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FOREWORD

The telephone company has for sale only one thing—service. Service fo the average
customer means only one thing—the privilege of talking to some other person at any
place and any time that he wants to do so. In other words, telephone service is nothing
more or less than providing interconnection. Interconnection may make use of the
services of an operator or of an operator and a wide variety of mechanical devices or by
mechanical switching devices in themselves.

In the telephone company’s functional organiza.tion, the Traffic Department has
been assigned the responsibility of making interconnection‘“work” so that the custom-
er will get the service that he wants and for which he pays. In order for the Traffic
Department to fulfill its assigned responsibility, the people in it should be expert in
understanding and solving interconnection problems.

The growth of mechanization through the extension of nationwide toll Iine dialing
either by the operator or the customer is placing more and more emphasis on the use

of mechanical switching devices.

This training course on the operation of step-by-step systems has been prepared
to train the men and women in the Traffic Department in fulfilling their responsibility.
This material will be used not only in training but in helping to solve particular step-
by-step interconnection problems. Use it to help yourself become an interconnection

expert.

) ]
General Traffic Manager
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One of several Switches used in the

STEP-BY-STEP Dial System
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STEP-BY-STEP DIAL SYSTEM

1.0 GENERAL

This treatise of the Step-by-Step type Dial System is
intended primarily to acquaint the new Traffic men with
the fundamental principles of this type dial telephone
equipment and its operation, thereby enhancing him
with a knowledge of the words and terms peculiar to it,
the part played by each individual equipment unit
utilized in the completion of a dialed call, intra and inter-
office trunking arrangements, and, above all, to instill in
him sufficient knowledge of the dial equipment to enable
him to perform a more complete and successful traffic

job.

It is not the intent of this course to provide and teach
a new employee the mass detailed information needed,
say, to perform a maintenance job In the equipment,
however, he should be able to talk the “Step-by-Step”
language with any other person so versed in his own right,
and, too, be able to recognize possible sources of equip-
ment shortages, overloads, and failures as might be
exemplified by the analysis of service results. In other
words, it is the intent of this course to provide a means
whereby employees, whose work does not require a tech-
nical knowledge of SXS equipment but whose ambition
impels them to keep informed on all our company’s
activities, can get the information they desire on this
subject with a moderate expenditure of time and effort.

Employees taking this course should have a knowledge
of the basic laws governing the action of electricity, at
least a knowledge of it equal to that which may be gained
from Section 4 that follows.

To get down to the “fundamentals”, suppose we take
stock of what we have to work with in making telephone
connections by machinery.

First, and most important, we have an intelligent
human being at or near each of any two telephones to be
connected; otherwise the connection fails in its purpose
of establishing communication between those two people.

But the effort that may be required of them must be
small enough to avoid imposing burdens that would tend
to make the service unattractive.

Second, we have a pair of wires from each telephone
to the central office.

Third, we have electromagnets in a sufficient variety
of forms to make all the motions necessary for the con-
nection of any one line to any other line in the same
exchange or local service area. Already, the application
of these “motions” has been extended to permit con-
nection of the customers in a few locations to customers
at some distant location on a toll basis.

At the telephone itself there is the familiar switch
hook which provides a means for connecting and dis-
connecting the talking and llstemng apparatus; hence,
the addition of a dial, which is merely a circuit inter-
rupting device for controlhng the electromagnets at the
central office, completes the essentials of the step-by-
step dial system.

Without going into the details of the development of
this system, it is interesting to speculate on how an
ingenous and resourceful person might separate this
problem into its elements and gradually work out a
solution for each such element.

Actually it has taken the intensive effort of a great
many brilliant minds extending over a long period of
time to reach the present stage of development; and
some of the best improvements are of comparatively
recent origin thus leading one to believe that further
improvements will continue indefinitely, particularly
with respect to intertoll dialing.

To a large extent the successful operation of a dial
office depends upon three main factors:
(1) Sufficient equipment properly maintained.
(2) Subscribers properly instructed to dial accurately
and willing to cooperate.
(3) Enough Operators properly trained and placed.

While the fundamental data on which a dial office is
engineered are accurate at the time it is engineered, it is
essential that these data be continually reviewed after
the office has been in operation to determine whether
conditions have changed. The adequacy of the equip-
ment can be checked from the readings of the registers
provided for this purpose and the proper assignment of
subscribers to this equipment from the assignment
records. Obviously, it is just as important to eliminate
excess trunks as it is to add trunks when needed. This
should be borne in mind when register readings are
being checked. Routines have been generally set up for
eliminating any surplus trunks by making busy a number
of trunks in each group and then reading the overflow or
last trunk busy registers for the necessary adjustments.

The traffic man in charge of a dial office, or offices,
should have a fairly good working knowledge of dial
central office engineering, and of plant reactions, in order
to be able to translate equipment trouble into causes and
to determine what action should be taken.

He should, at all times, be familiar with the following
items pertaining to the service:

a. General quality of the service.

b. Service given by special service, intercepting, repair
clerk operators, etc.

c. Nature and amount of equipment trouble.

d. Whether trouble is being cleared promptly by the
Plant Department.

e. Percentage of subscriber’s faulty usage and steps
being taken to reduce it.

f. Number and nature of verbal and written service
criticisms.

g. Assistance trafic—Type and quantity.

h. Percent completed of total originating calls.

i. Percent Equipment and Operating Irregularities,
including percent paths and trunks busy and over-
flow register readings.

The closest cooperation within the organization as
well as with the public is necessary, and the local depart-
ment heads should make available to each other inform-
ation obtained from all available sources as to how the
equipment is operating and being operated by the public.

The Commercial Department obtains this information
from reports made by their representatives in routine
contacts with subscribers.

The Plant Department obtains this information from
their routine tests and from records kept at the repair
clerk positions, from Assistance tickets prepared by
Assistance or Toll operators, various central office
alarms, from routine contacts with the subscriber, etc.

TCI Library: http://www.telephonecollectors.info



Section 1.0
Page 2

The Traffic Department obtains this information from
routine service observations, from verbal and written
criticisms, customer surveys, from records kept by special
service and intercepting operators, from peg count, last
trunk busy, all trunks busy and overflow register read-
ings, etc.

As the traffic man in charge of a dial office is able to
obtain so much more information relative to the quality

Step-by-Step Dial System
Traffic Training Course and Reference Manual

of service than are the representatives of the other de-
partments, it is necessary for him to bring to their at-
tention, unsatisfactory conditions beyond his control and
to develop with them a plan of action to remedy the
trouble.

A traffic man may be considered as the ‘“‘watch-dog”
of good telephone service.
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AUTOMATIC DIAL TELEPHONE EQUIPMENT

2.00 GENERAL

Since first introduced, various types of automatic dial
telephone systems have been developed. Principally,
these may be identified as Panel, Step-by-Step and Cross-
bar type systems, the latter being the most recent type
introduced by the Bell System. All-relay type automatic
systems are also available, such as those developed and
distributed extensively to the smaller Independent Com-
panies by the Kellogg, Stromberg-Carlson and other
Corporations. A very popular system known as the
“Auto-Manual” is available from the North Electric
Company located at Galion, Ohio.

Panel and Crossbar systems were designed princi-
pally for use in the large city and metropolitan areas.
Step-by-Step systems lend themselves to the small and
medium size communities and towns. The All-Relay
and the Auto-Manual systems are also of the small
community or town variety.

The term “automatic’’ as applied to telephone systems,
refers to those systems in which apparatus at the Central
Office, under control of a dial operated by a subscriber,
does the work that is done by operators in manual
systems, except in the case of auto-manual systems.

The primary object of the automatic system is to
eliminate the necessity of the central office operator.
In order that each subscriber may control the formation
of his own connections, there is added to his station
equipment, a calling device or “dial”, the manipulation
of which establishes circuit conditions that cause the
central office mechanism to establish the connections he
desires.

In automatic telephone systems, the following con-
nections are established and functions performed without
the presence of any guiding intelligence of the central
office:

1. Connect and disconnect lines.

2. Ring the called subscriber even though he must be

selected from among those on a party line.

3. Not connect with a line that is already in use, and

signal the calling subscriber that the line is busy.

4. Make connections to trunk lines and through them

to lines in other offices, and then perform the
operations described in items 1, 2, and 3.

5. Perform other operations necessary for telephone

service.

Since it is obvious that the most practical approach in
learning the principal functions of each of the various
type of automatic dial telephone systems is to concen-
trate on one system at a time, this particular course will
pertain almost wholly to the Step-by-Step type system.
Manuals are already available for study concerning the
Panel and Crossbar type systems.

2.01 STEP-BY-STEP SYSTEMS

The Step-by-Step equipment sometimes referred to as
the Strowger Automatic System, was, as mentioned
above, designed primarily for community or small town
installations. The Strowger equipment consists princi-
pally of the following mechanical devices:

1. Telephone

2. Dial, or Calling Device

3. Lineswitch, Primary and Secondary.
(a) Plunger Type-associated.with Master Switch.
(b) Rotary Type

Line Finder (replaces line switch)

Master Switch (associated with Line Switch)

Selector

Connector

Miscellaneous Equipment.

o0 N ox B

The Step-by-Step dial system may be considered to
consist of three major parts; line equipment, switch
train and connectors. Line equipment serves to connect
a calling party to the switch train. The switch train,
consisting basically of SXS selector switches, operates in
a proper sequence to extend the calling party’s connec-
tion to the connector group which serves the called party.
1(;onnectors complete the connection to the called party's
ine.

Step-by-Step selectors respond directly to dial pulses.

s a consequence, the dial numbering plan and step-by-
step trunking design are inseparable. Because of this
correlation, a considerable simplification of design and a
resultant saving in equipment often results from a care-
ful selection of dial central office codes as well as the
selection of the type of step-by-step equipment needed
to fulfill the requirements of the proposed numbering
plan. These factors are becoming increasingly important
with the advent of universal numbering plans and the
desirability of 2-5 numbering. .

The Step-by-Step System is applicable to two, three,
four, five and six and seven digit number plans. Six
digit numbering plans, as a rule, consist of a two digit
prefix (office name) followed by four numerical digits.
The current trend in number plans is the two-five ar-
rangement, i.e., a two digit prefix, an office numeral and
these followed by four numerical digits. Existing plans
which do not conform to the 2-5 arrangement will event-
ually be changed to the 2-5 plan in order to facilitate
extension of as well as to further facilitate refinements in
plans for nationwide intertoll dialing. A brief description
of each of the mechanical devices used in the Step-by-
Step System is furnished in Section 5.

Practically all Step-by-Step equipment is manufac-
tured by either the Western Electric Company or the
Automatic Electric Company. The latter deals primarily
with the Independent Companies of this country as well
as those Companies or Governments of foreign lands.
The W.E. Co. is the major supplier for the Bell System.

" Several types of Step-by-Step Systems are available.
Each is coded for identification purposes and each is
designed to care for the particular need of the community
or town in which it is installed. The smaller the office
the less are the needs for some of the refinements found
in the larger offices, thus the type of trunking, the type
of alarm circuits, cabling arrangements, etc. are readily
indicated by the code assigned to a particular installation.

Step-by-Step is descriptive of the manner in which
dialed calls progress, each digit dialed by the subscriber
causing a separate mechanism to function to advance
the call through various “‘steps’” necessary for comple-
tion.
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3.01 The various types of SXS offices employed by the Ohio Bell Telephone Company are as follows:

Code Manufacturer
360-A W.E. Co.
375-A or B A.E. Co.
35-E-97 A.E. Co.
355-A W.E. Co.
350-A W.E. Co.
No. | W.E. Co.

* Each office or wire center.

Approximate Capacity*

200-300 Lines (T/L)

200 Lines (T/L)

1000-3000 Main Stations (T/L and/or T/S)
1000-3000 Main Stations (T/L and/or T/S)
3000-5000 Main Stations (T/S)
10000-50,000 Main Stations (T/S) **

*¥Terminal per line (T/L) equipment is available if desired.

Each of the above type employ the Strowger switch.
The 375-A (or B) is known as a link (line finder and
connector associated) type office and is thought of as the
“jack per line’”’ type equipment. Originally the 360-A
was of the “‘jack per line”’ arrangement, however, recent
developments have made these offices more flexible by
the adoption of terminal-per-station (jack per station)
refinements to the existing installations. A.E. Co.’s
35-E-97 type equipment was introduced in the early
thirties. The 355-A equipment was released by the
W.E. Co. in 1938. Further description of the 375-A and
360-A type offices can be found in T.C. 340.

The two principle types of step-by-step offices used
are; the No. | and No. 350-A. The chief difference be-
tween these two is that the No. 350-A office is arranged
for unattended operation. Operator calls accordingly
may be handled by an operator in a distant office, known
as the operator office, and trouble condition alarms are
extended to the operator office when the office is unat-

tended. No. | operator calls may also be handled at a
distant office but alarm leads may be extended only to a
limited extent.

Also, since the 350-A was designed primarily for un-
attended operation in the smaller towns, equipment
costs, and resultant installation costs, were minimized as
compared to the No. 1 type. The 350-A power plant
and the alarm systems were greatly simplified, as com-
pared to the power and alarm systems of the No. | type
office. Switch shelf and trunk equipment for the 350-A
and the No. | types of offices are identical except that
arrangements have been standardized for the 350-A
office to permit the mounting of two or more varieties
of switches on the same shelf.

The 360-A, 375-A or B, 35-E-97 and 355-A type offices
are generally considered as community dial (unattended)
type offices. Operator calls from these are, in most
instances, handled by operators at a distant office, as are
the trouble condition alarms.
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4.0 FUNDAMENTALS
4.01 ELEMENTARY ELECTRICITY

The general term electricity is the name given to an
invisible agent known only by its effects. The electrical
effects with which we are most familiar are: light, heat,
power, voice transmission, and many others which we
use and depend upon each day. The exact nature of
electricity is unknown, but is being studied by scientists
to definitely determine what it is. However, it is un-
necessary for one to know what electricity is in order to
be able to utilize electrical phenomena to serve his ends.

It is obvious that it is unnecessary for one to know
exactly what water is, when he uses the energy of falling
water or water under pressure to develop power. It is,
however, necessary to know how water acts and how it
may be used in the development of power. Therefore,
in the study of practical electricity, the question of what
electricity 1s, need not be considered. But the descrip-
tion of how it acts and how it can be directed and con-
trolled so as to do useful work is essential.

The laws which govern the flow of electricity in closed
circuits are in general similar to those which determine
the flow of water in a water circuit. Water flowing in a
pipe may be a medium for transmitting energy in the
same way that electricity flowing in a conductor is a
means of transmitting energy.

Contrivances such as batteries and generators should
be regarded as arrangements whereby electricity may be
put into motion or forced to move. An electric generator
may be thought of as a pump which forces electricity to
flow within a circuit.

Electricity in motion is called an electric current.
Therefore a current of electricity in a wire is electricity
in motion in that wire. There can be no current flow with-
out a complete circuit to and from the source. The
electrical unit of current flow is the ‘“ampere,’’ generally
designated by “I”.

The force which causes electricity to move or to flow
is known as electromotive force, (e. m. f.) pressure,
potential difference, or voltage. The electrical unit of
pressure is the ‘‘volt”’, generally designated by “E”.
If an e. m. {. is applied to a closed or complete conducting
circuit it will force electricity to circulate or flow around
in the metal or material of that circuit. The flow of
water through a pipe is determined largely by the hydrau-
lic pressure that is forcing the water through the pipe.
A similar electric pressure or e.m.f. measured in volts,
causes electricity to flow through conductors.

Electrical resistance is the opposition which is
offered by an electrical conductor to the flow of current.
It is obvious that the opposition offered by the friction
of the flowing water against the insides of the pipes will
tend to decrease the flow of water in a hydraulic circuit.
In a similar manner the flow of the current in an electri-
cal conductor will vary in accordance with the resistance
offered to the flow. The electrical unit of resistance is
the “ohm’’ generally designated by ““R” in formula or
“w" (Omega) as abbreviation. It is evident that the
amount of electricity that will flow through a given
circuit will be determined not only by the voltage forcing
the current, but also by the resistance offered by the
conductors, With a specified voltage, the greater the
resistance the smaller the current and vice versa.

Section 4.0
Page 1

Electrical units and measurements are used to
measure electricity in a manner similar to those used to
measure pressures or quantities of other things. These
units were determined by scientists and standards were
adopted in order that the units would be the same in all
parts of the world. Meters have been built so that when
applied to an electrical circuit, they would indicate its
relative value to that of the standard. Meters are de-
pended upon for the measurements of all of our electrical
units including amperes, volts, and ohms.

A simple but important relation exists between the
e. m. f. (volts), the current (amperes) and the resistance
(ohms). This relation which has been termed ‘‘Ohm’s
Law’’ may be expressed as follows: The result produced
(current flow in amperes) is directly proportional to the
effort (electromotive force in volts) and inversely pro-
portional to the opposition (resistance). Formulas ex-
pressing the same relation are shown below.

M
E

I = —
R
Electromotive Force (E)
Resistance (R)

or
Volts

Current (I)

Amperes =
Ohms
(2)
E
R=—
I
Electromotive Force (E)

Current (I)

or
Volts
Ohms =

Resistance (R) =

Amperes

3
E = IR
Electromotive Force (E) = Current I x
Resistance (R)
Volts = Amperes x Ohms.

Of the various forms of electric current the four most
commonly considered in telephone work are: direct
current, alternating current, pulsating current and un-
dulating current. '

A direct current is one which always flows in one
direction and when of constant strength is called a con-
tinuous current. The storage battery and the direct
current generator are the most commonly known sources
of direct current used in telephone practice, although the
lrectiﬁer in various forms has gained widespread popu-
arity.

An alternating current is one which is constantly
reversing its direction. A cycle is one complete reversal
of current flow, that is, a current rising to maximum
value and returning to zero, first in one direction, and
then rising to a maximum value and returning to zero
in the opposite direction. The number of cycles per
second is known as the frequency. Alternating current
of frequencies from 16 to 66 cycles per second are used
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for operating telephone sub-station ringers. These are
known as ringing currents. Alternating currents of
frequencies up to about 15,000 cycles are audible. Fre-
quencies from 250 to 3,000 cycles play an important part
in voice transmission.

Pulsating current is a continuous current, constant
in direction, but periodically varying in value so as to
flow with a series of pulsations, usually falling to zero
periodically.

Undulating current flows always in one direction
but changes in value. It may be caused by mixing A. C.

and D. C.

In dealing with alternating current and pulsating cur-
rent circuits, besides the resistance of the conductors
there are two other factors that must be considered; viz.,
inductance and capacitance.

Electricity in motion always produces a magnetic field.
This magnetic field is produced at right angles to the
wire. When the current in an electric circuit varies, the
number of lines of force will also vary, increasing when
the current increases and decreasing when the current
decreases, thereby inducing an e. m. f. in any conductor
within their range of action. When current is changing,
increasing or decreasing, it will induce a proportional
current in a wire or coil parallel with it. This effect is
termed inductance, therefore, it is the name or term
which signifies the result of arranging an electric con-
ductor and a magnetic circuit as described above. The
unit of inductance is the ‘‘henry.” Coils are often
measured in ‘“‘milli-henrys” (one thousandth).

When two plates of conductive material are parallel,
close to each other and separated by a dielectric, they
are said to possess electrostatic capacitance. If an
e. m. f. is applied to the plates, they will receive an
electric charge and a very small quantity of electricity
will be stored in the combination. When constructed
specially for this purpose they are called condensers, and
the quantity of charge they will hold is a measure of
their capacitance. The unit of capacitance is the “‘farad.”

Since the “‘farad’” is too large for a commercial unit,
a fractional part of it is used in measuring commercial
apparatus. Condensers are measured in ‘“‘micro-
farads’ (one millionth).

In calculating current flow in alternating current
circuits, inductance and capacitance of the circuit must
be properly combined with the resistance of the conduc-
tor in order to get the total retardation or resistance
(Impedance) offered to the flow of electricity, however,
it is beyond the scope of these notes to go into details on
this subject. I = EXZ (I = Current: E = Voltage and
Z = Impedence). .

A substance which offers little resistance to the fAow
of electricity, is a good electrical conductor.

Most metals are good conductors, copper being one
of the best. For this reason copper wire is used on relays
and magnet windings for telephone equipment. German
silver wire is a fair conductor, but offers a much greater
resistance than copper. It is used in the windings of
resistance coils,

A substance which offers a very high resistance to the
flow of electricity is a poor conductor. Extremely poor
conductors, such as rubber, cotton, silk, mica, enamel,
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and many others, are known as insulators, and are
used to safeguard a body against the flow of electricity
to or from that body.

Most metals increase in resistance as they become
heated. Non-metals, such as carbon and glass, decrease
in resistance as they become heated.

4.02 ELEMENTS OF MAGNETISM

Magnetism is that property which can be induced in
certain substances called magnetic substances by virtue
of which they are enabled to attract other similiar
substances and to point geographically north when freely
suspended in a horizontal position.

Magnetism is a peculiar property of iron, nickel and
cobalt and is most pronounced in iron and certain of its
alloys, particularly steel.

There are two types of magnets:
1. Natural
2. Artificial

A “natural” magnet is one which has been made by
nature alone. An “artificial”’ magnet is one which has
been made by man.

The poles of a magnet are the places on a magnet
where the attracting power is the greatest. Every mag-
net has two poles at least. If the magnet has more than
two poles, the poles in excess of two are called “‘con-
sequent’”’ poles and these tend to weaken a magnet.
The two main poles are called “salient” poles.

A type of magnet having no poles is a “‘closed’’ mag-
net.. Example: the triangle and thin ring. When these
are broken we find at least two poles. A closed magnet
has no magnetic field.

There are two (2) laws of magnetic poles. (1) Unlike
poles attract, and (2) like poles repel. Magnetic lines of
force are the cause of magnetic attraction. A ‘‘magnetic
line” is an invisible line of force which exists about a
magnet and which is said to be responsible for all mag-
netic action. (Magnetic lines of force flow from the
north pole to the south pole on the outside of the magnet
and from the south pole to the north pole on the inside

of the magnet). The inside lines of force are known as
'lﬂux"-

_ Every magnetic line of force has four (4) character-
1stics:
a. The line of force tends to contract lengthwise, it
has no shortening power.
. The lines of force tend to repel each other.
. Have the same strength throughout their length.

. They are without ends, they never cross and they
always form closed loops.

a0 o

The strength of a magnet depends upon the number of
lines of force.

Magnetic lines are derived matter and since matter is
made up of molecules it remains that every molecule
is a magnet in itself having a north and a south pole.
(A north pole is generally designated as positive ()
and the south pole as negative (—). In a substance,
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which is not magnetized, these molecules arrange them-
selves in closed formations (ring formation) with their
unlike poles together. The formations have no poles
although the molecules comprising them do have poles.

In a magnetic substance which is not magnetized,
these molecules have been broken up and the molecules
have been arranged in parallel lines with their unlike
poles together.

“Permeability”’ is the relative ease with which a sub-
stance permits the passage of lines of force. Iron has
high permeability, whereas steel is not so much.

“Retentivity’’ is the ability of a magnetized substance
to retain its magnetism after the magnetizing agent has
been removed.

“Residual Magnetism’ is the magnetism which re-
mains in a magnetized substance after the removal of
the magnetising agent.

Magnets as we know them may be classed as *“perma-
nent magnets’ and ‘“electro-magnets’. A hard steel bar
when magnetized becomes a permanent magnet because
of its high retentivity under normal conditions unless
subjected to heat or jarring. Soft iron tends to become
easily magnetized when subjected to a magnetizing in-
fluence, but does not retain an appreciable part of the
magnetism thus imparted to it. Consequently, perma-
nent magnets are of steel and cores for electromagnets
are ordinarily made of soft iron.

PERMANENT MAGNETS—A permanent magnet
attracts iron and steel and gives magnetic qualities to
iron or steel brought close to or in contact with it, just
as a natural magnet does. Magnetite (Magnetic iron
ore) is the most common name given to the latter.

Mention was made above to ‘“‘Magnetic Lines of
Force’’. These are the invisible lines along which the
force of the magnet is exerted, and the space through
which they extend is called the magnetic field. If iron
filings are sprinkled on a piece of paper laid over a bar
magnet and the paper gently tapped they will arrange
themselves in curves as shown in Figure 1. The iron
filings will collect in greater amount at the two ends of
the magnet where the force is strongest and will gradu-
ally be brought close to the magnet, if tapping the paper
is continued, just as if the curves along which they lay
were composed of invisible rubber bands gradually get-
ting shorter.

Figure 1

MAGNETIC FIELD OF BAR MAGNET
Showing Lines of Force
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Magnetic lines of force pass through every known
substance, there is no known magnetic insulator. This
may be shown by putting a thin piece of wood, glass, tin,
zinc, aluminum or any other substance on a pole of the
magnet and noting that iron filings or other pieces of iron
or steel are attracted almost as strongly as if the separator
were not there. The only difference, if any is noticed,
would be due to the thickness of the separator and not
to the kind of material used.

THE HORSESHOE MAGNET—Magnetic lines of
force pass more easily through iron or steel than through
any other substance; therefore, if instead of a bar magnet
we take a magnet shaped something like a horseshoe
with the two poles close together and join the two poles
by a piece of soft iron, substantially all the lines of force
will pass through the magnet and the piece of soft iron
and the latter will be strongly attracted to the magnet.
See Figure 2. This form of magnet is called a horseshoe
magnet, and the piece of soft iron the “armature”.

" Hardened Steel
Magnet
N L -~ S Soft Iron
= D5 Armature
Figure 2

HORSE-SHOE MAGNET

with Armature

ELECTRICITY CAUSES MAGNETISM—In the
foregoing, no mention is made of the cause of magnetism.
It will now be shown that magnetism is produced by an
electric current, and that it is upon this linkage of mag-
netism and electricity that the greater part of-the prac-
tical use of electricity depends. Generators, motors,
transformers, telephones and nearly all their associated
apparatus depend upon magnetism for their action and
almost invariably upon magnetism produced by an
electric current.

A conductor carrying an electric current has a mag-
netic field around its entire length. If the conductor is a
thin wire the lines of force are circles of all sizes from
very small to very large and whose common center is the
wire. At every point on the wire the planes of these
circles are at right angles to the direction of the wire.

This may be shown by passing a wire through a piece
of cardboard, sending a current through the wire and
sifting iron filings on the cardboard. They will arrange
themselves in circles, as above described and as shown
in Fig. 3. Each bit of iron becomes a magnet and they
arrange themselves so that unlike poles are nearest each
other. If the current is continuous and flows upward, as
shown, these little magnets will all point in the direction
shown by the arrow heads, e.i., counter clockwise.
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Figure 3
MAGNETIC FIELD AROUND CURRENT-CARRYING STRAIGHT CONDUCTOR

A good way to remember the relation between the
current flow and the direction of lines of force caused by
it is to think of current flowing from the head to the tip
of a right hand screw and then think of the lines of force
as circles around the screw in the direction in which the
screw must be turned to be driven in. Or, by using the
conventional “right hand rule”. In the latter case,
grip the wire with your right hand with thumb extended
in the direction of current flow. Your fingers will point
in the direction of the lines of force.

THE SOLENOID—A given current through a wire will
produce a certain definite number of lines of force for
each unit length of the wire. In a straight wire these
lines of force are spread through a large space but may
be brought into a small space by bending the wire into a
circle; the space inside the circle now carries all the lines
of force that were on one side of the wire when it was
straight. The number of lines is not increased by bend-
ing the wire—they are only concentrated into a smaller
space. The concentration of these lines enables us to
make better and more efficient use of them, than if they
covered a larger area.

If two equal circles of wire each carrying current in
the same direction are brought parallel to, and close to
each other, their lines of force are added and merged
further strengthening the field; with each further added
circle there is a corresponding increase in the strength

of the field. See Figure 4.

Figure 4

Showing Magnetic Lines of Force around a wire

bent into a ring and around two such rings.

A single wire may be formed into a coil or helix and
for each complete turn the effect will be, when current
is sent through it, the same as for each circle above
described. Such a coil is known as a solenoid. A diagram
of its magnetic field is shown in Fig. 5. Note the simi-
larity of this field to that of a bar magnet and further
note that if the direction of current be reversed the
positions of the north and south poles will also be re-
versed.

Figure 5
SOLENOID

ELECTROMAGNETS—A bar of iron placed within a
solenoid is magnetized by current flowing in the solenoid,
and the magnet thus produced is an electromagnet.

The electromagnet has a definite polarity which may
be easily determined as follows: Grasp the solenoid in
the right hand in such a manner that the fingers point
in the direction in which the current flows. The thumb
extending at right angles to the fingers will point in the
direction of the north pole of the magnet which, it will
be noted, is in accordance with the right-hand screw
rule mentioned above for indicating the relation of the
direction of lines of force to the current flow.

The magnetic field of an electromagnet will be the
same as previously described for a bar magnet except
that the electromagnet may be made more powerful
than a magnet produced by any other means.
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If the bar be bent in the form of a U and one leg
inserted in the solenoid, an electromagnet will be formed
whose field will be the same as the horseshoe magnet
shown in Fig. 2.

Common examples of electromagnets are:

Lifting magnets, used to handle iron bolts, rivets,
plates, scrap iron, etc., remote control switches, circuit
breakers, door bells, door openers, buzzers, telegraph
relays and sounders, telephone bells and telephone
relays.

In all of these and in many other similar devices,
successful operation depends upon the creation of an
intense magnetic field at a particular place in the mechan-
ism, which field will cause a movement of some part of
the mechanism. The moving part must return to its
former position as soon as possible after the current is
cut off, therefore, the magnetic field must disappear
very quickly and very completely after the current
stops flowing in order that the moving part may be
returned to normal either by its own weight or by the
aid of a spring.

To accomplish both of these purposes very soft iron
is used to carry the magnetic lines of force in the above
mentioned types of electromagnets; first, because a
piece of iron will carry about 2500 times as many lines
of force as would a volume of air of the same dimensions,
and second, because very soft iron will lose practically
all its magnetism almost immediately upon the removal
of the magnetizing force.

In the following paragraph on “The Relay” is shown
how these principles are applied.

RELAYS—A relay is fundamentally an electrically
operated switch. It consists of an electromagnet (core
and winding), an armature and spring assembly. These
parts are arranged in such a way that when the core
becomes magnetized by an electric current through the
winding, the armature is attracted by the core and moves
sufficiently to open or close the contacts of the spring
assembly.

When the circuit through the relay winding is closed,
the core becomes magnetized and sets up magnetic flux
in the magnetic circuit. Sufficient magnetism must be
created in the space between the armature and the poles
to cause the armature to move forward. The current
flowing around the core of the magnet creates a magne-
tomotive force which drives magnetism through the
magnetic circuit, all of which is made of soft iron or air.

Unfortunately, not all of the magnetism created by the
current passes through the air gaps into the armature;
a large part of it is lost by its direct passage from one
end of the core to the other end through the air. This
is called “Leakage Flux’’. That magnetism which
passes through the air gap into the armature is the only
magnetism which results in a pull on the armature, and
it is, therefore, called ‘‘Effective Flux’’.

The reason for the movement of the armature may be
explained somewhat as follows. When the electromagnet
is excited, one end of the core becomes a north pole and
the other end a south pole; and if the direction of
current is reversed the poles are reversed. When the
direction of current flow is such as to make the end of
the core nearest the air gap a north pole, the lines of
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force, or flux, go out of the core, across the air gap and
into the armature, thence through the return pole piece
to the other end of the core, thus completing the mag-
netic circuit. With the end of the core nearest the air gap
a north pole, the end of the armature facing it becomes
a south pole, because it is the other end of a magnet.
Since unlike poles attract each other, the armature will
be drawn toward the core if the flux produced by the
current through the winding is great enough.

The design of the magnetic structure of a relay—that
is, the core and the armature is based mainly upon the
requirements of the relay, but, relays are chosen also
with respect to first cost and efficiency of operation.

Relay Windings—There may be from one to four
windings on a relay. For purposes of differentiation,
windings are classified as primary, secondary, tertiary,
and quarternary. At least one winding on every relay
must be an inductive winding. An inductive winding
must be wound in such a manner that the current will
always flow around the core in the same direction and
thus cause the core to become magnetized.

A non-inductive winding is wound so that the cur-
rent will low around the core in one direction through
half of the winding and in the opposite direction through
the other half of the winding, thus neutralizing the
inductive effect. The term ‘‘differential relay” is some-
times used and refers to a relay having two inductive
windings of the same number of turns and resistance,
connected so that the inductive effect of one winding
neutralizes that of the other. Thus, relays equipped
with differential windings may be operated by energiz-
ing one winding and then released by energizing the
other winding. The following figure shows the most
common symbols used on a circuit drawing for relay
windings.

A
L P
v
INDUCTIVE WINDINGS CONNECTED
WINDING DIFFERENTIALLY
JNDYUCTIVE
s Now-Inpucrive

NON-INDUCTIVE WINDING
& INDUCTIVE WINDING

The maximum number of ampere turns that can be
safely applied to a relay winding is determined by the
maximum permissable temperature rise in the winding.
This rise in temperature is dependent upon the circuit
conditions and upon the heat dissipating capabilities of
the winding and relay structure.

Contacts—The selection of the proper contact mate-
rial is important, as in most cases the useful life of a
relay is determined by the life of the contacts. The con-
tact material must be practically free from corrosion as
corrosion acts like a high resistance film on the contact
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surface. Contacts must also be able to withstand the
electrical wear caused by arcing, and must be sufficiently
hard to limit the wearing away to a minimum.

Relay contacts are made from No. | contact metal
(an alloy of platinum, gold and silver), No. 2 contact
metal (palladium), platinum, tungsten, etc. Contacts are
usually attached by spot welding to the contact members,
except in the case of contact screws where they are
tightly fitted.

In order to prolong the life of contacts, contact pro-
tection circuits are used in a number of instances. They
are for the purpose of limiting the arcing of the contacts
and consist in most cases of either a non-inductive shunt
across the winding, or a non inductive resistance in
series with capacity across the winding or contacts.

Relay Requirements—Relays are adjusted to cer-
tain mechanical and electrical requirements to insure
their operation in the circuit for a reasonable length of
time. Although a relay may apparently function satis-
factorily in a circuit when it meets its electrical require-
ments, there is no assurance that its adjustment is per-
manent unless certain mechanical conditions are met.
The electrical requirements for the relays in a particular
circuit are usually shown in a chart on the schematic
circuit drawing prints (S D Sheets), whereas the mechan-
ical requirements for each type of relay are shown in the
Bell System Maintenance Practices.

Slow Acting Relays—Slow acting relays play an
important part in the circuit design of dial switches.
They are used to delay momentarily the operation of the
relay armature.

Slow acting relays are of two classes; i.e., the slow
operating relay and the slow releasing relay. This slow
acting feature is accomplished by the use of a copper
collar mounted on the relay. In the former, this collar
is mounted at the armature end of the relay, whereas it
is mounted on the heel of the slow releasing relay.

4.03 CIRCUITS

In order for electric current to flow there must be a
complete path, that is, a closed circuit; and this closed
circuit must include the battery or whatever source of
current is used. A break in a wire, or other conductor,
creates infinite resistance thus preventing the flow of
electricity past that part of the circuit in which the
break occurs. When tracing a circuit, it is best to start
at one terminal of the battery and. follow the circuit
through wires, connections, and apparatus until you
reach the opposite terminal of the same battery.

Electrical circuits are shown in two general classes,
wiring diagrams (T & ED Drawings) and schematic
diagrams (S D Drawings). A wiring diagram shows the
apparatus approximately in its relative position. It is
used mostly for reference when wiring the apparatus in
the shop or during installation and when tracing con-
nections. A schematic diagram is electrically the same
as the wiring diagram but the parts are rearranged in
such a way as to show more clearly the paths of current
flow, the relation of the apparatus, and the principals
underlying the design of the circuit. A schematic dia-
gram may contain all the circuits or it may contain only
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one circuit path re-arranged to show itself more clearly.
Available with each schematic drawings are “circuit
explanation” sheets (C D Sheets).

4.04 TELEPHONE PARTS
TRANSMITTER—A telephone transmitter is that

portion of a telephone by means of which sound waves
from the voice or other mediums, are converted into
electrical energy that can be transmitted to another
point on the line for reception by means of a receiver.

The transmitter is made up of a diaphragm so mounted
that its vibratory motion, caused by sound waves
directed toward it, will be transmitted to a mass of
carbon granules in a cup, the granules being arranged in
series with the transmitter circuit. This is known as the
variable resistance method of producing current waves.

The carbon granules are contained in an insulated
metal cup known as the electrode chamber in which are
two carbon discs. These carbon discs, namely the front
and rear electrodes, support the carbon granules. The
movement of the diaphragm, which is rigidly secured to
the electrode chamber, compresses and decompresses the
mass of granular carbon between the two electrodes. In
this way the resistance of the path from one electrode
to the other through the carbon granules, is varied. The
current is thereby varied in strength as the air pressure
varies on the diaphragm. This varying current is sent
out over the line to the connected receiver.

RECEIVER—Two general types Bi-Polar and D. C.
The former type of receiver includes a permanent mag-
net, magnet coils and a diaphragm. The permanent
magnet attracts the diaphragm placing a certain tension
upon it. One-half cycle of alternating current flowing
through the magnet coils adds to the pull on the dia-
phragm that is exerted by the permanent magnets, and
the other half cycle subtracts from their pull; therefore,
the diaphragm makes one complete cycle or vibration
during the period that one complete cycle of alternating
current flows through the magnet coils.

D. C. RECEIVER—Until about 1909 it was the
universal practice to use permanent magnets for giving
the initial polarization to the magnet cores of telephone
receivers. This is still done and necessarily so on re-
ceivers used on magneto telephones where no current is
supplied from a central office. In common battery
systems, such as we use for dial service and where the
direct current is supplied from the central office to the
local stations, it has been found that the current which
must flow through the line to furnish talking battery may
be used for the additional purpose of energizing the re-
ceiver magnets so as to give them the initial polarity.

When the strength of the current flowing through the
receiver magnet coils is varied, the tension on the dia-~
phragm varies directly with the current and results in a
vibration of the receiver diaphragm. When a voice
through a telephone transmitter causes the variation of
current, the receiver diaphragm responds and reproduces
the sound of the voice.

Diagrams of a typical transmitter and receiver follow:
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RINGER—The essential parts of a “ringer”’ of the
more common construction is shown below:

CLAPPRR.
YoKE
C—;‘
SO core
<[> _‘k' WINDIN G
S N
S S
ARMATURE

POLARIZED RELAY RINGER

It has two electromagnets called ringer coils, the cores
of which are joined by a yoke which also serves as a
support for the bell gongs. To the yoke is attached a
U-shaped permanent magnet as shown so that one end
of the magnet is above and halfway between the upper
ends of the cores. Its lower end hangs just below the

center of the armature. The armature, to which is fixed
the bell clapper, is pivoted at its center point (support
not shown) in such a manner that when either end is
attracted toward its pole piece, the clapper will strike
one of the gongs.

The windings of the two coils are connected in series
so that the magnetic field produced by current in one
winding will add to the field produced by current in the
other winding.

The winding consists of many turns of very fine wire
hence the high frequency voice currents on a telephone
line will not pass through them, but enough low fre-
quency alternating current from the ringing generator
will pass to operate the ringer. Thus the ringer may be
bridged across the telephone line.

The action of the ringer when low frequency A. C. is
flowing through the coils is as follows:

Assume that the permanent magnet has its south pole
at the armature end as shown. It will act upon the soft
iron armature and induce a north pole at the center of
the armature and a south pole at each end of the arma-
ture.
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Assume that the current for the first half cycle is such
as to produce a north pole at the right hand pole piece
and a south pole at the left hand pole piece. These poles
are indicated by the letters N and S in the sketch; the
right hand end of the armature (south pole) will be at-
tracted toward its pole piece (north pole) while the left
hand end of the armature (south pole) will be repelled
by its pole piece (south pole) and the clapper will be
thrown against the left hand gong.

During the second half of the cycle the current will be
reversed and this will reverse the polarity of the pole
pieces. We will now have a south pole at the right hand
pole piece which will repel the right hand end of the

RECEIVER HooK SPRINGS
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armature and a north pole at the left hand pole piece
which will attract the left hand end of the armature
hence the clapper will be thrown against the right hand

gong.

With each succeeding cycle of A. C. (ringing) current
the above action will be repeated and the gongs will
continue to be struck repeatedly as long as current is
applied. :

THE DIAL—For the purpose of automatic operation
each telephone is equipped with a calling devise, known
as the dial and as shown in the following sketch:

y o L-!
TRANSMITTER,
RECEIVER
N o
~ ~—_ - P L:' 2
DIAL

DIAL TELEPHONE DIAL CONNECTIONS.

The dial is essentially a circuit interrupter. When the
finger plate of a dial is released after being turned from
its normal position, it interrupts the line circuit in quick
succession (10-12 interruptions per second) a number
of times corresponding to the digit dialed. Each time
the line is interrupted, what is known as an impulse is
transmitted to the dial central office equipment. It is
the impulses that are sent over the line at the will of
the customer, which start the dial switches in motion
and cause them to establish connections between custo-
mers.

INDUCTION COIL—An induction coil is merely a
transformer which consists of two insulated wires wound
around an iron core. One of the windings called the
primary (P) winding, in series with a transmitter and
battery, forms a closed local circuit, while the other
winding called the secondary (S) winding, in series
with the receiver and the line, forms a separate circuit.

If a direct current is flowing in one of the windings
and remains constant, no current whatever is produced
in the other. However, if there is a change in the current
in one of the windings, there will be produced a current
in the other. A continued variation of the current flow
in one winding will result in the flow of an alternating
current in the other winding.

The separation of the transmitter circuit from the
line gives a vastly wider range in talking currents.

The secondary winding has more turns than the pri-
mary winding, and the voltage in the secondary is cor-
respondingly higher than in the primary. High voltages
in the secondary winding are admirably adapted to
transmit current in a high resistance line, for exactly the

v

same reason that long distance power transmission meets
with but a fraction of the (I?R) losses when the sending
voltage is doubled. Thus the induction coil serves two
purposes, increasing the range of change in the trans-
mitter circuit and lessening the loss in the line circuit.

The induction coil used with a common battery tele-
phone is somewhat different in design than that used at
a magneto telephone substation, and it is connected
differently. This is shown in the following two sketches:

BELL -

o*o L] BELL L2
GEN ’ “Ob :
h IND
RECAIVER Con.
0 OAN
( [

mmua [ mnNue
it ®
r Y REC TRANS.
' TRANS

> @i 2
I BATE COMMON BATTERY

MAGNETO TELEPHONE TELEPHONE SUBSTATION
SUBSTATION (Less Dial)

In the common battery substation the talking current
is taken from the central office battery, flows over the
line and through the transmitter and the primary wind-
ing of the induction coil at the substation. This is
direct current upon which is super-imposed alternating
voice currents—when the distant subscriber is talking—
and these voice currents cause changes in the magnetic
lines of force in the induction coil which induce similiar
voice currents in its secondary whence they are passed
through the receiver,
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The latter is a local circuit consisting of the secondary
winding of the induction coil, the receiver, switch hook
contact, transmitter and condenser. Voice currents pass

easily through this condenser as do also the low fre-

quency A. C. required to ring the bell.
THE REPEATING COIL—The fundamental princi-

ple of the repeating coil is the same as that of the induc-
tion coil. It is used when it is necessary to have the
inductive association of two circuits that are conductive-
ly or physically separated.

- THE RETARDATION COIL—AnR “Induction” coil
wound on a core and in such a manner as to oppose the
flow of alternating current, is known as a Retardation
Coil. In general, it may be said that a retardation coil
is used whenever it is desired to add inductance to a
circuit. Coils of this type are used in operators’ telephone
sets, incoming selector circuits, dial trunk circuits, etc.

Section 4.0
Page 9
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5.0 DEFINITION OF TERMS AND EXPLANA-
TION OF EQUIPMENT—SXS DIAL SYSTEMS

5.01

5.02

5.03

5.031

TELEPHONE: The telephone is a compact
unit made up of parts necessary for the re-
ception and the transmission of speech and
for ringing, or signalling the party called. The
original telephones were of the magneto or
local-battery type, whereas the present day
instruments are known as the common battery

type.

DIAL: The dial, a circuit interrupter, or im-
pulse sending device operated by hand and
used in conjunction with the telephone to
establish the circuit connections that operate
the switches (Selectors and Connectors) at
the dial central office. Its function is that of
rapidly opening and closing the line circuit,
the number of times, corresponding to the
figure dialed. Dials are adjusted to operate at
a speed of about 10 impulses per second. Dials
will operate switches satisfactorily if running
as slow as 8 impulses per second or as fast as

12.
DISTRIBUTING FRAMES: Distributing

Frames are provided in our telephone central
offices to provide a flexible arrangement for
connecting subscribers’ lines to the equip-
ment, and, too, for inter-connecting various
types of equipment within the office. These
connections are made with cross-connecting
wire (jumpers). These “‘jumpers” may be of
either single, double, triple or quadruple wires
depending on their particular application.
Single wire jumpers are usually brown, the
double wire jumpers being black and white,
the triple red, white and black and the quad-
ruple red, whxte, black and green.

Most all distributing frames are of the
double sided variety—vertical side and hori-
zontal side. Occasionally, single sided distri-
buting frames are provided where there are
floor space limitations.

They are used frequently in the newer offices
as trunk distributing frames for cross-con-
necting line finders to first selectors. The

‘Jjumpers’” are run between terminal strips
(blocks) to which permanent cabling from the
equipment has been termmated

PROTECTOR FRAME: In order to protect
the dial equipment from high voltages and
abnormally high currents, which may be due
to lightening or a power line coming into
contact with a telephone line, a Protector is
provided for each line. The Protector (See
Fig. 1) is made up of two distinct parts: carbon
blocks and heat coils. The carbon blocks, one
of which is grounded, are separated by an air-
gap the thickness of a sheet of paper. The
other block makes contact with the line and
when a high voltage is impressed on the line a
spark will jump across the air-gap to the
grounded block, thus protecting the equip-

Section 5.0
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ment. The heat coil has a winding wound
around a copper sleeve, which is soldered to
a small brass bar. The heat coil winding is
connected in series with the telephone line so
that a high voltage on the line will cause the
heat coil to heat up, due to the high current
resulting from the high voltage. When this
occurs 1t melts the solder and permits the
copper sleeve to be pushed back. The brass
bar then makes contact with a strip of metal
which is grounded and therefore the current
flows to ground instead of through the dial
equipment.

The customers’ lines from outside are
brought into a cable vault in large lead-
covered cables. Each cable contains from 100
to 1200 (or more) pairs of wires. These lead
covered cables are then “fanned-out” to the
Protector Frame and connected to a protector.
Every cable pair terminating on the frame
therefore has its own protector. After passing
through the protector the cable pairs are
permanently cabled from the Protector Frame
to the vertical side of the Main Distributing
Frame (see Fig. 2) and terminated on terminal
blocks on which are stenciled the Cable
Number and Pair number.

Cable Conductors
To OQutside Plant

/Grounded

To Central
Offuce Equipment

Heat Coil

Carbon Protector Block

Porcelain Protector Block

Heat Coils and Cutouts Mounted on Protector

Frame in Central Office

Copper Tube

—)\-\'\‘.

n) mnml ;

S’
Heat Coll
Figure 1
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5.032

5.033

5.034

5.035

5.04

There is no cross-connecting work necessary
on the Protector Frame and as such it is not
in the true sense of the word a “‘distributing”
frame.

In a great many cases (Small No. 1, 350-A
and community dial type offices) the pro-
tectors are mounted on the vertical side of the
Main Distributing Frame and the Protector
Frame is not provided.

Trunk cables are terminated at Protectors
the same as subscribers’ lines, however, in the
majority of cases ‘‘dummy’’ heat coils are
used since these cables are usually all under-
ground. ‘

MAIN DISTRIBUTING FRAME: This
frame is used as a means for jumpering be-
tween connector terminals (or telephone
numbers), or Line Finder terminals (line cir-
cuits), and outside cable pairs. Prior to about
1930 it had been the practice to terminate the
telephone numbers on the horizontal side of
the M. D. F. (See Fig. 2, Plan A). Since then,
except for additions to existing installations,
it has been the general practice to terminate
the Tip (T) and Ring (R) of the line finder
group terminals on the H.M.D.F. (See Fig. 2,
Plan B). ° :

Occasionally, miscellaneous circuits such as
incoming - selectors are terminated on the
horizontal side of this frame.

LINE INTERMEDIATE DISTRIBUTING
FRAME: This frame is used for the termina-
tion of the connector board terminals (Tele-
phone Numbers) and the Subscribers’ line
relay circuits. (See Fig. 2). The former ap-
pear on the horizontal side whereas the latter
appear on the vertical side. Connection be-
tween these is done by 3-wire jumpers in ac-
cordance with Traffic Assignments.

Four-party and ten-party bunching blocks
are also installed on the vertical side of this
frame.

TRUNK DISTRIBUTING FRAME: This
frame is used for jumpering between miscel-
laneous relay circuits and other associated
equipments. Cross-connections between Line
Finders or Master-Switch trunks and First
Selectors, Selector level trunks to Repeaters,
concentrating switches or trunks to Repeaters,
etc. are usually arranged for on these type
frames.

COMBINATION DISTRIBUTING
FRAMES (C.D.F.): These type frames serve
the same purposes as do the M.D.F., I.LD.F.
and T.D.F. They are usually installed in the
smaller offices (350-A, 360-A, 355-A, 35-E-97)
and all cross-connection work is done on this
one frame in the office.

PRIMARY LINE SWITCHES AND MAS-
TER SWITCHES: In general, we may de-

Section 5.0
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fine a line switch as an arrangement of
apparatus which permits any one of a number
of lines to be connected automatically to an
idle one of a number of trunk lines, smaller
in number than the number of lines. It is a
“non-numerical’’ switch because its operation
requires no figure in the called number and no
movement of the dial. In other words, it
automatically extends the subscribers line to
an idle trunk leading to the next switch in
the train,

Subscribers’ lines terminate in primary line
switches which are arranged in vertical
columns in a framework known as a line
(switch) board and made up in two bays.

Each bay has a capacity for 100 line
(plunger) switches each. There are four
divisions per bay—A, B, C and D—of 25
switches each, arranged so that one master
switch may be provided for each division; or
one master switch could serve two or three
divisions, or, (in extreme cases) all four divi-
sions. The number of divisions which a
master switch might serve is determined by
the traffic engineer and is based on the ori-
ginating call seconds offered by the associated
subscribers’ lines in the board. Figure 3
shows the arrangement of the switches and
the divisions in a line board.

Take the case of one master switch for
Division A and B, for example, the 25 banks
of each division are mounted in a vertical
pile with 13 line switches on the right and 12
on the left so that the plungers are in vertical
alignment. Division B is directly below
Division A and is arranged the same as Divi-
sion A except that here 12 switches are on the
right and 13 on the left. The master switch
in this example would be located in the “B”
position.

As mentioned previously there is a Primary
Line switch associated with each subscribers’
line. Associated with each of these switches
is a set of bank contacts which consists of [0
sets of contacts. Each set is made up of 8
contacts. Three contacts of each set are
connected to the Tip, Ring and Sleeve of the
line; the remainder, called trunk contacts, are
connected to the next switch in the train and
associated apparatus. ;

The bank contacts are multipled in each
division.

The Primary Line Switch consists of two relays, the
line relay and the combined P.D.M. and B.C.O. relay
(P.D.M. = Pull Down Magnet; B.C.O. = Battery
Cut-Off); a plunger arm (P.A.); and Plunger with bank

contacts.

The line relay is associated with the line and performs
as any line relay when the customer lifts his receiver.
The cut-off relay can cut off the ground and line relay
from the line circuit. The line relay is equipped with a
copper collar to make it slow in falling back after the
current through its winding has been cut off.
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Figure 3

Line Switch Board Layout

The magnet which drives the plunger into the bank
and thus connects the bank springs and contacts, is
operated by a very simple circuit. It is a low resistance
coil and possesses great power. The B.C.O. portion of
the second relay opens up the operating path of the
line relay on incoming calls to the line, thus preventing
the L.R. from operating when the customer answers an
incoming call. On an originating call, the B.C.O. also
locks to ground on the sleeve (RLSE. TRK.) to the
succeeding switch, thus keeping the operating path of

the L.R. open for the duration of the call. At the time
that the plunger operates, ground is placed on the sleeve
toward the associated connector terminal to prevent an
incoming call to complete to the line while the latter is
busy.

The line switch plunger shown in Fig. 4 does not form
any part of the electrical circuit. It is merely a mechan-
ical device so arranged that, when plunged, the two hard
rubber rollers near its tip, press against one of the ten
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sets of contacts and connect the tip, ring and sleeve
contacts of the customers’ line to the trunk contacts
leading to the next switch.

The terminals are so arranged and the Line Switch
Plunger is so pivoted, that the plunger may thus engage
with any set of these contacts. In other words the
customers’ line may use any one of ten trunks, each
leading to the next switch; but, of course, these trunks
are shared with the other lines associated with a parti-
cular master switch. Hence, some provision must be
made to insure an idle trunk for any line at any time
that an outgoing call is to be made.

Section 5.0
Page 5

The master switch, Fig. 4, indicated by the master
magnet, takes care of this. It controls the plungers by
means of a guide shaft S-S. In the fan shaped tail of
each plunger, Fig. 4, is a notch which fits over the inner
edge of the guide shaft. The latter is carried on bearings
at the points B and B’. This brings the axis of the guide
shaft in line with the pivot points of the plungers.

These pivot points are on the ends of the plunger arms
which are provided with springs to keep the plungers
forced against the guide shaft, S. S. It will thus be seen
that all of the idle plungers will be properly aligned and
will be moved in unison whenever the master magnet or
switch rotates the shaft S-S. ;

o o
1 :
Tlls
ﬂﬂlﬂ(a ﬁl
— s ) __PLUNGER
L ! J )
=
= .52
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= PLUNGER ROLLERS
‘——L‘_ .
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OR SEc./M, 8, BDs» A
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Figure 4

The master switch is provided with a ten point bank.
The existence or non-existence of battery potential on
each contact of this bank indicates the condition of the
trunk to which it belongs. If the trunk is idle, there is
an absence of battery on its master switch bank contact.
If the trunk is busy, the corresponding point is grounded.
By this means the master switch can discover which
trunks are idle and which trunks are busy.

When a call is originated, the associated line switch is
drawn away from the guide shaft and out of control of
the master switch. Immediately after this “‘plunging’’
has occured, the master switch moves the remaining
plungers so that they are now opposite the next idle
trunk. If all trunks are busy the master switch will
continue to oscillate until a trunk does become idle.

As the line switch releases, the plunger comes back
into contact with the guide shaft, but will not engage
with the ridge of the shaft until the shaft has moved
through some part of its oscillation under control of the
master switch circuit. This is known as picking up idle
plungers. With this sort of an arrangement it is possible
for a particular line making successive calls to continue
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to seize the same trunk repeatedly without actuating the
master switch circuit, except as covered under ‘‘Second-
ary Pick-Up” which will be covered later in this section.

Allotter Equipment: An allotter consists of a 4-
arc-25 point rotary switch and associated relay equip-
ment mounted in the upper portion of the line switch
board, each of the rotary switches being associated with
one line switch section of 25 plunger switches. The al-
lotter is so arranged that it controls the operation of the
line switches and allots battery to but one line switch
per master switch at a time, thus preventing any double
connections on the switches with which it is associated.
Separate allotter circuits were designed for Primary and
Secondary line boards.

A Wheatstone Bridge arrangement for minimizing
double seizures in primary boards has been designed.
This circuit is such that it will control the open main
battery voltage to the Pull-down magnets of the primary
line switches to prevent not more than one magnet to
operate at a time in a master switch section. Should
two lines be seized simultaneously in the same M.S,
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section, neither line switch will “plunge” until one
subscriber, or the other, hangs up. The remaining
switch will then operate.

Traffic Registers: Each subgroup of subscribers’
lines (M.S. section) is provided with a peg count
register to record the number of calls made from that
section and an overflow register to record the number
of times any call is delayed on account of all trunks
being busy or for any other cause.

These records are necessary for supervision of the
traffic and for engineering purposes.

The peg count equipment consists of relay F, (See
Figure 6) cut in series with the Open Main lead, and a
register, practically the same as a message register,
which is operated through contacts on relay F.

Relay F operates once for each outgoing call, in turn
operating the Peg Count Register once for each such
case.

Relay F is slow release to ensure one full operation of
the P.C. register for each operation of relay F and pre-
vents false registration of calls on a fluttering of the
Line Switch, due to trouble.

The Overflow equipment consists of relay G, cut in
parallel with the contacts on relay D, and a register,
practically the same as a message register, which' is
operated through contacts on relay G.

When all trunks are busy the Primary Master Switch
is oscillating back and forth in order that it may take up
a trunk as soon as one becomes idle. During this time
relay D remains operated, keeping direct battery off the
Open Main lead. Direct battery is also kept off the
Open Main lead while the Primary Master Switch is
hunting and while it is returning from trunk 1 to trunk

10 irrespective of whether all trunks are or are not busy. .-

During such times should a call originate, relay A of
the calling party’s line switch would operate, causing
current to flow through high resistance relay G and
relay F of the traffic registers and relay B of the line
switch operating relay G but not relays F and B.

The operation of relay G should not, however, im-
mediately operate the overflow register because an idle
trunk may be found soon enough to constitute no
_actual delay of this call; therefore relay G is provided
with a pendulum type contact spring which prevents
the operation of the overflow register until relay G has
remained operated long enough to constitute an actual
delay of this call.

The usual adjustment of relay G is such as to make
this no delay period about equal to the average time
from taking receiver off the hook to the sending of the
first pulse.

When an idle trunk is found, relay D releases, which
releases relay G (by short circuiting) and operates
relays F and B.

Summarizing, we can say that the primary functions
of the Primary Line Switch are as follows:

I. Operate a plunger and extend the T & R leads
of the line to an idle Secondary Line Switch.

Step-by-Step Dial System
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2. Disconnect line relay battery and ground from
the line.

3. Cause the Master Switch to advance other Line
Switch plungers standing in front of this trunk

just seized to the next idle Secondary Line
Switch Trunk.

4. Cause the line to test busy on incoming calls at
connector banks.

5. Operate traffic registers.

Summary—Functions of Master Switch:

1. Keep idle line switch plungers directed toward idle
trunks to Secondary.

2. Move all idle line switch plungers to the next idle
trunk when the previous one has become busy.

3. Prevent a line switch from operating while the
plungers are being moved from one trunk to the
next.

4. Cause alarm circuit to operate if trouble develops
and a relay is held operated longer than a normal
period or an idle trunk is not found.

(Note—Since alarms are considered more of a
Plant function, rather than Traffic, information on
these was omitted in the notes).

5. When all trunks are busy, to oscillate until a trunk
becomes idle.

5.05 SECONDARY LINE SWITCHES AND MAS-
TER SWITCHES: -

In large central offices, it is necessary to handle
large amounts of traffic with as small an amount
of equipment as possible. Large numbers of
telephones offer a more steady total calling rate
than small numbers, so that greater economy is
possible.

One way to do this is to mingle the traffic from
a number of groups of subscriber lines, so that
each subscriber has access to more than ten first
selectors. This is done by interposing secondary
line switches between the primary line switches
and the first selectors.

In appearance, secondary line switches (boards)
are similar to primary line switches (boards) and
the functions of the two are similar. Trunks from
the primary line switch groups terminate on
secondary line switches. The trunk terminals of
the secondary line switch banks are connected to
first selectors. Since the normal efficiency of ten
trunk subgroups from the primary line switches
is relatively low, secondary line switches are used
and trunks from the primary line switches are
cross-connected in such a way as to gain the ad-
vantage of larger trunk groups, permitting first
selectors to be operated in groups of 100 instead
of the ten. Normally, 20 to 25 secondary line
switches are associated with each secondary
master switch circuit for proper traffic loading
and distribution. ;

TCI Library: http://www.telephonecollectors.info ’

/

- 3 < —— B p— . A

o |



’

d W W B BB E B =

T R EEEEEEEFEEERYS

Step-by-Step Dial System Section 5.0
Traffic Training Course and Reference Manual Page 7

A typical layout showing how each station line of a line switch group has a choice of 100 first selectors by
using both P.L.S. and S. L. S. is shown below in Fig. 5.
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Sketch of a Typical Layout
Showing How Each Station Line of a Line Switch
Group has a Choice of 100 Selectors by Using Both
Primary and Secondary Line Switches

Group of 50 Primary
Line Switches Under Control
of One Master Switch

LINE SWITCH BOARD

Figure 5
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The secondary master switch controls the plungers in
each subgroup of secondary line switches and its func-
tions and operation are similar to those of the primary
master switch.

Secondary line switches are provided on the basis of
the maximum simultaneous call-seconds, whereas the
primary line switches are provided on the basts of the
number of physical lines. They are arranged in sub-
groups, each subgroup providing the proper load for its
subgroups of trunks leading to first selectors.

Summarizing—The functions of the secondary
line switch are:
I. Operate a plunger and extend the T & R leads
to an idle first selector.

2. Cause the secondary master switch to advance
other secondary line switch plungers in front of
this selector trunk to the next idle trunk.

3. Assist in holding the primary line switch until
the holding ground has been extended through
from the selector.

Although we have not gone into a detail explanation
of its circuit operation it will suffice to merely list the
various functions of the Secondary Master Switch,
these being:

1. Keep idle Secondary Line Switch plungers
directed toward idle trunks to selectors.

2. Move all idle secondary line switch plungers to
the next idle trunk when the previous one has
become busy.

3. Prevent a secondary line switch from plunging
while the plungers are being moved from one
trunk to another.

4. Cause an alarm to sound if trouble develops and
a relay is held operated longer than normal.

5. Operate a register whenever all the trunks from
a secondary group are busy.

6. Move the primary master switches, directing
traffic into this secondary group, to other less
busy groups if three or more consecutive busy
trunks are passed before an idle trunk to a
selector is found in this group.

7. Cause all primary master switches, directing
trafiic into this secondary group, to make a
“‘sweep’’ and pick up all idle primary line switch
plungers if this secondary group becomes “all
busy”’.

8. Operate a peg count register. This register
records the number of calls made from that sub-
group. These registers are not always provided
with the secondary boards, however.

9. When all trunks are busy to remain stationary
until a trunk becomes idle. (An A.T.B. register
is usually provided, which scores each time that
all trunks from that subgroup of First Selectors
are busy).

Calls are not delayed by this latter condition be-
cause means are provided to prevent calls from coming
to this group during such periods, as explained briefly
under the subject “‘Secondary Kick-Off"”’ that follows.

5.051 SECONDARY KICK-OFF: As mentioned pre-

viously, and as will be covered somewhat in
Section 8 under subject “Trunking’’, we cover-

Step-by-Step Dial System
Traffic Training Course and Reference Manual

ed, in a brief sort of way, how the trunks from
the primary line boards are run to secondary
switches and how the trunks from the Second-
ary Line boards to the first selectors are run in
order to provide a uniform distribution of calls,
under usual conditions, to all the secondary
groups and consequently to the first selectors.

But in spite of this carefully planned arrange-
ment it is possible that calls may originate in
several primary subgroups in such a way that
their distribution to the secondary subgroups
would be less uniform than is desirable; hence
another feature has been added to this trunking
arrangement, known as the Secondary Kick-
off, the function of which is to determine when
calls are coming in to any secondary subgroup
at such a rate as to approach the capacity of
the trunks out of that subgroup to handle and
if necessary, slow up the rate at which the next
few cails would come in.

Calls may be considered as coming in too fast if a
Secondary Master Switch, in hunting, finds three or
more consecutive trunks of its ten busy; hence a slow
release relay is used in the Secondary Master Switch
circuit to determine this period of.time which, by its
release, (in effect) makes busy all the then idle trunks
from all the primary subgroups which terminate on
secondary line switch in this secondary subgroup.

As soon as the Secondary Master Switch finds an idle
trunk it stops there ready to take another call; but, for
the very small period of time that it reached its third
consecutive busy trunk until it found an idle trunk,
calls were prevented from coming to its subgroup, thus
slowing down traffic to a point where it could be handled
satisfactory.

Relay D (Secondary Relay) shown in Figure 6 is the
slow release relay used for this purpose. It may be
adjusted to release a little quicker or a little slower than
indicated, but the ‘‘three trunk period’ is the one
ordinarily used. When it releases it takes battery off
the Open Main lead and puts on a ground, thereby
grounding lead H on each idle trunk from the primaries,
which operates relay C of each primary master switch
having wipers resting on idle trunks to this secondary
subgroup, resulting in the moving of all primary line
switch plungers then standing in front of these trunks
to other idle trunks.

Calls will not be delayed, they will merely be diverted
to other less busy secondary subgroups, except in the
cases where all other trunks from any primary subgroup
are busy. In each such case the Primary Master Switch
will start oscillating and will come back to this trunk
(or trunks) and stop in front of it as soon as or shortly
after relay D is again operated.

Thus the Secondary Kick-Off acts as a finely adjusted
traffic equalizer which smooths out some of the inequali-
ties not taken care of by the arrangement of the trunks
previously mentioned.

It has no effect on plungers that are in the banks and
those which have been released but are not engaged with
the guide shaft, therefore, it has little effect in reducing
double plunging at the secondaries. (The allotter circuit
was designed to minimize double plunging).
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5.052 SECONDARY PICK-UP: One of the ideals of
telephone service is to prevent any intrusion
whatever on a busy line. Hence, in all manual
systems, the inevitable busy test at every point
where intrusion might occur; and the ceaseless
effort on the part of all operating employees to
hold inviolate the warning that the busy test
gives.

In all dial systems, all practicable means are
used to prevent every piece of mechanism from
making connection to a talking path while it is
being used for some other call.

The first essential is to provide enough talking
paths or trunks with their accompanying
switches to handle, with the least practicable
delay, the busy hour traffic; and this of course,
is done; but more than this is necessary.

In dial systems the great number of movements
necessary to complete a connection within the short
period of time allowed, require that they follow each
other in a very precise sequence; hence every time
interval, however short, must be fully guarded to ensure
no possible interference.

In the SXS dial system, the complex trunking between
primary and secondary subgroups and thence to the
first selectors requires careful attention to the guarding
of these time intervals with the result that some ingenious
arrangements have been developed of which the “Sec-
ondary Pick-Up” is one of the most interesting.

The particular time element to be guarded by the
Secondary Pick-Up occurs in the normal operation of
the primary master switch; because, the reader will
recall, it does not immediately pick up a line switch
plunger when the latter is released from a trunk to which
it has been connected, but leaves it standing in front of
that trunk until the master switch reaches that trunk
on its forward movement, hunting, or on its return from
trunk 1 to trunk 10.

During that time, which might be quite long when
traffic is light or very short when traffic is heavy, should
this line switch plunge, it would again go in on the trunk
from which it had previously been released. Normally,
that would be all right; because, the secondary line
switch on which this trunk terminates would be standing
in front of the trunk to a first selector from which it too
had previously been released and the previous con-
nection would be reestablished.

If, however, (as happens frequently during periods of
heavy traffic) all outgoing trunks from this secondary
subgroup become busy, then the plunger of the primary
line switch that we are considering being poised in front
of a trunk terminating in a secondary line switch in a
subgroup having no idle trunks, quick action must be
taken to prevent the primary line switch from plunging
in on this trunk and thereby getting into a secondary
subgroup out of which at this time there is no outlet
for calls. At the same time, an outlet must be provided
for any call that this customer may want to make at
this instant.

The Secondary Pick-Up is designed to take care of
this situation which it does by doing three (3) things at
practically the same time as follows:
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The instant that the last idle trunk out of any second-
ary subgroup is seized:

1. Battery is taken off the Open Main lead of every
primary subgroup that has one or more trunks
to this secondary group, thereby preventing any
line switch in any of these primary groups from
plunging.

2. Each Primary Master Switch in each of these
primary subgroups is started on one complete
sweep over all its trunks to pick up all idle line
switch plungers not then in engagement with the
guide shaft.

3. A ground is placed on the H lead of each idle
trunk into this secondary subgroup to make it
test busy to its primary master switch after the
latter has completed its pick-up sweep, thus
preventing calls from being sent into this second-
ary subgroup during the time that all its outgoing
trunks remain busy.

During the entire time that the all trunks busy condi-
tion lasts, the secondary master switch remains in front
of its last idle trunk that was seized. There is no need
for it to oscillate (as the primary master switch does)
because the release of any trunk will start it hunting;
but it will not permit calls to be sent in until after it has
stopped in front of this one idle trunk, or some other
trunk which meanwhile may become idle.

The various “‘pick-up” leads from all the primary
master switches and from all the secondary master
switches are usually bridged together at what is known
as the Secondary Pick-Up Test Panel. The object of
this is to provide a means for quick location of a ground
which would totally block all originating calls as long
as it remains on these bridged leads.

Should such a ground remain on longer than a few
seconds, the primary alarm circuit would sound, and the
switchman could, by opening a knife switch determine
(by the stopping or non-stopping of the alarms) if the
ground is on the primary leads or on the secondary leads.
Then by operating an associated push type key on each
lead in succession, he could determine the particular
lead in trouble because the buzzer would sound when
g’xe %l;sh key of the grounded lead is grounded. (See

ig. 6).

5.053 MASTER SWITCH GOVERNOR—AIl Mas-

ter Switches are provided with a governor which
regulates the speed with which the solenoid is
allowed to return the Master Switch shaft to a
position in front of trunk 10 on a return sweep.
This speed is greater on Secondary Master
Switches than on Primary Master Switches.
Note:
Figure 6 is a Schematic circuit of Primary and
Secondary Line Switches with associated Master
Switches. It is included in these notes as refer-
ence only as the detailed study of circuit
operation is not intended in the course.

5.06 STEP-BY-STEP SWITCH:

Arrangement of Step-by-Step Switch— .
For the purpose of explanation, the step-by-
step switch has been divided into three parts:

a. The Upper Section—relay assembly
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b. The Middle Section—Stepping Mechan-

ism Assembly

c. The Lower Section—Multiple Bank As-
sembly.

The Upper Section—relay assembly, contains the
relays for operating the stepping magnets; con-
trolling supervision; furnishing ringing, busy and
overflow signals; supplying talking battery, etc.

The Middle Section—stepping mechanism assembly,
contains springs, ratches, pawls, magnets, etc.
which are associated with the vertical and rotary
stepping mechanism to operate and release the
shaft and its wipers. Either an intra-office trunk
(path) or interoffice trunk is connected to the shaft

wipers.

Figure 9-A illustrates the Stepping Mechanism.
The Lower Section—mutiple bank assembly.

Note: All terminal appearances in the multiple bank
are made up of two lugs.

There are 10 terminals per level which are arranged
in a semi-circle and in layers of 10 levels. This is the
lower bank assembly for 100 tip and ring connections.
Since more than two wires are used on a call, a duplicate
upper bank assembly is installed for connecting a third
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Figure 11

g

wire (sleeve) and sometimes a fourth wire (control—for
toll circuit start of ringing). As a result, a 100-point
switch has two banks of 100 terminals. However, it
accommodates only 100 circuits. (Tip and ring on the
lower bank and sleeve on the upper bank).

As an exception to the above, certain (not all) line
finder switches have three groups of 100 terminals and
are equipped to serve 200 subscribers. The multiple
bank, which is shown in Figure 11, has 100 tip and
ring terminals in the lower bank, 100 tip and ring
terminals in the middle bank and 200 sleeve lugs in
the upper bank. The 100 subscribers in the lower

Multiple Bank

bank secure sleeve from the 100 bottom lugs of the
sleeve terminals in the upper bank and the 100 sub-
scribers in the middle bank secure sleeve from the 100
top lugs of the sleeve terminals in the upper bank.

The 100 terminals of all multiple banks, on all switches,
have a standard numbering arrangement.

The levels from bottom to top are numbered 1, 2, 3, 4,
5,6,7,8,90.

The terminals from left to right are numbered 1, 2, 3,

4,5,6,7,8,9,0.
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IOA_ny “zero” digit represents a ‘‘10,” or a multiple of
, Le.,

Ol 0z 03 04 05 06 07 08 09 00
ST 92 95 94 %5 % % 9B 99 %0
81 52 5 84 85 8 81 88 5
72 73 W 73 M T 181 M0
61 62 65 6 6 6 & 8 6 8
ST 52 3 54 55 56 5 8 5 50
i 42 43 4 45 M6 4 @8 H 2
3 % 3 3 3/ 36 3 B 3B X
21 22 23 24 25 2 2 28 B .
i 17 15 14 15 18 77 18 15 10
Connections to the multiple bank terminals may be

either subscriber’s lines, intraoffice trunks (paths),
interoffice trunks, operator trunks, or test lines.

Operation of Step by Step Switch

The multiple bank shown in Figure 12 has 10 levels of
10 terminals each. Mounted vertically before it is the
selector or shaft. Mounted on the selector is a brush
or wiper. The vertical and horizontal (or rotary) mag-
nets are also shown.

[ed&e.844¢ 00

Figure 12

The vertical magnet controls the vertical movement
of the selector.

The horizontal (or rotary) magnet controls the rotary '

movement of the brush.

The brush can be directed to connect with a terminal
in one of four ways:

a. By pulses. The first series of pulses step up the
selector to the dialed level. The second series of
pulses rotate the brush to the desired terminal.
(This is on the ‘'Connector’ described later.)

b. By P.B.X. hunting. Same as described in “A”
above, plus automatic testing beyond the listed
line for a P.B.X. group of incoming service trunks.
(Also on the connector)

Section 5.0
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c. By trunk testing. The first series of pulses step up
the selector to the dialed level and then the brush
rotates and tests automatically to select an idle
trunk. (This is on the ‘‘Local Selector’” described
later.) '

d. By line finder hunting. Each line finder switch has
an associated commutator to the right of the
multiple bank, and the selector has an extra wiper
connected to it, called the commutator brush.
These are shown in Figure 13.

Commutator Wiper

u}

u]

Assembly %
Clamping Nut %

B]

el

S N
Sh

Figure 13

A calling subscriber energizes his terminals, in the line
finder group, which in turn places a condition on the
associated commutator level segments—but is used, in
this case, only on the subscriber’s first choice switch. At
the same time, an associated start circuit operates to
start the selector hunting for the desired level. The
conditioned commutator segment stops the selector’s
upward movement. Then, the multiple bank brush is
rotated to the energized terminal.

Note: If any first choice switch is busy, the opera-
tion described above takes place on the
second choice switch, etc.

When there are three banks and 200 subscribers on a
line finder switch and terminal 33 is energized, the selec-
tor brush will connect with both 33 and 133 terminals,
but only one circuit will be_ established. The lower
sleeve lug would establish a circuit to number 33 terminal
and the upper sleeve lug would control connection to
the number 133 terminal. In this case, if terminal 33
was in use and the subscriber served from terminal
number 133 wanted to make a call, the connection for
terminal 133 would have to be made on another switch.

5.07 lég‘éE FINDER FRAMES AND LINE FIND-

LINE FINDER FRAME: The standard 11'—6"’
line finder frame has a capacity for three units of
either 16, 20, or 30 line finder capacity line groups,
thus a capacity of about 600 subscriber lines.

Standard units of 16, 20 and 30 finders with a
group of 200 line and cut-off relays associated
with each unit are generally provided for the No. 1
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and 350-A type offices. Actually, however, the
capacity of any one unit is governed by the calling
rate of its associated lines. On an initial installa-
tion the maximum capacity of switches or lines,
or both, may not be provided but they can be
added afterwards as traffic conditions warrant.
Further details in this connection will be covered
in Section 8 under subject “Trunking”.

All the line circuits of a group appear in the
multiple banks of each line finder position in the
group, so that any finder can connect any line
circuit to a selector associated with that particular

finder.

Each group of line finders and associated line
relays is divided into ten subgroups. In a twenty
switch unit (which will be used for the purpose of
this description) there would therefore, be ten
subgroups of two line finders and twenty line
circuits each.

Three multiple banks with 100 sets of double terminals
each and a set of vertical terminals or commutator
segments are provided for each finder. The T & R of
the first.100 line circuits (00-99) appear in the lower
bank, the second hundred line circuits (100-199) in the
center bank and the sleeve leads for both hundreds in
the upper bank. The commutator segments are placed
at the right side of the switch between the middle and
upper banks. See Figures 11 and 13 in Paragraph 5.06.
Figure 14 shows how these terminals are arranged and
how the 200 line relay circuits are connected to the banks
of switch 10. The arrangement of the line finders in the
other subgroups is different, as will be shown later.

The bank wiring of the two finders in any subgroup is
identical, but the first, or lower, finder (if idle) will
always operate first.

The line finder shaft is equipped with three sets of
horizontal wipers (one for each bank); and one vertical
wiper wired to one of the relays in the finder. As the
shaft moves upward the vertical wiper passes over the
vertical commutator terminals. The vertical commuta-

tor regulates the vertical motion of the shaft. or deter-

mines at which level the horizontal wipers will cut in.

The tenth vertical commutator terminal is permanently
grounded so that, should a line finder in hunting, not
find a ground on any lower numbered terminal it would
be stopped at the tenth level and cut in there even though
the call which started it had been abandoned.

There is also a contact which closes when the hori-
zontal wipers pass beyond the 10th terminals on the
10th level so that on an abandoned call or on an accident-
al ground that may start a finder hunting, a line finder
will go to an imaginary |1th terminal on the 10th level
and will then return to its vertical normal or idle position.

Just as important in a manual system that the speed
of answer be rapid, so in this system a line finder and its
associated first selector should be connected to the call-
ing line, ready for the customer to start dialing as soon
as possible after he takes the receiver off hook. (The
objective is dial tone within 3 seconds).

For this reason, in the typical arrangement that we
are considering with 20 line finders for every 200 lines,
the line relays are wired to the line finder banks in such
a manner that two finders, called “home finders”, are

Step-by-Step Dial System
Traffic Training Course and Reference Manual

“first and second choice”, respectively, for a particular
subgroup of 20 lines, ““3rd and 4th choice’’ for another
subgroup, ‘‘5th and 6th choice” for a still different sub-
group and so on until they become “19th and 20th
choice’”” for the remaining subgroup. Figure 15 shows
how the banks are wired to take care of this condition,
the commutator multiple arrangement also being wired
accordingly.

Thus in any subgroup, two calls can be handled at
the same time by its ‘‘home finders” going only to the
first level; and, since this is nearly a normal calling rate,
most of the traffic would be so handled, resulting in a
“high speed of answer” and the minimum wear on the
line finder switches.

Traffic in excess of this, in any subgroup, would be
handled by a “home finder” (or finders) temporarily
borrowed from the next subgroup; in which case the
latter would have to go to the second or other higher
level, but, with the lines grouped with due regard to
their calling rates, only a small percentage of the calls
would have to be handled by “borrowed’’ finders.

Figure 14 pictures the arrangement of line circuits on
the banks for the “home finders’ for subgroup 10; while
the table (Figure 16) indicates the arrangement of the
line circuits on all the finders for the entire group.

Referring to Figure 14, the bank terminals are shown
viewed from the wiper or front side of the banks and the
line circuits on the first level counting from left to right
are 1, 2, 3,4,5,6,7,8,9 and 0, this level being the st

appearance of these circuits in subgroup 10.

This may appear odd to persons accustomed to the
numbering of the subscribers multiple in manual switch-
boards in which the first ten lines are indicated by
writing 0 to 9, whereas in dial practice they are desig-
nated [ to 0.

The standard wiring of the banks used in step-by-
step system is such that circuit | is really OI, that is, up
ten and in 1; circuit 02, up ten, in 2; circuit 55, up 51n 5;
circuit 11, up 1, in I, etc.

Line Finder banks are wired somewhat differently, as
has been explained in the foregoing paragraphs, and the
only place in which the terminals of a line finder bank
appear in the usual normal position is in group | on
switches 1 and 11 (See Figure 16) but always the line
relay circuit whose last digit is “I’’ goes on the first
terminal to the left and the one whose last digit is “0”
goes on the extreme right of any level of the bank.

In all Step-by-Step bank numbering and dialing “0”
does not mean Zero. It means Ten.

Referring to the table (Figure 16) the first and second

" columns indicate the make-up of the ten subgroups into

which these 200 line relay circuits are divided; while the
third column gives the “home finders” for each subgroup.

Figures 1, 2, 3, etc. along the top indicate the levels to
which the line circuits in the several subgroups are
connected on the finders whose numbers are shown in
these columns.

For example, the 10 line relay circuits |1 to 10 in the
lower hundred and the 10 circuits 11 to 110 in the
upper hundred comprise line subgroup | and are con-
nected to the first level of home finders 1 and !l (line
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LINE FINDER TERM BANKS
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Figure 14
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LINE MULTIPLE OF
EITHER BANK SHOWING ARRANGEMENT OF SLIP
Wiz 2 4 5 8 L & 3 8
NOIL 12 13 4 15 e 17 8 19 20
BRIO —\1 - ~— LEY O
* 9 \\ & “ 9
8 \\ \ L 8
TO LINE 2 \\\\ M 8
AND CUT OFF | » ¢ \\ ™S <
RELAYS OF . \\\ N . 5
SUB'GR.ITOI0 . 4 \\ N« 4
- 3 \\\ x - 3
NG
o 2 ‘\ & L 2
S | M—'\—- ¥ L l
EACH DASH REPRESENTS 10 'T,'R.&'S' WIRES
Figure 15
CHOICES Ist 3rd 5th 7th 9th 11th 13th 15th 17th 19th
2nd 4th 6th 8th 10th 12th 14th 16th 18th 20th
LEVELS 1 2 3 4 5 6 7 8 9 10
Line Relay Circuits Sub- Home Sequence of Selections other than Home Finders
group || Finders
- 01-00, 101-100 10 10,20 9,19 | 8,18 | 7,17 | 6,16 | 5 15| 4,14 | 3,13} 2,12 | 1,11
91-90, 191-190 9 9,19 | 8,18 7,17 | 6,16 | 5 15| 4,14 3, 13| 2,12 1, 11 | 10, 20
81-80, 181-180 8 8,18 7,17 | 6,16 | 5,15} 4,14 | 3,13 | 2,12 | 1,11 10,20 9,19
71-70, 171-170 7 7,17 | 6,16 | 5,15 4,14 | 3,13} 2, 12 1,11110,20( 9,19 | 8,18
61-60, 161-160 6 6,16 | 5, 15| 4,14 3,13 | 2,12 1,11 110,20 | 9,19} 8,18 | 7,17
51-50, 151-150 . 5 515 4,14 3,13 | 2,12 1,11 ]10,20{ 9,19 | 8,18 7,17 | 6,16
41-40, 141-140 4 4,14 3,13 | 2,12 1,11 110,20 9,19 8,18| 7,17 | 6,16 | 5,15
31-30, 131-130 3 3,13 2,12 1,11110,20| 9,19 | 8,18 7,17 | 6,16 | 5, 15| 4, 14
21-20, 121-120 2 2,12 1,11]110,20| 9,19 8,18 | 7,17 | 6,16 | 5 15| 4,14 | 3,13
11-10, 111-110 ; 1,11 (10,20 9,19 | 8,18 7,17 | 6,16 | 5, 15| 4,14 | 3,13 | 2,12

Figure 16

TABLE, SHOWING SEQUENCE OF CHOICE OF LINE FINDERS FOR CALLS
FROM ANY LINE IN THE GROUP

finder subgroup 1), to the second level on finders 10 and
20 which are the 3rd and 4th choices respectively for
this subgroup, and so on to the 10th level of finders 2
and 12 which would be last choice.

Line Finder equipment in the community dial offices, .

although it performs the same general functions as the
No. 1 office finder, is arranged somewhat different. The
community dial type line finder unit, instead of employ-
ing the “home finder” arrangement, has an associated
distributor or allotter. This allots to one finder at a
time the work of serving the calling customer and in a
prescribed sequence. The distributor is a rotary line
switch (200-type selector) which remains on an idle
contact. Calls are allotted to finders 1, 2, 3, 4—etc., in
that sequence. After the last finder (No.’s 10 or 20)
has taken a call, the cycle will repeat.

The line finder banks of the community dial type
units are also wired (multipled) different than in the
No. | office type of equipment. Further details con-
cerning this type banks will be covered later in this
section.

Getting back to the No. | type line finder unit,
Figure |7 pictures the arrangement of the line circuits
of subgroups 1, 9 and 10 on their ““home finder”’ banks,
and also indicates the relays which determine the order
in which the line finders respond to incoming calls.

Without getting into the complete detail operation of
the line finder circuit, following is an outline of the
progress of a call:

Assume that a call originates at MAin 2953 and that
this number has been assigned to line relay circuit 08
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which is in subgroup 10 and that no other call in this
subgroup is in progress.

The operation of line relay 08 operates relay G of
subgroup 10 which in turn operates start relay A of line
finder 10 (first “‘home finder”’) and this finder immedi-
ately connects with circuit 08. As it does so, its relay D
operates and locks, switching the start lead from sub-
group 10 to the ST relay of the second “home finder”
for this subgroup, and releases relay G.

If now a second call should come in from any other
station in subgroup 10, it would operate this same G
relay and start relay A of the second “home finder”.
The latter would connect with the calling station and
operate the lock relay D of the second “home finder”.

Assume now that a third call comes in from still
another station in the same subgroup. Then the same
group relay would again operate; but (since the “D”
relays of both “home finders’ of this group are operated)
the start lead from relay G is disconnected from both
ST relays of the “home finders” and is connected to the
ST relay of the “home finder” of subgroup 9 (if the latter
is idle); hence, this third call will be taken up by this
finder as it is the third choice for subgroup 10.

If both the “home finders’ for group 9 are busy, their
D relays will be operated and the call will be directed
through them to the next group (8) and so on to switches
1 or 11 which would be the last two choices for sub-
group 10.

In like manner one may determine from Figures 15
and 16, just which finder would take any call from any
subgroup, taking into account which finders are busy
and which are idle at that instant. .

" Figure 18 is a schematic drawing of line finder, Com-
mon, Group and Switch Trouble Alarms for reference
purposes.

COMMUNITY DIAL OFFICE—LINE FINDER
GROUPS:

As mentioned earlier in this section, the community
dial line finder equipment performs the same general
purpose as that in the No. 1 type office. Each line
group consists of either 10, 16 or 20 line finders. A
6 finder group is available for 355-A Installations. The
6 and 10 groups have a line capacity of 100, whereas
the 16 and 20 size groups have a capacity for 200
subscriber lines. These groups may be provided
initially either fully equipped or partially equipped.
In the latter case, increments of equipment (line
relays and line finders) may be added to the groups
from time to time until the ultimate capacity of each
is finally reached. -

The 16 and 20 finder groups are arranged in two
shelves—the lower shelf (L.F. [-8 or 1-10) is referred
to as the ‘A’ shelf and the upper shelf (L.F. 9-16 or
11-20) as the “B” shelf. Each are equipped with
“600 point” banks (upper, middle and lower—each
with 200 points or contacts)

We will not go into any further detail concerning this
C.D.O. equipment, except that it may be of interest to
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the traffic man to be familiar with the line circuit termi-
nations on the banks of a few of the more common type
community dial installations.

Bank Multiple—35-<E~97 Type Office
UPPER BANK

200 Sleeves Terminate in this bank:

MIDDLE BANK (T & R)
“A’ Shelf “B’’ Shelf

Level L.F. 1-10 L.F. 11-20
0 01-00 11-10
9 91-90 21-20
8 81-80 31-30
7 71-70 41-40
6 . 61-60 51-50
5 51-50 61-60
4 41-40 71-70
3 31-30 81-80
2 21-20 91-90
1 11-10 01-00

LOWER BANK (T & R)
“A’ Shelf “B’’ Shelf

Level L.F. 1-10 L.F. 11-20
0 101-100 111-110
9 191-190 121-120
8 181-180 131-130
7 171-170 141-140
6 161-160 151-150
5 151-150 161-160
4 141-140 171-170
3 131-130 181-180
2 121-120 191-190
1 111-110 101-100

Bank Multiple—355-A Type Offices

Note: (Two arrangements have been provided for the
355-A type offices. The first installations were in
accordance with J-Specifications J-32006 Al, A2
—etc. Later installations were in accordance

with J-Specifications J-32006 Fl, F2—etc. The

bank multiple of each is shown).
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UPPER BANK

200 Sleeves terminate in this bank:

MIDDLE BANK (T & R)

LOWER BANK (T & R)

“A? Shelf “B’’ Shelf
Level L.F.1-10 L.F. 11-20

“A’ Shelt “B” Shelf
L.F.1-10 L.F. 11-20

Early Installations Later Installations 0 111-100 11-10 01-00 10-11
“A” Shelf “B” Shelf ‘A’ Shelf “B’ Shelf
Level LF.1-10 LF.11-20 LF.1-10 L.F. 1120 2 '2-120  21-20 21-%0 20-21
0  161-160  61-60 101-100 110111 8 131130 3130 81-80 30-31
9 " 171-170  71-70 191-190  120-121 7 141-140 4140 71-70 40-41
8 181180  81-80 181-180  130-131 6 15150 5150 61-60 50.51
7 191-190  91-90 171170 140-141
6 101100  01-00 161-160  150-151 5 5150 151-150 >1-50 60-61
5 01-00  101-100 151-150  160-161 4 41440  141-140 41-40 70-71
4 91.90  191-190 141-140  170-171
3 81-80 181-180 131-130  180-181 ? a1 1&1-L30 et 80-81
2 71-70 171170 121120 190-191 2 21-20  121-120 21-20 90-91
{ 61-60  161-160 111-110 I [1:10  111-110 11-10 00-01

As a matter of further interest, the following charts show the arrangement of lines on the various type units

(when facing the unit from front).

100-101

35-E-97 Type Offices

111 116-121 131 | 136 156 | 161 181 | 186 106
L ,
& L L L L uBn
LO .
115 110-125 135 | 130 150 | 165 185 | 180 100
11 16 21 31| 36 56 | 61 81 | 86 06
L : A
& L L L rell
LO A
15 10 25 351 30 50 | 65 85 | 80 00
Lines equipped in following order: .
1. 11-35 4, 186-100 7. 6185
2, 111-135 5. 36-50 8. 161-185
3. 86-00 6. 136-150
355-A Type Offices
6 or 10 Line Finder Capacity Units:
(J 32003 Y—List 2 6 L. F. Banks)
(J 32003 Y—List 6 10 L. F. Banks)
Alarm & Control Relays 61 L 60| 7 01 L 00 ] 11
L .
28 20 Grp. Rlys | 3 51 L 5016 - |9l L 90 | 10
19 21 L 27 | 2 41 I 4015 81 L 80 9
11 L 181 1 31 L 30 | 4 71 L 70| 8

Test Line 10
Note: Figures at right of each group indicate the order of installation of lines, should the unit be only par-
tially equipped initially.
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Figure 18
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355-A Type Offices (Cont’d)
10 L.F. Capacity Units per J-32006-B

36 L 4015 96 L 00| 8
(a) Test Line—50
21 L 35| 4 81 L 95| 7 (b) Order of installation of lines indicat-
ed at right.
14 L&LO 1013 66 L 70| 6
L Control
1 L&O 13 Relays | | 51 L 65| 2
Line Terminations on T & R Bank: 6 61-60
Level Line Circuit Nos. 5 51-50
0 01-00 4 41-40
9 91-90 3 - 31-30
8 81-80 2 21-20
7 71-70 1 11-10
355-A Type Offices (Cont’d)
200 Pt. Early Installations per J-32006-A 1, A-2, etc.
96 L 0] 13 196 L 100 3
81 L 95 | 11 181 L 195 | 12
66 L 701 7 166 L 170 8
51 L 65| 1 151 L 165 | 14
36 L 401 9 136 L 140 | 10
21 L 351 5 121 L 135| 6
14 L&LO 10 114 L&LO 110
Control | 2 Control { 4
11 L&LO 13 Relays 111 L&LO 113 Relays
200 Pt. Later Installations per J-32006 F1, F-2, etc.
51 L 50| 1 01 L 00| 4 151 L 150 | 20 | 101 L 100 | 13
41 E 401{ 9 91 L 91| 6 141 L 140 | 18 191 L 190 | 15
31 L 307 81 L 80| 8 131 L 130 | 16 181 L 180 | 17
21 L 205 71 L 70 | 10 121 L 120 | 14 171 L 170 | 19
16 L&LO 1013 66 L&LO 60 | 11 116 L&LO 110] 12 166 L&LO 160| 2
i1 L&LO 15 61 L&LO 65 111 L&LO 112 16! L&LO 165

Test Lines 50 and 161

Note: Figures at right of each group indicate the order of installation of the groups if a complete unit is not pro-
vided initially.

TCI Library: http://www.telephonecollectors.info



Section 5.0
Page 28

Early Installations: Line Finders 1-10 are Ist
choice for lines in Ist 100. Line Finders 11-20 are
Ist choice for lines in 2nd 100.

Later Installations: Line Finder [-10 are Ist
choice for lines 11-50 and 111-150. Line Finders
11-20 are Ist choice for lines 61-00 and 161-100.

Similar information for the No. 1 and 350-A type
offices is covered in Section 8 under subject ‘‘Line Finder
Trunking”.

SUMMARY

Purpose of Line Finder: To establish a connec-
tion from a calling subscribers’ line, or a trunk,
to a first selector.

Functions of Line Finder: The principal func-
tions of the line finder are:

1. To find a subscribers’ line in a group of
usually 200 lines appearing on the line finder
bank and to extend the tip, ring and sleeve
leads of the line to a first selector directly or
through a trunk relay circuit.

2. To extend ground to the sleeve of the asso-
ciated line when the line is found, for busy
potential.

3. To cut off the line relay when the line is
found by the finder or seized by a connector.

4. To hold line finder operated under control of
the succeeding switch.

5. To advance the start lead to the next choice
finder and to open the multiple chain circuit
when: .

a. Finder is removed from the shelf.
b. Finder goes to 11th rotary step.
c. Finder has seized a line.

d. Made busy at test jack.

e. Succeeding selector is made busy.

6. To provide an alarm on certain troubles,
such as:

a. If the multiple chain circuit becomes
crossed with battery or ground.
b. -If the start lead becomes grounded and a

continuous hunting of line finders takes
place.
c. If any “G” relay remains operated for
more than a predetermined length of time.
d. If the line finder fails to release.

7. To return to normal when call is abandoned,
except when a call is held to an operators’
trunk circuit.

8. To return to normal when the finder fails to

find the line.
9. To provide a means for making routine tests.

10. To operate an All Finders Busy (A. T. B.)
register if all the line finders in the group
are busy.

11. To operate a peg count register when line
finder restores to normal.

The finder principle consists in tying "‘tail-to-tail”’ a
first selector and a finder switch. These two form a

Step-by-Step Dial System
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permanent link. The finder picks up the calling sub-
scriber much as does a manual operator. The first
selector extends the call like a manual operator plugging
into a trunk jack.

On a line finder the vertical and the rotary action is
automatic.

Upon initiation of a call the subscriber’s line relay is
operated and an idle line finder starts hunting for this
line, first in a vertical direction under the control of the
vertical magnet, to find the level in which the terminal
of the line appears, and, then in a rotary direction under
the control of the rotary magnet to find the calling
terminal. The vertical stepping is effected by a pawl
actuated by the vertical magnet. This pawl engages
the teeth of the vertical ratchet (see Figure 9-A) raising
the shaft one step at a time. The rotary stepping is
eflected in a similar manner by having a pawl actuated
by the rotary magnet engage the rotary ratchet (See
Figure 9-A), rotating the shaft one step every time the
rotary magnet operates.

When the calling line is found, the subscriber’s loop is
extended through the bank wipers and the associated
circuit of the line finder to a first selector. The trunks
between line finders and first selectors are wired from
the line finder wipers through the selector circuit to the
selector wipers.

Ordinarily, line finders are segregated into the follow-
ing classifications:

Flat Rate Lines
Message Rate Lines

Pre-pay Coin Box Lines

Line finders are cross-connected to first selectors in
accordance with a standard prescribed arrangement as
covered on Drawing ED-30025-01. Basically, the idea
is to ‘‘scramble” the finders of a particular line group
over as many first selector shelves as possible. This
makes for better traffic distribution, and, too, it would
result in minimum interference to customers should a
selector shelf (or bay) fuse operate.

5.08 SELECTORS—LOCAL

‘Purpose: The selector in the step-by-step

' office is used for establishing
connections between subscribers
and subscribers, subscribers and
operators, or operators and
operators.

£ Kk K % %
" The mechanical portion of the selector switch is

practically identical to that of the line finder switch
and, too, the connector switch which will be covered

later. It employs the same type shaft, wipers, release

mechanism, etc.

