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handling short distance toll calls may be de-

scribed as an arrangement of step-by-step dial
selector groups located at various centers about an
area, connected with suitable trunk circuits to one
another and to the switchboards and dial terminal
equipments of the associated telephone exchanges,
The operators at these switchhoards actuate the
selectors by dialing to complete calls from their
subscribers to subscribers in other exchanges and
thereby obtain a direct counection to the sub-
scriber terminal in dial exchanges, or through opera-
tors at local switchboards in the manual exchanges,
The connections may invelve only one interexchange
toll circuit unit, or they may require the end-to-end
or tandem lnking of 2 or more circuit units to
establish the traffic path; the latter is made by the
dial equipment without the assistance of inter-
mediate operators. In addition, through supervision
is given to the originating operator, the removal
and replacement of the receiver of the called sub-
scriber being shown by means of lamp signals.

The application of step-by-step dial equipment to
the switching of toll calls is of rather recent origin,
having been introduced for the first time on any
cousiderable scale in 1926 in the territory in and
about Los Angeles, Calif.?

In Connecticut, telephone subscribers served by
manual switchboards are requested to give all
station-to-station toll calls to the local operators,
and all person-to-person calls to the toll operators.
The local operators complete these calls over the
tandem system where possible, or over direct ring-
down trunks to other local switchboards. If no
such routes are provided, the calls are passed to the

r I VHE dial switching, or dial tandem,? system for
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toll operator for handling over the toil ringdown
circuit metwork., In diai areas, both station-tg.
station and person-to-person calls are given by the
subscriber to a comumon group of operators located
at toll type switchboards, who nse the tandem system
for completing all types of calls to the exchanges
for which tandem routes are provided.
Dial tandem switching of toll traffic is particularly
suitable in densely populated areas having a con-
siderable amount of short distance toll traffic, ang
where much of this traffic terminates at dial suh-
scriber stations. Conditions in Connecticut satisfy
these essentials with an area of approximately 4,800
square miles and a population of more than 1,600,000
inhabitants reasonably well distributed over the
territory. The greatest air line distance between
telephone exchanges in the state barely exceeds 100
miles. In the 75 telephone exchanges operated by
The Southern New England Telephone Company and
independent connecting companies, about 66,000 out-
of-town telephone messages destined for subscribers
in Connecticut or certain near-by exchanges in adjoin-
ing states orginate during every business day, Atthe
present time 11 of these 75 exchanges are served hy
dial equipment of the step-by-step type, and the re-
mainder is served by manual switchboards of various
types. The dial equipment generally is found m the
large exchanges, and it provides telephone service for
approximately 57 per cent of the subscriber stations
in the area. Only 5 of the 75 exchanges serve more
than 10,000 telephone stations each, and the largest
exchange (Hartford) serves less than 60,000 stations.

BACKGROUND

The introduction of the dizl tandem method in
Connecticut was not forced by the trunking problens
commonly encountered in the larger metropolitan
areas. It was introduced as an improvement I
method, and was economically adopted at the time
of general replacements accompatnying an extensive
program for dial conversion of manual telephones.

Comprehensive studies comparing the dial tandem
switching plan for handling short distence toll traffic
with the former ringdown circuit methods, and also
with a plan involving the then relatively new straig ht-
forward trunking equipment? on a direct trunk basts:
indicated service benefits and over-all savings favor-
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ing the dial tandem plan, It was decided, therefore
to introduce this plan gradually as the larger ey.
changes were converted to dial operation.

Short distance foll traffic formerly was handieg
by 1 of 2 distinct methods. The first, or local-operg-
tor direct-circuit method, was used for station-tq.
station calls where the amount of traffic could justify
direct circuit groups of the ringdown type between
local switchboards of different exchanges. Before
the introduction of the tandem system, approx-
mately 78 per cent of the short distance toll traffic
was handled by this method, which is shown in
figure 1. In this typical case the local operator
in New Britain (a manual exchange), on receiving
a call for a subseriber station in Middletown (a
manual exchange), connected the calling subscriber tg
one of the direct ringdown circuits to that loeca]
switchboard and signaled the Middletown operator
by ringing. 'The New Britain operator passed
the rumber of the called station to the Middletown
operator, who completed the conmection. Both
operators received lamp signals from their subscribers
denoting the end of conversation.

