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No. 5 Crossbar

INTRODUCTION®

A little over ten years ago, the first cross-
bar central office was cut into service by
the Bell System. Known as the No. 1 cross-
bar system, it was designed for large cities
where the panel system had been used for
almost twenty years. Since then approxi-
mately 350 crossbar dial offices of this type,
serving mearly 5,500,000 subscriber sta-
tions, have been installed in the larger
cities throughout the United States. Dur-
ing these years improvements have been
made in the No. 1 crossbar system to make
it more serviceable to the telephone user
and to meet the new problems which have
arisen.

Bell Telephone Laboratories’ engineers
have continued their searches for new and
better telephone switching systems. One
such search was for a dial system that
would better meet the telephone switch-
ing requirements for areas on the outskirts
of metropolitan cities and at the same time
care for medium- to large-sized offices in
other areas. Work on this problem culmin-
ated in the development of the new No. 5
crossbar system, and on July 11, 1948, the
first office of this type was placed in service
at Media, Pa., a suburb of Philadelphia.

The field of application of this new
switching system is more extensive than
that of any previously developed. The No.
5 system is capable of operating with all
present local, tandem, and toll switching
systems of the Bell System and of the inde-
pendent companies which connect with it.
In addition, it can serve as a tandem or
toll-center switching office where this is
advantageous. It can be readily equipped
with features for operation as required at
toll centers for nation-wide operator toll
dialing and also for automatic message ac-
counting, which permits subscriber dialing
to be extended to considerable distances.
No. 5 crossbar is designed for operation
with as few as four digits in a subscriber

*Excerpted from paper by F. A. Korn and J. G.
Ferguson in Electrical Engineering, August 1950,
page 679.

number, or it can complete calls which re-
quire as many as 11 digits, (dialed by op-
erators) three for the national area code,
three for the office code, tour for the nu-
mericals, and the last for the station letter
of the called number on certain types of
party-line service. The No. 5 crossbar sys-
tem is like the No. 1 System in employing
relays and crossbar switches for all switch-
ing operations; in using primary-secondary
arrangements of crossbar switches to funnel
the traffic from lines to trunks and from
trunks to lines; in having the utmost free-
dom of action in routing each call; in em-
ploying registers, senders, and translator
elements for only a short time on each con-
nection; in delegating control of practically
all switching and pulsing operations to the
markers; and in including automatic alter-
nate routing, second trial, and automatic
trouble detection features.

It differs from the No. 1 system: in its
switching plan; in its trunking arrange-
ments; in its utilization of new apparatus;
in its equipment design; in its circuit op-
eration; and in its maintenance processes.
This combination of innovations gives No.
5 unusual versatility with standardization
while the extended use of the common con-
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Fig. 1—Basic arrangement of the switching plan of the
No. 5 crossbar system. Every subscriber line appears on
one of the line-link frames, and all trunk and originating
register circuits appear on the trunk-link frames.

5



trol principle and the introduction of new
maintenance concepts endow the new sys-
tem with other important features, a few
of which are discussed here.

The No. 5 crossbar system is different
from No. 1 primarily in its switching plan,
a simple block diagram of which is shown
in Figure 1. Each subscriber line appears
on one of the line-link frames and all trunk
and originating register circuits on trunk-
link frames. As in the case of No. 1, the line
has but a single appearance on the line-link
frame, and this serves for both originating
and terminating calls. Every connection is
set up from a trunk or a register to a calling
or a called line through crossbar switches
on trunk-link and on line-link frames. The
common -control equipment which is used
to set up the various connections includes
the markers, the connectors, the number
groups, the senders and registers, and the
sender and register links. Once a talking
path is established, all control elements are
.released and only the line-link, trunk-link,
and trunk circuit elements remain in the
connection.

Before any talking path is set up, all
needed information on calling and called
parties is registered in a way which en-
ables a marker in a uniform and flexible
manner to call into the connection only
those switching, signaling, transmission,
and supervisory features required for the
particular call. On every subscriber call,
the calling line, through a connector, en-
gages a marker to connect the calling line
temporarily to an originating register
through crossbar switches of the line-link
and trunk-link frames after which the con-
nector and marker are released. When all
of the needed information on calling and
called parties is stored in the originating
register, a marker is again engaged for a
fraction of a second to establish the talking
connection. Knowing both ends of the con-
nection required and with no switching

equipment committed, the marker is free to
set up any kind of a call with the best com-
bination of elements.

If the call is to another subscriber in the
same office, the marker connects an idle
intraoffice trunk circuit to the calling and
called lines.

If the call is to a destination outside the
office, the marker recognizes this from the
information dialed and proceeds to connect
the calling line to a trunk circuit in the
proper group. If a sender is needed, the
marker connects one of the appropriate
type to the trunk circuit through a sender
link. Senders receive information from the
marker and transmit it in the form of pulses
to registers, other senders, or directly to
switches as required in the systems of the
connecting offices. This information in-
cludes the subscriber’s numerical digits
and may include office code digits as well.
Since senders must be capable of operating
with the standard kinds of signaling, four
types are available for dial-pulse, revertive-
pulse, multifrequency-pulse, and panel
call - indicator operation. Multifrequency
pulsing is generally used for signaling be-
tween No. 5 offices, to and from No. 4 toll
crossbar offices, to No. 1 crossbar, and to
crossbar tandem offices.

If the call is incoming from another of-
fice, the incoming trunk circuit associates
itself with an incoming register through an
incoming register link. The incoming regis-
ters receive information from senders, dials,
or key sets in the distant offices and pass
this information to the markers for estab-
lishing the switching connection either to
a called subscriber line in the same office,
or to a distant office when through switch-
ing of toll or tandem traffic is involved.
Incoming registers, like senders, must be
capable of operating with the standard
kinds of signaling; hence there are dial-
pulse, revertive - pulse, ~multifrequency-
pulse, and B-switchboard registers.
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A two-bay basic frame of a line link frame, at the left, On ¢ single junctor grouping frame, shown
with a 100-line supplementary bay, at the right. Supple- above, the junctors from as many as 20 line
mentary bays are also available for 200 lines. A complete link frames are distributed to all the trunk
frame may accommodate as many as 590 lines. link frames in the office.
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A basic trunk link frame, at the left, comprises two bays and serves for connecting any of
200 junctors from the line link frames to as many as 160 trunk or originating register
appearances. Adjacent to the trunk link frame is a trunk link connector that associates that
trunk link frame with the marker.



An originating register frame comprises two bays, and has
a capucity of five registers, each extending across the pair
of bays. In the register frame shown above, the lower posi-
tion is unequipped.

10
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A pre-translator with its connector occupies half
of a single frame; two or three may be used in
each installation. They furnish certain code in-
formation to the originating registers.
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Each No. 5 crossbar marker includes the four bays shown at the right. The two bays at the
right are the translator and route relay bays, while the next two at the left comprise the com-
mon equipment bays. The bay at the extreme left—the trunk frame test lead connector—will
serve six markers. A class-of-service bay, not shown, serves four markers.
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The outgoing sender frame, like the orig-
inating register frame, has space for five
senders on two bays. This photograph was
taken in the Switching Laboratory.
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An outgoing sender link frame at the end of a line of relay
rack bays. These links connect outgoing trunks, on their
verticals, to outgoing senders, on their horizontals, under
control of the marker.



Depending on the number of trunks served by the
particular type of register, incoming register links
occupy from one to six bays. Above are two links
serving two register groups.

Five incoming registers are mounted on a two-
bay frame, but they may be of different types.
The registers on the two bays shown above are
all of the revertive-pulse type.
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The master test frame is the central maintenance point of a No. 5 crossbar office. Here troubles are recorded,
and tests are applied. At the extreme left is the trouble recorder; the next two bays are used in setting up and
applying tests of the common control circuits; the right-hand bay is used principally for testing outgoing
trunks, and for making various common control elements busy.
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Looking down the main aisle of the No. 5 crossbar laboratory in Bell Telephone Laboratories.
As the development of the No. 5 system progressed, the various frames were set up here and
tested: first to determine that they perform their functions properly as individual circuits, and
then to determine that they work properly with the circuits with which they are associated.
As improvements are made and new features added, they are also added here.
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JAMES G. FERGUSON
Switching

Systems

Development

No. 5 crossbar has already a broader
potential field of application than any pre-
vious dial system, and it is better adapted
than any to accept new services and features
as they are developed in the future. The
novel method of handling calls that has been
devised and many of the new circuit fea-
tures have already been briefly described
previously.* Not less novel are some of the
general equipment patterns which have
been introduced to enhance the versatility
of the system in providing services and at
the same time insuring economy in produc-
tion and maintenance.

Because No. 5 provides so many services,
the deviations from office to office will be
more pronounced than ever before. It is un-
likely that two central offices will be iden-
tical in numbers of switch frames of the
various types, or in the equipment provided

1t See page 5.

Design patterns for

No. 5 crossbar

on them. Some of the things which will com-
bine to make each office different are: the
numbers of subscribers, the kinds of service
they require, the number of times they call,
the durations and destinations of their calls,
the number of central offices in the same
building and in the community, and the na-
ture, variety, and number of interconnect-
ing circuits required to provide for the flow
of traffic between the office and all other
connecting offices.

All of this implies custom building, and
custom building is expensive. It was unusu-
ally urgent to keep it within bounds in No.
5 by devising standardized equipment pat-
terns which would not only provide in-
numerable necessary combinations of ser-
vices initially, but also enable facilities to be
added and traffic distribution to be rear-
ranged to care for growth, change, and the
introduction of new features. The primary
objective in equipment design for the No. 5

Fig. 1—Front and rear views of a typical functioned unit.
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system was to exploit to the fullest extent
the great flexibility inherent in the switching
plan and, at the same time, to standardize
all arrangements in the fewest patterns, with
the fewest parts and assemblies for most
economical manufacture, engineering, in-
stallation, and maintenance. In spite of the
fact that flexibility and standardization are
frequently incompatible, they have been
combined to an unusual degree in No. 5.

Although no two offices are expected to
be exactly alike, there are features within
each that will be the same. Some are re-
quired in varying numbers in all offices,
others are optional and specified more or less
frequently. To meet this situation, a stand-
ard package was designed for each basic
combination of features and these packages
are used as the building blocks for all frame
equipments. These standard basic units,
which are generally not larger than one or
two square feet in area, are re-used wher-
ever practicable to concentrate demands on
the smallest number of items.

These small subassemblies are called
functional units. Frequently, an auxiliary
service not required in every office employs
one or two relays which cannot be economi-
cally packaged apart from a related func-
tional unit. Each such option is coded sep-
arately for engineering and administration
reasons. It may be furnished always or only
as required, depending on which arrange-
ment is more economical. All functional units
can be bench assembled, wired, and tested,
and straight line assembly methods can be
employed where justified. Interconnecting
wires, precut to length and preskinned, are
run along the surface of the mounting plates
which support the components and they are
connected as run. A new wire with plastic
insulation was developed for this purpose
which reduces wiring congestion, fire haz-
ard, and contact troubles from lint. The
elimination of the wire cutting operation at
the bench avoids wire clippings in the units.
A typical functional unit of the type dis-
cussed is shown in Figure 1.

Frame equipment arrangements were
similarly standardized to accommodate all
needed groupings of functional units com-
pletely interconnected and tested in the
factory. To make each frame as self sufficient
as possible, it is equipped not only with its

18

Fig. 2-Section of typical No. 5 office showing
frames, covers, cabling, and lighting.

particular complement of functional units,
but with fuse panels, test equipment, appli-
ance outlets, talking battery filters, terminal
strips, and all other items that serve it.
Every frame arrangement permits the frame
and its common equipment and wiring to be
manufactured apart from its functional units.
At a later stage in the assembly, units and



frames can be brought together in a flexible
manner to provide all needed services. Many
combinations can thus be assembled from a
few standard frames and a relatively few
functional units. Each office can be engi-
neered and manufactured with just the fea-
tures it needs with as little custom building
as practicable.

Patterns were developed for frameworks,
fuse panels, testing facilities, and all other
frame equipment and wiring to enable a
few parts and assemblies of each type to be
brought together in different ways to con-
stitute each standard frame, and to permit
it to serve any combination of functional
units to be mounted on it. Parts, assemblies,
and patterns were reduced in number by
organizing the frame equipments of all
types into a few families with strong family
resemblances.

Where at all practicable, one frame unit
combination was standardized for use on all
jobs. The line link, trunk link, and number
group frames are in this category. For other
frames, except one type which mounts as-
sortments of trunk and miscellaneous units,
ways were found to standardize the frame
equipment and wiring apart from its units,
and to provide full flexibility to care for its
various complements of units without too
great reaction on production. Even in the
one exception where the frame equipment
and wiring as well as the unit complements
vary widely from job to job, a pattern was
developed which reduced the custom build-
ing and made it relatively easy to administer.
As a result, a large proportion of No. 5
frames are fully equipped, wired, and tested
in the shop, and field installation is reduced
to setting up the frames on the office floor,
interconnecting them with interframe cables
and testing the components and the system
as a whole before turning it over to the
Telephone Company. A section of a typical
No. 5 office is shown in Figure 2.

Another novelty of the new office is the

frame construction. Heretofore, most switch
frames have used angle, channel, or I-beam
steel sections. In the No. 5 system, the up-
rights are of sheet metal formed into a rec-
tangular box section, which is much lighter
and stiffer than former types; formed sheet
metal sections are also used for the other
structural members. Front and rear covers
of a new design are incorporated in the
frame in a way that enables frame areas to
be covered to any extent desired in one
consistent manner. This not only avoids a
variety of strip covers and sender type cas-
ings, but it frees from cover restrictions the
arrangement of apparatus on units and of
units on frames.

Cable rack and cabling have been simpli-
fied. Much of the effort in planning and ar-
ranging switchboard cable on the job has
been avoided by adopting a basket type
cable rack in which cable is laid without
being confined by clips or sewing. Instead of
one for each line of frames, one rack over
each wiring aisle serves two lines of frames.
Each frame has power feeders terminated
in solderless connectors which the installer
can quickly patch to supply grids in the
office for battery and 110 volt service. Ap-
pliance outlets are equipped in each frame
when it is assembled, and all in one line of
frames are patched together and to a ceil-
ing receptacle by flexible cable. The installer
will usually have no conduit to install for
these services.

Fluorescent lamps hung from the ceiling
will provide improved illumination at two
levels, a high level of illumination for main-
tenance at an individual frame and a lower
level for general office lighting. This can
be installed by the building contractor be-
fore the frames are ready to be put in place,
and thus the Western Electric Company
installer is freed of the responsibility for
mounting and connecting of lights on all
frames in an office except the main distrib-
uting frames.

19



Trunking plan

W. B. GRAUPNER

Switching
Equipment

for No. 5 crossbar

A basic objective of the trunking plan
for any switching system is to permit inter-
connections to be made between the sub-
scriber lines in the same office, and between
the subscriber lines and the trunks to and
from other offices. In a crossbar system,
these connections are made by crossbar
switches, which establish a path by inter-
connecting a series of links and junctors.
The number of links and junctors provided
must be great enough not only to handle
the largest number of calls likely to be in
progress simultaneously, but to make it un-
likely that a call will find all connecting
paths busy when the line or a suitable
trunk is idle.

In the No. 5 crossbar system, the trunk-
ing plan is simple and yet very flexible.
Only two types of switching frames are re-
quired: the line-link frame and the trunk-
link frame. These basic frames consist of
two bays of ten crossbar switches each—
the two bays being interconnected in much
the same manner as the primary and sec-
ondary bays of the No. 1 crossbar system.
Instead of being called primary and sec-
ondary bays, however, they are called line
and junctor bays on the line-link frame,
and junctor and trunk bays on the trunk-
link frame.

The arrangement of the line-link frames

’/ is indicated in Figure 1. The switches of

the junctor bay have their horizontal mul-
tiple cut so as to give the equivalent of two
crossbar switches of ten verticals instead
of one switch of twenty verticals. One-half
of each switch is used for junctors, and the
other half, for lines. The horizontals of the
right half of the ten switches in the junctor
bay are connected directly across the hori-
zontals of the line bay, and thus provide
what is in effect a crossbar switch with
thirty verticals. The subscriber lines are
connected to twenty-nine of these verticals

20

of each row of switches, and thus each
such basic line-link frame will accommo-
date as many as 290 lines. The one vertical
of each switch not used for lines is em-
ployed for “no test” connections.

Provision is also made for extending
this horizontal multipling of the line
switches to additional or supplementary
bays, which may have switches of either
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Fig. 1—Line-link frame for No. 5 crossbar

ten or twenty verticals. To what extent
supplementary bays are employed depends
on how much the particular lines are used.
With lines having high calling rates or long
holding times, lines on the basic frame may
provide sufficient traffic, and thus supple-
mentary bays may not be required; while
with lines of low calling rates, the capacity
of a line-link frame may be increased to as



much as 590 lines by the use of supplemen-
tary bays. In each case the number of bays
is adjusted to give an adequate load for the
junctors by which the line-link frames are
connected to the trunk-link frames.

Verticals on the left half of the switches
on the junctor bay are connected to junc-
tors. Since each of these ten half switches
has ten verticals, there are 100 junctors
from each line-link frame. Over them pass
all calls from or to the lines associated
with that frame.

The horizontals of the junctor switches
are connected to the horizontals of the line
switches to provide the “primary-secondary”
linkage as indicated in the diagram. Here
each crossbar switch is represented by its
top and bottom horizontal and by its first,
tenth, eleventh, and twentieth vertical, and

No. 5 system, provision has been made for
subscriber lines to have as many as thirty
classes of service. Each such class of serv-
ice identifies the type of line, such as flat
rate, message rate, or coin service. Cov-
ered also by the class are the number of
parties per line—single, two, four, eight, or
ten—various calling zones, and other fac-
tors that affect the type of service or the
rates paid. Lines of any of these classes
may be connected to any line-link frame,
the only restriction being that all the lines
in the same vertical file of a bay, that is
the corresponding verticals of each of the
ten switches of a bay, be of the same class.
Cross-connecting strips at the top of each
line-link frame permit the class of each file
of verticals to be identified to the marker.

The arrangement of the trunk-link frame

200 JUNCTORS

TRUNK-LINK FRAMES
JUNCTOR BAY TRUNK BAY

T
TRUNK

LINKS

%

/

8 OTHER
SWITCHES

Fig. 2—Trunk-link frame for No. 5 crossbar
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Fig. 8—Distribution of fjunctors

only the top and bottom switches of a bay
are shown. Each of the ten horizontals
of a line switch connects to a different
junctor switch in regular order, as indicated.
Each line switch thus has one link to each
of the ten junctor switches. In this way
every line has access to every junctor.
Since the ability to meet a wide variety
of conditions is one of the features of the

is shown in Figure 2. The wiring for the
“primary-secondary” linkage between the
trunk and the junctor switches connects to
the verticals instead of the horizontals, but
the arrangement is similar in effect to that
of Figure 1. In this frame, also, the switches
of the junctor bay have their horizontal
multiple cut to provide the equivalent of
two switches of ten verticals. In this case,
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the split is made to provide terminations
for 200 junctors, which connect to the
twenty horizontals of each of the ten junc-
tor switches. Fach twenty-vertical trunk
switch has access to each half of the split
junctor switch over one link. The trunks
connect to the horizontals of the trunk
switches. These latter switches are of the
six-point type, already described in the
Recorp;* and thus each horizontal is capa-
ble of providing terminations for two
trunks. The two lower horizontals of each
switch are used to select one or the other
of the two trunks associated with each of
the upper eight horizontals, and thus there
are terminations for sixteen trunks on each
switch or 160 on a bay.

Of these 160 trunk terminations, a few—
perhaps five or six—will be used for origi-
nating registers; the rest will be used for
outgoing, incoming, or intraoffice trunks.
Not more than 120 of the terminations on
a frame may be used for outgoing trunks,
however, and not more than 80 for incom-

*REcoRrp, January, 1942, page 114.
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ing or the incoming end of intraoffice
trunks. Intraoffice trunks require two termi-
nations on each frame: one for the connec-
tion going back to the calling subscriber
and one for the connection going forward
to the called subscriber. The trunks to a
particular destination are distributed as
evenly as possible over all the trunk-link
frames. The marker is able to select any
idle trunk on any of these frames to com-
plete a call, so that all trunks to any desti-
nation, regardless of their number, are in
one efficient group. Another advantage of
this arrangement is that when trunk frames
are added, in the course of normal growth,
the additional trunks required can generally
be assigned without disturbing the existing
trunk distribution.

Since each trunk-link frame provides 200
junctors, and each line-link frame only 100,
there are normally twice as many line-link
as trunk-link frames. The junctors between
line-link and trunk-link frames are dis-
tributed in much the same manner as are
the links in each frame. Each line-link



frame has a group of junctors to each trunk-
link frame. For twenty line-link and ten
trunk-link frames, the distribution is indi-
cated in Figure 3. One junctor from each
of the ten switches of a line-link frame con-
nects to each trunk-link frame. In Figure
3, each line represents ten junctors, one
from each switch of each line-link frame
to each of the ten switches of each trunk-
link frame. All calls, either outgoing or
incoming, are connected over a circuit
consisting of a line link, a junctor, and a
trunk link, with the marker selecting the
combination of junctor and links that is
used for each call.

In the junctor arrangement indicated in
Figure 3, where there are twenty line-link
and ten trunk-link frames, there are ten
junctors from each line-link frame to each
trunk-link frame, since the 100 junctors
from each line-link frame provide ten
groups of ten. This is the smallest inter-
frame group that will keep the probability
of a call finding all possible paths busy to
the low value desired. The number of
junctors from each line-link frame to each
trunk-link frame, however, depends on the

number of trunk-link frames, since with n
trunk-link frames, the 100 junctors from
each line-link frame will be divided into n
groups, and the number of junctors in each
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Fig. 5—Distribution of junctors when extension bays
are used with the trunk-link bays

group will thus be 100 divided by n. As
long as the number, n, of trunk-link frames
is not more than ten, there will be ten or
more junctors per group, and thus the re-
quirement of at least ten per group is met.
If there were more than ten trunk-link
frames, however, this requirement would
not be met with the type of distribution
shown in Figure 3.

When more than ten trunk-link frames
are required to meet the needs of an office,
each junctor from a line-link frame, there-
fore, is multipled to two trunk-link frames,
which has the effect of doubling the num-
ber of junctors from the line-link frames.
Then each line-link frame can supply a
group of ten junctors to as many as twenty
trunk-link frames, which is the maximum
number for which a No. 5 crossbar office is
designed.

With twice as many line-link as trunk-
link frames, there would be forty line-link
frames for an office having twenty trunk-
link frames, and thus a total of 40 x 100 or
4,000 junctors from the line-link frames.
Since each of these junctors connects to
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two trunk-link frames, there must be termi-
nations on the twenty trunk-link frames
for 8,000 junctors, which is 400 per frame—
twice the number shown in Figure 2. To
secure these additional junctor termina-
tions, extension bays are added to the
trunk-link frames, and are connected to
them as indicated in Figure 4. These ex-
tension frames are arranged like the regu-
lar junctor bays of the trunk-link frames,
and the verticals of the junctor bay and the
extension bay are multipled. In this way
terminations for 400 junctors are provided
for each trunk-link frame. When such ex-
tension frames are used, the trunk-link
frames are grouped in pairs, and each junc-
tor from a line-link frame is connected in
multiple to junctor terminals on both
frames of a pair. This arrangement is indi-
cated in Figure 5.

If there were always twenty line-link
frames and ten trunk-link frames, the junc-
tor terminals on the line-link frames could
be permanently connected to the junctor
terminals on the trunk-link frames—ten on
each line-link frame being connected to
each of the ten trunk-link frames. Since
the number of frames in an office may
vary over a fairly wide range, however,
and may change from time to time, a junc-
tor distributing bay is provided to which
the junctors from both line-link and trunk-
link frames are connected. Here they may
be interconnected by jumpers in the best
way for each set of conditions.

This junctor grouping frame consists of
fifty terminal blocks arranged in five col-
umns of ten each, as indicated in Figure 6.
Each terminal block provides double
ended terminals for forty junctors—one end
of each terminal projecting to the front of
the bay and the other, to the rear. Junc-
tor cables from four line-link frames are
run vertically down the front of the frame
adjacent to each column of terminal blocks,
and ten junctors from each of the four
cables are connected to the terminals of
each block. Junctor cables from the trunk-
link frames run horizontally across the rear
of the bay; the 200 junctors from each
frame are connected to the terminals of

Fig. 7T—A junctor grouping bay in the crossbar
office at Media, Pennsylvania
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each of the five blocks in one row. A front
view of the junctor distributing bay in the
Media Office is shown in Figure 7.

If there were twenty line-link frames
and ten trunk-link frames, all the terminals
would be filled and each junctor from the
line-link frames would be permanently
connected to a junctor from the trunk-link
frame, in the manner already outlined. If
there were a smaller number of frames,
such as eight line-link frames and four
trunk-link frames, the two left-hand col-
umns of blocks would have junctors con-
nected to their front end, and the four
upper rows would have junctors connected
to the rear terminals. The blocks in the two
left-hand columns of the upper four rows
would have junctors connected both front
and rear, while the lower six blocks in the
two left-hand columns would have junctors
connected only at the front, and the blocks
of columns three, four, and five of the
upper rows would have junctors connected
only at the rear. Jumpers are run from the
upper right-hand section of the bay to the
lower left-hand section to distribute the
remaining junctors properly. When exten-
sion bays are used for the trunk-link frames,
there would be two of these junctor group-
ing bays. The groups of 100 junctors from
the line-link frames will be distributed to
both of the junctor grouping bays, and the
junctors from one trunk-link frame of each
pair will go to one junctor distributing bay
and those from the other frame of the pair

to the other distributing bay—the junctors
from the two frames of a pair being termi-
nated on the same row of blocks.

Since the traffic capacity of the 200 junc-
tors on a trunk-link frame is double that of
the 100 junctors on a line-link frame, there
are, in general, twice as many line-link as
trunk-link frames. The size and number
of the linelink frames required for a
specific job is determined from originating
and terminating peg-count and holding-
time data from which the total load in
CCS* is computed. By dividing the frame
capacity, 1200 CCS, by the average origi-
nating and terminating CCS per line, and
adding a provision for spare lines, the num-
ber of lines which a frame may serve can
be determined, the actual size being gov-
erned by the fact that they are furnished
in increments of 100 lines only. The num-
ber of frames of this size is obtained by
dividing the total number of lines to be
equipped in the office by the number per
frame. Where no special requirements
have to be met for terminating trunks, the
number of trunk-link frames required will
be one-half the number of line-link frames.
Under certain conditions, trunk-link frames
may be required merely to provide termi-
nations for a large number of small trunk
groups on which traffic is light. In this case,
a greater than proportional number of
trunk-link frames would be provided.

*100 Call-seconds. See Recorp, March, 1939,
page 222.

25



No. 5 crossbar marker

In the No. 5 crossbar system only two
types of switching frames are employed for
completing talking connections. These are
the line link and trunk link frames. All con-
nections through them are established by
markers, of which there may be from three
to twelve in an office depending upon the
calling rate and the number of subscribers.
A talking connection through these frames
has three components: a line link, a junctor,
and a trunk link. The line links connect the
line switches to the junctor switches of the

A. 0. ADAM
Switching
Systems
Development

line link frame; the junctors connect the
junctor switches of the line frames to those
of the trunk frames; while the trunk links
connect the junctor switches to the trunk
switches of the trunk link frame. For any
connection, there are ten line links, ten or
more junctors, and ten or twenty trunk links
that might be used. The marker must first
determine which of the suitable components
are idle, and then select one of each typé to
form a continuous path.

This work of the marker is required for
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Fig. 1-Block diagram indicating the circuits that are associated with the marker. at one time or another.
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all types of connections, but before it can be
carried out, the marker must have certain
other information regarding the call, per-
form certain other functions, and determine
the locations on the line link and trunk link
frames between which a connection is to be
established. Its actual procedures differ,
therefore, with the kind of call, which may
be any of nine types: dial tone, intra-office,
reverting, outgoing, incoming, through tan-
dem, through toll, pulse conversion, or inter-
marker group.

The various circuits with which the
marker is associated at one time or another
in handling the various types of calls are
shown in Figure 1. Since the marker per-
forms its functions in a very short period of
time—usually only a fraction of a second—
there are only a few markers in any one
office, and connections between a marker
and the other circuits are established
through connectors®. Some of these establish
connections when another circuit seizes a
marker, and others establish the connections
when the marker seizes another circuit.
Arrows on the connecting lines of the block
diagram, Figure 1, indicate the direction of
seizure in all cases.

Since the originating registers and the vari-
ous types of trunks are all connected to the
trunk link bay, the marker gains access to
them through the trunk link connector and
the trunk link frame. The various paths to
and from the marker have been assigned
arbitrary numbers in Figure 1, and these
numbers will be referred to in discussing the
work of the marker in handling the various
types of calls.

When a subscriber lifts his handset to
place a call, the operation of his line relay
causes the marker to be seized over path
No. 1. Such a seizure tells the marker that
an originating register must be connected to
the calling line so that the number about to
be dialed may be recorded. Since dial tone
will be returned to the subscriber by the
register as soon as it is connected to the
calling line, these connections of originating
registers to calling lines are referred to as
dial tone connections. For such a connec-
tion, the circuits employed are indicated in
Figure 2.

* See page 58.
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Fig. 2—Circuits associated with the marker for a dial-tone

connection.

As soon as the line link frame has seized
a marker over path 1, it immediately identi-
fies itself to the marker by its frame number.
Over testing path 8, the marker at once pro-
ceeds to find a trunk link frame not in use
by another marker and having an idle origi-
nating register connected to it. Its method
of doing this will be later described.* Hav-
ing found such a combination, it at once
seizes the trunk link frame through a trunk
link connector, path 2, and selects one of the
idle registers. During this time it has also
started to find the location of the calling
line on the line link frame over paths 1 and 3.

Subscriber lines are connected to the
verticals of the crossbar line switches on the
line link frame, and are identified by a par-
ticular vertical group, a horizontal group
and a vertical file. The vertical group in-
cludes the fifty lines on the corresponding
five adjacent verticals of the ten crossbar
switches mounted one above the other on a
line link bay. There may be from six to
twelve vertical groups depending on the
number of bays in the line link frame. The
horizontal group includes all the lines on
one horizontal row of crossbar switches, and
there are 29 to 59 lines in each horizontal

* See page 45.
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Fig, 8—Circuits associated with marker in completing a
call to another subscriber in the same office.

group. A vertical file consists of the ten lines
vertically above one another on a line link
bay. The vertical and horizontal group
identifications indicate the line as one of five
on a particular crossbar switch, and the
vertical file identification specifies the par-

ticular one of the five lines that are involved.

Over leads through the line link marker
connector, the marker identifies a preferred
vertical group and horizontal group having
lines awaiting service. It also connects to
the line link frame via a line link connector,
path 3, and tests the five lines that are com-
mon to the particular horizontal and vertical
groups it has already determined, and if
more than one is calling selects only one in
a prescribed order of preference.

It now has the location of a calling line
on the line link frame and that of an idle
originating register on a trunk link frame,
and thus proceeds to find and close an idle
set of links and junctors between them. Once
this has been done, and the calling line
location stored in the register, the marker
releases, and the register sends dial tone to-
this subscriber.

The number the subscriber dials into the:
register so connected may be for a sub-
scriber in another office, and thus require a.
connection to a sender and an outgoing
trunk for its completion, or it may be for
another subscriber in the same office or even
for another subscriber on the same calling:
line. The latter two types of call are known
as intraoffice and reverting calls, respec-
tively, and neither requires a sender.

Whatever the type of call, the register will
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seize a marker over path 4 and request that
a connection be set up. If the call is for
another subscriber in the same office, the
work of the marker will be as indicated in
the block diagram of Figure 8, where, as in
the other diagrams, the order in which the
various paths are used is indicated by the
numbers in circles. As soon as the marker
has been seized, the register transmits to it
the number dialed by the subscriber and the
location of the calling subscriber’s line. The
marker, recognizing the office code as re-
quiring an intraoffice trunk, at once proceeds
to find and seize a trunk link frame not in
use by another marker and having an idle
intraoffice trunk. At the same time it seizes
the number group frame over path 6 to de-
termine the location of the called line on a
line link frame. It secures this information
as described later,* and then seizes the
indicated line link frame, and tests to see
if the line is idle over path 3. If it finds the
line idle, the marker tests for idle links and
junctors and connects the line to the intra-
office trunk. It then seizes the line link frame
of the calling line, again, tests for idle
links and junctors, and connects the line to
the other end of the intraoffice trunk. Hav-
ing passed ringing information to the trunk,
over path 2, the marker releases.

For a reverting call, the marker proceeds
as for an intraoffice call, but after finding
from the number group that the called line
location is the same as the calling line, it
releases the intraoffice trunk it had seized,
seizes a reverting trunk, and connects the
line to it. After giving the trunk the ringing
information it obtained from the number
group, the marker releases.

Had the marker, on decoding the office
digits transmitted to it from the originating
register, found that the call was for a sub-
scriber in another office, the work of the
marker would be as indicated in the block
diagram of Figure 4. As soon as the marker
has been seized, the register transmits to it
the number dialed by the subscriber. The
marker, recognizing the office code as re-
quiring an outgoing trunk, at once proceeds
to find an idle sender of the proper type and
a trunk link frame not in use bv a marker
and having an idle trunk to the desired

* See page 79.
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Fig. 5—Circuits associated with the marker in completing

an incoming call.

office. It first seizes this sender over path 5.
Then, while transmitting to it the number
wanted in the distant office, the marker
seizes the trunk link frame over path 2 and
connects the sender to the trunk. It then
seizes the line link frame of the calling line
over path 8, the number of the frame and
the location of the line on the frame having
been given to it by the originating register.
It now finds and connects an idle path
through the line link and trunk link frames,
tells the sender to proceed, and then
releases.

All incoming calls, whether on an inter-
office, a tandem, or a toll trunk, and whether
for termination in the office or for extension
through it, seize an incoming register on
arriving. The register records the digits
pulsed into the office, and then seizes a
marker over path 7 and transmits the digits
to it. If the call is to terminate in the office,
the circuits involved are as indicated in
Figure 5. As soon as a marker is seized and
has decoded the office digits, it at once
seizes the trunk link frame to which the
calling trunk is connected. It has already re-
ceived the frame number over path 7. The
marker then goes to the number group to
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determine the location of the line being
called. With this latter information, it seizes
the line link frame indicated, and completes
the connection through the frames as before.

Through calls, either tandem or toll, are
handled as indicated in Figure 6. Tandem
and toll trunks have appearances on both
trunk link and line link frames; tandem
trunks have one line link and one trunk link
appearance, while toll trunks have two line
link and one trunk link appearance. The
trunk link appearance is used for calls
terminating in the office, while the line link
appearance is used for calls passing through
the office. The added line link appearance
of the toll trunks is provided to give double
assurance of finding an idle path through the
office for through toll calls.