The Selector differs from the line finder, in that the
vertical stepping of the switch is controlled by the dial
of the calling station, which means that only one digit
is required to operate it. The rotary movement is entirely
automatic and serves to select an idle trunk from the
level to which the wipers were stepped by the vertical
movement of the shaft. . '

TCI Library: http://www.telephonecollectors.info

-

J g @ =" s s aa




- 2 B

. 4 4 B 4

;ﬂnn\--

Step-by-Step Dial System
Traffic Training Course and Reference Manual

Selectors are mounted on Selector Frames. Each
frame has two bays, either in line or setting ‘‘back-to-
back”, the latter being the type used in the early instal-
lations. The single sided (“in line” type) bay has a
capacity of 320 selectors (two bays, each with eight
shelves and 20 selectors per shelf). Between the two
bays is the terminal assembly which is generally known
as the Distributing Type Terminal Assembly. The
Double-Sided (‘‘back-to-back” type) frames have less
capacity. They consist of two bays which set back to
back to each other and with sufficient space between to
permit maintenance activity. Each bay has six (6)
“twenty switch’’ shelves, thus a total frame capacity of
240 selectors.

The double sided frame is closed at one end by the
terminal assembly. Originally, a “flat-type” assembly
was employed, but this was later changed to the “dis-
tributing type” assembly. Further details concerning
this part of the selector frame is covered in Section 8,
under “Trunking’’.

When a subscriber dials, the first series of pulses will
control the operation of the first selector switch. How-
ever, before explaining this operation, maybe a brief
statement regarding dial pulsing would be helpful.

Dialing opens and closes the circuit of the subscriber’s
line a certain number of times. By performing this
operation the proper number of times, the subscriber
tells the switches the central office in which the desired
line is located and the number of that line. It should be
noted that dialing “zero”” opens and closes the circuit
ten times and in step-by-step would cause the selector
to rise 10 levels. The switch will then rotate to the first
idle terminal. There is an eleventh rotary step on the
selector beyond the tenth terminal, which operates an
overflow relay to send out an overflow (busy) signal.
There is no eleventh terminal on the bank, however.
This then, is the way in which the subscriber tells the
switches what number he wants. It is called “direct
control” and ‘“‘decoding’’ is not required as in other dial
systems (Sender Types).

The selector (local) bank is a 300-point bank. The
lower half of the bank assembly provides the out trunk
tip and ring terminals for 100 circuits, whereas the upper
portion of the bank has the associated 100 sleeve termi-

nals. See Fig. 20.

Summarizing: The specific duties of the selector
switch, in accordance with which the circuit is designed,
are: .
1. Guard and prevent the trunk and line switch

(or line finder) from releasing.

2. Lift the shaft and wipers (vertical movement) to
the desired level.

3, Prepare the release circuit.
4. Rotate wipers automatically to select an idle
trunk.
a. Keep the wipers clear while passing over
trunks.
b. Rotate shaft automatically.
c. Test each trunk for busy or idle condition.
d. Stop rotation at first idle trunk.
e. Extend line through to the next switch.

Section 5.0
Page 29

f. Guard trunk until next switch responds.
5. Release at any desired time.

In step by step the called for number is reached on
a “‘connector’’ switch (explained later). The intermediate
switches between the line finder switch and the connec-
tor switch are called selector switches. There are several
different type selector switches (explained later) and
thﬁre may be more than one selector switch used on one
call.

In a four digit system, the principal switches involv-
ed in completing a local call are the line finder, first
selector, second selector and connector. The relation of
these switches when used to complete a local call is
shown schematically below.

It will be noted the fundamental step-by-step switch
is applied in several locations in a step by step “train,”
or sequence of step by step switches. The number of
switches in a train is determined by the number of digits
dialed, as will be described later. Briefly, to establish
the train shown in Figure 24 would be as follows:

When a receiver is removed from the switch hook, a
line finder starts hunting for the calling line. When the
line has been found, a circuit is completed to a first
selector which sends dial tone to the calling party to
indicate that the circuit is ready for dialing. The first
series of pulses step up the first selector to the dialed
level. The selector then automatically selects an idle
trunk which extends the calling line to a second selector.
The second series of pulses step up the second selector
which selects an idle trunk in the dialed level extending
the calling line to a connector. The third series of pulses
cause the connector to step up to the level dialed and
the fourth series of pulses rotate the wipers of the con-
nector to the terminals of the called line. If the line is
busy the connector returns a busy tone to the calling
subscriber. If the line is idle the connector rings the
bell of the called party and returns an audible ringing
tone to the calling subscriber.

The selector in each case responds to one series of
pulses and rotates automatically to an idle trunk on the
dialed level. The connector responds to the last two
series of pulses corresponding to the tens and units
digits of the number dialed. From this it is obvious that
a three digit system requires one selector and one con-
nector, a four digit system requires two selectors and one
connector. In other cases, described later, it is necessary
to use a number of selectors.

5.0801 FIRST SELECTORS

The first selector provides the proper routing
for the originating call following the receipt of
the first digit dialed. It is used to extend the
connection to the next switch in a train which
may be another selector or a connector, or to a
trunk. The following information will help to
visualize the levels on this switch.

“0”" level (tenth) is usually used for “zero oper-
ator”” trunks.

“1” level (first), in earlier installatiens, is as-
signed to nullify the effect of preliminary pulses
by giving access to a group of auxiliary first
selectors which subsequently route the call in
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Figure 19

Selector Switch Front View '
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the same manner as it would be routed if no
preliminary pulse occurred. These auxiliary first
selectors also provide means of reaching selectors
which give access to trunks to specialized services
such as Toll, Information and Repair Service.

The eight remaining levels of the first selector
provide trunk terminals to other offices, to sec-
ond selectors or to connectors.

Three digit dialing, with no outgoing trunk
group could serve 800 subscribers and would not
require second selectors.

[f there were no second selectors, each outgoing
trunk group would reduce the number of subscri-

bers by 100.

If second selectors were available, then it could
be arranged to serve 700 subscribers and use one
level for routing to a second selector containing
10 trunk groups—one per level, but in this case
it would require dialing an extra digit.

Four digit dialing, same as three digit dialing
excepting that each level means selecting a path
leading to a group of one thousand numbers in-
stead of 100 numbers.

Five digit dialing in a multi-office area means

selecting a trunk to another office or unit, or a -

path to a switch in the local office, which has
access to a group of ten thousand numbers.

VERTICAL MAGNET

PULSE PAWL, WHICH OPENS AND CLOSES .

THE DIAL CONTACTS THE SAME NUMBER
OF TIMES AS THE DIGIT DIALED. WHEN
0" IS DIALED, THE CONTACTS OPEN AND
CLOSE TEN TIMES.

@ 32 @ DIAL 'y RELAY| -

CONTACTS 3—_‘\
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Six digit dialing in a multi-office area means
setting up a connection to one of a group of
second selectors from which trunks are selected
to other units or offices in the same manner as
from first selectors in five digit areas.

If no idle path or trunk is available, this selec-
tor sends back an overflow signal to the calling
party.

If the number of calls to be handled by any
group of equipment exceeds the capacity of ten
trunks, a trunking scheme known as subgrouping
may be employed. All the selectors in a group
can be served by the same group of ten trunks
by multipling their banks together. If this mul-
tiple is split, it is possible to establish several sub-
groups of selectors and give each subgroup access
to a different group of ten trunks. A subgroup is
built up to its required size by multipling to-
gether selector divisions, each of which ordinarily
contains ten selectors. The number of subgroups
established depends upon the number of trunks
required to handle the trafiic of the entire group.

The “graded multiple” arrangement can also
be used whereby a few common trunks appear
before all selectors in these divisions, while the
remaining (individual) trunks are subgrouped to
appear before the selectors of certain divisions
only. Further detail on this will be covered in
Section 8, under subject ‘“Trunking”.

@ (i y HORIZOPE'_I"_AL
MAGN
¥/ pivoT
@ =
L T
‘A’ RELAY RELEASES WHEN DIAL
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ICAL MAGNET TO OPERATE ONCE
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Figure 23
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Figure 24

Coin box subscribers’ first selectors are segre-
gated from the other classes in order that these
selectors may be multipled to a special group of
trunl)(s to the toll boards. (Single channel opera-
tion.

A special group of first selectors is provided for
“DSA” operators to be used for completing con-
nections to subscribers’ lines in the local area and
certain miscellaneous desk positions.

SECOND SELECTORS

The second selector is the second step in the
train of selection and responds to the second
digit or letter dialed.

The addition of a second selector in the train
of switches permits the size of the office to grow

beyond 800 lines.

In a four-digit system it is the “hundreds”
selector. In a five-digit multi-office area it is the
“thousands’’ selector, similarly as the first selec-
tor is ‘‘thousands’’ selector in a four-digit system.
It may be located in the office in which the call
originates or in a terminating office. In the
latter case it is called an “‘incoming” second
gelector. In a six-digit multi-office area where a
combination of two digits is required to select
a trunk to another office it is an ‘“out trunk’’
gelector.

The second selectors for a multi-office five
digit system are ordinarily divided into two main
classes:

(1) Local second selectors.
(2) Incoming second selectors.

These two classes of selectors may either be
mounted separately on the second selector frames
or they may be mixed on the same frames. In
areas having a large P.B.X. development, if
local and incoming traffic is mixed in such a way
that each subgroup of the second selectors
contains a proportionate amount of local and in-
coming traffic, a considerable saving in the
number of succeeding selectors may be obtained.
This is because the local and incoming peak
loads frequently do not occur at the same time.
Furthermore, abnormal traffic peaks in either
the local or incoming groups do not have such a
serious effect when this traffic is distributed.
When mixed, for peg count reasons you will
usually find that the mixing is done on a shelf
(10 banks) basis.

For transmission and other reasons (explained
later), incoming trunks are further subdivided
to differentiate between those incoming from the
toll board and intertoll and those incoming from
local offices, and separate groups of second
selectors are provided for each class.
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FIRSY SELECI -
cnoosgs ?EI[ECTRUNX CHX)@S TERWNAL
LEADING YO PROPER OF LINE CALLED
HUNDRED GROUP 300 GROUP
to | 000 GROUP s eveescee 300-309
to | 900 GROUP soeveoseses 3080-389
———: TO 800 GROUP ..o..ooooomsag
—— 10 | 700 GROUP seoseesse of370-37
— L0 ]| 600 GROUP ecccsoevsces 360-369
. £0 | 500 GROUP ceeensses s]30-59
CALLENG ————ee 10 ] 400 GKOUP ee0eos 0 U—hw
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——‘to mmwp ..l‘...'..mm
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—. SNIICH L
—_= -]
- CALLED -
— STATION
- k]
Schematic Showing the Routing of a Three-Digit Call
in Step-by-Step Operation.
This schematic illustrates the routing of a call to 348 and shows
that the first selector chooses an idle trunk leading to the 300
group and also the location of 48 on the connector bank.
Figure 25 _
5.0803 THIRD SELECTORS Separate groups of fourth selectors, known as

5.0804

The third selector is required only in systems
of five or more digits. It is the third step in the
train of selection and responds to the third digit
dialed. In a five-digit system it is the “hundreds”
selector. Each level of its multiple banks provides
trunking to a group of 100 telephone numbers
appearing in the termmal banks of connectors.
In a six digit system it is the ‘‘thousands” selec-
tor.

In six digit systems also, the third selector may
be separated into local and incoming in a manner
similar to that explained for second selectors in
the five-digit systems. Toll and Intertoll third
selectors are also provided. The toll third
selector is usually an incoming transmission
selector from the toll switchboard (Toll Switch).
These will be explained later. With respect to
Inter toll, the intertoll third selector is the third
selector in the intertoll train as is the local third
selector in the local train.

Generally speaking, the third selector is identi-
cal both electrically and mechanically to the
first and-second selector. (Local and Intertoll)

FOURTH SELECTORS

The fourth selector is required only in six (or
more) digit systems. It is the fourth step in the
train of selection and responds to the fourth
digit dialed. It corresponds to the ‘“hundreds’”
selector similarly as the second selector is the
“hundreds’’ selector in a four-digit system.

toll fourth selectors, are provided to handle in-
coming toll calls.

For the purposes of this course, the local
fourth selector may be considered identical both
electrically and mechanically to the preceding
selectors in the train.

The mechanicals of the toll fourth selector is
identical to the preceding toll selector, however,
it is not identical circuitwise. The toll fourth
se]ector is what is known as the ‘intermediate
type” selector.
SXS ofaces the incoming toll -selector is the

“intermediate” type and the transmission fea-
tures are incorporated within or associated with
the second switch in the train).

* Progressive Build-Up of a Dial Call

With the above in mind and before going into
exp]anatlon of other type switches, etc. let us
review briefly the subJect ‘Local Selectors” and
visualize the progressive building up of a dial
connection as given in skeleton form in the follow-
ing table for a six-digit number; followed by a
31mple explanatlon of the selector circuit opera-~
tion:

]. Customer takes receiv=-
er off hook.

Primary Line Switch

and Master Switch

and Secondary Line

Switch and Master

Switch or Line Finder

Operate automati-
cally, connecting
calling line to a
1st Selector.
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FIRST SELECTOR SECOND SELECTCR CONNECTOR
S tui TRUNK CHOOSES IDLE TRUMK CHOOSES TERMINAL
LEADING TO PROPER LEADING TO PROPER OF LIKL CALLED
THOUSAND GRGUP HUNDRED GROUP 3700 GROUP
To] 0000 GROUP To] 3000 GROWP soeeeonaes]3700-3709
to | 9000 GROUP e t0] 3900 GROUP e soesnnaeel3700-3799
to | 8000 GROUP — 0] 3300 GROUP ssceescesss 3780-3769
e 10 | 7000 GROUP to] 3700 GROUP cesesosses|3770-3779
— %0} 6000 GROUP 10} 3600 GAOUP sossesess of3760-3769
to | 5000 GROUP e f— 10} 3500 GROLP ses 000000 o] 370-3750
o] 4000 cRowP —1 _ to] 3430 crowe vooae 28, ,]3740-3749
"CALLING coymrrmr 10 | 3000 GROUP to] 3300 GrouP Teeesssees 739
5}"'0" t . to 2000 CrROUP —t e to] 3200 GRCUP eseesseass|3720-3729.
- to] 1000 GROUP et to] 3100 GROUP esessasss o 370-3710
= 4
—_SWitcH
o aaliUabima et
—/E [«
= CALLED
- gTATlon
= 748

Schematic Showing the Routing of a Four-Digit Call in
Step-by-Step Operation.

This schematic illustrates the routing of a call to 3748, showing the first
selector selecting a trunk in the 3000 group, the second selector an idle

trunk in the 700 group and the location of 48 in the connector bank.

Figure 26

2. Customer hears Dial Tone.

3. Customer Dials.
(a) First digit.
Raises 1st Selector shaft, which rotates
automatically to an idle trunk to a 2nd
selector.

(b) Second digit.

Raises 2nd Selector shaft, which rotates
automatically to an idle trunk to a 3rd
selector. .

(c) Third digit.

Raises 3rd Selector shaft, which rotates
automatically to an idle trunk to a 4th
selector.

(d) Fourth digit.

Raises 4th Selector shaft, which rotates
automatically to an idle trunk to a
connector,

(e) Fifth digit.

Raises Connector shaft to a certain
level.

(f) Sixth digit.

Rotates Connector shaft to the called
station’s terminal.

4. Customer hears generator and waits for
called party to answer or Customer hears
busy tone and hangs up.

We will now start with Item 2 of this outline
and examine the means employed to bring about
these successive operations.

Figure 27 indicates the circuit completed between the
calling station and the first selector at the moment that
dial tone is sent out (notifying the calling party that the
equipment is ready to receive the dial pulses).

The sleeve connections are omitted to simplify the
diagram, it being assumed that the student will under-
stand that the calling line is made busy and the line
switches and Ist selector are held in the condition indi-
cated by a ground on the sleeve lead at contacts 4-5 of
relay B (Figure 28) which now takes the place of other
grounds that were put on temporarily as the connection
was built up.

As shown in Figure 28, battery is now sent out on the
ring of the calling line through the P winding of relay A,
subset, tip of line, S winding of relay A, “Overflow” (OF)
contacts of the first selector, and the low resistance
winding of the dial tone induction coil (not shown) to
ground.

The dial tone remains on during the dialing of the
first digit or until relay D operates and extends the con-
nection to the second selector, at which time the tone is
removed from the circuit as it is not required on any
other than Ist selectors.

Figure 28 indicates the relays and magnets on a
selector switch, with some of their wiring, which enable
the dial pulses to control this switch.

We have marked this “Impulse Circuit” to make a
(possibly too fine) distinction between the circuit in
which the dial is directly included (usually referred to as
the ‘‘Pulse Circuit”’) and the circuit in which are included
the relays, etc., controlled more or less directly by relay
A in the Pulse Circuit.
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The principle of this circuit is the use of a quick acting
and quick releasing relay (A) (which releases every time
that the dial Opens the circuit and operates every time
that the dial closes the circuit) to control other slow
release relays (B) and (C) that do not release during
these short time intervals.

This provides for a certain sequence of actions while
the dial pulses for any one digit are being sent, and differ-
ent actions during the time that the dial is being wound
up for the next digit.

The principle of this circuit is of very general applica-
tion throughout the step-by-step system, hence the
student should thoroughly understand it,

At the same time that the student is studying the
Pulse Circuit he should remember (as much as possible)
the operation of the First Selector; because, all the
selector switches in this system operate almost exactly
the same. The connector also operates similarly, there-
fore when one knows the selector it is relatively easy to
follow the complete operation through any train for any
telephone number used.

The following narrative of the operation of the First
Selector with emphasis on the Pulse Circuit is offered
for such use as it may be to those interested in these
circuits. ’

Referring to Figure 28, each selector has five relays

designated A, B, C, D and E.

A, naturally suggest “first’” and B, “second’’ and that
is the order in which these relays—the vital part of the
Pulse Circuit—operate.

As the customer gets ready to dial, his receiver is off
the hook and relay A is held operated; which, in turn,
holds relay B operated.

The latter puts a ground on the S lead from the
secondary line switch to hold the primary and secondary
line switches operated and to prevent any other second-
ary line switch from taking up the trunk to this selector.

Relay B also closes one opening in the circuit of the
Vertical Magnet, but this circuit is now open at the
back contact of relay A.

As the dial runs back on the first digit dialed the line
circuit is opened and closed a number of times rapidly
and it is at each opening of the circuit that relay A
falls back, completing the Vertical Magnet circuit (in
series with relay C) thereby stepping up the selector
shaft to the level corresponding to the numerical value

of the digit dialed.

The dial pulses are too rapid—from 8 to 11 per second
—to let the slow release relays B and C fall back, but
the quick acting relay A keeps step with them.

Get this firmly in mind:

Just before dialing begins, relays A and B are
operated.

The dial pulses release and re-operate relay A
rapidly, and for each time that relay A releases,
the shaft moves up one step.

Step-by-Step Dial System
Traffic Training Course and Reference Manual

When the last dial pulse for the first digit has been
received it is necessary to stop the vertical motion of the
shaft and rotate it to an idle trunk to a second selector.
This must be done quickly within the time taken by the
customer to wind up the dial for the second digit—
otherwise connection would not be made to the second
selector in time for it to receive the dial pulses for the

"second digit. Refer to Figure 29.

Relay C operates in series with the Vertical Magnet,
and, being slow release, remains operated while the dial
pulses are being received. The “Off Normal” (ON)
contacts close as soon as the shaft starts upward,
closing a circuit for the operation of relay E by way of the
ON contacts and contacts on operated relays B and C.

When the last dial pulse has been received, relay C
releases, closing a circuit through the Rotary Magnet
which automatically rotates the shaft until the wipers
reach the terminals of an idle trunk to a second selector.

Refer to Figure 30.

A busy trunk to a second selector has ground on the
S lead, while an idle trunk has neither ground nor
battery on this lead.

As the Rotary Cut In Circuit operates the shaft to
the first set of terminals on this level, relay E releases
(because its circuit is opened at the 1-2 contacts of the
rotary magnet) thereby releasing the rotary magnet.

This in turn again closes the circuit through relay E
to the S lead on this trunk which, if busy, is grounded
and relay E would again operate and energize the rotary
magnet moving the wipers to the next set of terminals.

If the second trunk were busy, the above action
would be repeated until an idle trunk is reached when
current through relay E would not find a ground on the
S lead but would find a path through the winding of
relay D, the overflow springs (OF) and the 4-5 contacts
on relay B to ground.

Refer to Figure 31.

This would operate relay D but not relay E; hence the
wipers would remain on this trunk and the T and R
leads would be disconnected from relay A and connected
through to a second selector, thus preparing for the re-
ceipt of the dial pulses for the second digit.

Until relay D operated, the T and R wipers were
“dead”’; therefore, as they moved across busy trunks,
they caused no interference with conversations going on
over these trunks.

Had all trunks on this level been busy, the shaft
would have continued to rotate one step beyond the

10th set of terminals (to the |1th rotary step) thereby-

operating the OF springs which send the customer a
busy tone. .

At present, in our territory, a busy trunk and a busy
subscriber’s line are indicated by the same tone.

The calling party should understand that the busy
tone coming on before he has completed dialing means
“paths busy’ instead of “‘called line busy’ and that he
should hang up at once, as further dialing will be useless.
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As he hangs up, relays A and B release, thereby com-
pleting the circuit through the release magnet which
operates and restores the selector to normal.

The T and R wipers are ‘“‘dead” (because relay D is
not operated) hence there is no interference with busy
trunks during this backward rotation, but the circuit

from the winding of relay E to the S wiper is closed,’

hence relay E may operate as it passes across grounded
S terminals; but that does no harm, because at this time
relay B has been released, taking the ground off the
the operating path of the rotary magnet and the S lead
from the line switches.

Therefore the rotary magnet cannot now operate even
though relay E should operate.

Taking the ground off the S lead from the line switches
also releases them.

If the paths are not all busy and the customer contin-
ues dialing, the second selector, and such other selectors
as may be in this train, will operate substantially the
same as described for the first selector.

Figure 32 is the schematic circuit of a regular selector
which is included for reference purpose.

5.0805 BY-PASS SELECTOR

In large multi-office areas, a small branch
office is sometimes provided which is in effect a
part of one of the units of the main exchange.

Ordinarily a local call originated in this small
office would need to be trunked into the distant
equipment and then routed back over another
path, thus making two trunks busy for only
one call.

To avoid this uneconomical use of apparatus
the BY-Pass REPEATER (Selector) is used in
the Sub-Office which eliminates the need for an
incoming trunk from the distant office. In the
case of a main office call this switch acts simi-
larly to the regular 2-Wire repeater (to be
covered in paragraph 5.19) by repeating the
impulses and building up the switch train in the
usual manner.

For a local call the outgoing trunk and its
associated selector is ‘‘by-passed’ in favor of a
trunk to the local switch train, thus making the
former available for the next outgoing call.

This switch also performs the regular functions
of a selector or repeater, that is, it provides a
ground for holding the line switch or line finder,
supplies battery to the calling station on main
office calls, reverses battery when a main office
call is answered, selects idle trunks to both
switch trains, etc.

A customer in the sub-office upon lifting his
receiver seizes a by-pass selector (repeater) in
much the same way as a customer in the Main
offices seizes a first selector. The by-pass switch

5.0807
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will find a trunk to the main office and im-
mediately seize the incoming selector in that
office, thereby giving dial tone to the calling
customer in the by-pass office. When this tone
is heard, the customer may start dialing. At
the end of the pulses the first selector (main
office) will cut in at a certain level determined by
the digit dialed. All local numbers will have a
first digit which when dialed will cause the
selector to cut in on a level which has ground
on all its ring terminals and battery on its tip
terminals. This condition causes the incoming
selector and trunk to release thereby making
them available for other calls and the by-pass
repeater (selector) is now ready to choose an
idle trunk to a local selector.

On a call to a Main office number, the incom-
ing selector will automatically cut-in on the level
dialed and find an idle trunk to the next switch
of this train. The remaining digits of the desired
number are then dialed and repeated through
the by-pass selector-repeater.

If a subscriber line becomes permanently
grounded or short circuited a main office trunk
is selected in the same manner as covered above
for an originating call. This will bring in a
permanent signal on the (incoming) first selector
at the Main office. The attendant there can
release the trunk by short circuiting the T and
R of the trunk at the Test Jack of this selector.

Figure 33 shows the schematic circuit of a
“Repeater with By-Pass Selector”’.

DIGIT ABSORBING SELECTORS

In any exchange area the number of stations
expected at the end of the ultimate period is apt
to be considerably greater than at the beginning
of that period; therefore, when making plans for
step-by-step systems in such areas, it is essential
to choose a numbering system for the initial
installation with due consideration to the ulti-
mate requirements.

In any such case it may be found that a 5-digit
system would be adequate for several years but
thereafter a 6-digit system would be necessary.

It would not be desirable to start out with the
5-digit system and change later to the 6-digit
system as that might involve a wholesale change
in telephone numbers which would be objection-
able to our customers; and should the 6-digit
system be adopted initially there is some dis-
advantage in having to dial the (present) super-
fluous digit but a more serious objection is a
superfluous selector in the switch train.

If the conditions are such as to make it advisable
to adopt the 6-digit system initially the latter
objection may be overcome by using Digit
Absorbing Selectors which are so arranged that
the shaft is not effectively moved by the first
digit dialed into it but is moved by the second
digit in the regular manner.
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They are generally put in the place of the regu-
lar 3rd selectors. The location for the regular
2nd selectors is left vacant until some future
time when these will be required; then dialing
the Ist digit operates the Ist selector in the usual
way; the 2nd digit is absorbed by this digit ab-
sorbing selector which is located on the 3rd
selector shelves and which will some time be
used as regular 3rd selectors; the 3rd digit
operates it and causes it to select a trunk to a
4th selector after which the rest of the operations
are regular.

For example if MAin 7689 were dialed, M
would operate the Ist selector; A would be ab-
sorbed; 7 would operate the Digit Absorbing
3rd Selector; 6 would operate the 4th selector
and 8 and 9 would operate the connector.

See Figure 34 for circuit schematic of this type
selector.

Later on, the Digit Absorbing Selector may be
converted into a regular 3rd selector by minor
changes, and another selector added to the
switch train, thereby meeting the larger require-
ments without change of telephone numbers.

A more recent development is the Double
Digit Absorbing (DDA) Selector. This switch
will be used extensively in connection with the
establishment of 2-5 numbering plans. The
features of the DDA Switch are controlled by the
setting of the normal post spring and cam as-
semblies for particular levels. Any level can be
arranged to respond to a digit as follows.

1. Absorb a digit repeatedly. (A R Levels)

2. Absorb a digit once. (A Levels)

3. Return a paths busy signal if the level
dialed has not been preceded by the dialing
of a level arranged to be absorbed once.(B)

4, Any level not specified AR, A, or B will be
selected when dialed and selector will hunt
for an idle trunk in the usual manner.

These features of the DDA switch enable the
Engineering Group to lay-out a 2-5 plan with the
minimum number of selector trains and with
considerable protection against customer mis-
dialing. We will cover more concerning this

DDA Switch in Section 6.

5.0808 AUXILIARY SELECTORS

Auxiliary selectors might best be called
“Special Selectors”, since the term is used to
denote a special use of selectors rather than
selectors of special design. One of the uses of
auxiliary selectors is to care for calls affected by
preliminary pulses, while other uses are for rout-
ing traffic to auxiliary operators and for reverting
calls. These “special" selectors are seldom, if
ever, provided in any except No. { and 350-A
Type offices, and, occasionally in the larger 355A
Type offices.

A special arrangement of selectors is used to
guard against establishing wrong connections in
those cases where an unintentional movement of
the switch hook, when removing the receiver,
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causes a ‘‘preliminary pulse”’. A preliminary
pulse (p.p.) in its effect upon the first selector is
equivalent to dialing the digit ‘‘1”’, consequently,
coming as it does ahead of the regularly dialed
digit, it has the effect of prefixing *1” to the
number dialed.

In order to nullify the effect of the preliminary
pulse, trunks are extended from the first level of
the first selectors to the “‘special” second selec-
tors, more commonly known as the ‘‘Auxiliary
First Selectors’.

All levels of the auxiliary first selectors are
multipled to the banks of the first selectors, except
the first level. Therefore, if the customer pro-
ceeds to dial the called number, after first creat-
ing a preliminary pulse, the auxiliary first selec-
tor will step to the designated level and an idle
trunk will be selected on that level just as
though the digit had been dialed into the first
selector in the proper manner.

The first level of the auxiliary first selector is
trunked to Service Code Selectors.

In May, 1949, P. E. L. 4525, issued by the
A.T. & T. Co., stated that auxiliary first selectors
(in local trains) and auxiliary service code selec-
tors (covered later) need not be installed in new
offices and that they could be eliminated with
any major equipment changes in existing offices.

The latest procedure routes a p.p. call direct
from level one of the first selector to a digit
absorbing type service code selector, which ab-
sorbs the digit ‘LY repeatedly. This switch will
return a “‘busy’” should any digit other than “1”’
be dialed into it without first having received a
digit “1*.

See Figure 35 for the Auxiliary Train Traffic
Schematic.

5.0809 SERVICE CODE SELECTOR

Service code selectors provide access to In-
formation, Repair Service, Local Test Desk,
Reverting Call Switches, Toll Operator (two
channel offices), etc. See Figure 35.

All levels of the Service Code Selectors are
available to serve service codes, except the first
level.

Mechanically and electrically these selectors
are practically identical to any other local selec-
tor.

In later installations, service code selectors
that have been provided in accordance with the
provisions of P. E. L. 4525, the auxiliary (pre-
ceding) first selector has been eliminated. Levels
2-0 of the Service Code Selector are arranged to

‘refuse access if anyone of them is the first digit

dialed into the switch. In this case, the selector
rises to the pulsed level which is wired to give
the calling subscriber a ‘“‘busy’”’. As an exception,
in certain areas, only the ‘2"’ to “9’* levels are
wired to give busy on the first pull of the dial and
when this is done the ‘0" level is multipled to
“0”" level on the first selectors.
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The number “1” level, of the service code
selector, in earlier installations routes calls to
an auxiliary service code selector to nullify a
preliminary pulse on three digit service code calls.

In later installations, every time a “I” is
received on the service code selector it is ab-
sorbed, i.e., the selector rises to “‘I”" level and
immediately falls to normal. This can be re-
peated any number of times. Offices so arranged
do not, therefore, require auxiliary Service Code
Selectors.

When dialing the Information Service Code
113 in later installations, the first digit “I”’ is
recorded on the first selector the second digit “1”
is absorbed on the Service Code Selector, re-
turning it to normal, and at the same time, the
selector is unlocked for all levels “*2” to *9" or
“2" to “0” and the selector will now make
selection on the third digit ‘‘3”, when it is dialed,
go to the 3rd level, and connect to the required
service code trunk. Obviously, if a subscriber
caused two preliminary pulses and dialed, he
would be connected to the service code trunk
desired regardless.

5.0810 AUXILIARY SERVICE CODE SELECTOR

In the earlier installations, the auxiliary Serv-
ice Code Selectors were provided to nullify the
effect of a preliminary pulse on three-digit code
calls in a manner similar to that of auxiliary
first selectors on subscriber calls.

Where this type of selector is not installed, as
in later installations, the nullification takes place
on the service code selector as previously des-
cribed.

5.09 SELECTORS—TOLL

This paragraph describes the general purpose
of the principal circuits used in Step-by-Step
offices for completing calls from the Toll Switch-
board to stations in the dial system office.

A description of the operation of some of the
miscellaneous switches is also included.

The above circuits include:

I. Toll Transmission Selector (non-coin
Loop Dialing*)

2. Toll Transmission Selector (coin, Loop
Dialing)

3. Coin Control Selector

4. Toll Intermediate Selector

5.

Combination Toll and Local Connector
(to be covered in paragraph 5.10)

*By “Loop Dialing” is meant where the dial-
ing circuit at the toll office forms a continuous
metallic circuit with the trunk and toll trans-
mission selector at the dial office.

An important element in the completion of
toll calls to dial stations is to provide equipment
enabling the toll operator to dial the customer in

Section 5.0
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a.dva.mce of the actual completion but defer
ringing until the other party is on the line.

Furthermore, to economize on circuit time, it
is essential to provide every convenience for the
toll operators to spread their time effectively
over several uncompleted calls (over-lap) that
each may have on hand at the same time.

In addition, to ensure satisfaction to our
customers for this service to which, in general,
more importance per call is attached (broadly
spoken) than to local calls, every practical safe-
guard is provided to prevent interruption from
any cause due to the rapid use of this equip-
ment.

To meet these severe requirements this system,
which is of considerable complexity, has been
built up.

TOLL TRAIN—A separate toll train of switches is

required to enable the toll operator to complete calls to
the local subscribers. It is a four wire system, the fourth
wire (c lead) joins the local equipment at the subscribers’
bank terminal (Connector Board) by means of a toll or
combination toll and local connector.

The regular toll train is available to Inward operators

for completing toll calls to a step-by-step subscriber.
This train is also available to the outward toll operator
for completing calls on which the calling customer had
been dismissed to be recalled (delayed call).

Before getting into the detailed description of the

purpose and functions of each of the various type
selectors utilized in the toll train, it might be of interest
to briefly review the general outline of the progress of a
call from say a No. 1 Toll Board over a loop dialing toll
train:

(Called Number UN 4-7582)

1. TOLL OPERATOR SELECTS AN 0.G. TRUNK
OF GROUP UN-4 WHICH TESTS IDLE.

2. TOLL OPERATOR OPERATES KEY ‘“MONI-
TOR AND DIAL” FOR A MOMENT.

2.1 Completes Dialing Circuit from pulse contacts
of dial through T and R leads of O. G. Trunk,
T and R leads to Transmission Selector and

. battery and ground.

3. TOLL OPERATOR DIALS SECOND DIGIT OF
NUMBER -7.

3.1 Sends 7 pulses from dial circuit through cord
circuit over T and R leads through O.G.
Trunk Circuit to Transmission Selector Cir-
cuit.

3.2 Transmission Selector Shaft and wipers are
stepped up to the 7th level and there select an
idle trunk to an Intermediate Selector. (No
ground on lead S of Intermediate Selector and

lead C looped through to lead S.)

3.3 A pulse circuit is now complete from the
Transmission Selector over T and R leads to
Intermediate Selector Circuit (Battery and
ground in Intermediate Selector Circuit).

3.4 The same pulse circuit is still complete from -
the dial through to the Transmission Selector,
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3.5

3.6

3.4

3.8
3.9

but any pulses which are now sent will have
no effect on the stepping circuit of the Trans-
mission Selector.

If all trunks are busy the S wiper of Trans-
mission Selector will be open for a moment
but there will be no loop from the C wiper to
the S wiper of Transmission Selector.

This will cause Transmission Selector to re-
verse the direction of battery back over the
pulse circuit to the dial and also interrupt it

at the rate of 120 I.P.M.

Operates Polarized relay in dial circuit which
releases this circuit and connects Supervisory
lamp circuit of cord instead.

Supervisory lamp flashes (120 I.P.M.)

If a trunk is busy, there is a ground on S
terminal and the Transmission Selector will
pass by it to the next.

4. TOLL OPERATOR DIALS THIRD DIGIT—5.

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

Sends 5 pulses from dial circuit through cord
circuit over T and R leads, through O.G.
Trunk Circuit, to Transmission Selector Cir-
cuit.

Transmission Selector repeats the pulses to
the Intermediate Selector.

The Intermediate Selector Shaft and wiper
are stepped to the 5th level and select an idle
trunk to a Connector. (No ground on S
terminal and terminal C looped through Con-
nector to terminal S.)

The Intermediate Selector locks operated on
ground over S lead at Transmission Selector
and connects C, S, T and R leads from
Transmission Selector directly to Connector.

A pulse circuit is now complete from Trans-
mission Selector through Intermediate Selec-
tar to Connector (Battery and ground in Con-
nector Circuit) over T and R leads.

If the Intermediate Selector wipers step on a
busy trunk, the ground on S terminal causes
it to pass by this trunk to the next.

If all trunks are busy the S wiper of Inter-
mediate Selector will be open for a moment
but there will be no loop from C wiper to the

. S wiper of Intermediate Selector.

This will cause Transmission Selector to re-
verse the direction of battery back over the
pulse circuit to the dial and also interrupt it
at the rate of 120 1.P.M. due to interrupted
battery on R lead from Intermediate Selector.

Operates polarized relay in dial circuit which
releases this circuit and connects supervisory
lamp circuit of cord instead.

4,10 Supervisory lamp flashes (120 I.P.M.)
5. TOLL OPERATOR DIALS FOURTH DIGIT -8.

5.1

Sends 8 pulses from dial circuit through cord
circuit over T and R leads, through O. G.
Trunk Circuit to Transmission Selector Cir-

cuit.

5.2

3,3
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Transmission Selector repeats the pulses over
T and R leads through Intermediate Selector,
to Connector Circuit.

The Connector Shaft is stepped to the 8th
level and the rotary circuit is prepared.

6. TOLL OPERATOR DIALS FIFTH DIGIT -2.

6.1

62

6.3

6.4

6.5

6.6

6.7

6.8

6.9

Sends 2 pulses from dial circuit through cord
circuit over T and R leads, through O. G.
Trunk Circuit, to Transmission Selector Cir-
cuit.

Transmission Selector repeats the pulses over
T and R leads through Intermediate Selector
to Connector Circuit.

The Connector wipers are rotated to the
second terminal at this level (terminals of the
desired line).

If the line is busy, ground onthe S terminal
causes ground to be removed from lead C
back through Intermediate Selector to Trans-
mission Selector and places interrupted bat-
tery on lead R to Transmission Selector.

This causes Transmission Selector to reverse
the direction of battery back over pulse circuit
to the dial and also interrupts it at the rate
of 60 I.P.M., due to the interrupted battery
on R lead (60 I.P.M.) from Connector and
through Intermediate Selector to Transmis-
sion Selector.

Operates Polarized relay in dial circuit which
releases this circuit and connects supervisory
lamp circuit of cord instead.

Supervisory lamp flashes (60 I.P.M.) and

operator hears busy tone.

If the line is idle, battery on S terminal
causes ground to be removed from lead C
back to Transmission Selector for a moment
only when the loop between C and S leads is
opened.

This causes the transmission Selector to re-
verse the direction of battery back to dial
circuit but it is not interrupted. The Trans-
mission Selector restores ground on lead C
before ringing has time to be started in the
connector circuit.

6.10 Releases Dial Circuit and connects super-

visory lamp circuit and supervisory lamp
burns steadily.

7. TOLL OPERATOR OPERATES RINGING KEY.

7.1

7.2

73

Ringing current sent out over T and R of
plug from cord circuit, through O. G. Trunk,
to Transmission Selector.

Transmission Selector removes ground from
lead C to connector until a slow acting relay
releases when it is replaced.

Starts ringing circuit of connector and the
proper ringing is impressed on the line to the
called station.
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8. CALLED STATION ANSWERS BY REMOVING

Ik

13.

RECEIVER.

8.1 The ringing current is tripped at the con-
nector and T and R leads from the called
station are extended through the Connector,
Intermediate Selector, to the repeating coil of
the Transmission Selector to battery and
ground, completing this portion of the talking
circuit.

8.2 Transmission Selector operates and removes
battery and ground from T and R leads back
through O. G. Trunk Circuit, to Cord Circuit.

8.3 Supervisory lamp goes out.

8.4 The talking path is now also complete from
Cord Circuit over T and R leads through
O. G. Trunk, to repeating coil of Trans-
mission Selector Circuit.

. TOLL OPERATOR REMOVES PLUG TEMPOR-

ARILY.

9.1 This trunk will test busy but will not be
released until the called station hangs up.

. TOLL OPERATOR REINSERTS PLUG BE-

FORE CALLED STATION HANG UP.

10.1 The circuits return to the same condition as
before the plug was removed.

CALLED STATION HANGS UP.

11.1  Transmission Selector replaces battery and
ground on T and R leads back through Trunk
Circuit to Cord Circuit.

11.2  Lights supervisory lamp of cord as a discon-
nect signal.

11.3 The circuits are now in the same condition as
: before ringing was started and if the toll
operator finds it necessary, she may again

operate the ringing key and recall the station
to the line.

. TOLL OPERATOR REMOVES PLUG.

12.1  Cord and Trunk circuits release and open loop
across T and R leads to Transmission Selector.

12.2 Transmission Selector releases and removes
ground from C and S leads to Intermediate
Selector and Connector.

12.3 Grot:md being removed from lead S, the Inter-
mediate Selector releases and returns to
normal.

12.4 T and R leads to connector are now open and
it releases, returning to normal.

ALL CIRCUITS ARE NOW BACK TO NORMAL
AGAIN.

5.091 TOLL TRANSMISSION SELECTOR—NON-

COIN (See Fig. 36)

Purpose—This circuit is used for extending calls
from the toll board to a toll selector or
connector.

Functions—While there are many more different
circuit operations performed by the

L

5.092
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toll (Incoming) Transmission Selec-
tor than are performed by local
selectors, the main functions of this
switch are:

—

. Selects a group of trunks.
2. Selects an idle trunk in the group.

3. Closes a circuit for operating the permanent
signal until a trunk has been selected.

4, Extends the trunk to the trunk selected when
an idle one is found.

5. Provides a pulsing loop for the trunk selected.

6. Repeat dial pulses from the toll operator to
the trunk selected.

7. Causes the operator to receive line flashes
when a busy line is selected or dialed.

8. Causes the toll operator to be signaled when
the called line is seized.

9. Enables the toll operator to start machine
ringing.

10. Enables the toll operator to have switch-
hook supervision.

11. Arranged to enable the operator to apply
uninterrupted generator to the line on P.B.X.
re-ring.

12. Supplies the called party with transmitter
battery.

13. Hold the connection under joint control of the
operator and the called party.

14. Restores to normal when the trunk is aband-
oned by both the operator and the called
party.

For circuit schematic of the non-coin type Toll

Transmission Selector see Figure 37.

TOLL TRANSMISSION SELECTOR—COIN

In areas where coin service is provided, certain
Transmission Selectors are equipped with an
extra relay (relay L) which allows coin collect and
coin return current to be placed on the station
line at the proper time.

If the Dial Office is adjacent to or in the same
building as the Toll Office it is customary to install
at the Toll board an additional jack with two
conductors for each outgoing trunk jack. This
extends the CC and CO leads from the Trans-
mission Selector associated with each O.G. trunk
to the toll operator’s position. Then by means of
a coin cord and its associated keys, she may place
either coin collect or coin refund current on lead
CC and ground on lead CO through the Trans-
mission Switch to the pay station. This is the
only additional function available to the operator

otl_ler than those covered previously for the non-
coin switch.

In multi-office areas having a centralized toll
office another arrangement for collecting or re-
turning coins is by the use of what is known as
the coin control selector. See 5.094.

Figure 38 is a schematic drawing of a typical
coin-type Toll Transmission Switch.
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5.093 A-B TOLL TRANSMISSION SELECTOR

A separate train of switches is available to the
“B" or toll operators who complete A-B toll calls
and is used instead of a local train since it pro-
vides distinctive flashing signals to the operator
on line busy and paths busy conditions and pro-
vides toll grade transmitter battery. The train is
arranged for local or tandem operation. The
switches in the A-B train are similar to those in
the regular toll train. However, in some cases the
A-B toll transmission selector is preceded by one
or two tandem preceding selectors.

The A-B toll transmission selector performs
functions in the A-B toll train which correspond
in some respects to the toll transmission selectors
in the regular toll train, and differ in other respects.

The main points of difference are as follows:

It provides immediate rather than delayed
ringing. Operator has no control over
ringing; it is applied automatically by the
connector.

It provides local rather than toll super-
vision. Operator receives no signal when
the called line is seized.

Connection is held under control of origi-
nating operator and restores when aband-
oned by her.

It is not arranged for coin control since
this train is not used for reaching calling
subscribers in connection with delayed
calls.

It is arranged to absorb digits. With one
arrangement any first digit may be ab-
sorbed; with another arrangement any
specified digit may be absorbed once or
repeatedly.

It provides reverse battery local or tandem
type supervision rather than wet-dry toll
switching type supervision.

5.094 TOLL-COIN CONTROL SELECTOR

If there is some distance between the Toll
Board and the Dial office it is necessary economi-
cally to use special trunks over which the coin is
collected or returned.

Therefore, instead of providing an individual
coin trunk circuit for each O. circuit, a
certain number of these trunks are terminated at
what is known as Coin Control Switches in the
Step-by-Step office which have access to 100 Toll
Transmission Selectors, anyone of which can be
reached by dialing two digits, the coin control
switch being a “"two-digit” switch.

When the time arrives for a coin to be collected
or returned on a certain circuit, the toll operator
by means of a coin contrdl cord and associated
keys, and her position dial, dials the desired
trunk number over a coin trunk circuit to the
distant office causing the coin control switch in
that office to select the proper transmission

5.095

5.096
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selector (i.e., trunk 55 is the 5th terminal in on -
the 5th level of the C.C. Switch). This connects
the proper CC, CO and CT leads from the trans-

mission selector to the operator.

At the proper time the Operator can then
operate either the Coin Collect (CC) or the Coin
Return (CR) key at her position. She will receive
a distinguishing tone over the CT lead from the
O.G. trunk circuit to indicate that she has selected
the proper trunk.

After the coin has been disposed of, the operator
may disconnect the coin control trunk and use it
for establishing a connection to some other coin
box customer who may be waiting for his coins
to be disposed of.

(The Coin Control Selector may be used simi-
larly in connection with coin CLR trunks, also.)

Figure 39 is a schematic circuit drawing of
a coin control selector.

_Figure 40_shows the coin control cord and the
coin trunk circuits.

TOLL INTERMEDIATE SELECTOR (Loop
Dialing)

The toll intermediate selector is used between
the Transmission Selector and the Connector.
The dial pulses—which are repeated by the trans-
mission selector—cause its shaft to be raised to
the proper level where it automatically cuts in
and selects an idle trunk to a connector.

Its operation is almost identical with that of the
the regular local selectors except for the addition
of lead C which is necessary in order that the toll
operator may control the start of ringing.

When an idle trunk is found by the inter-
mediate selector it is held by a ground on lead S
and the leads T, R, S and C are connected directly
through to a connector.

If all trunks on the level dialed are busy, the
intermediate selector will rotate to the 1lth
rotary position and give the operator Re-Order
(120 1. P. M. Flash) signal on supervisory lamp.

The circuit schematic for a typical toll inter-
mediate selector is shown in Figure 41.

INTERTOLL SELECTORS—REGULAR AND
AUXILIARY

An intertoll first selector is required for each
intertoll trunk used to handle traffic on a dialing
basis with a SXS office. On Levels 2 to 9 of these .
I.T. First selectors, access is had to switching
trunks to local offices in the area. Level | is used
to get access to auxiliary selectors on the banks of
which appear trunks to operators and tributary
offices and level “0” is used to get access to
through selectors on which appear intertoll trunks
to other toll centers used for built-up circuit
traffic. See Paragraph 9.05 for further details
concerning the Intertoll Selector.
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Two types of intertoll first selectors are avail-
able. A combination first and transmission selector
for use in areas where the number of switching
trunks to local offices in the toll building is or will
be greater in the ultimate than the number of
intertoll first selectors. Since the transmission
feature which provides the talking battery and the
ringing control feature are incorporated in this
selector, the trunks leading to the local offices in
the toll building may be terminated on selectors of
the toll intermediate type. This type of intertoll
selector is also arranged to provide access to 2-
wire trunks with relay circuits to local offices
outside of the toll building. However, the trans-
mission feature is canceled on calls to those offices
and, therefore, transmission selectors must be
provided at the incoming end of the trunks in
the local offices. Similarly an optional feature
permits canceling this transmission feature on
calls to levels 1 and 0. Although this selector may
be used to absorb any first digit, absorbing should
not be required on digits | and 0. This selector
does not permit cancellation of the transmission
feature and digit absorbing on the same level;
however, one level may have one feature and
another level, the other feature.

An intertoll first selector without the trans-
mission feature, for use in areas where the number
of switching trunks to local offices in the toll
building is less than the number of intertoll first
selectors. In this case the trunks terminate on
transmission selectors in the local offices. In addi-
tion, this type of selector is used for offices which
have 4-wire toll switching trunks from the switch-
board in the same office. In this case the trans-
mission feature is built into the trunk between the
intertoll first selector and the intermediate type of
selector in the toll train in the local office. Two
types of these selectors are available, the regular
and the auxiliary. The regular selector should be
used where digit absorbing is not required. Only
the auxiliary type is arranged for digit absorbing
as covered above for the combination first and
transmission selector. The type of selector to be
used should be determined in conjunction with the
Equipment Engineer.

In the case of 4-digit offices the location of the
transmission feature in the intertoll selector train
may be controlled by the location of this feature
in the toll switching trunks. If the transmission
feature is in the toll switching trunk or in the
first toll switching trunk selector step in the local
office it is necessary to have this feature in the
intertoll first selector in order to permit common
multiple from the intertoll first and the trans-
mission selectors to the intermediate selector pre-
ceding the connector.

Intertoll Second Selectors

Intertoll second selectors are provided in 6-
digit areas or for the 6-digit offices in combination
5- and 6-digit areas to provide access to the
switching trunks to the local offices. These selec-
tors may have the transmission feature or not as
required by the trunking plan. Their number
should be based on the estimated total switch-
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ing trunk ccs load and the desired Trunk Capac-
ity Table, or Selector Capacity Table for graded
groups. If only 5 digits are effective in a 6-digit
office a specified second digit or any second digit
may be absorbed by this selector which then be-
comes a third selector since it makes selection
after the dialing of the third digit.

Selectors in Toll Train in Local Offices

In general, it is economical to provide separate
groups of trunks from the intertoll first or second
selectors for the intertoll dialed traffic and for the
traffic completed from the toll switchboard. How-
ever, an applique circuit may be provided on the
toll switching trunks to the local offices to permit
the appearances of these trunks both on the banks
of the intertoll first or second selectors, as the
case may be, and at the switchboard in jacks.
This latter arrangement may have a field of appli-
cation on groups to outlying offices where the
conductor saving with a joint group from the
switches and switchboard is a factor. With this
arrangement the number of digits dialed over the
intertoll trunk beyond the intertoll first or second
selector step, as the case may be, must be the same
as the number of digits dialed over these trunks
from the switchboard.

Similarly an existing A-B toll train may be used
jointly for A-B toll and intertoll dialing.

If the transmission and ringing control feature
is included in the intertoll first or second selector,
or in the 4-wire trunk circuits between the inter-
toll first selector and the selector in the local office,
a toll intermediate type of selector is used at the
incoming end of the trunks provided from the
intertoll selectors.

If the transmission and ringing control feature
is provided in the local office, a toll transmission
type of selector arranged for delayed start of
machine ringing may be used, if existing selectors
are available for this purpose. It is, however,
necessary to provide an automatic start of ringing
on this type of selector. Therefore, it is usually
more economical to use the A-B type or the inter-
toll type of selector, which are arranged for im-
mediate start of ringing, when it is necessary to
add transmission selectors. The intertoll type
which is more economical than the A-B type be-
cause it does not require an out trunk circuit, can
however, be used only in local offices located in
the toll building.

In the case of 6-digit offices with 5 effective
digits or 5-digit offices with 4 effective digits, an
immediate ringing intertoll type or the A-B type
of transmission selector may be used to absorb
digits. The immediate ringing intertoll type is
especially adapted for use in local offices in the
same building with the intertoll first selectors.

The banks of the intermediate or transmission
types of selectors provided for the intertoll dialing
traffic are multipled to the banks of the selectors
of the corresponding selector stage in the switch-
board toll switching train.
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INTERTOLL AUXILIARY SELECTORS

Intertoll auxiliary first selectors are reached
from the first level of the intertoll first selectors
and provide access to groups of trunks to oper-
ators and to manual and dial tributary offices.
If the 10 levels of the levels of the intertoll auxil-
lary first selectors are not sufficient to accommodate
all of these groups of trunks to operators and
tributary offices, intertoll auxiliary second selec-
tors are provided and reached from one or more
levels of the intertoll auxiliary first selectors.

The number of these auxiliary first and auxili-
ary second selectors should be based on the sum of
the estimated operator trunk and tributary trunk
ccs load involved in each case and the desired
Trunk Capacity Table (Usually 10) for ungraded
groups or the step-by-step Connector Table. Any
subdivision of the total traffic volume between
groups of auxiliary second selectors is generally,
in proportion to the number of each type of trunk
appearing on each subdivision of selectors.

’II‘RSUNKS TO OPERATORS AND TRIBUTAR-
E

The number of trunks to operators which appear
on the banks of the intertoll auxiliary first selec-
tors is based on the estimated ccs load. These
trunks including test trunks are as follows:

Auxiliary First
Code Selector Level Number Destination of Trunk

[1x I X

121 2 Inward Operator

131 3 Information Operator

141 4 Route Operator

151 5 Call Order Operator

181 8 Toll Station Operator

191 9 CLR Operator

101 0 - Test

102 0 Milliwatt Supply
Five Digit Codes:

11501 Universal TX Operator

11541 Toll Terminal Operator

11531 Charge Operator

11521 Mobile Operator

11511 Conference Operator

The third digit, namely *‘1” is ineffective when
an intertoll auxiliary second selector is not used
for reaching operator trunk, unless local trunking
arrangement provides otherwise.

The trunks to TX operators which have the
code 11 plus the TX operator number, such as
114 or 115, appear on the levels of the auxiliary
second selectors corresponding to the last digit of
these codes. If only one TX number is involved
in a particular case where auxiliary second selectors
are not provided, the trunk group may appear on
the first level of the auxiliary first selectors. If
this trunk group is to be arranged for transfer to
an Inward position at night, this would be specified
in the Traffic Order. When a team of TX operators
is reached from the Inward Board in connection

Section 5.0
Page 59

with traffic completed over ringdown intertoll
trunks, and is also reached over dial intertoll
trunks, the total ccs load is prorated between
these two sources and only a sufficient number of
trunks provided in each group to care for this ccs
load. One group of trunks, code 11501, known as
universal TX, may be used for passing WH with-
out TX number and other miscellaneous TX calls.
By assigning 2-digit TX numbers with a common
first digit, in offices otherwise requiring only one,
alternate route trafic over ringdown intertoll
trunks may be routed from the inward board to
the same TX position as first route traffic from
dial intertoll trunks.

.

The code ‘121" trunks may be arranged for pad
control on through calls involving connection to
ringdown and dial intertoll trunks. If this feature
is desired it would be specified in the Traffic Order.

In small offices, if code ‘181" trunks are required
for toll station traffic handling they may be strap-
ped to the 121 code trunks and the traffic com-
bined on these operator trunks. In the larger
offices, segregation of the toll station traffic on a
limited number of positions may be justified and,
in this case, separate trunks should, of course, be
provided for toll station traffic.

Other levels of the auxiliary first and second
selectors may be used for trunks to manual tribu-
tary offices and to community dial offices. The
trunks to manual tributary offices generally appear
on jacks in the switchboard as well as on the banks
of the intertoll auxiliary selectors. If the number
of trunks in a group is ten or less, all of the trunks
probably appear in both places. If the number of
trunks in a group is more than ten, rotary switches
as described in Paragraph 5.20 may be associated
with the levels used for groups in excess of 12 or
13 to permit access to all the trunks in a group,
thus providing for more efficient use of the tri-
butary trunks from the swjtches. Access to the
entire group with the use of rotary switches is
especially advantageous in those cases where the
number of auxiliary second selectors in a group is
small. A graded arrangement of selectors would
require a considerable increase in the number of
selector banks and would be difficult to administer.

All community dial office trunk groups are
placed on the auxiliary selector banks. Commun-
ity dial offices reached generally on an intertoll
dialing basis are provided with a flashing busy
signal with the audible busy signal. In a com-
munity dial office provided with a toll train, the
flashing busy signal with tone is, of course, pro-
vided. (All offices are not, however, arranged to
provide both flash and tone to the O.T.C.)

All of the trunks in community dial office trunk
groups of ten or less appear on the switches and on
the switchboard. Groups of more than ten are
treated as covered above for trunks to manual
tributary offices.

When one-way trunks appear both on the
banks of switches and on jacks in the switchboard
the order of test should be in one direction on the
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switches and in the other direction on the switch-
board. In the case of two-way ungraded trunks
which carry a considerable volume of traffic ori-
ginating at the switchboard appearance of the
trunks, it seems desirable to have the trunks
appear in one order on the jacks at the switch-
board and in the opposite order on the auxiliary
selectors at the toll center and on the the selectors
at the community dial office. If, however, the
volume of traffic originating on the switchboard
is small or will decrease to a small volume in the
near future, it appears desirable to have the
trunks appear in the same order at both the
switchboard and the switches at the toll center
end, and in the other order at the community dial
office.

For two-way groups appearing in a graded ar-
rangement on the selector levels in the community
dial office, the order of test at the two ends of the
group should be in opposite directions. With the
standard central office type of grading, the order
of assignment at the toll center end to secure this
test in the opposite direction should start with the
trunks assigned to the terminals immediately
ahead of the terminals used for the first common
trunk in the community dial office and continue
to the trunks on the No. | terminals. These
should be followed by the common trunks, begin-
ning with those in the middle of the reversal, and
proceeding alternately to the left and to the right
until all of the commons in the reversal have been
assigned and finally by the last common trunk
which is outside of the reversal. (See Fig. 88-A)

If the two-way trunk group appearing in a
graded arrangement at the community dial office
is also graded at the toll office end, the trunks
which are individual at the community dial office
should also be individual at the toll office but their
selection on both intertoll switches and switch-
board should be in the reverse order as compared

~with the community dial office. Similarly the same

£ runks should be common trunks at the two ends.
However, their appearance at the switchboard
should be in the reverse order as compared with
the sgritches at the toll office end. (See Fig. 88-B,
p. 135)

ZERO LEVEL INTERTOLL SECOND SELECTORS

Intertoll second selectors are provided to give access
from the zero level of the intertoll first selectors to
intertoll through selectors in those cases where the
number of intertoll trunk groups to be reached on an
intertoll dialing basis is greater than 10 initially or will
be greater soon thereafter.

5.097 INTERTOLL THROUGH SELECTORS

As many intertoll through selector groups are
provided as are necessary to provide enough levels
to accommodate the intertoll trunk groups to be
reached on a through dialing basis. One level of
a through selector is required for each intertoll
trunk group. The number of selectors in a group
providing access to these trunks is based on the
ccs load indicated by the group-to-group record for

Step-by-Step Dial System
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the circuit groups involved and the Trunk Table.
The through selector groups, wherever possible
are of the same size to facilitate load balance.

In general, all intertoll trunk circuits in a group
of 10 or less appear on the switches and on jacks
in the switchboard. If the number of trunks in a
group is more than 10, rotary extension switches
may be associated with the levels used for groups
in excess of approximately 12 to permit access to
all of the trunks in a group, thus providing for
more efficient use of the intertoll trunks from the
switches. Groups of more than 10 may also be
graded as covered for ring-down trunks to manual
tributary offices if the cost of the rotary switches
cannot be justified. Access is had to each group
of intertoll through selectors from a level of the
intertoll second selectors or if there is only one
group of through selectors, from the “0" level of
the intertoll first selectors.

Intertoll through selectors are normally ar-
ranged to provide over-flow signals to the calling
operator. If these signals are not considered nec-
essary, the intertoll through selectors may be of
the intertoll auxiliary selector type which is not
arranged to provide these signals. The intertoll
through selectors may be arranged to permit from
one to a maximum of four operators to, wait
simultaneously for a circuit in a group. Where
toll circuits appear in the switchboard multiple as
well as on the banks of selectors, the number of
connections that may be held on overflow should
be limited to one for each 10 trunks in the group
with a maximum of 2.

The number of trunks in each group or in sub-
divisions of each group in the case where both
common and via circuits appear in the group,
should be specified in the Traffic Order. If there
are two types of trunks in a group, the via circuits
should be made first choice. Terminal circuits are
not ordinarily provided on the banks of the inter-
toll through selectors unless they are to be used in
giving tributary operators access to direct circuits
from the toll center over dialing trunks with a
satisfactory grade of transmission to permit con-
nections to terminal circuits. In this case it is
necessary to assign one selector level and code for
the terminal circuits and another for the via cir-
cuits to the called point. If there are also common
circuits in the group they appear as last choice in
each of the two (levels) locations on the through
selectors. -

A lamp arrangement to aid in the determination
of the time when a delay should be posted on an
intertoll trunk group is provided for offices han-
dling switched trafhe. This equipment which is

- located in the operating room, consists of a white

lamp which lights when one or more but not all of
the overflow circuits are busy, a red lamp which
lights when all are busy and includes a key which
when operated transfers to master busy all
switches waiting for an idle circuit and also all
new attempts. (System std. for Ohio CER-517)
Recent development, however, permits a switch-
ed I.T. Call to seize a vacant circuit in the group
even though this key might be operated.
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CONTROL CIRCUITS

Trunks appearing on the banks of the intertoll selec-
tors and in jacks on the switchboard require a super-
visory control circuit which is an applique circuit to
interchange busy conditions between the switchboard
appearance of this trunk and the switch appearance of
the trunk. This equipment is specified by the Equip-
ment Engineer and 1s not covered by the traffic order.

The Traffic Engineer must however, specify inter switch
ringing control circuits if access is had to ringdown
trunks on the banks of the auxiliary first or second
selectors. This control feature provides ringing on the
ringdown trunks. One control circuit is required for
each trunk leading to either auxiliary first or second
selectors which provide access to ringdown trunks. If
both first and second selectors are used, it is generally
more economical to provide access to all the ringdown
circuits on the banks of the second selectors and to
provide this interswitch control circuit in the trunks
leading to these selectors only.

Similar interswitch ringing controls are required for
ringdown trunks on the banks of the zero level second or
through selectors and the manner of associating them
with the selector groups should be the same as covered
above for auxiliary selectors.

Figure 42, which follows, shows the equipment ar-
rangement in a typical intertoll dialing installation.

5.098 TOLL TANDEM SELECTORS—REGULAR
AND THROUGH

The Tandem first selector is used to extend a
call from a toll trunk to another toll trunk. Each
syviltch requires a jack in the Toll Tandem Mul-
tiple.

The Tandem Through Selector is identical to
the regular 1. T. Through Selector covered pre-
viously. The purpose of this switch is the same as
the I. T. Switch except that only local toll oper-
ators have access to it. It is used to extend a call
on a thru dialing basis from a tandem dialing
trunk to an intertoll dialing trunk or to a ring-
down intertoll trunk,

The tandem through selector provides the
standard overflow (30 I.P.M.), circuit available
(120 I.P.M.) and Master Busy (Irregular 60
1.P.M.) flashes to the toll operator, same as [.T.
Through Selector (When Group Busy and Over-

flow circuits are provided).

The Toll Tandem train is usually provided in
those cases where there is a shortage of toll line
multiple space in the toll switchboard and/or if by
the addition of toll line multiple the resultant
“reach” to the miscellaneous multiple becomes
prohibitive. The jacks of the Toll Tandem multi-
ple terminate at toll tandem first selectors. Inter-
toll circuit groups are then terminated on the
various levels of this switch and subsequently
removed from the Toll Line Multiple. The toll
operator must, therefore, dial a single digit tandem
code over a tandem trunk to reach a particular
I.T. group, as she is no longer able to “pick-up”
the desired circuit in the multiple.

5.10
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Where the standard intertoll busy and flash
signals, etc. are desired, a Tandem Second Selec-
tor (Through Type) may be associated with one
(more if necessary) level of the tandem first.
Intertoll circuit groups are then assigned to levels
of the Tandem Through Second Selectors. In
these cases, the operator must dial a two-digit
tandem code in order to reach any one of the
various circuit groups so terminated on levels of
the Through second.

The toll tandem multiple is arranged for Idle
Trunk Indication in trunk groups of five. In other
words, in any group of five consecutive tandem
trunks (Jacks 0-4, 5-9, etc.) in the tandem multiple,
the lowest numbered trunk (numbered upward
from left to right) in the group, if idle, will be so
indicated to the operator by a lighted trunk lamp.
When all five trunks in the group are busy, there
will be no associated trunk lamps lighted in the

group.

CONNECTORS

General—The connector switch has little to
distinguish it in appearance from other step-by-
step switches. It has a larger number of relays
associated with it than does the ordinary selector
because it has more duties to perform. Connectors
are the last in a series of switches in a SXS Office
an% respond to the ‘‘tens” and “‘units” digit
dialed by the calling party. It is essentially a
two-digit line hunting switch as differentiated
from a selector which is a one-digit trunk hunting
switch.

A connector serves to select and connect to the
called party’s line, provide the proper ringing
signal, return an audible ringing signal to the
calling party and return the line busy signal if a
busy line is encountered. In addition, it maintains
supervision over the call in order to signal the
other switches in the train when the calling sub-
scriber hangs up and, on a local call, supplies talk-
ing battery to both subscribers.

Each connector group has access to 100 con-
nector terminals. Each terminal is connected to a
subscriber’s line (except test terminal 99) when
working. Unassigned terminals are connected to
intercepting.  Under terminal-per-line (TPL)
operation, only one terminal is connected to a
line, whereas under terminal-per-station (TPS)
operation a terminal is required for each main

station and P. B. X, Trunk.

Each level of the local selectors immediately
preceding t!:e connectors handles the local termi-
nating tr--ac to one connector board (100 con-
nector ce .ninals). Corresponding levels of toll
selectors which immediately precede the con-
nectors handle the incoming toll traffic to the
same 100 terminals. When combination local and
toll connectors are used, separate cabling is pro-
vided from the local and toll selector banks to the
connectors. However, sleeve busy conditions are
interchanged so that a local and its corresponding
toll circuit may be considered as one trunk for
traffic engineering purposes.
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CONNECTOR FRAME
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Connector frames (bays), upon which the con- In early installations, connectors were mounted

nector boards (groups) are mounted, usually have on the 9'-0” double sided frames, five shelves per

a capacity of seven shelves and each shelf has bay. The present frames are usually 11’-6" high,
space for mounting eleven connectors. The first single sided and, as mentioned above, have a ca-
switch space (to the left) on the shelf is wired as a pacity of seven shelves per bay. Further, it was

test connector. The remaining connectors on the not a‘lways_ the custom to cable out the connector

shelf are used for wompleting calls by subscribests terminals in the Farlier c!ial ins?allations. These

or operators. The connectors on one shelf are were TPL ty pe mstalla}tlons: wit h th.e terminals
mililed srl serve n graup of 100 Serminals. 5 permanently wired to line circuits with only the

Tip and Ring leads cabled to the distributing

fully equipped shelf would, therefore, permit (Main) frame. These offices did not always have

completing ten simultaneous calls to that group

. alL.l.D.F.
of 100 terminals. There may be less than 10 con-
nectors provided per group or there may be more. In some offices, the official lines, to which free
Under heavy terminating traffic conditions more service from message rate or coin box lines is to be
connectors would be provided, under light traffic given, are placed in a separate group of con-
conditions fewer connectors. Where more than nectors in order to prevent charglpg the calling
ten are required for subscriber traffic to the party for the. call. In offices requiring only a f.ew
group, two or more shelves may be multipled to- official ftermm?Flls, bcon(ri:ectors (Rotary }‘luntm‘g
gether, thus providing additional connector ca- ,t,};pe) o & Spediic C:Er de;re a;r'r,anged to give this
pacity. The connector terminals are cabled to and FOR GELVISE Bl RpOCIIED Seheie: s
terminated on the horizontal side of the line inter- There are three general catagories of connectors;
mediate distributing frame. From here they are non-hunting, rotary hunting and level hunting.
jumpered to their assigned line circuit, as ex- The various types within these catagories and
plained in Paragraph 5.033. - their normal use are shown below.
Connector Type . Use
Non-Hunting
1-Ring, local, toll or combination Individual Flat Rate, message, coin, 2 Party and 1 ring
4 party.
2-Ring, local, toll or combination 4-Party, 2-ring (also Ind., message, coin and 2-party)
10-Party, T/S, Local, toll or Combination. 10-Party (Rural Service)
10-Party, T/L, Local or Toll 10-Party (Rural Service) .

Rotary Hunting

.'
s

1-Ring, local, toll or combination Smaller PBX groups and consecutive groups of individual
lines arranged for terminal hunting. .

Level Hunting -
1-Ring, local and toll b Larger P.B.X. Groups '
5.1001 LOCAL CONNECTORS—1-Ring and 2-Ring added (J) relay which is operated under control ’

of a “‘pick-up”’ (PU) ground. The PU grd. is so
arranged that it will operate the “J" relay and
place ringing, (2 short rings) on the line only ‘at
the beginning of the first of the two rings and
thus prevent a possible false ring. Like the
[-Ring switch, the ringing cycle is 6 seconds,
with a breakdown as follows:

1” Ring, 1" Silent, 1" Ring and 3” Silent.

This is shown graphically in Figure 46. Also
shown in Figure 46 are the various ringing inter-

Local connectors are used on purely local con-
nections and are not used on toll connections.
The 1-Ring connector is so designated because it
*“puts out” only | ring (I long) on the called line
during each ringing cycle. A ringing cycle is
usually a period lasting 6 seconds, the ring last-
ing for only 2 seconds. In other words there is a
2 second ring and a 4 second silent interval
during each ringing cycle.

There is practically no difference between a vals most commonly used in SXS terminal-per- _h
1-Ring and a 2-Ring connector. The major station code Ring (Rural) connector boards \
differcnce Is Lliai LG Lwusling vwuuscive nase aid which wil e coverad latcn, -

TCI Library: http://www.telephonecollectors.info N {



e B I EEEEEEEEEEEEEEER®RD

Step-by-Step Dial System
Trafhic Training Course and Reference Manual

Section 5.0
Page 65

A RELAY _ i B RFRELAY
> -
C RELAY = D RELAY
> -
E RELAY N i F RELAY
l ji
G IELAY ~ - H .RELAY
1
J RELAY B K FRELAY
~ -
arF . MR L L2 INSULATOR
Lol M. i CUP SPRING

OFF _NORMAL SPRINGS

SWITCH __ SHAFT

OIL WASHER _HOLDER

VERTICAL __HUB

BEARING _PIN

ROTARY ARM ADJ. SCREW

ROTARY _HUB

BANK ROD NUT

BANK ROD |~

OlL WASHER HOLDER /

TEST JACK

WIPER CORP TERMINALS

NO. PLATE HOLDER

-
LINE WIPER

SLEEVE WIPER

Connector Switch, Front View

Figure 43

TCI Library: http://www.telephonecollectors.info



Section 5.0
Page 66

Step-by-Step Dial System
Traffic Training Course and Reference Manual

SWITCH BASE

RELRY HEEL PIECE

ARMATURE LEVER BUSHING

RELEASE _SPRING

VERTICAL MAGNET HEEL PC.

\

N 2 - [ J
iJ :°=: :'424

D (D)
\’o:m"%

S
—

) (D
\__\;.__z___a;

@

1/

!i FRELAY ARMATURE LEVER

OFF NORMAL SPRINGS

=

S5l
RELEASE MAGNET

H
> ]
. P = 3
SWITCH FRAME m
J] = Z ROTARY ARM CLAMP
VERTICAL MAGNET = »
— STATIONARY DOG
CONDENSER o el | o
ROTARY MAGNET - e VERTICAL PAWL
S Tne GUIDE SCREW
ROTARY ARM ASSEMBLY
ADJUSTMENT SCREW
]
B-‘ [z - 1 -
Yz
LOWER COVER PLATE |
BEARING PIN BUSHING

Connector Switch, Left View

Figure 44

TCI Library: http://www.telephonecollectors.info

L

Tay

wu &

N - . & ’ ) ) ' . 4 . l

_-



wi @ 6 @ B0 5 8B 8 8 G R @ 0 B @0 00 =20 D

Step-by-Step Dial System
Traffic Training Course and Reference Manual

Section 5.0
Page 67

SWITCH __ COVER

NORMAL POST

OFF NORMAL
SPRG. ARM.

MAGNET ADJUSTING SCREW

NORMAL STOP PIN

CUP_ SPRING BRACKET -

COVER GUIDE STUD

NP
ﬂ@

DOUBLE DOG_SPRING

lji

VERT. ARM. SPRING
ADJ. SCREW

DOUBLE DOG

RELEASE ARMATURE

VERT. ARM PIVOT PIN

ROTARY ARM. STOP
A

RESISTANCE COIL

VERT. ARM BRACKET
| =

VERTICAL ARMATURE

MAGNET ADJUSTING SCREW

TEST

WIPER

TCI Library: http://www.telephonecollectors.info

Connector Switch, Right View
Figure 45



Section 5.0 Step-by-Step Dial System
Page 68 Traffic Training Course and Reference Manual
Time—Seconds

Cycle 1 Cycle 2 Cycle 3
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Ringing intervals most commonly used
in No. 1 SXS Offices

Figure 46

It is not the intent of this course to go into the detail
circuit operation of the various types of equipment,
however, it is felt that a general description of the opera-
tion of the local one-ring connector, at this time, will be
helpful in that it will provide a more comprehensive
background of the principal functions of a connector
switch, keeping in mind that the principal functions of
this switch prevail in all other types of connectors.

Since the connector is so similar to the selector, no
general description of its mechanical operation is nec-
essary. In the connector we have the familiar A, B and
C relays (See Figure 47) and the vertical magnet, which,
controlled by the dial pulses, elevate the shaft to the
level determined by the numerical value of this digit.

The “‘vertical off normal’’ springs on the connector
are wired slightly different from the VON Springs on the
selectors but act substantially in the same way. The
ROTARY magnet circuit is switched into play during
the pause while the customer winds up the dial for the
last digit.

As the dial pulses for the last digit are received, the
ROTARY magnet is operated once for each momentary
opening of the pulse circuit stepping the wipers around
to the set of terminals on this level determined by the
numerical value of the last digit in almost the same way
that the shaft was elevated.

The current paths are easily followed on Figure 47,
remembering that when the shaft is normal and the first

pulse of the next to the last digit is received, current flows
throngh the VERTICAL magnet and winding of relay C
in series, and then through VON contacts 3-5, contacts
2-3 relay B, and contacts 1-2 relay A to ground.

For each succeeding vertical step current flows through
the VERTICAL magnet and winding relay C, contacts
3-2 relay C, VON contacts 4-5, contacts 3-2 relay B,
and contacts 1-2 relay A to ground.

After relay C releases (just before the last digit is
dialed) current then flows through ROTARY magnet
and winding of relay E in parallel, contacts on non-
operated relays K, G, and C, thence same as before; the
result being that the wipers stop on the terminals of the
called line if it is idle.

If the called line is busy, its S terminal is grounded.

The T & R wipers are dead (because relay D is not
operated) but the S wiper is connected through contacts
of relays E and K to the winding of relay G, therefore
relay G operates; and, when slow release relay E falls
back, relay G locks operated on a path through the
contacts of non-operated relay K and the contacts of
operated relays E, G and B.

Wiper S may have touched other grounded sleeve
terminals as it swept across this level and relay G may
have operated momentarily, but it would not lock
operated until relay E releases.
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This is another good example of using the very e:maﬂ
time element in a ‘‘slow release’’ relay to accomplish a
desired result.

The operation of relay G connects busy tone through
a condenser to the tip of the calling line. The release of
relay E also disconnects the winding of relay G from
the S lead, leaving relay G held operated by a ground
at contacts of relay B; therefore when the calling party
hangs up, releasing relays A and B, all the switches in
this train are restored to normal.

If the called line is idle, its sleeve will be connected to
battery through the 1200-ohm winding of its cut-off

" relay, therefore relay G will not be operated; and, when

relay E releases, connection will be made from the sleeve
of the called line, through contacts 2-1 relay E, 125-ohm
winding relay K, and contacts on relays G and B to
ground, thereby operating the cut-off relay on the called
line and relay K in the connector.

Relay K locks operated through its 1300-ohm winding
to ground on relay B and puts a ground on the S lead
which makes the called line busy to all other connectors
while this connection is up.

Machine ringing is supplied through the ringing relay
F so that as relay K operates, ringing current is sent out
on the ring of the called line and generator ground is
connected to the tip.

Relay K also closes ““the audible ringing’’ connection
through a 0.04 m.f. condenser to the calling party in
the usual way.

Relay F is adjusted so that it will not operate on the -

ringing current required to ring the maximum number of
bells permitted on the shortest line in this office, but
will operate either on ringing current or on the “silent
interval” direct current when the receiver is taken off
the hook at called station.

The ringing current usually used is 20-cycle a.c.
superimposed on approximately 16-19 volts direct cur-
rent and the “‘silent interval’” current is normally 48-
volt d.c.

The shunt of 100-ohm non-inductive resistance in
series with a 0.1 m.f. condenser placed around the
200-ohm winding of relay F is for the purpose of smooth-
ing the flow of ringing current through this winding and
thus preventing the relay from chattering.

Taking the receiver off the hook operates relay F
which locks operated on current through its 1300-ohm
winding and ground at relay B.

The operation of relay F cuts off the ringing current
and closes the talking circuit to the called station;
talking battery for the latter being furnished through
the two 200-ohm windings of relay D.

The operation of relay D reverses the talking battery
furnished to the calling station through the two 200-ohm
windings of relay A, the latter remaining operated to
keep relay B operated which in turn keeps relays K and
F operated.

The reversal of the talking battery to the calling
station operates a relay in the primary line switch or
line finder circuit which operates the message register
once only for this call. This relay locks operated so that
while a brief open in the called station’s circuit might
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let relay D release momentarily and again reverse the
current toward the calling station, it would not cause a
second operation of the message register.

The talking circuit is now established all the way from
the calling station to the called station.

The calling party controls the entire train including
the connector as long as he keeps his receiver off the
hook, even though the called party hangs up. This
provides for the possibility of a brief open circuit con-
dition at the called station due to transferring the in-
coming call to another station on a P.B.X,, plan wiring,
etc., without losing the calling party.

When the calling party hangs up first, at the end of
the conversation, the entire train is released.

5.1002 TOLL CONNECTORS

Toll connectors are used on toll connections
with current supply features suitable for long
distance transmission. Toll connectors do not
have an automatic ringing circuit, the ringing is
controlled by the operator in the case of Toll
Switch calls and by the incoming selector and
associated control relays in the case of intertoll.
This was discussed previously.

5.1003 COMBINATION TOLL AND LOCAL CON-
NECTORS

Combination connectors are used on both
local and toll connections and their use results in
economies by permitting, in many cases, an
efficient group of connectors for both types of
calls instead of inefficient groups, one local and
one toll.

Their operation as local connectors was
covered in Paragraph 5.1001. The following
notes will, therefore, pertain to only the toll
portion.

The next to the last set of dial pulses sent by
the toll operator directs the connector shaft and
wipers to the desired level and the last set of
pulses rotates them to the terminal of the
desired line.

If the line is busy, the connector will place a
60 I.P.M. ground on lead R back to transmission
selector which, as has been explained before,
causes the supervisory lamp at the toll position
to flash at a corresponding rate, and the Toll
Operator will hear the busy tone.

If the line is idle the supervisory lamp will
light steadily.

Ringing will not start until the toll operator
throws her ringing key which causes the release
of a slow operating relay in the connector and
starts the ringing of the called station, except on
intertoll calls the ring starts automatically.

When the called station answers the ringing is
tripped and the T and R leads are connected
directly through from the line to the repeating
coil of the Transmission Selector and to battery

and ground. (Toll Switch Call)
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If the called station hangs up there will be no
change in the connector circuit but relays in the
Transmission circuit will be operated, as ex-
plained before, and cause the supervisory lamp
at the toll position to light.

The toll operator may now ring the line again
or remove the plug, in the latter case the Trans-
mission Selector will remove ground from lead C
and S and the equipment will be released.

The toll operator may also re-ring on a line
having its receiver off the hook or on a P. B. X.
line having a holding bridge across the line for
recalling purposes.

Both 1-Ring and 2-Ring Combination Toll

and Local connectors are used. (See 5.10)

5.1004 CODE RING (RURAL) CONNECTORS

Multi-party connectors are usually referred to
as Code Ring Connectors and are for use in
serving rural lines on a full dial basis. To give
this service we must have separate connector

groups (boards). As outlined in Paragraph 5.10 -

these are available for Terminal-per-Line opera-

" tion or Terminal-per-Station operation. The
‘latter is the most common type used in our

No. | type SXS Offices. Some T/5S rural boards
are equipped with a combination of both local
code ring and toll code ring connectors. Re-
cently a combination toll and local T/S code
ring connector was developed which has the
same advantages as the combination one and
two-ring switches mentioned previously.

Terminal-per-line equipment is considered as
generally unsatisfactory since only partial inter-
cepting service can be provided.

- Ten-Party, Divided Code, Terminal-per-
Station dial facilities provide a 5-code divided
ringing system for use on multi-party lines. With
this arrangement, half the stations will be rung
at one time. Any station can be associated with
any connector terminal (rural board) in the
multi-party line group. Intercepting service can
be given, also.

Reverting call switches are not required with
this type of rural equipment. To make a revert-
ing call, the subscriber dials the listed number,
receives the busy signal and hangs up. The T/S
connector recognizes the fact that both calling
and called stations are on the same line, releases
the line finder (or line switch) and selectors in-
volved in the connection, but remains up itself
and applies ringing current to the line until
either the called or calling party lifts the re-
ceiver to trip the ringing. The answer of the
first station trips the ringing.

Ten-Party; Divided Code, Terminal-per-
Line facilities provide a 5-code divided ringing
system for use on multi-party lines. With this
arrangement, as in the case of the 10-party T/S
equipment, half of the stations will be rung at the
same time and, therefore five ringing codes are

\

5.1005

required. An additional numerical digit is re-
quired for each subscribers’ line number to

.determine the ringing code to be applied. This

!gttc_:r arrangement utilizes what is known as a
Minor switch” which is built into the con-

-nector switch circuit. It has its own rotary and
release magnets and is equipped with a 10-point

bank, to which are terminated the ringing codes.

Intercepting facilities for intercepting parti-
cular party on a line (Selecting Circuits) are
available. These circuits are quite expensive
and as a result they are usually provided only in

Jimited quantities. Number changes and dis-

connects are, therefore, only associated with this
equipment for a short time.

Ringing Code ““A’’ Leads—Sufficient ring-
ing code “A" leads are provided in T/S offices
to serve the type of development to be assigned
in the multi-party groups. These leads are
usually terminated on the L.I.D.F. from which
the assigned code is jumpered to the “A” termi-
nal of the telephone number, the “A” terminal
being the fourth wire off the T/S Rural con-
nector board bank. (400 point). The code ring-
ing supply enters the connector switch via this
“A" lead and thence, back on the ring wiper to
the called line. Later installations place inter-
rupted ground on ‘““A” leads for desired code ring.

Ringing code ‘A’ leads are not required with
T/L code ring connector boards.

The ringing codes generally provided in our
No. | and No. 355-A type offices are:

Party T/S T/L T/L or T/S
on SXS SXS SXS
Line No. 1 No. 1 355-A
1 2-S (R) I-L (R) I-L (R)

2.8 (T) 2.5 (R) I-L (T)
3 3.5 (R) 3.S (R) 2-S (R)
4 3.8 (T) 4.5 (R) 2-S (T)
5 4.S(R) IL, 1S (R) 3.S (R)
6 4-S (T) I-L (T)
7
8
9

3.5 (T)
IL, I-S(R)  28(T) IL, I-S(R)
IL, 1-S (T) 3.8(T) IL, 1-S (T)
IL,2S(R)  4-S(T) 4.5 (R)
10 IL,28(T) IL, 1-S(T) 4-S (T)

L = Long Ring; S = Short Ring;
R = Ring Side of Line; T = Tip Side of Line

The ringing cycle intervals for the No. 1 SXS
T/S ringing codes is shown in Figure 46.

HUNTING CONNECTORS—ROTARY AND
LEVEL HUNTING

Hunting Connectors — Rotary Hunting
Connectors are employed to serve consecutive
groups requiring terminal hunting and P.B.X.
groups which are not large enough to warrant °
level hunting equipment. Other classes of lines
may be assigned in rotary hunting groups as
covered in 5.10 under “Types of Connectors and
Connector classes”.
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The rotary connector is capable of hunting
over a maximum of 10 subscriber lines or trunks.
If P.B.X. systems of more than |0 trunks are to
be served, graded arrangements as covered in
T. C. 279, may be employed or level hunting
connector groups provided. If graded arrange-
ments are used a minimum of one connector shelf
per 10 P. B. X. trunks or fraction thereof (in the
largest group) is necessary. At least two con-
nector shelves are generally provided to serve
groups of 11 to 15 trunks and three shelves to
serve groups of 16 to 20 and, too, an arrangement
so that the traffic per shelf, local and toll will be
approximately equal.

Level Hunting connectors are capable of
hunting over a maximum of 99 (100 less one test
terminal) P.B.X. trunks in complements of 10
and are used to serve groups too large for rotary
hunting groups. Separate subgroups of local and
toll level hunting connectors are provided.

The equipment method of arranging level
hunting connector shelves and levels is dutlined
in P.E.C. 320. (This, however, is more of an
Engineering responsibility). One level is required
for each 10 trunks or fraction thereof in the
P.B.X. trunk group. Not more than one
P.B.X. group may be assigned to any one level.
Terminals in excess of the working terminals
(trunks) in the levels assigned are usually tied
back to working trunks of the P.B.X. assign-
ments, so that each terminal gn the level assigned
is connected to a working trunk.

The local level hunting connector is arranged
to start hunting as soon as the dialing of the
“tens”’ digit has been completed.

Plans are available whereby P.B.X. Groups of
over 99 trunks may be served on level hunting
connector boards, however, since we seldom en-
counter groups of this size, the details will be
omitted.

Small P.B.X. Trunk Groups

If less than 10 trunks are required to a given
P.B.X., several small groups of P.B.X. trunks
may be placed on the same rotary hunting type
connector level. The listed number will be dialed
in each case and the connector will step to the
first trunk of a group under the influence of the
dial and hunt over only those trunks on that
level associated with the particular listed num-
ber. If all trunks are busy, a circuit condition on
the last terminal of the group causes the con-
nector to send back the busy signal in the usual
manner. The only restriction is that the trunks
in a given group must have consecutive telephone
numbers and no listed number can end in zero.

In the event that the number of trunks to a
given P.B.X. exceeds ten, various methods have
been devised to give equal access to all trunks
from connector levels (using rotary hunting type
equipment).

Assuming for purposes of illustration that the
P.B.X. “100” group is the forty-first hundred,
the bottom row of terminals on the connector
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bank would normally be lines 4111 to 4110, the
lines on the second level 4121 to 4120 and on the
third level 4131 to 4130. Assume, also, that all
30 of these connector terminals are required to
serve a group of trunks to a P.B.X. The first
group of connectors will have the first three
levels arranged as has just been stated. The
second group of connectors will have lines 4121
to 4120 on both the first and the second levels
with lines 4131 and 4130 on the third level. The
third group of connectors will have lines 4131 to
4130 on the first and third levels with lines 4121
to 4120 on the second level.

The number that will be dialed to obtain any
one of these trunks will be 4111. If this call is to
be completed through the first group of con-
nectors, that particular connector will step up to
the first level and will thereupon hunt over lines
4111 to 4110 for an idle trunk to the P.B.X. If
a connector in the second group is used for the
call, it will step up to the first level and hunt
over lines 4121 to 4120 and if a connector in the
third group is used, it will hunt over the lines
4131 to 4130. In this manner access is provided
to each of the trunks in the P.B.X. group.

Another method would be to subgroup the toll
and local connectors (where combination con-
nectors are not used), and divide a 20-line P.B.X.
into two groups of 10—placing 10 trunks on the
local.:connectors and the other 10 trunks on the
toll connectors. Obviously, this method tends to
give the subscriber inefficient incoming service
and such an arrangement is not recommended.

A connector equipped to serve a larger group
of P.B.X. trunks is known as a level hunting con-
nector, as previously mentioned. In this case,
the trunks are connected to the various levels
consecutively. The listed number is the first
terminal on the first level. This type of connector
will hunt completely over the first level, restore

to normal if there is no idle trunk on that level -

and then by means of a commutator and a
“recording switch’’, which is mounted on the
connector, will step to the second level and hunt
over that. This is continued over the various
levels until an idle terminal is reached or until
all trunks in the group have been tested.

TEST CONNECTOR

Test connectors provide a means for routine
testing of subscriber’s lines by the Plant Mainten-
ance forces and, too, they enable operators to
verify busy reports. The test connector is so
arranged that it will establish a connection to a
set of terminals, on the test connector bank,
even though they test busy. The test connectors
are reached from the Wire Chief’s Desk (or Local
Test Desk) through a “Plant™ Test Distributor
(See Paragraph 5.17), or from the operator’s
switchboard position through a Verification test
(No Test) trunk to a “Trafhc’” Test Distributor.

The Test Connector circuit is quite simple
compared to other connector circuits as you can
see from Figure 50.
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5.11 TRUNKS PRECEDING FIRST SELECTORS

General

Dial coin service may be given on individual
lines with either single-slot or multi-slot coin
boxes on a prepayment basis. Where conditions
require, it is also possible to give single-slot pre-
payment coin service on two or four-party lines.
All classes of calls which can be made from flat
rate lines may be made from coin lines.

Coin Lines Handled on a Dial Basis

The present prepayment coin circuits used are,
in most cases, arranged on a ‘‘coin first” basis,
that is, dial tone will not be heard until a coin has
been deposited by the customer. The older pre-
payment coin circuit was arranged so that the dial
tone was heard when the receiver was removed
from the switchhook.

The methods of operation for the “coin first”
type of prepayment coin service is outlined briefly,
as follows.

The calling party will be instructed to deposit a
coin, remove the receiver from the switchhook
and, when the dial tone is heard, dial the desired
number. The equipment is so arranged, however,
that the coin may be deposited either before or
after the receiver is removed. If the calling party
dials without depositing a coin, dialing will be
ineffective and it will be necessary for the calling
party to deposit a coin and then, when the dial
tone is heard, re-dial the desired number or
service code.

On a local call, the coin will be automatically
collected after the calling party hangs up, unless
the call is to a line arranged for free incoming
service in which case the coin will be automatically
returned after the calling party hangs up. If the
calling party hangs up before the called party
answers or on receiving the busy signal, the coin
will be automatically returned when the switch-
hook is depressed.

If a call results in connection being made to an
intercepting position, the coin will be automati-
cally returned after the calling party hangs up. As
an exception, if an intercepted call is completed
through the intercepting position, the coin will be
automatically collected after the calling party
hangs up, as on any other completed call.

On a call to Information or Repair Service the
coin will be automatically returned after the call-
ing party hangs up.

On a call to Long Distance, the coin will be
automatically returned when the Long Distance
operator answers on the subscriber recording—
completing trunk.

In any of the above cases, if the calling party
hangs up before the desired operator answers, the
coin will be automatically returned when the
switchhook is depressed.

In case a wrong number, double connection or
cutoff is received on a local call dialed from a coin
station, the coin deposited may be collected.

Step-by-Step Dial System
Traffic Training Course and Reference Manual

5.1101 COIN BOX TRUNK CIRCUIT—PRE-PAY

The purpose of this circuit is to provide means
by which calls can be made from pre-payment
pay stations in a Step-by-Step office area.

Its principal functions are:

1. To connect the pay station—through its
line switch (or line finder)—to a first
selector, thus providing the customer
with dial tone.

2. To prevent the transmission of dial pulses
until after the coin has been deposited.

3. To automatically collect the coin on
completed calls to stations on which a
charge is to be made.

4. To automatically refund the coin on calls
to free stations and on calls which are not
completed.

When a call is made from a pay station the
removal of the receiver from the switchhook
completes a path through the line switch, or line
finder, to this trunk circuit.

5.1102 MESSAGE RATE SERVICE

General

Message rate service may be given on a dial
basis on individual or tworparty lines, one or
two message registers being associated with each
line. In the case of two party service, one
register is assigned to each station on the line
and the equipment is so arranged that the proper
register is operated when a station on that line
originates a call that is completed and if it is one
for which a charge should be made.

All types of calls which can be made from flat
rate lines can be made from message rate lines,
and, with the exceptions noted herein, the operat-
ing features will be the same. If a local call is
dialed from a message rate station to another
dial station, and the called party answers, a
register associated with the calling station will
be operated when the called party answers. A
call will not be registered when the called station
is busy, if the calling party disconnects before
the called party answers, or if the call is routed
to an intercepting position or to a line arranged
for free incoming service. As an exception, if an
intercepted call is completed through the inter-
cepting position, registration will be effected as
on any other completed call.

The trunks to all central office desks and
operators’ positions, such as Special Service,
Long Distance, Information, Repair, etc., will
be arranged so that on calls completed to them
registration will not take place. If a special
service operator completes a call through her
position for which a charge should be made, it
will be cared for in accordance with the methods
outlined in the respective sections of the T. O. P.
covering the operation of these positions.
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When, on a local call dialed by the calling
party, a wrong number, double connection or
cut-off is received, a call may be registered in
error. The subscriber can have the charge can-
celled by dialing the special service operator
and explaining the case to her. The special
service operator will then arrange for the nec-
essary credit in accordance with standard oper-
ating practice.

register wired to the sleeve of the connector terminal
(See Figure 18) in parallel with the cut-off relay of the
line circuit, and a Message Register Trunk per Figure 51
is wired between each line finder and its first selector
serving message rate lines.

Line message registers operate on about 112 volts
(64-volt battery and 48 volt battery).

When the called party answers, a reversal of battery
from the connector toward the calling station operates
the polarized relay S impressing, momentarily, the
higher voltages on the message register. It operates and
then locks on 48 volts, preventing any further registra-
tion on the call.

MESSAGE RATE TRUNK CIRCUIT

Where message rate service on direct lines is given,
each message rate line is equipped with a message

ﬂ--‘-p---'-----l

MESSAGE REGISTER TRUNK CIRCUIT
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5.12 COIN BOX TRUNK—POST-PAY !

Post-pay type coin lines are usually provided
for the smaller community dial areas, since the
cost of pre-pay coin facilities, and associated
central office equipment, is prohibitive for only a
few coin stations.

Post-pay coin lines are usually assigned in the

same line finder group as are flat rate lines, the,

former, however, being segregated on a specific
level, or levels, in the group. The post-pay trunk
is not, in these offices, located between the line

finder and the first selector. Instead, the necessary.

trunk relay circuits are provided and associated
with each working coin box line circuit (common-
ly referred to Auxiliary coin box line equipments):
These lines are segregated by levels in the line
group due to the fact that certain operating fea-
tures of the circuit require the use of the normal
post spring assembly on the line finders.

To call a station served from the community
dial office, the customer will be instructed to dial
the listed number. The same audible signals will
be received as on a call from a flat rate line. When
the ringing signal stops, the dial tone will return
to the circuit, indicating that the called party has
answered and that the coin should be deposited.
The talking circuit will remain open until the coin
has been deposited so that conversation cannot
take place. Meanwhile the called party will
recognize from the absence of dial tone that he
should wait on the line. When a deposit is made
the tone will be removed and the connection will
be cut through.

On assistance calls, calls for information, Repair
Service, or the Business Office, and on long dis-
tance calls, coin customers will proceed the same
as flat rate subscribers.

5.1201 MANUAL POST-PAY LINES -

5.13

In the 360-A type community dial offices, a
special arrangement known as the ‘“Manual
Post-pay’’ is utilized. In this case the sub-
scriber will remove the receiver from the hook
as on a call from a manual station. A rotary
type selector, associated with each such line,
automatically routes the call over the operator
office (‘0" Code) trunks to an operator at the
Operator Office. This operator, after taking the
calling party’s order, will attempt to establish
the connection. On completed calls, she will
request deposit of coin and subsequently collect
in accordance with the standard operating prac-
tice for the office.

If all operator trunks are busy at the time the
calling party originates a call, the line busy
signal will be heard.

TRAFFIC REGISTERS

General—Traffic registers provide a measure-
ment of traffic in various forms for engineering
and administrative use. The provision of these
varies somewhat, depending on trunking arrange-
ments and local considerations.
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There are three types of registers most com-
monly used in the dial central office, the 5, 12
and 14 types, which are electrically operated and
used for both line (message) and trafhc purposes.
(The No. 10 type which is a manually operated
register, is used extensively in the toll central
offices). A No. 5 type register is shown in Figure
52. This register consists in its essential form of
a geared counting mechanism, operated by an
electromagnet. Each of the four number wheels
of the counting mechanism is figured 0 to 9, thus
permitting a total count of 9999. When the
armature is operated, the operating pawl attached
to it engages the ratchet wheel of the “‘units”
wheel, and moves it clockwise 1/10 of a turn.
A stop pawl and an overthrow stop prevent ex-
cessive backward and forward movement of the
units wheel. As a protection against dust, the
meter end of the register is enclosed in a removable
black finished cover which is provided with a
window.
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No. 5 Type Register
Figure 52

The 12 and 14 type registers are practically of
the same construction as the No. 5 type. From
an external appearance stand point the three
registers are identical. The figures on the number
wheels of the 14 type have a pronounced differ-
ance, however. The 12 and 14 types were designed
for high duty service, such as peg count and
counting registers, where the very large number
of operations make it desirable to employ a
register having an increased life.