The second or toll board method was employed
by toll operators for those station-to-station calls to
exchanges to which the local operators had no
direct circuits, and for person-to-person calls, In
an example of one variation of this method, shown
in figure 2, the New Britain local operator received
a call from one of the local subscribers to Manchester,
also a manual exchange, and dispatched it over a
recording trunk te a New Britain toll operator, to
whomn the subscriber gave his own number and the
number of the desired Manchester subseriber station.
The New Britain toll operator, using a second cord,
then plugged into an idle ringdown toll circuit to
the Hartford toll board, which is the toll center for
Manchester. The New Britain operator rang, and
on answer of the Hartford toll aoperator, gave the
desired Manchester station number. At the same
time, over a call circuit, the New Britain toll oper-
ator requested an operator at another position of the
New Britain local switchboard to plug an idle toll
switching trunk into the multiple jack of the calling
subscriber’s line, and comnnected the second cor
also to this trunk, both operators releasing the first
connection to the recording trumk, The Hartford
toll operator in the meantime connected the toll
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circuit through another toll switching trunk to the
Manchester local switchboard, where a local operatop
completed the connection to the called subscriberg
line, and the Hartford toll operator rang the calleq

4]

subscriber's station. It will be seen that 3 operatgrg
were required to establish this connection. In many B . g
cases direct circuits were not available between tof] e c 5 FFE - % o
switchboards, thus requiring another operator at ay H 3 ] 53832 =3
intermediate toll switchboard to connect 2 toll cir- ° ” H L ] E TEIES 2=
cuits together for the traffic path and further com- o g g | §§ %E g=
plicating the establishment and discontinuance of z ' 5 B T SV R~ £
the connection, z = Z aSyuan .§ 2
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The manner in which these connections are com- 2 . f 5 \ 3 FRESZzxE £ Eﬂ ;
pleted through the dial tandem network is indicated 5 o z L 5%\!\ %g‘é i Eryi S =
in figure 3. New Britain and Middletown remain = it % o | B3 g EEzZi: B E
manual exchanges, but Manchester has been con- C\ N I, PRI, 2fd. XEE . ¢ 5
verted to dial operation. The New Britain Jocal Eu ol g o \ bhg Forzrman 3
operator answets a subscriber in the usual manner, -§§ \ 3 a @@Ol H !
receives a call for a Middletown station, and con- 5'9 ! ~ :
p g

nects the subscriber to a trunk terminating at a
selector in the Hartford tandem center. The New -
Britain operator then takes the single ended dial
cord with which the position is equipped, plugs it -
into the dial jack associated with the trunk, and dials
the digits 41, previously established as the code for
Middletown. The tandem first selector* steps to
the fourth level and is connected to a tandem second
selector that steps to the first level and selects an
idle trunk terminating in completing equipment of
the jack ended straightforward type at the Middle-
town switchboard. The Middletown local operator
receives a lamp signal when the trunk is seized, and
answers with a local cord modified for tandem use,
automatically sending an order tone to New Britain.
The Middletown operator then receives the called
number from the New Britain operator and completes
the call to that subscriber’s line, ringing the called
station. The answer of the called subscriber ex-
tinguishes a lighted lamp associated with the New
Britain operator’s cord. The end of conversation 18
indicated by the lighting of both lamps associated with
the New Britain operator's cord, and the connection
is broken, releasing the interoffice circuits anl
automatically signaling the Middletown operator to
disconnect her cord. A busy condition of the calle
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sitbscriber’s line is indicated to the calling cperatq,
by a tone and visual flashing signal. The numbey of -
operators (2) involved in this call is the same ag under
the previous local-operator direct-circuit metheq
but circuit economies have been realized hy the
discontinuance of the New Britain-Middletowy
direct circuit group. .

