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TYPE 36-A-24

ROTOR RELAY C.AX.

(Modified)

Part |
PRINCIPLES OF RELAY SWITCHING

1, INTRODUCTION

o ——
This series of rotor relay switchboards provides
for full automatic operation on an unattended
basis with capacities for 60, 100, or 200 lines.
The many new features now made available in this
hoard are fully deseribed in Part II, "Equipment
and General Descriptive Notes," page 9., Part I
briefly outlines, in a simplified manner, the
operations of rotor relay switching.

The rotor relay automatic switchboard is a mech-
No mechanical motion is
present beyond the slight movement of relay
armstures snd the flexing of their springs. All

anically static system.

conducting paths from every station to every
other station are permanently wired, but they
remain open until closed by the operation of
certain relays.
ism, the relay, is used to perform all opera-
tions, the system is mechanically simple.

Actually of course, several types of relays are
used. For instance, linefinding and connscting
operations are best performed by multi-contact
relays. Automatic Electric has developed the
35-contact rotor relay for these two important

operations,

2, THE ROTOR RELAY

The Automatic Electric rotor relay, used for
meking connections to "groups" of subscribers!
lines, has 35 ssts of make-contacts, sach having
dual contact swrfacea. Fig. 1 shows an indi-
vidual rotor relay. Fig. 2 disgrammatically

{11lustrates the operating principles.

Bacause one fundsmental mechan-

In A of Fig, 2, the assoeiated pair of contact
springs "a" are resting with predetermined pres-
sure against the insulating stops "™." This is
the normal position with cam fe® free of the
springs. When the relay magnet "d" is ener-
gized, Pig. 2-B, the cam-shaft is partially
rotated, foreing the cam R against the comtact

springs to complete the eircuits. Since there

FIGURE 2. OPERATING PRINCIPLE OF A ROTOR RELAY

are 35 of these contact-spring pairs with their:
assoclated cams, the corresponding number of
etrcuits can be simultaneously closed. Custo-
marily, there are three leads ("+," "=, " and
ngn) associated with each subscriber or trunk
line. Thus, ten lines can be handled by a rotor
relsy; these are then called tens-relays. Note
in Fig. 2-C, the dual comtact surfaces on each
spring, and the wiping action brought about by
rotation of the cam. Cams and contactors arse
silver plated to further reduce contzct resis-
tance and to provide protection against micro-

phonic noise.



3. BASIC RFEIAY SWITCHING

Pig. 3 is a one-line diagram 1llustrating the
basiec switching principles underlying relay sys-
tamg. The calling lins is found by the Tinder
half of a free finder-connector link, A link
may be compared to a manual operstor's cord in
that it fipds the eslling line on one end and
the ecalled party's line on its cutgoing emnd,
conpecting the two. Im ths 60, 100, and 200
line switchboards, each connector can reach
avary line end trunk in tbhe exchange. The con-
nector, of course, functions under the diree-
tion of disl pulses.

Upon a subseriber in the 20's group liftinog
his hendset, the F20 tems-rotor-relsy will oper-
ate connecting all ten lines in the 20's group
to their corresponding *F* units-relays. Should
4219 be the ealling line, units-relay P-1 will
operate, XNow calling subscriber ®"21% is eonnec-
ted through tothe control relsys. TUpon his diale
ing the wanted number, say "29," these control
relays will cause tems-rotor-relay C20 to oper-
ate end then unitas-relay 09, A complete con-
npesction has now been established betwesen parties
t2l® and #2g. 0

It shounld bs understood that sinee only ten linsa
are shown, only one tens-rotor-relay per findesr
and ones per connector are needed. Additional
tens-rotor-relays as shown in Fig, 5, 1f added,
would be multipled to the same group of =Fe
units ralsys. Fig. 3, therefore, constitutes
the basis of Pig. 5.

: ROTOR RELAY C.A.X.
_ FINDER CONNECTOR
EEE=EE I —s =g
Te— <
e el —————— 1 | | I < i cacis
CRIGINATE E—"‘_ : . 1 | | === =8 trrwmate
HERE ﬂ—a._..,__’_—_| ; ':"|1 -_, % Jere
—_— 11 e — g 57
= =] ‘ | = t===_
=4 1 . 1 I = 1
~ £§'Fm ' (=1 -’u:,!| LY cz2o |
¥ 1| | |
el U] || = = R R
= | pr— Pl | | T— L
L [ | —3 300 (1 I
i TO Ly | I 4 =a|(ll] 1Y) o
-+ D =81 “umiTs® = ||{|]*] SUBSCRIBER
LINES — 1 ‘ = 5-’ RELATS == I Ld—- C INES
- T | —
- ] | |
(1 =7 | 7= | RIR
= | L
L7 | |28 e= || ]
HIE‘ —9 | 9= *-.J
B | |
CONTROL
RELAYS
FIGURE 3, SCHEMATIC DIAGRAM SHOWING BASIC SWITCHING TRINCIFLES FOR RELAY SYSTEMS

The idea of rotor-relay switching is developed
further in the 200-line system shown in Fig. §.
A subscribar whose telephone number is 221 re-
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FIGURE 5. BASIC SCHEME OF A 200-LINE RELAY LINK

moves his handset. This action causes rotor
relay 220 to operste connecting the line thru to
the UFM units~relays. Rotor relay 220 completes
connections for all ten lines in the 220 group.
Which of these ten will be passed to the control
relays is determined by the partieular "FW wmits-
relay which operates. Subscriber's lines are

divided into two groups, lines 1-5 and 6-0. One:

line from each group is sssociated with a uwnits-

relay, The group relay G determines which of

the two lines will be passed to the connector.
Thus all lines ending in the digit 1N or M"&"
operate a certain units-relay, Group relay G
remains unoperated when the calling line is the
first of the two alternate lines. The calling
telephone is now comnnected tothe control relays.
Note that the finding of a line is not aceom-

plished by a hunting operation but rather by
the closing of a path from the calling tele~
phone to the link-ccntrol reslays.

'The subseriber disls the wanted number, say

w376." This ceuses, first, the "370" MGV tens-
rotor-relay to operate; then the C-6 units-
relay which now completes the connection between
the calling and the called telephones. In the
connector, there are ten units-relays per link,
Thus, no "group" relsy is needed. Guard relays
are provided te protect the link against inter-
ference from similteneous calls, The number of
1inks available determines the number of conver-

"sations which may take place at one time in an

exchange, =
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4, LINEPINDER PRINCIFLES

A simplified circuit of the gemexral type of
linefinder used with the 60, 100, =nd 200 line
boards appears in Fig. 6. As in the diagram-
matic sketch, two lines are associated with each
units-relay. The "line-group-selecting” relay "G
operates to choose a line from the second group.
Thus, a total of five wnits-relmys per link i=
saved by the addition of the group rslay.

In the sketch, two lines hsve been shown to
illustrate the operation of thke lims-group-
selecting relay. Only oms rotor relay (tens
F-50) has been included and ons units-relay
(F1-6). Both lines 51 .aud 56 are in the same
tens-group and associated with the same unite-
relay. ;

SCHEMATIC CIRCUIT OF A RELAY-TYPE LINEFIKDER AND LINE EQUIPMENT

A subseriber, say %51, % upon removing his hand-
set operates the line relay, left, top Fig. 6.
This closes circuits to tens-guard relay TGH50
and to units-guard relay UGl-6, cammon to all
links. These prevesi any -other tens- or units-
guard relays from operating during the next
Traction of a2 second. Thus, simultaneous calls
are prevented from interfering with one another
for the reason that only guard relays may close
ground to tens- or units-relays, Guard relays
are common to all links,

The call allotter, lower righi, now assigne a
free Tinder-connsetor 1imk to the call by ener-
£izing the proper finder-start relay. The tems-
rotor-relay (F=-F0), on which the calling line
appears, oparates at this time as does the pro-
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per units-relay (F1-6}. The group relay does
not operate on c¢alls from the first line group
ag from "E1,"

Now two of the ten lines from the tens-group
ara led thru to the line group relay which,
unoperated, passes only the first onte the con-
nector, The calling line has now been extended
to the pulsing relay of the connector, The
mulsing relay causes ahold relay to place ground
on the "H" lead to hold the finder relays for
the duration of the call. It also places ground
on the "C" lead making the calling number (51)
busy to other calls end operating the line cub-
off relay {Fig. 6). Operation of the cut-off
relay removes the line relay from the eircuit.
The line relay, falling back, releases the tens
and units-guard relays permitting another eall
to selze the guard relays and hence seize the
naxt free link assigned by the call sllotter.
These operations take place in fractions of
secondg, The connector is now under control
of the calling party's dial.

5. OCONNECTOR OFERATIONS

The calling party, hearing dial tone, dials the
called party!'s number. BRach digit is recorded

SCHEMATIC CIRCUIT OF A RELAY-TYPE CONNECTOR

momentarily bythe pulse-rezistering and ringing-
selecting relays., Since there is a considerable
difference betwesn the 100-line connector and
the 200-line connector, each will be described
separately. Connectors are equipped with ten
mits relays in contrast to the group system of
the finder. The 60-line boards are similar to
the 100-line in operation.

5.1 The 60 and 100-Line Switehboards

In practice a2 gubmeriber's number consistes of
four digits, the first and last controlling
ringing, The first line-selecting digit which
iz the second dlgit dialed causes the appro-
rriste tens-connector to operate (Fig. 7). Thus
if the wanted number is %2411, 0 dialing of the
nn will cause the CHO tens-relay to operate and
lock itself up on the MW lead. The next digit,
nl, % gauses the Cl units-relay to operate and
likewise lock on the 10U lead,

The calling aubscriber will now receive ring-
back tone 1f the ealled line is free or busy
tone if it is buasy. The connedétion is wnder
control of the calling party.
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5.2 200-Line Connector (Figure &)

The 200-line connector has access directly to
200 lines. Dialing of the first digit selects
the hundreds group, Thue if the wanted party
has 2001 listed as a number, dialing of the n2"
will cause the 200.group lever-relay, lower cen-
ter, to operate. Then the dialing of %0W will
send ground to the tems-rotor-relay C200. (€200
will operate and lock on the MC" lead., Dialing
of the seccnd "O" will operete units relay CO
whick also locks on "C.? Had a %3" been the
first digit dialed, tke 300 relay would have
closed and the subsequent digit would have oper-
ated a tens-relay in the 300 group. One set of
units relays serves both hundreds groups.

SCHEMATIC CIRCUIT CF A 200-LINE RELAY-TYFE CONNECTOR

On hammonie ringing boards, the last digit se-
lects the frequency to be sent out. For details
see Part II, Section 22.2. On code ringing
boards, the fourth digit selects the code though
first digits such as 4 and 5 must be used with
20-party bridged ringing lines. See Part II,
Section 22,12,

6. AUTOMATIC SELECTICN OF P.B.X. TRUNKS

These switchboards are arranged for automatie
selection of private branch exchange trunks.
These are reached by calling the first four-
digit number in the consecutive number series
assigned a subseriber. Thus, if a certain fim
were to be assigned five trunks, the line num-
bers must be consecutive, and the first must be
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associated with line "1" in a tenngroup. Thus’

lines 51, 52, %3, 54, and A5 could be uged, The
directory number would ineinde the regular pre-
fix and suffix as "2511¢ for the first number,
The sscond would be #2R21" and would not be

listed except possibly as a night number. Trunks.

ars sutomatically selected beginning always with
the first non=-busgy number in the group, f.e.,
nln first, then #2® if #1" jis busy and so on.
Automatic trunk selection takes place only when
the £irst number is dialed. If, for example, a
subseriber dilals 2521, he will always seize
trunk "2 and ring the phone that happens to be
associated with that trunk { line).

In Fig. 9, the circuit 1s shown in conjunction
with the connector previously explained., If a
subscriber dials 2511, the number listed im the
directory, the "5it will pull-up rotor relay CH0;

- to be returned to the calling party.

the "1" instead of operating the Cl units-relay
pasgses thru the trumk seleeting grouwp to relay
S1 which, if relay TB1l is not holdlng it oper-
ated by a busy condition on C {trunk #1), per-
mits the ground to continue over the break con-
tact of S1, thru the C50 relay, to Cl which will
operate in the ordinary manner. If a second
call should now e¢cme in, ground on the Cl pulse
reilay lead will find the break contact at Sl
open because of the busy condition on trumk #,
82 will be operated by TBl closing the make
contact to umlts-relay C2. Should all trumks he
bugy TBY (mext to the lagt trunk in any case)
will operate S10 (the last "3t relay associated
with the last trunk in the series}. Ground from
units lead ¢l will go out to unlts-relay C1l0.
This, belng occupied, will canse the busy tone
The first
non-bugy trunk will always be selected if there
is one available,
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7. SELECTIN OF SWITCH-THRU TRINES

The selection of switch-thru trunks such as
those used for toll service and for service to
neighboring exchanges is automatic upon the
dialing of a single digit--n7," "g,n ug » or
n0," Successive cslls to the same level are
routed over different trunks. The trunks are
presslected in a rotsting order such that no

trunk is used twice until all free onea in the
group have been used., Thus a fault in any one
truk will not limit service. The #SY relay
which has preselected the next trunk remains
locked-up until the trunk is used. {Fig.lO0)
This is in contrast to the "S% relays of the
P,B,X, trunk groups which relays remain operated
only as long as the preceding trunk is in use.
Referring to Fig. 10, note that the COC and the



GENERAL DESCRIPTION

9

AGCl leads are associsted with the pulsing relays
such that ground is sent over both when the ein-
gle digit, e.g., "0," is disled. Ground om COO
pulls up tens-relay CO0 whiech connects the
grounded AGCl lesd vis the lower conteet to the
"5" trunk selecting relsys.