In most offices, the traffic registers are cent-
rally located on a Traffic Register Rack located
either in the central office or in the switchroom.
The most recent arrangement for mounting re-
gisters, as covered in P.E.L. 4810, consists of a
floor supported cabinet 6’6’ high, 2’ wide and
734" deep which may be placed against a wall.
The cabinet has a capacity of 300 registers.
Patching jacks are provided for associating the
registers with the register control circuits.

PEG COUNT REGISTERS

Peg Count (P.C.) registers are provided to
measure the volume of calls handled by the
various groups of switches to which it is assigned.

5.132
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They are specified, as follows:

Line Finders. One register for each line finder
group. This register scores each time a line
finder is released. Machine attempts are,

therefore, counted.

Trunk Finders. One register for each trunk
finder group. Operation same as for line finders.

Selectors. One register per 30 selectors where
the group does not exceed 30. One register per
20 selectors or fraction thereof for groups of
over 30. Registers are provided for the follow-
ing selectors:

Incoming local and toll selectors
Operator first selectors

Service code selectors

Reverting call selectors

Toll selectors preceding connectors

Register wiring is arranged by quarter shelves
on high type frames and half shelves on low
type frames. Two or more of these quarter or
half shelves may be combined on one register
as required. The arrangement should be such
that the registrations from one group or class
may be obtained separately, either from the
reading of one register or by adding together
the readings of two or more registers,

Peg count register circuits for digit absorbing
selectors differ from those used with regular
selectors which operate each time a selector is
released. Circuits used with selectors which
absorb any first digit received cause the reg-
ister to operate each second time the selector is
released. For other types of digit absorbing
selectors, the register scores each time the
selector connects to an idle trunk; i.e., registers
on ‘“‘cut-through.”

Registers to be associated with digit absorbing
selectors are, therefore, specified separately by
type.

Connectors. One register per combination or
local group. Where a group is served by both

. local and toll connectors (such as trunk hunting
graqups), one register for each subgroup of
local and toll connectors. These registers
operate upon the release of a connector.

Time Announcement Trunks. One register
for each trunk. Scores each time a time an-
nouncement trunk is used.

LAST TRUNK BUSY REGISTERS (L.T.B.)

Last trunk busy registers score each time the last
choice trunk of a group or sub-group is seized.
One last trunk busy register is provided for each
subgroup or group to the toll operator, special
service operator, information operator, time or
weather announcement trunks; and on interoffice
trunk groups not through Out-Trunk switches.
Subgroups to Out-Trunk switches may be equipped
with last trunk busy registers if desired to indicate
balance between the selector subgroups feeding
the out trunk switches.
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5.133 ALL TRUNKS BUSY REGISTERS (A.T.B.)

All trunks busy registers score each time all trunks
of a group become busy simultaneously. One
register is provided for each line finder group,
each trunk finder group and each subgroup of
either rotary or plunger out trunk switches.

5.134 OVERFLOW REGISTERS (OFL)

When desired, overflow registers may be provided
for the purpose of obtaining data on busy sub-
scriber lines or P. B, X. trunk groups. Two types
of registers are available, one for use with rotary
hunting connector groups in obtaining data on
individual lines or P.B.X. trunk groups of 10 or
less trunks, and the second for use with level
hunting connector groups in obtaining data on
P.B.X. trunk groups of any size. No satisfactory
means is available for obtaining these busy line
or group data on P.B.X. trunk groups of more
than 10 trunks in rotary hunting hundreds or on
lines in regular connector hundreds. Data may
be obtained on only one P. B. X. group at a time.
These registers, however, may be changed from
one P.B.X. group to another, as desired. One
register is usually provided for each trunk hunting

group.

5.135 TIME REGISTERS

A register associated with an electric master clock
may be specified to check the accuracy of the
starting time of the various cycles of register
readings.

5.136 (SUBSCRIBER) LINE MESSAGE REGISTER

The number of subscriber line message registers
required is specified in the traffic orders. One
register is provided for each working individual,
P.B.X., and 2-party message rate terminal, plus
about 2 to 5 per cent spare registers. 1he registers
score the number of calls originated by and com-
pleted by the measured station. For further detail
concerning measured rate service and equipment,

see Section 5.1102.

5.14 PLUNGER OUT TRUNK SWITCHES

Trunks from first selectors may go direct to second
selectors or to connectors in the same office, or
through repeaters and interoffice trunks to selec-
tors or connectors in distant offices.

In the latter case, should the number of trunks to

any one office be ten or less, this arrangement
would be alright; but, in case jof twenty or more
trunks to any distant office, their operation in
small groups of ten each would not be as efficient
as it would be to combine all the trunks to the
distant office into one group.

Figure 53 illustrates an arrangement that is possible,
but very uneconomical, whereby the 80 trunks from 8
groups of first selectors are taken direct to repeaters and
interoffice trunks to one distant office.

Here, even though the busy hour traffic through each
group of first selectors might be enough to give a full
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load to its ten trunks, the combined busy hour traffic
through the 8 groups would not be apt to give a full load
to the 80 inter-office trunks if worked as a single group,
for the same reasons given in the discussion of primary
and secondary line switches earlier in Section 5.

Figure 54 illustrates how the trunks from these 8
groups of first selectors might be taken to Out Trunk
Switches and the trunks from the latter to the repeaters,
thereby permitting the operation of all the trunks to
the distant office in a single group. The resultant gain
in efficiency would permit the satisfactory handling of
this same traffic on fewer trunks—possibly half as many
as would have been required with-out the Qut Trunk
Switches. :

In this arrangement the cross connection of the trunks
from the first selectors to the Out Trunk Switches would
follow the same plan as the cross connection of trunks
from primary line switch groups to secondary switches
in order that the traffic might be distributed as uniformly
as practicable over all these interoffice trunks.

The Out Trunk Switches and their master switches
are similar to the secondary line switches and their
master switches, but do not have as many relays and
their operation is simpler.

The number of Out Trunk Switches in any one group
may be varied (within certain limits) to provide the
correct amount of traffic for its trunks.

Figure 55 is a schematic drawing of the circuit of one
Out Trunk Switch of a group with the master switch
and the relay equipment for that group.

The functions of the Out Trunk Master Switch and its
operation are similar to those of the Master Switch
associated with Secondary Line Switches; but sufficient-
ly different to justify the following description.

One function of the Out Trunk Master Switch is to
hold the idle plungers of all the Out Trunk Switches in
its group in front of an idle trunk to the repeaters.

Another function of the Out Trunk Master Switch is
to prevent calls from coming to its group when all its
trunks to the repeaters are busy. This latter function is
performed very simply by substituting ground for bat-
tery on the Open Main lead thereby ‘“‘making busy’ all
idle trunks from the several selectors into this group.

There is no need for the Kick Off and Pick Up circuits
provided on the Secondary Master Switches.

The Out Trunk Master Switch does not oscillate con-
tinuously when all its trunks to the repeaters are busy;
because these trunks are each provided with a chain
relay which operates when its trunk is seized and when
all ten are operated they cause the operation of a relay
that stops the master switch on the last trunk seized
and the ground on the S lead of this trunk operates the
relay which substitutes ground for battery on the Open
Main.

As in the case of the Primary and Secondary Master
Switches, the Out Trunk Master Switch bank has 10
contacts (trunks to repeaters). When one of these trunks
is seized, the M.S. causes all other plungers then stand-
ing in front of that trunk to be moved away immedi-
ately to trunk 8, or to the next idle trunk, to avoid

" double connections.
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While not affecting the operation of the Out Trunk
Master Switch which is now being described, it should
be mentioned at this time that as soon as connection is
made to a trunk repeater, the latter’s A and B relays
operate, putting a ground on lead S. This in turn operates
a chain relay associated with this trunk and puts an
auxiliary ground on the Out Trunk Master Switch bank
terminal. This provides a convenient means for making
this trunk and its repeater busy by grounding the S
lead at the repeater.

The master switch selects trunks in the order from
10 to 1. When trunk 1 is seized, the M. S. will return
all plungers (idle) to trunk 10, or to the next idle trunk
below 10.

Should all trunks be busy, all chain relays would be
operated, thereby operating Stop Relay C. This takes
battery off the Out Trunk Master Switch, holding it on
the last trunk to become busy (whatever its number)
until a trunk becomes idle, at which time relay C would
release and the Out Trunk Master Switch would move
to the idle trunk.

Alarm circuits in the Out Trunk equipment advise the
Plant Maintenance people of any circuit or equipment
failures soon after they occur.

5.15 ROTARY OUT TRUNK SWITCHES:

As mentioned in Paragraph 5.14 under subject
“Plunger Out Trunk Switches”, trunk concen-
trating facilities provide a means for combining a

Figure 56

Section 5.0
Page 83

multiplicity of trunks or trunk subgroups into
one large group. Such a combination results in
increased trunking efficiency and, therefore, pro-
vides for equipment and outside plant savings.
These savings, in terms of annual charges, will
need to equal or exceed the cost of the concen-
trating equipment before its use becomes econom-
ical. The 22-point rotary switch is a more recent
development for this trunk concentration ar-
rangement. It is sometimes referred to as ‘“‘a 200-
type selector.”

In the case of either the rotary or the plunger
out trunk switches serving interoffice groups, the
cost studies made by the Equipment and Traffic
Engineers would normally compare the annual
charges of the cable pairs and terminating selec-
tors saved. The charges on cable are a function
of mileage, type of conductors and loading; and
it is, therefore, the usual procedure of our Traffic
Engineers to consult with the Equipment Engi-
neer when preparing these studies.

Figure 56, shows a picture of a Rotary Switch.

Rotary out trunk switches are 22-point selectors
arranged in units with a capacity for 10 switches
per unit. See Figure 57. Two or three of these
units are multipled together to provide switch
capacity for a subgroup of 21 or less interoffice
trunks. One of the 22 terminals on each switch
is required for maintenance purposes, thereby
limiting the capacity per out trunk switch unit
to 21. Two or more 21 (or less) trunk subgroups
are combined in a definite fixed pattern to result
in larger trunk groups.

(See Paragraph 5.25 for a more detailed descrip-
tion of the Rotary Out Trunk Switch (206 and
209 types)).

The arrangement for rotary out trunk switches
is such that some of the early choice selector
multiple trunks of each selector subgroup are
terminated directly on outgoing repeaters. These
are referred to as “direct trunks’”’. The remaining
selector multiple trunks are each connected to a
rotary switch. The banks of the rotary switches
are connected to all out-going trunks in the group
including the direct trunks. Hence, a consider-
able portion of the traffic is provided access to
the trunk group over direct trunks, by passing
the rotary switches. The remainder of the traffic
is provided access via the rotary switches which
may select other “‘direct trunks” which are idle or
trunks terminated on the rotary switch banks.
These latter are sometimes referred to as ‘‘sec-
ondary access trunks. See Figure 58.
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USUAL ROTARY OUT TRUNK SWITCH ARRANGEMENT
Figure 58

Rotary type switches have many uses through-
out telephone plants. They are used in conjunc-
tion with Slow Answer Recorders, Automatic
Usage equipment, in timing circuits of various
kinds, sometimes as line switches (such as the
manual coin box lines mentioned previously), in
test sets, as allotters when associated with line
finder groups in the Community Dial Offices, etc.

5.16 REVERTING CALL SWITCHES

Figure 59 shows a picture of a Reverting Call
Switch. These switches (sometimes called selec-
tors) are provided to enable one station on a
party line to dial another station on the same
line, except in the case of Terminal-per-Station
Rural which has been covered in Paragraph
5.1004, in response to a dialed code.

These switches are also arranged, usually, to
permit an employee, by dialing the correct ring-
back code, to ring the bell of the particular sta-
tion from which he is calling and thus make a
ring test of that bell.

To reach a particular party on his line he dials
a special number 119 plus either a single digit or a
two-digit number instead of the number listed in
the directory. After the number has been dialed
the calling party hangs up which causes both his
and the called party's bells to ring alternately.
When the call is answered the ringing ceases, this
indicates to the calling party that the called party °
is on the line; he then once more removes his re-
ceiver and begins the conversation.

The reverting call switch does not release on the
first restoration of the receiver—that is, previous
to the ringing period—and will not release until
the parties have finished talking and both have
hung up.

All types of reverting call switches are mounted
on shelves having a capacity of ten switches each.
Common equipment occupies the space of one
switch on the first shelf.

In offices where Service Code Selectors are not
provided, the reverting call switches are reached
by dialing a first selector level.

The following tables indicate the codes to be dialed, following Code *“119”". Tables I and II apply to No.: 1 and
350-A T/S type equipment. Table III will be used in most community dial offices for T/L Rural, and Table IV in

offices employing harmonic type ringers:

TABLE 1
Party Desig.
(1
Calling Party 2
3
4

TABLE II
Party Desig.
(1
Calling Party 2
3
“4

CALLED PARTY

1 2 3 4

a N -9 -4

N -8 3 -0

7 3 9 6

-4 -8 -6 0

CALLED PARTY

1 2 3 4
-1 -16 .12 -17
.61 .66 62 .~ .67
21 -26 .22 27
1 .76 32 77
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TABLE III CALLED PARTY
Party Desig. 1 2 3 4 5 6 T 8 .9 10
(1 -11 -12 -13 -14 =15 -16 =17 -18 -19 -10
2 =21 =22 -23 -24 -25 -26 =27 - 28 -29 -20
3 -31 -32 -33 -34 -35 -36 -37 -38 -39 -30
4 41 -42 -43 -44 -45 -46 47 -48 -49 -40
& 51 -52 -53 -54 -55 -56 -57 -58 -59 -50
6 -61 -62 -63 -64 -65 -66 -67 -68 -69 -60
7 -71 -72 -73 -74 75 -76 =77 -78 -79 -70
@8 -81 -82 -83 -84 -85 -86  -87 -88 -89 -80
© 91 -92 -93 -94 -95 -96 -97 -98 -99 -90
(10 -01 -02 -03 -04 -05 -06 -07 -08 -09 -00
TABLE IV CALLED PARTY
1 2 3 4
Party Desig. and
Ringing Frequency (3313) (50) (6623) (162%)
(1 ((33%) -7 -1 -2 -3
Calling Party 2 (0 -1 -8 -4 -5
(3 (6623) -2 -4 -9 -6
4 (1639) 3 5 6 b

5.17

Where a customer does not know the correct
code to dial in order to reach a particular party on
his line, he can reach this party by dialing code
0" and telling the operator the number of the
party desired and that this party is on his line.
The operator will ask the calling customer to
hang up and will then dial up the number over
her Toll Switch Multiple. The calling customer is
further instructed to come back on the line after
a minute or so.

Figure 60 is a schematic drawing of the Revert-
ing Call Switch with interrupter circuit.

VERIFICATION TEST DISTRIBUTORS

The verification test distributor is a selector
switch used for verifying busies. The toll operator
can go in on any idle ““No Test” trunk assigned to
a particular office, or Unit, and dial the desired
number (4 numerical digits of the number). The
first digit dialed propels the test distributor to the
level corresponding to the digit dialed. The
second digit will cause the switch to rotate hori-
zontally to the bank contact of that level which
agrees in number to the second digit. If this
contact is busy there will be a ground on the S
contact of the bank and the Operator will hear
busy tone when she restores her dialing key. If
the trunk is not busy, the test connector in the
particular connector board will be seized. The
final two digits will be disposed of in the test con-
nector, as covered in Paragraph 5.1006. If the
line dialed is busy, the cord supervisory lamp
will retire on seizure of the “final terminal’’ and
the Operator will hear conversation.

The above type distributor, since it utilizes a
100-point bank can, therefore, accommodate 100
different connector boards, or groups. Occasion-
ally, where an office is small, it is possible to use a

5.18

distributor arranged for selector operation. In
other words, the switch will automatically cut-in
(on rotary) after dialing the first digit into it.

Test Distributors are provided in several com-
munity dial offices, also. Access to these is usually
accomplished by dialing “0” on the incoming
Operator Office Selector, level ‘0" of these selec-
tors being trunked to the test distributor, or dis-
tributors. (The Operator must, of course dial the

f!giir)ed number after having first dialed the digit

Plant Test Distributors function in a manner
similar to the verification test distributor and the
multiple banks on both distributors are wired in
parallel. The Testman plugs in on a trunk to
reach the distributor and, after dialing the 4

digits of the number, proceeds to make plant tests,

including “Wheatstone” bridge tests if he so
desires. The plant test distributor utilizes a
different wiring option than that used for verifica-
tion testing, however.

INTERCEPTING EQUIPMENT

General: Calls to vacant terminals, vacant toll
selector levels and vacant local selector levels
affected by directory errors, calls to stations
which have been disconnected or have had the
numbers changed, and other calls which are being
intercepted for any reason, will be routed to inter-
cepting operators. All unused connector termi-
nals are also wired to intercepting trunks. Upon
receipt of a call resulting from any of the above
conditions, the operator will inform the calling
party that the number dialed has been changed,
disconnected, no such number, etc. In case of a
changed number, the operator will give the new
number to the calling party before disconnecting.
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Intercept trunks may terminate direct on jacks
in the multiple, however, they are usually routed
via concentration equipment, thence to the Inter-
cept positions for trunking economy. The early
installations of No 1 SXS utilized Plunger type
concentrators, whereas the more recent offices are
equipped with line (trunk) finder type concentra-
tor facilities.

Connector terminals are associated with inter-
cept trunks at the H.I.D.F. by two methods.

1. “Hair-pin” jumpers between vacant terminals.

2. Strap wires between connector bank T, R.and
S terminations and the T, R and S terminations,
respectively, of the intercepting trunk.

Figure 61 represents Method 1 and Figure 62,
Method 2. The intercept trunks are usually
assigned one trunk per connector board. In other
words, all vacant terminals in a group will be
bridged together under either Method | or Method
2. The trunk is then terminated either on a line
plunger or a line circuit in the concentrator.

The trunks terminate on what would be equi-
valent to the line circuits in a subscriber’s line
finder unit. The trunk finder is associated with a
trunk to the Intercepting operator. In the case of
Plunger equipment, the Master Switch bank
contacts (trunks) terminate at the Intercept
positions.

Provision is made in each No. 1 SXS office for
vacant selector level intercepting, by terminating
two or more intercept trunks on a miscellaneous
terminal strip located at the top of each selector
bay terminal assembly. When it is necessary that
a vacant level be intercepted, the first two (or
more) contacts of that level on each shelf involved
are grouped together. Then with these two (or
more) contacts grouped, 3-wire jumpers are run
from the terminal assembly punchings (rear side)
of the upper-most shelf in the group to the two,
or more, intercepting trunks which had been pre-
terminated at the Miscellaneous terminal strip
mentioned above. These trunks terminate at the
intercepting concentrator equipment in the same
manner used for vacant connector terminals.
Separate type trunks are required for local vacant
selector levels and for toll vacant selector levels.

After it has been decided that it is no longer
necessary to intercept calls on the vacant local
selector levels, the 3-wire jumpers are moved at
the miscellaneous terminal strip from the inter-
cept trunk punchings to other punching on the
same strip, designated “‘No Such Number Tone”
or “Vacant Level Tone”’. In the case of vacant
toll selector levels, the S (sleeve) terminal of all
contacts on the level will be grounded, this
causing a switch that has been stepped to the
vacant level to rotate to the 11th rotary position
(overflow position) thereby causing the toll
operator’s cord supervisory lamp to flash at the
rate of 120 I.P.M. In community dial offices not
provided with a “toll train’ the operator, under
such a condition, will hear regular “‘busy tone”.
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Figure 63 is a general schematic of the inter-
cepting arrangement normally provided in our

larger SXS offices.

Intercepting facilities are also provided in Com-
munity Dial Offices. Trunk concentration in
these cases is done by means of a 200-type (rotary)
selector. Separate trunks to the operator may be
used, or, if this is not feasible from a cost point of
view, the intercepted calls are routed to the
operator via the operator office trunks. A partic-
ular party on a T/L multi-party line may be
intercepted by the utilization of a circuit knawn
as the “‘Selecting Circuit”’. Only a few of these
“selecting circuits”’ are provided in an office.
Thus, when used, these are connected to a line for
only a short period of time (two to four weeks)
after which they are moved to another number
which has just been disconnected. They may be
“‘set” to intercept any one of the ringing codes by
means of strap wire arrangements on a small
terminal strip located on the relay rack unit.

Each Intercept Trunk concentration unit is

usually furnished with a few ““individual” inter-

cepting trunks. These trunks are associated with
a particular connector terminal to which a great
number of calls are made. For example—suppose
a 3-line rotary P.B.X. group is discontinued or
that the customer’s number is changed. Rather
than strap all three of these terminals to the
common trunk for that particular connector board,
each terminal of the 3-line group is assigned to an
“individual’”’ intercept trunk and with the “rotary
straps’’ left in place. With this arrangement, as
many as three simultaneous calls may be inter-
cepted, whereas, had the common trunk been

used, the 2nd and 3rd call would have received
the “busy’’ tone. (See Fig. 63)

REPEATERS:

For connections between lines working out of
the same office, or out of two offices located in the
same building, the switches composing the train
are relatively close together; therefore it is eco-
nomical to provide the regular three-wire trunks
all the way from the line switch or line finder to
the connector. But in case the two offices are in
two separate buildings, possibly several miles
apart, the length of such trunks may prevent the
dial pulses from satisfactorily operating a selector
or connector over such a trunk in series with a long
subscriber loop. Also it is often impossible and
very uneconomical to operate the holding circuit
over the third wire (or ““S” lead).

In such cases a “Repeater’ is interposed at the
originating office between the last selector and the
out-going end of each trunk to a distant office.

This Repeater has relays which are operated by
the dial pulses from the calling station and prod-
uce equivalent dial pulses on the trunk, which
operate the associated selectors and connectors at
the distant office.
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Battery for dialing and for talking is furnished
the calling station through relay A at the Repeater.

Supplying talking battery from the Repeater to
the calling party insures more uniform trans-
mission, which would not be obtained if the con-
nector in the distant office was the source of

supply.

Dialing battery in the trunk loop is furnished
through the A relay of each successive incoming
selector and finally through the A relay of the
connector at the terminating office.

The called station’s talking battery is furnished
through the D relay at the connector just the
same as on calls not trunked through a Repeater.
The holding circuit is controlled by means of an
electrically polarized relay in the Repeater. Re-
peater switches consist only of relays and conden-
sers and do not have the switching mechanism of
selectors and connectors.

A schematic circuit drawing of the repeater is
shown in Figure 64. Figure 65 is a picture of the
Repeater with cover removed.

The average outgoing repeater will not always
re-transmit the dial pulses with the same precision
that a dial gives. Usually the switches in the
distant office will operate satisfactorily on the
repeated pulses. Where a trunk is very long,
however, the distortion of the pulses will be in-
creased to a point where the distant switches will
no longer function. In this case, a special re-
peater, called a ‘‘pulse correcting’’repeater is
added at the incoming end of the trunk. This re-
peater replaces the distorted incoming pulses by
new pulses which will operate the switches sat-
isfactorily.

ROTARY EXTENSION SWITCHES
(TOLL APPLICATION)

Rotary type switches, very similar to those
covered in Paragraph 5.15, are used in connection
with toll trunking to gain access to large groups of
trunks. As explained before, these switches, with
associated banks and relays, are provided in units
of either ten or twenty banks (usually the former)
and are equipped with rotary switches as required
to meet the estimated traffic low. The proposed
trunking scheme to these switches is usually
covered in the traffic order.

Where switch access is had on the banks of
either the through selectors or the auxiliary
selectors to groups of approximately 12 or more
intertoll, tributary, or community dial office
trunks, the provision of rotary switches makes it
possible to secure access to all of the trunks in a
large group on a step-by-step selector level of ten
terminals. This rotary switch is provided with
noble metal contacts to reduce noise and provides
access to 22 trunks. This switch is of the pre-
selecting stay-put type, and, therefore, hunts over
the terminals in order from low numbered to high
numbered trunk and then repeats.
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A separate series of switches is necessary for
each level of a group of through selectors or
auxiliary selectors on which access is to be had
to a large group of trunks. Thus, for example, a
through selector group may provide access to
eight groups of less than ten trunks without the
aid of rotary switches and to two large groups
with the aid of two sets of rotary switches, one
for each level.

The method of associating the rotary switches
with the terminals of a level provides for bringing
the bank cabling of all of the selectors in a group
to a terminal strip on the end of the selector
frame where access is had either to one rotary
switch on each of as many terminals as there are
simultaneous connections to the intertoll trunk
groups or the tributary trunk groups in question,
or to trunks, intertoll or tributary, on some of the
terminals and to switches on the remaining
terminals. With the first of these two plans the
first switch is connected to the first terminal on
a level, the second switch to the second terminal
of a level and so on. If there are 22 or less trunks
in an intertoll trunk or tributary trunk group,
each rotary switch will provide access to all of the
trunks. With this same plan if the number of
trunks in the group is between 23 and 44, the first

switch will provide access to half of the trunks .

and the second to the remaining half. The switch
associated with the third terminal will again have
access to the first half of the trunks and the fourth
switch to the second half and so on. Larger
groups can be accommodated in this same manner.

With the second plan which is for use for groups
having perhaps 12 to about 17 or 18 trunks,
seven or eight intertoll or tributary trunks are
directly connected to the terminals of a selector
level and the last few términals of this level are
used to secure access through as many rotary
switches as are required for the remaining trunks,
perhaps, six or seven in number. This plan per-
mits, to a considerable degree, the selection of
trunks in different order at the two ends of the
group, is more economical from the standpoint of
switch provision, and in the case of groups having
both one-way and two-way trunks or terminal
and common trunks for instance, permits the
hunt over the group in the proper sequence. It
does not, however, lend itself to additions as
readily since terminals used for individual circuits
may have to be cleared to make room for rotary
switch additions and the average hunting time is
increased because a large percentage of connec-
tions are established on the high numbered termi-
nals. This increases the possibility of clipping of
digits on calls to dial trunks. For large groups
having both one-way and two-way trunks access
to a considerable number of rotary switches is
necessary and therefore the use of the first plan is
necessary and it will not be possible to give the
one-way trunks preference.

With only 11 trunks in an intertoll or tributary
trunk group, it does not appear necessary to
provide these rotary switches. In this case the
eleventh trunk would appear on the switchboard
but not on the switches. For somewhat larger
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groups of short haul trunks, it again may not be
economical to provide these switches. However,
for the longer haul groups, consideration is given
to the provision of these switches if the size of the
groups is 12 or more.

It is not necessary to set aside terminals for
overflow circuits which function with intertoll
trunk groups appearing on the banks of the selec-
tors in the through train, this feature being pro-
vided by means of a supplementary switch which
is part of the intertoll through selector.

CONNECTOR ACCESS TO TOLL STATIONS

Where a large number of toll stations are served
by an office, 40 to 50 or more stations, it is some-
times economical to arrange for switch access to
these toll stations so that incoming calls to them
may be handled on an intertoll dialing basis. A
terminal - per - station code ringing connector
reached from a level of an auxiliary second selector
which in turn is reached from level 8 of the
auxiliary first selector would be provided for this
purpose. The toll station numbering plan would
provide for numbering the stations in numerical
order with the prefix 18 added so that uniformly
throughout the System ‘18" would help operators
to identify toll stations (the code ‘181" or the
prefix 18).

The toll station operator would be reached on
level ““1”’ of the auxiliary second selector by dial-
ing “181”’ on assistance calls and on calls to sta-
tions whose lines cannot be placed on the con-
nectors as indicated below. Therefore 100 stations
numbered 18200 to 18299 could be reached in one
connector group. If more than 100 such stations
were served by an office, one or more additional
groups of code ringing connectors would be pro-
vided. The following types of toll stations could
be reached on such a code ringing connector:

An individual line magneto toll station reached
on a direct ringdown trunk.

A party-line magneto toll station with arrange-

ments for code ringing reached on a direct ring-
down trunk.

Magneto toll stations, one or more per line, ar-
ranged for code ringing bridged on a ringdown
intertoll trunk connecting two toll centers with,
however, no direct signaling between stations on
the trunk.

Magneto stations, one or more, bridged across
operator trunks between the operator office and
a CDO. AC ringing, code in the case of party
lines, is on a loop signaling basis and the signal-
ing between the common battery subscribers
at the community dial office and the operator
office is on a simplex signaling basis. Arrange-
ments for operation over phantom circuits are
not available.

Any toll stations reached through ringdown
tributaries of the toll center instead of direct from
the toll center, cannot be reached on a dialing
basis. Similarly it may be necessary to leave

5.22
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stations with an extra long haul on a manual
basis. In these cases the toll center operator will

be reached instead by dialing “181”.

POWER EQUIPMENT .

Much has been said in the preceding paragraphs
with respect to the functions of the many types of
equipment used in a SXS dial office. The mechani-
cal portion of the equipment and the switches are
controlled by electrical circuits (electro-magnets,
etc.). These electrical circuits, to function prop-
erly, must become energized and, to become
energized, some source of electromotive force must
be connected to the circuits either by direct con-
nection or through inductive relations. In the
case of a direct current, the circuit must be
energized by the actual connection of the conduc-
tors to the terminals of the source of E.M.F,,
but in the case of an alternating current, the cir-
cuit may be energized either by such a connection
or by inductive effects due to magnetic inter-
linkages or capacity relations.

In a telephone office, the principal source of
E.M.F. is the storage battery. This supplies the
D.C. power to energize the electromagnets, etc.
Since we use batteries, we must have the associated
equipment to keep them charged to full voltage.
The charging equipment may either be a standard
rectifier (tube type usually) or a motor-generator
set or a combination of both. The motor-generator
set will require 110 Volt or 220 Volt A.C. Com-
mercial power to drive the motor, Also we need a
source of ringing current to cause the telephone to
ring. We need alarm circuits to indicate equip-
ment and circuit failures; we need facilities to
produce the various tones and flashes used. All
of these items are essential to the provision of
telephone service and we might classify them
under one common heading, “POWER EQUIP-
MENT?”. The principal items of “Power Equip-
ment”’ will be discussed briefly in the following
paragraphs.

5.2201 STORAGE BATTERIES

The telephone central office power plant must
not only be absolutely reliable at all times but
must meet other exacting requirements. Modern
practice has led to the standardization of a com-
mon source of E.M.F. for the majority f the
telephone (talking) circuits, as well as for the
operation of telephone relays, vacuum tube fila-
ments, small motors and numerous other ap-
paratus units. We make general use of the 24
Volt battery, the 48 Volt, the 65 Volt and the
120 Volt batteries as the common sources of
E.M.F. in a typical telephone office. The 24
Volt battery is associated primarily with toll, the
48 Volt with dial, the 65 Volt for message
register service and the 130 Volt supply, both
positive and negative, for telegraph repeater
operation, and for pay station coin box operation.

The common batteries result in a number of
plant economies but, on the other hand, they
impose certain exacting electrical requirements,
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Probably the most essential of these require-
ments is low internal resistance. Unless the cen-
tral office source of E. M. F. has negiligible resis-
tance, including both the internal resistance of
the battery and that of the supply leads from
the battery to the bus bars where individual cir-
cuit leads are connected, there will be ever chang-
ing current values in the individual circuits. This
would result in noise and crosstalk in all talking
circuits and unreliable operation of various other
telephone apparatus.

With some knowledge of simple electrical cir-
cuits, the above facts may be verified and pos-
sibly a more clear understanding of why the
above is true regarding the central office power
supply. In Figure 66 we have a single source of
- E.M.F. and a number of resistances connected
in parallel. The current in any single resistance
is independent of that in any other resistance
provided all resistance branches are connected
directly to the terminals of the battery as indi-
cated. This follows naturally from the applica-
tion of Ohm’s Law to a single branch since the
E.M.F. impressed on any single branch is the
E.M.F. of the source and, theoretically, is in-
dependent of current flowing through other
branches. This assumes, however, that the bat-
tery is a perfect source of E.M.F. without in-
ternal resistance.
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it cannot in any way affect the total current
supplied by the battery or the current in any
individual circuit that may be connected to the
bus bars.

Returning to Figure 66 in which the current in
any one resistance branch was seen to be inde-
pendent of that in any other, let us assume, on
the contrary, that the battery has an internal
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Figure 67 represents the central office storage
battery connected to bus bars at the fuse panel.
The central office circuits are cabled to this fuse
panel and receive their battery supply through
taps to the small panel busses. Thus hundreds
of circuits of varying resistance are connected in
parallel to a common battery, and we have in
practice a circuit arrangement identical to that
shown in theory by Fig. 66, excepting that as
indicated in Figure 67, fuses for protection
against excessive currents due to short circuits
or overload are used and the positive terminal of
the battery is connected to ground. This ground
connection stabilizes the potential of all circuits
in the central office by short circuiting their
capacities to ground. It also simplifies the central
office wiring and affords circuit protection, but

resistance of R’ and that the circuit is actually
that shown except that it be supplemented by
this internal resistance of the battery. The latter
would be in series with the battery and the
resistances R-1, R-2 and R-3 would be parallel
resistances. Due to resistance R’, the current in
one branch is no longer independent of that in
the other branches. Let us assign values as
follows:

R’ = 2 Ohm
R-1 = 5 Ohm
R-2 = 4 Ohm
R-3 = 3 Ohm
E = 24 Volt
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If we solve this network, we shall find that the
current through R-1 is 1.87 Amperes. If we
should suddenly open resistances R-2 and R-3 it
will change immediately to 3.43 Amperes.

What are Batteries? If any device maintains
an E.M.F. and sustains a current of electricity
in a circuit, energy is supplied to the circuit, but
the law for the conservation of energy states that
energy cannot be created or destroyed. Any
source of E.M.F. may then be defined as a
device for supplying electrical energy by con-
verting it from some other form. The battery
directly converts chemical energy into electrical
energy, the generator likewise converts mechani-
cal energy into electrical energy, and the thermo-
couple directly changes heat into electrical
energy. A rectifier in one sense is a source of
direct E.M.F. but converts A.C. energy into
direct current energy, changing it {from one
electrical form to the other rather than from
some other form to the electrical. Energy is
defined as the capacity for doing work.

Chemical Batteries are divided into two
classes, the primary and the secondary. A
primary battery is one that generates an E.M.F.
by virtue of certain chemicals coming in contact
with submerged metals or other substances
which constitute the positive and negative termi-
nals. A secondary battery stores electrical
energy but does not directly generate an E.M.F.
unless a current is first passed through the bat-
tery in a direction opposite to that in which it
will flow when supplying energy to an external
circuit.

The unit of a battery is the CELL, consisting
of a single couple of submerged positive and
negative poles or plates. Cells may be connected
in parallel or in series, depending upon the value
of the E.M.F. desired and the value of current to
be sustained. When connected in series, the
E.M.F.’s of the individual cells are added, the
resultant voltage of the battery is this total. If
they are connected in parallel, the E.M.F. of the
battery is that of a single cell, but the current
supplied to the circuit is divided between the
several cells.

The DRY CELL is the most common type of
primary cell. Its negative terminal consists of a
zinc container in which is centered a bar of
carbon as a positive terminal. The carbon is
surrounded by a porous medium consisting
principally of graphite and manganese dioxide,
and this mixture i1s saturated with a solution of
zinc chloride and sal ammoniac. A layer of
absorbent material similar to. “blotting” paper
separates the zinc chloride from the mixture but
is porous to the liquid solution which generates
an E.M.F. when it comes in contact with the
zinc. The top is sealed with an insulating cover
for the zinc. Fahnstock connectors, which are
securely fastened to the zinc and carbon elec-
trodes, form suitable terminals. The Blue Bell
dry cell is standard for the Bell System.

When new, the dry cell gives a voltage of | to
114 volts, which decreases with age. For aver-
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age use, its capacity may be roughly estimated
at 20 to 30 Ampere-hours but this will vary
considerably depending upon conditions. For
example, the capacity when connected to a
high resistance circuit may be several times the
capacity when connected to a low resistance
circuit. Intermittent use is also an important
factor.

Dry cells are commonly used in the telephone
plant for practically all service where connections
to a central office storage battery are not feasible
or cannot be used because the storage battery is
grounded. In addition to transmitter batteries
for magneto subscriber stations, such uses include
battery supply for telegraph sounders on sub-
scriber’s premises, Wheatstone Bridge testing
battery for testboards, plate batteries for vacuum
tube circuits, testing batteries for portable test-
ing sets, etc.

Storage Batteries—A chemical battery that is
capable of storing electrical energy delivered to it
from some other source, and delivering this
energy to a electrical circuit at some later time,
is called a secondary battery. These are more
commonly referred to as ‘‘storage batteries”.
The two general types of storage batteries are
the “lead-acid-lead” and the Edison Cells (iron-
potassium hydroxide-nickel). On account of its
low internal resistance and more constant termi-
nal voltage, the ‘lead-acid-lead” type more
nearly meets the exacting requirements of the
telephone central office.

A complete chemical theory of the “lead-acid-
lead” battery is beyond the scope of this course,
so will be omitted.

The Capacity of a Storage Battery Cell is the
number of ampere hours it is capable of giving
at 70° F. when discharging at the normal rate
before its voltage falls to some limiting value
usually taken as 1.8 volts for the stationary type
of cells. Capacity depends upon many things,
such as: type of plates, density of electrolyte,
temperature and rate of discharge. The 8-hour
rate is Standard for stationary type. No stand-
ard rate has been adopted for the other types.
The capacity of a plate varies with the amount
of active material (lead peroxide on the positive
plate and spongy lead on the negative plate),
but not directly because its mass initially does
not hold enough acid to convert it to lead sul-
phate. Diffusion of acid into the mass is quite
slow, so that the higher the discharge rate, the
more nearly is the plate surface the determining
factor. The capacity of a cell at the higher rates
of discharge depends, therefore, on the area of
its plates, their number, and to a minor extent,
on the thickness of the plates. (Storage batteries
used in telephone offices will average about 2.15
volts per cell.)

The dial central office equipment is designed
to operate on a battery voltage ranging from 46
to 49 volts. The 48 Volt office storage battery
usually consists of either 23 open tank type or 23
enclosed cell (jar type) batteries supplemented
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with 2 counter electromotive force cells con-
nected to the negative end of the battery. The
latter is used to keep the voltage on the dis-
charge bus bars between the above voltage
limits. In some offices these counter E.M.F.
cells are cut in or out automatically, in other
offices (earlier installations) this must have been
done manually. 2 to 4 Emergency cells are
usually furnished with each battery. These are
sometimes known as ‘“‘End Cells”.

Counter E.M.F. cells are composed of lead
plates, placed in the same type electrolyte as is
used in the regular cells; they have no current
capacity but set up an opposing E.M.F. of ap-
proximately 2 volts per cell when current is
passed through them. A more recent counter

E.M.F. cell is the Nickel Alkaline (N.A.K.) type.

The 24 volt office supply is usually obtained
by making a tap between the 12th and 13th
cells of the 48 volt (23 cell) battery.

The electrolyte used in telephone storage bat-
teries is of 1,210 specific gravity at a temperature
of 70° F. The storage batteries provided are of
such size to carry the office load and allow some
reserve for emergencies.

As mentioned above, the unit of storage
battery capacity is the ampere-hour with the
rated charge and discharge based on the 8 hour
rate. If the battery has a capacity of 240 ampere-
hours it will supply 30 amperes for 8 hours which
equals 240 ampere-hours. In this case the
charging rate would be 30 amperes and it would
be necessary to charge 8 hours to replace the
capacity. (These are theoretical figures).

The normal open-circuit voltage of each cell
varies from 2.06 to 2.15, according to the strength
of the electrolyte and temperature and is inde-
pendent of the size of the cell.

PILOT CELL: A readily accessable and well
lighted cell of the central office battery is selected
and used as a guide in the operation of the
battery as a whole and is called the “Pilot Cell”.
If a battery has been subjected to considerable
change such as replacement of plates, the pilot
cell is usually one with the oldest plates to insure
ahtgst representative of the weakest link in the
chain.

ELECTROLYTE: The electrolyte is the solu-
tion in which the plates of a storage cell are
immersed and which in combination with the
active material of the plates determine the
E.M.F. or voltage of the cell. This solution con-
sists of a specially purified sulphuric acid and
approved water, the specific gravity at any time
after the initial filling being dependent upon the
type of cell and the amount of charge in it. Water
which is evaporated from the electrolyte must be
replaced to keep the proportion of water to acid
practically constant. If this were not done, the
hydrometer (Instrument for reading sp.gr.) read-
ings would reflect the variation of electrolyte
density due to water evaporation and could not
be relied upon as an accurate indication of the
condition of the charge.
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BATTERY ARRANGEMENTS: After bat-
teries have been partially discharged, it is nec-
essary to charge promptly, so they will be in
condition for further use. During the charging,
however, the voltage across the battery must be
somewhat higher than when “floating”. To pre-
vent this higher voltage from reaching the central
office discharge circuits, it has been necessary
either to employ two batteries, one of which
would be on charge while the other was discharg-
ing, or to employ counter E.M.F. cells, between
the battery and the load, which reduce the poten-
tial to the desired value. It was the practice to
employ duplicate batteries in the larger power
plants, but the present practice is to use the “sin-
gle string battery”’ arrangement. The duplicate
arrangement with emergency (“end”) cells and
generators is shown in Figure 68. The single
string battery arrangement is shown in Figure 69,
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Figure 69

5.2202 BATTERY CHARGING EQUIPMENT

If a resistance load is connected across a
battery, current will low immediately from the
positive terminal of the battery and will return
to the battery through the negative terminal.
The battery terminal voltage will be slightly less
than its open-circuit value, due to the current
flowing through the internal resistance of the
battery. Under these conditions, the battery is
a source of energy and is acting as a generator,

that is, it delivers energy, as covered previously
in Paragraph 5.221. :
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GENERATOR CHARGING A BATTERY

Figure 70

If current is forced to enter at the positive
terminal of the battery, the battery will no
longer be supplying energy but will be receiving
energy. This energy must be supplied from some
other source, as from another battery, or, as is
more common, from a generator. The cell
shown in Figure 70 has an E.M.F. of 2 volts,
and a voltmeter V, connected across its termi-~
nals, indicates 2 volts when no current Aows. If
another source of electrical energy, such as a
direct-current generator, supplies a potential
difference of just 2 volts and its 4+ terminal be
connected to the - terminal of the battery and
its — terminal connected to the — terminal of
the battery, as shown in the figure, the volt-
meter V will still read 2 volts and the ammeter
A will read zero. That is, the battery neither
delivers nor receives energy and no effect is
noted other than those observed when the bat-
tery stood open-circuited. Under these condi-
tions the battery is said to be “floating”. If,
however, the voltage of the generator be raised
slightly, the ammeter A will indicate a current
flowing from the + terminal of the generator
into the + terminal of the battery, a direction
just opposite to that which the current has when
the battery supplies energy. The voltmeter will
no longer read 2 volts, but will indicate a poten-
tial difference something in excess of 2 volts.

Thus, no current will flow until voltage in
excess of the 2 volts is produced by a generator.
If the generator voltage is raised to 2.4 volts,
2.0 volts of this is utilized to “buck” the 2.0
volts of the cell and 0.4 volt is effective in send-
ing current into the cell. Under this condition
the cell 1s receiving electric energy, as is the case
when a storage battery is being charged.

Batteries are usually “‘charged’”’ from generat-
ors, rectifiers, or other batteries. @The term
“charger” has sometimes been used to mean a
rectifier as distinguished from a generator but is
now used interchangeably with charging equip-
ment whenever information as to the type of
charging source is not pertinent.

Depending on plant design, the control of
starting and stopping the charge may be either
manual or automatic and the control of charging
voltage and current may be either manual or
automatic,

Before getting into the general description of charging
equipment we might make a brief review of the various
types of Charging Methods employed by our Plant
Maintenance people:

I. Float Method—the battery terminals are held at
a specified voltage so that proper trickle current is
furnished to the cells. Maximum cell life is expected
with continuous float.

2. Constant Current charge, the charging current is
held as nearly constant as practicable. The voltage
will increase as the charge progresses until final
voltage is reached.

3. Variable Current charge, the charger setting re-
mains fixed for the duration of the charge or is
infrequently adjusted. The current tends to reduce
as the battery voltage builds up and in addition
the current to the battery varies as the office load
changes.

4. Charge by Load is a type of variable current
charge used on emergency cells. With this system
the cells are in series with the charger so that all
current furnished by the charger to the load or to
the main battery passes as charging current
through the cells being charged by the load. This
method is not used if the charger output exceeds
the cells’ nominal charging rate.

un
.

Constant Voltage charge, the voltage is brought
up to a pre-determined value and is then held at
this value for a fixed time. The current tapers off
to a small value toward the end of the charge so
that heavy gassing is avoided.

CHARGING EQUIPMENT: The term ‘charging
equipment" applies to the motor-generators or rectifiers
used to convert the primary power service supply into
direct current (usually at 24 or 48 volts) for operating
the central office. It is called “charging”’equipment
because storage batteries are usually connected across
this current supply and the charging equipment serves
to keep the batteries charged, in addition to supplying
i;hedcurrent necessary to carry the central office operating
oad.

MOTOR-GENERATOR CHARGING SETS: The
motor-generator charging set consists of a direct-current
generator directly coupled to either an alternating
current induction motor or synchronous motor, or to a
direct current motor, Commercial power (A.C.) is used

TCI Library: http://www.telephonecollectors.info



Section 5.0
Page 100

as the primary power supply for operating the motors.
The latter drives the generator.

As mentioned previously, a generator is a machine
which converts mechanical energy to electrical energy.
This is accomplished by means of an armature carrying
conductors upon its surface, acting in conjunction with
a magnetic field. Electrical power is generated by the
relative motion of the armature conductors and the
magnetic field.

In the direct-current generator the field is usually
stationary and the armature rotates. In most types of
alternating-current generators the armature is stationary
and the field rotates. Either the armature or the field is
driven by mechanical power applied to its shaft.

Three types of charging generators are in common use,
the “M” type charging set which has been replaced by
the “‘commercial”’ type charging set for new installations
and the ‘“diverter pole’’ charging set.

Since storage batteries decrease in voltage when dis-
charging and as they require a voltage considerably
higher than the normal or “floating” voltage to bring
bring them up to a fully charged condition, it is necessary
that the charging generators have a controllable wide
voltage range. The “M” type and commercial genera-
tors for charging 24 volt batteries have a voltage range
of about 22 to 33 volts and are generally referred to as
“33 volt generators’”’ while those for charging 48 volt
batteries have a range of about 44 to 65 volts and are
generally referred to as ““65 volt generators’”’. The diver-
ter pole generators, which are self-regulating as to volt-
age output, are generally referred to as 25 volt or 50
volt generators, although they may be set (by means of
a field rheostat) for a voltage output |within about the
same range as the “M’’ and commercial type sets.

“M” Type Charging Sets

The “M” type charging sets were specially designed
for telephone service and were made in various sizes up
to 1500 amperes. They were designed to provide a
practically noiseless direct current output and operate
with a minimum of mechanical noise. The pulsations or
ripples in the generated current which are recognized as
“noise”’, were effectively reduced by the use of a smooth
core armature, a large number of commutator segments
and the use of brass gauze brushes. The ripples or noise
in the generated current was thus reduced to such a low
value that the storage batteries (which are connected in
parallel with the generator while it is running) would
absorb or bypass the remainder resulting in a current
supply suitable for talking circuits. The “M”’ type sets
operate at comparatively low speeds (600 to 1200 RPM)
which contribute to their quiet mechanical operation.

While the “M’’ type sets have served their purpose
well for long period of years they had the disadvantage
of being very expensive compared with ‘‘commercial”’
type sets, they took up more floor space and the use of
the brass gauze brushes required frequent lubrication of
the commutator (about every hour) to avoid undue
commutator wear.

Commercial Type Charging Sets

The commercial type charging sets are appreciably
smaller and lighter than the “M” type and operate at
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comparatively high speeds (1200 to 1800 RPM). They
derive the term ‘“‘commercial”’ from the fact that they
employ the same frameworks and general construction
characteristics as other direct current generators offered
for sale commercially by the manufacturers. The motor
generator sets are of the three bearing type, whereas
the “M”’ types are of the four bearing type. They are
usually furnished in sizes ranging from 100 to 750
amperes although sizes as large as 1200 amperes have
been made available.

Cemmercial Motor-Generator Set—300 Amp. 65 volt
generator, 31 HP Induction Motor.

Figure 71

The commercial generators are of the interpole shunt
wound type employing field rheostats for controlling the
output voltage. The interpoles (also called commutating
poles), with their windings, are located between the field
poles to aid in giving good commutation over the entire
voltage and load range without the necessity of shifting
the position of the brushes as the load varies. Self-
lubricating carbon brushes are employed which require
little attention and reduce commutator wear.

Due to the higher speed, increased windage and under-
cut mica on the commutator, these generators are not as
quiet in mechanical operation as the “M” type. Also,
the character of the armature and commutator is such
as to produce pulsations or ripples (noise) in the gen-
erated current to a marked degree and it is therefore
necessary to employ a filter, comprising of a choke coil
and condensers, to suppress the noise when the current
is used for talking current supply. Filters are described
later in this section.
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Diverter Pole Motor-Generator

Figure 72
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Diverter Pole Generators

For the continuous floating of batteries, a constant
d-c supply voltage is desirable. With a constant supply
voltage the drop in battery voltage, when current is
taken out of the battery, is just about enough to make
the charging rate increase in the proper proportion to
restore the charge to the battery.

So called diverter pole generators are the most recent
method used by the Bell System for charging and float-
ing batteries, particularly at small central offices. These
machines have been selected not only because they
automatically maintain a constant output voltage over a
wide load range but also because they maintain safe
speeds should the driving motor fail at the same time
that the reverse current circuit breaker to the battery
fails to operate. Under these latter conditions other
types of machines tend to draw current from the bat-
teries and run at very high speeds which may cause
mechanical damage to the machine itself.

Diverter pole generators are essentially motor-
generator sets with the a-c line motor directly connected
to the diverter pole generator which in turn is provided
with two sets of field windings. The first set of windings
is shunted across the output of the generator and each
winding is on a main pole. The second set of windings
is connected in series with the output and all windings
in this group are on so called diverter poles placed mid-
way between the main poles. Between each main pole
and the diverter pole adjacent to it in the direction
contrary to the rotation of the armature is a so called
magnetic bridge which tends to aid the flow of magnetic
lines of force between the two poles.

fa
Vi

Magnetic Flux Distribution at No Load.
Figure 73-A

When such a machine is running under no load condi-
tions part of the flux caused by the shunt winding on the
main poles is diverted from its normal path across the
armature air gap to a supplementary path through the
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magnetic bridge and diverter pole and then back through
the frame of the machine as shown in Fig. 73-A. The
bridge and diverter pole thus act as a shunt to the main
pole flux, and decrease the flux in the main gap and thus
the voltage generated in the armature.

Under no load conditions no current flows in the series
winding. However, when the diverter pole generator is
charging, the flux due to the series windings on the
diverter poles opposes the flux leaking over from the
main pole and thus forces more of the main pole flux
across the armature air gap and consequently increases
the generated voltage. With proper design the increase
in generated voltage just compensates for the increased
losses in the machine due to the increased load. Thus
the output voltage remains constant.

Eventually the series current flux may become strong
enough to force all the main pole flux across the armature
air gap as shown by Fig. 73-B. In this case the generated
voltage is a maximum. Any further increase in the series
current now has the tendency to decrease rather than
increase the flux across this air gap and consequently
the generated voltage is decreased.

Magnetic Flux Distribution at Full Load.
Figure 73-B

In actual operating conditions, machines of this type
will maintain a constant voltage within * 19, between
14 and 34 of full load. At lighter loads the voltage rises .
slightly so that at no load the voltage may be increased
by .5 volt for 25 volt generators and 1.0 volt for 50 volt
generators. Above 34 of full load the voltage begins to
drop slightly so that at 134 full load the voltage can be
expected to be down by at least 109,.

With voltage characteristics of this sort, diverter pole
generators can safely be used at unattended dial offices.
Even after a prolonged power failure, when the battery
voltage has been appreciably reduced by the office drain,
the machine on restoration of the power service will
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automatically charge the battery without overloading to
a dangerous extent. Under all conditions the machine
will charge the battery, automatically raising its own
voltage until floating values are achieved again. The
slight rise in voltage at zero or very light loads prevents
the current from reversing and discharging the battery.

Over and beyond the good voltage characteristics of
the diverter pole generators there is still a second reason
for their use at unattended central offices. This reason
is associated with the fact that if the a-c supply fails and
at the same time the reverse current relay connecting
the generator to the battery fails to operate, the genera-
tor draws current from the battery and runs as a d-c
motor. Under these conditions ordinary compound
wound generators, which are sometimes used for battery
charging, have a tendency to reach very high speeds.
This is due to the fact that the current in the series
winding reverses when the generator starts to run as a
motor and produces a very weak field flux. However,
in the diverter pole generator sets the magnetic bridges,
between main and diverter poles, are so designed and
constructed that they soon become saturated and do
not permit the passage of large amounts of flux. With
this type of construction and the generator running as a
motor the series windings at first tend to increase the
amount of flux diverted away from the main gap across
the armature. This results in an increase in speed but
before this increase becomes objectionable the diverter
bridge becomes saturated and the main gap flux is not
weakened any further. The generator, acting as a motor,
then maintains a safe speed.

Diverter pole generators have a third advantage
based on the fact that the diverter poles are placed mid-
way between the main poles. In this position the
diverter poles permit larger currents to be taken from
the commutator of the generator without excessive
burning or sparking. This advantage is, however,
somewhat incidental as voltage regulation is the main
ree;son for placing the diverter poles between the main
poles.

5.2203 MOTORS

Since alternating current is the type of pri-
mary electric power supply furnished in nearly
all communities, the motors for driving the gener-
ators are usually either induction or synchronous
motors operating from 200 to 230 volt, 3 phase,
60 cycle current. Motor starters (starting com-
pensators) are used with the larger motors to
limit the starting current, as described later in
this section.

Induction Motors

Induction motors are the most commonly used
type for driving charging generators. In the
sizes up to 12 horsepower (with 200 ampere 33
volt or 100 ampere 65 volt generators) the “high
reactance’”’ type of induction motors are used.
These motors limit the starting current sufficient-
ly to permit the omission of a starting com-
pensator.

Induction motors larger than 12 HP are
usually of the “squirrel cage” type which have
* low reactance short circuited windings on the
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rotors. Starting compensators are employed for
starting them in order to hold the starting
current down to less than 114 times the rated
full load current.

Synchronous Motors

Sy-n_chronous motors are Hsed in certain com-
munities for purposes of “power factor” cor-
rection.

A synchronous motor may be operated at
unity power factor, or with a leading power
factor to balance a lagging power factor intro-
duced by other associated equipment, by con-
trolling the field strength of the rotating d-c
field. As the rotating d-c field (the rotor of the
motor) must be excited from an external source,
a small d-c generator or exciter is mounted on
the shaft at the end of the motor frame. An ex-
citer field rheostat is furnished to adjust the
output of the exciter, which in turn controls the
rotating field strength.

Starting a synchronous motor is accomplished
through a special squirrel cage winding on the
rotor. When the motor gets up to normal speed
(operating as an induction motor) an automatic
switch connects the exciter to the d-c field wind-
ing after which the motor runs in synchronism
with the impressed current. The starting wind-
ing, together with the automatic d-c field switch
(also called “automatic field control panel”’) and
a starting compensator makes the starting or
stopping of a synchronous motor as simple as
that of the squirrel cage induction motor.

Power Factor is the term used to indicate a
relationship between the a-c current wave and
voltage wave. If these waves are in phase with
each other, this condition is known as “unity
power factor’”. If the current wave lags behind
the voltage wave, due to the reaction of inductive
loads (such as motors, etc.) this is termed as
“lagging power factor’”’, and when the current
wave leads the voltage wave it is termed a
“leading power factor’”. Since the technical
explanation of power factors is quite complicated
it will, therefore, merely be pointed out here
that a low power factor results in ‘“‘wattless”
current or current which does no useful work,
but heats up the conductors and increases the
voltage drop.

Motor Starters

The various types and sizes of motors used in
power plants necessarily require different types
of starters. For small motors, the starter may
consist simply of a tumbler switch associated
with thermal cut-outs, or fusetrons, to protect
the motor against overloads or abnormal cur-
rents. From this simple starter, the types pro-
gress to apparatus of a complex nature, such as
the manual and automatic starting compensators
for polyphase a-c motors.

5.2204 RHEOSTATS

Field rheostats are used for controlling the
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current output of generators by regulating the
generator field current. Each rheostat is made
up of one or more circular plates on which are
contact buttons for terminating the resistance
elements. Movable arms with contact shoes are
provided for varying the amount of resistance
in the circuit. The apparatus is not enclosed and
space is provided to permit the dissipation of
heat generated when the rheostat is carrying
current. They are furnished in hand operated
or motor-driven types.

5.2205 RECTIFIERS

Rectifiers are used to convert alternating cur-
rent to direct current. They are free of rotating
parts and therefore most of the operating and
maintenance problems present in the operation
of motor generator sets are eliminated. Although
there are many types of rectifiers in general use,
they function similarly in one respect; they all
employ a rectifying element of some kind which
allows the passage of current only in one direc-
tion. Alternating current is made up of succes-
sive waves, half of each cycle being positive and
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the other half negative. Therefore, when alter-
nating current is impressed on the rectifying
element it permits the flow of current in one
direction during part of each cycle, but impedes
the flow of current during the remainder of the
cycle while the potential is in the opposite
direction. The resulting rectified current is
pulsating unidirectional current. When only one
half of each cycle is rectified, the rectifier is
termed a ‘“half wave”’ type. When the rectifier
is so designed (by the use of two or more recti-
fying elements or tubes functioning as two
elements) that both the halves of the a-c cycle
are rectified into unidirectional current, the recti-
fier is termed a “‘full wave” type. This is shown
graphically in Figure 74. The ripples of the
pulsating direct current are filtered by means of
a choke coil or by the combination of a choke
coil and condenser where a high quality of
filtering is required. The desired voltage of
rectified current is obtained by stepping down
the primary power voltage to the proper value,
through a transformer, and then rectifying the
transformed current. The four types of rectifiers
generally used in telephone power plants are the
Mercury Arc, Tungar, Regulated Tube and
Copper Oxide types.

N N N N

Alternating Current U

S

After Passing Through Half Wave 'g m m | /-\ i m

Rectifier

Rectifier

After Passing Through Full Wave : /—WWYW\
VY YW U U e U e N g

Rectified Current After Filtering to g
Smoothen Ripples .

WAVE FORMS OF RECTIFIED CURRENT

Figure 74

The detailed description and method of operation of
each of the above types of rectifiers is quite complex
and will be omitted from these notes. However, any
one so interested may obtain this information from
Library References.

5.2206 NOISE FILTERS

Broadly, the direct current required in a
central office falls into two classes, “signaling”
current which is used to operate all the various
types of electro-mechanical apparatus such as
relays, etc., and ‘‘talking” current which supplies
the medium for voice transmission. Since practi-
cally all equipment for generating direct current,
such as motor-generators and rectifiers, intro-
duce ripples or noise in their output it is nec-
essary that noise filters be employed to keep

“talking’”’ circuits free from such distrubances.
Figure 75 indicates graphically the effect of a
filter on an irregular wave form having high
frequency ripples or noise. Noise filters comprise
a combination of inductance (choke coil) and
capacitance (condensers) which may range in
size and type from a small retardation (choke)
coil and condenser, to care for the output of a
small rectifier, up to a large choke coil weighing
one or two tons associated with a group of
electrolytic condensers to filter the talking cur-
rent for a large central office. The choke coil
impedes, or chokes, the fluctuations in the
generated current and the condenser prevents
the flow of direct current but offers little re-
sistance to high frequency ripples, and, there-
fore, bypasses them.
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Effect of a filter on an irrekular wave form.

Figure 75

5.2207 RINGING, TONE AND SIGNALING

EQUIPMENT

General: In the operation of a telephone plant,
ringing, tone and interrupted currents are of
almost equal importance to those obtained from
the charging machines and their associated bat-
teries. These currents, which are supplied by
the “‘ringing power plant,” are used to operate
the bells at subscribers stations, to signal from
one office to another for establishing trunk or
toll connections and for providing the various
kinds of tone and signaling current necessary in
the operation of the central office. The ringing
power plant output is, therefore, designed to
provide continuous service and reserve equip-
ment is usually provided to serve in case of
failure of the primary power supply, or in other
emergencies.

The kind of ringing current, tones and inter-
rupted signals required depends upon the type of
central office, as the requirements differ for
manual, dial, toll and repeater equipments.
Further, the type of ringing equipment required
to furnish this current is influenced by the size
of the central office supplied. Broadly, the

output of the ringing power equipment usually

embraces the following types of current, or
combinations including part of them.

Ringing current at a frequency of approxi-
mately 20 cycles is furnished for ringing sub-
scribers’ bells. For passing ringing signals over
long toll lines 135 cycle or 1000 cycle ringing
current is employed.

Tone current is used to audibly transmit circuit
conditions such as “busy signals,” ‘‘dial tone”
and the like to subscribers or to the operating
forces.

Interrupted signaling current is employed for
such functions as providing the ringing and
silent intervals for machine ringing, flashing
supervisory lamp signals such as for the flashing
recall feature in manual cord circuits and trunk
busy signals, and for other purposes where
periodically interrupted or timed pulses will aid
in performing central office operating functions.
Interruptions of 60 IPM (interruptions per
minute) and 120 IPM are commonly used in
many types of central offices, and in addition,
interruptions of one, two, three or four seconds,
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and combinations of these, are used in central
offices arranged for machine ringing.

Coin control current is generated by the larger
sizes of ringing machines for controlling the
““coin collect” and “coin return” features of pay
stations. Positive and negative 120 volt direct
current is used for this purpose. In the smaller
central offices dry battelies are used to provide
the coin control current.

Ringing Systems

Manual Ringing Systems Manual ringing
systems are employed in the smaller manually
operated central offices and several types of
PBX’s where the subscribers’ bells are rung by
operating a key in the operators’ keyshelf.
The duration of the ringing period and the
method of ringing, that is, whether it is a
steady long ring or an intermitten series of
short rings is entirely under control of the
operator. For this service the ringing equip-
ment provides a steady flow of alternating or
superimposed ringing current to the switch-
board.

Machine Ringing Systems The term “ma-
chine ringing”’ indicates that after ringing is
started it continues automatically until the
subscriber answers or the call is abandoned.
It is employed in dial central offices and in the
larger manual and toll exchanges. In manual

central offices the ringing is started by the °

depression of a key controlled by the operator,
or by the operator plugging into a jack. In
dial offices the ringing starts as soon as the
connection is established to the called sub-
scribers line.  The ringing current flows
through a “tripping relay” in the operators
cord circuit, or in an equivalent circuit in dial
exchanges, and when the subscriber answers

the tripping relay operates and discontinues -

the flow of ringing current to that line.

The ringing current supplied for machine ring-
ing is interrupted into ringing and silent inter-
vals. These intervals vary somewhat in
different types of ringing plant equipment,
but in the larger plants the ringing interval is
two seconds and the silent interval four
seconds. For semi-selective ringing where
“one-ring’”’ and ‘“‘two-rings’’ are employed the
two-rings are one second ring, one second
silent, one second ring, and three seconds
silent. (See Figure 46) These interruptions
are provided by the slow-speed interrupters
which are usually driven by worm gears on the
end of the ringing machine shaft, although in
small plants separate motor-driven interrupters
are sometimes used.

In order that the tripping relay may function
the instant the subscriber answers, tripping
battery is furnished (also through the low-
speed interrupters) during the silent interval.
This silent interval tripping battery may be
furnished by the central office battery or by
separate cells. The direct current component
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of the superimposed ringing current, where
this type of ringing current is employed,
assists in the operation of the tripping relay
during the ringing interval.

“AC-DC ringing’’ is employed to improve
the operation of the tripping relays in machine
ringing circuits where straight a-c ringing was
formerly used. This current is obtained by
connecting a small battery of about 18 volts in
series with the a-c ringing generator. The d-c
component of the AC-DC ringing increases the
tripping range and assures that positive trip-
ping will occur during the ringing interval as
well as during the silent interval.

The “pick-up’’ circuit arrangement, where
one-ring and two-ring semi-selective machine
ringing is used, is devised to avoid the false
ringing of the two-ring subscribers.  The
operators cord circuits, or equivalent dial ex-
change circuits, include pick-up relays which
control the starting of the ringing interval and
these relays are in turn controlled by the
“pick-up”’ slow speed interrupter (PKU) on
the ringing machine. By means of the pick-up
circuit the ringing is always started so that
both rings of the two-ring code are sounded
initially as well as during the remainder of the
ringing period.

Tones and Interrupted Signaling Current

The Tones, which are used to audibly
transmit circuit conditions to subscribers or to

Battery Motor
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A TYPICAL LARGE RINGING MACHINE WITH TONE ALTERNATOR

Line Motor
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the operating forces, are usually furnished as
“high tone” at about 480 to 500 IPS (inter-
ruptions per second) and “low tone” at about
120 or 160 IPS. For certain purposes they are
furnished as continuous tones, such as for
“dial tone,” “number checking’’ and the like;
and for other purposes the tones are uniformly
interrupted by means of the motor-driven low
speed interrupters, such as for subscribers
“busy back,” ““trunks busy’’ etc. The inter-
rupted tones not only have a distinctive sound
but the low-speed interruptions are frequently
used to distinctively operate lamp signals, such
as for “busy back” on trunks. Howler tone,
used for attracting the attention of subscribers
where the receiver has been left off the switch
hook, is provided by the high tone frequency.
In the larger sizes of modern ringing power
plants the tones are produced by a ‘““tone
alternator’” which is provided as part of the
ringing machine, and in the smaller plants the
tones are produced by a high-speed split ring
interrupter which is either mounted on the
ringing machine shaft or separately driven by a
small motor.

The tone alternator, which replaces the
high-speed split ring interrupter used on the
larger ringing machines in the past, consists of
three inductors and is wound for three different
tone channels. One tone channel produces,
low tone, a second channel produces high tone
and a third channel produces audible ringing
tone.

“p” Type Ringing Generator

Tone Alternator

otary, Mercury-Type
Interrupters

| Leesi i ]

AND ROTARY MERCURY TYPE INTERRUPTERS.
Figure 76
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The audible tone, when used in connection
with suitable repeating and retardation coils,
impresses upon the ringing circuit a tone which
is audible to the calling subscriber during
ringing.

The tone alternator consists of a frame,
which houses the stator coils and a rotor which
is driven by the shaft of the ringing machine.
Formerly a magnetizing flux was obtained by
field windings. Now the flux is produced by a
permanently magnetized field. The flux
through the stator poles changes as the teeth
of the rotor rotate past the poles and thus
generates the alternating voltages in the wind-
ings on the poles.

Figure 76 sk:ows the tone alternator mounted
between the ringing generator and the low-
speed interrupters on a typical large ringing
machine.

The tone alternator possesses the advantage
over the high-speed split ring interrupter of
producing a uniform induced tone which is
taken from the stator windings without
brushes, thus reducing the maintenance and
cleaning required with those interrupters.

The low-speed interrupter, which serves to
control the ringing and silent intervals for
machine ringing and for providing variously
timed interruptions or signals for many other
purposes, consists of a worm driven reduction
gear assembly and the necessary interrupting
units. In the smaller plants the interrupting
units may consist of contact springs operated
by cams and the reduction gear may be driven
by the ringing machine shaft or by a small
motor. Figure 77 shows a 25 watt ringing
machine with cam-and-spring type low-speed
interrupters .at one end and the high-speed
(tone) interrupters at the other end.

A .25 Watt ngmg Machine with ngh Speed
and Low-Speed Interrupters

Figure 77

The rotary mercury-type interrupter con-
sists of one or more interrupter units mounted
on the low speed shafts of a reduction gear
driven by a ringing machine, and replaces the
“segment and brush” type low-speed inter-
rupter rings formerly used with the larger
machines. The rotary mercury-type inter-
rupter units, as shown in Figure 78, consist of
either two or three steel discs separated by
insulators placed between the discs and the

>
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whole clamped tightly together. Annular
grooves or channels are cut in one side of the
discs and the units are so assembled that the
channel of one disc is adjacent to the channel
of the next disc with the insulator separating
them. The insulators have one or more open-
ings or ports connecting adjacent channels.

he grooves are partially filled with mercury
and, when the units are rotated, contact is
made from one disc to the other by means of
the mercury when a port of the insulator dips
into the mercury pool. The port openings
are provided with Lavite washers to withstand
the arcing during operation. On interrupter
units having three discs, channels are cut on
both sides of the center disc. The number of
ports and their spacing around the insulator,
the amount of mercury in the channels, and
the speed of rotation determine the timing of
each interrupter unit. Since the rims of the
discs against which the brushes bear, present
a continuous surface, longer wear with less
maintenance is obtained than with the seg-
ment interrupted units formerly used. Fig. 79
shows a group of rotary mercury-type inter-
rupter units as assembled on the types of ring-
ing machines illustrated in Figure 76.

A cross-section of the Double-Interrupter
Unit is shown in Figure 80.

e et

o STEEL DISC—,

LAVITE WASHER
WITH PORT.

&

&<~ INSULATOR DISC.

3
|

Assembly of a Rotary Mercury-Type Interrupter Unit.

Figure 78

A group of Rotary Mercury-Type Interrupter Units.

Figure 79
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Steel Disc

Annular Groove
Containing Mercury

Insulator Disc
Lavite Washer and Port
Key Way

Sealing screw

DOUBLE INTERRUPTER UNIT (Cross-Section)
Figure 80
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AC MOTOR,

RING &
GC GENERATOR

TONE
ALTERNATOR

RINGING POWER PLANT FOR A LARGE CENTRAL OFFICE

Figure 81
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Ringing Generators

The three principal methods of generating
ringing current are by means of pole changers,
static ringing generators and motor-generators.
Space does not permit describing all the types
of ringing generators in common use.

Motor Driven Howler Interrupter

This apparatus consists of a d-c motor and a
drum type interrupter to furnish high tone by
interrupting battery at the rate of 480 inter-
ruptions per second at a motor speed of 1200
RPM. The unit is complete with a sub-base
and enclosing cover all arranged for vertical
mounting on a panel.

Small Motor-Driven Ringing Machines

In some of the smaller central offices which
require a continuous ringing current supply for
manual ringing, motor-driven ringing genera-
tors are used either as the reserve source of
ringing current or for both the regular and
reserve sources.

Ringing Machines with Tone and Inter-
rupter Features

In central offices employing machine ring-
ing, the ringing machines are usually equipped
for producing tones and low-speed interrup-
tions, and the larger machines also produce
coin control current.

Figure 81 shows a ringing power board for
a large central office together with the regular
and reserve ringing machines mounted on
sheet metal machine tables located adjacent to
1t.

RINGING PLANT OPERATING FEATURES

The division of the ringing load in machine ringing
offices is accomplished by means of the slow-speed inter-
rupters. Since the ringing interval is usually only one
half as long as the silent interval (2 seconds and 4
seconds) it is possible to utilize three slow-speed inter-
rupter units in an arrangement whereby one-third of the
office is supplied ringing current during a two-second
ringing period, another third of the office during the
next two-seconds and a third during the following two-
seconds. Thus the ringing generator can carry three
times the load it could handle if the whole office were
supplied during the same two-second ringing period.

Automatic switching from the regular to reserve
ringing supply is employed in most of the larger plants.
While the detailed circuit arrangement may differ with
various sizes and types of plants this feature provides for
starting the reserve battery driven machine when the
voltage of the regular a-c driven machine falls below a
predetermined value, caused by a primary power supply
failure or other trouble. The ringing supply, tone and
interrupted signal circuits are transferred from the
regular machine to the reserve machine by means of a
multi-pole electrically operated transfer switch. When
ringing current of the proper voltage from the regular
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machine becomes available, the supply circuits are
automatically transferred back to it and the reserve
machine stopped.

5.2208 CONTROL AND DISTRIBUTION EQUIP-
MENT

General

This item describes the principal items of
equipment and apparatus employed to control
the operation of a power plant, and for switching
and controlling the power plant output. Some of
the apparatus which might be considered in
this category, such as motor starters and rheo-
stats, has been previously mentioned on account
of its close association with the operation of
motors and generators. Most of the apparatus
described in this section is mounted on the power
board or machine control panels.

The recent trend towards the automatic
operation of power plants, and the use of various
automatic features such as emergency cell
switching, voltage regulation and the like in
manually operated plants, has led to the use of
many devices not found in the earlier power
plants. Due to the wide variations in size and
operating characteristics which practically every
type of apparatus must be supplied to meet, the
following descriptions are necessarily restricted
to a brief outline of the purpose and basic
operation of each type.

Power Boards

The power board serves to centralize and
accessibly locate the miscellaneous equipment
used in the operation and control of the power
plant.

In the early types of power boards, large slate
panels were used on which the required equip-
ment was mounted. Recent practices make use
of unit panels, of impregnated asbestos composi-
tion, each of which either carries the switches or
other apparatus required for a certain function
or is associated with one or more other panels
arranged for accomplishing the result.

The types of frameworks used for power
boards have gone through a process of evolution.
The early types employed job fabricated angle
iron, which was replaced by job fabricated pipe
framework and fittings, for supporting the panels.
Both of these types were fastened to the floor,
and were either braced to a wall, or uprights were
extended to ceiling supported auxiliary framing.
With the recent trend towards lower basement
ceilings in new buildings, the use of enclosed

- storage batteries which eliminate the necessity
for separate battery rooms, and the use of
machine control panels associated with the
machines, the changed conditions have resulted
in the present design of welded angle iron power
board frameworks which are entirely floor sup-
ported.
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CIRCUIT BREAKERS

Circuit breakers are connected between each charging
machine and the batteries to protect the generator
against abnormal conditions such as power failure or
overloads. The circuit breaking device serves as a
switch to complete the circuit from the generators to the
batteries, and to break the circuit, by the operation of
auxiliary devices, under abnormal conditions.

The manually operated circuit breakers are of the
single pole type operated by a hand lever. The circuit
breaker is held closed mechanically, against the pressure
of a spring, and is opened by the spring when the locking
mechanism is tripped. The tripping mechanism is con-~
trolled by the electro-magnetically operated reverse cur-
rent or overload devices which are parts of the assembly.
Ordinarily these circuit breakers are provided with both
overload and reverse current devices, but occasionally
only one feature is required and furnished. A bell ringing
attachment (to operate an alarm circuit) is provided to
indicate the operation of the circuit breaker.

They are furnished for use on direct current circuits in
capacities up to 1600 amperes, and are usually mounted
on machine control panels associated with the charging
set.

The solenoid operated circuit breaker, is similar in
construction and operation to the manually operated
type except that it is equipped with a solenoid operated
mechanism so that it may be closed or opened by the
operation of a remote control switch located on the front
of the power board. In the larger manually operated
power plants this permits the attendant to start the
machine, then go to power board where the meters and
generator field rheostats are located, bring the generator
up to proper voltage and close the circuit breaker by
means of the remote control switch,

Automatic reverse current switches are used in
most of the recently developed power plants, instead of
the circuit breakers just described. The function of the
automatic reverse current switch is to connect a charg-
ing generator to a battery at a predetermined voltage
and to disconnect the generator from the battery when
current flows from the battery to the generator (on
reverse current). The term ‘“‘automatic reverse current
switch’” usually embraces the combination of an electric-
ally operated contactor and a reverse current relay.

FUSING OF POWER PLANT OUTPUT CIRCUITS

All of the power supply circuits leading from the
power plant to other parts of the central office are fused
to protect the wiring and the power plant equipment.
The carrying capacity of each fuse must be limited to a
value which will protect the wire connected to it against
overheating in case of a short circuit or ground. Where
a large lead supplies current to a number of smaller leads,
each of the smaller leads is also fused to protect that size
of wire. In many cases the capacity of the fuses specified
may be lower than would be required to protect the
wiring, in order to safeguard the apparatus in the
circuit,

N.E.C. (National Electrical Code Standard) fuses are
used for the supply leads. W.E. No. 35 type (grass-
hopper) alarm fuses are used for individual central
office circuits or small groups of circuits, and are fur-
nished in capacities of 5 amperes or less. The alarm
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fuses (35 Type) are so designed that when the fuse wire
melts, a small visual signal (consisting of a glass bead
on the end of a short wire) is displayed on the top, and
a flat spring on the bottom makes contact with an alarm
bar. This alarm bar is connected through the central
office alarm circuit which rings a bell and displays a
lamp signal.

Where a N.E.C. fuse is used on a central office supply
lead it is the usual practice to connect an alarm fuse in
parallel with it so that when the main fuse blows the
alarm fuse also operates, thereby displaying a signal and
operating a central office alarm to indicate which circuit
has failed. Since some part of the central office is out of
service when a fuse fails, the alarm fuse serves a very
important function in sounding the alarm and enabling
the maintenance people to locate the fault and correct it
immediately.

5.2209 SWITCHES

Broadly, the term ‘“‘switch” applies to any
device used for opening and closing a circuit, or
for transferring the continuity of a circuit from
one path to another.

Knife Switches

The size of the switch is controlled by the
current flow as there must be sufficient copper
in the knife blades and jaws, and suitable
contacts to provide adequate carrying capacity.
Knife switches are usually mounted on unit type
power board panels arranged to perform specific
functions; such as discharge fuse and switch
panels, battery transfer switch panels, emergency
cell switch panels and the like. Figure 82 shows
the types of knife switches most generally used.

Battery transfer switches, for transferring
the discharge leads from one battery to another,
where duplicate batteries are used, are of the
rocker (angle blade) type. This type of switch
permits a very quick transfer from one position
to another. The battery transfer switches are
usually of the circuit-maintaining type; that is,
the blades make one set of contact clips before
breaking the other.

Emergency cell and CEMF cell switches
are also of the rocker type but include additional
features. The switches are equipped with auxil-
iary contacts and current limiting resistances, to
limit the Aow of current, as the emergency cells
are momentarily short circuited through these
resistances while being switched. The switches
are mechanically interlocked so as to prevent an
improper sequence of operation which might
short circuit the cells and injure them.

A discharge fuse and switch unit consists
of a double-throw knife switch associated with
two fuses. The two fuses are connected in series
with the discharge lead but the knife switch
short circuits one of them. Should the other fuse
operate the switch can be thrown, thereby short
circuiting the operated fuse and placing the good
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fuse in the circuit. After the operated fuse is re-
placed, the switch blade may be returned to its
normal position.

SINGLE DOUBLE
THROW THROW
CURRENT

LIMITING ]
RESISTANCE

FUSES

DISCHARGE FUSE
AND SWITCH UNIT

“\J
ROCKER TYPE WITH
AUXILIARY CONTACTS
FOR CURRENT LIMIT-
ING RESISTANCES

Commonly used Types of Knife Switches.
Figure £2

Safety type switches consist essentially of
knife type switches mounted on an insulating
panel and enclosed in a metal cabinet. A handle
on the outside of the cabinet operates the switch.
They are furnished in single throw and double
throw types, the single throw type having fuse
clips of the proper _capacity mounted on the
panel. They range in capacities of 30 to 1200
amperes, and are used principally for controlling
circuits carrying primary power supply voltages.

Motor-Driven Emergency Cell Switches

These switches are used in either manual or
automatic power plants, where it is desired to
have the emergency cell switching performed
automatically, under control of a voltage relay.
The “knife blade type’”’ motor-driven emergency
cell switches are most generally used, although
the “rotary type’’ has been used to some extent.
These switches are mounted on the front of the
power board.

Emergency Lighting Relay Switches

In most central office buildings provision is
made so that if a primary power service failure
occurs, thereby interrupting the regular building
lighting service, a limited number of emergency
lights are automatically lighted from the 24 or
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48 wvolt central office storage batteries. The
regular lighting as well as the separate emer-
gency lighting equipment is usually provided by
the telephone company as part of the building.
However, the “emergency lighting relay switch”
for switching the emergency lights to and from
the battery circuit is normally installed as part
of the central office power plant.

The emergency lighting relay switch is es-
sentially a magnet switch of the contactor type
with a self-contained closing coil and an under-
voltage device. When the regular lighting voltage
falls below a predetermined value the under-
voltage device causes the magnet switch to close,
and lock closed mechanically, thus lighting the
24 or 48 volt emergency lamps. When the
regular lighting voltage returns to a predeter-
mined value the mechanical locking device is
tripped, allowing the magnet switch to open the
emergency lighting circuit. The emergency
lighting relay switches for use on polyphase
service are similar to those for single phase.
except that additional undervoltage relays are
included for the extra phases.

Multi-Pole Electrically Operated Transfer
Switches

This type of switch, as shown in Figure 83, is
used on ringing power boards to transfer the
ringing, tone and signal leads from the regular
ringing machine to a reserve machine in case of a
primary power failure or other emergency affect-
ing the output of the regular machine. It is
operated by electro-magnets, and transfers 12
circuits from one set of 12 contacts to another set
of 12 contacts. The switch is held closed on one
throw when the operating coils of the magnets
are energized, and held closed on the opposite
throw by springs, when the coils are de-energized.

Multi-Pole Electrically Operated Transfer Switch
Figure 83

5.2210 METERS

In order that the power room attendant may
know at any time the characteristics and amount
of current flowing in the power circuits, meters
are provided for permanent or temporary con-
nection to them. They are usually mounted
either on the power board or machine control
panels. A brief description of these instruments
and their use follows.

Ammeters

Ammeters are used to indicate the current flow
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in amperes between the batteries and distribut-
ing fuse panel, between the generators and
battery or at other points where such informa-
tion is useful in operating the plant.

Voltmeters

The voltmeter is used to indicate the voltage
(or potential) of a circuit. It is connected directly
to the sides of the circuit to be measured by
means of fused leads. An instrument switch is
sometimes used to connect one meter to more
than one circuit, such as to one or more genera-
tors or to a battery to which the generators may
be connected.

Wattmeters

Wattmeters are occasionally used at emer-
gency engine driven alternator installations when
it is necessary to know the actual kilowatt output
of the alternator when carrying the office load.

Frequency Meters

This type of meter is used to indicate the fre-
guency of alternating current. When furnished
with an emergency engine driven alternating
current generator (alternator) it serves to indi-
cate the frequency of the alternator output and
also as a check on the engine speed which is
directly proportional to the frequency.

Ampere Hour Meters

In certain types of automatic power plants a
contact-making ampere-hour meter is used to
control the charging of the batteries. The
mechanism and contacts are so arranged that
charging starts whenever the batteries have dis-
charged approximately ten per cent of their
rated ampere-hour capacity, and stops when the
ampere-hours replaced exceed the preceding dis-
charge by a predetermined amount sufficient to
compensate for the conversion losses of the
battery. An additional contact is provided to
operate an alarm when the batteries have dis-
charged thirty-five per cent of their ampere-hour
capacity, in case the charger failed to function
when the battery had discharged ten per cent.
The present trend is to control the operation of
automatic power plants by a voltage method,
instead of by the use of ampere-hour meters.

Power Factor Meters

This type of meter is used on those installations
where the commercial power company imposes a
penalty for operating at a low power factor, and
where either synchronous motors or static con-
densers are provided for “boosting’’ the power
factor. Since the power factor equals the ratio
of the true power to apparent power, it is nec-
essary to compute the condition from a com-
bination of ammeter, voltmeter and wattmeter
readings where a power factor meter is not
supplied. This meter is usually mounted on the
power board associated with an ammeter and a
voltmeter.

5.2211

5.2212

5.2213
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AMMETER RELAYS

In automatic power plants, ammeter relays are
connected in the output circuit of the charging
machines as part of the control circuit equipment
for the starting and stopping of individual
machines as the exchange load varies. The am-
meter relay resembles a conventional ammeter in
appearance but the moving pointer is equipped
with contacts which make on “high” and “low”
stationary contacts.

VOLTAGE RELAYS

Voltage relays are used to operate alarm cir-
cuits, or control the operation of apparatus, when
the voltage reaches a predetermined high or low
value. [Each voltage relay is furnished for a
specified voltage range, that is, the relay is so
designed and adjusted that the “low” contact
will make at its rated low voltage limit, and the
“high” voltage limit. The contacts are also
adjustable to a limited extent, within the range
of the particular relay, the method of adjustment
depending on the type of voltage relay used.

AUTOMATIC VOLTAGE REGULATION

The purpose of a voltage regulator is to control
the output voltage of a generator within narrow
limits in order that the exchange supply may be
held to a uniform level, or so that storage bat-
teries may be floated at a value where they will
take a slight charge to keep them in a charged
state, while the variation in load is balanced by
corresponding changes in the generator output.
Since the voltage and output of a commercial
generator is dependent upon its field strength,
it is necessary to change the field strength as the
load and voltage tends to vary in order to keep
the output at a constant voltage. An automatic
voltage regulator, which responds to changes in
voltage is, therefore, used to control the field
strength of the generator to accomplish this
purpose. Several types of automatic voltage
regulators are used depending on the size and
characteristics of the generators involved.

5.2214 RESERVE POWER EQUIPMENT

General

Reserve power equipment for telephone central
offices includes generators driven by internal
combustion engines, instead of by electric motors,
thereby creating a source of power supply which
is independent of the primary electric power
normally supplied to the telephone building.
Such equipment, including the engine, alternator
or generator, and the control and switching
facilities for them is termed a ‘“‘reserve power
plant”,

It is essential in the design of telephone power
plants that provisions be made to assure an
uninterrupted source of power. The batteries
provide reserve for a short period, but in case
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the primary power provided by the utility com-
pany is subject to interruption for periods of time
exceeding the battery reserve, reserve power
plants are generally provided unless two inde-
pendent sources of commercial power are avail-
able. Even in communities where there are two
independent sources of commercial power it is
possible that a reserve plant would be prefer-
able. The question of which plan is preferable is
determined by the telephone company; and the
reserve plant, when required, is specified by them.

Types of Generators

For the smaller plants, engine driven direct
current generators which may be connected in
parallel with the regular charging sets, if desired,
are usually used. In larger plants, where more
than two engine driven direct current generators
would be required, engine driven alternators (a-c
generators) are usually employed. The alter-
nator has the advantage of entirely replacing the
commercial service if desired, and, in addition to
operating the telephone plant, the lighting and
other electrical equipment in the building may be
operated during the failure of the commercial
service.

Many types of internal combustion engines,
alternators, generators and control equipment
have been supplied for reserve power service over
a period of years. Some of the representative
types furnished are described to indicate the
character of the equipment.

SMALL ENGINE DRIVEN D-C GENERATORS

Fig. 84 illustrates an engine driven generator complete
with control cabinet. The engine is of the four cycle two
cylinder type, radiator cooled, runs at 1850 RPM and
uses kerosene for fuel. Ignition is provided by a high
tension magneto. A centrifugal type governor controls
the speed by throttling the fuel mixture to the cylinders,
and an overspeed trip of the centrifugal type shuts down
the set, by grounding the ignition, if the engine reaches
an abnormally high speed (about 2100 RPM). A dia-
phragm pump lifts the fuel from the fuel tank in the base
of the engine to the carburetor. A flexible metallic hose
is used for connecting the engine to the exhaust pipe
running to the roof. The engine is started by a push
button. The battery operates the generator as a motor,
a series winding having been provided in the generator
field coils for starting only.

The d-c generator is of the selfexcited (shunt wound)
type and is rated at 1.5 KW. The engine and generator
are wired at the factory, to the control equipment
located in a steel cabinet mounted above the generator.
The meters, field rheostat handwheel and control
switches are located on the cabinet where they are ac-
cessible for operating the set, and the rheostat, control
relays, etc., are inside the cabinet. A double pole double
throw switch on the cabinet is provided for connecting
the battery leads for charging.

LARGER ENGINE DRIVEN ALTERNATORS AND
GENERATORS

Some of the old reserve power plants employed heavy
slow speed gas engines to drive the generators by means
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of belts. Due to the progress in the development of
internal combustion engines, higher speeds made practic-
able the use of direct connected engine generators.
Further development toward engines of still higher speed
made possible the use of the modern types which are
more compact, lighter and smaller, and permit the use
of smaller generators, than the older types of the same
output.

L e e s

A 1.5 KW Engine Generator Reserve Power Plant.
Figure 84

Engines of the gasoline type as shown in Figure 85 or
diesel (fuel oil) engines as shown in Figure 86 each
operating at 1200 RPM are being used. These are self
contained plants. Each type has a battery driven
starting motor, a governor to automatically control the
speed, a centrifugal overspeed device and other as-
sessories necessary to insure safe, reliable and efficient
operation.

Water cooling the engines may be accomplished
either by means of city running water or by a radiator
and fan similar to that employed on automobiles, depend-
ing on local conditions as determined by the telephone
company. Where city running water is used it is piped
from the building supply through flexible hose connec-
tions. The cooling water supply is regulated by valves to
maintain proper temperature, the overflow running to a
funnel connected to waste pipes. In some instances a
heat exchanger is used. This feature consists of pipe coils
immersed in the engine cooling system water. Water flow-
ing through the coils under city water pressure uniformly
cools the water in the engine cooling system without in-
troducing sediment into the engine cooling system.

The fuel supply for gasoline engines is stored in
tanks located under the basement floor or buried out-
side the building and is pumped from the tanks by fuel
pumps on the engine, over flow pipes being provided to
return the excess fuel. In addition to the above, fuel oil
for diesel engines can be stored in a tank which may be
in the engine base or in the room close to the engine.
Suitable gauges are provided for reading the level of the
fuel in the tank. Liquid fuel stored on the premises is
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GASOLINE ENGINE ALTERNATOR WITH RADIATOR AND CONTROL CABINET

Figure 85

usually used for reserve power plants instead of natural
or artificial gas because the same emergency, such as a
flood or explosion, which causes failure of the commercial
power supply might also affect the public gas supply.

The exhaust equipment includes a flexible metallic
exhaust hose connection at each engine and a silencer
located over or close to the engine. At gasoline engine
installations pipe is provided from the silencer to the
roof. This practice is usually followed at diesel installa-
tions though it is permissable to exhaust into a building
flue known to be tight and adequately strong.

The alternators or generators which are directly
connected to the engines usually through suitable flexible
couplings are supplied in a variety of sizes up to 70 KW
or higher depending on size of office and load to carry.
The d-c generators are of the commercial self excited
type with a voltage output suitable for the type of
power plant with which it is associated.

The alternators used in the reserve power plants are
usually furnished for an output of nominally 220 volts,
60 cycle, 3 phase current to correspond with the local
normal commercial power supply. The frequency is
controlled by the speed of the engine which can be
regulated by adjusting the governor when required.
Each alternator has a rotating field excited by a direct
connected direct current generator commonly called an
exciter. Each alternator control panel includes an
automatic voltage regulator and necessary controls to
insure the desired voltage by manual or automatic
control as desired. When more than one alternator is
required to carry the emergency load they can be

operated in parallel when the detailed instructions
furnished to installations of this type are followed. The
instructions cover the procedures necessary to insure
identical alternator voltages, frequencies and phase
rotation.

The control equipment which is mounted in a control
cabinet located over the alternator or generator (See
Figures 84, 85 and 86) includes the equipment necessary
for the operation of the alternator or generator. As will
be observed from the above figures it may also include
most of the engine control equipment. The control
equipment is placed and wired at the factory so that
running and connecting the output leads and connect-
ing the starting battery leads at an installation involves
a comparatively simple operation. A transfer switch
mounted on a wall or column near the reserve plant is
furnished for switching from the regular to the reserve
service.

Portable Reserve Power Plants

Experience has proven that portable reserve power
plants are required under certain conditions. For ex-
ample a flood may not only cause the regular primary
power source to fail but also inundate the central office
reserve plant. Self-contained portable reserve plants
have, therefore, been developed which may be trans-
ported by motor truck. Figure 87 shows a 70 KW
portable engine alternator reserve plant which includes
essentially the same features as the engine alternator
radiator cooled plants previously described except for
the fuel supply and exhaust facilities. The silencer is
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mounted on top of the housing and a separate welded rectifiers, and to lighting outlets, as well as for
steel fuel tank, arranged for mounting on pipe legs, is distributing the converted currents to the tele-
provided for location near the plant during operation. phone equipment. The conductors may be
Automobile batteries (12 volt) are used for starting the insulated, solid or stranded wires, which are
engine. armored or run in conduits where necessary, or

they may be bare bus bars which depend upon
spacing and non-conducting supports, for their
insulation. The sizes of conductors used are
determined by the following considerations:

Each complete set is mounted on skids to facilitate
handling and transportation, and is covered with a
weather proof hood.

(a) The safe carrying capacity which is the
amount of current a conductor will carry
without becoming overheated. An open
bus bar of a given sectional area will
safely carry more current than an equi-
valent insulated wire or cable, because the
bus bar, being directly exposed to the air,
radiates heat more readily than does an
insulated wire or cable.

(b) The permissible voltage drop which is
the amount that may be lost in a pair of
conductors, and still supply sufficient po-
tential at the end of the loop to insure that
the apparatus served will not fail to
operate. This is computed at the maxi-
mum current to which the conductors are
expected to be subjected. In same in-

Diesel Engine Alternator Set 40 KW 1200 RPM stances th(; allowable drop is one-tenth of
. a volt but is more often a quarter or a half
Figure 86 vl

(c) The limitation of cross talk, which is

5.2215 POWER CABLING AND WIRING accomplished by making the conductors,

which are a common source of supply to a

General number of circuits including telephone

This item describes the conductors used for transmitters and receivers, sufficiently low
extending the outside power supply circuits to in reactance or effective resistance so that
charging, ringing and other machines, including what is being transmitted in one of the

PSS
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A 70 KW Portable Reserve Power Plant Figure 87
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5.2216

telephone circuits cannot be overheard in
others.

(d) The size of the fuse to which the con-
ductor is connected. Main discharge
fuses are frequently selected which will
carry indefinitely somewhat more current
than the expected peak load. This is done
as an extra precaution against service inter-
ruptions in case some unusual conditions
arise. The conductors connected to those
fuses must then be made sufficiently large
to be protected by the fuses. This means
that they must be larger than would be
required on account of carrying capacity
determined by the maximum load, and,
in the case of very short discharge leads,
larger than needed to meet the voltage
drop and crosstalk requirements.

A power calculation chart is shown on the job
wiring list- drawing, which gives the calculated
load in amperes, the calculated voltage drop,
and the terminations of the leads. The purpose
of this chart is to preserve the data for use in
subsequent checking, and the engineering of
additions and changes.

For convenience in handling, and in stocking
the conductors as well as the terminals and bus
bar clamps used with them, power cables are
limited in our work to 800,000 circular mils in
area, and bus bars to 14 inch by 12 inches in
sectional area. Where more conductivity than
would be provided by using these maximum
sizes is required, parallel cables or laminated bus
bars are used. In many instances space consid-
erations require the use of laminated bus bars
less than 12 inches in width.

PRIMARY POWER SERVICE LEADS

Primary power service supply leads are brought
into the bulldmg and terminated on a service
panel which is equipped with fuses and with
lightning arrestors if required. From the service
panel, circuits are extended to various parts of
the building for lighting, electric heating and
other power services not directly associated with
the telephone equipment. All of this work is
customarily arranged for by the telephone com-
pany prior to the start of the telephone installa-
tion work. The power service supply for the
telephone power plant is then picked up at the
power service panel by the installer, and ex-
tended, through suitable fusing to the various
machines, etc., with their control apparatus.
Electric power service for frame and aisle light-
ing and for convenience outlets at frames and
switchboards is usually picked up by the install-
er at the lighting panel boxes previously pro-
vided by the telephone company. All wiring
which is either normally or intermittently con-
nected to outside power supply sources or to
equwalent sources such as house plants located
in the telephone buildings, is either run in con-
duit or is done with flexible steel covered wire
and cable.
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5.2217 INDUCTIVE INTERFERENCE IN POWER

WIRING

Precautions which are necessary in power
plant wiring, to insure that the currents flowing
in or the voltages maintained on certain wires do
not cause objectionable reactions on other cir-
cuits through inductive and capacity effects are:

(a) Pairing of leads, that is, locating the
conductors of a circuit side by side, and
where several circuits follow the same
route, locating the pairs in. best relation to
each other for minimum inductive effect.

