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AT&T SxS Equipment Engineering Notes - 1925 - Part 2 of 3

CIRCUITS*

Ebstation Circuits:
Individual, Twe Party and Four Party Semie-Selective Liner«

The substaetion circuit ured on individual,two party, and -
four party semi-selective lines working i N conjunction with a meschine
switching Office, is shown On drawing No. 807=72, The relation be-
tween the transmitter, receiver, induction coOil, bell and condenser,
are the same as 1N the present stendard eircuit f or manual substations,.
In addition there are provided the pulse contact springs and the offe
normal contact springs, mounted within fhe case Of the dial and
actuated vy the dialing mechaniam,

The line iz carried through the pulse contacts and as
the dial returmms tc nomal the contacts are opened intemittently,
the number Of breaks corresponding to the digit dialed, except that
when zero is dialed there are ten interruptions of the contacts.

When the dial is in an off-normal pesition the off=normel
contacts open the receiver circuit so as to eliminate dialing clicks
and they 2lso shorte=cirouit the transmitter in order 30 remove its
variable resistance from the line and tius establish practically
constant conditions during the dialing intexrval,

Eour-Party Selective Lines;

The substation circuit ussd on foure-party selective lines
working in econjunction with a machine switching office is shown
on Drawing No. 807-73, As described above for individual linse
the pulse oontacta on the dial interrupt the line circuit as

#jote: On the drawings the symbol :% signifies a sl OW releasing
relay,
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the dial returns to normal, and the off=nomal contacts On the
di=21 short Circuit the transmitter and open the receiver circuit
when the dial is rotated from nomal position. The relation
Petwween the other elements Of the circuit is the same as in a

manual four-party selesctive circuit with exception that an addi=-

- 4ional condenser is required, This condenser is of 1/2 mf, cae
-pacity and is placed in series with the substation relay, Its

use is necessary to insure that the relay will not be operated

, ~by the dial pulses thus grounding one aide of the line and pre-

venting the proper operation of the central Off ice mechanisms,

The various types Of substation equipment and circuits
used i N connection with machine switching central offices will be
covered N detail iN the Hand-book Specifications ON Machine Switche
ing SBubstations.
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STEP BY STEP MACHINE SWITCHING SYSTEM

 SuBBTATION CIRGUIT FOR INDIVIDJAL, Two=PaRTY

Tie

A0 Foum=PARTY SEMiI-SELECTIVE
Lings

Rina

NOTE: ON INDIVIDUAL LIKES UBE ™A®™ anDo "C™ wiRiING.
ON pPARTY LINES, USE "A" anD “D" ~IRING FOR
STATIONS8 AUNG OVER TiP 8IDE OF LINE, 4ND "3%
ANO "™D® ¥iRING FOR STATIONS RUNG OVER RING
8IDE OF LINE.
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Subeoriver'e Line Circuit with Plunger Type Primary i

Line Switoh arid without Secondary Line Switch:

Drawing No. 807-1 showe the circuit for a subscriber's
line provided with a plunger type line switech and employing a
solenoid type master switch.

The essential funetions of the line switch equipment on
an originating call are to connect the calling line to an idle
first selector as SOON as poOSSible after the removal of the receiver
from ite hook and to establish a "test busy® condition at all con-
nector terminals corresponding to the stations on the calling line in
order to prevent the line from bveing seized for an incoming call. 1I%
also clears the line of bridged equipment on incoming calls.

As in the present standard manual practice, the subscriber's

[ine ie terminated On the vertical side of the M.D.F., is cross-connect - -

ed to the horizontal side, and ie cabled to the horizontal side of the
|.DF From this point = multiple of the 1ines on a terminal per
station baeis is carried to the multiple banke of the connectors
serving the stations on that line, thue providing meane for establish-
ing connections for incoming calis. At the I.D.F. the line is also
cross-connected to the vertical side whence it is cabled to the prime
ary line switch.

When the receiver is removed from the hook at the calling -
station, a cirecuit is cloeed from battery at line relay “a® throughw
the contacts on cutoff magnet "B* and over the subscriver's Iinel? to
supervisory ground at relay "s*. This energizes relay "a* which,
in operating, completes a path from open main battery supply through

the contact of relay E, the winding of peg count relay D and the 4-ohm

Y
v -

TCI Library: www.telephonecollectors.info




%@Ot@ﬁliilmiﬂivkl
etionc: 2 o

2 Ao
ey . 1, 19309

3 winding of magnet "B* to supervisory ground. Relay D is energized _
and cloees the circuit through the winding of a peg count meter.

Magnet "B" 1is also energized and causes both the plunger and the

*BCO" armature to operate. The operation of the plunger actuates

NY
¥
b
3
3

- |

E the four paire of springs in the line switeh bank. The subscriver's
£ { 1ine is extended through two of the paire Of line switch vank contacts ;

| to a first selector, and pulse relay *L2 is energized by current flow-
j i\ﬁfg over the subscriber's line. The closing of the contacte at relay
*L*® energizes relay "R", the contacts Of which,in closing, place
ground potential on the release wire. A path is thus eclosed through
the 1200-ohm winding of magnet *B" and the bank contaets to ground.

r The 1200-ohm winding holds both the plunger and the "BCO* armature

E Tn the operated position.

' When the 45-ohm winding of "B® actuated the *BCO" arma-

ture the cutoff contacts were broken, thus opening the circuit

through the winding of relay "A*. Relay *A* is of the slow-release
type, however, and the circuit through the 45-ohm winding of magnet
N"éﬂ is xept closed for a short interval of time after the cutoff
contacts are opened. This is to permit relays "L" and "R" to place
ground on the 1200-ohm winding of magnet *z3* vefore the circuit
through the 45-ohm winding (s broken, for although the 1200-ohm !
winding will maintain the plunger in an operated position, it will
not cause it to plunge from a ﬂbn;Bperaféd position.

With the bank contacts closed the release Wire is con-

nected over the private wire to the connector private bank terminals

céf}eapOnding to the stations on the 1ine. when relay "R" operates,

cef o

'ﬂ%ierefore. the connector terminals are groun&ed, establishing the

"teat busy” condition.
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The operation of the Ifne switeh bank contacts and 'the
operation of relay"R"place ground potential on the upper and lower
maeter ewitch bank contacts corresponding to the particular trunk
seized by the calling line. These contacts are connected through-:
the maeter ewitch wipers to the windings of start relay *c* which
is energized when the contacts are grounded. The contacte of relay
"C*%, in closing,complete a path from battery at locking magnet »@
through relay "S" to ground. MKagnst "PF*, which controls the locking
arm Of the master ewitch, energizes and disengages the arm from the

locking segment; the latter then rotates under the influence of the

main spring and carries with it the maeter ewitch wipers to the next

pair of bank contacte. If these are aleo grounded, relay "c*® ana
magnet "F* will remain energized and the rotary motion of the master
switoh will be continued. When the wiper reaches a pair of un=-

grounded contacts, however, relay "C" and magnet "F* release, and
the locking arm engages the locking segment and arrests its motion.

When magnet "F® enerzizes its contaote complete a path
from battery at relay"F"through the open main relay “E" to super-
visory ground. Open main battery is supplied through the contacis
of relay "8%, so that when magnet *F* and relay "RB* are energized,
open main battery is cut off, thus preventirg the operation of the:
line switches while the master switch is in motion.

Vhen the mastér switch wipers reach the bank contacts ¢
for trunk No. 1, t‘riﬁ;&ing arm "1" 5lbseh the contacts on the pusirding
or trippirg eprings SO that when the next lire switch plunges the

closing of the contacts at relay *CY completes a path from battery

. at tripring relay "G" to supervisory ground, When relay *G" .ener-
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gizes -1t locks itself up mechanically by means Of the latch on the
tripping spring. The closing Of the contacts at 1elay "G" completes
s path from battery at tha solenoid to superviesory ground, energizing
the eolenoid and rotatirg the master switck back tc trunk No. 1o.

Due to relay #G" veing locked up during this return movement, magnet
"F* and relay *E" are aleo kept operated, thue permitting the locking
segment (O rotate and keeping the open main battery eupply circuit
broken.

Yhen the master switch reaches trunk XNo. 10, tripring
arm: "10" strikes the latch spring and releases the armature of relsy
"G*, tkus deenergizing the solenoid. Magnet #*r* and relay "E* will
alego be released if the master switch bank contacts for trunk No. 10
are NOt grounded, and the master ewitch will step at trunk Ma 10.
| f, however, the contacte for trunk No. 10 are grounded, magnet *w*
and yelay "E" will remain energized through the operation of relay
"C" .gnd the master ewitch will again start to rotate in the direction
of srunk No. 1 aes described before.

If, when the master switch reacrhes trunk ¥o. 10, this
trunk is found busy, there is a poseibility that magnet "F' nay de
released momentarily after the armature of relay *g® is unlatched
apd before relay "C" can operate. In order to prevent a line switch
from plungirg irnte the busy No. 10 trunk in such & case, relay "z
is made:of the slow.releasing.type and thus keepe the open main
. -battery supply cut. Off during the momentary release of magnet

nuring the building up of the connection through the
varicus selectors tc the connector, the ground on the releaee wire,

whioh holde the line switch operated, comes successively from the
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selectors and finally, on calle |ocal to the originating office,
fram the connector, or on interoffice calls, from the repeater.
Wnen tht connector or repeater ie released at the termination of
the eall the ground is removed from the rel eaee wire, magnet "B¥ is
deenergized allowing the plunger to restore, and ground is removed
from the master switeh bank contacts.

On a call ircoming to the line, ground potential ie
placed ON the private termiral at the connector and a circuit is
completed through the 1200-ohm winding of magnet *B", wkich operatea
the "BCO"* armature and clears the line of relay *A®". The switch
will not extend its line to a firet selector, however, since the
current through the 1200-ohm winding is ineufficient to caueo the
plunger to operate.

(On calls to an operator it is neceseary in some cases
for the operator to kxnow what class oOf line is calling, as for
example, in the case of a call to a toll recorder from a line whioh
is Eenied toll service. TO provide this feature a "class Of service"
tone is applied at the primary line switeh by oonnecting it to the
battery side of the 1200-ohm winding of magnet ¥z". When the opera-
tor answers, the tone is induced on the talking pair of her tele-
phone Sset circuit, and the tone is removed by the operation of a key.

It will be noted tkat ground potential for the operating
circuits of the different relaya and magnets on tke |line and master
switches is eupplied ir most cases through the supervisory relay 8.
Ir the normal course Of operation the magnets and relays receiving
ground through s are held in the operated position for only brief
intervals Of time, and the continued energizing of relay S for

several seconds 18 indicative Of trouble INn the circuite or of an
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ﬁ?eii& 8 is held up for more than a predetermined number Of seconds.

“"t6 permit the use Of trie same eircuit and wiring arrangemente at the

44444

al1iBusy edb-group of trunke. Rélay S is therefore associated

with an auxiliary circuit containing a slow acting relay, and an

auiiliéfy visual signal and audible alarm are operated whenever

Yhers trunks from primary line switches run directly to
first selectors, the holding wires are carried to the I.D.»., but
it i1s NnOt necessary to extend them to the selectors. The purpoee

of‘.mpioyiﬁg these fourth wires and carrying them to the 1.D.F. is

primary line and master switches as are employed where the trunks
| ead to secondary line ewitches, (see Section 2b), and aleo to
facilitate the introduction Of secondary line switches at a later
date should this be found desiravle. For similar reasons, all

jfimary master switches are wired for and equipped with a pick-up

relay H. This relay is used only where the trunks |ead to secondary

line switches, and its functione are described irn Section 2bv.

The lire relay battery supply for each division of 25
line switches ie furnished through a three ampere fuse. A three

“amiéré fuse is also provided in the vattery supply lesd for each

2

i

3

master switch.

Yo Métering Relays. With each subgroup of primary |ine switches there

‘will be.provided, wrhen specified, relay and meter equipment for ob-
"taining the following record:

1. The approximate total number of calls
origirnated in a primary line seitch subgroup,
rith the exception of those calls which are
abandoned vefore the ecaliing line is extended
to a first selector.

TCl Library: www.telephonecollectors.info
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Wnen specified, relay and meter equipment will aleo bve
provided for each primary line switch subgroup to obtain either

one of tre following records:

2. The approximate nunber of times that all
of the trunke in a primary subgroup become busy.

3. The approximate number of delayed calle and

rrong eonnections due to all of the trunks in a

primary eubgroup being buey.

Referring to drawing No. 807-1, relay D and its asscciated

peg count meter are used to obtain the record referred to uhder #1%
If the master switch is not in notion, the closirg of the cortacts
at relay A in response to an origirating call causes relay D to
operate from the open mair battery supply. |If the master switoh is
in motion when the call ie initiated, the open main battery supply
is broken at relay E, and relay D will not be energized since it
will not operate in series with the 2500-ohm wirding of relay O.
Relay D will operate, however, as eoon as the master switch finds
an idle trunk, provided the subscriber nhas Not in the mean time
abandoned the call. nelay D is made slow releasing to eneure the

positive operation of the register.

Relay T and its asaociated *trurke-buey" rneter are used t¢

obtair the record referred to under #2". Relay T iS energized over

a path to supervisory groundwhenever relay C or relay G operates,

and remains energized as long as the master switch is ir moticn.

The contact spring at relay T, howecer, is weighted and acts like a

pendulumn when the armature of the relay impinges against it. As a
result the contacts are irtermittently opened and closed durirng a

brief intervuzl after the reloy is energized, and it is not until the
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vibration of the Spring las subsided that the contact becomes
oufficiently positive to enabl e the register to operate. Relay T

is eo adjusted that the elapsed time between its operation and the
operation 'of the register is somewhat greater than the time required
for the master switch to pass through one complete cycle of its
motion.

Relay 0 and its aesocciated register,marked "overflow
meter" on the drawing, are ueed to obtain the record raferred to
under "3", If a call is originated while the master ewitch is in
motion, relay 0 will be energized over z path from battery at
realy 0, through the winding of relay D, the 46-ohm winding oOf
megnet B and the contacte at relay A to supervisory ground. Relay
O, hpwever, is provided with a pendulum type contact sSpring, as
previously described in oonnection with relay T, which delays the
operation Of the associated meter. The relay is so adjusted that
the elapsed time between ites operation and tke operaticn of the
meter, is equal o the average normal interval between the removal
of a receiver from its hook and the transmission of the first dial
pulse, and with thia adjustment the meter will register approximstely
the sum of the number of times that the subscrivers delay dialing
because Of an abeence of dial tone and tke number of failures to
establish the proper connection due to a subsoriver commencing to

digl before his |line has been extended to a first selector.
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Subscriber's I.ine Cirguit with Plunger Type Primery and Secondary
Line Switches;

Drawing No. 807-2 shows the circuit for a subscriber's
| i ne provided with primary and secondary line switchee of the

plunger type and employing primary and secondary master switches
of the solenoid type. The essential functions Of the circuit and
the methed of wiring it at the frames are the seme s described
under Division III, Section 2a,

Upon the removel of the receiver from its hook, relay A
is sctusted end the BCO armature and plunger at magnet E are
operated as descrided under Division II1, Section 2a. The following
cirouit conditions are established when the primsry line switch
bank contacts are closed by the plunger:

1, The tip and ring of the calling line are extended to
the secondary line switen,

2. Qround potential is placed on the primery mester
switch bank contactacorresponding to the trunk seized, causing
the master switch to rotate to the next idle trunk.

3. Ground potential is placed on the holding aire of
t he trunk.

4, The 1200 ohm winding Of msgnet E is conrected to
the relesse wire of the trunk.

The ground on the holdirg wire cloaes = path from tattery
at supervieory relsy U, through the coatacts et relays V and %, the

18-0hm and 34CO-ohm windings of relsy H, the contacts at

TCI Library: www.telephonecollectors.info

i




relay Q, the winding of relay X and the cont‘acts end 85=-ohm winding
of megnet J to ground. Relay R is energized, short circuits its
3400-ohm winding, and then relay K and magnet J are also energized.
The closing Of the contacts at relay K places the holding wire
ground on the relezse wire, thus completing & path through the
1200-ohnm winding of nwgnét B, helding the primary switch plunger
operated until the relesse wire is grounded from the first selector.

The energizing of magnet J through its 88-ohm winding
operates its associated plunger and contscts. The plunger is
reld in the operated position by the 85-ohm end 1168-ohm coils Of
magnet J which are placed in series by the action of the contacts
et magnet J. The closing of the secondary line switch bank
contacts extends the subscriber's line and the relesse wire to
the first selector. The eperaticn of the pulse and release relays
et the first selector, as described under Section 2a, places ground
on the release wire, thus holding the primary line switeh plunger
operated after the release Of relay K due to the actuation of the
contacts at magnet J.,

When the secondary switch plunges, a path is completed
from vattery at start relay W through the secondery nmater switch
‘wipers and contacteto ground at the secondery |ine switch bank
contacts. Relay W energizes and a circuit is completed from
battery at relay U through the contact at relay V and the windirgs

of relaye ¥ and P in parallel to ground st reley Y. Relays ¥ and P
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are energized, the operation of relay P releasing the locking

segment of the master switch and the operation.of relasy N breaking

the open main vattery supply circuit to the secondary |line switches.

The energizing of reley W, which starts the secondary
mast er switch hunting for an idle trunk, at the same time breaks
the eircuit through the winding of relay Q. |If the master switch
hunts past several consecutively numbered busy trunks, relsy W
will hold up for an appreciasble length Of time, and relay Q will
release and.place ground insteed Of battery potential on the open
main feed to the secondary switches. This placee ground on the .
holding wires of all idle trunks incoming to this particular
secondary sub-group and on their master switch bvank oontnote ’
8t the primary switches, a0 that if there are any primary nmaster ,

switches directing their plungers toward any of the idle trunks

leading 10 this particular secondary Sub-group, the mzster switches
will pe moved to the next idle trunk in order to divert traffic

for the time veing to other secondary sub-groups. The number

S TR
A A

of consecutively numbered busy trunks over whioh the secondary
master switch must hunt before this action, known as the "kick-off",
takes place, depends on hon quickly relay Q releases after relay
W has been energized. This factor mey be varied by altering the
adjustment of relay Q.

When the secondary master switch wiper reaches an ungrounded
terminal, relay ¥ releases whiclf, in turn, releeses relaeys N and P

and energizes relsy Q. This stops the mester switch at the idle
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trunk and removes the ground on the open msain supply, replacing it

with battery potential.

When the eecondary master switch wipers reach  the terminals
for trunk ¥o. 1, the guarding spring contacts are closed by tripping
am "17, and when the next secondary line switch plunges, the operation
of relay W causes relays M, N and P tO energize. Relay M locks up
mechanically and closes a eircuit through the solenoid which rotates
the master switeh back to trunk No. 10. Relay M is then unletched
by tripping arm "lo*, the solenoid is deenergized and the master
switch Will remain at trunk No. 10 if this trunk is idle, or if not,
Will start to hunt for the next idle one in the manner described
above.

With the release wire Of each trunk leading to a first
selector there ie associated a chain relay which is energized
whenever its trunk becomee buey. When all of the trunks in a sub-
group of ten become buey, a path ig closed from battery at stop relay
V through the chain relay contacts to ground at the chain relay for
trunk No. 1. Relay V energizes and opens the battery supply to
relay P eo that the secondary maeter switeh cannot continue to os-

cillate while all of its trunks remain buey. Ai soon as & trunk is

freed, however, the chain circuit is broken, relay V releases and the
maeter switeh etarts to hunt in the usual manner for the idle trunk.

In this connection it may be noted that the primary

master switch circuit is arranged ao that when all ten of the trunke
in a sub-group from primary to secondary line switches become busy,

the primary master switch continues to oscillate until a trunk ie
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released. A8 may be eeen from the discussion given under Division IV,

Sectione 1 and 2a, the "all-trunks-busy® condition should not occur
frequently at primary boards, whereas thie condition is of more
common OcCcurrence at secondary boarde. As a result, the primary
master switch circuit current drain and the wear on the primary
maeter switches due to all-buey primary sub-groups is not excessive
with the arrangement employed, while at eecondary boarde it has
been possivle to reduce materially the current drain and the rear
on the master switches by avoiding, as described above, a continual
oscillation during the "all-trunks-busy® period.

when all except one of a eub-group of trunke from a
secondary board to first selectors are busy, the-master switch
wiper is On the ungrounded terminal of the idle trunk and relay W
is iNn the released position. Whm this trunk is seized, relaye V
and W are operated, vut relay Q, being slow-releasing, is not de-
energized immediately and for an inetant the ground at the contacte

of relay V ie placed on the contact of pick-up relay H through the
contacts Of relay ¢ and the test pick-up keys and knife switch. )
This ground ie placed on the H relays of all primary master switches
in the particular regular, combined.or partial group concerned (see
Div. |V, Sectione 2a and 2¢), and the following action takes place
at all of these primary master switches: Relay H is energized, cuts
off the ground coming from relay V and locke itself up by completin;'
a path through its own contacte and those of relay G to supervisory
ground. Relay H also closes a circuit from bvattery at relay F to

supervisory ground. Relay F energizes and the master switch is
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rotatad to trunk No. 1. The guarding spring contacte aro then

closed and the path through relay G is completed to ground by way

of the contacta at relay H. Relay G energizes, completes the cir-
cuite trhrough the solenoid and tkrough relays P and E, and releaaea
relay H. The maeter switch ie thue rotated back to trunk No. 10,
vhereupon relay G is unlatched and the switch remains at trunk No. 10
or commences to eeek an idle trunk.in the usual manner.

Thie sweeping movement of all tke primary maeter switches
which takee place when the trunk sub-group Of an associated secondary
master switeh becomes all-busy is known ae the *"pick-up". The need
for the wpick-up* feature may be seen by considering the following
typical case: Refer to drawing No. 807-11 in Div. IV, Sec. 2a. A
subscrivter, whoee line ewitch is in sub-group A, initiatee a call, and
nie ILne IS switched to the trunk leading to secondary switeh sub-
grqup‘f, and then is connected over one of the trunks in sub-groupe
£ to a first eelector. The call is completed, the partiee hang up,
and the primary line ewitch plunger reetores, but, as in practically
all casee, 18 not immediately engaged by its maeter ewitch bar. Assume
that before the master switch rotates past this plunger and picks it
up, the same subscriber initiates another call. Hisline will be ex-
t:?ded over the trunk ueed on the first call to eecondary switeh sub-
grcﬂ)ypﬁf. In the interval between the temination of the firet call and
t;ne origiiuation of the second one, however, secondary trunk sub-group
f' may have become all-buey due to traffic having been routed through

it from other primary sub-groups of switches, and on the second eall
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the bullding up of the connection between the calling subécribcz:
and a firet selector would, in such s caee, be obstructed at
secondary sub-group f'.

In order to prevent such a condition, az sSoon as any
aecondary sub-group of trupks, such as f', becomes all-busy, the
"pick-up" takes place, and all primary master switches associsated
with the all-busy secondary sub-group zre rotated as described pree
viously, picking up all released but unengaged plungers. A plunger
under the control of its master switeh oannot plunge into a trunk
leading tO an all-busy sdtondary subegroup, because as SOON as
secondary trunk sub-group f', for example, becomes all-busy, &ll of
the idle trunks incoming to aecondary switch sube-group f are made
to test busy at their respective primary sub-groups, so that the
primary master switches will hunt past them. This is accomplished
as follows;

¥nhen all trunka in a secondary sub-group become busy, the
secondary master switch, as described above, remains opposite the
last trunk made busy, the master switch bank contact of which is
grounded in the ususl manner. Relay W is thus held operated amd
when relay Q releases, ground potential is placed on the open mein
supply which, in turn, places ground on the holding wires of all
trunks terminating at the particular secondary line switch group in
quastion. The primary master SwitCch bark contacts of these trunks
are thus grounded so that the trunks will test busy at the primary

boards. The relations between this circuit arrangement, the
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'piik'-ﬂi)“—.'* feature shd the trunk'ing scheme ueed vetween primary'and

secondatry line switch sub-groupe are discussed under Division IV,
Section 2a,

In order that the pick-up may take place at all of tkre
primary master switches in a group when any one of the associated
sedoridary subgroups Of trunks becomes all-busy, the pick-up leads
fromaxl of the H and ¢ relays in a group are connected together.
A eontinued ground on any one of these |eads, however, will oauee
pick-up to take place repeatedly and will prevent any of the sub-
scribers' lines involved from reaching a first selector until the
ground is removed. TO expedite the work of locating and removing
sugh a ground, the pick-up leads are oonnected together through a

ﬁikckrup panel at the primary line switchboards. If a pick=-up lead
becomes grounded, the knife switeh is opened to determine whetker

Or secondary test keys are operated to locate the trouble. A
is s0 arranged that when a key is operated the corresponding pick-

are cennected to battery through a buzzer. Therefore, if s ground
exists, the buzzer will esound vhen the key for an ungrounded |ead

is operated, but will not sound when the key for the grounded lead
is operated.

At the termination of a call the ground on the release
wire is removed when the connector or repeater releases, as de-
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series of test keys and a knife switch, which are mounted at 2 test

the ground is On a primary or a secondary lead, and then the primary
separate test key is provided for each pick-up 1ead, and the circuit

up.lead is disconnected from the other pick-up leads, and the latter

scribed under Div. III, Section 2a. The removal of this ground re=-
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leases magnet B, thus restoring the primary line switch plunggx_-,;md
removes ground {rOm the lower mastsr switch bank contact. When the
primary line switch bank contacts open, ground is removed from the
upper primary master switeh bank contaet and from tre holding wire.
Magnet J then releases, the secondary |ine ewiteh plunger restores
and ground is removed from the secondary master switch bank contacts.
The operation of the metering relays and registers
associated with the primary line switches is the same as descrived

under Div. III, Section 22,
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. and this closed path is maintained after relay X releases by

A |
poeg

>
1, 1920,

subseriber's Line Cirouit with Plunger Type Line Switches, Arranzed
Ior Message Register service: T R

Drawing No., 807=3 shows a subscriderts |ine eircuit
praovided with plunger type |ine switohes and solenoid type master
swvitches and arranged f Ol message register service,

Whn a call is initiated the primary line switch plunges
INn the usual manner and the primary line switch bank centacts, inN
closing, complete a path frem battery at relay X through its B?>—
ormn winding and through the winding of register 2 to ground, Relay
X operates vut register Z does not, oming to the 2,700=crm resistance
In series with it. The closing Of the contacts at relay X places
ground on the holding wire, causing the primary master switch to
rotate and the secondary line switch to plunge.

When ground potential is plaoed on the release wire
through the operation of relay K a path is completed from battery
at relay Y through its 1300=-omm winding to the release W re ground,

ground caming successively fram the selectors and the connector

Or repeater as the connection is built up, The current through

the 1,300=0mn ninding of relay Y, however, does Not cause the Opera-

tion of this relay. :
Whan the subscriverts line is extended to the first 1

selector, current is sent out over the line from battery at pulse '

relay A (Dwg, No., 8074) and as the connection is built up the

subscriber's |ine current is furnished in turn through the pulse

relays at the different seleectors and finally through a relay
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at the connector if the call is local to the originating office
Or by the repeater in the caee of an inter-office call, The
current flowing over the subscriver's |oop passes through the
11-1/2=otm winding of relay Y but in such & direction as to~set
up a magneto-motive force opposing that created by the current
through tne. 1,300~0lm winding, and relay Y is not operated.

Whether Oor not register Z will operate when the called
party answers depends on the circuit arrangement employed at the
connector, As described in Division 1I1I, under the sections
covering connector circuits, connectors used tO serve lines calls
to which are charged for, are arranged to reverse the direction
of the current through the calling partyts |lOoOp when the ocalled
party answers, the reversal being effected through the nedi um of
the repeater in the case of an interoffice call, Where incoming
service tO a line isfree, this line is served by connectors
that do not reverse the current through the calling subscribert?s
100p when the called party answers, Similarly, On a c¢=ll from a
message rate line to an operator, completed to her position from
a selector 1evel, no current reversal takes place when the
oper~tor cnswers,

1f, when the called party answers, the current through
the calling partyt's loop is reversed, the direction of the magneto-
motive force groduced by the current through the 11=1/2 olm winding
of relay Y is also reversed and the combined forces set up by the
currents through the 11-1/2=ohm and 1,300-olm COilS operate relay Y,
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The cbhéacts of relay Y, in closing, shunt oiut 1ts 11-1/2=-0tm
winding, thus balancing the talking pair, and preventing relay Y
from releasing if the currant is again reversed. The relay is
held operated by the current through its 1,300=ohm winding.  The
operation Of relay Y also completes a path from battery through the
100=-o¥mm winding Of reley X eand the register Z to ground. The 100=
omm and 2,700~otm windinge of relay X in parallel with one another
and in series with register Z permmit the latter to operate,

I f, when the ealled party znswers, the current through
the calling party!s loop is not reversed, the contacts of reley Y
are Not closed and consequently rsgister 2 is not operated, The
conversation is held through the 11=1/2=omm winding of relay Y in
paral | el with its 32-0lmm non-induotive winding.
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Regular Seleotor Cirouit: Con e

-

The functions oOf this circuit are=

(1) To respond to the series of pulses from the dial so
ae to step the bruehes up to the required level and (1
around to an idle trunk In this level if there be any.