For both types of through calls, an in-
coming register is at once seized to record
the digits pulsed in. The register then seizes
a marker and transmits the digits to it. Thus
far the call has proceeded as described for
terminating calls. On decoding the office
digits, however, the marker finds the call
must pass to another office, and it therefore
selects a suitable sender and seizes a trunk
link frame and trunk as it did in handling
an outgoing call. To determine the line link
location of the calling trunk, it then seizes
a trunk number group frame. Having this
information, it proceeds to find an idle path
between this line link location of the call-
ing trunk and the outgoing trunk already
selected. It then establishes the connection,
and releases.

The major difference in the method of
handling a through toll call is that there are
two line link frame locations. If the marker
is unable to find a path to the outgoing trunk
from the location it seizes first, it will re-
turn to the other trunk number group, find
the second line link frame location of the
trunk, and attempt to complete from that
point. Provision is also made to handle a
small number of tandem or toll trunks in the
regular number groups at the sacrifice of line
numbers.

Besides these more usual types of calls
that the marker must handle, there are also
intermarker group and pulse conversion
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tandem and toll calls.

calls. The former is a call between two No. 5
offices. associated with different marker
groups in the same building. For such a call
the conventional outgoing trunk and sender
are not used. Instead a combined outgoing-
incoming trunk is used, and an intermarker-
group sender performs the functions of
both outgoing sender and incoming register,
this being done without the usual pulsing.

Pulse conversion, which is described in
detail on page 123, permits an operator
at a DSA board equipped with a multifre-
quency keyset to complete calls over trunks
direct to an office requiring revertive or dial
pulses. For such a call the No. 5 office con-
nects the pulse conversion trunk to an in-
coming MF register which in turn passes the
number through the marker to an outgoing
sender associated with the same trunk. This
sender provides the proper pulses to the
office selected by the DSA position.



Equipment arrangements

for No. 5 crossbar markers

W. B. GRAUPNER
Switching
“quipment

In the No. 5 crossbar system, a single
marker performs the functions of both the
originating and terminating markers in the
No. 1 crossbar system. In addition, it estab-
lishes a connection between the subscriber
lines and the registers that give dial tone and
record the digits dialed. The equivalent con-
nection was performed by the line link and
sender link controllers in the No. 1 system.
The No. 5 marker is therefore considerably
larger than either of the No. 1 markers.

As with all other No. 5 crossbar equip-
ment, the marker has been arranged on
standardized frames of a size that can be
conveniently handled in the shop and by the
installer. Each frame is completely equip-
ped, wired, and tested in the factory so that
the installation effort is reduced to erecting
and interconnecting frames and making the
necessary tests to assure satisfactory opera-
tion. To aid manufacture and job engineer-
ing, the marker was designed so that asso-
ciated circuit functions can be assembled in
small standardized units apart from the
frames with their common equipment and
wiring. These standard units, with whatever
optional features are needed, are then ar-
ranged on standard frames as required for
a particular installation.

In grouping together associated operating
features, care was taken first to segregate
into small equipment units those functions
whose equipment was of a repetitive or
multiple nature. A relatively high demand
is thus developed for these units, and the
number required for each particular marker
can be readily furnished initially or added
as an office expands. Each of the marker
frames is equipped to its capacity with those
functional units having the closest associa-
tion, not only for better operation and main-
tenance but also for economical wiring and
testing in the shop.

One of the markers for the Media office is
shown in Figure 1 where the bays are num-
bered from right to left for convenience of
reference. Two frames, each having two
bays, are required for each marker. One
frame, bays 8 and 4, has the common con-
trol functions and line, trunk, and junctor
identification and selection functions; the

Fig. 1—One of the markers in the Media office.
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other frame, bays 1 and 2, has the translator,
route relay, and other call completing func-
tions. An additional single bay frame, bay 5,
is common to a number of markers and ac-
commodates the relay units which connect
the trunk test leads from the trunk link frame
to the marker. Space is provided on this bay
for 480 relays which may connect 80 or 40
routes from ten trunk link frames to six or
twelve markers or 40 routes from twenty
trunk link frames to six markers. When an
office has more than 80 routes and six mark-
ers as an example, more than one bay of this
kind is required. In the photograph, relays
are provided for only fifty routes and three
markers. Another single bay frame, bay 6,
provides space for the class of service relay
units and cross-connection fields for four
markers. A third single bay frame may some-
times be required to provide route relays in
addition to the 100 mounted on one of the
two bay frames. Each of these five shop
wired frames has terminal strips at the top
of the frame for the connection of inter-
frame switchboard cables which are run by
the installer.

Each of the various functional units is
equipped for one or more figures of the
marker circuit. The use of unit construction
makes it relatively easy to omit optional units
which are not required for a particular in-
stallation. Any unit which is not furnished
initially may easily be added at a later date
by connecting to it leads which are already
in the universal, frame local cable.

One of the novel features of the No. 5
marker is the use of transparent front covers
on all the bays. These are evident in the
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Fig. 2—Trunk test lead
connector frame in the
Media office.

photograph only by the rectangular lift
plates at the bottom corners of each cover.
How clearly these covers allow the opera-
tion of the relays to be observed is evident
in the photograph. When adjustments or ad-
dition of equipment are required, the covers
of all the bays are readily removed by lift-
ing and tilting out.

Another novelty in the No. 5 marker is the
use of 275 and 276 (mercury) relays®—evi-
dent near the bottom of bay 2, at the middle
and near the top of bay 3, and three-quarters
way up on bay 4. These relays must be
mounted with their axes not more than thirty
degrees from the vertical. To avoid the use
of hinged mounting plates, which have been
employed previously for apparatus that had
to be mounted vertically, a sloping mount-
ing plate was designed that will hold the
relays within the required angle of the ver-
tical, and yet permit their ready removal
from the vacuum tube sockets into which
they plug. These mounting plates accommo-
date either fifteen or thirty mercury relays—
a single row being provided for the former
unit and a double row for the latter. A single
row shelf is evident near the bottom of bay
2, while a double row shelf is evident at the
top of bay 3.

It was desired to have faster operate time
than could be obtained with multicontact
relays used in the No. 1 crossbar marker, and
so lighter and smaller U-type relays are used
in the No. 5 marker. In some cases, this
means that a greater number of relays will
be required, but this is offset by the faster

*RECORD, September, 1947, page 342.



action and more uniform mounting arrange-
ments. To obtain particularly fast action
time for some operations, the marker em-
ploys a large number of relays with 14-ohm
windings; each relay requires a high watta ge
90-ohm resistor in series with its winding.
Instead of being mounted on their asso-
ciated functional units, these resistors are
provided on separate units, having twelve
resistors on a plate. A number of these units
are mounted together at the top of the
frame. Resistors can be assigned at random
from this pool to relays located anywhere on
the frame, and relays may be changed or
added without changing the equipment lay-
out of the unit. In Figure 1, these resistors
may be seen at the top of bay 4. .

When the number of markers in an office
is increased, an additional relay for connect-
ing the trunk test leads for each route must
be added to the multiple of the relays for the
working markers. Since exceptional precau-
tions must be taken to avoid interrupting the
operation of important common control
equipment such as markers, a special method
of adding these relays was designed. The
arrangement is shown in Figure 2. A vertical
lead running down the rear of bay 5 con-
nects the relays for the same route in all the
markers. If there were only three markers in
the office originally, there would be only
three rows of these relays, each column of
three relays representing the same route in
the three markers. The vertical multipling
lead is furnished by a newly designed, “Y”
shaped terminal strip for each relay of each
row. The two ends of this terminal strip
slightly overlap the two-inch mounting
plate, and in doing so come in contact with
the terminals in the row above. A brief ap-
plication of the soldering iron to these ter-
minals connects them together, and thus
completes the multiple connection. To add
a unit of relays, it is necessary only to mount
the unit with the relays and terminal strips
in place, and solder the terminal strips to the
ones immediately above, with which they
will be in contact.

In the No. 1 crossbar system, decoding

generally was based on two- and three-digit
office codes. The No. 5 crossbar system, how-
ever, provides for one-, two-, or three-digit
codes or a combination of these. To simplify
the assignment and use of these codes, a
cross-connecting field is provided in the No.
5 marker, and changes in the type of code
require merely a change in the jumpers.

The local circuits for each marker are
fused on three panels at the bottom of the
two double-bay frames. However, a com-
mon alarm is provided, and the one fuse
alarm lamp is at the base of one bay so as
to be centrally located with respect to the
four bays. A fuse guard lamp, to indicate
that a fuse has been removed and the marker
made busy, is placed next to the alarm lamp.
These lamps may be seen in the small black
rectangular plate near the left at the bottom
of bay 2. An alarm release key is grouped
with the miscellaneous circuit jacks and
lamps in the vertical jack panel about half
way up the column between bays 2 and 3.
Test and telephone jacks are multipled to
appear in every other upright for mainte-
nance convenience.

Each marker frame—either one bay or two.
bay—is completely equipped, wired, and
tested in the factory so that the installation
effort is reduced to erecting and intercon-
necting frames and making the necessary
tests to assure satisfactory operatién. The
two double-bay frames of each marker are
placed adjacent to one another with the
single bays common to a group of markers
generally located central to the frames they
serve. To assure greater security and con-
tinuity of service in cases of wiring or power
failure, marker frames are generally associ-
ated with battery feeders and multiple
cables in two groups, one group containing
the even numbered markers and the other:
the odd numbered markers. To permit the-
cables of these two groups to be run in.
separate cable racks, and to obtain more-
direct cable runs, the markers in an office-
are located in two lines facing each other,
with even markers in one line and odd mark--
ers in the other.
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No. 5

crossbar frames

E. T. BALL
Switching
Systems
Development

One of the many novel features of the No.
5 crossbar system is the design of the switch
frame. Heretofore, switch frames for central
offices have been designed primarily as
supporting structures. The protecting covers
and shields required for much of the ap-
paratus have formed part of the equipment

Fig. 1 (above)—Model showing some of the structural
features of the No. 5 crossbar frame.

Fig. 2 (at right)—Rear of message register frame at
Towson, Md., showing stile strip and covers.
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Front view of translator and route relay frame
showing method of removing front covers.

units mounted on the frame rather than of
the frame itself. In general, these have taken
the form of individual or strip type can
covers or of cabinet type casings enclosing
a group of apparatus. These types of covers
impose restrictions in the arrangement of
apparatus, particularly when functional




48 V. BAT. FEEDER TO FILTER FROM FRAME LINE FEEDER

GRD. FEEDER FROM FRAME LINE FEEDER

“FUSE ALARM LAMP

CAPACITOR
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FROM CEILING OUTLET
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Fig. 3—Perspective drawing showing arrangement of base of the No. 5 crossbar frame.

units* are employed. To secure greater free-
dom in the use of functional units in the
No. 5 crossbar system, covering and shield-
ing provisions were made part of the basic
frame itself. This permits a frame to be
covered to the extent desired, and the
covering may be readily modified at any
time to accommodate changes in the ar-
rangement of apparatus or in the amount
of covering desired.

Another radical difference in the new
frames is that the supporting uprights, in-
stead of being solid steel sections, as were
those for earlier types of local central-office
frames, are hollow rectangular sections of
sheet steel. They are deep enough to ex-
tend beyond the switches or other appara-
tus mounted on them, and thus permit the
front covers to be simple panels hinged
near the front edges of the uprights. Al-

¢ See page 17.

though the box type uprights of the new
frames are only a little over half as heavy
as the bulb type frame used in No. 1 cross-
bar, they are more than 60 per cent stiffer
along both major and minor axes. In fact
they are lighter and stiffer than any of the
other previously used types of frames, as
shown in Table I. Because of this increased
stiffness of the new frames, cross bracing
is not required even for the heaviest equip-
ment. This freedom from cross bracing, to-
gether with the fact that there are no cab-
inets to divide up the mounting space, re-
sults in a frame that imposes no restrictions
on the equipment arrangements, and has
made practical the extensive unitization de-
scribed in previous articles.

The shape of the box section of the new
frames, and the methods of attaching the
mounting plates to the uprights are shown
in Figure 1: The front of the uprights are
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Fig. 4—Rear view of base of frame before
equipment has been mounted.

perforated and formed to support and seat
the front covers. These are of transparent
plastic, and are hung from the “F” slots as
evident in the photograph at the head of
this article. A series of round holes, also

TaBLE I-WEIGHTS AND MOMENTS OF INERTIA
OF VARIOUS TYPES OF FRAME STRUCTURES USED
IN CENTRAL OFFICES

Moment of Inertia

Weight Section Major ~ Minor

Per Ft. Area Axis Axis

I-Beam 5.4 1.60 2.300 0.400

Channel . 4.1 1.19 1.600 0.200

Bulb . . . 4.54 1.31 2.140 0.177

Cable Duct . 3.53 1.01 1.070 0.181
Box Shape —

No. 5 X-Bar 2.80 0.875 3.500 0.300

evident in the illustrations, is perforated in
the inner face of each upright to accommo-
date slides into which may be inserted
horizontal baffles or separators. These are
on two-inch vertical centers so that a frame

Fig. 5 (above)—On this line link connector
frame, the jack strips in the face of the frame
uprights are plainly evident.

Fig. 6 (at left)—A line-up of incoming register
frames at the No. 5 crossbar office in Towson,
Md. The transparent plastic covers may be seen
in place on all frames.
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Fig. T-View of cable racks over wiring aisle in a No. 5 crossbar office as seen from above.

may be divided up in any manner desired,
each compartment accommodating a given
number of two-inch mounting plates or their
equivalent. In line with the front baffles
but at the rear of the frame are correspond-
ing baffles mounted by similar slides fasten-
ed to the cable brackets. Rear covers of the
litt type, three per bay, are arranged to
mount on fixed stiles that cover the cable
ducts, as evident in F igure 2.

The frame provides for 62 two-inch
mounting plates or the equivalent of other

apparatus, with the bottom mounting plate
12 inches from the floor. In addition, battery
filters and similar equipment requiring little
maintenance may be mounted inside the base
of the frame, where four additional inches
of vertical mounting space is available. This
arrangement is evident in F igure 6. Access
to this equipment is obtained by removing
the rear cover of the base, which forms
the rear guard rail, as shown in Figure 3.
In the front cover of the base, which is
welded to the upright, are the fuse alarm




lamps and an appliance outlet. Both front
and rear appliance outlets are connected
with a common harness that is installed in
the shop. It is provided with connecting
leads to permit the installer to connect it
quickly to the supply and to the outlet cir-
cuits of adjacent frames. The fuse panel
alarm lamps are mounted in the bevel at
the front of the base, where they are easily
visible along the aisle. The fuse panel itself
is mounted immediately above the base
closely adjacent to both the alarm lamp
and the filter, as may be seen in Figure 5.
Advantage is taken of the hollow upright to
build in accommodations for miscellaneous
jacks and keys, as is evident in Figure 4.
Battery and commercial power feeders are
also run in the uprights.

The associated overhead cable racks are
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so designed that sewing and clipping of
cables and much of the planning is avoided.
The rack is placed over the rear or wiring
aisle, and feeds two adjacent rows of frames.
The rack structure consists of a pair of
stringers, shown in Figure 7, to which are
welded cable straps formed to provide
cable space both between and above the
stringers. The ends of the straps point up-
ward to form a series of horns around which
cables are broken out of the run. The cables
are thrown loosely into the rack with a
minimum of dressing. To conceal this and
to prevent dust from slipping through the
cable pileup, thin sheets of aluminum are
laid in the bottom of the rack prior to ca-
bling. In spite of this lack of dressing, the
cabling presents a good appearance from
the floor as evident in Figure 8.
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The originating dial pulse

register circuit for

the No."5 crossbar system

The originating dial pulse register circuit
receives information in the form of dial
pulses from a calling subscriber’s station and
holds it for the marker to use in establishing
a connection between the calling station and
the line or trunk wanted. The connection
between the register and line over which the
register receives the dial pulses consists of
three wires extended from the register cir-
cuit, through the contacts of crossbar
switches of the trunk-link and line-link
frames, to the line termination on the line-
link frame. Two of the wires, the tip and
ring, are extended over the outside line to
the subscriber’s station, and the third, the
sleeve, is used for holding the switches in
the operated position under control of the
register circuit, and for other functions.

When the tip and ring connection has
been established, there will be a series cir-
cuit consisting of the subscriber’s instru-
ment, the line wires, the two line windings of
the dial tone transformer in the register, and
a winding of the supervisory and pulsing
relay L of the register, as shown in Figure 1.
Relay v will operate in this circuit, and will
cause the connection to be held, unless the
subscriber abandons the call by “hanging
up.” The third winding of the transformer
is connected to a source of tone, known as
dial tone, which is thus transmitted to the
calling station as a signal that the equipment
isready for dialing.

In most areas, the subscriber will dial a

three-digit designation for the wanted cen-
tral office, for example ME6 for Media 6, and
then the four numerical digits of the wanted
station. Three-digit or one-digit operator
codes, such as 211 for the long-distance op-
erator, and 0 for the assistance operator, may

also be dialed. Variations in this pattern of
digits will be described in a later article.
During the return rotation of the dial, a
contact opens the tip and ring circuit mo-
mentarily a number of times corresponding
to the number dialed, once for one, twice for
two, etc., up to ten times for zero. A governor
controls the speed of the return stroke, so
that these pulses occur at the rate of about
ten per second. These pulses are counted by
the relays at the bottom and right of Figure
1, and at the termination of a train of from
one to ten pulses, this count is transferred to
two of a group of five relays. The counting
relays are then released and prepared for
counting the pulses of the succeeding digit.
A group of five relays is provided for each
digit to be recorded, and thus for seven-
digit numbers, seven groups of five relays
would be required.

The register circuit is able to recognize
the end of a digit by the fact that the dial
contact remains closed for more than 0.2
second between digits (trains of pulses),
whereas the closed period between the mo-
mentary openings of the dial contact within
a train will always be less than 0.07 second.
A slow-release relay, which will respond to
the longer but not to the shorter of these
intervals, is used for this purpose. Actuation
of this relay causes the pulse count to be
transferred to the group of five relays, the
pulse counting relays to be released, and the
circuit to be advanced so that the next pulse
count will be recorded upon the succeeding
group of five relays.

When all of the required digits have been
recorded, the register engages a marker and
transmits to it the called subscriber number
or operator code. After the marker has se-
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Fig. 1-Dial pulse counting circuit of the originanng register.

lected a trunk in the wanted group and has
decided what channel through the switches
of the line-link and trunk-link frames to use
for connecting the line to the trunk, it sig-
nals the register circuit to release its con-
nection to the calling line, but it holds the
connection between the register and marker
so that the information recorded in the reg-
ister circuit will be available until comple-
tion of the marker functions. It is necessary
to release the line-to-register connection be-
fore setting up the line-to-trunk connection,
because part of the apparatus is used for
both connections.

When the desired line-to-trunk connection
has been established, the conmnection be-
tween the register and marker is released,
and both circuits restore to normal and are
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available for other calls. The register is used
about fifteen seconds in the performance of
its functions. This time is determined princi-
pally by the speed with which the customer
dials the call. The marker takes a fraction of
a second, determined principally by the time
required for testing and selecting an idle
trunk and channel and actuating the mag-
nets of the crossbar switches.

Pulse counting is carried out by the Lc, Lp,
LE, RA, RA1, and the six p relays of Figure 1.
With the tip and ring wires connected to-
gether at the station, the v relay operates,
operating the LA and sg relays. The latter is
slow in releasing, so that it will remain oper-
ated when relay L releases momentarily dur-
ing dialing, but will release and cause the
connection to the line to release if the cus-



tomer abandons the call by replacing the
handset. Each momentary opening of the
dial contact during dialing causes relays L
and 1A to release and then reoperate.* The
first release of relay LA operates relay Ra,
which is slow release and remains operated
until LA remains operated for a long time—
0.2 second or more—at the end of the series
of pulses for a digit. In its operated position,
relay ra provides a locking circuit for relays
LG, LD, and LE and causes the release of ral.
With relay ra1 released, the locking circuits
of relays p1 to p6 are established, and the
circuit is ready for counting dial pulses. Ref-
erence to Figure 2 will help in understand-
ing the following description.

Each momentary release of the L relay
closes a circuit for actuating relays Lc, Lp,
and LE. The first release of the 1. relay oper-
ates relay Lc, and the reoperation of L causes
relay LE to operate in series with Lc. The sec-
ond release of L operates Lp and holds LE.
Relay 1p in operating causes LcC to release.
When L again reoperates, relays tp and LE
release. The third pulse has the same action
as the first and the fourth the same as the
second. The significant fact is that relay 1E
is operated by each odd pulse, and released
by each even pulse.

The first operation of LE operates relay p1,
and the first release of LE operates 2, which
releases p1. This operation continues in such
a manner that at the end of any number of
pulses, the relays will be operated in the
pattern shown in Table 1 on the next page.

When a digit has been completed, relay
RrA releases, and through contacts not shown
in Figure 1 but indicated at the left of F' igure
3, connects ground to two of the five register
wires as shown in Table 1. These five wires
are connected through the contacts of the
“steering” relays—shown in the upper part
of Figure 3—to the five relays of the digit
being recorded. The corresponding two re-
lays are operated, thereby recording the
number dialed in the standard two out of
five code.

The release of relay ra also releases relays
Lc and LE, if they are operated, and then
operates relay Ra1, which in turn releases the

*A pulse correction feature associated with the L
relay was described on page 32 of the Recorp for
September, 1940.

DESIGNATION

p-relays, thereby preparing the circuit to
count the pulses of the next digit.

Contacts of the rai1 relay, indicated in
Figure 3, also control the steering relays, so
that the five register wires will be advanced
to the register relays of the following digit.
This is accomplished in the following man-
ner. Relay As is operated when the register
is selected. When relay p2a operates during
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Fig. 2—Time diagram for the operation and release of the

relays of Figure 1.

the dialing of the first digit, relay v operates
and completes the circuits of the five register
wires to the five relays of the a digit. When
relay ra1 operates at the end of the first
digit, one of its contacts operates relay Bs
via contacts of Ev and as. Another contact
of ra1 provides a holding circuit for As.
When ra1 releases at the beginning of the
next digit, the holding circuit of asis opened,
and as releases, releasing Ev. Relay Bs re-
mains operated in a circuit through a break
contact of cs (not shown), and causes ob
to operate through a break contact of Ev.
The five register wires are now switched into
the register relays for the B digit. A similar
action takes place for the following digits.
The contacts of the operated register relays
are used to inform the marker of the called
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office designation and subscriber number.

In addition to recording the designation
of the wanted line or trunk, the register cir-
cuit must perform certain other functions.
One of these is recording and remembering
certain information with respect to the call-
ing line. These are: its location on the
switches, the class of service to which the
customer subscribes, and the numerical
designation of the linkage used in making
the connection between the line and regis-
ter circuit. This information is recorded on
groups of memory relays in the register
circuit when the marker is setting up the
connection between the calling line and the
register circuit, and at the completion of
dialing this information is transmitted to
the same or another marker for use in estab-
lishing the line to trunk connection.

The calling line location is required, so
that the marker will know which line should
be connected to the selected trunk. The class

TABLE I—OPERATION OF THE P RELAYS OF FIG. 1

AND THE GROUNDING OF THE REGISTER WIRES 1,

2, 4, 7 AND 0 OF FIG. 3 THAT RESULT FROM
SUCCESSIVE PULSES.

Relays
Operated

Pl

P2

P3

P4

P5
P5, P6, P6A
P1, P6, P6A
P2, P6, PBA
P3, P6, PGA
P4, P6, P6A

Pulse
Number

Reg. Wires
Grounded
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of service is required for several reasons.
The type of station equipment may deter-
mine which of several trunk groups to the
same destination should be used. Coin and
noncoin stations, for example, usually re-
quire either different trunk equipments or
a universal type of trunk equipment that
can arrange itself for either kind of station
upon signal from the marker. Another need
for class of service is to restrict groups of
lines with respect to the offices they are
permitted to dial, depending upon their
geographical location and the monthly
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charge for service, and for other purposes
of a similar nature.

The number designation of the linkage
in use on the connection to the register is
needed, so that the marker can consider
this linkage to be idle when deciding what
channel to use in connecting the line to the
trunk. Although this linkage is actually in
use when the marker selects a channel, it
will become available when the register to
line connection is released, just prior to
establishing the trunk to line connection.

The register is also required to identify
which of the parties on a two-party line is
calling. In offices equipped with message
registers, this information is used to cause
the operation of the proper register of the
two associated with the line, and in AMA
offices it informs the AMA equipment which
party is calling, so that the call can be
charged to the proper station.

The two parties on a line are distinguish-
able from each other by dissimilarities in
the station instruments. When the tip sta-
tion is calling and its handset is raised, con-
tacts in the instrument close a circuit from
ground through a 1000 ohm ringer winding
to the line wires. There is no similar con-
nection at the ring station. The register,
having been informed by the marker that
the calling line is in the two-party service
class, makes two tests to identify the calling
station. One test is made before dial tone is
transmitted to the calling line, and a similar
test is made at the completion of dialing.
The two tests are made to avoid errors which
might be caused by accidental depression
of the buttons that actuate the switchhook
contacts, thereby removing the ground at
the tip station. If the results of the two tests
do not match, the marker will cause a
trouble card to be perforated, and will cause
the register circuit to transmit busy tone to
the subscriber.

To prevent registers from being held out
of service unduly long, due to the failure of
subscribers or circuits to perform their re-
quired functions, each register circuit is
provided with an electronic timing circuit,
which causes the register circuit to take ap-
propriate action if a function is not com-
pleted in a normal time. The principal func-
tions thus timed are the interval required to
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Fig. 3—Digit registering circuits of the originating register.
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THROUGH MARKER CONNECTOR
CIRCUIT TO A MARKER

start dialing the first digit, the interval re-
quired for dialing each succeeding digit,
and the interval required, after the comple-
tion of dialing, for completing the connec-
tion and restoring the register circuit to
its normal condition.

About twenty-five seconds are allowed,
after the register has been selected, for the
subscriber to start dialing. If dialing is not
started in this time, the register circuit re-
quests a marker to connect the line to a
permanent-signal holding trunk, and the
register and marker are then released as on

a normal call. In this manner the register
is restored to useful service in a reasonable
time even though a line gives a “permanent
signal” due to the handset being accidentally
off the cradle, or due to a line fault in the
outside plant wires. An operator is signaled
by the permanent-signal holding trunk, and
means are provided for locating the line
that is in trouble,

If the customer starts dialing within the
time allowed, the timer is returned to its
starting point and restarted. It is returned
and restarted at the beginning of each digit,

43



and allows about twenty-five seconds from
the beginning of each digit to the beginning
of the next. If the subscriber dials insuffi-
cient digits, or dials too slowly, the register
will request the marker to connect the line
to a partial dial trunk, which will transmit
a tone to the subscriber as a signal to re-
originate his call.

During traffic overloads, when there is a
shortage of registers, some subscribers do
not wait for dial tone, but start dialing be-
fore a register is attached to the line. As a
result of this, some or all of the digits may
not be received by the register. Also, due
to accidents to the outside plant, a large
number of lines may present permanent sig-
nals simultaneously, thus causing another
kind of overload on the registers. In any
case of register overload, the permanent sig-

nal and partial dial time intervals are re-
duced to about twelve, and six seconds,
respectively. These intervals are sufficient
for most people, and are used to restore the
circuits to service quickly during overloads.
During normal operation, the longer inter-
vals are used to salvage those calls on which
a customer is unusually slow.

When dialing has been completed, the
timer is again restarted, and, if the connec-
tion has not been completed and the register
restored to normal in about twenty-five sec-
onds, the register will release the connection
to the line and restore to normal. The sub-
scriber will then receive dial tone from an-
other register, and will have to dial again.
It is expected that this action will not decur
unless there is a fault within the register
circuit or its associated circuits.
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In the No. 5 crossbar system® the trunks
of all routes are distributed as far as possible
over all the trunk link frames.t Because of
this distribution of the trunks, and because
some of the frames may be busy with other
markers, a marker in searching for an idle
trunk has to find a frame not busy with an-
other marker—or an idle frame as it is
called—that has an idle trunk of the desired
group.

If markers were required to seize frames
to find whether or not idle trunks were
available, many unnecessary frame seizures
would occur. These would not only waste
the time of the marker but would delay
other markers that might wish to use that
frame, thereby increasing their holding
time. The circuits are arranged, therefore,
so that the marker may locate idle frames
that have idle trunks of the desired group
before seizing a frame.

Originating registers are also distributed
among all the trunk link frames, and thus
so far as the work of the markers in select-
ing trunks is concerned, the originating
registers may be considered as trunks of
one route. In what follows, therefore, the
term trunk will be considered to include
also the originating registers.

There may be from two to twenty trunk
link frames in a No. 5 crossbar office, and
from three to twelve markers. Each trunk
link frame has capacity for 160 trunks of
which 120 can be outgoing and intraoffice
trunks, including registers, and after a
marker has seized a frame, it must de-
termine which trunks of the desired group
are idle and then select one of these. The
work of the marker in finding an idle trunk
is thus divided into two steps. It first lo-
cates an idle frame that has at least one idle
trunk of the desired route without estab-

* See page 5.
1 See page 20.

Trunk selection by

No. 5 crossbar markers

lishing a connection to the frame through
its connector. The marker then connects
to that frame and selects and seizes one
of the idle trunks of the desired route.

The arrangement of trunks, frames, con-
nectors, and markers, and some of their
interconnecting paths, is illustrated in a
diminutive scale in Figure 1, which shows
only three trunk link frames and two
markers. The red and black lines represent
those paths over which the marker tests
for idle trunks and frames, respectively, be-
fore seizing, while the other paths are those
used after a frame has been seized.

An rr lead (red) runs from each trunk
to one of a set of Fr terminals on the trunk
link frame. When the trunk is idle, the Fr
lead will be grounded. From an adjacent
set of terminals, marked rrc, leads run di-
rectly to all the markers without passing
through the frame connectors. Fach rrc
terminal represents the trunks of a single
route, and on each frame an rFrc terminal
is cross-connected to the rr leads of all
the trunks of that group. By looking at the
Frc leads to the desired route from each
of the frames, therefore, the marker may
determine which frames have idle trunks.

Each frame connector, as indicated in
Figure 2, has an mc relay that is operated
when the frame with which that connector
is associated is in use by a particular mark-
er, and when an Mc relay is operated, it
grounds an ¥B lead (black) through one
of its front contacts. The ¥B leads from all
the connectors associated with one frame
are connected together and carried to all
the markers, By looking at these ¥ leads,
therefore, the marker can determine which
frames are busy.

How the marker selects an idle frame
that has an idle trunk of the desired route
may be followed with the help of Figure
2. Each marker has a route relay—not shown
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in the diagram—for each of the trunk routes
in the office, and when a marker is seized,
it operates the route relay required for the
call. When the marker is seized by a call-
ing line, it operates the route relay for
the originating registers, while when it is
seized by a register after a number has been
recorded, it operates the route relay that
corresponds to the office code data passed
to it from the register. One contact on the
route relay operates an ¥c relay in the
marker, and the operation of this relay
connects the Frc leads (red) for that route
of trunks on all the frames to the windings
of a set of Frc relays—there being one ¥1c
relay for each frame. The B leads from the
connectors for each frame run to the wind-
ings of a set of ¥B relays in the marker. In
addition, there is also one of these relays
for each frame.

The ¥B and FrcC relays for each frame
are associated with an s and an Fm relay
to form an interconnected set, and there
is one of these sets of four relays for each
frame. They are all interconnected as
shown in the diagram. For each frame that
is busy, the ¥p relay will be operated, and
for each frame that has idle trunks of the
desired route, the Frc relay will be operated.
The FM are memory relays, and the Fm
relay associated with the frame last used
by the marker will be operated when the
new call comes in.

Should all the trunks of a route be busy,
the marker—after a short interval—will ad-
vance to the next route, which may be an
alternative route, to the desired destination
or an overflow trunk, which gives an “over-
flow” tone to the calling subscriber. This
action is under control of a timing circuit
that starts operating when the frame con-
nector relays operate. If an ¥1c relay oper-
ates—indicating an idle trunk—the timer
will be stopped and the marker will not
advance.

Ground from a back contact on the TFk
relay passes through a front contact of the
operated ¥M relay to the armature, contact
of the Frc relay of the next higher numbered
frame. If this relay is operated, indicating
at least one idle trunk on that frame, the
ground will be continued to the armature
contact of the FB relay for that frame. If this
relay is not operated, indicating that the
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frame is idle, ground will pass through its
back contact and operate the Fs relay for
that frame, thus selecting the frame. From
the interconnections between these sets of
relays, it will be noticed that if the ¥rc
relay had not been operated, or if the ¥B
relay had been operated, the ground would
have been extended to the ¥1c relay of the
next higher numbered frame. With this
circuit, therefore, the ¥s relay is operated
for the first frame encountered—following
that of the operated Fm relay—that is not
busy and that has idle trunks in the de-
sired group.

When an Fs 1‘elay operates, it connects
battery to the start lead (blue) running to
that marker’s frame connector for that par-
ticular frame. This operates the MP relay
in the connector which in turn operates its
associated Mc relay. Operation of mMc
grounds the ¥B lead (black) to indicate
that that frame is now busy (occupied by
a marker), connects to the marker a group
of leads that the marker will use in sub-
sequent handling of the call, and grounds
a ck lead (green) to the marker. Ground
on this latter lead operates relay TFK in the
marker. This locks the Fs relay that was
operated, and removes the ground from
the FM relay contacts.

If the only idle trunks of the desired
route are on trunk link frames in use at
the time by other markers, the marker—
under control of its timing circuit—will wait
a short interval for one of these frames to
become idle. Should none of the required
frames become available within the es-
tablished time intended, the marker will
cause a trouble record to be taken and then
give the connector a trouble release.

Having thus selected and connected to
a suitable frame, the marker now proceeds
to select an idle trunk on that frame. For
the purpose of finding and seizing a suitable
idle trunk after the frame has been seized,
the 120 possible trunks of a trunk link frame
are divided into six blocks of twenty trunks
each, and within each block from one to
twenty groups are provided. As indicated on
Figure 1, the blocks are physically repre-
sented by six block relays each with twenty
contacts, and the formation of groups with-
in each block will depend on the number
of trunks of the various routes that are



included in that block, Each group of a
block will include all the trunks of one
route on that trunk link frame. If there
are many routes of only one trunk each, the
block might include twenty groups, while
if one route had more than twenty trunks,
half of them would form a group in one
block, and the remaining trunks of that
route would form one group in another
block but with the same group number.
All the registers connected to a frame,
usually five or six, will form one group in
one of the blocks.