If the call had been for a subscriber in the Map. -
chester dial office, the procedure would have been the
same, except that the New Britain operator would
have dialed the code 15 to select a trunk to the )
Manchester office, followed by the digits of the 1 b— ]
subseriber’s number, in this case 15-4567, and the
dial equipment would have completed the comnection
with only one operator having been involved. A
lamp associated with the New Britain operator’s
cord would be extinguished when the Manchester
subscriber answered, and both cord lamps would be
lighted again at the end of conversation. A busy
condition would be indicated to the New Britain
operator by a tone signal and a flashing cord lamp,

The opportunities afforded for faster and somewhat
more accurate service and improved economy of
operation by the dial tandem method in comparison
with the local operator direct circuit and toll board
methods may he perceived readily.

The present scope of the Connecticut tandem sys-
tem is shown in figures 4 and 5. Figure 4 shows all
telephone exchanges in Connecticut and indicates .
the tandem switching {oll centers, other toll centers,
and the remaining Iocal offices of the toll tributary -
class. Trunk circuit groups of the tandem system
are shown. It should be noticed that in many in-
stances the tandem centers are connected by groups
of trunk circuits of 2 grades, that is, terminal and
“via,” the terminal grade being used for the shorter
czlls, and the ‘“‘via” grade being used for those longer
calls for which transmission considerations require
a low loss circuit. The principles controlling the use
of these 2 grades of intertandem trunks will be de- .
veloped later in this paper. It is expected that all
exchanges in Connecticut eventually will be con-
nected to the tandem system. .

The dial selectors of the tandem network are
located in dial equipped exchanges at natural switch-
ing points throughout the area, where indicated b¥
junctions of the interexchange wire routes and the
general pattern of toll traffic flow.
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Figure 5 shows the eatire tandem system, ineludig
the arrangements of the switching selectors in the
tandetn centers and the assigments of the levels of
the switch banks to the various trunk groups, First
and second selectors provide sufficient flexibility of
codes for the offices of the system.

The following examples of codes assigned to the
Watertown office associated with the Waterbury

tandem center indicate the paths used for a few

representative calls:

Digits of Dial

“Watertown ta Code Subscriber's Number

BristOl. s vv v v nacneet it anrreransns ’74 + XXXX
Fairfield.. oo ovvenerinnrrreonennnes 8508
New Londen...... . 206 4 XXXX or 2-XXXX
OLANER, (v e vreerin i ee s aesas 240
Rockville...... .. s 9??
thingten. .. e
g::mfori.eﬁ. . e 870 4 3-X XXX or £ X XXX
WHmentic. . ve v ee e cn e cia e B6BH

TraAFPIC CONSIDERATIONS

From the operating viewpoint, the dial tandem
plan offers definite advantages of faster and some-
what more accurate service, and savings in operating

effort, .
The following is a summary of the Conunecticut

short distance toll traffic handled by the several

operating methods, comparing the period just before
the introduction of the dial tandem plan with the.
present extent of tandem operatiosn:

Per Cent of Short Distance Treffic Handied_

Method of Handling Pretandem Present Tandem
o
Local operator direct cireui.t.. PR - R I 21(3
‘Tall board, ringdown cireuit, .. .. ... ... .. 2 e e N
Tandem, lotal and toil boards.......... oot ia et

In 1928, hefore the introduction of dial tandem
handling, the indicated interval from the receuit f;
the calling subscriber’s signal at the toll or o€
switchboard to the start of conversation a:vel'age
70 seconds for all toll calls. This average 111(:111(1‘;‘j
the longer and more involved out-of-state calls

(10}

well as the short distance toll traffic. Under the
present trunking arrangements this average inter-
val has been reduced to 54 seconds. Oue important
factor in this decrease is the direct handling by the
local operators, over the tandem facilities, of much
of the traffic that formerly required the toll board
method; another is the use of the tandem facilities
onl tnuch of the traffic handled at toll boards.

The theoretical speed of dial tandem operation,
from the receipt of the calling subscriber’s signal at
the switchboard to the first ring on the called line,
is 16 seconds for a call {rom a manual office to a
subscriber in a connected dial office, and 20 seconds
from a manual office to another manual office
equipped with the cord ended straightforward type
of tandem completing trunks. These intervals will
vary slightly, depending on the number of digits of the
tandemn code. In applying these latter figures to
actual traffic, it must be remembered that they do
not include the time from the first ring on the called
line to the answer of the called subscriber, which
usually is an appreciable interval.