(2) |If there be no idle trunk in that level to send vack
a euitable tone to the subscriber.

(3) If an idletrunk is available to connect the subscriber's .
line to that trunk and to clear the line of bridged
apparatus.

(4) To provide for the release of the selector at the ter-
mination of the sall.

The following circuit description is applicable to all
regular selectors, whether first, second, third or fourth in the
train, except that first selectors are provided with a dial tone
as described hereinafter. The cirouit description also applies to
selectors, Other than toll selectors, used for nandling epecial
service calls. The special circuits required for toll seslectors,
test distributor selectors and the like are described under separate
headings.

The seleotor circuit is shown ON Drawing No. 807-4, When
the seleotor is seized pulse ralay "A" is operated through = eircuit
from battery at relay #aA*, through the contaects at relay "pv, throué!{
the line switches, over the subseriber's loop and through the contacts
of springe J to ground. The Operation of relay *a" cloees a path
from main battery supply through a lew resistance supervisory relay e
(not shown), through the winding Of release relay "B* and the con-
taots of relaye #A* and "D* to ground at relay "D*. This operates
relay »B", which places ground potential on the release wire and holds
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the 1ine switches and the preceding selectors, if any, in the operated
position.

At the first break of the pulse springs at the dial,
the subscriver's |0ooOp is momentarily opened and pulse relay *An
is released, but release relay "B*, being slow releasing, remains
operated, so that for an instant a path is completed from bvattery
at vertical magnet *"PF*, through series relay "c*, the contaote of

relays "3, *"A", and *D" to ground at relay "Dp*. Magnet "F* is

energised, moving the seleotor shaft and brushes up one step, and '

'the off-normal springe "ON* are closed. Relay "C" is alsSo energized !

and its contacts close a path from battery at interrupter relay »2",

through the oontacte on springa *0N* and the contacts on relay #¢®
to ground at relay *3".

Relay "E* i{s energized, and locks itself
up through eprings "ON", the contacts Of rotary magnet "g*, end the
contacte Of relays "EB* and *D* te ground at relay "p".

An instant |ater the pulse springs at the dial close

again and relay *A" operates, thus breaking the circuit through
magnet "F* and relay “Cv.

Magnet "F* releases preparatory te

moving the ehaft up another step if required. If the oloeing of

the dial pulse springs is only momentary, relay "C*, bring slow
releasing, will not restore and at the next break of the pulse
|
contacts relay "A* will again release and magnet "F" Will| move

| the shaft up another step. Thie action ie continued during the

| return movement of the dial, relay "A* intermittently operating

.~ and deenergizing, magnet "F* actuating the shaft at each break of
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the dial pulse contaects and relays "B®, ®C* and "E* remaining

energizdd. 1
If the dial pulse contacta remain closed for more than :

en instant, however, as will be the case when the dial has retumed

to normal, relay *A* is held operated for a suff icient length of time

to permit relay *C* to release, The release Of relay ®"C® does not

deenergize relay “E¥, however, since the |latter is locked up as

described above, When relay "C® releases a path is ocompleted frem

battery at rotary magnet "G® through the contacts at relays "BS,

wCcY, and "B* to ground at relay "B%, Magnet "G* is energized and
rotates the brushes to the first set of teminals in the 1level to
which they have been raised, Wagnet "G", in operating, also opens

ik,

its contacta, breaking the circuit over which relay ®B* is locked
up and relay "B* releases. Relay ®BE® N releasing breaks the
circuit through relay "G* and the latter restores.

The action which now takes place depends On whether or not
the private teminal to which the private wiper has been rotated 'is
grounded.

Assume first thet the brushes have been rotated to an
idle trunk. The relesse wire to the private terminal of this trunk

will be open. A path may be traced from battery at relay "E®,

through SPrings *oy», the contactsof magnet »g®, the winding of,

relay "D®*, the contacta on springs *J® and tha contacts of relay
"B* to ground at relay “B%, Relay *D®* operates but relay "B%

remains unoperated due to the 1300-olm resistance of relay "D®
in serieswith 1t. The contacts oOf relay "D* in closing extend
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the talking pair through tO the brushes and to the trunk selected,
and alsoO break the Circuit through thewinding of relay "A® whioh

in restoring releases relay "B*, Relay "B¥, by virtue of its
slow release feature, kesps the releese wire grounded until the
release relay at the next selector, Oor at the repeater Or connector,
has time to operate, The operation Of the release relay at the
next switeh sends ground back over the release wire to the private
wipers, and this ground is in tarn placed on the release wire
leading to the preceding switch through the contacts of relay *p*,
thus holding relay "D* and the preceding switches in the operated
position,

When the contacts on springs "ON® were closed at the first
vertical movement of the aelector shaft the release magnet "H®
would have been operated and the shaft restored to normal at the
first subsequent release Of relay ®A® were it not for the faot
that relay "B®" ig held operated continuously until ite release,
which is caused by the operation oOf relay @DV. When relay "B
releases it is Still necessary to keep the circuit through magnet
"H® open and tihis is accomplished by the opening of the release
eircuit contacts at relay *p%,

If the first set of teminals to which the selector
brushes have been rotnted arethe terminals of a trunk which has
been made busy at same other aelector, the private terminal of the
set will de grounded, In this case a path nmay be traced from
battery at relay “B®, through springs "ON¥, the contacts of magnet
®@* and the contacts of relay "D* to ground at the private wiper,
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Relay "E" operates and magnet "G* is again energized over a cirouit

| passing through the contacts of relaye *B®, %c%, and “B®* to ground
at relay "B¥, Relay "D®* remains unoperated since one=side Of its

| winding is grounded On the releaae wire through springs %J%, while
the other side Of its winding is grounded at the private wiper
through its own contacts., The operation of magnet *G* rotates the
shaft and brushes to the next set of temminals and also releases

‘ relay "E* which iN restoring deenergizes magnet "G" as befors,

This cycle of operations is repeated until the private wiper reaches

! an ungrounded terminal, when relay "B® will| remain deenergized,
stopping the rotation Of the brushes, and relay "D" will operate,

as described befora,

If all of the trunks in the level are busy, the brushes,
after having reached the 10th set Of temminals, are rotated one step
further, whereupon Springs "J* are actuated by a cam on the selector
shaft, The operation Of springs "J" removes the regular ground
from the winding of relay ®&", replacing it with another ground
upon which is superimposed a busy=dack tone which is thus made
audi bl e to the calling subecriber. When the shaft is in the 1llth
rotary position the private wiper lead i s open and in order to
| prevent the operation of relay "p* the circuit through its wi nding
| is broken at springa *7*, It is necemsary tO keep relay "D®
deenergized and relaya "A® and *B®" operated in order to transmit

the busy=back tone to the subscriber,
When the calling party reotores the receiver at the
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temination Of the call the ground is removed from the release

wire and relay *p* releases, This completes a eircuit through
release magnet WH®, the contacts Of springs "ON®, the contacts
at relays "B®™, ®A® and "D* to ground at relay "D*, Magnet "H"
energizes and operates the double-dog, pemitting the selector
shaft to restore to nomal position.
Dial Tone

Aa mentioned under Division Il, Section 3=c, a distinctive
tone kmown as a dial tone is applied to a calling line as soon as it
has seized a first selector, in order to notify the subscriber that
ns may proceed with the dialing. On first selectors, therefore,
the winding of the pulse relay is carried to a ground upon which
the dial tone is superimposed by means Of an induction coil, as
noted on Drawing No, 807-4, Whm the selector is seized thia tone,
being in series with the line, becames audible to the subscriber.
If the selector finds an idle trunk, the dial tone is removed by

the operation of relay "D®, or, in oase no idle trunk is found,
Yy the operation of springs *J¥,
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Repeéater Circuit for One-Way Inter—Office Trunks:

Drawing NO, 807~5 shows the circuit of the repeater used
I N one=way inter—office trunks for reducing the number of wires in
the trunk from three to two, for repeating the dfal pulses to the
switches ahead and for providing the proper automatic supervisory
featuresover the two-wire trunk. It isS also advantageous to supply
transmitter current to -the calling party from the repeater. | !

When the calling partyts line is extended to the repeater,
current flows f rom battery at pulse relay %A® through the contacts
of relay "p", over the subscriver!s loop to ground at relay %aw,

The latter energizes and relay ®B* ig operated through the contacts
of ‘relay ®aw» to ground.

The closing Of the contacts at relay "B" plaoes ground
potential on the release wire, thus holding the switches behind in
the operated position., The operation Of relay *B* also completes a
path from battery at relay "F* through ita 1,900~olm wi nding to ground
at relay *B*, but relay "F* is not operated over tnhis circuit.

The operation Of relay "B* furthermore closes a bridge
across the trunk leading t0 the switch ahead, the bridged path
passing through the contacts Of relay #C%, the 60-ohm winding Of
relay "F*, the contacts Of relay "D* and the 250-olm winding Of
reley *E¥, This pemmits the pulse and release relays at the switch
ahead to operate in the usual menner end also czuses relay "E* to
operate, the contacts of which are in a c¢hain relay circuit uaed
for indicating when all of a sub=group of outgoing trunks are dbusy,
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The cloaing of the bridged path through relay "F* doea Not .cause
this relay to opcrate, as the currents in the two windings are in
opposition.

At the first momentary opening Of the calling sub=
scriberts |0Op circuit at the dial, relay "A® releases and causes
the Operation of relay *C* through the contacte Of relay *B* which
remains energized, The actuation of the contacts at relay "C* opens
the bridged path through the windings of relay "p* and "E® and
campletes a path from one side of the trunk to the amature of
relay “A", Since the latter has released the bridge across the
trunk is broken and the pulse relay at the switch ahead is released,
An instant later, when the dial pulse contacts are momentarily cloaed,
relay ®A* energizes, but relay "C", being slow releasing, remains
operated, Ihe bridge acroes the trunk is tme cloaed through the
contacts Of relay "C" and "A®, In this way the contacts of relay
®AS, in responding to the diel pulses, intermmittingly open =nd cloae
the trunk bridge and therefore repeat the pulses to the next ewitch,
During the return movenment of the dial, the chsin relay eircuit for
the trunk is held closed vy the contacts at relzy "C* instead Of
by these at relay *E®*. Vhen the dial returns to noxmel position,

relsy "A" is held operated fOr a sufficient length of time to pemmit
relay "c* to releose, thus re-estzblishing the trunk bridge through
releys "F* and "E*,

Al)l subsequent seriee of pulses from the disl nre repeated

successively to the switches chead in the seme nmenner., The operation
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ef the repeater then depends on whether or not the battery supply
to the repeater from the switches ahesd is reversed when the ¢nlled
party answers, as disoussed under Division III, Section 2=¢, If
the battery is reversed, the current through the 60=omm winding of
relay "F* will be reversed and will essist that passing through its
1,900=0lm winding, and reley "F* will be operated. The closing of
the contacts at relay "F* places ground potential on the winding
of relay "D¥ which, in operating, reverses the transmitter battery
on the trunk leading to the switches behind and to the ealling
station.

When specified, the condensers shown dotted On ths drewing
are provided, and are SO wired as to be placed in multiple with the
regular condensera when relzy "D¥ operates, iN order te reduce thse
trenemission loss through the cCircuit. The circuit is arranged in
such a menner that the extra condensers are NOt connected during the
dialing period in order that at Che time of the breskx of the diel
pulse springs the condenrer charge snd discharge will not be so
great 25 t0 prevent the release Of reley "A",

The operation of relay *D" also chenges the path Of the
bridge circuit seross the trunk by placing the 750-oklm winding of
relay *BE* in series vith its 260=clm winding., This increases the
impedence Of the bridged path to voice currents and decreases the
trensmiseion loss due tO the bridge.

The closing of the contacts et relsy "F%, besi des operating

relay "D*, plnoes & shunt around the pulse contacts of relay ®A®
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and-also around the bridge eircuit contacts of relay "C*., This is
to insure that the circuit to the switoh ahead will NOt be interrupted
INn case relay "A® is de=energized by a discharge from the condensers
at_the time battery is reversed Or by = movement of the calling
subscriberts cial after the called party nhas answered,

|f, when the called party esnswers, the battery to the
repeater from the switches ahead does NOt reverse, the currents
through the 60-oim and 1900«-ohm windings of relay *F" wll remein
N opposition end relay "F* will not operate. Relsy "D* will
therefore not ve operated and the 750=clm coil of relay "B* will
not be introduced iNto the bridge acroes the trunk, The extra
eondensers, if instelled, will also not bte utilized on suoh a
connection, .

¥hen the culling party restores the receiver, the line
ie opened and reley "AY releases, whereupon relsys “B* and "F* re=
stopre, The release of relzy "B® removes ground potentisl from tbe
rel ease wire, thus restoring the switches behind the repezter, and
al so vbreaks the bridge circuit, relezsing the relays at the switches
sheud,

TCI Library: www.telephonecollectors.info




Local Regular Connegtor Circuit for Individual or selective Party
Line gservice.

Have Hung Up.

The term "local regular connector* signifies one used for

ses.

Arranged to Release Connector After Both Parties

. DI¥T IEXC
iy
Page 49
May -1y 1920

completing connections, cther than toll connections, to individual: and

party line stations only.

The connector eircuit is shown On Drawing NO. &07-586..

The functions of the circuit are:

a.

6.

To respond to the first series Of dial pulses
vrnich the connector receives SO as ‘to Step
the vrushes up to the proper level.

To respond to the second series Of dial pulses
which the connector receives SO as to step the
brushee around to the terminale corresponding to
the subscriber's station being called.

If the |[ine on which the desired station is
located is idle, to connect the calling party's
line to the called party's terminale, tb apply

ringing current to the latter and to give an audi-

ble ringing signal to the callirg subscriber.

To eut off the ringirng current vhen the called
party answers.

To furnish talking battery to the called suv-
scriber, and On connections |local to the origin-
ating office to furnieh talking battery to the
calling subseribver.

To reverse the current over the calling party's
line ahen the called party answers in order to
operate the message register equipment, if any,
associated with the callicg lire, or, on calls
from an operator, tc provide supervision at the
operator's position.

|f the desired station is busy to aveid making
a connection to it ond to return a busy-back
sigrnal to the calling party.

To release the connector as soon as the |ast
party to hang up has restored his receiver.
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wnen the connector is seized, reley A is operated
through a oirouit frombattery reley A, through the contects of
reléy D, through the preceding switches and over the subscriber's
Yoop to ground at relay A. The operation of relay A ceuses reley
B to energi;z.e, the contacte of which, in clesing, places ground
potential on the release wire Of the trunk incoming to the connector

thus holding the preceding switches in the operated potaition, and

N —"—-’—T
preventing the connector from being seized by other selectors.
At the first 1nterrﬁption of the dial pulse springe,
lge reley A is mmk_ntn ¥y released, but _slow releasing relay B

does ‘“nd{\r)e-st'oro _instent e path is\completed from battery

% vertical magnet J, through the winding of relay C, the contzcts

on off-pnormal springs OX and the contacts of relsys B and A to ground

at reley A. Magnet J is energized and moves the connector brushes
up one step. The shaft in moving upward permits springs ON to
operate. Relay C iz also energized and locke itself up through

its own contacte, through the operated off-normal springs and through
the contacts Of relays B and A to ground -&t relay A.

At the following momentary cloging of the dial pulse
springs relay A operstes and de-energi:z;a magnet J, but slow releas-
ing relay C remains operated, At the next opening of the dial
pulse contacts, relay A in restoring again causes magnet J to

operate. Thus, during the return movement of the dial for the

first series Of pulses to the connector, relay A responds to tns
puleses and ceuses magnet J t0 actuate the shaft the required number
Oof times, while relays® and C remain operated.
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When the dial kas returned to normal position relay A
remains energized long enough to permit relay C to releaese. The
release Of relay C breske the path through magnet J, syrings ON
naving been operated. Relay C, in releasing, also completes & path
from battery at rotary magnet K, through the contacte of relays
H, G and C, through springe ON and the contacts of relay B to the
open contacts of relay A, SO that at the first interruption Of the
dial pulse contacts in the next series Of pulses relay A, in
restoring, completes this circuit to ground and causes magnet X
to energize. Magnet K rqtates the brushes to the first set of
terminale in the level to which they have been raised. Relay'A
in releasing, also completes a path from battery at relsy E through
the contacts Of relaye G and C, through springs ON and the contasts
of releys B and A tO ground at relay A. Thia causes relay E to
energize.

At the following momentary closing of the dial pulse
springe relay A operates and de-energizes the magnet X, but slow
releasing relay E remains operated. At the next oqening of the
daial pulse contacte relay A, in restoring, again causes magnet X
to operate. Thus, during the return movement Of the dial for - the

second series Of pulses to the tonmector, ralay A responds to the

pulses and causee msgnet X tO step the brushes around to the re-

guired sat of terminals, while relays B and E remain operated and
relay C remains unoperated.

The private wipers in rotating to the called terminals -
are likely to pass over private terminals that are busy. As
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explained later, a busy private terminal is at ground potential, and

when the private wiper passes over euoh a terminal relay G will be !

energized over a cirouit from battery at relay G through the contacts
of relays H and E to the private wiper ground. The oirouit over
which magnet K Ogsratea, however, is carried through contacts

oNn relay G (the reason fOr this is given later under the heading
"Called Line Found Busy"). It is therefore necessary o short-cir-
cuit these contacte on relay ¢ during the rotary motion in order

that the circuit through magnet X Will not »s broken as the brushes

pass over busy terminals. These contacts ars short-circuited by
. the contacts on relay E.
Called Line Found Idle., After the dial returns to normal position
relay A remains operated and therefore relay E restores. The called
line being idle, the private terminal of the called station is at
[ battery potential, being oonnected through the I.D.F. to one side

of the BCO winding of the line switch on the called 1line, thecther
side of tns BCO winding being oonnected to battery. A circuit is

therefore completed frombvattery at the line switoch through the BCO
winding, over the private lead and wipers, turougnh the contacts Of

| relay E, ths 125 ohm winding Of relay B and the contacts of relays ¢
and B to ground at relay B. Relay H is energized and |ooke itself

| up over the circuit from battery at relsy H, through the oontactr of
\ relays H and B to ground at relay B.
| The operation of relay H establishes the following \

| ) cireuit conditions: ?
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1. The talking pair is closed from relay F to the
line wipers.

o
5

2. @round potential is placed on the private wipers
and therefore on the BCO winding at the aalled :
party's line switch, thue operating the BCO
armature and preventing the line switch from
plunging when the called party answers. Thie
private wiper ground ies placed, through the private
multiple, on the correspondicg private termirals
of al| other connectors serving the same hundssd
stations, thue establishing the "test-busy® condi-
fion at the other connectors.

B2

3. The eircuit over which magnet X Operatee is
broken so that the switch will not be rotated
further if the calling party should dial again.

4. The path from the. winding of relay ¢ to the oON-
tacts Of relay E ies broken. If the calling
subsoriber ghould move hie dial during conversa-
tion and momentarily break the line circuit,
relay E would energize over the usual path to
ground at relay A. 1f the circuit through relay
@ were not broken at the contacts of relay =,
relay G would then be energized through the
contacts Of relay E to the private wiper ground
and when relay E restored after the momentary line
interruption, relay G wouid lock up through the
make=before-break contacte Of relay E and threugh-
the contacte of relays G and B to ground at relay
B. This would apply the busy-vack tone to0:the- :
line.

vwnen relay H operates superimposed ringing potential and
battery are aprlied alternately through the 200-ohm winding and
the contacts Of relay F and through the contaotr of relay H t¢
the upper |ine wiper of the eonnector. The ringing current.

is seht out either over the tip or over the ring of the 1ine, as

required, by = suitable cross-connection Or bunching block arrange-
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ment at the |.D,F,, as described under Division V "Cabling and Wiring".
TO complete the ringing circuit the lower |ine wiper is connected
through the contacts of relays H and F to ground at relay ¥,

It may be rietsd that tripping relay B requires direct,
current fOr its operation asnd that thereforo battery is placed in
series wiith the generator for all kinds Of ringing. A special
superimposed bat tery is required, however, Only where four-party
selective service is given, as inN present manual practice.

Trom the above it may be seen that in so far as ringing
is ooncerned, & given cqunnector, having the cirocuit snown On Drawing
807-55, may serve individual [ine and also any kind of party line
stations with the exception of stations requiring a two-ring code
on four-party semi-selective lines. An additional limitation is
that on four-party lines, sStatione requiring positive superimposed
current and stations requiring negative superimposed aurrent cannot
be served by the same connector. Further information regarding
ringing ecirocuits is given in Division VII on "Power Plants."

Wnile the called party's bell is being rung a part of the
high frequency components Of the ringing current is ahunted through

the .04 YB. oondeneer and through the contacts Of relay G to one *
side Of the calling line; it then passes over the calling line and
produces the audible ringing signal at the called party'!s station.
When the called party answers relay P is 'i;ripped by the
ringing bvattery. Relay B, in operating, removes the ringing from
the line and closes the talking path between the calling and called
parties. A path is also completed from vattery at relay B, through

its 1300-ohm winding end its own contacts and through the contacts
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of relay B to ground at relay B, and relay F locks up.
¥hen the called party answers a circuit is completed

RNVIORE S -

from battery at selay D, through the contacts ONn relays F and H
and over the called party's line tO ground at relay D and the latter
energizes. The current flowing over this path is the transmitter
current for the called party. Relay p, being bridged across the
line during conversation, is designed to act in the capacity of a %
retardation coil and presents a high impedance tO voice ourrente.
The contacts Of relay D, in operating, reverse the battery
eupply from relay 4 to the trunk incoming to the copnector. |In the
caae of a oall local to the originating office, the battery supply
from relay A provides the transmitter current for the calling party
so that relay A, like relay D, is aleo designed to act as a retarda-

tion 00il. On such a ¢all the battery reversal tbat takes place

? when relay D operates actuates directly the message register equip-

ment, if any, associated with the calling line. In the caae of an :
P interoffice connection tre battery current from relay A passes through é
the repeater ecirouit, and on euch a connection the battery reversal |
operates the mesmage register equipment, if any, through the medium

of the repeater. (On callb from an operator the reverse current §
feature may v¢ utilized to provide supervision at the operatort's |
position. .

\ In addition, relay D, in operating, establishes the
following circuit conditions:

1. The release eircuit, through releaoe magnet P
and the off-normal springs, is opened SO z& to
prevent t he releaee of the connector until the
called party de-energizes relay D by hanging up
his receiver.
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2. A path is completed from battery, through a super-
vimory circuft over the lead narked "supv. #2@to
the open contacte of relay B. 1Ir, after the connec-
tion is completed, the calling party restores his
receiver and the called party does not, the No, 2
eupervisory circuit is completed through the contacts
of relaye B and A to ground at relay A. This circuit
will fréquently be closed, but usually only for an
inetant, after the termination of a conversation, and
the supervisory circuit is arranged to give an audible
and visual alarm in case the circuit is cloeed for
more than a pre~determined number of seconds.

3., The parallel paths from battery at relay B

through its 1300-onm winding, and from battery

at relay H throu%h Its 1300 ohm winding, are

completed through the contacts of relays D,

F and H to ground at relay H. = This circuit

is known as the "relay D multiple circuit® ana

the need for it is pointed out below under *Release

When Calling Party Hange Up First.®

vhen relay D is In the releaeed poeition and relays 7 and
H are in the operated position, a circuit is closed from battery
threugh a supervisory circuit over the lead marked "Supv. #1"
and through the contactes of relaye D, Fand H to ground at relay
K. This path will be closed in sase Of premature tripping
of relay F, or in case the calling party at the end of conversa-
tion fails to hang up by the time the called party hae reetored
his receiver (since relays B and H remain operated as long as
relay B remains operated). The eupervisory circuit is arranged
to give an audible and visual alarm after a predetermined number

of seoonds.
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Release When Calling Party Hengs Up First. As €00n as the ocelling

party restores his receiver, relay A releases, opening the circuit
to the winding of relay B, but the latter does not immediately
de-energize.  For an instant a path is completed from bvattery at
relay B, through the contacts of relays G and C, off-pormal springs
ON and the contacts of releys B and A to ground at relay A.

Rel ay E energizes and removes from the release wire the ground
which was placed on it fram the contacts of relay H, through the
contacte of relay B, the 126 olm winding Of relay H and tke conta;ctq
of relay G Relay B soon restores and removes its ground slso N
from the release wire. Relay B in restoring, opens the circuit

LA

through the winding of relay E but the latter, being el ow releasing,

does NOt immediately de-energize snd the release wire vecomes un=
grounded, thus restoring the preceding switches. Relay E soon dew
energizes and again places the private wiper ground on the releese
wire through the 126«omm srinding Of relay H and the contacts Of
relay ¢, thus preventing & selector from seizing this connector
until the celled psrty nangs up,

When the calling party restores his receiver the Ho. 2
supervisory Circuit is completed, ag deserived previously,

The release of relays A and B partially cleoses the releaae
circuit through release magnet P, but thie circuit is not completed
until the celled party hangs up and dewenergizes relay D The
principle object of maintaining the connection et the connector
betwreen the time that the czlling perty hangs up and the time that
the called party hangs up, is to prevent the plunging of the called

party's line switch during this intervel, thus avoiding, in the
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office ae a whole, a considerable amount of unnecessary |ine switch
and master switch operation and the useless tenporary appropriation
of secondary line sritches and first selectors.

In o'rder to prevent the line switch from plungirg, however,
it is necessary to maintain the private wiper ground contiruously
until the called party hangs up, thus preventing the BCO armature
from restoring. To accomplish this it is necessary to make special
provision for keepirg relay H operated continuously, for otherwise
vrhen relay B releases, relay H would release and the grounds to the
private wipers from relaye H and B would be removed. The special
provision made for keeping relay H operated is the %relay D multiple
cireuit®, referred to previously, relay H finding ground through the
contacts of relays D, B and H. The multiple eircuit also keepe
relay F operated.

¥hen the called party restoree his receiver, relay D
releases and oompletee the releaee circuit frombattery, through a
release signal circuit, releaee magnet P, off-normal springs 0¥
and the contacts of relaye D, B, and A to ground at relay A. Magnet
P actuates the double d¢g, permitting the shaft to return to normal,
whereupon theé off-normal springes arc restored snd the rélease Cir-
cuit is opened. The release signal Circuit is arranged to give a
visual and audible signal if the releaee circuit remairs cloeed for
mors than & pre-determired numdber Of seconds due to the switeh fall-

ing to resotore completely Or to improperly adjusted off-normal springs.
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The release Of relay D elso o¢pens the multiple eircuit,

allowing relays F and H to restore, e

Release when Celled Party Hangs Up First.  When the callsd party

restorea his receiver, reley D releases and closes the releage cir=-
cuft as far as the open contaots of relay B and the entirs corneé=
tfon remains establiehed.
As soon as the called party restores his receiver the
¥o. 1 supervisory Circuit is completed, as desoribved previously,
When the calling party hangs UP reley A relezses, causing
the release of relay B. The latter, in restoring, completes the
release Circuit and the conneéctor restores to nomal, With reley
D in the restored position, the release of reley B de-energizes
relays B and H, and with both relays B and X restored, ground potenw
ticl is removed from the incoming rel ease wire, thus restoring the
preceding switches and making the connector availeble fOr another
call.
Celled Line Found Busy. If the called lire is in use on an originae

ting call, the private temminal of the cazlled station is grounded
from the release wire in the train of switches used to com;lete the
originating call, If the called line is in use on an incoming c&lly
the private terminal of the called station is grounded, through the .
private multiple wiring, from the vontacts On the H relay of the
connector Uaed tO establish the incoming connection,

After the dial returns to nomal, SlOw releasing reley °
E holde up long enough to permit relay G to operzte over a circuit

through the contacts of relayes H and E %¢ the private teminsl ground.
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Whnen relay E de-energizes, & path iS completed from
battery at relay G, through the contacts of relaey H, the make=before-
breekx contacts Of reley E and the contacts Of relaye G and B to
ground at relay B, and relay G locks up. Relay H remains unoperated;
the conmector is therefore prevented from esteblishing connection
{0 the busy line,

The contacts Of relay G, in operating, establish the
following circuit conditions:

1. The busy=back tone is applied % the calling
subscriberts |ine.

2 The circuit to magnet X ia opened SO that if
the subscriber dizls zgain _the connector will
not be rotated furthér,

3 The circuit through the ,04 M,F, condenser,

' connecting one side Of the calling line to the
upper line wiper, is opened to prevent the busy
back-tone or zny noise on the calling party's
l[ine from being transmitted to the line over
which the called party is talking.