With this arrangement, the number of
trunks per group may differ for each block,
but in any block a group always includes
only the trunks of one route, and it will
include all the trunks of that route except
when there are more than twenty trunks
per route. In testing and seizing trunks,
the marker designates one block and one
group, and this combination always identi-
fies the trunks of one route. The same group
but a different block, or the same block
but a different group, would, of course,
identify trunks of a different route. It is
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because of this identifying method of the
marker that the trunks are assigned as de-
scribed above.

Two relays in each trunk circuit are in-
volved in busy testing and seizing a trunk;
an F relay, which is operated to seize the
trunk, and an s1 relay, which remains op-
erated as long as the trunk is in use. One
end of the winding of the F relay is carried
through a back contact of the st relay to a
set of F terminals, there being one terminal
for each trunk of the frame. If the trunk is
in use, this circuit will be open at the st
relay. The other end of the ¥ relay winding
is connected to one of the armature con-
tacts of one of the block relays. This ar-
rangement is indicated in the upper part
of Figure 1.

The front contacts of the six block relays
are multiplied, and brought down through
the connector to the marker as a group of
twenty leads (green). Each of these leads
connects to a winding of a 7T relay as indi-
cated in Figure 3. The other end of the
winding of the Tr relay is connected to
battery. Only one block relay is operated
at a time, and thus the Br leads will be
connected only to the ¥ leads connected to
the block relay operated.

When the route relay operated in the
marker, it in turn operated a T8 and TG
relay as well as the Fc relay referred to in
connection with Figure 2. There are six of
the B relays—one for every block relay on
a trunk link frame—and there are twenty
TG relays; which particular T8 and TG relays
are operated by any one route relay is de-
termined by jumpers run between the two
sets of terminals shown in the marker in
Figure 8. An operated TG relay connects
ground—after a frame has been seized—to
one of a set of ¢ terminals on the frame
as shown in Figure 1. These TG terminals
are adjacent to the F terminals through
which the trunk test leads are connected.
Each tG terminal represents, a group, and
jumpers are run between the TG and F
terminals to form the groups of the six
block relays. Group 1 in block 1 might
be six registers; in block 2, it might be
three trunks to office A; in block 3, one
trunk to office B; in block 4, eight trunks
to office C, and so on. Jumpers would thus
run from the No. 1 1¢ terminal to the F
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terminals of all the trunks comprising group
1 in all the blocks. When a frame is seized,
ground from the operated TG relay would
thus be applied to the ¥ leads of all these
trunks, but only the trunks associated with
the particular block relay operated at that
time would have their circuits completed
to the Tt relay and battery in the marker,
and these would be the trunks of only one
route. For the busy trunks of that route,
moreover, the circuit would be open at
the s1 relay. When a frame is seized, there-
fore, a 1T relay for each idle trunk of the
desired route will operate.

As shown in Figure 3, each Tt relay in the
marker is associated with an sQ and a Ts
relay to form twenty sets of three relays.
When a marker is seized, ground from a
marker off-normal relay is carried through
back contacts of the Ts relays in series, and
operates relay Tse, which puts ground on
the armature contacts of the sQ relays. These
sQ relays are part of a sequence circuit,
whose function is to rotate the preference,
and one is operated in turn for each call
that the marker handles. When a frame is
seized, therefore, current flowing over the
8T and Tc¢ leads and through the trunk
test leads of 1 group of 1 block, operates
certain of the TT relays as a result. Ground
from the operated sQ relay passing through
the armature contact of its associated T1
relay will operate the associated Ts relay
if that 7T relay is operated. If that particu-
lar TT relay is not operated, the ground will
pass to the next TT relay above, and either
operate its associated Ts relay, or be passed
to the next TT relay. In this way, the first
15 relay with an operated Tr relay will
operate. Actually there are only ten sQ re-
lays instead of the twenty indicated, but
their association with multiplier relays is
such as to give the effect of an sq relay for
each TT relay, as indicated in Figure 3.

The current flowing over the trunk test
circuit, although sufficient to operate a 'rr
relay, is not sufficient to operate the ¥ re-
lays in the trunks. When a Ts relay is op-
erated, however, it opens the circuit to the
sE relay and thus releases it, and from a
back contact of Tsk, battery through a low
resistance is applied to the BT lead of the
selected trunk. This causes enough current
to flow through F to operate it, and the



trunk is thus seized. Relay 1s also locks
itself through the off-normal ground and
thus it no longer needs to be held by the
circuit through T and sQ.

These selecting operations, which have
taken considerable time to describe, would
appear to one watching in the marker as
occurring almost simultaneously. The op-
eration of a route relay immediately after
the marker is seized is followed by the
immediate operation of an Fc relay, and
this by the operation of a number of rs
and F1c relays and one Fs relay that seizes

the connector and frame. As soon as a
trunk link frame is seized, paths are pre-
pared for operating one or more of the T
relays, and through contacts of one of
these, a Ts relay operates. That in turn
operates the ¥ relay in one of the idle
trunks, thus connecting a group of leads
from that trunk to the marker over which
the marker gives the trunk the information
needed to complete the call. The opera-
tions from the time that the route relay
operates until the F relay of the trunk op-
erates take place in about 0.09 second.
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Traffic distribution in the
No. 5 crossbar marker

In any automatic telephone switching
system, an even distribution of traffic is a
desirable objective, and is always sought
where other and conflicting objectives are
not controlling. In the higher usage circuits,
such as senders and registers, for example,
relay wear and contact erosion are critical
factors in determining the life of the equip-
ment, Hence it is desirable to distribute the
traffic evenly over these circuits so that their
relays tend to wear at a fairly uniform rate,
thus giving the maximum period of service
before corrective maintenance is required.
For interoffice trunks, a uniform load among
the trunks of a group reduces the assign-
ment and balancing effort in both the orig-
inating and the terminating offices. Closely
related to the equalization of load among
switching paths, and accomplished in No. 5
crossbar offices by the same control circuits,
is the preferential assignment of the com-
mon equipment to various groups of sub-
scriber lines. This serves to prevent undue
delays to the higher numbered line groups
which may occur in periods of heavy traffic.

The simplest ways of selecting switching
paths give far from uniform distribution. If,
in choosing an idle trunk in a group, for
example, the selection process always
started at the same point, the later trunks
would carry materially less traffic than the
earlier ones even at times of full load, and
during hours of light load might carry none
at all.

In step-by-step and panel systems, where
the selectors hunt over their terminals in
this manner, more favorable distribution can
be obtained only by such mechanical means
as slipped or reversed multiple,” and the
improvement that can be gained is limited.
Common control systems in which both se-
lection and hunting features are centrally
controlled offer better opportunities for

* RECORD, September, 1944, page 514.
52

E. J. FOGARTY
Switching
Development

obtaining good distribution. In the No. 1
crossbar system, four major types of con-
trol circuits are employed: the line link and
sender link control circuits, and the origi-
nating and terminating marker circuits. To
secure adequate control of distribution the
necessary features have to be provided in
each of these four circuits. In the No. 5
crossbar system, however, all the major se-
lection and hunting features are concen-
trated in a single type of circuit, the marker.
Thus, more complete control of distribu-
tion becomes feasible, since more elaborate
distributing circuits can be justified eco-
nomically in a single type of marker.

In the latter system, the trunks of each
group and the originating registers are dis-
tributed as evenly as possible over all trunk
link frames. In placing a call to a trunk or
an originating register, the marker remem-
bers the trunk link frame to which it placed
the last previous call, and attempts to place
the present call to the next higher num-
bered trunk link frame.

Except the arrangement for selecting a
trunk link frame, the largest group from
which a selection must be made is the block
of twenty trunks on the trunk link frame.”
Since this group besides being the largest,
presents the most difficult problem, its re-
quirements determine the design of the
common preference control circuit, and it
may most satisfactorily be used to illustrate
the principles involved in many of the
selections.

In choosing an idle trunk out of the
group, the selecting circuit, in effect, tests
the trunks one after the other and seizes
the first idle one of the desired route it
encounters. Which particular idle trunk will
be seized thus depends on two factors: the
trunk at which the circuit begins to test,
and the order in which the testing proceeds.

* See page 45.



In the actual circuit this testing of the
trunks is done simultaneously, but the ar-
rangement of the circuit is such that the
same two factors of point of start and order
of search determine which trunk is to be
selected. To secure uniform use of the
trunks, the point at which testing begins
should be changed after each operation of
the marker to break up any tendency to
select some particular trunks more often
than others. Where any trunk of the group
is equally suitable for use, this rotation of
the starting point is sufficient in itself to
give uniform distribution over a period of
time, bearing in mind that a marker ordi-
narily does not serve the same route on
successive operations. These simple condi-
tions do not apply to the trunk blocks in
the trunk link frames however,

These blocks may include a number of
groups of trunks, the various groups occu-
pying successive positions of the twenty in
the block. To illustrate the inadequacy of
a rotation of the starting point, assume, for
example, that a particular group of four
trunks occupies positions 8 to 11, inclusive.
On twenty successive searches for an idle
trunk in this group the marker would test
the trunk occupying position s first in sev-

enteen out of the twenty times, on the aver-
age, since it would be tested first when the
starting point was anywhere from positions
12 to 19 or from o to 8, both inclusive. Each
of the other three trunks of the group would
be tested first only once. Beside rotating
the starting point of test, therefore, it is
necessary also to break up the order of test
in some situations to avoid conditions of this
e.

To do this, distribution control in the
marker is divided into two processes: one
establishes a beginning point that is changed
after each operation of the marker, and the
other determines the order of search. The
first process is represented in the No. 5
crossbar marker by a common sequence cir-
cuit that establishes a beginning point for
the search in all groups, and changes this
point after each seizure of the marker. The
other is a preference circuit that establishes
the order in which the search is carried out.
The sequence circuit changes the beginning
point at each marker seizure, while the pref-
erence circuit, beginning at a point indi-
cated by the sequence circuit, will test in
an order that will give the most uniform
distribution.

The major selections requiring distribu-

Fig. 1 — Simplified
diagram of the se-
quence circuit of the
marker,
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tion control in the No. 5 crossbar marker
are (1) vertical-group identification; (2)
horizontal-group identification; (3) verti-
cal-file identification; (4) trunk and origi-
nating register selection; and (5) outgoing
sender selection. The first three of these to-
gether identify a calling line on a line link
frame. Preference control is needed here to
determine which of several simultaneous
calls on a line link frame shall be served
first. The fourth determines which trunk

marker seizures. Thus if relay sQo is oper-
ated on the first seizure, sQ1 will be operated
on the second, so2 on the third and so on.
For the eleventh seizure sQo will be oper-
ated again, and the cycle will repeat. Sets
of leads representing the five functions for
which a preference selection is required are
connected to the front contacts of each re-
lay, and when the relay is operated, ground
is placed on these leads as shown in Figure
1. The ten leads used for horizontal group

Fig. 2—Diagrammat-
ic representation of
the preference circuit

for a trunk block of
20 trunks.

of the desired route or which originating
register of those available in the preferred
trunk link frame should be employed. The
outgoing sender selection determines which
sender of the desired type shall be selected
from the preferred subgroup.

The basic sequence circuit of the marker
is indicated in simplified form in Figure 1.
Ten sQ relays, numbered o to 9, are oper-
ated one at a time by a group of six control
relays in a control circuit. The sQ relays are
operated in numerical order on successive
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selection, for example, are connected to the
front contacts of the ¢ row of springs of the
sQ relays, and thus for each seizure of the
marker ground will appear on one of these
leads. Since the vertical files and outgoing
senders are selected in groups of five, each
lead is connected to contacts on two sQ re-
lays. The first lead will be connected to the
0 and 5 s relays, the No. 1lead to the 1 and 6
sQ relays and so on. For ten seizures of the
marker, therefore, these groups are run over
twice. With respect to vertical group selec-



tion, lines which should have preference in
times of emergency, such as fire, police, and
ambulance lines, are assigned in vertical
group 2, which is always given first prefer-
ence regardless of the position of the se-
quence circuit. Therefore the ten leads from
the sequence circuit are connected to verti-
cal groups 0, 1 and 3 through 10, and they
become effective only if there is no demand
on vertical group 2. Vertical group 11,
where used, is given second preference at
one step of the sequence circuit.

To provide for the twenty leads for the
blocks on the trunk link frames, two con-
tacts on each sqQ relay are employed. Leads
0 to 9 are connected to the front contacts of
the springs of row a and leads 10 to 19 to
contacts on the springs of row a”. Through
a front and back contact on the sQTo control
relay, ground is placed on the A row of the
sQ relay for the first ten seizures of the
marker and to the springs of the A’ row for
the next ten seizures. In this way ground is
applied to the twenty leads of the trunk and
register group, one after another, on twenty
consecutive seizures of the marker.

The groups of leads at the top of Figure 1
run to the preference circuits for the various
selections. Although the basic principle is
the same in the design of all preference cir-
cuits, the larger size for that of the trunk
blocks and its greater complexity make it
the best to serve as an illustration. Since the
originating registers are associated with one
of the trunk blocks of each trunk link frame,
and since these, because of their high use,
require particular care in equalizing the dis-
tribution, the distribution for the registers
has been the controlling factor in arranging
the preference circuit for the trunk blocks.
There may be from four to eight registers
on a trunk link frame and their location is
such as to group them all at the beginning
of one of the trunk blocks. More offices are
expected to have five registers per trunk
link frame than any other number, and thus
this number was assumed in designing the
preference circuit. This circuit for the trunk
blocks is indicated in Figure 2. The twenty
leads from the sequence circuit are con-
nected to the points on the inner circle,
where the arm from the central ground, ro-
tating clockwise, represents the advancing
action of the sequence circuit. The T relays,

to the springs of which the leads from the
sequence circuit connect, are operated for
all idle trunks of the desired group, and are
released for all busy trunks and for all trunks
of groups other than the desired one. The
order in which trunks are tested is thus de-
termined by the connections from the back
contacts of the T relays.

By following through these connections,
it will be seen that the testing order instead
of being o, 1, 2 to 19 and back to o is that
given by the middle ring of numbers in

Fig. 3—Diagram representing testing order of trunks and

registers.

Figure 3 reading in the clockwise direction.
The inner ring of numbers here corresponds
to the numbering of the T relays and of the
leads from the sequence circuit in Figure 2.
If the sequence circuit had started at o, the
order of testing would thus be o, 10, 5 and
so forth as shown in the middle ring. Had
the point of start been other than o, say 12,
the order of testing would be found by ro-
tating the middle ring until 12 was opposite
12 on the inner ring and the order would
then be 12, 7, 17, and so on. The order in
which the five registers would be tested for
the twenty starting positions is given in the
outer ring of Figure 3. In position 0 of the
sequence circuit, for example, five registers
in positions o through 4 of the trunk block
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Fig. 4—A line of originating register bays in the Towson
office. The distribution of calls to these registers is under
control of the circuits in the marker that is described
in this article.

are tested in the order 0, 2, 4, 1, 3, as shown
in the outer ring. It will be noticed that each
of the register appearances is first prefer-
ence in four positions of the sequence cir-
cuit, second preference in four positions,
third preference in four positions, fourth
preference in four positions and fifth pref-
erence in four positions. Since different
markers, each with its independent se-
quence circuit, are placing calls, and since
each marker normally places different types
of calls and prefers different trunk link
frames on successive usages, the over-all ef-
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fect is to randomize the selection of origi-
nating registers. Over a sufficient period of
time, the tendency is to load the registers
uniformly.

The performance of this feature was ob-
served during two half-hour periods at the
Media central office. The observations were
made under rather light traffic conditions,
which would tend to emphasize any maldis-
tribution of calls among the registers. The
results indicate that, with five registers per
trunk link frame in service, the least used
register carried about twenty per cent less
traffic than the average register, and the
most used register carried about twenty per
cent more traffic than the average register.
With higher traffic density, these deviations
from average would tend to be reduced.
Also, it is probable that observations over
a longer period of time would show less
deviation from average. Even disregarding
these last considerations, the deviations in-
dicated above represent a material improve-
ment over the performance of comparable
features in previous switching systems.

In securing optimum distribution for five
registers, it is not possible to secure equally
good distribution for all other groups of
various sizes and positions. The order estab-
lished gives the best over-all results that
could readily be obtained while at the same
time securing the optimum distribution for
five registers.

A somewhat similar problem occurs in the
vertical-group identification function, and in
the sender selection function, and they
are handled in a similar manner. There
may be anywhere from six to twelve ver-
tical groups on each line link frame of
an office and thus a staggered prefer-
ence chain is provided to give equitable
service to each vertical group for any
number within these limits. Similarly there
may be from one to five senders of a type
in a sender subgroup, and a staggered chain
is used to distribute the calls uniformly
among them. There are always two sub-
groups of each type of sender, with the pref-
erence being alternated between the two
subgroups by a simple two relay circuit.

Another traffic distribution feature of the
marker is that of channel selection. A chan-
nel is a path through the line link and trunk
link crossbar switches from the subscriber’s



line to the trunk or originating register. The
function of channel selection is divided into
two parts, junctor group selection and se-
lection of a channel within the junctor
group. A junctor is a path from a line link
frame to a trunk link frame. Junctors are
arranged so that, for any size office, there
are at least ten junctors from each line link
frame to each trunk link frame. For the
smaller sizes of office, there are correspond-
ingly more junctors from each line link
frame to each trunk link frame. For selec-
tion purposes, the junctors are divided into
groups of ten or less, and calls are distrib-
uted among the junctor groups by means
of a six-step sequence circuit, similar in
operation to the multi-purpose sequence cir-
cuit described above. After a junctor group
has been selected, the individual channel
is selected in the same manner as in No 1
crossbar, the lowest numbered idle chan-
nel being selected first. This procedure
represents an exception to the “even dis-
tribution” technique, in attempting to ob-

tain the most efficient use of the channels.
Provision is made, by a simple wiring
change, for changing the starting point of
the channel selection to equalize the wear
on the switches during the life of the office.

The marker also provides flexible alter-
nate routing arrangements for outgoing
calls, so that, if the direct trunks to the
desired destination are all busy, as many
as three differeat alternate routes may be
tried. This feature is of particular value in
areas having a high volume of interoffice
traffic. It allows a relatively efficient use of
the small direct trunk groups, since the alter-
nate routes are engineered to carry the calls
which fail to find direct trunks.

There are many other subsidiary features
which could be included in the discussion
of traffic distribution arrangements. How-
ever, the major features that have been
mentioned in this article illustrate the ver-
satility which is made possible by concen-
trating the selecting arrangements in one
type of common-control circuit.
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No. 5 crossbar system

Connectors are used for associating
markers with other common control cir-
cuits and with the switching frames for
brief intervals during the handling of a
call. In the No. 5 crossbar system, the
seven major types, indicated in Figure 1,
are employed. Besides showing the circuits
with which each type of connector is used,
this diagram shows the number of paths
closed by each connector, and also the di-
rection of the connection, that is, whether
the marker seizes the frame, or the frame
seizes the marker. This difference in the
direction of connection is also indicated in
the name of the connector. Where the
marker seizes a frame, the connector is
given only the name of the frame the marker
seizes. Thus there is a line link connector,
a trunk link connector, an outgoing sender
connector, and a number group connector.
When it is the marker that is seized by the
frame, on the other hand, both the word
marker and the name of the frame are in-
cluded in the name of the connector. Thus
there is an originating register marker
connector, an incoming register marker
comnector, and a line link marker con-

nector. For the line link frames, both types
of connectors are required, and thus there
are both line link connectors and line link
marker connectors; the former is used
while the marker is setting up connections
between line link and trunk link frames,
and the latter only when a subscriber lifts
his handset to place a call.

Paths through the connector are estab-
lished by operating multicontact relays,*
each such relay closing 60 contacts. Since
each connector closes more than 60 paths
in establishing a connection, there will be
more than one multicontact relay per
marker in each connector. These relays
have two operating magnets, and by sepa-
rating the operating circuits of each relay,
the equivalent of two 30-contact relays is
available. Advantage is taken of this for
the line link marker connector and the num-
ber group connector—the former requiring
one and a half relays per marker, and the
latter two and a half.

Two different circuit patterns are used

for associating the multicontact relays to

*Recorp, May, 1939, page 301.
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Fig. 1-The seven principal types of connectors used in the No. 5 crossbar system with the circuits with

which they are associated and the number of

paths they close.
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form a connector, as shown in Figure 2.
The arrangement shown at (a) is called a
single-ended connector, while that at (b)
is a double-ended connector. The latter is
used only for registers and senders. Only
one multicontact relay is shown connected
to each marker, but as pointed out above,
there will always be more than one of them
depending on the number of paths that
must be closed. With the single-ended con-
nectors, which are used for line link, and
number group frames, the connector multi-
ple is connected to the armature contacts
of all the multicontact relays and extended

nection of 240 leads to each marker. The
single-ended connector multiple for 180
leads is extended directly to the associated
trunk link frame. The double-ended connec-
tor multiple for the remaining 60 leads is
extended to the multiple side of the multi-
contact relays on the originating register
frames which represent originating registers
associated with that trunk link frame.

The reason for the provision of two types
of connectors is that as soon as a line link,
trunk link, or number group frame has been
released by one marker, it is free for
seizure by another. After a register or
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_— T pa— SWITCH
i 4 ! L4 FRAME
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| I— ) | — } I
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Fig. 2—Two types of connectors are employed: single-ended connectors arranged as indicated
and double-ended connectors as arranged at (b).

at (a),

to the switch frame the connector serves.
There is thus one connector for each frame.
With the double-ended connectors, on the
other hand, used only for senders and regis-
ters, the connector multiple is connected to
the armature contacts of both a group of
multicontact relays for the markers and
another group for the circuits to be con-

nected to them. With this type of con-

nector, therefore, a single connector will
serve a group of similar circuits. '
The trunk link connector, in conjunction
with the originating register circuit, is both
a single-ended and double-ended connec-
tor. There are multicontact relays for con-

sender has been disconnected from a
marker, however, it will not, in general, be
free for connection to another, since it will
be busy recording the digits dialed by
a subscriber or transmitting pulses over
an outgoing trunk. Double-ended connec-
tors are thus used for registers and senders
to permit the connector, after it has been re-
leased by one register or sender and a
marker, to be at once reused for another
connection. If single-ended connectors were
used for these equipments, there would be
relatively long intervals while the sender
or register was performing its other func-
tions when the connector was not in use.
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The two sets of multicontact relays used nal strips at each end as shown in Figure 4.
with double-ended connectors are mounted The small cans to the right of the right-
in different locations. Those that connect hand terminal strip in Figure 3 enclose
the marker to the connector multiple are contact protection networks.”
on the connector frames, as are those of From one and a half to four such units—
the single-ended connectors, while those depending on the number of paths to be
that connect the registers or senders to the closed—will serve six markers, which is all
connector multiple are on the register or that many of the No. 5 offices will require.
sender frames, described later.” For offices that require less than six markers,

Because of the similarity of the connector ~ some of the positions for the multicontact
circuits and the large number of them re- relays will be left vacant, as shown in
quired, the connector frames were de- Figure 4. For offices requiring more than six
signed to be built up of functional units markers, supplementary connector frames
in accordance with one of the basic fea- are provided, which may be furnished to
tures of the No. 5 crossbar system. The prin-  serve either three or six additional markers.
cipal unit includes six multicontact relays When such frames are used, the terminal
strip at one end of the unit on the basic
connector frame is wired to the terminal
strip at one end of the unit on the supple-
mentary frame to form a single connector.

Besides the multicontact relays, each
connector requires a set of preference re-
lays and a set of control relays. A prefer-
ence relay unit requires one, two, or three
mounting plates depending on the type of
connector. Connectors  through which
markers seize the frames have two sets of
preference relays, a regular set and an
emergency set. The latter is brought into
service automatically in the event of
failure in the former. Control units consist
of one or two mounting plates, and one
unit is provided for each connector.

Six sets of terminal strips are located at

“Recorp, February, 1949, page 50.

Fig. 4 — Rear view of a multicontact relay unit
partially equipped.

Fig. 3—Front view of a line link connector which em-
ploys two multicontact relay units.

spaced on 2% inch centers to provide ample
space for soldering the leads from the
markers. Two of these units are shown in
Figure 3. Terminal strips are mounted at
each end of the unit, and the bare copper
wires that connect the armature contacts
of all the relays are connected to the termi-

® See page 79.
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Fig. 5—An originat-
ing register marker
connector frame.
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Fig. 6—A trunk link
connector frame at
the Media office.

the top of each connector frame. The mark-
er leads are cabled to the front of these
strips, as may be seen in Figures 5 and 6.
On the rear of the frame, vertical local
cables extend the marker leads to the multi-
contact relays for all connectors on the
frame, as evident at the left of Figure 7.
One set of terminal strips, together with a
vertical local cable, is furnished as a unit

Fig. 7—Front and rear views of a line
link marker connector in the Towson
office near Baltimore.

at the time that each marker is equipped.

Each of the connector frames is a stand-
ard 23-inch single bay sheet metal frame,
but because of the different number of paths
closed by the various connectors, and of
differences in the amount of auxiliary equip-
ment required for certain frames, the num-
ber of connectors per frame is not the
same for all types. The originating register
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Fig. 8—A master test
connector frame at
the Towson office.
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three, or four connectors may be mounted on a single frame as indicated above.

marker connector, the incoming register
marker connector, and the line link con-
nector all have four connectors per frame,
each consisting of two multicontact relay
units. The arrangement of these frames is
indicated diagrammatically at (a) of Fig-
ure 9. Figure 5 shows an originating regis-
ter marker connector frame, which in its
general arrangement is similar to the other
two of this group. A closeup of part of a line
link connector frame is shown in Figure 3.
The preference and control relays are on
the three mounting plates immediately be-
low each pair of multicontact relay units.

Four connectors per frame are also used
for the line link marker connectors, but
since these connectors require only one and
a half multicontact relays per marker, there
are only six multicontact relay units per
frame as shown in Figure 7.

The outgoing sender connector also
closes 120 paths, and thus requires two
multicontact relay units to serve six markers.
Since a group of cross-connecting fields and
a number of auxiliary relays are required
in association with the outgoing sender con-
nector, only two connectors are mounted
on a frame as indicated in (b) of Figure 9.

Number group connectors close 150
paths and thus require two and a half multi-
contact relay units per connector. Four
connectors would thus require ten multi-
contact relay units, but since with terminal
strip and control equipment a bay will not
accommodate more than eight, only three
connectors are mounted on each number
group connector frame, (c) in Figure 9.

The trunk line connectors close 240 paths
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and thus require four multicontact relay
units for each connector. Since several
sets of cross-connecting terminals are asso-
ciated with these connectors, only one con-
nector is mounted per frame as indicated
at (d) of Figure 9. A trunk link connector
bay in the Media office is shown in Figure
8. Since this office has only three markers,
the multicontact relay units are each
equipped with only three relays.

Besides the seven connectors used in
setting up service calls, a master test con-
nector is required in each marker group
of the No. 5 system. This connector circuit
is arranged to comnect markers, pretrans-
lators, and the automatic monitor circuit
to the trouble recorder, Test calls may be
made from the master test control circuit
through the master test connectors to
markers and pretranslators.

The master test connector frame con-
sists of two bays to accommodate the con-
nector equipment for the first six markers,
and is shown in Figure 8. For marker
groups exceeding this, one or two supple-
mentary master test connector frames are
required; the first serves markers 7 to 9,
and the second serves markers 10 to 12.
The supplementary frames are single bays
of equipment.

For offices arranged for AMA, an auxiliary
master test connector frame is required in
addition to the master test connector frame.
This is a single-bay frame that accommo-
dates the multicontact and U relay equip-
ment used for connecting transverters, AMA
recorders, and the master timing frame to
the trouble recorder.
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One of the features of the No. 5 crossbar
system that distinguishes it from other com-
mon control switching systems is that intra-
office calls—calls originated by and com-
pleted to subscribers within the office—
are established without the use of senders.
Neither are senders required on incoming
calls. All calls outgoing, however, except
those requiring operator assistance, require
a sender. Where the called and calling
offices are in the same building but are
served by different marker groups, inter-
marker-group senders may be used, but
for all other calls outgoing senders are used.

The chief function of the outgoing
sender is to transmit the number to the
called office, and since No. 5 crosshar is
designed to connect to all existing types
of offices, provisions must be made for
multi-frequency pulsing, dial pulsing, re-
vertive pulsing, and call-indicator pulsing.
This could have been done by providing a
single design with a multiplicity of classes,
but to reduce the complexity of the design,
four general types of outgoing senders are
provided, and are designated according to
the method used for transmitting the num-
ber. Thus there are multi-frequency, dial
pulse, revertive pulse, and call-indicator
pulse senders.

Unlike the No. 1 crossbar senders, the
senders of the No. 5 office do not receive
and record the digits one at a time as dialed
by the subscriber, but receive them all
simultaneously through the marker from
either the originating or incoming registers.
While the number is being recorded, the
sender also records, under control of the
marker, class marks denoting any special
handling of the call such as fast dial speed
or compensation to be added to the loop.
The sender also receives from the marker
information for the initial entry on the auto-
matic message accounting tape in offices
where this system is used. It records this
information at the same time it receives the
called number and class information, and

Senders for

No. 5 crossbar

transmits it to the automatic message ac-
counting circuits as soon as it receives a
“go ahead” signal from the marker. This
latter signal indicates that the marker has
connected the calling line to a suitable
outgoing trunk, and that the sender should
proceed with its part in completing the
connection.

A set of five relays is provided in the
sender for recording each digit of the called
number, but two, and only two, relays of
each set are used to record any one digit.
For some types of calls, only four digits are
included in the called number, while for
nation-wide dialing, eleven digits may be
required. The senders may thus include
from four to eleven sets of recording relays.
The five relays of each set are marked 0, 1,
2, 4 and 7. For digit 0, relays 4 and 7 are
operated, but for all other digits, the sum
of the two operated relays indicates the
digit. Thus 0 and 1 are operated for digit
1, 0 and 2 for digit 2, 1 and 2 for digit 8,
and so on. This 2-out-of-5 method of re-
cording provides a check on correct opera-
tion, since if fewer or more than two relays
are operated, it is evident that an error
exists, and a trouble record will be made.

In the registers, digits are also recorded
on 2-out-of-5 sets of relays and in the same
order in which they are dialed. A particu-
lar set of recording relays, therefore, does
not always record digits of the same signifi-
cance. For a call to a local office in an area
with only two-digit office codes, for ex-
ample, the fourth set of relays would record
the second digit of the number in the office
called. In an area with three-digit office
codes, the fourth set of relays would record
the first digit of the number in the called
office, while with nation-wide dialing sys-
tems, the fourth set of relays would record
the first digit of the office code. Because of
this Jack of functional identity, the sets of
recording relays are designated A, B, C.
and so on, up to L, but excluding I, when
the full eleven sets are required.

63



These digits are transferred from the reg-
ister to the marker and from the marker to
the sender in the same order in which they
were dialed, and in both marker and sender
are recorded on similarly designated sets of
relays. In general, however, the sender does
not transmit all the digits it records. To an
office in the same area reached over a di-
rect group of trunks, for example, only the
subscriber’s number is transmitted, even
though the office code had been recorded,
since the marker has selected a trunk to
that office. Although the markers could
have been designed to transfer to the

will begin with the B digit; while if the
No. 3 delete relay is operated, it will begin
with the D digit, and so on. Thus, if the
number CHS3-2468 has been transferred to
the sender, the marker, after selecting a
trunk to the CHS office, would operate the
No. 8 delete relay in the sender. When the
sender is given the “go ahead” signal, there-
fore, it will begin its transmission with the
fourth digit, 2. When automati¢c message
accounting is not provided, however, and
when there are no routes to a toll or tan-
dem office, the senders are not equipped to
record the digits for the office code.
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Fig. 1—A block diagram showing lines of association of the sender with other units of a No. 5 office.

sender only the digits it required, or to
shift the order in which it transferred them
so that in the above example the called
station-number digits would have come
first, it was found simpler to allow the
marker to transfer the complete set of digits
it received and in the same order, and then
to indicate to the sender the point in the
recorded chain of digits at which it should
begin sending. This is accomplished by
delete relays, of which there may be as
many as six in the sender. If the marker
operates the No. 1 delete relay, the sender
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The first three delete relays are com-
monly used, but the higher numbered ones
are employed chiefly to take care of situa-
tions that may occasionally arise with na-
tion-wide or extended-area dialing. The
marker can also order the sender to add
one arbitrary digit or to prefix “one-one” as
special codes under certain conditions.

The lines of association of the sender
with other units of the system are indicated
in Figure 1. When a subscriber lifts his
handset, a marker is seized and connects
the calling line through the line-link and



trunk-link frames to an idle originating reg-
ister, which returns dial tone and then re-
cords the number dialed. The register then
seizes a marker, transfers the digits to it,
together with certain other information,
such as the equipment location of the call-
ing line. The path through the link frames,
over which the register was connected to
the calling line, is broken down after the
trunk has been selected. The marker, know-
ing from the office code digits the type of
sender that will be needed, seizes an idle
sender of this type, and transfers the digits
to it. Communication between the marker
and sender is established over two sets of
channels, a connector, and a control circuit.
The connector, when fully equipped, in-
cludes more than 100 leads and is common
to all senders and to all markers. Over these
leads all the digits and certain other infor-
mation, such as the class and automatic
message accounting information, are trans-
ferred simultaneously. Only a fraction of
a second is required for the transference of
this information and for checking the re-
cording, and then the channel is released
for use by other markers and senders.

The control channel between the marker
and the sender, when fully equipped, in-
cludes thirteen leads. It is individual to
each sender and each marker and is held
until the marker is satisfied that the proper
connections have been made to the sender.
This channel is also used for passing cer-
tain class information pertaining to the
trunk which the marker obtains from the
trunk-link frame on which the trunk ap-
pears and which may not be obtained in
time for passage through the common
channel.

The marker, at the same time it records
the number in the sender, selects an idle
outgoing trunk to the called office and
causes the trunk to be connected to the se-
lected sender through the outgoing sender
link. This connection places the sender un-
der control of supervision in the outgoing
trunk, and when the marker has connected
the calling line to the outgoing trunk over
the line-link and trunk-link frames, it gives

Fig. 2—A sender frame of the Laboratories’ in-
stallation of No. 5 crossbar: A—call-indicator
sender; B—revertive sender; C—multi-frequency
sender; and D—dial-pulse sender.
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the sender a “go ahead” signal, and releases.
At this time, the sender starts an AMA ini-
tial entry, if one is required, and starts
timing an interval for allowing the distant
end of the trunk to become normal. This
is necessary since the trunk may have been
seized immediately on appearing idle. The
time between selection of a trunk by the
marker after being released from one call,
and the connection to a sender for another
call, is insufficient to allow the complete
release of the trunk supervisory relays at
the called office, and the sender allows ap-
proximately one-half second before closing
the trunk tip and ring conductors as a sei-
zure signal. When this interval has elapsed,
the sender connects the tip and ring leads
to its supervisory circuit, and when this
circuit detects the proper polarity, the num-
ber is transmitted and the sender released.
Outgoing senders are arranged so that
when an AMA record is required for the
call, the transmission of the number will
not be completed until the initial entry is
completed. This is done on all except the
call-indicator sender by delaying the trans-
mission of the last digit, but on call-indi-
cator senders by delaying the transmission
of entire number. Usually, except for the
call-indicator sender, the initial entry is
completed in sufficient time so that it
causes no delay in the call’s completion.
The multi-frequency sender offers the
fastest means for transmission of the num-
ber and, consequently, this sender is used
whenever the called office is provided with
means of receiving the multi-frequency
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Fig. 3—A dial-pulse
sender with the front
covers of transparent
plastic removed.

pulses. At present, such services are avail-
able for crossbar No. 1 and No. 5, crossbar
toll, and crossbar tandem offices. Transmis-
sion of multi-frequency pulses is at the rate
of approximately seven digits per second.