(b) Providing separation between the con-
ductors which supply talking -circuits,
and those which supply signaling circuits.
The former are known as “quiet” leads,
and it is the usual practice to provide a
minimum separation of 3 inches between
them and the signaling leads. In some
instances, such as amplifier power supply
the separation may be as much as five
feet. The spacing requirements applying
to charge and discharge leads vary with
the circuits of which they are parts. These
leads are classified as charge, talking, fila-
ment, plate, etc., on the circuit drawings
and in the requirement table in the in-
stallation handbook. This is to enable the
installer to provide the necessary spacing.

(c) Providing metallic shielding for leads
which carry currents having relatively high
voltage peaks, such as ringing and tone
leads, as well as leads carrying high fre-
quency currents. Also, leads which feed
amplifiers are shielded because any dis-
turbing inductive effects which they may
pick up would be amplified along with the
useful currents carried by the leads, with
resultant bad effect on the transmission.
Metallic shielding to be effective must be
grounded at both ends.

5.2218 BUS BARS

Where the available space permits, as in runs
between charging machines, power boards and
batteries, aluminum bus bars are now used ex-
tenswely For any given current carrying re-
quirement, an aluminum bus bar must be one
and one half times as large as a copper bar which
would carry the same load, but owing to the
relatively lighter weight of the aluminum, its
weight would be about one-half of that of the
equivalent copper bar.

In addition to the weight advantage which
makes aluminum bus bars easier to handle than
copper, it requires no protective finish even when
located in rooms with open type storage batteries,
and presents a very good appearance in a tele-
phone office where most of the ironwork and
apparatus is finished with aluminum colored
paints and enamels.

To insure satisfactory contacts when aluminum
bars are ioined together, or to other metals, it is
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5.2219

5.2220

customary to apply petrolatum to the aluminum
surface which is to form the connection before
cleaning the surface by means of an abrasive.
The reason for this is that this metal oxidizes
rapidly on exposure to the air, and if not coated
with some material which will exclude the air,
satisfactory connections would not be obtained.

FLEXIBLE STEEL COVERED CABLE

Service leads in a central office power plant are
generally flexible steel covered or FSC cable.
This cable is similar in construction to what is
known as BX wire and cable. It is used in many
applications where braided rubber covered wire
run in rigid metal conduit was previously used.

CENTRAL OFFICE GROUNDS

Earth connections or central office grounds,
perform several important functions. One of
these is the provision of a low resistance path to
earth, for dissipating lightning and other strong
currents intercepted by lightning arrestors and
protectors. Another function is that it is nec-
essary to ground one terminal of the central
office common battery to minimize the trouble
encountered in case of a cross with a high poten-
tial line. Usually this is the positive (+) end of
the batteries. If this were not done, that is, if a
common battery telephone exchange were in-
sulated from the earth, and some portion of the
wiring became crossed with the wiring of an
electric light, power or railway current distribu-
tion system, the potential of the telephone system
would be raised to that of the other system. The
insulation of the telephone apparatus and wiring
might then be subjected to voltages which it is
not designed to withstand, and all users of, as
well as people working on the telephone system,
might be exposed to electric shocks.

Similarly all frames, racks, etc., which support
equipment which is connected to service voltage
are grounded, since if they were insulated and
became crossed with electric light or power
wiring they would be sources of danger to the
people working in the Telephone central office,
as well as to the telephone system apparatus and
wiring.

Other uses for ground connections are that
shielding of conductors and apparatus, to be
effective, must be grounded; and metal mounting
plates, etc., if not grounded would, if they be-
came crossed with circuit wiring, become sources
of noise and other circuit troubles which might
be hard to locate. g F

Some of the circuits in the telephone plant,
such as those which operate the ringing on selec-
tive party lines, and some toll line and telegraph
signaling circuits, make use of the earth as part
of their operating paths.

Because of the importance of these grounds, it
is customary to make use of the piping of water
supply or gas distribution systems which can
usually be depended upon to be adequate as to
low resistance and carrying capacity. In some
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instances, such as at repeater stations and small
manual and dial offices, where water or gas
system piping is not available, what are known
as made grounds must be utilized. Several
methods of producing these have been used. The
present standard method is to drive several pipes
or rods into the ground, preferably in the base-
ment of the building housing the telephone plant.
The pipes or rods are spaced five to ten feet
apart, and are bonded together so as to form a
unit.

5.23 EQUIPMENT ALARMS

The No. 1 SXS offices are provided with a
complete alarm system, the purpose of which
being to indicate to the Plant Maintenance
personnel that some part of the equipment has
failed in its’ performance of the function, or
functions, for which it was designed. Some refer-
ence has already been made to these alarms in the
previous paragraphs. Supplementary alarm cir-
cuits are also provided, such as the ‘“Emergency
Alarm System’ to sound an alarm in case of fire,
serious injury or other emergency.

Separate alarm circuits are provided for each
type of equipment, as follows:
Line Finder Frames—Call Blocked

—Release

—48 V. Fuse

—Permanents
—Release

—48 V. Fuse

Connector Frames —Permanents
—Release

—48 V. Fuse

‘Power Equipment —Low Voltage
—High Voltage
—Fuse
~—Ringing Machines
—Machine Transfer, etc.

Selector Frame

Visual and audible alarms are also provided for
switch shelves, power frames and miscellaneous
relay rack units.

Visual Signals

Fuse and No Voltage —Red

Miscellaneous Trouble—Green

Service Calls —Amber
Permanents —White
Audible Signals

—Vibrating Bell
—Vibrating Bell
—-Single Stroke—

) Tone Bar
Alarm Circuit Alarm —Sub-set (AC Bell)
Permanent Signal —Buzzer
Service Calls —Sub-set—AC Bell
(Swmn Talk)

Aisle and cross-aisle visual signals are provided
to direct the maintenance personnel to the shelf
or fuse panel upon which the failure has occurred.

Power Failure
Major Alarm
Minor Alarm
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Associated with and located near the Office
Foreman’s desk (or Report Center) is the office
alarm panel. This panel offers a visual indication
of the general location of the failure, e.i., that the
failure has occurred in a line finder frame, a
selector frame, a connector frame, power plant, etc.
In a multi-floor office, a lamp in the alarm panel
will indicate upon what floor the failure has
occurred.

5.2301 LINE FINDER ALARMS

Visual and audible alarm signals are given
under each of the following conditions existing
in a line finder unit.

(a) Originating call not picked up within 18-48

seconds:—RED call block (CB) lamp

lights and sounds minor audible alarm.

(b) All finders busy but no trouble condition
—operates ATB register—no alarm given
as (a) will take care of this.

(c) All finders busy due to ground on Start
Lead—Operates ATB register (if trouble
is not cleared promptly, register may
operate several times) RED ground alarm
and aisle pilot lamps light and a bell rings
continuously until key AR is operated by
attendant.

(d) Chain circuit trouble—ground or cross
with battery: WHITE ground alarm and
aisle pilot lamps light and sounds audible.
(This may result in a traffic delay should
all finders become busy, in which case (a)
only would give the alarm)

(e) Peg Count register operates each time that
a finder moves ‘‘off normal” and sub-
sequently releases. If delay of from 18 to
48 seconds from start of release to return
to normal occurs then: —GREEN release
lamp and aisle pilot lamps light and
audible alarm is sounded. (Minor Alarm)

(F) A group fuse alarm circuit gives an audible
and visual signal if the battery supply is
interrupted.

5.2302 LINE SWITCH EQUIPMENT ALARMS

An alarm circuit is provided for each primary
line board to indicate:

(a) Delayed release of the A, B and D relays.

Audible and visual signals.

(b) Should the locking arm become stuck and
not fall back in a slot of the locking seg-
ment.

(c) Fuse alarm—audible and visual.

Secondary Line Board
(a) Same as (a) above.
(b) Grounded Open Main lead.
(c) Fuse alarm.
(d) Oscillating Master Switch.
(e) Grounded pick-up leads.
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Out Trunk Boards

(a) Slow release of A and B relays.
(b) Stuck locking arm.
(c) Overheating of 85 chm winding of B relay.

5.2303 SELECTOR FRAME ALARMS

(a) Permanents—A selector seized but not
stepped off vertical normal after a pre-
determined time interval, will cause
WHITE permanent lamp to light on
shelf. Also lights aisle pilot lamp and
causes buzzer to sound.

(b) Release—Failure of a selector to return to
normal after release of the ““A” relay
will cause the GREEN shelf and aisle
pilot lamps to light and sound a minor
alarm audible.

(c) Fuse—One fuse per selector shelf (20
switches) is provided. The operation of
one of these fuses causes the RED shelf
and aisle pilot lamps to light and it
causes minor audible to sound. (Later
installations may have 5 switches per
fuse)

5.2304 CONNECTOR FRAMES

(a) Permanents—Failure of calling party to
hang-up after completion of a call causes
the WHITE “Supv. 1”’ lamp on shelf
and the aisle pilot lamps to light after a
period of 3-7 minutes, a signal on single
stroke bell is operated.

(b) Release—Failure of a switch to restore to
vertical normal after release of the “A”
relay will cause the GREEN shelf
and aisle pilot lamp to light after 18-48
seconds. The minor alarm audible will
sound.

(c) Fuse—Each connector switch on a shelf is
fused. The operation of one, or more, of
these fuses will cause RED shelf and
aisle pilot lamps to light. Audible
(minor) alarm signal is sounded.

(d) Ringing Fuse—The ringing supply to
each connector shelf is fused at the shelf.
The operation of one of these fuses
causes the RED “Gen” lamp to light
and bring in the audible and aisle pilot
signals. (Minor Alarm)

5.2305 RELAY RACKS

Generally, the only alarm circuit associated
with a relay rack is the FUSE alarm. The opera-
tion of one, or more, of these fuses causes a RED
panel lamp to light and it brings in the visual
and audible alarms.

5.2306 CEILING LAMP PANELS

Originally, ceiling lamp panels were provided
for the dial central offices; however, these have,
in most instances, been replaced with the relay
rack type alarm panel.
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5.2307 EMERGENCY ALARM SYSTEM

As mentioned previously, emergency alarm
systems are used in central office buildings to
sound an alarm in case of fire, serious injury or
other emergency.

Three systems are available. Two of these are
used in multi-office buildings and in central
offices large enough to warrant division of the
equipment into “zones’”’, a ‘““zone”’ being that
portion of the building or floor area treated as a
unit by the alarm system. The third is a simple
system for use in offices small enough so that
zoning appears to be unnecessary.

In one of the multi-zone systems, the zone
where the alarm originates is indicated by means
of codes sounded on horns or single stroke gongs.
The sounding apparatus is operated under the
control of code sending devices, one of which is
associated with each zone. The capacity of this
system is fifty zones and forty sounding devices.

The other multi-zone system employs lamps to
indicate the zone in which the alarm originates.
The zone indicating lamps are mounted in
cabinets so distributed throughout the installa-
tion that persons responding to an alarm may
readily observe them. The alarm is sounded on
horns or vibrating bells operated continuously.
This system has a capacity of five zones and six
sounding devices.

The System used in unzoned offices employs
two loud ringing bells operated from the central
office ringing supply. These ring steady in the
event of an alarm.

In partially unattended offices, the emergency
alarm signal is extended to the operator or Main
office.

Automatic fire detection is afforded in all
three systems by the use of an insulated (red
covering) fusible wire, known as ‘‘Fire Detection
Wire”, which is installed on the various frames
and racks and which, in the event of fire, melts
to open the circuit and thereby cause the alarm
equipment to function.

For Manual Operation, alarm boxes known
as ‘‘Station Boxes”’ are provided as required in
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all systems. They are mounted at convenient
locations to afford suitable means for an employee
to cause the alarm to be sounded. Alarms may
also be set off by cutting or breaking the “detec-
tion” wire.

Zones—each zone is assigned a particular
code in order that the Plant personnel may know
the approximate location of trouble just as soon
as the audible signal is sounded.

Alarms—Off-normal conditions or troubles in
the emergency alarm system other than those
which result in regularly sounding the alarm, are
indicated by supervisory alarms and signals.

5.2308 SMALL DIAL OFFICE ALARMS

The small dial offices are also provided with an
audible and a visual alarm system, but on a
greatly reduced scale. Aisle pilot lamps are not
usually provided and the audible alarm is associ-
ated with a cut-off key. The purpose of this key
being to open the audible sounding device
(buzzer) circuit during the periods that the office
is unattended.

The various shelf and power alarms in these
offices are, generally speaking, similar to those in
the No. | office. The principal difference in the
system being the provision of what is known as

(1 »
an “Alarm Sender”.

The alarm sender is associated with two Oper-
ator Office Trunks. When an alarm condition
occurs, the sender circuit is caused to function
and light one of the two incoming 0.0. trunk
lamps at the 0.0. Switchboard. (Two 0.0. trunks
are assigned as a safe-guard against a ‘‘single”
trunk arrangement whereby the single trunk
might be busy at the time the sender functions).

An operator upon answering the trunk signal will -

hear nothing and, if she disconnects the trunk
lamp will relight, thus indicating a trouble condi-
tion at the distant office. She is instructed to im-
mediately notify Plant of the alarm. They may
determine the extent of the trouble by dialing an
alarm checking terminal and then listening to the
type of tone, if any, on the line. The tone indi-
cations are as follows:

= p

.4

Trouble Indicated ; B

Main Fuse, High or low voltage, charge alarm, Grounded
start lead, call block, Ringing machine failure.

Alarm Indication

Major No Tone

Multiple Perm. Signal  Dial Tone Permanent Lines (6 or more)

Minor Busy Tone Individual Fuse, Release Alarm, or Ringing Machine
Transfer.
Permanent* Minor Code | Audible Permanent Lines (Less than 6)
None Code 2 Audible No trouble on test.
*One less than multiple P.S. setting.
There may be slight variations in the above The trunk signal at the switchboard will not

table depending upon the type and/or age of retire until the checking terminal has been
the offices. dialed.
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5.24

In offices not equipped with alarm senders,
the alarms are extended to the Main office plant
quarters on a separate trunk and with the termi-
nations at an alarm cabinet, the incoming circuit
being associated with an audible alarm circuit.

MECHANICAL ADJUSTMENTS—SXS—
DIAL EQUIPMENT

Good telephone service depends upon a great
many things all of which are essential in the sense
that, should any one be omitted, either service
could not be given at all or its quality would be
impaired.

Among these things there are two of vital ima
portance; namely, the correct design, manufacture
and installation of the mechanism; and the
mechanical and electrical adjustments necessary
to the faithful performance of their assigned
functions.

Design, manufacture, and installation are term-
inable proceedings; but maintenance continues as
long as the mechanism remains in service.

The maintenance of any modern telephone
office, with its vast numbers of relays, switches
and other pieces of apparatus operating on small
amounts of energy and on close margins, is very
largely a matter of mechanical adjustment.

When telephone mechanism was in a less ad-
vanced stage of development the adjustments
were determined by the experience of the main-
tenance men; and the practices in any office
depended almost entirely upon the skill and
resourcefulness of the one in charge.

Gradually as design and manufacture advanced,
as more precise performance became possible, as
more thought was given to adjustment problems,
and as more knowledge of correct procedure be-
came available, adjustment procedures became an
exact science.

Today the vast experience of the older mainten-
ance men who had to devise their own methods
and learned much by the trial and error process,
supplemented by the contributions of laboratory
and operating engineers has been preserved in
print and is available to all in the Bell System
whose work requires it.

This information is issued under the name of
BELL SYSTEM MAINTENANCE PRAC-
TICES—CENTRAL OFFICES and is most

specific.

These practices describe what are considered
the most effective methods and procedures for
maintaining central office equipment operating
under standard conditions.

These practices already include an enormous
amount of information essential to the installers
and maintenance men and additions and revisions
to keep pace with the rapid advance in the tele-
phone art are being made constantly. The aim is
to have them ultimately comprise all the latest
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information needed for the maintenance of stand-
ard equipment, and to have each central office
supplied with such portions of these Practices as
are needed by the plant men in that office.

All our present step-by-step offices are now well
supplied with this information and each new office
as it is made ready for service will be equally well
supplied. A definite routine is in operation for
keeping this information up to date.

The indexing of this information is of great
importance; for, it is evident, should a switchman
want to know how much tension to put on a
particular set of contact springs on any one of the
numerous kinds of relays in his office, or what
clearance to provide between the vertical teeth
and the vertical pawl on a certain selector, the
rapidity with which he can get that information
largely determines its value to him.

Manifestly, it is impracticable to include in
these notes the information contained in the
Practices, but an outline of how they are made up
and an illustration of how a switchman might go
about getting the facts as to the adjustment of a
selector, for example, are included for such help
as it may prove to be for Traffic people.

5.2401 DESCRIPTION AND STRUCTURE OF

B.S.M.P.’S
General

(a) The practices included under the general
title, “Bell System Maintenance Practices
—Central Offices,” are descriptive of what
are considered the most effective methods
and procedures for maintaining central
office equipment operating under standard
conditions. .

(b) They are prepared primarily to serve as
working manuals for the forces on the job
who are directly responsible for the main-
tenance of equipment, and it is intended
that these practices together with the
supplementary Bell System central office
maintenance information described in
other sections, will include ultimately all
the maintenance information required by
these forces.

(c) The plan provides uniform and definitely
located information for use throughout the
System, and the effective application of
these standard practices will aid materially
in the furnishing of satisfactory service at
minimum cost. The general use of stand-
ard maintenance practices tends also to
establish uniform educational programs.

(d) In the adoption of a plan which would pro-
vide the desired uniformity, the required
flexibility was also kept in mind. There-
fore provision was made for the inclusion
of special practices required by local com-
panies as well as for future practices which
may be required by the development of
new equipment.
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(e) “Bell System Maintenance Practices—
Central Offices” are divided at present into
eight major divisions as follows:

100—General
200—Routine Tests and Inspections.
300—Operating Methods and Non-Peri-

odic Routines.

400—Apparatus Requirements and ad-
justing Procedures.

500—Methods of Performing Various
Work Items.

600—General Troubles.

700—Description of Testing Equip-
ment and Tools.

800—Educational Information.

DIVISION 100—GENERAL

Division 100, “General”’, deals with the description,
scope and structure of the plan and other items of
general nature. . The various indices are also included
in this division.

DIVISION 200—ROUTINE TESTS AND
INSPECTIONS

Division 200, “Routine Tests and Inspections”, in-
cluded those sections which describe the procedures to
be followed in the performance of routine tests and in-
spections which may be scheduled at certain fre-
quencies. This information is grouped according to
types of offices except for those items which are com-
mon to all offices and which are grouped in separate
subdivisions.

It is expected that this division will be used as a
working manual by experienced men, and also as
information which can be used in the instruction of
new men not familiar with the routine tests and
inspections.

The index of this division provides a means for
scheduling of routines; in some cases the tests and
inspections have been further subdivided below the
section number into parts designated alphabetically
in order to facilitate the scheduling of particular parts
of a routine where it is desirable to make only a part
of the test or inspection at one time.

DIVISION 300—OPERATING METHODS AND
NON-PERIODIC ROUTINES

Division 300, “Operating Methods and Non-Periodic

Routines’”’, covers operating routines and other prac-
tices associated with the day by day activities of the
plant forces, such as the following:

Operation of Power Plant.
Interdepartmental Routines.
Emergency Routines.

Operation of Plant Desks.
Records and Reports.

Main Frame Protection Practices.
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DIVISION 400—APPARATUS REQUIREMENTS
AND ADJUSTING PROCEDURES

Division 400, “Apparatus Requirements and Adjust-
ing Procedures”, includes those sections which cover
the requirements and adjusting procedures for the
various types of adjustable central office apparatus.

DIVISION 500—METHODS OF PERFORMING
VARIOUS WORK ITEMS

Division 500, “Methods of Performing Various Work
Items”’, deals with methods of performing work such
as running cross-connections on distributing frames,
soldering, repairing switchboard cords, etc.

. Information covering piece part data and replace-
ment procedures for central office apparatus are in-
cluded in this division.

DIVISION 600—GENERAL TROUBLES

Division 600, “General Troubles”, describes certain
typical troubles and approved methods for locating
and clearing such troubles.

DIVISION 700—DESCRIPTION OF TESTING
EQUIPMENT AND TOOLS

Division 700, “Description of Testing Equipment and
Tools”, includes descriptive and education informa-
tion on standard testing equipment, testing circuits,
tools and gauges.

DIVISION 800—EDUCATIONAL INFORMATION

Division 800, ‘“Educational Information’’, includes
sections descriptive of various systems and apparatus,
and also other fundamental information considered
essential in the training of central office forces.

5.25 MISCELLANEOUS CENTRAL OFFICE
APPARATUS

The preceding paragraphs have been devoted
primarily to Step-by-Step type switches and as-
sociated equipment. It may be of interest to
those trafic people who are not completely
familiar with central office equipment to review
briefly some of the other equipment and ap-
paratus incidental to a complete central office.

In Section 4 we covered the general theory of
relays. Many types of relays are used in Tele-
phone Plant, some of the more common will be
described briefly in this section. Various items,
other than relays, will also be discussed, such as
indicating, transmission and protective devices.

5.2501 RELAYS
Direct Current Relays
(A, AB, E, F, H, R and T Type Relays)

"These relays are known as ‘‘Flat Type Relays”
because the major parts of the relay, that is, the
core, armature and contact springs are punched
out from flat stock. They have upper and lower
spring assemblies. :
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ARMATURE

The A type relay is used primarily for line and
cut-off relays on manual installations.
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“R” Type Relay
The E type relay is a general purpose relay

and replace practically all the old barrel type
relays.

The R type relay differs from the E type only
in the use of “swaged” core and slightly larger
spoolheads. The term “swaged” denotes a press-
ing operation at the time of manufacture which
changes the normally rectangular shape of a
flat type relay core (under winding space only)
to an oval shaped core.

The AB type relay resembles the R type relay
except that the core and armature are made from
a thinner stock. It was designed to replace the

A type and has the advantage of greater stability
due to the greater number of turns on the
“swaged”’ core.

Core of ““H’’ Type Relay
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The F type relay is a slow releasing relay. The
T type differs from the F only in the use of a
swaged core.
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“F” Type Relay

U and Y Type Relays

These relays are similar to flat type relays, but
have a round core and are somewhat longer.
The outstanding differences are the use of double
on “bifurcated” contact springs and the ability
of the relay to operate larger spring assemblies
(as many as 24 contact springs to a relay).

B and G Type Relays

Are used for supervisory purposes in trunk and
cord circuits.
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200—Type Relays (Polarized Relays)

The term “‘polarized relays’ is used to desig-
nate a relay whose armature and core are kept
permanently magnetized, usually by means of a
permanent magnet. The object of polarizing
a relay is to make it respond to currents of a
certain polarity only, and to make it more
positive.
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L, N and S Type Relays

These are pulsing relays of the flat punched
type. They are practically identical in design,
except the N and S types are provided with a
removable crosstalk-proof cover and cap and
that a laminated core is used on the N Type.
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221 Type Relay

221, 222, 223, 224, 225, 247, 251 and 252 Type
Relays (SXS Relays)

These relays are known as Step-by-Step relays
because they are largely associated with Step-
by-Step equipment.
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245 Type Relay

The 114 type relay is tubular in shape because
a round iron shell is used as the return pole piece.

Most of these relays are used as ““trip”’

relays in

incoming trunk circuits to trip or cut off the ring-
ing current when the called subscriber lifts the

receiver off the telephone.

245 Type Relays (multi-contact)

The 245 type relay is of fairly new design and

is used primarily in crossbar dial systems.

5.2502 RINGERS AND BUZZERS

KS—7802 Relay

These relays are used where time delays of
relatively large duration are required. The
operating mechanism is completely sealed in a
glass tube. This tube which is surrounded by
the winding contains a hollow cyclindrical iron
plunger floating on mercury. The tube also con-
tains two electrodes, one of which is always in
contact with the mercury. A small cup of
insulating material which contains mercury is
mounted at the top of the insulated electrode
thus providing the mercury to mercury contact.
No adjustments can be made to these relays in

the field.

Unbiased Ringers are intended for use on alternating current only. Biased Ringers are used in all
cases where superimposed current (direct current superimposed on alternating current) is used for ringing.
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Harmonic RingerJis a type of alternating
current ringer, usually designed to operate on a
certain frequency (16, 33, 50 or 66 cycles).
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REPEATING COILS, INDUCTION COILS,
RETARDATION COILS

Repeating coils and induction coils are terms
used to designate certain types of transformers.
A telephone transformer is generally called a re-
peating coil when it has a low ratio of transforma-
tion, and is not used in connection with vacuum
tubes, where the terms imput transformer and
output transformer are used.

An Induction coil is a special name given to
certain types of repeating coils which generally
are associated with telephone sets and use either
the straight core or shell type of construction.

According to their mechanical construction,
repeating coils may be of the toroidal, shell, or
straight core type.

The core of the torodial type of repeating coil
consists generally of a ring of silicon steel lamina-
tions, or pressed permalloy dust rings. After
being wound, the coil is impregnated to make it
waterproof. It is then sealed or potted with
rosin into a pressed steel cup or cast or sheet
iron case. This cover makes the coil cross-talk
proof and provides protection against mechanical
injuries. The unit (sometimes two coils) is
generally mounted on a wooden base. Repeating
coils of the 75, 77 and 85 types are examples of
this type of construction.

The 62, 74 and 93 type coils are of later design
and utilize a cast or sheet iron case as a housing.
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62 TYPE REPEATING COIL

The core of a shell type repeating coil consists
of silicon steel or permalloy laminations of various
shapes. A number of laminations are riveted to-
gether, forming butt joints when assembled.
The windings are generally on a spool which fits

WIRING
DIAGRAM

94 TYPE REPEATING COIL
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over the center leg of the core. The 94 and 120
type repeating coils are examples of this type of
construction.
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62 TYPE INDUCTION COIL

The straight core type of repeating or induc-
tion coil has an open magnetic circuit core of
silicon steel strips. The windings are brought
out to terminals attached to the spool head. The
62 and 72 type induction coils are examples of
this type of construction.

RETARDATION COILS

Retardation coils, also known as impedance or
choke coils, are electromagnetic coils used to
retard or choke back the flow of rapidly varying
currents, but at the same time allow the com-
paratively free passage of direct current.

Among the most commonly used retardation
coils are the 47 and 54 types. The coils are small
tubular coils of the straight core type, having a
solid core of soft iron. A tubular shell of soft
iron surrounds the coil, completing the magnetic
circuit and making the coil cross-talk proof.

The toroidal type core, as used for repeating
coils, is also used considerably for retardation
coils.

54 TYPE RETARDATION COIL
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5.2504 CONDENSERS

A condenser consists essentially of two plates
or sheets of conducting material separated by a
dielectric or an insulator. Such a device when
placed in a circuit acts as a barrier to the flow of
direct current but permits the easy passage of
alternating current.

The majority of the condensers used in the
telephone plant are of the paper insulated type.
In these condensers, the conducting material con-
sists of long strips of tin foil approximately .0003"
thick and the insulators are strips of very thin
high grade tissue paper about .0005” thick. To
make a paper condenser, two strips of tin foil and
four strips of paper are wound together so that
each foil strip is insulated from the other by two
paper strips.

After the proper number of turns have been
wound together into cyclindrical form, the form
is removed from the winding machine, baked for
a number of hours in order to exclude moisture
and then impregnated with wax in a vacuum
tank. While still hot, the condenser is flattened
to remove excess wax and to raise the capacity.
The condenser is next tested for breakdown
strength and capacity and then sealed into a
metal container with an asphalt preparation.
Typical condensers of the types most commonly
used in telephone equipment are shown below.
The 187 type shown is a multi-unit type con-
denser, that is, it has more than one capacity
sealed into the same can.

e e A e S A e e

139 TYPE CONDENSER

141 TYPE CONDENSER
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187 TYPE CONDENSER

5.2505 JACKS AND JACK MOUNTINGS

Jacks are used in a great variety of circuits
and consequently require considerable variation
in construction. Several hundred different jacks
have been coded, but only a few general types

The following pictures show typical jacks used in our business.

[ -
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will be shown below. Fundamentally, jacks, to-
gether with plugs and cords, are a flexible
switching device with as many choices as there
are jacks.

Besides provision for making connections with
the cord conductors attached to the plug, a
number of auxiliary springs and contacts are
often part of the jack, so that other connections
are made or broken by means of make, break, or
transfer contacts. The various uses of jacks are
too numerous for detail in these notes.

Jacks are divided into two general physical
classes, those mounted in strips and those which
can be mounted individually. The strip jacks
are usually manufactured as an integral part of
the mounting with which they are associated.
The sleeves of the jack are fastened into a hard
rubber strip which forms the face of the jack
strip. The contact springs are separated by in-
sulators and assembled in a pile-up at the rear
of the jack strip. Individually mounted jacks
have a sherardized iron frame with a brass sleeve
fastened to its front face.

Jack strips are used princigally on switch-
boards, where the jacks serve either as multiple
jacks or answering jacks.

NOTE: The 92 type jack is the smallest
switchboard jack made by the West-
ern Electric Company.

114 TYPE JACK MOUNTING EQUIPPED WITH 49 TYPE JACKS

O
A B C D

227 TYPE JACK

The 364 type jack shown is used alone as well
as in pairs. This type of jack is mounted in pairs
to form the operator’s telephone jacks on a
switchboard. They are two conductor type jacks.

ALY, myrTes Ta AW

364 TYPE JACK
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5.2506 RESISTANCES

Resistances are one of the most commonly
used devices in the telephone plant. In the ma-
jority of cases they are used to control the flow
of current in a circuit, such as lighting of switch-
board lamps, regulating current values through
relay windings, etc. There are a number of differ-
ent types of resistances, but all consist essentially
of the resistance element proper and a suitable
mounting.

Two types of resistances similar in construc-
tion and used very extensively are known as the
18 and 19 types. The 18 type shown below is a
single resistance while the 19 type has a third
connection to an intermediate point of the resist-
ance winding. These resistances consist of bare
high resistance wire wound on a card of micanite,
the windings so spaced that the turns are not in
contact with each other. The winding is covered
with micanite and the whole bound in place by
metal strips which give mechanical strength to
the edges and serve as terminals for the winding.
Each terminal is equipped with two clamping
nuts and insulating washers for mounting on a
standard steel mounting plate. 18 and 19 resist-
ances are made with resistance values from less
than one ohm to nine thousand ohms and have a
safe carrying capacity of approximately five
watts.

18 TYPE RESISTANCE

Another type of resistance used quite fre-
quently in cases where the required current
carrying capacity is above the maximum rating
of the 18 or 19 type is shown. This is a vitrohm
resistance of the 59 type, consisting of a porce-
lain spool and a resistance winding which is com-
pletely covered with vitreous enamel. The re-
sistance unit is mounted on a small mounting
plate by means of a metal rod passing through
the center of the unit. The ends of the winding
are connected to terminals similar to those used
for 18 type resistances. Other examples of resist-
ances using vitreous enamel units are the 44, 60,
70 and 71 types. Units of this type are also some-
times equipped with an Edison base for mounting
in lamp sockets.

A typical high resistance of small size, known
as the 38 type is shown. This resistance consists
of either a carbon filament or silk core mandre-
lated resistance wire placed in the spiral groove
of a cylindrical core of procelain. Brass caps
with mounting lugs on each end of the porcelain
core serve as mounting and terminals. 38 type
resistances are practically non-inductive and are
used chiefly in connection with vacuum tube
circuits.

Step-by-Step Dial System
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Resistances tubular in shape and having a low
reactance, similar in appearance to the familiar
pig-tail resistors in radio circuits, are also used in
the telephone plant, primarily in carrier equip-
ment. The 106, 107, 108 and 112 type resistances
are examples of this kind, consisting essentially
of a coil impregnated with bakelite and placed in
a phenol fibre tube. Short pieces of tinned wire
extending from both ends serve as terminals and
are also used to support the resistance.

38 TYPE RESISTANCE

For the protection of ringing and battery
supply leads against short circuits and overloads,
Resistance Lamps are placed in series with these
circuits. The resistance of the tungsten filament
in a resistance lamp increases considerably with
the applied voltage, thus protecting the apparatus
against abnormal current flow. These lamps have
the general appearance of a vacuum tube.

Other types of resistance lamps are known as
Ballast Lamps. These are used as current regu-
lators to maintain an approximate constant cur-
rent within a rated voltage range. The filament
is made of iron, the resistance of which increases
much more rapidly at certain temperatures than
at others. By designing the filament so that it
operates at the point where this rapid increase
in resistance takes place, the current through the
filament (which is in series with the device to be
controlled) is held very nearly constant even
though the applied voltage may increase rapidly.

Ballast lamps are usually equipped with either
a screw base (8 type) or a four prong radio base

(120 type).

5.2507 VARISTOR

A typical varistor of the copper oxide type
used for the reduction of clicks in operators’ tele-
phone circuits is shown below. It consists of two
sets of three 34"’ diameter copper discs, oxidized
on one side and bolted to a mounting bracket.
The unit is covered with either a gray or black
moisture proof varnish to increase its useful
service life. The two sets of discs are connected
in parallel so that a voltage of given polarity
impressed across the unit will cause current to
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flow in the conducting direction through three
of the washers, while with an opposite impressed
polarity, current flows through the other three.

3 TYPE VARISTOR

Since the direct current resistance of a copper
oxide varistor decreases as the impressed voltage
increases, the varistor when connected in shunt
with an Operators’ receiver will by its operation
effectively limit the amount of current which
would otherwise flow thru the receiver.

5.2508 LAMPS, LAMP CAPS AND LAMP MOUNT-
INGS

Lamps are used for signaling purposes on
switchboard as line lamps and pilot lamps and
as supervisory lamps in cord circuits. They are
also used extensively in dial offices for alarm
purposes on switchshelves, various lamp panels,
in test sets, etc.

Associated with the lamps are “lamp caps”,
these lamp caps being available in several sizes
and color.

Switchboard lamps are approximately 134
inches long and % inch in diameter. The lamp
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proper is mounted between two tinned brass
terminals attached to a wooden block which is
V-shaped at the end to facilitate insertion into
the lamp socket. The terminals make contact
with the springs in the lamp sockets and carry
the current to the filament.

The lamp caps consist of a hemispherical lens
and a brass sleeve. The lens is slightly clouded
or cut in facets in order to distribute the rays of
light so that the signal may be seen from all
angles. The sleeve serves to confine the light so
that no light will reach other lenses than the one
directly in front of the lamp.

The lucite lamp cap is of more recent design
and is currently the most popular.

8 M

\

2-TYPE A-TYPE
SWITCHBOARD LAMPS AND LAMP CAPS

T 7 = e

o i --'1,'._'":.‘:': P -7t
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1sseessssae

@ 4

278 TYPE LAMP SOCKET MOUNTING EQUIPPED

5.2509 PLUGS AND CORDS

There are about four general types of plugs.
These are the two conductor plug, the double
plug, the small three conductor plug, and the
large three conductor plug. These plugs are each
associated with jacks designed for them. Follow-
ing are examples of the more commonly used
plugs in a telephone office.

WITH 43 TYPE LAMP SOCKETS

LR DA = S IO s e s el

47 TYPE PLUG
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TUBULAR INSULATOR
RING

TIP STEEL ROD
SLEEVE

DEAD COLLAR
CROSS SECTION OF 109 TYPE PLUG

The 47 Plug is used on magneto switchboards,
test boards, and P.B.X.’s. The 109 and 110 plugs
are three conductor types and are associated with
92 and 49 type jacks, respectively. Double plugs
are of the type associated with the operator’s
telephone set. The 217 plug is unique in that the
shell encloses a resistance which is bridged across
the tip of the two plugs. Several different size
resistances are used with these plugs, the smallest,
400 ohms, the largest, 1800 ohms. They are used
for balancing toll circuits during tests.

BEE 241 TYPEJPLUG B

CORDS

Switchboard cords are manufactured with from one
to four conductors. Nearly all are furnished in red, slate
or green and some of them in black. The usual length
is 6 feet, but this will vary depending upon the specific
need of the cord.

Step-by-Step Dial System
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The conductors are of tinsel to secure the greatest
flexibility without danger of breaking. A covering of
silk floss is then wrapped around the conductor and a
cotton braid is put over this. The cotton braid is a
different color for each conductor, the tip being white,
ring blue and sleeve red. The outside cotton cover is
braided on and is glazed to make it moisture proof and
to lessen the tendency for wear. Solderless cord tips are
fastened to the ends of the conductors for plug and
terminal terminations.

TP CORD TIP
RING —— | \
2 / TINSEL =)
H THREADS )
SLEEVE ———¥ % ;
| ‘i\‘\ BLUE
== -SILK
LOS
RED or N
#110 PLUG RS
IU’ FILLER WHITE
L) THREADS 5
% B e R R '\‘ STy
: = § BAND
: N
e~ GLAZED
" COTTON
BRAID

SWITCHBOARD CORD

5.2510 IKEYS

Keys are manually operated devices for closing
or opening telephone or telegraph circuits. There
are a great many different kinds of keys, but all
consist essentially of a number of contact springs
operated by a lever or a plunger. While a number
of keys consist of just a single lever or plunger
unit with various spring combinations, a con-
siderable number of keys are equipped with two
or more lever or plunger units, or consist of a
combination of both mounted on a common base.

A typical lever type key, known as the C-I
type is shown below. These keys may be of the
two position or one position type. In a two posi-
tion key, the lever handle may be moved to
either side of the normal (up) position, while in a
one position key, the levér can be moved to one
side only. Since there is a roller on each side
of the cam, a maximum of four spring pileups
may be used for this type of key.

The B-1 type key consists of two lever units,
each having a locking spring combination on
one side and a non-locking on the other.
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PLUNGER SPRING
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! ™ sPA.NGS
SPRING BACK STOP—] ) MOUNTING

BLOCK SCREW

—/'[J J]
FRAME SPRING PILE-UP

C-1 TYPE KEY

PLUNGER TYPE KEYS

Among the most commonly used plunger type key is
the 92 type. The key is operated by depressing the
plunger which actuates the spring combination. These
may be either the locking or the non-locking type.

T S
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AT R R S

5 EY SHELL ~
L MSULATOR
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o h ‘-
MOUNTING® '«
BRACKET ...

- CONTACT
- SPRINGS

92 TYPE KEY

INSULATOR KEY SHELL
MOUNTIN
aRACKETG .| PLUNGER

SO 1),

CONTACT SPRINGS
498 TYPE KEY

The 498 type key is similar to the 92 type, except that
a rotating plunger button is used for operating the con-
tact points. The end of the plunger is rectangular in
shape and when turned, forces the plunger springs out-
ward.

The 520 type key is another of the plunger variety but
is similar in appearance to a push button. The “button”
is about | inch in diameter. These keys are commonly
installed on switchboard key-shelves and associated with
positional peg count circuit.
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A-6 TYPE KEY

The A-6 type key shown is a typical four-party ringing
key consisting of four plunger units arranged to operate
the key contacts when depressed all the way down. Each
plunger, when released from the ‘“way down’ position,
is held in an intermediate position by means of a slide
plate engaging with a projection on the plunger rod,
thus indicating the party called. Any plunger locked in
this semi-depressed or indicating position is released by
the operation of any other plunger.

5.2511 PROTECTORS AND FUSES

Earlier in this section we have made reference
to protectors and fuses. Following is a more de-
tailed explanation of these items.

Practically every telephone circuit in the cen-
tral office must be equipped with some form of
protection which is sufficiently sensitive to oper-
ate before any damage to the equipment is done,
but is not too sensitive to cause an unnecessary
number of service interruptions. For the pro-
tection of the inside equipment, telephone lines
enter the central office through protectors
mounted on the main frame. These protectors
consist of a protector mounting equipped with
protector blocks and heat coils.

A diagrammatic view of such a protector unit
with protector blocks and heat coils is shown
below. The protector blocks on each side of the
line, as shown in this figure, consist of a plain
carbon block and a porcelain block. A small
carbon block is mounted in the center of the
porcelain block by means of a fusible cement.
When held in the protector, the plain carbon
block and the carbon insert of the porcelain
block are separated by a gap of approximately
.003”. Any lightning or other high voltage dis-
charge will jump across this small gap between
the two carbon blocks and follow the framework
of the protectors to ground. Sparking will cause
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the fusible cement in the porcelain block to melt,
thus permitting the small carbon insert to make
direct and permanent contact with the larger
block and ground.

The heat coils associated with the protector
are for protection against damage which may be
caused by a subscribers line coming in contact
with a power line. A 76 type heat coil, also
shown below, consists essentially of a winding of
fine alloy wire on a copper sleeve which is soldered
to a pin. When any excessive electric current
passes through the winding of the coil, the
soldered joint inside the coil will melt. Upon
melting, the pressure of the protector spring on
the head of the coil causes the pin to slip through
the sleeve. An auxiliary contact spring resting
against the free end of the heat coil pin is thereby
brought in contact with the frame thus grounding
the line. A cross-sectional view of a heat coil
mounted in a protector is shown.

In large cities, where incoming cables are all
underground, it is the practice to omit protector
blocks and heat coils and replace them with
dummy apparatus. The only function the pro-
tector mounting serves in this case is to provide
a means for opening the lines for test purposes.

% in. Protector kin. Pr_otector
s-CABLE
S & CABLE~ R
T }Sw:rcuaaqna
R
T
(o)
L
y C Heat Coils

L Protector Blocks

DIAGRAM OF A PROTECTOR

SOLOERED TO
HEAT COIL PIN

SWITCHBOARD

S
O ANAMANWSANY

CROSS-SECTION OF HEAT COIL
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FUSE WIRE
GLASS BEAD

35 TYPE FUSE BLOWN

24 TYPE FUSE

FUSES

For the protection of local circuits in the central
office against abnormal current values due to a short
circuit or similar causes, fuses are used. The operation
of a fuse is based upon the melting of an alloy at a low
temperature. A fuse is usually constructed with a small
wire or ribbon of the alloy, either encased in a fireproof
container or arranged for mounting on fireproof panels.

Fuses used for local telephone circuits are usually of
the open type. One of the most commonly used fuses,
known as the 35 type, is shown above. This fuse is of the
indicator alarm type and is generally referred to as a
“arasshopper’’ fuse. It consists of a thin piece of mica
with slotted tinned terminals at each end. The fuse wire
is held taut between a small coil spring on top and a leaf
spring on the bottom.

When the fuse blows, the springs are released and take
up a position as shown. The released leaf spring under-
neath the fuse now makes contact with the contact bar
on the fuse board, thereby closing an alarm circuit which
notifies the maintenance man by the ringing of a bell that
a fuse has operated. In order to facilitate the location of
an operated fuse on the fuse board, a glass bead is placed
at the end of the coil spring. When the fuse operates,
the beaded end projects beyond the line of the other fuses
in such a way as to be readily located. 35 type fuses are
made in various capacities and in order to facilitate selec-
tion, different colored beads are used with each separate
capacity. A recent redesign of the 35 type fuse replaces
the glass bead with a metal “flag”.
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Another open type of fuse used quite extensively is
the 24 type. This fuse is of the non-indicating type, con-
sisting merely of a piece of mica with slotted copper or
tinned copper terminals at each end and a piece of fuse
wire strapped between the two terminals.

Cartridge type fuses are used extensively, particularly
in connection with Power Equipment.

5.2512 ROTARY OUT TRUNK SWITCH—206 and
209 TYPES

GENERAL

This type of apparatus acts as a rotary switch, and
may be made to hunt for the proper connection or may
operate from pulses received from some such source as a
dial or a relay. Rotary type selectors are used in manual
and dial switchboards, on panel, Step-by-Step, crossbar
frames, and on nearly all automatic test and routine
frames.

206 and 209 type selectors are almost identical in con-
struction, except for the addition of a pawl guide to
guard against overstepping and a few other minor
changes on the 209 type.

GENERAL CONSTRUCTION

The selector consists of a bank having from two to six
arcs with either 22 or 21 phosphor bronze terminals and
a phosphor bronze feeder brush in each arc. A set of
rotor brushes, also of phosphor bronze and correspond-
ing numerically to the number of arcs in the bank, is
mounted on a shaft with a 44 tooth ratchet wheel. The
rotor is made to revolve by means of a driving pawl
acting on this ratchet wheel. See Figure. The rotor
brushes form a connection between the feeder brushes
and the bank terminals. The driving pawl is an exten-
sion of the magnet armature. When the magnet is
energized, the armature is drawn against the magnet
core, at the same time distending a heavy retractile
spring. When the current is cut off, the retractile spring
pulls the armature away from the core, causing the driv-
ing pawl to plunge forward with considerable force
against a tooth on the ratchet wheel. This plunge of the
driving pawl causes the brushes to step from one set of
terminals to the next. A pair of interrupter springs is also
actuated by the driving pawl. The contacts gpen each
time the armature operates and close when the armature
is released. This feature permits wiring of the interrupter
contacts in the magnetic circuit so that the selector may
be made to rotate under self interruptions. The operat-
ing principal of a rotary type selector is shown below for
the ‘““‘Released” and the “Operated” positions.

ROTOR BRUSHES

Rotor brushes have two types of contacting surfaces,
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bridging and non-bridging. The bridging brush has a
contacting face approximately .110”’ long. These brushes
are in continual contact with a terminal of the bank at
all points in the rotation of the selector. There is usually
a relay In series with this type of brush which would de-
energize if there was even a momentary break in the
circuit while the brush was passing from one terminal to
the next. The non-bridging brushes have only a line con-
tact face. These brushes, as well as the bridging brushes,
have two contact fingers on each side of the brush. The
object of the additional contact fingers is to increase
the probability of contact. If one finger rides up over
a dust particle the other finger is not lifted out of con-
tact with the terminal.

206 and 209 type selectors have a percentage of lead
in the phosphor bronze brushes and terminals. This
lead acts as a lubricant which makes the brushes slide
along over the terminals with less friction and conse-
quently less wear.

There are several different arrangements of rotor
brushes aside from the various combinations of bridging
and non-bridging brushes. The ordinary rotor brush is
double ended so that as soon as the brushes step. off the
last row of terminals at the top of the arcs, the brushes
at the opposite end step onto the first row at the bottom
of the arcs. Since there are but 22 terminals in an arc,
the maximum circuit choices with a doubled ended
brush are 22. By using pairs of single ended brushes
pointing in opposite directions the number of circuit
choices can be indreased to 44. The example shown as A
is the brush arrangement for the 206-M selector. The
206-AS, BA, BF, BP and BU selectors use the arrange-
ment shown in B. These selectors are used in trunk
hunting circuits in dial and manual offices.

FEEDER BRUSHES

The feeder brushes are fork shaped. They are situated
in front of the first terminal of each arc and extend up
to the rotor brush hub where each prong of the fork
contacts with the hub. To reduce the possibility of
harmful high resistance contacts developing between the
feeder brushes and the rotor, some selectors are equipped
with a detachable feeder brush unit. This unit clamps on
to the selector at the top and the feeder brushes reach
downward to the rotor hub.

NON-RIGID MOUNTING

When 206 type selectors mounted adjacent to each
other have talking circuits running thru the rotor
brushes, they are usually mounted on heavy shock ab-
sorbing felt pads. An adjacent selector while rotating
may set up enough vibration to cause noisy lines if the
pads are not used.
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As has been pointed out before, the train of
selection in a SXS office is built up as the digits of
the desired number are dialed by the calling sub-
criber.

Suppose, for example, that the calling subscriber’s
number is FRanklin 6-5678 and that the called
number is BLackstone 3-1234, both the Blackstone
and the Franklin units being in the same building.
The Traffic Diagram for the office is shown iIn
Figure 1.

When the receiver is removed at the calling sta-
tion (FR 6-5678) a line finder functions to connect
the line to a first selector where dial tone is intro-
duced. When the dial is pulled around to the digit
2 (or B) and released, the two resultant electrical
impulses will cause the first selector to step verti-
cally to the second level and then automatically
““cut-in”’ and rotate to the first idle contact (trunk)
on that level. In this example, the trunk picked
will terminate at a double digit absorbing fourth
selector. :

NOTE: This double digit absorbing (DDA) selector
is of the type described in P.E.L. 4749 and
is arranged, by means of the normal post
cams, to absorb the first digit dialed into
it repeatedly and the second digit once.
Should the calling customer dial an in-
correct 2nd or 3rd digit into the switch,
busy tone will be returned on the calling
line. Figure 2 shows the fourth selector
normal post cam adjustments on the DDA
fourth selectors in the Blackstone (example)
office. After a level is dialed that is set to
absorb once, the switch “unlocks’” and all
succeeding digits are effective regardless of
whether they are set to be absorbed once,
repeatedly, or set to return a busy signal.

The second digit “L” is now dialed. The DDA
fourth selector responds by stepping to the 5th
level, however, since this level is arranged.to ab-
sorb digit ““5”’ repeatedly, the selector will immedi-
ately restore to vertical normal. Digit ‘“3” (office
numeral) is dialed. This same fourth selector will
again step vertically, this time to the third level,
but due to the normal post cam setting, the switch
will not “cut-in’”’. It again restores to vertical
normal. The calling customer next dials the digit
“1”. The same fourth selector will step vertically
to the first level and, since the switch is now ‘‘un-
locked”, it will “cut-in’’ and rotate until it reaches
an idle trunk. It then “‘cuts-through’ and seizes
the associated fifth selector of the selected trunk.
The latter steps vertically to level 2 when the custo-
mer has released his dial after pulling the fifth
digit, in this case digit ‘2", The fifth selector “cuts-
in”’ and rotates to an idle trunk leading to the next
switch, a connector. The tens digit “3” is dialed.

6.0 PROGRESS OF A CALL . s
In Section 5, we covered the purpose and func- 3 x -
tions of the various items of equipment incidental vN .
to the establishment of a subscriber-to-subscriber g o ' ”'” ”.(__
call using Step-by-Step type equipment. We will o
now, primarily as a matter of review, trace the pro- < .
gress of a call through the equipment. . %’%
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NOTE 1: This plan utilizes the Double Digit Absorbing

(DDA) Selector. This fourth selector is arranged
to absorb 5 (L) repeatedly and digit 3 once.

STEP-BY-STEP SYSTEM
TRAFFIC DIAGRAM FOR OFFICE IN A SEVEN DIGIT
SINGLE OFFICE AREA., (with 2nd letter of prefix and office
numeral absorbed)
Figure 1
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The connector steps vertically to the third level as
the station dial returns to normal. The connector
being a two-digit switch (as explained in Section 5)
does not rotate at this time, but remains at vertical
off-normal opposite level 3. The customer now dials
the units digit “4”’ and as his dial returns to normal
the connector will rotate to the fourth contact
(counting left to right from front of bank) of its
associated bank. Dialing has now been completed
by the calling party. If the called number (BL
3-1234) is idle the called station will be rung and
the audible ringing signal comes back to the calling
station.

1f the called station (or line) is busy at the time
that the connector makes connection, busy tone
will be heard by the calling customer.

From the above we might say that the train of
selection through the switches is, therefore, es-
sentially a progessively built-up connection, the
switches being held until the receiver is replaced
by the calling customer, at which time all switches
restore to vertical normal.

CLR and Assistance Operators are reached by
the customer dialing a single digit “O” (single
channel operation) in which case the first selector
will step to level ““O” and automatically “cut-in”’
and rotate to an idle trunk.

Information and Repair operators are reached
by dialing 3-digit codes 113 and 114, respectively.
See Figure 1.

On calls to CLR and assistance Operators (Code
“0”) the equipment is released and restored to
normal only when both the operator and the sub-
scriber have disconnected.

Figure 3 shows a typical trunking schematic for
a six digit numbering plan, no digits being absorbed.
Other Figures included in this Section are:

Figure 4—Typical Floor Plan
Figure 5—Frame Aisles

Figure 6—Schematic of Cable Runs

Figure 7—Frame Schematic of Originating
Equipment

Figure 8—Frame Schematic of Terminating
Equipment

Step-by-Step Dial System
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DDA SWITCH FEATURES AND ADJUSTMENT

Normal Post
(Stationary)

Normal Post >
Spring and
Contacts (
] W
12 D
as D Normal
14 ‘yl’ost Cam
Cam Teeth as
(Bent Out /’ 16 - D
as Required) - 17 (o)
’ 18 D
i9 o
0

Note: Cam teeth are bent out to actuate normal post springs
and control features as follows:

1. Absorb Repeatedly—Left Normal Post Springs
2. Absorb Once—Left and Right Normal Post Springs
3. Return Paths Busy—Right Normal Post Springs

Figure 2
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7.0 EQUIPMENT SPECIFICATIONS AND DRAWINGS
PREFACE

This Section is included to provide general in-
formation regarding both job and standard speci-
fications and drawings for central office equipment.

The illustrations of specifications and drawings
included herein are intended only to show the
customary form of such information.

The contents of this Section are of a purely
descriptive nature and may not ‘in all respects,
be up to date with current procedures.
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1, TELEPHONE COMPANY PROCEDURE IN ORDERING
EQUIPMENT

The Commercial Department of the Telephone
Company forecasts the demand for additional
telephone service, Using this information as
a basis, together with data they have com-
piled on calling rates, the Traffic Depart-
ment estimates the amount of additional cen-
tral office equipment required.The Equipment
Engineering Department of the Telephone Com-
pany prepares specifications and drawings in
outline form covering the switchboard equip-
ment required for each office and also pre-
pares a schedule showing when the additional
equipment will be required.

Requisitions for the equipment are sent
accompanied with their sgpecifications and
drawings to the Western Electric Company to-
gether with the date on which completion of
installation is desired. Figure 1 shows the
progress of an order from the time of its
origin by the Telephone Company until the
instaliation has been completed and accepted
by them,

2, IYPES OF SPECIFICATIONS AND DRAWINGS

The gpecifications and drawings prepared
by the Equipment Engineering Departments can
be divided into two classes;

,Job _specifications and drawings order the
equipment required for a specific order.

Standard specifications and drawings cov-
er detail information for manufacturing those
items of equipment which are used repeatedly
on different orders. They are prepared in
order to avoid the expense of duplicating
the manufacturing information for identical
equipment on each individual order and to
avoid variations in design which would occur
if engineering was performed in detail on
each order, They facilitate the manufacture
of equipment 1in quantities for stock, from
which job orders may be filled as required,

3. DIVISION OF EQUIPMENT ENGINEERING
FUNGTIONS RS

The orders for Dial Equipment are engi-
neered at Hawthorne and those for Local Man-
ual, Toll, Repeater and Associated Equipment
are engineered at Kearny. The papers issued
by the Equipment Departments of both plants
are in the same general form except where
variations are necessary due to the differ-
ancgs in the design of dial and manual equip-
ment,
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TELEPHONE CO. WESTERN ELECTRIC CO. OUTSILDE SUPPLIERS

COMMERCIAL DEPT.

Makes annual forecast
of demand for subscribers
gervice and forwards it
to the Traffic Dept.

Y

TRAFFIC DEPT.

Determines,from Com-
mercial Dept. forecast
and calling rate data,the
amounts of Central Office
Equipment required to
handle the traffic and
makes recommendations to
the Engineering Dept.

ENGINEERING DEPT.

Prepares outline speci-
fications and drawings for
equipment to be provided

DISTRIBUTING HOUSE

Forwards Telephone Com-
pany's order with specifi-
cations and drawings to

Merchandise Dept. Dial

orders are sent to Hawthorne
and manual orders to Kearny.
Copies are also sent to
Ingtallation Divisionm,

Y

MERCHANDISE DEPT.

Analyzes order to deter-
mine general manufacturing
requirements, forwards order,
specifications and drawings
to Manufacturing Department,

1

for each central office,
originates orders for
equipment which are for-
warded to the Distribdbuting
House with associated speci-
fications and drawings.

Maintains contact with
the Western Electric Co,
Installation Dept. and
accepts the new equipment
after the installation is
completed.

MANUFACTURING DBPT.

Prepares detall manu-~
facturing information in the
form of specifications and
drawvings which direct the
manufacture and installation
of the esquipment.

b e e am e e = e = ae ]

Furnighes specifications
and drawings and engineering
gervice to the installer,

Manufactures equipment
and Elaces orders on outside
suppliers for items of equip-

—— ———— T — ——— ——— — — — —— — ————— o — ——— ——— T

ment as necessary. Delivers
all equigieht manufactured to
the Merchandise Dept.

!

MERCHANDISE DEPT.
Receives all equipment

OUTSIDE SUPPLIZHS

Fill orders for equipment
and ship it to the Merchan-
dise Dept. or to the job as
directed.

manufactured in the shop and
certain ocutside suppliers
equipment, Packs and ships
equipment to the Jjob.

!

NOTE: The relation of

Telephone Comgany
Departments shown above
is typical but may be
found to vary with dif-
ferent telephone com-~
panies.
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JOB INSTALLER

Installs equipment in
accordance with Equipment
Department specifications

and drawing and submits the

completed job to the Engi-

neerins Degt. of the Tele-
o,

phone or acceptance,

——— e ——————— -t S5 i S S ————— o e —— ——— — — — ]

FIG., 1 - ORIGIN AND PROGRESS OF AN E, F, AND I ORDER FOR CENTRAL OFFICE ZQUIPMENT
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7.02 STANDARD SPECIFICATIONS AND DRAWINGS

1. EQUIPMENT CODES

Standard specifications and drawings pre-
pared by the Equipment Engineering Depart-
ments are usually based on similar Bell Tele-
phone laboratories specifications and draw-
ings.

The Equipment Codin lan provides for
the same base number being used by all or-
ganizations for any unit of standard central
office equipments covered by a "J" specifica-
tion. By the use of this numbering plan,
equipment units(relay rack units, sections,
bays, desks, etc.) are priced in the Western
Electric price book by code numbers and can
be ordered by the Telephone Companies in the
same manner, The same code number is used
in placing the order in the factory and in
designating the packed unit, The installer
can therefore reedily identify the unit
whether specified by the Telephone Co. on
an "Install Only" order or in the Western
Electric Co. Specifications on an "E, F, and
I" order,

Code numbers have also been assigned in
accordance with an arrangement that allows
for grouping associated equipments in the
same numbering series for further conven-
ience, In detail the plan ig as follows:-

Bell Laboratories engineering information
is prepared In specifications known as "JV
specifications. Each "J" specification
covers certain portions or types of equip~-
ment and is subdivided into smaller equip-
ment units or parts which constitute the
individual codes. Typical codes for the
No. 11 Switchboard are as follows:-

J12801A List 1 Blank End Position -
Lower Unit

J12801B List 1 TrouB®e Position for
Small Offices - Lower
nit

/

List 1 Outward Toll Position,
Common Equipment -
Lower Unit
AR List 2 AEparatus added to

ist 1 to equip the
position for coin con-
trol with ground poten-
\ tial less than 8 volts.

The code number remains the same when

changes are made as long as the equipment

it covers can be used interchangeably with
equipment which the code number originally
covered. If changes in design are so radi-
cal that the equipment cannot be used inter-
changeably., or if an entirely new-design is
developed, a new code number is assigned.

Section 7.0
Page 3

Manufacturing Department "J" specifica-
tions are prepared gn drawing form from
corresponding Leboratories specifications
and bear the same numbers as the codes ex-
cept that a dash number is added. An example
is J12801A~1., The dash number is added to
indicate the number of Ghe Manufacturing
Department specification. It also allows
for the replacement of their specifications
while retaining the same Laboratories code
number. The second specificationm for the
example cited is numbered J12801A-2 and is
issued when more or less mimor design changes
are made but where it is desirable to have a
separate record of the offices using
J12801A-1 and J12801A-2,

A separate Manufacturing Department
specification is prepared %or each code
number bearing a different code letter., The
aforementioned Laboratories codes are im-
cluded in one Laboratories specification but
in separate Manufacturing Department speci-
fications as follows:-

Bell Laboratories Manufacturing Department
Number Number

J12801A List 1 J128014-1 List 1
J12801B List 1 J12801B-1 List 1
List 1 List 1
List 2 List 2
Lettered 1ists (List A, List B, etc.) not

]
regarded as codes, are shown in Manufactur-

ing Department specifications for ordering
variable and optional apparatus which cannot
be included in the fixed code.

J12801D { J12801D-1{

Figure 2 shows the numbering scheme em-
yes In the Equipment Coding plan,

A variation in the codin lan is made
for mon-wired frameworks, caBge Turning
gsections and distributing frames being
examples, and for wired units that are
wired entirely from one circuit., Thege are
coded by the drawing number of their assem-
bly, for example ED-27564-30 Group 1,rather
than with a "J" gpecification code.

2. ESSENTIAL PARTS OF A "J" SPECIFICATION

plo

Figure 3 shows the usual arrangement of
a "JT specification drawing.

The Stock List ordars the framework and
all of the apparatus for the equipped cir-
cuits. It usually consists of several 1lists
which provide for a selection of circuit
features to meet the various traffic re-
quirements,
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rAssigned7

dash number in
which Equipment
is usually ordered

.

Indicates type of
Equipment assigned
as follows =~
1-Local manual
2-Panel or crossbar
3-Step-by-Step
5-P.B.X.
6-Toll
7-Telegraph
8-Power
9-Common to two
or more types

Identifying letter "J"
agsigned to all
Equipment codes
except "ED" series
described herein

Y A~
\J 1 28 01

kOl to 99

Allows
flexibility
in assigning
> subsequent

specification
[’Assigned and code
A to Z mumbers
and
AA to ZZ )

Assigned 1 to 9 to
allow flexibility

in assigning
manufacturing
specification numbers

Assigned to definite
unit or group of
equipment

Assigned by Bell

A/ \_b/Qdﬁtlj

rkssigned by
Manufacturing

Telephone Laboratories ]

Departments

JFIG. 2 - ANALYSIS OF NUMBERING SCHEME EQUIPMENT CODING PLAN

he Wiring List specifies all circuits
wired In the Yocal cable. The Issue numbers
listed are those in effect st the time the
specification is issued but may be changed
?y Class A or B changes to require later
ssues,

Table "A" gives a short description of
the features and the extent equipped, as
covered by each list in the Stock List.

The Drawing List specifies the principal
standard drawings, except circuits, required
for manufacture and installation.

In order that the job wiring list will
cover completely all wiring installed in an
office, the "J" specification wiring list is
duplicated on the job wiring list drawing.

Drawings specified in the Drawing List
and Wiring List are listed in the job
specification in which the equipment is
ordered. )

Manufacturing Notes cover shop and field
instructions.

Engineering Notes cover job engineering
information.

Equipment Views show apparatus arrange-
ment, framework, functional designations
and numbering. Some designations are for

wiring information only, while others are
to be stamped on the equipment,
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3. STANDARD DRAWING NUMBERING SYSTEM

Standard drawings are numbered in accor-
dance with a plan that, in addition to being
a means of identification, indicates the
kind of equipment covered. They are also
numbered so as to be readily identified with
the Laboratories drawings from which they
are made, Following is an analysis of the
numbering plan:-

Bell Laboratories Drawings

Base :
e MR RN
SD - 11437 - 01
CD - 11437 - 01

ED - 11239 - 01

Circuit (Schematic)
Circuit Description
Equipment

Western Electric Drawings

Base
Type Prefix Number Suffix
Note 1 RNote 2 Note )

T = 11437 - 11

Wiring Diagram
None Prepared

ED - 11239 - 10

Circuit Description
Equipment

NOTE 1: Prefix indicates type of draw-

. ing. "Equipment Drawings" in-
cludes other types of drawings as Assem-
blies, Equipments, Details, Plans, etc,

NOTE 2: Base number is assigned by
Bell Laboratories.

NOTE 3: Serial suffix 01 to 09. large

drawings requiring two or more
sheets are numbered with suffixes 011,
012, etc.

NOTE 4: Serial suffix 10 to 89.
Bage Numbers are agssigned in the following

groups as a convenient means of desgignating
the System to which the drawing telongs:-

Manual 10,000 to 19,999
Panel 20,000 to 24,999
Crossbar 25,000 to 29,999
Step-by-Step 30,000 to 39,999
Toll 60,000 to 64,999
Toll 67,000 to 68,999
P.B.X. 65,000 to 66,999
Station 69,000 to 69,999
Telegraph 70,000 to 79,999
Power 80,000 to 89,999
Common 90,000 to 99,999

Standard drawings in gome cases have no
corresponding Bell Laboratories' drawings
and are referred to as "H" drawings. A
typical drawing number of this type is as
follows:-

H-200-114

Section 7.0
Page 7

The base mumber, ("200" in the example)
represents the System to which the drawing
belongs as follows:-

Manual 200 to 299
Panel and Crossbar 500 to 599
Step-by-Step 900 to 999

The suffix is essigned serially from 100 up.

4, CIRCUIT SCHEMATICS AND CIRCUIT DESCRIF-
TIONS

Circuit schematics are prepared by the
Laboratories. Apparatus conventions and
connections on these drawings show only
electrical characteristics in order to
facilitate tracing the circuit operation,
Functional designations are assigned to ap-
paratus for identifying different pieces of
apparatus in the circuit description, wiring
diagram and equipment drawing. Apparatus
code numbers are not sufficient for this
purpose as several pleces with the same code
may be used in the same circuit. A typical
circuit schematic is shown in Figure 4, The
igsue column on this type of drawing lists
not only the issue number of the circuit
schematic, but also the corresponding issue
number of the associated circuit description
(CD sheet).

A circuit requirement table is shown on
the schematlc drawing or on an associated
sheet of the same drawing and gives the
electrical values for adjusting apparatus.

Circuit Description (CD) sheets are
igsued by the Laboratories for the schematics.
They outline the functioms of the circuit and
give a detail description of its operation,

Circuit Description changes are made by
means of appendices or, where changes are
rather involved, by rewriting the entire set
of sheets and assigning another issue number.
In the upper right corner of the schematic
drawing are shown the issue number and ap-
pendix number of the circuit description
that applies to any issue of the schematic.

Figure 5 shows the circult description
for the schematic shown in Figure 4.

5. CIRCUIT WIRING DIAGRAMS

Circuit wiring diagrams are prepared from
schematic drawings to facilitate the manu-
facture of local cables, the soldering of
apparatus and the running of cable or leads
to various frames and racks. They show ap-
paratus conventions with the relative loca-
tions of all terminals, as well as the color,
size and pairing of leads.

Figure 6 shows & typical wiring diagram.

Numbered and lettered figures are shown
on wiring diagrams. Numbered figures in
general include a complete circuit division
and include a descriptive title such as
"Relay Equipment" or "Key Zquipment",
Lettered figures include optional or variable
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wiring and apparatus and are supplementary
to numbered figures. Wiring diagram figure
numbers are not always assigned to agree
with the same' figure. numbers on the sche-
matic, however, although this is done where-
ever it is practical.

Manufacturing Notes cover shop and field
instructions and explanations of symbols
used on the drawing.

Engineering Notes cover job engineering
information for applying various figures
and optional wiring conditions on the cir-
cuit as well as other engineering informa-
tion not required by the shop or field.
Under this heading, is included a table
(usually as Note #51) which indicates the
igsue of the corresponding schematic (SD)
with which the wiring drawing agrees.

Terminal Assignment Lists (commonly known
as power punching 1ists) are required in con-
nection with some wiring diagrams. They are
required when punching designations (usually
letters) on the circuit cannot be stamped on
the local cable terminal strips.The majority
of equipments do not require terminal assign-
ment lists.

The wire to be used is indicated by ab-
breviations as follows:.

Enameled

Silk

Cotton
Lacquered
Tinned

Double (serving)
Braided

wosran®™

In forming abbreviations, the letters
are arranged from left to right in order of
the application of the insulation from the
wire out. The abbreviation D preceding "S"
or "C" indicates a double serving of that
material, otherwise a single serving is ap-
plied. The abbreviation "B" follows the
material used for braid. For example,Double
Silk, Single Cotton is D.S.C. and Single
Silk Cotton Braid is S.C.B. The abbreviation
UTH {5 only used when necessary to avoid con-
fusion, tinned wire being assumed.

Wiring Conventions of apparatus are in-
tended to show the relative location of the
terminals as the apparatus appears when be-
ing wired.

6. CIRCUIT MODIFICATION DRAWINGS

Circuit Modification Drawings are wiring
diagrams and are prepared when extensive
modifications are to be made in wiring pre-
viously installed. They are usually pre-
pared from corresponding Laboratories sche-
matic drawings and have their own circuit
description sheets. A feature of these modi-
ficetion wiring diagrams is the tables show-
ing a list of the apparatus, wire and cables
required to make the change and the leads to
be removed or reconnected.

Figure 7 shows & typical circuit modifi-
cation table,

Step-by-Step Dial System
Traffic Training Course and Reference Manual

7. FRAMEWORK ASSEMBLY DRAWINGS

Framework Assembly Drawings cover views
showing the manner in which all parts of a
frame, section, desk, or rack are assembled.
The framework may be either metal or wood or
a combination of both. Assembly views are
1imited in number to those actually required
to show manufacturing and installing infor-
mation. In some caseg individual parts are
shown in complete detail in assembly views.
More often, however, they are shown in sepa-
rate sketches either on the assembly drawing
itself or on supplementary drawings.

Figure 8 covers a framework agsembly
draving. —

The Stock List orders material and parts
for a complete assembly or a portion of the
assembly. Some groups may care for the dif-
ferent mounting arrangements and other groups
may cover supplementary framework parts. ED
drawing numbers and "P" numbers shown in the
stock list of most assembly drawings, in-
dicate the drawing on which that framework
part is shown. In the column at the right
of the description of the parts, symbols are
shown to indicate the extent the parts are
assembled in the shop. The screws, nuts,
bolts and washers required by the installer
for portions of the layer dial job are or-
dered from & screw list. Such parts are
designated by the symbol X, indicating that
if a screw list is specified for that par-
ticular order, the parts so designated should
not be ordered in the various items specify-
ing the framework drawings. The parts desig-
nated / are ordinarily assembled in the shop
before shipment,

Piece Part Drawings, shown as 8-digit "P"
numbers, are prepared for detail parts of
frumework assemblies where the demand will
be heavy enough to warrant stocking the
parts. Generally these parts can be used
for different assemblies and more elaborate
manufacturing tools are provided than is
done for-details with a limited demand.

Manufacturing Notes and Engineering Notes
are snown on assembly drawings for the same
reason they are shown on other drawings: to
cover manufacturing and installing instruc-
tions and engineering information, respec-
tively. Symbols and letters in one of the
stock 1ist columns-are defined in Manufac-
turing Notes. :

8. DRAWING CHANGES

Whenever any part of a drawing is changed,
a new issue number is assigned in the issue
column at the right side of the drawing.
Details of the change are briefly recorded

in this column for each issue and the class
of the change is designated by a_letter.

The igsue numbers listed in job specifi-
cations are effective for that job but later
i ssues may also apply depending on their
classification.

Drawing changes are classified as fol-
lows:
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T DEJCRIFTION CD~96137~01
ggg’nlﬂ ngrml‘ DEPARTMENT Issue 1

PRINTED . September 28, 1937
DBk (4 Pages) ?t&a 1

LOCAL TEST DESK NO. 14
REPAIR SERVICE DESK NO. 2
TEST SUPERVISORS PRIVATE DESK
' GABLE TEST DESK NO. 3, CHIXY SWITCHMAN'S
DESK, OQUTQOING TRUNK TEST BOARD

8Y FRAME
2 WAY 2 WIRK AUTOMATIC TRUNK CIRCUIT

1. FURPOSE OF CIRCUIT

oircult is designated to provide a 2 way talking
12 I::;aetlon, which J.ls::to-f.h in operation, betwoen two
meintenance desks in the same btuilding or ditruront offioce
buildings over a 2 wire oircuit.

2. WOREKING LDATS

Relay (A) - 40-56y 45-507

Ll o s 2875 ohms
Min, Ins. Rea, -~ 30,000 ohms 30,000 ohma
Earth potentisl - % 20V + 2OV

S. FURCTIONS

3.1 To provide a talking connection between two maintenance
a.-n’é- in the sames building or different buildings.

3.8 To flash the assodiated lamp on an incoming call when
" or "F* wiring is used.

3.3 To cause the easacoiated lamp to light steadily on an in-
oaming oall when "H" wiring 1s usad, ‘

3.4 To cause the associated leamp to light steedlly when a ocall
is answered and until both onds have discopneoted when "Z2®
wiring is used.

3.5 To extinguish the associsted lamp when u call is answered
and "zZ" wiring is omitted.

36 To oause the auxiliary signal oircuit to function on an
inooming ocall,

347
3.8

3.10

.11

3,12

4, CONNECTING CIRCUITS

4,01
4,02
4.03
4.0¢
4.05
4,08
4,07
4,08
4.09
4,10
4.11
4.12

DESCRIPTION OF OPERATION
5, GENERAL

CD-96137~01 ~ Issue ) - Page 2

To retire the auxiliary aignal when the call is answered.

To signal the'distant when a call is originated over
this oirouit,

To causs the sssociated lemp to light steadily when a oall
in originated and "Z" wiring is used.

To prevent the extinguishing of the buasy lamp siguals in
both conneooting desks wnile either end remains conneated
and to oxtinguish the buasy lamp signal when both ends
have disconnaoted.

To restore to normal when both ends have disconnected at
the termination of a ocall,

To restore to normal upon disgonnecdtion of & oall that
was not anawered.

Eey and Lamp of Tel. Ckt. ~ Repair Servioce Desk No. 2.
Koy and Lamp of Tel. Ckt. = Test Bupervisors' Private Desk,
Key and Lamp of Tel. Ckte. = Local Test Desk Fo. l4.

Koy and Lamp of Tel. Ckt. = Cable Test Desk No. 3,

Key and Lazp of Tel, Ckt. ~ Key Cabinet No. 20,

Koy and Lamp of Tel. Okt, - Sender Make Busy Frame.
Key ond Lamp of Tel. Ckt. = Chief Switohman's Deak.
Key and Lamp of Tel. Ckt. ~ Outgoing Trunk Test Board.
Auxiliary Signal Ckt.

Miscellaneons okt. for miscellanscus interrupter frams.
2 Way 2 Wire Automatic Trunk Ckt.

Plashing Cirouit,

This oircuit is designed to operate with a oirouit identi-
oal to this one. In conneoting these two circuits together,
the “T* and "R* leads of one 18 connscted to the "R" and
“T" leads, respectively, of the other.

CD=96137-01 ~ Issus 1 - Pags 3

8. ORIGIRATING A CALL

When the key in the mssoociated telephone oirouit is operated
to the "TALE™ position ground is conneoted to the "E™ lead
:Eer-ung relay (X). The operation of relay (K) (a) closea

¢ ring conductor in part and (b) causes relay (KXl) to
operate. Relay (K1) operating (a} comnects battery ("2«
wiring) to lead "L" whioh causes the assoclated lamp to
light as a busy signal and (b) closes the ring oonductor
causing relay (A) to operate in series with the (A) relay
in the connecting oircuit whioh as desoribed above, is e
oirouit identical to this one, Relay (A) operating operates
reley (Al) which closes a locking ground for relay (K1),
The (A} relsy in the conneoting oirouit at the other end
also operates osusing its (Al) relay to oparate which aig-
nals the distant end of the inooming call.

7. CALL ARSWERED

When the call is answered at the other end, the (K) and (X1)
Telays in the connsoting oirouit operate. These relays
operating close a circuit from battery thru the "p2~ winding
of relay (A) of the oonneoting oirocuil to ground thru the
"P1" winding of relay (A) of the end originating the call,
Both (A) releys have been already energized, ms desoribed
above and this dondition therefore {e set up to take ocare
of the disoonnect featurs as hersinafter deaoribed,

8, INCOMING QALL

When & call is originated at the other end rslay (A) oper-
ates from battery received tharu the tip sonductor. RCII,
{A) operating causes relay {Al) to operats whiech oonnests
intermittent battery -3;11.6 over the "F" lesad from the
flashing oirouit ("M" wiring) or cugplhd from the xis-
osllaneous interrupter freme ("F* wiring) or oconneats direct
battery to the "L" lead ("N™ wiring) ocausing the ssacoiated
b Y to flash or light ateadily as a sigoal that the call
is incoming, The operation of the (Al) relay also conneots
ground to the "A™ or "Al" lead oausing the auxiliary sig~
nal oirguit to fusotion,

9. INGOMING CALL ARSWIRED

When the key in the assooiated nl;rmno oirouit is operated,
relay (K) operates causing relay 1 ) to operate. Relay
{n) oznuua (a) retires the auxiliary signal (b) disscn~
osots intermittent or steady battery from lead "L", (o)
oonneots direct battery to this lead where "2" v&rlng 1s
used causing the lemp to light steadily ms a busy acondition
or extingulshes the lamp where "Z* wirlng 1s omitted and

(4) locks to ground on & mmke oontact of relay (Al).

10.

rﬂ“

DISCONNECTION

CD=-96137~01 = Isaue 1 =~ Page 4

Whén the kesy in the mssociated telephone olirsuit at one

ond of the trunk is restored to normal but tha key at the
other end is not restorsd, the following action takes

place. The release of ths assoolated key removes a ground
from lead *X" causing reley (K) to release, Relay (K) re-
leasing (a) opens the oiroult oonsiating of winding =p2=

of Telay (A) at one end and winding "P1" of relay fn) at the
other end and (b) opens the oparating ofrouit to relay (Kl).
Bolays (A) and (K1) however do not release as relay (i) is
held opersted over its "Pl® winding and relay (K1) ia held
locked to ground on oontaot of relay (Al}. Under thia
condition, the busy lamp aignals at both ends remain un-
changed, .

If a oall whioh ia originated at one end is not answered,
restoring of the associated key in the teolephone oirouit
causes relay (K) release as heretofors desoribsd, Relay
(x) easing causes relay {A) to release whioh in turn
oauses rolay {Al) to release. Relay (Al} releasing causes
relay (K1) to relesse thus restoring the oirouit to normal.

In order to restore the oirouit to normal after s completed
conneotion has been set up, the assooiated keys at doth
ends of the trunk should be released., Under this condition
tho (K) relays at both ends of the trunk releass opening
both sides of the trunk. This allows both (A) relays to
releasze, in turn permitting both (Al) relays to rolease.
The releass of ths (Al) relays permit doth (K1) relays to
Teleass. The (K1) rslays releansd, extinguishes the lampe
|t:-o;.h snds of the trunk thus restoring both oirouits to
no; .

EXLL TELEPHONE LABORATORIES, INC.

FIG. 5 - CIRCUIT DESCRIPTION
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Clags "A"

Class "B"

Changes to be made before cut-

over on all equipment in stock

or in process of manufacture or
installation.

A limited change which is issued
to affect equipment in process
of manufacture or installation

Step-by-Step Dial System
Traffic Training Course and Reference Manual

stalled. New Development Descriptions are
furnished to the Installation Divisions for
information purposes only so that the field
may become familiar to a certain extent
with the new equipment before the start of
installation.

as specified on the change sup-
plement.,

Clags "B" - A change to affect new orders

Future but which should be applied
without delay. Does not affect
work already started.

Class "C" - Changes to be made as soon as
possible without incurring ex-
pense due to delays in delivery
or the junking or conversion of
equipment, parts or material,
This class 1s used only where
shop test sets or tools are
affected.

Class "D" - A change to affect new orders
or for record only.

Class "E" - A change to affect engineering
information only,

Only Class "A" and "B" changes affect the
installer and he is furnished with copies of
the drawing change orders which serve as sup-
plements to the job specification,

9. NEW DEVELOPMENT DESCRIPTIONS (NDD'S)

New Development Descriptions cover a
general description of new equipment designs
or major changes in existing equipments,They
also describe the functions of the equipment,

10. DRAWING RATINGS

The Rating of Drawings in the standard
series Is shown In the lower right corner
of the drawing. A brief description of how
the several ratings are used is as follows:

Standard - Indicates that the drawing
covers the latest type of equipment
which has been approved for general
use.

Standard for A. and M, Only - Same as
the "Standard™ rating except the
equipment for which the drawing is
made has been rated A. and M,

A, and M, Only - Indicates the drawing
1g to be used for additions and main-
tenance only.

Mfr. Digc, - Indicates the drszwing has
een discontinued from use except to
equip "wired only" circuits.

A. and M., for Mfr, Disc. - This is a
speclal rating for new drawings and
covers modification information for
existing equipments that have been
rated "Manufacture Discontinued.,"

Special - Indicates the drawing covers
special features, usually for one job
or Telephone Company, for which stan-
dardization 1s not planned.

its relation to other equipments and the
reasons for its development. They list the
major drawings for the new degign and the
first job where the equipment will be in-

The rating is shown on drawings simply
ag a matter of information and for conven-
ience to the engineer in selecting one draw-
ing from several when engineering a job.
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FIG. 6 - CIRCUIT WIRING DIAGRAM
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TABLE A
ADDITIONAL WIRING REQ. TO MODIFY —-wce--- TO AGREE WITH —-=-e---
' T 22 DCL -
COLOR APP LOC NO | TERM NO APP LOC NO | TERM NO REMARKS
R-BL-W REL (RC) 17 2 RT REL (OD) 36 YBI Fig. 1
R-BL-W JK (LINE) 8 - JK (LINE) 8 - Fig. 1 Hairpin Loop
22 EDC
CA COND or
20 ESCB BK-R KEY (TAIK) 31 - COIL (T) 14 6 Fig. 2 (T~ -11)
- —
TABLE B
LEADS TO BE CUT LEAD ON —-cee-- TO AGREE WITH —=weva-
FROM TO
COLOR APP LOC NO [ TERM NO APP 10C NO | TERM NO REMARKS
R 22 GA REL (RC) 17 4B REL (OD) 36 3T Fig, 1 (T- -11)
R 20 GA REL (RC) 17 3T REL (AC) 38 2B Fig. 1
L —~ oe—
TABLE C
LEADS TO BE RECONNECTED ON ~e=---= TO AGREE WITH ~ev-e--
LOCATION
COLOR APP LOC NO | TERM NO REMARKS
R-BL-W REL (RC) 17 2T Fig, 1 (T- -11)
R-G REL (RC) 17 1B Fig, 1
CA CONDUC or
20 ESCB Y REL (52) 23 M Fig, 4
e
s LIST OF MATERIAL B

REQUIRED FOR MODIFICATION

AMT. OR FEET

MATERIAL

2

22 DSCL R-0

22 DSCL R-BL-W

22 DSCL R & R-W

1450 or 6182 CA (PER BAY)

22 EDSC CA CONDUGC (RR to HIDF)

149 - P REL

236-C JACK

Fig. A
Fig, 3
Fig. 2
Fig. 1

F1G. 7 - MODIFICATION CIRCUIT DRAWING TABLES
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7.03 JOB SPECIFICATIONS AND DRAWINGS

1. DIVISION OF EQUIPMENT IN JOB SPECIFICA-
TTORS

Job Specifications are prepared for all
orders engineered by the Manufacturing
Departments with the exception of certain
miscellaneous and small orders where edit-
ing information can be shown on the order
sheet.

Equipment for an order is grouped in
different job specifications according to
the various kinds of sections, frames and
other equipment required. This grouping
takes into account the time required for
manufacturing so that those items requiring
the longer period will be ordered early
enough to permit of satisfactory deliveries
to the installer. Shop wired equipments
ordinarily require a longer manufacturing
interval than do stocked frames, racks,
cable, wire, and conduit, and for this
reason these specifications are written as
early in the engineering period as possible.

2. JOB SPECIFICATION NUMBERING SYSTEM

The Job Specification Number is made up
of the Jjob order number and a three digit
dash (suffix) number. The letter "H" or
K" precedes the dash number and indicates
that the specification was written at
Hawthorne or Kearny. Example: 47708-K111.

Dash numbers are assigned in accordance
with an established numbering plan for all
Job specifications. The first digit is 1
for Manual and Toll, 4 for Panel, and 7 for
Step-by-Step equipments, except that 2, 3
and 8, respectively, may also be used for
the first digit where it is desired to seg-
regate orders for miscellaneous equipment
for shop scheduling purposes. The last two
digits are determined by the type of equip-
ment ordered.

Some of the commonly used dash numbers
are as follows:

Manual Panel Step-by-Step

101 401 701 Cabling

102 402 702 Cabling

111 411 711 A" Switchboard

113 413 713 "B" Switchboard

165 465 765 Power Plant

168 468 768 Framework, M.D.F.,
I.D.F., etc.

170 470 770 E?uipment, M.D.F.,

.D.F., ete.
192 492 792 Installing

3. ESSENTIAL PARTS OF A JOB SPECIFICATION

The headings "General", "Engineerin
Reference Papers", "Installer's Reference
F?gerg", etc., are provided In specifica-

ons for convenience in segregating the
various kinds of information that make up
the specification,

" Under GENERAL is covered a general over-
all picture of the manufacturing and instal-
lation effort specified in the specification.
This includes a list of the major equipment
ltems requiring effort by these two general
departments and usually is in terms of the
number of new, reused or modified framesg,
sections, or desks, and their associated
circuits. A brief description is given of
major circuit modifications or conversions,

Under ENGINEERING REFERENCE PAPZRS are
listed any specifications, drawings, letters
or papers that were of interest to the engi-
neer in writing the specification but winich
are of no interest to the installer, These
papers are not furnished to the field. The
Telephone Company's specification for the
current order is listed under this heading.

The heading INSTALLER'S REFERENCE PAPERS
is for the purpose of listing drawings re-
quired by and furnished to the installer but
which are not required by any other depart-
ment or the Telephone Company. These draw-
ings are given a limited distribution and
for this reason they are not listed under
the regular "Drawing" heading in the speci-
fication, Some examples are detail or
partial assembly drawings listed in frame-
work drawing stock lists, and circuits con-
necting to circuits modified on the current
order. Apparatus drawings, "D" specifica-
tions, "KS" gpecifications and any other
papers required by the installer only are
listed under this heading. Issue numbers
gre omitted and supplements are not required
or furnished to the field for any of these
drawings.

Under DRAWINGS are listed the drawings
required for the specification and they in-
clude the drawings listed in "J" drawings
specified for the current order. These are
subdivided into "Assembly and Equipment®
drawings and "Circuits" for convenience in
segregating the two classes of drawings and
also because &)l circuits are to be listed
in the -99 Specification to be turned over
to the wire chief.

Not all drawings are required by the in-
staller or shop and for this reason various
gymbols are shown im the drawing list to
faci1itate the furnishing of prints to those
organtzations actually requiring them. Draw-
ing symbols are explained in the specifica-
tIon and the most common ones have the fol-
lowing meanings:

Drawings designated "=" are not required
by the installer,

Drawings designated "#" are not required
by the Wiring Department.

Drawings designated "$" are reﬂulred by
the Distributing House.
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Drawings designated "$$" require Van Various Wiring List terms, "Add", "Zquip",
Dykes to be sent to the Automatic Electric "Remove", etc,, are found in Job specifica-
Company. tions; their explanations are given below:
Drawings designated "J" are listed on ADD: When adding wiring for a new circuit
"J" gpecification drawings. in a position at present wired.
Drawings designated "N" are ordinarily EXTEND: When extending a circuit at
not required by the engineer as they show present installed, through a posi-
no wire, cable or equipment which is not tion in which it does not appear.

ordered in the "ED" or "J" gpecification.
TRANSFER: When taking-'a circuit out of

Cirnuit descriptions shall be furnished one position or panel, and installing
for al. schematics except those marked "*! it in another position or panel.

Drawings designated "+" are not required RELOCATE: When the location of apparatus
by the Telephome Company. in a particular circuit is changed

in the same panel, keyshelf or sec-

Drawings designated "#" have previously tion,
been furnished to the Telephone Company
Area file. REMOVE: When circuit is to be taken out

of present position and is not to ,be

Drawings designated "-" have previously reused again, including also the re-
been furnished to the Telephone Company moval of equipment only, leaving the
Division file. wiring in place.

Issue Numbers are omitted from some draw- DISCONNECT: When equipment is disconnected
ings in the drawing list. These drawings from service without removal of ap-
cover standard frameworks that are made up paratus or wiring.
on a piece part (drawing) basis. ‘Supple-
ments are not written against these draw- EQUIP: When adding or connecting appara-
ings and the frameworks for the most part tus where the wiring is at present
have been so standardized as to require no in place.
changes in the field. If a change must be
made in the field, it would be handled MODIFY: When changing the present cir-
through correspondence, cuit, which change will allow the

use of all or nearly all of the

The WIRING LIST covers a list of all of present wiring, or when changing
the circuits to be wired, equipped or and equipping same,
changed on the current order, The wiring B
list may be either in the form of a drawing, REWIRE: When wiring of present circuilt
supplementing the specification, or it may is changed to such an extent that
be shown completely in the specification. none or practically none of the wir-
A typical Wiring List Drawing is shown in ing of the circuit can be reused.
Fig. 13. When providing for extensive
changes in existing offices the wiring 1list General Notes and Installer's Notesg are
is usually included in the specification, provided In specifications as instructions
the drawing showing only the condition after to the shop and field where information is
changes have been made. As an example, com=- required in addition to that covered on the
plete wiring will be covered in the specifi- drawings or where the drawings are to be
cation where existing wiring is to be modi- disregarded in more or less minor respects.
fied, or where wiring is to be added to ex- Reference is made to these notes in the wir-
isting frames or other units of equipment. ing 1ist in all cases. Installer's notes
Other examples are where wiring for a stand- are confined to field operations alone but
ard unit of equipment ("J" Specification) Shop Notes affect the shop and field alike,
furnished on the current order is %o be modi-
fied in the field, or where installer's wir=- Under the heading FRAMEWORK AND SUMMARY
ing is required for the standard unit, Wir- oF are ste ramework, apparatus
ing 1ist drawings have not been prepared and other material ordered in the specifica-
for some of the older offices for cost tion together with any ordering notes per-
reasons, In these cases complete wiring is taining to items in the summary., The fol-
always covered in the specification, lowing 1llustrates the essential parts of a

summary page.
uvantit
Source Item No, Note rdere pped Description
3 Z 2 ED-90798-10G=-1 Bus
Bar Term., Support
H1547.1 3.1 2 P-422329 Support
H912 3.2 4 P-65746 Scr,
" 3.3 4 P-49430 "
u 3.4 8 P-69964 Wasgher
H 3.5 8 P-160742 "
" 3.6 4 P-65757 Nut
K 3.7 4 P=47383 "

H1557 27 1 J32306M=2 List 5
Eight Pty, Term.
per Sta. Ring.Int,

HO912 27.1 4 4=A Lamp Cap

L 27.2 24 2~-Y Lamp
" 27,3 20 2-AY Lamp Cap
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Under the heading Source is listed the
factory department number where the part
{s made or taken from stock. H912 in the
example indicates that the part is taken
from Merchandise stock, and H1557 indicates
that the interrupter unit is to be wired
and assembled in wiring department #1557.
The "H" indicates Hawthorne.

Item Numbers are assigned to the main
uni¥ or framework and sub-item numbers to
those parts of the main item which are not
assembled but which are shipped separately
to the installer, Use is made of item num-
bers by the field in checking in material.

The Note column is for reference listing
of any notes appearing in the Summary.

guantit¥ Shipged. This column is left
blank on all copilec of the specification
except the one copy used for the installer's
shipping summary. On this copy the column
is left blank (understood to be the same as
the "Ordered" column) except "BO" (Back
Order) is indicated where shipment is not
made.

The blank heading at the right is used
only on the installer's shipping summary
copy for the listing of box numbers, meaning
that the items have been shipped in boxes or

packages assigned with these numbers.

The Framework and Summary of Apparatus

ages of the gpecification have been de-
signed to serve, in addition to a medium for
ordering, as the Installer's Shipping Sum=
mary. One copy is marked for this purpose
at %he factory and is used principally by
the field storekeeper in checking in materi-
al. "Back Order" items and box numbers are
marked on this copy.

4, CABLING SPECIFICATIONS

?witchboard cables required for a job may
be furnished in bulk or shop formed. Formed
cable is commonly soldered to jacks, ter-

minal strips or other equipment before ship-
ment,

Formed and bulk cables are nermally
ordered in separate specifications but may
be combined in one specification where the
number of items is comparatively small. On
the larger jobs, cables are shipped on dif-
ferent dates in order to fit in with instal-
lation schedule for the job. Two formed
cabling specifications may be written, the
one having the earlier shipping date cover-
ing cabling for the frames that are shipped
first. To accommodate the first shipment
of frames, bulk cables for certain runs may
be ordered in the first formed cabling speci-
fication,

Bulk Cable "Installer's Running Lists"
are provided as 1llustrated in Fig. 9.

The Cable Symbol is shown in parenthesis
immediately following the circuit name and
number for which the cable is furnished,
This symbol is shown in a table on the equip-
ment drawings and assists the installer in
finding the locations of terminal strips,
fuses or mounting plates to which the cable
should be run, Cable symbols are usually
agsigned only to miscellanecus runs, the
quantity of equipment used for regular runs

ordinarily meking the identification com-
paratively simple,

The "Cable Runm Sections" column at the
right refers to cross-sections shown on the
job cabling plan drawings through which the
cables are to be routed.

An Item Number is assigned to each code
of cable in the gpecification.

Sub-Items are agssigned to each listing
of the cable in the Installer's Running List,

In the Summary of Material following the
Running List, a1¥ sub-1tems are grouped
under the respective item numbers. With
this arrangement, all sub-items ordering
the same code of cable are consecutive,

tacilitating the shipment of longer lengths.

Long Lengths of bulk cable are ordered in
geparate items and are designated with an
asterisk (*). This is important in the case

Amt, No. Cable
It in Ft, Cas, Code From To Run Sects,
Cable Agsociated with Spec. 411
Test Lines from Loc. Test Desk T-514150(11A)
1.1 165 1 6079 Rear Es. "A" Pos. 1 H.I.D.F. Bg,B7
1.2 167 1 6079 " o0 2 H.I.D.F. B6,G8,G9,H3,H4
Emergency Cord T-20377-11 (11B)
2.1 164 1 6166 Rear Eq. "A" Pos. 1 V.I.D.F. BS,B7,B6,B8
2.2 150 1 6166 "A" Bd. C. T. S. Fuse Bd.202
Cabling Associated with Spec. 418
Tie Lines T-20390 - 17 Figs. 1, 3, 5 (18A)
3.14 55 1 6179 "A% Bd, & Misc.R.R.202 Fuse Bd. 202 - None

24V Sig.

FIG. 9 - BULK CABLE SPECIFICATION - INSTALLERS RUNNING LIST
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SOURCE ITEM AMT CODE
K-1561-1B 101 135 Runs 6084 135 Inter to Mult Subs "B" Bd Unit #3 -
Cas (4545'-0") LG - Formed Per F-2108
on H-254-155 Runs Nbd 1 to 135 Incl
Soldered to .
84-C 270 Short Mult Cas (1882'-0") Lg Formed
Per H-254-153 Install Sects 1 to 3
Incl Equipped with
1620 . #92 Jks #1%3 Mtg Nbd 0-19 with Holly Strip on
op
1620 #92 Jks #113 Mtg Nbd 20-39
1620 #92 " #113 * " 40-59
1620 #92 " #113 * " g0-79
1620 #92 #113 n v 80-99
(Subs Mult "B" Bd)
(Unit #3 )

FIG. 10 - FORMED CABLE SUMMARY

of the larger sizes especially, since the
loss is greater for each foot of cable
wasted and there is also a greater probabil-
ity of short lengths being provided in the
usual routine, provided they are not special-
1y designated. With this arrangement the
cables are selected from stock to fit the
individual lengths specified. The symbols
"g" and "#" are used in place of the aster-

s o designate the odd and even numbered
cables for dial equipments where a consider-
able number of such cables are ordered and
for which detailed cross-sections are shown
on the job cabling plan. The cables are
listed in each group in consecutive order,
the last cable of the group to be installed
being listed first.

Formed Cable Specification Summary pages
are ustrated in g. $ tw e
noted that the source, item numbers, code of
cable, terminations, and apparatus to be
soldered to the cable are listed. The total
langth of cable is listed in parentheses for
billing purposes.

Rung as used in this illustration refers
to the number of units to be shipped, each
run consisting of the "inter to mult" cable
together with all of the short multiple
cables connected with that cable. In other
cases the term "run" is used to refer to a
group of cables having the same terminations
at both ends and used for the same circuit.

Cutting Lists are provided as illustrated
by Figure 11 for cases where the lengths of
cable vary. This illustration is for a por-

tion of the "inter to mult" cable covered
in Figure 10. Each cable is assigned a

* number and is associated with a particular

"Hundred" and "Jack Strip". The skimmer
Tength at the Jack end is listed. Im this
case it is a "slanting" skinner, meaning
that the skinners are of unequal length and
that the edge of the cable form nearest the
jacks is slanting. In other cases the edge
of the form is parallel to the face of the
Jack strip, and the skinners are of equal
length in which case the specification would
refer to straight skinners. The length of
the "multiple stripper" is listed to facili-
tate manufacture ang the "overall® length

is listed for billing purposes.