4, The circuit to the 125«ohm winding of relay H
is opened tO prevent relay H from operating
and establishing the ringing condition if the
called line is Treed before the calling party
hangs Upe.

® .
When the calling party restores nis receiver the release

of the comnector is effected in the manner described previously,

The relezce Of relay B pemits relay G to restore,
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AMOUNT AND ARRANGEMNNT OF EQUIPMINT

Primary Line Switches,

One primary line switch is required for each working
subscriver's line in the office, In general, one primary line
switch is aseociated With each private branch exchange trunk,
but if the traffic to exd from &« P,B,X. 1is such as to warrant -
the use Of one-way trunks, it may be advisable to terminate the
trunkes handling the traffic from.the P,B,X, directly on first
selectors, especially if the busy hour for these trunks ie :co-
incident with t he busy: hour for the central office, In addition
spare line switches amounting to about 5{ of the number of worke
ing ewitches are installed in order to facilitete the work of.
distribduting the lines over the varicus subegroupe for egualig-
ing the sub-group loads,

It may be advisable in some cases to combine switghes
for flat rate and f or message rate service into the same eub=
group, especially where a smell number 0f message rate lines are
involved or where it is expected that the message rate service
will not grow rapidly, . ;

INn prder to handl e traffic from coin box stations .
the circuite of the trunks lsadingffronla.primany line switch: .

sub-group containing coin box lines are so arranged that a dial-
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ing path from the station t0 a first selector is NOt establish-
ed until the tip side .Of the line iS grounded by the deposit

of a coin, Coin box lines, therefore, cannot be combined into
the same subs=group With lines of any other clane.

Where it is found desirable to place switches for
flat rate lines in tae eame sub-group With switches for messe
age rate lines, it will be necessary {0 provide a compensating
resistance in eaan flat.rate line circuit at the point corre=
sponding to the place where the register appsars in a meseage

rate line circuit, Moreover, sach trunk froma sub=group w—

.. taining message rate lines requires two relays used in connece

tion with tho opsration of the register, whereas trunks from a

sub-group containing flat rate lines only do not require these

relays, DBefore combining message rate lines and flatrate lines,

therefore, the saving to be obtained by ccmbining should. be
Yalanced against the cost Of the compensating resistances and
the cost Of that proportion of the message register trunk re=
lays chargeable to the flat rate lines,

Size of Sub-Groups, The number of primary line switches :that
should be placed in a sub=-group (i,e, the number of switches
that should nave access to a sub-group of trunks to secondary

line switches Or to firet selectors) depends on four factors
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as follo"': EVI Y

1. The number of trunks in the sub-group.. NS
2. The percentage Of originating calls which
it {s permissible to have delayed due to .+ - ~:
an all-buay sub-group Of trunkn, _
3 The number Of calls originated by the lines
in the eub-group during the busy hour.
-« 4 The average holding time for &he walls .- . oy
originated by the lines inthe sub-group,
There“is a2 relation ;be‘fweeri; %{He ca.ll‘ing r‘b,'te and
holding time of the lines loading & sub-group of trunks and
the average number Of similtaneously buay trunks in that sub-
group during the vusy hour. Thie relation is exprsssed by

the formul'& -

A:Qﬁ%,or0=3600
H

Wher.e A equals the average number of simultaneously busy trunks
I N the sub-group during the buay hour, C equalé the total nun-
ber Of.calls originated in the busy hour in tpe syb=group of
switches, and H equals the average holding time in seconds
for the calls originated by the lines in ths sub=-group.

There is al SO a relation between the average
number of simulianeously dbusy trunks N & sub=group during
the busy haur (A} and the number Of trunks required .in that
sub-group to provide adequately for the traffic to br carried-

This relation, covering swuch cases as are commonly -encounw

tered in machine switching systems, is given in the accompany=
/

ing "Average and Average Plus Deviation" Tables. Values for

*
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tho average number of simaltaneously bury trunks are given in
Tavbles A and B, and the number Of trunks required is given in
the "Average Plue Deviation"aolumn .

In determining the number of primary line switches
required tO oad properly a trunk sub-group Of known size the
value Of C is obtained from the above formila, A being ob-
tained from Table *A* and H from the traffic data, Then:

¥ = 1,00 C

where N equals the number of primary line awitchee per sub-
group, and L equala t he average buey hour calls per 1ine ob-
tained from the traffic data, .Tne faotor 1,05 provides the
8% spare switches iN accordance with the previous discussion,
8ince the traffic handling capacity per trunk in-
cresases as the size Oof the trunk sub-group increases, it iz in
general desirable t0 use 10-trunk sub-groups, this being tae
largest sub-group obtainavle with the plunger type line switch,
Ten-trunk sub-groups minimize the total number oOf trunks to
the secondary line switones Or to the first selectors and
therefore minimize t he nunber of secondary |line switches OFr
first selectors required, although other considerations, paint-
ed out latar, may mské it more economical on the whole to emm

ploy g-trunk Or evern 8«trunk sub-groups,

-
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After having formed as many primary sub-groups as’
poesible, a few 1lines will ueually remain which are insuffi-
clent in number t0o provide a proper load for an additional sub=
group of trunks, Suen linee may be formed into a partial sub-
group, or: if they are few iN number, may be evenly distributed’
over tha sub-groups élready formed, |If the latter p£odedﬁr;
materially increases the load on the sub-groups a partial sub-
group ehould be formed instead, To calculate the number of
trunks necessary to handle the traffic from the partial sub=-
group, determine the value of A from the formula previously
given (the number of switches in the partial sub-group and
therefore the value of C being know), "A" is then found in
Table "A", interpolating if necessary, and the number of
ﬁ trunks necessary ie found opposite in the "Average Plus Devia=

tion" column,

v
If the number of S‘switchen per sub=-group of ten trunks
| happens to be such as to result in a material waste of space and

bank equipment, it may be found desirablr to reduce t he number
of switches per sub-group in order to obtain afhore economical
equipment layout, Any material reduction in the number of

switches per sub-group is accompanied by a suitable reduction

in the number of trunks per sub-group, As may be sz2en from

Table "A", however, the efficiency per trunk of a l0-trunk subdb-
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group is 1.20 times the efficiency per trunk of an 8«trunk sub-
group, end is about 1.09 times the efficiency per trunk of a 9-
trunk sub-group, so that more total trunks from primary line
switchboarde and more total secondary line switches (or f irst
selecto::s) are‘rgquired to handle a given amount of traffic
wﬁecre 8=trunk Or S«trunk instead Of 10«trunk au:o‘-groupa are em=
ployed, These factore should be balanced against any space and
equipment savings that may be effected b3; the use of sub-groups
of reduced size,

While in general the number of ewitches in a sub-

group ehould be eufficient to 1oad fully ite sub-group of trunkr,

there will probably be cases where it will e found economical
to operate the trunk sub-groups at =2 somewhat |leer or greater
than normal load in order to effeect material savings in space
and equipment, TFor example, Nhere the number Of switches, in-
cluding spares, per sub-group of ten trunke would normally be
52, it would doubtless prove economical to place but 50 switches
in a sub-group, thus increasing the average number of switches
per line switchbdard from aveut 139 to 200. In this case the
number Of trunks per sudb-groups Would remain ten, since 50
switehes would overload a 9-trunk sub-group,
Primary Maater Switches,

One primary master switch is provided for each sub=
group of primary l1ine switches, and is mounted ae described in
Division 11, Section 3bv,
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 Herage T e Table
Dgviation _A —
. 8} 31.74 35.87
. 52 32.53 36.71
. 83 33.32 37.86
84 34.10 38.39
.55 34.90 39.23
56 35.69 40.07
57 36.48 40.92
58 37.28 4.7
) 38.08 42.61
60 38.88 43. 46,
! 39.68 44,31
62 40.48 45.16
" 63 41.29 46.02
64 42.10 46.87
T8 42.90 47.73
a6 43.71 48.58
67 44.52 49.44
68 45.34 50.30
89 46.15 51.16
% 46.96 52.02
v 47.78 52.88
o2 48.60 53.74
B . 49,42 54.60
74 50.24 55.47

R T 51.06 56.33
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Secondary sLines ‘Switches - Regulay Groups, »

The purposé of using secondary line switches is '
to reduce the number of first selectors required to handle a
given amount Of traffic, The eecondary switches are enabled to:
accomplish this through the medium of a special trunking system
between the primory and secondary switsnes, the trunking bveing
auch = to give any particular primary line switch access to a
large number of first selectors (maximum of 100) instead of
access to only o small number of first selectorr (maximum of j
10).

Tne secondary line switches, like primary line
switches, are arranged iNn sub-groups, each sub-group providing
the proper |oad for its sub-group of trunks leading to first
selectors, The discussion iN this section is confined to thome -
cases where a number of primary line switch sub-groupe (usually
from 20 t0 30) are associated by the trunking system with ten E
eecondary |ine switch sub-groups, and through them with 100
first selectors. Thie is the rnost common arrangement, and
accordingly the 100 first selectors, together with their aase-
Ciated primary and secondary sub-groups, are known collectively ,
as a "regular" group, 1

Tne association between ten sub-groups Of secondary

switchies and their corresponding eub-groups of primary switches

is shown for a typical case an drawing 807-11, Lines marked A

[
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to T inclusive represent 20 sub-groups of primary line switches,
Lines A! to T' inclusive reprssant 20 sub-groups of 10 trunkr
each leading {0 the secondary switches, Lines a to J inclusive
represent 10 sub-groups of secondary awitches, and lines a' to
J' represent: 10 sub-groups of 10 trunks each leading to 100
first seleotors., Ihe 100 selectors are arranged in 10 groups,
each group being half of a shelf, The half-shelves are denoted
by the letters k tO t inclusive,

Bach of the subegroups of trunkr At te T¢ is dis-
tributed over the secéindary subegroups a to j; that is, the 10
trunks in sach of the sub-groups At to T' go to ten different
secondary sub-grouvs, as shown for sub-group A', 3aqn primary
line switch is thus provided with a path to each of the secon-
dary sub-groups and therefore to eacn of the 100 selectors,

It all of the trunks in a recondary sub-group,

such as ', become busy due to 10 calls having veen routed through

thie sub=grovp from primary sub-groups K te T, fOor example, it
becomes necessary to prevent a call originating in any of the
primary sub-groups A to J from being routed to sab=-group {',
from which there would be NO free path to a selector, The Cir-
Cuits are accordingly SO arranged that when all trunks in a

secondary sube-group become busy, all idle trunks incoming to
the corresponding sub-group Of secondary switches are made to

teat busy at their respective primary sub-groups, as described

TCI Library: www.telephonecollectors.info
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in Division III, Section 2b, A trunk made dusy in this way
ig referred tOo as an "artifiocially" busy trunk,

Since there is Only ONe path between a given.prim-
ary and a given sscondary sub-group, it follows that if this.
trunk is seized by one of the switches in the primary sube
group, all idl e switchee IiN that primary sub-group are denied
sccess to any of the idle selectore associated with the given
secondary sub-group, The 100 trunks leading tO the selectors
do not, therefore, constitute a true 100 trunk group with re-
spect tOo the primary switches, since every idle selector in
the 100 is. not a all times accessidle to every idle primary
line switch,

With the scheme Of busying ths trunks "artificial-
ly", as just describved, the building uUp .of & connection from
a primary switen to a seleotor cannot de obstructed at the
secondary sub-groups, and the only time that a given primary
line switch can be prevented f rom reaching a selector is when
all 10 of the trunke serving that primary switeh are busy,
either artificially or directly from originating traffic,

The traffic -handling capacity of the 100 first selectors may
therefore be considered as being measured by the traffic
handling capacity of the trunks between the primary and
secondary sub-groups, and this capacity is affected by the
fact that the trunks may be made busy "artificially" as well
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as direéctly from originating traffic,

In order that the trunks between the primary and
‘thé secondary sub-groups, (and therefore the 100 trunke to
sélectors) may handl e the maximum emount of traffic, it is
neceasary te¢ minimize the number of “artificially" busied
trunke under any given load conditien, Which means that the
traffic should be divided as evenly as poseible among the
aiff erent eecondary sub-groups, It is apparent, however,
that absolnutely uniform distribution of traffic among the
secondary sub-groups can ¢nly de approximated, and that as
t he number Of buey sélectors in the group Oof 100 becomes
large it is practically certain that eome one of the second-
ary pub-groups of trunks will become all-busy due to uneven
distribution of the traffie,

When all Of the trunks in a given ssoondary sube-
group, such as f!, become busy, a circuit feature, desoridved
under Division 111, Section 2 b, as the "pick-up", is brought
into play and by the use Of a proper cross-connection scheme
hetween the primary and secondary 1line switches, advantage
is taken oOf the "pickeup" tO help distribute the traffic
evenly over the remaining available secondary sub-groups,
When the®pick-up® takes place, the master switches for all
the primary sub-groups A tO T are swept back to their respec.

tive Yo, 10 trunke, and the majority of themw || usually ree
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main directed toward the different No, 10 trunks, while a fe&#-
er number of them will be rotated to their respective No 9
trunks, s=ti11 fewer to their respactive No, 8 trunks, etc,

The cross-connection scheme is therefore so arranged that the
various No, 10 trunke at the different primary sube-groups will
be. evenly distridbuted over the different eecondary sub-groups,
the various NO, 9 trunks will Se evenly distributed over the,
different secondary sub-groups, etc,, and the trafficC orig-
inating after tne "pick-up" is evenly distributed over the re-
maining available secondary sub-groups as far as it IS prac-
ticable to do so, The chance that another secondary sub-group
of trunks will become all-busy, producing more "artificially"
busied trunks, is therefore minimized,

Despite the traffic distribution obtained through
the uee of the "pick-up" feature in conjunction with this croes-
connection scheme, the larger the number of busy selectors in
the group of 100 the greater will be the 1ikelihood Of an in-
creased number of "artificially" busy trunks and the less will
be the traffic handling capacity Of the primary-secondary trunks,

At present it is thought that if the amount of
traffic to be handled by the 100 first aelectore is limited to
that which a normal group of 85 trunke would be expected to
carry, it will be satisfactory to determine the number of

trunki required between the primary and secondary line switches
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as p&-eviousl‘f deécribed in Divieion 1V, Secticn la, uéin}; Table A,
Although the above discussion has bcen based on the
use of 1O-trunk primary sub-groupe, it is epplicablc in its
essential pointes tO cares Where tre primary sub-grouns consist
of only 8 or 9 trunks each, 1In euch casee, the trunking system
used between primsry and secondary line switches is such that &
number of primsry olib-groups is aeaocieted with 10 eecondary sub-
groupe and through themwith 100 first selectors, thue forming
& "regular" group as previously described, By the use of suit-
aeble cross-connection schemes, given later, it is expected that
where 8-trunk Or Q-t‘:c'unk primary sub=groups are used the same
efficiency will be obtained froma group of 100 firet selectors
ae Where 10-trunk primary subegroups are employed; that is, in
all regular groupa the trunks to the 100 firat selectors are re-
garded as equivealent tO an 85-trunk group working at normal ef-
ficiency, whether there are 8, 9 OF 10 trunke per primary sub=

gTroup,
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Number of Primar d-groups ver Rezular Group,
| From Tabl e A" it is eeen that an 85-trunk group (to

which tk?e trunks to the 100 selectors are assumed to be equiv-

alent) can handle an average of 59.3 simultaneous calls in the

buey hour, The number of primary switch sub=-groups that should

ve incln‘lded In eacn regular group is determined as followe:

The va.,l\*e of A, determined from the formula A = %5%53 » 18

calculated fOr each primary eub-group. The number of primary

sub-groups to be placed in the regular group is then regulated
so that the sum of the A's in the regular group equals approx-
imately 59.3, If the value of A for each of the primary sube
groups is the same, the number of primary sub=-groups per regu=
lar grow{p equals 59.3 .

- If the number of primary line switches in each sube
group ean with economy be so adjusted that the primary trunk

sub-grop.#ps arF fully loaded, but not overloaded, A will equal

2.96, 2.f15 anTl 1.97 for 10=trunk, '9-trunk and 8-trunk sube
groups respectively, The number of primary eub-groups per

|

regular group will then be:

395% = 20, where l0-trunk primary eub-groups are used;

= 24‘1. wheare 9«trunk primary sub-groupe are ueed; .
8.3 ‘ p y P
2 45

9.3 = 3?, where 8=-trunk primary sub-groups are used,
1.9
Since one primary master Switch is required for each

primary isube-group, the number of primary master switches wil |
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be the same as the -number Of primary subegroups,
Nuimber™ »1° Sécondary Line Switches per Sub-Group,

To determine the number of secondary line switches
per sub-group, the total numdver of working primary trunke per
regular group is first calculated, This number, which will be
called "S", will dopend on the number of primary sub-groups per
regular group and on the number of working trunke in eacn prie
mary sub-group, Since each working trunk terminates at s sec-
ondary line switech, the total number of secondary line.switches
per regular group also equals 8 The average nutiber Of second-
ary line switches per sub-group therefore equals %3 , |f 8 is
evenly divisible by 10 each secondary eub-group will contain
the same number Of switches, If S is not evenly divisible by
10, tne number of switches in eone of the secondary sub-groups
Will ve greater by one than in the others; this however does
not materially affect ths efficiency of the trunking systenm,

In cases where the primary trunk subegroups are
fully loaded, but not overloaded, the total nunber of second=
ary line switches per regular group will, in accordanae with
the previous discussion, be ae follows: \

20 x 10 = 200, where 10-trunk primary subsgroups are used;
24 x 9 = 216, where 9-trunk primary sub-groups are used;

30 x 8 = 240, where 8etrunk primary subegroups are used,
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Coneequently, in such cases the average numper of
secondary line switohes per sub-group W ll be 20.0, 21,68 and
24.0 where 10, 9 and 8a=trunk primary sub=groups respectively
are employed,

Since one aecondary maeter switch i e required for
each secondary sub-grau?, the number Of secondary master switche

es per regular group is 10,

Croes-Connectings Scheme fOr Trunks Between Primary and Secondary
Ine ches 1N s Reqular Sroup,

In order to permit of a uniform method of cabling the
trunke between primary and secondary line switches and at the
same time to secure the relatione between the primary nnd sec=
ondary sub-groups which have previoualy been described, an I,D,F,
is employed upon which jumper connections are mada between t he
cables coming from the primary line switches and thoee leading
to the secondary |line switches, .

Ae described later in Division |V, Section 2d, a sepas
rate group of first eelectors is provided for handling traffic
from coin-box linee operated on a machine switching basis, and if
euch traffic is routed to the eelectore through secondary line
switches, the latter are also kept iN a group separate from the
other aecondary switches in the office, Trunks tO secondary |ine
switches handling coin-box traffic are therefore considered sepa~-

tately in applying the cross-connection schemes described in this seo-
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tion and in Section 2c,

The cross-connections at the trunk I,D,F, fOor a regu=
lar group are made iN accordance With Tadle |, [N this table
the figures from 1 to 10 in column "A" are the numbers Of the
first 10 primary sub-groupe in a regular group; the f igures 1
to 10 in the horizontal row at the top indicate the numvers of
the trunke in the different primary subegroups, The other
figutres in the table are the numbers of the secondary line
switch sub-groupe to which the corresponding primary trunks
are croee-connected, Bor example, the table shows that trunk
No, 8 in primary eub-group No, 6 is cross-connected {0 second-
ary subegroup NO, 4, |In order to make the table more general
in its application NO attempt hae been made {0 number the
primary and eecondary sub-groups in accordance with the stand-

qrd numbering scheme outlined later in Division IV, Thetable

. supposes the primary sub-groups and the eecondary sub=-groups in

a regular group to be numbered from 1 up,
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{ Primary-Secondary Line Switch Cross-connecting Scheme,

N For Regular of Partial Groups, B i
% | Trunk Numbers ,, . !
N 1|
A 8 9 i
1 1 2 3 4 5 6 7 8 e 10
2 2 4 6 g 10 1 3 5 7 °
3 3 6 9 1 4 ? 10 2 'p 'S
4 4 8 1 5 ° 2 6 10 3 ” % |
5 5 10 s 9 3 8 2 11 6
6 6 1 9 2 8 3 9 4 10 5

7 | v 3 10 6 2 9 5 1 8 ‘.
s | & s 2 10 ? ‘ 1 ® 6 s
9 9 7 3 1 10 ) 6 4 2

10 10 9 8 7 6 5 4 3 2 1
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The trunks iN those primary subgroups Whi ch are higher
I N number than 10 are also cross-connected i N accordance with
the table, the table being repeated in whole or in part as many
times as necessary, DBor instance, if there are 25 primary sub-
groupe IN a regular group, the whole table is repeated for
primary ‘sub=groups NOs, 11 t0 20 inclusive, and the upper half

; 0f the table is again repeated for the primary sub-groupa NOS,

(R
R R R

21 to 25 inclusive,

oy

If tho primary eub-groups contain only 9 trunke each,
y tha corresponding figures in the column neaded "8 ars disre-
garded; that is, the corresponding No, 5 trunke are not cross= .
connected but are made bley at the I,D,7,, as described under
Div, V, *Cabling and wiring®, |If the primary sub=groups con-
tain ofily 8 trunks eacn, the corresponding figures in the col-
uwmns headed "5" and "7" are disregarded, the corresponding No
5 and No, ? trunks bsing made busy instead of being cross- cone
nected,

The table indioates the secondary switch sub-group,
blut Not the particular switch in that sub=-group, to which a
particular primary trunk is cross-connected, The numbers of
the particular secondary switches to which the different primary
trunks are connected are determined as follows: Starting with

! the lowest numbered primary sub=group, each working trunk ls
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connected t0 the No, 1 secondary line switctz in the proper

secondary sub-group ae indicated by the table; each succeed- \ |
ing primary aub-group ie then cross-connected iN consecutive \E
order, each workmg trunk being connected teo the proper sece :;
ondary sub-group and in that sub-group to the Iowest numb er ed t

switch t0 whi ch no connection has yet been made, ]
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Partial and Combined Groups,

Sections 2a and 2b in Div. IV have been confined to
a discussion of regular groups, a regular group comprieing 100
first selectore and their associated primary and secondary

switches, [N general, however, the total number of first se-
lectors handling traff ic other than coin box traffic from sec=
ondary |ine switches, or the total number handling coin box
traffic from eecondary line switches, Will not be an even mul=
tiple of 100, There are two methods that mey be used in cross-
connecting between the primary and eecondary line switches as=
sociated with thoee selectors which remain after as many reg-
ular groups aec possible have been formed, The remaining se-
lectors may be formed into & separate group, called a “par-

1 tial" group, or they nay be amalgamated with one of the reg-

ular groups to form a "combined®™ group, For example, if the

total number of firet selectore involved is 666, they may be
arranged into eix regular groupe and one partial group of 88,
or into five regular groups and one comdined group of 165.
Partial Group Plan.

Due tO the selectors in a partial group being
1 arranged in a group of less than 100, their efficiency is.

somevwhat less than that of the selectors in a regular group,
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If P be the number of firet selectore required for the par-
tial group, the efficiency Of the trunke to the seleotore
is considered to be equivalent to that of a normal group of
0,88 P trunks,

The number of firet selectors required for the
partial group is therefore determined ae follows: The value
of A for each primary sub-group included in the partial group
is calculated, The sum Of tho various A's, which will be
called %, equals the total average simultaneous busy hour
calls for the partial group. The size Of the trunk group for
which tnhe correeponding value in Table A is is then found,
interpolating if necessary, The number of trunks in the group
thus found, divided by 0,86, gives the number of first select-
orr required for the partial group,

Where the partial group plan is used, the primary
line switches remaining after all of the regular groups have
been formed are cross-connected in the usual manner to 10 sube
groups Oof esoondary switches in accordance with Table |, Due
to the fact that there are not enough Of these remaining prie
mary switches to furnieh a full lead fOor 100 selectors, the
numver of subegroups. of euch remaining switches will be less
than the number normally associated with 10 eecondary sube
groups and consequently the number of secondary |line switches

per sub-group Will be |ese than normal,
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As far as possible the same number Of firet selectors
is connected to each Of the 10 secondary sub-groups; that is,
it the total number of selectors in the partial group is 76,
each of 6 of the eecondary sub=-groups will serve 8 first se-
lectors and each of the other 4 eecondary subegroups will
serve / first selectors, Ordinarily, however, the theoretic-
al number of selectors required for the partial group is ine
creased O decreased tO the nearest even multiple of ten;
that is, if the calculations show that 74 selectors are re-
quired, 80 would usually be specified, each secondary sub-
group serving eight selectors,

It will be seen that if an addition is made to an of-
fice where the partial group plan has been followed, and the
additional primary and eecondary line switches and first se-
lectors can be included in the partial group without inoreas-
ing tho size Of thr latter beyond that of a regular group, NO
re-arrangement of the ocrosseconnections between ths primary
and secondary |line switches is necessary, the new switches
merely being cross-connected iNn aocordance with Table I, 1If
the addition is s¢ large as to increase the size Of the par-
tial group beyond that of a regular group, the partial group
may be completed (formed into a regular group), and a new
partial group started, without necessitating any re-arrange-
ment Of existing crose-oonneations, If the formation of a
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new partial group is NOt economical, however, the existing
partial group together with the additional switches may be
formed iNtO a combined group and this will necessitate new
cross-connections fOr the majority Of the switches involved

in tne combined group,

Where this plan is employed all of the selectors in
the combined group are considered as working at the same ef-
ficiency as those iNn the regular groups, ™é number of firet
selectors required fOr the combined group is therefore deter=
mined as follows: Tne value of A for each primary switch sube
group included in ths combined group is aalculated, Tne sum
of the various A's, which will be called A,, equals the total
average simultaneous busy hour calle for the combined group.
Tne total number of selectors required for tne combined group
then equale _%8_‘_3 x 100 = 1.69 Ag,

If 1.69 A, is evenly divisible by 10, the number of
secondary sub-groups in the combined group wWill equal 1.69 A

5

or 0,169 A If 1.69 A 1is not evenly divisible by 10, the
number of secondary subegroups in the combined group will

equal the intergral part of the quotient 1,69 Ags increased

10
by 1,
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The average number of secondary |line switches per sube
group is determined by dividing the total number of working
priméry trunks in the corbined group by the number Of seconde
Ory sub=groups iN the combined group, 7The average number of
eecondary line switches per sub-group Will be approximately
the eame as fOr regular groups, that is, adout 20, 21,6 and
24 fbr 10, 9 and 8«trunk primary subsgroups respectively,

Wnere the combined group plan is used all Of the prie
mary line ewitches that would form a partial group, if the
partial group plan had been followed, together with the pris
mary |ine switches In the last of the regular groups, are
ocross-connected iN accordance with one of the Tables Nos, 11
té VII, These tables are prepared for combined groups rang-
ing in size from 11 to 16 secondary subegrouns per group,

In general, where a combined group would contain more than
16 secondary sub-groups, the partial group plan should be
ueeds

Tables Nos, Il tO VII are ueed in the same manner as
Table No. I, They are prepared on the basis of 10=trunk
primary sub-groups, but like Table No, 1 are also applicable
where the primary sub-groupes contain only & Or 9 trunks eaan,
The number Of the particular seoondary switah N a subegroup

to which a given primary trunk is connected is determined in

the eame manner as described in connection with Table No, I,
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As far as poeeible the same number of first selectore ie con=
nected to each of the aecondary sub-groups in the combined
group, a& explained in connection with partial groups,

It will be noted that the chief advantage of the
combined group plan as compared with the partial group plan
is that the former effecte a saving in first selectors, n
the other hand, its principal disadvantage is that a come
bined group cannot grow as additions tO the office are made
without re-arranging the existing cross-connections between
the primary and necondary line ewitchee in the combined
group, In general, where a partial group, if uaed, would be
small and would remain so for a considerable period of time,
the saving effected by reducing the necessary number of se-
lectors through the use of a combined group will more than
compensate fOor the cost of ree-arranging croee-connectione
when making an addition, Convereely, where a partial group,
if ueed, would be 1arge, or where it would become large in
a comparatively short time, it will generally be found econom=
ical to employ the partial group plan,

Off i cee Having L ese Than (Ohe Regular Group,

In offices where the number of firet selectore re-

quired to handle the traffic, other than coin vox trafiic,

fromthe secondary line switches is greater than 70 but less
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than 100 initially, the croes-connections between the primary |
: and secondary line switches are made ae previously described

for a partial group, and 10 secondary switch eub-groupe are .
installed, It i{s thought that where the number of first se-

lectors required is less than 70 the uee of secondury line

switches will not in general be justified, and in such cases

the trunke from the primary line switches are run directly

to the firot selectors, snd are cross-connected as described

in Division 1V, Section 34,
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Primsry=Secondary Line sSwitch Cross-Connecting Scheme

For Combined Grouvs Having from 101 to 110 Selectors,
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TABLE 111

Primary-Secondary Line Switch (O 0ss-Connecting Scheme

P—‘

Trunk Numbers

For Combined Groups Hsving from 111 to 120 Selectore,
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D
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8 10 12

12 2 5
3 7 11
7 12 4

11 4 10
2 9 3
6 1 9

10 6 2
1 11 8
5 3 1
9 8 ]
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Primary-Secondary Line Switch Cross=-Connecting Scheme
For Combined Groups Having from 121 to 130 Selectors,

Trunk Numbers

A 3 8 9 10 _
1 1 2 3 4 5 6 7 8 9 10
2 2 4 6 8 10 12 1 13 5 "
3 3 6 9 12 2 13 8 1 1
4 4 8 12 3 " 11 2 6 10 13
5 5 10 2 13 12 4 9 1 6 11
6 6 12 5 11 4 10 3 9 13 8
7 " 1 13 2 9 3 10 4 11 6
8 8 3 11 6 1 9 13 12 ] 2
9 9 5 1 10 13 2 11 X 3 12

10 | 10 9 8 " 8 5 4 3 2 1

11 11 13 7 5 3 1 12 10 8 6

12 12 11 10 9 8 7 6 5 4 3

13 | 13 " 4 1 1 8 5 2 12 9
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. TABLE V L
Primary-Secondary Line Switch Cross-connecting Scheme .
. i
’ For Combined G g8 Having from to 14 tor v
> /

Trunk Numbers ,

¢
¢
!