At the beginning of a cycle of operations, Telsy
31 is held operated by ground on its "IV con-
tact, 51, therefore, connects ground fram the
AGC1 lesd from the tens-relsy to units-relay Cl.
As soon as trunk one is thus seized, ground on
its CN lead operates relay TBl which operates 52
by placing ground om its lower pair of contacts.
Relay S2 locks-up on its "X" contact and re-
leases relsy 51, Tha next call for an "OR trunk
will conneect the AGCL lead to C2 and trunk ®20
will be seized. Ground over the CN lead of
trunk "2% will csuse TE2 to operate which will
operate the next "S® relsy and s0 seize the nmext
trunk. The last trupk, in this instsnece "10,°
is seized like eny other; however, the transfer
of the cycls back to tha first trunk and relsy

S1 presents several interesting points. Upon
the seizure of trunk 10, TB1O will bs cperated
by ground on the CH lead. TELO closes ground
to the S0 (slow to operste) relay, lower right,
When the SO reley finally operstes, it removes
ground not only from the S10 (last "5" relay)
tut also from its own windings. Both relays re-
lgase, OCround now passes thru the middle series
contacts of the "SM relsys to S1 which operates
if the first trunk is not busy. In any event,
the first non-busy trunk.will be prepared for
the mext esll, and the cycle of operation re-
commences,

Sinee the trunk selecting "S® relays play no
part in the talking eireuit, they may thus be
releassd while the trunk is in use. The "TE"
relays will, however, remain operated as long
as their mssociated trunmks are busy, protecting
the busy trunks against imtrusion should the
cycle be repeated before ths trunks are freed.
Only one ®"S" relay may be operated at eny oOne
time in contrast to the FTBT relays.

Part 1l

GENERAL DESCRIPTION

£, GENERAL

This series of rotor relsy switchboards provides
for full-sutomstic operation on an unattended
basis, Supervision may be exercised by tha toll
or menusl operstor st & neighboring attemded
axchange, Many speciasl features and sarvices
are available. Por emmple, verificstion, camp-
on-busy, &nd intercepting sarvice represent a
few of the festurss which may be had with the
boards, Ringing may be harmonie or cods., Ring
eut-off iz optiocnally delayed or instant.

Each installation is coveared by a "job" speci-
fication. This specificstion itemizes the appa-
ratus and msterial thet is being shipped, and
also lists the associated mepufsacturing numbers.
The shipment should, therefore, be carefully
checked against the job specifiestiom to deter-
mins that every listed item has been received.
The job specification also indicates items, such
g8 the mein distributing freme, which are to be
supplied by the telephone compeny.

Any deviations fromthe boards deseribed hers are
detailesd in the specification as are the blue-
prints included in the shimment. These blue-
prints provide specific information concerning
the assembly of the switchbosrd, wiring, cabling,
and eircuits. Combined with the notes and date

FIGURE 11, A SWTTCHBOARD CAHINET
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in this bullstin, they give complete informmtion
and instructions for installing and placicg the
switechboard into service. Part IV of thie
bulletin outlinss the general installation of
these boards,

G. CAPACITY
Thase switchbosrds are made in thres capacities,

&0, 100, smd 200 lins terminsals. Whes fully
equipped each hss 7, 10, and 20 finder-coonector
links respectively. The mumber of links preseat
determines the nusbar of simultanecus conversa-
tions which may take place. Three trunk groups
{four on certein 200 line boards) are normally
provided for msking connections with neighboring
exchanges. A =arximm of ten trunks may be in a
group with sutometic selection on a Totating
basis, Mounting space geoarally permits a total
of 10 trunks forthe 60-lins; 10 on the 100-lins;
and 12 on tka 200-1line board. Thesze may be
divided =s necessary smong the three or four
lavals, Provisioz is made for two (three om
the 200-1line board) Private Brazek Exchange
trunk groups.

Lines® Links Trunks Tri.Grps. P.B.LGroups
&0 T 10 3 2
100 10 10 2
200 20 1f E 3
* Ineloding trunks
Switehboard Dimemsions:
Switchboard  Lemgth  Width  Eeight
&0 T1-f.]l 4m 210w £r-an
100 Slez-l/n  21-0n  £1-ge
200* Fag-lMn 2100 fruge

* The complete sxchange switchboard consists of
four such unita,

Common Eguipment Frame:

&0 21-0-1/ /88 2108 Er-ge
100 21-0-] /8= 2v_Qn St-ge
200 201/ pPr.Q® gr-gw
10, MOONTING

The squipment for each switechboerd is mouwnted om
double-sided fremework snclosed in secticnmal
switchboard cabinets., The eguipsest consists of
line relays, trunk repeater units, conzecting
links, call allotter, common sguipment, fuse
panels, ringing converter, ringing interrupter,
voltmeter, =mmeter, snd power board. If harmonic
ringing is supplied, the harmonic comverter
ghalf, which replaces the above ringing conver-
ter, is wall moumted. The storage battery and
sharger assoclated with each switchboard are
mounted separately. In gemeral the equipment
units making up a switchboard are readily iden-
tifiabls,

10.1 The &0-Lins Switchboard

Line equipment (line, ecut-off, snd lock-out
relays for eacsh lipe) 1s mounted on the top,
fromt side of the switchboard. The rotor ralays
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FICER 12, YROFT, INTERIOR OF A SUTTCHBOARD UNIT

are below. BEack link circuit is squipped with
two rotor relays, desigzmsted "F® (finder] and
" [ connector) respectively, for each group of
teap linssa, Thess relsys are known as "tems®
relays, each scting es a commector or fisder for
a tens-level. A link for &0 lines consists of
12 rotor relays and a group of finder amnd com-
mector units-relays. BEach link group is mowmted
in & horizontal row, space being provided for
saven links,

To the right of the rotor relays is the call-
allotter which salects tha link to be used for
sach ¢all, This includes the protective tems-
guard (TC) and units-guard (UG) relays which
permit only one of several simultanecus calls to
occupy & link, Above, top right, is the lina
and trunk terminal bhoard ineluding the fuse

pazsl,

Om the rear side of the frams are the pulsing,
counting, eod otber relays assoclated with each
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link. Thess are mounted on vertical strips. At
the right are the trunk and P.B.I. sslscting
relays.

The common equipment frsme holds the tomne and
ringing equipment including repeater mounting
space for eight trunks on the fromt side. Om
its rear, there is space for two additional
trunk repeaters and sxtra common equipment.

10,2 The 100-Line Switchboard

Rotor relays appesar prominently on the front
aide of this board. There i= space for tem
horizontal rows, sach row conteininsz the necas-
sary rotor relays for a complete link. Two
rotor relays, designsted "F® (finder) and n"C®
[ eennector) respsctively are required for each
level of ten lines, These relays are known as
*tens® relsys, each acting as a comnector or a
finder for a tens-lsvel, A link for a 100-lins
board consists of 20 rotor relays and a group of

finder and connector units-releys. Each link
group is mounted ina horizontal row, space being
provided for ten links,

To the right top of thess is the call-allotter
which selects the link to be used for each call.
This inmeludes the protective tens-gusrd (TG) and
mits-guard (U5) relsys which permit only ome of
several simultaneous calls to oceccupy & link. At
the wvery top, right sre the terminal blocks for
lines and trunks plus the fuse panel. Below are
the trunk selecting relays.

Line relsays appear on the rear side at the left.
Each line requires three relays - line, cut-off,
and loek-out. To the right of thess are the
pulsing, counting, and other relays assoclated
with sach link, These are mounted on vertical
strips, thres strips per link,

The comon squipment freme contains the tone and
ringing equipment (at top), the power penel, and
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mounting space for eight trumk repeaters [(bottom
front). The rear side has space for miscellan-
eous common equipment, two trunk repeatsrs, snd
spare space.

10.3 200-Line Switchboard

The equimment is divided smong four line and link
frames which ara identical, each caring for 50
lines, 0o the froot of a typical mit is mounted
thks line equipment (top left). Esch line re-
guires three relays, line, cut-off, and lock-out.
To the right of thess are three trunk repeat-
or strips. At the far top, right is the linme
and trunk terminsl blocks plus the fuse pansl,
Aeross tha bottom are mountinog strips for mis-
eallsneous link =elays. Esach link occcapies
thres vertical strips bere and three iust to the
laft of the line terminsl block (top). The mis-
gcallanecus relays assccieted with esck link
izsclude the pulsing and counting relays.

The rear side is devoted exzlusively to finder
and connector relays. Thare are five links per
unit. Each link occupies two horizomtal rows
across the freme. The top row from left %o
right cootains the connmector mits-relays and
20 rotor releys desigsated "C* (commector) with
the appropriste line tens-group oumbers msrked.
Below are the associated finder relsys of ax-
sctly the ssme number as the comnector series.
These are designated *F* (findsr) followed by
the lins tens-group which they sarve.

The common equipment frame mounts om ita fromt
side, tooe sguipment, alarm sender, power pansl,
tarminal blocks (all top), mnd trunk selascting
relays (bottom). Om its rear side are six
trunk repeater strips (top). At the bottom ere
miscellanecus common eguipment and the cell
allotter (right). The call allotter selects the
link to be used for esch call, It includes the
protective tens-guard (TG) and units-guard (TG)
relays which permit ooly ons of seversl simmi-
tapeous calle to cocupy a link,

11, SUBSCRIBERS! LINE EQUIPMENT

The squipment for each line consiste of three
relaye: i.e,, line, cut-off, and lock-out desig-
nated L, CO and RC followed by the associated
line oumber. In sddition to the usual functiems,
the line egquipment provides for locking-out
lines which develop low-resistance shorts --——
such lines remsiming locked-out until the trouble
clears, when the associsted line circuits are
autonstically restored to normal. Also, on
reverting calls, the line is locked-out from =
link whes the call is snswered, so that the link
is used only during the time tha call is baing
initisted, Becsuse of the cireuit requirements,
the *C" terminsle in ths line finder snd con-
pector "tens” relays are ssparated, "ON" being
the designation for the commector lsed.

Ground-return lines have the same line aguipment
es the metallic lines; bowewer, certain wiring

changes are made in the standard line relasy
wiring. Ko change iz the universsl ecomnector
eircuits is required, but grounded linss may be
assigned only in the 200 group of the 200 line
switchboard.

Local battery telesphones may be used on subsceri-
bers' lines as detailed in Section 44,

Information on line standards is contained in
Section 1T, "Pulse Compensating Festure of Linkst,

11.1 Iotercepting Service

This is provided especially as = conveniemce to
subscribers celling lines recestly discoonectad
ar parties oz individual lines whose aumbar hans
beez changed.

11.2 Class of Service Tone

Class of service tooe may be imrresssd on snoy or
mll lines by making the proper ecmzection to
the class of service tone condenser et the sub-
seriber's line terminal, This tone (rapidiy
icterrupted) will be hksard by the toll operstar
w0 may act accordinely,

FIGOER 1%. EHREAR, INTERIOR OF COMPEN ECUIFMENT
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12, LINK CIRCUITS

The function of the link circuits i=z to auto-
matieslly find the calling line when a call 1s
initiated and extend the calling line to the
desired line in accordence withthe number dialed.
The link circuits are arranged for reverse bat-
tery amswering supervision. The link circuits
employ 3H-contact, rotor relays for connecting
with the ealling and called 1lines,

While the link capacity represents the number of
calls that may be in progress at one time, it
should be noted that the traffic capacity of
each link is exceptionally high because: {1)

roverting calls {Section 30) cccupy & link only"

while the ¢called party is being selected and
mmng: (2} links are automatically timed-out when
held by "permanent® lines, unanswered calls,
et¢, (Section 25},

13. FPULSE COMPENSATING FEATURE OF LINKS

A "pulse. compensating! feature has been in-
corporated in the connector circuits in order
to permit dlaling over wvarying line conditions
which are usually encountered in rural districts.
The name of this feature, "pulse compensating,®
describes in part at least its main purpose; en
impulze, once initiated, completes its function

by means of a locking circuit regardless of out-
- side influerces which ordinarily affect the im=-
pulse length and consequently apparstus oper-
ation. If the pulses from the pulsing relay's
back contaet are too short as caused by a line
with low leskage resistance, they will be length-
ened by the locking feature. If the pulses are
too long as they would be on a high resistance
loop line, an artifieial shunt ineresses the
" operating speed of the impulsing relay. TYet it
introduces no detrimental effects on the release
characteristics of that relay on heavily loaded
linea.

The large range of this pulse cumpensating fea-
ture is outlined here., The data given, of course,
permits operation with all variables at the
unfavorable limits, The disling range is O to
1000 ohms line loop resistance and shunts of
infinity to as low as 8000 olms across the line
{leskege) or between either or both sides of the
line and ground. This dleling range permits
wide voltage limits with dial pulses of & to 11
per second, and 20 low impedsnce ringers bridged
acrogs the line or five between each side of the
live and ground. The dialing range of the trunk
repeaters varies with the types of trunks and
repeaters employed, but in general, the range
is emple to meet requirements.

14, CALL ALLOTTER

The call allotter dlstributes cells evenly over
21l links and prevents comnection with a calling
line by more than a single link. It assigne a
‘different link on succesaive callg from the same
line, providing that another link is avallabls.

The allotter also assigns another link if the
first link assigned to a call fails to make
connection with the calling lina.