Cutting, Soldering and Testing Listg are
provided for short multiple cable in a dif-
ferent form than above described, since
several short multiple forms may be of the
same dimensions from a cutting and forming
standpoint but they must be soldered to
%acks in a definite sequence for each job,

he arrangement is shown in Figure 12 which
i1llustrates the information for short multi-
ple listed in Figure 10.

The ®"Kind of Runsg", shown in Figure 12
lists the sequence for soldering purposes,
that ig, the "Inter to Mult" cable, 1 "Reg"
(Regular Short Mult), 1 RSE (Regular Special
End), Sgl Jack (Single Jack-skinners).

INTER TO MULT SUBS "B" BD T-12040-30 FIG.2 - UNIT #3 (125 CAS)
ICODE 6084
SL, SKIN MULT

CA HD JK AT BUTT BUTT TO END STRIPPER OVERALL
1 0 19 -5 1/2 34-11 8 1-4 =

2 0 39 -5 1/2 34-5 8§ 1-4 gg-g
3 0 59 =5 1/2 33-9 8 1-4 35-1

4 0 79 -5 1/2 33-3 B 1-4 34-7
5 o 99 -5 1/2 32-7 8 1-4 33-11
6 1 19 -6 7/8 33-9 B 1-5 35-2

FIG. 11 - PORMED CABLE CUTTING LIST
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CUTTING, SOLDERING AND TESTING LIST - BD GROWS RT TO LT
INTER TO MULT AND SHT MULT SUBS "B" BD T-12040-30 FIG 2 (405 CAS)
MONTROSE UNIT #% - CODE 84-C - INSTALL SECTS 1 TO 3 INCL
NO.OF .NO.S.M. “NO.OF
FORMS KIND OF RUNS RUNS REG SPL E J.S.
2571 INTER 1 REG, 1 RSE SGL 20 20 20 60
S50 REG. 1 RGE 20 20 20 50
2573 1 REG. 1 RSE 20 20 20 60
574 10 1 REG, 1 RSE 20 20 20 60
2075 1 REG, 1 RSE 20 20 20 60
2576 1 REG, 1 RSE 20 20 20 60
2577 MULT 1 REG, 1 RSE JACK 15 15 15 45
135 135 135 405
FORMS
2571 2572 2573 2574 2575 2576 2577
5 1/8" 6 1/2" 7 7/8" 9 1/a" 10 5/8" 1t=0 1'-] 3/8"
0
20
40 (0) (1) 2) (3) (4) () (8)
60
80

FIG. 12 - SHORT MULT, - CUTTING, SOLDERING & TESTING LIST

The Number of Short Multiple cables is
listed divided between “Hegu%ar“ and"Regular
Specia) End." The latter term refers to the
extra length skinners which must be provided
at the last jack to facilitate future exten-
sion of the multiple.

Under No, of J. S. is listed the number of
jack strips to be soldered to the short
multiple in the shop.

Under Forms in the lower part of Figure
12 are listed the skinner length of each
form and the "Hundreds" in parentheses in
their relative arrangement in the face of
the board. This information is included in
the specification to assist in soldering
the short multiple to the proper jacks, with
the proper "inter to mult" cable.

5. INSTALLING SPECIFICATION (-92)

The Installing Specification -92 is a
master specification for the job. All speci-
fications are listed as are notes applying
to the whole job., Material of a miscella-
neous character not as a rule belonging in
any of the other specifications is also
ordered, wire being one example, Miscella-
neous wiring sometimes is called for in the
-92 Specification,

6. =99 SPECIFICATION

The -99 Specification lists the circuit
and schematlc drawings called for in all of
the specifications for the job. It is pre-
pered as late as possible in the installa-
tion period so that the latest drawing issues
will be 1listed. This specification is used
as a check against the wire chief's drawings
and where hisg issues are out of date, the
latest issue is turned over to him together
with any new circuits specified on the order,

7. JOB SPECIFICATION APPENDICES

Appendices are written to job specifica-

tions whenever it is necessary to add, re-
move or change any of the information or
equipment specified in the specification.
Appendices are classified in accordance
with the following:

Class "A" - Due to changes made by the Tele-
phone Company or Distributing
House.

Class "B" - Due to errors in the Equipment
Engineering Branch.

Class "D" - Due to requests from departments
within the Manufacturing or
Merchandise Branch not to correct
engineering errdrs but to fac-
1litate manufacturing or to per-
mit use of stock or standard
equipment.

Class "EA"- Due to the result of Bell Tele-
phone Laboratories development
work which 13 billable to the
Telephone Company.

Class "EB"- Due to the result of Bell Tele-
phone Laboratories work which is
non-billable, :

Class "M" = Iggued to cover changes not
covered by the foregoing classes.

8; EQUIPMENT CHANGE NOTICES (C.N.'s)

An Equipment Change Notice, commonly
referred to as a “C.ﬁ.“, coordinates all in-
formation required for making a change in
the field after installation work has start-
ed. Detail information for doing the work is

covered by appendices and drawing supplements
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and these are listed on the change notice,
In general change notices are issued when
the same change affects more than one job
and they are written principally for Bell
Laboratories changes.

9. JOB DRAWING NUMBERING SYSTEM

The Numbering System provides a conven-
ient method for identifying job drawings.
Each office is assigned a permanent base
number to which different dash (or suffix)
numbers are assigned for different types of
drawings. An "Office Record Drawing" with
the dash number COO is sometimes prepared
which 1lists all of the active job drawings
for a particular office, with their titles.
In the example, T-2212-150, the base number
is "2212" and the dash number is "150."

Dash numbers have been assigned in accordance
with the following list, the lowest number in

a group usually being assigned first:

Dash Number Drawing
1 Key Sheet
*00 to 99 Floor Plans
*Assigned to correspond with
the floor number
xxx1l or 2 Hir'ing List

"xxx" indicates the job speci-
fication dash number which
is followed by "1" or "2¢

000 Office Drawing Record

110 to 112 Front qut. - "A" Swbds.
113 to 115 g ! - "B" Swbds,
116 to 118 n n - Toll Swhds.
119 " " - Trouble Desk
120 to 129 Front Eq?t. - Desks
130 to 139 " : - Swbds. & Desks
as req.
140 to 148 M.D.F. or Comb. M. & I.D.F.
Eqpt.
149 Mezzanine Platform
150 to 169 1.D.F., D.D.F. & T.D.F. Eqgpt.
170 to 189 Relay Rack Egpt.
200 to 209 Relay Rack (or Coil Rack)Egnt.
210 & 211 Fuse Board Assem.
212 to 229 Fuse Board Egpt.
230 Traffic Reg. Rack Eqgpt.
231 Line Mess. Reg. Rack Egpt.
232 to 237 Other Mess. Reg. Racks
238 to 289 Miscellaneous, include Frame-
work and Equipment Sketches
and Schematics
290 to 299 Job Cross-~Connection (Toll
only)
500 to 512 Pg;zr Chg., Dischg. & Service
80
513 to 519 Power Ring, Tones, Sig, &
Alarm Ckts,
520 to 531 Power Bd. Front Egpt. & Stk.
Lists
532 to 539 Power Bd. Rear Eqpt., & Elev,
540 to 545 Power Bd, Details
646 & 547 Miscellaneous (for Power)
548 & 549 Stock Lists (for Power)
550 to 553 Batt. Cont. or Fuse Panel
Front & Rear Eqpt. & Stock
Lists
554 & 555 Bgtz. Cont. or Fuse Panel
s ets.
556 to 561 Batt., Distg, Fuse Panels
562 Batt., Distg. Fuse Panel Dets.
563 to 567 Conduit Plans
568 to 570 Conduit Pull Box

Step-by-Step Dial System
Traffic Training Course and Reference Manual

Dash Number Drawing
571 to 576 Conn. Bus Bars for Stg. Batt.

Stock List, Elev, Hangers &
Ins. through Floor

577 to 579 Conn. Bus Bars for Stg. Batt.
Dets.

580 Miscell}aneous (for Power)

581 to 583 Power Cable & Bus Bar Supp.

584 Pngr Cable and Bus Bar Supp.
ets.

585 Power Beam Clamp Layout

586 & 587 Nbg. of Dup. Drive Mot, Sw.
Boxes

588 & 589 Gas Eng. Guard Rails

590 & 591 Power Emg. Alt, Ckt.

592 to 595 Power Bd., Emg, Alt, Plans., &
Stock List

596 to 598 Power Bd. Emg. Alt. Pan.Dets.

599 Miscellaneous (for Power)

600 to 619 Cabling & Cable Rack Plans

700 to 719 Slip Mult, Diag. Sold. Inf.&
Ca. Forms

720 to 74° Miscellaneous (for Cabling)

750 to 769 Cable Racks

770 & 771 Rolling Ladders

7385 to 799 Unassigned

The following drawings are individual to
Panel or Step-by-Step offices as indicated.

PANEL ONLY _
Line Find. or Line Sw, Egpt.

300 to 303

304 to 307 Line Rel. Eqpt.

208 & 309 Dist. Send. Sel., or Subs.
Link Egpt.

210 & 311 Dist, Send. Sel. or Subs.Link
Table of Conmection

312 & 313 Spl. "A" Pos., Send. & Send,
Sel. Eqgpt.

214 & 315 "B" Send. and Link Ckt. Eqgpt.

316 to 319 Subs. Sender Eqpt.

320 & 321 Local Sender Eqpt.

322 & 323 Inc, or Dial Zero Send. Eqpt.

324 & 325 Inc, Send, Sel. Eqpt.

326 to 339 Unassigned

340 & 341 Translator Eqpt.

342 to 345 Dist. Fr. Egpt.

346 & 347 Spl. "A" Pos. Dist., Sel.Eqpt.

348 to 351 Office Fr, qut.

352 to 359 Incoming Fr. Eqpt.

260 & 361 Final Fr. Egpt.

362 & 363 Misc. Int, Fr. Eqgpt.

364 Dist. Int. Fr. Eqpt.

365 to 393 Unasgsigned

394 to 396 Alarm Eqpt.

397 to 399 Miscellaneous

400 & 401 Dist., Sel. Test Fr, - Dist.
Loc. & Part. Ckt. Chart

402 & 403 Final Sel. Test Fr., = Final
Loc. & Part, Ckt, Chart

404 & 405 Dist, Sel. Test Fr, - Strap-

ing & Conn, of Gr. Banks

hart

406 & 407 Stuck Conn, Find. Fr. - Conn.
Loc. Chart

408 & 409 Subs, Link Cross - Conn.Chart

410 Final Sel. Test Fr. - Cross-
Conn. Chart

411 District Fr. - Cross-Conn,
Charts

412 Chart - Method of Wiring Dist,

Timing Fr., & Des. Cards
413 to 419 Misc, Charts
420 to 429 Term. Strip Numbering
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PANEL ONLY (Cont'd)

Dash Number Drawing
430 to 459 Unassigned
460 to 462 Cabling Schematic Line Find,

to Dist. & Dist. to Link

463 to 474 Misc. Cabling Schematics

475 & 476 Mtg. Plate Eqpt.

477 to 479 Des. Sirip Numbering

480 to 499 Unassigned
STEP-BY-STEP_ONLY

394 to 396 Office Alarm Fr, Egpt.

400 to 417 Cross-Conn, Charts

418 to 420 Traffic Schematics

421 to 499 Selector Frame Eqpt.

800 to 812 Connector Frame Eqpt.

813 & 814 Repeater Frame Egpt.

815 & 816 Pick Up Test Panel Egpt.

Wherever it is practical to do so, equip-
ment views are shown on wiring list drawings
and separate equipment drawings are not made.
This practice is followed for many of the
Panel and Step-by-Step frames.

The letter "N",as in T-2212-110N,is shown
in some cases after the dash number on job
drawings. If an order is being engineered
at the same time as a previous order is be-
ing installed, the installer's drawings must
not be disturbed by the order being engi-
neered. The "N" scheme is employed to avoid
any confusion of this kind and also to re-
tain the same drawing number for a partic-
ular equipment throughout the 1life of the
office. The operation of the plan is ex-
plained as follows:

Suppose that T-2212-110 is the front
equipment drawing for a job being installed.
A subsequent order, being engineered, in-
volves a change in this drawing. A Class
"A" Supplement is issued to change the num-
ber to T-2212-110N, notifying the installer
that his drawing thenceforth will be known
by that number and a tracing or Vandyke is
retained to permit further blueprints to be
made. Another tracing with tne original
number, T-2212-110, is used for the order
being engineered. The scheme also allows
for changes to be made in the "N" drawing
and for furnishing of prints as desired for
the order being installed.

10. WIRING LIST DRAWINGS

The Job Wiring List Drawings show a
record of the equipment as it is wired and
equipped after the installation work has been
completed. Notes required by the Telephone
Company for maintaining the equipment are
covered on this drawing.

All types of equipment in the exchange,
for example each line of switchboard,frames
of the same kind, desks, and similar groups
of equipment, have their own wiring list
drawing., Miscellaneous wiring for the of-
fice not confined to any particular switch-
board or group of frames is covered on a
geparate wiring 1ist drawing. Ag a general
rule each job specification has its own wir-
ing 1ist drawing. For this reason the wiring
1ist drawing number is made up of the speci-
fication dash number and another digit.

Section 7.0
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Figure 13 shows a typical wiring 1list
drawing.

11. EQUIPMENT DRAWINGS

Jot Fguipment Drawings are prepared in
one form or another for all of the equipment
in the office. Usually each type of equip-
ment has its own equipment drawing. They
are prepared in detail for relay racks,fuse
boards, distributing frames, switchboards,
power, and for a number of frames and bays.
Quite frequently, however, where equipment
is ordered from standard specifications as
is the case for many Dial Systems frames and
Toll bays, the equipment drawing is made up
in tabular or chart form and reference is
made to views on standard drawings. Equip-
ment drawings are not prepared as separate
drawings for many of the Panel System frames;
a combination Wiring List and Equipment draw-
ing being used. This has the advantage of
having the equipment view and wiring shown
on the same drawing.

Figure 14 shows a typical relay rack
equipment drawing.

The Equipment Drawing shows the location,
code numbers, circuit numbering and func-
tional designations of apparatus. Func-
tional designations correspond with those
shown on wiring diagrams, schematics and cir-
cuit descriptions. The drawing showsg desig-
nations that are to be stamped on the equip-
ment as well as other information or desig-
nations (usually in parenthesis) for wiring
information only. )

Location of Equipment tables are shown on
frames and racks equipment drawings (See
Figure 14). They cover, in the case of a
relay rack, the bay and mounting plate loca-
tion and the cable symbol for any equipment
to be located on the relay rack, By knowing
the cable symbol (obtainable from the Cabling
Specification, described on page 16 in this
pamphlet) and referring to the location of
equipment table, the installer can readily
determine where equipment should be placed
on the relay rack. [he table on other equip-
ment drawings refers to vertical, shelf, bay
and row locations for terminal strips and
fuses.

12, FLOOR PLAN DRAWINGS

A Floor Plan Drawing is prepared for
every floor except that in the case of large
buildings it maey cover only a wing or a por-
tion of a floor. Definite locations are
given for all frames, racks, switchboards,
machines and other equipments occupyimg
space on the floor. Equipments located on
walls are shown on the drawing. Columns,
pllasters and partitions are also shown and
gsometimes rest rooms, locker rooms and vesti-
bules. Alsles and pagsageways between frames,
racks and switchboards are shown as are cable
holes, slots and sleeves,

Cross sections are shown to cover such
detalls as the type of floor fill, thick-
negses of floors, ceiling heights, and the
location and size of beams and girders.

Reference lines are an important feature
on the floor plan drawing. They are lines
drawn between markers permanently placed in
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the floor or walls, All equipments, cable
holes, slots and the like are located from
reference lines rather than from walls as
any slight irregularities in the walls might
change the relative locations of equipment
to such an extent that shop-formed cables
woculd be too long or short for the runs,

Figure 15 covers a typical floor plan
drawing.

13, "KS" gPECIFICATIONS

UKS" Specificationg are prepared by the
Bell Telephone Laboratories and cover engi-
neering requirements, manufacturing limits,
etc., for apparatus or material that is manu-
factured by outside suppliers. In a few :
cases in recent years the Western Electric
Company has undertaken the manufacture of
articles specified in "KS" Specifications
but for the most part this work is Rlaced
on outside manufacturers. Usually "Ks"
Specifications cover commercial types of
apparatus or equipment required in central
offices.

Step-by-Step Dial System
Traffic Training Course and Reference Manual

14, "D" SPECIFICATIONS

"D" Specifications cover manufacturing
information for special apparatus for which
the demand or general application is not
sufficient for assignment of a standard code.

15. "96" ORDERS

A "96" Order is either an "Zngineer,
Furnish and Install" or an "Engineer and
Furnish" order not requiring a job specifi-
cation but which contains complete manu-
facturing and installing information and ap-
paratus summary on the order sheets,

16. INSTALL ONLY ORDERS

On Install Only orders, the-specifica-
tions and drawlngs are provided by the Tele-
phone Company. Some or all of the drawings
may be Telephone Company drawings although
usually some Western Electric Company draw-
ings are specified. The form of the speci-
fications and drawings issued by the Tele-
phone Company varies in different areas so

that no detailed description can be furnished.
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. 7.04 ABBREVIATIONS
. Abbreviation Word or Term Abbreviation Word or Term
) A D(Cont'd)
ADDL. Additiomal DIAM, Diameter
ADJ. Adjust DIM, Dimension
' ADPT. Adapter DISC. Discontinued
AL. Aluminum DISCHG. Discharge
AM, Amme ter D.P, Double Pole (Switch)
AMP. Ampere, Amplifier D.P,D.T, Double Pole Double Throw (Switch)
AMT. Amount D.P.8.T. Double Pole Single Throw (Switch)
ANN. Annealed, Announcement, Announcing D,.P.T.S. Distributing Power Terminal Strip
APP, Apparatus, Appendix DR, Drill,Decoder,Drum,Delayed Ringing
APPD. Approved DsSC Double 8ilk Single Cotton (Wire)
APPROX. Approximate D.S.C.L. Double Silk Cotton Lacquered(Wire)
. ARR. Arranged, Arrangement, Arranging D.T. Double Throw (Switch),Dial Tone
ARM., TRVL. Armature Travel DWG. Drawing g :
ASB. Asgbegtos
ASSEM, Assembled or Assembly E
ASSOC. Agsociated R
. AUTO. Automatic E Even, Eagt, Enameled
J AUX. Auxiliary EQPD. Equipped
EQPT. Equipment
B ESC. Egcutcheon
E.S.C.B. Enamel Silk Cotton Braid (Wire)
. B Back, Braided, Brass
BAT. Battery F
BD. Board
BET. Between F Fabhrenheft, Finish, Flat, Front,
BEV. Bevel Fuge
. B.F.P. Battery Fuse Panel F.A. Fuse Alarm
’ B.H.M. Button Head Machine (Screw) FAN.S. Fanning Strip
BK. Bank FAST. Fastener
B.P. Binding Post F. BD. Fuge Board
BRKT. Bracket ’ F.F. File Finish
. B. &8. Brown & Sharpe (Gauge) F.H. Flat Head
T F.H.B.M. Flat Head Brass Machine (Screw)
c F.H.I.W. Flat Head Iron Wood (Screw)
F1G. Figure
Cc Center,Centigrade,Cotton,Chamfered FIL. H. Fillister Head (Screw)
3 Center Line FIN. Finigh
) . CA. Cable or Cabling, Call Announcer, FL. Floor
Cord Auxiliary FLEX, Flexible
CAB. Cabinet 4 P.D.T. Four Pole Double Throw (Switch)
. CAT. Catalogue 4 P.S.T. Four Pole Single Throw (Switch)
4 CB. Coin Box,Common Battery,Counterbore FR. Frame,Flat Rate,Fundamental Ring
c.C. Coin Collect FRWK. Framework
CD. Cold Drawn, Cord, Counterdrill “ Foot,Final Tens,Fundamental Tip
C.D.F. Combined Distributing Frame
. CD. FAST. Cord Fastener G
o CD. HOOK Cord Hook
C.EMM.F. Counter Electromotive Force GA. Gauge
CHAM, Chamfered GALV, Galvanized, Galvanometer
CHG. Charge, Charged, Charging G.F. Grind Finish
' CKT. Circuit GRD. Ground, Grounded
= CL. Clearance, Clerk
C.M. Circular Mils: H
C.0. Chief Operator, Cut Off,
COM. Commercial, Common HD. Hard
. COMP . Compensator,Compound ,Compromising HD. DR, Hard Drawn (Copper)
COND. Condenser HD. RUB. Hard Rubber
CONDUC. Conductor HEX. H.I.CAP Hexagon Head Iron Cap (Screw)
CONN. Connect, Connecting, Conmector H.H. Half Hard
ONT. Contact, Continued H.R. Hot Rolled
. CONT. PRES. Contact Pregsure H.W, Hand Wheel
COP. Copper
COP. PLT. Copper Plate, Copper Plated |
C.R. Cold Rolled
. cs. Countersink 1.D.F. Intermediate Distributing Frame
-9 c.T.s. Cable Turning Section, Cut to IN, Inch, Input
Shoulder INCL. Inclusive
cX Composite IND. Induction, Inductor
CXX Composite Ringer INS. Insulator,Insulation, Insulating
' INT., Interrupter ¢
| D IR. Iron
18s. Issue
D Dial, Double (Serving), Drop
ID). CONN, Direct Connectig a . J .
.C.L. Double Cotton Lacquere
DECALC, Decalcomania (Transfer) jCT j&ckiiJolnt
DESIG. Designate, Designation 9. J“"ﬁ on
DEV, Developed K. J“
DIAG. Dingrnm v SPy ack Space
J.s. Jack Strip
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Abbreviation

KW. H.

L.S.
LTNG. ARR.

MA.

MACH.
MAH.

M.D.F,
MED.

PAN.
PAR,
PAT.
PCHG.
P.D.
PLAT.
POL,
POS.
PrEC.
PRI.
PROV,

Word or Term

K

Kilowatt Hours

Lacquered

Laminated

Pound

Lead Covered Cable
Long

Lamp

Lamp Socket, Low Speed
Lightning Arrester

M

Meter, Molding

Milliammeter, Milliampere, Motor
Stop Alarm

Machine

Mahogany

Material

Main Distributing Frame

Medium

Manufacturing

Mamufacture, Manufacturer

Marginal, Motor Generator

Mixture

Machine Ringing, Message Rate,
Message Reglster

Machine Screw

Message Rate Individual

Megsage Rate Party

Mounted

Mounting Plate

Multiple

Night Alarm

National Electric Code
Non=~Inductive

Norway Iron

Nickel Plate
Non-Reactive

0
Odd

OQutside Diameter

Outgoing Trunk

Oval Head

Oval Head Brass Machine (Screw)
Oxide

Ounces

P

Panel

Parallel

Patent, Patented
Punching

Pitch Diameter
Platinum

Polish, Polar, Polarized
Position
Preceding
Frimary
Provisional

Radius, Rear, Return, Ring
Read just

Receptacle
Rectangular, Rectifier
Reference

Relay

Required, Requisition
Resistance

Retardation
Revolution, Reversing
Rough Grind Finish

word or Term

S.P.8,T.
SPR. COMB,
sQ.

S.R.

S.T.

STD.

S.T. SCR.
SucC.

SW.

.

T.D.F.
TEL.
TELEG.
TERM.
THD.

3 P.D.T,
3 P.8.T,
TRANS.
TRNS.

T. S
TST.
TTY.
T.W.

TWX

U
ULT.
U.S. sTD.

VAR.
vV.ce.C.

WD.
WDG.
wT

ZN.

Step-by-Step Dial System
Traffic Training Course and Reference Manual

Word or Term
R (cont'a)

Round Head

Round Head Iron Machine (Screw)
Rheostat

Rotate, Rotating, Rotary
Revolutions per Minute

Relay Rack

Rubber

Silk, Sleeve, South

Stove Bolt

Slightly Chamfered, Single Silk
Single Cotton (Wire)

Screw

Single Silk Double Cotton (Wire)

Section

Segment

Selector

Separate

Sequence

Series

Sheet, Shunt

Signal

Sketch, Skinmed, Soak

Slate, Sending Leg

Specification, Specified

Single Pole (Switch)

Single Pole Double Throw (Switch)

Single Pole Single Throw (Switch)

Spring Combination

Sguare

Slightly Round, Supervisor,
Supervisory

Single Throw (Switech), Start

Standard

Self Tapping Screw

Succeeding

Switch, Switching

Simplex

Tinned

Trunk Distributing Frame

Telephone

Telegraph

Terminal, Terminating

Thread

Three Pole Double Throw (Switch)

Three Pole Single Throw (Switch)

Transformar

Transfer

Terminal Strip

Test

Teletypewriter

Tight Wrapped

Teletypewriter Exchange

U

Shielded Wire
Ultimate
United States Standard

Varistor
Very Slight Chamfer

¥

West, Weld, Wood
Wound

Winding

Weight

Zinc
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7.05 GLOSSARY OF TERMS USED IN CONNECTION WITH EQUIFMENT SPECIFICATIONS AND DRAWINGS

APPENDIX - Supplementary information to a
job or standard specification which
changes the original information.

BLUE LINE PRINT - A white print with blue
1Ines made from a van-dyke.

BLUEPRINT - A blue print with white limes
made from a tracing.

BULK CABLE - Lengths of switchboard cable
which are shipped from the factory un-
formed.

CARD CATAIOGUE - Cards furnishing a descrip-
tiomr of coded apparatus. Issued by the
Bell Telephone Laboratories.

C.C. - Abbreviation for "Customer's Change".

C.D. - Abbreviation for "Circuit Description®.

CHANGE NOTICE - A paper issued by the Equip-
ment Department to the installation field
for the purpose of coordinating all in-
formation required for making changes
which affect several jobs in the process
of installation,

CIRCUIT DESCRIPTION - A description of the
operation of a particular circuit, which
also provides a record of the circuit
changes issued by the Bell Telephone
Laboratories.

CIRCUIT REQUIREMENT TABLE - That part of a
Bell Telephone Laboratories circuit draw-
ing which contains the current flow ad-
-justments required for the maintenance of
a circuit,

CLASS NON-X MATERIAL - A designation used
for items of equipment which are not
assembled as parts of other units by the
shop.

CLASS X MATERIAL - A designation used for
items of equipment which are assembled
ag parts of other units by the shop.

C.N. - An abbreviation for equipment change
notice.

CUSTOMER'S CHANGE = A term used when refer-
ring to a change which the Telephone Com=-
pany requests in one of its job orders.

DRAWINGS

ETTER PREFIX USED IN DESIGNATING GENERAL
IQ’EGU?Q OF DAAWINGS

"A" DRAWING - A series of drawings cover=-
Ing standard switchboard equipment,
Replaced by the "ED" series for new
drawings.

"ED" DRAWING - A series of standard draw-
ngs covering all types of switchboard
framework and equipment,

"H" DRAWING - A series of standard draw-
Ings covering all types of switchboard
framework and equipment and modifica-
tion drawings. Replaced by the "ED"
series for drawings made from Bell
Telephone Laboratories drawings,

"ITD" DRAWING - Drawings covering manu-
facturing information for installer's
test sets,

YJ" DRAWING - Specifications for standard
units of equipment prepared in drawing
form.

"LCT" DRAWING - Job local cable desigm
rawings.

"M" DRAWING - Drawings covering standard
moldings used on switchboards and
desks. This drawing series is obsolete.
Being replaced by "P" drawings.

"p" DRAWING - Drawings for switchboard
piece parts. They may show either a
single piece or several pieces assem-
bled and carried in stock as one part.

"SD" DRAWING - Bell Telephone Laboratories
circult drawings

"T" DRAWING - A series covering all cir-
cult drawings and job drawings.

"WRT" DRAWING - Drawings covering a list
of wires with their terminating points,
grouped by size and color. They are
used by the shop in the making of
local cables,

TYPES OF DRAWINGS

ASSEMBLY DRAWING - A drawing covering the
design of framework units and includes
a stocklist of all parts required for
assembly. (ED Series)

CIRCUIT SCHEMATIC - A circuit drawing
prepared In one of its simplest forms
to facilitate tracing its operation,
(SD series)

DETAIL DRAWING - Drawings showing manu-
facturing Information for individual
parts of a framework assembly.

JOB DRAWING - Drawings showing equipment
arrangements for a specific central
office. (T Series)

LOCAL CABLE DESIGN DRAWING = Same as
TILTY drawing.

PIECE PART DRAWING - Drawings showing
manufacturing information for individ-
‘ual parts of an equipment assembly
where the part is used in sufficient
quantities to Jjustify stocking, as
well as the preparation of permanent
tools, (P Series)
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SPECIFICATION DRAWING - Same as "J" draw-
ing.

WIRING DIAGRAM DRAWING - A circuit draw-
ing which shows the colors, size, and
terminating points of leads and shows
the associated apparatus in such con-
ventional form as to facilitate solder-
ing and wiring. (T Series)

WIRING LIST DRAWING - A job drawing list-
Ing the clrcults specified for a par-
ticular central office. (T Series)

WIRING RECORD DRAWING - Same as "WRT!
drawing.

FORMED CABLE - Switchboard cable which is
stripped, butted, formed and sewed in the
shop.

FUSE BOARD RECORD SHEETS - Sheets showing
, the fuse assignmenis on double row fuse
panels. ’

GENERAL ENGINEERING CIRCULAR - A numbered
series of papers abbreviated "GEC" former-
1y issued by the A. T. & T, Comgany on
engineerinz matters. Replaced by "Plant
Engineering Circulars" and "Plant Engi-
neering Lettersg",

LOCAL CABLE - A cable which is made by hand
and used for interconnecting apparatus in
a shop wired unit of equipment.

PLANT ENGINEERING CIRCULAR - A numbered
series of papers, abbreviated "PEC",
issued to the operating companies by the
A. T. & T. Company, covering engineering
matters of major importance.

PLANT ENGINESRING LETTER - A numbered series
of papers, abbreviated "PEL", issued to
the operating companies by the A. T. & T.
Company, covering engineering matters of
minor importance or of a less permanent
nature.

REPRODUCED TRACING - A reproduction of a
tracing made on tracing cloth by photo-
graphic processes and is suitable for
use as a duplicate of the original,

SCHEMATIC - See "Circuit Schematic",

PECIFICATION

D-SPECIFICATION -~ Specification issued
for the purpose of furnishing manu-
facturing information on special ap-

. paratus which is designed to care for
conditions which cannot be met by ex-
isting standard apparatus.

ITE SPECIFICATIONS - Specifications cover-
Tng the manufacture of installer's
test sets.

Step-by-Step Dial System
Traffic Training Course and Reference Manual

JOB SPECIFICATION - Specifications cover-
ing manufacturing and installing infor-
mation for a specific central office,.

KS SPECIFICATION - Specifications igsued
by the Bell Telephone Laboratories
covering engineering requirements for
material manufactured by outside sup-
pliers.

STANDARD EQUIPMENT SPECIFICATION - Speci-
fications covering information for
the manufacture of standard units of
equipment commonly known as J-gpeci-
fications.

SUMMARY OF APPARATUS -~ That part of a job
specificatiomr which 1lists the apparatus
and equipment.

SUPPLEMIENT - Papers issued by the equipment
engineer which cover information to the
Drafting Department for making changes on
drawings. Supplements designated clasgs
A" or "B" authorize the shop and field
to make changes on equipment in process
of manufacture of installation.

SWITCHBOARD CABLE - A number of insulated
wires made up into a cable by machine and
covered with a braided textile covering.

TEMPORARY INFORMATION MEMORANDUM - A paper
Issued as an authorization for a 1imited
time permitting the shop or installer to
deviate from standard requirements in the
manufacturing or installing of equipment,

TERMINAL ASSIGNMENT LIST (Formerly called
Power Punching List) - An assignment 1list
for assocliating numbered punchings on a
pover terminal strip with those leads on
a circuit drawing which are shown termi-
nating at power punchings and which have
designations which cannot be stamped on
the terminal strip so as to be legible
for maintenance purposes. .

T.I.M, - An abbreviation for "Temporary In-
formation Memorandum®,

TRAFFIC CIRCULAR - A numbered series of
papers, abbreviated "TC", issued to the
operating companies by the A. T, & T.
Company, covering traffic matters of
major importance.

TRAFFIC LETTER - A numbered series of papers
Tssued to the operating companies by the
A, T. & T. Company, covering traffic mat-
ters of minor importance or of less per-
manent nature,

VAN-DYKE - A transparent print of a tracing
from which blue line prints are made.
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8.0 TRUNKING
8.01 GENERAL DESCRIPTION

with trunk groups as large as thirty if required.
- Each line finder is a part of a trunk going direct to

In Section 6 it was shown how a telephone con-
nection is built up by joining, in progressive order,
the several switches composing the dial train
through the medium of trunks.

The word “trunk” carries with it the thought of
being used in common by a number of people, as
opposed to a customer’s line, for example, which is
for individual use.

This common use implies that enough trunks
between any two switching points, such as First
Selectors to Second Selectors, should be provided
to meet the maximum number of simultaneous
calls in that trunk group; otherwise too many de-
lays, or ‘‘busies’”’, would be encountered by our
customers which would be poor service.

The maximum number of simultaneous calls in
a particular trunk group is dependent upon the
customers having access to the group and hence is
subject to much fluctuation. In large groups of
customers’ lines these fluctuations are less abrupt
than in small groups, therefore the larger the groups
the more accurately one can predict the maximum
number of simultaneous calls that will originate
therein, and therefore the more accurately determ-
ine the number of trunks that will be required.

The idea then is to group the lines so that the
trunk groups serving them will be large, in order
that the latter may be worked to the greatest efhi-
ciency. The size of these groups are, however,
limited by the number of trunks to which each
group has access. For example, a line switch is
limited to 10 trunks; therefore, the number of
lines using those ten trunks in common must be
such that the calls originating there-in will be
within the capacity of those trunks to handle.

If, in any office, these groups are made up of say
50 lines each, no matter how carefully arranged as
to calling rate and holding time, it is possible, that
at times, some trunk groups will be overtaxed and
others will be working much below their full
capacity. ,

For this reason, we would never have as many
first selectors in use at the same time as there are
trunks from the primary line switches. This condi-
tion,is taken advantage of by interposing secondary
line switches and the first selectors, as shown later
on, and thus reducing the number of first selectors
to the actual number which will probably be re-
quired under peak loads.

With this arrangement there may be as many as
twenty-five trunks from different primary line
switch groups to any one secondary subgroup out
of which there are only ten trunks to first selectors.
It does not reduce the number of trunks out of
primary line switch groups but it does result in a
more efficient use of the trunks to first selectors and
the switches on which they terminate.

This higher efficiency is obtained in a simpler
manner by the use of the line finder which permits

subscriber line groups up to two hundred lines, ,

a first selector, the lines being multiplied to the
line finder banks which have a capacity of two
hundred lines. Therefore the number of trunks re-
quired to handle efficiently the traffic originating
in any line finder group may be provided quite
accurately.

In the earlier installations, the trunk groups
from the secondary line switches to first selectors,
first selectors to second selectors, second to third,
etc. and from the last selectors to connectors are
limited to ten trunks each, that is, to the number
of terminals on each level, but the load on any

~ such ten-trunk group may be adjusted by variation

in the number of switches having access thereto so
as to attain a fair degree of efficiency. In later
installations, trunk groups between selectors have

- been increased to as many as forty-five trunks by

the utilization of distributing type terminal assem-
blies and graded multiples.

[t is evident that necessary changes in the num-
ber of the subscribers connected to any office and
the amount of calls originated by them will cause
frequent changes in the assignment and loading of
lines to the various groups of line switches or line

finders.

~ In addition—but less frequently—the number
and size of the groups of trunks from the line
switches, line finders, and selectors will also be
affected. It is, therefore, necessary to arrange and
locate the terminals of the lines and trunks in such
a way that these changes can be made quickly an

conveniently. :

There are several places where this grouping
occurs, the most important, being at the Distribut-
ing Frames and the Terminal Assemblies of the line
switches and selectors.

In a Step-by-Step office, there are usually either
two or three types of Distributing Frames used,
that is, there is the Main Frame, Line Intermediate
Distributing Frame and a Trunk Distributing
Frame. Quite often these are eliminated by the

- provision of a Combination Line and Trunk Dis-

tributing Frame. This is particularly true in the

~ smaller offices. See Paragraph 5.03.

The principal use of each of these various type
frames was covered previously in Section 5. Figure
| shows the route of a local call (from an Individual
flat rate station) through the distributing frames

. and succeeding equipment, using either line switch
“or line finder equipment. With this arrangement

the telephone numbers appear on the H.M.D.F. as

.. was usually done prior to the early thirties; after

which, and in accordance with current new installa-
tions, the line circuits are terminated on the
H.M.D.F. Where two and four-party lines are
involved, grouping of telephone numbers to the
line circuit is necessary. Figure 2 shows how 2-
party lines are grouped at the V.L.[.D.F. and
Figure 3 shows the grouping for 4-party lines by
the utilization of 4-party bunching blocks.

There are at present two methods of connecting
a subscriber’s line with a first selector which is
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necessary before dialing can begin. The first is the
Line Switch system which is in use in the older
type offices and the other is the Line Finder method
which has superseded the former on account of its
greater efficiency and simplicity of trunking. The
lines using line switches terminate at boards that
have a capacity of 100 lines each but those using
line finder equipment terminate in 200 line groups.
The trunking arrangement of the Line Switches
will first be described and afterwards that of the

Line Finder.
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SKETCH SHOWING HOW TWO-PARTY LINES ARE

GROUPED ON LINE TERMINAL BLOCK AT THE L.1.D.F.

Figure 2

The number of trunks required for every trunk
group in an office is determined by the Traffic
Engineer when the office is being engineered ini-
tially and when subsequent equipment additions
are made to existing offices. In this Section, there-
fore, the method of determining the number of
trunks required in each group will not be con-
sidered, but rather the physical or actual wiring of
one group of switches to the various groups of
switches by that group.

Dial systems may be considered as a series of
trunks and switches or selectors arranged to give
prompt and dependable service with an adequate
but not excessive amount of equipment. These
groups of trunks or paths may be relatively small
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and of limited flexibility which makes an even dis- equipment and trunk layouts as a basis of intelli-

tribution of the calls throughout the System es- gent direction of the assignment of subscribers’

sential to good service. When it is realized that lines in his offices and for ensuring at all times the

upwards of 90 per cent of the traffic in a dial office loading of each trunk group with its proper pro-

passes through the equipment without the assist- portion of traffic.

ance of an operator, it is apparent that the provi-

sion of adequate paths for this traffic is one of the '

major responsibilities of the Traffic Department. 8.02 LINE SWITCH TRUNKING
< S8 o : " “~The number_of trun!cs that_ shoulc! be provided
gé gﬂ ngé 4 out of the_ primary line switches in any office
E!% S%g _,§>§e-§§ e depends primarily upon how many calls will be
5;’ g2 57’53@%3 8 made from all the telephones involved during the
3 §§= E&Eng‘:‘:— b hc_)ur of greatest use angi how long each conversation
°e @ ;ﬂ%éaassas (i1} will last. For any individual telephone or any one
%g_\ e o call such predictions are impossible; but it is pos-
i =1 1 = > sible to determine from records of traffic handled
zs el —— T on similar telephones elsewhere made from time to
o mm W S time on days of normal activity about what the
ey ) N 8 " average use would be. These records are reduced
5:"2 ne S to “calling rate” and “holding time”’, meaning
;.g FW W E that, should each telephone in the office under
o< | v consideration make the number of calls indicated

n - ] a(_ by dthe “calling rate” during a certain hour, the
[ - ¥ p ] ¢ r product of that calling rate times the number of

ing calls to be handled at this particular office
during the “busy hour” of a normal day.

L telephones would represent the number of originat-

The “holding time” represents the average dura-
tion of each call. The longer the holding time, the
larger will be the number of trunks required.

CONNECTOR

This calling rate and holding time are for the
office as a whole and while they may be used to
determine the number of first selectors required we
will have to provide a larger number of trunks out
of the line switches; because, as previously indi-
cated, these trunks have to be arranged in groups
of not more than ten each and the amount of
traffic that can be handled over these small groups
is considerably less per trunk than could be handled
over the same number of trunks arranged in one
large group.

PRL Li}
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OR TO LINE FINDER:
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LINES

BUNCHING
BLOCK

LS T -

L.I.D.F,

2
ll
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ll
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I
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SKETCH SHOWING THE GROUPING OF 4-PARTY SUBSCRIBER'S

U3ED

Experience has shown that the number of first
selectors required is usually somewhere around 8 to
10 percent of the number of the lines which they
serve; while the number of trunks out of the pri-
mary line switches is usually about 20 per cent.

BUNCHING BLOCK
TIiE CABLE

HMOF TO H-LLOF
MULT. NOT

LINES AT THE INTERMEDIATE DIST. FRAME

)

MOD.F.

In a specific case of 1,000 lines, for example, we
might require 200 trunks out of the primary line
switches but need only 90 first selectors.

- @ 8 80 8 e a8
\'A
CABLE PR| ©

w
& ‘ If we took these trunks direct to first selectors we
L 1 would have to use 110 more first selectors than the
o traffic requires; but we may terminate these 200
< trunks from the primary line switches on 200
Figure 3 secondary line switches, arranged in nine groups
out of which 90 trunks would go direct to the 90
The dial equipment has been engineered to first selectors.
handle the estimated traffic offered without undue . . .
paths busy. The estimates of the engineers are In such cases interposing the' secoqdary line
based on data which generally are one or more switches in between the primary line switches and
years old when an office is cut over; and to protect the first selectors results in very copsxdera_ble sav-
service, provision is made in the equipment for ings as the cost of the secondary line switches is
possible changes in conditions. In order to properly much less than the cost of the excess of first
administer a dial office, the traffic superintendent selectors which this use of the secondaries does
and his assistants need detailed knowledge of away with.
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Figure 4 shows how a group of 50 lines is arranged
in order that any one of the 50 may reach any one
of the 10 selector trunks. It was shown above,
however, that this is an uneconomical arrangement.
Figure 5 shows the preferable arrangement with
secondary line switches in groups of 25, each group
having 10 trunks to selectors so that routing the
ten primary line switch trunks to ten different
secondary groups will enable each of the stations
on the original 50 lines to have access to 100
selectors.

In order to make this trunking scheme more
easily understood let us take for example, a group
of 1,250 lines divided into 25 primary line switch
groups; the ten outgoing trunks of each being
cabled direct to individual sets of 10 selectors,
thus making a total of 250 selectors.

In this case, each group’s busy hour would
probably be at a different time, and though the
traffic through each group might give a full load to
its ten trunks, the combined busy hour trafhc
through the 25 groups would not be apt to give a
full load to the 250 selectors if arranged as a single
unit.

Figure 6 illustrates how the trunks from the 25
groups might be arranged. The resultant gain in
efficiency by using this method permits the satis-
factory handling of the same amount of traffic over
100 trunks from secondary line switches to selectors.
It should be noted that in order to distribute the
originating calls as uniformly as possible over the
entire group of selectors, the trunks from each
secondary group are connected to selectors located
on different parts of the selector bay. This method
of using secondary line switches is also used for
keeping at a minimum the number of inter-office
trunks. In such cases Out Trunk Line Switches
are placed between the selectors and repeaters as
shown in Figure 7.

The foregoing description is just one example of
how the primary and secondary line switch trunk-
ing might be arranged. Every office has its own
individual traffic problems and the number and
size of the trunking groups have to be taken care
of accordingly.

8.03 LINE FINDER TRUNKING

When Line Finder equipment is used, groups of
200 lines or less are connected to finder units which
each have access to a certain number of selector
trunks, depending on the number of line finders
equipped. With line finder type trunking there is
always a first selector for each line finder. In most
cases the line finders are cross-connected to the
first selectors by means of jumper wire at the trunk
distributing frame. In smaller offices this jumper
arrangement is performed at the C.D.F. Where-
ever and as much as possible, the line finder assign-
ments of any one line finder unit are “scrambled”
over all selector shelves. That is, if any office
were equipped with 20 first selector shelves and
the line finder units were equipped with 20 line
finders, the 20 line finders of the unit would be
assigned one each to the 20 selector shelves. This

arrangement permits better distribution of origi-
nating traffic and, too, guards against possible
equipment trouble that might result in the failure
of an entire selector shelf, such as a “blown’’ fuse.

There are at present three 200 line standard line
finder units which have a capacity of 16, 20, and
30 line finder switches. The size of the unit used
depends upon the calling rate of its associated
lines. Small units are also available as required.
These are the 100 line and 10 line finder capacity
units and are usually installed in the smaller offices
to care for as a particular class of service such as
coin box or message rate service where the call
capacity is not expected to exceed that of 10 line
finders in the ultimate period. Units of 50 lines
and 8 line finder capacity were also available at
one time. For the purpose of the following descrip-
tion the 20 switch unit as provided for the No. |
type offices will be used.

If necessary, the number of switches initially
installed in any group may be only a part of the
switch capacity, the remainder being added as
occasion demands.

All of the subscriber lines of a group appear in
the multiple banks of each line finder associated
with that group, so that any finder can connect

" any line to a selector associated with that parti-

cular finder.

In order to shorten the time necessary for a
subscriber to be connected to an idle selector and
to equalize the wear on the mechanical parts and
relay contacts on the switches by distributing the
load, the multiple banks of the line finders are
“slipped”, and the wiring between a group of 200
lines and the associated finders is so arranged that
10 sub-groups (each consisting of 20 lines) each
have a different first choice finder. The two first
choice finders are usually referred to as the “home”
finders. Figure 15 in Section 5, Paragraph 5.07,
shows the “slip” arrangement in the banks. Thus,
as explained previously, if a subscribers line is
assigned to either of line circuits 11-10 or 111-110
the first choice or ‘“‘home’” finders would be switches
| or 11. If these finders are busy the 3rd and 4th
choices would be switches 10 and 20, respectively.

. The 5th and 6th choices being switches 9 and 19

and so on with finder # 12 being the last or 20th
choice. Customers assigned to the 61-60 or 161160
series would have for their “home’’ finders, switches
6 and 16 and with 3rd and 4th choices be switches

5 and 15, respectively, and so on. It is because of

" this arrangement that assignments in a  new line

finder unit should be made proportionately in each
of the 10 sub-groups as the unit is being loaded. A
table showing sequence of choice of line finders for
calls from any line in the group is shown in Figure

16 of Section 5.

As mentioned above, new line finder units are
frequently installed with less than 20 line finders
equipped. In these cases, the equipped positions
are in accordance with a prescribed pattern, the
order of installation being as follows:

R s

(7111, 16, 14, 19, 12, 17, 13, 18, 15 and 20 )
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STEP-BY-STEP SYSTEM

RELATION BETWEEN PRIMARY AND SECONDARY LINE SWITCHES

AND FIRST SELECTORS
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NOTES

Each of the lines A to T represents a sub-group of primary
line switches. =~

£ach of the lines A'toT' represents a sub-group of 10 Lrunks
to 10 secondary line switches distributed as shown for group A
Each of the lines a to j represents 20 trunks, one trunk in each
group I'eading from each of the groups A'toT' as shown for

i) -
mhpof the lines 8'to )'represents 10 Trunks leading to W0
First selectors. " :
The fetters k to t mclusive denote 10 groups of 10 First
selectors each. Each )?roup 1s one-half of a shelf.
Lach of the [etters X represent one peg count rcg. ister
associated with each sub-group of primary line switches,
ach of the letiers Y represent one overflow register
&ssociated with each sub-group of primacy line switches.

Figure 5
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Conversely, it is occasionally found economical
in the interests of good engineering, to remove the
excess line finders from an installed unit. In these
cases, the line finders should be removed in the
opposite sequence to which they were installed.
Thus, the order of removal would be: 20, 15, 18,
13,17, 12, 19, 14, 16 and 11-1. '

Just as line finders are installed, or removed in a
certain prescribed pattern, the subscriber line
circuits are installed in a prescribed pattern (in
groups of 10 lines) as follows:

To install read down, to remove read up:
200 Point* 100 Point**

01-00 01-00
11-19 11-19
21-20 21-20
31-30 31-30
41-40 41-40
51-50 51-50
61-60 61-60
71-70 71-70
81-80 81-80
91-90 91-90
101-100

111-119

121-120

131-130

141-140

151-150 *Test Lines 10 and 100
161-160 **Test Line 10
171-170

181-180

191-190

As a matter of interest, the order of installation
of line finders in other than 20 L.F. Capacity Units

1s:

30 L.F. Cap. Unit: 1-21, 26, 24, 29, 22, 27, 23,
28, 25 and 30.

16 L.F. Cap. Unit: 1-11, 16, 12, 15, 13 and 14.
10 L.F. Cap. Unit: 1,6,4,9,2,7,3,8,5and 10.

For removal the order is just the reverse for
each unit.

Complete familiarity with this detail will be very
beneficial to the Assistant District Traffic Super-
intendents in charge of the equipment, for job and
equipment checking and too, it will be very bene-
ficial to Trafhic Assigning Clerks in the administra-
tion of their work. .

Calls from measured rate and coin box customers
are trunked through message register and coin box
trunk equipment before reaching a selector, there-
fore, it is necessary to arrange subscribers lines
and the line finders in such manner that one group
of finders will serve flat rate customers, a secon
group will take care of measured rate service and
still another group will be used for the pre-pay
coin box service. Figure 8 shows the routing of the
various classes of calls through a typical step-by-
step office. Similar information for a particular
office will be found on the office “-420” drawing.

8.04

8.05

Step-by-Step Dial System
"Traffic Training Course and Reference Manual

SELECTOR SWITCH TRUNKING

Heretofore we have discussed only the means
whereby our customers are connected to the ap-
paratus which permits them to start dialing. It is
at this point—the selectors— that the routing of
an originating call actually begins.

It would be well at this time to get an idea as to
how the selector switches, multiple bank, terminal
assemblies, etc. are arranged and placed on the
selector frames.

As we have already studied in Section 5, there
are two types of selectors frames; the “low” type
(used in the older offices) consisting of 2 bays
placed back to back, each having 6 shelves upon
which are mounted 20 selectors and associated
multiple banks. The two bays are joined together
at one end by the terminal strip support on which
the terminal strips from the selector banks are
assembled, and, too, a miniature power board.

The high type selector frame—which supersedes
all previous kinds—also consists of two bays, but
the bays are erected inline, with a distributing type
terminal assembly between them. Each bay con-
tains 160 selectors (8 shelves, each having 20
switches) with the associated multiple banks and a
small individual bay fuse panel. The selector
shelves each have their own supervisory equip-
ment, thus the older type power board is eliminated.
Figure 9 shows the floor plan arrangement of both
types of boards.

SELECTOR FRAME TERMINAL
ASSEMBLIES

There are two types of selector terminal as-
semblies, the older, known as the Flat Type, uses
terminal strips similar to those used with line
switches and the other is the Distributing Terminal
assembly which uses 100-A type terminal strips.
Some of the more recently installed low type
selector frames have the latter type of assembly,
but for the purpose of this description we will
assume that the low type board uses the flat type
strips and the high type board the 100-A terminal
strips.

Selector banks are ordinarily wired in groups of
10, the 100 circuits of each bank being multipled
straight (not slipped as are those of the line finders).
Therefore, in a fully equipped ‘“low” type selector
board it would be possible to have, if necessary, 24
different groups (10 per group) of selectors and in
the “high” type, 32 groups; but that arrangement
is rarely necessary except on boards which are as-
signed for miscellaneous trunk circuits only.

The methods of terminating the multiple bank
wiring, outgoing cables, tie cables to other bays
and the grouping of shelves, etc., on the two types
of terminal assemblies are different. It is necessary
to have a clear understanding of both of these sys-
tems in order to obtain a practical knowledge of
selector trunking so the flat type assembly will be
discussed first and the distributing terminal assem-
bly afterwards.
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8.051 Flat Type Selector Terminal Assemblies

This type of terminal assembly is composed of
36 supports upon which the selector bank cables
terminate, and connect to trunks leading to the
next series of switches. The terminals are enclosed

by two doors.

The general wiring scheme of the selector banks
is shown in Figure 10. The selector banks are
wired to terminal strips of 100 contacts (See
Figure 11) and assembled in three separate groups

‘Step-by-Step Dial System
Traffic Training Course and Reference Manual

on the terminal assembly, namely, sleeves (some-
times referred to as privates) which appear in
consecutive order on the top strip; the T (tip)
and R (Ring) of the “even’ selector levels on the
middle strip, and the “odd” levels on the bottom
strip.

It should be noted that this arrangement is
different to that of the primary line switches
where the T & R of the entire 100 circuits are
arranged in regular order.

LOW TYPE SELECTOR FFAME (2 BAYS)

BAY 2102

POWER :
BOARD

BAY ¥#101

~«—TERM. ASSEMBLY

L_MAX. CAPACITY

120 SELECTORS EACH

HIGH TYPE SELECTOR FRAME (2 BAYS)

FUSE
PANELY Ay 101

TERM. ASSEMBLY

PANEL
BAY 102 _L
) |

1 i

\ MAX. CAPACITY /

160 SELECTORS EACH

SKETCH SHOWING FLOOR PLAN ARRANGEMENT
OF SELECTOR BOARDS

Figure 9

As previously indicated each bay of selectors
consists of 6 shelves of switches. Each shelf has
20 switches and their associated multiple banks
mounted on it. On the top shelf, the banks of the
first ten switches are multipled together and
designated shelf A. The last ten banks are like-
wise multipled together and these are designated
shelf B, though both these groups are located on
the top shelf. The other shelves are grouped in a
similar manner and designated C,D,E,F, - - - ete.,
in left to right order from top down when facing
the front of the bay.

In order to make the necessary connections to
the terminal strips mentioned above, they are
mounted on three separate supports.

Let us first consider only the multiple banks of
the switches in shelf A of, say Bay 101. As stated
above, the terminals of the banks of these ten
switches are multipled together. In addition the
terminals of the last bank are connected to three
terminal strips in the terminal assembly as shown
in Figure 10 and as detailed in Figure 11. The
strip consisting of the 100 sleeve terminals is
located on support Number 1 (see Figure 12).
The strip consisting of the T & R terminals,
which are connected to the even levels of the
bank, is located on support Number 2. The strip
containing the odd levels is located on support
Number 3. Figure 11 shows just how the various
levels are located along these terminal strips.
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The ten terminal banks of the switches in shelf
B are likewise multipled together and the sleeve
terminals of the last bank connected to the term~
inals of a terminal strip located on support Num-
ber 1. The even levels of T & R terminals are lo-

100 SLLEVE WIRES

300 WIRES
BAY 101 -L

SHELF A
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cated on support Number 2 and the odd levels on
Number 3. Thus, there are now two terminal strips
on each of the supports 1, 2 and 3. The top strip
is always connected to the left hand shelf and the
bottom strip to the right hand shelf just as is
shown in Figure 12.

S = PRIVATES (SLEEVES)

£+ EVEN LEVELS OF T&R'
O ODD LEVELS OF 'T&R
'\ TERMINAL  SUPPORTS

S

/~ SUPPORT | ~
SUPFORT 2
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BAY (02

SHELF B > SHELFE A SHUF B

E SUPPORT & N\

SHELF €

4
| s

SUPPORT._ G s
/_suepoRt 1 c

SUPPORT_ 8

SUPPORT 9

SHELF D SHELF € SHELF O

SUPPORT 10 AN

SHELF W
[——]

E
1 SUPPORT 11 I
BUPPORT (2

INTERMEDIATE SHELVES
AND SUPPRORTS

L]
/ SuPPORT 31
(3
SUPPORT 32
SUPPORT 33 SHELF K SHELF L
[ ——

-3
SUPPORT 34 \\

SHELF L
_—

1 T SUPPORT 35 [
SUPPORT 26

INDICATES
10 MULT. BANKS

ARRANGEMENT OF g&L%CTOR BANK CABLES
FLAT TYPE TERMINAL ASSEMBLY

Figure 12

The above arrangement of terminal strips on
supports makes it convenient to multiple the
switches in shelf A with those in shelf B if desired.
To do this the terminals of the two terminal
strips on each support are bent together and

soldered. (See Figure 13.)

The terminals of the switch banks on shelf A
and B associated bay 102 are connected in the
same way to terminal strips on supports 4, 5 and
6, ctc. as shown in Figure 12

The above has shown how it is possible to mul-
tiple 20 switches together. Let us now see how
these terminals are connected to outgoing trunks
to other switches. Figure 14 illustrates how this
is shown on actual drawings. This figure is a
combined picture of the multipling and connec-
tions of the terminals on supports 1, 2 and 3 and
also supports 4, 5 and 6. Each horizontal dash in
the top line of terminals represents 30 terminals
(10 sleeves, 10 tips and 10 rings) of ten trunk
circuits in a particular group of trunks. As is -
indicated, the first ten go to the 1,000 group
of selector switches. The second to the 2,000
group, etc. Each horizontal dash in the second
line represents 30 terminals (10 sleeves, 10 tips
and 10 rings) which are connected with a parti-
cular level in the multiple banks of the switches

TCI Library: http://www.telephonecollectors.info



Section 8.0
Page 14

+

on shelf A. The first dash from the left indicates
the first level. The second dash the second level,
etc. The third row of dashes represents the same
thing except that these terminals are connected
to switch banks on shelf B. The fourth row merely
represents the terminals by means of which the
above terminals are multipled through the short
cable to the terminals on supports 4, 5 and 6.
The vertical lines indicate that the terminals re-
presented by the horizontal dashes which they
connect are bent over and soldered together as
shown in Figure 13,

If the switches from bay 201 shelf A (Figure 14)
only are to use a certain group of trunks, only
the shelf A terminals will be soldered to those of
the outgoing trunks.

If the switches from shelf B are also to have
access to the same trunks, their terminals must
be connected to those of shelf A by soldering in a
similar manner. Should the switches on a lower
shelf on either of bays 201 or 202 also use the
trunks, it is necessary to make up short multiple
cables and place and connect them as was ex-
plained for shelves A and B of bay 202 and shown
in Figure 14. By the use of the multiple cable the
shelves may be arranged in as many groups as is
necessary, each group using a different set of out-
going trunks.

The short multiple shown in Figure 14 is
“straight”’, that is, each conductor and each pair
of wires appears in the same numerical order on
each support.

THIS CONVENTION REPRESENTS
ONE SET OF LUGS OF THE
TERMINAL ASSEMBLY SHOWN HERE :

vwon [T
_—————

TERMINAL~—__
INSULATOR

__5 = = T

SUPPORT WM% ¥~ BRASS LUGS

8000 GROUP

9000 GROUP
BAY 201 g{ 2
n

SHEFA . SHIFB,
f—————— ===

SECTION OF TERMINAL ASSEMBLY
Figure 13
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GROUP
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o OUT TRUNKS
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ASSEMBLY DRAWING
Figure 14

Step-by-Step Dial System
Traffic Training Course and Reference Manual

Using such a trunking arrangement as the one
just described and illustrated by Figure 14, it
will be seen that the first trunk of ecach level will
be the first choice for all the switches which are
multipled together in this group; trunk 2, second
choice; trunk 5, fifth choice, etc. and trunk 10,
the last choice. Immediately the first trunk
becomes busy, every other switch in the group
has to rotate past it to find an idle trunk, likewise
if five trunks are busy, the remaining switches
must take six rotary steps before reaching an
idle trunk.

In order to eliminate some of this rotation and
consequent wear on the equipment and, what is
more important, save the interval of time required
for rotation, the switches are arranged so that
some will have trunk | as first choice, others will
use trunk 2 for first choice, a third group may
have trunk 3 and so on. A multiple so arranged
is said to be “slipped”’, which means that the
trunks are slipped forward a certain number of
contacts between banks.

The multiples can be wired to “slip” in
numerous different ways. Figure 15 shows a few
examples and the equivalent symbols as shown
on the terminals assembly drawing. The SHORT
MULTIPLE is for use between shelves on the
same board, the “fish-back” is used between
adjacent terminal strips mounted on the
same support and the LONG MULTIPLE—
not shown—connects a group that is split between
two different boards, a trunk board being two
bays associated with one upright.

Most trunks in Step-by-Step offices have three
conductors each, but those used for incoming
calls from the Toll Board have four conductors,
therefore, there is a slight difference in the ar-
rangement of the terminal assembly.

The toll trunks each have a tip, ring and two
sleeves, of which the latter are sometimes referred
to as “privates” or Pl or P2 or S and C leads.
The toll selector terminal assembly is similar to
those of the local selectors and the 100 extra
conductors are connected to a terminal strip
which is mounted on the same support as the
regular sleeves, see Figure 16.

The slips and multiples of toll trunks are
similar to local trunks, except that they have four
conductors each. All outgoing cables, both toll
and local, are connected straight .unless other-
wise specified. . .

Figure 17 shows a typical first selector bay
terminal assembly. It should be noted at this
time that all selector bays whose bay numbers
start with “‘1”’ are first selectors.

Second selector bay numbers begin with a “2”;
thirds begin with a “3”, etc. Toll and special
selector bays are assigned number “6”; “R”
would indicate repeater bays, ““C" connector bays
and ‘“M” miscellaneous bays. Miscellaneous
switches such as reverting call, test distributors,
coin control selectors, etc. are usually installed
on the latter.
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Referring to Figure 17, all multiple cable shown
have a slip of one, the straight end being indi-
cated in each case.

The support numbers under each group of
terminals indicate that all the terminals on these
supports are soldered to comply with the con-
nection shown. The designation J-203 shown
above the first level of shelf A, bay 101 shows
the termination of the out trunks from that
particular level to be at Shelf J of Second Selector
Bay 203. The 20 T & R being found on support
3 (level | being an ““odd’ level) and the 10 sleeves
on support .

Levels 2, 8, 9 and 10 of shelf A, bay 101 are
not used, therefore they are strapped together
and connected to intercepting. The tenth level
of this shelf is intercepted because ordinarily the
tenth level of the first selectors is reserved for
trunks to Zero Operator and inasmuch as the
originating calls on the switches of this particular
shelf are from the Zero Operator, she would be
dialing back to herself. Level 0 off shelves 101
E-L and 102 A-J is out trunked to Zero Operator

Figure 18

8.052
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from two subgroups. Sub-group No. | consisting
of shelves 102 B-C-D-E-F-G-H-I-J, whereas
subgroup No. 2 consists of shelves 101 E-F-G-H-
I-J-K-L and 102-A. The third level of shelf F,
bay 101 has only five trunks equipped, therefore,
should a call be originated on any switch from
56 to 60 it would be routed over one of the five
trunks associated with switches 51 to 55 by means
of a small multiple cable.

If a call is originated over the first trunk of
level 1, shelf J, bay 101, it will be routed through
the “fishback’ multiple and the “short’” multiple
(both of which have a slip of 1) to shelf H and
then through the outgoing trunk cable to shelf K,
Bay 203. The call having passed over two slips,
chooses the third switch of shelf K, bay 203,
which is the first choice selector for level I, shelf
J, bay 101. Other calls can be traced in a similar
manner.

Figure 18 is a view of a flat type terminal
assembly associated with a bay of third sclectors.

DISTRIBUTING TYPE TERMINAL
ASSEMBLY

On a distributing type terminal assembly
(d.t.a.), the 100 circuits from each multiple bank
are terminated in one group instead of three as
used in the flat type system. The bank terminal
strips consist of small molded strips of insulating
material, each containing |0 terminal pins in a
horizontal row. The rear projection of each pin
has two notches, the inner is used for terminating
a wire from the multiple bank and the outer for
one wire of the jumper to an outgoing trunk or
tie cable. The front end of the terminal pin is
slotted to provide two soldering lugs, one directly
above the other.

Three 10-point strips assembled one above the
other provide the T, R and S terminals for one
selector level, and ten such groups arranged
horizontally provide terminal facilities for the
ten levels—or 100 circuits—of one division or
shelf of ten selectors.

In the case of toll terminal assemblies, the
strips would be arranged four deep, that is, one
terminal pin for each T,R,S and C lead.

The ten groups are clamped between two angle
irons and mounted on the framework of the
terminal assembly.

Since the high type selector frames have a
capacity of 32-10 switch shelves or divisions it
will require 32 terminal assemblies mounted one
above the other for a fully equipped frame. The
arrangement of the pins on the strips is such that
when the strips are mounted in the terminal as-
sembly the T, R & S terminals of one division of
selectors will be in line vertically with the corre-
sponding terminals of other selector divisions.

Each level may then be multipled by means of
vertical strap wires, using the front projection of
the terminal pins, through as many divisions of
selectors as may be required.
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When it is necessary to provide a reversal
between the trunks of adjacent levels, a small
local form is used in place of the regular vertical
strap wire.

Outgoing trunk cables, tie cables, miscellaneous
circuits such as tone and intercepting trunks, etc.
are terminated on I.D.F. type terminal strips,
which may be 3,4,6, or 8 row strips, as required.

These strips are mounted vertically on either
side of the terminal assembly and then by the use
of standard jumper wire the outgoing trunks are
cross connected to any desired group of selectors.

From the foregoing description it will be seen
that one of the most important advantages of the
“D.T.A.” type assembly is the ease with which
additions and rearrangements caused by traffic
changes can be made.

Figure 19 shows some of the conventions most
commonly used on the selector bay drawings for
the new type assembly and Figure 20 shows how
the arrangement of the terminals are grouped or
graded on the assembly drawing. (New drawings

(r)
REPRESENTS 3 TERMINALS { I(R) } FOR LOCAL SEL FRAMES
1)

1m
AND 4 TERMINALS | 'i0) bFOR TOLL SEL. FRAMES

I(c)
DENOTES STRAPPING OF COMMON GROUPS

A
e

11
>< DENOTES COMPLETE REVERSAL BETWEEN A&B
11

T

| DESIGNATES A JUMPER TO AN O.G. TRK. TERM. STRIP
A DESIGNATES A JUMPER TO A TIE CABLE TERM. STRIP

DESIGNATES A JUMPER TO A TRAFFIC REGISTER PUNCHING

HH DENOTES HORIZONTAL STRAPPING OF CONTACTS (ON REAR OF LUGS)

| ! ! ) DENOTES GROUPS MULTIPLED BY MEANS OF JUMPERS

1 DENOTES GROUPS MULTIPLED BY MEANS OF JUMPERS
AND A COMPLETE REVERSAL IN TRUNKS 1TC9
o TRUNKS [0 BEING MULTIPLED STRAIGHT.

i

DENOTES GROUPS MULTIPLED BY MEANS OF
T JUMPERS AND NO REVERSAL.
e

3
v
|

01)
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use the dot (o) instead of the vertical line (|) to
represent the T,R and S or T,R,S and C leads)

The multiple slip arrangement commonly used
with the flat type terminal assemblies is not used
with the D.T.A. types; however, the multiple
reversal is retained.

In place of the slip, a type of multipling called
“graded multiple” 1s used, the new assemblies
being particularly adapted to the use of this
system. Graded multiple is an arrangement for
associating a subgroup of more than ten trunks
with several divisions of selectors in such a way
that some of the trunks are multipled throughout
all of the divisions of selectors involved while the
remaining trunks are arranged in two or more
groups, each group being multipled to only a part
of the divisions.

When a last-trunk busy record is required in
any group, the last trunk is multipled straight so
as to be the last choice for all the selectors in
order to obtain an accurate check.

Figure 21 shows the front and rear views of a
distributing type terminal assembly.

DESIGNATIONS IN PARENTHESES DENOTE THAY
THERE ARE TWO SETS OF JUMPERS TAKEN OFF
THE GROUP ONE TO THE O.GT. AND ONE TO THE
TIE CABLE.

O.GT. TO TIE CABLE CROSS CONNECTION LIST

IS FURNISHED ON TERMINAL ASSEMBLY DRAWING.

e “«——(210)

HH-HHHHH—— DENOTES SLEEVE LEADS OF LEVEL ARE GROUNDED

L)
4
T DENOTES THAT THE TERMINALS OF THIS LEVEL
ARE CROSS CONNECTED' TO PUNCHINGS 46l1-470
ON 0.G.T. TERMINAL STRIP.

CONVENTIONS USED ON DRAWINGS OF
DISTRIBUTING TERMINAL ASSEMBLIES

FIG. 19

)

A
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8.06 ASSIGNMENT OF FIRST SELECTOR

8.07

BANK LEVELS

The top or tenth level of the first selector banks
serving line switches or line finders is assigned to
trunks to either (l) special service (assistance)
operator, or (2) combined assistance and CLR
(Long Distance) operator, which is usually referred
to as single channel operation. Where (1) is used
the Toll Recording is assigned to a three digit
code “110”. The tenth level of the selectors from
the D.S.A. board and of incoming first selectors is
usually unassigned.

The bottom, or first level is always assigned to
or reserved for the group of trunks to auxiliary
first selectors or to digit absorbing type Service
Code Selectors, which are used in completing calls
where three-digit codes beginning with | are dialed,
for example 113 is Information, 114 Repair Clerk,
117 Test Desk and 110 Toll Recording where
code ‘0’ is assigned to Assistance Operator. The
trunks from level | are also used in case a sub-
scriber causes a preliminary pulse before beginning
to dial. (A preliminary pulse is a short accidental
break in the circuit loop which has the same effect
on the selector as though the digit “‘I”’ had been
dialed and is usually caused by the customer
touching the switch-hook as the receiver or hand-
set is being removed to dial a number).

The remaining eight levels may be used as
desired for trunks to regular second selectors in
the same or in another step-by-step office.

In a multi-office area where any of the units are
to be reached by dialing the first letter of an office
name, the group of trunks to that office must be
assigned to the particular level whose number
corresponds with the location on the dial number
plate of the first letter of the office name.

Levels that are not in use are connected either
to the intercepting operator or to a ‘‘vacant”
level tone (usually, “No Such Number Tone’’).
Should a ctistomer accidentally dial into an un-
equipped level, he will either be informed of this
condition by the operator or will hear the “tone”,
in both cases he must hang up and then dial the
correct number.

SPECIAL TRUNK GROUPS

In paragraph 8.03 it was mentioned that different
classes of service are segregated at the line finders.
The traffic from these classes and from the “A”
board may be combined over a group or subgroup
of trunks from the first selector levels, except on
the trunks from the first and tenth levels.

On account of differences in operating methods,
separate trunk groups to the Assistance operator,
or the Combined Assistance and Toll Recording
Operator,.. and to the special second (Auxiliary
First) selectors are required for certain classes of
service, some of ‘which are:

1. Flat Rate

2. Message Rate
3. Coin Box (Pre-Pay)
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8.08 USES OF THE VARIOUS SWITCHES Trunks to other offices from the levels of the

The number of switches required to set up a
train and complete a call in a step-by-step office
depends, of course, on the numbering plan utilized
in the area served by the office. (See Section 6)
These plans could be 3,4,5,6 or 7 digit systems. In
multi-office areas it is not uncommon to find a num-
bering plan in force whereby different number-
ing plans may exist between units. Regardless of
the plan a selector is required for each digit in the
number except the final two digits which require a
connector. (Terminal-per-line connectors require
digits). Occassionally digit absorbing selectors are
used and this will reduce the number of selectors
required corresponding to the number of digits

absorbed.

For matter of explanation, assume the use of a
five digit system, as follows:

In five digit areas the second selectors are
ordinarily divided into two main classes, that is,
local seconds and incoming seconds. The local
seconds are associated with the trunks from the
first selectors in the same office, and the incoming
second selectors are associated with the incoming
trunks from distant step-by-step offices.

The incoming trunks from SXS offices are cross
connected at the main frame so that they can be
distributed over the various shelves in such a way
that as far as possible each subgroup of trunks to
the third selectors will carry a proportionate part
of the incoming trafic. The distribution, however,
ie limited by the number of incoming trunks and
their associated peg count registers. A register is
associated with all the trunks on a quarter, half on
full shelf (a full shelf being 20 switches), this means
that trunks from only one office should be assigned
to any one section of shelf. Experience has indi-
cated the desirability of ‘‘scrambling’”’ local and
incoming selectors (in this case, the second selectors)
on alternate shelves in the same bay, as much as
possible, in order to get more even distribution of
traffic on the trunks between the seconds and

thirds.

The local first selector to second selector trunks,
second to thirds and thirds to connector switches
are cabled direct from the terminal assemblies to
the jacks of the succeeding switches except in the
cases as just mentioned in the preceding paragraph
whereby the locals and incomings are scrambled on
the selector bay. In this case the trunks from local
firsts are usually cabled to the T.I.D.F. for cross-
connection to the local seconds.

The number of groups of second or third selectors
to be provided in any unit, depending upon whether
it is a 4 or 5 digit office, depends upon the number
of connector terminals within the office, that is,
there are as many groups of these switches as there
are thousands of terminals. For example, a 4-digit
office equipped for 8,000 terminals would require
eight groups of second selectors and a 5-digit
system with one of its first levels (sometimes called
office levels) arranged to provide access to 8,000
terminals would require eight groups of third
selectors.

first selectors of a 5-digit office may either be
trunked to repeater switches or they may be
trunked through either Rotary Out Trunk Switches
or through Plunger Out Trunk Line Switches to
repeaters and then cross connected at the Main
Frame to the outside cable pairs. Cross connections
are also made to the repeaters from concentrating
switches.

The use of O.G.T. concentrating switches gen-~
erally depends upon the number and size of the
outgoing trunk groups. Until recent years, it was
usually found expedient and economical to provide
this equipment when trunk groups of 30 or more
trunks would be required if trunked direct to
repeaters. The introduction of 24 gauge cable con-
ductors and less expensive loading facilities for
trunk cables now permits direct trunking con-
siderably higher than 30 trunks before it becomes
more economical to provide concentrating equip-
ment. The Rotary Out Trunk switches are a more
recent development, of the early 30’s, and have com-
pletely superseded the line switch type concentrator.

Plunger type switches are also used in some of
the older offices as a means of concentration for
intercepting trunks, Their use, in this connection,
has now been discontinued in favor of the more
modern trunk finder units.

As outlined in Section 5, there are several types
of connectors, among which are local regular,
combination [-ring and 2-ring, local rotary hunt-
ing, local level hunting, toll regular, toll rotary
hunting, toll level hunting and rural local and"
rural toll and rural combination connectors. Local
connectors are associated with trunks from the
preceding local selector banks only and toll con-
nectors with trunks from the preceding toll selector
banks only.

One connector is provided for each working
trunk from the preceding selectors. In the case of
combination connectors, there will be separate
cabling from the local and toll selector banks but
both circuits will terminate at the same combination
connector and are considered as one trunk. One
test connector is provided for each group of 100
connector terminals.

All the connectors serving a given group of 100
terminals constitute a connector group (sometimes
referred to as a connector board) and each group
is assigned to a certain class of service (P.B.X,,
Regular, rural or coin box). The high type con-
nector bays (11’ -6’") have a capacity of seven
shelves of switches. Figure 22 shows how several
different types of connectors might be arranged on
a given bay of a 5-digit office. (Nine foot (9’-0")
bays have a capacity of five (5) shelves.

A given level of the preceding local selector
multiple handles the local traffic incoming to a
maximum of 100 connector terminals and the
corresponding level of the toll selector routes the
incoming toll traffic to the same 100 terminals.

The number of trunks per level from each of
these multiples is usually small and so each of the
two groups 1s relative inefficient. To reduce this
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inefficiency as much as possible it is usually found
economical to combine the trunks from both levels
and terminate the combined group of trunks on
combination connectors. This plan of combining
the local and toll groups is not used for selector
levels serving “hunting’”’ connector groups, that is,
groups which include P.B.X. trunks or associated
lines. Only recently were combination connectors
made available for Rural Connector Boards.

(T/S Type)

TOLL EQUIPMENT

Thus far we have covered principally the trunk-
ing of local calls. Now the toll train will be briefly
described.

Toll selectors are provided to handle the traffic
incoming over toll switching trunks from toll
switchboards and, too, the incoming toll traffic
from intertoll dialing circuits. More recent develop-
ments have introduced additional selectors known
as Tandem, Intertoll Auxiliary and Intertoll Thru
selectors. For purposes of discussion in this Section,
however, we will concentrate on those selectors
which handle the traffic incoming from toll switch-
board via toll switching trunks.

The arrangement of the toll train selectors
depends upon whether the SXS office is 4,5,6 or 7
digit. The incoming switch may be either a first,
second or third selector and is known as the toll
transmission selector. For instance, in a 4-digit

8.10
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office the incoming switch is a first selector, in the
5-digit office it is a second selector, in a 6-digit
office it is a third selector, etc.

The toll transmission switches are divided into
two classes, coin and non-coin, the coin selectors
being used for completing connections from the
toll board to pre-payment pay stations. The levels
of both types of switches, however, may be multi-

pled.

For the purpose of this description a 5-digit toll
train from a toll board equipped with dials will be
discussed. The toll selectors (transmission and
intermediate) are mounted in bays and the multiple
banks are terminated on terminal assemblies
similar to those of local selectors, with the excep-
tion that the circuits of the toll train are four-wire
trunks.

In a 5-digit area, the toll operator dials the last
four digits only of a subscriber’s telephone number.
The first digit being represented by a group of
jacks in the toll board on which are terminated
trunks to a particular Step-by-Step office, or Unit.
For example, should all numbers beginning with a
“2”" (the 2nd level of the first selector in a five
digit area) be assigned to office ‘““‘A” and the opera-
tor desires to establish a connection to station
2-3456, she would insert a cord into one of the

jacks of the group assigned to office “A” and then
dial “3456”.

The toll incoming selectors of offices A and B
correspond to the local second selectors and the
toll intermediates to the local thirds.

When the trunks from a level of the toll third
selectors terminate on combination connectors, the
wiring is, in many offices, so arranged that the
order of choice of switches is opposite to that of the
corresponding level of the local third selectors, that
is, the order in which the local selectors would
seize the connectors would be 1,2,3, and 4 to 10,
while the toll thirds would choose connector 10
first, then 9, 8 and 7 to 1. This method is used to
distribute the load as evenly as possible on the
connectors by toll trunks is the same as that from
the local selectors preceding the connectors. Ex-
ceptions to this practice are now frequent, however.

(See Paragraph 8.11)

TESTING TRUNKS

Figure 8 illustrates the numerous traffic routes in
a typical step-by-step office, the majority of which
have already been mentioned in this section. [t
will be noted by referring to this drawing that the
local test man at the test desk has access to all
the connector terminals over a train of switches
which is not available for use by the subscribers.

This is accomplished by providing test distri-
butors and test connectors.

A test connector is provided for every 100
terminals in the SXS office, that is, there would be
fifty test connectors for 5,000 terminals and 75
for 7,500 terminals, etc. Each test connector is
cabled to the banks of the test distributors which
have a capacity of 100 circuits. Should the test
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8.11

man desire to make a test on station 2-3456, he
would choose a trunk to the particular office test
distributor, dial 34 which would connect him to the
proper test connector and then 56 which would
connect him to terminal 56 of the 2-34XX group
of connectors.

Verification test calls made from the toll board
utilizes a switch train similar to that used by the
test man. In this case, jacks in the multiple are
associated with “‘operators’” test distributors (2
digit) the banks of which are multipled with those
of the test distributors used by the test man. The
test connectors are, therefore, used jointly by the
operators and the test men.

Trunk designation cards are used in connection
with all switches and the multiple banks of the
selectors. These are provided principally for the
use of the maintenance men in order that they may
quickly back-trace or forward-trace circuits in
trouble. Figure 23 shows some of the designation
cards used in a typical office.

STRAIGHT AND GRADED MULTIPLE
ARRANGEMENTS

This paragraph will cover briefly, the multipling
of selector trunks, employing straight and graded
multiples on selector bays both with and without
distributing type terminal assemblies. The latter
type bays are used principally in community dial
offices and on intertoll selector bays in our larger
offices. Since grading is seldom, if ever, done on
selector bays equipped with flat type terminal
assemblies (See paragraph 8.051) the discussion in
this paragraph will be restricted to installations
with distributing type terminals assemblies. As
such it will conform more closely to recent in-
stallations and current engineering practices.

In order that as many selectors as traffic condi-
tions permit will have access to a group of trunks
on a particular level, the bank terminals are
multipled for as many sets of terminals as will
provide a sufficient load for each particular sub-
group of trunks.

Selectors have their banks multipled in groups
of ten and each such group is referred to as a
division of selectors. The selectors of one or
more divisions which are given access to the same
subgroup of trunks on a particular level comprise
a subgroup of selectors. When ten or less selec-
tors in a subgroup are to be given access to ten or
less trunks on a particular level, no multipling be-
tween selector divisions is required. Larger selector
subgroups are built up by multipling together the
required number of divisions so that the number of
selectors per subgroup is usually some multiple of
ten and the number of trunks in the subgroup is
determined by the traffic to be carried.

Subgroups of ten or less trunks are known as
straight multiple subgroups since each trunk is
common to all divisions in the subgroup of selectors.
Subgroups of more than ten trunks are known as
graded multiple subgroups since part of the
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trunks are common to all divisions and the re-
mainder are individual to one or more divisions.
Graded multiple arrangements are shown at the
end of this paragraph (8.11).

Selector divisions on the same frame are multi-
pled together as required on a straight or graded
multiple basis by means of strap wire or jumpers.
For straight subgroups all trunks are multipled to
all divisions and for graded multiple subgroups, the
common trunks are multipled to all divisions and
the individual trunks are multipled to the divisions
which they serve. See Figures 20 and 21 of this
Section.

In order that all the selectors of a straight
multiple subgroup having access to ten or less
trunks shall not be required to rotary hunt over
the trunks in the same order, all of the working
trunks of each level (except the last) are usually
reversed approximately in the middle of the sub-
group of selectors having access to them. However,
if there are four trunks or less equipped, no re-
versal is used and all trunks are multipled straight.

In order that all of the selectors of a graded
multiple subgroup shall not be required to hunt
over the common trunks in the same order, the
common trunks (except the last) shall be reversed
approximately in the middle of the subgroup of
selectors having access to them. Where trunks
are reversed, either in straight or graded multiples,
the designations of these trunks are applied to the
bank terminals of the first division of the subgroup,
the trunk numbers below the reversal being in the
reverse order. These reversals are accomplished by
the use of reversal forms in place of straight
vertical straps or by jumpers. If the traffic de-
livered by the two halves of a subgroup is sub-
stantially different, the reversal is usually located
at some other point which more nearly splits the
traffic on each side of the reversal.

In the case of either straight or graded multiple
subgroups, the last working trunk is not reversed
with the others but is carried through straight so
that, where required, a last trunk busy register
circuit may be accommodated.

In general, the number of trunks appearing
before a subgroup of selectors will not be a multiple
of ten. However, trunks from one or more sub-
groups are connected to the outgoing “‘cables” in
such a manner as to equip them solidly so as to
avoid, where possible, unequipped selector positions
on the shelf of the succeeding switch in the train,
By “cables” is meant ten consecutive cable circuits
to ten consecutive selectors on a following shelf or
half-shelf. The lower choice trunks carry heavier
traffic than the higher choice trunks and in order
to distribute the load evenly over succeeding
shelves of switches, the trunks are cross-connected
to outgoing cables in such a way as to distribute
trunks of different choices over the cables. The
requirements for accomplishing this in graded
multiple subgroups to selectors and connectors are
covered in the Equipment Engineer’s handbook.
In the handbook are shown selector subgroups of
various numbers of selectors having graded multi-
ples of 11 to 45 trunks for use on trunk groups to
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other selectors, repeaters, or trunks. Another
section of the handbook describes other selector
subgroups of various number of selectors having
graded multiples of |1 to 31 trunks for use on trunk
groups to connectors.

Subgroups of Less Than Ten Trunks

Where a subgroup of selectors will furnish a load
for less than ten trunks, the working terminals are
multipled in the same manner as for a full subgroup
of ten trunks, that is, the last working terminal is
multipled straight to the bank terminals for all
of the selector divisions in the subgroup and the
remaining working terminals are multipled with a
reversal in the middle of the subgroup, except that
where there are four or less trunks total, no re-
versal is made. The trunks are assigned to the
bank terminals from one up.

The remaining terminals are multipled straight
through all of the divisions in the subgroup and
the “T”, “R“, and “g" or the “T”, “R”, “g” ond
“C” punchings of the terminals are multipled on
the rear of the frame with strap wire to the corre-
sponding punchings of the highest numbered work-
ing terminal in the subgroup. This strap wire is
run on the group of bank terminals from which
the outgoing jumpers are taken as a safeguard
against failure to remove straps as trunks are
added. The same also applies on vacant levels to
the terminals beyond the no-such-number tone or
intercepting trunk circuitss In this case the out-
going jumpers will only occur on two levels, so that
the horizontal strapping on the other levels shall
be placed on a division where tie jumpers are
located. If in any of the cases more than two
unequipped bank terminal strips are bridged by
loop jumpers for the working terminals, they are
not similarly bridged for the non-working terminals,
but instead, the non-working terminals are con-
nected by horizontal straps to the last working
terminal both above and below the gap caused by
the unequipped terminal strips.

Trunks to Combination Connectors

Where a connector shelf is equipped only with
combination connectors each connector is wired to
both local and toll selectors. The trunks from the
local selectors are associated with the combination
connectors in straight numerical sequence so that
the connectors will be assigned from left to right,
that is, from one up. However, since a reversal is
provided in the middle of the local selector multi-
ple, half of the local selectors hunt forward and the
other half backward over all the connectors in the
group except the last equipped connector whose
associated trunk is carried through without re-
versal. The trunks from the Toll selectors are also
associated with the combination connectors in
straight numerical sequence so that the connectors
are selected from left to right. No reversal is
provided in the multiple of toll selector subgroups
immediately preceding connectors. (Exception—
Trunks to Rotary and Level Hunting Connector

boards.) :
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Where both local and combination con-
nectors are required to serve the same “hundred”
group, the combination connectors are made the
last choice of the local selectors to avoid delaying
toll calls. To accomplish this the assignment of
the combination connectors is limited to the com-
mon trunks of a graded multiple. The trunks from
the local selectors are assigned in the same order
as the growth of the two types of connectors on
the shelf. That is, trunk | is assigned to the local
connector on the extreme right of the connector
shelf, and subsequent trunks to connectors in
right to left progression until all the local con-
nectors are assigned. The remaining unassigned
selector trunks are associated with combination
connectors in straight numerical sequence. The
highest numbered combination connector on the
shelf thus becomes the last choice of the local
selector subgroup.

The trunks from the toll selector to the combina-
tion connectors are also connected to these con-
nectors in a straight numerical sequence so that as
the combination connectors grow no changes in
existing cable connections at the toll selector frame
will be necessary. The fact that there is a reversal
in the common trunks from the local selectors
largely eliminates any advantage of connecting
the trunks from the toll selectors in a reverse order
to those from the local selectors.

Trunks to Toll Rotary or Level Hunting
Connectors

In order to reduce the hunting time of toll
intermediate selectors to the larger groups of toll
connectors, where there are two or more shelves of
toll intermediate selectors per thousands, a re-
versal is made in the multiple between these
shelves in the trunk groups to toll rotary or toll
level hunting connectors. This reversal includes
all terminals of trunks common to all of the
selectors, including the last terminals, as a result of
which the last trunk will not be multipled straight
as in the usual case. To make this reversal most
effective, the toll intermediate selectors are
equipped on the shelves and the preceding toll
transmission selectors are connected with the toll
intermediate selectors in such a manner as to
obtain a reasonable balance of traffic between the
two sides of the reversal. For example, 15 toll
intermediate selectors are divided 8 and 7 on two
shelves; 23 selectors are divided 10, 10 and 3 with
reversal between the first and second shelves, 37
selectors divided. 10, 9, 9, 9, or 43 selectors 10, 10,
10, 10, 3 with the reversal between shelves 2 and 3
(one subgroup to connectors) or between shelves |
and 2 and 3 and 4 (two subgroups to connectors).
Instances of as many selectors as in the two latter
examples will seldom be encountered.

The toll transmission selector banks to these
selectors are graded in accordance with the Engi-
neer’'s Handbook for trunks to selectors, but the
order of connecting the trunks to the toll inter-
mediate selectors is usually revised to meet the
desired balance for the particular job being engi-
neered.
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8.12 SELECTOR FRAMES WITHOUT DISTRI-

Vacant Levels

Vacant levels of local selector multiple are tied
to ‘“no such number” tone. Occasionally, how-
ever, because of number changes, or possible
directory error, a vacant level, or levels, may be
tied to vacant level intercepting trunks.

Five “no-such-number” tone trunks are usually
provided for each 10,000 (one unit) terminals.

Vacant levels of toll selector multiple are wired
to “Reorder” (120 I.P.M. Flash). These, too, may
be tied to intercepting trunks for reasons men-
tioned above.

Subgroups Split Between Two Frames

In cases where, with graded multiple arrange-
ments and distributing type terminal assembles
(see paragraph 8.052), it is desirable to split a
subgroup between two selector frames, the jumpers
from the DTA punchings to the tie cable terminal
strips are taken from divisions lower in the multiple
than those from which outgoing jumpers are taken
and, in the case of common trunks, from a division
below the reversal when the reversal appears on
the lower numbered frame. Where the reversal
appears on the higher numbered frame, jumpers
to tie cables on that frame are taken from a divi-
sion above the reversal.

Where the reversal is made between selector
divisions on separate frames, this is done in the tie
cable jumpers at the lower numbered frame.

Whenever there are only 20 selectors in a sub-
group equally divided between the two frames,
the reversal is made in the tie cable jumpers at
the lower numbered frame. The outgoing trunk
jumpers are run directly between the outgoing
trunk terminals and the tie cable terminals in order
to avoid double jumpers on the bank terminals.

Trunks to Connectors

The cabling for trunks to connectors as well as
all other outgoing cables and tie cables are run
straight regardless of the order of assigning con-
nectors, the irregularities in assigning being pro-
vided for by jumpers at the DTA.

Mixing Local and Incoming Traffic

In areas having large PBX development, if local
and incoming traffic is mixed in such a way that
each subgroup of selectors (Third selectors in a 6
digit area for instance) contains a proportionate
amount of local and incoming traffic, a considerable
saving in the number of succeeding selectors and
connectors may be realized. This is because the
local and incoming peak loads frequently do not
occur at the same time. Furthermore, abnormal
traffic peaks in either the local or incoming groups
do not have such a serious effect when this traffic
is distributed.

Mixing of traffic, as above, is usually done in
accordance with standard procedures at a TDF.

BUTING TYPE TERMINAL ASSEMBLIES

Selector frames without DTA, such as used in
355-A and 35-E-97 type offices as well as for inter-
toll selectors in No. 1| offices, are equipped with
shelves arranged to mount ten selectors per shelf.
The bank multiple for these selectors terminates

on a 137 or 163 type terminal strip at the right-
hand end of the shelf.

For selector levels with graded multiple
common trunks are jumpered as required between
bank terminal strips of adjacent shelves. These
common trunks as well as all individual trunks
are then cross-connected to an auxiliary terminal
strip which is provided to the right of the regular
shelf bank terminal strip, where they are grouped
for convenience in cabling as follows:

Since graded multiple does not provide even
subgroups of ten trunks and since the individual
trunks carry more traffic than succeeding trunks,
trunks from different divisions are cross connected
to outgoing cables on the auxiliary terminal strip
in accordance with the standard arrangements for
graded multiple.

One auxiliary outgoing terminal strip is always
mounted on the top shelf of a frame and it will
normally serve all graded levels on one frame.
Each shelf, however, is drilled to accommodate an
auxiliary terminal strip and additional strips are
provided as required.

The auxiliary terminal strip on the top shelf of
a frame also serves as a distributing point for no-
such-number tone and intercepting circuits and
ground. It is also used for terminating tie cables
or any other condition where it will provide in-
creased flexibility or easier maintenance.

For selector levels without graded multiple
subgroups of selectors are formed by jumpering
between the bank terminal strips of shelves on the
same frame and cabling to associated shelves on
preceding or succeeding frames as required.

All multipling between shelves on the same frame
with or without graded multiple and all multipling
to an auxiliary terminal strip on the same frame is
done with 22 gauge jumper wire. Outgoing cable
in the case of non-graded levels, and jumpers to
outgoing cable at the auxiliary terminal strip in
the case of graded multiple, is usually terminated
on the highest shelf of each subgroup on the frame.
Reversals are made in the jumpers between two
shelves and requirements for the location of these
reversals in both graded and non-graded subgroups
follow the same general rules as for frames with a

DTA.

Split Subgroups

Where a subgroup of selectors is located on two
or more frames, a tie cable is run between the
frames: Between bank terminal strips for non-
graded levels and auxiliary terminal strips for
graded levels. Tie cables (or jumpers to tie cables)
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are run from the lowest division on the frame on
the lower numbered frame or the highest division
on the higher numbered frame.

Where the reversal is made between selector
divisions on separate frames, this is-done in the
tie cable (or jumpers to tie cable at the lower
numbered frame.)

8.13 ARRANGEMENT OF CROSS-CONNECTIONS

FOR GRADED MULTIPLE TRUNK GROUPS
TO OTHER SELECTORS, TRUNKS, OR
REPEATERS

Selector Graded Multiple Arrangements

When checking or reading through a SXS dial
Traffic Order you will note, on the multiple charts,
that the graded multiple arrangements usually
specify subgroups of 20, 40, 60, 80, 120, 160, 240
and 320 selectors on from |l to as many as 45
trunks. These arrangements provide, in general,
more efficient trunk groups than the arrangements
previously employed in engineering due to the
larger numbers of trunks and more efficient types
of grading in the subgroups. In the previous
methods, graded subgroups of not more than 25
trunks were used.

The newer arrangements are entirely flexible
and are applied to any of the present standard
frames equipped with or without DTA. For sub-
groups of 40, 60, 80, 120, 160, 240, 320, or any
number of selectors on 10 to 15 trunks, inclusive,
the multipling plan used is the same as that for 20
selectors on 10 to 15 trunks, inclusive, as shown on
the charts following this paragraph 8.13. For
trunk arrangements greater than 15 trunks, the
plan, or arrangement for grading, will be as shown
in the other portions of the charts. In general,
fewer tie-cables are required if subgroups of 20,
40, 80, 160, or 320 selectors are used on selector
frames 11’ -6” high (320 Selector capacity size),
while for 9’ -0" high frames (240 Selector Capacity
size) this will be true if subgroups of 20, 40, 60,
120, or 240 selectors are used. This practice, in
general, is followed in the engineering of these
subgroups except occasionally where it is desirable
to use the 11’ -6’ frame subgrouping on 9’ -0”
frames or vice-versa in order to avoid future
changes in the number of selectors per subgroup.
Left-over, or partial, subgroups at the end of a
group of selectors, must, of course, be given indi-
vidual treatment. In these cases, it is essential,
however, that the engineer provide as near as
possible a smaller standard subgroup with sufficient
out trunks to handle the traffic offered from the
assoclated selectors.

Equalization of Traffic on Cables

Since the various trunks in a subgroup carry
differing amounts of traffic, it is necessary, when
engineering a job, to cross-connect these trunks to
succeeding switches in such a manner that the load
delivered to each succeeding half-shelf is approxi-
mately equal. Where the selectors are cabled
through an IDF or TDF to repeaters either direct
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or through out-trunk switches, outgoing trunks,
DSA or toll board, information or other desks, any
necessary equalization of distribution of traffic 1s
accomplished at the distributing frame. The
assignment of trunks of the graded multiple sub-
groups to the outgoing cables at the DTA are
usually made in a left to right, top down order in
each subgroup and to consecutive circuits of
successive cables. Cross-connections for trunks
from selectors to rotary and plunger type out-
trunk switches follow a prescribed pattern set up
by the Bell Laboratories (For reference, see draw-

ing ED-30839-01 and ED-30302-01 respectively).

For selectors cabled directly to other selectors
in the same building the equalization of traffic to
cables is accomplished at the DTA through the
use of standardized cross-connection plans for use
with the new graded multiple arrangements de-
scribed above. As indicated previously, the term
“cable” as used in conjunction with these plans
and in subsequent discussion in this connection
means the ten consecutive circuits to ten con-
secutive selectors on a following shelf or half-shelf.
Actually, several such groups of circuits may be
grouped in one switchboard cable. These cabling
plans are designed to reduce to a very great degree
the number of cross-connection changes necessary
when regrading to subgroups of other sizes than
installed initially, due to periodic changes in traffic.
This is accomplished by the use of uniform cross-
connecting patterns for most of the subgroups
termed ‘“‘fundamental’”’ subgroups, and supple-
mented by a few “fill-in”’ subgroups. Occasionally
trunks to the following selectors in the same office
are cabled to the TDF or IDF for the purpose of
mixing local and incoming traffic as discussed
previously in this section. In such cases, where
connections to the following local selectors can be
made in groups of ten consecutive selectors on the
same half-shelf, the standard cross-connecting plans
at the DTA are used, the cross-connections at the
TDF or IDF being run straight in groups of ten.