1 1 2 3 4 5 6 ? 8 9 10
2 2 4 14 8 10 12 1 13 5 ™ N ‘
3 3 6 9 12 2 13 8 11 1 4 'i
.4 4. 8 12 3 14 11 2 6 10 13
5 5 10 2 13 12 4 14 1 6 11 | |
6 6. 12 & 1 4 10 3 9 13 14 - g
7 7 1 13 2 9 3 10 "14 1 5 |
8 &8 14 11 6 1 9 13 12 7 2
9 9 5 1 10 13 14 11 _ 7 3 12 .
10| 10 9 8 7 6 5 4 3 2 1
u|l un 1 7 14 3 1 12 10 8 6
1212 11 10 9 8 72 & 5 4 3 |
Bl 7 4« 12 om e 5 2 w9 é
14 3 6 5 7 2 9 4 212 8 ..
"
4
~ 7z
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& TABLE VI,
" Primary-Secondary line Switch Cross-connecting Scheme
. Por Combined Groups Having from 141 to 150 Selectors,
Trunk Numbers -
- o A 1 2__._3 4 5__ _8 7 8 9 10
| 1 1 2 5 6 7 8 10 ’ |
| 2 2 4 6 8 10 12 - 14 9 1 3 |
i v 3 3 6 -9 12 15 1 4 7 10 13
: 4 4 8 14 13 3 7 11 15 2 6
: 5| & w0 15 3 8 13 1 6.1 7
6 6 12 1 " 13 2 8 14 3 -
C g 7 14 4 11 1 8 15 5 12 2
L. 8 8 1 7 15 6 14 5 13 4 12
T 9 9 15 10 2 1 3 12 4 13 5
10 | 1c 3 13 6 14 1 2 . 12 5 15
JSnn 5 12 10 4 15 9 3 14 8
1212 7 2 14 9 4 10 1 6 1
S | 13 9 5 1 12 10 6 2 15 11
&krIA 4 u e 5 2 "9 13 10 7 ‘.
. 15 | 15 13 11 9 " 5 3 1 8 14
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TABLE VI1

Primary-Secondary Line Switch-Cross-connecting Scheme

For Combined Groups Having from 151 to 160 Seleotore.

Trunk Numbers

1 1 2 3 4 5 6 7 8 9
2 | = s 6 8. 10 12- 14. 16- 1
3 3 6 ® 12 15 1 4 7 10
4 4 e 12 16 3 7 11 15 2
5 5 10 15 3 8 13 1 6 1
6 6 12 1 7 13 2 8 14 3
vl 7 14 4 1 1 8 15 5 12
B j & 16 7 15 6 14 5 13 4
o | 9 1 10 2 1 3 12 .4 13
1010 3 13 s 16 9 2 12 6
njun s 16 10 4 15 9 3 14
12 | 12 7 2 14 9 4 16 11 6
13 18, 9 5 1 14 10 6 =2 15
14 f 14 11 s 5 -2 16 13 10 7
15 §| 16 13 11 ° 7 5 3/ 1- 116
16 16 15 14 13 12 11 10 9 e
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Trunke to First Seleotors Handling Coin Box Traffic,

It is advantageous from an operating etandpoint to
carry traffic from coin box lines to the Zero and -3 operators
ever irunk groups which are separate from thoro handling traf-

*

fit from flat rate or message rate 1ines, Consequently, the
cross connections between |ine switches and the first select-
Ors in an office serving COin box linee should be SO arranged
that the first selectors handling coin box traffic will not
handle traff ic from any other class of 1inesj in other words,
primary line ewitch sub=-groups serving CcoOin vox lines ehould
not be placed N the same regular, combined Or partial group
with primary line switch sub=groups serving flat rate or mess=
age rate lines,

It is thought that in most step-by-step offices
serving coin box lines, the number Of such lines will be ine
sufficlient to warrant the ure of secondary line switches for
handling their traffic and tho trunks from their primary line
switches Will ordinarily be cross connected directly to first
selectors, |n euch cases oross connections are made N accorde-
anoe with the method given |later in Division |V, Section 3d,
under "Offices Where Secondary Line Switches are not Installed®

If in any offioe there is a sufficient numver oOf
coin box lines to justify the use Of secondary |ine switches
for handling their traffic, a separate group (partial, regular

or combined) is formed fOr this purpose in the vsual manner, .
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Birst Selectors.,

Recular Seledtors (Fxclud Toll

Where secondary line switches are not employed, one
first selector is provided for each working‘trunk from the pri-
mary line switches., Where secondary |ine switches are used, one
first selector is provided for each working trunk from the sec-
ondary line awitches, |n general, trunks for completing connec-
tione to the subseribers from the special overators*' positions,
other than toll poeitione, are also terminated at first eeleotora.
Selector Multiple,

Firet selector banke are multipled together in the shop
In groups of five or ten, and the eelectore in each euch group
are termed a "selector division®., Rither twO 10-selector divi-

sions Or one 10-selector and two 5-selactor divisions are placed

on a shelf at the selector bvoards. Where three divisions are
mounted on a shelf, the 10-selector division is |ooated at the

power end of the board. The multiple wiring of the l[ine and. pri-
vate banks for each division is extended to the flat type termi-
nals mounted across one end of the selector board. Ae explained
later, the terminal strips and the associated wiring and cabling
are so arranged that the wiring for any given level of a selector
division can be multipled with the wiring for the correeponding

level Of the other division or divisions On the same ahelf, and

alao with the wirirg for the corresponding 1evel of as many more

.

divieions on otber shelves as may be neceaeary.
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The number of trunks On any given level available tO
one division Of selectors is limited to ten, and this sube-group
of ten trunke is multipled at the terminal strips through as
many divisions of eelectors as are required to give the trunke
a proper load. 1If the total number of trunks necessery to carry
the traffic over the given level is greater than ten, other sub-
groups of ten trunke each are emvloyed, each additional su%-
group bsing multipled through as many additional divieions of
eelectora as are necessary,

Jerminal Strip Arrangement,

An assembly of a number of flat type terminal strips on
a set of mounting pins is known as a terminal "pile-up®, Across
the terminal end of the seleotor board, and within the vertical
space corresponding to the distance between adjacent shelves,
eix pile-upe of terminals are mounted. Thus there are thirty-six
pile-upe aercss the end of the standard selector board. The three
upper pile-ups in each set of six are ueed for terminating all of
the vank wiring from the corresponding shelf of 20 eelectore lo-
cated On one aide Of the voard, and the three lower pile-ups in
eaoh set of six are ueed for terminating all of the bank wiring
fram the correaponding shelf of 20 selectore located on the other
side of the board. The upper three pile-upe in a set of six are
usually ueed for terminating the wiring from the shelf on the
right-hand eide of the board, facing its terminal end, and this
eide of the board is therefore known as the "high" eide as dis=-
tinguished from the opposite or "low" side.
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0f the upper three pile-ups iN a set of six, the top
ona is used for terminating the private conductore coming from
all levels of the corresponding shelf of selectore; the middle
pile~up is ueed for terminating the tip and ring conductors
coming from the even numbered levels Of those selectors, and the
lowest pile-up isused fOr terminating the tip and ring conduc-
torfl3 coming from the odd numbered levels, The lower three pile-
upa in a set of eix bear the same relation to the corresponding
shelf of selectors on the other side of the board.

As shown schematically on Drawings Nos., 80757 and
8Q07=66, under Division v, Section 5a, one flat type terminal
strip is required in each pile-up for terminating the bank
wiring from .each division Of selectore on the shelf to which
the pile-up corresponds, Rach pile-up will therefore contain
either two or three flat type strips for terminating the divi-
sion vank wiring. In addition, aach pile-upwill inolude one
or more flat type strips on which are terminated the outgoing ca-
bles leading to the brusnes Of second selectors, Or the multiple
cable leading to Other pile-ups by means of which multiple con-
nection is made to selector divisions an other shelves, The pike-
ups Will also frequently include other strips that are required to
obtain the "multiple slip*, ®"multiple reversal® Ol "“graded multi-
ple” features, which are explained |later.

A cable running between twO pile-ups both Of which are
located at the same selector board is xnown as a "short multiplen
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ecable, A cable running from a pile-up on one board to a pile-up
on another Soard IS known as a "long multiple® cable.
Grouping of First Selectar Divieions,

The numver of first selectore to be placed in one sub=
group, that is, the number required to provide a proper load for
a sub-group o ten trunks to eecond selectors, depends on the
efficiency of the trunk groupe leading to the first selectors
and on the proportion of the total traffic incoming to the firat
selectore which 1s routed over the particular level being consid-
ered,

In general at least two divisions of selectors are re=
quired to form a eub-group. The choice ss to the relative locae
tion on the selector voards of the different divisions of selece

tors in a sub-group is a matter that is governed principally by

cabling considerations, Since the™ank wiring from the different

;- eelector divisions on the same shelf is terminated in the same

¢ set of three pile-ups, no switchboard cable is required to multi-
ple such divisions together; they are multipled either by pinche-
ing together and soldering the corresponding lugs, Or, in certain
cases described |ater, the multipling is accomplished by means of

L aiat i S Sy cast 4

standard |ocal forms inserted in the pile-ups, For this reason,
and for the eake of regularity in arrangement, where selector
sub=groups contain 20 selectors each, the divieions are in gen-

eral so multipled that each shelf Of selectors constitutes s
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selector sub-group.

¥nere the 20 selectore on & given shelf, as fOr ex-
ample, the top ahelf on the high aide, are insufficient to pro-

~vide a full load for a sub-group Of trunke to aecond selectore,

it is the practice to multiple ¢hat snelf with some, Or, if
necessary, all Of the divieions on tne top shelf on the iow
side Of the same board, If these 40 selectors do not afford

. sufficient load for the sub=-group Of trunka, some or all of

the divisions On the shelf next to the top on the high eidqg of
the board are also multipled with them, If these GO selectors

_do not fully load the trunk subegroup, €ome or all of the

divisions on the shelf next to the top on the low eide of the
board are then incorporated in the sub=group, INn this way,
selector sub-groups of any desired gize are built up by alt er-
nately including the shelves On each side Of the board while

progressing downward, and then if necessary, continuing fronm

.,the top of the next selector board until the required number

of divieions are included in t.he sub- group,

1f, in thus forming a sub=-group, all of the selector
divieions On the |ast shelf t0o e included are NOt required for
that sub-group, it is customary to start the next sub=group for
the level iN gquestion with the selectors remaining on that shelf
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and then tO complete the next subegroup iN the usual manner,
Multiple S1i

Assume that the No. 1 trunk in a subegroup of trunks
to eecond selectors appears at the first terminal of its level
at each of the first selectore through which it is multipled;
that the NO, 2 trunk appears at the second terminal at eaoh Of
the first selectors, ete, Since all of the selectors will hunt
over their terminale in order, from One to eero, and since éach
selector will etop on the first one that doee not teet busy, it
is clear that the No, 1 trunk will receive NS traff ic than any
of the othere in tne eub-group; that the No, 2 trunk will be the
next busiest one, and that the No, 10 trunk will be used only
when the sub-group is handling its peak loads, It is also appar-
ent that due t0o the low numbered trunks and therefore the |ow
numbered selector terminale being the busiest ones, the select-
ore will, on the average, have to rotate further in finding an
idle trunk than would be the case if an arrangement were effecte
ed Whereby each terminal in the level had the same chance of
being made busy,

Ono arrangement that is uped to distribute the traf-
fic among the trunke iN a subegroup and to minimize the average
hunting period of the selectore is known as "multiple slip", and

consists of so multipling the trunks that trunk No, 10, for ex-
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ample, appearing at the tenth terminal Of its level throughout
one divieion of eelectors, will appear w«t the ninth terminal ’-
throughout a second divieion, at the eighth terminal throughout
& third divieion, etc, Similarly, every other trunk in the
sub-group, in passing from one divieion to the next, ies “slipped"
one terminal, or in paesing from a division where it appeare at
the firet terminal is connected at the next divieion to the
tentn terminal,

This scheme is shown ON drawing No, 80%7«87, figure
1, for the case where there are 100 selectors (ten divisions of
ten each) in the eeleotor eub=group., |f each of the ten divie
sions routee approximately the same amount of traffic over the
given level, each of the trunke will be utilized to about the
same extent, and equal use will be made of the second selectors
upon which the trunks terminate; this is advantagedus from a
maintenance point of view, Moreover, since each terminal in
the given level hae an equal chance Of being made busy, the
averaze hunting period at the first selectors is minimized, whioch
reduces the wear On the selector mechanisms and al ao reduces the
chance that one or more pulses iNn the next digit to be dialed
W ll ve lost during the hunting period, resulting in & failure
to establish the proper connection,

Drawing No. 807-87, figure 2, showe multiple slip
applied in the case Of z subegroup Of trunks multipled through
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4 DivVISIONS OF SELECTORS

Fige 2

MuLT IPLE SLIP

>

NOTE: THi TEN LINES IN CAGH HORIZONTAL

AOW REPRESENT THE TEN SETS OF TERMINAL

LUGS TO WHISHN THE WIRING FOR THE GIVEN
LEVEL FROM ONE OIVI3ION OF SELECTORS
18 CONNECTE0. THE DIFFERENT NUMBERED
SELECTOR TERMINALS ARE CONNECTED
THROUGH THE BANK WIRING TO CORRESPONOD=
INGLY NUMBERED TEAMI NAL LU3S.

Fig. 5

MuLtiPLE REVERSAL
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fifty eelectore (five diviaione), It will be seen that in
this case trunk No, 8, appearing at terminale Nos, 1,2,3,4 and
6 in thedifferent divisions, will probably carry more treffiec
than any of the Oothere, while trunk No, 10, appearing at ter-
minale Nos, 6,7,8,9, and 10, will probably carry less traffic
than any of the othere, although the inequality in the traffic
distribution among the trunks is less than would have obtained
if multiple slip had not been used, This inequality could be
further reduced by inserting rmultiple slip between the select=
ors of & division Or by slipping more than one terminal bve-
tween divisione, Both schemes, however, are open to the ob-
Jections that they would introduce additional wiring standarde
and maintenance diff iculties and would increase the individual
engineering required on esch job, and it is thought that the
advantages obtained would not ve compensating.

Where the number Of selectors in u sub-group is
emall, (forty or less), the gain that would be effected by the
use Of multiple slip would alao ve small, and in such caeee an=
other arrangement, known as "Mmultiple reversal®, is used, This
consists IN reversing the wiring between certain selector divi-
eions SO that & trunk connected to terminal No, 1 throughout
one or more divisions will ve connected to terminal No, 10

tarougnout the other divisione of the eub-group, & trunk con- .

TCI Library: www.telephonecollectors.info




Diviaibh ’wa aiwiC

‘Sectioh Fa '
Page ’" '. 9
May 1, 1920,

nected t0 terminal No, 2 throughout one or nore divieions will
ve 'donnected t0 terminal No, 9 throughout the sther divieions

of the sub-group, etc, This arrangement is ehom for a typical
cage’'in Drawing No, 807-57, figure 3, The effect of multiple

reveérscl ie esimilar to that of multiple slip,

VWere it is desired to introduce multiple slip or
reversal between divieions on the same shelf, the terminal
strips at which the division bank cables are terminated are
connected together through a local'cable called & "hairpin form",
Bach end of this form ies soldered tOo a flat type terminal strip,
The form is inserted in the pile-up, and is connected to the
flat type terminal strips of the two divieione which are to be
miltipled together, The hairpin form is of two general types,
ono being so made up a8 to introduce multiple alip between the
divisione, the other being formed to give multiple reversal
between the divisions,

- Ae noted previcusly, the private. conductora for all
lévels from the different divisions On a given shelf are term-
inated in the same pile-up, and consequently only one local

form ie used for introducing multiple elip or multiple reversal

(ae the case may be) in the private conductore for all levele

between such divisions, It ie theref'ore thc practice to employ

either multiple elip or multiple reversal for sl levels between
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divisions on the same shelf; that is, if multiple elip, for
example, ie introduced for one level, multiple elip is used
On all levels; otherwise an excessively large number Of stande
ard hairpin forme would be neoeseary to afford various come
binations Of slip and reversal for the different levele,

These remarks also apply to trhe use of tha elip
and reversal between divisions on different shelves, INn this
case the slip or reversal is introduced in the short Or long
multiple cables and since the private conductors terminated
in one pile—up aro multipled to those in another pile-up through
only one cable, it is desirable tO use either the slip or the
revereal on all 1evels,

INn determining whether multiple elip or multiple
reversal should be ueed in any particular caee, and in deters
mining in what manner the slip Or reversal should b8 intro-
duced, it is recommended that in general tns practice outlined
below be followed:

If the eelector sub=-groupe for all levels each
contain fifty or more seclectors, multiple elip is used and is
introduced between esch division of ten eelectore,

If any one of the eelector sub-groups for the

different 1evels containe 1ess than fifty selectors, multiple
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reversal is used, The reversal should be introduced in such
a way that the bank wiring of one-half of the selectors in
each sub-group is revereed with reepect to the bank wiring
in the other half, TFor the sake of uniformity, this is
accompliened Or approximated Iin all cases by insertinz the
reversal between the firet ten and the last ten selectors on
each shelf, (provided of course that all of the selectors on

a shelf are in the same sub-group ), and by inserting it be-

]
3
2
.s
:

tweean such divieions on different shelves as are to be multi-

pled together,
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Fumber of Pegular Selectors per Sub=Group,

The eelectore handling traff i¢ from filat and message
rate lines are considered as forming a separate class from
those handling traffic from the special operators' positions,
since the trunk groups leading to the latter class Of selectors
are ordinarily of a different size, and consequently work at a
different efficiency, from those leading to the selectors in
the former claess, The size Of the selector sub-groupe for
handling special service calls should therefore be figured
separately, The selectore handling coin-box traf fie, if any,
wWill in general form an additional claes that should be con-
sidered separately,

As previously explained, in offices serving coin box
lines, separate groups Oof trunks for coin box traffic are pro-
vided to the zero and A B operatore, so that in such offices
the selectore handling coin box traffie should be kept in a
separate group when forming eelector sub-groups for the zero
level, and also when forming sub-groupe fOor the first level
vhere the codo 112 is used for reaching the A-B operators; that
is, when considering these levels, selectors handling coin box
traffic are not multipled with any other selectors,

In caleulating the number of first selectors per
sub-group, Table B in the "Average and Average Plus Deviation
Tables" ie employed, UFrom this table it will be seen that for

& l0=trunk sub-group the value for the average number of simile
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taneously busy trunks in the buey hour is 4.13.

The total number of calls originated in the office
during the busy hour snd the total number of oalls to the
different points correeponding to the different first select-
Or levelsare obtained from the traffic data, From this data
is determined the percentagee of the total calle inconing to
the firet eelectore routed to each of the ten levels during
the buey hour,

The value of A in the formula A = g'g%%}l is then
determined, where C is tne total number of calle originated
during the buey hour by the class Of lines being considered,
"A" is then multiplied by the various percentages representing
the relative amountes Of traffic routed to the different first
selector levels, and the ‘reeulte give the average number of
calls Of the class concerned that will be in progress simil-
tanecusly Over the different first selector levels during the
buey hour, ¥or any given level, this quantity will be called

Of this average num]er of calls (Ar), the number tnhat
Will be furnished by ea.ch firet selector will be é; » where
T is the total number oOflifirst selectors in the claae, If R

is the number of first selectore through wnicah a tenetrunk

sub-groups should be multjipled. then R = 4,15 , OY R = ix@-"l.

T
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As previously explained, selector sub-groups are built
up to the required size by multipling together the required
number of eelector divieions, Each division, however, contains
either five or ten sslectors, SO that the number of eelectore
per sub-group Will »e some even multiple of five or ten, Since
Rwill, in general, not ve an even multiple of five or ten, it
w || ueually be nesessary to increaee or decrease the number of

selectors per sub-group somewhat above or below the theoretiecsal

value, The extent to which it is permissible tO vary the value

of R(without unduly overloading or underloading the trunk sub=

groups) Wi | | frequently be a matter of judgment resting with the
engineers most familiar with the nature of the traffic data
being used, It is thought that in general, however, the followe
ing practice will ve found satisfactory:

Where R is 15 0r 16, and in some cases where R is 17,
eaan Sub-group will contain 18 eselectors; where R is 19, 20 or
21, and iNn seme cases Where R is 18 or 22, each sub-group will
contain 20 selectors, Where R is 24, 25, 26 or 27, and in some
cases Where R 18 23, eacn eub-group will contain 25 sel ectore.
In those instances where R is 17, 18, 22 or 23, and it is
thought that tnhe above practice would unduly overload Or under=

| oad the trunk subegroups, the method described later under
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"Graded Xultiple” nay be used,
Wnere R is from 28 to 32 inclusive, each sub-group

will contain 30 selectors, and where R is from 33 to 37 in-

+ ¢lusive, each sub-group Will contain 35 selectors,

Wneré R-is greatsr than 37, R is increased Or da-

" oreased to thé nearest even multiple of 10, except as noted

below. If R |ies midway between two numbers each of which is
any even multiple of 10, whether R is decreased Or increased
ehould e determined by the engineer for the particular in-
stallation involved,

It will pe seen that in order to obtain selector eub-
groupe Of the proper size, it is necessary iNn some cuses tO
install divisions oOoOntaining five selectors cach, while in
other cases ten selector divisions only are necessary, If
five selector divisione are installed in order to obtain the
desired sub-grouping for any one level, it will usually be
desirable to take advantage of this fact in regulating the
size Of the sub-groups for other levels; that is, if R = 58
for a particular level, the number of selectors per eub-group
for this |evel may be mades 55, instead of 50 or 60, if sone

other level requires the use of five eelector divisions,
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In a 4-digit system, it i S thought that the number -
of fi fst selectors per subegroup. for all levels will free
quently be large enough to avoid the necessity Of employing
five eelector divisions, whereas iNn A 5-digit system the num-
ber of first selectore per sub-group on Che level reserved
for local trafficwill in general be small and may require
the use of five eelector divisions, I|n any case, a1l first

selectar divisions will be of the ten selector size, unless

five selector divisions are specified,
Combined and Partial gyb-Grougpe,

The quotient obtained by dividing the total number of

first selectors of a given class by the numbsr Of selectors
per sub=group will, iN general, not ve a whole numver, The
selectors represented by the fractional part Of this quotient
may be formed into a partial selector sub-group with & corre-
spondingly emaller trunk sub-group to second selectors, Or if
feasible they mey be multipled with some of the selectors of
anot her class, forming a combined relector sub-group suffi-
cient in size tO provide a proper load for 10 trunks tO sece
ond eelectors, For efficiency reasons, combined selector
sub-groups are ussd wherever possible,

It may be noted that where a partial sub-group is

employed, each eselector loading the partial eub-group is pro-
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vided with ten working terminale in the given level. Zach
terminal which wouwld normally correspond to an unused trunk
is multipled to-a terminal correeponding to a working trunk,
thus reducing the average t‘runk-hunfing time,

In determining the number of trunks required
for = partial sub-group, tne relation A, = Ar x Ry 4g used,
where A, ies the average number of calls that are in progrees
simultaneously, during the busy hour, sver the level veing
considered, where Rp is the number of selectors in the par-
tial sub-group, and where T is the total number of first se-
lectors in the class, A? is the average number of calls to
be carried simultaneously over the partial sub-group of trunks
during the buiy hour, The nearest value to Ap in Table *3*"
is found, and the correeponding value in the “average plus
deviation” column is the number of trunke required in the
partial sub-group,

In determining the nunber of selectors required
in a combined eub-group, those selectors tO which tnhe select-
ors of another class are to %e multipled are first considered
as though they were to forn & partial sub-group, and the value
of Ap is determined as just explained; then (4.13-5) is the
average number of simultaneous busy hour calle to be added to
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the 1C~trunk sub-group by multipling that sub=group through

a number of selectors of the other class, The number oOf se=

“lectore of the other class necessary to furnish this load ise

given by the expression (4.13-&) T where T nnd A, are the

values applying to the clase of selectors being used to complete

the combined sub- group.
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Graded ﬁhl@iple.

Ar previously noted, where the number of eelectore
that should be included in a sub-group ie 17, 18, 22 or 23,
it may be found fnudvisable {0 increase or decrease this num-
ber to the neareet even multiple of five, and in such cases
a special scheme Of trunk multipling known ae "graded multie
ple" may be used,

Gruded multinle is a scheme fOr associating a sub-
group of trunka from first to second selectore with several
divisions of firet selectors in euch a way that some of the
trunke, called common trunks, are maltipled throughout all of
the first eelectore involved, while each of the other trunks,
called individual trunke, is multipled through only a part of
the eelectore, The total number of trunke in a graded multi-
ple sub-group is eome even rmultiple of ten, but the number of
these Which are "common" and the number whi ch are "individual®
depends On the particular form of graded multiple being con=
sidered,

Drawing o, 807-68 ehowe schematically the form of
graded multiple which is used where 17 firet selectors would
provide a proper load for a sub=group of 10 trunks, In this
case, 5 graded multiple sub-group of 30 trunke i s associated
with 50 eelectore, It will be noted that the five trunke
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represented by line "A" are multipled throughout all Of the .
fifty selectors, These are the common trunke and appear in
each division at the last five terminals of the given level.
The five trunks represented by |ine B are multipled through
Division No, 1 only. These are individual trunke and appear
at the first five terminale of the given level, Similarly
the lines C, D, E and F represent four more sets Oof five in-
dividual trunke each, appearing in their respective divisions
at tho first five terminale of the given level,

From an examination Of Drawing No, 807-68 it will
be seen that if the traffic over the 30 trunke hae been €0 die-
tributed that all of the common trunks represented by line "A"
and all of the individual trunks represented by line "B", for
example, have been made busy and the next call happens tO be
routed to one of the idle selectors iNn Division No, 1, the
call will pe delayed even though there may be one or more idle
trunks among the individual ones represented by lines C, D, B
and B, The 30 trunxs 4o not, therefore, constitute a true 30
trunk group with respect to the 80 selectors which they serve,

It is at present estimated that the busy hour load
tO be carried by thne subegrodp Of 30 trunks should be regu-
lated to equal ths lead which three sub-groups of 10 trunke
each could ¢arry on the basis povided by Table B, The form of
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graded multiple shown ON Dwg, No, 807w48 may therefore Ye used,
es previously stated, where 1/ selectors would provide & proper
lo8d f0Or a sub=group Of 10 trunks, since in that case three 10=
trunk sub=groups, tO Whioh the graded mul tiple sub-group is
assumed {0 be equivalent, Oould carry the traffio from 81 se~
lec tors.