Dial-pulse senders are used for complet-
ing calls to step-by-step offices, and can be
used for completion to No. 5 crossbar and
to crossbar toll and crossbar tandem offices.
Transmission of dialed digits is at an aver-
age of either one or two per second, de-
pending on the capability of the terminat-
ing office to receive them.

Revertive-pulse senders are used for
completing calls to panel offices and to No.
1 crossbar offices that are not equipped to
receive multi-frequency pulses. The rever-
tive-pulse sender is arranged to transmit
only the four numerical digits of the num-
ber, but this is transmitted in five selections
of the type required for guiding the panel
selectors to the proper terminal. Revertive-
pulse senders are arranged for operation in
areas having office codes of two digits.
three digits, or combinations of two and
three digits.

Call-indicator senders are used for com-
pleting calls to manual offices equipped
with call-indicator equipment, and to panel-
tandem offices, which are similarly equipped.
These senders are arranged for operation
in areas having office codes of two digits
or three digits, and the marker informs the
sender whether to delete or to transmit
the office-code digits.

A close-up view of the dial-pulse sender
is shown in Figure 3, and of the multi-fre-



Fig. 4—A multi-fre-
quency sender with |
the front covers of |
transparent  plastic |
removed. '

quency sender in Figure 4. The two rows
of relays across the top of both bays of
each sender are those used for the auto-
matic message accounting system. In the
left-hand bay section of each sender, the
five rows of relays beneath the AMA are
the digit register relays, while the delete
relays are in the row next lower, and the
steering relays that control the digit regis-
ter are in the bottom two rows. In the
right-hand bay section of the dial-pulse
sender, the first row beneath the AMA re-
lays includes the class relays; the next three
rows include the dial-pulse generator,
counting, and control relays; and beneath
these are the general control relays. For the
multi-frequency sender, the frequencies are
generated in a separate circuit. Means for
connecting these frequencies for each digit
are included with the general control re-
lays in the four lower rows.

The holding time of an outgoing sender
on a normal call is only a few seconds, and

as few as ten multi-frequency and ten dial-
pulse senders are usually capable of han-
dling the outgoing traffic for a 10,000-line
office. To prevent a sender from being held
for a long period, in case a trouble condi-
tion is encountered that prevents comple-
tion of the call, each sender has a timing
circuit which allows each call sufficient
time for normal completion. If the call is
not completed within this interval, the tim-
ing circuit functions to give the calling
party an overflow signal and then to re-
lease the sender. Under certain conditions,
the sender can be held for maintenance at-
tention after a timeout. All senders are
equipped with make busy jacks and trouble
lamps, and these are located at the main-
tenance center. All outgoing senders have
provisions for connections to the automatic
monitor, register, and sender-test circuit
for automatic monitoring of service calls
and for testing to insure that their respec-
tive functions are performed satisfactorily.
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Sender link frames for

No. 5 crossbar

When a call from a No. 5 crossbar office
requires pulsing to another office, a marker
must connect a sender to the outgoing trunk
to pulse out the digits for the called number.
Depending on the type of office to which the
trunk is connected, any of four types of puls-
ing may be required, and a different type of
sender is used for each. After the marker has
received the called number from a register,
it selects both a trunk link frame that has an
idle trunk circuit to the desired destination
and an idle sender of the proper type. Since
the trunks to any one destination will in
general be distributed over a number, and
perhaps all, of the trunk link frames, and
since the senders of each type must be avail-
able to all trunks of that type, it is necessary
to provide a flexible means of connecting any
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are associated with the same trunk link
frame, and there may be as many as four of
these switches associated with trunks con-
nected to one trunk link frame. Senders are
arranged in groups depending on their type
of pulsing, and all senders of a group are
multipled to all switches of all sender link
frames that have trunks requiring that type
of sender. The only exception is where there
are more than ten senders of one type. Under
this condition, the senders are divided into
two groups, and each group will be associ-
ated with a different set of trunks. Omitting
this latter arrangement, the association of
trunk link frames, senders, and sender links
is indicated in Figure 1.

Since flexibility is desired in associating
trunks and senders with sender link frames,

SENDER
TRUNK | —=——==-- TRUNK GROUP
/ T
!
1
SENDER
R
1704
CROSSBAR SWITCHES
— INCORPORATING
‘ SENDER LINKS
TRUNK LINK SENDER |___| SENDER
CONNECTOR CONNECTOR CONNECTOR
MARKER

Fig. 1—Block diagram showing connecting paths to the sender link switches from the various trunks,
sender groups, and trunk link connectors.

sender to any trunk that requires its type of
pulsing. This is accomplished by having the
trunks and the senders appear on crossbar
switches of a sender link frame.

Such a frame carries a maximum of ten
crossbar switches having trunks connected
to their verticals and senders to their hori-
zontals, All the trunks assigned to one switch
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there is no fixed pattern of connecting the
trunks to the verticals of the sender link
switches or of connecting senders to their
horizontals except that, as already men-
tioned, any one sender link switch serves
trunks of only one trunk link frame, and any
one sender is always assigned to the same
horizontal of all the sender link switches to
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Fig. 2—Paths over which the select and hold magnets of the sender link switches are operated.

which it is connected. The marker has no
direct access to the sender link switches but
operates the proper select and hold magnets
through the trunk link connector and sender
it has selected for use. How this is accom-
plished is indicated in Figure 2, which shows
one of the four possible crossbar switches
comprising the sender link for one particular
trunk link frame.

After the marker has seized a sender, it
obtains from it the horizontal level to which
that sender is connected on the sender link
switches. The marker has ten ss leads run-
ning to the connectors for all the trunk link
frames, and from the connector these leads
run to the select magnets of the sender link
switches associated with that trunk link
frame. The No. 0 ss lead is connected to the
No. 0 select magnet of all of the sender link
switches associated with the trunk link frame
selected; the No. 1 ss lead is connected to all
the No. 1 select magnets, and so on. After
the marker has received the proper level
number from the sender, it connects battery
to the corresponding ss lead, and as a resuit

the corresponding select magnets of these
sender link switches are operated.

The marker connects ground o an sLK
lead, which is also extended to the sender
link switches through the trunk link con-
nector. Through contacts associated with the
operated select magnets, this s.x lead is con-
nected to an sc lead that is multipled to
all the trunks appearing on the same switch.

The sender link switches are of the six-wire
type—each crosspoint consisting of six con-
tacts. Two of the contacts connect to the tip
and ring conductors of the trunk and are
used for pulsing; the other four are used as
control leads between sender and trunk.
Each hold magnet of the sender link switches
is connected to an =M lead that forms one
of the six leads connecting the trunk circuit
to the vertical of a sender link switch. After
the marker has seized the trunk, the sc and
HM leads are connected together in the trunk
circuit. As a result, the proper hold magnet
is operated from the ground on the srx lead
in the marker, through the trunk link con-
nector, the contacts associated with the
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select magnets that have been operated on
the sender link frame, over the sc lead to the
trunk, and thence over the M lead to the
hold magnet for that trunk. As a result of
operating the hold magnet, the proper
sender is connected to the selected trunk
through the six crosspoint contacts. The
sender then grounds its end of the M lead
to keep the hold magnet operated after the
marker has released, and to notify the marker
that the connection has been established.
The marker has already transmitted the
pulsing information to the sender, and after
it has ascertained that the connection be-
tween sender and trunk has been properly
made, it disconnects itself from both the
sender and trunk link frames. After the
sender has transmitted its pulses, the connec-
tion between trunk and sender is released.
Sender link switches are mounted on
standard frames that have fuse panels on
the bottom and terminal strips at the top.
The latter are used for connecting the trunks
to the switch verticals, and the stk lead and
the ten ss leads to the trunk link connector.
On one of the side uprights of the frame is a
jack strip used for maintenance. Each such
frame will mount ten switches, and as many
frames are used as are needed to take care
of all of the trunks. Since the only restriction
on the assignment of the ten switches of
a sender link frame to trunk link frames is
that one switch cannot be associated with
more than one trunk link frame, a single
sender link frame may provide twenty trunks
for each of ten trunk link frames, forty trunks
for each of five trunk link frames, or any
other division that does not assign the twenty
trunks of one switch to more than one trunk
link frame. Additions may be made at any
time either by adding switches to existing
frames or by adding new frames. A front
view of one of the frames in the Western
Electric shop is shown in Figure 3 and the
upper part of the frame in the Media office
is shown in Figure 4. The eight terminal
strips in the two lower rows and the two at
the left in the top row take care of the 200
trunks that may be served by a single sender
link frame, while the terminal strip at the
upper right is for the stk lead and the ten ss
leads. Jumpers from the rear of the trunk
terminal strips run directly to the switch
verticals and may be readily changed when



a trunk is moved from one sender group or
one trunk link frame to another. Leads from
the senders are cabled directly to the hori-
zontals of the switches.

Because of the method of operating the
select and hold magnets of the sender link
switches, it is not necessary to restrict one
switch to one type of trunk or one type of
sender. The major limiting factor is the
total number of trunks of one type and the
number of senders required to serve them.
If, for example, there were only five senders
of each of two types, both groups of senders
could be connected to the horizontals of the
same sender link switch, and thus two types
of trunks could be served by that switch.
When a single switch must serve two types
of trunks, each having access to ten senders,
the horizontal multiple of the switch is cut.
This permits one part of the switch to serve
one group of trunks and the other part
another group.

To make the senders more accessible to
the markers, the ten possible senders on the
levels of one sender link switch are divided
into two subgroups, and each subgroup is
served by a separate sender connector. This
permits two markers to use senders of the
same type and complete calls on two trunk
link frames at the same time.

Fig. 4--Upper hdlf of an outgoing sender link
frame in the Media office.
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Incoming register

for No. 5 crossbar

Calls incoming to the No. 5 crossbar sys-
tem*® from other offices terminate on incom-
ing trunk circuits, which have appearances
both on a trunk link frame for completion
of the talking path to the called subscriber,
and on an incoming register link frame for
connection to an incoming register. A sepa-
rate group of register link frames is required
for each of the various types of registers,
such as dial, multifrequency, and revertive
pulsing, and for each ten registers of the
same type. Incoming register link frames
mount five twenty-vertical crossbar switches
together with their control relays as shown
in Figure 1. One hundred incoming trunks,
one per switch vertical, have direct access
to a group of ten incoming registers, each
register being multipled to one horizontal
on each of the five switches. To this basic
frame a supplementary frame of five addi-
tional twenty-vertical switches may be
added to increase to two hundred the num-
ber of trunks connecting to the same ten
registers. A further increase in trunk capa-
city may be obtained by associating a sec-
ond basic frame and its supplementary frame
with the same registers. The number of
trunks and registers varies with traffic, but
the combination of capacities of one hun-
dred or two hundred trunks and ten regis-
ters satisfies the average office.

Reduced to its simplest form, such a frame
could be represented as shown in Figure 2.
It differs from the sender link frame in the
No. 1 crossbar system and from most cross-
bar frames in consisting of only a single
switching stage instead of using a primary
and secondary switch for the completion
of a connection.

* See page 5.

Fig. 1—Incoming register link frame for No. 5
crossbar system.
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A single-stage link frame seemed essential
because of the rapidity with which a register
must be connected to trunks carrying sub-
scriber-dialed traffic from a step-by-step
office. On calls from panel or crossbar offices,
the pulses indicating the number wanted
are transmitted by a sender, and they are




not transmitted until the sender gets a signal
indicating that a register is ready to receive
them. With subscribed-dialed step-by-step
traffic, however, the pulses are sent directly
from the subscriber’s dial, and those for the
first digit of the called number follow imme-
diately after those for the last digit of the
office code. The only time available for con-
necting an incoming register to the circuit,
therefore, is part of the interdigital time be-
tween the last digit of the office code and
the first digit of the subscriber’s number.
The twenty trunk circuits connecting to
one switch on the basic register link frame,
or the forty trunk circuits connecting to one
switch on the basic frame and the switch on
the same level of the supplemental frame,
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Fig. 2—Block schematic indicating the arrangement of
trunks and registers on an incoming register link frame.

are called a horizontal group. The complete
link frame is thus divided into five horizon-
tal groups. Although all trunks of all the
horizontal groups have access to all of the
ten registers associated with the frame, each
horizontal group of trunks is given a differ-
ent order of register preference. The control
circuit that connects the trunks to the regis-
ters consists in effect of five separate control
circuits—one for each horizontal group.
Simultaneous calls appearing in different
groups may therefore be connected to regis-

ters simultaneously, but simultaneous calls
in the same group cannot be. One or the
other of them is given preference, and the
other must wait the fraction of a second re-
quired to connect the first to a register.

In the control circuit for each horizontal
group there is a trunk preference, TP, relay
for each trunk of that group, a register busy,
BB, relay and a register preference, R, relay
for each of the ten registers, and the twenty
hold and the ten select magnets for the cross-
bar switches of that group. There is also a
TF, a CL, and sometimes a TN relay through
which the register receives additional infor-
mation. These various relays are intercon-
nected as indicated in Figure 3. For the sake
of simplicity it is assumed here that a sup-
plementary frame is not employed, and thus
there are only twenty trunks to be consid-
ered in a horizontal group, and relays are
shown for only the fourth horizontal group
and only for the fourth register, which is the
first preference for that group. Since there
are ten registers and five horizontal groups,
there are in all fifty rp relays—one for each
horizontal group for each register. In Figure
3, only the five rp relays for register No. 4
are shown; each of the other registers has a
similar group of five rp relays. Register busy
relays in horizontal group 4 are indicated
for all ten registers. A lead from a back con-
tact of each of these relays runs to the No. 4
rp relay for each register, but only the re
relay for the No. 4 register is shown in the
diagram.

To illustrate the action of the circuit, as-
sume a call comes in on trunk No. 10, and
that register No. 4—the preferred register
for horizontal group 4—is not busy. The No.
10 e relay will operate, and through its No.
2 spring will connect ground—through a
back contact of the No. 4 rB relay—to the
winding of the No. 4 rp relay of register No.
4, and this re relay will operate. Through a
front contact on the No. 2 spring of the No.
4 rp relay, battery applied in the register will
operate the No. 4 select magnet on the cross-
bar switch of horizontal group No. 4. When
the magnet operates, a connection will be
established from ground in the register to
operate the hold magnet for No. 10 trunk.
In the meantime, relays TF and cr, and T~
if one is required—for trunk frame, class,
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and trunk number identification—have been
operated through the No. 4 spring on the rp
relay. These relays each close twelve sets of
springs to make the necessary identifications,
and through a set of cross-connecting termi-
nals they are associated with leads from
front contacts on springs 5 and 6 of the TP
relays. From front contacts of the TF and cL
relays leads run to the register to convey the
required information.

It will be noticed that when the re relay
operated, it opened the operating path to
the windings of all the other rp relays for

that register. Should a call in one of the
other horizontal groups attempt to seize that
register, it will thus be unable to do so. Im-
mediately upon selection, the register oper-
ates its R relays associated with the other
four horizontal groups so that calls coming
in by way of these other groups will not at-
tempt to seize the No. 4 register. After the
hold magnet has been operated, the register
—through circuits not shown—releases its rP
relay that had been operated and operates its
R relay in the horizontal group from which
it was selected. After this time, all calls from
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that horizontal group will be passed to one
of the other registers because of the oper-
ated = relay.

In the fraction of a second between the
operation of the No. 10 TP relay and the op-
eration of the No. 4 B relay, a call coming in
on a higher numbered trunk of the same
group—l11 to 19, inclusive—could not operate
its Tp relay because the circuit to its wind-
ing would be open at the No. 1 spring of the
No. 10 Tp relay. A call on any of the lower
numbered trunks—0 to 9, inclusive—could
operate its TP relay, but the hold magnet
for that trunk could not be operated since its
circuit is opened by the No. 3 contact of the
No. 10 1P relay. By these means complete
lockout is secured.

When the hold magnet is operated, six
leads are connected to the register from the
trunk circuit. One of these is used to keep
the hold magnet operated. Two are used for
pulsing, two for passing information be-
tween trunk and register, and one over
which the marker will operate a relay in the
trunk circuit to identify the trunk when it
completes the talking path through the trunk
link frame. The select magnet and relays
TP and RrP are released after the crosspoints
are closed so that other calls in the same
horizontal group may be handled.

Reference was made earlier to the need
for a quick connection when subscriber-
dialled calls originate in step-by-step offices.
Although with the frame idle, the connect-
ing time of this link involves only the oper-
ating time of the control relays and one
crossbar switch, even this interval of about
0.1 second may be too long on some connec-
tions. Because of this, a by-link circuit has
been incorporated that permits dialing to
proceed before the switch crosspoints are
closed, thus reducing the time to about 0.04
second. The by-link path is closed through
the No. 4 springs on the Tp and the No. 8
springs on the RP relays as soon as the trunk
preference and the register preference re-
lays operate. The by-link path and the regu-
lar pulsing path through the crosspoints are
in multiple so that there is no discontinuity
in the reception of pulses when the cross-

points close. This by-link path, being part
of the control circuit, is released as soon as
the switch path is established, and is there-
by made immediately available for use with
the next call.

Some calls may arrive while the link is
being used to set up one or more calls which
have preference in the chain. When this oc-
curs or when the dial pulses are received too
soon for the register to have been attached,
the trunk circuit will send back an overflow
or paths-busy signal to the subscriber.

As mentioned in the article already re-
ferred to, the No. 5 crossbar system is ar-
ranged to serve as a tandem office or a toll
center to switch calls through it to other
distant offices. In such cases the incoming
trunks have connections to both line link and
trunk link frames, the former for calls pass-
ing through the office. The register link then
has the additional function of indicating to
the register, for use by the marker, the line
link location in the form of a trunk number.
The circuit for passing this information is
not shown, but is similar to that for trunk
frame and class, that is, by cross-connection
from the trunk preference relay through an-
other connector relay T~ shown dotted in
Figure 8. The equivalent of the three digit
number, which is required to identify any
one of the two hundred trunks, is derived
on a link location basis. Because of the addi-
tional contacts needed for this purpose on
the trunk preference relays, auxiliary relays
are provided, one for each tandem trunk,
and the contacts on these relays are cross-
connected to a tandem connector relay. One
set of contacts is connected to indicate
whether the trunk is on the basic frame or
the supplementary frame, thus indicating in
which hundred the trunk is located. The
frames are further subdivided into even and
odd tens in each horizontal group. One of
two leads from each horizontal group, there-
fore, identifies the second digit, and one out
of ten leads identifies the unit or third digit.

The five horizontal groups of crossbar
switches can be seen in Figure 1 at the top
of the frames and below them some of the

trunk preference relays in the control circuit.
2
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Incoming register circuits
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or No. 5 crossbar

Fig. 1—A frame of incoming registers installed in the Lab-
oratories for test: a dial-pulse register at A; a multi-fre-
quency register at B; and a revertive-pulse register at C.
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In a No. 5 crossbar office, a call coming in
from another office can be completed to the
called line by a marker in a fraction of a sec-
ond. A much longer time is usually required,
however, to receive from the incoming trunk
the number of the called line, since the sev-
eral digits of the number are pulsed one at a
time over the two wires of the trunk. To
avoid holding the marker during the pulsing
time, a circuit is required to receive and re-
member the various digits, and then to trans-
mit all of them to the marker at once, using
as many paths as needed. Such circuits are
called incoming registers. In general func-
tion and purpose, they are thus like the origi-
nating registers.”

When an incoming trunk receives a call
from its distant end, it signals a link cir-
cuit?, which connects it to an idle incoming
register. The link transmits to the register a
trunk class signal, a frame number, and, for
tandem trunks, a number-group location.
Class indications give such information as
whether the register should send dial tone
over the trunk; the number of digits to be
received; whether the trunk is arranged for
local, tandem, or toll service; any restrictions
which may apply to the trunk in completing
to various groups of lines; and whether the
trunk is of a special purpose type used by
certain operators or test men. Some of these
items will affect register functions, but most
of them are merely recorded to be passed on
to the marker after the line number has been
received. The frame number is the number
of the trunk-link frame where the trunk ap-
pears. It is required by the marker in con-
necting the trunk to a local subscriber. The
number group location is used by the marker
te obtain the line-link frame location of a

“See page 39. TSee page 72.



tandem or toll trunk. Such trunks appear on
both the trunk-link and line-link frames.
The latter connection is used when the call
is to pass through the office, and the former
when it is to be completed to a local sub-
scriber. The register records this infor-
mation, checks for any possible double con-
nection in the link, and then signals the
trunk that pulsing may commence.

Incoming registers may receive pulses
from a step-by-step subscriber’s dial, from a
sender, or from an operator’s dial or keyset.
Three types of pulsing are encountered: dial
pulse, from a dial or sender; revertive, from
a panel or crossbar sender; and multi-fre-
quency, from a keyset or sender. Other types
may be added as required without affecting
the marker. A separate type of register is
used for each type of pulsing. A frame with
the three types of registers is shown in Fig-
ure 1 as installed in the Laboratories for
test purposes.

Each dial-pulse digit is a train of from
one to ten open-circuit pulses sent from the
calling office; each revertive digit is a train
of shunting pulses sent from the called office
and stopped by a signal from the point of
origin when the correct number has been
sent; each multi-frequency digit is a single
pulse containing two out of five frequencies
in the audible range. A dial-pulse register
need merely count pulses and recognize the
end of each digit, while a revertive register
must generate pulses, count them, and rec-
ognize an open circuit signal which marks
the end of a digit. These functions are per-
formed by relays within the registers; pulse
generation as described in connection with
revertive pulsing,® and counting as de-
scribed for the originating registers. Multi-
frequency registers are not at present
equipped with relays to sort out the a-c fre-
quencies contained in their pulses, but in-
stead employ an electronic multi-frequency
receiver, shown in Figure 2, which amplifies
the pulses, limits their amplitude, checks for
spurious and missing frequencies, separates
and detects the frequencies, and furnishes
the register with d-c pulses on two at a time
out of five leads. A sixth frequency and its
associated lead are used only for start and

“ REcorp, August, 1943, page 448.
t See page 39.

stop signals and not for numerical digits.

As each successive digit is received, the
register records it for future reference. Dial-
pulse and multi-frequency registers use five
relays to record each digit, two relays oper-
ating for each numeral from 0 to 9. This
scheme matches both the two-out-of-five ar-
rangement of frequencies in multi-frequency
pulses and the pattern of grounded leads by
which the digits will be transferred to the

Fig. 2—A receiver for the multi-frequency register.

marker. Its main advantage is that it is self-
checking, since ordinary trouble conditions
would result in one or three out of five in-
stead of two—a difference easily recogniz-
able. These registers may be equipped for
from four to eleven digits, depending on traf-
fic requirements. In a single-office unit with
only local incoming traffic, four digits are
sufficient, while a No. 5 unit used as a com-
bined local office and toll center may require
eleven digits to accommodate a three-digit
national dialing code, a three-digit local area
code, four numerical digits and a party let-
ter. Revertive pulse registers at present re-
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cord only the pulses designating the four
digits of a line number, although plans en-
visage additional digits for tandem opera-
tion in the future. Instead of recording the
digits on sets of two-out-of-five relays as in
the other types of registers, however, the
revertive-pulse registers record them on a
crossbar switch, using apparatus and circuits
essentially the same as those used in termi-
nating senders of the No. 1 crossbar system.

To determine when the last digit has been
received is no problem for revertive and
multi-frequency registers, since the former
are arranged for a fixed number of digits,
and the latter always receive an end-of-puls-
ing signal after the last digit. Dial-pulse
registers, however, may receive any number
of digits from three to eleven and do not
receive any end-of-dialing signal from the
trunk. Dial-pulse registers, therefore, must
look for every possible clue as to the number
of digits to be received. On calls from local
trunks, the trunk class indicates the expected
number of digits—either four or five depend-
ing on the class. On tandem and toll trunks,
an office code always precedes the line num-
ber. However, there may be both two and
three-digit codes within the numbering
area, and some offices reached by tandem
may have some lines with party letters. Still
more variation occurs on toll calls, since they
may be directed to either subscribers or toll
operators in either the local area or some
distant area.

To take care of these variations, the dial-
pulse register has facilities for looking at
the first one or two digits of the office code,
which may indicate the number of digits in
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the code and also identify the code sufhi-
ciently to tell whether the called office has
party letters. If it has or may have, there is
still no assurance that a letter will be dialed
on this particular call, but the register will
allow time for a possible additional digit. On
toll trunks, the code may be either a local
area code or a toll code. The register can
recognize the difference by looking for a
toll-indicating zero or 1 in the first or second
position. Local-area codes are treated as are
those received on tandem trunks, but most
toll codes may be followed by an indefinite
number of digits. When such a toll code is
recognized, therefore, the register times
after every digit received, and recognizes
the last digit by the lack of dialing within
the succeeding few seconds. An exception is
made for certain toll service codes that are
never followed by any digits. Such codes,
recognized by U’s in certain positions, indi-
cate the end of pulsing without timing after
the third digit.

When the register is satisfied that all digits
have been received, it must pass them to a
marker. The register signals a marker con-
nector circuit, which seizes an idle marker
and connects it to the register by a large
number of wires. Using these many paths
simultaneously, the register is able to tell
the marker in a few milliseconds all the in-
formation which it has accumulated in per-
haps as many seconds. Trunk class, frame
location, number-group location, and the
several digits go into the marker all at once,
enabling it to complete the call immediately
and to free itself so quickly that it can handle
thousands of calls per hour.



Register and sender frames

0. J. MORZENTI
Switching
Equipment

Registers and senders* in the No. 5 cross-
bar system,t although performing the oppo-
site functions of receiving and transmitting
switching information, respectively, have
many points of similarity. The time of ac-
tion for each of them, unlike the marker,
is largely controlled by apparatus outside
the central office. With an originating reg-
ister, for example, the time required is at
least that necessary for a subscriber to com-
plete dialing the desired number; with an
outgoing sender, the governing factor is the
speed at which the equipment in the dis-
tant office may be actuated. They both must
“register” or store the dialed number. They
both must count pulses, and “steer” them

* See page 63.
T See page 5.

in No. 5 crossbar

into the proper digital sequence. They are
both required to time their various opera-
tions to assure proper functioning. They
are alike also in both requiring access to
markers for exchange of information for
brief periods. This access is provided
through connectors consisting of multicon-
tact relays. All of these similarities have
permitted the design of registers and send-
ers to follow a uniform pattern.

Despite their common features, senders
and registers of the No. 5 crossbar system
are called upon to serve under such widely
varying conditions that there are many
points of dissimilarity also. Thus to meet
immediate Bell System needs, there are five
types of registers—one originating and four
incoming—and four types of senders. Each

Fig.

1—A dial-pulse counting unit for the No. 5 crosshar system. Front view above and rear view below.
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of these has a variety of optional features
which are required in different combina-
tions for different offices, depending upon
the numbers of digits, lines, frames, classes
of service, types of pulsing, the need for
automatic message accounting, etc. An idea
of the degree to which this differentiation
is carried is shown in Table I, wherein the
three categories, originating registers, in-
coming registers and outgoing senders,
branch out into the nine types of registers
and senders. These in turn are comprised
of sixty-eight major features represented by
functional units, of which thirty-four are
always required in the system and thirty-
four are optional.

In keeping with the standardization and
simplification of manufacture that has been
stressed in the design of the No. 5 system,
it was desirable to reduce the wide variety
of functional units and to arrange for their
combinations in the fewest and simplest
standardized patterns. The numbers of func-
tional units have been reduced wherever
practicable by making one unit serve in
two or more places. Fourteen of the units
are common to several types of registers or
senders. For example, of the twelve pos-
sible types of units entering into the make-
up of an originating dial-pulse register, six
are also used in the incoming dial-pulse
register.

With all optional features included, the
maximum number of mounting plates re-
quired is twenty-two (for the originating
register) and the minimum is fifteen (for
the incoming revertive-pulse register). To
secure greater standardization, it was felt
desirable to fix on a space of twenty-two
mounting plates for all cases. The positions
of the functional units within any sender or
register are also fixed to permit standard
jigs and fixtures to be used in the shop for
over-all operating tests. Each of the func-
tional units has terminal strips at one end
for loose-wired cross-connections between
functional units. This loose wiring is read-
ily run from standard drawings to intercon-
nect whatever assembly of units is required
for each office. A typical functional unit—
the dial-pulse counting unit—is shown in
Figure 1. Various functional units grouped
to form a complete register for a particular
office are shown in Figure 2. Figure 3
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shows the register arrangement for a hypo-
thetical central office requiring all of the
functional units.

Since no register or sender requires more
than twenty-two mounting plates, five of
them may be arranged on a two-bay frame,
with eleven mounting plate spaces in each
of the bays. For the smaller registers or
senders, or those equipped with only a

TasLE I-NuMBERS OF FUNCTIONAL UNITS AND
OPTIONS FOR REGISTERS AND SENDERS
Total Basic

Number of Units Optional
Functional (Always Functional

Units  Reguired) Units

Originating Register

Dial Pulse ....... 12 4 8
Incoming Registers

Dial Pulse ....... 13 6 7

Multi-Frequency . 8 4 4

Revertive Pulse... 5 4 1

Central “B”...... 5 4 1
Outgoing Senders

Dial Pulse....... 6 4 2

Multi-Frequency . 5 3 2

Revertive Pulse... 7 3 4

Panel Call Indicator 7 2 5
Total ............. 68* 34 34

*Of these 68, there are fourteen functional units
used in several applications; thus there are only 54
discrete and different units.

few options, this arrangement results in
vacant spaces. This loss of space, however,
is more than offset by the resulting uni-
formity in manufacture and maintenance
and in the ease with which additions or
changes may be made.

The frame consists of two 23-inch bays
with fuse panels at the bottom and multi-
contact relays at the top. The fuse panel
arrangement is universal for all registers or
senders, consisting of two panels, the one
on the left bay caring for the even registers
or senders and the one on the right bay,
for the odd ones. Each panel is fused from
a different frame feeder, so that if power
should fail on one, only half the registers
or senders will be put out of service. The
multicontact relays at the top serve as con-
nectors to concentrate the sender and reg-
ister connector paths to the markers.

Cable forms are run up the outer edges
of each frame at the rear to interconnect



Fig. 2—An originat- |
ing register for the
No. 5 crossbar sys-
tem. Front view
above and rear view
below. The counting
unit of Fig. 2 occu-
pies the fifth and
sixth  mounting
plates from the bot-
tom on the bay at
the right.

the fuses at the bottom, the connectors at
the top, the testing facilities in the frame
upright, and the frame terminal strips to
the sender or register equipments. They
have leads brought out at the various
mounting plate levels to connect to any
combination of functional units which
might be furnished. If one cable form in-
cluded all the wiring needed for all types
of registers and senders, it would, in any
specific case, provide many leads not re-
quired, and add unjustifiable cost. After
considerable study, ways were found, how-

e

ever, to standardize three frame cables to
care for all conditions. One accommodates
five originating registers; one accommo-
dates any of the four types of incoming
registers in any combination; and one ac-
commodates any of the four types of send-
ers in any combination. The single type of
frame structure with standardized fuse pan-
els, connectors, and other equipment com-
mon to a frame, thus becomes one of three
possible types when the local cable is in-
stalled: an originating register frame, an
incoming register frame, or a sender frame.
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Front and rear views of a typical register
frame are shown in Figure 4. The perma-
nent cable may be seen at each side in the
rear view. The flexible wiring between the
two bays is that connecting the various
functional units, previously discussed, that
comprise a complete register.

Besides securing a flexible frame arrange-
ment that requires only three types of
frames for mounting any type of sender or

register, on the other hand, receives its
digits very quickly, and thus will be ready
for connection to a marker much oftener.
Therefore, a single connector cannot serve
as many multi-frequency registers as it can
dial-pulse registers.

At the top of each frame are five groups
of sometimes two and sometimes three mul-
ticontact relays, one group for each possible
register or sender on the frame. The arma-

DIGIT TIMING

“J"” DIGIT REGISTER

¥ LINE LOCATION &
CLASS REGISTER

2~PARTY TEST

“6","H” DIGIT REGISTER

PRETRANSLATOR SELECTOR!

“E”“F" DIGIT REGISTER

PRETRANSLATOR SELECTOR?Z

* WNBISCY 8 SD

*DIAL PULSE

DIGIT REGISTER

COUNTING UNIT

SERVICE CODE TRANSLATOR

* REGISTER

COIN
CONTROL

CONTROLLER

*ALWAYS PROVIDED; OTHERS OPTIONAL

-1 0R*8" DIG. TRNSL
2 OR“A” DIG. TRNSL OR MAN
SWBD CODE' TRNSL

Fig. 3—A chart showing a fully equipped originating register (all units
named and optional units and apparatus so indicated).

register, it has been necessary also to pro-
vide flexibility in grouping the registers and
the senders for connection to the markers.
Senders and registers are connected to
markers to transfer information to them or
to receive it from them. As stated previ-
ously, only a very short time interval is
required for each transfer of information.
The sender or register may be busy with a
call for a much longer time than this, how-
ever, and thus a single connector can serve
a number of registers or senders. Just how
many will depend to a large extent on the
type of register or sender. A dial-pulse reg-
ister, for example, requires considerable
time to receive a long train of digits from
an outlying office in comparison with the
time it requires to pass this information on
to the marker through the connector. Thus,
while the register is occupied in receiving
the digits, other registers could be using
the connector, and in the example chosen,
this connector might serve as many as a
dozen such registers. A multi-frequency
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ture contacts of all five groups are multi-
pled together for connection to the marker.
If used in this manner, all five groups of
multicontact relays would be part of a
single connector. By mounting terminal
strips at each end of the row and at two or
three points within the row, however, it is
possible to cut the multiple of the armature
contacts at some point and thus split the
connector. The terminal strips are so placed
that the multiple may be cut to assign one
register to one connector and four to the
other, or two to one and three to the other.
Of the registers or senders on a single
frame, therefore, all five may be on one
connector, one may be on one and four on
the other, or two may be on one and three
on the other, and thus essentially complete
flexibility is secured. Further flexibility is
obtained by multipling connectors on dif-
ferent frames. Thus a single connector is
able to take care of registers or senders on
several frames. The same connector, how-
ever, cannot serve both registers and senders.