The cross-connection pattern for each funda-
mental subgroup or pair of fundamental subgroups
of a given graded multiple arrangement is the same
and repeats itself as often as necessary for the
complete assignment of the outgoing trunks. When
the fundamental subgroups have been assigned to
cables, in all cases except those where the number
of trunks in the subgroup is a multiple of five,
certain circuits in some of the cables remain unused
and the trunks assigned to these gaps comprise the
“fill-in”’ subgroups. With this arrangement, it is
possible to increase or decrease the size of any
trunk subgroup by changing the cross-connections
of the trunks in the “fill-in”’ subgroups and only
an occasional trunk in the “fundamental’” sub-
group. In this manner the number of jumper
changes required on regrades is considerably less
than that required for the previous graded multiple
patterns.

Figure 24 illustrates how the fundamental sub-
groups are repeated as many times as is required
to complete the assignment of the outgoing trunks.
In this figure it will also be noted that there are
ten vertical rows of figures repesenting in order
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TRUNKS IN CABLE CABLE
1 2 3 4 5 6 7 8 9 | 10 NO.
1-1 [1-2 | 2-1 3-2| 5 6 | 4 8 9 10 1
' 2-2 |3-1 [7 |FI 3-1] 1-1| 7 |5 7 3-1 | 2-2 g
2 1-1 [1-2 [ 2-1 3-2| 5 6 | 4 8 9 10 3
1-1 [1-2 | 2-1 3-2| 5 6 | 4 8 9 10 4
3 2-2 [3-1 [ 7 |FI 2-2] 1-2] 10 8 7 3-1 | 2-2 5
4 1-1 [1-2 | 2-1 3-2| 5 6 | 4 8 9 10 6
5 1-1 [1-2 | 2-1 3-2| 5 6 | 4 8 9 10 7
2-2 |3-1 [ 7 |Fl 3-2| 2-1 6 9 7 3-1 | 2-2 8
6 1-1 [1-2 | 2-1 3-2| 5 6 | 4 8 G 10 9
1-1 [1-2 | 21 3-2| 5 6 | 4 8 9 10 10

7
2-2 |3-1 |7 |Fl 4 [F21-1| 5 | & 7 3-1 | 2-2 11
8§ 1-1 {1-2 | 2-1 3-2] 5 6 | 4 8 9 10 12
1<1 [1-2 | 24 3-2| 5 6 | 4 8 9 10 13
9 2-2 |3-1 |7 |[F2 2-1] 8 7 | 31]7 3-1 | 2-2 14
[0 1-1 [1-2 | 2-1 3-2 5 6 | 4 8 9 10 15
1-1 [1-2 | 2-1 3-2] b5 6 | 4 8 9 10 16
I 2-2 [8-1 |7 [F22-2] 1-2| 10 | 9 7 3-1 | 2-2 17
12 1-1 [1-2 | 2-1 3-2| 5 6 | 4 8 9 10 18
3 1-1 [1-2 [ 2-1 3-2] 5 6 | 4 8 9 10 19
2-2 |3-1 |7 [F2 3-2| 4 5 |9 7 8-1 | 22 20
g0k |1-2 | 2-1 3-2| 10 6 | 4 8 21

Typical Example illustrating the lethod of Repeating

Fundemental Subgroups and a Modified Assignment of
a Final Fundamental Subgroup to Connect Two of its
Trunks Normally Connected with the Last Cable to
Fill-in Positions 6 and 7 on Cable 20.

Figure 24
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from left to right the ten circuits in the cables,
while each horizontal row represents the particular
trunks to be assigned to the ten trunks within a
particular cable. In each of the spaces in the table
(Figure 24), 1, 2 or 3 numbers may appear. The
number in bold faced type designates the subgroup
number. The number to the left of the dash
designates the trunk choice, that is, the horizontal
position of the trunk on the selector bapk. The
number to the right of the dash identifies the
position of a particular trunk choice in the graded

- multiple pattern as on Figure 25 and 27. The

position identification is required, since in any one
pattern there may be several trunks of the same
choice and they need to be specified by the engineer
in order to save jumper changes on regrades. The
trunk choice positions are numbered top down in
each case.

For example.

Subgroup s

Number

Trunk
le2 <«€4+—Choice
1 Position
I—-Trunk Choice

Quite frequently we will find reference made to a
particular “‘trunk choice” and ‘‘trunk choice
position” in the multiple chart of a traffic order in
a manner just explained. This reference is shown
primarily as a definite instruction for the equip-
ment engineer.

Many plans are available in the Equipment
Engineer’s Handbook pertaining to cross-connec-
tions for graded multiple trunk groups to other

8.14

Section 8.0
Page 29

selectors, trunks and repeaters. It is his responsi-
bility to select the correct plan when preparing an
equipment specification from a traffic order. To do
so he must be familiar with the various plans.

The above covers the details of this subject only
briefly, however, it will, no doubt, furnish sufficient
details to permit one, not familiar with the engi-
neering design requirements, to more readily
understand and appreciate the fore-thought and
reasoning that has been given to our intra-office
trunking plans. Since these plans assume equal
distribution of traffic, it is easy to see why it is so
important that the originating traffic be equally
distributed throughout the originating equipment.
It is a traffic responsibility to see that this kind of
distribution is maintained.

CAPACITY TABLES

The capacity tables in this section give the
nominal trunk or circuit requirements correspond-
ing with the service contemplated by each table.
These tables should be looked upon as guides to
the number of trunks or switches required in each
particular path. Adequacy of equipment provision
can be judged only on the basis of the resulting
service. These tables are used principally by the
Traffic Engineering group, however, they may be
of considerable help to the traffic field men for
administrative purposes. Capacity tables are in-
cluded for Line Finders, Line Switch, Selector
Graded Multiple, Connectors, Rotary Out Trunk
Switch and Plunger Out Trunk Switches.

Section 10.0 of these notes will cover a more
detailed explanation of the application of these
Capacity Tables.
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GRADED MULTIPLE ARRANGEMENTS
FOR TRUNKS FROM SELECTOR MULTIPLE
TO OTHER SELECTORS, TRUNKS OR REPEATERS

SELECTORS PER SUBGROUP

40, 80, 160,
20% 320 & 640% 80, 160 & 320 ,
11111 ! ! i
TN l ! i g
10 TRUNKS | i
' I 1l
II i 16 TRUNKS i x "
1
risi ' .
11 TRUNKS \ i et
i i }
R URARY] |
1 i .
nrin 1 27 TRUNKS 37 TRUNKS
12 TRUNKS 17 TRUNKS
" i1 (NNR
iyt 11 1l L .
i ' I 111
13 TRUNKS 1
1l 11
] '
Illll% 18 TRUNKS 11 1111
tehiri 1 . 1 1
14 TRUNKS
" (R 1 .
(R R QN 1 N i
29 TRUNKS 39 TRUNKS
 RRRRRAT] 1 . . 4
il 19 TRUNKS I e .
111 I i
Illlll>l< I ”
(N | B
tiernn l ><
16 TRUNKS 1! 1t % 1t R .
N lli)!:”“”‘s 11 1t
TRUN
lIlllllx i .
il '
17 TRUNKS i1 it RN R
> T 1
(RRRERRY] (RN ) 31 TRUNKS 41 TRUNKS .
ARRRERY it -
18 TRUNKS 21 TRUNKS 1l ' et
1 1t
T ; ‘ :
e i 1 1 [
ERRRARRE : 111 1
19 TRUNKS i " > T
1
1 '
23 TRUNKS . (BN : 111
TRRT] 1t i
11l it il
33 TRUNKS 43 TRUNKS
i 1t I
1 11
1
25 TRUNKS 1 el .
i el :
* Plans for 20 selectors on {1 to 15 trunks i 11
inclusive are to be used for subgroups
containing any multiple of 20 selectors. 1t el )
They are also used for irregular
subgroups contgining any number of 1 THIY
bs:!ectors on §{-15 trunks, the{};ver:&l
ing placed approximately in the middle
unlesgs%therwise spec'rﬁed.y ni RRR
Bor ab - e i (ARNN
## For subgroups of 19 trunks maximum 35 TRUNKS 45 TRUNKS

Figure 25
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GRADED MULTIPLE ARRANGEMENTS
FOR TRUNKS FROM SELECTOR MULTIPLE
TO OTHER SELECTORS, TRUNKS OR REPEATERS

SELECTORS PER SUBGROUP

60, 120, 240 & 480%

16 TRUNKS

17 TRUNKS

18 TRUNKS

19 TRUNKS

20 TRUNKS

23 TRUNKS

1
25 TRUNKS
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1
27 TRUNKS

il

it
29 TRUNKS

1
31 TRUNKS

1t
1
T
11

1l
33 TRUNKS
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1nt
35TRUNKS

# For subgroups of 19 trunks maximum.

Figure 26
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STEP-BY-STEP DIAL FACILITIES
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—Table 5 o e e e e e e e e e 37
e TBBLE 0 i o 8 i 5058 5508 i i Fmom o e momsm v et i e i S el e i 38
—Table 20 _ o e e —— e m e 39
—Table 30 . - o e e e e 40
Selectors per Ten Trunks. _ . o e e m 41
oo L e L 42
Rotary Out Trunk Switch o o o o e e e e e e e e e 43
Plunger Out Trunk Switch o e e e e e e e e e 44
Trunk Capacity Tables . oo o oo e e e e e e ———— 45
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STEP=-BY~STEP LINE FINDER CAPACITY TABLES

PER CENT DIAL TONE IN EXCESS OF THREE SECONDS
NO. - NO,
OF 0.5% | 5% 5.0% OF
LINE CCS PER CCS PER . CCS PER LINE
FINDERS ™ \'NEx [ GROUP | LINE=| GROUP | LiNEx |GRoup | F!NDERS
.21 Lo .28 . 72

2 .Eo 58 .40 %2 .gg 36 2
T - «40 (s 51 98 .63 122 7

8 .50 | .6 122 «T 150 8 -

9 .61 |?g .gﬁ '%3 .93 |%8 9
10 .2 o | .87 | 168 1.07 | 208 i0
i .85 16 . 192 |20 232 I
12 +96 18 l.?g 2?8 1 22& 12
13 1.08 210 .25 22 I 51 292 13
14 lo2] 2Zh | «39 270 | 66 322 n
! le 260 1.5% 296 1.80 350 o

| le 28 1.67 32l 1,96 380 I

| 1.60 | 310 181 2 2.11 10 !

! 1.73 236 | 496 530 2,27 tuo |
19 1.87 | 362 2.10 308 2.2 | L70 19
20 | 88 2.2 6 2.58 00 20
21 2.?3 I 2.53 ﬂ%z 2.35 230 21
22 2.2 L2 2.55 Lol 2.89 560 22
2 2.4 68 2.68 20 .0 ' 2
aﬁ 2.%6 , ﬂ96 2.84 ggo 2.23 22? 2
25 2.7l 525 2.99 560 3.38 655 25
26 2.83 580 3.1l 610 3.53 685 26
2 2.92 2 0 3.30 6L0 3.g| 720 2
2 1 3.1 10 3.L5 670 3.07 750 2
29 3.30 640 3,61 700 L.05 85 29
30 5.33 6%5 3,76 730 L4.20 gls 30

# AsSSuMES 19l woRKING LINES PER @GROUP,

TCI Library: http://www.telephonecolIectoré.info
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PRIMARY AND SECONDARY LINE SWITCHES
CCS CAPACITY TABLES

Section 8.0
Page 35

PRIMARY LINE SWITCHES
TRUNKS TRUNKS TO SECONDARY DIRECT TRUNKS TO
PER LINE SWITCHES FIRST SELECTORS
PRI MARY TABLE | TABLE |
MASTER TABLE 1| PLUS PLUS TABLE 5 | TABLE 10
SWITCH 1 0% 15%
8 5 71 - - 92 105
9 88 97 - 113 126
10 107 118 123 13L 149
SECONDARY LINE SWITCHES
TRUNKS TABLE | TABLE |
T0 TA?#E ' AT 85% AT 85%
FIRST 854 PLUS . PLUS
SELECTORS 2 10% 15%
(A) (B) (c)
70 1,390 1,520 1,590
80 1,630 1,790 1,880
90 1,880 2,070 2,170
100 2,140 2,350 2,460
110 2,350 2,580 2,700
120 2,560 2,820 2,950
150 2,780 3,050 3,190
140 2,990 3,290 3,440
150 3,200 3,520 3,680
160 3,420 3,760 3,930

(A) FOR SYSTEMS WITHOUT ALLOTTER AND WHEATSTONE BRIDGE
CIRCUITS,

(B) FOR S8YSTEMS WITH ALLOTTER AND WHEATSTONE BRIDGE
CIRCUITS BUT WITH ONLY NINE TRUNKS PER PRI MARY
SUBGROUP,

(C) FOR SYSTEMS WITH ALLOTTER AND WHEATSTONE BRIDGE
CIRCUITS AND TEN TRUNKS PER PRIMARY SUBGROUP.
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STEP-BY-STEP SELECTOR MULTIPLE TABLES
10 TERMINAL ACCESS
TABLE 1
T SELECTORS PER SUBGROUP T
5 320 2Lo 160 120 80 60 Lo 20 ﬁ
E CCS CAPACITY PER E
SEL | GRP | SEL | GRP | SEL | GRP | SEL | GRP | SEL | GRP | SEL | GRP | SEL | GRP | SEL | GRP
10| .33 106] 45| 108 69| 110 92| 1of o] 112] 190 1| 3.00 | 120] 6.8 | 136] 10
1] .38 122 .52 12| 79| 126 |1.05| 126 1.60| 128 2.20 | 132|345 | 138 7.90| 158 it
12| 43| 138} .58 o] .89 42|18 h2]1.80| 4k ]2.50( 150 3.90| 156]9.10| 182] 12
i3] 48| ish] .65 156 .99 158 1.32| 158} 2.00 | 160)|2.80 | 168 Lh.ho | 176 ]10.20| 20l | 13
| .53 168 71| t70{1.08]| 172|145 | vilk}2.20| 176 | 3.07| 184 | L4.85 | 194 |iryo | 228 1L
15] 57| 182) 77| 184 1.16| 186 J1.57( 188} 2.40| 192]3.335| 200} 5.30 | 2121250 | 248] 15
16 61| 196 .83 | 198 1.25| 200 | 1.70| 20l |2.60 | 208 | 3.60| 216} 5.75| 230 |13.30 | 266 | 16
7] 66| 210) .88| 212 1.34( 214 | 1.82| 218} 2.80| 22| 3.90| 234} 6.25 | 250 {14.20| 284 17
181 70| 224 | 94| 226 | 1.43| 228 | 1.95| 234 |3.00 | 240 | Lh.20| 252 | 6.75 | 270 |15.00 | 300 | 18
191 7h| 238)1.01 | 242} 1.53( 24l |2.08| 250 | 3.23 | 258 | L4.50 | 270 | 7.30 | 292 f15.70( 34| 19
20| .78 252 |1.07| 256 | 1.61| 258 }2.22| 266 |3.43| 274 | L.80 | 288 7.85 | 31k} - - |20
21| 85| 266 |1.13| 270 1.7t | 274 |2.35| 282|3.63| 290 |5.10| 306|8.35 | 334 - - |a
23| .92 | 294 | 1.24 | 298| 1.90| 304 |2.60| 312 |L.05| 324 |5.70 | 342|9.40 | 376| - - |23
25 1.0t | 322|1.36 | 326|2.09| 334 ]|2.85| 342 |L.48| 358}6.30| 378|10550 | L20| - - }25
2711.09 | 348 | 1.48] 354 |2.28| 364 |3.10| 372|490 | 292 6.97| L8] - -] - - l27
29 | 119 | 374 |1.60 | 384 |2.46 | 394 |3.37| Lok |5.33 | L26|7.67| LéO| - “ | = - |2
31 1 1.26 ] ko2 f1.72| Li2|2.65| Lah |3.65| L38|5.78 | 462 |8.34 | s500| - - - - 131
33 | 1e34 | L30 | 1,84 | Lh2|2.85| 456 |3.93 | L72|6.23 | L9B|9.17| 550 - =] = - |33
35 | 1.b4 | 46O | 1.97 | 472]3.05| LBB|L.21 | 505|6.69 | 535|9.75| 585 - o = - |35
57| 1.53 | 490 |2.08 | 500 |3.25| 520 |L.50 | 540 |7.25| 580 - - = = = - 137
39 | 1.63 | 520 |2.21 | 530 | 3.47 | 555 | L.79 | 575|7.81 | 625 - - = - = - |39
br .72 | 550 |2.33 | 560 |3.66| 585 |5.08| 610]8.38 (| 670 - - - - - - |
L3 1 1.81 | 580 J2.46 | 590 | 3.8, | 615 (5.38| 64518.88| 710| - -] - - - - 143
k5 1 1.91 | 610 |2.58| 620 | L4.06| 650 | 5.67| 680 |9.38| 750 | =~ - - - - - |45
320 240 160 120 80 60 Lo 20
NON-GRADED GROUPS
TRUNKS | 2 3 N 5 6 7 8 9
CCS CAPACITY | .1 1.6 | 6.9 15 27 Lo 55 T 88
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STEP-BY-STEP SELECTOR MULTIPLE TABLES
10 TERMINAL ACCESS

TABLE 5

SELECTORS PER SUBGROUP
320 240 160 120 80 60 Lo 20

xZCo-
OXRZCD—H

CCS CAPACITY PER

SEL | GRP | SEL | GRP SEL GRP | SEL GRP | SEL | GRP | SEL | GRP | SEL | GRP | SEL | GRP

o 2| i34 | .57 136 | 85| 136 | 1.15| 138 [ 1.75] 1o | 2.37| w2 | 3.70] 48 | 8.30| 166 10
t1] L8| 15k 6L | 154 .98 156 | 1.32] 158 | 2,00 | 160 | 2.70] 162 | 4.25| 170 | 9.60} 192.]11
12| .54 172 721 172 11,09 17k |1 l7| 176 | 2.25| 180 | 3.07] 184 | 4.80| 192 |10.90| 218 |12

13] .59 190 791190 J1.20| 192 | 1,62 194 | 2.50| 200 | 3.4o| 204 | 5.35] 214 |12.20| 24 |3
1] .65) 208 871208 |1.31210 | 1.77] 212 | 2.73{ 218 | 3.73| 224 | 5.90| 236 |13.50| 270 |1k
15] .70]| 224 93|22 | 143|228 | 1.92]| 230 | 2.94| 236 | L.oo| 242 | 6.40| 256 |ilk.70| 294 |15

16| 751240 | 101|242 |1.53| 2y | 2.07| 248 | 3.16| 254 | L.37| 262 | 6.95] 278 |15.80( 316 |16
17| .80| 256 | 1,08 258 | 1.6L4| 262 | 2.22| 266 | 3.37{ 272 | L4L.70| 282 | 7.50| 300 |16.80( 336 |17

18] 85| 272 | 1.15|276 | 1.7h| 278 | 2.37| 284 | 3.61| 292 | 5.03| 302 | 8.10| 324 [17.70] 354 |18

19 .91 290 | 1.25| 294 | 1.85]| 296 | 2.52| 302 | 3.835| 310 | 5.40| 32l | 8.70| 348 [18.60] 372 |19

a &®| @ \ G 80 60 868 & 6 8@ 80" B B B BB PE

20| .96| 306 | 1.30( 312 | 1.96 | 31 | 2.67| 320 | L.0o7| 330 | 5.73| 344k | 9.30( 372 - - |20
211,00 324 | 1.37| 328 | 2.08| 332 | 2.80| 336 | 4.31| 350 | 6.07| 364 | 9.95| 298 - - |21
23| 1.12| 358 | 1.51( 362 | 2.30( 368 | 3.13| 376 | L.79| 390 | 6.80 4o8 fi1.15| LL6 - - |23
250 1.22| 390 | 1.6L | 394 | 2.51 | ho2 | 3.43( Li2 | 5.27| 430 | 7.53| Ls2 |12.35] Lok | - - |25
27| 1.32| k22 | 1.78| 428 | 2.73 | 436 | 3.73| LU8 | 5.75| k7o | 8.23| Lok | - - - - |27
29| 1.h2| Lok | 1.93 | 46k | 2.94 | k7o | L.o7| 4BB | 6.23| 510 | 9.00| 540 - - = - |29
31| 1.53| 4,88 | 2,08 | 498 | 3.16| 505 | 4.38{ 525 | 6.77| 555 | 9.83( 590 | - - - - |3
33| 1.63| 520 | 2.23| 535 | 3.38| 5Lko | 4.71: 565 | 7.25| 595 |10.67| 60 | - - - - 133
35| 1.73| 555 | 2.38| 570 | 3.63 | 580 | 5.04| 605 | 7.79| 640 |11.50| 690 | - = - - I35
37| 1.84| 590 | 2.50 | 600 | 3.88| 620 | 5.38| 645 | 8.39| 690 - - - - - - |37
39| 1-95| 625 | 2.65( 635 | L.13| 660 | 5.71| 685 | 8.99 | 740 - - - = - - 13
bi|2.06| 660 | 2.79| 670 | L.3k| 695 | 6.0L| 725 | 9.59| 790 | - - - - - - |
L3|2.17| 695 | 2.94| 705 | L.59| 735 | 6.38| 765 |10.13 | 835 - - - - - - (b3
L5]2.28( 730 | 3.08| 740 | L4.84| 775 | 6.71| 805 |10.67| 880 - - - - - - |bs
- 320 20 160 120 80 60 | Lo 20
NON-GRADED GROUPS
TRUNKS I 2 3 L 5 6 7 8 9
CCS CAPACITY| .2 3.7 12 2 39 55 73 92 13
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STEP-BY-STEP SELECTOR MULTIPLE TABLES
10 TERMINAL ACCESS
.TABLE 10
T SELECTORS PER SUBGROUP T
8 320 240 160 120 80 60 4o 20 :
: CCS CAPACITY PER z
® SEL | GRP | SEL | GRP | SEL | GRP | SEL | GRP | SEL | GRP | SEL | GrRP | SEL | GRP | SEL | GRP ®
to] 47| 14 .63 [ 150 <95 152 | 1.28 | 154 | 1.95| 156 | 2.63| 158 | L.1o| 164 | 9.10| 182 |10
1} .52 168 STU 170 | 1.08 | 172 f1.45 | 17h | 2.20| 176 | 3.00| 180 | L.65( 186 |10.50( 210 |11
12| .59 188 LT9 | 190 [ 1.20| 192 J1.62 | 194 | 2.47| 198 3.37 202 | 5.25| 210 J11.90| 238 |12
13| .65 | 208 87210 |1.33(212 |1.78 | 214 | 2.73| 218 | 3.73| 224 | 5.85| 234 |13.20] 264 |13
L] .71 | 228 .96 | 230 |1.45] 232 |1.95( 234 | 2.98| 238 | L.10] 246 | 6.45| 258 |i1L.50[ 290 |1k
15| 77| 246 | 1.03 | 248 | 1.56 | 250 |2.12 254 | 3.23| 258 | L.33| 266 | 7.00| 280 |i5.80| 316 |i5
16 .82 264 |1.11 | 266 |1.68 (| 268 |2.27| 272 | 3.48| 278 | L4.77| 286 | 7.60] 304 J17.10| 342 |16
17| .88 282 |1.18 |28 | 1.80| 288 |2.43| 292 | 3.73| 298 | 5.13| 308 | 8.20| 328 |18.20| 364 |17
18] .9L4| 300 | 1.26 | 304 | 1.91 | 306 | 2.60| 312 | 3.98] 318 | 5.50| 330 | 8.80| 352 |19.20| 384 |8
19] 99| 318 | 1.34 | 322 | 2.03 | 324 |2.77| 332 | L.25| 340 | 5.90| 354 | 9.45| 378 |=20.20| Lok |19
201 1.05 | 336 | 1.43 | 342 | 2.15 | 344 | 2.95| 352 | L.50| 360 | 6.27| 376 10.10| Lol - - ]20
21 | 1.11 | 354 | 1.50 | 360 | 2.27 | 364 | 3.08| 370 | L.77| 382 | 6.63| 398 |i10.75| 430 - - |ai
23| 1.22| 390 | 1.65| 396 | 2.55| o2 | 3.42| Lo | 5.32 426 | 7.40| Lily |12.20| L8O - - |23
25| 1.33 | 426 |1.80 | 432 |2.74 | 438 | 3.75| 450 | 5.88[ 70 | 8.17| hoo |13.25| 530 - N
27 1.4l | 462 | 1.95 | 468 | 2.96 | 47l | 4.08 ] oo | 6.h4| 515 | 9.00| 540 - - - - le7
29 1 1.56 | 4,98 | 2.10| 505 | 3.19 | 510 | L4.4h2| 530 | 7.00| 560 | 9.92| 595 - - - - |29
31| 1.67|535 |2.27 | 545 | 3.44 | 550 | 4.75| 570 | 7.56| 605 |10.75| 645 - - - - |3}
331 1.78 | 570 | 2.4k | 585 | 3.69 | 590 |5.13| 615 | 8.12| 650 |11.58] 695 ¥ - - - |33
35| 1.89 | 605 |2.58 | 620 | 3.94 | 630 |5.46| 655 | 8.69| 695 |12.42| Th5 | - | - -1 - |3
37| 2.02 | 645 | 2.73 | 655 | 4.22| 675 |5.79| 695 | 9.31| 75 | - | - = | = = [ = |37
39 |2.14 | 685 | 2.90| 695 | L.b7| 715 | 6.17| 740 |10.00| 800 - - - - - - |39
bila.25| 720 | 3.04 | 730 | L.72| 755 | 6.54 | 785 |10.63| 850 | - | - = [ = - | - |
b312.36 | 755 |3.19 | 765 | L4.97| 795 |6.87| 825 |11.25{ 900 | - | - - | - - | - |4
45 |2.481 795 | 3.35| 805 |5.25 | 840 | 7.25| 870 |11.87[ 950 | - | - - - - | - |us
320 240 160 120 80 60 Lo 20
NON-GRADED GROUPS
TRUNKS I 2 3 L 5 6 T 8 9
CCS CAPACITY | .L 5.4 16 30 46 N 8l 105 126
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STEP-BY-STEP SELECTOR MULTIPLE TABLES
10 TERMINAL ACCESS
TABLE 20

SELECTORS PER SUBGROUP

320 2o 160 120 80 60 Lo 20
CCS CAPACITY PER

wxZCo—H
OXZ2C0-

SEL | GRP | SEL | GRP | SEL | 6RP | SEL | GRP | SEL | GRP | SEL | GRP | SEL | GRP | SEL | @RP
10] .52 | 166 <701 168 | 1.06) 170 | 1.42] 170 | 2.18| 17 | 2.93| 176 | L.55| 182 {10.10| 202 | 10
11| .58 [ 186 «79| 190 | 1,20 192 | 1.60| 192 | 2.45[ 196 | 3.30| 198 | 5.15| 206 |11.50| 230 | 11
12 | .65 | 208 88| 212 | 1.34| 214 | 1.78| 214 | 2.73| 218 | 3.70| 222 | 5.80| 232 [i2.90| 258 |12
13| .72 | 230 97| 232 | 1.48| 236 | 1.97| 236 | 3.03| 242 | L.10| 246 | 6.40| 256 |i4.ho| 288 | 13
b | .78 | 250 | 1.,05| 254 | 1.60| 256 | 2.15( 258 | 3.30| 26k | L.50| 270 | 7.05| 282 |15.80]| 316 | 14
15 | .84 | 270 | 1.13] 272 | 1.73| 276 | 2.32| 278 | 3.58| 286 | L4.87| 292 | 7.65| 306 |17.20| 3LL |15
16 | .91 [ 290 | 1.25| 294 | 1.85| 296 | 2.50| 300 | 3.83( 306 | 5.23| 31k | 8.30| 332 |18.50( 370 |6
17| 97 | 310 | 1.31] 314 | 1.98| 316 | 2.67| 320 | L.10| 328 | 5.63| 338 | 8.90| 356 [19.70| 394 |17
18 |t.03 | 330 | 1,39]| 334 | 2.10| 336 | 2.85| 342 | 4.38| 350 | 6.04| 362 | 9.55| 382 |20.80| L16 | 18
19 [1.09 | 350 | 1.48]| 354 | 2.23| 356 | 3.03| 364 | L.65| 372 | 6.L4k4| 386 |10.25| L10 {21.80| 436 |19

20 1,16 | 370 | 1.56| 376 | 2.26| 378 | 3.22| 386 | 4.93]| 394 | 6.67| Lio {10.95| 438 - - J20
21 [1.22 | 390 | 1.6k 392 | 2.49( 298 | 3.38| 4oé | 5.23| 418 | 7.20| 432 |i1.65| L466 - - lai
23 [1.34 | 430 | 1.81] 43l 2.7% | 438 | 3.75| L4so | 5.80| L6l | 8.oL| LB2 |i13.00]| 520 - - |23
25 |1.47 | 470 | 1.97| 472 | 3.00| 480 | 4.08| L9o | 6.38| 510 | 8.8L| 530 |i1L.38| 575 - - las
27 [1.59 | 510 | 2.13| 510 | 3.25| 520 | L.46| 535 | 6.94| 555 | 9.75| 585 - = = - |21
29 [1.72 | 550 | 2.31| 555 | 3.50| 560 | 4.83| 580 | 7.50| 600 |10.67| 640 - - - - |29
31 [1.84 | 590 | 2.48| 595 | 3.78| 605 | 5.21| 625 | 8.13| 650 |11.50| 690 - - - - {31
33 |1-97 [ 630 | 2.67| 640 | k.03 | 645 | 5.58| 670 | 8.75| 700 [12.42| 745 - ~- - - 133
35 [2.09 | 670 | 2.83| 680 | L.31(| 690 | 5.96| 715 | 9.LL| 755 }13.3L4| 800 - - & - |35
37 |2.22 | 710 | 3.00| 710 | L.59| 735 | 6.29| 755 |10.13| 810 - - = - - - 37
39 2.34 | 750 | 3.17| 760 | 4L,.88| 780 | 6.67| 800 |i10.81| 865 - - - - - - 139
L1 j2.47 | 790 | 3.33| 800 | 5.16| 825 | 7.08| 850 |11.50( 920 - - - - - - |
b3 12.59 | 830 | 3.50( 835 | 5.4L| 870 | 7.46| 895 [12.13] 970 - = - = = - |3
4s 2.72 | 870 | 3.67| 880 | 5.72| 915 | 7.88| 945 ]i12.75 (1020 = 5 - - - - 145
320 240 160 120 80 60 Lo 20
NON-GRADED GROUPS
TRUNKS ! 2 3 I 5 6 7 8 9
CCS CAPACITY| 0.7 7.9 20 37 56 76 97 19 142
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STEP-BY-STEP SELECTOR MULTIPLE TABLES
10 TERMINAL ACCESS
TABLE 30
: SELECTORS PER SUBGROUP :
" 320 24o 160 120 80 60 40 20 i
E CCS CAPACITY PER E
s SEL | GRP | SEL | GRP | SEL | GRP | SEL | GRP | SEL | GRP | SEL | erP | SEL | GRP | SEL | @rP s
10 56| 178 <75 180 | teuly] 182 Jr1.52 | 182 | 2.33] 186 | 3.13| 188 | L4.85| 194 | 10.70| 21k |10
1 .63| 200 8L 202 | 1.28] 20k |1.72 | 206 | 2.60] 208 | 3.53| 212 | 5.50| 220 {12.10] 242 |11
12 69| 222 93| 224 | 11| 226 |1.92 | 230 | 2.90| 232 | 3.93| 236 | 6.15| 246 | 135.60] 272 |12
13 «76] 24l | 1.03( 246 | 1.55| 248 |2.10 | 252 | 3.20| 256 | L.33| 260 | 6.80| 272 | 15.10[ 302 |13
iy | .83 266 | 1,12 268 | 1.69| 270 |2.28 | 274 | 3.50| 280 | L.73| 284 | 7.h5| 298 | 16.60] 332 {14
15 .90 288 | 1.21| 290 | 1.83| 292 |2.47 | 296 | 3.78| 302 | 5.13] 308 | 8.10| 324 | 18.10] 362 |15
16 .96 308 | 1.29] 310 | 1.96]| 314 |2.65 | 318 | L.o5| 324 | 5.53| 332 | 8.75| 350 | 19.4o| 388 |16
17| 1.03( 228 | 1.38| 332 | 2.09| 334 |2.85 | 340 | L.35| 348 | 5.94| 356 | 9.4o| 376 |20.60| Li2 |17
181 1.09 350 | 1.48] 354 | 2.23| 356 |3.02 | 362 | 4.63] 370 | 6.37| 382 J10.10| Lok |21.80| Lz6 |18
19| 1.16[ 370 | 1.57| 376 | 2.36| 378 13.20 | 384 | L.93| 294 | 6.80{ Lo8 |10.80| L432 | 22.80| L56 |19
20 | 1.23 392 | 1.65| 396 | 2.50| oo |3.38 | 4o6 | 5.23| 418 | 7.24 L3k |i1.50| Léo - - |20
21 | 1,29 La2 | 1.73| 416 | 2.684] 422 |3.57 | 428 | 5.53| L2 | 7.67| 460 |12.20| 488 - - lai
23 | 1.43| bs6 | 1.92 Lo | 2.91| Lé6 |3.95 | L7k | 6.13| L90o | 8.50| 510 |13.63| 545 - - |23
25 ] 1.56| 500 | 2.08( 500 | 3.19| 510 |4.33 | 520 | 6.75/ 5LO | 9.3l4] 560 |15.00| 600 - - las
27| 1.69| sho | 2.25| sho | 3.4l 550 |Lh.71 | 565 | 7.31] 585 | 10.17| 610 - - - - |27
29 ] 1.81| 580 | 2.444| 585 | 3.69| 590 |5.08 | 610 | 7.94| 635 | 11.09[ 665 - - - - |29
31 | 1.94] 620 | 2.63| 630 | 3.97| 635 |5.50 | 660 | 8.56] 685 |12.09( 725 | - ” » - |3
33 | 2.06| 660 | 2.81| 675 | L.25( 680 |5.92 | 710 | 9.19| 735 | 13.09| 785 - - - - |33
35| 2.20| 705 | 3.00f 720 | L4.56| 730 |6.29 | 755 | 9.88| 790 |i4.00| 84O - - - - 135
37| 2.34] 750 | 3.17| 760 | L,.88| 780 |6.67 | 800 |10.56] 8us | - - - - - - |37
39 | 2.48] 795 | 3.35| 805 | 5.19] 830 |7.08 | 850 |11.31| 905 - - - - - - 139
i | 2.61| 835 | 3.52| 845 | 5.47| 875 |7.50 | 900 |12.00| 960 - - - - - - |4
L3 | 2.73| 875 | 3.69| 885 | 5.75| 920 |7.88 | 945 |12.69| 1015 = - = ® = - |8
45| 2.88| 920 | 3.88| 930 | 6.03| 965 |8.29 | 995 | 13.38| 1070 = - - = - - |hs
320 240 160 120 80 60 Lo 20
NON-GRADED GROUPS
TRUNKS | 2 3 L 5 6 7 9
CCS CAPACITY | 1.1 9.7 2 L2 62 83 105 129 153
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SELECTORS PER TEN TRUNKS
. 10 TERMINAL ACCESS
. SELECTORS TABLE 1 TABLE 5 TABLE 10 TABLE 20 TABLE 30
PER TEN
. TRUNKS CCS CAPACITY PER SELECTOR
' 200 o5k .68 (] .85 91
. 190 .57 .72 .80 .89 95
180 .61 .76 .85 9l 1.01
170 qan .80 .89 .99 1.07
.— 160 .69 .85 .95 1.06 o1l
150 .73 <91 1.01 1.13 1.21
. 140 .79 .98 1.09 1.21 1.30
130 .85 1.06 1.18 131 1.40
. 120 .92 .15 1.28 1.42 1.52
110 1.01 1.25 1.4o 1.55 1.66
. 100 lell 1.39 1.54 172 1.83
90 .24 1.56 1.72 1.92 2.04
. 8o 1.40 1.75 1.95 2.18 2.33
70 1.61 2.02 2.2, 2.50 2.67
. 60 1.90 2.37 2.63% 2.9% 3.13
50 2.32 2.90 3.20 3.56 3.80
- Ls 2.60 3.2 3.58 3,98 L.27
Lo 3.00 3.70 L.10 L.55 .85
35 3.46 k.29 L.7h 5.26 5.60
. 30 L.13 5.10 5.63 6.23 6.63
25 5.12 6.32 6.96 7.68 8.20
- 20 6.80 8.30 9.10 10.10 '|o.65
18 7.72 9.45 10.33 11.39 12.00
. 16 8.88 10.81 11.81 13.00 13.69
ih 10.43 12.65 13.79 15.15. 16.00
B 13 11.46 13.85 15.08 16.45 17.45
- 12 12.67 15.25 16.59 18.16 19.16
."‘ B 1h.27 17.09 18.55 20.27 21.28
NOTE: |IF THE CCS PER SELECTOR IS LOWER THAN THE ABOVE TABLE COVERS, DIVIDE THE
' ;gktfox »‘wGBZAILAgE'?IEIEEHEEggFSlEP%NS%ESEgT TO DETERMINE THE NUMBER OF SELECTORS
| TABLE vawe
! 107
- 5 13k
10 149
- 20 166
- 30 178
' TCI Library: http://www.telephonecollectors.info
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CONNECTOR CAPACITY TABLE

Step-by-Step Dial System
Traffic Training Course and Reference Manual

NUMBER OF CCS CAPACITY
Sl L TABLE 10 TABLE 20%

g | 5
2 L 76
L 8l 97

8 10 it
9 I22 122
10 149 166
1 168 186
12 187 206
13 205 228
' 22 21,8
'h ZM? 228
| 259 288
! 276 08
' 23& 226
19 312 2116
20 329 366
21 86
23 ?35 Zzh
7 -
29 185 2ho
# 519 575

# TaBLeE 20 TO BE USED ONLY TOR M]XED

CLASS SELECTOR GRADES AS COVERED
IN T.E.P, Dtve D, Sec.
WHERE TABLE 20 1S APPLIOCABLE.

lh-c ano

TCI Library: http://www.telephonecollectoré.info
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ROTARY OUT TRUNK SWITCH TABLES

TRUNK GROUP CAPACITIES

TCI Library: http://www.telephonecollectors.info

1 ces ; ccs i ccs
5 TABLE v TABLE . TABLE
s | 1o [ 20 s | 1o | ao s [ 1o |20 ARRANGEMENT OF
=122 13| | Bl e 12| [132]320 (2s e
SE L5 | 510 i lego 1950 |§E 3220 3%70 SELECTOR LEVELS
00 1510] 1980 1 0 0
2 gso 2 g ;% lgho 2310 122 ghgo gsgo
271 555 | 590 771 1970| 20L0 127 {3480 | 3550 TRUNKS
281 580 615 781 2000| 2070 128 [ 3500 | 3580 PER TRUNKS
29 | 605 | 645 9| 20%0{ 2100 129 | 3530 | 3600 SUBGROUP | DIRECT | ""rpy
20 | 635 | 670 0| 2080{ 2130 130 | 3560 | 3630 FROM | TRUNKS| pors
%1 | 660 | 700 B1{ 2090 2160 131 | 3580 | 3660 SELECTOR
32| 690 | 725 82| 2120| 2190{ {132 5210 3690 MULTIPLE
331 715 | 755 83] 2150| 2220 133 | 3640 | 3720
A ERE BB 2 o | 2
10| 2280 0 0 0
2 00 | 8Lo 82 2240/ 2310 |§2 2720 2530 3 0 3
AR IR IESEDREIEERE ¢ > | %
0 0
9 830 925 89 2%30 2[00 |§9 %,go 2880 2 2 E
AEIEIEE R AR
A .
I 3 g :8ﬁ8 32 7 8 gsoo lﬁz 2830 2228 lg ﬁ E
n 0 I 00
43 IOgO 1070 3 2&30 2220 i %3 0 %go 1 ? 6
BHSSTHE e ey e sdes
n 1 0 [Lo70
13 1100 [ 1150 95 25701 2650 |hg E%?o 4130 lz 2 8
ST Ry R ke a3
i I 070 L1860 I
50 | 1190 | 1240 |%% 2620 2740 15% hlgo 1190 IZ ! Ig
51 {1210 [ 1270 101 § 2690 2770 51 120 |l210 ] g 10
52 | 1240 | 1300 102 2720 2800 152 hlgo 1210 i9 8 ]
53 | 1270 1520 103 | 2750 2830 153 | 4180 | 270 20 8 12
ataralvi sl il s e
0 I 0 0 2
56 11360 |1 90 106 | 2840 2930 |§2 hz%o h§5o 2 |% :%
57 11380 | 1450 107] 2870 2950 157 11290 | 4380 27 11 16
gg’ :ﬂig }ggg :83 §9§8 2388 158 ﬁ;ﬁo Lhito 29 12 7
i 1 0 0 1 12 |
2? :ggg :ggg :l? sgég 2830 12% L4370 |L)éo 23 13 2%
1 0 i 21
62 1520 1590 12 3%%0 gllo E?EGggﬁpg‘fﬁc'TY ?? lh 22
63 | 1560 | 1620 113] 3050 3140 EXCESS OF 160 39 12 23
Bl 1590 1g30 ML 13080 3170 | TRUNKS MAY BE I 18 2
65 | 1610 | 1680 IIZ 3110| 3200 DETERMINED BY L3 ! 2
66 | 1640 | 1710 116] 2140 32301 | MULTIPLYING THE 45 Ig 27
e7 [1670 [1740 llg 31701 3260 NUMBER OF TRUNKS
68 | 1700 |1770 118] 3200| 3290 BY 27.3 FOR
TS| T 2hs] |oisie no
i |i490 1883 L 2298 gg 8 27.9 FOR TABLE

Section 8.0
Page 43
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PLUNGER OUT TRUNK SWITCH TABLES

TRUNK GROUP CAPACITIES

i ccs - & ces A ces x ccs

y TABLE . TABLE . TABLE . TABLE

S T 20 K1 1o | 2 §1 10 | =20 S 10 | 20
20 320 348 56 | 1190 | 1240 92 | 2130 2200 128 | 3000 | 3100
21 3,2 370 57| 1220 | 1270 93 | 2150 2230 129 | 3020 | 3120
22 366 392 58 1 1240 | 1300 9l | 2180 2250 130 | 3040 | 3150
23 388 Lié 59 | 1270 | 1220 95| 2210 2280 131 -4 3070 | 3170
2l hro| Lho 60| 1290 | 1350 96| 2230 2300 132 | 3090 | 3190
25 L3l Ll 61 | 1320 | 1370 971 2260 2330 133 | 3110 | 3220
26 456 488 62| 1340 | 14oo 98 | 2290 2360 134 | 3140 | 3240
27 480 510 63| 1370 | 1430 99 | 2310 2390 135 | 3160 | 3270
28 500 535 6] 1390 | 1450 100 | 2340 220 126 | %180 | 3290
29 525 560 65| 1420 | 1480 101 | 2360 20 137 | 3210 | 3310
30 550 585 66 | 1450 | 1510 102 | 2390 2ly70 138 | 3230 | 3340
31 570 610 671 1470 | 1530 103 ] 2410 2L90 139 | 3250 | 3360
32 595 635 68| 1500 | 1560 1ol | 240 2520 140 | 3280 | 3390
23 620 660 69| 1520 | 1590 105 | 2460 2540 14t | 3300 { 34i0
3l 6L5 685 70| 1550 | 1610 106 | 2480 2570 k2 | 3320 | 3440
35 670 7o ¥l 1580 | 1640 107 2510 2590 143 | 3350 | 3460
36 690 735 721 1600 | 1670 108 ] 2530 2610 14y | 3370 | 3480
37 715 | 760 T3 | 1630 | 1690 109] 2550 | 26Lo 145 | 3390 | 3510
38 740 785 ] 1650 [ 1720 1o} 2580 2660 146 | 3420 | 3530
39 765 810 | 1680 [ 1750 |° | 111 ] 2600 2690 147 | 340 | 3560
Lo 790 835 6 |- 1710 | 1770 112 2620 2710 148 | 3470 | 3580
Li 815 860 77| 1730 | 1800 113 ]| 2650 2730 149 | 3490 | 3600
L2 840 885 78] 1760 | 1830 11k | 2670 2760 150 | 3510 | 3630
Lz 865 910 79| 1780 | 1850 115 |- 2690 2780 151 | 3540 | 3650
Ll 890 935 80 1810 | 1880 116 | 2720 2810- 152 | 3560 | 3680
Ls 910 960 81 1840 | 1900 H7| 2740 2830 153 | 3580 | 3700
L6 935 985 82| 1860 | 1930 18] 2760 2860 15y | 3610 | 3730
L7 960 | 1010 83| 1890 | 1950 19| 2790 2880 155 | 3630 | 3750
48 985 | 1040 84 | 1920 | 1990 120 2810 | 2900 156 | 3650 | 3780
49 1010 | 1060 85| 1940 | 2010 121 | 2830 2930 157 | 3680 | 3800
50 1040 | 1090 86| 1970 | 2040 122 | 2860 2950 158 | 3700 | 3820
51 1060 | 1110 87 | 2000 | 2060 123 | 2880 2980 159 | 3720 | 3850
52 1090 | (140 83 | 2020 | 2090 12, | 2900 3000 160 | 3740 | 3870
53 1io| 1170 89 | 2050 | 2120 125 | 2930 3020 :
5l 140 | tigo 90 | 2080 | 2150 126 | 2950 3050
55 1160 | 1220 91 | 2100 | 2170 127} 2970 3070

TCI Library: http://www.telephonecollectors.info
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Step-by-Step Dial System

Traffic Training Course and Reference Manual

The Table Number Indicates the Number of Calls per 1000 Encountering All Trunke Busy

TRUNK CAPACITY TABLES
Hundred Call-Seconds and Per Cent.
Use at Various Service lLevels for
Trunk Groups of 1 to 6O

Section 8.0

Page 45

Table 1 Table 5 Table 10 Table 20 Table 30 Table 40
Trunks % % o% % % A Trunks
ces Usage ces Usage Goa Usage oes Usage e68 Usage GoR UBde

1l ol 1 o2 b 4| 1.0 7| 2.0 1.1 3.1 1.5| 4.2 1

2 l.6| 2.3 3.7 4.8 6.4 7.6 T«9| 10.9 9.7| 13.5 | "11.3| 15.7 2

3 6.9| 6.4 12.2] 11.3 15.7| 14.5 20.4| 18.9 24.0| 22.2 26.9| 24.9 3

4 15.4| 10.7 24.2| 16.8 29.6| 20.6 36.7| 2645 41.6| 28,9 45,7| 31.8 4

5 26.6( 14.8 38.9| 21.6 46.1| 25.6 56.8| 31.0 6l.6| 34.2 66.6| 37.0 b

6 40.0| 18.5 56.4| 25.7 64.4| 29.8 76.0| 35.2 82.8| 38.3 89.3| 41.3 6t
7 64,71 21.7 73.4| 29,1 83.9| 33.3 96.8| 38.4 | 105 41.7 | 112 44.4 7

8 70.9| 24.6 92,6| 32.1 | 1056 36,5 | 119 41.3 | 129 44.8 | 137 47.6 8

9 8842 27.2 | 113 34.9 | 126 38.9 | 142 43.8 | 153 47.2 | 162 50.0 9
10 107 29.7 | 134 37.2 | 149 41.4| 166 46.1 | 178 49,4 | 188 62.2 10
1l 126 3l.8§ 156 39.4 | 172 43.4 | 191 48.2 | 204 51.5 | 214 54.0 13
12 146 33.6 | 178 41.2 | 195 46.1 216 50,0 | 230 53.3 | 240 66.6 12
13 166 35,5 201 42,9 | 220 47,0 | 24 51,5 | 256 54.7 | 267 57.1 13
14 187 37.1 | 224 44.4 | 244 48.4 | 287 53.0 | 2u3 56.1 | 295 5845 14
15 208 38.5 | 248 45,9 | 269 49,8 | 293 54,3 | 310 57.4 | 322 5946 15
16 231 40,0 | 273 47.4 | 294 51.1 | 320 55.6 | 337 58.5 | 350 60.8 l6
17 253 41.3 | 297 48.6 | 320 62,3 | 347 56.7 | 365 69.6 | 378 61.8 17
18 276 42.6 | 322 49,7 | 346 53.4 | 374 57.7 | 392 60.5 | 407 62.8 18
19 299 43.7 | 347 50,7 | 373 54.5| 401 58.6 | 420 6l.4 | 436 63.8 19
20 323 44,9 | 373 61.8 | 399 65.4 | 429 59.6 | 449 62.4 | 466 64.6 20
21 346 45.8 | 399 52.8 | 426 56.4 | 458 60.6 | 478 63.2 | 494 65.3 21
22 370 46.7 | 424 53.5 | 453 57.2 | 486 6l.4 | 507 64.0 | 623 66.0 22
23 395 47,7 | 451 64,5 | 480 58.0 | 514 62,1 | 536 64.7 | b52 6647 23
24 419 48,5 | 477 55.2 | 507 58.7 | 542 62.8 | 564 65.3 | 582 67.4 24
26 444 49,3 | 504 56,0 | 535 59,4 | 571 63.4 | 593 65,9 | 611 67.9 26
26 469 50,1 531 56.7 | 562 60,1 | 599 64.0 | 623 66.6 | 641 68.5 26
27 495 60,9 | 558 67.4 | 590 60.7 | 627 64.5 | 662 67.1 | 671 6869 27
28 520 b6l.6 | 58b 68,0 | 618 61,3 | 656 65.1 | 682 67.7 | 701 69.6 28
29 545 62,2 | 612 58,6 | 647 62.0 | 685 65.6 | 711 68,1 | 731 70.0 29
30 571 62.9 | 640 69.3 | 675 62.5 | 716 66.2 | T4l 68.6 | 762 70.6 30
3L 697 63.5 | 667 69,8 | 703 63.0 | 744 66,7 | 771 69.1 | 792 T1.0 31
32 624 54,2 | 695 60,3 | 732 63.6 | 773 67.1 | 801 69,5 | 822 71l.4 32
33 650 b4.7 | 723 60.8°] 760 64,0 | 803 67.6 | 831 69.9 | 852 T1e7 33
34 676 65.2 | 751 6l.4 | 789 64.5 | 832 68,0 | 861 70.3 | 883 7261 34
35 703 55.,8 | 779 61,8 | 818 64.9 | 862 68.4 | 891 70,7 | 913 72.6 36
36 729 56,3 | 807 62.3 | 847 65.4 | 892 68.8 | 922 Tlel | 944 72.8 36
37 756 56.8 | 836 62,8 | 876 65.8 | 922 69.2 | 9562 71.5 | 976 73.2 37
38 783 57.3 | 864 63.2 | 905 66.2 | 952 69.6 | 982 71.8 | 1006 73.5 38
39 810 67.7| 892 63.5 | 935 66.6 | 982 69.9 |1013 72,1 |1037 73.9 39
40 837 68,1 | 921 64.0 | 964 6649 {1012 70.3 |1043 72.4 |1069 T4.2 40
41 865 68.6| 950 64.4 | 993 673 | 1042 70.6 | 1074 72.8 }1099 74.4 41
42 892 59,0 979 64.7 | 1023 67.7 | 1072 70.9 1104 73.0 [1130 T4.7 42
43 919 59.4 | 1008 65,1 | 1052 68.0 | 1203 71.3 |1135 73.3 |1161 76.0 43
44 947 59.8 | 1036 65.4 | 1082 6843 | 1133 71.5 | 1166 73.5 |1192 753 44
45 975 60.2 | 1066 65,8 | 1112 68,6 | 1164 71.8 | 1197 73.9 |1223 7545 45
46 1003 60.6 | 1095 66.1 | 1142 69.0 | 1194 72,1 }1228 74,2 | 1255 758 46
47 1030 60,9 { 1124 66.4 | 1171 69.2 | 1225 72.4 |1259 74.4 | 1286 76.0 a7
48 1058 61,2 | 1153 66.7 | 1201 69.5 | 125656 72.6 | 1291 74.T | 1317 76.2 48
49 1086 61.6| 1183 67.1 | 1231 69.8 | 1286 T2.9 | 1322 T4.9 | 1349 76.5 4%
60 1116 81,9 1212 67.3 | 1261 70,1 | 1317 73.2 | 1353 76.2 } 1381 76.7 50

TCI Library: http://www.telephonecollectors.info
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TRUNK CAPACITY TABLES
Bundred Call-Seconds and Per Cent.
Use at Various Service levels for

Trunk Groups of 51 to 100

The Table Number Indicates the Number of Calls per 1000 Encountering All Trunks Busy

Table 1 Table & Table 10 Table 20 Table 30 Table 40
Trunks % A % % % % Trunks
ces Usage cos Usa.ge Ges Usage ces Usage oS Usage Gos Usage
61 1143 | 62,3 | 1241 | 67.6 | 1291 | 70.3 | 1348 | 73.4 | 1384 | 76.4 | 1412 | 76.9 61

52 1171 | 62.6 | 1271 | 67.9 | 1322 | 70.8 | 1378 | 73.6 | 1416 | 76.6 | 1444 | 77.1 62
53 1200 | 62.9 | 1301 | 68.2 | 1352 [ 70.9 | 1410 | 73.9 | 1447 | 75.8 | 1475 | 77.3 63
b4 1228 | 63.2 | 1330 | 68.4 | 1382 | 71,1 | 1441 | 74.1 | 1478 | 76.0 | 1507 | 77.5 54
55 1266 | 63.4| 1360 | 68,7 | 1412 T1l.3 | 1472 | T4.3 | 1509 | 76.2 | 1539 | 77.7 56

56 1285 | 63.8 | 1390 | 68.9 | 1443 | 71.8 | 1603 | 74.6 | 1541 | 76.4 | 1571 | 77.9 66
67 1313 | 64.0 | 1419 | 69.2 | 1473 | 71.8 | 1534 | 74.8 | 1572 | 76.6 | 1602 | 78.1 67
58 1342 | 64.5 | 1449 | 69.4 | 1504 | 72.0 | 1565 | 74.9 | 1604 | 76.8 | 1634 | 78.3 58
59 1371 | 64.6 | 1479 | 69.6 | 1634 | 72.2 | 1596 | 75.1 | 1635 | 77.0 | 1666 | 78.4 69
60 1400 | 64.8 | 1509 | 69.9 | 1666 | 72.4 | 1627 | 75.3 | 1667 | 77.2 | 1698 | 78.6 60

61 1428 | 65.0 | 1539 | 70,1 | 1595 | 72.6 | 1659 | 76.5 | 1698 | 77.3 | 1730 | 78.8 61
62 1457 | 65.3 | 1570 | 70.3 | 1626 | 72.9 | 1690 | 75.7 | 1730 | 77.5 | 1762 | 78.9 62
€3 1486 | 65.5| 1599 | 70,5 | 1657 | 73.1 | 1722 | 75.9 | 1762 | 77.7 | 1794 | 79.1 63
64 1516 | 65.8 | 1630 | 70,7 | 1687 | 73.2 | 1752 | 76.1 | 1794 | 77.9 | 1826 | 79.3 64

65 1544 | 66.0 | 1660 | 7049 | 1718 | 73.4 | 1784 | 76.3 | 1826 | 78.0 | 1858 | 79.4 65

66 1674 | 66.2 | 1690 | 71l.1 | 1749 | 73.6 | 1816 | 76.4 | 1857 | 78.2 | 1890 | 79.6 66
67 1603 | 66.4 | 1721 | 71.3 | 1780 | 73.8 | 1847 | 76.6 | 1889 | 78.3 | 1922 | 79.7 67
68 1632 | 66,7 | 1751 | 71.5| 1811 | 74.0 | 1878 | 76.7 | 1921 | 78.5 | 1955 | 79.9 68
69 1661 | 66.9 | 1781 | 71.7 | 1842 | 74.2 | 1910 | 76.9 | 19563 | 78.6 | 1987 | 80.0 69
70 1691 | 67.1 | 1812 | 71.9 | 1873 | 74.3 | 1941 | 77.0 | 1986 | 78.8 | 2019 | 80,1 70

71 1720 | 67.83 | 1842 | 72.1 | 1904 | 74.5 | 1973 | 77.2 | 2017 | 78,9 | 2051 | 80.3 p!
72 1750 | 67.5 | 1873 | 72.3 | 1936 | 74.7 | 2004 | 77.3 | 2048 | 79,0 | 2084 | 80.4 72
73 1779 | 67.7 | 1903 | 72.4 | 1966 | 74.8 | 2036 | 77.5 | 2080 | 79.1 | 2116 | 80.5 73
74 1809 | 67.9 | 1934 | 72.6 | 1997 | 76.0 | 2067 | 77.6 | 2112 | 79.3 | 2148 | 80.6 74
75 1838 | 68,1 | 1965 | 72.8 | 2028 | 76.1 | 2099 | 77.8 | 21456 | 79.4 | 2161 | 80.8 76

76 1868 | 68.3 | 1995 | 72.9 | 2069 | 75.3 | 2130 | 77.9 | 2176 | 79.5 | 2213 | 80.S 76
M 1898 | 68.5 | 2026 | 73.1 | 2091 | 75.4 | 2162 | 78.0 | 2209 | 79.7 | 2245 | 81.0 77
78 1927 | 68.5 | 2057 | 73.3 | 2122 | 76.6 | 2194 | 78.1 | 2241 | 79,8 | 2278 | 8l.1 78
79 1957 | 6848 | 2088 | 73.4 | 2153 | 75.7 | 2226 | 78.3 | 2273 | 79.9 | 2310 | 81.2 79
80 1986 | 69.0 | 2118 | 73.5 | 2184 | 75.8 | 2258 | 78.4 | 2305 | 80.0 | 2343 | 81.3 80
81 2016 | 69,1 | 2149 | 73.7 | 2215 | 76.0 | 2290 | 78.5 | 2337 | 80.1 | 2375 | 81.4 81
82 2046 | 69.3 | 2180 | 73.9 | 2247 | 76.1 | 2322 | 78.7 | 2370 | 80.3 | 2408 | 81.6 82
83 2076 | 69.5 | 2211 | 74.0 | 2278 | 76.3 | 2354 | 78.8 | 2402 | 80.4 | 2440 | 81.7 83

84 2106 | 69.6 | 2242 | 74.1 | 2310 | 76.4 | 2386 | 78.9 | 2435 | 80.5 | 2473 | 81.8 84
85 2136 | 6948 | 2273 | 7443 | 2341 | 76.5 | 2418 | 79.0 | 2467 | 80.6 | 2506 | 81.9 86

86 2166 | 70,0 | 2304 | T4.4 | 2373 | 76.6 | 2450 | 79.1 | 2499 | 80.7 | 2638 | 82.0 86
87 2196 | TO.1 | 2335 | 74.6 | 2404 | 76.8 | 2482 | 79.3 | 2532 | 80.8 | 2571 | 82,1 87

88 2226 | 70.3 | 2366 | 7T4.7 | 2436 | 76.9 | 2514 | 79.4 | 2564 | 80.9 | 2604 | 82,2 88
89 2256 | TO0e.4 | 2397 | T4.8 | 2467 | 77.0 | 2546 | 79.5 | 2596 | 81.0 | 2636 | 2.3 89
90 2286 | 70,6 | 2428 | 74.9 | 2499 | 77.1 | 2578 | 79.6 | 2629 | 81,1 | 2669 | 82.4 20
o1 2817 | 70.7 | 2459 | 75.1 | 2630 | 77.2 | 2611 | 79,7 | 2661 | 81.2 | 2702 | 82.5 91
92 2346 | T0.8 | 2490 | 75.2 | 2562 | 77.4 | 2643 | 79.8 | 2694 | 81.3 | 2736 | 82.6 92

93 2377 | T1.0 | 2621 | 75.3 | 2594 | 77.5 | 2674 | 79.9 | 2726 | 81.4 | 2767 | 82.6 93
94 2407 | 71,1 | 2553 | 75.4 | 2625 | 77.6 | 2706 | 80.0 | 2759 | 81.E | 2800 | 82,7 94
96 2437 | 71.3 | 2584 | 76.6 | 2657 | 77.7 | 2739 | 80.1 | 2791 | 81.6 | 2833 | 82.8 96

96 2468 | Tl.4 | 2615 | 75.7 | 2689 | 77.8 | 2771 | 80.2 | 2824 | 81,7 | 2865 | 82,9 96
97 2498 | 71,6 | 2646 | 765.8 | 2721 | 77.9 | 2803 | 80.3 | 2857 | 81.8 | 2898 | 83.0 97
o8 2628 | 71.7 | 2678 | 75.9 | 2752 | 78.0 | 2836 | 80.4 | 2889 | 81,9 | 2931 | 83.1 98
99 2569 | 71.8 | 2709 | 76.0 | 2784 | 78.1 | 2868 | 80.5 | 2921 | 82.0 | 2964 | 83,2 99
100 2689 | 71.9 | 2740 | 76.1 | 2816 | 768.2 | 2900 | 80.6 | 2954 | 82.1 } 2996 | 83.2 | 100

TCI Library: http://www.telephonecollectors.info
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Step-by-Step Dial System Section 8.0
Trafhe Training Course and Reference Manual Page 47
TRUNK CAPACITY TABLES
Hundred Ceall-Seconds and Per Cent.
Use at Various Service Levels for
Trunk Groups of 1 to 60
The Table Number Indicates the Number of Calls per 1000 Encountering All Trunks Busy
Table 50 Table 60 Table 70 Table 80 Table 90 Table 100
7 % % % % % Trunks
/9 o o
ces Usage oos Usage oS Usage ces Usage ERa Usage Ees Usage

1 1.9 6.1 242 6e2 2.6 T3 3.0 8.3 3.4 9.4 348 | 1046 1
2 12,9 | 17.9 14,2 | 19,7 15.5 | 21,7 16.8 | 23.3 18,0 | 25.0 19.1 { 2647 2
3 29.4 | 27.2 3l.7 | 29.4 33.9 | 3l.4 35.9 | 33.8 37.6 | 35.0 39.6 | 36.7 3
4 49,1 | 34.1 52 36.1 56 38.3 58 40,3 60 41.7 63 43.9 4
5 T0.9 | 39,56 75 41.7 78 43.3 81 45.0 85 47.2 88 48.9 5
6 94,1 43,6 99 45.8| 103 47.8] 107 49.4 | 110 50.8 | 113 52.2 6
7 118 46.8 | 123 48.9 | 128 50.8 § 132 62.5 | 136 63.9| 140 65.6 7
8 143 49.7 | 148 51.7 154 53.6| 169 56.3 | 163 56.7| le68 58.3 8
9 169 62.2 | 175 53.9| 181 55.8| 186 57.56 | 191 58.9 | 195 6043 9
10 - 195 64.2 | 202 56,1 | 208 57.8| 214 69.4 | 219 60.8 | 224 62.2 10
11 222 56.1 | 230 68.1] 236 69.7| 242 6l.1 | 248 62,6 | 253 63.2 11
12 249 66.9 | 288 69,7 | 264 61l.1 270 62.5 | 277 64,2 | 282 66.3 12
13 277 59.2 286 6l.1 | 292 62.56| 299 63.9 306 65.3 | 311 66.4 13
14 305 60,6 | 314 62.21 321 63.6 328 66.0 | 336 66.4 | 341 67.8 14
15 333 61.7 | 342 63.3| 350 64.7| 357 66.1 | 364 67.6| 370 6546 15
16 362 62.9 | 371 64.4] 379 65.6 | 387 67.2 | 394 68.3 | 401 69.7 16
17 390 63.7 | 400 65.3 409 66.2] 416 65,1 | 424 69.2 | 431 70.6 17
18 419 64.7 | 429 66.1 | 438 67.6 | 446 6849 455 70.3 | 462 714 i8
19 448 66.56 | 458 66.9 468 68.3 | 476 69.7 | 485 70.8 | 492 1.2 19
20 477 66,3 | 488 67.8 498 69.2 506 70,3 516 71.7| 623 72.8 20
21 507 67.1 | 517 68,3 | 528 69.7] 537 71.1 | 546 72.2 | 5b4 73.3 21
22 536 67.7 | 6547 69.2| 558 70.6| 667 71.7 | 577 72.8 | 585 7349 22
23 566 68.4 577 69.7 589 71.1 598 72.2 607 73.3 | 616 T4.4 23
24 596 69.C | 608 70.3| 619 71.7| 629 72.8 | 638 73.9 | 647 75.0 24
25 626 69.6 | 638 70,8 | 650 72.2 660 T3.3 | 669 T4.4| 678 7563 256
26 656 70.1 | 669 71.4 | 680 72.8| 691 73.2 | 700 74.7| 710 75.8 26
27 686 70,6 | 699 7l.9| 711 73.1] 722 74.2 | 731 76.3 | T4l 76.1 27
28 717 71,1 | 730 T2.5| 742 73.6| 783 74.7 | 763 75.6 | 773 76.7 28
29 747 71.6 | 761 72.8 773 74.2.| 784 75.0 | 794 76.1} 806 77.2 29
30 778 72,0 | 792 73.3 | 804 74.4| 815 75.6 | 826 76.4 | 836 77.5 30
31 809 72.6 | 823 73.6 | 835 74,7 | 846 75.8 | 858 76.9 | 868 77.8 3l
32 840 72.9 | 854 74.2 | 867 75.3 | 878 76.1 | 890 77.2 | 900 78.1 32
33 871 733 886 74.4 | 898 75.6 | 909 76.4 | 922 77.6 1 932 76.3 33
34 902 73.7 | 917 75.0 | 930 76.1 | 941 76.9 | 954 78.1 | 964 78.9 34
35 933 74.1 948 75.3 } 961 7644 | 973 77.2 | 986 78.3 | 996 79.2 35
36 964 T4.4 | 979 75.6 | 993 76.7 | 10056 77.5 |1018 78.6 | 1028 793 36
37 9956 74.7 | 1011 76.8 | 1024 76.9 | 1037 77.8 |1050 7842 | 1060 79.6 37
38 1026 756.0 | 1042 T76.1 | 1066 77.2 | 1069 78.1 |1082 79.2 | 1082 79.7 38
39 1057 75.3 | 1074 76.E | 1087 77.6 | 1101 78.4 |1114 79.4 | 1125 80.1 39
40 1088 75.6 | 11056 7648 | 1119 T7.81 1133 78.7 |1146 79+6 | 1157 80,4 40
41 1120 75.9 | 1137 76.9 | 1161 7841 | 1165 7849 |1178 79.8 | 1190 80.6 41
42 1151 76.1 | 1168 77.2 | 1183 7843 | 1197 79.2 |1210 80.0 | 1222 80.8 42
43 1183 76.4 | 1200 77.5] 1215 78.5| 1229 79.4 | 1243 80.9 | 1256 81.1 43
44 1214 76.6 | 1232 77.8 | 1247 8.7 | 1262 79.7 j1275 80,6 | 1287 81,3 44
45 1246 76.9 | 1263 78.1 | 1279 78.9 | 1294 79.9 | 1308 80.8 | 1320 8l.4 46
46 1277 77.1 | 1296 78,2 | 1311 79.2 | 1326 80.0 {1340 80,9 | 1852 81,7 46
47 1309 T7.4 | 1327 78.4 | 1343 79.4 | 1358 80.3 {1373 8l.1 | 1386 81.9 47
48 1340 77.6 | 13569 78.6 | 1376 79.6 | 1391 80.5 | 14056 81.3 | 1417 82.0 48
49 1372 77.8 | 1390 78.8 | 1407 79.7 | 1423 80,7 | 1438 81,5 | 1460 82,2 49
60 1403 T77.9 | 1422 79.0 | 1439 80,0 | 1465 80.8 | 1470 81,7 | 1482 82,3 60
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g
TRUNK CAPACITY TABLES
Hundred Call-Seconds and Per Cent.
Use at Various Service Levels for
Trunk Groups of 51 to 100
The Table Number Indicates the Number of Calls per 1000 Encourtering All Trunks Busy
Table 50 Table 60 Table 70 Table 80 Table 90 Table 100
Trunks of % % o Trunks
7/ (] o /0 % %
ocs Usage s Usage ges Usage CEe Usage S Usage ocl Usage
51 1436 | 78.2| 1458 | 79.2 | 1471 | 80.0| 1488 | 81,1 | 1503 81.2 | 1515 | 82.5 51
52 1467 | 78.4 | 1486 | 79.4 | 1503 | 80.3 1520 | 81.2 | 1535 | 82.0 | 1548 | 82.7 52
53 1499 | 78.6| 1518 | 79.6 | 1536 [ 80.5| 1553 ‘81,4 | 1568 | 82.2 | 1581 | 82.8 53
54 1531 | 78.e| 1551 | 79.e{ 1568 | 80.7| 1685 | 8l.5| 1600 82.3 | 1614 | 83.0 54
55 1563 | 78.9| 1583 | 79.9 | 1601 | 80.9| 1618 | 8l.7 1633 | 82.5| 1646 | 83.1 65
66 15| 79.1| 1615 | 80.1 | 1633 | 8l.1| 1650 [ 8l.8 | 1666 82,86 | 1679 | 83.3 56
57 1627 | 79.3 | 1647 | 80.3 | 1666 | 8l.2 1683 | 82,0 | 1698 | 82,8 | 1712 | 83.4 567
58 1659 | 79.4| 1680 | 80.5| 1698 [ 8l.4 | 1715 | 82.1 1731 | 82,9 | 1745 | 83.6 68
69 1691 | 79.6| 1712 | 80.€| 1731 | B1,E| 1748 | B2.3 | 1764 83.1 | 1778 | 83.7 59
60 1723 79.28 | 1744 | 80.8 | 1763 | 81.7 | 1780 | 82.4 | 1797 83.2 | 1811 | 83.8 60
61 1765 | 79.9 | 1777 | 80.8 | 1796 | 8l.8 | 1813 | B82.6 1830 | 83.3 | 1844 | 84.0 61
62 1787 | 80.1| 1809 | 81.1 | 1828 | Bl.9 | 1845 | 82.7 1863 | 83.5 | 1877 | 84,1 62
63 1819 | 80.2 | 1842 | 81.2 | 1861 | 82.1 | 1878 | 82.8 1896 | 83.6 | 1910 | 84.2 63
64 1851 | 80.2 | 1874 | 81,3 | 1894 | 82.2 | 1911 | 82,9 | 1929 83,7 | 1943 | 84.3 64
65 1884 | 80.5| 1907 | 81.5| 1926 | 82,3 | 1944 | 83,1 | 1962 83.8 | 1976 | B4.4 65
66 1916 | 80.6 | 1939 | 81.6 | 1959 | 82.6| 1977 | 83.2 1995 | 84,0 | 2009 | 84.6 66
67 1948 | 80.8 | 1972 | Bl.8 | 1992 | 82.6| 2010 83.3 | 2028 | 84,1 | 2042 | §4.7 67
68 1981 | 80.9| 2004 | 81.9 | 2024 | B2.8 | 2043 83.4 | 2061 | 84.2 | 2076 | 84.8 68
69 2013 | 81.0| 2037 | 82.0 | 2057 | 82.9 | 2076 | 83.6 2094 | 84.3 | 2109 | 84.9 69
70 2046 | 81.2 | 2082 | 82,1 | 2090 | 83.0| 2109 83.7 | 2127 | 84.4 | 2142 | 85.0 70
71 2078 | 81.3 | 2102 | 82.2 | 2123 | 83.1 | 2142 | 85.8 2160 | B4,5 | 2175 | 85.1 71
72 2111 | 81.4 | 2134 | 82.3 | 2156 | 83.2 | 2175 | 83.9 2193 | 84.6 | 2209 | B85.2 72
73 2143 | 81.6 | 21€7 | 82.4 | 2189 | 83.3 2208 | 84.0 | 2227 | 84.7 | 2242 | 85.3 73
74 2176 | 81.7| 2200 | 82.6 | 2222 | B3.4| 2241 84,1 | 2260 | 84.8 | 2276 | 85.4 T4
75 2208 81.8 | 2233 | 82.7| 2255 | 83.5| 2275 | 84.2 2293 | 84,9 | 2309 | 85.6 75
76 2241 | 81.9| 2265 | 82.8 | 2288 83.6 | 2308 | 84,3 | 2327 | 85.0 | 2342 | 85.6 76
77 2274 | 82.0| 2298 | 82.9 | 2221 | 83.7 | 2341 84.4 | 2360 | 85.1 | 2376 | 85.7 77
78 2306 | B82.1 | 2331 | 83.0 | 2354 | 83,8 | 2374 | 84.5 2393 | 85.2 | 2410 | 85.8 178
79 2339 | 82.3 | 2364 | 83.1 | 2387 | 83.9 | 2408 | 84.6 2427 | 865.3 | 2443 | 85.9 79
80 2372 | 82.4 | 2397 | 83.2 | 2420 | 84.0 | 2441 | 84.7 2460 | 85.4 | 2477 | 86.0 80
81 2405 | 82.5| 2430 | 83.3 | 24563 | 84.1 | 2474 | 84.8 2493 | 85.5 | 2510 | 86.1 81
82 2437 | 82.6 | 2463 | 83.4 | 2486 | B4.2 | 2507 | 84.9 2527 | 85.6 § 2543 | 86.2 82
83 2470 | 82.7 | 2496 | 83.5 | 2519 | 84.3 | 2541 | 85.0 26560 | 85.7 | 2577 | 86.3 83
84 2503 | 82.8 | 2529 | 83.6 | 2652 | 84.4 | 2574 | 85.1 2593 | 85.7 | 2610 | 86.3 84
85 2536 | 82.9 | 2562 | 83.7 | 2585 | 84.5| 2607 | 85.2 2627 | 85,8 | 2644 | 86.4 85
86 2569 | 83.0 | 2595 | 83.8 | 2618 | 84.6 | 2640 | 85.3 2660 | 85.9 | 2678 | B86.% 86
87 2601 | 83.1 | 2628 | 83.9 | 2652 | 84.7 | 2674 | 85.4 2694 | 86,0 | 2711 | 8€.6 87
88 2634 | 83.2 | 2661 | 84.0 | 2685 | 84,8 | 2707 | 85.5 2727 | 86,0 | 2745 | 86.6 88
89 2667 | 83.3 | 2694 | 84,1 | 2718 | 84.8 | 2740 85.5 | 2761 | 86.1 | 2778 | B6.T 89
90 2700 | 83.3 | 2727 | 84.2 | 2751 | 84.9 | 2773 | 85.6 2794 | 86.2 | 2812 | 86.8 90
91 2733 | 83.4 | 2760 | 84.3 | 2784 | 85.0 | 2807 86.7 | 2828 | 86.3 | 2846 | 86.9 91
92 2766 | 88.56 | 2798 | 84.3 | 2817 | 86.1 | 2840 85.8 | 2861 | 86.3 | 2880 | 86.9 92
93 2798 | 85.6 | 2826 | 84.4 | 2851 | 865.2 | 2873 85.8 | 2895 | 86.4 | 2913 | 87.0 93
94 2831 | 83.7| 2869 | 84.6 | 2884 | 85.2 | 2907 | 85.9 2028 | 86.5 | 2947 | 87.1 94
96 2864 | 83.8 | 2892 | 84.6 | 2917 | ¥5.3 | 2940 86.0 | 2962 | 86.6 | 288l | 87.2 95
96 2897 | #8.8 | 2925 | 84.6 | 2950 | Bb.4 | 2973 86.0 | 29956 | 86.6 | 3014 | 87.2 96
97 2930 | 83.9 | 2968 | 84.7 | 2984 | 86.4 | 3007 86.1 | 3029 | 86.7 | 3048 | 87.3 97
98 2963 | 84.0 | 2991 | 84.8 3017 | 85.5 ] 3040 | 86.2 3062 | B6.8 | 3082 | 87.4 98
99 2996 | 84.1 | 3024 | 84.9 | 3050 | 85.6 | 3073 86.2 | 3096 | 8649 | 3116 | 8745 99
100 3029 | 84.1| 3057 | 84.9 | 3083 | 86.7 | 3107 86.3 | 5129 | 86.9 | 3149 | 87.5]| 100
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8.15 INTEROFFICE TRUNKS

should strive to simplify these records, wherever

In order to render the best possible telephone
service in a multi-office city it is necessary to have
available at all times an adequate number of trunk
pairs and associated terminals to handle expedi-
tiously the traffic from each office to every other
office in the area. At the same time, to furnish the
service at the lowest possible cost consistent with
financial safety requires that the trunk plant must
not be unduly large and must be so distributed that
it may be efficiently used.

In the attainment of these objectives the trunk
engineer must carefully analyze the past perform-
ance of the trunk plant in order to obtain a sound
basis for his estimates of future trends and condi-
tions. He must keep in close touch with the current
and proposed central office and outside plant ar-
rangements and must be continually alert to
discover the most satisfactory and economical
methods of handling the many individual items of
trafic which make up the whole. In the larger
cities, especially, the records of traffic and over-
flows on the many individual trunk groups re-
present a formidable total and the trunk engineer

and whenever it can be shown that such simplifica-
tion does not seriously hamper the efficiency of the
trunk estimating and administrative work.

Much has already been written concerning the
routine trunk engineering and administrative as-
pects of inter-office trunks. It seems unnecessary,
therefore, to repeat the details and information
already available at this time. Accordingly, it is
suggested that each Traffic employee concerned
with this item, study and familiarize himself with
the contents of Traffic Circular No. 337 which
covers ‘“The Estimating and Administration of
Interoffice Trunks”, or refer to Traffic Engineering

Practice (T.E.P.) Division A, Section 2-d-(l).

In offices having Rotary Out Trunk Switches,
the traffic employee in charge of inter-office trunk
administration in each District should also familiar-
ize himself with the “Method of Changing Number
of Interoffice Trunks” as outlined in Traffic
Letter No. 174,

The above references are available in each

District Office file.
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9.00

9.01

. channels.

9.02

INTERTOLL DIALING

GENERAL

Intertoll dialing is a system designed primarily
to enable the outward toll operator to complete
calls, either by dialing or keying through one or
more toll points and the terminating local office
directly to the called station or trunk. Intertoll
dialing may be handled between two dial areas
either over separate one way groups or over a
single 2-way group. It may be applied between a
dial area and a manual area in which case the
traffic into the dial area will be dialed whereas that
into the manual area which is handled over the
same group of intertoll trunks will be on an auto-
matic manual basis. An intertoll dialing network
may be built up of three or more toll points, of
which those in dial areas are capable of acting as
intermediate switching points between two other
toll points. Intertoll dialing traffic will be originated
by the outward toll operator or, in the case of AB
toll type traffic, by the “A” operator at dial,
common battery manual or magneto points.

In the intertoll dialing system which we are using,
all signals, either dial or supervisory, are trans-
mitted over the intertoll trunks through the CX
The line equipment for the intertoll
trunks always consists of a CX signaling circuit
for receiving and sending the CX signals and the
usual toll terminating equipment such as phantom
and CX coils, repeaters and switching pads, as
required. The drop equipment consists either of an
outgoing trunk from the toll operator and a 2-way
trunk which acts as an auxiliary to the outgoing
operators’ trunk for 2-way intertoll circuit groups
or of a one-way trunk for the incoming end of one-
way groups. The selection of the completing trunks
is accomplished by a Step-by-Step selector switch
(or switches) similar to a toll intermediate selector
called the intertoll selector or, if two or more are
connected in tandem, the Ist, 2nd, etc. intertoll
selectors. For thru traffic other slightly different
selectors are employed; namely, the auxiliary inter-
toll selector for connecting to intertoll and operator
office trunks and the Thru Selector for intertoll
trunks with overflow.

. Some typical arrangements for handling differ-

ent systems of traffic by intertoll dialing are des-
cribed briefly in the following paragraphs.

TWO-WAY INTERTOLL TRUNK GROUPS

One Way Dialing—One Way Automatic—
No Thru Switching—Figure 1: Between a toll
office in a manual area and a distant dial area, the
outward toll operator in the manual area selects
the proper outgoing trunk and dials a code, the
first digit or digits of which, step up the incoming
intertoll selector or subsequent selectors at the
distant office to the level on which the desired
completing trunk is multipled. Subsequent digits
when dialed by the outward toll operator direct
the operation of the switch trains in the step-by-
step office to effect the selection of a subscriber line
or a service trunk. An incoming toll switchboard

Section 9.0
Page 1

. trunk also appears on the intertoll selector for

9.03

9.04

9.0401

reaching the inward toll operator for assistance in
completing calls.

In the reverse direction the selection of the out-
going trunk by the outward operator lights the
answering lamp in the incoming trunk circuit ap-
pearing before the distant inward operator who
completes the call at the direction of the outward
operator. In this case the incoming toll switch-
board trunk circuit connects directly to the 2-way
trunk portion of the intertoll trunk.

2 Way Dialing—No Thru Switching—Figure
1: If the toll offices at both ends of the dial intertoll
trunk are located in dial areas, dialing may be
performed in either direction over a 2 way trunk
group Iin the same manner as described for traffic
between the manual area and the dial area in the
preceding paragraph. In this case both ends are
arranged as shown for the dial area end in Figure 1.

ONE WAY INTERTOLL TRUNK GROUPS

Outgoing End—No Thru Switching Fig. 2:
For the larger circuit groups it may be more
economical to divide the group Into two one-way
groups. The outgoing end of each group is equipped
with the operator’s outgoing trunk and CX signal-
ing and toll terminating equipment as required.
This provides the outward operator with facilities
for dialing to lines or trunks in the distant exchange
area as described before.

Incoming End—Fig. 2: The incoming end of
the one way intertoll trunk is equipped with the
usual toll terminating and CX signaling equipment
and a one way trunk which connects to the Ist
intertoll selector. When the outward operator
dials, the incoming selector or selectors are stepped
up to connect to the desired completing trunk and
thence to connect to the called line or trunk thru
the local office switch trains as described before.

THRU DIALING

Dial Intertoll Trunk To Dial Intertoll
Trunk—Fig. 3: In offices where intertoll
selectors are furnished, intertoll dial trunks may
be picked up for switching the call through this
intermediate point to a distant toll office. This
is accomplished by equipping the 2 way trunk
for outward multiple at the selectors.

When the originating outward operator wishes
to establish a connection to a subscriber or trunk
in a distant exchange area through this inter-~
mediate toll point, she dials a code over the
intertoll dial trunk to the intermediate toll
point. The first digit or digits step up the
selectors of the intertoll train at the intermediate
toll point to connect to an intertoll dial trunk to
the distant toll point. Subsequent digits dialed
by the originating operator direct the selection
of the completing trunk and the called line or
trunk as described before.
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The auxiliary intertoll selector is used to
establish thru connections to tributary and
short haul intertoll trunks and may be used on
long haul circuits as well. However, a selector is
available for use on long haul circuits, which
provides overflow and reorder signals to the
originating operator. This selector is called the
thru selector which operates as follows. If
there is an idle trunk on the level to which a
thru selector is driven, it will operate in the
same manner as an auxiliary intertoll selector.
If there is no idle trunk on the desired level, the
thru selector will be prevented from rotary
hunting and will return an overflow (30 IPM)
flashing signal to the originating operator. When
a circuit becomes idle the flashing rate changes

Section 9.0
Page 3

to 120 IPM to inform the originating operator
to release and try again. When a specified
number of selectors are waiting on a level
(usually 4, or less), any additional selectors
driven to that level will hunt to the eleventh
rotary step and return an irregular 60 IPM flash
to the originating operator to inform her to re-
lease and to dial the circuit request or call order
operator for assistance or forward ticket to proper
TX operator. An exception can be made to the
overflow arrangement when the circuit group is
large. In this case, 120 IPM is returned in all
cases of all trunks busy, since in such groups a
circuit should become available shortly and the
calling operator should possibly make another
attempt immediately.
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9.0402

9.0403

Dial Intertoll Trunk To Ringdown Inter-
toll Trunk—Figure 4: Also where intertoll
selectors are furnished, ringdown circuits may be
picked up for switching the call through an inter-
mediate point to an office connected by a ring-
down circuit, The ringdown trunks are adapted
to this purpose by applique circuits which are
multipled on certain levels of the auxiliary or
thru intertoll selector. Preceding this selector is
a trunk multipled to certain levels of the inter-
toll selector. This trunk is prepared to control
the ringing signal over the ringdown circuit by
means of a signal passed over a fifth lead from
the auxiliary or thru selector. This signal is
obtained from the selector right normal post

Step-by-Step Dial System
Traffic Training Course and Reference Manual

the left normal post springs of the auxiliary
selector are adjusted to operate at these levels
to send a “Stop Dialing” signal to the calling
trunk.

The originating operator dials the code as-
signed for the selection of the proper community
dial office trunk and then dials the subscriber
number. However, if a ““Stop Dialing” signal is
received upon dialing the office code, the originat-
ing operator waits for the ‘“‘Start Dialing”’ signal
before proceeding with dialing the remaining
digits to obtain the desired subscriber or trunk.

; : : 1 9.0404 Intermediate Dialing—Figure 5: Inter-
springs which are adjusted to operate ?t evels mediate dialing trunks may be provided at offices,
on which ringdown appliques are multipled. which may serve as intermediate points in multi-

The originating operator, in making an inter- switched connections, to enable the operator at
toll call through an intermediate toll point to a this point to assist the calling operator and still
ringdown tributary, dials over an intertoll dial provide supervision from the called subscrfber to
trunk to the intermediate point. The first digit the calling operator. The trunks appear in two
or digits dialed direct the selectors of the intertoll jacks in the switchboard, an answering jack and
train to the level assigned to the trunk preceding a calling or dialing jack. The operator at_this
the auxiliary or thru intertoll selector, the next point answers the trunk in response to a lighted
digit directs this selector to the level assigned to answering lamp, receives the order orally, plugs
the ringdown circuits to the called office. When into the calling jack with the other end of the
the final selector reaches an idle circuit, a signal - -- cord, dials the digits necessary for completion of
is given to the preceding trunk to apply a 2 . the call and takes down both cords. The con-
second “spurt’” of ring to bring in the called - nection is then held under the control of the
operator. : _ : calling operator alone, although the intermediate

T dialing operator can be recalled by a rering from
: the calling operator if the call goes to a switching

Dial Intertoll Trunk to Community Dial trunk or an operator office trunk and the called
Office Trunk—Figure 4: Also where intertoll subscriber has his receiver off the hook. The
selectors are furnished, community dial office recall of the intermediate dialing operator re-
trunks from the toll switchboard may be arrang- _ leases the succeeding selectors. If the call goes to
ed to be multipled on the banks of the auxiliary an intertoll trunk, a rering by the calling operator
intertoll selector. - In this case, the auxiliary is repeated through the train against either an
selector is used because certain community dial on or off-hook condition. The intermediate
offices (Link Type) are not arranged to im- dialing operator is not recalled and the selectors
mediately receive dial signals. If this is the case are not released.
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The switchboard appearance of the inter-
mediate dialing trunk is obtained by using the
incoming toll switchboard trunk circuit in con-
junction with the intermediate dialing trunk.
The incoming selector directly associated with
the intermediate dialing trunk can be either the
auxiliary intertoll selector or the combined inter-
toll and transmission selector.

9.05 SELECTOR EQUIPMENT

Four types of selectors are used in the intertoll
dialing system, the intertoll selector, the auxiliary
intertoll selector, the thru selector and the com-
bination intertoll and transmission selector. A
typical arrangement of an intertoll selector train
is shown in Figure 6.

The intertoll selector, as covered briefly in
Section 5, is of the step-by-step type and is similar
to the toll intermediate selector. It mounts on a
single shelf which has capacity for 10 switches
which in turn is arranged for mounting on the toll
selector frame which has a capacity for 8 shelves.
The intertoll selector employs four wires designated
T (tip) R (ring) S (sleeve) and SP (supervisory).

hey are used in general as follows: tip and ring
for talking, holding forward, pulsing and pad
control; sleeve for busy test and holding; and
supervisory for supervision backward from the
called subscriber or trunk. The dial pulsing path
thru the selector is from ground thru the pulsing
contacts in the selecting trunk and then over the
tip and ring in simplex directly thru the switch and
banks to battery on the winding of the pulsing
relay in the selected trunk.
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[——— TO

e
e Gl —_—)
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Figure 6
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The auxiliary intertoll selector is similar to
the intertoll selector but has in addition two sets
of normal post springs. One of these sets is used to
furnish start dialing signals to the calling trunk
when the selected trunk terminates in equipment
not prepared to receive pulses immediately after
seizure, such as certain community dial offices.
The other is used to indicate to the preceding trunk
that the selector is up on a ringdown connection
and will require a two second ring.

The intertoll thru selector mounts on a
double shelf and performs the same functions as
the auxiliary intertoll selector and, in addition,

supplies overflow and reorder signals as described
under “Thru Dialing”, Paragraph 9.04.

The combined intertoll and transmission
selector mounts on a double shelf and functions
as either an intertoll selector or a transmission
selector, receiving pulses over the tip and ring in
simplex. The choice of functions for any specified
level is under the control of normal post springs.

The selector banks (tip and ring) used on the
intertoll selectors have silver contacts. .

The switch trouble and fuse alarms are the
same as for step-by-step office equipment except
that a permanent signal is indicated by a green
shelf lamp, a white aisle pilot and a single stroke

bell.

If the selectors are located in the step-by-step
office, the regular step-by-step alarm frame equip-
ment is employed but if they are located in the
toll office this equipment is furnished specially for
intertoll dialing and mounted on the miscellaneous
relay rack.

A test board trunk to intertoll selectors and
trunk relay equipment is furnished from the test
and control board or toll test board to provide a
talking circuit between these points.

TRUNK EQUIPMENT

Relay rack unit equipment arrangements are,
provided for all trunk relay equipments except a
few circuits for which the demand does not warrant
the provision of units.

The dial intertoll trunk consists of line equip-
ment similar to that used by a straightforward CX
signaling intertoll trunk. Patching jacks are
omitted unless the circuit may be used to make
good a full period talking circuit. The drop equip-
ment consists of the outgoing operator trunk and
the two-way trunk for 2-way circuit groups, or the
one-way trunk for the incoming end and the out-
going operator’s trunk and in some cases the 2-
way trunk for the outgoing end of one-way circuit
groups.

The completing trunks required for intertoll
dialing are the outgoing trunk to loop dialing toll
transmission selectors, the outgoing trunk to re-
peated dialing toll transmission selectors, the out-
going trunk to local office arranged for reverse
battery supervision and the 4 wire toll switching
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9.07

9.08

8.09

trunk to toll intermediate selectors in the same
building. The intertoll selector multiple may also
be directly connected to toll transmission selectors
arranged for intertoll dialing located in the same
building. These may be new selectors or AB toll
transmission selectors modified to receive dial pulses
in simplex over the tip and ring.

The service trunks required with the intertoll
dial system are the trunks to information desk, the
auxiliary intercepting trunk and the incoming
trunk to toll switchboard.

A trunk preceding the auxiliary intertoll
selector is required to control ringing when ring-
down circuits are selected by the auxiliary intertoll
selector.

Intermediate dialing and key pulsing trunks
are required for use at intermediate points on multi-
switch connections to enable the operator at this
point to assist the calling operator in dialing the
digits to the points beyond.

SWITCHBOARD EQUIPMENT

5L Type Dials are required at all switchboard
positions arranged for intertoll dialing and start
dialing pilots must be equipped in each position.

No. 1 Toll Switchboards where intertoll dialing
is applied are modified for d-c supervision and
dialing on both ends of the cords. However, at
jobs where the application of intertoll dialing is so
limited as to not warrant the expense of modifying
the cords, arrangements are sometimes made for
using the existing dialing facilities if less efficient
operation can be tolerated. In this case, in boards
not already arranged for dialing, a dial cord may

be added.

Toll Test Boards and Test and Control
Board No. 8 are arranged for dialing equipment
suitable for intertoll dialing.

LOCATION OF EQUIPMENT

The intertoll selectors and the equipment im-
mediately associated with the intertoll trunks are
usually located in the toll equipment room to
obtain the shortest cabling lengths and thereby
hold transmission losses to a minimum. There
may be cases where it is desirable to locate the
selector equipment in the local step-by-step
equipment room in order that it can be maintained
by personnel already familiar with selectors of this
type. Where this is the case the completing trunk
equipment is located with the local equipment,

NATIONWIDE OPERATOR TOLL DIALING

The routing of toll calls under ringdown operation
describes the route to be used by the outward
operator in terms of the successive circuit groups
over which the call is routed to the called office.
Under the Nationwide Operator Toll Dialing Plan
the route will be in terms of the called central
offices, and where necessary by a numbering plan

Step-by-Step Dial System
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area code, in which each combination of digits
represents one, and only one, central office. For
this plan the United States and Canada have been
divided into ‘“‘numbering plan areas”. See Figure 7.
Each numbering plan area has been assigned a
three digit code which does not conflict with any

other area or central office routing code. Within "

a numbering plan area a three digit code, which
does not conflict with the code for any other
central office within the numbering plan area nor
with a numbering plan area code, is assigned to
each central office.

Thirty-one of the 48 states will be served by one
numbering plan area per state, fourteen are to be
divided into two or more numbering plan areas
and three states are incorporated in the contiguous
areas of adjacent states. Thus, for the entire
United States 74 numbering plan areas are re-
quired initially. Ohio will have four numbering
plan areas. Canada will have a total of nine areas,
two each for the Provinces of Ontario and Quebec
in which the Canadian Bell operates and five areas
for the remaining provinces which are served by
Connecting Companies,

The area codes consist of three numerals charac-
terized by having either “I’”” or “0” as the middle
digit to distinguish them from central office codes.

As the greatest speed advantage of the toll
dialing method can be realized only on those calls
which can be advanced by the outward operator
without reference to the route operator, the toll
area codes have been assigned to minimize this
reference work. Codes for single area states and
provinces are identified by a “0” in the middle,
while codes for multi-area states will have a “I”’
in the middle. If an outward operator finds in her
position bulletin that the code for the called state
has a ‘0’ in the middle, she will know that it is a
single area state and that she can use that code on
any call into the state regardless of the location of
the called city within the state. On the other hand,
if the call is to a city in a multi-area state designated
by a “I” in the middle of the code, the outward
operator may be required to refer to the route
operator for the correct area code for the portion of
the state in which the called city is situated.
Reference to the route operator may be kept to a
minimum by listing on the bulletin the area codes
of all single area states and area codes of frequently
called cities in multi-area states. It is believed
that outward operators will soon memorize the
code of single area states, particularly those fre-
quently called.

The three cases where a state is included in the
numbering plan area serving a part of a contiguous
state are, Rhode Island combined with a portion
of Massachusetts, Delaware combined with a
portion of Pennsylvania and Nevada combined
with a portion of California. Each of these states
is given a code with a “0” in the middle in order
that operators may classify them as single area
states, Similarly, a separate area code, with a “0”
in the middle, is being given to the City of Wash-
ington even though it is included in the Maryland
numbering plan area.
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The use of area codes to the extent practicable,
at No. 4 Toll Switching Offices, prior to the time
when controlled Switching Point features are in-
stalled and the nationwide dialing plan is made
fully effective, is being followed. For this interim
period the area code at the No. 4 office is assigned
to the dial circuit group terminating in the princi-
pal city in the area involved. Similar use of area
codes is also being considered for some ringdown
groups. Where there is both a terminal group and
a via or common group to a given city, the area
code is assigned to the via or common group. This
procedure will facilitate the transition to the ulti-
mate system.

As previously mentioned Ohio is divided into
four numbering plan areas. The principal city in
each area and the area code are as follows:

City Area Code
Cleveland 216
Columbus 614
Dayton 513
Toledo 419

Our time will not permit a discussion of all the
considerations involved in the selection of office
and town codes. The basic rules followed in the

Section 9.0
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determination for these codes may be briefly
stated as follows:

. On calls to cities with office names.

a. Where the called number has five numerals
following the office name, dial the first two
letters of the office name and the five num-

erals, i.e., UTah 1-2345 Dial UT [-2345.

b. Where the called number has four numerals
following the office name dial the first three
letters of the office name and the four num-

erals, i.e., HEnderson 1234 Dial HEN 1234,
2. On calls to cities or towns without office names.

a. Where the called number has five or six
numerals dial the first two letters of the city
name and all the numerals, i.e., Richmond,

Va. 4-1234 Dial RI 4-1234, and Richmond,
Va. 84-1234 Dial RI 84-1234.

b. Where the called number has four or less
numerals obtain the routing code from the
position bulletin or the route operator, i.e.,
Salem, Ore. 5678 Dial 725-5678. The 725 is an
arbitrary or flexible code and may or may not
bear any relationship to the letters of the city
name since the codes will be furnished by bul-
letin or route operator.
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9.0901 INTERTOLL TRUNK CODES

To use the spill forward feature the marker

Nationwide Dialing Codes

Area and office codes cannot be used as des-
cribed in the nationwide toll dialing plan until
CSP (Control Switching Point) features are
provided.