15. REVERTING CALLS

This awitechboard provides for the making of
reverting calls on party linee by the dialing of
the directory number. Tick-tonse is employed to
inform the called party that the esgll is from
his own line, in the case of harmonie ringing -
boards, On code ringing exchanges, a ring-back
signal is furnished the calling party. Ses Sec-
tion 30 for operating details.

16, P.B,X., TRUNES

Provision is made for two P,B.X. groups of trunks
on 60 and 100-1ine boards; three groups, on 200~
lins boards. Automatic trunk selection on a
tnon-rotating? basis is employed, the first free
trunk in the group being selected, Levels com=
monly ssaigned to this service are the 750" and
w508 on 100-line boards. Trunks are assigned
at the beginning of a level, and unused numbers
nay be asgsigned to other subscribers. Any number
may be used for night service except the first.
The trunks go-out either to consecutive numbered
telephones or to a P.B.X.

17. TRUNKS TO OTHER OFFICES

Three groups of such switch-through trunks may
be employed on the 60 and 100-1inse boards; four
groups, on the 200-line., These trunkas have
single-digit call numbers, "Om, wgu, #gn, and
n7n, Up to ten trunks may be assigned in a group
and any uvnused numbers in the particular tens
level may be given regular subseriber mmbers oxr
employed for paystations. The trunks within a
group are selected antomaticslly and in rotating
order such that no trunk is selected a seecond
time until after all free trunks in the group
have besn used, Ths total number of trunks is
limited by the mounting space provided for trmk
repesters. This space regularly provides for 10
trunka on the £0-line; 10, on the 100-line; 14,
on the 200-1line board., The capsacity for sub-
scribers! lines is, naturally, reduced by one
for each trunk equipped. Links are arranged
for switch-through ssrvice to a repeater on
trunk ealla.

Sometimes it 1is desiramble to multiple trunks
from one tens group to a second group. For ex-
ample, if "On level held only three toll trunks,
it might be desirable to multiple fres service
trunks from another level to the "OW level. 1In
g8 case of this kind, both trunk groups, must, of
eourse, ond in coperator positions.

When trunk selection is requiredin a trunk group
which contains some trunks multipled from another
group, trunk sslecting relsys withoubt Urotationh

. should be used in order that the regular trmmks,

which appear first, may be used most often, the
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multipled trunks getting only the overflow. Con-
versation timing may be provided on the free
gervice but not on the toll trunka.

17.1 Verification Service

An operator may monitor or talk-on a busy line
by prefixing the digit "1" to the regular four-
digit subscriber number, This feature is con~
venient for verifying the calling station's
nurber on reguests for toll service as well as
for checking reported "busies." Only toll opera-
tors may avail themselves of this service; it
may be removed if desired.

17.2

The toll operator, if she desires, may after
dialing the subscriberfs nunber prefixed bdy a
nin, camp on & busy line, When the busy condi-
tion is removed, ringing will automatically
begin., At any time, she may converse with the
parties on the line.

fCamp-On-Busy" Service

17.3 "“Camp~On-Line" or Delayed'-mng Service

An operator may dial ths first three digits of
a subscriberts number to seize the line. She
may then "camp on the line," delaying ringing
until she has complsted, say, a toll conmection.
The line on which the operator is camping will
test busy to other calls and should a party on
the line 1ift hils receiver while the operator is
ficamping, ® she will receive answer supervisiom.
The operator may then talk to ths party. This
does not disturb the comnnection for after the
party has replaced his handset, the operator may
at any time dial the fourth digit to ring the
wanted line.

17.4 All-Links Busy Tone

If desired, connections may be made such theat a
busy tone will be returned to an operator on
switch-through trunks when all links are busy.
Local subseribers, of course, fail to get disl
tone umder such busy conditions,

17.5 Identification of Trunk Calls

Trunk c¢alls through the links are identified
from the call allotter, permitting the special
features of the links to funcetion on trunk calls
but not on subscriber calls even though these
lines are assigned in the same group as trunks,

17.6 Restricted Service

Frequently, 1t is desirable to reatriet all
subseribers or a group of subscribers from con-
necting with certain trumks such as toll lines
accessible only to the operator. On soms boards,
this can be provided on a tens-group basis,
i.e., all the lines in one or more tens-group
may be prevented from dialing certain trunks.

18, NKETWORKS

SN T T
In a telephone network such as the typical ex-
ample shown in Fig. 15, the above services,
available on these Automatic Electric rotor
relay switchboards, prove of exceptional vaiue,
especially when combined with the trunk re-
peaters discussed in Section 52. The network
shown consists of a Toll Center, "AY; a tandem
rotor relay exchange, "B" {200 lines}; a sub~
tandem rotor relay exchange, "C" {100 lines);
& magneto-manual exchasnge, D, " out of HCW; and
a Strowger automatic exchange, "E" out of ¥BH,

The toll operator in "A" may be reached by any
subscriber inthe wmattended automatie exchanges.
Calls from "C"are automatically tendemed through
B where there is a trunk finder group for the
two metallic and cne phantom circuit to WA.W™ The
magnet o manual operator at *D" has a disl by
which she can reach the toll operator in "AW
by dialing "O" as a subscriber in "GP would do.

Where free service is provided between two ex~
changes, the subscriber (of asn automatic ex-
change) may dial directly into the neighboring
system. For exsmple, a subscriber in exchange
1E" may dial "87 for free service to exchange
wpw,

Where a toll charge 1s to bs made as between
exchange "C" and YE," the subscriber in 7C" must
dial Q" for the operator in PA,"™ The czll is
automatically tendemed through exchange WBT to
wA," The operator thers records the charge and
may utilize the verification feature, when pro=-
vided, to check the source of the c¢all if she
desires. As the calling party wants a connection
with "E,® the operator at "A" dials "&" back
over a trunk to "B" which makes connection
with "E. % The operator upon hearing dial tome
from "ER dials the number of the wanted party.

Truanks between "AM and "B" may be released by
the operator, in some circuits. Each network
presents problems peculiar to itself, and there-
fore, each such installation must necessarily
differ from every other to & considerabdle degree.

In Figure 12
nA® {Toll Operator) Dials
n7H" for WM
ngn for WEN
n7gn for DN

#B% Dials

ug# for Toll, Information, Etec.
g% for Free Service to "CT
#gn for Free Service to MWBM
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TOLL CENTER

ROTOR ROTOR
RELAY g RELAY
e
C'+74 i }—r{ae
e ;)
-
STROWGER
AUTOMATIC
MANUAL

FIGURE 15,
B0 {5 Blocked from
nggt o WA
n7u o noH
ncH Dials

non for Toll, Information, Etc.
ngt for Free Service to WBN
ngn for Service to MDM

uC" 4s Blocked from
nogn to NEM
nggn o 4

D" { Operator only)} Dials
oM. £o AN

HEM Diala
wgon - for Toll, Information, Etc.
ngn for Free Service to WBH

WER is Blocked from
nggn 4o fCU
ngrw to uCH

19. PAYSTATIONS

Paystations of the post-payment type may be
connected to any line terminal. These coin
collectors reguire reverse battery, however; so
see the installation information in Part IV,
Section 48. Reverse battery, received when
the ¢salled perty answers, places a shunt on the
transmitter so that a conversation cannot be
earried-on until a nickel has been deposited.
No coin ie required to talk to the operator who
recelves paystation tone when she answers the
¢all, At any time, she may recall paystation
tone by momentarily removing her plug from the

AN ILLUSTRATIVE NETWORK FLAN

jack before her. Other types of paystations
and paystation service may be employed., For
exampla, if local calls are free, an ordinary
automatic telephona with a supplementary coin
box may be employed.

20, SUBSCRIBERS! LINE SERVICES

One of the following two groups of services
(Seetion 20.1 or 20.2) may be supplied depending
on whether the board is arranged for harmonie
or code ringing. In either case ringing of the
ealled station is sutomatic and intermittent.
Ring cut-off may be instantaneousupon the called
party!s removing the handset, or the cut«off may
be delayed, i.e., during any silent period with-
in or at the end of a ringing code. A4 Ygenera-
tor drain® relay 1s provided to permit operation
on heavily loaded lines, This relay drains any
charge remaining on the line after a ringing
cycle.

20,1 Code Ringing
E———— R S L

The equipment is arranged to provide, on a ter-
minal per line basis, the following classes of
service:

{a) Individual

(b) Two-party, selective divided ringing

{¢) PFour-party, semi-selective divided ringing
(d) Ten-party, semi-selective divided ringing
(e} Ten-party, non-selective bridged ringing
(f) Twenty-party, non-selective bridged ringing
(g} Paystation

The ringing of the called gtation is automatic.
Ringing starts with the first complete cycle
after the completion of dialing.
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The code cycle is repeated approximatsly every
& or 10 seconds as desired, the chenge in length
of the code cyecle being accomplished by a change
in strepping. The length of the code c¢yecle has
no effect on the codes sent. The codes are as
follows:

Code 1 - 1 Long

Code 2 ~ 2 Shorts

Code E - 4 Shorts

Code 4 - 1 Long, 1 Skort

Code 5 - 1 Long, 2 Shorts

Code 6 - 2 Shorts, 1 Long, 1 Short
Code 7 = 2 Longs

Code 8 - 2 Longsa, 1 Short

Code 9 ~ 1 Long, 3 Shorts

Cods 10 - 2 Shorte, 1 Long

Code 11 = 1 Short, 1 Long

Code 12 = 3 Shorts

Code 13 - 5 Shorts

Code 14 - 1 Short, 1 Long, 1 Short
Code 15 - 1 Short, 1 Long, 2 Shorts

Code 16 - 3 Shorts, 1 Long, 1 Short
Code 17 « 1 Short, 2 Longs
Gode 18 - 1 Short, 2 Longe, 1 Short
Code 19 « 1 Short, 1 Long, 3 Shorts
Code 20 - 3 Shorts, 1 Long

The second ten codes are the same as the first
but with one short ring prefixed.

20.2 Harmonic Ringing

Harmenic ringers, supplied subscribers, are
tuned to ring only when one glven fregquency is
impressed on the line. Thus, full-selective,
ten~party service may be glven on all terminsals
with divided ringing. Semi-selsctive ringing
employing one and two rings may be furnished
tc give semi-selective service on ten-party
bridged ringing lines. Grounded lines must
necessarily employ this latter method. Harmonic
seyvices are as follows:

{a) Individual

(b} Two-party, selective divided ringing

{e) TFive-party, full selective bridged ringing
{d} Ten-party, gsemi-selective bridged ringing
{e) Ten-party, full selective divided ringing
{f) Paystation

If desired, individual or two-party lines may
use the regular straight line ringers. Ring
digits (Seetion 22) should be assigned which
will select frequencies of 20, 25, 30 or 33-1/3

- gyeles, The fregquencies generated are shown
below, New installations are frequently sup-
plied in the non-multiple series.

Frequencies
S T S
Non-Multiple Multiple
20 16-2/3
EO 25
2 3%-1/3
s 50

66 66-2/3

21, RINGING EQUIIMENT

Choice of ringing equipment is determined by the
kind of line service desired, i.e., code or har-
monic ringing. In elther cass vibrating-type
ringing converters ars uged. With code ringing,
only one converter need be used. This produces
current at a frequency of approximately 20 ey-
eles per second., The codes are produced by a
relay-type ringing interrupter, Ring cut-off
may be instantaneous or delayed. Duplicate
ringing converters with gutomstic transfer may
be supplied if desired.

A harmonie ringing converter econsists of five
vibrating reed converters, one for each of the
five frequencies. A relay-type interrupter is
also used with harmonic ringing., Ordinarily it
merely provides single ringing intervals (one
ring}; however, it may produce two rings per
period for the ten-party semi-selective service.
These harmonic converters may alsc be supplied
in duplicate with automatic transfer in cass of
failure of sny one of the five vidrators. Ring-
ing eurrent is connected to the called line
through a 25 wati generator lamp individual to
the link, as protection to the ringing current
supply. Ring cut-off may be instantaneous or
oecur during the first silent period after the
subseriber 1ifts his handset.

22, NUMBER ASSIGNMENTS

Subscribers' numbers consist of four digits.
The first digit determines the class of service
and also, irn the case ¢f codes, how ringing

" eurrent is to be applied to the line; the sec-

ond and third digits select the line; and the
fourth digit, the ringing code or frequency.
Codes and frequencies are listed in Sub-Sections
20,1 and 20.2 respectively. Trunk groups are ag-
signed a single digit as "0." P.B,X. trunk
groups are assigned regular four-digit numbers.
The fiprst number (directory listed) should be
line 1 in the tense-group. For night service,
any number sxcept the first may be used, Sub-
seribers! stations may be assigned the unused
numbers at the end of elther inter-office or

~P,B.X. trunk groups.

22.1 (ode Ringing

As mentioned previously four-digit numbers are
assigned, and it is, thersfore, necessary to use
a different system in assigning first digits
for the several boards.

22.11 60 and 100 Line Capacity

Individual, coln-box and divided-ringing sta-
tions on metallic lines are agsigned the digit
nan ag the first digit. On divided=-ringing
lines, the last (fourth) digit determines the
aide of the line to which the ringing will be
applied as well as the ringing code ===~ digits
1-5 ring on the megative side of the line, and
digits 6-0 on the positive side of the line,
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using the first ten ringing codes shown in the
table included in Sub-Section 20.1.

Bridged-ringing stations {metallic and ground-
return lines} are assigned either digit 3" or
aln ag the first digit. The digit "3" is as-

signed to each station to be signaled by one of.

the first ten ringing codes, and the digit ni»
is assigned to each station to be signaled by
one of the second tenm ringing codes.

