph Company. This
article was eopyrighted in 1927 by the Mmerican Telephons and Telegraph Company.
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Fig.2 Toll cord for toll switchboard. No.8
the eurrent in the sleeve of the cord suf- By transferring the ringing relay from
fiociently to light the lamp. the cord to the line in the No, 3 toll
board, this relay is made to funetion in a
Line Relay Funetions in Twofold Capaoity twofold capacity, that is, to give the line

- pignal as well as the cord rering signal.
The majority of toll lines in the plant When a call is received from a distant

today are of the ringdown type and the point, the apparatus in the line funetions

operator at one end calls the operator at to light the line signal and this remains

the distant end by ringing over the line. lighted until a toll oord is inserted in

To receive this ringing signal in the No,l the line jack. Further signals over the line

board, the lines are equipped with relays cause the apparatus in the line to light

which respond to the ringing current re- the lamp in the cord. This is obtained by
ceived from the distant end of the line changing the sleeve resistanee of the line -
and give a line signal, After the operator from 1,800 ohms to 80 ohms and is illus-
answers this signal by connecting a eord trated in schematic form in Fig.4., As in

to the line, the line relasy is disconneot= the past, the line signal is multipled de-
ed and replaced by the ringing relay in fore several operators and appears as a

the oord whieh responds to further rering steady illuminated lamp which is extinguish-
signals over the line. This arrangement ed by an operator answering the call, The
of the line and cord, as well as the cord signal appears before one operator and
switehing trunk for the No.l board, is has been changed from a steady lamp signal

shown sohematically in Fig.3. : to a flashing signal for the purpose of ob-
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Flg.4. Sohematio: Toll ewitchboard No.8 otrouits; monitoring and positional oircuit keys

are not

taining prompt attention on the part of the
operator., The cord signal is extinguished
when the operator connects to the circuit
by the operation of the talking key. This
connects an additionsl 600 ohms in the

. sleeve cirecuit, which releases relays which
are held operated in the line ¢ircuit and
control the lamp. '

Composite Ringer Simplified

In order that the t0ll lines may be used
for telegraph as well as telephone service,
composite sets are often connected into the
line circuit at each end., These composite
sets are electrical filters whioch separate
the telephone and telegraph currents and
direct the telephone currents to the switche
board and the telegraph currents to the
telegraph equipment.

When composite sets are connected in the

B

Tetegraph i
Channet |

shoun

lines terminating in a No., 1 switchboard it
is also necessary to connect a composite
ringer in the ocircuit between the composite
set and the switohboard. This is necessary
because the 20-cycle eurrent, which is used
a8 ringing ocurrent 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=
posite ringer substitutes for the 20=-cycle
outward ringing ourrent received from the
switohboard, a higher frequensy current
whioch will pass through the telephone path
of the composite set. Likewise on incoming
ringing signals, the ringer substitutes for
the higher frequeney current which comes
over the line and through the telephone
path of the composite set, a 20=-cycle cur=-
rent which will operate the ringing relays
of the line or cord ecircults. A schematic
of the composite set and composite ringer,
as used with the No.l board, is shown in
Fig.S.
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Flg.5 Sohematio: Composite ringer and composited toll line for toll switchboard No. 1
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In general, the composite ringer for the
No.3 switechboard has been greatly simpli-
fied and made a part of the terminating
line equipment. This has been accomplished,
as 1llustrated schematically in Fig.4,by
arrenging the line circuit so that a relay
mey be eross-connected in the line to re- |
ceive the 20-cycle, or the higher frequency
ringing current, and arranging this relay
so that 1t gives the line signal or the
ocord supervisory signal direet without
going through the step of changing ringing
frequencies. .

Purthermore, the practice of‘usiﬁg 20~
oycle ocurrent in the cord eircuit for ring-
ing has been discontinued and ringing is

L.,

o

o]

e

IHlllr-j_

i
.

(LA
19,6 Sohematte: 1oll oord talking ciroultl;
talking key normal for toll
switohboard No.8

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

Elimination of Transfevae from Face of
Tnward Switchbogrd,

In the past the practice has been to pPro=--
vide one or two transfer keys per line for
each multiple appearance of the line lamp
at the inward toll switchboard, The func-
tion of these keys is to transfer the in-
ward 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 fase 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 key 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 effeocts a saving in

equipment but saves the space in the face of
the switohboard which was formerly occupied
by the transfer keys.