Interim Period Codes

During the interim period until the nationwide
numbering plan is introduced, it is necessary to
assign a three-digit code to each intertoll and
tributary trunk group. For example, an opera-
tor in Cleveland to dial Saginaw, Michigan, will
dial a code such as 029. An operator at Akron,
Ohio to dial a tributary of Canton, such as Car-
rollton, will dial a code such as 173.

As previously mentioned, the codes for inter-
toll trunk groups generally have a “0” or a 1"
in the first or second place to distinguish them
from local office codes.

However, a few cities with a two-five number-
ing plan do not use the “0” or “1”” in the third
place for local offices and, when this is the case,
the No. 4 equipment may be arranged to treat
these codes as intertoll trunk group codes. In
addition, there are some combinations of letters,
such as WXY, which are rarely required for
local office names and, therefore, can be used as
intertoll trunk group codes for groups reached on

the TC train.

The interim codes are divided into two classes:

a. A code known as System code used uni-
versally by all No. 4 offices to reach the
office to which the code is assigned.

b. A non-universal code used by each No. 4
type office for an intertoll trunk group to a
different city.

One or more of these interim codes are used to
reach the called point, The operator follows the
dialing of these codes by only the effective part
of the local office code, as indicated by the
routing information, and the called number.

System Codes

System Codes are assigned:

a. To the principal city in each numbering
plan area.

b. To cities other than the principal city
having six or seven—pull subscriber num-
bers—and to four or five pull cities having
large volumes of incoming trafhc to tribu-
taries.

The object of System codes is to permit the
spilling forward of a code on one-switch calls
originating in A4A offices so that it can be used
both in the selection of a trunk out of the ori-
ginating office and again on a trunk out of an
intermediate office. The |l-digit capacity of
A4A senders will thus leave eight digits for the
called number at the toll center or three digits
for the tributary office code and five digits for
the called number at the tributary office.

route relays for all cities whose traffic is routed
over a particular group are tied together. For
example, in the Los Angeles A4A office, the code
021 for Cincinnati, 513 for Dayton and 30! for
Balitimore will select a trunk to Chicago. These
codes will be spilled forward to Chicago. The
Chicago code 312 on a call to Chicago will not
be spilled forward.

System codes may in occasional cases be
spilled forward more than once. San Francisco
is reached from Oakland with code 220. To
reach San Francisco from an A4A office in New
Orleans switching through Dallas, the code is
spilled forward to Dallas, then to Oakland, and
used the third time to select a trunk from Oak-
land to San Francisco.

In the case of two-class groups, a System code
is assigned to the group handling via traffic and
a non-universal code is assigned to the group
handling terminal traffic.

All No. 4 offices except Philadelphia, which
has 1l-digit senders, have 14-digit incoming
senders and, instead of spilling forward the
System codes, will precede the System code on
one-switch calls with the code for the inter-
mediate point.

Non-Universal Codes

The non-universal codes are assigned to:

a. Intertoll trunk groups to four and five—

" pull cities which are not principal cities in
the various numbering plan areas and
which have small volumes of built-up
circuit traffic to tributaries.

b. Groups handling the terminal traffic in
two-class groups.

c. Broad band portion of groups carrying via
trafic and having both broad band and
narrow band circuits. The code is used to
select the broad band circuits for picture,
overseas and secrecy calls. These codes are
not spilled forward except over main routes
between large cities. In other cases, the 121
operator is reached at each intermediate
point.

d. Ringdown groups reached through a manual
tandem board—one code being assigned to
all such groups to points within the state in
which the No. 4 office is located and a
second code to all remaining groups.

Note: New York and Chicago are examples
of such offices having manual tan-
dem boards for reaching ringdown
groups.

Local Office Codes for Intertoll Trunk
Groups

Where step-by-step equipment permits, a few
of thie Associated Companies will assign ultimate
office codes to intertoll trunk groups to de-
pendent toll centers of primary outlets. This
faicilitates conversion to the ultimate dialing
plan.
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The limited variable spilling feature incor-
porated in the A4A equipment is thus brought
into use. It will spill forward either none of this
office code to a four-pull office, a single-digit to a
five pull office or three digits to a six or seven-
pull office. In the six-pull case, it is necessary to
absorb a digit in the step-by-step office equip-
ment.

All of the Southern California numbering plan
area is arranged for the assignment of local
office codes to intertoll trunk groups leading to
dependent toll centers of Los Angeles.

On calls from other cities reaching the de-
pendent toll centers through Los Angeles, the
Los Angeles code precedes the local office code
and is, therefore, not used for circuit selection
in a city like Cleveland. Accordingly, it does not
conflict with codes in the originating toll center
area.

Tributary Office Codes

Tributaries of step-by-step toll centers are
generally assigned codes in the 1XX series and
the trunks reached on the auxiliary selector train.

The use of 1XX codes for this purpose does not
interfere with their use for intertoll trunk group
codes because the operator dials the code for the
group to the toll center and follows with the
tributary code. The tributary code is passed
forward for use for the first time in the selection
of a trunk to the tributary office.

Tributaries of panel and step-by-step cities
provided with No. 4 equipment generally use
local office types of codes. These should not
conflict with city local office codes. In cases
where conflicts cannot be eliminated in time for
initial intertoll dialing, it is necessary to indicate
in the routing information that a special or
arbitrary code is used for the tributary and that
the operator cannot decide in the usual way the
office code or digits to dial.

Operator Codes

Operator codes for Systemwide use are as
follows:

121 Inward Operator

131 Information Operator

141 Route Desk

151 Call Order Operator (Delayed RX)

181 Toll Stations (None in Northeastern
Area)

191 Transfer to CLR Operator
101 Toll Test
102 Milliwatt Supply

9.0902

Section 9.0
Page 9

Office with  Office with

2-Digit 3-Digit
TX Numbers TX Numbers

Universal TX 1150 11501
Conference

Operator 1151 11511
Mobile Service

and Marine

Operator 1152 11521
Charge Operator 1153 11531
Toll Terminal

Operator 1154 11541

Summary

The tributary and operator codes will not re-
quire change with the introduction of the nation-
wide toll dialing plan. Similarly the code for
the principal city in each area does not need
change although the local office code will need
change some time during the period before the
nationwide dialing plan is adopted if the ultimate
codes are not used today. For the great majority
of offices, a change in codes to be dialed to reach
a city will be required.

This interim plan will require considerable
attention to insure that the proper code in-
formation is on hand at all offices in time for the
addition of intertoll trunk groups to the dialing
network or for changes in the characteristics of
such groups which involve a change in the code.

Operators will dial whatever codes are shown
on the bulletin or furnished by the route operator
and, therefore, they should not find it difficult to
use the plan.

BASIC FEATURES OF CONTROL
SWITCHING POINTS (CSP’S)

Under the nationwide dialing plan it is
necessary that the equipment at important
through switching points, designated Control
Switching Points (CSP’S) have certain features
characteristic of common control switching
equipment.

Numbering Plan

For toll dialing purposes each subscriber in the
United States and Canada will have a dis-
tinctive number not conflicting with that of any
other subscriber. It will consist of his listed
directory number plus some extra digits for toll
routing purposes. The extra digits will need to
be known only to operators. For local calls
subscribers will in all cases dial only the digits
listed in their directories. The national number
will not exceed eleven digits, and in a few cases
be only nine digits but will in the great majority
of the cases be ten digits.

In order to accomplish this, the two countries
have been divided into the various numbering
areas and three digit codes assigned to each area
as previously described.
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For a call originating and terminating in the
same numbering plan area the operator will
omit the area code and dial only the office code
and the numerals. It is to permit omission of
the area code on many calls that the distinguish-
ing mark between office and area codes is
supplied.

Of the three digit codes available those used
for toll dialing are divided into classes which are
used in a uniform manner in accordance with
the following table.

Class* Use
ABX Local Office and TC **
1B1 Operators, information,
etc.
101,102,103 Toll Test

[1§ XX or XXX TX Operators

Al% Area codes come from

AOX this group

0XX These and part of the

IBZ area code class are avail-
0 able for individual city
5 codes during the transi-

I0() tion period.

* The symbols have the following significance:

A or B=any digit from 2 to 9 either letters or
numerals

;=any digit from | to 9 numerals

%=any digit from 2 to 0 numerals

X =any digit

**%A TC code identifies a particular toll center.
It is used for reaching operators.

Switching Plan

Switching areas are being established in addi-
tion to the numbering plan areas. They will be
independent of the numbering plan areas al-
though coincidence of switching and numbering
plan area boundaries will be preserved as far as
practicable.

The classes of toll offices in ascending order of
importance will be ordinary toll centers (TC’s),
primary outlets (PO’s), sectional centers (SC'’s)
and regional centers (RC’s). A basic backbone
network interconnecting all offices will be estab-
lished by provision of a toll circuit group from
each TC to one PO, from each PO to one SC,
from each SC to one RC and from each RC to
every other RC. The switching area of a PO
includes all TC’s homing on it in this basic
network. The switching area of a SC includes
the switching areas of all PO’s homing on it and
that of an RC includes the areas of all SC’s
homing on it. In addition to this basic network

Step-by-Step Dial System
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direct circuits between individual offices of all
classes will be provided as justified by the traffic.
These groups will far exceed in number the basic
network groups.

Ultimately the basic network groups will be
liberally engineered and will be called “Final
Groups”. Other groups will be tightly engineered
and will be called “High Usage Groups”. Traffic
offered to a high usage group and finding the
group busy will be automatically offered to other
groups in succession until a liberally engineered
final group in the backbone network is reached.
These groups are called ‘“‘Final Groups” because
alternates for them are not provided.

With this arrangement in effect it would be
possible to establish a connection consisting of
seven links but not more. Figure 9-A depicts in
simplified form the basic switching network.

The features demanded at ordinary toll centers
for operation under the nationwide dialing plan
are quite simple and can be supplied with step-
by-step equipment operating in the normal
manner without the aid of directors or with any
other type of switching equipment having
similar operating characteristics. These will
constitute the great bulk of places which will
have toll dialing facilities.

CSP Features

About 200 places in the United States and
Canada will be through switching points suitable
for routing multi-switched traffic to and from the
nationwide network. These are the control
switching points (CSP’s) and consist of the
Primary Outlets, Sectional Centers and Regional
Centers.

Figure 9-B shows the tentative layout of
CSP’s. .

In addition to having all the features required -

for TC’s the CSP’s will have the following addi-

tional features:

1. Storing and variable spilling of digits

A CSP will be able to accept a number, use it
for switching to the proper outgoing trunk and
pass along whatever part of it may be needed at
the next point to which the call is switched.
Selection of the outgoing trunk and determina-
tion of the digits to be passed along must be
made from the routing digits received. In some
cases they will be only the office code and in
some cases both the area and office codes. The
digits spilled forward may be the entire number,
only the four numerical digits, the office code
plus the four numerical digits or part of the
office code plus the four numerical digits. The
storage capacity of the device for storing digits
is arranged for eleven digits so that once it has
started to receive digits it will be able to take
all that may come without a pause.

The sending equipment will be able to take
one stop signal after spilling has started. After

such a stop signal and the receipt of a new start

TCI Library: http://www.telephonecollectors.info
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- . .

indication, it will start spilling digits at the point
where it had previously been stopped. This
permits reaching a link type CDO or a sender
office through a Step-by-Step TC. It also
permits reaching a link type CDO through
another CDO not of the link type. A stop signal
before spilling is started is not considered a
stop, but a delay start signal. This makes it
possible to extend a call through two link type
offices in series only where the first is reached by
a direct trunk from the CSP.

2. Code Conversion

This is a term for the substitution of a different
set of digits for the received code. This feature
is used for handling calls to tributaries of step-
by-step TC’s. For example, let us assume that
Redwood is a tributary of Greenfield, a step-by-
step TC. The call for a Redwood subscriber
would come to the CSP in the same numbering
area in the form RE 3-2345, the actual numerals
being 733-2345. If this number were sent to
Greenfield it would conflict with the Greenfield
subscriber’s number 7332. In order to avoid
this conflict it would be necessary to send the
Greenfield office code ahead of calls to the Green-
field subscribers. This would require extra
selectors at Greenfield.

By providing code conversion facilities at the
CSP the digits 125 might be substituted for the
received 733. These digits would guide the
switches at Greenfield to the Redwood trunk
group. There would be no conflict with the
C}'e}fnﬁleld numbers because they never begin
wlt [ ,,.

If Redwood were in a different numbering
area from the CSP the area code would be sent
ahead of the RE 3-2345. The translation would
then take place at the CSP in the other number-
ing area.

3. Automatic Alternate Routing

Facilities capable of selecting as many alter-
nate routes as the circuit layout makes desir-
able will be provided.

4, Six Digit Translation

Facilities for translating both the area code
and the office code will be provided. This
feature is not used where the call is destined for
a point in the numbering area in which the CSP
1s located, since it will never receive its own area
code except in error. When it is received a
reorder signal is returned.

The value of translation of both area and
office codes lies in the ability it affords to make
a selection of the proper route to an office in a
foreign area when there are two or more routes
to choose from. With translation restricted to
the first three digits received it would be nec-
essary to forward all traffic to a particular
foreign area by the same route. This would
result in uneconomical routings with respect to

both outside plant and switching equipment, an
extra switch being forced unnecessarily on many
items of trafhic.

For example, it is desired to reach a subscriber
in Akron, Ohio from Pittsburgh which is a CSP.
Akron and Cleveland are in the same numbering
area; direct trunk groups to both points are
amply justified by the traffic. The CSP equip-
ment in Pittsburgh must translate both the area
code and the office code for the Akron subscriber
in order to be able to route the call over the
direct trunk group to Akron. If six-digit trans-
lation were not provided it would be necessary
to route the call through Cleveland since only
one route could be chosen from the area code
alone and the route selected for this purpose
would be the one over which the greatest volume
of traffic would flow with a choice of routes
available.

9.0903 ROUTING OF CALLS—USE OF SYSTEM

CODES
Present Arrangement

To understand the requirements during the
transition period, when there is a mixture of
ringdown and dial it seems advisable to review
briefly the present arrangements for assembling
and disseminating routing information on an all
ringdown basis:

Class 1 offices: About 350 toll centers which
are most useful in the routing
structure have been designat-
ed by the Long Lines Depart-
ment as Class |1 offices, i.e.,
Akron, Canton, Cleveland,
Chicago. There is a prescrib-
ed route from each Class 1
office to every other Class 1
office. These routes form a
nationwide backbone net-
work. See Figure 10.

Class 2 offices: All of the remaining toll cen-
ters are designated Class 2
offices and routing instruc-
tions for them merely desig-
nate the point or points of
access to and departure from
the basic network.

If a toll center has only one
point of access, it is a Single
Outlet Class 2 office, i.e.,
Medina, Wellington, Oberlin,
Orrville, Lancaster. If the
geography and facilities are
such that it is advisable to
have two or more points of
access it is a multi-outlet
Class 2 office, i.e., Bucyrus,
Coshocton, East Liverpool,

Uhrichsville. See Figure 10.

Routing information is assembled and dissemi-
nated as follows:

The associated companies keep the Long Lines

TCI Library: http://www.telephonecollectors.info
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informed of changes in toll centering arrange-
ments, new groups, etc., by means of monthly
reports.

The Long Lines prepares and distributes:

a. Class 1 route sheets—prepared individually
for each Class | office. These show the routes
to all other Class | offices. Figure I1.

b. Toll Rate and Route Guide—white pages.
These show for each tributary the name of its
toll center and for each single outlet Class 2
office the name of its ‘“via’ office; and for
each multi-outlet Class 2 office a reference to
the yellow pages. Figure 12.

' ¢. Toll Rate and Route Guide—Block Route

Sheets—yellow pages—show which ‘‘via”

office to use. Figure 13.

To determine a route from Albany N.Y. to

Smithton Mo., for example, the procedure is:
Look up Smithton in the rate and route guide
—white pages—and find that its toll center is

Sedalia.

Look up Sedalia in the toll rate and route
guide—white pages—and find that it is a
Class 2 multi-outlet office.

Look up Sedalia in rate and route guide—
yellow pages—and find that St. Louis is the
via office.

Look at the Albany Class | route sheet and
find that the route to St. Louis is through
Cleveland.

The procedure may seem involved but it is
only necessary on the small percent of calls to
infrequently called points. For all frequently
called points the routings are determined once
and made available to the operators by means
of bulletins at the switchboard and first reference
lists at the toll rate and route desk.

Ultimate Arrangement

To understand what is required during the
transition period we must not only look at the
present system, but know where we are heading,
—the ultimate where all calls are handled by
dialing.

The operator’s precedure and requirements for
routing information will be greatly simplified.
She will dial the other numbering plan area
code (if the called point is outside her own
numbering plan area), the office code and the
called number.

Codes are spilled forward along the routes
selected by the switching mechanism. Figure

While the operating procedure will be simpli-
fied, the information required by the Plant
Department to set up the route or routes in the
switching mechanism must be furnished in detail.

Transition Period

The description which follows applies to the

early stages of the transition period. As experi- -

ence is gained there will undoubtedly be changes

Section 9.0
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and improvements and each office will be kept
advised. For the cutover of the first few No. 4
offices, the following arrangements will be
followed:

The plan is basically the same as at present:

It retains the Class | and Class 2 offices; does
not affect the present method of quoting non-
dial routes; and requires no change in the rate
and route guide.

Each Associated Company furnishes the Long
Lines Department with up-to-date information
regarding the dialing possibilities in its own
area. 1he Long Lines Department coordinates
and distributes this information to all Com-
p}al.nies in the same fashion as at present, except
that—

The Class 1 route sheets will show dialing
information for all direct and one-switch calls

which can be dialed.

They will also issue a routing pamphlet listing
the Class 1, Class 2 and Tributary Office dial

1nformatxon, arranged by states.

Ultimately the distribution of dial routing
information will probably become as much a
matter of routine as the present distribution of
ringdown information. However, during the
intermediate stages each Associated Company
Routing Engineer has the added responsibility
in adapting the dialing information as receive
from the Long Lines Department and distribut-
ing it to his dialing offices.

Dialing Possibilities

As the dial route is determined by the digit
capacity of the senders in the No. 4 offices, it
seems advisable at this time to review the dialing
possibilities.

With the exception of Philadelphia (possibly
others by the time these notes are reviewed) the
No. 4 crossbar office senders have a capacity of
14 digits, resulting in the possibility of two or
three trunk group selections depending upon the
number of digits in the called number.

3 digit code+3 digit code+8 digit number,
(or 7+4pty line letter).

3 digit code-+3 digit code+3 digit code-5
digit number, (or 44 pty line letter).

In the Philadelphia No. 4 office the senders
have capacity for only |1 digits and only one or
two trunk group selections can be made.

3 digit code+8 digit number.
3 digit code+3 digit code-+5 digit number.

At offices equipped with senders, other than
in cities having No. 4 switching systems, the
number of digits for which the senders are ar-
ranged to register may otherwise limit the
number of codes that may preceed the called
number.

All these considerations must be kept in mind
by the Routing Engineer in establishing the dial-
ing routes for the various offices in his territorv.
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CLASS 1 ROUTES ALBANY NY
— ROUTES OFEICE ROUTES SRFICE ROUTES
ist tst A 2nd A 1st 1st A 2nd A ist 1st A 2nd A
MDTN-N [ MDTN PT HN DET STN WASH
MiLW CLEV PTLD-M | BOS STEUB | PITB
MPLS CLEV PTLD-0 | CLEV S PT CGo
MINOT CIEV PORTS CLEV SDBG NWRK
MOBI NY POUGH | PoOLGH SYR SYR
MRO-L AMWRHK PRCT cGo
MRO-M | DET PROV PRov Tra N Y
MTGY NY T HT cGo
MONT! [ MONT Que MTRL TOL BUF
MTRL MTRL acy CGO TOP CGo
MORGN | PITPR TORO ToRrO
MRSTN | AW RK Rac (o) YoRR | HFD
MUN DET RLGH NY TREN NWRK
MUSK neET APD CcY | CGO TRND cLEvV
MSKGE | CGO RDG NWRK TROY TRoy
REG ToRro TSN NY
NHvL N Y RRINE | CGoO TULsa [N Y
NWRK MNWRK! PROV RICH-| cCGOo
NBED | HED RICH-V | WASH Uni UTlI
N BTN HED ROAN NY
NBWK | v BWK | NWRK ROCH-M | CGO V an TORO
NWB NWB ROCH-N | RocH VICK NY
N CAS PITHE ROCH-P | PITB VING CGO
N HN N HN RKFD CGo
N LN HED RI cGo Whan-0| CLEV
NO NWRK RUTL RUTL WRN-P | BUF
NEWP HED PROV WASH-DG WASH
NNEWS| N Y Sac CLEV WASH-P | PI1TB
NY N Y SAG DET WBY way
NIA NIA 4 ST J 205 WLOO CCrO
NORF-N | CGO STJ0 | CcGO , WIWN [ WTwiny
NORF-v | NWRK ST L CLEV WKN CLEY
N AD N AD ‘IsTP CLEV WPB NWRK
NHAM | NHAM sT reG | PHLA WHLG | PITB vy
NORT N Y . SAL RoS WH P wH P
Nk [N Y sLNA | €GO W RJC |WR JC
NWCH HFD SALIS PHLA WICH COO
S LK [Red= wWCcFsS |CGO
Oax N Y s A NY WK BR | @CRN ["BNGTN
olL ¢ BUF S D CLEV wMPT | ELMI
OK CY NY SDKY CLEV wWMTC |HFD
OLEAN | BUF SF NWRK WILM PHLA
OMA (e de] ST S sT S e WPG MTRL
ORL NY SVAN NY wsaL |V Y
OTWA MTRL SAYB HFO WORC | WoORC
OTUM cco scoY scoy
SCAN | SGCRN | BNGTN Yon YON
Pouc+| CGO SEAT | CLEV YORK | N V
PKBG PITe SHRN cLEV YGTN BLF
PAT PAT N Y SHRV N Y
PEEK PEEK siD ¢ GO Zan _|CLEV
PEOR CLEV sSX CY C Go
PTRBG | N Y SX FS Coo (*) Indlicates thatthe Alternage Route
PTYKY DET S BD CLEV is suifable for ufe on originating or
PHLA PHLA SPBG N Y througt calls termlnating at, of routed
PNX CGO sSPO NY through the distant Class 1 ToJl Center.
PITB PITB |[NWRK sPFD-I | C GO ’
PTFD PTFO spPro-Mm | SPFD
PLAT PLAT spro-mo] C&-O P2 ljdicates Asgociated Company's
POCA CGO spFp-0 | CLEV circuitp are used [to reach the called
PON DET STAM STAM | N HN office,

NOTE: Terminal Only—Use 1st A as 1st routemIslx'ikma’q/thpJ/WWW.telephoneCD"eﬁtGr&ianS"‘ /—4-8
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FIGURE 12 AM. TEL. & TEL. CO. LL DEPT,
TARIFF F.
MISEBURI MESSAGE TOLL TELEPHONE SERVICE B e 5a
SCHELL CITY—STURGEON TOLL RATE AND ROUTE GUIDE Cancels 30th Revised Page 20
PLACE-OFFICE RATE CENTER-BLOCK TOLL CENTER-ROUTE PLACE-OFFICE RATE CENTER-BLOCK TOLL CENTER-ROUTE
rd Schell City -- --Rockville AA 52k --~-------Nevada South Kinloch (South
rg gc:luﬁerlsdburg ;\u?uslaag fszg-f - —--gt. Lot;'is—C!.l E(sinILo]ch Park)
7d Schofeld - olivar -g - -Springfield-CI.1 t S wmes Ferguson Y58 ) meme aee- St. Louis-Cl.
rd Scholten Crane CC 53-u -- - Springfield-Cl.1 rd South Lineville --- - V52 -0 -- s s (;m—y:ons |§.' 4
rd School --- Clever CC53-k --- -Springfield-C1.1 rd South Mark -- V54 meecmmmm. -—--Oltumwa, la~CL1
rd Schubert - Osage City Z 55-L - —Jeﬁerson City rd South Mount Sterling V55-¢ . - Fort Madison, la,
rd Scotia --- Bourbon AA 56-d --ee-a--- Rol rd South Redding - V51-m - = hee Mount Ayr, la.
rd Scrivner Russellville (Cole Co.) Z 54-n- Jefferson City South St. Joseph - -- St Joseph X 50- . - St. Juseph-Cl.1
rd Scruggs - Jefferson City Z 55-k - -Jefferson City rd South Savannah V54-¢ oo . oo oo Oltumwa, la~Cl1
rd Seckman [SlL] Imperial Z 57-t -- -St. Louis~ClL.1 South Sewal V53-a -- Corydon, la.
SEDALIA ---- Z53-h comcmacmmcnaccanan 4493 CL.2 rd South Seymour V 53-h . Coryaon, L4,
rd South Stiles --- V 54 OtLtumwa, 1a.~Cl.1
South Troy ------ ---Troy Y 56-0 ~= == -= Troy )
rd Sedalia Glider Base --Knobnoster Z52-¢ ~------- Warrensburg rd SouthWestCity - DD51-q -—--on  —meeo. Joplin
rd Sedgewickville -------Patton BB 58-1 - - ~-St. Lowis-CL.1 Spalding Hannibal X 56-b Hannibal (z)NC)
Seeburger [StL] ----St. Charles Y 57-x -St. Charles Spanish Lake [StL] --Y58-p _ -- -=  ==SL Lows-CL1
rd Seligman ----- DD 52-m --- -Monett Sparrow - = ~=Clinton Z52-x -- --  --Clinton
rd Selma --- Festus Z 57-y -St. Leuis—Cl.1 rd Sparta .- ~-0zark CC 53-n - =~ -~  -— Springficld-Cl.1
rd Selmore Ozark CC 53-n -Springfield-Cl.1 rd Speed Y54-u - ~---Boonville
rd Senath - EE58-¢ --- -Kennelt rd Spencerburg - —.----Curryville X56-v - -~ Bowling Green
rd Seneca CC51-v -- -Joplin rd Sperry -- ---.-.Greentop V54- ------- Kirksville
Sequota - Springfield CC 53-c -- - Springfield-Ci.1 rd Spickard --W 52-d Trenfon (S)1)
rd Sereno ---- .~--- -=Perryville AA 58-y -- Ste. Genevieve rd Spokane <o o= -CC 53-w ~=  wmw. ===~ .Springfield-Cl 1
rd Settles Station [KC] -Platte City X 51-u --------Kansas City-Cl.1 | rd Sprague ---- Rich Hill AA 51-n --. Kansas City-Cl.1
rd Seventy-Six --------0Id Appleton BB 59-a -Ste. Genevieve rd Spring Bluff --- -Sullivan AA 56-d . s St. Louis—CI 1
rd Seymour .- -CC54-9 - -mmeimmas -Springfield-Ci.1 Spring City . --- -Joplin CC51-m - - «- Joplin
Shackelford - Marshalr Y 53-h -Marshall Springdale—(C. ofc.
rd Shafter --- Purdin W53-r - - Brookfield Kansas City
rd Shamrock - --- -=Martinsburg Y 55-j -- Mexi Subn.) ..... MartinCity Y51-v . -  Kansas City-Cl.1
rd Shannondale -------Salisbury X 54-p -==- .- - SPRINGFIELD .. CC53-c PR 4479 CL.1
rd Sharon - --- -----=-Slater Y 53-d rd Spring Fork  —--a-- Cole Camp Z53-r -~ -- Sedalia
rd Sharryview -----.--Branson DD 53-h rd Spring Garden  --. Russellville (Cole Co.) 254 -n Jeflerson City
Shaw --Columbia Y 54-t rd Springhill «- «« .==Chillicothe X 52-¢ - - - - -Chillicothe
Shawnee Mound -----Clinton Z 52-x rd Spruce - Butler AAS1-d . Kansas City-Cl.1
rd Shawneetown --—---- Qak Ridge BB 59-f ... ----Cape Girardeau rd Squires ---- ---- Wasola CC 54-x «. - Springfield-Cl.1
Sheffeld [KC] ----- Kansas City Y 51-L == .-----Kansas City-CL1 rd Stahl = .- Novinger W54-a .. --  Kirksville
rd Shelbina --~=:-==--X55-b - ~-- - —-.. ~Hannibal STANBERRY - W51l-g .w- --- ... - 4557 CL.2
rd Shelby - ------ammee W53es comenimenaa -Brookfield
rd Shelbyville ------==- W55-v o —a - Hannibal
rd Sheldon ------=-m—- BB 51-f - -~ cemnn -Nevada
rd Sheridan - -----——~~ 15 ET | O Stanberry Stanhope - --Marshall ¥53-h .- . -.Marshall
Sherman {(Jedburg) rd Stanton -~ .- -- Sullivan AA 56-d St. Louis-ClI 1
[StL] -----_————Manchester Z57-% . .. ----S$t. Louis-Cl.1 rd Star -= «= Ethel W 54-u - Braokficld .
rd Sherrill -——= cccmeua Licking BB 55-n ---.-- .. Rolla rd Starfield - ~--Plattsburg X 51-m - Smithville (yX*)
rd Shibleys Point - - Novinger W 54-a -—-.- .. .. Kirksville Stark - ~=Louisiana X 56-n Louisiana
Shrewsbury [StL] ---St. Louis Z58-b -- - - =St Louis-C1.1 rd Stark City Stella DD 52-a Joplin
rd Sibley [KC] ---Buckner Y 51-0 —---==mccaaa Kansas City—Cl.1 rd Steedman Mokane Z 55-d -+ == Fulton
Sidney—(C. ofc. rd Steele ---. -EE59-a -- - ---Caruthersville
St. Louis) . .---.St, Louis Z58-b -ve-oeac-m St. Louis—ClL.1 rd Steelville ~AA 56-m - St. Louis-Cl 1
rd Sidney  ——cememeee Green Castle W 53-¢ - === Milan rd Steffenville « o=« Newark W55«-L cee mmemm Kirksville
SIKESTON -------- CC59-L ~mome e ——e—4489 CL.2 rd Steinmetz -~ Glasqow Y 54-a ----Moberly
rd Stella -- -- DD52-a o cm= cmm -n=Jopling
rd Stesphens (Stephens
rd Silex ---—--occcne¥ 58] ~c-meeeeeeee . —Troy t ~a=n¥55-p - -- mcceceee == Columbia
rd Silica  ---e--eme- Festus Z57-y . - emmm=aSt, Louns—Cll Sterllnz—(c ofc.
Simmons - ---~--cam Cabool CCBS-g ~= == ==.-Cabool St. Louis) St, Louis Z 58-b - St. Louls-CL1
rd Sincoe --- -.-------Stella DD 52-a cm=  ===Joplin rd Stet - Lebanon (Carroll Co) X52-x Carrollton
rd Sinking Creek (Sinkin)-BB 57-p -- - ~=ccecrcas oa Bismarck rd Stevens Swntch (Oak
rd Skidmore W 5B0-C . mm e Maryville Switch) - -- -- Windsor Z53-k Sedalia
Skinner --=- . -mmm~w Mexico Y 55-¢ .—=-== .=---Mexico rd Stewartsville [St Jol X51-h - -+ == St Joseph-Cl 1
rd Slagle ---° -—-~Bolivar BB53-g -cm-mwe--- Springfield—CI.1 rd Stillings LKC] -- Farley Y50-¢ -- ) Leavenworth, Kan.
rd Slater ---—-—--——--—- Y534 -. . mmemm. . -=-Marshall rd Stinson ——=- ----- Everton BB 52-x - 7 .--Springfield~CL1
rd Sledd - -——cccemeeo Paynesville X 57-0 - -vueeLouisiana rd Stockton .--.-  -BB52-1 - Springfield-Cl.1
rd Sleeper - -------—-—Lebanon (Laclede Co.) Stock Yards - -- - - ---Louisiana X 56-n -- Louisiana
BB54-h -...-- —=..—---Springfield—Cl.1 rd Stolpe -- - -Morrison Z 55-¢ - -- St. Louis-ClL.1
rd Shgo ------------- Cook sm.on AA 56-v -- --Rolla rd Stony Hill --- . -- Z56-g - - -Union .
rd Smithton -—--- --Z53-i - e --Sedalia rd Stotesbury ----- -- Rlchards AA Sl-w Forl Scolt, Kan.
SMITHVILLE (ke) K Bl ssmsss e e 4580 Via Kansas City rd Stotts City -~-—-~ --CC52-m - --Springfield-C1.1
rd South Athelstan - V51-L --- ———————. .. .(Clarinda, la. rd Stouttand - - --------AAS4-x - -- - Springfield-C1.1
rd South Blanchard ----V50-L - -+ -ccomcooaao Clarinda, la. rd Stouts Creek - -~- --Ironton BB 57 d - == =—==St. Louis-Cl.1
rd South Braddyville ---V50-n . ccmmmeaa. .. Clarinda, la. rd Stoutsville ---- -- X55-m - ..  --.--=---. -Monroe City
South Cedar Clty ~---Jefferson City Z55-k - -- Jefferson City rd Stover —--- --—-- Z53-t - -- -- Sedalia
rd South Cincinnati ----V53-j ---~-.-ccceeanao--Centerville, Ia, rd Strafford - ---------CC 53- 4 - -~ -- Springfield—-C1.1
rd South Davis City ----V 52-m —esmeiemmaaee.. Osceola, la. rd Strain - ---oeeema Gerald Z56-r -- -~ --Unlon
rd South Exline -- -- teemaeanaaan—-o---Centerville, la, rd Strasburg --.-----Z52-a .. -= -- Warrensburg
rd South Fork -----—-- DD Sg—( wora i w wie —-------Springﬁeld-—Cl 1 Stratmann [StL] ---Ladue Z57-¢ -  -~-.-- St Louis-Cl.1
rd South Gifford -——---LaPlata W 54-m - == Kirksville rd Strother - -- -- -~—~~-Parls X 55-q -~ Moberly
rd South Greenfield --—-Greenfield BB 52-w --w----- Springfield-CI.1 rd Sturdivant ----a-—-- Advance CC 58-¢ -----. --Cape Girardeay
South Hamburg ~--=¥49-n «vvemrommcmann Hamburg, la. rd Sturgeon ---—-: —mea Y54-¢ --aa mci mome---—-Moberly
Issued: October 7, 1948 Eflective: November 10, 1948
(1) Original effective date October 20, 1948, By H. H. Carter, General Commercial Manager

78\ Danibina .l-.m-. aflartiva c...a..-h._ 12 1048 AN W m e Coonnt Mo, v-.|.1 N Y
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Page 18 FIGURE 13 Traffic Training Course and Reference Manual
TOLL RATE AND ROUTE GUIDE
MISSOURI CLASS 2 BLOCK ROUTES AT & T Co
Block TOLL CENTERS AND ROUTES Block TOLL CENTERS AND ROUTES
4502 MEXICO MONROE CITY—Cont'd
Via Kansss City (4580): 1563, 1566, Vis Quincy, I (4545); 1570,
4545—1 859, 49 0, 4923, 4932—4998. 42, 4250, 4255—4260, 4270, 4282, 4545—4557,
U31—bubl, b053—bUYS, 5120—5488, 5507, 4579-—4590 4628, 4635, 4653, 4683—4712, 4723, 4745
5531—6551 5777, 6789, 5368, 5869, 53; 1964715353 80, um 4850—4869, 4933, 4945,
Via St. Louis (4807); all other blocks. 4969, —49
o el 8031, 5033, 5038-—5041 5051 sosv 5068, 5150,
5165, 5183—5219, 6246—6261, 6276—5448, B5476—
5483, 6498, 5499, 5531, 5533 6640, 65866—5869, 58785.
¢540 MOBERLY Via Bt. Louls (4507); all other blocks.
Via Kansas City (4580): 1563, 1668,
__4;3;5, 4078, 4080, 4470, A548—4 859, 4920, 4923, 4532
5004, 5031—6N51, 5N63—5095, 6120—6486, 5507
SE81s, 5524—5560, 5690—6644, 6667—5840, 6868, 4493 $BEDALIA
64, or3mios, 030 ea0st rey aci, 4270, 4470
Via 8t. Touils (4507); all other blocks. 2;33 4548—4866, 4334_4901, 1020, 4923, 4933—
551' 5031—-5051, 5063—5123, 5126—6495, 5605—
P ——— 8519, 6624—5566, 5598—5666, 5667—6840, 5868, 6369,
Via Chicago IL (4193) (Hannibal); 347, 872, 404,
409, 161, 465 476, 631086, 617 T 112, 7241729 Via Bt. Louls (4807); all other blocks.
765—1719, 809, 811, 815—821, ‘i . 6. 863, 865,
86Y, 878, 876, 878—883, BI4, sas. 991.
120'1'0515010%'1710192%3“14221'1 1113:?6 l1124;414 1230’ 1301
2, ; . 120 A ; . 4469 XE
1310, 1361, 1387, 1389—1391, 1408, 1412, 1418, 1437, ¢ +nv:'rox phis, Tenn. (1669); 1143, 1147, 1164, 1158
1440, 1444, 1478—1481, 1486, 1526, 1623, 1847, 1886, TIAR TURT— 1175, 1178, 1182 1182 11971218, 1231
%gg;, lDéS. 1916 1921, 1923, 1927—1930 1338, 1940, - —1330, 1408—-1419 1‘33_1755 1762, 1768 '1823
1838, 1868, ’ )
2033 2037 2069 2098, 2099. W - L
30730044003, "3011—3037, 3032—3064, 3068, 3074, 4025 suzosz‘lsfgss Teue gy TI8—R0%, 0L dEt,
—3 5004—5
4002—4009, 4012—4022, 4034—4081, 4085, 4092,
4102—4112, 4125, 4137—4139, 4141—4196, 4221— Via Bt. 1-“" (4807); all other blocks.
4241, 42434248, 4251, 42562, 4265, 4267, 4271—d4275,
i i, L
—51) q ; J
5151, 5175, 6230, 6270, 6459 8484495, 5500, B507. 4557 STANBERRY
5536, 6551—5566, G5R44—bA8Y, 6701—5722, 5786— Via St. Joseph (4562); 4562,
5800, 5811—5840, 6865, 5870, 58 5213, 5219. 5:322-—5359, B414—5418, 5540.
(Continued in next column) Via EXansas City (4580); all other blocks.

NOTE: This page normally yellow in Route Booke

-.-Roullcg changed In this {ssue. 24B-2
Note ange in block number,

EUALOU MR W S f
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Step-by-Step Dial System , Section 9.0
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ULTIMATE ROUTING ARRANGEMENT

Numbering
312 + A}3-1280 Plan.

Area

312 D3-1280

e 7/

AD3-4280

AD3-4280

Numbering
Plan
Area 312
12B0
y
Adams
Figure 14

TCI Library: http://www.telephonecollectors.info
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9.0904 DISSEMINATION OF INFORMATION

information is required to determine to what

Information Furnished by Associated Com-
panies

A routine for keeping the Long Lines Depart-
ment currently informed of the dialing possi-
bilities in each Associated Company area was
initiated early in 1948.

For each toll center which can be reached or is
scheduled to be reached by dialing, these reports,
which are kept up to date monthly show:

A list of all central offices and tributary offices,
served by the toll center showing the subscriber
numbering plan (2-5, 3-4, 2-4, 5-digit, etc.) for
each and the coin box number series if other

than the 7, 8, 9 or 0 thousands.

A list of all intertoll and tributary groups
which can be reached by dialing through the toll
center and the codes assigned to each group.

The date when each item is scheduled for dial
operation if not already in service.

These data are reported regularly in a uniform
manner (See Figure 15) by each Associated
Company.

Information to be Disseminated by Long
Lines Department

As previously stated the Long Lines Depart-
ment will assemble and coordinate the informa-
tion received from each Associated Company
and make it available to all Companies.

In addition to the Toll Rate and Route Guide,
which will be continued in its present form, they

will issue Class | Route Sheets (Figure 16 and a
Dial Routing Pamphlet (Figure 17).

Class 1 Route Sheets

The particular Route Sheet for each Class 1
office is sent to that office as at present.

The Routing Engineer of each Company re-
ceives copies of these sheets for all of the Class 1
offices in his area, and for any Cl. | offices out-
side of his area which are used as outlets by any

of his dialing Cl 2 offices.

For all crossbar toll offices the routes are
based on the assumption that the toll lines do
not appear in the multiple and must be reached
through the switches over tandem trunks.

In addition to the ringdown routes the Class |
sheet shows the codes to be dialed for all direct
and one-switch dial calls and the numbering plan,
i.&.i, 1L, 2L, 3L, or just <+, of the distant Class |
office.

See Figure 18 for examples of typical dial calls
between Class | offices. The complete dial route
between Class | offices will be shown on the

Class |1 Route Sheets.

Dial Routing Pamphlet
While the Class | Route Sheets show the

dialing routes within the basic network, further

extent calls may be dialed between this basic
network and the Class 2 offices and tributary
offices.

This information is shown in the Dial Routing
Pamphlet, copies of which are sent to each
Routing Engineer and kept up to date as new
dial routes are added.

The material in the Pamphlet is arranged by
States, and for each state shows:

List of all Class 2 and tributary offices which
can be reached on a dialing basis; the code to
dial; the numbering plan of the office; and if
there are any coin box numbers outside of the
7, 8, 9 or 0 thousands series.

Also, until such time as the Class 1 Route
Sheets can be arranged to show the codes for
multi-switch dial routes the Routing Pamphlet
contains a list of the direct groups from each
Class | office which can be reached by dialing
and the associated codes. See Figure 17. The
date scheduled for dial operation is shown for
each office or group, if it is not already dial.

The type of completion is also indicated, as
“SF” for straight-forward and “cd” for com-
munity dial offices which do not have intercept
facilities and /or no *“flashing” busy.

Lists of system codes, universal codes and
cities having 3-digit TX numbers are included
for the information of the Routing Engineer.

Adjustments by Associated Company Rout-

.ing Engineers

From the Class 1 Route sheets and the Rout-
ing Pamphlet the Associated Company Routing
Engineer combines and adjusts the material for
each of his toll centers that have dialing access
to the network. This information is forwarded
to the Toll Centers under a form entitled “Dial
Routing Instructions”, Figure 19, or, in the case
of the N. E. Area of the Ohio Bell Telephone
Company, on a 5" x 8’ card, a sample of which
is shown in Figure 20.

He must prefix any routing information which
may be required ahead of that shown on the

Class 1 Route Sheet.

A Class 2 office operator who can dial over
trunks appearing in her multiple into the cross-
bar switches has the same dialing possibilities as
the No. 4 city toll operator who dials through
the same switches, i.e. Medina, Ohio. Such rout-
ings can be taken directly from the Class | office
Routing Sheet, prefixing the name of the group
to be selected in the multiple.

Examples:
Cleveland to Philadelphia
215+2L+ (From Cleveland Class | Route
Sheet)
Medina to Cleveland to Philadelphia:
Cleveland 215+42L+

TCI Library: http://www.telephonecollectors.info
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Date:

10-1-51

Toll Center: CANTON

System Code:__ 064

FIGURE 15

INTERTOLL DIAL ROUTING INFORMATION

Company: Ohio Bell Tel. Co. — N.E,

Section 9.0
Page 21

Name and Toll Center, Sub.No, Special
Offices and Trunk Groups Plan Trunk Group Code Considerations Date Dial
A. CANTON T.C. CLASS I LN&5N +

B. OFFICES IN T.C.

+

9xxx or 9xxxx Numbers - Exception - See Trib. North Canton

C. TRIBUTARIES OF T.C.

Beach City
Bergholz
Brewster

Canal Fulton
Carrollton
Dalton

Dellroy

East Rochester
Harlem Springs
Hartville
Louisville
Magnolia ~ Waynesburg
Malvern
Massillon
Mechanicstown
Minerva
Navarre

New Harrisburg
North Canton
Paris
Pattersonville
Petersburg
Wilmot

Manual
Manual
Manual
LN
Manual
LN
Manual
Manual
Manual
3N&LN
3N&rN
LN

3N
LN&2+LN
Manual
Manual
4LN
Manual
9+3N&LN
Manual
Manual
Manual
Manual

175

173 (Carrollton)
174

177+

173

179+

173 (Carrollton)
172 (Minerva)
173 (Carrollton)
161+

162+

171+

173 (Carrollton)
14+

173 (Carrollton)
172

178+

173 (Carrollton)
+

176 .

172 (Minerva)
173 (Carrollton)
175 (Beach City)

‘D. INTERTOLL TRUNK GROUPS ON THROUGH TRAIN

Alliance
Cambridge Test Sta.
East Liverpool
Mansfield

New Philadelphia
Orrville
Steubenville
Toledo
Uhrichsville
Wooster
Youngstown
Zanesville

012+
Ol4+
025
121
121
024
121
121
026
121
011+
023

Other Direct T.C. Dial Groups Not on Switches

Akron Term
Akron Via
Cleveland Term
Cleveland Via
Columbus

121
121
121
121
121

# No 60 I.P.M. Line Busy Flash
# No complete intercepting

g Coin Box series other than 0,9, 8 and 7xxx

TCI Library: http://www.telephonecollectors.info

(022 1-7-49)
(013+4Q50)

(01L5+6-11-49)
(016+3-17-49)

(021 Indef.)
(+4Qu9)
(1-9-49)

(6-25-49)
(6-25-49)
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CLASS 1 ROUTES AKRON, OHIO ABER—HZTN

ROUTES 181 ROUTES 181

TR Tnt A L D Tst A cout

Anen CGO 152" cLma WAS H

AKR - coLs ColS XA-¥

ALBY CLEV Y518 C'CH ST

ALBQ CcGo 15a° covi WASH

ALTWN PITH cums PITE

ALNC LCL+ Dis CLEVA I

ATOON PIT® DANB NY | AW

AMAR ST L DANV-| CGO135°

AND | PLS PDET DANV-V WAS H

ANNP BALT WASB H DVPT CGO135a°

ANN DET DAYT DAYT 2 1+

APPL C oo 013t DEC | PLS CGO b5+

A PX PIiTB DNVR CLEY 303

ASVL CIN DES M CLEV 515

ASHD CoLs 6o CHAS DET PET

ASHTA CLEV 084 DODGE DAYT 083 KC

ATLA ATLA LOVL DBQ CEGoiIsa”

A CY PHLA 1324+ DULH CLEV X198

AUB-I ToL o171 DNK CLEV 1LA PLF

AUB-N BUF DHAM PITRP

AUG WASH Estn PIT® PHLA (hH+

BaLr BALT ‘PITH EU CL cGo 115+

BANG Ny 122° ELK OET CGto 15a.°

BT RU ATLA ELML BULF

B CK Yol O42+ EL P cGotisae

B8 HR DET ERIE CLEV 1L

BLG crev blad MPLS ? EVSVL CLEY Sl

BNGTN BLFE Frmr PiTe

BHAM CLEY 2085 F RIV NY (2l +

BIS CLEV LiaMPLS FGO CGolis5a"

BLM-IL cCGo 135° FDLY Tok O N

BLM-IN ) PLS FLY CL-EV ol

BLUE CHAS CIN ) FLRC ATLA

BSE cCGo 152° FDUL Cao 15"

BOS PIiT® ] FT D Co-015X°

BRFD PIT® FT SM ST -

8PT PITe FT WN CLEV ORI

BRIS-C NWRK . . FT WH C Go 15a°

BRIS-T WASH NY 122° FRED BALT

BUF BuvF FR LK LSVL

BURL-| CGo I15a° GaLes CGo 135

BURL-V NY 333° G cY NY &32°

BTE COO 132" HLN GARY CGots5a°

CaL CGo 133" WPG GLF NWRK

cTS CTs + GLBO NY 333°

CNAN NYI122° G IS CEV H0a OMA

CANT t%ﬁ:ﬁ; G RPS DET

CPR CLEV 303 DNVR GT BN MY 1A’

CED R CGO I5A° GT Fs CLEV bId MPLS

CENT, €GO 135° GN BY CGolsa

CHA | PLS GNFD NY o1+

CHAS-S BALT GNBO WA 6 H

CHAS-W CHAS CLEV 30w GNVL vY 833°

CHLOT PIT8 HarsThn| PITH

CHARVL WAGSG H HFX VY 333

CHATT cinN . HAM-O Col$S oaxr+

cGo CGo 2L+ HAM-ON | BUF

CIN CI N HAMD QG0 152"

CLKSBG | cLKS BG PITS HBG PITR

CLEV CLEV A T HFD viTe

CLIN cCGo 152" HZTN PHIA 51Q NWR K

TClI Library: http://www.telephonecollecBRFESTIVE : 6-25-51
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AMER. TEL. & TEL. CO.
L.L. DEPT,

DIAL ROUTING PAMPHLET

F
IGURE 17 PENNSYLVANIA

1st Revised pPage 3

Section 9.0
Page 23

Cancels Original Fage 3

DIAL DATE DI AL DATE
PLACE - OFFICE drne BIAE PLACE - OFFICE CODE DIAL
LANSDALE (Cont'd) PHILADELPHIA CL. 1 (Cont'd)
Tributary Offices Toll Centers
Reached by Dialing
Lexington cd| 16+
X North Wales od| 17+ Akron, Ohio 042 1Q '49
X Perkasie od | 18+ Albany, N.Y. 518
X Sellersville <4 | 18+ Allentown, Pa. T | 531D
X Souderton ed| 19+ Allentown, Fa. V |o7D
Altoona, Pa. 814
Annapolis, Md. 120D
Asbury Park, N.J. V 1194
Atlanta, Ga. 404
Atlantic City, N.J. T |g21D
NORRISTOWN Atlantic City, N.J. V |132D
Via Philsdelphia +
Via others Qﬂ41J Baltimore, Md. V {301
Barnegat, N.J. 152D
Tributary Offices Bay Shore, N.Y. 810
Bel Air, Md. 310
Conshohocken sf 7 Bellefonte, Pa. 167
Plymouth Meeting sf 7 Berlin, N.J. V j710
X Phoenixville R 9+ Berwick, Pa. 813
Schwenkville g cd 5+ Beverly, N.J. V|74
Binghamton, N.Y. 179 1Q '49
Bloomsburg, Pa. 818
Boston, Mass. vV |617
Bridgeport, Conn. 1033 1Q '49
Buffalo, N.Y. 716
PHILADELPHIA CL.1 2L+ Burlington, N.J. V 1169
Tributary Offices Cambridge, Md. 819
Carlisle, Pa. 140
New Jersey Tributaries | 24 Chambersburg, Pa. 168
Charleston, W.Va. 304 1Q '49
Pennsylvania Tribs. 2L+or3L+ Charlotte, N.C. 704
Chestertown, Md. 159
Exceptions Chicago, I11. T 831D
Chicago, I1ll. Vv 1312 12-11-48
P S —y X €horehvritier—Pe——t366-——0 L ¢
Chapel Hill 275+ Cincinnati, Ohio 021
Cheltenham 244+ Cleveland, Ohio 216
XChester *d] 277+ Coatesville, Fa. 124D
X Gerewedle- —" Columbia, S.C. 803
XHdibone— 33— Columbue, Ohio 614
Malvern 658+ Cumberland, Md. 089 1Q '49
Narberth 672+
A Hewtomn—Square— ik ~ Dallas, Tex. 214
Ridley Park 775+ Dayton, Ohio 513 1Q '49
Willow Grove 954+ Detroit, Mich. 313

ISSUED: September 7, 1951

X Indicates Change

TCI Library: http://www.telephonecollectors.info

EFFECTIVE: December lj, 1951
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FIGURE 18
EXAMPLES OF TYPICAL DIAL CALLS BETWEEN CLASS 1 OFFICES

Cleveland to Chicago Local Number Chicago Local
Cleveland No. 4 Chicago No. 4 Office
1,5+2L+1-2345] R2L+1-2345 2345
Cleveland to a Decatur, Illinois Number Decatur Local
Cleveland Np. L Chicago No. 4 Office
312+165+22345 165+22345 22345
Ashtabula to Cleveland Local Number Cleveland Local
Cleveland No. 4 Office
2L+1-2345 2345
Ashtabula to Cleveland to Chicago Local Number Chicago Local
Cleveland No, 4 Chicago No. 4 QOffice
w3124 2L+ 1-2345] 2L+1-23L5 2345

Ashtabula to Decatur

Illinois Via Cleveland and Chicago

Cleveland No,

L

Chicago No. 4

312+4165+223L5] 165+22344

22345

Decatur Local

Qffice

Cleveland to Bloomington, I1l. (RD) Via Chicago and Chicago Toll Tandem

Cleveland Chicago Chicago
No. 4 No. 4 Tandem _ Bloomington
x 13 ' RD

-

Cleveland toan RD Toll Center Via Chicago,

Chicago Toll Tandem and Bloomington (RD)
Chicago Chicago Bloom-
No. 4, Tandem ington RD TC

312+135T(Bloomington)| 35

TCI Library: http://www.telephonecollectors.info
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DIAL ROUTING INSTRUCTIONS

Section 9.0
Page 25

DATE Issued Nov. 1, 1951 FIGURE 19 TOLL CENTER AKRON
VIA
CALLED POINT TOLL CENTER 1ST ROUTE 83& ALTERNATES
PENNSYLVANTA (Cont'd
Madison PHLA PHLA + 3], +
Malvern PHLA PHLA A58 +
MALICH _CHUNK NY 122 T
MEADVILLE
Media PHLA PHLA + 21 +
Melrose PHLA PHLA + 3] +
Merion PHLA PHLA + 31 +
MIT.TON PHLA 817 NY 122 T
Morrisville LANGHQRNF PHLA 085 + 17 +
| Mortonuille COATESVILLE PHLA 12) +
Narbeth PHLA PHLA 672 +
Nazareth EASTON PITB PHLA 144 + 114
NEY{ CASTLE
New Hone £ ¢ DOYLESTOWN PHLA 13/ + 19 +
| Newton cd TANGHORNE PHI.A 085 + 14 +
___Newtown Sauare PHI.A PHLA 121
NORRISTOWN PHLA 153 +
North Wales cd LANSDALE NY 136 + 17 +
Qgontz PHLA PHLA + 31, +
QXFORD PHLA 779
Panlj OHT.A PHTA + 31 4
Pen Argvl EASTON PITB PHLA 14L + 119
Pennsburg ¢ cd POTTSTOWN PHLA 3163 + 17 =+
Perkasie cd LANSDALE NY 136 + 18 +
PHILADELPHIA Dir + 27 ¢
Phoepixyille cd NORRISTOWN PHLA 142 + QO +
PITTSBURGH
Plymouth Meeting sfi NORRISTOWN PHIA 162 + 7
Portland FASTON PITRH PHLA 1/ + 112
POTTS TOWN sf PHIA 1A% + VA
POTTSVILLE PITB PHLA 039 + 14 gf
QUAKERTOWM PHLA j28
Rigdil 2y Park PHI.A PHTA 778 +
Riegelsville EASTON PITB PHLA 1L + 14 +
Schwenkville 4 odl NORRISTOWN PHLA 1A2 + 5 +
Sellersville ed] TANSDALE NY 136 + 18 +
SHAMOKIN NY 122 T
SHARON
Sharon Hill _PHLA PHLA + 321, +
Sharpsville SHARON
|_Sonderton cdl T.ANSDALE NY 313A + 19 +
STROUL3BURG
Sunseti PHLA PHLA + 31, +
Swarthmere PHLA PHLA + 31, =+
| l el

[N laddad /L ol 1 m " ek
roT Cotary . P77 v, ICTCPTTUTTELUNICUTUTS. ITTTU
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are 39 (REv. 1-||-|;)

oare 11-25-51

Step-by-Step Dial System
Traffic Training Course and Reference Manual

DIAL ROUTING INSTRUCTIONS

CARD NO, STATE TEX
I.T.C. JACKSONVILLE ABBR. . c.._VIA DLS BLOCK ROUTE NO.______ 4823
EFFECTIVE [mock 4| 01F'CenTEn IST ROUTE TOLL GRTER ALTERNATE ROUTE e STECIM.
2048 | AKRON CLEV 21L4+52L4
2037 | CANTON | 1] ti
858 | YOUNGSTOWN 1 " it
854 | WARREN PITB 214+524
2083 | MANSFIELD CLEV 214+52L
2039 | ALLIANCE 1 " n
2053 | ASHTABULA w0
2056 | ASHLAND ] " 11
2056 | MEDINA 1] H "
2056 | MILLERSBLRG " " ]
2056 | NORTHFIELD 1] " "
2056 OBERLIN n n n
2056 | PAINESVILLE " i n
2056 | WELLINGTON n I I
2060 | ELYRIA T nooow
2058 LORAIN n {] it
2042 SHELBY " n "
2042 | WOOSTER 1" 1n n
854 | CORTLAND i nooon
KENT AKR 023+214452/,
2048 | ORRVILLE CLEV 231.+52L
SALEM YGTN Q22+214+524
2056 | CLEVEAND |21/, 452)
A BACK SID
FRONT SIDE—— FIGURE 20 i
SPRINGFIELD TRIBUTARIES
STATE 0
T.1.C. ROUTE BLOCK ROUTE No, 1897
EEFETvE TRIBUTARIES s (L DIAL copE | EFFECTIVE TRIBUTARIES INSTROET NS DIAL COE
Cat awba rd |172 Mechanicsbur
Woodstock _rd {172 Mechanicsburg
Christiansburg 4 cd 147+
Donnelsville ¢ cd 14+
Mechanicsburg 172
New Carlisle 4 cd 1734
North Hampton 4 cd 17+
Pitchin 4 cd 145+
South Charleston cd 17+
South Solon ¢ cd 177+
South Vienna é cd 16+
Tremont. City 4 cd 143+

TCI Library: http://www.telephonecollectors.info
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In the case of a step-by-step Class 2 office
which must dial through an intermediate office
to reach a Class | office it is necessary to prefix
the name of the group as just outlined and the

- intermediate office code.

There will be direct trunks to only two toll
center offices, Akron and Painesville, appearing
in the toll line multiple in the Cleveland Main
Toll Office. However, the trunks to tributary
offices having trunks of the Operator Office or
Toll Switch Class will appear in this multiple
and the operators will have access to them
without going through the switching equipment.
The routing information to be furnished the
Cleveland Toll Office will indicate this arrange-
ment.

Two (2) tandem trunk groups are being
established from the Cleveland Toll Offices to
the No. 4 switching equipment. One of these
groups will terminate on the Intertoll (I.T.)
Train and the other on the Toll Completing
(T C) Train.

From the Class | Route sheets and the Dialing
Pamphlet the Routing Engineer is in a position
to determine all the dialing possibilities for
each toll center in his area. In determining how
far a call may be dialed he must keep in mind
the digit limitations previously mentioned df the
various No. 4 switching systems.

Miscellaneous Considerations

If a trunk group is split functionally into
terminal and via groups a separate code is
required for the terminal group and the listing
will be so designated in the routing instructions.

Operators will be furnished a list of special

codes for the direct groups out of their offices

which have some wide band (XA) and some
narrow band (XB) trunks. These codes will
cause selection from among the wide band cir-
cuits only. In establishing conference, picture
and overseas calls an operator will be called in
on the connection at each intermediate point and
she will establish the next link in the connection.

If there is a code conflict between two or more
offices, one will be assigned its natural letter
code, and the others will be assigned arbitrary
numerical codes. For example: Chestnut Hill,
a local central office of Philadelphia, will be
assigned the natural code CH 7. Chester, a
tributary of Philadelphia, will be assigned an
arbitrary code.

Some customers are in the habit of placing
calls to tributary points in metropolitan areas as
if they were local offices of a large city, as
Philadelphia Chester 12345 for example. To
reduce the chance for error, tributaries which
conflict with a local central office are listed as

Section 9.0
Page 27

exceptions under the toll center in the Dial
Routing Instructions.

As the Dial Routing Pamphlet is not furnished
to the individual toll centers, the Route Operator
will use the following procedure to quote a route
to a point so infrequently called that it is not
shown on the Dial Routing Instruction list.

If the called point is shown in the Toll Rate
and Route Guide as a tributary office she will
obtain the name of the toll center. If the toll
center appears on the Dial Routing Instruction
List, she will quote the route as given and if the

toll center has a -+ sign she will add “+ 1217,

If the toll center does not.appear on the Dial
Routing Instruction List, she will obtain the
name of the via Class | office and turn to the
Class | Route sheet. If the via office has a 4
sign she will quote the route as given and add
“+121”” (or if it ends in 2L+ (or 1L or 3L) she
will substitute 121).

Community Dial Offices which have both a

. flashing busy signal and intercept facilities do

not require special treatment and appear on the
Dial Routing Instructions in the same manner as
a regular step-by-step central office.

Community Dial Offices which:

a. Do not have either intercept facilities or
flashing busy, or

b. Have intercept facilities but not flashing
busy signal, or
c. Have flashing busy signal, but not intercept
facilities
will be listed on the Ohio Dial Routing Instruc-
tion List followed by the abbreviation “cd”,
indicating that the outward operator is to listen
for the busy tone or ringing signal. For inter-
state traffic, only Community Dial offices that
have a flashing busy signal will be listed on the
Dial Routing Instruction List. Offices without
this feature (a or b above) will be routed to the
TTC Inward operator (code 121) for completion.,

Miscellaneous Considerations

On the Dial Routing Instruction List is a
column headed “Via 151 Opr.”. To leave a call
order at the first intermediate office the operator
will dial the code shown in this column followed

by 151.

At offices having the circuits to the first
intermediate switching point in the multiple, no
code will be shown in this column; it being
understood that it is necessary for the operator
to dial only the “I151 code” on these groups.

9.0905 HOW CALLS ARE HANDLED

Refer to Toll Operating Practice for your
Central Office. :
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10.0 TRAFFIC ENGINEERING
10.01 GENERAL

Traffic Engineering is that part of the Traffic
Department work that has to do with the provi-
sion of equipment and the interconnecting trunks.
Some of the considerations are:

1. Assemble basic data and project it into the
future.

2. Assist Chief Engineer’s people in making
studies to determine the proper types of
equipment for specific locations.

3. Determine the quantities and arrangement
of equipment and trunks required to main-
tain the desired service level, and arrange for
the provision of these facilities at the re-
quired time.

4, Determine operating room and other Traffic
Quarters space requirements to insure proper
working conditions.

The overall job of Trafic Engineering may be
defined as:

““The process of determining and arranging
for the provision at the proper time of
adequate quantities of the proper types of
equipment and trunks so located and ar-
ranged that, when used in accordance with
accepted operating and force adjustment
practices, the desired balance between quality
and cost of service will be achieved.”

10.02 THE TRAFFIC ENGINEER’S JOB

In view of the above, we might say, therefore,
that the Traffic Engineer’s job is to see that
facilities of the right kind and of the right
amounts are in the right place at the right time
to give the right grade of telephone service. His
job might be likened to that of a highway system
to meet the requirements of vehicular traffic.

With regard to the provision of equipment, the
Traffic Engineer must first select the appropriate
grade of service, i.e., the speed of dial tone or
operator answer and per cent of calls encountering
busies on local and intertoll trunks and on switch-
ing facilities. This requires a consideration of
community needs, the relative costs of different
service levels and a familiarity with the relation-
ship between loads and service.

To determine the amount and arrangement of
facilities to meet expected service needs requires
a consideration of the past and present volumes
and directions of flow of traffic. The traffic
engineering data include calling rates, holding
times, trunk overflow and point-to-point records.
'IThe sources and uses of these data will be covered
ater.

From these past and present data, estimates
for the future must be made since it requires
months or perhaps a year or so after equipment
is ordered before it is in place to give service. In
addition the equipment should be adequate for a

4
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suitable “Engineering Period”” during which no
additions are ordinarily contemplated. The Com-
mercial Engineer’s furnish, for this future period,
an estimate of the growth in lines and stations
and this must be reflected in the estimates of
traffic volumes.

Future trends can be influenced by a great
many factors such as level of business activity,
changes in rates and changes in volumes of
traffic flow between communities. Estimates
either by Commercial or Traffic which are too
high result in unjustified expense and those
which are too low can cause service impairment.
Good judgment in making these estimates is
therefore very important.

The Traffic Engineer prepares a Traffic Order
showing the types, amounts and arrangement of
equipment to meet the service demand for the
period under consideration taking into account
the expected traffic volumes.

The Traffic Order is used by the Chief Engineer’s
people (Equipment Engineers) for writing the
specifications to be sent to the manufacturer.

The Traffic Engineer must follow the progress
of the project. Manufacturing or installation
delays may require consideration of alternative
arrangements to avold service deterioration; or
unforeseen changes in traffic characteristics and
volumes or line and station estimates may require
revision of the original order.

After a project has been placed in service the
Traffic Engineer keeps closely in touch with its
operation to determine if it is furnishing the best
service of which it is capable and whether service
could be improved upon by any changes or re-
arrangements of facilities. Discharge of this
responsibility frequently requires visiting ~the
project and discussing its operation with the field
people, including Plant Maintenance personnel.

In many cases there is more than one way to do
a given job. Where two alternatives will produce
the same service results it is the Traffic Engineer’s
responsibility to select the most economical
method. If the more expensive method will
produce the better service he must weigh the
additional expense against the service betterment.
In cases of this type, the cost figures are usually
provided by the Equipment Engineers.

Also, the Traffic Engineer plays an important
part in programming replacements since these
involve the cost of traffic operations, the amounts
of equipment required to produce a desired grade
of service and other service considerations. In
this connection he furnishes traffic information for
studies which are initiated by the Plant Extension
Engineer. These replacements may involve pro-
posals to replace a local manual office (or older
dial office) or inward and through toll switchboards
with dial equipment, etc.

In conjunction with other Departments the -
Trafic Engineer determines numbering plars,
operating arrangements such as decentralization
of toll, intertoll dialing, etc. all of which have
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important bearing on the convenience and useful-
ness of the service. Particularly, he works closely
with the Commercial Department so that he may
anticipate in equipment design any proposed
changes in rate structures.

The Traffic Engineer must also keep up to date
on new developments and facilities so that he may
be in a position to specify them where appropriate
to secure better service for less money.

Other responsibilities of the Traffic Engineer,
in most areas, concern the working conditions of
the trafic personnel in that he arranges for
adequate space for operating rooms, traffic offices,
lounges, cafeterias, locker and quiet rooms and for
the decorating, lighting and ventilation of them.

He is also responsible for:

. Certain elements of separation studies for
Division of Revenues and for rate case
purposes.

2. Studies to establish the basis of payments to
and from Connecting Companies for work
done and facilities provided for handling
interchanged business.

3. Development of arrangements of facilities
which will best meet operating requirements
and the objective of the best possible service
at the lowest practical cost.

4. Assigning items of toll traffic to appropriate
routes and keeping the operating people
informed of routing changes.

10.03 RELATION BETWEEN LOADS, SERVICE

AND THE TRAFFIC ENGINEER

It is contemplated that, in general, those read-
ing these notes will not necessarily be concerned
with the theoretical approach to the solution of
traffic problems.

Their concern may be with the field of traffic
operating methods and practices.or of cgntral
office supervision as well as with traffic engineer-
ing.

Knowledge of the effect of basic traffic factors
on facilities and switchboards with which they
may later deal, should assist them in solving serv-
ice or other problems that may be encountered.

Capacity tables are prepared for the use of the
traffic engineer In estimating quantities of all
types of equipment for the provision of which he is
responsible. These are so designed that there can
be predicted, with a reasonable degree of confi-
dence, the grade of service that will be obtained
when the equipment is loaded to its rated capacity.

It is not necessary that the new traffic man, or
for that matter, the traffic engineer, intimately
understand the derivation of the capacity tables
he is called upon to use. It is helpful, however, for
him to acquire a knowledge of some of the funda-
mentals upon which they are based.

Such a knowledge, together with an under-
standing of the significance of the gathered data
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which enter into the provision of central office
and other facilities, tend to strengthen the traffic
engineer’s judgment in properly appraising the
final results of his computations.

As mentioned previously the interconnection of
subscribers in a telephone system is a major
problem which has increased in complexity as the
number of subscribers has increased. The diffi-
culty of designing efficient and economical systems
of interconnection has been overcome by methods
of approach to traffic problems which over the
years have quite generally provided satisfactory
solutions.

Engineering methods have been developed with
the objective of definitely relating amounts of
facilities to the quality of service they will produce.
It appears reasonable, therefore, that the service
potential of a certain quantity of equipment be
appraised in terms of some measure of the things
most important in the subscriber’s mind concern-
ing the service.

Aside from good mechanical and electrical per-
formance in the setting up of calls and freedom
from error where the human element is involved,
none of which is a function of the quantity of
facilities, customers are interested in two principal
phases of their service.

The first is the frequency with which connec-
tions can be made on the initial attempt to the
telephone they wish to reach.

The second is the length of time required to
reach it.

The aggregate of calls made by a group of
subscribers in a unit such as the central office
follows a varying pattern throughout the day. It
is the business of the traffic engineer to provide
sufficient facilities throughout the system of inter-
communication that the grade of service, measured
by appropriate standards, shall be satisfactory to
the subscriber. Facilities must be sufficient to
care satisfactorily for the maximum demand.

The subscriber himself, no doubt, would be
unable to predict accurately for one hour in
advance, not to mention a day or a year, the exact
times that he would call upon the Telephone
Company to complete a call or calls for him. The
traffic engineer, however, must do this for groups
of subscribers if he is to satisfactorily perform his
function.

In order to perform that job then, he must rely
on some use of the laws of probability to help in
solving his problems. He must analyze the com-
ponents of the commodity with which he is work-
ing and combine them with what mathematical
laws he can adapt to his use. The results are
interpreted in terms of quantities of facilities and
numbers of operators.

The basic factors of a quantity of calls as they
originate from a group of subscribers and as
treated by the traffic engineer are:

1. The elapsed time of each call as it occupies
facilities or requires handling by operators.
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2. The number of talking channels or operators
that are available in one group to handle the
total of the calls offered to them.

3. The efficiency of the group of channels or
operators that handle the calls.

4. The service potential for a given call load
having certain characteristics as listed under
the three foregoing items.

These combine in various ways and in numerous
places along the path comprising the train of con-
nection. The effect of these combinations is to
produce a certain grade of service.

The fundamental approach consists of com-
pounding known variables into some form of
probability formula to determine the resultant
grade of service.

The holding time and work time vary among
calls.

The elapsed time of a call which occupies
facilities during its existence is called the holding
time. When a call requires the services of an
operator, that time is usually spoken of as the
work time.

The number of talking channels or operators
available to handle calls varies with the type of
facility.

In the case of dial central office facilities the
number of talking channels or trunks to which a
given call has access varies with the type of dial
equipment.

For example, in step-by-step dial equipment,
the maximum access to trunks for any one call is
largely limited to ten. Certain types of switches
with larger access also are used to some extent.

The efficiency of a group of channels, auxiliary
facilities, or operators, varies with the service
requirement.

The efficiency of a group of trunks is the per
cent of time during an hour that the trunks of a
group are engaged on the average in carrying
calls. This also is called the per cent usage. It is
obtained by dividing the capacity of the group
in hundred call-seconds by the product of the
number of trunks in the group and 36.

The capacity of a trunk group is the amount of
traffic expressed in terms of the number of hun-
dred call-seconds (CCS) of load which, when of-
fered to the group will receive a specified grade
of service. '

One hundred call-seconds of load, usually
designated, 1 CCS, consists of a potential occupa-
tion of one trunk or channel for a period of one
hundred seconds: Arithmetically a load expressed
in CCS is the product of the number of calls and
their average holding time in seconds, divided by
one hundred.

The maximum CCS load that could be handled
by one trunk in an hour is 36 since there are 3600
seconds in an hour.
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The amount of facilities provided, ordinarily is
governed by the volume of traffic that is offered
during the hour of the day when that volume is
a maximum; that is, during the busy hour.

The service potential for a given traffic load and
equipment situation is measured in terms of the
appropriate criterion.

By service potential is meant, the grade of
service that can be rendered for a given load in a
situation where the basic factors have been as-
certained. :

A load of 149 CCS is offered to a group of ten
trunks. The traffic is between two local offices
and every call has access to all ten trunks.

A grade of service can be expected in this
example where, on the average, only ten calls out
of every thousand offered to the group will find
all ten trunks busy at the instant they are offered.

The foregoing example illustrates the method of
evaluating grade of service on most groups of
local trunks.

When the service objective is such that only a
small proportion of calls cannot be advanced on
the initial attempt because all paths are busy, the
criterion is the percentage of offered calls which
finds all trunks busy.

Intertoll trunks, since they interconnect cities
which usually are widely separated geographically,
are much more expensive than interlocal trunks
and therefore ordinarily are provided on a less

liberal basis.

From the above, therefore, an increase in
holding time or work time causes the grade of
service to deteriorate, provided there is no change
in group or team size.

It is assumed in this case that the number of
calls offered per hour also does not change.

An increase in holding time or work time,
under the condition that an offsetting decrease in
number of offered calls keeps the load constant,
causes no change in the grade of service where the
criterion is the percentage of offered calls which
finds all trunks busy. Group size is assumed to
remain the same.

In order that the traffic engineer may translate
estimates of future traffic levels into quantities of
facilities that will produce the desired grade of
service it is necessary that he be furnished with
suitable capacity tables or their equivalent.

As referred to in Section 8, capacity tables for
practically all types of facilities with the exception
of switchboards, are expressed in terms of hundred
call-seconds of capacity or CCS, coupled with the
grade of service In appropriate terms that it is
expected will be achieved with those loads.
Further discussion seems unnecessary at this time.

1

10.04 INFLUENCE OF EXCHANGE RATE

STRUCTURE ON FACILITIES
Rate structure is the basis of charging for
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telephone service. It involves the establishment
of classification of telephone service with appro-
priate differentials between the rate for the
different classes.

The rate structure vitally affects the design of
every central office.  Facilities for party-line
ringing, for charging on message rate lines and for
coin handling on coin lines must be provided
where these services are to be given. The effect
of the various classes of service on facilities is
much less for a manual than for a dial office. In
dial offices, in addition to the need for providing
the appropriate equipment for meeting the class
of service requirements, such as message, coin,
party, etc., with or without timing and charging
facilities, the lines must ordinarily be segregated
by service classes on the switching equipment.

In dial offices particularly, it may be a costly
procedure to make changes in the service classes,
both as to types and proportions, especially if
these changes are from a simple to a more complex
service class, as from flat to message or from
message individual to message party. It is,
therefore, important that any changes in the rate
structure should be anticipated wherever possible
well in advance of the time when they are to be
made effective so that the alterations and re-
arrangements of equipment can be accomplished
in an orderly manner and without causing undue
service deterioration during the process.

The rate structure has only a moderate in-
fluence on the facilities in manual ofhices. Flat
rate individual lines require no special equipment
in the positions, but to serve flat rate party lines,
ringing facilities are required to send out the
proper ringing for calls to the different stations
on the line. The principal effects of rate structure
on these types of facilities are the determination
of the number of switchboard positions to be
equipped with keys for message and coin opera-
tion as well as the amount of message register
equipment. If the rate structure is changed to
message service for example these facilities must
be added and the increased amount of work time
per call reflected in the number of switchboard
positions. In addition, changes in rates affect the
basic traffic characteristics, i.e., station calling
rates and holding times, and this fact must also
be reflected in the amounts of equipment requir-
ed to give a desired grade of service.

With respect to dial offices, these must be
designed to furnish the classes of service compre-
hended in the rate structure. Party lines must be
given appropriate types of ringing equipment.
Message and coin lines must be provided with
the necessary facilities for register operation and
for coin collection and return. Where customer
dialing of zone or toll calls is involved the nec-
essary equipment for charging and timing on
such calls must be provided. Numbering arrange-
ments must be established which customers can
use conveniently in reaching all points within
their dialing scope. Any change in rates which
affects volumes and direction of flow of trafhc
such as the substitution of an extended service
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rate for a toll charge with resultant stimulatiqn
of traffic must be taken into account to avoid
service deterioration.

Changes in the rate structure frequently ne-
cessitate alterations in types of equipment, in the
grouping of lines and in the trunking arrange-
ments.

From the above an idea can be formed of the
amount of preliminary planning, as well as in-
stallation and rearrangement work, which is in-
volved in a change of this kind.

NUMBERING ARRANGEMENTS

By numbering arrangements, often referred to
as “Numbering Plans,” is meant the system of
identifying each telephone or station in a city or
calling area by a distinctive designation to be
used in calling that particular telephone. This
designation or number appears on the number
plate of the telephone and in the directory; it
also represents a specific location on the switching
equipment through which a connection is estab-
lished to the telephone. In short, it is the telephone
address of the station.

Numbering arrangements have an important
influence on the grade of service rendered. This
is particularly true where dial operation is involved
since the customer dialing performance is in-
fluenced to a considerable extent by the type of
number to be dialed. The customer receives the
best service which the facilities are able to furnish
when he dials the number he wants to reach with
convenience and without error. Dialing errors
result in misrouted calls to the annoyance not
only of the calling customer but also of the
customer called in error when, as is frequently
the case, the call s routed to a wrong station.
In addition, a numbering system which is not
clearly understood by the customers results in an
unduly large number of calls being referred to
operators for assistance with resultant delays in
completion.

It is therefore essential in the interest of good
service and good public relations that the custo-
mer be provided with a numbering system which
he can use with the greatest degree of conven-
ience and accuracy so that he will avoid dialing
errors as far as possible. This objective can best
be met by a plan which—

(a) Is similar to the numbering arrangements
which are used in other places where the
customer frequently uses the service. Cust-
omers take their dialing habits with them
and variations in the types of numbers
which they are called upon to dial can be
source of confusion.

(b) Lends itself to good directory treatment so
that the customer can easily and without
confusion find in the directory the method
of calling the number he wishes to reach.

(c) Can be left unchanged for a long period of
time. Changes in numbering arrangements
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are a source of annoyance and inconven-
ience to the customers and result in service
deterioration for months or even years until
the customers become entirely familiar
with the new system.

(d) Provides the fewest number of digits for
the customer to dial on calls to his com-
munity of interest area. The greater the
number of digits in the number the greater
the likelihood, other things being equal,
that the customer will make an error in
dialing one or more of the digits.

These objectives will frequently conflict so that
a high degree of judgment is required in selecting
the arrangement which will produce the best
service. In general a plan which is uniform with
that of other nearby areas, which can be clearly
shown in the directory and which can reasonably
be expected to be permanent, is to be preferred.

The numbers for the larger cities contain office
names while those for the smaller cities and towns
have numerals only; in general those places re-
quiring six or seven digits in the number are those
in which office names are employed, and those
with fewer than six digits use numerals. The
reason for this is to a degree historical but princi-
pally in line with the objective of employing
numbering which customers can remember and
use most conveniently and accurately.

Universal Numbering vs. Directing Codes:
A universal numbering plan is a system of num-
bering all of the telephones in a given geographical
area so that no telephone number will be dupli-
cated within that area. It includes all telephones
which might be considered within the business
and social environment of the calling customers
where the vast majority of their calls are directed.

In calling points beyond the area included
within a universal numbering plan some identifi-
cation must be given to the called telephone other
than the number itself. In the case of manual
service this may be the name of a town or city.
Where customer dialing is involved this identifi-
cation is a so called “directing code” which the
customer dials before he dials the listed number,
the purpose of the code being to direct the call
into another numbering area. The use of such a
code must, of course, be described in the telephone
directory.

From their nature, directing codes are a source
of inconvenience to the dial customer particularly
when any substantial portion of his calls require
their use. This is because customers frequently
omit the code where it should be used and use
it where it is not required which tends to react
adversely on the service. This is especially true
where there is a multiplicity of these codes since
the possibilities of error are greatly increased. The
disadvantages are mitigated somewhat where the
areas involved are separated by a geographical
barrier such as a body of watér or a range of
mountains, a political boundary or a section of
open country which may assist in fixing in the
minds of the customers the proper dialing pro-
cedure.

Section 10.0
Page 5

On the other hand there are situations where
due to limitations in existing equipment or other
reasons the use of a directing code or codes
appears to be the only practical way to enable the
customer to dial certain other telephones to which
he may have dialing access. The use of a directing
code or codes may be a service improvement as
compared to having these calls handled by
operators since the speed of connection where the
customer dials his calls directly will be consider-
ably greater.

Changing Existing Numbering Arrange-
ments: As numbering systems require change,
it is highly desirable to work toward a more
uniform pattern of numbering than is encountered
today. The use of fewer varieties will tend to
simplify the dialing procedure for the customer.
This objective assumes increased importance as
dial service becomes more and more universal.

This uniform pattern will be two-five numbering
for the larger centers and their immediate environs.
The two-five system furnishes the largest number
of central office codes (about 500) and 1s the most
flexible of any system in use. While there are
many technical obstacles, particularly in those
cities served by step-by-step equipment, which
will prevent its adoption for a number of years,
this form of numbering will be the ultimate
objective.

Selecting Office Names: The selection of
central office names has a considerable influence
on the quality of the servicee. Names which are
hard to understand, particularly over a telephone
connection and names which are difficult to spell
lead to customer confusion and dialing errors
which might be avoided by a more judicious
choice.

Service Codes: Service codes are an important
consideration in achieving a numbering system
which dial customers can use conveniently and
accurately. This is especially true since many of
the calls to service operators are of an emergency
nature which emphasizes the need for codes which
are uniform, short, easily found and easily used.

Resume: The subject of numbering arrange-
ments assumes increasing importance as dial
service becomes more and more universal and as
the customer dialing radius is expanded through
the extension of local service areas and the use of
facilities for timing and charging of toll calls.

The problem is one of providing numbering
arrangements which the customers can use with
the maximum degree of convenience and ac-
curacy. The quality of the service which the dial
system furnishes will, to no small degree, depend
upon how successful we are in meeting this ob-
jective. This is a further responsibility of the
Traffic Engineering group.

10.06 TRAFFIC SPACE REQUIREMENTS

Another function of the Traffic Engineering
Group is that pertaining to the Traffic Space
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Requirements for new buildings as well as those
for additions to existing building both of which
must be estimated before the buildings plans are
completed.

Traffic Space requirements are not determined
on the basis of fixed factors such as square feet
per position or employee but are governed princi-
pally by the equipment, facilities and furniture
needed in the particular building concerned. When
such needs are established, exact space require-
ments are determined by allowing certain areas
per unit of equipment, and certain clearances
between objects, which have been developed by
experience as essential in providing suitable space
and arrangements.

In making estimates, careful consideration is
given to the ultimate requirements in order that a
minimum of building changes and rearrangements
of space are necessary as the office grows. It is
extremely important that all Traffic people con-
cerned be consulted before presenting the initial
and ultimate requirements to the Chief Engineer’s
organization.

Traffic Space requirements fall, generally, into
three catagories: operating rooms; service observ-
ing, training and administrative rooms, including
conference and picture projection space; and
operators’ quarters. Cafeteria space is also a
Traffic responsibility.

Aside from the space requirements, considera-
tion is given to ventilation, lighting and the ap-
pearance of the traffic quarters. Operating rooms
need good ventilation as this is conducive to per-
sonal comfort and health, which in turn, helps to
improve efficiency and accuracy in a person’s
work. Air conditioning is, of course, desirable,
however, the provision of this is not always prac-
tical because of exxstmg building design and space
limitation.

Lighting is important. The work of the average
operator involves a considerable amount of close
eye work, such as writing tickets, reading tickets,
bulletins, designation strips, etc. At outward toll
positions, this close work amounts to approxi-
mately half of the operator’s occupied time. The
provision of good operating room, as well as
clerical space, lighting, which involves adequate
light levels and general freedom from glare,
shadows and reflections is essential.

Fluorescent: lighting is generally used in all new
operating rooms or rooms where lighting must be
changed. Light levels recommended are 12 to
14-foot candles on switch board keyshelves, about
14 less on the face equipment and 20 to 30-foot
candles on auxiliary and clerical desks. The usual
procedure is to locate the light fixtures slightly
back of the operators or clerks in order to avoid
glare in the eyes.

As for the appearance of the traffic quarters,
most operators spend about 90 per cent of their
time in the telephone building in the operating
room and this per cent is even higher for the
clerical forces with respect to their locations. Itis
axiomatic that the average employee’s happiness
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and contentment in his work is directly affected by
the environment in which he performs his work.
Bright, cheerful, attractive rooms and quarters,
with a reasonable amount of color, have proved
to be a definite aid in recruiting and retaining em-
ployees, whereas dull, drab, unattractive quarters
and operating rooms have all too frequently had
the opposite effect. The Traffic Engineer must,
therefore, consider such things as wall colors, floor
and window treatment, size of rooms, location of
head set racks, Chief Operator Interview rooms,
class and discussion rooms, auxiliary and miscel-
laneous desks, wash rooms, locker rooms, powder
bars, smoke rooms, lounges, lounge-dinettes, quiet
rooms, nurse’s quarters, etc. in addition to ventil-
ation and lighting.

Clerical space is usually assigned to floor space
designed for the ultimate equipment frame re-
quirements. It is very diffhicult, therefore to
provide the many desirable features mentioned
above for this space for reasons of economy as
well as permanency.

SEPARATION STUDIES

Another function commonly placed under the
jurisdiction of the Traffic Engineering group is
that pertaining to Toll Separation Studies.

Telephone Companies are engaged in furnishing
both intrastate and interstate communication
services. [he intrastate services include both
exchange (local) and toll services. Exchange and
state toll services are, in nearly all states, subject
to the jurisdiction of state regulatory commissions,
and interstate services are subject to the juris-
diction of the Federal Communication Commis-
sion. One of the more significant elements required
by a commission in considering the adequacy and
reasonableness of telephone rates is the rate of
return on the property used in providing the
service subject to its jurisdiction. Since local calls,
state toll calls, and interstate toll calls are all
handled, at least in part, over the same facilities
and by the same forces, special studies are required
to ‘“‘separate’’ or apportion the costs of plant used
and expenses incurred in rendering these services
between intrastate and interstate. Revenues are,
in general, directly assigned, although in certain
instances special analysis are required for their
apportionment. In any rate proceeding, upon
request of a commission or on Company initiative,
separations of property, expenses and revenues
between intrastate and interstate are made so that
the rate of return on the intrastate or interstate
segment under review, can be established.

From the gross interstate revenues each Com-
pany recovers the expense it incurred in giving
interstate service and the remamlng amount 1is
divided among the Companies in proportion to the
amount of plant each uses for interstate business.
The amounts involved are determined from
separation studies similar to those made for rate
cases except that only a two- -way separation
between interstate and all other is required.

The expenses which must be separated between
exchange, state toll, and interstate toll include all
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operating expenses and taxes. These expenses are
principally wages (including those for supervision,
employment and training for operating switch-
boards, maintaining the plant, preparing the bills,
operating the commercial offices, and administer-
ing the business) and depreciation. They also
include the expense of stationery, printing, ad-
vertising, rest and lunch rooms, house service,
rents, and other items. In addition, the expense
of operating the Plan for Employee Pensions,
Disability Benefits, and Death Benefits is included.

Traffic Unit Factors are developed from peg
count data. The number of units of traffic
operating work per state message, per interstate
message and per local call are determined for
each switchboard. These units per message or
call are multiplied by the respective volumes of
messages or calls handled during a selected study
period, and the percentage relationship of the
units for each service to total units is calculated.

Subscriber Line Use Factors (SLU) are
developed from special “holding time” studies
and message and call volumes. By means of
visual observations or measurements with record-
ing devices and simultaneous peg counts and ticket
records, the actual minutes of use per local call
and per toll message are determined. These hold-
ing times are applied to the respective volumes of
local calls and toll calls handled during a selected
study period to determine the minutes of use for
local and toll purposes. The toll minutes of use
are separated between state and interstate in the
same proportion as the toll units handled at the
local and toll switchboards. The percentage that
each of these three elements is of the total minutes
of use is computed.

All exchange revenues of an Associated Com-
pany and revenues from state toll calls, that is,
those which originate and terminate within the
same state, are retained by the Associated Com-
pany since this business, because of its intrastate
nature, is not included in the Division of Revenue
contracts.

All of the revenues from interstate message toll
telephone calls, that is, those which cross state
boundaries, are included in the Division of
Revenues contract between the Associated Com-
panies and the Long Lines Department.

Most of the toll plant crossing state boundaries
is owned by the Long Lines Department, but the
Associated Companies and their connecting com-

- panies furnish all the terminal plant to reach

subscribers, and, in addition, toll lines for com-
pleting connections to and from points not reached
directly by Long Lines circuits. In addition these
Companies perform most of the operating and do
all of the billing and collecting. This jointly
handled business is called Long Lines business and
the revenues therefrom must be divided between
the participating parties.

The method of dividing interstate message toll
telephone revenues is covered by contracts be-
tween the American Telephone and Telegraph

Section 10.0
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Company and each of the Bell System Companies.
There are, in addition, other contracts relating to
certain plant (relatively minor in amount) which
the Associated Companies furnish to Long Lines.

Each Company prepares a monthly statement
(Final Settlement Data) showing the book costs
assignable to L.D.I., the amount of expenses
incurred in handling this business, and the amount
of revenue received from Associated Company
Long Distance Interstate business.

Each month the total number of dollars re-
ceived by all of the Companies for interstate
message toll telephone service is totaled.

The Long Lines Department totals the expenses
for all Companies and deducts this total from the
total revenue.

The Long Lines Department determines the
percentage that each Company’s book cost as-
signable to L.D.I. is of the total such cost for all
Companies.

The money remaining after deduction of ex-
penses is then apportioned to the Companies in
accordance with the percentage each Company’s

L.D.I. book cost is of total L.D.I. book costs.

Each Company receives an amount equal to its
expenses for handling L.D.I. business plus its
share of the remainder.

The procedures which have been described
briefly are designed to produce a separation of the
book costs of plant, expenses, and revenues be-
tween intrastate and interstate service for the
purpose of establishing rates or to provide an
equitable basis for the division of interstate
revenues between all the Companies which parti-
cipate in the handling of this business. Essentially
they are cost studies.

The fundamental basis on which the separations
are made is the actual use of the telephone plant
for each service. This actual use is determined
from special studies which result in the direct
assignment of certain book costs and expenses
between two or more services on the basis of
factors derived from traffic units, minutes of use
of subscriber lines, conversation minute miles, and
other special analysis. Revenues are separated by
direct assignment or on the basis of special studies
or analysis.

Thus, in any rate proceeding, separations of
property, expenses, and revenues are made so that
the rate of return on the intrastate or interstate
segment under review can be established to assist
in the determination of the prices to be charged
for the service. Under the Division of Revenues
contracts, similar separations are made to deter-
mine how much each Company should recover
from the gross interstate revenues for its expenses
in handling interstate business, and how the re-
maining portion of the interstate revenues is to
be divided among the Companies.
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10.08

ENGINEERING DATA AND ESTIMATES

The traffic engineering procedure is to obtain
records of past traffic volumes and character-
istics; to summarize them in most useful form; to
select representative data from these records; and
to project these representative figures, direct or
modified as necessary, to the future period in
which the engineer is interested.

Good judgment is essential in the selection of
representative data and the projection of data.
Errors of judgment at this stage are not compen-
sated for at any later stage in engineering, so an
estimate that is too high or too low will result in
excess cost or in poor service when the installation
is completed.

A valuable aid to good judgment is close ac-
quaintance with the office for which estimates are
being made. Not all the characteristics of an
office are apparent from routine records. For
example, susceptibility to sudden peaks of traffic
may not be reflected in any available peg count
data.

The engineering data, and the process of
estimating, are different for different types of
offices. The discussion in this course will be
confined to dial offices, however.

The typé of information required for engineering
dial offices varies greatly with the types of central
office facilities used. The discussion will therefore
be in broad terms. More detailed discussion for
?(t)egé-by—Step type offices will follow in paragraph

The data required for engineering dial offices
are more detailed than those required for engi-
neering manual switchboards. Lines are in most
cases segregated on the frames, so that busy hour
engineering data for each segregated class of
service are required. The equipment for handling
incoming traffic is normally segregated (or partly
segregated) from the originating equipment so
that estimates of incoming trafic are required.
Selector multiples must be arranged to accom-
modate the particular numbers and sizes of trunk
groups encountered, and therefore trunk estimates
are required.

The numbers of selectors and other equipment
items required in dial offices are determined by
reference to the capacity tables discussed in
Section 8. In most cases these capacities are
expressed in terms of CCS: for example, the tables
used for engineering step-by-step line finders,
selectors and connectors. The traffic estimates
used in dial office engineering must therefore be
in terms of originating and terminating busy

hour CCS.

The records kept for step-by-step offices are in
the form of calling rates and holding times, or
directly in CCS since all step-by-step capacity
tables are in terms of CCS.

When manual offices are to be converted to dial,
special records must be taken to obtain the nec-
essary engineering data which are, of course,
datailad than thaea ardinarilv ohtained in

anara -
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manual offices. Holding times or CCS by classes
of service are obtained by plug counts, and calls
by classes of service are recorded by special peg
counts. The traffic engineering and central office
people work out the exact method to be followed
in obtaining the data, keeping in mind the amount
of detail and accuracy required in the data and
the effect on force requirements during the period
when the records are being taken.

Dial office peg counts are taken on a regular
basis and the originating data may be plotted in
the form of busy hour calling rates by classes of
service and for the total office.. Dial office peg
counts are obtained by reading traffic registers.
These readings are not in all cases in terms of
manual peg count calls. In such cases the counts
may be used as recorded or may be converted into
equivalent manual peg count calls, by using
established ratios, before being plotted as calling
rates.

The terminating data may be plotted in the
form of calling rates, CCS per terminal, or as a
per cent terminating of originating.  Special
records of terminating calling rates for the classes
of main stations served by hunting, coin and rural
connector groups, respectively, are kept for step-
by-step offices.

The selection of calling rates from the calling
rate curves, and their projection to the future,
require sound judgment. Where the basic engi-
neering records are kept in terms of CCS instead
of calls and holding times, the CCS are obtained
from selector usage counts made in the central
office. Records of CCS are taken on a regular
schedule, during enough days in the busy season
months to insure a reliable record for engineering
purposes. These counts may be made manually,
or by means of automatic or semi-automatic

devices.

Total office and class of service busy hour CCS
per line, main station or total station may be
plotted, and the CCS calling rate projected for
future estimates in the same way as other types
of calling rates.

The more important basic data are trunk
estimates; line and station data; and calling rates

‘and holding times (or CCS) by classes of service

obtained from peg count records and special
records taken in the central office.

STEP-BY-STEP TRAFFIC ENGINEERING

The purpose of this paragraph is to acquaint
the Traffic assistant with the fundamentals of
engineering a No. | step-by-step office by briefly
following through the various steps required to
estimate the quantities and arrangements for a
simple four-digit single wire-center exchange office.

Before going into the detailed considerations of
the Traffic Order that follows for the typical office,
we might review the Engineering Service Bases
used for the example as well as those which would
be used in the preparation of a traffic order for a

5. 6. or 7-digit office.
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The engineered grade of service in a step-by-
step system is represented by adding together all
the delays engineered into each step of the train.
Thus, if each step in the train of a 4-digit system
were engineered for the same delay as each step
in a 7-digit system, a considerable differential in

Section 10.0
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the over-all grade of service would result. Some
equalization of the overall grade of service is
desirable and may be approached by using the
following table as a guide for local intraoffice
trunking.

SELECTOR STAGE

Ist to 2nd

2nd to 3rd

3rd to 4th

4th to 5th

Sel. to Conn.

Ist to S. Code

S. Code to Rev. Call

Any Selector to Rotary or Plunger O.T.S.

CAPACITY TABLES APPLICABLE
4-Digit 5-Digit 6-Digit 7-Digit
System System System System

20 20 10 10
— 10 10 10
— == 10 10
— — — 5
Conn 10 ‘Conn 10 Conn 10 Conn 10

10 10 10 10
10 10 10 10

I | 1 I

LB BN BN BN B BN RN

The above table assumes full effective trunking.
Should digit absorbing selectors be employed,
thereby eliminating some trunking stages, appro-
priate adjustments may be made. For example,
if the first and second digits in a 7-digit system be
absorbed, the stage of selection from the digit
absorbing ““first, second and third” selectors to
fourth selectors may be engineered on Table 20,
from fourth to fifth selectors on Table 10 and fifth
selectors to connectors on the connector table.
This is equivalent to that shown for a 5-digit
system.

Table 10 is regarded as generally satisfactory
for toll switching trunks, for trunks to “A’ Board
Completing Selectors, and for trunking between
the various toll selector stages in the local office.

Consideration of individual office character-
istics, such as pronounced and recurring peaks,
may indicate the desirability of variations from
the engineering service bases suggested above.