Greater accuracy is obtained by the reduction in
the number of operators required in dispatching a
call, with fewer possibilities for human error.

Marked savings in operating effort with the tan-
dem plan are apparent from the comparison made

© earlier in this paper of the tandem operating method

with the local-operator direct-circuit and toll hoard
methods. Savings are realized particularly where
calls formerly requiring toll board handling now can
be handled by the originating operator over the tan-
dem network, and where that operator can dial
directly to a called subscriber terminal in a distant
dial office.

The composite effect of tandem operation on the
interexchange circuit network has been a slight in-
crease in the number of cireuit groups and alsc in
the total number of circuits, assuming a common
level of traffic. Various circuit economies have heen
possible with the tandem plan, but these have been
overbalanced by the substitution of one-way tandem
circuits, over which calls can be advanced in only
one direction, for the former 2-way ringdown circuits.
The one-way groups in the system are rather small,
few exceeding 10 circuits and many having only 3
or4; consequently, the requirements of these groups
for the desired probability of available traffic paths

(11




have resulted in the total of circuits in the 2 ane.yy
groups between an office and the tandem center
exceeding the circuils in the replaced 2-way group
Circuit terminal equipments providing for 2-Wa3;
tandem operation are now under consideration, apg
they may be used more generally in the futyge
These equipments relatively would be more ey
pensive than the one-way equipments, but thejr
use might be justified particularly where the cog.
struction of addition interoffice wire facilities woulg
otherwise be required for the one-way cireuits.

The 2-way circuits may be used to supplement the -

one-way circuits between certain offices, arranged
as last choice for the operators invelved; the com-
bination affords nearly the same efficiency of circuit
usage that is possible with an all 2-way circuit plan.

Another factor increasing the circuits under the
tandem plan has been the necessity for providing
paths on a more liberal basis for the traffic formerly
handled by the toll operators, but which now is
completed directly by the local operators. Uniform
handling of both out-of-town and local traffic by the

local operators, involving the authorization of only -

otte route to each called exchange, requires this more
liberal circuit availability.
Circuit economies are found under the tandem

plan in the elimination of most of the former direct.

cirenit groups between local switchboards, and of
many of the groups between toll switchboards, Wij;h
the concentration of this traffic on the tandem cir-
cuits. Some direct circuit groups have been main-
tained between near-by local switchboards to avoid

uneconomical “back hauling”’ of traffic. Many of the -

toll switchhoard ringdown circuits between e€X-
changes in the tandem area must be retained also,
because toll operators in manual exchanges do mot
have access to the tandem network.

Other circuit groups discontinued under the tan-
dem plan were those used for the handling of re-
cording traffic from toll tributary offices to their
toll centers, where the toll center is also a tandent
center. This trafic now is handled over the dial
circuits from the tributary office to the tandem cen-
ter, and the local operafor dials a special code tO
secure a connection from the tandem selectars t0
the recording operators at the toll board. Thesﬁ
toll operators, however, still retain the usual tO
switching trunk groups to their tributary offices.

{12)

is not practicable to handle this toll switching traffic
over the tandem completing trunk groups to the
tributary offices, since the tandem ecircuits do not
permit the operator to delay the start of ringing the
calling subscriber as required on some calls, or to
rering the subscriber.

A considerable reduction in nonproductive circuit
holding time is possible with the tandem method,
due to the speed with which the originating operator
is able to establish even the more invelved connec-
tions. The automatic release of the equipment fol-
lowing disconnection by the criginating operator also
effects a saving in circuit usage.

An advantage in administration of interoffice cir-
cuit loads is the flexibility that is possible in routing
the longer calls over the intertandem groups having
the greatest spare capacity, without increasing
operating labor or slowing up the service. For
example, the operator at the Watertown office, which
is connected to the Waterbury tandem center, might
dial Rockville through Hartford directly, through
Bristol and Hartford, or through New Haven and
Hartford, although only one route, the most satis-
factory from traffic and transmission standpoints,
is authorized. Sometimes it is possible to delay
plant additions by rerouting traffic over other chan-
nels, if transmission considerations permit. Under
emergency conditions, such as eable failure, tandem
codes may be changed to allow operators to switch
their calls through other tandem centers and so
avoid the circuits in trouble.