Use of Positional Circuit

Another circuit feature of the No.3 switoh-
board which marks an improvement over switohe
board No,1 is the use of a so-called posi~
tional eircuit in which is located much
equipment such as splitting keys, dialing
keys, eto.,which heretofore were individual
to each cord: Under normal econditions the
tip and ring conductors of the front cord
are connected to the tip and ring conduo~-
tors of the corresponding back cord with no
shunts across the cirecuit. This is illus=-
trated in Figure.b.

e
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0 °='——‘_?—I‘L—\_° £ '_%:T‘): Ringing Ringinge,
To Dial
—t—

v ? Iy
Transfer = Transfer
Thry. Pos. %_: QOut- Pos,
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Fig.7 Sohematie:Toll ecord rositional circuit;talking key orerated for toll switohboard No.8
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By the operation of the talking key assoo-
iated with each eord eircuit, the positione
al eirouit is sonnected between the front
and bask ocords and the operator's telephone
gset 1s oconneoted aoross the cirouit as il-
lustrated in Fig.7. With the talking key of
any cord operated, the -operator may

(a) Dial on either the front or the bdack
cord.

(b) Split the talking cirouit between the
front and the back ocords.

(6¢) Transfer an inward call 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 ochanges 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.

Switehing Trunk Features

In the No.3 toll switohboard a repeating
eoil which has a high impedance to 20-oyocle
ringing current is used in the outgoing end
of the switohing trunk. This arrangement
has equipment and signaling advantages.Also
where loaded toll switohing trunks are in-
volved, the use of a repeating coil of the
type referred to, but having the proper
transmission characteristiocs, has the ad-
ventage of reducing reflection losses by
providing for a uniform terminal impedance
of the switching trunks.

'PRINCIPAL ADVANTAGES

Equipment Economies

_ As has been pointed out, the expansion in
t0ll business, together with recent devel-
opments in the telephone art, have been such
that with the cirocuit 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
ocongested with apparatus., With the circuit
arrangements outlined for the No,3 toll
switehboard, however, the transfer of the
signaling apparatus from the cord to the
line and switching trunk makes a marked
simplification in the ocord and incidentally
reduces the congestion in the section.Also
it should effect a substantial eoonomy 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 25 per cent.more cords than
switehing trunks.

The use of the positional circuit and 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
simplification of ocomposite ringers and the

~ transfer of the supervisory relay equipment

from the toll cord to the toll line and
switohing trunk circuits has effected sub-
stantial economies,

Maintenance

In eddition to the saving in first cos3
of equipment the No.3 switchboard fac'li-
tates maintenance. The ordinary toll c.rds
in an office must be suitable to work with
any toll line terminating at the switch-
board and consequently with the circuit ar-
rangement used in toll switchboard No. 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 circult. In the case of the
No.3 toll switochboard, 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 relsy
to have a sensitive adjustment while short
lines with easy ringing conditioris permit
a less sensitive relay adjustment to be
used which is more easily maintained.

Easily Adaptable to Machine Switehing
Methods

The introduction of machine switehing 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 & dialing basis rather
simple.

SUMMARY

It is interesting to note in conclusion
that heretofore an inorease in cord circuit
apparatus has necessarily followed the de=-
velopment of new and improved switehboard
systems and the extension of the srea of
long distence communication. For example,
the magneto cord with a single drop bridged
across the circuit sufficed in the early
days of small magneto boards. The advent of
the common battery multiple switechboard
brought the necessity for extending switeh-
hook supervision to the toll operator, and
resulted in the condenser-type cord consist-
ing of 5 relays, now laergely abandoned be-
oause 0f the relatively large transmission
loss introduced by it. The highwefficiency
cord consisting of 8 relays resulted from
the demand for a cord having a minimum
transmission loss, and additional complica=
tions have resulted in the requirement for
dialing in machine switeching sareas, each
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- improvement, of course, inoreasing the limited to two keys and one relay per cord.

number of relays in the cord circuit. The This provides in many cases a toll cord
No.3 system, on the other hand, mekes suitable for either inwerd, outward or
possible by the transfer of apparatus to through operation, reduces the apparatus
the line ‘and switehing trunk eand by the econgestion in the section and results in
use of common positional equipment the decreased maintenance, while being easily
reletively simple toll cord shown in Fig., adapted to the future trend in toll devel-
2 in whioch the individual apparatus is opement.

QUESTIONS.

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

2., How is it possible to change & No.2 Toll Line Circuit operating on 20-cycles to
operate on 135-cycles or on 1000-cycles?

3¢. How is transfer now aeccomplished on the No.3 Toll Switchboard?
4, Whet 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 circuit and the addition of equipment
in the line circuit effect a saving in the toll office?

8+ How does the new switchboard effect & saving in meintenance?

9, How does the new circult arrangement of a No.3 Toll Switchboard lend itself to future
use with diel offices?
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