22,12 200 Line Capacity

Individual, coin-box, and divided-ringing sta-
tions on metallic lines are assigned the first
digit "2 for lines in the 52007 group and the
digit "3" for lines in the "300" group. On
divided-ringing lines, the last (fourth) digit
determines the side of the line to which the
ringing will be applied as well as the ring-
ing code~- digits 1-5 ring on the negative side
of the line, and digits 6-0 on the pesitive,
using the first ten ringing codes shown in the
table included in Sub-Section 20.1.

Bridged~-ringing stations {metallic and ground-
return lines) are assigned only in the w2004
line group being given the first digit nlyn for
the first ten ringing codes and the digit m5"
for the last ten codes, {See Section 22.3
which summarizes this information.)

22.2 Harmonie Ringiqg

The first-digit numbering of harmonic ringing
switchboards is quite simple. A first digit,
no. " ia used for the firat one-hundred lines
(200 line group) giving the following servicae:
individual, coin-box, divided-ringing (metallie
lines, l0~party full selective), bridged-ringing
(metallic and all ground~return lines; 5-party
full selective, lO-party semi-selective).

First digit "3" gives identical service on the
u300" line group of 200-line boards.

The fourth digit selects one of the five fre-
guencies and determines the side of the line to
which ringing current will be applied for di-
vided ringing. Digits "1" to "5" ring on the
negative side of the line; digits "6" to "O" on
the positive,

If 10-party semi-selective, one and two ring,
pridged ringing is to be employed, fourth digits
of M1M to "Bt connect the appropriate frequency
to the negative side of the line as above, Each
ringing cycle consists of one ring followed by
a silent period--ususl practice. Fourth digits
of "GN to MOM cornnect the desired frequency to
the positive side of the line. ZEach ringing
eycle consists of two short rings followed by
a silent period, thus serving as a simple code.
The side of the line, opposits to that on which
ringing current is placed, receives ground.

22,3 Number Assignment Table

Digit

Number

Use

First Digit
All Boards
{ Ten~thousands)

) R

1

Verification Serv~

ice (Operator Only)

(Thousands)

60 and 100 Line
Boards

j -
o S

5---_
B
7.8,

Absorbed
Individual

Coin Box

*Divided Ringing
10 Statiomns

(First 10 Codes or
5 Frequenciss)

°Bridged Ringing
(First 10 Codes)

°Bridged Ringing
{Second 10 Codes)

Absorbed
Abaorbed

Absorbed or Trunk
Service

Trunk Service

200 Line Boards

{Cods Only)

{Code Only)

Cmma

3_....

“ Line Group

*200 Subscriber
Line Group
Individusl

Coin Box

Divided Ringing

( code or harmonic)
Bridged (harmonic)

*300 Subscriber

Individual

Coin Box

Divided Ringing
{code or harmonic)
Bridged { harmonic)

©200 Subscriber
Line Group

Bridged Ringing
(First 10 Codes)

©200 Subscriber
Line Group
Bridged Ringing
{Second 10 Codes)

Seecond and Third
Digita {Hundreds
Tens} All Boards

XK

Line Selsction

T_rourth Digit
{Tnits)
All Boards

-—1
to
——=0

Code Selection
Frequency Selection
Sidse of Line on
Divided Ringing

*Frequency Ringing Grounded Lines Here
°Code Ringing Grounded Lines Assigned Eere
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2%, LINE TERMINALS AVAILABLE

The following Sub-Sections show the line ter-
minals avallable in the three sizes of switch-
boards.

23.1 60-Line Switchboard

51 61 71l 81 g1 01

52 62 72 82 92 02
5 -5 7 é 9 0
5& 63 7 & 92 v}
55 65 75 85 95 05

56 66 76 g6 96 06
57 67 7 &7 97 o7
K8 68 74 88 98 04
59 69 79 89 99 a9
50 60 70 80 90 00

100~Line Switcehboard

11 21 31 41 K1 61 71 €1
to to to to to to to to
10 20 30 4o 50 &0 70 &0

23.2

9l 01
o to
96 00

23.3 200-Line Switchboard

211 221 231 ol 251
to to to to to
210 220 220 2lio 250

261 271 281 291 201
to to to to to
260 270 240 290 200

%11 321 331 34 351
to to to to to
310 320 330 3h0 350

361 371 381 391 301
to to to to to
360 370 380 390 300

oli, TONE EQUIPMENT

The tone equipment is provided with a special
starting eircuit. This "thump start," as it is
called, insures the starting of the tone geners-
tors over = voltage range of 4o to 56 volts
without eritical adjustment. These tone genera-
toras have more than ample output, produce few
harmonies, and generate a low voltage. They are
congistent in pitch of tone produced and camnot
be put out of commission by an overload. A
radio fregueney choke coil is provided on each
tone lead to eliminste radio interference, Dial
tone and paystation tone are provided from one
tone e¢irouit, the two tones being identical.
Busy tone, 60 interruptions per minute, has its
individual tone generator. Asscciated with it
is the revertive "tick" tone which geta ite 120
ticks per minute from doubling springs on two
busy-tone relays. "Class of service! tone has
a separate generator circuit which glves a rap-
idly interrupted tone of 40O interruptions per
wirute, This is similar to the busy signal but
more rapidly interrupted.

25, TIMING RELAYS

Timing relays operated from the exchange battery
deliver time pulses that are used for timing the
ocecupancy of links, They will cause a link to
be released within two to four minutes under the
following eonditions:

Calling party fails to dial

Call is not answered

Calling psrty fails to disconnect
TPermanent! line seizes a link

After the link hag been released, the "perma-
nent" line will remain locked-out until condi-
tions on the line have eleared, when the lock=-
out will automatically release.

26, CONVERSATION TIMING

Conversation timing mey be employed if desired,
In which case, a conversaticn would be timed
out in six to sight minutes, This time may be
inereased to 1% to 16 minutes; however, in-
creasing the time interval for conversstion
timing also inereases the intervals for perma~
nent lines and Ineffectual c¢salls, When conver-
gation timing is uaed, the parties to a con-
nection receive the first warning signal {dial
tone) approximately one-half minute before dis-
connection and the final warning about two Bece
onds before the connection is automatically
released, Toll calls do not have timing of
conversations,

27. TRAFYFIC REGISTERS

A peg count meter 12 arranged to operate each
time = number has been dialed. This is con-
trolled from the c¢all allotter.

An overflow meter registers each time that an
Hall-links«busy" eondition exists. From this,
an operating company can kesp informed as to
traffic econditions in the exchangs.

28, ALARMS

A R
Theae automatie switchboards not only provide
for an alarm checking number but alsoc give a
visual indication in case of alarm conditions.
A non-locking key has to be operated to check
the visual signals for an alsmm condition. Via-
ual signals opsrate on:

1, Charging Failure
2. Blown Fusges
E. Generator Fajlure
» Blown Heat Goils
5. Line Equipment in Lockout Condition

An alarm checking number, usually ®"2001, % will
transmit the following signals, when dialed:
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Class of Alarm Alarm Condltion Signal
No Trouble None Ringback
Major Charging Fallure None
Blown Fuses None
{Common Equipment)
Generator Failure Tick
Minor Blown Fuses Busy
{Link & Trunk)
Blown Heat Coils Dial

The alarms are gilven prefersnce in the order
of their importance, In additicn, an alarm
gendsr can be employed to send an alaym indica=-
tion to an attended office. See Sectiom 34,

When duplicate ringing equipment is furnished,
failure of one ringing converter will register
an alarm condltion., If the second ringing con-
varter functlons upon automatiec transfer, the

Part

METHOD OF

29. LOGAL CALLS

To make a call, the subgoriber first removes the
handaet and listens for "dial tone." FHearing
dial tone, the subseriber proceeds to disl the
desired station number {four digits}. The firsy
digit determines the class of serviee; the second
end third digits select the line; and the fourth
digtt, the proper ringing code. The ringing of
the called telephone is sutomatic and inter-
mittent, "Hing-back" tone is received by the
calling party during the ringing periods as an
indication that the called statiom is being
signaled. The connection ie released when the
calling party disconnecta.

If the czlled line tests busy, the calling party
will receive busy tone, and the connection is
released by the ealling party replacing his
handset on the cradle, On successive calls from
the same line, a different link is assigned to
find the line, providing that another link iz
available., This ie accomplished by means of a
distributor eircuit. The distributor willalso
agsign another link if the first assigned link
fails to make comnection with the calling line.

In order that the availability of the links be
kept at a maximum, all links are superviszad to
free them from Hpermanent" lines and ineffective
calls. When a link has found & calling line, am
automatic timing circuit times the completion of
the connection, and the link is released when

alarm condition is removed; however the alarm
receiving circuit at the digtent office has
operated, When the manual office calls the
alarm checking number to determine the nature
of the alarm, ring-back tone will be received
if the second converter is functioning.

Transfer from one ringing converter to the other
can be affected at a distance by dialing the
ringing transfer number desired; these are usu-
ally "2991" and 92901."

Checking for & line in the lockout condition
from a digtant office is not standard equip-
ment; however, a second alarm checking number
may be used for this purpose, determining
whether or not a line is in the lockout condi-
tion, Diml tone is received when any line is
in that condition, and ring-back, when no line
is locked-out. An alarm, major or minor, may
be gent over an alarm sender to the distant
office if this feature is desirad.

m
OPERATION

the connection is not completed within a mini-
mum of 1-3%/4 minutes or & maximum of 3-1/2 min-
utes, COonseguently, when a link is ocecupied by
a e¢alling line and no impulses are received
within the timed interval, or when the cailed
station does not answer within the same period,
the link is made available for another call. A
link is algo relessed when the calling party
failg to hang up within the timed interval after
the ¢alled party has digeonnected.

In the case of a network of automatie exchanges,
it may be desirable to restriect service from
certain subseribers in one exchange to certain
other exchanges, The restrictions may be appliad
to individusl subseriber-iines or to tens-groups
of subscriber lines., Such restricted service
prevents subscribers from dialing through tandem
exchanges into a toll area. Calls to such areas,
therefore, must be completed through the {oll
operator., The use of this arrangement permits
great flexibility in building up automatic net-
WwOrks.

30. REVERTING CALLS

To call a party on the same line, the calling
party removes the handset and listens for dial
tone., When dial tone is received, the regular
four~digit number of the desired station is
dialed. Busy tone is received, because the
subscriber has celled his own line. He then
replaces the handset on the cradle, This action




20

ROTOR RELAY C.A.X.

does not release the connection, as would oceur
on 2 line~to-line call, but causes the ringing
code {code system) of the called station to be
placed on his line, If both the calling and
called station ringers are bridged acrozs the
line or connected to the same side of the line
and ground, both bells will ring., When the
ringers are connected to opposite sides of the
line,.the calling station will receive a short
ring at the end of ezch ringing cycle as an
indication that the called ststion is being
signaled, When the called station answers,
the ringing is cut off, and ths calling party
removes the handeet to start the conversation,
With harmonic boards, ne ringing indication 1s
given the calling party, so he must not remove
his handset until sufficient time has elapsed
for the called party to be rung. Tick tone is
placed on the line when either party remcves
his handset, This is an indicetion to the celled
party that a reverting cell is on the line and
that he should wait. Both parties hear this
tone for approximately % seconds. When it is
removed, conversation may begin. Even though
the calling party impatiently removes his hand-
set after only one or two ringing cyecles, the
called party mey still answer. Tick tone will
always hold the party who answers first.

The link circuit 1s used only during the period
of dialing and ringing, When the called station
answers, the link is automatically released; the
1lins is locked out {to guard against seizure by
another link); and trensmission battery is sup-
plied to the line from the line relay.

Subseribers should be thoroughly instruetsd in
reverting call operation, as failure to restore
the handset and wait for the ringing period will
prevent a connection being completed.

31, PAYSTATION CALLS

Coin boxes of the post-payment type may be con~
nectad to any line terminal, The calling party
operstes the telephone in the same manner as an
ordinary telephone with the exception that a
nicksl is dropped in the slot {on local calls)
when the called station answers, No coin is
required to ¢all the toll operater,

A three-slot, poet-payment coin collector as
ths Type 750 or the single slot, Type 29 may
be uged successfully. If no charge is to be
made for locsl calls, any regular dial tele-
phone may be used in combination with a separate
coin box preferably of the multi-slot type.

Paystation ealls are ordinarily i1dentified at
the toll position by means of a tone placed on
the connection by the paystation line., When
tone condemnser equipment is not provided at the

switchboard, the identification of paystation

ealls will be by line number only.

32. TOLL OPERATION

The toll operator will very likely be located
in en attended exchsnge connected to the C.A.X.
by toll trunks. Toll operators may be obtalned
by dialing one of the trunk groups (Tm0,% "9, n
wg, t ote.). Usually HOM and "8Mare assigned for
dialing directly into a neighboring exchange
with 70" reserved for the toll operstor, Note
that the operator has control over the release
of trunk calls to her. For this resson, the
calling subscriber as well ss the called party
can re-signal the operator at any time without
losing the connection.