Fig. 4—Front view of an originating register frame in the Towson Office at the left, and rear
view of a similar frame at the Hawthorne plant of the Western Electric Company at the right.
The permanent cable may be seen at each side of the rear view. The flexible wiring between
the two bays is that connecting the various functional units comprising a complete register.

Because of the provisions made in the
design of the No. 5 system, there is flexibil-
ity at every stage of the assembly. Func-
tional units may be selected as desired to
build any type of register or sender. The
three types of frames with their common
equipment are manufactured as separate

entities. Frames and their registers or send-
ers are then brought together in any com-
bination. Finally, both senders and registers
are grouped as required by traffic to supply
suitable loads for the connectors. It is fea-
tures of this type that make No. 5 adapt-
able to many types and sizes of office.
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0. J. MORZENTI

Number group frame  Suiciing

for No. 5 crossbar

As in the No. 1 crossbar system, there is
no permanent or prearranged association of
directory numbers with switch positions on
the line link frames of a No. 5 crossbar office.

e e b hn e we o e e e m e e e s

Fig. 1—A number group frame of the No. 5 system.
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Equipment

A marker upon receiving the number for a
terminating call must therefore ascertain
which one of the many switch verticals in
the office is associated with that particular
directory number so that a connection may
be established. The marker obtains this in-
formation from the number group frame.
This frame, in a manner of speaking, is a
large central file, kept up to date with the
latest directory number assignments, to
which each marker in turn applies for the
necessary information, asking, in effect, on
which line link frame and where on that line
link frame will the line corresponding to
this directory number be found. While get-
ting this information, the marker must also
be told the type of ringing required for this
number—or the ringing combination as it is
called. After this information is received,
the marker disconnects itself from the num-
ber group, and proceeds to establish con-
nection to the called line.

The position of a particular number on a
line link frame is identified by giving the
line link frame number, the horizontal
group, the vertical group, and the vertical
file, while the type of ringing is given as one
of fifteen possible ringing combinations. A
horizontal group represents the lines asso-
ciated with all the crossbar switches in the
same level of a line link frame, and there are
ten such horizontal groups on each frame.
A vertical group represents five verticals in
the same vertical column on all ten switches
of a frame. Any particular frame may have
from six to fourteen vertical groups: six
when no supplementary bays are used, and
fourteen when the full complement of sup-
plementary bays is used. A vertical file rep-
resents a single column of verticals, and
there are thus five vertical files in each
vertical group.

A number group frame, as pictured in
Figure 1, is arranged to serve 1000 consecu-



tive directory numbers. Thus, a 10,000-num-
ber office would have ten such frames, the
first serving numbers 0000 to 0999, the sec-
ond 1000-1999, etc., up to the last for num-
bers 9000-9999. The upper part of the frame
is filled with relays which receive the direc-
tory number from the marker. They in turn
extend leads from the marker to three cross-
connecting fields occupying the lower half
of the frame, where the actual translation
from directory number information into
equipment location is made. The bottom
field serves to identify the line link frame
number and is known as the “Lr” field. The
middle, or “rr,” field, identifies the ringing
combination and vertical file. The top, or
“vac” field, identifies the vertical and hori-
zontal groups.

Each of these cross-connecting fields con-
sists of an array of terminals in numerical
sequence representing directory numbers,
and an array of terminals representing spe-
cific equipment locations or ringing combi-
nations. A translation is accomplished by
means of a jumper wire which connects a
particular directory number terminal to the
terminal associated with its equipment loca-
tion or ringing-combination terminal. Figure
2 shows the simplest form such a translating
scheme may take, wherein these cross-con-
nections are shown for directory number
2435 to LL 25 (line link frame 25), rF o024
(ringing combination 02, vertical file 4) and
VHG 078 (vertical group 7, horizontal group
8). The marker, through paths wr, wr, and
WG “wets” or places a potential on the proper
directory number terminals, those of num-
ber 2435 in this example, whence the jump-
ers extend this potential to the equipment
location terminals. The marker receives this
potential back over leads ¥u, Fr (frame
units, frame tens), Bc, vF (ring combina-
tion, vertical file), and e, ve (horizontal
group, vertical group) and thereby recog-
nizes the translation.

A marker gains access to the proper num-
ber group frame, in competition with other
markers, through its associated number
group connector. The choice of number group
frame is dictated by the thousands digit of
the called directory number. Thus, the num-
ber 2435 would be found in number group
frame 2; the marker summons that particu-
lar number group and is then concerned

only with number 435 within that group.
For transmitting this number to the num-
ber group frame, three sets of ten leads are
employed: an uB set to indicate the hun-
dreds digit; a T8 set to indicate the tens digit;
and a U set to indicate the units digit. As a
result of a potential placed on one lead in
each of these sets in the marker, relays in
the number group connect three other leads
from the marker, designated wL, wr, and
WG, respectively, to the terminals in the
three directory-number arrays representing
the particular number wanted. Thus, if the
marker has placed a potential on the No. 4
hundreds lead, the ~o. 3 tens lead, and the

FU, FT (14)
RC, VF (20)
HG, VG (24)
TERMINAL ‘ TERMINAL
BANKS BANKS
62999 o O VHG 139
w6 JUMPER
62435 o ——0 VHG 078
162000 0 O VHG 000
N~== VHG FIELD ~———
o
W F 2009 © O RF 154
g
S ¥k oa3s 00— O RF 024 >—
—— —_—
F 2000 0 © RF 010
N —— RE FIELD ——m—mm
L 2999 O oLL 39
wL
O LL 25 =l
L 2435 &
L 2000 0 o LL 00
N———LL FIELD ————~
DIRECTORY EQUIPMENT
NUMBERS LOCATIONS

Fig. 2—Simplified diagram of the method of translating
from directory numbers to the information the marker

needs in locating a line.

No. 5 units lead, the wr, wr, and wc leads
will be connected to terminal no. 485 of
each of the three directory-number arrays.
The wr lead will be connected to the array
associated with the LL field; the wr lead to
the array associated with the rr field; and
the wg lead to the array associated with the
vuG field.

How this is accomplished is indicated in
Figure 3. There are ten hundreds block re-
lays, and each of the ten leads over which
the marker transmits the hundreds digit will
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Fig. 3—Simplified schematic of relay circuit in number
group that extends battery on WL, WG and W¥ leads
from marker to called directory number terminations
of cross-connecting field.

be connected to the winding of one of them.
Each of the hundreds block relays has ten
springs, and the ten leads over which the
marker transmits the tens digit are con-
nected in multiple to the springs of all the
hundreds-block relays. The ten front con-
tacts of each hundreds-block relay are con-
nected to the windings of ten tens-block
relays. In all there are 100 tens-block relays
—ten for each of the hundreds block relays.
Each tens block relay thus represents ten
consecutive directory numbers. The ~o. 43
tens-block relay, for example, represents
directory numbers from 430 to 439, inclu-
sive, since it is operated only when the No. 4
hundreds lead and the ~o. 3 tens lead have
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potential on them. Each tens-block relay has
thirty springs, or three sets of ten, and each
set is connected to one of the three arrays
of directory number terminals already men-
tioned.

Multicontact relays are used for the tens-
block relays. Each of such relays has sixty
contacts and two operating magnets, but by
controlling the magnets independently, each
multicontact relay becomes the equivalent
of two thirty-contact relays. Fifty multicon-
tact relays are thus required to furnish the
100 tens-block relays, and they are mounted
in five rows of ten each on the upper part of
the number-group frame as may be seen at
the upper right of Figure 1.

Besides the hundreds-block and tens-
block relays, designated B and 1B for con-
venience, there is a group of ten units relays,
and the winding of each is connected to one
of the ten units leads from the marker. Each
of the units relays has three springs, and
the wi, wr, and wc leads from the marker
are connected in multiple to the three
springs of each relay. From the front con-
tacts of the ten units relays there are thus a
total of thirty leads, three from each—and
these thirty leads are connected in multiple
to the thirty springs of each tens-block re-
lay. When a units relay is operated, there-
fore, the wr, wr, and wc leads will be ex-
tended to all the tens-block relays, and
through the particular tens-block relay op-
erated will be extended to the three arrays
of directory number terminals. In the exam-
ple taken, only the No. 43 tens-block relay is
operated, and if the No. 5 units relay is oper-
ated, the wr, wr, and wc leads will be
extended through the ~o. 43 tens-block relay
to the terminals of the three directory num-
ber arrays that represent No. 435. Of the
1000 terminals in each of the three arrays,
therefore, only terminals numbered 435 will
be connected to the wi, wr, and we leads
and will thus have potential on them. Three
jumpers then extend this potential to the
terminals representing the equipment loca-
tion and ringing combination and thence
back to the marker.

The frame number is indicated to the
marker over two sets of leads: a set of four
Fr leads to indicate the tens digit of the
frame number, and a set of ten FuU leads to
indicate the nnits digit. This implies that for
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a line link frame number, it is necessary to
convey two pieces of information—the frame
tens and the frame units numbers. At first
glance it would seem that two cross-connec-
tions would be required, one for each piece
of data, instead of only the single cross-
connection shown in Figure 2. By use of a
resistance network as shown in Figure 4,
however, it is possible to couple these two
pieces of data with only one jumper connec-
tion. Here each of the line link frame number
terminations, to which the directory num-
bers are cross-connected, is associated with
the frame tens and units leads to the marker
through a pair of resistances. Thus when a
potential is applied through the relay tree,
through the jumper wire associated with
2435, and thence to line link frame terminal
25, a current will flow through the r12 re-
sistance to the F12 lead into the marker,
where it is recognized as a frame in the
twenties, and current will also flow through
Fus resistance to the rus lead into the
marker, where it is recognized as a frame
with a five units digit. These two facts in-
form the marker that it is frame 25,

An arrangement similar to that of Figure
4 is used for combining the vertical and
horizontal group information. The possible
140 combinations can be accommodated by
ten HG leads for the horizontal groups and
fourteen ve leads for the vertical groups.
Similarly for vertical file and ringing com-

bination information, the 75 possibilities are
cared for by twenty leads, five vr leads for
vertical files, and fifteen rc leads for ringing.

There is still another function that the
number group must perform for the marker.
Some of the lines of any number group may
be pBx trunks. The directory number given
the marker will ordinarily be that of the first
of the terminal hunting group, and this par-
ticular trunk and perhaps several adjacent
ones may be busy while others in the group
are idle. If the number group gave the loca-
tion of the first trunk to the marker, the
marker—after disconnecting from the num-
ber group—might find the trunk busy and

would have to reconnect to the number
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Fig. 5~—Simplified circuit indicating method by which

marker tests for idle PBX trunks.
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group to get the location of another trunk
of the group. To avoid this loss of time,
facilities are provided in the number group
to permit the marker to test for an idle trunk
before leaving the number group, and then
to determine the location of only the first
idle trunk found.

This is accomplished by extending the
sleeve leads of all pBx trunks to the number
group, and providing ten additional leads
between the number group and the marker
over which these sleeves may be tested. As
shown in Figure 5, an sc (sleeve connect)
relay is paralleled with each T8 relay that
has ®Bx trunks associated with it, and thus
the sc relay is operated at the same time as
the 1B relay. There are ten springs on each
sc relay, and the sleeve leads from the pBx
trunks are connected to their front contacts,
or to as many of them as may be required.
The springs of the sc relays are connected,
through the number group connector, back
to the marker.

All terminal hunting groups have ringing
combination No. 10, and when the marker
gets this code from the number group, it
tests the ten sleeve leads, and then transmits
a units code for the first idle trunk found.
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Where there are more than ten trunks in a
PBX group, sc relays will be associated with
all the TB relays that have trunks of that
group, and provision is made for advancing
from one to another if all trunks associated
with one T8 relay are busy.

The principal objective in the equipment
design of the number group frame was to
arrive at a flexible grouping of the LL, RF,
and vHG terminal arrays so that they may be
varied in size as the demand for terminals
requires. Figure 6 shows a typical arrange-
ment of the LL cross-connecting field, ar-
ranged for 20 line link frames. As with the
rF and vHG fields, the 1000 directory number
terminals are arranged in ten rows of 100
each, five Tows above and five below the
equipment location terminals, The rr field
has 4000 terminals in forty rows of 100 each.
Each row consists of ten groups of ten com-
mon terminals, multiplied together so that
the 100 terminals of the row are common.
In the illustration, since only 20 line link
frames are involved, two such rows may be
multipled to represent one line link frame.
Had forty frames been involved, each row
would have represented a single frame.
Similarly, had there been ten frames, four



Fig. 7—Rear of number-group frame. Left, looking down on the terminal
from beneath. The resistors are just below the strips and are barely visible in the lower illustration

rows could be multipled to represent a
frame, keeping in mind, however, the pat-
tern required for future expansion. These
rows, or multiples of rows, are then con-
nected to the translator resistor networks,
which are mounted on the rear of the frame
in groups of 20. Figure 7 shows these con-
nections and resistors, with the multipling
of terminals in the rr field. These facilities
are provided on the rear of the frame where

they do not interfere with running jumpers
on the front of the frame to associate line
with directory number assignments. The rr
and vee fields have 2000 terminals in 20
rows, arranged for variable multipling in
similar fashion to the r1 field.

These arrangements make possible a fairly
standardized design for economical manu-
facture, and yet provide the needed flexibil-
ity to meet many job variations.

strips; right, looking at terminal strips



Ringing selection in
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No. 5 crossbar

In supplying telephone service under the
wide range of conditions encountered, it is
often necessary to connect more than one
subscriber to a single line From the point of
view of the number of subscribers per line,
five types of lines are available at present
for No. 5 crossbar: single party, two party,
four party, eight party, and ten party. Four
party lines may be either of two types: one
having full and the other semi-selective ring-
ing., With full selective ringing, each sub-
scriber hears ringing only when his station
is being called, while with semi-selective
ringing, each subscriber hears the ringing
for his own and one other station. On indi-
vidual, two party, and four party full selec-
tive lines, therefore, each subscriber hears
only his own ringing, while on four party
and eight party semi-selective lines he hears
also the ringing for one other party, and on
ten party lines he hears the ringing for four
others. Coded ringing is used to identify the
party called, and the five codes indicated in
Figure 1 are employed in the No. 5 crossbar
system.

This group of codes has been arranged
so that it may be used for all these types of
lines. Individual, two party, and four party
full selective lines use only code one. Eight
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Fig. 1~The five basic ringing codes used by the No. 5
crossbar system.
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party and four party semi-selective lines
use codes one and two; only ten party lines
use all five codes.

On party lines, half of the subscriber sta-
tions are arranged to be rung over the “ring”
conductor, and half over the “tip” conduc-
tor. On eight party lines and four party full
selective lines, a further limitation in the
ringing a subscriber hears is made possible
by superimposing the interrupted 20-cycle
ringing on either negative or positive d-c. All
ringing is superimposed on a d-c component
to permit the tripping relay to operate when
the subscriber answers, and the normal d-c
component is negative; only for eight party
and four party full selective is the positive
superimposed ringing employed. To specity
a ringing code completely, therefore, it is
necessary to state the side of the line to
which the ringing is applied, whether it is
negative or positive superimposed, and the
particular one of five codes of Figure 1 that
is employed. There are thus in all fourteen
types of ringing used at present in No. 5
crossbar, and they are indicated in Table 1.

Although very few central offices serve
lines of all these types, they frequently have
more than one type of line, and the proper
type of ringing must be selected for each
call. Means must be provided at a central
office for selecting and applying ringing to
any line, but since this equipment is used
only for a brief period in each call, it would
in general be uneconomical to associate
these circuits with each line. In the step-by-
step system they are associated with the con-
nectors, while in the panel and No. 1 cross-
bar systems, they are associated with the
incoming trunk circuits. These latter systems
rarely have eight or ten party lines, and thus
the equipment for selecting ringing consists
of only a few relays. In the rare cases when
eight or ten party lines are required, the ad-
ditional ringing selecting equipment is asso-
ciated with only the few lines that require it.
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ing one

Fig. 2—Lower part of trunk bay show
ringing switch.

The field of use for No. 5 crossbar offices,
however, includes the suburbs of metropoli-
tan centers, and these offices may commonly
serve eight or ten-party lines in addition to
one, two and four-party lines. The selecting
equipment is associated with the trunk as
in the No. 1 system, but all fourteen types
of ringing are made available to each trunk.
Instead of using a relay circuit, however, a
crossbar switch is used to apply the ringing.
The trunk circuits are installed on twenty-
three inch relay racks. A ten-vertical cross-
bar switch is used for each ten trunks requir-

ing ringing. Each trunk circuit is associated
with a switch vertical to select any one of the
required types of ringing. A complete bay of
this type will carry twenty or thirty trunks
maximum, depending upon the amount of
equipment in the trunk circuits, and will
thus use either two or three crossbar
switches. The lower part of such a bay is
shown in Figure 2. The crossbar switch
shown serves the ten trunks mounted be-
neath it—two trunks being mounted on each
set of three mounting plates.

A simplified schematic of the circuit em-
ployed is shown in Figure 3. Levels 0 and 1
are used to apply ringing to either the tip
or ring conductors of the line and ground
to the other. When crosspoint 0 is closed,
ground is applied to the tip conductor and
ringing to the ring conductor, while when

TaBLE I-TuE FourTEEN TYPES OF RINGING
oF THE No. 5 CROSSBAR SYSTEM

Polar- S‘;ge Ind. Two Four Party FEight Ten
Code ity Line Line Party Semi Full Party Party
1 — R X X X X X X
1 — 7T X X X X X

1 + R X X
1 + 7T X X
2 — R X X X
2 — T X X X
2 4+ R X
2 4+ T X
3 — R X
3 — T X
4 — R X
4 — T X
5 — R X
5 — T X

the No. 1 crosspoint is closed, ground is
applied to the ring conductor and ringing
to the tip. Levels 2 to 8, inclusive, select the
seven types of ringing supplied by the ring-
ing power plant: negative superimposed
code 1, positive superimposed code 1, nega-
tive superimposed code 2, positive super-
imposed code 2, and negative superimposed
codes 3, 4, and 5.

Under direction of the marker, the cross-
point for either the No. 0 or No. 1 level is
operated and also the crosspoint for one of
the levels from 2 to 8 depending upon the
type of ringing required by the party being
called. Closure of the crosspoints of any of
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Fig. 3—Simplified schematic of ringing circuit ina No. 5 crossbar office.

the levels from 2 to 8 connects the selected
code ringing supply to the rt lead to the
trunk. Here it passes through the ringing
trip relay and back to the crossbar switch
over lead rs. Through the crosspoints of the
No. 0 ar No. 1 level, the re lead is connected
to either the ring or tip conductor of the
subscriber’s line, and ground is connected
to the other lead of the line. Also through
the contacts of the No. 0 or No. 1 crosspoint,
ground from the trunk circuit over the G
lead is connected to the ra lead, whence it
returns to hold the trunk in the ringing
condition until ringing is tripped or the
call is abandoned.

When a line requires code 2, 3, 4 or 5,
ringing is connected to a line only at the
start of a complete ringing cycle so as to
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avoid a partial code from being sent over
the line, which might be misinterpreted by
the subscriber. This means that there may
be a delay of a few seconds before ringing
is started. With code 1 ringing, however,
there is no possibility of the code’s being
misinterpreted since it consists of only one
ring, and if the first ring were shorter than
the others, no confusion would result. For
either 1— or 1 -, therefore, the code ring-
ing supply is connected at once without
waiting for the end ot the ringing cycle. This
is brought about by using other contacts of
the No. 6 and No. 7 crosspoints, which apply
codes 1— and 1+, to connect the ground
on the ra lead to the pku lead. Lead ra is
grounded by the closure of the crosspoints
on levels 0 or 1, and this ground on the



exU lead tells the trunk to start ringing with-
out waiting for the end of the cycle.

Level 9 on the crossbar switch is not re-
quired for applying ringing, and is therefore
employed—in conjunction with No. 0 or No.
1 crosspoints—to indicate busy and overflow
conditions. If the line called is found busy,
the marker, instead of operating one of the
ringing code crosspoints, will operate the
No. 9 crosspoint and also the No. 1 cross-
point. Closing the No. 1 crosspoint connects
ground from the trunk over lead ¢ to the
Ra lead, and closing the No. 9 crosspoint
connects this ra lead to the By lead. Ground
on the BY lead will operate the By (busy)
relay in the trunk circuit.

If the line had not been busy, but the
marker had not been able to find a path to
it from the trunk link frame, it would have
operated the No. 0 and the No. 9 crosspoints.

Closure of the No. 9 crosspoints operates the
BY relay in the trunk as before, but closure
of the No. 0 crosspoint has connected ring-
ing ground to the tip lead of the trunk.
Under these conditions the Tc relay is op-
erated in the trunk as well as the By, giving
an overflow instead of busy signal.

Since the ringing selection switch is wired
for all types of lines up to and including
eight and ten party, there are no ringing
options to be selected in furnishing trunk
circuits and associated ringing selection
switches, and the engineering and installa-
tion is simplified. The only variation in an
office is in the types of ringing supply. Sys-
tems with eight party lines or four party full
selective lines require superimposed posi-
tive ringing codes and superimposed nega-
tive; but where there are none of these lines,
superimposed positive codes are not required.
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Message register operation

in No. 5 crossbar

A feature of the No. 5 crossbar system® is
the use of cold cathode gas-filled tubes to
perform certain operations. Large numbers
of them are employed for operating sub-
scriber message registers in offices where
these are required. Owing to the differences
in the trunking plans of the two systems, the
d-c method of control employed for registers
in the No. 1 crossbar system was not prac-
ticable with the No. 5 system. Accordingly,
an unusual type of control circuit utilizing
cold cathode tubes has been developed to
fit the simplified plan of the latter system.

Telephone message registers have been
used for many years with certain classes of
subscriber lines to indicate the number of

F. K. LOW
Switching
Development

calls completed. They are small magnetically
operated counters that are operated once
for each call completed, and in some cases
once for each unit charge a call entails. Al-
though automatic message accounting is be-
ing made available for the No. 5 crossbar
system, it will be employed in general only
in the larger areas where many outlying
offices at varying distances result in a wide
range of charges. In many offices there will
continue to be a need for message registers,
and circuits for operating them on both
single and two-party lines are thus included
in the No. 5 crossbar system, as they were in
the No. 1 system.

If the method employed for operating the

message registers in the No. 1 crossbar sys-

* See page 5. tem were used in the No. 5 system, however,
TP DISTRICT
STATON LINE LINK JUNCTOR  DISTRICT LINK OFFICE LINK 70
FRAME CIRCUIT FRAME FRAME  TERMINATING
SUBSCRIBER’S LINE TIP OFFICE
LR X—X—— — X—) —x ——
e -
RING T MR- | A .
STATION ! s o=
- Y %
= EET 4 k' =
RING  TiP = NO.1 CROSSBAR
PARTY REGISTERS|
MESSAGE REGISTER
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o . TIP e OFFICE __
5t RING X o .
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RACK

Fig. 1—Simplified circuit indicating method of operating message registers: above, in the No. 1 cross-
bar system; below, in the No. 5 crossbar system.
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the crossbar switches on the line link and
trunk link frames would have had to be
equipped with five sets of contacts at each
of the crosspoints instead of three. In the

Instead of using extra leads for operating
the message registers, the sleeve lead is made
to do double duty. Besides being used for
operating the hold magnets of the crossbar

MAIN
TO 24 DISTRIBUTING JUNCTOR TRUNK CIRCUIT TO 9
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Fig. 2—Message register operating circuit in the No. 5 crossbar system.

No. 1 system the registers are operated from
the district junctor circuits over two leads—
one for the two possible registers associated
with a two-party line. These leads pass
through the line link frames to reach the
registers, and thus the crossbar switches on
these frames must have two sets of contacts
in addition to the three for the tip, ring, and
sleeve conductors. This is indicated in the
upper diagram of Figure 1.

In the No. 5 crossbar system, on the other
hand, the message-register operating volt-
ages are applied in the trunk circuits as in-
dicated in the lower diagram of Figure 1, and
the leads over which the registers are reached
pass through the trunk link as well as the
line link frames. If the method of the No. 1
system were employed, therefore, the cross-
bar switches on the trunk link as well as on
the line link frames would have to be
equipped with five sets of crosspoints in-
stead of three. This has been avoided by a
method of operating the message registers
that requires no additional crosspoints on
any of the switching frames.

switches and giving busy indications to the
marker, it is also used for operating the mes-
sage registers through 413A cold-cathode
gas-filled tubes. The two registers associated
with the line are both connected to the
sleeve lead, but because of the cold-cathode
tubes in series with them neither will oper-
ate on the potentials applied to the sleeve
lead for operating hold magnets or giving
busy or idle indications to the marker. They
will operate only when a properly phased
half-wave ac voltage is applied to the sleeve
lead in the trunk circuit. Two voltages are
made available for applying to this sleeve
lead. They are alike in magnitude but differ
in phase by 180 degrees. Each of the two
registers on a line will respond to only one
of these voltages, and a relay in the trunk
circuit connects the proper voltage to the
sleeve lead under control of the marker.
Which party has originated the call, and
which register should thus be operated after
the call is answered, is determined by sub-
stantially the same means in both the No. 1
and No. 5 crossbar systems during the first
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phase of the call, when the line is connected
to the dial pulse receiving equipment (not
shown in Figure 1). When a call is originated
by a tip station, a d-c path to ground is pro-
vided while for a call from a ring station
there is no d-c path to ground. Message
register control circuits in both the No. 1 and
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Fig. 3—Voltages applied to the gas-filled tubes associ-
ated with the message registers. Heavy lines: anode

voltage;
register;

solid-light lines: cathodes of tubes for the tip
dashed light lines: cathodes of tubes for the

ring register.

No. 5 systems use this difference to deter-
mine whether it is a tip or ring party that
is calling.

Standard sheet metal frames are used for
mounting the registers and their associated
cold-cathode tubes as shown in Figure 5.
Each frame accommodates five hundred
registers and tubes. A locking bar is fastened
along one upright of each frame, and a key
is required to open or remove the lucite
covers from the message register frame.
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The method of operating registers is
achieved as follows:

The detailed plan of operation of the new
message register circuit is indicated in Fig-
ure 2. Each message register is connected
between the sleeve lead of the circuit with
which it is associated and the anode of a gas-
filled tube—a 413A. In Figure 2 only the two
registers associated with one line are shown,
and they both connect to the sleeve lead of
that line. The cathodes of the gas filled tubes
for all the registers connect to a 75-volt rms
a-c supply with a negative 48-volt bias. As
indicated in the diagram, there are two of
these supplies, equal in voltage but differ-
ing 180 degrees in phase. The tubes for all
tip subscribers connect to one supply and
those for all ring subscribers to the other,
The voltage on the cathodes of the tubes is
indicated by the dashed and light solid
curves of both the diagrams of Figure 3.
Since a 75-volt rms sine wave has a peak
value of 106 volts, these curves swing from
—154 to +58 volts.

When a line is not in use, its sleeve con-
ductor is connected to —48 volt battery
through its holding magnet on the line link
frame, and thus this voltage appears on the
anode of all tubes while the lines are idle.
This voltage is indicated by the light dashed
horizontal lines in Figure 3. The gas tubes
will not ionize and pass current unless the
anode is about 200 volts more positive than
the cathode, and thus under these condi-
tions, no current passes through the tubes.

When a call has been placed and the line
is connected to a trunk by operation of the
crossbar switches, the sleeve is held grounded
in the trunk circuit. This increases the anode
voltage from minus 48 to 0, indicated by the
light solid horizontal lines of Figure 3, and
the peak voltage across the tube thus be-
comes 154. This is still too low to ionize
the tube, however.

To operate a message register, the trunk
circuit momentarily connects to the sleeve
lead for that line one or the other of two
positive half-wave supplies. These are de-
rived from the same source that supplies the
cathode voltages by the method indicated
in the lower part of Figure 2. These two
voltages have the same peak value of 165 at
the supply transformer, but a drop of about
5 volts across the rectifiers A reduces it to



about 160 volts at the register. Rectifiers a
block the negative half cycle, but a tap on
the winding for the voltage of the opposite
phase connected through rectifiers B sup-
plies a voltage of about 5 volts peak during
the suppressed negative half cycle. The re-
sultant voltage applied to the sleeve con-
ductor—and thus to the anodes of both tubes
of that line—when a tip subscriber is to be
charged is shown by the heavy curve in the
upper part of Figure 3, and that applied for
a ring subscriber to be charged is shown by
the heavy curve in the lower diagram. These
two heavy curves are identical in magnitude
but differ in phase by 180 degrees.

From the lower curves of Figure 3, it will
be noticed that the voltage on the anode of
the tip party tube is never more than 154
volts above the cathode, and thus the tube
does not pass current. The voltage on the
anode of the ring party tube, however, rises
to 314 volts above the cathode every half
cycle. As a result, this latter tube passes cur-
rent and the ring subscriber register is oper-
ated. While a tube is passing current, there
is a drop of about 70 volts across it, and thus
the voltage across the register is reduced by
this amount, This is indicated in the diagram
of Figure 4 for the operating cycle of the
ring subscriber. The shaded area on this dia-
gram is a voltage-time graph per cycle for
the ring register, and is proportional to the
energy per half cycle that is available to
operate the register. No current will start to
flow until the voltage across the tube is
about 210 volts, which is assumed to be the
ionizing voltage for this particular tube. At
this moment—as soon as current is passing—
the voltage across the register becomes 140.
Following the sine wave, it then increases to
244 volts and then drops to 0. About a hun-
dredth of a second later, during the next posi-
tive half cycle, a similar spurt of current
will flow through the register, and these
spurts of current recurring every sixtieth of
a second operate the register and, because
of the copper sleeve that is placed around
its core, hold it operated as long as the
anode voltage is applied.

This operate current for the register is ap-
plied by the trunk using the circuit indicated
at the upper right of Figure 2, which shows
the conditions after the line has been con-
nected to the trunk but before the register is

operated. If a charge will be required for
the call in progress, relay Tcm will have been
operated by the marker, and in turn will
have operated relay mrp. Whether it is a tip
or ring subscriber that is calling will also
have been determined by the marker, and if
a tip subscriber is calling, relay Tp will be
operated; if a ring subscriber is calling, or if
it is a single party line subscriber, Tp will
not be operated.

After the called subscriber has answered,
and a charge is to be made for the call, relay
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Fig. 4—FEnlarged diagram of about two cycles of the

voltages shown in Figure 8.

cH is operated. This transfers the sleeve lead
from the holding ground at ¢ to lead Mrs-rP
of the power supply through front contacts
of Mrp and TcMm and a back contact of TP.
This establishes voltages on the registers for
this line as indicated by the lower curves of
Figure 3, and the message register for the
ring subscriber will operate while that for
the tip subscriber will not.

The circuit to the winding of relay Mep is
opened when cu operates, and since MRP is
a slow-release relay, the message register
operating current is applied only during the
release period of this relay, which is ample
time to operate the register. After the release
of Mrp, the sleeve lead is returned to its nor-
mal holding ground at c. While the message
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5—-M essage register equipment.

register is being operated, the hold magnets
are held operated from ground at the center
tap of the transformer in the lower part of
Figure 2. The varistor shown in the trunk
circuit keeps the hold magnets operated
while the sleeve lead is being transferred to
the anode power supply by the operation of
cu and while it is being transferred back to
the hold ground by the release of mre. It
also prevents an undesirable negative dis-
charge of the holding magnets from being
impressed on the gas tubes during this
switching.

At the end of the call, the trunk circuit
removes the sleeve ground, thus releasing
the crossbar switch hold magnets. Where
they are required, trunk circuits may also be
provided with equipment for timing the
duration of conversations and for advancing
the message register an additional step after
each measured time interval. In such cases,
a motor driven contact controls the relays
that apply the operating voltages for the
message registers.

A special fuse panel at the bottom of the
message register frame, evident in Figure 5,
provides either tip or ring party voltage to
each group of twenty-five tubes and permits
changing the assignment of any group from
tip to ring supply without recabling or re-
stamping. This is done by providing one lead
to carry the superimposed a-c supply to each
tube group. This lead may be connected to
either tip supply or ring supply by connect-
ing its associated fuse to either the tip sup-
ply bus bar or ring supply bus bar of the
fuse panel as shown in Figure 2.
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Operator connections

in No. 5 crossbar

Calls from subscribers in a No. 5 crossbar
office to other subscribers in the same office,
and for the most part other subscribers in
other offices in the immediate area, are com-
pleted mechanically under control of the
subscriber’s dial. Although these mechanic-
ally completed calls constitute most of the
traffic originating in the office, there are
many occasions when a dial subscriber re-
quires the assistance of an operator to com-
plete a call, and a considerable number of
trunk equipments are needed to serve these
operator-assistance calls.

Operator’s assistance is sometimes re-
quired to complete calls to manual offices,
and also, at the present time, to complete
long distance calls. Even though all offices
were of the dial type, however, and even
should subscriber dialing for toll calls be-
come universal, there still would be occa-
sions when an operator’s assistance was
needed. Such conditions as the provision of
telephones for the blind often make it neces-
sary to furnish manual service even in dial
offices. Certain types of emergency calls also
require access to an operator.

For all such outgoing operator calls in
crossbar or panel areas, either a recording-
completing or a special-service trunk will be
used when the subscriber dials 211 or 0.®
With previous types of offices, two different
types of trunks were generally used, but for
the No. 5 office a single circuit has been de-
signed that is used as either a recording-
completing or a special-service trunk—the
former terminating in a toll position and the
latter in a DSA position. It is common prac-
tice to combine the DSA and toll boards,
and thus dialing either 0 or 211 may reach
the same switchboard, but in considering

*In areas predominantly step-by-step, codes of
the type 11X are commonly used.

the handling of the calls this fact may be
ignored.

For originating calls of any type in a No.
5 crossbar office, a marker is connected to
the line by the lifting of the handset, and in
turn connects an originating register to re-
ceive the number to be dialed. The marker
then releases. After recording the digits, the
register calls in a marker to establish a con-
nection between the subscriber’s line and a
suitable trunk, as determined from the code
dialed. So far, the operation is the same for
all types of dial calls; the difference is in
the type of trunk the marker connects to the
line. If the code dialed were 211 or 0, either
a recording-completing or a special-service
trunk will be connected. On calls from
manual lines, where the subscriber does not
dial, the steps taken are essentially the same
except that the marker, when called in by
the lifting of the handset, recognizes that a
manual line is calling and indicates this fact
to the register it selects. The register, in
turn, after seizing a marker to complete the
connection to the trunk, will indicate to the
marker that a DSA operator is required.