The following table snhows the four different forme
of graded multiple used fOr trunking bvetween first and second

ielec tors:

17 | 60 |30 {28 5 3

18 {7 l40 |38 |5 | ¢

22 {110 |80 |44 é 5

23 |160 |70 64 6 K4

The numbew in Column A indicate the number of
selectOrr that aould be required to provide a
proper load for & sub-group of 10 trunks.

The corresponding numbers in Columne B and C
show respectively the number of select on
with which the graded multiple sub=group is
associated, and the total number of trunks
in the graded multiple .sub=group,

The corresponding numbers IN Columns D and E
show respectively the total number of in-
dividual and the total number of commen
trurks iN the graded multiple sub-group,

The corresponding numbers | N Column F show
the number of regular 10=trunk sub=groups

to wnioh the graded multiple sub-group is

regarded as oguivalont_with respect tO
traffic hardling capacity,
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The relative location On the selector boards Of
the different divisions included in a graded multiple sube
group is determined by the same considerations as those
governing the multipling of selectores when forming regular
sub-groups, a€ previously desoribed,

As shown in Division V, "Cabling and Wiring", one
or more extra flat type terminal strips are required in each
terminal pile-up in order to obtain the multipling arrangements
inherent to the graded multiple scheme,

In multipling, together selector divisions that are
located on the same shelf, no multiple slip or reversal is
introduced iNtO the common trunks, To do this would require
a large number of additional types Of hairpin forme to care
for thedifferent kinds of graded multiple and for inme differa
ent levels on which graded multiple might be used, Whether
multiple slip or multiple reversal should be used on the other
levels is determined as previcusly described, disregarding the
level Or levels to which the graded multiple scheme is applied,

Tne short and long multiple cables used where graded
multiple is employed, however, are necessarily special in the
senee that they must be specially formed out to their flat type
terminal stripa, Thies is necessary in order that on the level
or levels where graded multiple is used, the terminals corre-
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sponding to the common trunks from the shelves to be miltipled
can be¢ connected together without eome of the common trunks
from one shelf being connected tO some of the individual trunks
from another shelf, This would result if standsrd multiple
cables were ueged, since these are formed Out to give either
multiple reversal or multiple elip over the ten trunks of each
level,

Since multiple cablee are of necessity formed
specially to care for graded multiple, advantage is taken of
this faot to insert multiple elip or revereal in the common
trunks in order to equalize the |oad over tnem as fsr as prace
ticable, Vhere the graded multiple sub«group includee 60 or
70 selectors, multiple reversal is inserted in the common
trunks, whereas if tne graded multiple sub-group includes 110
Oor 160 selectore, multiple elip is inserted instead, The slip
or reversal is introduced between each shelf of selectors in
the graded multiple sub=group, Whether the multiple cables
should be formed out to give multiple slip or multiple reversal
ON tns other levels is determined ac previously described, ‘

1t is NOt expected that there will be any cases \
where the traff ic over the firet or over the zero levels of .
first selectors Will be such as to require the uee of graded

multiple for these fevers, In general, therefore, selectors
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handling traffio from f£lat rate and message rate lines and
those handling aoin box traffic may de included in the same
graded multiple suvegroup, 8Seleotors handling trsffic from
the epecial operators! positicne may alro ve included in the
same graded multiple subegroup with those handling traffic from:
flat rate, message rate snd coin boX lines if this is found
deairable,

Due to the relatively large number of selectors
IN a graded multiple sub=group & coneiderable numder of se=
lectors may remain after as many gradel multiple sub=groups as
vossible have been formed fOr the level being considered, Tne
remaining selectors are formed in the usual manrer iNtO regular
sub-groups and, if necessary, into a partial or combined sube
group es previously desocribed,
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It is tOo be noted that in applying the cross connec-
tion scnemes outlined below, the tfrunke tO selectors handling
calls from coin DOX Statione should be considered separately
in order that traffic from coin box stations to the zero or
A-B operators' pesitions may be handled over a separate group
of trunks,

Qifig

By means of appropriate cross connectionb at the lino
I.0,F,, tke eubscribers! lines may be SO diatributed among the
different line switch subegroups that eaah sub-group of trunks
to, first selectors will be properly loaded, but it uould be
difficult to do thie and also distribute the lines in such a
manner that each sub—group of trunke would be carrying its peak
load at the same time, 8ince the peaks in the different sube
groupe will in general occur at different times, it is desirable
to relate the primary trunk sub-groups with the different selec=
tOr subegroups SO that approximately the same number of trunke
from each of the several primary sub-groups Will be terminated
at each selector sub-group, By thie means the peak 1oads in the
trunk sub-groups from first to second eelectore are reduced and
tho chance that a call will e delayed due to an all=busy Sub-
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group Of trunks tO second selectors is correspondingly reduced,

INn some offices all of the primary trunk sube-groups
will net be of the same size and therefore will not work at the
same efficiency, An additional advantage, therefore, in ase
sociating the primary trunk eub-groups and the first selector
sub-groups as described udbove is that any difference which may
exist iN the efficiency ¢f the primary trunks doce not have to
be taken into account inN forming the seleotor sub-groups, alil
of which may be made af the same size for uny given level,

In order to preserve o regular cabling arrangement
between tne primary |ine switches and the selector boards, and
&t the same time to permit Of the association between primary
trunk sub-groupr and selector sub-groups just described, jume
per connestions in the trunks between the line switches and
selectors are made at an 1,0, P,

The orose connections are made in accordance with
the plan outlined below, It should be noted that the arbi-
trary rumbering schemes referred (0 sre used Only ar a means
for facilitating t he description of the plan, and ars not t¢
ve taken as the standard mothod for numbering | i ne switch ard
selector equipment in an office,

The half-shelves Of selectors serving the class or

classes Of lines being considered are arbitrarily numbered from
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"1" up, The half-shelf nearest tnhe termnal strips on the
highest shelf involved on the high side of the first selec-
tor bogrd is nutbered "1" and the other half of that shelf

is numbered “"2", The numbering is continued in this manner
by progressing downward on the high side Of the board until
all of the half-shelves ON that side that are to be numpered
have been included, The numbering is cont irued in the same
manner on tbe low side of the board, progressing downward, and
is then continued fOr the halfeshelves On the next board if
there be more than one,

The ten selectors IN each nalf-shelf are also arbi-
trarily numbered from A to 10, the nunbering progreseing toward
the power end of the board,

All of the working trunks from the primary line
switches fOor the class Or classes 0f linee in question are &aiso
arbitrarily numbered from 1 up, beginning at the No, 1 trunk
INn the first sub-group &nd continuing up to the number corre-
sponding to the highest numbered half-shelf of selectors, and
then repeating as many times as arse necessary to cover all of
tne working trunks.

INn running the cross-connections, the first Ho, 1.

primary trunk is connected to the No, 1 selector Sh the No, 1
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half-gshelf, the second No, 1 trunk is connected to the No, 2
selector N the No, 1 half-shelf, etc,, until all No. 1 trunks
have been connected to the different selectors in the No, 1
half-ehelf, Then the first No, 2 trunk is connected to the No,
1 selector in the No, 2 halfe-shelf, the eecqnd No. 2 trunk is
connected to the No. 2 selector in the No. 2 half-chelf, etc,,
until all No, 2 trunke have been connected t¢ the various
selectore in the No, 2 half-shelf, Thie scheme in continued
until all of the working trunke have been cross-connected,
Qffices Where Secondary Line Switches Are Igatalled,

In such officee the different regular grouvs and
the conbined Or partial group will not in general carry their
respective peak | 0ads at the same time, In order to minimize
the chance thut & call will be delayed due tO an allebusy sube
group Of trunks from first t0 second selectors, therefore, it
is desirable tO relate the various subagroups of trunks from
secondary line switches With the different eelector sub=-groups
in auch a manner that aporoximately the same number of trunks
from each of the regular grouvs and fron the combined or par-
tial group will ve terminated at each selector sub-group,

In order to permit of regular cabling arrangements
snd at the same time t0 Oobtain the desired relation between

the secondary trunk subegroups and the first selector sudegroups,

TCI Library: www.telephonecollectors.info

[ . it




Déyigéen iV

on i3

Pagc 8
May ‘1, 1920,

cross connectione are introduced in the trunks between the
secondary line switches and the f irst selectors,

The half-shelves Of selectors serving the class
or claeeee of lines being considered, and the seleotors on
each half-chelf, are arbitrarily numbered ss previously de-
ecribed under "Offices Wnere Secondary Line Switches Are
Hot Installed®, The working trunke from the eecondary line
switches fOr the class or clasees of linee in question are
arbitrarily numbered iNn the same manner as the trunke from
primary line switches iN offices wners secondary line switcnes
are not installed, The cross Oonneatione are then made inN

accordance with the plan previoualy outlined under "Offices
YWaere Secondary Line Switches Are Not Installed,*
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ret Selector
Toll Selectors, Because Of the differencesbetween
local and tOl| requirements iN regard to operating methods S

and trummisgion reaturu, reparate trains Of selectors are -
employed for establishing toll connectiona vetween the toll P

board and the mechanical subscribers, In a single-office y
district it is the customary practice 1O terminate each worke

[ ing switching trunk from the toll voard at & toll first se-

I .lector, although iN €Ome cases it may be found economicel to
terminate such trunks at toll aecond selectors,

In offices serving Cpin box lines, the switching
trqus over whicg ‘connecticns to Coin box stations are made
are terminated at toll selectors which are equipped with
do;%;n_le private 'tggnkp, &s ONn trunk-hunting aonnectors, and
foux::yqfrq circuits are used between these selectors ’and the
toll second selectors, The fourth brush on each coin-box toll
first selector is mltipleﬁ to thg b?.nk contacts Oof a special
ewiton which IS reached by the toll operator over a coin-box
opersting trunk and which enables her to control ths applica-
tion of coin collect Or return current to the coin-box lines,

In forming toll first selector sub-groupe the coin-box toll
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first selectore may be multipled with the other toll first
eelectors if desired,

Selector Multiple, Like regular first selectors, toll
first selectors, (Oother than coin box toll first selectors),
are multipled together in the ehop in divisions of five or ten,
and twenty selectors in either two Or three divisions are mount-
ed in the regular manner ON a shelf at the standard selector
board, The divieion bank wiring ie carried, as previously de-
scrived for regular eelectore, to terminal strips at one end of
the bosrd where the divisions nay be multipled together as re=
gquired,

The terminal strip arrangement fOor the four-wire
trunke from coin box toll first selectore is essentially the
same as that required for other first selectors, the only diffa
erence being that extra flat type terminal strips are required
in the orivate conductor pile-ups for the termination of the
division wiring and the cabling ueed iNn connection with the
fourth conductors., The number of flat type terminal etripi
that would be required in euch private conductor pile-up where
four-wire trunks are used would, however, exceed the capacity
of the standard assembling pins if three divisions of selectors
were mounted On a shelf, so that 0oin-box toll| first selectors

Will be furnished only in l0-selector divisione,
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Toll £irst selectors are NOt miltipled with regular

first selectors and fgr this reason the former are usually
grouped togetnher on a separate selector board, The toll firrt
eelector board zay, however, be used fOr mounting other selecte
orr, such as tOl| second selectors, special or auxiliary se-
lectors, ete,, if suc¢h an arrangement ie found to be economical
N the utilization Of frame and floor space,

Toll £irst selectors are mounted ON opposite and on
adjacent shelves at the selector board, 'thir relative location
permitting the selector divisions t0 be formed into subegroups
IN accordance With the method descrived iNn Divieion 1V, Section
Sea, under "Grouping Of First Selector Divisions,"

Multiple slip Or multiple reversal is used in multie
pling toll first selectors, and is inserted between divisions
ar described iN connection with regular first selectors in
Section 3sa,

Number Of Selectors Per Sub=Group.

The number Of tol| first selectors required to provide
& proper 1oad fOr a subegroup Of ten trunks to tol| second se=-
lectors is determined in the same general way as descrided for
regular firet selectors in Section 3-b, The relation R = ‘-EJ-
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isTekployed; where R is the number of toll first selectors per

pub=-group, T i® the total number of tol| first selectors con=
cefﬁ"e&“ahd'ﬁr is the average numver Of calls in progress
simultanesusly during the busy hour over the level bveing con-
sidered,”” The walue of A, 48 calculated from the traffic data
uséd’ in é&ohrnection with the formula A = g'EéFH' .

In order to adapt tha multipling scheme to the
at;;d;.rd "Aéquipx‘nent arrangements, the theoretical number of
tOII flrSt selectors per sub-group (R) is increased or decreased
to the nearest even multiple of five Or ten aa previously de-
crcrl‘oed for regular first selectors, although the use of five-
selector divisione will not ordinarily be necessary to obtain

a{n Féc'o“nor;]ical multipling arrangement,

T Due to the necessity of keeping the toll selectore
ina s\eparate train, no oﬁportunify is afforded to combine the
trunks to toll second eelectore with the trunks from regular -
ifirat to regular eecond selectors, After as many toll subde
é;oupe st possible have been formed fOr a particular level, the
remaining toll selectors are formed into a partial sub=group,

. The number of trunks required for the partial sub-group is

f«m«ﬁ‘ »
d%ermined as desoribed in Section 3-b, the relation 4 =

Ap x Rp : .
being employed IN conjunction with Table B.
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Second Selectors - Four=Digit System

Regular. Special and Toll Selectors. Bach working trunk from
the regul ar first selectors, with tho exception of thoee from the
firet and zero levels, is terminated at s regular second selecter,
the trunks from the zero level being carried to jacke at the zere
operators' positions, and those from the first level being teérme
inated at special seoond eelectore,

Bach working trunk fromthe toll firet selectors ies termi-
nated at a tol| second selector,

In a single office district, assuming a 4-digit systen,
regulur and toll second selectors are divided into groups, s
group consisting of all of the regular and tol| selectors which
handle traffic froma given level at thefiret selectors, There
will be as many groups Of regular and toll second selectors &s
there are working levels (exclusive of the zero and first levels)
at the firet selectors, The special second selectors constitute
one or more additional groups, |N offices serving coin box lines
and wnere the h-B operators are reached by the code 112, the
gpecial second selectore used for handling 0oin box traffic are
kept in a group separate from the other special second seleotorr
in order that ooin box calls may be routed to the A«3 operators
over a separate group of trunks, [N general selector divisions

in the same group Ny be multipled together, whereas it is not
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ent groups,
A1l of the regular eecond scle¢tors iN a given group

should, as far as possible, be located together on the sane

selector board in order to permit a subegroup Of trunks to con-

neotors to be mltipled as described iN Section 3-a under "Group~
ing of First Selector Divisions,” The toll second eelectors in
a group should be located together in a similar manner, In
general, it is desirable to make proviesion On thie vasis for
the growth of any group of eecond eelectore corresponding to
s particular thousand subscribers' terminale which, in the ini-
tiel period, are but partially equipped, It may aleo be de-
sirable t0 allow fOr the growth of eecond eelector groups if
increases iNn the calling rate or holding time are expected,
although the advisability Of doing this will depend largely
on euch factors as the floor plan layout, thc number of ad-
ditional selectors required for growth and the time that it ie
estimated will elapse before the additional equipment will be
installed, |

For cabling reasons\the ten trunks iN a sub=group

|
frem first seleotors are terminated On a half-shelf at the cec-

\
ond eelector board; that is, they are terminated at either the
\
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first ten Or the last ten*selectors On & shelf, Bor the sane
reagons. the trunks of partial subegroups are terminated at
seeond selectors all of which are located on the same half-
shelf, BOr example, a six-trunk partial sub-group would he
terminated at the first six selectors on a half-ehelf, the other
four selector poeitione being provided with banke but not being
equipped with selectors,
Selector tiple

Rezular and Special Second Seleotors., ITike firet celec-
tors, regular and special eecond eelectors are usually multi-
pled together in divisions of ten, but are furnished in divi-
eions of five if required, and twenty selectors are mounted in
the regular manner on & ahelf at the etandard selector bvoard,
The multiple wiring for each divieion is carried to flat type
terminal strips mounted across one end of the selector board
and the terminale are arranged in the same manner as previous-
ly described in connection with firet selectors, The relative
location on a bhoard of the different divieions of selectors in
a subegroup is the same «s described for first selectorsin
Section 3= under "Grouping of First Selector Divisione,"

[0l Segond Selegtors, Toll eecond selectors are usually
maltipled together in di'vis;ionn of ten, but are furnished in

divieions of five if required, and ten selectora are mounted on
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a Shelf, The tol|l eecond selectors in*a 4-digit system are
termed "transmiesion®™ selectorc; that ia, the subscriber'e
battery supply On & toll call is furnished through a repeating
coil which is ssscciated with the toll eecond selector, It is
not feasible to mount the repeating coil on the selector base,
but by mounting ten of the selectors On one-half Of a shelf und
the ten corresponding reveating coils, together with certain
other associated apparatus, on the other half of the same shelf,
it is possible to mount, wire and test out this equipment in
the shop, and it is thought that this arrangement poesesses
sufficient advantage tO warrant a departure from t he ueual
method Of arranging the selectors On the boarde, In order to
minimize the length of the division bank cablee, the selectore
are mounted ON the half-shelf nearer the terminal end of the
board,

The transmiseion selectors are provided nith double
private banke, and four-wire trunks are used between these
selectors and the connectore, 'The multiple wiring for each
division is carried in the usual manner to flat type terminal
strips at the end of the selector board, and the arrangement of
the terminale ie substantially the same as for coin box toll
first selectors, The relative location 0N a board of the diff-
erent divieions Of selectors in a sub-group. is in general the

same as for regular second selectore,
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The number Of second selectors required to provide
& proper lezd for a sub-group Of ten trunke to connectore
will usually be large, and it is thought that in the majority
of c¢cases multiple slip will be found satisfactory as a means
of distributing the load over the trunke of the sub=groups
and of reducing the rotary action of the selectors, although
miltiple reversal will be provided if required, The slip Or
revereal ieg ineerted in the multipling as vreviously described
in connection with first selectors,

Number of Selectors per Sub-rrou

The size Of regular, toll, or special second selec-
tor sub=groups is determined in the same general way as de=
cerived for first eelectors in Section 3b, using the relation

R= 5,*3 T . The number of trunks required for a partial sube

.
group I € also determined as described in Section 3b, ueing the

relation A= Ap x Ry« Combined |ocal and toll sub-groups

may de used as explained later,

In determining iN what manner and to what extent tne
theoretiocal size of & second selector subegroup should be in-
creasad or decreased {O conform tO equipment .limi»t.atione, the
practice outlined in connection with first selectors should in
general be f ollowed.

Combined | ocal and Toll Subegrouns.

INn a 4=digit system a given level at a group of reg-
uler eecond selectors handles the | ocal traffic incoming to a
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maximum Of but 100 terminale and therefore the total number o
trunks required per level, which is the number of local con=
noctore required per 100 terminals, is usually small, varying
from about 6 Or 7 as a minimum to perhape 15 as a maximum for
a regular group of 100 terminals. (A regula.r group of 100
terminale is One which doce not include P,B,X, trunks). It
is also apparent that except where the total number of trunks
required pner level is just ten, a partial sub-group of trunks
will result and this partial sub-group may be small and rela=
tively inefficient, In such cases, therefore, the total nume
ver Of trunks and conneotore required to handle the local
traffic to the group of 100 terminals may be increased by a
considerable percentage over the number that would be neces-
sary if the use of small partial sub-groupe could be avoided,
It will be found economical in eome cases, therefore, t0 come
bine & partial sub-group Of trunks from a group of regular
second selectors with the trunks from the corresponding level
of the toll second selectors in the same group, The toll
trunks reguired. {0 serve 100 terminale are seldom sufficient
in nuwber tO foEm in themselves an efficient sub=-group, but
by combining them with & partial sub-group from the regular

seleotors a larger partial sub-group or a full sub-group of
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. .
ten trunks may be obtained and the added expense incident to |
the use of partial sub-groups may be largely eliminated,

The scheme Of combining local and toll partial sub=-
groupe iN this way is applicable, however, oOnly to those lév-
els serving regular groupe of 100 terminals, Tnhe connoctore
at which euch combined groupe are terminated, called "com-
bination" connectors, must Of course handle voth local and
toll traffic and are therefore designed to include the cir-
cuit f eatures of both local and toll connectors, As a result,
combination connectore require more apparatus than either Of
the oth;r two types and it so happens that conbination con-
nectors alSO arranged fOr trunk -hunting (for use in connection

with groups containing private branch exchange trunks) would

require more relays than could be mounted on the standard cone

nector baee, To avoid equipment complications, therefore, com-

bination trunk-hunting connectors are Not for the present'to

be used,

INn determining what multipling arrangement ohould »e |
used for the regular and toll second selectors, the following
general plan is followed: The number of regular second selec-
tore required tO provide a proper load €or a sub-group of ten

trunks is determined in the usual manner, If this number IS |
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greater than the totsl rumber oOf regular second selectors

INn the group concerned, s partial sub=group results if the
combined local and toll eub-group plan ie not ueed, and the
number of trunks required for the partial eub-group is de-
termined ae previously explained, If there are more regular
second seloctore than are required to furnish a full load for
ten trunke, the exceee selectors forma partial sub-group if the
combined sub-group plan is not used, and the number of trunke
required to handle their traffic is determined in the ueual
xenner, Similiarly, the nunber of toll trunke that would be
required in a separate partial sub-group to carry the toll
traffic to the particular 100 terminals being considered is
then determined, Aseume that the average number oOf simul-
taneous calle to ve carried in the buey hour by the partial
sub-group from the regular selectors is Ap, and that the ave-
rage number to ve carried by the partial sub-group from the
toll selectors is A,. If (% + At) is less than or equal to
4,13, the two partial sub=-groups may be combined into & par=
tial or & full sub-group, The value, iNn Table B, which is
nearest to the sum (% + At) ig then found, and the number

of trunke and combination connectore required in the combined
’

subegroup, Ol combined partisl sub-group, i# found oppoeite

IN the "Average Plue Deviation?® solumn, If (AP+ At.) exceeds

4,13,the two partial sub-groupr may be formed into one combined sub-
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group Of ten trunks with one partial sub=group still remaining,

The value Of (ﬁb + At - 413) is then found in Table B, and

the number of trunks required in the partial sub-group is given

oprosite in the "Average Plus Deviation" column, |Nn cases where

a ten trunk eub-group and alse a partial sub-group would be re-
quired for local t¥affic, the combined sub-group, if used,
ehould in general ve so arranged that it will carry all of tha
toll traffis in order to avoid the use of toll connectore as
well ae both local and combination connectore,

Combination connectore are somewhat MOrs expansive
than local or toll connectore, and their extra cost should be
balanced in each case ugainst the saving resulting from any
reduction in the necessary number of trunks and connectors
effected by the uee of the combined sub-group plan, dut it is
thought that in general the uee of this plan will be justified
if it results in the saving of one or more connectors per hune
dred terminale, In some instances the traffic conditions may
be such that no reduction in the number of connectors can de
effected by following the combined sub-group plan, and in auch
cases the local and toll partial sub-groupe ars kept separate,

Becauee of circuit requirem:nts the combination

connector is provided with two separate sets of jack springs,
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one set fOr terminating the 3-wire trunk coning from the regu-

| ar selectores and another eet for terminating t he 4-wire trunk
coming from the toll selectors, |n other words, the regular
and the toll partial sub=-groups Of trunks forming a combined
sub-zgroup are in effect multipled together at the connectors
by using separate eete of selector-connector cablee for the
regular and toll partial sub=-groups, instead Of employing

the veual methed of multipling betwesn the selector bvoard

termnal strips,
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Second Selectors-wFive-Digi{ System,

Regular, Special and Toll Selectors, The level OFr
levels at tho firet selectors over which traffic local to the

originating office is routed are termed the local levels and
each working trunk from theee levels, except the zero and
first levels, is terminated at a regular gecond selector known
ae s looal second selector, The trunks from the zero and first
levels are carried to jacks at the zero operators! positions
and to special second selectore reepectively,

Zaon working trunk coming from another office, other
than the toll office, is terminated at a regular sSeoond selec= ,
tor ¥xnowm as an inconing second selsctor, ;

Baoh working switching trunk from the tol| board is,
INn general, terminated at a toll eecond selector, although in
some cases it may be found satisfactory to terminate suan
trunks at toll third selectorg, I|N offices serving coin boX
linse, the switching trunks over which connecgtions to coin
box stations are made are terminated at toll eelectors which
are provided with,double private banke, and the trunk from
these selectors are four-wire circuits, as described in cone
nection with coin-box toll first selectors iN Section 3e,

In forming theé toll seoond selector sub-groups the coin box
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toll eecond selectors may be multipled with the other toll
second selectors if desired.

In aome cases the trunks from the menual board
uséd fOr completing connections to mechanical subscribers rey
econorically be terminated at eecond eelectors inetead of &t
ffrst selectors.

In & multi-offica district, sesuming a five-digit
system, regular eecond selectores are divided into classes as
in the case of firet selectore, the lecal selectors constituting
one c¢lass and ths ificoming selectors forming another class,
There may be still anot her clase comprising the eelectors at
which the trunks from the special operators' positione are
terminated. The distinction between these classes |ies in
the difference in efficiencies Of the trunk groups incoming
to them, which mmkes it neceesary to consider each class sep-
arately in calculating the size Of selector sudegroups,

Tne reguler aecond seleétors, the toll second se-
lectors and the special second selectors constitute three
separate groups and in arranging the multipling each group is
kept separate. In offices serving coin box lines a eeparate

group of coin box specisl eecond aelectora rey be required, es
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previously explained in Section 4a,

For the sake of simplifying the cabling to the
second eelectore and to simplify and economize in the multi-
ple cabling between their terminal strips, the local second
selectore and the incoming selectors are segregated so that
ae far as practicable all, or at least s majority, of the
selectors ON & given bYoard will be of the same claee and =¢
that the different voarde mounting eelectore of the same
clace will be located adjacent to one another, |If there are
any eecond selectors handling traffic directly froa the spe-
cial operators' positions, euch eelectora are ueually few in
number and are located either with the local or with the in=
coming selectors, depending on the layout of the offioe,

In general, it is desirable to make provision on the
basis Of segregated classes for increases in the number Of
local second selectors requi;'edpas the' off ice grows, and for
increases in the number of incoming selectors required ae the
treffic incoming to tne office becomee greater, although the
extent to which euch provision should be made will of course
depend On euch factors as the floor plan layout und on the

estimated nature and amount Of growth in the ares concerned,
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8ince the toll eecond selectore are not multipled with
t he regular second selectors, the former are usually grouped to-
gether on a separate selector board, 4As explained under Section
3e in connection with toll first selectore, however, economies
Mey sometimes be effected by utilizing tho toll selector board
for mounting other selector equipment,

For cabling reasone the ten trunke in a sub-group
from first to local second selectors are all terminated on a
half-ehelf at the second selector board, and the trunks of a
partial sub-groups are terminated .at local eecond selectors
all of which are locuted On the same halfeshelf,

INn & multi-office district the sizes of the varioue
trunk groups leading to the incoming eecond selectors at a
given office will in general not ve the same and their trunk
efficiencies will differ aopcordingly, For example, trunke
from a manual Office or trunks coming from another machine
ewi tehing office through outgoing trunk secondary swit ches
may be in groups of large size and of comparatively high
efficiency, whereas trunke which come from & machine switching
office and which are not carried through outgoing trunk sec=
ondary switches will in general be in smal sub-groups and

their efficiency will vbe correepondingly small, In order to
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avoid the necessity Of taking into account euch differences

I N trunk efficiency When calculating the number of incoming
second selectors required tO provide a proper load for a sub-
group Of trunks, the main frame cross-connections in the ine
coming trunks are utilized to distribute the.trunks over the
selector shelves iN euch a way that as far as poesible each
sub-group Of trunks from the incoming second selectors will
carry a proportionate amount Of traffic from each of the
various groups of incoming trunks,

The extent {0 which the ideal distribution can be
attained will iN general be limited to some extent by the
method used in obtaining peg count records of the interoffice
traffic wnere auch records arie obtained at the incoming office,
This method consists Of assodiating a release relay, through
which the current for the operation of the release magnets is
supplied, with each shelf Or half-shelf Of selectors, and of
connecting a register with ea‘oh release relay SO "hat when a
selector is restored to normal at the termination Of a oall
the operation of the corresponding release relay will cause
the associated register tO Sorr,e. This method of obtaining
pez counts is used fOr trunks incormdng from a manual office,

and may also be ueed for trunks incoming from another machine

[ ]
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switching office, although methode whereby the counte may be 1
obtained at the outgoing end of trunke from machine switching
office.s are being considered,

From the foregoing it will be seen that for the
preeent the incoming trunke should be crose connected eo that
all incoming selectore on a shelf Or on a half-shelf will be
INn the same incoming group , and SO that ae far as possible
the eame numver of eecond selectore inanygiven incoming group
will be Ueed to load each sub=-group Of trunke to third select-
ore,

Selector Multinle, Tne regular, toll and special
aecond selectore, with the exception of coin box toll aecond
selectore, are multipled together in divieions of five or ten,

and are mounted in the regular manner on & ehclf at the stand-
ard eelector board, The multiple wiring for each division is
carried to flat type terminal strips and the |atter are arranged
no previously described for firet selectors, Coin box toll
eecond eelectore are furniehed in 1l0-selector divisions only,
and their terminal arrangement ie the same ae previously de-
scrived for coin box toll first eelectore, The relative lo-
cation oOn a'éelector board of the different diviaione of se=

lectora in a sub-group is the same ae described for first

[ ]
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selectors in Section 3a under “Grouping of First Selector

Divisions,"”
Multiple slip Oor multiple reversal is used in multi=

pling second selectors in a 5-digit system as previouely de-
scribed in connection with first selectors,

Numb er of Selectors Per Sub=Group.