32,1 Local to Toll

The ealling party removes his handset and listens
for dial tone, When dial tone is received, he
diels the toll number, say "0," which extends
the c¢all over a free trunk to the toll switch-
board, When the operator answers, she may re-
ceive one of several tones which gives her in-
formation as to the service which she may render
the calling party. Paystation tone amnounces
that the call has originated at & coin box.
On other lines "class of service" tone indicates
the extent of the service which the operator
may render the ecalling party. She may recall
the tone by momentarily removing her plug from
the jack,

From this point, the connection is completed
according to the prevailing toll operating prac-
tices; however, certain speclsl services are
avallable to the toll operator. For example,

" verification service permita an operator to

monitor or talk to a busy line by first dialing
the digit #1" followed by the desired subscri-
berts number, If she dials only the first three
digits of the subscriber!s number, the operator
will seize the line and may monitor it if it is
busy. Dialing of the fourth digit will start
the ringing of the line whether the verifiecation
prefix was used or not., Verification service is
restricted to operators, and it permits them
to verify the origin of calls. :

When the connection desired by a subscriber
eannot be completed with the calling party re-
maining on the line, the toll operator advises
the calling party that he will be called, When
the desired connection is ready, the toll opera-
tor dials the prefix P1" and the four-digit
number of the calling party over the tell trunk
as for a toll to local ecall.,

While building-up a toll conneetion, an operator
may, if she desires, Weamp® on the calling par-
ty's line, This ie accomplished by disling only
the first three digits of the subscriber!'s num-
ber, Suck action would busy the line to sll
other calls and should anyone on the line remove
his hendset, the operator would receive supervi-
gion and could talk to the individuel., When she

. is ready to ring the calling party, she will dial

the last {ringing) digit.
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32,2 Toll to Local
L e s pa s

Incoming {terminating) toll cells to the switch-
board are completed by the cperstorta dialing
the wanted subscriber number., If the number
tests busy, the operator, byuse of the verifica-
tion service, may monitor the line, To do this,
ghe prefixes the digit "1l" to the subscriberts
regular number, She may then talk to the par-
ties or merely "camp on busy." In the latter
oass, ringing of the called station will auto-
maticzlly begin when the line is freed. PFrovi-
gion can be made to eliminate the Peamp on busyn
festure when desired.

%3+ TRAFFIC REGISTERS

To provide the telephone company with informa-
tion relative to the operation of the switch-
board, a "peg count" (PC) register of ealls
made and an overflow register are provided and
are controlled from the call allotter. The peg
count register will cperate only after a number
has been dialed in order to avoid counting in-
complete csalls, The overflow meter provides a
check on the number of timea all links sare busy.

3, ALARM CHECKING

In sdditiom to the visual alapms displayed when
a non~-locking "alarm checking® key is cperated,
the switchhoard is wired so that the alarm con-
dition may be checked from any lime or trunk.

The alamm checking eircuit is connected to a
gubseriberts line terminal enabling a supervi-
gsor such as a toll operator at a distant ex-
change to determine whether any alarm cordition
existas at the switchboard, Usually the number
2001, " 1s assigned for this purpese. Line
lock-out requires a separate chscking number
though s visual signal is given on the switech-
board itself,

When the slarm-checking number is disled, the
condition of the office may be determined by
the tone heard as follows:

Claga of Alarm Alam Condition Signal
No Trouble None Ringback
Tone
Minor Alamm Blown Fuazes
(Links & Trunks) Buey Tone
Blown Heat Colls Dial Tone
Major Alamm Charging Failure Yo Tone
Blown Fuses
{Common Equipment} No Tone
Generator Failure T ek Tone

Should more then ome alamm be operating simul-
taneoualy, the above alarms are given preference
according to their importance ass follows:

1. Charging Fallure
Blown Fuses {Common Equipment)
2, Generator Failure
E. Blown Puses {Line & Link).
+ Blown Heat Coils

In addition to the provision for alarm checking,
the switchboard is arranged for sn alam gender
to send major and minor alarme to the toll oper-
ator over loop dialingor simplex dialing trunks,
A relay at the manual office is normally held
operated over the trunk when the trunk is free.
When an alarm condition exists, this relay in
the manual office is released by the alamm
gender, Alarms are sent only when the trunk
eireuit is free, The operator, notlng the alamm,
then diels the alam checking number to dlscover
the kind of alarm.

A fYpomanent® checking number may be provided in
addition to the alarm checking one, This number
is usually 2091, If any line is in the "lock-
out" position, dial tons wil true loek-; if no
line is locked-out ring-back will be heard, The
alarm, however, does not distinguish ook~
out from reverting ¢all lock-out, Should a
major alarm occur after a minor alarm has been
received but not cleared, or vice versa, it will
again signal the opsrator.

When duplicate ringing machines are provided,
opaeration may be trangferred from one to the
other by dialing 2001 for one and 2991 for the
other. Busy tone is heard if the converter is
oparating., Fallure of cne ringing converter
will register en alam condition. If the second
ringing converter functions on automatic trans-
fer, the alamm condition is removed; however,
the alarm receiving circuit at the distant of-
fice has operated, When the manual office calls
the general alamm checking number to determine
the nature of the slarm, it will receive ring-
baek tone if the second ringing converter has
started and tick-tone, If it has falled to start.
When a transfer is made from one ringing conver-
ter to the other menually, an alarm eondition is
not registered in the alamm checking equipment.,
If the manual tranefer is conducted by dlaling
one of the ringing converter transfer numbers,
busy tone will be heard indicabing that the
tranafer has been made to the ricging maohine
assoeiated with the number dialed.
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35. PLACING SWITCHBOARD INTO FOSITION

The eable from the main distributing frame
enters the switehboard unit through its top
panel at the terminal block end. Viewing the
60- and 100-line switchboards from the front,
this opening is to the right. Therefore, it
is desirable that this terminal end be c¢lose
to the main distributing freme. Also the com-
mon equipment cabinet is usually placed to the
right of the switehboard unit.

Sufficient wall clesrance should be provided so

that the hinged door panels on both gides may be
swung open., Figs. 32 and 33 in Bulletin 325,
#¥loor Plans and Building Design for Small Un-
attended Exchanges," 1939, show 100-line boards,
their cabinets being 5'-2-1/4% x 2V, Dimensions

for the 60-line board are 3'-8-1/4M x 2t, ang-

for the common equipment cabinet, 2'-0-1/20 x 21,
The plans mentioned will serve equally well for
the 60-line board. Reference to Fig. 34, op.
¢it,, or the appropriate Yordering® drawing
will indicate the placing of 200-lins boards.
The 200-1ine boards consist of four small line
and link frames (3'-8-1/16" x 2!') plus one com=
mon equipment frame (2' x 2'): two line and link
frames are usually butted together and placed
facing the similar pair., The common eguipment
frame and battery csbinet are then conveniently
located, The dimensions of the floor drillings
are showm on the proper "method of assembly
drawings' included with the board.

36, COVER ASSEMBLY
The cover assembly for 100-line boards is shown

on H-6598Y4: common equipment cover and 200-line .

covers on H-65926, The method of assembling
the 100-1lne switchboard covers will be outlinad
below as an example. The assembly of other
equimment covers is so similar that no specific
information on them will be glven, The appro-
priate drawings shipped with each jJob shows
gquite clearly how the assembly is mads,

The switchboard is preferably unpacked near
its permasnent location. Then the frame is placed
in it®s permmsnent location over the floor drill-~
ings. A sub-bage may or may not be used, The
floor angles at each end of the frame should
now be leveled not only in the direction of
their own length; but also with each other.
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Metal or wooden shims may be used to aceomplisk
thie, Before bolting the framework +to the
floor, it is desirsble to put the covers in
place in order that the base rails will not be
affested by any irregularity in the floor.

The end covers are mounted first, Each ia
fastened at the bottom to the floor angle of
the framework by two end-cover-adjusting nuts
which are part of the frame assembly. The
holes drilled through the end covers are for
Joining additional wnits such as the common
equipment cebinet if this is toc be done.

The top cover is-now placed in position and
fastened by 1/4n-20 x 3/ R,H.I.M.S. at the
four corners. These pass through the top cover,
the snd cover, and the top angle of the frame-
worke A 1/4n washer is used on top, and a
backing washer of the appropriate type, if
needed, iz placed under the end cover. The
two covera for the cable hole are held by machine
screws as indicated on the drewing and are shaped
and plsced so as to cover the opening around the
cable,

The twe bottom sills, floor rails, are put in
Place on the front and rear sides of the switch-
board and fastened to the end covers by 10-32x1/2®
R.H.I.M.5. two at each corner. Lockwnshers are
used at these loecations, Shonld there be any
bulge in the floor, the sills may be forced out
of line making it neceasary to shim up the floor
angles of the framework to correct the situstion.

The framework may now be permanently bolted to
the floor with lag screws, Check that the end
covers are properly aligned at right angleas to
the top cover and to the front and rear base
rails in order that the door pasnsls may swing
freely without bind when they are mounted, It
may be necessary to loosen ths serews and eos~
pecially, the adjusting boltas on the floor
angles; then the end covers can be shifted into
proper alignment. Tighten all serews. After
the cebling has been completed, mount the fromt
and rear door panels by aligning the hinges and
inserting the hinge pina, Adjust the panels to
swing freely without bind. Adjustments may be
made readily by loosening the screws which
aettach the hinge pisces to the door panels, then
shifting the panels, and once more tightening
the screwa.
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Westher-strip gasket is supplied for meking the
door panels dust-tight at their tops, bottoms,
and sides., The applieation of the weather-strip
is shown on the appropriate drawing. The metal
is thoroughly cleaned, and the strip is cut into
lengths corresponding to the door openings at
the top, bottom, and sides of the covers. The
strip is placed between hinged sections. The
protective tape is remcved exposing the adhesive
side, This side is now placed toward the frame,
non-movable or least movable part inevery case,
as shown in sectional drawings on the appropri-
ate print.

Two adjacent boards or casbinets may be bolted
together by the use of four 1'2"x2% R.H.I.St.
bolts, Two bolts pass through the floor angles
of one frame, the metal covers, and the floor
angle of the adjoining board. Likewise two
bolts are used through the top angles of the
boards.

37. RADIO SUFPRESSI(N

Readio suppression is provided in the ringing
end tone circuits, but equipment for subscribers
lines, trunks, and commercial power leads is not
supplied as standard, and therefore, if it is
ordered, the job specification will include any
necessary information.

38. BATTERY CABINET

The exchange battery is usually placed in a
battery cebinet. This is best located alongside
and butted against the "common equipment csbinet™
which contains the powsr panel. The possibility
of radio interference is, thereby, minimized.
Local conditions may, however, warrant a differ-
ent arrengement., The ampere-hour capacity and
number of cells is determined for each instal-

lation.

39, BATTERY INSTALLATION ’

The storage battery cells are installed in the
battery cabinet, according to the manufacturers
directions, A # B.R.C. wire is required from
the negative "-" terminal of the battery to the
negative bus bar on ths power pemel, A # B.R.C.
wire is also run from the positive "+" teminel
of the batteryto the smmeter on the power pamnel.

4o, CHARGING EQUIPMENT

This equipment may be mounted in the battery
cabinet though it is frequently wall mounted

especially in the larzer sizes which give off
considerable heat. Since this is a variable
item, the job specification should be consulted,
The following section further describes the
charging equipment.

41. BATTERY CHARGER

The charging capacity and type of charger needed
must be determined for each installation, How-
ever, it mey be noted here that power circuit,
H=35786, requiresa self-regulating type charger.
When a8 constant voltage type rectifier is used,
the charge alarm relays shown in Fig, 4 of the
above drawing are employed. One of these rslays
gives the charge alarm upon failure of ths com-
merciel power supply. A pair gives the alamm if
the battery voltage falls to or below 46.5.
When a rectifier other than a constant voltage
type is employed, the relays above are elimin-
ated, and a charge control unit is added. This
charges the battery only for the length of time
needed to bring up the voltage.

On the constant-voltage full-float metkod of
operation, the storage battery is constantly
maintained at a voltage sufficiently above its
normal voltage to prevent its discharge. The
charger, copper oxide typs, being connected and
in operation at all times, will normally carry
the exchange load up to the limit of its rated
capacity. The storage battery will be used only
to carry the load in excess of the capacity of
the charger. When the exchange load falls below
the capacity of the charger, the battery will
begin to receive a small charge.

Should the battery becoms discharged, it would
be necessary to maintain a voltage of approxi-
mately 53 on a 23-cell battery (nommal condi-
2.15 volts per cell or 49.45 volts for
the exchange) until the battery became fully
charged, Provision is made on the charger for
obtaining this higher voltage. Normally, it
will not be necessary to give the battery squal-
izing overcharges.

tion:

However, variations among
the cells may arise under conditions of dis~
charge such as those mentioned above.

42, ZEICHANGE GROUND

The telephone company should provide a permsment
low-resistance, central-office ground. It is
recommended that this ground be installed and
tested in accordance with Bulletin 308, "Central
Office Grounds.," A #6 B. & S. gauge B.R.C.
stranded copper wire is run from the central-
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office ground to the main distributing frame,
and then to the ground, %"+ " bus bar on the
power pansel.