A special development whereby outgoing trunks
from the selectors of a particular tandem center are
multiplied at the toll switchboard of that center
enables the toll operators to complete calls to those
trunks without dialing the one or 2 digits required
of operators in the other offices. This has resulted
in a saving of operating effort and some improvement
in speed of service,

Thals are provided at all switchbeards connected
to the tandem system, except certain manual switch-
hoards in the Westchester County area adjacent to
the Stamford tandem center. Incoming circuits
from these few exchanges to the Stamford tandem
selectors also appear at the Stamford dial ““A" board,
where the operator is called upon todial the tandem
code (and the called number in the case of a dialoffice)
and then drops out of the connection. The call then

(13




is entirely under control of the originating manugy
operator. This is known as “intermediate dialing

Very little difficulty has been experienced by
operators in dialing the longer combinations of tay,.
dem code and dial subscriber numbers, although i
is recognized that there may be a practical limit tg
the number of digits for efficient dialing.

Connections between 2 offices, one of which is not
associated with the dial tandem system, are estal.-
lished by the direct circuit method where practicable-
otherwise they are established by the toll board
method. In no case has the manual connection of a
tandem circuit to a nontandem circuit been authgr-
ized.

The equipment provisions of the tandem system
will not permit the originating operator to recall the
operator in a called manual office over the original
connection. Where such a recall is required, the
originating operator must establish a second con-
nection to the czalled operator. The calied operator
camn signal to the calling operator by using the flashing
recorder circuit where it is provided, or with the
flashing facilities of the supervisor's circuit.

TransMIsSION CONSIDERATIONS

The fransmission objective for these tandem con-
nections is 23 decibels, which provides transmission

of the standard obtaining in the usual very large-

miultioffice exchange, This over-all limit is made
up of the 2 tandem terminal losses plus the losses of
the intertandem tie trunks. Tandem terminal loss is
the sum of the attenuation loss from the tandem cen-
ter to the outlying central office plus the average of
the transmitting and receiving losses between that
central office and the limiting subseriber in that ex-
change.

The intertandem tie trunks of the “vig’’ grade are
designed for an operating attenuation of 1.5 = 0.5

decibels, using a terminal voice frequency repeater

permanently associated with one end of each trunk,
and 10 decibels is assigned for the tandem terminal
loss. Normally ouly 2 intertandem tie trunks are
allowed in any connection. As previously pointed
out, these very high grade circuits are paralleled by

other groups designed for use in terminal connections .

between the exchanges at the tandem centers, an
for such other items as would not exceed an over-a
(14)
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transmission loss of 23 decibels. Figure 6 indicateg
the normal transmission objective and several actyg]
conditions, o

A low grade “via” group consisting of 16 gauge.
nonrepeatered cable facilities, in addition to the
terminal group composed of 19 gauge nonre.
peatered cable facilities, was found to be economica
for use between Bridgeport and New Haven jy
switching such traffic as would not be permitted og"
the 19 gauge terminal group. Each toll connectiog.
is studied individually and itsrouting over the tandem
system is approved only if the over-all loss does not-
exceed 23 decibels. Since the tandem terminal losg
for some exchanges at present is less than 10 decibels,
it is possible to approve certain items of traffic i
volving 3 intertandem circuits. .

Between New Haven and New London a separate’
terminal group of trunks cannot be justified. In-:
stead, the “via" group, which operates at a loss of:
1.5 decibels on switched connections with a terminal
repeater at New Haven, is used also for terminal
business. In order to prevent exceeding the allow
able crosstalk level, and to provide a safe singing‘_
margin on calls involving New Haven subscribers,
these circuits are made suitable for terminal traffic
by the insertion of a 3 decibel pad on the drop sid
of the repeaters at New Haven.

1t is normal practice in telephone work to use
line and equipment that provide an impedance
about 600 chims at toll offices; however, the majorit
of outside facilities used in the tandem system haw
charactetistic impedances of 1,500 ohms,_ and re
peating coils would he necessary in many instance:
to match the impedances. Since much of the.
traffic into a tandem center is switched tc') points:
beyond its exchange area, the amount of coil equip
ment required for through connections is minumize
by placing the impedance correcting eqmp_rnent_b .
tween the 1,500 ohm trunk and the subscriber lines.
in the local exchange at the tandem center.