The number of eecond aelectors required to provide
a proper load for a sub=group Of ten trunke, and the number of
trunks required for a partial eub-group, are determined as
previously described for firet selectors, each group Or clase
of eecond selectors being considered separately,

It ehould be noted that for efficiency reasone
partial sub-groups of local and incoming selectors should, if
f easible, be formed into combined sub-groups, thue reducing
the number Of regular third selectors required, Such partial
sub-groups may also be combined with partial sub-groups of
second eelectore handling traffic from the speoial operators'
poeitions, The number Of selectore required fOor a combined
sub-group is determined as described in connection with firet
selectors in Section 3b,

INn determining whether five-selector divisions

ehould be used to obtain economical multipling arrangements
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at second selectore, the pnractice outlined in connection with

first selectore should, in general, be followed, Although
five-selector divisions may sometimes be required for incoming
or toll aecond selectors, it is thought that there will be very
few if any ceses where the smaller divisions will be needed

for the 1local selectors,
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Third Selectore

Reqular. Special and Toll Selectors, Bach working
trunk from the local and incoming eecond selectore is term-

inated, in & 5-digit syetem, at a regular third eelector.
RBach working trunk from the firet level at epecial eecond
selectore is terminated at a special third selector, As pre:-,
viously noted the switching trunks from the toll board may be
terminated at toll third eelectore, although usually they are
terminated at toll second selectore and the trunks from the
|latter are terminated at toll third eelectore,

As 1N the case Of second selectors in a 4-digit systenm
regular and toll third selectors are divided into groups, a
group consisting of all the regular and toll selectore har:d-
ling traffic from a given level at the second eelectors. Tne
epecial third eelectors constitute one or more additional groups,
In offices serving coin-box lines and where the A-B operatore
are reached by the code 112, the eecond level ut the special
third selectors handling traffic from the coin-box linee is not
multipled with the second level at the other epecial third se-
lectors, thus permitting the uee of a separate trunk group for
coin-box traffic to the A-B operatore,

All of the regular third eelectors in a group should,

se far as poseible, be located together on the same seleotor
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board in order to permit the sub-groups of trunks te connect-
ors t0 be multipled together &s descrived for first selectors
in Section 3& under "Grouping of First Selector Divisions",
and the toll third selectors in s group should be located to-
gether in a similar manner., Provisicn for the growth of the
groupe should be made as mentioned in connection with eecond
selectors in Section 4a.

N All of the trunks in a sub-group Or in a partial
sub-group to third selectore are terminated on the same half-
shelf to simplify the cabling,

Selector kuitiple, .
Regular and Specisl Selectors, Regular and spec-

ial third selectora are furnished in division of five or ten,
although it is expected that satisfactory multipling arrange-
mente may be obtained in nerrly all cases without the use of
five-nelector divigions. The multiple wiring for each division
is carried to flat type terminal strips mounted across one end
of the selector board, end the terminale are arranged as pre-
viously described in connection with first selectors. The re-
lative location on & board of the different divisions of se-
lectore in s sub-group is the same as described for first se-
lectors in Section 3a under "Grouping ofFirst Selector Divi-
sions®,

Toll Selectors, Toll third selectors are avail=.

able in either five-selector Or ten-selector divisions, al-
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though it is thought there will be but few cases where five-
melector divieions Will be required. In a 5-digit system the
toll third selectore are the "transmission®" selectors, and
ten of them together with the associated repeating coil
equipment, are mounted Oon a shelf at the eelector boards, as
described i n connection with toll second aelectore in Section
4a. The multiple wiring for each division is carried to flat
type termnal strips at the end of the selector board, the
etrips beingarranged tO care for the four-wire trunke to con-
nectors., The relative location on & board of the different
divisions Of selectora in a sub-group is in general the sane
as for regular third selectore,

Multiple #lip Oor multiple reversal is inserted in
the multipling between third selector divisions as previously
deacribed in connection with second selectore in Section 4s.
X f lectora _per Sub-grou

The number of regular, toll or special third se-
lectore required to provide a proper load for a sub-group of
ten trunks, nnd the number of trunke required for a partial
sub-group, are determined as described iN connection with first
selectors in Section 3b, The theoreticel number of selectors

per subegroup is increased Ol decreased to oonform t0 equipment
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limitaticne as previously dascribed.

Wen coneidering levele serving regular groups of

100 subecribers' ternminals, rartial sub=groups of trunke from

regular third selectors may be combined with partial subd=
groupe fromtoll third oelectoro in some casece tOo reduce the
number oOf trunks and connectors required, The resulting come
bined sub-groupe Ol combined partial sub-groupe are terminated
at combination connectore, The conditions under which t he
combined sub-group plan will prove cconomical are in general
the same as described in corinection with eecond selectors in

Section 4a under "Combined local and Tol|l Sub=groups”,
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Conriegctors

In a 4=digit system, One connector is provided for
cach working trunk from the regular and toll second selectora,
and in a 5-digit system one connector is provided for each
working trunk f;'om trie regular and toll third oclectore, a
trunk from the regulur selectors combined with a trunk from
the toll selcctore veing considered us one trunk. [n gen=
eral, one test connector is also provided for each group cf
100 esubscrivers! terminals fOr the purpoees deecribed later,

All of tbe connectors serving & given group of
100 terminule constitute & connector group, Groups of 100
terminals and t he connector groups .eerving them are classified .
as "regular" and zs "trunkehunting" groups, A regular connector
group serves only individual a«nd party-line stations, together
with their cxtensicn stations, whereas = trunkehunting connector

* group sgrves P,B,X, trunke and consecutive linee and aleo othex
individual lines if desired, Regular CONNector groups may cofle .
tain regular local and regular toll connectors, regulur local
and combination connectors, or combinaticn connectors cnly, )
Trunk-hunting connector groups will include trunk-hunting |local

and trunk-hunting toll connectors,

Connectcr Multivle and Terminal Strip Arrangement, Connector

banke are maltipled together in diviesions of five Or eleven,

As deecribed in Divisicn 1I, Section 3q, three standard types

. *
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of conmnector boards sre aveilable, mounting five, eleven Or
sixtéen connectors per shelf, One connector cdivieion is
mounted per shelf except (n boarde providing for sixteen
oonnectore ver shelf, where one eleven-connector division
and one five-connector division are placed on a shelf,

‘The multiple wiring of the line and private
banke for each connector division is extended to standard
A,T,& T7,Co's type terminal stripe, which are mounted horizon-
tally, one above the other, On the sides of the connector
boardnesr one end, Five 3-point or five 4=point termnal stripe
ar¢ provided for each shelf of connectore, each strip provide
ing terminals for the wiring from two oonnector levels, The
4-point stripe are used for trunk-hunting connector groups,
trunk-nunting connectors being equirped with double private
bariks, The terminal strips provide means fOr making connece
tion between the division bank wiring and the cables leading
to the line I,D,¥,, and aleo provide means fOr rultipling
togetner connector divisions located on different shelves
where this is found deeirable,

Test Connectore, Trhe vest connector is SO arranged that it will
‘egteblish conneciion to a set - of terminals even though they

teet busy, end thus provides means fOr routine teeting by the

‘e
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meintenance forces znd also enables the operating department
to verify buey reports, The test connectors are reached
from the wire chief's desk and from the special operators'
positione through test distributor ewitchee or through teet
distributor selectors and teet dietributor switches, which
eradle the wire chief or operators t0 eelect the desired
teet connector by dialing the number of the hundreds group
which tkat connector serves,

Arrangement Of Connectore |INn order to preserve & regular nume

bering scheme at the connector boards it is desirable to place,
as far es oracticable, 211 connectors in the same group on the
same shelf, although in the caee of trunk-hunting connectors it
may be found desirable from floor plan coneideraticns to mount
the connectoro for a hundred terminals on two separate boards
and IN some caeee oOn two or more ehelvce at the second boerd,
In an office where the number of connectors ( ex-
clusive of the teet connector) per regulaer group does not ex-
ceed ten, connector boarde providing capacity for eleven
connectore per shelf are ueed for the regular groups, The
number of connectors per trunke-hunting group will uswally eX=,

ceed ten, and in euch an office ten of the connectore in cach
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trunk-hunting group are mounted On a shelf at one of the
regular connector boarda and the excess trunk-hunting connec-
tore are mounted ON a separate or "overflow" board, If the
total nwnber of trunke-hunting connectore per group does not
exceed 15, the connectore in excess of 10 are mounted at a
board providing capacity for five connectors per shelf, If
the total rumber of trunk-hunting connectors per group is grest-
er than 15, the connectors in excese of 1C may be mounted oOn
two or more cshelves at a bonrd providing for five connectore
per shelf, Or they may be nounted on one or more shelves at =
board providing for eleven connectore per shelf, The type of
"overflow" board to be used will depend on the number of trunke
hunting connectore in the group, the nwnber of such grouos In
the office and on the floor plan layout.

In an office where the number of connectors ( ex-
clusive of the test connector) per regular group exceeds 10
but does not exceed 15, connector boarde providing capacity
for sixteen connectors per shelf are ueed for the regular groups.
1f the number Of connectors per trunk-hunting group exceeds 15

in such an office, 15 of the connectore in each trunkehunting
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group are mounted on a shelf at one of the regular connector
boards, =nd the excess trunk-hunting connectora are mounted
on one or more shelves at an overflow board providing
capacity for five, eleven or sixteen connectors per shelf.
where a connector group is divided between two
boards, each connector is fused at its own board. since the
two boards may be separated by s considerable distance, the
practice of fusing each connector at its own board saves an
aporeciable amount of power wiring in some cgases.

Grouping of Subscribers' Terminals.,

In addition to the segregation Of subscribers' |ines
into regular and trunk-hunting groups as previously described,
certain limitations as to what li14s may be included in the
same group of 100 terminals are imposed by the type of ringing
required on the lines, since all conrectors in a given group
will apply the same type of ringing ecurrent to all terminals
in that group.

Connector groupe wired for main battery superim-
posed ringing, as descrived in Divieion 1II1, Section 2f, are
usually used to serve the individual and two-party lines, snd
maey also serve the one-ring stations on four-party semi-selec-
tive lines., The terminals in such groupa may include voth

tip and ring side stations, since the ringing current is eent

... TCl Library:
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out ‘over the proper side of the line by appropriate wiring
at the 1,D.F,, as described in Division Y.

Separate connector groups are required for the
two-ring stations on four-party semi-eelective linea. The
connestor circuits'{n euch groups are arranged to insure
‘thdt when ringing starts the bells will receive the complete
two-ring code. Individual lines and two-party lines may
also be included iN two=-ring groups in so far ss this may
be found desirable,

In off ices serving foursparty selective lines,
“YHe odd-numbered hundreds groupe are provided with positive
superimposed ringing and the even-numbered hundreds groups
are provided witn negative superimposed ringing. EBither
négative Or positive superimposed groups may be used to
serve individual Or tweparty lines, As in the case Of
main battery superimposed groups, the negative or positive
superimposed current is sent out over the tip or ring
side of theline as required by means of proper wiring
arrangements at the I,D,7,

Oficial lines, to which free service from coin-
Yox Of miébage register |[ines is to ve given, are placed
in s separate group and are served dy conneotore which do
Nnot reverse the battery over the calling subscriber's |line

when the called party answers,
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~Private Branch Exchange Groupe of Xore Than Ten Trunks,

The trunkehunting ‘connector is not a{ preeent

arranged to hunt over more than tho tcn terminals in any one
level, In view of this the listed number of & P,B.X, should
if poesible be so chosen that the connector terminal for the
lieteé number, together with the higher nurmbered and zero
terminals in the level concerned will provide for a sufficient
number of P,B,X, trunks te care for the present demand and, in
general, fOr expected growth, |If, however, the numbter of trunke
handling traffic to a P,B,X, switchboard exceeds ten, the con-
nector group is divided into two or more sub-groupe with rcapect
to the P.5.X, level ir questiocn.

Where a group of 100 terminals corprises one ofr
rore P,B,X, groups each including more than ten trunks, the
connectora required for the 100 termirals are ueuslly large
in number and are moumted ON two Ol more shelves at the con-
nector boarda, If more than 1¢ but not mere than 20 trurks
are needed in a P,B.X, group, the level concerned is divided
into two sub-groups of ten trunks each. Eaca eub-group is

multipled through approximately the same nuriber Of connectors,
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L Y
using ehort multiple cabling between shelves where necessary.

One sub=group Of ten trunke ie cabled tO the line I,D,F,,
terminating there at the regular terminal etrip on the hori=
zontal side, The other subegroup 0f ten trunks is cabled
eeparately to the I,D,F,, im terminated there at an extra
terminal etrip on the horizontal eide, end the regular and
extra strips are connected together by a tie cable, The tie
cable connects each trunk in one of the sube-groupe to the
corremspond ingly numbered trunk in the other subegroup, |If
eleven P ,B,X, trunks are required, the tie connection is cut
bet ween the two trunks, cne in each sub=group, which aprear
at each 0f their connsctors at the first terminal in the level
concerned, |N this way nine trunks are multipled through the
entire group of connectors, and two trunke sre multipled
through only Onezsuﬁ;group of eonnectore. This arrangement is
one form Of graded multiple and provides two "individusal® and
nine *commen® trunks to the ?,8,X, Additional cabling is re-
guired between the extra I.D,F, terminals snd an extra set of
terminals mounted ON t he horizontal side of the K,D,F, in or-
der tc provide connection between the "individual" trunk terme
inating at the extra I,D,F, etrip and the outeide cable lead-

ing to ther.B,X, |f more than eleven trunke sre required in
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the P,B,X, group additional tie connections at the 1.D.¥, are
cut, resulting IN more "individual® arnd fewer “common" trunks,
| f more than 20 but not more than 30 trunke are
needed in a P,B,X, group, the connector rmltiple for the
level concerred is divided into three 1lC-trunk sub-groupe,
each being multipled through approximately the same number 0
connectors arid each being cubled separately to the line I,D, ¥
Two extra sets of 1,D,F, and L, D,¥, terminals, together with
the requisite tie cabling, ure provided, and the required
number of P,B,X, trunke is obtained in the manner previously

deacribed.
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Switchboards for mounting primary-or secondary -line . ;. .-
Mmitches and those for mounting outgoing trunk secondary switches . ..
are built in units, each unit ppviding capacity for 200 switcheg. ..

-
Fow

Each-side of a unit, .called a "bay", prqvides capacity for 100
switchess The switqhes in @ bay are arrzuged in four diwisions, .egch

CARAT

divisim-affording ocapaaity fox.25. switohes. Provision is made for

moynting a master switen immediately .above each division. gue gy
JA AR e s

-visions ang mester mwitches in & bay.are assigned the letters "a". .

N34

"B%, "C" and D" as-shown on Drawings Nos. 807-69 and 807-70.

wind i

#. Bach primary line switch bay is. «
assigned;e nwaber-prefixed by.the lefter "L¥. The bays in.an 9ffice
are assigned consecutive .numbers from "1" up, except as noted be-

ARCEYE 5N
low.4n comneatisn.whis;lines, 0F.zows of ewitchboards axranged for. .
-growsk, . .-0dd~numbers are assigned in order tg ihé;bayé 6p‘§;é:é;;;:j
of each line of switohboard, -disregarding aisle spaces if any, and ..,
even numbere. are assigned in order to.the bays on the other side of
each line, the twe bays of.any one yait \Wr —d@ssigned consegutiye
nuabers.: In .general,the lowesy.numbered bays in & line or row will
~~be: those. neareet the line intermedizte distributing freme. Where

2

space-1p. reserved. 10 provide for the growth of g line or row, the

beys. should.be nunmbered initiaily so that in the ultimate the QEQEQ?'
ing in each line will be congecutive ag just described. o .

line ewitohes in each bay are Pupbered from "O* to "99%

e e R 1 N » - - : PR
) Z oL | L) - B L a - N W 4w _ X PR

v ot R I W 3 il - ] 3 i & yE K ‘ -
- i N A et « [SERVERY 5 Y A SLVELTNENL G
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as shown on Dra.\ving ho. 80'7-69 Each ulme switch number appears

»1 T T, i oEe

s s cmvoeem s e

opposite its switch on a de5| gnatl on strlp ‘mounted on the master
switch bar. |n addition, each primary line switch is provided with. .
a desigrnation cardfpon witioh-is placed the-multiple nunber or
nunbers t6 ‘which thé ‘line switch ‘is cross-oénnedted at the lime: -
I.DAS _ P

' Bdch subgroup ‘0f trinks fyom the primaxy line switohes ie”
‘fdentified by thé letter of the primary master sWwitch with which it
16 ‘asséotated and ‘by the rumber of thé bay in'which that mastes:
switéh ‘ts mounted. A card is provided dbsve the line switches showe
ing fof each primary line switch-subgroup the rumbér of the secondary
line switch subgroup and thé number of the #etéfidary Switch in that’
subgréup, “or tHé“Awnber of the:firsi selsetar bay aud the number of
894 'd6106t5r poBition in that bay, te which’eash of the working.
trufifd LA the priméry subgroup is’eréssicbnnscted,
Secdiidaty “Line ‘Switor Bauiphent, = Be86n8&ry:line™switchboard bays
aré nimbered the ‘saiie a8 prifiary Bafs sxtépt: that eaoh number is pro-
£1%68 by &*'18ELE¥na" insbtEad: of "the letter LY,

e are“ ThHé 'secondiry 1ins “switchés”4n 'each divisién are numbered -
£r8A RTn 86 w2dW Sp atiowh' B Prawifig No. -807-79, The line ewitch
*“%era are pIﬁéeﬂ opposite “theit~ respective switch@s on a designa~-:
tion 8trip mounted on the mastér switbh bar: in addition; each secon-
dary line switch is Providsd with's @esighation card upon which is .

ot &0 (1S I N R SR R S T L I T L. " e )
o) aceﬁ %he number of the assSodiated primary tmink and the number: of

. the primary subgroup incitiing” thét tiiink:®

REEM OF BOY__mome % e - T T s
Bach “siubgroup of truhks frém’ the secondary lihe switches

is identified by the letter of the secondary master switch Wi th
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which it is associated and by the number of the bay.in whigh- thag.
master switeh is mounted.,. For each subgroup.:(division) of secondary
line ewitchesia caird is provided showing the number of the first se=
lector bay atid the number Of the selector position in that bay to. .

waich each of the working trunks in the secondary subgroup is:crosss

connected, .

Qutgoing Trunk Segondary Switeh Bquipment. Outgoing trunk secondaszy

bYays.are mugbered the ssme as primary bays except that each mwmbar-is
prefixed: by the letier "I" instead Of the letter wuiv,

.The switches-in each divieion are mumbered from "1" ta woge
a8 ghown on Drawing. No,. .807-70, the numbers being placed opposite.. -
their reapeetive switches om a designation strip mounted an the VWV -
ter switeh bax.. a

In addition, each outgodng trunk segondary .switch is pyo=
vided with:-a designation: card which shows the number of the asso-
elated trunk and also.shows..at what set 4f pile~ups that trunk termi-
nates at the first seleoctor boards. 7The pile-yps are identified \W-
the lettersw-of the shelf to which they correspsnd and by the number.
of the bay iNn whieh that- cshelf is loocated, v

~Bach subgroup of trunks from the outgoing trunk secondary
switches ie identified by the:letter of the outgoing trunk secondary
master switeh with:-which it is assoeciated and by the number of the
bay 'in which that master switch is mounted. A ocard is provided
each subgroup (divisien) of .outgoing trunk seeondary ewitches,

e

.showing the number of the repeater bay and the number of the repaater
in that ‘bay to.which eagh of: theworking trunke,in the outgoing trunmk

secondary subgroup is cross-connected.
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v+ Boards for mdunting regular, :epecial ‘and:toll seélectors - - -
ave buillt incunits, each UNit providing capacity for 240 selectors,
Each’side of a unit, called a "bay", provides capacity for 120 se=-
lectors: A bay.contains SiX shelves, each shelf providing capacity
for 20 selectors. The various bays used for mounting reguler first
geleotors are numbered consecutively from *1Q1l" up, those usgd for
nyegular cecond selectors from "201? up and those used  for regular - -
third selectors from »30i* up., The bays used for mounting spesidl-
or tell selectors are numbered econsecutively from #601i" up, The
bays- in any given huridreads seriés are numbered-in consecutive order
progréseing in the diréétion of growth of the boards concerned.
Where both bays at a given board are in the same hundreds series
they :are assighed consédcutive numbers,

- The half-shelves ¢f selectors in each bay are assigned the
1&ttérs ®mAv to. "L» inclusive, as shown in Figure ‘1, Drawing No, 807-
78: ~This figure shows the relative lecation Of the different half-
shelvés when faving the selector bay. Rach shelf is known by the-two
letters assigned to its half-ghelves; e.g. shelf “AB".

- Bach division of selectors is astigned the lettér of the
hMalf-shelf -on which Pt is.located; Where two five-selector divisioms
and ‘& tén-selector divisfon are.-mounted on a shelf the two five« -
sdlector divisions are mountéd om the ‘half-ghelf nearer thé temminal
end of the bed?d, - In erder :to distinguish between the two.five-
‘#6180tor-divisions, the half-shelf letter; which i S common to both di-
visiona, is ' suffixed by the lettér mx® fo¥ the leéft-hand division

-
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S ,..Iz;;s?"a
8pd 18 suffixed by the letter "y* for the rignt-nand division fagise
the selector bay, as.shown in ¥igures 2 and 3, DPrawing No. 807276,
- The ee;eﬁcgo-_;; w;;.os:;}tiv,ogs are.assigned numbers from "1* to ,
"120" in each vay as shown in Figure 1, Drawing Na 8Q7-76, and esch
selector is provided with s.designation gard upon which the.numher.of
the corresponding selector position is placed. The repeating goil..
equipmen_t._. ae_sqq__i-e_ted_wj,th _;}\.toil‘}l trenm;eaion selector is ‘a_.goig‘&ged,_,:the

same number as the selector to whiech it corresponds. o

44
S -2

At each first selector the designation ecard alsaq shows, the
number Of the associated primary Or secondary trunk, and the number

P
o aUd®sly

of the prima:cy or secondsry subgroup including tliat trunk.: T

Bor each sslector at which a trunk 1ncoming from another

. machine ewltchmg oifiee is r.erminated the designationmrd ehows, In

addition to the selector ‘position number, the name of tha outgoing’

office, the number of the‘fe:pe:“atei‘ "a:soo‘%cfe{.fed with the trunk at the

outgoing oifice and the number of the bay in waich that repeater s
located. For each selector at which a trunk from & marual officé or

LW TR

from special service pOSItlonS {s terminated the des:.gna.tion card

shows. in addition to the selector position number, the na.me of tﬁé

%k 4

originating office and the number of the trunk at that office.’
A ca.rd ie mounted between ‘each selector shelf and the ‘termi-

nal end of the board. and 3hows for each division of selectors on the

*§

corresponding shelt‘ where each outgoing trunk is terminated. For a
w LET 7 B2
trunk leading to a selector the card shows the number of the selector

bay and the nunber of the selector position in that vay at which the
trunk is terminated. For a trunk leeding to a connector the Card shows

Dak P T ﬁ':t? fin e
the number of the oonnector bay the number of the shelf in that bay

TCI Library: www.telephonecollectors.info
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e pes g

35A8° tnd °AidEs 6%°trd"dornector g én thal shelf at which the trunk termi-
né% ﬂ,ﬂvﬁére s ¥ rank Ieaas to another oftice through an outgoing
trifik BecoRdary ewitdn tHe'card’ shows thé number 6f the outgoing
mﬁ’%ﬁnﬁﬁﬁecéﬁag% Subgroup and-the number of thé 5ﬁtgohing trunk secon-
PO 3EY Wi Bon 1d° that dilbgrodp té which'thé trunk is oross-connected.
Wié?s &' trink leads to ‘another office without padsing through an “éut-
*'goifig’ trtnk secondary switdh the card shows the number of the-re-
peater bay and the nimber of the repeater in that bay towhich the

*Erunicis Srodsidonnscted.

ey 8

Repeater Eguxgment

. .. Boards for m)unt| ng repeaters are built in unlts each un|t
;31‘,‘??.1.51?&8 gapag:i'gy for 320 repeater bvases. Bach side of a unit, called
aﬂ‘?ay" , gravio!gs cgapacity fch>r~1.60 repeater bases. A bay contains eight
shelves, each shelf providing gépapity_ for 20 repeater bases. Re-
pe,ate:s ére usually mounted.one per base but certein types may be

mounted two Per bvase,

- 4‘ LJ - H

.. Zach repeater bvay is assigned a number prefixed by the
Ietter "R". The ‘Ga.ys in an office are numbered consecutively from
"l" up. The bays are numbered in canaecutiVe order |n the direction

. ;Of growth as described IN Connectlon with selector boards,

. ] The repea‘lfere |n each bay are numbered consecutively from

N ~1':Mup the nunlbeirlng progresaing from Ieft to Tight on each shelf
gnd from the t0|or shelf down ae shovm in Figure 4, Dravvlng No. 80Q7-76,

e If two repeaters are mounted On the same base they are

l:\ N

assi gned consecut ive numbers.
gWo < )
’"he repea,ter number is placed on a designation card mountod

BT
ol [l 2 RSN T ] ES - “° EN - '
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AT & T Co STEP-BY «-STEP MACHINE SWITCHING SYSTEM 807 = 76

Eng. Depte Information
Numbering of Selectore ard Repeaters Engineer&Mii
ard Designations for Selector Shelves Draf teman
A“. 1.19“.
B A 4 B 20 || Shelf a8 A ,_Bx By
21 c , D 40 || 8helf CD c 4+ Dbx Dy %
L S : F 60 || Shelf ¥ E , Fx v R
6L G , H 80 || Shelf ¢ G . Bx Hy 1 E
8l I , J 100 || Shelf IJ I ' Jx Jy E @
1 S : L 120 Shelf © K , Lx = Ly s
Fig. 1 Fig. 3 i
8howing Belector Position Numbering, 8howing Divieicn Deeignatione for a
ard Shelf and D vision Designations "LoweB8ide™ Bay where 5-Selector
in a Bay where there are no 5«Sel «ctor Divisions are Inetalled on each Shelf
Divisions
Ax N B 1 20
¢ oy . D 2L -0
E - R e 41 60 :
G T o a0
_arn Gx ; Gy ; H 8l 100 ;;
&S| Ix 1y J 101 120 g
& ' ' 121 160
=, B, = b
D 161 200 3
Fig. 2 Fige 4

Showing Divisicn Designations for a
"High-8ide" Bay where 5«=5elector
Divisions are Installod on each Shelf

Showirg Repeater Numbering in a 3ay
where the Repeaters are Mounted Two
per Baee on the Two Lower 8helves
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A
on. the .xspeatexr base. ; FOr a repeatser assogiated with.a trunk to.4:
machine switohing office this ocard also.shows the name of the.-ip-.;
coming office, and the number of the :-selector bay and the numbey of
the seleator poeition in that bay at which the trunk terminates. ;For
A repeater aassociated with a .tyunk to a manuyal office the designation
aard showe, in- addition to the .repeater numver, the nawe of the
manual offiece, and the number of tne panel and jack at which the |,
trunk- teminates, or the number of the switohboard position at whioh
it- teminatees together with the number of the trunk -in the pogition.