43, MAIN DISTRIBUTING FRAME

Wall type main distributing frames are geoerally
used by exchanges of the sizes included herein.
The frames are approximately 1!'-6£7 wide and
1'-3% deep per 100 lines. It should be located
80 as to keap the ¢able run to the cable hole
in the top pesnsl of the switchboard to a mini-
mum,

Ly, CARLING AND CABLE m!j

On this series of switchboards, the cabling is
carried on runways in order that there may be
great flexibility. The smaller boards such as
the 100-line use quite s simple arrangement.
A rumway extends from the M.D.F. to thes common
squipment freme, Then s second runway joins the
first at right angles by the use of "cormer
brackets®, D-78430., This runs scross the top
of the common equipment cabinat to the cable
opening on the top cover of the line and link

freme, Straight sectiona of runwsy are joined
together by "straight brackets,® D-T8#431 and
the appropriate bolts. The snd of the runway
near the M.D.F. m=y be fastened to ths wall by
frunway feat,? H-U4197-15. The runway, itself,
is often spoken of =8 eable rack, snd consists
of two parallel 1-1/2%33/8" side barswith cross-
tiss walded on to support the cable. The runway
is supported at a coovenient height asbove equip-
mant, Prints E-44220 and H-44229-Acontsin
informetion for assambling runways while H-64513
gives information on connecting tie ecables,

The 200-line board requires considerably more
ertensive csbling and hence more branches to the
runways, 1This time there are four line and link
fremes plus & comson egquipment frame. Again the
runway starts from the M.D.P. being fastenad to
the wall by Tunway fest, H-%4197-15 and lag
screws. It crosses tothe common equipment frame;
a second and possibly s third runway joins
at right angles, The specond and third rumways
carry the subscribers' lines to their sporopri-
ate lips eguipment on the line and link framess.
BRunways along the top of the line and link
eabinets carry the line cables, tie cables,
and signal cables to ths apprropriaste frame.
Information on cabling the 200-line boards can
be found on the appropriate drawings mentioned
in the job specifiestion,

Switchboard ceble is supplied for connecting
the M.D.F. to ths terminel strips. HReference
should bs made to the Job specification and
the drawings listed therein for the guasntity
of cable supplied, the number of cable runs,
and other details, Apperatus units and termi-
nel strips are stemped with designations or
numbers so that eguipment groups and wiring
may be identifisd., Likewise, information re-
garding trunking beyond that im Seetion 17
must be found in the job specifieation,

45, COMMON BQUIFPMENT CABLING

Ope tun of 13 conductor cable takes care of
alamm checking and transfer circuits between
the common egquipment and the line and link
framas in the case of the 100-lines board. Gen-
erator tone, ringing interrupter, timing, and
miseellansous leads are carried in a twelve
and for 22 conductor cable as required. Trumk
circuits are in seperate cables and require
five conductors per circuit.

45.1 Alsrs Checking Circuit

The +H, -N, CN terminsls associsted with the
alarm sguipment on the common equipment f'rame
ter=inal block should be jumpered to a trunk
or a subseriber's line terminal assigned for
this purpose. Line terminal "0O" { ®200® on
200-1ine board) is most frequently used. The
checking number diasled would be 2001, Sub-
geriber line equipment is disconnected from
this number.
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45.2 Permenent Checking Circuit

Like the above, "permenent” checking termi-
nals ("+,% P~ " and “C") on the common equipment
temminsl block are jumpered to a trumk or sub-
scriber's line terminal, "0g" {or “2099) being
commonly used, Line equipment is elso discon-
nected,

45.3 Ringing Converter Remote Transfer

Two subscribers! line terminals must be used
for the ringing machine transfer, i.e., when
two ringing converters are provided. The ter-
minsls CN1 and CN2 on the common equipment ter-
minal block are each jumpered to a "CN" lead
asgocisted with a line, Line relays are dis=-
connected from such lines, Satisfactory lines
to agsign would be the last two of a trunk level
a8 99 and 90 (dial 2991 and 2901}. Circuits for
the ringing converter single or duplicate, code
or harmonie, with automatiec and manual transfer
are ghown on H-35778, The appropriate wiring
disgrams for the board should also be consulted.

Y6, SUBSCRIBER'S LINE CABLING

The lime cabling from the M.D.F. should be ter-
minated at the switchboard terminal strip and
connected to the "= and "+" terminals of the
line circuits. Line terminals, on the switch-
board terminal strip, which are connected to
trunk circuits are not to be otherwise connected.

47, WIRING OF GROUND-RETURN LINES

This wiring will be done at the factory if speci-
fisd. Line equipment for these lines is the
same as for metallic lines except that the posi-
tive side of the line is grounded at the temminal
block, and connections to the line relay are
changed according to the figure on the appro-
priate linefinder and line equipment drawing.
Ground-return lines may be assigned only in the
200 group of the 200-line switchboard and are
agsigned 20-party bridged-ringing numbers, See
Mumber Assignment, " Section 22, The Universal
eonnector does not reverse battery on ground-
return lines, !

g, LOCAL BATTERY TELEPHONES

The board is normally wired for common battery
and loeal battery lines using sutomatic tele-
phores. Locsl battery and cammon battery tele-
phones may be assigned mummbers on the ssme level
{tens group).

Both loeal battery lines with converted magneto
telephones and with standard automatic magneto
telsphones may be used. But in the case of the
former, on which it is not desirable to reverse
battery on the lines, certain wiring should be
omitted as per the appropriate linefinder draw-
ing. This removes reverse battery supervision
from all lines except the trunks themselves.

Under these conditions, post-pay coin stations,
in which a coin is to be collected on local

ealls, will have to be assigned numbers in one
of the trumnk levels--{2}00, (2)90, (2)€0, etc.,
because in these series, battery reversal can be
separately provided for the subseriber group on
each level, The trunks always receive reverse
battery enswer supervision., Loecsl battery tele-
phones of the type just mentioned may also be
placed on trunk levels provided that reverse
battery is not desired on other subscriber lines
in the level, Thus, pay stations of the "750"
type, requiring reverse battery, may not be used
on a level with converted local battery phones.
See "Pay Statiomns," Seetion 19.

49, P.B.X. TRUNKS

In the 60 and 100-line boards, there is provision
for two P,B.X. trunk groups. The 200-line boards
provide for three groups. While these may appear
on any except the "80,% ng0, " and "OON" levels,
only one group {maximum of 10 lines) may be on a
level, Numbers must start from terminal 1 in
the level, A connection on the tens relay must
be changed and trunk selecting relays provided
to offer this P.B.X. service. Usually the "50N
and "60" groups are used. Any rumber in the
group may be used as a night number except the
first. Subscribers! lines may be connected to
othsr numbers in the level immediately follow-
ing the P.B.X. trunk groups.

50, TRUNES TO OTHER OFFICES

Trunks to and from other offices sre terminated
on convertible line equipment, available for
subscribers! lines or trumks. Thus the capacity
for subscribers!' lines is rsduced by one for
sach trunk equipped. No provision has, thsre-

fore, been made for incoming connectors since

ecallson trunks are handled by the regular finder-
econnector links,

The link eircuits may be arranged to serve three
groups of trunks (four on the 200«line board)
having one-digit call numbers (M0, M g # ng n
and "7% { 200~-1line only) respectively), The trunk
groups are assigned to the H0O0," mgO, M NgOM and
70" levels of tens-relays. A rotating arrange-
ment iz used to prevent the use of any trunk a
second time until after the other trunks in the
group have been used,

A maxrimum of 10 trunks in any group may be pro-
vided; however, the total number of trunks in
the three groups is limited by the mounting space
provided for trunk repeaters. This space pro-
vides for a total of 10 trunks on the 60-line;
10, on the 100-line; 1£, on the 200-line board.
These may be divided as necessary among the
levels.

Trunks are assigned to the first terminals of a
line group so that subsecribers! lines may be
connected to any unused terminals in the group.
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0o outgolng calls, such & repeater
is seized from the line esgquipment temminals of
the rotor-relay exchsnge. Ths ropester sends a
splesh of generator to smignsl the Bmenusl operstor.
A momentery short is then beld scross the trunk
to peutralize any charge dus to trunk capeci-
tance, praveating ths premsature operation of
ralays and the occurrence of clicks to the call-

¥hen the operator answers, rieghsck tone, which
the calling party has been recaiving, is removed.
I the call 1ip from a pay=tation, parstation
tone will be forwarded to the operastor. The
eperator =ay recall]l paystation tone by momen-
tarily removing her plugz from the jack before

An important provision which hss been made i
that of resimaling the oparator by the calling
The calling party may, without losing
the sutomatic connsction, reemll the oparateor,
by alternately depressing =and releasing the
eradle plunger.

Dinc-:rnnaef suparvision is ziven by the calling
party upon replacing his handsat, This reverses
battary over the trunk to the operator. The con-
nection, however, i3 hald until the operatordis-
Frovialopn has besn msde for supervi-
slonon ealls betwesn two msousl operators through
tha switchboard.

Incoming calls from the manusl sxchange cause
ths linefinder to locste the caliing trumk ex-
actly ap it locates m loecal ealling ling, When
the link seizes ths ealling trunk, the trunk
will be switched through to the link and the
pparator will receive disl tone. If mll links
are busy, the operator will not receive disl

B e

26
cn H-35E97.
i
ing party.
her,
s ‘i L]
.
B
N party.
N
£
e
« B =
a4 B
1 } ™
B
1
"R
B
: : connecta.
R B
FICORE 17. FeoNT, INTENIOR OF COMMON E UIPMERT tone.

51, THORE UIPMSENT AT CONRECTING EICHANGES

The installation of trunk equipment iss variable
with sach job., Iz general them, reference for
installing and oparating dats must be made to
the job specifications,

F2, THINE REFEATERS

—_——— . tetar

Repeaters for the 60 and 100 line boards are
installed on the lower section, fromt and rear
of the common equipment frame. In contrast the
200-1ine board provides space for 81X trunks on
the top rear of the common equipment frame and
three on each of the four line and link frames,
giving apace for 18 trunks in all. The trunk
repeater units are connected as shown in the
appropriate drewings. Trunks mounted on the
common equipment frame must be cross connected
to the approprisgte lins terminals on the lina
and link framaa,

£2.1 Automstic to Manusl Bepeaters

For working into a manusl exchange, & Tepeater
i=s enployed, The ¥loop® dialing type is showm

If desired, the line equipmsnt can be
arranged to place an "all-links busy® tcocne on
tha lire, Dial impulsss from the cperztor are
repeated to the link,

¥hen the called station snswers, the ligk re-
varsas battery to the repeater which in tura
revarses battery oo the trunk to ths operator.

Thea called party may resigznsl the sparator by
eltarnately depressing and relessing the cradls
rlunger, When the called party disconnects, the
cperator recelves supervision, snd upon har re-
leasine, the link 1s freed.

If = trunk from s manual office beacomes "par-
manent, ® it will seize s link, After m period
of time, the link will lock-out the faulty truni
Likewise if a subscriber calls the operator, and
she fails to answer: the link, the repeater, and
the entire connection will be restored to normal
after a given interval, PFuse mlarm is provided
for the repeater.

Automatie to manual repesaters for two way, sim-
plax or composite truniks may be of the type shown
on B-35855-1. These repesters are esseatially
gimilar in ssrvices to the loop dialing type
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deseribed above, Simplex dialing may be employed
where advantageors as on long lines. On the
other hand, the use of phantom circults will
necessitate this repesater.

52,2 Automatic to Automatic Repeaters

In case it is desired to provide two-way dial-
ing between two asutomatic offices, an automatie
to sutomatic repeater must be used. As in the
case of automatic to manual repeaters, there are
three types of cireuits, Loop dialing is shown
on H-35900; gimplex and composite, on H-3585l,

In case it 1s desired to connect two rotor relay
exchanges by simplex or composite circuits, the
latter drawing is used., Both offices have the
same type repeaters. One of the offices, say
the second, is connscted to a manual exchange
by use of the auto to manual repeaters mentioned
previously. On outgoing ealls from the first
office, the awitch is seized after the ecalling
barty has dialed the appropriate trunk number
as 1917, gdditional digits dialed are repested
into the second automatic office. Thus a local
pubacriber in the second office may be dialed
direetly from the first., Should the dialing
subsceriber disconnect first, the local equipment
digconnects. However, the trunk remains busy
until the equipment at the distant office re~
leasges.

If the dialed party dlscomnects first, battery
is reversed to the calling station but entire

eonnection is held until the disling party dis-
connects. See "™Networks" Section 18.

In s call to a manual office made through the
second or distant automatie office, the digits
dialed by the c¢alling subseriber will consist
of the trunk number, as "W, to seize this first
repeater plus the trunk number, say "0¥ required
to seize the auto to manusl repeater in the
gecond office. The manual office will now be
signaled unless it is busy; in which ¢ase, the
bugsy tone will be returned to the ealling party.

If the trunk isnot busy and the operator answers,
she will receive paystation tone if the eall is
from & paystation. Reverse battery is not re-
quired on a e¢all to an operator, and since pay-
gtation ealls to operators are usually free, it
iz necessary to prevent reverse battery in order
that the trenamitter on post=pay type coin boxea
will not be shunted.

Connectiong on c¢alls through the tandem automatic
office to the manual office are uvnder the control
of the calling party (H-35854). The ealling
party may not, therefore, flash the operator
without losing ths conmeetion.

If the operator calls the first automatic office
through the tandem automati¢ exchange, she will
receive enswer supervision when the called party
answers, Refer to Section 18 for additional
MNetwork? information.

Part V
INSTALLATION TESTS

5%, INSTALLATION NOTES

Installation routine tests should be made at the
completion of the installation and preparatory
to placing the equipment in aservice. The test-
ing equipment should inelude twe telephones (to
be provided by the Telephcne Company). These
two telephones should be standard dial-type
central-battery instruments sguipped with normal.
gpeed diagls, such as are gupplied for subscriber
service., One telephone should be assgigned a
permanent line terminsl number, in order that it
may later bs used as an office telsphone. The
second telephone may be elimineted after the
testing has been completed. Ringers should be
connected asg desceribed in the appropriate Sub-
Section of 57, It may be desirable to have
these telephones terminate in a cord with elips.