It is possible that as the tandem system 1S ex
tended it will be economical to use the dial-in ar
rangement of voice frequency repeaters to replgfj
or supplement the terminal repeaters. The ad\’th
tages of increased traffic capacity allowed b)’f :
pooling of a large number of repeaters at each of "
centers, and the flexibility afforded for the variot
types of comnections, will compensate for the fowe

(16

gains occasioned by the use of the dial-in repeaters,
Undoubtedly there will be a tendency to reduce the
number of different types of loading, and therefore
to make possible higher gains with the dial-in re-
peaters because of better impedance matches be-
tween any line and the compromise networks,

EgurpMENT ITEMS

The central office equipment of the tandem
systemn includes selector switches, trunk terminal
equipments, operators’ switchboards, and voice fre-
quency repeaters.

- The selector switches known as toll preceding
selectors are similar to the standard local step-by-step
selectors used in dial central offices for completing
local calls, Certain refinements have been made to
provide a visual, as well as audible, busy signal to
the originating operators and an arrangement has
been introduced for compensating tandem trunks
to a standard 1,200 ohm cireuit to equalize the fluxes
in all pulsing relays to the best condition. Calls
are completed to local step-by-step offices through a
train of switches designated “AB toil," consisting of
toll transinission selectors, toll intermediate selec-
tors, and connectors.® Toll transmission selectors
provide a means of matching impedances between
tandem trunks and local subscribers’ lines with a
repeating coil of proper ratio and a means for supply-
ing battery current more efficiently to subscribers’
transmitters. The major functions of the toll trans-
mission selector used for tandem completion are simi-
lar to those of a regular toll transmission selector,
except that the former causes machine ringing to start
immediately without awaiting a ringing signal from
the originating operator. TFor this reason the selec-
tor has no facilities for relaying the line closure
signal back to the originating operator by a reversal
as in regular toll trains, The switch uses the reversal,
however, to provide supervisory signals indicating
the conditions of the called line, that is, busy, an-
swered, or unanswered. The originating operatot’s
cord supervisory lamp burns steadily when the called
line is not answered, flashes 60 times a minute if the
line is busy, flashes 120 times a minute if all paths
through the office to the called line are busy, and is
extinguished when the call is answered,

A considerable variety of trunk terminal equip-

(17
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Fig. 7. Typical trunk equipment layout

{D—Intermediate dial trunk equipment
DT—Dial key dial trunk equipment
(C—Dial cord dialing trunk equipment
J- Jack-ended straightforward tandem completing trunk
equipment
K—Cord-ended straightforward tandem completing trunk
equipment
PC—Incoming pulse correctors, 3,000 chm range
O—-No trunk equipment except selectors
{—istening key dialing trunk
SR—3 wire trunk equipment
CX—Phantom composite equipment
CXR—Phantom composite with repeaters
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CXR—-Phantom compasife parfially equipped with repeaters
for terminal and “'via” groups

H—Manual holding equipment

Cl—Call indicator trunk equipment

R—Compensating resistances
2W—2.way equipment

PL—Compensated pulsing [cop

D--Step-by-step dial office

M—Common batlery manual office

X—--Magnelo coffice
Average impedance of New London tandem—900 ohms
Average impedance of al! other tandems—1,500 chms

Designations on lines indicate circuit miles, gouge of cable wire, and type of loading, in that order.  For example, the designation *17.5
M, 16-H-172-63"" indicates: 17.5 circuit miles; number 16 Brown and Sharpe gauge cable wire; foading coil spacing (H) 6,000 feet
(B and M indicate respectively 3,000 and 9,000 foot spacings); inductance of physical or side circuit loading coils, 172 millihenrys; and
inductance of phantom circuit loading coils, 63 millihenrys.  Absence of the last figure indicates that phantom circuit operation Is not used




ment is required to meet various traffic, transmission
and outside plant conditions. Some of the requireq
features are phantom, nonphantom, loop or con-
posite signaling, repeatered, nonrepeatered, puylse
correcting, pulse repeating, one-way, and 2-way
Figure 7 indicates the actual equipment in use g
various typical groups of trunks and also some of
the characteristics of each tandem center. The
phantom composite method has been outlined in an
earlier paper.? The more recent improvements in-
clude the addition of a pulse correcting feature 1q
the incoming and outgoing terminals of the cireuit
and a rearrangement of apparatus to allow the 1se
of a relay rack unit, instead of the earlier step-by-
step repeater shelf mounting.