Besides making provisions to enable a
subscriber in a No. 5 crossbar office to reach
an operator, there must be provisions for
operators at DSA or toll boards to reach a
subscriber in a No. 5 office. Incoming opera-
tor-assistance trunks will thus be required
as well as the outgoing trunks.

Both outgoing and incoming trunks be-
tween a No. 5 crossbar office and toll and
DSA operator positions are of several types,
as indicated diagrammatically in Figure 1.
Outgoing trunks may be for use with coin
or non-coin lines, and in either of these forms
they may or may not be arranged to give a
class-of-service signal to the operator. This
class-of-service signal is used to identify a
particular class of subscriber when an out-
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Fig. 1-In each of the three major classes of operator-assistance trunks—recording-completing, special-
service, and incoming—there are subgroups for coin and noncoin lines which are further subdivided
depending on the type of ringing provided and on whether or not a class-of-service signal is used.

going group of trunks serves two or more
classes of subscriber service. With non-coin
trunks, the class-of-service signal is used to
indicate that the call is from a manual line,
such as is provided for an incapacitated sub-
scriber, while with coin trunks it may indi-
cate that the call is from a manual coin-
box line.

All of the outgoing trunks of the above
type include provisions for ring-back. They
differ in this respect from outgoing trunks to
dial offices since the operator may need to
recall the subscriber before the call is termi-
nated. With coin trunks, continuous ringing
voltage may be applied across the line under
control of the operator whether or not the
subscriber has hung up. With non-coin lines,
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two types of ringing are provided. One, used
principally for PBX trunks, rings under off-
hook conditions, since even though the sub-
scriber has hung up, the trunk will be in the
off-hook condition as long as the PBX opera-
tor is plugged into it. The other type, used
primarily in emergencies, applies all ringing
voltages to the line successively regardless
of whether the line is in the on-hook or off-
hook condition. This latter type of ringing
and its purpose have already been described
in the Recorp.*

There are also several types of incoming
trunks used for operator-assistance calls.
They differ in their ringing provisions and
also in being arranged for coin or non-coin
" *Recorp, March, 1941, page 206.



traffic. Coin incoming trunks are not ar-
ranged for automatic ringing, but only for
controlled ringing. After the trunk is seized
and a marker has subsequently established
a connection to the called line, the marker
sets up the proper ringing conditions.t Ring-
ing will not be applied, however, until the
ringing key at the switchboard is operated.
This permits the operator to seize and hold
the line at once, but not to ring until she
is ready to bring the subscriber into the
connection. .

Non-coin incoming trunks may be ar-
ranged for either controlled or automatic
ringing. With the latter type of ringing, the
subscriber line is rung as soon as it is seized,
and after the subscriber answers, the ringing
switch remains connected with the trunk
tor further use. With controlled ringing, for
both coin and non-coin trunks, the ringing
switch remains connected with the trunk
until final disconnection, and may be reused
under control of the operator. All of these
incoming trunks may be connected to any
of the three types of registers: multifre-
quency, revertive, cr dial pulse.

In the trunk diagram of F: igure 1, only
certain of the features that differentiate the
various types of trunks are indicated. In
addition to these features, all of the coin
trunks—either outgoing or incoming—have
provision for collecting and returning coins.
For outgoing trunks this is obviously neces-
sary, but it is also needed sometimes with

tRecoRD, April, 1941, page 170.

incoming trunks, such, for example, as when
the charge is to revert to the called sub-
scriber. The return of the original coin used
to reach the operator is under control of the
originating register, and the coin is returned
automatically on calls dialing 0 or 211. Sub-
sequent return or collection of the coin,
however, is done by the trunk under control
of the operator.

In addition to the differences mentioned
above, operator-assistance trunks are avail-
able in two forms commonly referred to as
two-wire and three-wire trunks. The latter
form is used when the switchboard is in the
same building as the No. 5 office, and the
former when it is in a distant building.
With the switchboard in the same building,
three wires—tip, ring, and sleeve—are car-
ried from the trunk circuit to the switch-
board, and the third or sleeve lead provides
an extra path for supervisory signals and for
holding switches and relays operated. Cir-
cuits to distant offices, however, have only
two wires—tip and ring conductors--and
thus the trunk circuits used at both ends of
the circuit must have additional relays and
other elements to substitute for the third
conductor. Two-wire trunks are thus some-
what larger and more expensive than three-
wire trunks.

Operator-assistance trunks are used in
considerable quantity; a 10,000 line office
will usually have more than 100 of them. The
quantity varies over a wide range, depend-
ing upon the percentage of the traffic that is
not handled on a full-mechanical basis.
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Cold-cathode-tube test set
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In the panel and crossbar dial systems,
many timed periods are required to permit
certain circuit operations to be carried out,
and to give an alarm if these operations are
not completed by the end of the period. In
the past, these time intervals have been
provided by power-driven, cam-actuated
interrupters. With the introduction of the
No. 5 crossbar system, however, the power-
driven interrupters were replaced by cir-
cuits employing cold-cathode tubes. Time
delays are obtained by utilizing the time
required to charge a capacitor in series
with a high resistance. The potential on the
capacitor is applied to the control anode of
the tube, and when this potential builds up
to a value sufficient to cause the tube to
ionize, a relay in the tube circuit operates.

Fig. 1—Cold-cathode-tube test set in use in the
Systems laboratory

102

The voltage at which individual cold-
cathode tubes will ionize and conduct
current varies considerably, resulting in cor-
responding variations in the time delay ob-
tained with different tubes. To prevent
excessive time variations that would result
from the use of tubes with ionization volt-
ages greater or less than the specified toler-
ances, a test set has been developed for
checking these tubes. The principal equip-
ment of the test set consists of a voltmeter,
a milliammeter, potentiometers, keys, and
sockets for mounting the various types of
tubes to be tested, all of which are encased
in a standard metal test set box as shown
in Figures 1 and 5. Jacks provide access for
testing wired-in tubes and tor connecting
to the necessary testing battery by patching
to frame jacks furnishing the required —48
and + 130-volt potentials. Binding posts are
provided for making direct connections to
tubes with lead-in wires.

Most of the testing connections are set
up by operating either of two keys to one
or the other of two positions. The sc key is
used for testing the starter gap, and the ac
key for the main anode gap. With triodes,
tests may be made on the starter and anode
gap successively, but for diodes only the ac
key is used. Each of these keys has an ioni-
zation test position marked 10N, and voltage
drop test position marked prop. Figure 2
shows the circuit established for testing the
starter gap. The only change made by mov-
ing the sc key from the 10N to the pror
position is to change the voltmeter connec-
tions se as to read the potential across the
starter gap rather than that from the starter
anode to ground.

With the sc key in the 10N position, the
sG-v potentiometer is turned until the tube
starts to pass current, which will be indi-
cated by a sudden increase in the reading
of the milliammeter. The potential to
ground on the starter anode may then be
read on the voltmeter after the rrs key has
been operated to extinguish the tube and
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Fig. 4—Test circuit with key in “DROP” position

reduce the current to zero. To measure the
drop across the starter gap, the sc key is
moved to the pROP position so that the volt-
meter is connected directly across the
starter gap. In either position, the potential
of the starter anode to ground may be ad-
justed to the desired value. The drop across
the starter gap cannot be measured on
tubes that are permanently wired in a cir-
cuit, since the anode is connected directly
to positive battery, and the anode current

would prevent such measurements.
Current through the tube for the starter
and anode drop tests may be adjusted by
the ApJ-1 potentiometer. When more current
is required than may be obtained with this
potentiometer, the M key may be moved to
the Ivc-1 position, thus shorting out a 3,300-
ohm resistor in the cathode circuit. There
are thus two ranges over which the current
may be adjusted, and over both ranges the
ADJ-I potentiometer is used to obtain the
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Fig. 5—Front view of cold-cathode-tube test set

exact current required. The voltmeter also
has two ranges: 100 and 200 volts. Nor-
mally, the 200-volt range is connected in,
but by operating the vm key, a resistor in
series with the voltmeter is shorted out to
give the 100-volt range.

When the ac key is operated to the 10N
position, the circuit is as shown in Figure 3.
Normally, the anode is connected directly
to the --130-volt battery, and the cathode
—through the milliammeter and the cathode
resistor—is carried by way of the ac-v po-
tentiometer to the —48-volt battery. This
latter potentiometer will be adjusted to the
non-ionizing potential across the anode gap,
and the tube should not ionize, since this
is a non-operating test on the tube. For
testing voltage-regulator tubes, the vr key
may be operated, which changes the con-
nection of the anode from the 130-volt bat-
tery to the sc-v potentiometer, and thus
gives wide control over the anode potential.
On these tubes, the potential should be ad-
justed to the point where the tube ionizes.

When the ac key is moved to the prop
position, the circuit is as shown in Figure 4.
This is similar to Figure 3, except that the
voltmeter is connected directly across the
anode gap, and the anode is always con-
nected directly to the -+130-volt battery.
Operation of the M key to the Bx-DN posi-
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tion, however, will connect the sG-v poten-
tiometer directly to the starter anode, and
thus ionize the tube when the potential
across the anode gap is not sufficient.

This M key closes a second contact in the
BK-DN position that gives a transient voltage
to start jonization. This key is used only on
VR two-element tubes to insure a potential
across the anode gap high enough to ionize
the tube. The arrangement is shown in both
Figures 3 and 4. With the a1 key normal,
the c2 capacitor is charged to +130 volts
through a large resistor. When the M key
is moved to the Bk-DN position, this capaci-
tor is suddenly discharged and thus mo-
mentarily increases the voltage across the
anode and cathode gaps and causes the
tube to ionize. When the key is restored to
normal, the capacitor will slowly recharge
through the 100,000-ohm resistor.

These various keys and controls are evi-
dent in Figure 5, which shows the front of
the test set. Across the top are four recep-
tacles for various types of tubes, while at
the upper right are binding posts for con-
necting to tubes with lead-in wires. At the
upper left are jacks for battery connections
and also a test jack for connection to wired-
in tubes.

In a line directly beneath the two indi-
cating meters are the three potentiometers
already referred to. Beneath the central po-
tentiometer are four keys: the ac, sc, M,
and rs keys, reading from right to left.
The latter key opens the cathode circuit
and thus de-ionizes the tube preparatory to
making a new test and also permits reading
ionizing voltages. The vr and vM keys are
at the right of this group, while at the left is
a reverse key that reverses the connections
to the cathode and starter anode for testing
bi-directional three-element tubes.

As used in the new No. 5 crossbar offices.
the set may be kept at some convenient lo-
cation and tubes carried to it for testing, or
the set may be carried to the frames where
the tubes are located when tests are to be
made on tubes that are permanently wired
into the circuit. Figure 1, on page 481,
shows a test of this latter type being made
in the No. 5 crossbar laboratory. Complete
with cords, the set weighs only twelve
pounds and thus is readily carried about a
central office as needed.



Maintenance facilities for the

No. 5 crossbar system

In a No. 5 central office, new maintenance
devices and techniques are employed, and
the use of automatic trouble detecting facili-
ties is increased. Also there is a greater de-
gree of automatic coverage of the outside
plant than in previous systems. Practically
all the controls for maintenance equipment
are concentrated in one location, called the
maintenance center; the one at the Media
office in Pennsylvania is shown in F igure 1.
The equipment includes primarily a trouble
recorder, an automatic monitor, a master
test circuit, and a jack bay for outgoing
trunks. Here also are means for extending
the alarms® to a distant office during un-
attended periods.

The trouble recordert functions automa-
tically to keep a punched-card record of
troubles that occur on service calls, both for
the major part of the central office equip-
ment and for the associated outside cable
plant as well. The automatic monitor checks
on a sampling basis the performances of the
pulse-receiving equipment of all register cir-
cuits, and the pulse-sending equipment of
all senders, and causes the trouble recorder
to make records of irregularities disclosed.
The master test circuit provides for simu-
lating service calls under controlled condi-
tions. This aids the maintenance personnel
in the final diagnosis of an indicated trouble
condition, and also permits insurance tests
to be made of those parts of the central office
equipment that do not have access to the
trouble recorder. It also permits tests to be
made of subscribers’ line and outgoing trunk
conductors, and associated incoming trunk
circuits in distant offices. This includes a
rapid test for continuity and polarity of out-
going trunks. The alarm extension facilities
can keep an attendant at a remote central
—_——

* See pages 126 and 131.

1 See page 112.
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point informed of the occurrence of each
trouble, and indicate to him its classification
as to urgency of corrective action.

Automatic recording of trouble is aided
by the nature of the No. 5 system wherein
markers become associated with all major
circuits in the process of establishing con-
nections. Self-checking features, which are
basic elements of markers, also check the
associated circuits, and where faults are de-
tected, they are recorded. Markers become
associated with line circuits for originating
and terminating calls, when checks for con-
tinuity and the absence of false ground are
made, and through associated senders on
outgoing calls they receive indications of
open outgoing trunks. Such failures are re-
corded on the trouble recorder when en-
countered. Under key control, the trouble
recorder may also record the identity of lines
on which permanent signals occur.

The automatic monitor is provided to dis-
close irregularities in the pulsing features
of registers and senders. This is one of the
new devices in crossbar switching, and its
performance is being followed with interest.
Its circuit consists essentially of pulse-receiv-
ing equipment and two sets of digit record-
ing relays. It associates itself automatically
with registers on service calls and records
on one set of recording relays the digits
pulsed into the register by the subscriber,
and on the other set, the digits passed from
the register to the marker. It similarly asso-
ciates itself with senders, and on one set of
recording relays records the digits sent to
the sender by the marker, and on the other
set, the digits pulsed out by the sender.
With both senders and registers, after puls-
ing is completed, the two sets of monitor
recording relays are compared, and if mis-
match occurs, the trouble recorder is caused
to make a record of the details of the call.
This record includes the identity of the as-
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Fig. 1—Maintenance center of the Media No. 5 office.

sociated line or trunk, since some types of
failure might be due to faulty line or trunk
conditions. One monitor circuit cannot, of
course, monitor all calls, but it works con-
tinuously, and over a period checks a sub-
stantial percentage of the calls each register
or sender handles.

The No. 5 system is designed to permit a
degree of unattended operation and there-
fore it is expected that there will be sched-
uled periods when an office is attended and
others when it is not. Since the trouble re-
corder is automatic, it will record troubles
which occur while the office is unattended
as well as while it is attended. Also, during
the unattended periods, alarms will be trans-
ferred to an attended office, and the seventy
codes available permit the nature and seri-
ousness of the trouble to be readily ap-
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praised. A repair man would at once be
dispatched to the unattended office should
any serious trouble arise, but normally the
troubles will not be of a nature to require
immediate attention.

When the maintenance force returns to
the office at the next maintenance period,
the punched cards stored in the trouble re-
corder give details on the troubles that have
arisen, and thus they can readily be located
and remedied. For this purpose the master
test circuit is available. Its control panels
carry keys and push buttons to permit the
markers, registers, senders, and trunks to be
selected as desired for a test call, and lamps
on the control panel indicate the progress of
the call. The automatic monitor can also
function as a test circuit, and will be called
in by the master test circuit in testing regis-
ters and senders. Troubles occurring in the
major circuits while under test will be regis-
tered on the trouble recorder. The trouble
recorder may also be controlled to give a
record of the establishment of test calls
which complete satisfactorily, to supplement
lamp signals. Start and release control of this
master test circuit can be extended to any
point in the office where a maintenance man
may wish to observe the performance of the
equipment under these conditions.

While the office is attended, the master
test frame is the observation and control
point for the office. Here progress lamps dis-
play continuously the flow of traffic through
the office, and an experienced man can often
tell by the pattern of these lamp flashes in
space and time whether or not all is well
in the office. Audible and visual alarms will
indicate the occurrence of irregular condi-
tions in either the inside or outside plant
under operating conditions. Individual cir-
cuit make-busy jacks are also concentrated
here so that circuits with indicated troubles
can be quickly isolated from service. Access
by the master test circuit to circuits plugged
busy is not prevented.

Both the trouble recorder and master test
circuit are designed for use with automatic
message accounting equipment where this
is provided. It is necessary only to add a
small relay unit to the master test circuit to
adapt a master test frame for automatic mes-
sage accounting maintenance. The trouble
recorder was also designed in anticipation



of the future automatic testing of subscriber
lines for low insulation resistance. When this
is provided, subscribers’ lines can be tested
automatically when desired, and the trouble
recorder will record the identity of lines
found to have less than an established mini-
mum insulation resistance.

The possibility of unattended operation
for extended periods of time lies in no small
measure in the many operating safeguards
that have been built into this system. The
extensive use of second-trial and alternative-
choice features prevents localized troubles
from interfering with the completion of calls
through the office, and circuits have been
designed to prevent the pyramiding of trou-

ble that has sometimes occurred under over-
loads in previous offices. These designs in-
clude a more liberal provision of timing
intervals in the markers. This permits timing
the switching functions in smaller incre-
ments, thus providing less circuit delay
when failure is encountered, and advance
by timeout is required. Every precaution
has been taken to localize trouble when it
does occur. The more extensive use of double
contacts, the elimination of relay types and
contact combinations that have required ab-
normal maintenance in previous experience,
as well as a more liberal use of contact pro-
tection, greatly contribute to the freedom
from trouble in the No. 5 office.
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The Automatic Monitor

In the panel and crossbar systems that
preceded No. 5 crossbar, the senders, which
perform the functions of both the register
and sender in the No. 5 system, are main-
tained by circuits that originate test calls
to each sender to check its various features
—advancing automatically from sender to
sender unless a trouble condition is dis-
closed. In the No. 5 system the objective
has been to indicate troubles in senders
and registers while they are handling serv-
ice calls.

To meet this objective, the automatic
monitor was designed to connect on a ran-
dom basis to the registers and senders as
they are selected for service calls. If con-
nected to a register, the monitor indepen-
dently records the called number pulsed
into the register from the line, and checks
it against the number that the register
passes to the marker. If connected to a
sender, the monitor records the number
pulsed out over the trunk by the sender, and
checks it against the number passed to the
sender. If the numbers do not check, a
trouble record is made.

This monitor forms part of a larger cir-
cuit known as the automatic monitor, reg-
ister, and sender test circuit.® These latter
facilities, which will be described in a sub-
sequent article, are used to locate both the
troubles reported by the monitor and those
indicated by other methods. The monitor-
ing and testing facilities are combined into
a single circuit because a number of the
circuit units are used for both. Actually the
test facilities comprise the greater part of
the circuit.

The monitor is arranged to check three
general types of circuits: originating regis-
ters, incoming registers, and outgoing send-
ers. It progresses from one type of circuit

* See page 105.
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to the next in the order named under con-
trol of a ten-step allotting circuit, which
steps once for each monitored call. Cross-
connections in the allotting circuit provide
flexibility in apportioning the monitoring
between the three types of circuits. This is
usually done in proportion to the number
of circuits of each type in the marker group.
A typical division of the ten calls would
be six on originating registers, two on in-
coming registers and two on outgoing send-
ers. Since during light load periods there
may be no interoffice traffic for long inter-
vals, the allotting circuit is arranged to
advance one step if no calls are received
for one minute to prevent the monitor from
waiting for sender or incoming-register
calls during such periods. By key selection,
monitoring can be confined exclusively to
originating registers, incoming registers, or
outgoing senders. Should a register or sender
be suspected of trouble, the monitor can be
caused to monitor every call that the sus-
pected register or sender handles.

Each time a marker starts to establish a
dial-tone or outgoing-sender connection, it
requests the use of the monitor, and if the
monitor is idle and if its allotter at that
time is in the position to monitor on an orig-
inating register or outgoing sender, the
marker will gain access to the monitor. 1f
an originating register is called for, the
marker—having gained control of the moni-
tor—operates a relay in the register that
establishes a direct connection between
the register and the monitor. In addition to
certain signaling leads, this connection in-
cludes the tip and ring leads incoming to
the register from the subscriber’s line. A
dial pulse amplifier is bridged across these
tip and ring leads in the monitor. The am-
plifier is a vacuum-tube circuit with a high-
impedance input so that it will not disturb
the pulsing capabilities of the register. As



the subscriber dials, the pulses are ampli-
fied, counted, and registered by the monitor
independently of the originating register.

When dialing is completed, the originat-
ing register selects a marker to set up the
connection called for. The operation from
this point on is illustrated by the block dia-

When the monitor has recorded the in-
formation it receives from the marker, the
connections to the monitor both direct and
through the master test frame connector are
released, and the monitor starts checking
the called number. 1t has two sets of regis-
ter relays; on one set is recorded the number

SUBSCRIBER ORIGINATING MARKER
CRRl LINE LINK TRUNK LINK RACINATIN COMKER MARKER
MASTER
MONITOR TEST-FRAME F;rgouﬁas_gR
CONNECTOR Y

Fig. 1—Paths established for monitoring the action of an originating register.

gram of Figure 1. When the register is
connected to a marker, a direct connection
for a limited number of signaling leads is
established between that marker and the
monitor, which has remained connected to
the register. At this time the monitor selects
the master test frame connector and causes
the marker also to connect to this connector.
This connection between the marker and
monitor through the master test frame con-
nector is used principally to permit the
monitor to record the called number that
the register is passing to the marker. The
line location of the calling subscriber’s line
is also recorded in the monitor at this time
so that pulsing failures caused by untavor-
able subscriber line or dial conditions can

the monitor received from its dial pulse
amplifier, and on the other set is recorded
the number that the originating register
passed to the marker. If the two numbers
are identical, comparable relays in each set
will both be operated or unoperated, and
a check circuit through all relays will be
completed. If this check is satisfactory, the
monitor waits for the marker and originat-
ing register to restore to normal, and then
releases and awaits a new call.

Should the number check fail, the moni-
tor selects the master test frame connector
for connection to the trouble recorder. The
trouble record card will indicate the called
number that the monitor registered, and
the called number that the register passed

ORIGINATING INCOMING INCOMING INCOMING MARKER
OFFICE TRUNK REGISTER LINK REGISTER CONNECTOR MARKER
MASTER
MONITOR TEST-FRAME ReeLE
CONNECTOR

Fig. 2—Paths established for monitoring the action of an incoming register.

be associated with the line causing the trou-
ble. The relays and leads which connect
the marker to the master test frame con-
nector are part of those used when the
marker connects to the trouble recorder
to make a trouble record. *

to the marker. In addition the card shows
the location of the calling line, the originat-
ing register location, and the marker num-
ber. When the trouble record is complete,

* See page 112.
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the monitor restores to normal and awaits
a new call. Trouble records may be due
either to register trouble or to improper
line and pulsing conditions. Since both
the register and the line are identified on
the trouble record card, repeated trouble
records should indicate which is at fault.

The connections which are established
for incoming register monitoring are
shown in the block diagram of Figure 2.
When an incoming trunk is seized, it is
connected to an incoming register by the
incoming register link circuit. As the con-
nection is being established, the use of the
monitor is requested by the link, and if the
monitor is available, it is associated with
the register by operation of a relay in the

With revertive-pulse incoming registers,
the monitor inserts a low resistance relay
in series with the pulsing circuit. The out-
put of this relay is counted and registered
in the monitor. In revertive pulsing, the
thousands and hundreds digits are trans-
lated at the originating office and trans-
mitted to the No. 5 office as three numbers,
or “selections,” while the tens and units
digits are transmitted without translation.
In both the incoming register and the moni-
tor the initial three selections are retrans-
lated into the thousands and hundreds
digits, since communication between cir-
cuits within a marker group of the No. 5
system is on the basis of the digits as dialed.

For outgoing sender monitoring, the

1 TO COMPLETING

! OFFICE
‘ TRUNK OUTGOING SENDER
— LINK TRUNK LINK
OUTGOING
seos | oureone
CONNECTOR
SUBSCRIBER TRUNK ORIGINATING MARKER
LINE LINE LINK LINK REGISTER CONNECTOR MARKER MONITOR
MASTER
AR TEST-FRAME
CONNECTOR

Fig. 3—Paths established for outgoing sender monitoring.

register. If the incoming register is of the
dial-pulse type, the operation from this
point on is as described for an originating
register except that the location of the in-
coming trunk instead of the subscriber’s
line will be shown on the trouble card.

In addition to dial-pulse incoming reg-
isters, a No. 5 office may also have revertive
and multifrequency incoming registers.
For receiving multifrequency pulses, a
high impedance amplifier is bridged across
the tip and ring to the incoming register.
The output of this amplifier is connected
to a standard multifrequency receiver as-
sociated with the monitor, which detects
the incoming frequencies, and operates
corresponding register relays.

110

marker requests the use of the monitor as
soon as it recognizes that the call will
require an outgoing sender. The block
diagram of Figure 3 illustrates the con-
nections involved. At the time the marker
selects the monitor, a direct connection
for a limited number of signaling leads
is immediately established between the
marker and the monitor. The monitor also
connects to the marker through the master
test frame connector. Through this latter
connection the monitor receives the called
number, which is being passed to the
marker from the originating register, and
also the signals passed from the marker
to the sender, which may require the
sender to modify the number sent it. On




a direct call to another office, for instance,
the office code will not be pulsed out, and
the marker will indicate this to the sender.
The marker may also direct the sender to
prefix a one-one, an additional digit, or
both ahead of the number passed to the
sender. Such signals from marker to sender
are recorded by the monitor, since it must
readjust its checking circuit to take into
account any difference between the num-
ber which is passed to the sender and the
number which is pulsed out. In addition
to the called number, the monitor records
the location of the outgoing trunk used
on the connection. When all necessary in-
formation has been recorded, the paths
between the marker and monitor both di-
rect and through the master test frame
connector are released.

When the marker connects to the out-
going sender, a relay is operated in the
sender that establishes a direct connection
between the sender and the monitor. After
the marker has completed its functions, it
releases, and for the remainder of the time,
while the sender is pulsing out, the con-
nections are as shown by the heavy lines
in the diagram.

Through the direct path to the sender,

the monitor connects to the tip and ring
over which the sender outpulses. The
pulses sent out by the sender are picked
up, counted, and recorded in essentially
the same manner as described for registers.
There are four types of outgoing senders,
multifrequency, dial pulse, revertive, and
panel call indicator. Monitoring on the lat-
ter sender requires a special amplifier to
repeat the PCI (panel call indicator) type
of pulsing. After the sender has completed
pulsing, the monitor checks the pulsed out
number against the number passed from
the register to the marker. A trouble record
is made if the numbers do not check.

In the initial No. 5 crossbar installation
at Media, records indicate that there are
approximately 85,000 daily usages of out-
going senders, originating registers, and
incoming registers. There are approxi-
mately 2,000 monitor usages per day. Thus
about one call in every seventeen handled
by a register or sender is monitored. Larger
offices will, of course, have more senders
and registers, but one monitor is still con-
sidered adequate to sample sender and
register operation and to bring any faulty
operation to the attention of the mainte-
nance forces.
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Trouble recording

for the

A. C. MEHRING
Switching
Systems
Development

No. 5 crossbar system

In the No. 1 crossbar system, trouble indi-
cators are employed to give information that
will assist the maintenance force in locating
troubles as they arise. When such a condi-
tion occurs, lamps in various groups light
up, and a maintenance man records the in-

At the maintenance center in Media, the trouble
recorder occupies part of the left hand bay. The
trouble recorder circuit is at A, the trouble
recorder unit at B, and the perforator test
circuit at C.

formation they display. With continually re-
curring trouble conditions, this recording
alone requires considerable time. When
trouble conditions recur in rapid sequence,
moreover, it is impossible to record all of
them; under some conditions only a small
percentage may be recorded. Since these
records are used as a guide in clearing the
trouble conditions, it has been desirable to
provide a much faster recording method so
that a higher percentage of the troubles
would be recorded, and so that records
could be made when the office was unat-
tended. To make this possible, a trouble
recorder perforator and associated circuits,
shown in the accompanying illustration,
have been provided as a part of the main-
tenance center in the No. 5 crossbar office.

For each trouble it handles, this recorder
punches a trouble record card, one of which
is shown on pages 114 and 115. There are
1080 positions on this card arranged in
eighteen lines of sixty positions each. Those
points in the central office from which an
indication is required when locating troubles
are given designations and assigned posi-
tions on this card. As a trouble record is
being taken, all of the points associated with
the circuit that indicated a trouble are
tested; where a positive signal is received,
the trouble recorder perforates a hole in the
corresponding position on the trouble record
card referred to above.

In the recorder there is a bank of 120
punches mounted in such a way that they
can punch any or all of the sixty positions
in each of two lines on the card. The first
and the tenth lines from the bottom of the
card are punched first, and then the card is
shifted to permit the second and the eleventh
to be punched, and so on. The complete
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punching operation is thus made in nine
steps to cover the eighteen lines on the card.
The entire punching operation requires
about one second. Which holes are punched
in each operation is controlled by an inter-
poser magnet for each of the 120 punches.
These magnets act to interpose a link be-
tween the punches and the operating cams,
and holes are punched simultaneously by all
the punches for which the interposer magnet
is operated. There is thus only a single
punching operation for each two lines of
the card.

The information punched on a record card
consists of six major groups: (1) the equip-
ment included in establishing the connec-
tion; (2) the type of connection being
established; (8) how far the various circuit
operations had progressed before the trouble
occurred; (4) information as to the specific
test that has indicated trouble; (5) informa-
tion which is helpful or necessary in deter-
mining the source of the trouble, such as the
identification of the calling line, the called
line, the trunk, and the channel through
which the connection is established; and in
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Card used for recording trouble.

some offices (6) the time the trouble
occurred.

This information is derived from a num-
ber of sources but chiefly from the marker
and the automatic message accounting
equipment when the office includes it. In the
No. 5 crossbar system the greater portion of
the control of a connection is associated with
a marker. Each marker circuit is provided
with a system of checking features so that it
can detect the presence of a trouble con-
dition within itself or within the circuits
with which it is associated. Should trouble
be detected by a marker, the marker will
stop its circuit operations, and request the
trouble recorder to make a detailed record
of the information the marker contains and
also of certain information of the circuits
associated with the marker. A similar proc-
ess is carried out by the transverter, the re-
corder and the master timing circuits of the
AMA equipment, and by the automatic
monitor register and sender test circuit.

Connections between these operating cir-
cuits and the trouble recorder are made
chiefly by multicontact relays under the con-
trol of the master test frame connector cir-
cuit, Each multicontact relay will connect
sixty leads, but since a circuit such as a
marker will require many more than sixty
leads to record the required information,
there will, in general, be several multicon-

1i4

tact relays comprising a connector to a
marker or other circuit. There will be one
connector for each circuit that may make a
trouble record: one for each marker, one for
each AMA transverter, one for each AMA
recorder, and so forth. From one side of the
connectors, leads run to the operating cir-
cuits that originate the trouble record, while
from the other side the leads are multiplied
to a set of 1080 wires—one for each specific
piece of information that may be recorded.
This arrangement is indicated in the dia-
gram on page 113.

Between this set of 1080 leads and the
interposer magnets of the recorder are nine
scanning relays each connecting 120 of the
group of 1080 leads to the 120 interposer
magnets. When the recorder is seized, the
proper connector is operated to connect the
recorder to the circuit that has indicated a
trouble condition exists. This puts the
trouble information on the set of 1080 leads.
The scanning relays then operate one after
another in rapid sequence to extend these
leads so that the perforator may punch the
information on the card. After this, the con-
nector is released and the recorder is ready
to punch another card.

In general, the troubles are recorded in the
order in which they occur, but a preference
circuit is provided so that in the case of two
simultaneous troubles, the master test frame

NO.5 CRC™3I
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connector circuit will give preference to one
of the requesting circuits and will exclude
the others. When some unusual condition
causes a number of troubles to appear in
rapid sequence, all of them will not be re-
corded, but since a complete recording op-
eration, including the punching of the card
and recycling the perforator to the normal
position, requires only a little over a second,
it has been found that most of the troubles
will leave a record.

In addition to providing means of record-
ing information when a trouble condition

occurs, the trouble recorder perforator and
circuits are arranged to record as well the
results of certain tests initiated at the master
test frame.

Besides providing information to guide
the maintenance force in clearing trouble
that has arisen, these trouble record cards
also provide permanent records of the vari-
ous trouble conditions that have existed in
the No. 5 office. It will be possible by exam-
ining these trouble records and noting those
troubles which continually recur to work
toward their elimination.
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Register and sender testing

in No. 5 crossbar

A number of features are included in a
No. 5 crossbar office to insure that the occa-
sional faults arising from the continual op-
eration of electromechanical apparatus over
long periods of time will not cause repeated
failures in establishing connections. These
include self-checking teatures in the marker
that test for open and crossed circuits on
each call it handles, the automatic monitor*,
and a trouble recorder? that makes a
punched card record of the nature and loca-
tion of troubles reported to it. They are
located at a maintenance center®, with a
number of other test circuits and facilities

*See page 108; * page 112; ® page 105.

W. H. SCHEER
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that are used as required. In addition to
these various facilities, provisions have been
made for testing registers and senders. The
test facilities are combined with the moni-
tor circuit and much of the equipment is
used in common. The control of the test
circuit is at the maintenance center.

Since the marker’s checking features and
the automatic monitor keep a continual
watch on the behavior of registers and
senders, the register and sender test circuit
is not made automatic in its initiation of
tests, but is under control of the maintenance
force at the maintenance center. They use it
as varying conditions require. A trouble
record on a register or sender, for example,

Fig. 1 — Positions at
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the maintenance cen-
ter used for control-
ling the register and
sender test circuit.



might indicate that certain registers or
senders should be tested.

When a test is to be made, the test condi-
tions are set up on keys on the panels shown
in Figure 1. This would indicate to the cir-
cuit the number to be called, the particular
register or sender to be tested, the method of
pulsing, and the type of line or trunk calling.
Once these conditions have been set up, the
operation of a start key sets the circuit in
operation. The tests are run through auto-
matically by the test circuit, and the progress
of the test is indicated by lamps. If the call
goes through successfully, an OK lamp is
lighted, while if trouble is encountered,
lighted progress lamps will indicate the
stage of operation at which it occurred.
Under certain conditions, the trouble re-
corder is called in to make a record of the
conditions found.

In running through its tests, the test cir-
cuit calls in a marker to establish connec-
tions through the line link and trunk link
frames, and to select registers, senders, or
trunks in the same general manner as for
service calls. The major difference is that
the marker may be required to select a par-
ticular register or sender rather than any idle
one, and that the marker is informed it is
handling a test call and will act accordingly.
In addition to its other tests, the register and
sender test circuit checks the recording of
pulses by the register and the outpulsing by
senders, and where the work is similar, it
uses corresponding elements of the auto-
matic monitor. To provide a margin of
safety, all pulsing tests are more severe than
encountered on service calls.