Tuse wire should be used on the fuse panels dur-
ing the initisl testing period, ingtead of the
regular fuses. If any unstandard condition,

such as relays buzzing, develops when the cir-
cults are fused, the fault should be cleared
before the tests are started.

Gl CALL-PEROUGH TEST

Make gll links busy except #1 by operating ths.
associated link busy keya., Conneet the two
test telephones to two line terminals, and dial
the number of the second telephone from the
first telephons, Check for dilal tone, ringing,
ring-back tone, and transmission. Repeat the
test by dialing the first telephone from the
gacond telephone,

Next, move the telephone connections to two
other line terminals, and repeat the tests ocut~
lined in the preeeding paragraph. Perform this
operation on all lines so that ealls will be
made from and to each line.

These tests insure correct operation from link
#1 to eaech line relay circuit. The complete
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call through test should bs made with each link
to insure perfect continuity throughout the
switchboard.

55 LINK FAILS TO FIND CALLING LINE TEST

The links should be further tested by restoring
all busy keys and making successive calls from
one telephone, The csll distributing feature
of the distributor eireuit causes all links to
be used successively.

The allotter circuit is so arranged that when
a link fails to connect with the calling line
immedistely, the call is assigned to the next
available link cireuit,

Each link circuit skould be tested for thie
operation, Hold relay C-1 (drawing E-35803,
H-35780, E-35879, or H-35853) of the normally
assigned link circuit in the operated position,
and ther originate a esll, The assigned link
should not connect with the calling line, and
the allotter circuit should immediately as-
sign the next link which should conneet with the
ecalling line, Restore relay C-1 and release
the ealling line,

56. BUSY TONE TEST

Each link should be tested for busy tomne by
removing the handset at one telephone and them
dialing that telephone from the other telephone.
The busy tone test need be made only once with
each link,

57. RINGING TESTS

Follow Sub-Section 57.1 for code ringing ex-
changes and Sub-Section 57.2 for harmonice ring-
ing.

57.1 Code Ringing Tests

To test that all of the ringing codes are ex-
tended through all of the links from the code
ringing interrupter, it is desirable to ring
all codes through each link ecircuilt.

Two ringers should be associated with the office
telephone: one ringer connected to the nega-
tive side of the line and ground, and the other
ringer to the positive side of the line and
ground, Eseh ringer should be designated with
the line terminal number assigned to the office
telephone, and also with the side of the line to
which the ringer is connected. Assuming that
the assigned terminal is #£3%, the ringer con-
nected to the negative side of the line should
be designated M"EZ-NEG"; and the ringer con-
nected to the positive side should be desig-
nated "g3-POS", It may also be desirable to
equip the two ringers with distinctive gongs
80 that either ringer may be readily identified
by sound,

The second telephone {for temporary testing use)
should be equipped with s ringer bridged across
the line, This test telephone should be ter~
minated in cords fitted with spring c¢lips so

that it may be sasily connscted to any lirne ter-
minal for testins.

Connect the office telephone to, say, line ter-
minal #83, and the test telephone to any other
terminal. Operate the busy keys of asll links
except circuit #L. This restricts the testing
to link circuit #A.

Dial the office telephone from the test tele=
phone, prefixing the digit "3" before the line
terminal number and adding the digit "1M to the
line terminal number, In other words, the com-
plete number consists of four digits --- 3831,
The office telsphone ringer connected to the
negative side of the line should sound ringing
code #1 (one long ring). Release the connection
and dial the office telephone again, but in this
instance, substitute the suffix2, giving "3832,w
The second ringing code (two shorts) should be
sounded at the office telephone. Continue eall-
ing the office telephone progressively until
the suffixes "1" to "O" inclusive have besn
dialed and the first ten ringing codes tested,
See the table of ringing codes in Section 20;
also see table in Sub-Section 22.3.

The second ten ringing codes should be tested in
a similar manner, with the general exception
that the prefix "™4® ghould be used instead of
the prefix n3n,

The first five ringing codes assoclated with
divided-line ringing should be tested by dialing
the office telephone, using the prefix digit
u2n, plus the two digits of the line terminal
{8%3), plus the ringing suffixes "1" to "5% jp-
clusive in rotation, Thus 728317 would be ths
first mumber of the series, The telephone ringer
connected to the negative side of the line should
sound codes "1M to "HM in accordance with the
numbers diamled.

The second five ringing codes associated with
divided-line ringing should be tested in the
seme manner as outlined in the preceding para-
graph with the exception that ringing suffixes
"E® to "OM inclusive should be dialed. The
office telephone ringer connected to the posi-
tive side of the line should sound codes 67 to
10" jneclusive in accordance with the digits
dialed. '

The tests outlined in the preceding paragrapha
of this sub-gection complete the ringing code
tests through link cirouit #l., Operate the buey
key of link circuit #1, and restore the busy key
of circuit #2., Repeat the tests. In this manner,
all ringing codes may be tested through each
link circuit.,

57.2 Harmonic Ringing Test

To determine that all ringing frequencies are
extended through ell of the links, it is desir-
able to ring the various test ringers through
each 1link, Two sets of hamonic ringers con-
nected for divided ringing should be associated
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with the office telephone while a third set
bridged across the line should serve the tempor-
ary test telephone, ZEach set consists of five
ringers corregponding to the five frequenclies of
the switchboard equipment. Of the two sets
asgociated with the office telephone, one is
connected to the negative ®"-" line and ground
end the other to ths positive #+" line and
ground. ZEgch set of ringers should be desig-
nated with the line-terminsl number assigned to
the office telephone and also with the side of
the line to which the set is connected.

Busy all links except #1 and dial the office
phone (line &3) from the test telephone, prefix-
ing digit M2% and adding the digit "1M gs a suf-
fix, The office bell corresponding to harmonic
#1 should ring. Continue this through digit
#0%, Suffices ®1% to "H" will ring the set of
bells on the "~ line while "W to "OW will ring
corresponding bells on the "+" line. Bridged
ringing should then be tested by dialing the
temporary phone from the office phone using the
suffixes "11 to "5%, If provision is made for
10-party semi-selective bridged ringing by one
and two-ring combinations this should be tested
as well, In other words, all possible ringing
combinations are dialsd on each link, When the
test 1s completed on the first link, busy it,
and restore the busy key of link #2; repeat the
test., When duplicate ringing sets are provided,
both sets should be uased for testing the ringing
podes, using one for half the links and the
second ringing set for the remaining links.

The frequency of the ringing converters is easily
checked by means of a vibrating-reed tester
which indicates the frequemcy of the current
under test,

5¢. REVERTING CALL TEST

To test that the link cirenits will provide the
proper code combinations on reverting ealls,
two reverting calls should be made over each
link as follows: Connsect the office telephone
to line terminal "837 as in Sub-Section of 57.
Operate the busy keys of all link eircuits ex-
cept cireuit #l. This restircts the testing to
link circuit #.

On hammonic boards, no revertive ring will be
heard and the word "frequency" should replace
Wcode" in the teste below. In addition, the
revertive tick tone, which is received upon
either the called or the calling party's re-
moving his handset on a revertive call, should
be timed on each link.

Disl "2831" on the office telephone, and then
restore the handset., The ®"negative" ringer of
the office telephone should sound code #1 (one
long ring); and the Fpositive® ringer of the
office telephons, the revertive ring (one short
ring), Lift the handset to stop the ringing,
and check that the link cireuit is freesd from

the line and that the line tests busy. Restore
the handset to relsase the commnection.

Dial "2836" on the office telephome, and then
restore the handset. The "positive™ ringer of
the office telephone should sound code {two
shorts, 1 long, 1 short rings); and the "negative®
ringer of the office telephone, the revertive
ring (one short ring). Lift the handset to stop
the ringing, and then restore the handset to re-
lease the conuection,

Operate the busy key of link eircuit #l, and
restore the busy key of circuit #2. Repesat the
tests., In this manner, each link circuit may
be tested for reverting eall operation. Om 200-
line boards, these same tes=ts should be run
uging the prefix "3" in addition to "2", This-
is necessary to test the 300-1line groups.

59. TIMING RELAY TESTS

Cperaste the busy keys of all link eircuits ex-~
cept cireuit #, This restricts the testing
te link circuit #1.

Originate a eall from one telephone but do not
dial a number., The link should be releassd at
the conclusion of the timing period, and the
line should be locked out until the handset is
restored,

Dial a call from one telephone but do not an=-
swer the call at the second telephone. The
link should be released at the conclusion of the
timing period, and the c¢alling line locked out.

Diel a call from one telephone; answer at the
second telephone, restore the receiver at the
answering telephone, but do not restore the
handset at the calling telephomne, The link
should be released at the conclusion of the
timing periocd, and the ealling line locked out.

If conversation timing is employed, call one
phone from the other; answer call, but do not
replace either handset. In approximately eight
minutes, a tone will be heard, and the connector
will releass.

Operate the busy key of link cireuit #1, and
restore the busy ksy of circuit #. Repeat the
tests. In this manner, the timing relays may
be tested with each link circuit,

60, LINE LOCKOUT RELAY TEST

Check that the busy keys of ell link eircuits
are in the normal, or non-busy position, and
that none of the links are engaged. The time
eut-off relays should not bs used for other
eonnections while this test is being made,.

Short the "+% and "-" terminsls of & line cir-
cuit, A link should seize the line., With ground
cord, momentarily ground TP-1, The link should
release and the lockout relay {RC) of the shorted
line should lock. The subsequent non-operation
of another link iz an indication that the line
lockout relay has locked-up and iz holding the
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start common ¢ircuit open, Remove the short
eireuit, The lockout relay should release and
gwitch the line back into service, Again short
the "4+" and "-" taminals, A link should seize
the shorted line, ERemove the short eircuit.
The test should be applied sueccessively to all
of the line circuits,

6l. P.B.X. TRURK TEST

All P,.B.X. trunks should be tested by making
calls to and from each one over each link. Busy
all links except the first. From the office
telephone, dial ths dirsctory-listed number.
The first trunk should be seized; busy the first
trunk and agsin call the dirsctory number., The
second trunk should be seized. Busy each suc-
cessive trunk until all trunks in the group ars
busy and eack trurnk tested. With all trunks
busy, again dial the directory number; busy tone
should be received. Now busy the second trumk;
dial the directory number. The first trunk
should be seized. Repeat the tests over each
line-

62. MANUAL TRUNK CIRCUIT TEST

Connect the office telephone to line terminal,
say "83." Operate the busy keys of all link
¢ircuits except the firast, This restricts the
testing to link eircuit "1." Dial the trunk
eode, as "0," and note that the first trunk
circuit is selected. Again dial ths trumk code,
and note that the second trunk is selected.
Continue until all trunks have been selected
once, in rotation and the first trumk has again
been seized, Check each truk for ringing,
ring-back tone, transmission, and disconnect
supervision., Operste the busy key of link "1, %
and restore the busy key of circuit "2." Repeat
the tests., In this manner, the trumk cireuits
may be tested through each link,

Have the manusl operator dial the office tele-
phone over each trunk circuit from the manual
exchange, checking for ringing, ring-back tonmse,
anaswering supervision, transmisesion and dis~
connect supervision. Operate the busy keys of
all link circuits. Test for busy~tone indie-
ation at the manual office, if the tone is to
be given. '

Instruct the operator to ¢all the officetela=-
phone using her verification service., The
handset of the telephone is left off the cradle,
and the operator dials 1-2831 over another
trunk, She should be able to talk over this
trunk to the dbusy office phone. Replace the
handset on the cradls. The bell on 2831 should
ring, Thus both the verification and the camp-
on-busy services (Sub-Ssetions 17.1 and 17.2)
are tested. This test should be run-through
each link, busying the links as before.

When a second group of manuasl office circuits
is installed, test the sscond trunk group in a
manner similar to that previously outlined in
this section for the first trunk group.

63. AUTOMATIC TRUNX CIRCUIT TEST

Trunks to an automatic office should be tested
in a manner similar to that outlined in the pre-
ceding Section §2, with the general exception
that a test number in the distant sutomatie
office should be dialed.

Have someone at the distant test number disl
into the rotor relay office., Busy-tone in-
dication will not be received at the distant
sutomatic office when all iink circuits in the
switchboard are busy. Absence of dial tone is
the all-links-busy indication.

64. PAYSTATION AND CLASS OF SERVICE TONE

When paystation lines are provided, and tone
condenser equipment is installed on the associ-
ated line circuits, check outgoing c¢alls from
the paystation lines to determine that the toll
operator identifies such ealls by means of the
tone. '

Outgoing calls from lines squipped with "Class

of Service" tone should be checked to determine
that the operator will receive the tone,

65. INTERCEPTING SERVICE

Unused or recently disconnected lines should be
dialed and checked to see if the intercept tone
is received,

6. RESTRICTED SERVICE

Check that the service is setually restricted
on those lines to be so sguipped. Attempt to
make ecalls to the restricted numbers or groups.
{See Section 17.6).

67+ GROUND-RETURN LINE TEST

Check that ground return lines have been pro-
perly assigned and that each such circuit is
connected to ground on the positive side. Line-
finder drawings detail the changes in line-relay
connectionsa,

68, ALARM CIRCUITS TESTS

Dixl the alam checking code (usually 2001) and
note that ring-back tone ls received as an in-
dication that the switchboard is in normal oper-
ating condition. Release the connection.

Cauge an urgent alarm condition to exist by
connecting the fuse alarm bus bar to negative
battery, and then dial the alarm checking code.
Busy tone should be received. Rslease the con-
nection.

Cause a non-urgent alamm condition to exist by
removing a heat coil at the M.D.F., and then
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dial the alarm checking code.
bhe received.