The maximum range of circuit at present in use
in this area is about 3,520 ohms external loop resist-
ance, or about 35 miles of 19 gauge cable. The
longest single link in the system is that between
New Haven and New London, a wire distance
of about 52 miles, and it has a loop resistance of
approximately 2,600 ohms. The development of
phantom composite signaling circuits having nearly
twice the former range has been completed. These
newer circuits may prove economical in combination
with smaller gauge conductors and one or more
voice frequency repeaters where facility conditions
are suitable. The arrangement of apparatus in this
circuit more nearly resembles that of the standard
ringdown toll circuit terminal eguipment by use of
separate units for composite sets, phantom sets,
composite signaling sets, and auxiliary relay equip-
ment units,

The use of voice frequency repeaters on tandem
circuits requires certain circnit arrangements, the
most important of which is composite signaling.
Since the vacuum tube device must be insulated
from direct signaling current, repeating coils are
provided in both the physical and artificial lines of
the set. Repeating coils block any form of direct
signaling current, but the phantom composite .
signaling circujt provides a method of signaling
around repeating coils, and is therefore used when-
ever voice frequency repeaters are required. Phan-
tom composite sets are universally wired so ‘d}at
they may be arranged for use with or without voIce -
frequency repeaters. Where cable facilities that
are mot suitable for phantom operation must be
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used, the phantom composite unit can be modifieq -
so that the equipment normally used for the phanteg, .

trunk is connected directly to a third paiy bet_ween
offices instead of to the middle point pf .the side cireuit
repeating coils. This arrangement is in use betweeg
the New York suburban tandem office and Stamford,
since nonquadded facilities only are available iy
a short section of the route. Quadded cahle

later will permit comversion to the more efficient

phantom operation by a minor wiring change at each
terminal. In order to avoid singing, and still obtain
maximum gain, the voice frequen_cy repeaters must
be adjusted for best balance with circuits in the talk-
ing position. Since there may be unbalances ifn the

idle and pulsing positions, the phantom compoesite -

circuits are arranged for idle termination of both line
and artificial line in a resistive and capacitive net-
work. The use of well balanced repeating coﬂs_of
precise impedance ratio is required with voice
frequency repeaters.

The most common type of pulse repeater used in

both local systems and earlier tandem s-ervice is that
in which the pulses received by the line relay are
reproduced by its contacts and transmitted to suc-
ceeding circuits in the train. This type of trans-
mission is subject to distortion caused by‘ the time
characteristics of the relay and the electrical prop-
erties of the line facility. Although ‘the total dis-
tortion is not serious in a single repetition, the cumu-
lative distortion in several links would exceed the
tolerance of the terminating switches and result in
wrong selections. To overcome this difficulty ﬁ
pulse correcting repeater has been developed, whic

provides a signal of constant length so far as thi
open period of the pulse cycle is congernexﬁi, withou

regard to the length of signal received.

Figure 8 represents the pulse correcting feature of
both [oop and composite sigraling equipments. Dur-

A 4
ing the pulsing interval, the repeater produces ou
go%ng signals approximately one cycle behind the
incoming signals., As pulses are received from a

nr creud jay A.
receding circuit they are followed by re .
I%Vheﬂ relay A releases on the open portion of the |

. . . A
ulse, the capacitor D is discharged. When relay
Eeoperates 01'11) closure of the pulse, relay F op_erat:i‘;
momentarily on the charging circuit of capacitor .
and releases relay G. Relay G, bemg releazed, opeﬂS
the bridge to the succeeding circuit and remove
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ground from the secondary winding of relay E. The
curreit continues through the secondary winding of
relay £ to charge capacitor G, but this current gradu-
ally diminishes as the capacitor becomes charged,
The flux through the secondary winding diminishes
gradually until it is less than the flux of the primary
winding, and at that time the relay closes contacts 4
and 7. This reoperates relay G, which again closes
the bridge to the succeeding citeuit. The resistors
and capacitors associated with relay E are chosen
to provide the time for its release, and in turn the
time for the release of relay (7, that will give the
proper open period to pulse the succeeding switches
regardless of the open period received by relay 4
of this circuit during pulsing,