S

Connector nguzgment

Boards ror mounting connectors are built in units, ea.oh unit
providing capacity for 50, 110 or 160 oonneators. |ach side of a
unit, called a "bay", provides capacity for 25, 55 or 80 connectors.

“ -

« A2

A bay contains five snelves, each shelf providing capacity for 8, 11
or 16 connsctore,
lach bay'ﬁ i{s aésfgxﬁ&: a numberprevfi;ced by the letter wGW,
The various bays iN an office are aesigned consecutive numbers ?rom
»1» up, except as noted below In connection with lines or rofs of
connector boarde arra.nged for growth The bays in a given Line ‘or
row are numbered in order, progresaing iNn the direction of grovrth ot
the line or row. 044 numbers are assigned in order to the bays on ¢ne
side Oof each line, disregarding alsle spaces if any, and even numboru
are assigned in ord;r to the bays on the other side of sach line, tho
two Dbays Of a.ny ona unit being assigned songsecutive numbers. In )

general, the lowest numbered bays in aline or row are those neé.ro‘ot
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the °Iiné' “¥ritertedlate @rstrivuting frame, * Where space’ 1¥ #Esdrved -
to "fro¥dde “Por ‘the ‘growth of z “kine ‘or row, the bays ‘should be - -
idubered imitially ‘0 tHdt in“the ultimate theé numbering in each

:“Fine ‘will’ bé ‘consecutive ag just described.

r2a 2¢ "7 A shélf'of connectors is designated By -the hundreds
nunbér of tneé group of ‘términdls which are served by the donnectors
on that shelf. The shelwes iN a bay are numbered consecutively from
the*top dOown, >the numbering being cantinued from the 'bottom' shel f of
one ‘bay to the tOp shelf of the bay which i e next higher in number,
as snown for a typical case in Figure 1, Drawing No. 807-77. Where
a group of connectors is d|V|ded among two Or more snelves in the

same ‘bay, the Shelves are dlstingulshed by adding a | Iteral suffix

to the hundreds number' e.g. shelf 21-A, 21 B, 21-C, etc.

The connectors (exclading the test connector) on a shel f

o

are numbered consecutively from *1% up, the No. A connector on each

&

shelf being at that end of tne board WhICh is farthest from the

connector bOard termina.l strips, as shown in Figure 2, Drawing No.

807-7'7 The test Connector is located at the extreme end of tne

shelf next to the No. 1 connector. Each connector is provided with

5 &k

A designation card showing its number, the card for a test connector

[

bel ng marked nTEST", A card, mounted between the fuse panel and the
B :

ter:nmal stnps for each shelf shows the nunber of tne primary line

L

svutcn oay and tne number of tne I|ne awitcn in that vay to which

v

each of the working terminals in tne correspondlng connector group

is oroes-nonnected
TEAT
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A. T* & T. Co. 807 - 77

Ene. Depr. STEP-BY=STEP MACHINE SWITCHING SYSTEM INFORMATITS
1 ENGINEEROmK
E NuuBERING OF CONNECTOR EQUIPMENT OmarrTsuan
Aves 1, 1920
20} 125 30 135
214 126 314 136
221 - 127 324 137
251 18 33 B £
24-& “'8 &qh .L39
Bay C-| Bay C-2 Bay C-J Bay C-4
Fie, |

Tvpicat Nuwsering OF CONNECTOR Bavs
AND SHELVES

l' T ———TerminaLS ]
AND

| |_— Fusks .5"“"--_,

(TEST 1 ' 10| ../-/ 10 1 YEST)
(TEsT 1 — 10 i 151 10 I TEST)

Fige 2
TCINUMDERIND, . O CONNENTORE: O A SHELF




S s il i B e

Sec. 1
CABLING AND WIRING Page 1

May 1, 1920,

General

The cabling for a typical office in a single office
district {s shown schematically in drawing No. 807-66, Drawings
No. 807-45, No. 807-46, show schematically the cabling of an
office in a multi-office district. Drawings Nos. 80736 and
807-45 show a common intermediate distributing frame for cross-
connecting subseribers!' lines and the trunks.from the primary
and secondary line switchboards.

Drawing Nc. 807-45 shows a Separate trunk intermediate
distributing frame. The common intermediate distributing frame
makes a more desirable arrangement and should be used except where
a substantial saving in switchboard cables can be obtained by
using a sevarate trunk intermediate distributing frame. Wwith a
common intermediate distributing frame it is possible to connect
certain lines directly to first selectors without going through
line switches as is explained in Div. IV, Dy cross-connections op
the intermediate distributing frame,.

I n some cases floor nlan considerations may make it
desirable tO orovide tao trunk intermediate distributing frames,,
one for cross-connecting the trunks from the primary to the
secondary line switches, and one for cross-connecting the trunks,
from the secondary line switches to first selectors.

Photographs Yos. 10 and 28 show two views of cable runs
in an existing installation.

Switchboard Cables:

Cables used with step-by-step equipment will be the

Western Electric Company's standard switchboard cables, using

TCI Library: www.telephonecollectors.info
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Div., V.. ..
‘Sec. I, -
Paze 2 ,

Nay 1, 192Q.

enzmeled wires. Where NO specizl precautions against moisture
need be taken, Western ®lectric Company's standard cable of the
No. 5000 type will be used. Where srvecial moisture conditions
are aet, Western Slectric Company's moistureproof cables of the
No. 1000 type will be used. In determining where moistureproof
cables are required the same considerations hold as in manual

practice.

Hand-formed Cablee:

The hand-formed cables betseen the line switch, selector,
or connector banks and the terminal assembly will be made up of
moisturevoroof wire (double cotton covered enameled wire) in all
cases IN order to have but one manufacturine standard. The wir-
inz running fron bank to bank, is aadc up of loose wires not
formed up into a cable and is not subhect to moisture trouble.

This wiring will be made up of tinned, single silk and sinzle cot-
ton covered conductors.
Cross-connecting Jumpers:

For distributing frame cross-connecting wires the present
standards used in manual practice will be provided and the same con-
sideration will govern their use. For cross-connecting the trunke
from the primary line switches to the secondary line switches a
four-conductor jumper wire will be used.

Cable Racks:

Yor the most part the cable racks are supported directly
on the frameworks of the various boards and are not hung from the
celling except where necessary to suvoort extra long runs between

boards.
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-Div. V.
Sec. 2a, Page 1.
May 1, 1922.

SUBSCRIBERS' LINE CIRCUIT

Individual Flat Rate Lines.

Figure 1 of Drawing No. 807-98 shows the cabling
and wiring arrangement of an individual flat rate line pro-
vided with checking multiple. The line from the subserib-
er's station is terminated on protectors on the vertical
side of the M.D.F., is cross-connected to the horizontal
side, and is cabled to the horizontal side of the I.D.F.
From the horizontal side of the I.D.F., the line is cabled
to a terminal strip mounted on the connector board. Fron
that point, the line is connected to the connector banks
by means of local wiring.

The subscriver's line is also cross-connected to
the vertical side of the I.D.¥, and is cabled to flat type
terminal strips at the top of the line switchboard. Local
wiring connects these terminals to the line switch. &
multiple of the privete conductor extends from the hori-
zontal side of the I.D.F. to the checking multiple et the
machine switching *A" board. %here checking multiple is
not installed, the cebling arrangement iS the same as that
shown in Figure 1, except that the checking nultiple lead
ia omittad.

aAs described in Division IV, trunk-hunting con-

nectora sre provided W th four-wire benks =znd the two pri-
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Seg. fa, Page.2.
May 1, 1922.

vate conductors of each P.B.X. line, except the last line
of & P.B.X. group, are stravped together. These straps
.are installed. st the terminal strips at the connector
boards, as indicated on Drawing No. 807=38, and only three
wires per circuit are carried to the I.D.F.

It was formerly the practice to carry both pri-

vate conductors of each circuit to the I.,D.F. and to in-
‘8tall -the necessary stravping at that point. With this ar-
rangement, only one strap per circuit was required, even
wnen the connectors of a group were located on nore than
one shelf. With the arrangemeat shown On Drawing No.
807-98, it will be necessary in some casea when the con-
nectors of & group are located on more than one shelf to
install nore than one strap per circuit, and this will
have the effect of slightly increasing the cost of making
P.B.X. trunk grouv changes. |t is thoupht, however, that
this increaee will be more than offset by the saving in
cabling resulting from the use of three-wire instead-of.
four-wire eircuite to the I.D.B.

Individual Message Register Lines.

In step~by-step offices where message regiater

service is rendered, the most economica scheme for wiring

and cabling the message register leads depends in general
on the percentage of nessage register lires which may be
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Div. V.

Sec. 2a, Page 3.
1, 1922.

May 1,

expected in the ultimate. Although this also applies in
the case of manual offices, an additional factor to be
considered in step-bv-step offices serving P.B.X. lines
is that part of the subscrivers!' multiple is definitely
associated with the regular connector groups while the
remainder is definitely associated with the trunk-hunting
connector groupe; that is, the P,B.X. lines, and as &
general rule the non-P.B.X. 1ines, are not assigned in-
discriminately. It follows, therefore, that where mes-
sage register service is to be given for lines in both
the regular and trunk~hunting connector groups, the most
desirable message register ca¥®ling and wiring arrange=-
ment for the lines in the trunk-hunting connector groups
nay Or may not be the most desirable arrangement for the
lines in the regular comnecter groups. It also follows
that if message register service for the lines in the
trunk-hunting connector groupe ie to be rendered, vut
that no message register provision need be made for
lines in the regular connector groupe, substantial sav-
ings may be effected by eliminating all meesage register
terminal equipment and wiring on the lines associated
with the regular connectors.

The particular message register wiring plan
that should be used in any given case should therefore

be determined by considering the lines in the trunk-
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Div. V.
Sec. 28, P &9 4,
‘-“;ﬁ E%Xfa.l-..f;.igzgi

hunting gomnector groups sg forming one class, and the
lines in the regular connector groups as forming another
class, snd by then apglying the limits, which are given
later iN this sesction, ssparately to each of these two
general classes Of lines.

Pigure 2 Of Drawing NO, 807-98 shows one of
the methods of oabling and wiring & line in s regular con-
neotor group, where the line is equipped with both checking
rultiple und a message register. It is ooneidered standard |
to use the method of oabling and wiring shown in this |
figure in offices where it i s estirated that in the ulti-
rate the number Of message register lines in the regular
sonneator groupa will not exceed 100. It iS expected
that there Will be but l1ittle ocoasion for using this
scheme of oabling for lines in the trunk-hunting connector
gronps, since inN the majority of cases where P.B.%. message
register service is rendered, the P,B.X, message register
lines Wil | probably constitute a fairly high perscentage Of
the total number of P,B.X. lines in the office.

The message register requires a fourth conductor
between the vertical side Of the I.D.F. and the terminal
assembly On the |ine switchboard. This fourth conductor,
together with the tip, ring snd private oonduotore of the
line, are srose-connscted tO0 an extra four-point terminal

strip on the horizontal side of the frame. HFOM this
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terminal strip, the message register conductor is cabled
to the message regieter rack and the tip, ring and pri-

vate conductors are cross-connected to the regular sub-

scriber's terminals on the horizontal side of the I.D.F,

The gurpoae of this method of wiring is tO permit the use

of three-point terminal strips on the horizontal side of ]

the I.D.F. for all lines in the regular connector groups, ;

at the same time providing a flexible arrangement whereby

any of these lines may be grovided with a message register.
Figure 3 of Drawing No. 807-98 shows one method

of wiring and cabling = line in either a trunk-hunting

or regular connector group, where the |ine is equipped

with both cheecking multiple snd a message register. It

is considered standard t0O use the method of cabling shown

in thir figure foOr trunk-hunting connector groups and

also for regular connector groups where it is estimated

that in the ultimate the total number of message register

lines in the olass being considered will be less than 25

percent. Of the total number of l1ines in that class. (I'n

the ocase Of regular connector groups having NOt more than

100 message register lines in the ultimate, the plan

shown in Figure 2 iS employed gs previously described.)

¥ith the method shown in Pigure 3, the message register

conductor, together with the tip, ring snd private con-

ductore of the line, are cross-connected {O tne nori-
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zontal side-of the I.D.F. in the regular way. At the
horizontal side, the message register eonduetor is strap-
ped to an.adjacent punching on the same block and is
cross-connected to & separate message register terminal
on the vertical side. The purpose of the extra punching
on the herizontal side is to avoid soldering the two

message regisier cross-connections to one punching. The
message register conductor 4s cabled from the separate

message register terminal on the vertical side of the
1.D.F. to: the message register rack.

Figure 47 of Drawing FNo. 807-98 shows another
method of wiring and.cavling a line equipped with bath
checking multiple and & message register. It is con-
sidered.standard to use the method of cablirig shown in
this figure:for lineés in the trunk-hunting connector
groups, and also for lines INn the regular connector aroups,
where it is estimated :that in the ultimate the number of
message register:lines Of the class being considered will
be more than 2% ‘percent. but less than 100 percent.of the
lines ¢f that class. :The method shown in Figure 4 dif-
fers from that ghevm IiNn Figure 3 in that the message reg-
ister conducter on the. herizontal side of the I.n.,F, is
cabled to a separate megsage registeér terminal on the sane
side of tne frame, and fromthe 1atter terminal is cross-

connected {0 a separate message reégister termnal an the

TCI Library: www
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vertical eide.

The arrangement of the terminal stripe used for
the additional meseage register terminalson the H.I.D.F.
and for the message register terminals on the V.I.D.F. is
the same as described in Specifications XYo. 3634, *Stan-
dard Intermediate Distributing Frames.® The special sleeve
terminal referred to in the Specificati;)ns corresponds to
the extra message regiater terminal on the H.I.D.F.

The arrangement shown ir Figure 4, ae compared
with that shown in Figure 3, possesses the advantages that
it reduces the ahances of disconnecting the message reg-
ister unintentionally when changing line switch cross-con-
nectiona and also, in some casee, permits the use of short-
er message register jumper wires.

Figure 5 of Drawing No. &07-98 shows still an-
other method S+ wiring and cabling a line equipped with
both checking multiple and a message register. It is con-
sidered standard to use this arrangement for lines in the
trunk-hunting connector groups, and also for linee in the
regular connector groups, where it is estimated that in
the ultimate approximately all of the lines of the class
being coneidered will e of the message regiater type.
When practically all lines Of a class are of this type,
there is but comparatively 1ittle advantage in introduc-

ing a cross-connection between the regiater and the line

TCI Library: www.telephonecollectors.info
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mnltini&;ﬁnxm&nai; and in such cases therefore the reg-
istere ars ocabled direatly tOo the connector multiple On

the horizontal aside of tha I.D.F., as shown in Figure 5

Lines Terminated Direatly on Pirat Selectors.

A8 mentioned N Division IV, it may be dssireble
under some conditions to terminate a subsceriber’'s 1line
direotly ONn a first selector rather than on & primary line
switch. In this case, the first selector differs slightly
froma regular first selector fOr circuit reasons.

'.The oabling and wiring arrangement employed
where a flat rate line is terminated direotly on s first
selector is similar tO that shown ONn Drawing No, 807-98,
Figura, 1

Where the trunk I.D.P. (on which the cross-
oonneotions in the trunks to the regular first selectors
are made) is sepsrate from the line I.D.F., the tip, ring
and private leads from the V.I.D.F. are carried in s
single cable tO the horizontal side Of the trunk I.D.F.
and there are cross-connected to the vertical side. From
that point, the tip, ring and private leads are carried
in s single cable M the jacks Of the first selector.

The aabling between the line I.D.F. and the first selsctor
IS taken through the trunk I,D.F. in order that the

selector may later be used as & regular selector if desired.

TCI Libra‘r_y_;,\_/v‘yvvy.
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Where the trunk I.D.F. is com¥ined with the
line 1.D.¥., the tip, ring aad private 1eads from the
vertical side are carried in a single cable directly to
the jacks of the first selector.

The cabling and wiring arrangements employed at
the |.D.F. where a message register line ia terminated
directly on a first selector are in general the same as
those shown on Drawing No. 807-98 except that the tip,
ring and private conductors are carried in s single cable
to the f£irst selector in the same manner as described in
connection with s flat rate line terminated directly on a
first selector. The message register conductor ia carried
Iin a separate cable.

Two-Party Lines.
Drawing #o. 807-99 shows the cabling and airing

arrangements for two-party flat rate lines, snd also for
two-party message rate lines terminated on answering jacka
Figure 1 shows the cabling and wiring arrange-
ment for a two-party flat rate line provided with checking
multiple where the double c¢ross-connection method is used
at the 1.D.F. It is considered standard tO use thie nethod
where it iS estimeted tbat the number of two-party lines
in the ultimate will not exceed ten per cent. Of the total
number of lines in the office.

Pigure 2 shows the cabling end wiring arrange-
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ment fOr & two-party flat rate line provided with checking

multiple where six-point terminal Stripa are provided on

the vertiual side of the I.D.F. The interchange oOf tip
and ring condustors between the two statioms on the line

is made Dy straps ON the six-point terminal strip. This
method obviates the two prinoipal disadvantages Of the
double cross-connection scheme, namely, the termination oOf
two sets Of jumpers at the same set Of terminals and the
necessity fOr exercising special precaution iNn running the
eross-connection tO insure the proper interchange oOf tip
| and ring oonduotors.
| It IS considered standard tO provide aiXx-point
terminal atrips on the vertioal side of the I.D.*. for all
flat rate subscribers' lines where it is estimated that
the number Of two-party lines in the ultimate will con-
stitute ten percent. or more of the total number of lines.
Figure 3 shows the standard cabling and wiring
arrangement | Oor a two-party ressage rate |Ine equipped with
checking multiple. As noted in Division |, there is no
sircuit available at the present tims for hamdling the or-
iginating traffio of message rate party lines on a mechan-
ical basis in a step-by-step office. FOr such lines, the
outgoing traffio is handled Oon a ranual basis and the in-

coming trafflo on a machine switching basis.
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The arrangement chown in Figure 3 is similar to
that shown in Pigure 1 With the exception Of the terminal
strip and oabling on the vertical side of the I.D.F. The
oabling to the answering jack and tO the relay rack is
terminated at a five-point terminal strip om the V.I.D.F.

The general arrangement desscribed in connection
with Figure 2 has NOt been standardized fOr two-party mes-
sage rate 1ines sinse iN cases where such |lines are served
by a step-by-step office, their number will| ordinarily be
small. PFurthermore, that arrangement would require the
installation Of eight-point terminsl strips On the vertical
side of the I.D.F. and the use Of sSnOh terminal strips
would be sorewhat Objeotionable from a cost and mainten-
ance standpoint.

A general study has been rade tO determine
whether bunsching blocks should bs employed fOr two-party
lines. I’ is estimated that there would be very few if
any cases where the use of bunching blooks for two-party
lines would i)e Jjustified, and as a result the use Of these
blocks for sueh lines haa not been standardized.

Four-Party Lines.

Drawing No. 807-100 shows the oabling and wiring
arrangements for four-party flat rate and four-party mes-
sage rate lines. As previously noted, the originating
traffic On messags rate party lines iS handled manuslly

TCI Library: www.telephonecollectors.info
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&nd the incoming traffic mechanically.

Figure 11 shows the standard cabling and wiring
arrangement provided where a four-psrty fiat rate line is
aired for cheoking rultiple and where the regulsr inter-
frame cabling for one of the stations is useed fOr the line
glrcuit.

Figure 2 shows the atandard cabling and wiring
arrangement provided where a four-party flat rate line is
wired fOr checking multiple and where an extra sable pair
| a carried from the bunching blook on the I.D.F. to a ter-
pinal strip on the horizontal side of the M.D.F. and from
that point cross-connected to the subsoriber's line.
With this arrangerent, the line is cabled from the hori-
zontal side of the MDF. to the line switeh side of the
I.D«P. instead Of the comnector rultiple side. It is,
therefore, unnecessary to rearrange the cross-connections
i n case Station No. 1 iS disconneoted, =s would be neces-
sary Wi th the arrangement shown in Figure 1,

Figure 3 shows the standard cabling and wiring
arrangement provided where a four-party message rate line
is wired for cheoking multiple and where the regular
interframe cabling fOr one Of the stations is used for
the line circuit.

Figure 4 shows the atandard cabling and wiring

b e bt
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arrangement provided where a four-party message rate line
is wired for checking multiple and where an extra cable

pair is carried fron the bunching bleck on the I.D.F. to
atermnal strip on the horizontal side cf the M.D.F., as

described in connection Wth Figure 2.

TCI Library: www.telephonecollectors.info




AT&TC

Dept. of STEP-BY-STEP MACHINE SWITCHING SYSTEM 807-98

Oper and Eng Subscribers' Line Cabling and Jumper Wiring. information
Individual Lines, Including P.BX.Trunk Lines. Engineer /K(
Draftaman-
Checked by-
May 11922

CaBLING AND WIRING ARRANGEMENT FOR FLAT RATE LINES
NoTES

®Wnen checking multiple 1s not installed checking multiple lead
from P terminal is omitted

@ Where cabling is provided for PBX. trunk lines,Lhis wiring and
terminal are provided, bhe strap being omitted on the last
line of each £B X. group.

4]
on Line Swi<hboard

Flat Type Terminals

VIDF
-

To Line @Where'i?iat rate ines are terminated on message registe

. line switches, the cabling and wiring arrangement 's tne same
Fw‘t‘:h as Por 3 message regiter lne, the message register deing
repiareg byn compensst,mq resisbanc:
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Drawing No. 807-56 shows typical terminal assemblies
on a primary line switchboard. Fig. 1 shows terminal assembly
where 10 trunke are multipled through 100 line switches, Fig. 2
shows terminal assembly where 10 trunke are multipled through 75
line switches. Fig. 3 shows terminal assembly where 10 trunks
are multipled through 50 line switches. ¥ig. 4 is a wiring diagranm
showing the connections to the terminals,

The battery aide of the B.C.0. coils of the line switchea

are wired to terminale in the next to the bottom strip, Fig. 1, and
are multipled tnrough two otner sStripa by reans of strap wires as
indicated. The battery 1ead from the fuse panel fs multipled through
all the terminals in the bottom strip. Four additional terminal |
strips are provided tarough each of which a separate battery lead ‘
may be multipled, each |ead having a distinctive tone superimposed \
upon it, If no tone is wanted upon a particular line the terminal of |
that line in the next to the bottom etrip is b%ent down und soldered ‘
to the baftery terminal beneath it. If tone No. 1 is wanted a terminal
carrying battery and tone No., 1 is eoldered to one of the multiple
terminals of that line. In this way the current supply to the B.C,0,
coil of any line switch may aave no tone superimposed upon it or it
may have any one of four tones as required to indicate the class of
service of the particular line.

Secondary Line Switchbourds:

Drawing No, 807-64 shows a tvpical terminal assembly for a

bay of secondary line switches. 1t is similar to the terminal ase-
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sembly ONn the primary |ine switchboards except that provision is

made for four cables of outgoing trunks, one for each division of
switches and N0 proviglion is made for superimposing tones on the

B.C.C. windings of the 1ine switches.

ERN
)
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Trunks from Primary Line Switches to Secondary Line Switches

\
'

Trunks from the primary line switchboards to secondary
line sw1tchboards are cabled through an intermediate distribut:ng
frame in order that the trunks from each subgroup of primary line
switches can be distributed over several subgroups of secondary |

switches, as described in Division IV, Section 2. The four=- g

/,

(

conductor trunks are cabled ten trunks per cable from the termina;v\
assembly of the primary line switchboards to terminal strips on tnebu
horizontal side of the intermediate distributing frame. YXach ferminnl
block has capacity for 20 trunks.or two cables,

| Trunks from the intermediate distributing frame to the o
secondary line SW1tchboards are cabled from terminals on the B §

3
vertical side of the intermediate distributing frame to the terminal

A

assembly on the secondary line switchboards. ¥ach bay of aecondary
line switches has a capacity for 100 switches, Four S5lepair cables
are run to each bay. Fach cable carries the tip, ring, holding and

release conductors for the 25 switches of one division.

Terrinal stripe with 20 sets of terminals per strip are 4

prov1ded at tne vertlcal side of the intermediate dlstributing frame.

L i
i 5 8 e 3 o

Accord1ngly, five strips are required for the four cablea running to

da

one bay oi secondary line switches,
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Trunks from the Secondary Line Switches to First Selectors

The trunks from the secondary line switches to the first
selectore are carried throﬁgh an intermediate distributing frame
in order that the trunks from any one subgroup of secondary line
switches can be terminated in different half-shelves of first
selectors, as described in Division IV, Section 3.

The trurks from the secondary line switches are wired in

a2 hand-formed cable from the switch banks to the terminal essembly

:mounted above the switchboard as shown in drawing No. 807-64.

Cables carrying 10 trunks with 3 6onductors each extend from this
terminal assembly to terminals on the horizontal side of the inter-
mediate distributing frame, each strip having capacity for 20 trunks
or 2 cables. They are cross-connected to tenminai strips on the
vertical side where cebles to the first selectors are terminated,
20 trunks per strip. The cables from the distributing frame to
the firet selectors terminate at the selector end directly on
selector jacks, each cable serving 10 selectors on one half-shelf.
Where the'}runks from‘the primary line switchboards run
directly to first selectors they are cabled from the terminal
;ssembly on the primary_liné'awitchboards, 10 trunks per cable,
4 conductors per trunk, the same as though secondary switches were
used, to the horizontal side of the intermediate distributirg frame.
This provides for adding secondary line switches later should it
prove desirable to do so. They are cross-connected by means of 3
wire jumper connectors to the terminals on the vertical side whence
they are cabled, to the first selectors as described in the pre-

ceding paragraph.

TCI Library: www.telephonecollectors.info
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Trunks From Pirst Selectors to Second Selectors

Selector Board Terminal Assembly.,
As explained in Division IV, thé 20 selectors on one

shelf are usually arranged in two divisgions of 10 each. The

selector banks of each divisionAof 10 selectors are multipled
together and the 100 trunks, 10 for each of the 10 levels, are
brought out to the terminal assembly, as indicated in Drawing

No. 807-87., This is shown in detail for one division of selectors

|
|
|
' in Drawing No. 807-58. One terminal strip has a capacity for 100
terminals snd as each trunk has three conductors, 100 trunks from
one division require 300 terminals or three strips. All the private
conductors of the 100 trunks are connected to the top strip from
left to right in the following order; trunks 1 to 10 first level,
trunks 1 to 10 second level, etc. The second strip carries the
tip and ring conductors for the 50 trunks of the e§en numbered
levels, and the third strip the tip and ring conductors of the
five 0odd numbered levels.
Photograph No. 29 shows fhe bank wiring of a division

of ten selectors and the local cable connecting the last bank

to the three flat type termiral strips.

| _ -« Each of these thfge‘strips is placed on a separate mount- .
ing, each mounting carrying the terminels for 20 selectcrs. This

is indicated in Drawing No. 807-%87. Each mounting carries, in :
addition to the terminals of the bank wiring, terminals of cables

i leading to tarminals.on another shelf or to selec@ors mounted on

gnother board.
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In“nqmé cases, where it is desirable to multiple 15, 25
or 35 selectoré together to furnish the proper load for 10 trunks,
the arrangement shown in quying 807-65 may be -used. . The 20
selectors on one shelf are multipled in 3 divisions instead of 2.
The division nearest the terminal assgmbly, contains 5 gselectors,
the next division 5 selectors, and the last division 10 selectors.
The 100 trunks, from each division are brought out to separate ter-
minal strips in the terminal assembly as shown.
Terminal Assembly Diagram.
c Diagrams showing the arrangement of terminals in the termin-
al assembly, usually show the private conductors only. Where all 10
trunks from each level in a division of selectors are carried in one
cable, terminal assembly diagrams can be still further simnlified by
representing the 10 termirnals of the trunks from each level by &
single 1the. Figure 1 of Drawing 807-59 is a diagram for one shelf
of selectors. BREach of the 10 horizontal lines in the second row
from the top represent the 10 private terminals of the 10 trunks
from one level of the first division of selectors on the shelf shown.
The third row represents the private terminals of the trunks from the
second division of selectors on that shelf. TFigure 2 shows in de-
tail tre same errangement as that shown in Figure-l. The top row
of terminals is used to terminate the cables outgoing from this board.
The 10 trunks from each level are run in one cable., The diagram as
shown is for a first selector board and the cable carrying the trunks
from the first level terminates at special second selectors, the
cable carrying the trunks from the.secOnd level terminates on local
second selectors, the cable from the fourth level terminafes on inter- .