Dial tone should
Rélease the connection.

Open cireuit o the charger causing a major
alarm to exist, Then disl the alarm checking
code. No tone should be recelved.

Have the operator at the supervising office dial
the alamm checking code, end instruct her in the
proper interpretation of the tone signals, If
a1 alarm sender is supplied check that it sends
an alarm when the above alarm conditions were
caused to exist.

If a "permenent! checking number {usually 2091)
is provided, c¢ause a line %o be locked-out by
removing the hardset on a telephone. Instruct
the operator to dial the "permanent" checking
number after four minutes. The line should, by
then, become "locked-out" (Section 34). The
operator should receive dial tone. If no line
is locked-out, she should hear ring-back.

Duplicate ringing machine transfer shonld be
checked by dialing the transfer numbers usually
2901 amd 2991, Busy tone should be heard if the
converter is operating or has started. {See end
of Section 34,)}

Part VI
MAINTENANCE

69, MATNTENANCE ROUTINES

Regular routine inspections of the switchboard
equipment are not considered necessary. When=-
ovex a maintensnee man visits the office, it is
suggested that test c¢alls be made from the of-
fice telephone or with a hand test set. The
installaetion tests outlined in Part ¥V may also
be used by the maintenance man when searching
for the cause of service interruptions.

70, ALARM CIRCUIT TESTS

‘'The alarms can be checked from the connecting
exchange by dialing the alarm checking code
(usuelly 2001), With the switchboard in normal
operation condition, ring-back tone will be
heard, If an urgent alarm condition exists,
busy tone will be received; and if & non-urgent
alarm condition exisgts, dial tone will be re-
ceived, The alarm circuit tone signals should
be checked occasionally by causing the alarm
eonditions to exigt., See Section 68 for tests
and Section %4 for tone indications and their
slgnificance, If permanment line checking is

ETM:JF

provided, "2091" may be dialed as the tsest num-~
ber, Dupliecate ringing transfer, if provided,
¢an be effected by dialing two special numbers,
usually "2901% ang R2991M,

71. TRAFFIC REGISTER TEST

The operatiocn of the traffic registers should
be observed and recorded at intervals. The
operation of alle.links-busy register can best
be checked by busying th¥e link or trunk circuits
with the buay keys, This should be dona during
light traffic paricds.

72+ CALL-DISTRIBUTOR TEST

The e¢all-distributing feature of the allotter
¢ircuit ecan be advantageously used to meke teat
ealls from the connecting office over a toll
trunk., If such calls are made during the evening
or night hours, when traffie is light, a number
of successive calls will consecutively test all
links, Although there is no definite check
that 2ll1 linke are tested, the completion of a
number of calls gives a reasonable assurance
that all links are operating correctly.




Alarm Cireunits -
Alarm Tests « . .
All-Links-Busy Meter
All-Links-Busy Tone
Allotter . + .« =
Allotter Test . . .
Automatie Selection of OG Trunks
Automatie Selection of PBX Trunks
Automatic to Automatic Repeaters .
Automaetic to Manual Repeaters . .
Automatic Trunk Test . . . . .

“« 8 + ° 9
. ® % * & @
[N A

« 5 ° s * @

.
*

*

-

.

. .
*

= * 8 8 B 4 * 4 & = @

B

Basie Relay Switching . . . . .
Battery
Cabinet . . « =+ &+ + o & e
Jnstallation . + ¢ + ¢ & .
Charger . . e e e e
Blown Fuse, See "Alarm"
Blown Heat Coils, See "Alarm® ;
Busy Tone e & & e + 8 o & e
Busy Tone Test . « .+ « « o =« =«

Cabinet . « + + + &+ + &+ o
Cabling

Information « . .

Subscriberst Lines

Trunk . . - . -
Call Allotter . . .
Call Allotter, Test .
Call Yot Completed PO
Call Distributor, See "Call Al
Call-Through Test . . .
Camp-0On-Busy . e s e
Camp-On-Line . . .
Capacity, Swit chboard .

. - -

L]
[
L]
.
.

a 8 = & & *

me o »

f=t & s+ s s 5 @

otter

Charger, Battery . .
Charging Equipment W
Charging Failure, Ses fAlarm®
Class of Service Tone e
Class of Service Tome Test . . . .
Code Ringing '

COdGB - - - . * 'y ‘. - * »

Line Services . . .+ + + «

Tosts » .+ . .
Coin Stations, Sae "Pay Stationsﬂ
Coomon Equipment . . . . .« .
Common Equipment Cebling . . . .
Composite Trunks . . . o+ « =+ =«

4 » & 8 @ = CF® s & 8 o @

« & ® & & &
* 8 % ¥ * &

5 & s % e &

*
.
.

« » & 3 = @

INDEX

. 23
. 23

. 18

9,22
. 24

12,18
. 30

. 24
26,27

Connector Operations . . .
Conversation Timing . . .
Conversation Timing Test . .
Converted Magneto Telephones
Converter, See "Ringing Converter
Counting Relays . . . . .
Cover Assembly . . + « .
Cut-0ff Relay . . + «

.oa@oq-o

D

Delsyed Ring . . .+ .+ =
Digling Range . . . .
Dial Tone . . . + .+ .
Dimensions, Switchboard .
Distributing Frame, Main .
Distributor, See PAllotter?
Duplicate Ringing Transfer . .

s ® ® v @
s B & 8 s

E

Equipment . . . . + .+ .+ .
Equipment Mounting . .
Bxchange Ground . .+ ¢« +« « .

F

Finder=Connector Link .
Finder-Start Relay .
Free Service . . .
Frequencies, Harmonic
Frequency Test . .
Fuse Wire . . . .
Fuse Alarm, See "Alam

&« & e+ s &
e 8 8 s & @
s s & & ® =

Ze & a s &

General (Desecription) . . .

Generastor, See MAlarm®

Ground, Exchange e & o = o«

Ground Return Lines
Number Assigmment .
Test s e s e e
Wirdng . . .

Group Relays . ..

Guard Relays . .

L]

. 8 8 3 &
-

s * a2 & *

.
. .
.

H

Harmonic¢ Converters « & * @
Harmonic¢ Ringing . .

T I )

s * s 8

s &+ 8 = =

. " & * %

a 8 = & » =

* - L - L]

. 18
- 39
- 25
. 10

. 22

5,10,12

* 3 & = ®

. 14
s 33
. 18
. 10
. 24

19, 21,25

" 8 s & &

. 16
. 29
« 27

. 16
. 16



INDEX

Barmonic Ringing Test . ®
. Beat Coils, See MAlarm"

I

Identification of Trunk Calls
Installation & & % @ va
Intercepting Service . .
Intercepting Service Test .
Introduetion (To Prineciples)

J
Job Specification . . . .

Line
Gabling . . - . . .
Equipment . e s
Lock=0ut, See “Alarm“
Lock~Out Relay Test
Helay « + « =+
Service . . .+ .
Standards P
Terminals Available

Linefinder Principals

Link Cireuwits . . =«

Link Test “ & w e

Local Battery Telephcnes

Ioeal Calla . . . + .

Iocael te Toll . . .

Location, Switchboard

Lock-Out Relay » .« .

Loop Dialing “ & s

« & ® = ® = _ @

« & 8 % & 3 3 8 ® 4 + =

. v % .

M

Magneto Telephones o e
Main Distributing Frame . .
Maintensnece . . .

Manusl Trunks, Ses HTrunks'

Fanual Trunk Test » . . .

Method of Cperationm . ., .
Mounting, Equipment . . .

N
Networks « « « « & o o
Networks, Diggram . . . .
Night Number, P.B.X. « .« .
Number Assigmments . . .
(0]

* 8 & 4 * 5 s+ a * »

- % & =

- s ® =

L] . - L

One- and Two-Ring Harmonic Sexrvice

100-Line Connector . .+ .
100-Line Switchboards
Operation, Methed of .
Operator Information .
Overflow Meter . . .

- - % 8 s & o

. - - - . L]

+ 8 & ® %

. = % ®

o

. ol

14,27
. 15

. 16

16,17

11,18
. 19

- 18

Party Lines , . . . + 4+ +
Party Lines, Tests . . . . . .
Paystation
Calls . . w e
Linse Assignmants
Teste . . . . .
Tone § E W e e
Permansnt
Checking Cireuilt .
Checking Number . .
Iinez . . . . .
Peg Count Heter . . .
Peg Count Meter Test .
Phantom Circuits .
Positioning Switchboard
Principles of Relay Switching
Pulse Compensating Feature. .
Pulsing Relay . . . . .
P.B.X. Trunks
Automatic Selection T T
Installation « + o o« o « o
Tests s N . . . . . . .

. & o8,
- s % s
-

* % = 4

L S T Y
® & 3 3 5 @

" a ® & & * » 4, = =

Radio Suppresaion . .+ « o o .

Range, Opereting . . . . . .
Registers, Traffic .

Relays
GUATA & » o w5 » @ & = e
Botor +« 4 + o o & 5 + =«
Tens S & 3 & & & % a2 =
Fiming « « o 2 o o o o o
Units - . . . . » . . .
Relay Swit Ching . . . . . e .
Rerote Transfer, Ringing Converter
Repeaters, Trunk . . . . . .
Resignaling Operator . . . . .
Restricted Service . . . + .« .
Restrieted Service Test . . . .
Reverse Basttery . . « .« « .+
Reverting Ca11 , , . , ., . .
Reverting Cgl1 Test . . . . .
Ring-Cut=-0ff . . . . . . .+ .
Ringing
Code » * . . . . . . .
Converter . . « « & « o o
Currsnt Protection . ., . . .
Equipment . . . . . . . .
Harmonice .« « o o« o o o @
Remote Transfer . . + « + .
Tests . . . . . . . . .
Rotor Rﬂl&y . . L . .
Runways, Cable . . « + + .+ .
S

Semi-~Selective Code Ringing . .
Semi-Selective Harmonic Ringing
Services, Subscribers! Line .
8implex Dialing « . - . + .

PR T

" % e 4 g 8 & o

- % & % & % =

&

[
\D
FrREEEHEGS EBERYERYR v v k-

15,16
16n

%2?



60-Line Connector » + + +» + + + o+ o 5 TOBEG & 4 o o o o o o o« « + 320

60'1}1113 SWitchboard L] - L - L] - - 10, lS Trarfic Register - * (] - . L] - 31

Specification, Job .. . . «+ + + .+ . 9 Trunks . +« « « « « & & o+ s & 30

Subscriber-Line Timing Relays .+ « « & o« o « o« « 18
Cabling « + « & & o » o + « + 25 Timing Relay Teats «  « « o + 29
Equipment e e o+ 4 & o« = & » 12 Toll Operation . + & « « o « 20
Services . .« .+ .+ ¢« « +« s s+ « . 15 Toll Trunks, See "Trunks"

Supervigion, Disconnect . . . . . . . 26  Tone

Suppr'ession, Radio . . . - . - . - 23 All-LinkS BU.SY . L3 . . . . - L] lu‘

&TitChboaIds 8 Class of 'Service . ‘e . - . - . 12
Cable s o« w » w w ® © s = s w O Equirmert . o &+ + 4+ + o + « o 18
Capacity . . . « . . . . . . .10 Radio Suppression . .+ « + « « « &3
Covers . . . . . .« .+ . o . .22 Reverting Call . . « + « + . o 20
Dimensions . . . . . . . . . .10 Traffic Register . . . . . . . 18,21
General . . . . « . . + ¢ « o« 9  Tpaffic Register Tests . . . . . . 31
Plgeing . . . .+ .+ + + + + + . 22 Prank

Equipment, Distant . . . e & @ - 26
Repea‘h ers . . . . . . . . . . 26
Selection . . . I T . . . 6, s' 13

T Trunks
PeBiXe s 5 3 s & & @ & w «bpY0,13

Tandem Automatie Office . . . . . . 14,27 Other Offices . . . . . . 8,10,13,25
Tens-Guard Relays « . « . + - o« . 4,10  200-Line Comnector . . . . .« . . - .6
Tens-Relay . . . + « + . . . . o 1 200-Line Switchboard . . . . . . 12,18
Tests, Installatiom . . . . . . . . 27 '
Tests

Alarm Circuits . . 30,31

Call Distributor . 3l 1)

gzlsi-gﬁgu@. ' : gg Units-Guard Relay + « o+ o o« «+ o o 4,10

Units-Relay . . . . e . - . . « 2

Ground-Return Line 30 Universsl Commector . « o o . o 47

Intercepting .
Line Lockout .

. * 8 @

Link . . .« & v

Puystation . . 30

Réotrlstel HeFvine 30 Verification Service . . . . . . . 14
Reverting Csll . 29

Ringing . . o8 W

* & 8 * & ® 83 " & & 8 S 8 @

T & 8 8 8 & 8 » o+ B B " N
ny
o

Timing Relays
Tol]_. to Loecal

& B & B & 0 B 8 & * & B B @
4 * & % ® 8 4 8 » 8 4 s ¥ =
- . - - - . L] - - - L - L3 L]
- % B & 5 8 8 ¥ & B B s g
- L] L] [ ] - L2 - L] L] - L) - - .

« o b

21 Wiring of Ground-Return Lines . . . . 25

PI‘inted in U.S.A. by C-P.C- 1M~—9-40



	Contents
	Part I- Principles of Relay Switching
	Part II- Equipment and General Descriptive Notes
	Part III- Method of Operation
	Part IV- Installation
	Part V- Installation Test
	Part VI- Maintenance
	Index