The various circuits called into action in
testing an originating register are indicated
in Figure 2. In each office there is a line link
vertical to which the register and sender test
circuit has access, and after the test condi-
tions have been set up and the start key
operated, 2 marker is seized and this line
location and the particular originating regis-
ter desired is transmitted to it. The marker
then establishes a connection through the
line link and trunk link frames to the desired
register, operates relay M in the register, and
then disconnects. Relay M connects the
register to a set of test leads from the test
circuit that is multipled to all the registers
in the office. In this way there is established

a circuit through a line link and trunk link
frame to the register and back to the test
circuit as indicated by the solid lines in the
diagram. Over this circuit the various test
conditions are applied. Following this, the
register seizes a marker to transmit to it
the number pulsed into the register from the
test circuit. The marker, recognizing that
this is a test call, establishes a connection
to the test circuit, over the master test frame
connector, so that the digits and other in-
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Fig. 2—Block schematic of circuits brought into action in
testing originating registers.

formation transmitted to the marker can be
recorded in the test circuit and checked
against the information transmitted to the
register. If the information were not prop-
erly recorded by the register and transmitted
to the marker, the trouble recorder would
be called in to make a record. Other troubles
will be indicated by lamps. If all tests are
satisfactorily completed, the OK lamp will
light and the connection will be broken
down.

For testing senders, the circuits employed
are those indicated in Figure 3. Following
an initial procedure similar to that described
above, a marker is seized and establishes a
connection to the desired trunk and selects
the desired sender, and the trunk connects
to the sender through the sender link. Relay
TT is operated in the trunk to transfer the T
and R leads of the trunk from the circuit to
the distant office to the test circuit. Relay
M in the sender is also operated to connect
the sender to the test circuit over a special
set of leads as was done for the originating
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register. Outgoing pulsing information is
then transmitted to the sender by the marker
and is received by the test circuit through
the master test frame connector. After this,
the control circuit shown by the dotted lines
is released. The sender test circuit then
applies various tests to the sender, records
the pulses sent out by the sender, and checks
the results against the known information.
Pulsing troubles result in a trouble record
card. Other types of troubles will be indi-
cated on lamps.

Figure 4 illustrates in a similar way the
connections established for checking incom-
ing registers. The marker is not used for es-
tablishing the connection, but a preference
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Fig. 4—Block schematic of circuits used in testing.
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circuit within the test circuit secures access
to the desired register through the incoming
register link circuit. The test circuit applies
the desired test, and the register then calls
for a marker. Recognizing this as a test call,
the marker stops progress, calls in the master
test frame connector, and permits the test
circuit to record all the information the
register is transmitting to it. This connec-
tion, shown by the dotted lines, is estab-
lished only momentarily. The test circuit
then matches the register results against the
known information, and gives an OK lamp
if everything is satisfactory, a trouble card
on pulsing failure, or a trouble lamp on other
types of trouble.

The relays, amplifiers, resistances, and
other circuit elements are mounted on
standard frames. One frame is used for the
monitoring apparatus, and a double frame
for the test equipment used for all registers
and senders employing dial or multifre-
quency pulsing. An additional frame is
required when revertive pulsing or call in-
dicator pulsing is required. The keys for
controlling the tests and lamps for indicating
the progress and results of the tests are
mounted adjacent to the master test control
circuit keys and lamps as shown in Figure 1.
The monitor register and sender test appara-
tus is shown on the middle panel of the
right-hand frame. The progress lamps are
located at the top of the panel.
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Ever since the first central office went into
service, “permanent signal” has been one of
the most prevalent conditions requiring the
attention of the maintenance force. When a
subscriber wishes to place a call, he must
first send a signal to the central office to at-
tract the attention of the operator or, more
commonly at the present time, the automatic
circuits, so that the connection he desires
may be set up. This signal is now sent merely
by lifting the handset from its cradle. When
the handset is replaced at the termination
of a call, this signal disappears, and thus
normally the signal is present only while a
call is in progress. Sometimes, however, the
signal becomes permanent. Perhaps the sub-
scriber started to place a call and then just
after the handset was lifted, the baby cried,
and the solicitous parent inattentively laid
the handset on the table instead of putting
it back on its cradle, and ran to her child.
When the operator answers, no one is on
the line and yet the signal remains there—a
permanent signal now exists,

Although a receiver off the hook or a
handset off the cradle is the most common
source of a permanent signal, it is not the
only one. Any line or equipment trouble re-
sults in a permanent signal if it grounds or
shorts the line in a way that gives essen-
tially the same condition as a receiver off
the hook. Permanent signals on a large num-
ber of lines is often the first indication of a
cable failure.

A permanent signal prevents any calls
from being connected to the line since the
line is in effect made busy by the permanent
signal. As a result, not only is the party re-
sponsible for the permanent signal “pre-
vented from receiving calls, but on multi-
party lines all subscribers are similarly
restricted. Its effect on a central office and
the apparatus there depends on the type of
office. In a manual office, little harm is done,

No. 5 crossbar

The answering lamp of the line in front of
the operator remains lighted, and the line
itself is made busy, but other lines and
equipment are not affected. In a step-by-step
office, each permanent signal ties up certain
of the selectors, and with a large number of
permanent signals existing at the same time,
the reduction in the number of available
selectors may become serious. In a panel
or crossbar office, any appreciable number
of permanent signals would be very serious
if preventive steps were not taken, since
each permanent signal would tie up a com-
mon control circuit, of which there are com-
paratively few in the office. This situation is
avoided by the use of “time out” circuits
that release the common control after a com-
paratively short interval. In panel and No. 1
crossbar offices the methods adopted for
dealing with a permanent signal have been
guided to a large extent by the fact that a
maintenance force is generally available in
the office. In the No. 5 crossbar office, how-
ever, there may often be no maintenance
force in the office for comparatively long
periods, and a different philosophy had to
be adopted in designing methods of deal-
ing with it.

In panel and No. 1 crossbar offices, the
method of dealing with a permanent signal
consists of two stages. The first comprises
a number of tests made by the operator, such
as testing for a grounded line, and ringing
on the line or applying a howler tone to
attract the subscriber’s attention so that the
receiver will be replaced if it is off the hook.
If all these efforts fail, an interval of be-
tween 15 and 45 minutes is allowed before
further steps are taken. If the permanent
signal has not disappeared at the end of this
interval, the circuit is turned over to a test
man who can determine the nature of the
trouble by measurements on the line and can
take steps to have it cleared. These two
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stages are retained by the No. 5 crossbar
equipment, but the over-all supervision is
made automatic, and since the operator to
whom the line is first turned over may be
in an office distant from the No. 5 crossbar
office, a signaling system must be provided
to transmit information back and forth be-
tween the No. 5 crossbar and the distant
office.

When an originating register is connected
to a subscriber line in a No. 5 crossbar office,
it connects dial tone to the line and starts a
timing circuit. If dial pulses are not received
within approximately 25 seconds, the regis-
ter calls in a marker and informs it that a

manent signal holding trunk at once takes a
number of steps that will lead to the ulti-
mate removal of the permanent signal con-
ditions. It extends the line terminals to the
master test frame at the maintenance center
of the No. 5 office and lights a lamp there
to indicate the number of the permanent
signal holding trunk involved, and whether
the trouble is on a PBX line, a coin line, or
a noncoin line. This information is given to
the permanent signal holding trunk by the
marker and will be used in clearing the
trouble, since different types of lines require
different treatments. The holding trunk also
extends the line to a test and selector circuit
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Fig. 1—Block schematic indicating method of handling permanent signal in a No. 5 crossbar office.

permanent signal condition exists on the
subscriber’s line. The marker then connects
the line to a permanent signal holding trunk,
and disconnects it from the register. This
takes the line out of service and prevents
it from making further use of the common
control circuits until the trouble has been
cleared.

These permanent signal holding trunks
are connected to the trunk link frames as
are outgoing, incoming, and intraoffice
trunks, and usually two are provided for
each frame, although more or fewer may be
provided if conditions make it desirable. One
of these permanent signal holding trunks is
indicated in Figure 1, which shows in block
form the general method of dealing with a
permanent signal in a No. 5 crossbar office.

As soon as a line is connected to it, a per-
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where it will be available for test from the
local test desk.

Since the first attempt to clear the per-
manent signal condition will be made by an
operator, the holding circuit also extends the
line to a concentrating circuit through which
it will be extended to a DSA operator. This
concentrating circuit can serve as many as
twenty-one lines and connect them one after
another over a single trunk to a DSA oper-
ator for test. It also serves another purpose.
The DSA board may be in an office a con-
siderable distance from the No. 5 office, and
if howler tone and the other tests the oper-
ator makes were applied at the DSA board,
the line attenuation to the subscriber station
would be too great to allow them to be effec-
tive. They are actually applied in the con-
centrating circuit therefore, but under con-



trol of the DSA operator. The concentrating
circuit also permits simplification in the
holding trunks, since certain of the control
features are included in a single concentrat-
ing circuit instead of in a large number of
holding trunks. At least two concentrating
circuits are always supplied, and more may
be used where conditions warrant it.
Besides extending the line to these vari-
ous points, the holding trunk also places a
high tone on the ring conductor of the line
to make the line readily identifiable. At the
same time it startsa timing circuit to provide
an interval adjustable between 15 and 45
minutes before demanding active attention
from the maintenance force. During part of
this period an operator will attempt to at-
tract the attention of the subscriber by ring-
ing on the line or applying howler tone. She
may also make certain simple tests to de-
termine the cause of the trouble and to re-
move it if possible, as already mentioned.
As soon as a line is connected to the con-
centrating circuit from a holding trunk, the
concentrating circuit passes a signal to the
DSA board which lights a lamp associated
with a pair of jacks at one of the positions.
There are three lamps and three pairs of
jacks—one lamp and one pair of jacks for
each of the three types of lines already men-
tioned. All the jacks have access to the line
from the No. 5 office, but only the lamp
associated with one pair of jacks is lighted

by the concentrating circuit. The operator
plugs into one of the jacks under the lighted
lamp and then, if she hears no distinguish-
able sounds and is unable to get a reply,
proceeds to apply her tests. If the permanent
signal disappears during one of these tests—
indicating that the subscriber has hung up—
the operator’s type-of-line lamp goes out and
the operator takes down her plug, This, to-
gether with the disappearance of the perma-
nent signal on the line at the No. 5 crossbar
office, disconnects that line from the concen-
trating circuit and holding trunk and re-
stores all conditions to normal. Should the
operator not succeed in clearing the trouble,
she still will take down her plug, but under
this condition the holding trunk remains
connected to the affected line, but the con-
centrating circuit and switchboard is re-
leased.

To permit the concentrating circuit to in-
dicate to the DSA operator the type of line
involved, and also to receive the results ob-
tained from the tests that the operator ap-
plies, it must be possible to Ppass six different
signals from the concentrating circuit to the
DSA board. To permit the operator there to
control the application of the various tests at
the concentrating circuit, it must be possible
to pass seven different signals from the DSA
board to the concentrating circuit. Since only
one pair is used between these two points
for each concentrating circuit, a special sig-
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naling circuit had to be developed. This is
shown in simplified form in Figure 2.

This circuit permits as many as eight d-c
signals to be sent in each direction over a
single pair without interfering with voice
transmission over the pair, and signals may
be sent in both directions at the same time.
Four polarized relays are used at each end
of the circuit—two in series being connected
to each side of the line at each terminal.
To either or both of these pairs of relays—
through contacts 1, 2, 3 and 4 or 1, 2, 8" and
#—either positive or negative battery is ap-
plied to transmit the signals. With positive
voltage applied at contact No. 2 at the con-
centrating circuit, for example, only relay
A1 at the DSA board will operate. Because
the current is of the wrong polarity, 1 will
not operate, and A and B will not operate
because opposing currents pass through both
the windings of each. If at the same time a
positive potential is applied at contact 2’ at
the switchboard, relays A and a1 will oper-
ate because of current flowing through their
lower windings while no current is flowing
through their upper windings. By using
combinations of these relays, eight different
signals can be received at the switchboard:
Al, Bl, C1, D1, Al and c¢1, A1 and p1, B1 and
ci, and B1 and p1. Similarly, eight different
signals can be received at the concentrating
circuit from the switchboard by using the
same combinations of A, B, ¢, and p.

The operator will have concluded her tests
before the end of the timing period that was
started when the holding trunk was seized.
At the end of the timing period, the holding
trunk starts flashing the lamp at the master
test frame that it had lighted when it was
first seized. The lamp is changed from steady
to flashing as soon as the trunk has timed
out, but it may flash at either of two rates.
It flashes at a lower rate when a connection
has been made to the trunk either by the
clerk at the repair service desk or by the
maintenance man at the master test frame,
but it flashes at a higher rate when such
connections have not been made. When the
trunk times out, it also gives an alarm in
the No. 5 office. If there is a maintenance
force in attendance at this time, the number
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of the line and of the permanent signal hold:
ing trunk will be reported to the repair
service desk.

For economy reasons, permanent signal
holding trunks, which are twelve-relay cir-
cuits, are provided only in sufficient quantity
to handle the normal traffic. When an ab-
normal number of permanent signal condi-
tions occur at the same time, all permanent
signal holding trunks will become busy.
Under these conditions, the marker will con-
nect the subscriber line to a common over-
flow trunk circuit. This common overflow
circuit consists of only five relays and is very
liberally provided. It not only handles over-
flow from the permanent signal holding
trunks but also the overflow from certain
other trunk circuits. When the marker con-
nects a subscriber line having a permanent
signal condition to a common overflow cir-
cuit, however, it operates a class relay in the
trunk which supplies high tone on the ring
conductor, and also extends the line conduc-
tors to a jack located at the master test frame,
and lights a lamp associated with the jack.

When an abnormal number of permanent
signal conditions occur at the same time, it is
necessary to attract the attention of the
maintenance personnel since they may be
due to a cable failure. Each permanent sig-
nal holding trunk when connected to a sub-
scriber line and each common overflow trunk
circuit when connected to a subscriber line
on which there is a permanent signal, con-
nects a resistance ground to a permanent
signal alarm circuit. This alarm circuit is an
integrating type of circuit and only functions
when a definite preset number of low resis-
tance grounds are connected to it at the same
time. Thus, when an abnormal number of
permanent signal conditions occur at the
same time, the permanent signal alarm cir-
cuit causes an audible and visual alarm cir-
cuit to function, thus bringing this condition
to the attention of the maintenance per-
sonnel. Should the maintenance force not
be in attendance, the alarm will be extended
to the distant maintenance center, and the
nature of the trouble will be indicated as has

already been described.®

*See pages 126 and 181



Pulse

H. J. MICHAEL

Switching
Developmeni

Most DSA! and toll switchboards are
equipped with pulse-sending apparatus to
permit them to complete calls directly to
dial offices. Depending on the types of of-
fices in the direct switching area, this pulse-
sending apparatus may be a dial or one of
several types of key sets. When some of the
offices to which the operator may have to
complete calls require one type of pulsing,
and others another type, a group of senders
is commonly associated with the switch-
board that will accept the pulses sent out
by the operator’s dial or key set and then
send out to the distant office the type of
pulsing it requires. Such an arrangement is
generally more satisfactory than to provide
two or more pulse-sending devices at each
position of the switchboard and require the
operator to determine the type of pulsing
needed for each call she completes, These
senders form a separate group for use ex-
clusively by the switchboard.

With the introduction of the No. 5 cross-
bar office with its inherently great flexibility,
however, it has been possible to provide ar-
rangements that permit the No. 5 crossbar
equipment, where it is in the same building
as the switchboard, to be used for calls of

conversion

in No. 5 crossbar

this type, and thus the provision of a sepa-
rate group of switchboard senders becomes
unnecessary. Since the function of the cross-
bar circuits in such applications is primarily
to accept one type of pulsing from the
switchboard and convert it to another type
for transmission over a trunk, the Pprocess is
called pulse conversion. Ordinarily the
amount of this type of traffic is compara-
tively small, and it may thus be handled by
the No. 5 office with little if any increase
in the size of the register and sender groups.

When an operator plugs into one of the
trunks requiring pulse conversion, the pro-
cedure so far as she is concerned is the
same as though she had plugged into a
trunk not requiring pulse conversion. No
special traffic instructions are required. The
trunk circuit itself, however, is arranged to
seize automatically an idle incoming reg-
ister,? which will record the pulses from the
operator’s key set and certain other infor-
mation. The register then seizes a marker
and transfers the information to it. The
marker, in turn, causes an idle sender® of
the proper type to be connected to the trunk

* Recorp, December, 1945, page 466. * See page
3. March, 1950, page 104. ®See page 63.
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into which the operator has plugged, and
transfers the required information to it. The
sender transmits pulses of the proper type
over the trunk, connects the trunk through
to the switchboard, and then disconnects
itself. The register and marker will have dis-
connected themselves shortly after the asso-
ciation of the sender. The marker is held
for only about a quarter of a second, and
the sender only long enough to transmit the
necessary pulses over the trunk.

All this sounds very straightforward and
regular, but as a matter of fact, the marker
in handling a pulse conversion call must
follow a different procedure from many of
those it carries out in completing an ordi-
nary No. 5 crossbar call. The difference lies
in the fact that the marker must first treat
the pulse conversion call as though it were
an incoming call, and then as if it were an
outgoing call. This is possible largely be-
cause in the No. 5 crossbar system a single
type of marker is capable of handling both
incoming and outgoing calls.

The steps taken by a No. 5 crossbar marker
in handling an ordinary outgoing call are
indicated in Figure 1. The marker is seized
by an originating register, which has pre-
viously been connected to the calling line
by this or another marker. It then connects
to an idle trunk-link frame that has an idle
trunk of the desired route, and seizes one
of them. Having selected and seized a suit-
able sender for completing the call, the
marker connects it to the selected trunk.
After transferring the needed information
to the sender, it then disconnects. Before
disconnecting, however, it had also found
an idle path from the calling line on the
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line-link frame to the selected trunk on the
trunk-link frame, which is always one of its
major functions in handling a call through
the No. 5 crossbar office.

Its procedure in handling an incoming
call is indicated in Figure 2. In this case,
the calling incoming trunk seizes an idle in-
coming register, and the register, after it has
recorded the information regarding the con-
nection desired, seizes an idle marker. The
marker then connects to the trunk-link frame
to which the calling trunk is connected, and
to a number group circuit to determine the
location of the line called. It then connects
to the line-link frame indicated and finds
an idle path from it to the trunk-link frame.
It is then free to disconnect.

In handling a pulse conversion call, the
marker, as previously mentioned, goes
through some of the steps it follows for
incoming calls, and some it follows for out-
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going calls, but it never has to connect to
line-link frames or find idle paths between
a line-link and a trunk-link frame. Its pro-
cedure is indicated in Figure 3.

The pulse conversion trunk partakes of
the characteristics of both an out trunk and
an incoming trunk: it is connected to a reg-
ister link as is the incoming trunk and to a
sender link as is the out trunk, An incoming
register is seized when the operator plugs
into a trunk, and after the pulses have been
recorded, the incoming register selects an
idle marker and transfers the information
to it. The marker selects and seizes a suit-
able sender, and then—by way of the register
link, the conversion trunk and the trunk-link
frame—it operates the proper hold magnet in
the sender link to connect that trunk to the
sender already selected. It then transfers its
information to the sender, and disconnects.

On all these drawings the paths over
which the marker is seized and those that
are pre-established without selective action
on the part of the marker are shown by
heavy solid lines. Those paths that the
marker selects are indicated by light solid
lines, while the auxiliary paths over which

the marker gains access to the various cir-
cuits are indicated by dashed lines.

For an ordinary outgoing No. 5 crossbar
call, the marker selects the trunk and the
sender to be used with it. For an ordinary
incoming call it selects only the path be-
tween the line-link and trunk-link frames.
With a pulse conversion call, on the other
hand, it selects only the sender, since the
trunk has been selected by the operator,
and the trunk in turn selects the incoming
register. The marker is seized by the in-
coming register and gets the information
from it as with an incoming call, and then
selects a sender as in handling an outgoing
call. It does not have to make a trunk selec-
tion nor find idle paths between a line-link
and a trunk-link frame, however, and thus
the work it does is not as extensive as with
an ordinary crossbar call. Furthermore, the
main switch frames of the No. 5 office are
not held busy after the call has been estab-
lished. The demands placed on the No. 5
office by this service are thus not great, and
yet considerable economy is secured by elim-
inating the necessity for a special group of
senders for the manual board.
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Alarm system for

No. 5 crossbar

To give warning of conditions that might
adversely affect telephone service, Bell
System telephone offices have alarm sys-
tems which indicate by both audible and
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Fig. 1—-Arrangement of alarm pilots in a hypothetical
central office

visual means the equipment in trouble.
The indicators are so arranged that a main-
tenance man, regardless of what part of
the building he might be in at the time,
can find his way to the equipment in
trouble with a minimum of effort. Alarm
systems used previously in crossbar, and in
the later panel and toll offices, have
achieved this objective by using a system
of bells, chimes, and colored lamps strategi-
cally placed whereby the floor, the main
aisle, the aisle, and finally the circuit in
trouble are indicated. In the No. 5 cross-
bar system, the same result is achieved but
with a simplicity of design that makes pos-
sible economies in manufacture, installa-
tion, and job engineering. The components
for the system are fabricated in the shop.
and only a minimum of cabling is required
to complete the system on the job.
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Components do not depend on the types
or number of circuits requiring alarm, and
the special engineering required for each
installation is reduced to a minimum. For
any one building, the entire alarm equip-
ment consists of a small aisle pilot unit
having a red and a white lamp and two re-
lays; a cluster of four lamps—red, white,
yellow, and green—for each main aisle; a
vertical lamp holder near the exit door
having one lamp for each of the other floors
in the building; a panel having a six-inch
vibrating bell, two telephone ringers with
distinctive gongs, and a large tone bar or
chime signal; and relay control equipment
consisting of one two-inch mounting plate
for each floor of the building. Of the group
of four lamps in each main aisle, two—the
red and white—are the MAIN AISLE PILOTS
that indicate trouble in some tributary aisle.
The other two—green and yellow—are the

Fig. 2—The aisle pilot unit used in the No. 5
crossbar system




OTHER FLOOR lamps, which indicate the ex-
istence of trouble on one of the other floors
in the building.

A hypothetical central office layout indi-
cating the positions of these lamps is shown
in Figure 1, and an aisle pilot unit in Fig-
ure 2. In addition to these lamps, there
are individual lamps mounted on various
switching and equipment frames that indi-
cate the particular bay, panel, or circuit
in which the trouble has arisen. Whenever
a trouble arises that lights one of these
individual lamps, an aisle pilot for that
aisle, the main aisle pilot on that floor, and

of the latter lamps is lighted, he will go to
the exit, and the particular exit lamp lighted
will indicate the floor on which the trouble
has arisen. These exit lamps are arranged
in a vertical row with one socket for each
floor, the top representing the top floor and
so on down. On each floor no lamp is in
the socket for that floor, and thus the floor
on which the trouble exists may be deter-
mined from the position of the lighted lamp
relative to the socket that has no lamp.
After he reaches the floor where the trouble
has occurred, the main aisle and aisle pilots
will guide him to the proper aisle, and the
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Fig. 3—Simplified schematic of the alarm circuit for No. 5 crossbar

the exit lamps on all the other floors also
light, and an audible signal is sounded on
the floor where the trouble has occurred.
Lighting of the oruer FLoOR lamps, and
giving audible signals on other floors, is
optional, and depends on whether or not
a grouping key on each floor is operated.
When these keys on all floors are operated,
any trouble will also light the oTHER FLOOR
lamps on all floors except that on which
the trouble has occurred, and will sound
the audible alarm on these floors. With
the grouping keys all operated, therefore,
a maintenance man on any floor will hear
the alarm when trouble arises anywhere
in the building,.

By looking at the OTHER FLOOR lamps,
he can tell whether the trouble is on the
floor he is on or on some other floor, since
an OTHER FLOOR lamp will be lighted only
when the trouble is on another floor. If one

lighted individual lamp on the frame will
indicate the equipment causing the alarm.

The circuit by which the proper lamps
are lighted when trouble occurs is indicated
in Figure 8. When trouble arises, the local
lamp will be lighted and battery through
a resistance will be connected to lead A at
the left of Figure 3. A connection to this
same lead will be made for all troubles of
same grade, major or minor, arising in that
aisle. Battery on this lead operates the ap
relay, thus lighting both the aisle pilot lamp
for that aisle and the main aisle pilot lamp
and operating the rr. relay. The operation of
this latter relay connects ground to the exit
lamp multiple and thus lights all the exit
lamps for that floor, sounds the audible
signal on that floor and also connects
ground to the grouping key. If the group-
ing key on any floor is operated, the audible
signal will sound and the OTHER FLOOR
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lamp will light on the floor above. Con-
versely, an alarm on the floor above will
sound the audible signal and light the
OTHER FLOOR lamp on this floor. If all the
grouping keys are operated, audible signals
will sound and orHER FLOOR lamps will
light on all floors except the floor on which
the trouble occurred.

Switching-trouble alarms are arbitrarily
divided into two categories called major
and minor alarms, and there is a circuit
like Figure 8 for both types. Each circuit
has lamps of a particular color associated
with it. For major alarms, the individual
circuit or fuse panel lamp, the aisle pilot,
and the main aisle pilots are red, while for
minor alarms, the corresponding lamps are
all white. The orHER FLOOR lamps are yel-
low for major alarms and green for minor
alarms. A distinction is also made in the
audible signals; for major alarms the audi-
ble ‘signal is a tone bar operated by a relay

of the floors which was arbitrarily desig-
nated as the floor from which power alarms
are supervised. Of course, the grouping
keys will also transmit minor power alarms
to the other floors. For either major or
minor alarms, it lights a separate amber
exit lamp on each of the switching floors.

Also not part of Figure 3 are the alarms
from the fuses that supply the alarm cir-
cuits themselves. A failure of one of these
fuses rings a specially toned telephone bell
on each floor, but no pilot lamps are lighted
except in the alarm control equipment unit,
since the blown fuses might prevent the
pilot lamp from lighting and thus no de-
pendence could be placed on them. The
location of the alarm control equipment
is always known to the maintenance man,
and thus the sounding of the specially
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alarms, and are lighted by the rL relay of
both the major and minor alarm circuits.

The main power supply equipment is
usually all located in the basement, and
since it does not require a series of locating
lamps, provided by the circuit in Figure 3,
it has its own alarm circuit providing both
major and minor alarms. It is tied in with
the Figure 3 circuit, however, to the extent
that for major alarms it lights the yellow
OTHER FLOOR lamp and rings a six-inch gong
on all floors whether or not the grouping
keys are operated. For minor power alarms,
it lights the green oTHER FLOOR lamp and
rings the regular minor alarm bell on one
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toned bell is sufficient to indicate where
the trouble has occurred.

Since in a 10,000-line central office there
are about 15,000 fuses that may give an
alarm, they are potentially the source of
the greatest number of alarms. Experience
has shown, however, that fuse alarms are
of comparatively rare occurrence.

Alarm type telephone fuses connect the
individual circuits to a common power bus,
and when they blow, they establish a con-
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Fig. 5—Pilot fuse alarm system employed where more than one type of power supply is required
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nection from the power bus to an alarm
bar as has already been described in the
Recorp.* This arrangement, together with
a commonly used type of circuit to connect

A
the alarm bar to the fuse panel lamp and | TO AISLE
the alarm system, is shown in Figure 4. L PILOT RELAY

Lead A connects to lead a of Figure 8.
Such an arrangement has been used for
many years, but it has been necessary

. N RELEASE
heretofore to limit the number of fuse pan- ALARM KEY
. SENDING
els that can be connected to the same aisle CIRCUIT

pilot relay—relay ap of Figure 8. This is
because with a number of simultaneous
alarms, the current through the winding
of the ap relay is the sum of all the indi-
vidual alarm currents, and as a result with
many simultaneous alarms, the relay not
only overheats but may reduce the voltage
across the lamps below the point for satis-
factory illumination. By a careful selection
of the type of lamp, the relay winding, and
the two resistors in the lamp circuit, how-
ever, the permissible number of simulta-
neous alarms has been so greatly increased
that all restrictions on the number of fuse
panels have been removed. The panel
lamps, indicated in Figure 4, are always red
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known as the “pilot fuse” method since it
employs a fuse in the regular 48-volt sec-
tion of the panel as both a relay and indi-
cator to give the alarm when a fuse in any
other part of the panel blows. Five types
of power supply besides 48-volt battery
are shown in Figure 5, and the alarm con-
tact or stud for each of the fuses in these
five sections of the panel is connected to a

i
USING
g i ASS&%?;EE% separate pilot fuse in the 48-volt section
L of the panel. When a fuse blows and con-
nects its particular power supply to its
alarm stud, the pilot fuse is placed di-
k p p

rectly in series between the 48-volt battery
AT and the other power supply. As a result,
/A’-ARM BAR A the pilot fuse blows and gives an alarm

SR AN/ ~\\A~ —TO AISLE PILOT in the regular manner.
TO GRCUIT Some circuits, such as the marker or

Fig. 6—A make-busy type of fuse alarm

since blown fuses in this system are arbi-
trarily classed under major alarms.
Telephone offices require a number of
power supplies other than 48-volt battery,
and heretofore a relay has been used for
each panel for each type of supply since
the panel lamps had to be lighted through
relay contacts. For the No. 5 crossbar
alarm system, however, the arrangement
indicated in Figure 5 is employed. It is

*Recorp, October, 1925, page 78; September,
1933, page 27; and February, 1939, page 178.

transverter, have a large number of fuses
since it is not desirable to design them with
a single fuse large enough to carry the en-
tire load. However, should even one fuse
blow, the effectiveness of the circuit is im-
paired and since the circuit is involved in
a large percentage of the calls handled
by the office, it is of the utmost importance
not only to indicate an alarm if a fuse
blows, but also to prevent the circuit from
being selected for further use until the de-
fective fuse is replaced. For such circuits,
therefore, the arrangement shown in Fig-
ure 8 is employed.

A relay is connected in shunt with the
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panel lamp, and if any fuse blows, not only
will the regular alarm be actuated, but, in
addition, the relay will operate and make
this circuit busy. The relay has practically
no effect on the fuse alarm, and thus does
not affect the high reliability of the original
arrangement. If a failure should occur in
the wiring to the relay or in the relay wind-
ing, or if the adjustment of the relay is
faulty, the regular fuse alarm in the system
is still operated.

In addition to fuse alarms, many circuits
are arranged to indicate other types of
trouble, particularly an inability to com-
plete functions within a reasonable time. To
measure such time intervals, a condenser-
timed cold-cathode-tube circuit is usually
employed. One type of circuit is shown
in Figure 7. When the circuit is selected,
relay onN operates and remains operated
during the entire in-use time. This removes
the ground connection from capacitor ¢
and allows it to charge from the 130-volt
battery through the p resistance, the wind-
ing of relay Ta, and resistance R. As the
capacitor charges, the voltage between the
control anode and the cathode increases.
When this voltage is high enough to cause
ionization, current will flow between the
main anode and the cathode, thus oper-
ating relay TA. The operation of TA in turn
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operates relay AL, which lights a local
alarm lamp and connects battery to lead
A, which in turn connects to lead a of
Figure 3. Through circuit components not
shown in Figure 7, relay oN is then re-
leased, thus releasing Ta, stopping the flow
of current through the tube, and restoring
the circuit to its original condition. Relay
AL has locked itself in, however, and will
remain operated to remember the trouble
until it is manually released.

Another common source of alarms is the
trouble recorder, since each time a trouble
record is made, an alarm is given. These
also are classified as major and minor, and
light indicating lamps leading to the mas-
ter test frame.

Since the No. 5 system was designed to
serve small as well as large areas, it was
planned to extend the alarms a large por-
tion of the time to off-premises personnel.
It has been necessary, therefore, to pro-
vide for transferring the alarms to a distant
office where a maintenance force will al-
ways be available. All the alarms, there-
fore, are connected to an alarm sending
circuit, which is indicated in both Figures
3 and 7. The alarm sending and receiving
circuits, which are capable of identifying
as many as seventy distinct types of
trouble, are described on page 131.



C. E. GERMANTON
Switching
Development

Since it was expected that many No. 5
crossbar offices would be maintained by
off-premises personnel at least part of the
time, such as nights and week-ends, it was
necessary to design suitable circuits to
transfer alarms* in unattended offices to
some center where a maintenance force
was available. Such a system has been de-
signed, and was first used with the No. 5
crossbar office in Media, Pa. It has since
been adapted for use with the panel system
and with the No. 1 crossbar system, and
should it be found desirable, it could be
arranged for use with the step-by-step,
community dial, crossbar tandem, and
panel sender tandem systems.

In a trial of the transfer of alarms from
a No. 1 crossbar office, it was found that
a considerable amount of information was

“See page 126.
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Interoffice transfer

of alarms

in No. 5 crossbar

desirable, and twelve cable conductors
were used. In addition, it was found that
it should be possible to enable the transfer
circuit from the receiving end whenever
transfer had been neglected at the sending
end. It should also be possible to determine
whether the transfer had been enabled
even if no alarm conditions existed, and
to release locked-in temporary alarms so as
to determine whether or not the trouble
condition was of a continuing nature.

Another requirement was that any fail-
ure in the transfer circuit should not result
in a no-alarm signal, or should not signal
an alarm of less importance than that ex-
isting at the time. If the cable conductors
were opened or grounded, for example,
if a fuse blew, if a contact failed due to
dirt, or if a wire were broken off, an alarm
should be sounded, while if an alarm were
being transmitted, it should be changed
to a more important class if possible but
never to a less important one.

These requirements were all met by an
alarm sending and an alarm receiving cir-
cuit connected by only two interoffice con-
ductors. Over these two conductors may be
transferred as many as seventy different
types of alarm conditions. At the sending
end of the system, positive or negative
130-volt battery or open circuit may be ap-
plied to each of the two transfer leads
under control of relays. At the receiving
end of the system, each transfer lead con-
nects to one side of the winding of a three-
position polarized relay; the other side of
each winding is grounded. Since each re-
lay has three positions, there are nine com-
binations of positions for the relays taken
together. These relays control a circuit
which causes a specific lamp to light and
an audible signal to sound for each of eight
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of the combinations. The ninth combina-
tion with no lamp or audible signal is used
to indicate that the circuit is in good work-
ing order. One of the eight lamps and
audible combinations is used to indicate a
failure in the alarm circuit itself. This
leaves seven indications to be associated
with various types of trouble conditions
that may arise in the particular office that
is being supervised.

Besides these two relays, a telephone re-
ceiver is bridged across the circuit through
a repeating coil, and at the sending end
provisions are made for applying any of ten
possible tone or click combinations, which
may be superimposed on the d-c current
through the transfer leads. These combina-
tions are shown in Figure 1. For each of
the seven alarm positions of the relays,
therefore, there are ten possible tones.
There are thus seventy possible trouble
conditions that may be given in addition
to the signals for transfer-circuit failure
and for the all-clear condition.