One feature of most trunk equipments is the
provision of a ground on the sleeve circuit of trunks
to or from selectors'to provide the busy condition
for the trunk and a holding circuit for all selectors in
the operated position on any particular call. In
any cne tandem office it is necessary to determine
whether the holding grounds should he provided by
equipments on each outgoing circuit, or whether a
smaller amount of equipment, usually pulse correct-
ing repeaters, will provide a holding ground on each
incoming circuit, thus making outgoing equipment
unnecessary except for phantoming purposes. In
the Hartford, Bristol, and Stamford tandem offices
the later arrangement has been the most economical
due to the excess of outgoing over incoming trunks.
The outgoing holding equipment for trunks to manual
offices is a comparatively inexpensive 2-relay circuit,

Switchboards in dial exchange areas are equipped
with dials operated on a dial key or listening key
basis, whereas in manual areas the operator’s dial
is associated with the tandem dial trunk by the dial
cord method.

The equipment provided at manual switchboards
for outgoing trunks to tandem is identical with that
which would be used on circuits to a local step-by-
step office in the same exchange area. Where phaxn-
torn operation is desirable, a standard phantom
composite unit originally designed for installation in
step-by-step offices is provided at the manual office
and inserted hetween the usual out-dial trunk equip-
ment and the cable facility, The trunks from Willi-
mantic to Hartford and from East Hampton to
Hartford are examples of this arrangement,
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The tandem completing trunk equipments in the
various manual offices have the conmmon characterijs.
tie of providing switchhook superv@sior_l to the origi-
nating operator, but differ otherW1§e il accordance
with the design and traffic requirements of the
particular board. Manual offices in a multiunit .
exchange having some dial equipment normally gy -
provided with call indicator equipment, and tandem
calls are completed over these call indicator trunks_ .
In other manual switchboards, jack ended ang
cord ended completing trunks have been installed
for tandem use. The calls on jack ended trunks are
completed by the use of local czords that are modified
to provide through supervision on tandem ealls
The cord ended trunks usually are answered by the
operation of a listening key, but they may be
connected to the operator automatically. All
straightforward trunks provide an ord‘er tone to tl}e
originating operator when the completing operator is:
ready to receive the details of the call. o

In magneto offices it is not practicable to provide
a signal to indicate the answer by the called party; -
therefore, it is necessary for the magneto operator
to monitor until the start of conversathn, ti}en
operate a charge key associated with the incoming.
trunk to retire the supervisory lamp at the originating
switchboard. i

The power supply requirements at tandem centers
do not differ from those of ordinary step-by-step
dial local offices that use a battery, the voltage of
which is held between the limits of 45 a_tnd 50. In
manual offices the battery voltages ordinarily pro-
vided have proved satisfactory even for compos1ttt3
signaling circuits requiring a 48 volt battery of no
more than 5 volts variation.

SUMMARY

The dial tandem method of handling interexchange
telephone traffic in Connecticut,’ introduced as %lf
adjunct of the comprehensive dial conversion pl’iﬂ.
gram, has been developed to take a major plac:iaem
the handling of toll traffic. The use of the tande 2
method affords a definite improvement over yy!
earlier methods in speed and accuracy of serwc:_ﬁg,_
the subscriber, in simple and more uniform operai{h._-
practices, and in reduction in operating eﬁori- b
facility of disposal of toll calls over this syste
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local operators without measurable interference with
regular local traffic has contributed greatly to the
success of the method of accepting afl station-to-
station toll calls at local boards. A more uniform
transmission plan for the telephone plant is possible
now, and a fiexible relationship between traffic, trunk
terminal and switchboard equipment, and inter-
exchange wire plant has resulted in economies of
operation,

The present experience with the dial tandem
method indicates the desirability of extending this
method to the other exchanges of the state as so0o1
as it can be done economically.
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