10.091 SAMPLE TRAFFIC ORDER

Preparation of Basic Traffic Data

Description of Office to be Used as an Ex-
ample

The classes of service, calling rates, holding
times and types of equipment used in the example
should not necessarily be considered as typical
of what might be found in practice in any parti-
cular area.

The office selected has 4872 working lines and
6165 working terminals (main stations). The
flat rate lines amount to 4700, the individual
message rate seyen and prepay coin 165.

_ The office will operate initially on a four-digit
basis. Ultimately combined four- and five-digit
directory numbers will be required.

Rural line service will be on a divided code
ringing basis.

A No. 3CL toll switchboard will be located in
the building with the dial equipment, as will a
No. 23 type information and intercept desk.

The code zero will be used to reach the CLR

operator as well as for assistance.

. Assistance calls requiring completion to local
numbers will be routed over the group of toll
switching trunks.

A small dial office is included in the local
service area. A two-digit code is dialed to reach
the group of two-way trunks to the small dial

: office. From the small office the local service
trunks terminate on incoming first selectors.

(No intertoll train will be included in this
“Example” office.)

Commercial Estimate—Figure 1

The information contained in the Develop-
ment Forecast, Figure 1, will be used to develop
the working lines and main stations (connector
terminals) as required for the tables in Figures 2

and 3. (In Traffic Order)

Lines, Main Stations and Originating Busy
Hour Traffic—Figure 2.

In Figure 2 the number of lines and main
stations are determined from the Development
Forecast. The calling rates and holding times on
a dial peg count basis are developed as discussed
in 10.08. The information in this figure will be
used in developing the distribution of traffic
from first selectors and also to engineer the line
finder equipment,
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Connector Terminal Requirements—
Figure 3

The working connector terminals (main sta-
tions as determined from the Development Fore-
cast, Figure 1) are classified into groups corre-
sponding to the different types of connector
groups which will be provided. Different types
of connectors are required for P.B.X. and associ-
ated lines, for multi-party lines, and for indivi-
dual, two-party lines. In addition, the coin
terminals are segregated in separate consecutive
number series to permit identification of coin
stations on inward collect calls.

To determine the number of connector groups
of each type the total number of equipped
connector terminals must first be determined.
This is the sum of the working main stations
and the spare required for each class of con-
nector terminal. (Including Test Terminals).

The total connector terminal requirements for

the office used as an example are shown in Figure

Terminating CCS at Connectors—Figure 4

The CCS for each connector group must be
estimated to serve as a basis for determining
connector requirements. These same data are
also used for estimating the traffic to each
thousand group from first selector levels 3 to 9.

The local and toll CCS per connector terminal
is estimated in accordance with local practice.
Applying this estimate to the number of working
terminals per group and the number of connector
groups shown in Figure 3, the Table in Figure 4
1s derived. :

- Assignment of Connector Groups—Figure 5

In assigning connector groups to an office it is
desirable to have as far as possible the same
proportion of the different types of groups
within each thousand. Having different types
within each thousand has an advantage since
the peak load in the various classes may occur
at different times. There are certain restrictions
to prevent an even distribution, such as, coin
numbers must be assigned with the 0000, 9000,
8000 or 7000 series so toll operators can recognize
calls to these numbers. In addition the number
of groups in the different classes will not be an
even multiple of thousands groups available. In
the example there are only four rotary hunting
groups and eight rural connector groups to be
spread over the seven thousand groups. The
connector groups arranged for two-ring ringing
on four-party semi-selective lines and other types
of groups might be assigned as shown in Figure 5.

Distribution of CCS for Local First Selector
Levels—Figure 6

As an example of the method used in develop-
ing the distribution of trafiic by classes over the
first selector levels the requirements for level 3
are estimated as follows:

Step-by-Step Dial System
Traffic Training Course and Reference Manual

For level 3 (the 3000 group) in Figure 5 eight
regular, one rural and one rotary hunting con-
nector group are assigned. The local traffic to
each regular group will be 5886 CCS + 54 groups
= 109 CCS. The rural group will receive 69
CCS (552 =+ 8) and the rotary group 270 CCS
(1080 =+ 4). The total for level 3 of the local and

- incoming first selectors is 1211 CCS. The CCS

for the remaining levels 4 to 9 are estimated in
the same manner.

- The 100 CCS incoming from the community

dial office are distributed over the levels 3 to 9.

in proportion to the totals developed above.

From the total traffic, 1211 CCS, to level 3
the 16 CCS from the CDO is subtracted and the
remainder is divided between the F&M and
coin first selectors in the same proportion as the
total office busy hour originating CCS, that is

7878 F&M and 235 coin CCS, from Figure 2.

The traffic for each of the other levels, 4 to 9,
divided between F&M, coin and incoming may
be determined as for level 3.

Estimates of traffic for level 0 to operators
and for level 1 to service code trunks are
developed according to the practices used in the
local Area or Company. The preliminary pulse
traffic from F&M first selectors is assumed to be
one per cent of the originating CCS.

The distribution of traffic as determined above
may be set up in table form as shown in Figure 6.

The CCS in the column headed “Coin B.H.”
in Figure 6 is the distribution of the total originat-
ing coin busy hour traffic, 445 CCS (Figure 2).
The traffic to level 0 is determined from special
records and the remainder is distributed over the
other levels in the same proportion as the traffic
shown under “Total.”

Distribution of CCS from Toll First Selector
Levels—Figure 7

The distribution of toll traffic to the thousand
groups is determined from the incoming traffic
to the various connector groups assigned to each
thousand as explained above for local traffic.
Figure 7 shows the estimated distribution derived
from the data shown under “Terminating CCS
at Connectors,” Figure 4, and ‘‘Assignment of
Connector Groups,” Figure 5.

Second Selector Multiple Traffic to Con-
nectors—Figure 8 '

As an example, the local and toll traffic for
the 10 connector groups assigned to the 3000
series, as estimated for Figure 6, is shown in
Figure 8.

Distribution of CCS from Levels of Service
Code Selectors—Figure 9

It is assumed that the 120 CCS to service
code trunk groups, as shown in Figure 6, is
distributed as shown in Figure 9.
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Engineering of Equipment
Line Finders

In the preceding section the number of lines,
main stations and originating busy hour traffic
were developed for the typical office used as an
example. The number of working lines and
originating CCS by classes will be used to
illustrate the methods used in engineering line
finder equipment.

There are three classes of lines, flat rate,
message rate and coin, which ordinarily require
segregated line finder groups as special trunk
equipment is required between line finders and
first selectors for coin and message rate groups.
In addition the associated first selectors for the
different classes may have to be segregated as
separate trunk groups may be required to oper-
ators from level 0 or from the service code
selectors reached from level | of the first selectors.
However, in this case there are but seven
individual message rate lines and it will be more
economical to provide a combined group with
enough flat rate lines to fully load the group.
This combined group will be the first line finder
group and from a traffic engineering standpoint
will be treated as a flat rate group. From an
equipment point of view it requires special
treatment in that a special auxiliary message
rate line circuit must be provided for each of
the seven lines.

The following three other plans for handling
a small number of message rate lines are available
but each one is less attractive for the above case
as explained for each case:

Combined flat and message rate line finder
group with message rate trunk circuits in each
line finder-first selector trunk instead of the
special auxiliary message rate line circuits. [f
there had been more message rate lines, prob-
ably 20 or more, this plan would have been pre-
ferable from a cost standpoint.

Separate line finder group for the message
rate lines, using 22-point rotary switches as line
finders. Units for 10 lines and three line finders
are available. The message rate trunk circuits
would also be required in each line finder-first
selector trunk. This arrangement would be
attractive for a small number of lines where a
separate group of trunks is required from one or
more of the first selector levels for the exclusive
use of the message rate lines, as for reaching the
operator from level “0”.

A third plan for a small number of lines would
be to terminate each line on a first selector
specially arranged to furnish message rate charge
features. This plan might be attractive for high
calling rate lines and it also permits the pro-
vision, where required, of a separate group of
trunks from first selector levels. Generally, this
plan is not too attractive.

In order to balance the load between line finder
groups it is the practice to engineer 200-point
line finder groups for 194 working lines with two

-
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per cent spare line terminals. In addition two
line terminals are required for testing purposes.
The flat rate line finder requirements for the
example are estimated as follows, assuming that
1.5 per cent of the originating calls will encounter
a delay in receiving dial tone of over three
seconds during the busy hour of the busy season.

7861 CCS
(FR)——
4700 lines

There are seven message rate lines originating
17 CCS to be operated in the first line finder
group with 187 flat rate lines. This group will
therefore have 187 x 1.67 (CCS per line) = 313
CCS plus 17 CCS from message rate lines for a
total of 330 CCS. To determine the number of
line finders required reference is made to the
Line Finder Table for 1.5 per cent dial tone
interval over three seconds. It is found that 17
line finders will be required for this combined
group having 330 originating CCS.

The remaining flat rate lines 4513 (4700-187)
will deliver 194 lines x 1.67 CCS per line or 325
CCS per line finder group. From the table for

= 1.67 CCS per working line.

- 1.5 per cent dial tone delay referred to above it

will be found that 16 line finders will be required

for each full group. Therefore 4513 lines + 194

lines per group results in 23 full groups with 194

. lines and 16 line finders.

The 51 remaining lines will originate 51 x 1.67

. CCS per line or 85 CCS. With the table used

above for the full groups, the 85 CCS would
require that seven line finders be provided to
serve the 51 lines.

Where a small number of lines remains beyond
the last full group of line finders as in this case
of 51 lines, two alternatives are usually con-
sidered. If the number of lines left over is small
it may be practical to scatter these lines over
the full groups rather than to engineer an addi-
tional partial group, especially when they would
require an additional frame. This reduces the
spare line terminals for load balancing. The
other alternative is to provide a fully equipped
line finder group. The latter plan has a number
of advantages especially in larger offices where
growth is expected. ;

The 165 coin lines originate 235 CCS in the
office busy hour but line finders must be pro-
vided with capacity to handle the traffic during
the hour of maximum load which probably
occurs during the evening hours. This traffic is
estimated to be 445 CCS for the 165 lines.
Again referring to the line finder table for 1.5
per cent dial tone delay we find that 21 line
finders will be required. All other full size line
finder groups in the office require 17 line finders
and 20 size units will be provided. Therefore it
would be desirable to use a 20 size unit for the
165 coin lines. The question is what delay to
dial tone might be expected if only 20 line finders
were provided for the coin group. Referring to
the line finder capacity tables it appears that
about two per cent of the calls would receive
dial tone delays over three seconds. While this
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quality of service is slightly below the standard
set, the cost of any alternative arrangement
would seem to justify the use of 20 line finders.

Any further growth in the number of coin lines
will require the provision of a second group,
unless there is a reduction in the CCS per line.
Had there been several groups of coin lines in the
above case the use of line finder units having
capacity for 30 line finders (with 24 line finders
equipped in each group) would have been con-
sidered. For one or two groups in an office
where all other groups use frames for 20 size
units it would be objectionable to use 30 size
frames from a floor plan layout standpoint,
since the 30 size units require a longer frame.

To summarize the line finder equipment re-
quired for the office: there will be, for flat and
message rate lines, 23 full groups with 194
working lines and 16 line finders plus a partial
group of 51 working lines with seven line finders
and a F&M group of 17 finders or a total of 392
line finders. The one coin line finder group will
have 165 working lines with 20 line finders.

Local First Selectors

The number of local first selectors in the office
is as follows:

One for each flat and message rate line finder
as estimated—392.

One for each coin line finder as estimated—20.
One for each two-way trunk from the small

dial office—14.

The assignment of trunk groups to the first
selector levels is as follows:

The zero or top level is assigned to trunks
terminating at the toll board for use by customers
when they dial “Operator” to place a long dis-
tance call or to ask for assistance.

The first or bottom level is assigned a group
of trunks used in completing calls to the 11X
codes, such as 113 for information. These trunks
from level | are also used in case a customer
sends in a preliminary pulse before beginning to
dial. Level | trunks from the F&M first selectors
terminate In auxiliary first selectors. The first
selectors for coin subscribers in the example
absorb the first digit “1”’ since only a few selectors
are involved and trunks from level | terminate
in service code selectors.

The remaining eight levels are available for
assignment to subscriber numbers. Levels 3 to 9
are arranged for 1000 numbers on each level
except 9 where only 800 are assigned initially
with reserve for growth for 100 numbers. Instead
of assigning the tenth hundred, a group of trunks
to an outlying small office is assigned in its
place. Level 2 is reserved for a future five-digit
office in the same building.

Local First Selector Multiple

In arranging selector multiple subgrouping, it
is important that the Traffic Engineer know, if

Step-by-Step Dial System
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possible, the arrangement of selectors on the
frames in order that the best and most efficient
trunking can be provided. The arrangement of
selectors on frames is generally determined by
the equipment engineers. It is assumed that the
selectors in this example will be arranged on two
frames, the miscellaneous selectors and 72 flat
and message rate selectors on the first frame and
the remaining 320 F&M selectors on the second
frame. Note that space is left on the first frame
for growth from 72 F&M selectors to 160 with
sufficient space left for growth in the miscell-
aneous classes.

Selectors have capacity for 10 trunks on each
of the 10 levels and since selectors are mounted
in units of 10 the most simple plan of providing
trunks, say to second selectors, would be by
providing a separate group of trunks for each
division of selectors as follows:

Assume that the 392 flat and message rate
first selectors deliver 1160 CCS to level 3 second
selectors. (See Figure 6). Dividing the 1160
CCS by 392 selectors indicates that each selector
delivers 2.96 CCS and 10 selectors or one division
would deliver 29.6 CCS. If a group of trunks is
provided for each unit of 10 selectors, using the
Trunk Capacity Table, Table 20, four trunks
would be required for each 10 first selectors.
The total trunks required to handle the 1160
CCS would be 39.2 x 4 or 157.

Since facilities are provided at the distributing

terminal assembly on each selector frame to
multiple together any number of selector divi-
sions (10 selectors), a more efficient arrangement
would be to multiple together enough selector

" divisions to load to capacity the 10 trunks the

selectors have access to. Under this plan the

arrangement of the 392 selectors to carry the
1160 CCS would be determined as follows:

Since each selector delivers 2.96 CCS to level
3, by dividing 166 CCS, capacity of 10 trunks,
(Table 20 of Trunk Capacity Tables) by 2.96
CCS, it is found that 56 selectors would be re-
quired to load 10 trunks. Since the selectors are
mounted in units of 10 instead of 56 it will be
necessary to use 60 selectors to load the 10
trunks. Dividing 392 by 60 results in six sub-
groups or 60 selectors on [0 trunks with 32
selectors left over. These 32 selectors ariginate
95 CCS (32 x 2.96) and from Table 20, 7 trunks
woullc{i be required or a total of 6 x 10 4+ 7 or 67
trunks. .

The second plan illustrated above would
result in a large saving of second selectors and
this general plan was used for equipment installed
prior to 1927. Since that time the use of graded
multiple, as described previously has been
developed so that trunk groups much larger
than 10 can be employed for trunking from
selector levels. The procedure, according to the
present Traffic Engineering Practices, is to sub-

group the 392 selectors to provide capacity for
1160 CCS, as follows:

The flat and message rate first selectors will
deliver 1160 CCS and dividing by the number of
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selectors, 392, each selector will deliver 2.96 CCS.
Referring to the tables ‘“CCS per Selector
Tables” Section 8, from Table 20 it is found by
examining the calling rate per selector columns
that the largest number of selectors that should
be used with a calling rate of 2.96 per selector is
160.  Since frames of 320 selector capacity are
used one of the subgroupings as shown in the
table of 320, 160, 80, 40 or 20 should be selected.
In the column for 160 selectors it is found that
the calling rate of 2.96 is between 2.74 and 3.00,
thus, 25 trunks will be required for this subgroup.
The second frame of 320 selectors will therefore
be arranged in two subgroups of 160 selectors
arranged before 25 trunks each.

On the first frame the remaining 72 flat and
message rate first selectors will deliver 214 CCS
(72 x 2.96). From the same table referred to
above in the bottom half of the page it will be
found that for selector subgroups slightly larger
than 72, that is 80, the capacity of 12 trunks
should be adequate for this subgroup.

The other selectors will deliver 86 CCS, made
up of 58 from coin, 16 from incoming and 12
CCS from flat rate auxiliary first selectors for
preliminary pulse calls. These selectors will be

combined to form a subgroup of seven trunks as-

determined from the Trunk Capacity Tables,
Table 20.

The total trunks to second selectors for level
3 will be 69, made up of two subgroups of 160
F&M selectors on 25 trunks, one subgroup of 72
F&M selectors on 12 trunks and the miscell-
aneous selectors on seven trunks.

Another plan is sometimes used to advantage
where a small number of selectors are left over,
as follows:

Multiply the CCS per selector applicable by
the number of left over selectors. By reference
to the non-graded trunk capacity tables shown
at the bottom of the “Selector Multiple Capa-
city Tables” in Paragraph 8.12, determine the
total trunks that would be required for the left-
over selectors as indicated by the “Non-Graded
Groups’”’ table shown at the bottom of the
“Selector Multiple Tables’”. If eight or more
trunks, treat the left-over group as a separate
subgroup. If seven, or less, refer to the table
below to determine the number of individual
first choice trunks to be provided for the ex-
clusive use of the left-over selectors. The re-
mainder of the ten terminals are multipled to
the corresponding terminals of the last selector
division in the last full subgroup.

Individual First Choice

Trunks Required Trks. Req’d.
Less than 2 0
2 1
3 2
4 2
5 3
6 4
7 5

Section 10.0
Page 13

On this basis let us now take another look at
Level 3. As before, the F&M CCS per selector is
2.96, thus requiring the same two subgroups of
160/25 trunks. Also as before, the remaining 72
F&M selectors offer 214 CCS to level 3, coin box
58 CCS, Incoming 16 CCS and the Aux. 12 CCS.
These “left-over” F&M firsts plus the mis-
cellaneous are installed on 140 banks, as follows:

F&M 72 Sels. 80 Banks

Coin 20 “ 20 “
Inc. 14 “ 30

Aux. 14 20
: 140 Banks Total

The nearest standard subgroup is 120 banks.
Therefore, if we group the 80 F&M banks, the
20 Coin and the 20 Incoming banks we can
establish a standard subgroup of 120 banks. The
total CCS offered to level 3 from these 120 banks
1s 288 CCS (214 F&M + 58 Coin + 16 Inc.).
From the Selector Multiple Tables under column
““120 Selectors Per Subgroup” we find that 16
trunks will be required. Now for the 12 Auxili-
ary first level 3 CCS, the non-graded table (for
approximately 12 CCS) indicates that 3 trunks
would be necessary. : Referring to the above
table, we find that 2 individual first choice
trunks would suffice if the remaining 8 contacts
were multipled to the last half shelf of the 120
banks. The total ‘““3000” second selectors re-
quired under this plan would be, therefore:

50+ 16 +2 = 168 2nd Selectors

From the above we determine that one less
second selector is required. The ‘“Local and
Incoming First Selector Multiple Chart” of the
Sample traffic order will indicate the latter
arrangement.

It will be noted that only flat rate auxiliary
first selectors are used in this case to care for
preliminary pulse calls since the coin first
selectors are arranged to absorb the initial digit
“]”” and trunks from level 1 of these coin first
selectors terminate directly on service code
selectors.

The work sheet showing the arrangement of
selectors and trunks for all first selector levels is
shown on Figure 10, and the arrangement to be
specified in the traffic order Multiple Chart for
“Local and Incoming First Selectors.”

Toll Switching Trunks and Selectors

The trunks from the toll board for the com-
pletion of incoming toll calls, delayed originating
toll calls, and assistance completed calls termi-
nate in toll transmission first selectors. Since
these toll switching trunks operate in a common
group, the Trunk Capacity Table No. 10 is used
to estimate the number required. The estimated
traffic of 802 CCS for this group will require 35
trunks, using Table 10. The number of selectors
to be provided for these trunks will be 37 since
five per cent spare selectors are provided to care
for some fluctuation in the number of trunks that
can be operated.
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There is no rigid rule for estimating the number
of switching trunks to be equipped for coin
operation but an adequate number will ordin-
arily be provided by establishing the percentage
of coin CLR traffic to the total CLR traffic and
applying double this percentage to the total
switching trunks. In the example the total CLR
traffic is 434 CCS and the coin 73 or 16 per cent
and 16 x 2 = 32 and 32 per cent of 35 is eleven.
Therefore, 10 out of the 35 will be equipped for
coin operation.

Toll First Selector Multiple
Level To CCS Toll 2nd Selectors

9 9000 84 7
8 8000 94 8
7 7000 94 8
6 6000 128 9
5 5000 134 10
4 4000 134 10
3 3000 134 10

In the above table the number of selectors in
the last column is provided on the basis of the
estimated CCS and Table 10. In this case the
number can be read from the Trunk Capacity
Tables since 10 selectors or less are required for
each level. However, had more than [0 trunks
been required in any case the 37 toll first selectors
would have been arranged before a graded multi-
ple group of trunks to toll intermediate selectors
and the CCS per Selector Tables would be used
to determine the number. (See Multiple Chart
in Traffic Order).

Connectors

In the office being used as an example the fol-
lowing types of connectors are required.

Combination Local and Toll, Regular
Local, Rotary Hunting
Toll, Rotary Hunting

Combination Local and Toll, 10-Party Term-
inal-per-Station-Code Ring.
Test

The combination local and toll regular con-
nectors are arranged to send out either one or
two rings to the called station during each ring-
ing cycle of six seconds. The connector hundreds
to be equipped with two-ring connectors must be
specified. Combination local and toll regular
connectors are used generally for all regular and
coin groups and are designed to serve individual,
two-party and four-party stations.

In the rotary hunting connector groups are
assigned P.B.X. and associated lines. In addi-
tion, individual and two-party line stations may
be assigned in these groups. A group of local
hunting connectors must be provided from the
preceding local second selectors and, for the toll
trafhic, a separate group is provided from the
corresponding level of the toll second selectors.

' The combination 10-party Code Ring terminal-

_ Step-by-Step Dial System
Traffic Training Course and Reference Manual

per-station connectors serve lines having more
than four stations and generally rural line
stations are assigned to these groups. A terminal
in these groups is used for each rural station and
divided code ringing is used so that parties on
each side of the line hear the code ring of any
other stations on their side of the line. As
discussed earlier in this course, reverting call
selectors are not required for calls made between
parties on the same line as these connectors are
arranged to complete reverting calls.

Each connector group must be provided with
a test connector which is mounted on the con-
nector shelf, at left end, and has access to the
100 terminals in the group. These connectors
are used by operators to verify busy lines and
certain tests are made through them from the
test desk.

For the 3000 group of local and toll selectors
the basic data under “Second Selector Multiple
Trafhic to Connectors”’—Figure 8 was prepared
and from this information the number of con-
nectors for each of the 10 groups is determined
as follows:

Level 38 for the one group of rural connectors
(10 Party Terminal-per-Station) is expected to
receive 73 CCS and from Table 10 of the Con-
nector Capacity Tables seven connectors are re-~
quired.

Level 37 for the local rotary hunting group is
estimated to receive 270 CCS and referring to
the “Connector Capacity Table” 17 connectors
are required arranged in one graded group. For
the toll rotary hunting connectors for this group
50 CCS are estimated and from Table 10 of the
Connector Capacity Tables it will be found that
six connectors are required.

The remaining eight levels for regular groups
are estimated to receive 119 CCS each, and from
Table 10 of the Connector Capacity Tables it
will be found that nine connectors per group are
required.

A multiple chart for only the Local and Toll
fourth selectors to connectors for the 3000 group
is included.

Auxiliary and Service Code Selectors

Auxiliary first selectors are usually provided
at the terminating end of trunks from the first
level of the subscriber first selectors. These
selectors are operated when the second digit of
the service codes 11X is received. Calls handled
by these selectors include those to information,
repair desk, reverting, etc. In addition, in order
to absorb a preliminary pulse made by a ‘sub-
scriber before dialing, levels 2 to 0 of the auxiliary
first selectqrs are multipled to the corresponding
levels of the first selector multiple as in the
example previously covered.

As an exception to the arrangements described
above, auxiliary first selectors are not required if
the first selectors of any one class are small in
number and are equipped with the digit absorb-
ing feature to absorb the initial digit““l”’. This
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was illustrated for the coin first selectors in the
example where the trunks from level one of
these selectors were terminated directly on serv-
ice code selectors.

In the example (Figure 6) the flat and message
rate first selectors were expected to originate 117
CCS to the service code selectors and 79 CCS
for preliminary pulse calls. The 79 CCS will be
completed from levels 2 to 0 of the auxiliary first
selectors. From level 1 nine trunks will be re-
quired to service code selectors for 117 CCS
according to Table 10 of the Trunk Capacity
Tables. The coin first selectors absorb pre-
liminary pulse calls and as previously deter-
mined for the first selector multiple three trunks
will be provided to service code selectors directly
from level 1 of the coin first selectors.

The arrangement of the multiple from the nine
flat and message rate and three coin service code
selectors is determined from the traffic data
previously estimated under ‘‘Distribution of
CCS from Levels of Service Code Selectors—
Figure 9 as follows:

Level 9, (Code 119) the 38 CCS will require '

five trunks to reverting call selectors according

to Table 10 of the Trunk Capacity Tables.
Level 8, (Code 118) the 3 CCS will require

three trunks to dial and ringer test circuits,

Level 7, (Code 117) the 20 CCS will require
five trunks to the Test desk according to Table
I of the Trunk Capacity Tables.

Level 4, (Code 114) the 20 CCS will require
five trunks to the repair clerk’s desk according

to Table 1 of the Trunk Capacity Tables.
Level 3, (Code 113) the 39 CCS will require

six trunks to the information desk, located in
the building with the dial equipment, accord-
ing to Table | of the Trunk Capacity Tables.

Level 1, Service code selectors are arranged to
absorb the digit “1”’.

Note: The latest optional arrangement is to
eliminate auxiliary first selectors and pro-
vide digit absorbing service code selectors
off Level “I”” of the first selectors. See
P.E.L. 4525.

Miscellaneous Items
Test Distributors

Operators’ test distributors are provided as a
means of obtaining connection to a particular
test connector. The test distributor is a two-
digit switch and its operation is similar to a
regular connector in that it is capable of selecting
any one of 100 trunks to test connectors. For a
full office of 100 connector groups four or five
test distributors will be sufficient for the
operators’ use. In the office used as an example
with 6800 terminals three should be adequate.

Intercepting

Intercepting trunks from connectors are used

Section 10.0
Page 15

for intercepting calls to vacant terminals,
changed and discontinued numbers and lines
denied incoming service for non-payment of bills.

For this purpose in the office used as as ex-
ample 68 regular intercepting trunks, one per
group, will be required. In addition 25 to 50
per cent or say 30 trunks will be sufficient for
special intercepting of several P.B.X. trunks or
lines in a group immediately after disconnection
when the volume of traffic for these trunks or
lines is appreciable.

Directory error intercepting trunks are for
intercepting calls made to vacant selector levels
as a result of directory errors. Two of these
trunks are provided per office of 100 connector
groups or less. ;

Toll vacant level intercepting trunks are used
to intercept calls to vacant toll selector levels.
Two trunks are provided per office of 100 con-
nector groups or less.

Trouble intercepting trunks are used to inter-
cept calls to lines in trouble. Ten of these trunks
are usually provided for offices having 50 to 100
connector groups and in the office used as an
example 10 would be specified.

The above four classes of intercepting trunks
are concentrated by means of a 200-point trunk
finder which is similar to the 200-point line finder
used for subscriber lines. The intercepting trunks
are terminated on the line terminals of the trunk
finder. Each trunk finder is connected to a trunk
which terminates at the intercepting positions.
A call is extended to these positions in the same
manner as a call from a subscriber is connected by
a line finder to a first selector. The number of
intercepting trunks estimated above totals 112

“and one trunk finder unit will be required. The

number of trunk finders required will depend on
the number of intercepted calls and the holding
time on these calls during the busy hour of the
busy season. In this case assume 97 calls and a
holding time of 35 seconds or 34 CCS. Referring
to Table 10 of the Trunk Capacity Tables, five
trunk finders and five trunks to the intercepting
positions are required.

Traffic Registers

The traffic registers should be provided as
explained in Paragraph 5.13.

Preparation of Final Traffic Order

The major items and the arrangements of dial
equipment required for the office used as an
example have been estimated and the traffic
order in final form is prepared according to local
practice followed in the Area or Company:

The “Sample” Traffic Order follows.
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No. 1 Step-by-Step

DEVELOPMENT FORECAST

Telephones Lines

End of End of

: Initial Initial

CLASS OF SERVICE Present Period Present Period

L (1-Party 2047 2992 2030 2992

g | 2Party 694 918 379 567

;g = { 4-Party 907 465 277 179

o | Rural 522 727 81 102

| [Total 4170 5102 2767 3840

L[ [\ Party 716 746 716 746

'25 lf iz-Party 25 25 16 16

% Rural 19 22 — —

£ . (1-Party — — —_ —
g X

M S | Semi-Public 86 17 86 17

¥ 'Public 40 48 40 48

O | Total 886 958 858 927

Total Main 5026 6060 3625 4767

Flat 698 724 94 98

W Message 144 144 7 7

® Res. Flat 246 387 — —

@ Flat 285 303 - -

g Message —_ — — —_

‘@ Coin } 12 — -—

5‘2 Total P.B.X. & Ext. 1384 1570 101 105

Total Company 6440 7630 3726 4872

Dated Dec. 1, 1951.

Figure 1
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TYPICAL EXCHANGE, MAIN OFFICE
TRAFFIC ORDER NO XXXX
DECEMBER 13, 1951

RECOMMENDATION SHEET

SERVICE DATE: December 31, 1952
END OF PERIOD: 7-31-53
BASIS OF RECOMMENDATION

NOTE.: On this, the front sheet of all Traffic Orders, will be found a brief explanation as to the number of lines
and terminals being provided, date of Development Forecast, Engineered Main Station Capacity of
Office with completion, plus any other pertinent information relative to the job and/or office.

When approved (3 signatures) the Traffic Order is forwarded to the Dial Equipment Engineer who
prepares necessary Equipment Specification.

APPROVED:

____________ | O
General Traffic Engineer

____________ 195 e —m————
General Traffic Manager

____________ N0 e . e e i B AR S S T

Chief Engineer
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TYPICAL EXCHANGE, MAIN OFFICE
TRAFFIC ORDER NO. XXXX
DECEMBER 13, 1951

Page 1
SUMMARY OF EQUIPMENT

Classification " Initial . Ultimate
Connector Terminals : ' T
—Rotary 400 ; ~ Not Included
—Regular 5400 " in these notes.
—Rural 800
—Coin : _200
—Total Office 6800

Line Finder Groups—20 L.F. Cap. _
—Flat and Message Rate - ' ' 1

—Flat Rate e e g A 24
—Coin Box (Pre-pay) . . 1
—Total . v 26
Lines Equipped
—Flat and Message Rate 200
—Flat Rate 4660
—~Coin Box _170
—Total 5030
First Selectors
—Flat and Message 17) (400)
—Flat Rate 375)
—Coin Box (D-1-A) , _2
—Total 412 (420)
—Incoming 14 (20)
—Toll Transmission 37 (40)
Second Selectors .
—Local 437 (450)
—Toll 62 (70)
Connectors
—Rotary Hunting—Iocal 68
—Toll 24
—Combination —1 Ring (Incl. CB) 297
—2 Ring 207
—Code Ring - 56
—Test 68
Miscellaneous Switches :
—Reverting Switches 5
—Coin Control Selectors 3
—Test Distributors—Plant As Req’d
—Traffic 3
Auxiliary First Selectors 15 (20)
Service Code Selectors—F&M (D-1-A) 9 (10)
) —Coin (D-1-A) 3 10)
Intercepting Concentration Equipment LLE
—Trunk Finder Unit (16 T.F. Cap) |
—Trunk Finders 5

( ) Denotes Banks
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TYPICAL EXCHANGE, MAIN OFFICE
TRAFFIC ORDER NO. XXXX
DECEMBER 13, 1951

Page 2
SUMMARY OF EQUIPMENT (CONT’D)

Classification Initial Ultimate
Register Racks—Traffic {
—Message (On Relay Rack)
Registers —Traffic A 155
—Line Message 10
Trunk Equipments
—CLR—FR and MR 29
—Coin -9
—Information 6
—Repair 5
—Intercepting 5
—Trouble Obs. & Test (Plugging-Up Lines) 20
—*“No Such Number”’ Tone Circuits 5
Coin Box Trunks (Preceding Ist Selector) 20
—Message Rate Auxiliary Line Circuits 10
—Two-Way Dial Trks. (Local Service) 14
Service Observing Equipment .
—Multi-Line—Dial S.0.—Circuits I
—-Shoe (and associated Rly. Eqpt.) 20
Miscellaneous
—Dial Tone Delay Test Buzzer i

TCI Library: http://www.telephonecollectors.info



Section 10.0

Step-by-Step Dial System

Page 20 Traffic Training Course and Reference Manual
TYPICAL EXCHANGE, MAIN OFFICE
TRAFFIC ORDER NO. XXXX
DECEMBER 13, 1951
Page 3
FUNDAMENTAL DATA—JULY 31, 1953
Lines, Main Stations and Originating Busy Hour Traffic—Fig. 2
Main g CCS
Class Lines Sta. . Sta. CR/MS Calls* H.T.* Total MS Line
- FR—PBX 98 98 724 ‘
—1B .746 146 746
—2B . 16 25 - 25
—1R 2992 2992 2992
—2R 567 - - 918 918
—4 R . 179 465 465
—Rur-Res 102 - 727 727
-Bus — 22 22
—Ext — — 702
TOTAL 4700 5993 7321 1.11 6661 - 1187 7861 1.31~ 1.67
MR—PBX 7 7 144 2.13 15 110" 17 2.35 2.35
COIN BOX 165 165 165 1.24 204 - 115" - 235 1.43 1.43
Grand Total 4872 6165 7630 6880 8 8113 1.32 1.67
- Coin Box (Class) 165 - 165 165 2.21 365 122

445 270, 270

* Based on dial peg count registrations and correspondin'g holding times.

CONNECTOR TERMINAL REQUIREMENTS—FIG. 3

Regular Connector Terminals

I FB 746
2FB 25
1 FR 2992
2 FR 918
4 FR 465
Total 5146
Less Associated Lines 138
Total 5008
Less Res. in R.H. Groups 57
Total 4951
Loading 914

Groups Required 54

Rotary Connector Terminals

P.B.X.—F 98
P.B.X.—M 7
Associated Lines 138
Residence 57
Total 300
Loading 75

Groups Required 4

Rural Connector Terminals

Rural Residence 727
Rural Business 22
Total 749
Loading 93+

Groups Req. 8

Coin Connector Terminals ,
Public Pay 48
Semi-Public 117
Total ' 165

Loading 90
Groups Required 1.8 Provide 2
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TYPICAL EXCHANGE, MAIN OFFICE
TRAFFIC ORDER NO. XXXX
DECEMBER 13, 1951

Page 4
TERMINATING CCS at CONNECTORS—FIG. 4
Type of WQrking Term. CCS per Terminal No. Total CCS CCS/BD
Connector Groups Per Group Local Toll Groups Local Toll Local Toll
Regular 92 1.180 .105 54, 5886 542 109 10
Coin 90 . ‘ 578 .166 2 104 30 52 15
Rural 93 .750 0435 8 552 32 69 4
P.B.X., Rot. Hunting 75 3.600 .660 4 1080 198 270 50
68

7622 802

ASSIGNMENT of CONNECTOR GROUPS—FIG. 5

Thousand Second Selector Levels

Groups iz 3 4 5 & 1 8 3 0
9000 .G — IR ¥ IR 2R IR RU IR C
8000 IR 2R IR 2R IR 2R IR RU IR 2R
7000 : IR 2R IR 2R IR 2R IR RU IR 2R
6000 IR 2R IR RH IR 2R RU RU IR 2R
5000 IR 2R IR 2R RH 2R IR RU IR 2R
4000 IR 2R IR 2R IR RH IR RU IR 2R

3000 IR 2R IR 2R IR 2R RH RU IR 2R

* Free Service trunks to Eddyville first Selectors
IR=1 Ring Regular Connector Group

2R =2 Ring Regular Connector Group

C=Coin Regular Connector Group

RH=Rotary Hunting Connector Group
RU=Rural Connector Groups (T/S)

DISTRIBUTION OF CCS FROM LOCAL FIRST SELECTOR LEVELS—FIG. 6

Level TO F&M Coin Inc.* Total Coin B.H.
0 CLR & Spcl. Serv. 361 10 — 371 73
9 9000—OQut to C.D.O. 786 23 9 818 38
8 8000 1006 30 14 1050 49
7 7000 1006 30 14 1050 49
6 6000 1122 34 15 1171 56
5 5000 1160 35 16 1211 58
4 4000 » 1160 35 16 1211 58
3 3000 1160 35 16 1211 58
2 Reserved for Growth

(20,000 Series)
1 Spcl. Serv. Codes and 117 3 — 6
Prelim. Pulse _19 == == . o
7878 235 100 8093 445

* Incoming from CDO. Included in the 818 CCS for Level 9 is 100 CCS outgoing to The CDO.
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TYPICAL EXCHANGE, MAIN OFFICE
TRAFFIC ORDER NO. XXXX
DECEMBER 13, 1951

DISTRIBUTION OF CCS FROM TOLL FIRST SELECTOR LEVELS—FIG. 7

Level

(=]

- N W hH Ut O~ OO O

To

9000
8000
7000
6000
5000
4000
3000

CCs

84

SECOND SELECTOR MULTIPLE TRAFFIC TO CONNECTORS—FIG. 8

Group
3000
3900
3800
3700
3600
3500
3400
3300
3200
3100

CCS
To Local Toll Total

Regular 109 10 119
Regular 109 10 119
Rural 69 4 73
Rotary Hunt. 270 50 —
Regular 109 10 119
Regular 109 [0 119
Regular 109 10 119
Regular 109 10 119
Regular 109 10 119
Regular 109 10 119

1211 134 1345

DISTRIBUTION OF CCS FROM LEVELS OF SERVICE CODE SELECTORS—FIG. 9

Level

(=]

- N W SOV 0O

To
Vacant
Reverting
Dial Test
Test Desk
Spare
Spare

Repair Clerk

Information

Spare

(Dig. Absorb)

ccs

—

I

38
3
20

20
39

20
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TYPICAL EXCHANGE, MAIN OFFICE
TRAFFIC ORDER NO. XXXX
DECEMBER 13, 1951

Page 6
WORK SHEET FOR LOCAL FIRST SELECTOR MULTIPLE—FIG. 10
Class Sels. Banks Class Sels. Banks
Flat and Mess (F) 392 400 F&M Aux. Ist. 14 20
Coin ©) 20 20 Incoming 14 20
4 (D']'A)

®* ® %k % % %k %

Level 1 (Table 10)

(F) 196
—=.5 CCS/Sel. 1 S-G 320/10 Total Trks. 10
392
plus -
392—320 = 72x .5 = 36 CCS (Bal) 1 5S-G 80 Banks/5 -
15
Level 3 (Table 20) , ’
(F) 1160 = 2.96 CCS/Sel 2S8-G 160/25 Total Trks. 50
392
392—320 = 72x 2.96 = Z;g CCS E&M
oln ‘" a“
plus 16 Inc. 1 S-G 120/16 16
288 * Total
Left Over 12* Aux. = 2 Ind. Trks. “or 2
68

Levels 4 X 5—Same as Level 3.

Level 6 (Table 20)
(F)1122 = 2.87 CCS/Sel 258G 160/25 Total Trks. 50
7392

(F) Bal. 392—320 = 72 x 2.87 = 206 CCS
Plus 56 ** Coin

15 “ Inc. 1 S-G 120/15 A [
277 Total
Left Over 12 ** = 2 Ind Trks Total Trks. 2
67
Level 7—(Table 20)
(F) 1006=2.57 CCS/Sel 1 S-G 320/43 Total Trks. 43

392
(F) Bal. 392—320 = 72 x 2.57 = 185 CCS
plus = 49 “ Coin P

14 “ Inc. 1 S-G 120/14 14
248 “ Total
Left Over 11 “ Aux 2 Ind. woow 2
¢ 59
Level 8—Same as Level 7
Level 9—(Table 20)
(F) _786=2.01 CCS/Sel 1 S-G 320/35 35
392
(F) Bal. 400—392 = 72 x 2.101 = 1343 CS;S -
plus o et b1 s.G 120710 1"
192 * Total
Left Over 8 ‘“ Aux 2 Ind. Trks. 48

(Note: The above information (Figure 10) is never included in a Traffic order. It is, however, retained in the
Traffic Engineer’s file under the assigned Traffic Order Number and office.)
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TYPICAL EXCHANGE, MAIN OFFICE
TRAFFIC ORDER NO. XXXX
DECEMBER 13, 1951

Page 7
LINE FINDER ARRANGEMENT—INITIAL (SEE NOTE)

Equipment per Group Total Equipment

No. of Grp. Lines L. Fdrs. 1st Sel
CLASS Grps. No.s Cap Eqpd Cap Eqpd Lines L.F. 1st Sel Banks
F.R. & M.R. 1 2 200 200 20 17 200 17 17
Flat Rate 23 3-25 200 200 20 16 4600 -~ 368 368
Flat Rate _b 26 200 60 20 7 60 7 7 .
Total 25 4860 392 392 400
C.B. I 1 200 170 20 20 170 20 20 20

Note: On additions to existing offices, the Line Finder arrangement would be shown ‘“Present” and the proposed
(final arrangement) would be shown directly below and indicated “Proposed”.

INTERCEPTING TRUNK FINDER UNIT——INiTlAL

Type of Circuit Terms Ckts. Term. No.’s ’ Trk. Fdrs.
Connector Terminals—Grp. 68 ) 98 11-19, 31-70, 81-89
—Ind. 30%) ~ 141-160

Vacant Level—Local 2 — 131-132

—Toll : 2 2 . 135-136
Trouble Intercept 10 — 21-20
Test 2 7 .

114 - P ; 5

* Includes 3 circuits for use by the Plant Department-in connection with connector terminal test trunk.

Notes on Intercepting Equipment

(a) 200 Point—16 Finder Capacity Type—5 T.F. equipped I, 3, 5, 7, 8.

(b) Vacant Level Trunks—Toll—Tone and flashing arrangements are to be provided on intercepted toll calls. Toll
board supervision shall not be retired by the answer of the intercept operator. Trunk circuits will terminate in
the Main Toll Office at the No. 23 type Rate and Route, Intercept and Information Desk arranged for call
distribution and preferential treatment. These circuits to be arranged for tone removal and flash.

(c) Completion of intercept calls is not contemplated.

COIN CONTROL SELECTORS—INITIAL

The associated trunks to be assigned as follows..

GROUP NO. OF TRUNKS TERMINAL NO.

Coin Box—T. SW. 10 11-10
—CLR 7 21-27

TCI Library: http://www.telephonecollectors.info

. . .



. o < $ . P

Step-by-Step Dial System

Section 10.0
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TYPICAL EXCHANGE _MAIN OFFICE #] UNIT
MASTER RECORD
TRAFFIC ORDER NO._ XXXX SECTION PAGE
APPENDIX NO.___PAGE 8 EQUIPMENT AS OF. : 19
DATE Deec. 13 1951 ISSUED 19
LOCAL AND INCOMING FIRST SELECTOR MULTIPLE ARRANGEMENT—INITIAL
Class Sel. Banks Class Sel. Banks
Flat & Mess 4] 392 400 F & M Aux. Ist. (FA) 15 20
Coin ©) 20% 20 (D-1-A) Incoming (¢9) 14 20
* Coin first selectors arranged to absorb the initial digit “1”
S Selectors Per Sub-Group Trunks
v ub-
2 To Gll\'lps. Per S.-G. |Tot-| Terminate
- .
° F | c|FAl 1 Cab. |Eqpd.| al
0 CLR & Ass't. 4 80 (Note 1) 10 — 40
: I 72 15 (Note 1) 10 — 10
5 392 50 Toll BA—F
1 20 (Note 1) 10 — 10 Toll Bd.—C
9 9000+ Local I 320 35 35
Service Trks. 1 72 20 15* 14 1142* 13 Form 120/11
2 392 ' 48 2nd. Sels

* 2 Ind. Trks. provided as first choice for 20 added banks (FA) with remammg terminals multipled with
last half shelf of 120 banks.

8 8000 ] 320 43 43
1 72 20 15* 14 1442* 16 - Form 120/14
2 392 59  2nd Sels.
* 2 Ind. Trks. provided as first choice for 20 added banks (FA) with remaining terminals multipled with
last half shelf of 120 banks.
7 7000 Same as Level 8 59  2nd. Sels.
6 6000 2 160 25 50
1 ‘ 72 20 15* 14 1542* 17 Form 120/15
3 392 67 2nd. Sels.
* 2 Ind. Trks. provided as first choice for 20 added banks (FA) with remaining terminals multipled with
last half shelf of 120 banks.
5 5000 2 160 25 50
1 72 20 15* 14 164-2* 18 Form 120/16
3 392 "68  2nd. Sels.
* 2 Ind. Trks. provided as first choice for 20 added banks (FA) with remaining terminals multipled with
last half shelf of 120 banks.
4 4000 Same as Level 5 68 2nd. Sels.
3 3000 Same as Level 5 68 2nd. Sels.
2 Spare (Reserved for future 20000 series)
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TYPICAL EXCHANGE _MAIN ' OFFICE #] UNIT
MASTER RECORD
TRAFFIC ORDER NO.__XXXX SECTION PAGE
APPENDIX NO._PAGE 9 EQUIPMENT AS OF 19
DATE Dec. 13 1951 ISSUED 19
LOCAL AND INCOMING FIRST (Cont'd) SELECTOR MULTIPLE ARRANGEMENT—INITIAL
Class Sel. Banks Class Sel. Banks
Flat & Mess (F 392 400 F & M Aux. Ist. (FA) 15 20
Coin (C) 20%* 20 (D-1-A) Incoming ¢)) 14 20
* Coin first selectors arranged to absorb the Initial digit “1"".
; S Selectors Per Sub-Group Trunks
i~ ub-
2 To . |Grps. Per S.-G. [Tot-| Terminate
i Hles F C |FA| I Cab. |Eqpd.| al
1  Aux. &S.C. 1 320 ‘ 10 10
1 72 5 5
2 392 — 15 F&M Aux. Ist.
1 20 3 3 Ser. Code Sels.
1 15 : 9 9 Ser. Code Sels.
Note 1: 10 Trunk subgroups cabled out straight, without reversal to distributing frames for grading down

to required number of working trunks. L T B register is to be associated with the common trunk
of terminal “O” for each group.

-

Total Local 2nd Selectors - 437 (450)
( ) Number of banks.
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Step-by Step Dial System Section 10.0
Traffic Training Course and Reference Manual ' Page 27
TYPICAL EXCHANGE _MAIN OFFICE UNIT
MASTER RECORD
TRAFFIC ORDER NO.__XXXX SECTION PAGE
APPENDIX NO.__PAGE 10 - EQUIPMENT AS OF. 19
DATE Dec. 13 1951 ‘ ISSUED 4 19
TOLL FIRST SELECTOR MULTIPLE ARRANGEMENT—INITIAL
Class Sel. Banks Class Sel. Banks
Toll—Non Coin (TN) 27 30
—Coin (TC) 10 10
—Total 37 40 |
Banks Per Sub-Group Trunks
= Sub-
2 To Grps. Per S.-G. [Tot-| Terminate
= Phos TN TC Cab. |Eqpd.| al
0 Vacant
9 9000 ] 30 10 7 7 Toll 2nds
8 8000 R ) 10 g 8 = =
7 7000 1 30 10 8 8 S
6000 1 30 10 9 9 i
5 5000 B 30 10 0 10 o
4 4000 ' 1 30 10 o 10 o
3 30 1 30 10 T R
2 Vacant
I‘ Vacant
Total Toll 2nd Selectors 62 (70)

( ) Number of Banks.
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Total Connectors-Rot. Htg.—Local 17

—Toll 6
—Code Ring. Comb.— — — 7
) R S RSN
S L . T
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TYPICAL EXCHANGE _MAIN OFFICE UNIT
MASTER RECORD
TRAFFIC ORDER NO._ XXXX SECTION PAGE
APPENDIX NO.__PAGE 11 EQUIPMENT AS OF 19
DATE Dec. 13 1951 - ISSUED 19
3000 LOCAL AND TOLL 2ND SELECTOR MULTIPLE ARRANGEMENT—INITIAL
Class - Sel. Banks Class Sel. Banks
Local (L) 68 70
Toll (T) 10 10
_ Sub- Selectors Per Sub-Group Trunks
g To Grps. Per S.-G. |Tot-| Terminate
=1 No. L T Cab. |Equ. al
Regular I 68 10 9 9 2R Comb. Conn.
9 * I 68 10 9 9 IR 1
8 Rural 1 68 10 ‘ 7 7 CR "
7 PBX I 68 17 17 Loc. RH i
1 10 6 6 Toll RH s
6 Regular 1 68 10 9 9 2R comb “
5 % 1 68 10 9 9 IR “ e
4 . ] 68 10 9 9 2R “ «
3 @ 1 68 10 9 9 IR “ .
2 “ 1 68 10 . 9 9 2R *“ o
I . l 68 lO 9 9 ]R " L}
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Traffic Training Course and Reference Manual Page 29
TYPICAL EXCHANGE _MAIN OFFICE UNIT
| MASTER RECORD
TRAFFIC ORDER NO.__XXXX SECTION PAGE
APPENDIX NO.__PAGE 12 EQUIPMENT AS OF 19
DATE Dec. 13 1951 ISSUED. 19
SERVICE CODE SELECTORS SELECTOR MULTIPLE ARRANGEMENT—INITIAL
Class Sel.  Banks Class Sel.  Banks
F&M SF 9 10 (D-1-A)
Coin SC 3 10
— Sub- Selectors Per Sub-Group Trunks
% To Grps. Per S.-G. [Tot-| Terminate
- No. SF sc Cab. |Eqpd.| al
0 Vacant
§ Reverting 1 9 3 _ 5 8 Revers Bwa,
8 Dial Test 1 9 3 - 5° " 3 Ringer Test
i Tk ek 1 9 3 o 5 5 Loc. Test Desk
6 Spare |
5 Spare . . ;
4 . Repair | 9 3 o 5 - 5 Repair Desk
Y lufsrmation K 9 3 T g0 R Tk Pesk
2 Spare
1  (Digit Absorbed)
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TYPICAL EXCHANGE, MAIN OFFICE
TRAFFIC ORDER NO. XXXX
DECEMBER 13, 1951

Page 13
TRAFFIC REGISTERS DETAILS—INITIAL

Wired Equipped
Type and Class No Location No Location
P.C.—Toll 2nd Selectors 7 21-27 7 21-27
—Toll 3rd Selectors 6 28-33 -
—Miisc. Sel.—Ser. Code 2 34-35 2 34-35
—Rev't 1 36 1 36
—Inec. 2 37-38 1 37
—T. Switch 2 39-40 1 39
—Connectors 100 41-140 68 41-108
—Line Finder 39 141-179 26 141-166
—Timing 1 180 1 180
—Spare 10 11-20 -
A.T.B.—Line Finder ~ 39 181-219 26 181-206
- —Intercept - 1 220 1 220 -
—Future . 10 221-230 -
LTB—Out Trunk—CLR 3 231-233 3 231-233
—Loc. Ser. 1 234 1 234
—Inf. 1 235 1 235
—Repair 1 236 1 236
—Test Desk 1 237 1 237
—Future 43 238-280 -
—Busy Selector Study - 20 281-300 10 281-290
Overflow ’
—Busy Subscriber’s Line _10 1-10 B 1-5
300 156
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The “sample”’ traffic order preceding is, as
mentioned previously, only a typical arrange-
ment for a simple 4-digit step-by-step office.
Many miscellaneous items such as Intertoll dial-
ing trains, Local and Toll Tandem trains, rotary
out-trunk units, inter-office trunk arrangements,
etc. have been omitted, however, it is felt that
this should cause no undue hardship on the new
traffic man, since, if he understands the funda-
mentals of step-by-step engineering, as exempli-
fied in this “sample” traffic order, he should
readily interpret data pertaining to the above
items should any appear in an order of which he
is concerned. Traffic Orders written for offices
in large multi-office exchange areas are usually
much larger but only slightly more intricate.

Traffic Orders for additional equipment
are prepared in the same manner as this “sample”
order, except that both the “present’” and the
“proposed’’ equipment arrangements are shown.
The “Summary of Equipment”’ shows ‘“‘Present”,
““Additional” and ‘“Proposed’” columns.

The following optional items are included
herewith as a matter of interest for this course.
Immediately following these are the Terminal
Assembly drawings for the First Selector bays
associated with the multiple chart of the
“sample” traffic order.

Five-Digit Office in a Combined Four and
Five-Digit Area

To illustrate the methods used to engineer the
second and third selector for a five-digit office in
a single wire center area let it be assumed in the
office used as an example that there are 5000
terminals or half of a unit to be provided in the
20,000 number series. Since the size of the office
will be increased almost 1009, the number of
first selectors and auxiliary selectors will be
assumed as:

Selectors Selectors

Flat & Message (F) 720 Flat & M. Aux.
Ist. (FA) 26
Coin (C) 38 Incoming (I) 21

and the trafic F&M 5060 CCS, coin 250 CCS
and incoming 70 CCS.

In engineering second selectors as explained
previously for the four-digit office Table 20 was
used and on this basis it would be expected that
20 calls per 1000 during the busy hour of the
busy season would encounter a paths busy con-
dition on trunks to second selectors. In this
case of a five-digit office to provide a grade of
service comparable to that received on calls to
four-digit numbers Table 10 will be used in
estimating the number of second selectors as

Section 10.0
Page 31

well as for the third selectors. On calls to five-
digit numbers then out of each 1000 calls 10 calls
would be expected to encounter paths busy at
second selectors and 10 at third selectors to give
a comparable grade of service on calls to all
numbers within the office.

The procedure for determining the first selector
multiple for the conditions assumed would be as
follows:

The flat and message rate first selectors will
deliver to level ““2” 5060 CCS divided by the 720
selectors, or 7.03 CCS per selector. Referring to
the CCS per Selector Tables and Table 10 a sub-
grouping of 80 selectors on 29 trunks would be
used with a slight overload. The use of this sub-
grouping for the 7.03 calling rate per selector
might be questioned due to the overload but as a
rule it will be satisfactory to overload 209, of the
increment to the next higher calling rate shown

.in the tables. That is, a calling rate of 7.12

would have required the use of 80 selectors on 31
trunks in this case.

The 720 first selectors would require nine
subgroups of 80 selectors on 29 trunks. The 38
coin selectors would require 14 trunks from the
CCS capacity table for 40 selectors.

The remaining 70 CCS from the 21 incoming
selectors and 51 CCS for the 26 flat and message
rate auxiliary selectors, 121 CCS, from the Trunk
Capacity Tables will require nine trunks,

Total trunks to local second selectors from
level 2; flat and message 261, coin 14, incoming
and auxiliary first nine or a total of 284.

Assuming that the traffic from these 284
second selectors is evenly spread over five levels
of the second selectors for the 5000 terminals,
the selector multiple arrangement for each of the
five levels to third selectors would be determined
as follows, using Table 10:

The CCS to each level, 1076 (5060/5 4 250/5
+ 70/5) divided by 284 selectors, results in a
calling rate per selector of 3.79. Either 80 selec-
tors on 18 trunks or 160 on 35 trunks can be
used. The latter subgrouping is more efficient.

In this case it is assumed that the traffic
estimate is accurate and 160 selectors on 35
trunks will be used. The remaining 124 selectors
will deliver 470 CCS (124 x 3.79) or 120 will
deliver 455 CCS. Referring to the CCS per
Selector Tables, the capacity for 120 selectors
and 455 CCS requires 25 trunks. The remaining
four selectors will deliver 15 CCS. These re-
maining four selectors will be associated (tacked
on) with the full subgroup of 120 selectors by
providing two individual first choice trunks for
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the four selectors and multipling the remaining
terminals with the last half shelf of 120 selectors.

Each of the five levels would be provided with
62 third selectors made up of 160 selectors on 35
trunks, 120 selectors on 25 trunks plus two
trunks for four selectors.

The corresponding toll selectors for the “2”
office would be determined as outlined previously
for the four-digit office. A separate group of toll
switching trunks would terminate on toll trans-
mission second selectors and these would be
arranged to trunk out to five groups of toll third
selectors.

Remaining Optional Items for Course

The items listed below are omitted from this
course, however, they may be covered in as much
detail as the traffic men will require in their work
after completion of the course. If they are not to

Step-by-Step Dial Systen‘l
Traffic Training Course and Reference Manual

make use of this information soon after comple-
tion of the course it would be preferable that
these items be taken up in either a review course
or with his supervisor informally as required by
the work assigned to the new men.

Engineering Five-Digit Offices for Out and In
Trunks Only.

Level Hunting Connectors

Digit Absorbing

Arrangements for Six-Digit Offices
Intertoll Dialing -

Community Dial Offices

Selector Repeater Branch Office
Dial Tone Delay Equipment
Trunk Usage Equipment, etc.

The same general procedure is followed for
these items as covered by the sample Traffic

Order.
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Step-by-Step Dial System Section 11.0
. Traffic Training Course and Reference Manual Page 1
11.0 DIAL OFFICE MANAGEMENT h. Knowledge of Central Office (Main Station)
: loading procedures and the controlling

11.01 DISTRICT MAN’S RESPONSIBILITIES factors.

- .

W W W R E WA " RN

This Section is included in this course to briefly
cover such administration matters as some of the
District Man’s responsibilities that are particu-
larly applicable to step-by-step offices. General
features of administration appllcable to all types
of dial equipment are covered in Letters and
Circulars already available under the subject

“Dial Office Management”.

The District man in charge of a step-by-step
office, or offices, should have detailed knowledge of
the physical layout of the equipment, it’s method
of operation, capacities of line and trunk groups,
main station capacities of the offices, the provision
of traffic registers, alarms, etc. He should have
the ability to visualize the progress of a call
from calling to called station and, too, be familiar
with the critical points at which traffic conjestion
normally first appears. He should be able to
“spot”’ service weaknesses such as might be re-
flected or indicated by Service Observing results,
dial tone delay test results, A.T.B. and L.T.B.
register readings, customer surveys, etc., since he
is also responsible for the quality of service in hls
offices even though certain work in many cases is
centralized in, or performed by Division and/or
General Office personnel. Factors affecting dial
service include:

a. Adequacy and arrangement of equipment.

b. Most efficient use of equipment with least
reaction on service.

c. Proper assignment of lines to insure even
distribution of calls throughout the equip-
ment.

d. Provision of adequate intra- and inter-office
trunks whenever and wherever possible (to
the extent possible by facility and equip-
ment availability).

e. Initiate line transfers and changes 1in trunk-
ing in connection with equipment additions.

f. Taking special records and studies required
by the Traffic Engineers.

g. Keep Division Traffic Engineer advised of
equipment needs or ‘‘bottle necks.”
Carrying out these responsibilities requires:

a. Knowledge of management procedures and

making sure they are being effectively
followed.

b. Method of Operation of the equipment.
c. Understanding of local trunking plans,

d. Keeping informed on traffic volumes and
calling rates.

e. Continuous review and analysis of results
information as well as customer complaints.

f. Determining causes for unsatisfactory results
and initiating corrective action.

g. Follow-up corrective action to see that it
1s effective.

11.02

1. Knowledge of scheduled equipment additions
and rearrangements and checking planned
equipment provision with estimates of future
trafhc.

Ability to understand Traffic Order details.

k. Knowledge of and the significance of traffic
register readings.

[

1. Knowledge of and the significance of central
office alarms, such as Call Block, Permanent
signals, etc.

m. Knowledge of procedures and the signifi-
cance of usage counts.

Assistance call tickets provide a District man
with valuable information as they may reflect
unsatisfactory service conditions. An analysis of
these may indicate:

a. Customers not using dial service to best
advantage.

b. Equipment overloads or failures.

c. Need for increased or supplementary cust-
omer 1nstruction.

d. The need for ticket analysis to determine
more detailed information.

e. The desirability for reviewing the studies
with Plant.

DIAL TONE SPEED TESTS are a valuable tool
to assist in arriving at possible service levels, as
well as being of great help when determining the
office Main Station capacity (this may be set
either above or below the engineered capacity).
These tests avoid overloading of equipment and,
too, they provide a means for uniform comparison.

These tests should be made at more frequent
intervals as loads increase.

11.03 BUSY LINE STUDIES are helpful in locating

excessively busy lines and they help to sell the
customer on relief. They aid, also, In correcting
load unbalance on terminating equipment (con-

nector boards). See P.E.L. 1943 for Method of
Procedure.

11.04 PERSONAL OBSERVATIONS made in the dial

central offices are very helpful to the District man
as they are a means:

a. Of obtaining first-hand knowledge of condi-
tions existing in the switch and operating
rooms and they offer opportunity for Plant
contact.

b. Whereby discussions concerning mainten-
ance may be held with Plant.

c. Of observing the quantity of switches (line
finders, selectors, connectors, etc.) which are
busied out.

d. Of observing the number of switches that
are in use.
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e. Of viewing the central office alarm (call
blocks, permanents, etc.) situation.

f. Of determining number of trunks busied out
at repeaters.

g. Of quick checks on the “overflow” situation
(by hearing an.d_seeing switches go to the
11th rotary position.)

h. Of getting the Plant man’s views concerning
“bottle-necks’’ in trunking, etc.

All observations should be of sufficient duration to
be representative.

ASSISTANCE TICKETS BY TRAFFIC, as
mentioned before, provide good evidence as to
the quality of service being given as they indicate
overloads, unbalance and defective equipment in
first choice paths. They might also indicate dif-
ficulty being encountered by the customers, due
to the number of reports, such as ‘“no dial tone”
or increased requests for coin refunds.

PLANT CONTACTS—Close association with
plant forces is essential for the proper manage-
ment of dial offices.

Develop a common service viewpoint by re-
viewing traffic objectives and stimulating a spirit
of cooperation.

Discuss such items of mutual interest as:
a. Frequency of overloads.
b. Equipment failure alarms.

c. Indications of apparent equipment short-
ages or surplus.

d. Improper traffic distribution between
groups or subgroups.

e. General service difficulties.

Arrive at an understanding in regard to main-
tenance, testing, and keeping a minimum amount
of equipment out of service, i.e., maintain close
personal knowledge of all equipment conditions,
or failures.

SPECIAL ANALYSIS AND TESTS—These
are occasionally needed to supplement data regu-
larly shown on routine records and reports. The
frequency and extent of these tests is dependent
upon local conditions and should be discontinued
when they have served their purpose.

11.08 CONCLUSION—In conclusion let us review a

few of the important points in Dial Office Manage-
ment, some of which have already been mentioned
while others have not:

1. Be sure to consider all sources of results in-
formation when looking for the cause of un-
satisfactory results, giving particular attention
to the following general items:

a. Facilities

b. Written Instructions
¢. Organization

d. Provision of Force

Step-by-Step Dial System
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e. Personnel and Training

f. Supervision in the Traffic organization, in-
cluding the traffic superintendent.

g. Coordination with other departments and
offices.

h. Do not jump at conclusions.

2. It is the Traffic man’s job to create a feeling of
responsibility in the other departments for
service results, especially operating and equip-
ment reactions, subscribers’ education, and
customers’ faulty usage.

3. Training problems and facility unbalance may
occur overnight due to a rapid “spurt’” in
business immediately following a depression or
business recession. Difficulties will be enhanced
by the fact that present supervisory personnel
lacks experience under full loads, and possibly
does not have a clearcut knowledge of man-
agement procedures.

4, Service that is satisfactory to the customer, or
even better than he expects, should determine
objectives to be maintained.

5. The District Superintendent should consider
himself the owner of the valuable plant he is
managing. He should hope for increasing
traffic, full capacity, continued good will, and
a fair profit.

o

The District man should have a definite item
to check and review every time he visits a dial

office building.

7. The Ge_nera\_l and Division Office staffs must
also maintain close and unbroken interdepart-
mental coordination.,

11.09 DIAL OFFICE MANAGEMENT—REFER-

ENCE MATERIAL
T:C. ]7l—-§gscia.l Trafic Records—Supplemented by T.C.

T.C. 172—Traffic Engineers Routine Records.

T.C. 255—Dial System Local Peg Count, Overflow and All
Trunks Busy Records.

T.C. 260—Performance of Dial System Equipment under
Emergency Conditions.

T.C. 262—Central Office Management.

T.C. 279—Step-by-Step Method of Assignment, Suppl
wented by T.L. 167, Gemenh Suppl-

T.C. 337—Estimating and Administration of Inter-Office
Trsxslc?sg Supplemented by T.C.'s 359, 364, 374
an ’ :

T.C. 339—Dial Service—Emergency Calls for Fire, Police

and Ambulance.

T.C. 340—Method of Operation—Step-by-Step Equi L
Supplemented by T.C. 367. p Equipmen

T.C. 341—Step-by-Step Traffic Engineering Practices.
replaced by new T.E.P.—Division D) S

T.C. 359—ATB Registers—Plunger and Rotary Out-Trunk
Switch Groups.

T.C. 369—Step-by-Step Systems—Auxiliary Relay Circuits
for use with No. 1B Holding Time Cabinets.
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T.C. 399—Division B—Local Dial Service Observing Prac-
tices.

T.L. 113—Arrangements for Number checking in Dial Offices.
T.L. 160—Dial Offices—Reverting Calls on Party Lines.
T.L. 163—Assignment of Subscribers Message Registers.

T.L. 174—Step-by-Step Offices—Rotary Out Trunk Switch
Equipment—Method of changing number of Inter-
office Trunks.

T.L. 244—Step-by-Step Systems—Allotter Equipment for
Reducing or Eliminating Line Switch Double
Connections.

T.L. 268—Reassignment of Disconnected and changed
numbers in Dial Offices.

T.L. 315—Local Completion—Use of Busy Line Records.

P.E.L. 650—Dial Systems—Number Checking on Non-Hang-
gII)G CI%?‘) service. Supplemented by P.E.L.’s

P.E.L. 679—Step-by-Step Systems—Digit Absorbing Selec-
tors. Supplemented by P.E.L. 4749.

P.E.L. 806—Common Systems—No. 1 B Holding Time Re-
order-Improved Method of Attachment. Also
see G.E.C. 1928.

P.E.L. 1002—SXS—Improved Peg Count Arrangements for
Level Hunting Connectors.

P.E.L. 1191—Dial Systems—Operation of Coin Lines.
Supplemented by P.E.L. 1615.

P.E.L. 1778—SXS—Temporary Connector Intercepting
Equipment.

P.E.M. 299—SXS—AIl Trunks Busy Registers for Rotary
Out-Trunk Switches.

P.E.M. 558—SXS—Arrangements for Reducing or Eliminat-
isng. D}?uble Connections in Plunger Type Line
witches.

P.E.M. 639—SXS—Permanent Signal Make-busy Arrange-
ments for Line Switch Offices—No. 475 A Tool.

P.O.L 324—How to Use the Telephone.
G.E.C. 1729—Machine  Switching—Handling  Directory

Errors.
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P.E.L. 3655—Emergency Manual Service for Dial Sub-

scribers.

P.E.L. 3495—Improved Facilities for Completing Calls to

rge P.B.X.s.

P.E.M. 2712—Improvements in Toll Switch Train to mini-
mize wrong numbers.

P.E.L. 1646—Rotary Out-Trunk Cross Connections.
P.E.L. 3962—Clearing Held Applications—Temporary Use

of P.B.X. Positions in No. | and No. 350 A
SXS offices.

P.E.C. 37—523-B Subsets for Commercial Offices— Supple-
mented by P.E.L. 2227 and P.E.M. 665.

P.E.L. |943—-geXS—Busy Subscriber Line Study Portable
t.

P.E.M. 3810—Coin Collectors—New Signal System for Hand
Set Type.

P.E.L. 4525—S5XS5—Elimination of Auxiliary Selectors.

P.E.L. 4722—Common Systems—No. 23 Type Desk.

P.E.L. 4516—"Midget” Busy Trunk Counter.

P.E.L. 4880—Traffic Measuring Facilities.

P.E.L. 3847—SXS—Improved Graded Multiple Arrange-
ments. Supplemented by P.E.L. 4897.

P.E.L. 4749—SXS—Double digit absorbing selectors.
P.E.L. 4897—SXS—Additional Graded Multiple Arrange-

ments.

T.L. 464—Organization for Dial Office Management.

In addition to the above, the A.T.&.T. Co.
issued in February 1946 a course on ‘“Dial Office
Management”. A revision to this course, dated
January 1950, was issued by the General Traffic
Engineer’s Office of the Northeastern Area (The
Ohio Bell Telephone Company).
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12.2

EQUIPMENT NOMENCLATURE
GENERAL

These notes cover terminology which has been
considered and approved by a committee on
Equipment Nomenclature at the A.T. & T. Co.
ofhces.

In a number of instances the terms contained
in this list name equipment arrangements accord-
ing to particular features of operation. Such
terms must frequently be combined with other like
terms to completely identify the arrangement in
guestion.

Terms may change from time to time. Where
this is done, they will ordinarily be effective im-
mediately on new drawings and new issues of
descriptive matter and will also ordinarily be
applied to revisions or reissues of drawings and
practices when these are undergoing revisions
extensive enough to justify the change in the name.

Following are the terms most commonly used
with reference to dial equipment, plus some of the
more general terms. A complete list is covered in

P.E.C. 777.

GENERAL TERMS

Manual Telephone System or Manual
System

A telephone system in which telephone con-
nections between customers are established man-
ually by telephone operators in accordance with
orders given verbally by the calling parties.

Dial Telephone System or Dial System

A telephone system in which telephone con-
nections between customers are ordinarily estab-
lished by electrical and mechanical apparatus
controlled by manipulations of dials operated by
the calling parties.

Panel Dial System

A type of dial telephone system in which the
switching apparatus is generally characterized by
the following features:

(1) The contacts of the multiple banks over
which selection occurs, are mounted vertic-
ally in flat rectangular panels.

(2) The brushes of the selecting mechanisms
are raised and lowered by motor driven
apparatus.

(3) The dial pulses are received and stored by
controlling mechanisms which govern the
subsequent operations necessary in estab-
lishing a telephone connection.

Section 12.0
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Step-by-Step Dial System

A type of dial telephone system in which the
switching apparatus is generally characterized by
the following features:

(1) The wipers of the selecting mechanisms are
moved both vertically and in horizontal circular
arcs.

(2) The selecting mechanisms are individually
driven by a combination of electromagnet and
ratchet mechanisms.

(B) The dial pulses may either actuate the
successive selecting mechanisms directly or may
be received and stored by controlling mechanisms
which in turn actuate the selecting mechanisms by
pulses similar to dial pulses.

Central Office (May be abbreviated to Office)

A switching unit, in a telephone system pro-
viding service to the general public, having the
necessary equipment and operating arrangements
for terminating and interconnecting lines and
trunks. There may be more than one central
office in a building. The term “central office”
applies to each unit of equipment having a
separate office name or code and in addition
having independent incoming trunks and termi-
nating switching equipment.

Note: When a central office name is used to
designate a building housing one or more
central offices, the word ‘‘building”
should be appended to avoid confusion.

Local Central Office or Local Office

A central office serving primarily as a place of
termination for subscriber lines, and providing
telephone service to the subscribers on these lines.
A local central office may serve some subscribers
on a theoretical office basis with additional office
names or codes, and in this case for commercial
or other reasons some separate incoming trunk
groups may be provided for the traffic to these
subsribers. The theoretical office arrangement is
not, however, considered as a separate central
office.

Tandem Central Office or Tandem Office

A central office used primarily as an inter-
mediate switching point for traffic between other
central offices. Unless qualified by a prefix or
other explanation, this term is restricted by usage
to an office employed primarily for the intercon-
nection of local central offices.

Toll Central Office or Toll Office

A central office used primarily for completing
and supervising toll calls.

Note: Certain types of toll calls are completed
and supervised at local central offices. °
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Dial System Office (May be abbreviated to
Dial Office)

A central office furnishing dial service.
Dial System Tandem Office

. A tandem office employing mechanical switch-
ing equipment. The switching operation may be
controlled by operators in the tandem office
(Operator Tandem) or may be entirely mechani-
cal (Full Selector Tandem). The tandem office
may employ either or both of these methods of
operation.

Panel Office

A dial system office where the switching ap-
paratus is of the panel type. Battery Cut-Off
Relay Office is the designation used to distinguish
the newer type of panel office where the cut-off
relays of the line circuits are connected to battery.
Ground Cut-Off Relay Office is the designation
used to distinguish the type of panel office where
the cut-off relays of the line circuits are connected
to ground.

Panel Tandem Office

Panel tandem offices are of two general types as
follows: :

(a) Sender Tandem

Tandem and completing office selections
are controlled by a sender in the tandem
office. This sender gets its setting either
from a tandem operator’s keyset (Operator
Tandem) or from another office in the
form of pulses (Full Selector Tandem).

(b) Office Selector Tandem

A group of distant office selectors controlled
from the originating office or from a sender
tandem.

Step-by-Step Office

A dial system office where the switching ap-
paratus is of the step-by-step type.

Step-by-Step Tandem Office

Step-by-Step tandem offices are of the Full
Selector Tandem type.

Community Dial Office

A dial office of comparatively small size which
serves a separate exchange area having its own
numbering plan and which has no operating or
maintenance force located in its own building.
The operating is handled and the maintenance is
directed from conveniently located points.

Step-by-Step Dial System
Traffic Training Course and Reference Manual

Operator Office

A central office which serves as the operating
center for assistance traffic for a community dial
office.

Note: The operator office is usually, also, the
maintenance headquarters and the toll
operating point for the community dial
office, but this is not necessarily the case.

Branch Office

An assembly of switching equipment (usually
of the step-by-step type) located apart from the
main office, but part of the main office so far as
the numbering plan is concerned and at least
partially dependent on it for its trunking.

Exchange

A unit of a communication company for the
administration of communication service in a
specified area which usually embraces a city,
town, or village and its environs. It consists of
one or more central offices together with the
associated plant used in furnishing communication
service in that area. Ordinarily an individual
local tariff is filed for each exchange.

Exchange Area

The territory included within the boundaries of
an exchange.

Local Service Area

The entire area within which are located the
stations which a customer may call at local rates
in accordance with the provision of the local tariff.

Local Call

A:ny call (attempted or completed) for a desti-
nation within the local service area of the calling

station. A completed local call is frequently re-
ferred to as a local message.

Toll Call

Any call (attempted or completed) for a desti-
nation outside the local service area of the calling

station. A completed toll call is frequently re-
ferred to as a toll message.

Manual System Subscriber

. Any telephone subscriber whose line terminates
n a manual office.

Dial System Subscriber

. Any telephone subscriber whose line terminates
in a dial office.
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Manual Subscriber

A manual system subscriber or a dial system
subscriber served by a central office line (or lines)
arranged for originating calls on a manual basis.

Note: When a manual subscriber is served by a
dial office and has dial incoming service
he may be called a “Manual Subscriber
with Final Multiple” or a “Manual
Subscriber with Connector Multiple” as
the case may be.

Dial Subscriber

A dial system subscriber served by a central
office line (or lines) arranged to operate on a full

dial basis.
Dial System Station

Any telephone station served by a dial system
office.

Manual System Station

Any telephone station served by a manual
system office.

Dial Station

A telephone station equipped with a dial.

Manual Station

A telephone station not equipped with a dial.
Dial Service
Telephone service furnished dial subscribers.

Measured Service

Service in connection with which message use is
measured in terms of messages or message units
for purposes of charging for the service.

Message Rate Service

A subscriber classification of measured local
service in connection with which message use
throughout the local service area is measured in
terms of messages or message units for purposes
of charging for the service; and in connection
with which a coin collecting device is not included
as part of the station equipment.

Coin Service

A subscriber, public or semi-public classifica-
tion of measured local service in connection with
which message use throughout the local service
area 1s measured in terms of messages or message
units for purposes of charging for the service;
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and in connection with which a coin collecting
device is included as part of the station equip-
ment.

Prepayment Coin Service

A type of coin service requiring the deposit of
the coin before the customer can place his order
for the called number. Provision is made for
holding the coin in suspension and for collecting
or returning the coin as necessary.

Note: In dial systems prepayment operation is
referred to as “Coin First” when it is
necessary to distinguish from “Dial Tone
First.”

Postpayment Coin Service

A type of coin service requiring the deposit of
the coin on request after the called station has
answered. Provision is not made for holding the
coin in suspension, nor for the operator to have
control of the coin after deposit.

Flat Rate Service

A subscriber classification of local service in
connection with which a stipulated monthly
charge is made, covering all message use to stations
within a specified area which may include all or
a part of the local service area. In the latter case,
message use to stations in the balance of the local
service area is charged for on a measured service
basis, such charges being in addition to the stipu-
lated monthly charge.

Assistance Call

A call which the customer could dial directly,
but on which he dials the operator for assistance.

Multiple Registration

The general term for the arrangement of opera-
tion of the subscriber message register wherein
the register may be operated more than once on a
completed call, the number of operations being
dependent on (1) the conversation time, or (2)
the combination of the destination and conversa-
tion time.

Zone Registration

Multiple registration based on both destination
and conversation time.

Overtime Registration

Multiple registration based on conversation
time only.

Zone (As applied to multiple registration)

An area or belt surrounding a specified central
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12.3

12.31

office, in connection with which the local rate
treatment for a particular class of service is uni-
form for all calls directed to offices in that area or
belt from stations served by the specified office.
Zones are numbered with respect to any given
central office to correspond to the number of
message units for the initial period of conversation
for calls originating at stations served by that
office.

Message Unit

The unit of measurement for charging for
message use where a multiple registration method
of charging is employed, either by the use of
multiple registration equipment or by the transla-
tion into equivalent message units of ticket charges
for calls within a specified area.

Subscriber vs. Subscriber’s

It is recommended that in equipment nomen-
clature the term “Subscriber’” be used rather than
the possessive form “Subscriber’s” as for example,
“Subscriber Station,” etc. This recommendation
regarding the use of possessive forms does not ap-
ply to terms such as ‘“‘Operator’s Set,” “Wire

Chief’s Desk,” etc.

MECHANICAL SWITCHING EQUIPMENT

GENERAL
Selector Multiple

Parallel connected terminals of one or more
selector banks, such as are used in dial offices.
Selector multiples correspond in a general way to
the various multiples in a manual switchboard.
Specific types of selector multiples are “District
Multiple,” “Incoming Multiple,” “Line Finder
Multiple,” ““Connector Multiple,” etc.

Terminal Hunting Group

_A general designation for a group of lines in a
dial system office so arranged that the switching

equipment will search over the group to find an
idle line.

Terminal Hunting

The_ function performed by the switching equip-
ment in a dial office in searching for an idle line
in a P.B.X. or other terminal hunting group.

Subscriber Line Overflow Circuit

An arrangement for counting the attempts to
connect to a particular line or terminal hunting
group while the line or group is busy.

12.32
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Switch Room

That part of the central office building which
houses the selectors and associated apparatus in a
panel or step-by-step office.

STEP-BY-STEP DIAL EQUIPMENT
Step-by-Step Toll Train

The selector switches in a step-by-step office
through which toll calls are completed. There are
two ways necessary for designating the particular
switches in this train. The first, used in traffic
studies and on other occasions where the type of
selector is not of interest but where its place in the
train is the essential, uses numbers corresponding
to the numbers of equivalent selectors in the local
train as follows:

Toll First Selector
Toll Second Selector
Toll Third Selector
Toll Connector

Since these terms do not designate the types of
selectors, names have also been assigned for use
where such designations are necessary. These
follow.

Toll Transmission Selector

A selector in the step-by-step toll train which
furnishes toll grade transmission to the subscriber
and controls the ringing.

Toll Preceding Selector

A selecto_r in the step-by-step toll train ahead of
the transmission selectors. Where necessary, two
or more may be used in tandem.

Toll Intermediate Selector

A selectox: in the step-by-step toll train between
the transmission selectors and the connectors.

here necessary, two or more may be used in
tandem.

Toll Connector

One of the final switches in the toll train which
connects with subscriber lines and which supplies

machine ringing when started by a signal from a
toll transmission selector.

Combination Local and Toll Connector

(May be abb lated t CcO
CONNECTOR 2t to COMBINATION

A connector which will operate either as a toll
connector or as a local connector depending on

whether_it is picked up by the toll train or the
local train.
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Hunting Connector

A connector in a step-by-step office which
searches for an idle line in a P.B.X. group or
other group of consecutive associated lines. There
are two types as follows:

(a) Rotary Hunting Connector

Hunts over a maximum of ten lines all of
which must be on the same bank level.

(b) Level Hunting Connector

Used for larger groups and will hunt over
several consecutive bank levels.

Two Digit Rotary Hunting Selector

A step-by-step selector arranged for connecting
to small groups of lines or trunks and requiring
the dialing of two digits for its operation. The
first digit steps it up and the second steps it in to
the first trunk of the group and it then hunts for
an idle trunk within the group.

Service Code Selector Train

The selector train in the step-by-step system
which is used in reaching the service codes (112,
113, etc.) and to absorb preliminary pulses. The
three switches in this train are:

Auxiliary First Selector
Service Code Selector
Auxiliary Service Code Selector

Out-Trunk Switch

A selector or switch arranged to hunt over a
single group of outgoing trunks and to connect to
an idle one.

Rotary OQut-Trunk Switch

An out-trunk switch utilizing a rotary type
selector as its basic mechanism. A recently de-
veloped circuit of this type is the “Rotary Out-
Trunk Switch Arranged for Preselection.”

Line Concentrating Unit

An arrangement wherein a group of manual
subscriber lines terminates on line switches or
line finders which route their originating calls to
a nearby switchboard and where calls to the lines
are completed through connectors controlled by
dials at the switchboard.

Section 12,0
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12.4 LINES AND TRUNKS
Line

A general term used in communication practice
in several different senses the more important of
which are:

(a) The conductor or conductors and support-
ing or containing structures extending be-
tween subscriber stations and central offices
or between central offices whether they be
in the same or different communities.
Note: In accounting practice, “‘line”’ as

used in the account “Pole Lines” re-

fers only to the supporting struc-
tures, exclusive of the conductors.

(b) The conductors and circuit apparatus as-
sociated with a particular communication
channel.

(c) Any communication channel between two
points disregarding the method of its deriva-
tion.

Trunk

A communication channel used as a common
artery for traffic between switchboards or other
switching devices. This term applies to both
exchange and toll plant.

Subscriber Line

A communication channel between a telephone
station or P.B.X. and the central office which
serves it.

Note: When taken from a station or subscriber
point of view the term ‘“‘central office
line” may be used in a synonymous
sense.

P.B.X. Trunk

A subscriber line used as a trunk between a
P.B.X. and the central office which serves it.

Note: When taken from a P.B.X. point of view
the term ‘‘central office trunk” may be
used in a synonymous sense.

Dial System Subscriber Line

Any subscriber line terminating in a dial office,
either on the regular dial equipment or on the
dial system ‘“A” board.

Toll Line

A line, between central offices in different ex-
change areas, which is used primarily for toll
calls. The application of this term depends upon
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the commercial usage of “toll call” and disregards
the types of offices connected.

Note: In cases where this term might be used
to refer to an individual communication
channel it is considered preferable to use
the term ““toll circuit’” or one of the more
specific trunk terms.

Toll Circuit

A communication channel, between central
offices in different exchange areas, which is used
primarily for toll calls. The application of this
term depends upon the commercial usage of “toll
call” and disregards the types of offices connected.
Channels used for “toll connecting trunks” are
ordinarily excluded from this classification.

Interoffice Trunk

A trunk between two central offices regardless
of type. This term has in the past been confined
largely to trunks between local offices in the same
exchange area.

Interlocal Trunk (an abbreviation of Inter-

Local-Office Trunk)

A trunk between two local offices disregarding

the type of call (local or toll) handled.

Intertandem Trunk

A trunk between two tandem offices.

Intertoll Trunk (An abbreviation of Inter-
Toll-Office Trunk)

A trunk between toll switchboards in different

offices.

Note: Where combined toll and local switch-
boards are involved the trunks are
classed as intertoll or interlocal depend-
ing upon whether the switchboards in
question are performing toll switchboard
or local switchboard functions in hand-
ling the traffic over these trunks.

Tandem Trunk

A trunk incoming to a tandem office, tandem
switchboard, or tandem position to a local office
or local switchboard.

Tandem Completing Trunk
A trunk outgoing from a tandem office, tandem

switchboard, or tandem position to a local office
or local switchboard.

Toll Tandem Trunk

A trunk incoming to a toll tandem switchboard,

Step-by-Step Dial System
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toll tandem position, or other position serving
toll tandem functions, from either a local or toll
switchboard.

Toll Connecting Trunk

A general classification of trunks between a
local office and a toll office. It includes toll switch-
ing trunks, recording-completing trunks, recording
trunks, and such toll tandem trunks as originate
in a local office. It also applies to two-way trunks
combining the functions of toll switching trunks
and recording-completing trunks.

Toll Switching Trunk

A trunk outgoing from a toll office to a local
office used for completing toll calls to subscriber
lines served directly by the local office.

Recording-Completing Trunk

A trunk outgoing from a local office to a toll
office used for communication with the toll
operators and arranged for completing toll calls
originated by subscribers of the local office.

Recording Trunk

A trunk outgoing from a local office to a toll
office used only for communications with the toll
operators and not arranged for completing toll
connections.

Individual Line

A subscriber line arranged to serve only one
main station although additional stations may be
connected to the line as extensions. An individual
line is not arranged for discriminatory ringing
with respect to the stations on that line.

Party Line

A subscriber line arranged to serve more than
one main station. Provision is made for discrimi-
;!atory ringing with respect to the parties on that
ine.

Multi-Party Line

A party line arranged to serve more than four
main stations. Although two and four party lines
might be considered as multi-party lines, they are
arbitrarily excluded from this classification.

Long Line Circuit

A circuit arrangement designed to extend the
range of a subscriber line, P.B.X. trunk, or
P.B.X. extension line with respect to one or more
functions such as supervision, dialing or ringing.
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P.B.X. Long Trunk Circuit

A circuit arrangement designed specifically to
extend the range of a P.B.X. Trunk with respect
to one or more functions such as supervision,
dialing, or ringing.

Dial Long Line Circuit

A long line circuit designed to transmit dial
pulses.

Manual Long Line Circuit

A long line circuit not designed to transmit dial
pulses.

Pulse Correcting Long Line Circuit

A dial long line circuit which included pulse
correcting features.

P.B.X. Tie Trunk

A trunk between two P.B.X!’s.

Dial Repeating Tie Trunk

A tie trunk arranged to repeat dial pulses.

Manual Tie Trunk

A tie trunk operated on a manual signaling
basis, i.e., ringdown or automatic.

Ringdown Tie Trunk

A tie trunk arranged for signaling by means of
ringing current transmitted over the trunk.

Manual Ringdown Tie Trunk

A ringdown tie trunk requiring the application

Section 12.0
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Manual Selected Tie Trunk

Any tie trunk arranged to be selected by
manual operation.

Dial and Manual Selected Tie Trunk

Any tie trunk arranged to be selected by both
dial and manual operation.

Number Checking Trunk

The trunk which permits an operator to obtain
a check of the calling subscriber’s number.

Vacant Code Trunk

The trunk reached by a dial subscriber when he
dials a code which is not in use.

Vacant Incoming Multiple Trunk Circuit

A circuit for intercepting calls routed in error
to vacant incoming multiple terminals.

Loop-Back Circuit From Intercepting Desk

The arrangement added to a straightforward
intercepting trunk to enable the intercepting
operator to call back and talk to the “B” operator.

Trunk Equipment

A general term signifying the equipment
directly associated with a trunk.

Note: In the case of certain manual trunk
equipments, the arbitrary designations
“Type A Trunk Equipment,” “Type B
Trunk Equipment,” etc. have been as-
signed for the sake of brevity.

of ringing current by the attendant. 12.5 POWER AND SIGNALING
v i ARRANGEMENTS
Automatic Tie Trunk
A tie trunk arranged for signaling automatically Talking Battery
by connection to or disconnection from the tie
trunk. Signaling may be by alternating or direct The battery circuit which, because of special
current. design precaugions or the insertion of filters, is
sufficiently quiet to be used as the power supply
Automatic Ringdown Tie Trunk for transmission circuits. On some drawings the
_ ‘t‘alkx_ng battery l’?ads have in the past been labeled
An automatic tie trunk arranged for ringdown Quiet Battery.
termination.
Tone Alternator
Dial Selected Tie Trunk
) ) The tone generator of the inductor-alternator
Any tie trunk arranged to be selected by dial type which supplies dial tone, busy tone, audible
operation, ringing signal, order tone, etc.
TCI Library: http://www.telephonecollectors.info -



Section 12.0
Page 8

Continuous Ringing

The designation for bus-bars, alarms, etc., for
uninterrupted ringing current. This has been
called “Manual Ringing.”

Selective Ringing (Two or more parties)

A party-line ringing system wherein the bell or
bells of the desired party only are rung.

Semi-Selective Ringing (Four or more
parties)

A party-line ringing system wherein the station
bells of two parties are rung simultaneously,
differentiation being by a one-ring, two-ring code.

Code Ringing

A party-line ringing system wherein the number
of rings or the duration, or both, indicate which
party is being called. Although semi-selective
ringing is one form of code ringing it is excluded
from this classification in order to make the terms
distinctive.

Multi-Party Ringing

Any ringing system which provides for ringing
more than four parties. Two and four party ring-
ing is arbitrarily excluded from this classification.

Bridged Ringing

A term applied to any party-line ringing system
wherein all the ringers on a line are directly con-
nected across the line.

Divided Ringing

A method of obtaining partial ringing selec-
tivity by connecting one-half of the ringers from
one side of the line to ground and the other half
from the other side of the line to ground. This
term is not ordinarily applied to selective and
semi-selective ringing systems.

A.C.—D.C. Ringing

A ringing system utilizing a combination of an
alternating current and a_ direct current, the
direct current being provided to facilitate tripping.

Superimposed Ringing

A ringing system utilizing a combination of
alternating and direct currents where both positive
and negative d-c components are provided pri-
marily to obtain selectivity.

Step-by-Step Dial System
Traffic Training Course and Reference Manual

Call Tone

Tone given to an operator to indicate that a
call has been connected to her position and that
she should announce herself. Examples of this
tone are found at the No. 3 Information Desk

and the No. 3 Order Turret.
Calls Waiting Signal Circuit

An arrangement, used primarily with call dis-
tributing switchboards, for indicating the pres-
ence of and in some cases the approximate
number of waiting calls. Examples of its use are
the circuits at the call distributing “B’’ board,
the No. 3 information desk and the sender tandem

board.
No Such-Number Signal

The tone given a subscriber when he reaches a
Vacant Code or Vacant Level Trunk.

Order Tone

The tone sent back over a trunk to indicate:
(a) To the originating operator—that the order
should be passed and (b) to the receiving operator
—that an order is about to be passed. For certain
types of operation, such as call announcer and
automatic display call indicator, the tone serves
function (b) only.

Single Order Tone

An order tone consisting of one tone signal of
relatively long duration (about 14 second) indi-
cating that the office name and desired number
is to be passed.

Double Order Tone

An ox:der tone consisting of two short tone
signals in quick succession indicating that the
desired number only is to be passed.

Triple Order Tone

An order tone consisting of three short tone
signals in quick succession indicating that the
office name only is to be passed and that the
originating operator is to wait for a subsequent
order tone.

Vacant Position Tone

Tone on a trunk terminating in a vacated
position.

WarningjTone

_Tone given to an operator to indicate that the
circuit to which she is connected is not in a condi-
tion for normal operation. Examples of this tone

TCI Library: http://www.telephonecollectors.info
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are, the tone given an operator at an automatic
display call indicator position when she plugs into
the wrong telephone set jack, and the tone re-
ceived by a sender monitor operator when she
plugs into a sender supervisory jack while the
sender is connected to the test set.

MISCELLANEOUS

Observing

Noting the performance of equipment and
employees in handling telephone connections, the
performance of employees in handling customer
contacts, and the transmission performance of
established telephone connections, either separ-
ately or in combination with each other, for the
purpose of measuring the quality of service
rendered or of training the employee.

Monitoring

Listening on a telephone connection, for super-
visory, observing, or similar purposes, by means
of a transmission circuit which does not appreci-
ably affect the normal transmission of, nor cause
disturbances in the circuit listened on. The term
“monitoring”’ may also be applied in a similar
sense in connection with signaling circuit arrange-
ments for checking signaling operations such as
dialing or key pulsing.

Central Service Observing Equipment

Service observing equipment which permits the
location of the observing desk in one building
for observing on lines terminating in several
central office buildings.

Non-Central Service Observing Equipment

Service observing equipment which requires the
location of the observing desk in the same building
in which the observed central office lines terminate.

Multi-Line Service Observing Equipment

An equipment arrangement for service observ-
ing which includes means for automatically as-
sociating any one of a number of subscriber lines
or trunks with the observing desk either directly
or via trunk conductors.

Single-Line Service Observing Equipment

An equipment arrangement for service observ-
ing which requires a separate set of conductors to
the observing desk for each subscriber line or trunk
under observation.

Section 12.0
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Repair Service Observing

The process of observing a representative
number of telephone contacts between subscribers
and repair service clerks or test deskmen for the
purpose of measuring the quality of service
rendered from the subscriber’s viewpoint or for
employee training purposes.

Cable Test Desk ~

The test desk designed primarily for making
measurements on exchange area cables and simi-
lar outside plant to determine the location of
crosses, opens, and grounds. A desk of this na-
ture, has in the past, been called a ‘““Central Cable
Location Test Desk.”

Test Trunk

The circuit arrangement which permits a test
man to connect to a particular line or trunk in any
local or toll office.

Step-by-Step Pulsing Test Set

A test set designed for testing the pulsing re-
sponse of step-by-step selectors, connectors, re-
peaters, etc.

Plugging-Up Line Circuit

The arrangement used for handling lines in
trouble due to outside plant or station difficulties.
This term is recommended in place of “Plugging-
Up Trunk Circuit” which has been used in some
cases. In dial offices the plugging-up line circuit
terminates in two jack circuits; (1) the ““Trouble
Intercepting Line’’ which is used in connection
with intercepting calls to the line in trouble and
intercepts terminating calls; (2) the ‘‘Trouble
Observation and Test Line’’ which is provided
for supervising the line in trouble and for obtain-
ing access to it for test purposes.

Transfer Key

A key which moves a complete function from
one location to another.

Grouping Key

A_ key which_ ties equipment together for more
efficient operation during periods of light loads.

Alarm Grouping Arrangement

The alarm arrangement provided in offices
having more than one alarm panel whereby the
throwing of a key extends the alarms at one panel
to another alarm panel. This arrangement is
useful at night or at times when a full mainten-
ance force is not on duty.

TCI Library: http://www.telephonecollectors.info
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Amplifier

An unidirectional device which is capable of
delivering an enlargement of the wave form of the
electric current, voltage or power supplied to it.

Telephone Repeater

A combination of one or more amplifiers to-
gether with their associated equipment so arrange
as to provide for two-way transmission in a tele-
phone circuit.

Radio Frequency Suppressor

An arrangement for reducing radiation at radio
frequencies arising from transient currents gener-
ated in the normal operation of switching, signal-
ing, or power apparatus,

Teletypewriter Service

A communication service using teletypewriters
which, by means of keyboards similar to the key-
board of a typewriter, transmit electrical impulses
of such a character as to cause the direct reproduc-
tion of the messages in typed form by machines
arranged for such reception. This service may be
furnished on a one-way or two-way basis.

Teletypewriter Exchange Service

A form of teletypewriter service in which
suitably arranged teletypewriter stations are pro-

vided with lines to a central office where con-
nections may be established between any such
station and any other similar station in the same
city or in other cities at the request of the sub-
scriber.

Teletypewriter Private Line Service

A form of teletypewriter service differing from
exchange service in that it is limited to service
between certain specified stations. The service
gmy be contracted for on a full time or a part time

asls.

Teletypewriter Operator

A central office employee who performs at the
switchboard the functions required in establishing
connections between teletypewriter stations and
the other functions associated therewith.

Note: The corresponding person at a teletype-
writer P.B.X. is usually called an “at-
tendant.”

Teletypewriter Station

An installed teletypewriter and associated wir-
ing and apparatus in service for teletypewriter
communication,

"Note: In practice this term does not include
the teletypewriter employed by central
office operators and by other employees
in operation and maintenance of a tele-
typewriter system.
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