A simplified schematic of this transfer
arrangement is shown in Figure 2, where

the relays are in the positions they assume
when no alarms are being transferred. Re-
lays Fa, L, L1, and a are operated at the
sending end, while at the receiving end
polarized relay T is operated to its positive
position and relay R to its negative position.
Under these conditions, the d-c signal re-
lays and the tone and click circuit are dis-
abled, and thus alarms arising in the office
are not transferred.

When the alarms are to be transferred
to the distant point, the transfer key TR is
operated, thus releasing the a relay. This
supplies enabling battery to both the tone
and d-c relay circuits and disables all audi-
ble alarms in the local office, but makes no
other changes so long as there are no
alarms to be transferred. Should a main-
tenance man now listen at the receiver at
the maintenance center, he would hear a
low tone, which in conjunction with the
no-lamp condition would indicate that a
transfer had been made, that the circuit
was in good working condition, and that
there were no alarms. When alarms occur,
they operate relays in the d-c and tone sig-
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nal circuits to send the proper signals to
indicate the type of trouble existing,

When the maintenance man returns to
the unattended office, he releases key Tr.
This causes lamp 1R to light. Then he mo-
mentarily operates the reset key rs. This
operates relay A which locks itself in
through the transfer key, extinguishes
lamp TR, removes battery supply from the
tone and d-c relay circuits, and enables the
local audible alarms. The extinguishing of
TR lamp is a check that relay a operated
and remained locked after rs was released.

It is not sufficient, however, only to pro-
vide for sending the required alarms. Every
possible contingency must be foreseen and
provided for. One obvious one is that the
maintenance man might neglect to operate
the transfer key when he left the No. 5
office. Under such conditions, the transfer
may be accomplished from the receiving
circuit by operating the ar key at the ex-
treme right of Figure 2. A maintenance
man at this point would know that the
transfer had not been made by absence
of tone when he listened on the telephone
receiver, and knowing from the schedule of
nonattendance at the distant No. 5 office
that transfer should have been accom-
plished, he would at once operate key ar.
This opens the transfer circuit and thus re-
leases relay 1. which in turn releases relay
L1. The release of L1 in turn releases relay
A and thus effects the transfer.

When transfer has been accomplished
in this manner from the receiving end, the
TR lamp at the sending end will be lighted
through a back contact of relay a and the
TR key. When a maintenance man returns
to the No. 5 office, therefore, this lighted

TR lamp will show that transfer was made
from the receiving end, and he will mo-
mentarily operate the rs key to reoperate
relay A and thus enable the local alarms.
When relay a operates, the Tr lamp will
be extinguished.

Key ar need be operated only momen-
tarily, since once relay a has released, it
will not be reoperated by closure of LI
because normal connection to the winding
of A is made through one of its front con-
tacts, Once released, relay A can be re-
operated only by operation of the reset
key Rs.

The primary function of key ar, how-
ever, is to open momentarily the locking
paths for all memory relays—in this way
determining whether some alarm received
is of a temporary nature or whether it con-
tinues or recurs. Examples of the former
are a trouble recorder seizure, momentary
failure of the regular power service to the
building, or an overload of the switching
equipment such as may result from a flurry
of calls in case of a fire in the neighborhood.
The slow-release relays Lt and ar in Figure
2 insure that the locking leads Lk are not
opened if relay L releases momentarily
when the alarm signals change, and that
these leads do not remain open continu-
ously in case of a cable failure.

Since there is always the possibility of
two or more alarms occurring simulta-
neously, and since only one alarm can be
transferred at a time, it has been necessary
to associate preference circuits in the tone
and d-c signal circuits to select only one
of possibly several alarms for transfer.
Under such conditions, it is desirable to
select the most important alarm, that is,
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one requiring the most prompt attention.
The nine possible combinations of condi-
tions that can occur on the transfer leads
to the maintenance center are thus ar-
ranged in a preference sequence as shown
in Figure 8, where the importance decreases
from left to right. At the extreme right is
the normal condition, indicating that the
transfer circuit is normal and that no alarms
are being transferred. At the extreme left,
on the other hand, are the conditions that
would exist if the power fuses on the alarm

TasLE I—CHANGE IN ALARM GIvEN IF EITHER
TrANSMITTING LEAD Is OPrEN

T R
0 6 3
1 4 7
2 4 3
3 8 -
4 - 8
3 6 7
6 - 8
7 8 -
8 - -

circuit had blown, or if the transler leads
were open. Since, under this condition, no
alarms at all would be transferred, this is
the worst condition possible. Between these
two extremes are the seven conditions used
for various classes of alarms.

These seven alarm conditions have been
so selected that should an open occur in
either of the transfer leads, the resulting
alarm indicated at the receiving office
would be of a more serious nature than the
alarm existing when the trouble occurred.
This is shown in Table I. At the left are
listed the various classes from zero to
eight, corresponding to Figure 3. The next
column to the right indicates the alarm
class that would result were the tip lead
opened, while the third column indicates
the alarm that would result were the ring
lead open. A dash indicates that no change
occurs, since the battery signal has already
been removed from that lead. It will be
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noticed that in all cases the importance ot
the alarm is either unchanged or increased,
but is never decreased by the opening of
the circuit. The absence of tone would
give a clue if this trouble is caused by
severance of a conductor. However, the
trouble may be due to a dirty contact or
a broken wire, in which case the tone may
still be audible. A factor of safety resides
in the fact that any alarm which is trans-
missible over one lead is severe enough,
unless of short duration, to warrant dis-
patching a maintenance man to investigate
its cause,

If while relay a is operated, a momen-
tary break should occur that would release
it, the transfer of alarms becomes enabled
and the audible alarm devices in the build-
ing are disabled. This feature does not
appear desirable at first glance but the
alternative—to disable the transfer under
a similar failure condition—would be dan-
gerous, since the alarm signals would then
not reach any maintenance people. The
present arrangement insures that in case
of such trouble, the alarms are transmitted
to the distant point where maintenance
personnel are always in attendance. In
addition, the pilot lamps at the originating
point will light, which, without the audi-
bles, will be indication of an alarm send-
ing circuit failure.

At the receiving end of the transfer ar-
rangement, the lamp and audible signals
remain locked-in, even if the received sig-
nal has been retired. If the signal should
be changed before attention can be given,
all lamps and audibles remain locked-in.
In addition to the alarm release key already
referred to, there is an audible cutoff key
which, when operated, will silence the audi-
ble and extinguish the lamps unless an
alarm signal is still in effect, in which case
the corresponding lamp remains lighted.
If the alarm signal is subsequently replaced
by the normal signal, the lamp is extin-
guished and the circuit is again normal.
If, however, the lamp signal is changed,
the original lamp is extinguished, a new
lamp lights, and the audible is sounded.



No. 5 crossbar

T. L. DIMOND
Switching
Systems
Development

In the No. 5 crossbar system, the sub-
scriber lines terminate on verticals of cross-
bar switches on the line link frames. They
are identified for switching purposes by the
number of the frame on which they appear
and their position on that frame. This posi-
tion on the frame is defined by specifying
the horizontal group, and the vertical group
and file in which the vertical is found. The
scope of the divisions of the frame is shown
in Figure 1. There are ten horizontal groups
and from six to twelve vertical groups on
each line link frame. Each vertical group
consists of five vertical files.

The series of numbers specifying the line
link frame, vertical group, horizontal group.
and vertical file, is known as the equipment
number, but there is no fixed relation be-
tween this equipment number and the direc-

AMA translator

tory number. The reasons for this lack of
relationship have to do mostly with keeping
an even distribution of traffic through the
frames and with providing flexibility for
changes in assignment of directory numbers.

Since the marker obtains the equipment
number in the process of handling an origi-
nating call, it is readily available to the AMA
equipment. However, directory numbers
rather than equipment numbers are required
by the AMA equipment in billing the
charges for a call. A translator is therefore
required to convert the equipment number
toa directory number. This translator is an
electrical directory with the equipment num-
bers appearing in an orderly array each with
its associated directory number,

After a subscriber picks up his handset
to place a call, the marker seizes the calling
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Fig. 3—Simplified diagram indicating method of using
the coil shown in Figure 2 for translating.

line link frame, finds the calling line, con-
nects it to an originating register, and tells
the register the equipment number. The
register records this number and, if the call
is from a two-party line, determines whether
the tip or ring party is calling. After the
subscriber has dialed, the register obtains
a marker and gives it the calling equipment
number, including tip or ring party identi-
fication, and the called directory number.
The marker in turn passes this information
to the outgoing sender, which records it.
After the marker completes this job, the
sender controls the selection of the called
number and at the same time obtains a
transverter, which is part of the AMA equip-
ment, and gives it the information. The
transverter uses this information to obtain
a translator to which it passes the equip-
ment number. From this information the
translator determines the directory number
and returns it to the transverter, which

Fig. 2—The coil used with AMA; one of the essential
elements of the “Dimond” ring translator.
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causes it to be placed on the AMA tape in
the form of five digits: one to indicate the
office, and one each to indicate the thou-
sands, hundreds, tens, and units digits of
the subscriber’s directory number.

The new element of the translator is the
coil shown in Figure 2 and is shown sche-
matically as applied to a circuit in Figure 3.
The winding of the coil is connected to the
control anode of a gas filled tube. If a surge
of oscillating current is sent through one
of the jumpers, an oscillating voltage is in-
duced in the winding. This voltage ionizes
the tube, thus allowing it to pass current
between the cathode and the main anode,
and operate the associated relay.

The method of using these coils in the
AMA translator is shown in Figure 4. At the
top of this figure is the surge circuit which
generates the jumper current. Below is a
relay tree that selects one of the terminals
in the equipment number terminal bank.
There is one terminal in this bank for each
equipment number.

From each terminal, a jumper is threaded
through one coil in each of the five rows of
coils and terminated in ground. The coil
used in the top row indicates the number of
the office in which the calling line is located.
The coils used in the other four rows are
chosen in accordance with the thousands,
hundreds, tens, and units digits of the asso-
ciated directory number.

When the transverter is connected to the
translator, it operates relays in the relay tree
which select one of the thousand equipment
number terminals and connect it to the
surge circuit. When this connection is made,
a path is closed from ground through the
jumper, the relay tree, and the back contact
of relay sst. This ground suddeniy changes
the potential of point A from minus 48 volts
to ground. This voltage change is carried
through a coupling condenser to the control
anode of the sst tube which is caused to
pass current, thus operating relay sst. Relay
sst now closes a discharge path for the oscil-
latory discharge of capacitor ¢ through in-
ductance L to ground. The discharge circuit
is closed by the mercury contact relay sst
rather than by the contacts of the tree cir-
cuit because the high current (about 3 am-
peres peak ) in the surge might damage ordi-
nary relay contacts, especially if there is



any contact chatter. Any chatter which oc-
curs in the relay tree contacts subsides dur-
ing the operating time of relay ssr.

The surge current in the selected jumper
induces a voltage in the output windings of
the coils through which the jumper passes.
The associated gas-filled tubes fire from this
voltage, and cause relays in the transverter
corresponding to the directory number to
operate. The translator connector then re-
leases, disconnecting the transverter from
the translator.

The relay tree is shown schematically in
Figure 5. By using the line link frame num-
ber and the vertical group number, the trans-
verter grounds one of the twenty ¢ leads to
operate the proper ¢ relay. Tip parties and
ring parties are assigned to separate trans-
lators. The transverter also operates one of
the vF relays corresponding to the vertical
file number of the calling line, and operates
horizontal group relay in accordance with
the horizontal group number,

The ¢ relay uses fifty contacts to select
from the thousand equipment number ter-
minals the particular fifty of the vertical
group of the calling line. The vr relay se-
lects ten of the fifty terminals selected by
the ¢ relay, and the horizontal group relays
select one of the ten terminals selected by
the vr relay. Thus, by this process, one ter-
minal out of 1000 is connected to the surge
circuit, whereupon the operation proceeds
as above.

Since the jumpers are changed rather fre-
quently and since the terminals in the equip-
ment number terminal bank are fairly
closely spaced, it is felt to be worthwhile
to design the translator so that inadvertent
shorts between adjacent terminals will not
cause severe reaction. With all the jumpers
connected to a common ground bus as indi-
cated at the bottom of Figure 4, such a
short might result in the failure to translate
the equipment numbers for a large number
of lines, and the fault might be difficult to
find. Suppose, for example, there were a
short between the equipment number ter-
minals for jumpers A and B. An attempt to
translate the equipment numbers associated
with either of these terminals would, of

course, give the translation of both because -

of the short. This in itself is not too serious

since only two lines are involved and the
trouble could soon be located. The serious
feature of such a short is that the short forms
a closed loop consisting of the two jumpers.
As a result, a surge in any jumper passing
through one or more of the coils threaded
by either of the shorted jumpers will induce
a surge in the closed loop and thus besides
operating the proper tubes for the transla-
tion will also operate those associated with
the jumpers of the closed loop. With the
short between jumpers A and B, for example,
when jumper b is energized, a surge voltage
is induced in jumper a because it threads
tens-coil No. 6 in common with the p jumper.
A current is therefore induced in the A and B
jumpers, which energizes several coils be-
sides the desired ones. This does not cause
charging irregularities, however, because the
transverter recognizes the operation of more
than the correct number of tubes as a trouble
condition. It would not accept the transla-
tion but would call in a trouble recorder.
The fault would be difficult to locate, how-
ever, because the equipment number of the
line that caused the trouble recorder to be
called in may not be anywhere near the
equipment numbers whose terminals are
shorted in the bank.

To avoid such a situation, the formation
of closed loops by shorts must be prevented.
To this end, ground is provided through a
bank of 1000 terminals physically arranged
just as are those of the equipment-number
terminal bank. Jumpers are run betweén
corresponding terminals of the two banks.
The method of supplying ground to the ter-
minals of the ground bank is indicated in
Figure 6. The Esw relay is operated by the
horizontal group relays of the relay tree
whenever the equipment number being
translated is in an even horizontal group.
Similarly the osw relay is operated if the
horizontal group is odd. The vF relays are
the same relays as the vF relays shown in
the relay tree. When a translation is to be
made, the Esw or osw and v relays together
supply ground to only a certain fifty of the
thousand ground-supply terminals, and no
two of these fifty are adjacent. Esw and vro,
for example, ground the even terminals in

“the bottom row of Figure 6.

With this arrangement there can be no
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closed loops due to shorts between adjacent
terminals in the equipment number terminal
bank. If the shorted terminals are horizon-
tally adjacent, then one must be in an odd
horizontal group and the other in an even
and, therefore, only one of the jumpers can
be supplied with-ground because of the Esw
and osw relays. If they are vertically ad-
jacent then only one can be supplied with
ground because only one vF relay is oper-
ated, and each horizontal row of terminals

is supplied from a different vr relay. With
no closed loops there can be no tubes falsely
operated, and therefore the circuit will trans-
late satisfactorily in spite of the short.

Not only does this scheme prevent false
operation, but it causes a trouble record to
be made indicating that a short exists. If
jumpers A and B are crossed either in the
equipment-number or ground-supply ter-
minal banks, then when the A jumper or
any other jumper on the same ground sup-
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Fig. 5—The relay
tree of the translator,
which distributes the
surge to the terminal
for the equipment
number that is to be
translated.
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ply lead is selected, the ground furnished
by the vro and Esw relays will close a cir-
cuit through the short and through the back
contact of relay osw to operate the cross-
detecting relay in the transverter. This
causes a trouble record to be made but does

not interfere with the translation.

It may be wondered why it is necessary
to indicate when a short exists since it does
not interfere with the translation. The an-
swer is that a single short cannot cause a
closed loop but two shorts may. For this
reason it is desirable to indicate a short as

soon as it occurs so that it can be cleared

Fig. 6—-Simplified
sketch indicating the
method of distribut-
ing ground to the ter-

minals of the ground
bank.
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before another occurs which, in combination
with the first, might cause translation fail-
ures on a large number of telephone lines.

A translator frame is shown in Figure 7.
At the top, not shown in the photograph,
is the translator connector, which has a ca-

mounted next. The tubes are mounted im-
mediately behind the coils. Near the bottom
is the ground supply terminal bank. The
whole assembly ot coils and terminals is
within easy reach of a maintenance man
standing on the floor.

Fig. T—Lower part of a translator frame; tube side at left, and coil side at right.

pacity for five transverters. In the middle
of the frame are the relays making up the
relay tree. The bulk of these are the multi-
contact G relays. Below the relays are the
terminal strips making up the equipment-
number terminal bank. The coils are
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One of the difficult equipment and appa-
ratus problems was the design of the coil
structures and the general layout in such
manner that the jumper could be readily
removed. With the arrangement finally de-
vised, the jumper can be removed by loos-



ening both ends and pulling. One reason for
terminating the jumpers in the saine relative
locations in both terminal banks is to make
this possible without tracing the jumper
through the coils to find its ends. The coils,
one of which is shown in Figure 2, are en-
closed in bakelite cases with smooth
rounded jumper windows to reduce friction.
It was found that an oblong window ac-
commodates more jumpers than a round
window of the same area. The maximum
that can be placed in the coil is 600.

As a further aid in changing jumpers, the
terminals in the equipment number and
ground supply banks are of a new solderless
type. These are shown in Figure 8. Each
consists of a slit punching into which the
stripped end of a jumper is slipped. A com-
plete turn of the jumper is then made
around the terminal so that any movement
of the jumper will not disturb the electrical

connection. The pressure between the
jumper and terminal is very high, insuring
a good, low resistance contact. Tests show
that this terminal allows a reduction in
connection and disconnection time.

The basic type of translator employing
the kind of coil described above is known
in the Bell System as a ring translator be-
cause of the shape of the coil. Its main ad-
vantage over more conventional types of
translators is that it reduces the number of
jumpers and connections. This saving in
jumpers represents appreciable savings to
the Telephone Companies because on the
average each jumper is removed and re-run
once each three years.

The same translator circuit as described
above is used in the No. 1 crossbar system,
although the equipment details are slightly
different. The basic ring translator scheme
has also been applied to computers.

Fig. 8—A close-up of one of the terminal banks of the translator showing the

new type of terminal employed.
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Pretranslation in
No. 5 crossbar

An originating register in the No. 5 cross-
bar system does not seize a marker until it
has recorded all the digits dialed by the sub-
scriber, and it must therefore have some
indication of the number of digits the sub-
scriber will dial. In areas where the same
number of digits is always dialed, the
register is arranged to seize a marker as soon
as this number of digits has been received.
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Fig. 1-The type of circuit usually employed in the past
for translation as applied to the 576 codes which are

treated

in a novel manner by the pretranslator.
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In many areas, however, the number of
digits to be dialed varies for different called
offices, and the register must have some way
of determining from the office code how
many digits to expect. This process is called
pretranslation.

Where the numbering arrangement is
simple, the register may be arranged to do
the necessary pretranslation itself. In the
Vineland, New Jersey, office, for example,
only three-digit office codes with a four-
digit line number are used except for lines in
a manual office, for which the code 9 with-
out numericals is dialed. To reach a DSA or
toll operator, a 0 or a three-digit code is
dialed. All registers are arranged to recog-
nize an initial O for an operator and to call
in a marker at once, and they can readily be
arranged to do all the pretranslation where
the conditions are as simple as at Vineland.

In more involved situations, however, it
is more economical to concentrate the pre-
translating functions in common pretransla-
tor circuits, which are accessible to the origi-
nating registers through pretranslator con-
nectors. In the Freeport-Baldwin office on
Long Island, for example, a three-digit of-
fice code and four numericals are used to

. reach stations in a number of dial offices,

whereas an additional digit is required for
party lines in several nearby manual offices.
It is not practicable to identify the particular
lines of an office that require party letters
or a fifth numerical digit, and thus when
the office code indicates such an office, the
register must allow a “station delay” interval
of about four seconds after receiving the
seventh digit to allow time for an eighth
digit to be dialed.

The average holding time of the originat-
ing register is about 13.5 seconds without
station delay and 17.5 seconds with it. To
provide this delay on all calls, and thereby
eliminate the need for pretranslation, would
increase the completion time of calls to of-

fices which do not require the delay by about



30 per cent, and more registers would be
needed. In general the cost of the additional
registers would be greater than the cost of
pretranslation. The pretranslator developed
for this purpose is designed to translate both
two and three-digit office codes, foreign-
area directing codes in the series 112 to 119
followed by an office code and a number,
and service codes such as 211 and 411 that
do not require additional digits. It is seized
through a pretranslator connector as soon
as three digits have been received by the
register, and the three digits have been
transmitted to it.

Separate small relay circuits are available
when required for translating foreign-area

office codes beginning with 11, and for deal-
ing with 0 as the final digit of the code. The
register itself acts directly when the first
digit is 0. The greater part of the pretrans-
lator circuit, however, is employed tor trans-
lating codes having any number from 2 to 9,
inclusive, for the first and second digits—or
the A and B digits as they are referred to—
and any number from 1 to 9, inclusive, for
the third or c digit. The 576 (8 x8 x9) codes
of this type are translated into one or an-
other of three indications. These may be re-
ferred to as x, v, and z. An x indication tells
the register to seize a marker after seven
digits have been received. A y indication
tells it to allow a station delay interval after
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Fig. 2—Simplified schematic of circuit employed for translating in the pretranslator.
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the seventh digit to give time for an eighth
digit to be dialed, while a z indication, which
is given when the office code is one not as-
signed, tells the register to seize a marker
after three digits have been received.

Although translation is now commonplace
in telephone systems, the method for trans-
lating the 576 codes to one of three indica-
tions employed by the No. 5 crossbar pre-
translator is novel. It permits the translation
to be made with much less equipment than
would have been required with the more
usual method of translation.

Had the usual method of translation been
followed, the circuit would have been of
the general type indicated in Figure 1. Each
of the three digits of the code are trans-
mitted to the pretranslator by the register
as ground on two out of five leads. For trans-

TaBLE [—THE TWENTY-SEVEN POSSIBLE COM-
BINATIONS OF THREE THINGS—X, Y, AND Z—
TAKEN THREE AT A TIME.

PUVW PU VW PUVW
0 X XX 9Y XX 1872 X X
1 XXY 10 Y XY 1972 XY
2 XX 12 11 Y X Z 20 Z X Z
3 XY X 12 YY X 21 2 Y X
4 XYY I3YYY 22 2 Y Y
5XY 2Z 14 Y Y Z 28 Z Y Z
6 XZX 15 Y 72 X 24 7 7 X
7XZY 16 Y Z Y 25 2 7 Y
8 X7 Z 17Y Z 2 26 Z Z Z

lation by the method of Figure 1, these indi-
cations are converted to ground on one lead
of each of three sets—one set for the first, or
A digit, one for the second, or B digit, and
one for the third, or c digit. At the left of
Figure 1 are eight »-digit relays, which are
operated by the eight B-digit leads. The eight
A-digit leads are multiplied to the armature
springs' of these B-digit relays. There are
thus 64 leads leaving the front contacts of
the B-digit relays, and each of these is con-
nected to the winding of a relay closing nine
contacts. The nine c-digit leads are multi-
plied to the nine armature springs of each
of these latter relays. There are thus 576
(9 x 64) front contacts on the c-digit relays,
and they are connected to a bank of 576
cross-connecting terminals — one for each
code. Adjacent to these terminals would be
three others as shown—or three banks of
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multiplied terminals—for the three possible
indications to be returned to the register.
Jumpers would be run between the bank of
576 and the bank of three terminals to asso-
ciate each of the 576 codes with its proper
X, Y or z indication.

With this arrangement there are in all
640 relay contacts and 579 cross-connecting
terminals. With the circuit actually used,
however, only 288 relay contacts and 219
cross-connecting terminals are required. This
great reduction in the amount of equipment
was brought about by using the translator
circuit indicated in Figure 2.

With this circuit, three codes are trans-
lated as a group with one jumper, and thus
only one-third as many jumpers need be
run as for the arrangement in Figure 1. In
spite of this, there is complete flexibility
since the translation of one code of a group
of three may be changed without affecting
the other two codes of the group. Since there
are 576 codes in all, there are 192 groups of
three codes, and each of the terminals in the
column marked ¢ in Figure 2 represents a
group of three consecutive codes. The trans-
lating jumper wires from these ¢ terminals
are not run to the x, v, and z terminals but
rather to a bank of twenty-seven p terminals,
each of which represents one of the twenty-
seven patterns in which three codes may be
translated into any of three indications.

The three consecutive codes in any one
group may be represented by v, v, and w,
where U represents the lowest numbered
code of the group and w the highest. The
three columns to the right of column »
in Table I represent the twenty-seven pos-
sible translation patterns for three codes
into three indications. In pattern No. 0, for
example, all three codes of the group are
translated to an x indication. In pattern No.
5, the u code is translated to x, the v code to
v, and the w code to z. The column labeled
p in Table I represents the number of the
p terminal that corresponds to each pattern.
If for a particular group of codes the u code
requires translation to x, the v code to v,
and the w code to z, the ¢ terminal for that
group would be jumpered to Ps. If it were
desired to change the v code of this group to
a z translation without affecting the v and
w codes, the jumper would be moved from
p5 to p8, which represents pattern x, z, z as
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may be seen in the table. These translating
jumpers between the ¢ and p terminals are
the only variables between the input to the
pretranslator and the x, v, and z leads, by
which the translated information is returned
to the register.

To convert the code recorded in the pre-
translator to ground on only one of the ¢
terminals, eight B-digit relays are used as in
the circuit of Figure 1, but the A-digit leads,
instead of being connected directly to their
armature springs as in that circuit, are mul-
tiplied to the armature springs of a cr, a cs,
and a cr relay. The twenty-four leads from
the front contacts of these three relays are
multiplied to the armature springs of the
eight B-digit relays. Since a single U-type
relay will not operate twenty-four contacts,
two B relays are operated in series by each
B-digit lead.

Relays cr, cs, and cr are operated from
the circuit that records the c digit of the
code. If the ¢ digit is a 1, 2, or 3, relay cr
is operated; if it is 4, 5, or 6, cs is operated;
while if it is 7, 8, or 9, cr is operated. For
each possible combination of the a and B
digits in a code, there are thus three code
groups: an R group when the c digit is 1, 2,
or 3; an s group when it is 4, 5, or 6; and a
T group when it is 7, 8, or 9. This group
letter is included in the designations of the
G terminals, which run from 22r to 991. The
G terminals to which the contacts of the B2
relays are connected, for example, will be
the twenty-four numbered from 22r to 92g,
22s to 92s, and 227 to 92T—all those, in other
words, that have a 2 as the B digit.

To distribute the twenty-seven P termi-
nals to one or another of the x, v, and z leads,
the three relays, marked cu, cv, and cw, are
employed. Here also two relays operated
in series are used for each designation, since
one would not handle the number of springs
that are required.

Whether a p terminal should be connected
to X, v, or z depends on whether the par-
ticular code being translated is the first,
second, or third of the code group. Since
this fact is determined by the c digit, the
operation of relays cu, cv, and cw is made
to depend on whether the code is the first,
second, or third of its group. Thus cu is
operated whenever the c digit is 1, 4, or 7,
cv when it is 2, 5, or 8, and cw when it is 3,
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6, or 9. It will be noticed in Table I that tor
po all three codes of the group are trans-
lated as x; that for P13 they are all translated
as v; and for P26, they are all translated as
z. These three terminals thus do not need to
be carried through the cu, cv, and cw relays
since the code is given the same translation
whether it is the first, second, or third of
the group. These three terminals are thus
connected directly to the x, v, and z leads.
Each of the remaining twenty-four P ter-
minals is connected to one armature spring
on each of the cu, cv, and cw relays, and the
front contacts of these relays are connected
to the x, v, and z leads as indicated in
Table 1.

Terminals P1 to Pg, inclusive, are con-
nected to the first eight armature springs
of each of the three relays; p9 to »17, inclu-
sive, but excluding P13, are connected to the
next eight armature springs of each relay;
and pr18 to ¥25, inclusive, are connected to
the last eight armature springs of each relay.
The front contacts of the cu relay are then
connected to the x, ¥, and z leads in accord-
ance with the u column of Table I. Simi-
laxly the front contacts of cv are connected
according to the v column of Table I, and
the front contacts of cw according to the
w column.

Suppose, for example, that in code group
32s the first code, 324, requires translation
as an X, the second code, 325, requires trans-
lation as a v, and the third code, 326, as a z.
The ¢ terminal 32s would thus be jumpered
to s, which gives this distribution as may
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been seen in Table 1. If code 326 were now
transmitted to the pretranslator, ground
would appear on the No. 3 a-digit lead and
the No. 2 B-digit lead. The No. 2 B relay
would operate because of the ground on the
No. 2 B-digit lead, and the ¢s and cw relays
would operate because the ¢ digit was 6.
The ground on the No. 3 a-digit lead would
thus be extended through contacts of cs
and B2 to G terminal 32s, thence over the
jumper to P5, and thence through a contact
on cw to the z lead.

Two of these pretranslator circuits and
two pretranslator connectors are mounted
on a single frame. The lower part of such
a frame, with one pretranslator and one con-
nector, is shown in Figure 3. Both circuits
are protected by time alarms as are other
common control circuits, and are arranged
for the second trial feature. The pretrans-
lator has access to the trouble recorder so
that records of failures may be made. A
number of additional safeguards have been
provided in the design of these circuits to
minimize the likelihood of trouble.

The pretranslator circuit operates in about
0.160 second, and is rated at 15,000 calls per
hour—probably the highest usage of any
telephone circuit. One pretranslator can
carry the traffic in most offices, and two are
sufficient for a marker group in any case.
One additional circuit is provided for main-
tenance, however, and thus there will always
be at least two pretranslators in an office.
There are always as many connectors as
there are pretranslators.



Traffic registers
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In dial as well as manual central offices,
registers are provided for measuring traffic.
Each register is a small electro-magnetic
counting unit with number wheels which
turn one position each time a pulse of cur-
rent is sent through the winding by the
operation of other equipment in the office.
Registers show the number of calls origi-
nated and completed and the loads handled
by various groups of equipment units or
operators, and give indications of conges-
tion. The general data showing trends in
subscribers’ usage are useful in shaping
business policies, and the more detailed data
are needed for central office administration
and engineering. The latter include assign-
ments of lines to balance loads and thereby
obtain full use of the equipment; scheduling
of operators; and ordering of new equipment
of proper types and amounts to care for
growth or traffic shifts.

Because the Traffic Department is par-
ticularly interested in the data provided by
traffic registers, they like to have them lo-
cated in operating rooms at a convenient
height from the floor for easy reading, with
all registers of a type grouped together.
Furthermore, it is desirable to purchase only
as many registers as are required for each
office at any given time. It is also desirable
to have the traffic register cabinet blend in
with new operating room appointments and
occupy as little space as possible.

To meet these requirements and to obtain
manufacturing economies, a new circuit and
a new traffic register cabinet, shown in Fig-
ure 1, have recently been designed. The new
steel traffic register cabinet mounts directly
against the wall and will be used in new
offices instead of the earlier wooden traffic
register cabinets, shown at the left in Figure
2. These were located two and one-half feet

for No. 5 crossbar

away from the wall to permit access to the
permanent cables connected to the rear of
the registers. With the old arrangement a
traffic register distributing frame, shown at
the right in Figure 2, was required in the
terminal room to connect the various regis-
ters to the desired circuits by cross-connect-
ing jumpers. This distributing frame is not
required where the new cabinet is provided.

With the new arrangement, one basic reg-
ister unit is used. It is shown in F igure 3
and only as many of these units as are
needed are ordered by the Telephone Com-
panies. On each unit are ten registers, ten
register pin jacks, and one supply pin jack.
One end of each register winding is surface
wired to its individual register jack. The
other terminals of the ten registers are
strapped together and connected to the
supply jack. These register units are
mounted on the cabinet framework that also
mounts a field of pulse jacks. Switchboard
cable leads are permanently connected to
the pulse jacks trom equipment requiring
trafic registrations. As shown at the right
in Figure 1, inexpensive Western Electric
Company single-conductor cords are used
to connect any traffic register via its jack
to any equipment via its jack-field pulse jack.
Similar cords are used to connect the battery
supply jack for each group of ten registers
to one of the battery supply jacks of the jack
field that provides either direct battery or
battery under control of one of the switches
mounted immediately above the registers.
The traffic registers themselves are of the
new 14 type that operate in such a short
interval of time that pulse-help relays are
not ordinarily required. For some registra-
tions, however, such as sender group busy
registrations, it is necessary to have auxil-
iary relay equipment, which is mounted on
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: register cabinets with doors closed. Right, opening the door

Fig. 1—Left, one of the new traffi
of a traffic register cabinet gives access to the cords by which the various registers are connected
to the required circuits.
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a miscellaneous relay rack tranie in the ter-
minal room.

The use of 14-type registers and inex-
pensive cords makes it possible to meet the
Operating Companies’ requirements for a
traffic register cabinet, one which occupies
a small amount of space, contains only the
number of registers required for the office
at a given time, and can be located in the
operating room with all of the registers at

Fig. 2—Left, a traffic register cabinet of the earlier type. Right, part of a traffic register distributing frame.

v

a convenient height tor easy reading. The
traffic register cabinet is only 7% inches deep
and can be maintained entirely from the
front. It is thus mounted against a wall
with no provision for access to the rear of
the cabinet. It will accommodate any num-
ber of registers from ten to three hundred.
The Western Electric Company provides
only as many register units as are required
for each office without penalizing either
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large or small offices. The installer or main-
tenance man assigns or reassigns incoming
cable leads to different registers by chang-
ing patch cords as required so that all reg-
isters of a type are always grouped together
and so that the most often read registers
will be located at the most convenient
height. A record of the permanent assign-
ment of switchboard cable leads to jacks in
the jack field, and of the patch cord con-
nections, is kept on a card hung on the rear
of the door of the traffic register cabinet.
Because side panels are provided only on
end cabinets, any register can be patched
to any lead terminated either in the cabinet
where the register is located or in an ad-
jacent cabinet.

The new arrangement provides other de-
sirable features. The maintenance man can
remove an entire plate of registers for in-
spection or maintenance without interrupt-
ing service and without bending any local
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Fig. 3—A traffic reg-
ister unit includes ten
registers and their
connecting jacks.

cable forms. Registers that are connected to
equipments that operate often can be dis-
connected during periods when readings are
not being taken by operating the switches
immediately above the registers. This pro-
longs the life of these registers. The installer
can easily provide for either right- or left-
hand opening of the cabinet door. Both the
door and the side panel may be painted the
same color as the wall to which they are
secured, thus making them inconspicuous.
Jacks connecting to a talking line are lo-
cated next to the switches so that one traffic
employee can pass the register readings to
a second employee, the recorder, seated at
a desk.

When the central office building does not
contain an operating room, the traffic regis-
ter units, the jack field and the keys are
mounted on a standard 23-inch relay rack
frame in the switch room. This contributes
to the uniformity of the basic arrangement.

Printed in U.8.A.
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