.office repeaters, etc.
o TCl Library: www.telephonecollectors.info




Inwpqmé cases, Wwhere it is desirable to multiple 15, 25

or 35 selectors together to furnish the proper load fof 10 trunks,
the arrengement shown in Drgying 807-65 may be-used. The 20

selectors on one shelf are multipled in 3 divisions instead of 2.
The division nearest the terminal assembly, contains 5 selectors,

the next division 5 selectors, and the last division 10 selectors.

The 100 trunks, from each division are brought out to separate ter-
minal strips in the terminal assembly as shown.

Terminal Assembly Diagram.

c Diagrams showing the arrangement of terminals in the termin-

al aﬁéémbly, usually show the vrivate conductors only. Where all 10
trunks from each level in a division of selectors are carried in one
cable, terminal assembly diagrams can be still further simplified by
represéﬁting the 10 terminals of the trunks from each level by a
single 1the. Figure 1 of Drawing 807-59 is & diagram for one shelf
of selectors. Each of the 10 horizontal lines in the second row

from the top represent the 10 private terminals of the 10 trunks

from one level of the first division of selectors on the shelf shown,
The third row represents the private terminals of the trunks from the
second division of selectors on that shelf. TFigure 2 shows in de-
tail tre same arrangement as that shown in Figure-l. The top row

of terminals is used to terminate the cables outgoing from this board.
The 10 trunks from each level are run in one cable. The diagram as
shown 18 for a first selector board and the cable carrying the trunks
from the first level terminates at special second selectors, the
cable carrying the trunks from tﬁe_secohd level terminates on local
second selectors, the cable from the fourth level terminaies'on inter- .

. office repeaters, etc. ;
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Figure 3 shows & diasgram in which the selectors on a shelf

are mltipled in 3 divieions. Trunks from each division terminste
on separate terminal strips as indicated.
Multipling of Selectors.

As explained in Div. IV, the number of first selectors
through which 10 trunks are multipled is in general different for
each level. Drawing No. 807-60 is the complete assembly diagram
for a board of first selectors where the selectors on each shelf
are multipled in 3 divisions as indicated. This diasgram shows
how trhe sube-group of trunks for the various levels are multipled
through different number of selector divisions. 1In this diagram,
as in figuie 1, drawing No. 807-59, the 10 terminals of thé trunks
from each level of a division of selectors are represented by a
gsingle horizontal line and only the terminels of .the private con-
ductors are indicated. The following table, based upon this dia-
gram, showsthe selectors through which the trunks from each level

are multipled.

Cable Selectors in Sub-group
Levels Number = Bay Divisions Total No.
2nd 1 101 Ay & B 15
2 101 Ax ,
102 Bx & By 15
Y3 102 A
g 101 . Cx - 15
4. . 101 Cy &D - 18
oy Lo 8. 102 C &Dx 15
o, o 8002 Dy
R R " 101 ° Ex & By 15
o e F | ‘ -
102 Fy 15 e,
8 102 E & Fx |
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Cable . Selectors in Sub-group

‘ N L
E ‘levels Number Bay Divisions Total No.
“dtn 1 101 A&B 20
2 102 A&3B 20
3 101 C &D 20
| 4 102 C &D 20
L 6th 1 101 #&B r*H
102 By. 25
| ‘ 101 Cx & Cy 25
3 101 D
; 102 C & Dx 25
5 4 102 Dy
101 E &F 25
7th l 101 A&B
‘ 102 A&B
101 cC&D 60
2 102 C &D
: 101 E&F
;; 162 B &F 60
3 101 G &H
: 102 G &H
101 I&d 60 _ -
lst & 10th 1 All selectors on both bays and
others on next beoard

For example, the ten trunks carried in cable No. 1 second level,

are multipled through the 15 selectors of divisions Ay & B, Bay 101. -
The trunks carried in cable No. 2 are multipled through the 5 sel-
ectors of division Ax, Bay 101, and ten selectors in division Bx &
By, Bay 102. It will be seen that each sub-group of trunks from

the second level are multipled through 15 selectors; each sube-group

of *trunks from the fourth level are multipled through 20 selectors;

etc.
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Where it is necessary to use graded multiple, as explained
iri Piv. 1V, Sec. 3 c of these notes, the selectors are multipled. .
together as shown on the terminal assembly diagrams on Drawing .
No. 807=-61. It should be noted that these diagrams differ from« - -
that shown on Drawing No. 807-59 in tha@ but one level is shown
and the terminals of each trunk from this level are indicated. -
Such diagrams, called "Level Details", are necessery where all ten
trunks from a given level are not multipled through the same selec-
tors.

Figure "1" shows a case where 30 trunks are associated -
with 50 selectors. The first § tfunks from each division of 10
selectors are individual to that division. The remaining & trunks
are common to all 50 selectors. TEach cable.to second selectors
carries 10 trunks. The first cable carries the 5 individual trunke
from the first division of 10 selectors and the 5 common trunks.
The remaining two cables each carry 10 individual trunks as 1ndicated.v

Figure "3" shows the case where 50 trunks are associated
with 110 selectors. Here the first 4 trunke are individual to
each group of 10 selectors and the remaining 6 are common to all

110 selectors.

Mudtiple Slip and Multiple Reversal.
Where it is desired to slip or reverse the multiple bde-

tween the first 10 and the last 10 selectors on a shelf, two extra
terminal strips, wired together through a hairpin form, introddecing
the desired slip or reversal are inserted between the terminal strips

for the bank wiring from the two half shelves. The terminals

_ TCI Library: www.telephonecollectors.info
RS jx.

ek PR . e Y

TR
7



1 O F
p LU

“Bedi: Ba

‘of one-of these extra strips are soldered to the termina;d'ef on#

Paipe 8
Meyvil; 1920.

hatfbholf, and the terminals of the other extra strip are.soldered
to the:termirals of the other halfshelf. This is indicated in
Drawtag No. €07-62, Figure 1 and 2.

These hairvin forms are made up and connected to their
terminal strips in tre factéry and are inserted in the terminal
assembly as rejuired. , .

¥here a slip or reversal is to be made between selector
divisions on different shelves, it is accomplished by slipping
or reversing the conductors in the multiple cables.

Figure "3" of Drawing No. 807-62 shows the symbols used
in -assembly diagrams to denote multiple slip or reversal. The
cross indicates a slip or a reversal by means of the hairpin ;orm.
#hrere & slip or & reversal is made in the multiple cable a note to 1

that effect is added.
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Ogtgoigg Trunks.

Drawing No. €07-63 shows the cabling for outgoing trunks.

Figure 1 ghows & trunk without outgoing trunk secondary switches.

As explained in the preceding section, the trunks from ‘the banks '

of the first selectors are wired to terminals in the terminal
assembly at the end of each selector board. From the terminal
assembly the outgoing trunks are cabled, ten trunks per cable to
the vertical side of a cross-connecting frame at the end of the

repeater board. The terminals on the horizontal side of this
L )

cross-connecting frame are wired permanently to the various repeater

jacks in the repeater board. By proper cross-connection, any
trunk can be connected to any repeater. This cross-connecting
frame is provided so that the repeater shelves may be filled up,
and still have repeaters on trunks going to a particular office
located together. That is, it is not necessary to leave space for
growth between groups of repeaters. From the repeater jacks the
outgoing trunks are cabled directly to the horizontal side of the
main distributing frame, 20 trunks per cable, 2 conductors per
trunk.

Figure 2 of Drawing No. 807-63 shows an outgoing trunk -

carried through an outgoing trunk secondary switch. Cables with

10 trunks each are carried from the terminal assembly on the first

selector bodards to the horizontal side of an intermediate distrie-
butinz frame and croas-connected to the vertical side. From

the vertical side of the intermediate distributing frame the oute
going trunks are cabled to the terminal assembly on the outgoing

trunk secondary switchboards. This IDF cross-connection permits

TCI Library: www.telephonecollectors.info



DivV Vvid

the distribution of. the trunks over the sube-groups of outgoing'tfuni
secondary awitches as described in Division IV. This frame may be
the line intermediate distributing frame, or one of the trunk dis-
tributing frames, depending upon the floor plan layout. The trunks
from the banks of the secondary switches are wired to the terminal
assembly mounted akove the switchboard and from there, cabled to the

repeater cross-connection frame, ten trunks per cabie.

TCI Library: www.telephonecollectors.info
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Incoming Trunks.

Trunks incoming from other offices terminate on the
B vertical side of the main distributins frame, are cross-connectedi
to the horizontal side and cabled to incoming selectors as indicated
in drawing No. 807-45. These cables terminate directly upon the
selector jacks, two cables per shelf of 20 selectors. Any desired
grouping of incoming selectors in the selectors' bays can be accome

plished by proper cross-connections at the main distributing frame. 1
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Trunks from Second Selectors_tgo Third Selectors.

The cables carrying the trunks from the second selectors

to third selectors run from the terminal assembly on the second

gselector boards to selector jacks on the third selector boards.
Eggh cable carries ten trunks and two cables terminate on each

shelf of third selectors.
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Trunks from Third Selectors to Connectors,

.The trunks from the third selectors to the connectors

are cabled from the terminal assembly on the selector boards to = =
Jacks on the connector shelves. In general the connectors serving

100 tgrpingls are located on one shelf. Cabling is provided to .
care fﬁr_thepcapacity of the shelves. Thus where connector boards

have capacity for 15 connectors per shelf, cabling would be provided
for 15 even though but 12 connectors were equipped. Trunks to

local connectors are always cabled ten trunks per cable. Where ccn-
nector boards having a capacity of 16 connectors per shelf are used, .
the ten trunks to the first ten connectors, not counting the test
connector, are run in one cable; the five trunks to the five re-
maining connectors together with the trunks to the five connectors
directly beneath on the next shelf, are run in a second cable. On

the bottom shelf the conductors for five.trunks are dead-ended.

y Combination local and toll connectors have trunks from |
local third selectors and toll third selectqrs. Separate jack sp;in&g?
are provided for terminating these trunka. Trunks from toll third
selectors to toll or combination connectors are cabled five or,tpn -
trunk.fggx;qableadepepding:upon whether the ultimate number of toll cone
nectors per group of 100 terminals is five or more. These trunks

are four conductor trunks.

TCI Library: www.telephonecollectors.info



frunks From Connectors To The Intermediate Distributing Frame.

Trunks from regular conneétors to the intermediate distri.
buting frsmé are cabled from the terminal strips at the connector
boards to the horizontal side of the intermediate distributinz frame-
20 trunks per cabl?, 3 conductors per trunk. Trunks from the trunk
hunting connectors are four-wire trunks = tip, ring and two oprivate
cpnduétors. The two private conductors are strapped together at
the terminal blocks on the horizontal side of the intermediate dis-
tributing frame. They are cabled 20 trunks per cable.,

"hen connectors serving the same group of 100 terminals
are located in different connector bays as is often the case with-
trunk hunting conneétors, the method of cabling to the intermediate
distributing frame should be specified. Drawing No. 807-75, Figure

1 shows the method proposed for use where no provision need be

made for more than 10 trunks to any P.B.X. Separate sets cf cables

are run from each bay to the same terminals on the horizontal side

of the intermediate distributing frame. If the connectors serving

tﬁi same group of 100 terminals are located on more ihan one shelf

in the overflow board, the various shelves are multipled together

at the connector board terminal stripS'as.indicated. \ s

R Figure 2 ghow the methnd proposed for use where proviaidn

is made for more than 10 trunks but not more than 20 trunks to a
P.B.X. Here the total number of connectors serving the group of

100 terminals are divided into two sub-3roups. The number of connectors

TCI Library: www.telephonecollectors.info
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May 1, 192(C
in the two sub-groups should be as nearly equal as possible.
Trunks from the subegroup containing the connectors mounted on
the regular board are cabled to the regular subscriber's multip;é
terminals on the horizontal side of the intermediate distributing
frame. The trunks from the second sub-sroup are cabled to an
extra set of terminals on the same side of the frame. These two
gsets of terminals are multinled together by means of tie cables.
The extra set of terminals are cabled to extra terminals on the
horizontal side of the main distributing frame as indicated in
Tigure 3. If more than 10 trunks are required 'to a P.B.X., for

example 14 trunks, ‘the tie conductors of the first four trunks

~are opened and the corresponding términals on the horizontal side

of the main distributing frame are cross-connected tothe iiditional
trunks to the P.B.X. on the vertical side of the frame. This scheme
rrovides for four ind;vidual trunks from each sub-group of connectors
and 6 trunks common to both sub-groups. If the additional four trunks
are to be two-way trunks, the corresponding terminals on the horizone
tel side of the intermediate distributing frame are cross-connected
to terminals on the vertical side where cables to line switches ter-
minate.

~If provision need be made for more than 20 trunks to a
P.B.X. the group of connectors serving the group 100 terminals will
be‘divided into three or more sub-groups instead of two and extra sets
o{ terminals are provided on the horizontal side of the intermediate
and main distributing frames. These sets of terminals on the hori-
zontal side O0f the intermediate distributing frame are multivled

together by means of the cables.

TCI Library: www.telephonecollectors.info
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EUILDINGS AND FLOOR PLANS

General,

The typve of building required to house step=by=step
machine switching equipment is in general the same a2s that re=
guired for penel equipment. General Engineering Circular No,
803, "Fire Prevention and Protection in connection with Cone-
struction of Telephone Buildings" applies to buildinys for ma=
chine switching equipment as well as those for manual equipe-
ment,

'Safe Floor Loads,

The safe floor loads assumed in designing bullde
ings for step=by=step equipment are the same as in the case
of bpuildings for panel equipment, and are as follows::

Mein Frame Room, 175 pounds live load per square foot,
Switchroom, © 150 " " " " " "

Operating Room, 150 " " " " " "

While these carrx}ng capacities are somewhat greater than

are actually required for most of the mechanical switchboards,
it is recommended that these figures te uged as the basis of
design in order to provide flexilility to care for certain
other parts of the equirment, such as the I,D,F, and M,D,F.,

and to care for possible future develcpments,




e 10 Page 2

Vhere storage batteries are located on any floor

cther than the basement, it may ve necessary to reenforce the
floor supporting them. Such reenforcements will be a more
common requirement in step~by=-step than in manual offices,
since in genereal the batteries used in step-by=-step offices
are considerably heavier, The question as to whether reen-

forcements are necessary should be checked in each case.

Ceiling Heights,

The desirable minimum ceiling height for switch=-
rooms is 13' =0" under the ceiling slab and 12'=6" under beams.
While a ceiling somewhat less than 13 feet in height would care
Tor step-by=-step equipment as at present designed, it is thought
desirable to provide a 13' ceiling in order tc care for possitle
future developments and to provide for greater flexibility in
the machine switching plant. No story should have a ceiling
height of less than 13%-0" as it may be desirable at some fut-
ure time to install switches on any floor.

In most cases, the floor plens can Pe arranged to
provide satisfaectorily for o long main distributing frame
such as would result from limiting the height of the frame to
243 or 263 protectors per vertical (depending on whether the
protector side of the frame is away from or toward the wall,)
and frames of riot more than these heights can be installed on

any floor raving the ceiling height mentioned above.




Wnere it is necessary or desirable to install .a
main frame providing capacity for 303 protectors per vertical,
e the following ceiling heights are recommnended:

(1) Where the protector side of the frame is away from

the wall, a minimum of 15'-6" under the ceiling slab and
of 15'=0" under the beams,

{2) Wnere the protector side of the frame is toward the j
wall, a minimum of 15'=0" under the ceiling slab and of ’
14'-6" under the beams,

Auxiliary Framing.

The cable runways are supported for the most part
directly on the framework of the switchboards‘and are not hung
from the ceiling as in manual practice, The auxiliary framing
called for in General Engineering Circular No. 350 "Auxiliary

\ Praming on Terminal Room Ceilings™ is therefore not sc essen-
tial in buildings designed for step-by-step equipment, However, | .gj
since some supports from the ceiling are in general required

to carry extra long spans in the cable runs between boards,

and since other supports not required initially may be needed

at some future time, it is thought desi}able to provide socketsg‘
or beam clanps as.described in the General Engineering Circularg

Just mentioned,

Cinder Fill. .

A two or three inch cinder fill is considered desire

able on all equipment flocrs except on the power room floor,

Cl Library: www,telephonecollectors.info
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since such.a fill provides a means for concealing a part of
the conduit for the lighting and power distributing leads,
and avoids difficulties in securing a satisfactory bond be-

tween the finished flooring and the structural floor. This

fill is not a necessity, however, from an-eguipment standpoint,

since in any case a part of the distributing_leads are carfied
Qverhead on the framework of the switchboards and all of tﬁgm
can be carried overhead if it is desired to avoid the cinder
<fill required to cover them.

A floor‘fill of considerable depth is.recommended for
the power room unless it is satisfactory to carry the power
wiring conduit on the ceiling of the floor below. The conduit
should not be run along the ceiling of the battery room, and
consequently the floor fill should be providedqif the battery
foom is located directly underneath the power room. The fill
‘should also be provided if the exposure of conduit on the ceil-
ing of the floor below would be objectionéble from an appear-
ance standpoint. Where the fill is used, it should be from
six to eight inches in deéth in order to permit crossing of the
conduits.

Floor Plan Arrangements - Aisle 3pacing.

Drawing No. 807-71 shows the floor plan dimensions

*and.aisle spacing for the various parts of a step-by-step




macnine switching equipaent.

*igure 1 shows the floor plan dimensions and the
alsle spacings for the primary and secondary line switch-
hoards and the outgoing trunk secondary switchboards. Several
units can be placed end to end as indicated, but for mainten-
ance reasons it is thought that a lireup of boards should not
exceed approximately thirty-five or forty feet. In order to
permit the grouping of switches in adjacent bays under the con-
trol of one master switch, it is in general desirable to ar-
range the line switch units in multiples of three: that is, a
lineup of boards should contain 3, 6, 9, or 12 units.

?igure 2 shows the floor plan dimensions and- the
aisle spacings for selector and repeater boards. These boards
have anparatus located across both ends and consequently it is
necessary to provide an aisle space on.all four sides of each
board. The desirable and the minimum aisle widths are indicated,
the latter dimensions being bracketed. Where selector'and re-
peater boards are provided with casings, the width of the aisle
between the side of the casing and a column should not be less
than 2'-1", as the casing is equipped with swinging doors and
this clearance is necessary to allow the doors to be overied
Jfully. The dimension of 2'-3" shown on the drawing is the rec-

ommended clearance between a column and the side of a board not




eéuipped with é casing. This clearance permits the later ih-.
stallation of a casing if this should be found desirable.

Figure 3 shows the floor plan dimensions and-aisle
spacings for connector boards. These boards have no apparatus
across the ends, so that several boards may be placed end to
end, In general, the length of a lineup should not exceed ap-
proximately thirty-five or forty feet. The ajsle spacing for
connector boards is the same as for selector‘and repeater
boards, as previously descrited,

The capacitieg of the various connector boards and
their use under different traffic conditions are given in Div.
-11, Sec. 3q and in Div. IV, Sec. 6. Where the number of con-
nectors required per regular group is ten or less initiélly.
but is expected to exceed ten in the ultimate, boards provid-

ing eleven connectors per shelf may be installed for these

groups, but in general if this is done space should be pro-

vided to permit of the installation of the additional frame-
work necessary to increase the capacity of the bodrds to six-
teen connectors per shelf,

Relative Location of Equipment.

The most desirable location of the various groups of
switches from the standpoint of -cabling economy may be seen by

referring to Drawings Nos. 807-45, 807-46 and 807-66 in Divis-




Div. VI. .
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ion V, Section 1. 1In general, switches performlng like fhno-
tions should all be gssociated together in one group as far-as
possible. Thus, the‘primary line switches should all be placed
in one group, the secondary line switches in another group, the
first selectors in another, etc.

ihe heaviest cable runs are between the li.D.F. and
the I1.D.F., between the intermediate distrituting frame and the
line switches and between the intermediate distributing frame
and the comnnector banks. Therefore the line switch and connec-
tor groups should be located as near as possiovle to the inter- ST
mediate distributing frame, and the .l.D.f. and I.D.F. should
also be located near one another.

‘he secondary line switches should be located near

the primary line switches. ™hen a trunk distributing frame is

used for cross-connectinzg the trunks between the primary and

secondary line switches and between the secondary line switches
and first selectors, as shorm on Drawing No. 807-45, this frame

should be located as near as possible to the primary and second-

ary line switches. If these cross-connections are made on the
lire intermediate distributing frame, as shown on Drawinrg 807-46,

the secondary line switches should be located near the line

intermediate distributing frame. ihe question of whether or not

seprarate trung intermediate distributing frames should be used

Library: www.telephonecollectors.info
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depends almost entirely on the floor plan layout and the rel--

'htive cabdling costs. Fach case should be considered individ-
ually to determire what plan results in the most desirable
Iayouf; giving due consideration to questions of cabling econ-
omy, flexibility of arrangement, provision for growth in the
various groups of boards, and cost of maintenance.

The first selectors should be located fairly close
to the distributing "frame at which the trunks to these select-
ors are cross-connected. The second selectors should be lo-
cated near the first selectors and the third selectors near
both the second selectors and connectors. The outgoirg trunk
;epeaters should in general be located between:- the first se-
lectors and the main distributing frame, and if outgoing trunk
secondary switches are used they should be located between the
repeaters and the distributing frame at which the trunks to -
the 0.G.T. secondary switches are cross-connected.

The heaviest cable run to the machine switching man-
ual board is that from the intermediate distributing frame.
This run should therefore be made as short as practicable, al-
though the exact location of the manual board is not of great
importance provided no checking multiple is required. If a

chééking multiple is installed or if it is expected that a
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checking multiple will be needed at some later time, however,
it should be borne in mind that a caaparatively heavy cable
run will be required for this purpose, amounting to 250 20-

pair cables for one full unit of 10,000 terminals.

Ploor Plan Layout.

In some cases, especially in the saaller single
unit offices, it will be practicable to place all of the ter-
minal equipment, power plant and switches on one floor. This
arrangement is the most desirable one from a maintenance stand-
point., It may often be found desirable, howesver, where but a
partial unit is to be installed initially, to locate the equip-
ment on two floors instead of one, thus permitting the use of
2 smaller initial building and the extension of the building
as the equipment grows.

It will be found desirable in most large installa-
tions, such as in an office providing ultimately for two units,
to locate the equipment on two floors., Where the equipment is
separatedlin this manner it i1s desirable both from cabling and
maintenance standpoints to group together’on one floor all of
the switches used in handling originating traffic, such as the
primary and secondary line switches, first selectors, outgoing
trunk secondary switches, etc., and to locate on the other

floor 211 switches handling terminating traffic, such as the

TCI Library: www.telephonecollectors.info
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second and third selectors and connectors. From a ‘cabling
viewpoint this is a logical consequence of observing the de-

sirable relative locations of the various groups of switches

a8 described in the previous pages.

In general the spmce requirements for the origi-
nating and incoming equipments will differ somewhat, and ‘vhere
these two groups are located on different -floowe a fairly close
space balance may be obtained by locating the main and inter-
mediate distributing frames, the power plant and the test
equipment with one or the other of the groups.

Where the equipment is located on two floors, it
usually will make no material difference in agbling costs
whether the I.D.F. is located on the floor with the connectors
or on the floor with the line switches. In such offices the
main frame and I.D.F. are usually located on separate floors
and are placed one above the other or nearly so to minimize
the interframe cabling. In a multi-office building a main
distributing frame and power plant common to the various units
should be provided if feasible. It is desirable for mainten-
ance reasons to locate the test desk near the main distribu-

ting frame.

Where there is no danger from water it will general-

ly be found economical to locate the batteries in the basement.
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This is usually desirable because of the large size of the bate
tery, which, if placed above the basement, might require con-
eiderable additional btuilding epace and in most caces would also
require the bvattery room floor to be substantially strengthened
to carry the heavy load,

As a rule there is no serious objection to locating
the charging machines in tne basement if there is no danger
from water and tue space is dry and well ventilated. The separa=
tion of the charging machines from the terminal ecuipment will
ordinarily involve some additional maintenance expense; however,
in case the power plant is large and the space .necessary to
accomrodate it is available in the basement, it may sometimes
prove scornomical to locate the machinee as well as the batteriers
in the basement despite the greater maintenance charges if this '
-arrang ement effects sufficient economies in the cost of the
building.

As pointed out in Division VII of thece notes the

)

size of the emergency power plant used in step-ty-step offices

requiring emergency equipment is in gereral greater than in
manual offices, so that usually a greater ceiling height will ve

required in the gas engine room than would be necessary in a

correspornding manual office.

Provision for Growih,

Ags in manual officee, provision for the growth of the




}QQRipment is requifeq. This problem is somewha£‘more compli-
' cated. than in manual offices, however, for in addition to pro-
viding space for the growth of the terminal equipment, switch-
" boards and operators' quarters, space should usually be pFo-
‘vided for the growth éf each of the various groups of switches
-1n order that switches performing like functions may be kept
_together- that is, each group should be unobstructed in the
"diraotion of growth by any other equipment or by any permanent
- fixtures.

An arrangement that very often proves Batisfactory is

“tho'start the various groups at or near the front of the build-‘

"ing with ‘the direotion of growth parallel to the side walls énd
with the'temporary rear wall of the switchroom forming the boun-
dary in the direction of growth. Ordinarily it will not be prac-
“t;cable to care for the gfowth of all groups in this manner,
and a more flexible arrangement may be obtained with certain
parts of the equipment if two adjacent groups requiring space for
growth are installed so as to grow toward one another rather‘than
in the same direction. Then if either group experiences an -un-

oxpectedly large growth that group can expand into the space
initially allotted to the other group.
Typical Floor Flans.

-

Drawings Nos. 807-95, 807-96, 807-97 show a set of

floor plans which may be regarded as typical for the average two
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unit office or for the average single unit office in a multi-
office district. In general these plans are not intended to
apply, however, to a2 singzle unit buglding in which a toll .
equinment is to be placed, althouzh in some offices of this
sort it may be found feasidle to arrange the macnine switche
ing equipment in approximately the manner shown and to add a
third story to the building to care for the toll equipment.
The accompanying plans have been drawn up primarily to show
what appears to b2 a desirable layout from the standpoints of
maintenance, building and cabling economies, and flexibility

to care for growth, and are intended to serve as an illustra-

tion of the results obtained by applying to an average office

the general principles previously outlined.
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general
Purpose of Machine Switching A Board. The

machine switching "A"™ board is a manually operated switche
board required in connection with a machine switcping unit
and is used for handling traffic which requires the
services of an operator. Although for obvious reasons the
use of the machine switching "A" board is ordinarily
restricted to that traffic which cannot be complet%d by the
machine switching equipment and to traffic which is being
intercepted, any type of call may be handled through this
board.

Some forms of traffic such as calls to rural
lines, etc., which would ordinarily be handled through a
separate rural line or other type of board, may also be .
handled through the machine switching "A" board where de-
sirable, depending chiefly upon the amount of this type of
traffic to be handled and the plant layout in the local
area.

Classes of Positions. Two general classes of positions are

required in every machine switching "A" board.
(1) Intercepting Positions.
(2) Special Service Positions.
Other classes of positions which may be provided
if required are:

(3) Subscribers Positions
/
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[(4) Rural Positions.

Official lines terminating at the machine switche
ing "A" board will ordinarily be terminated in front of
subscribers or special service positions, Where the entire

official P.B.X. ia~1ncorporated,wifh the "A"® board separate
positions may be furnished.

<

This classification of positions is based on the

gencral functions which must be performed at the "A" board
and the various classes differ somewhat as to their equipe
ment. The different classes of positions, however, may be
teamed with one another and are frequently combined on the
same poeifion. Consequently, in the smaller offices, there

may be little or no distinction between the various posi=

tions, while in larger offices the distinction will become
more marked.
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Equipment Common to all Classes of Positions. %
OQutgoing Trunk Multiple. It will be necessary to pro-

vide an outgoing trunk multiple throughout each machine
switching "A"™ board in order to permit the operators to
reach subscribers, desks, other positions, etc. This
multiple consists of a group of dialing trunks terminated
on the jacks of first selectors, dialing trunks to the
test distributors or test distributor selectors and
several groups of trunks not equipped for dialing.

The dialing trunks to first selectors provide

meuans for the operatars to reach subscribers or other

~terminals reached by dialing, and the trunks to the test

distributor equipment are provided to enable the operators
to go in over the busy test on a connector terminal in veri-
fying busy conditions and completing cutoffs.
The trunks not equipped for dialing enable the
operator to reach connections which are not served on a
machine switching basis. These trunks include trunks to: ;
(1) The various desks such as chief
operator, repair clerk and test

desk.

(2) Supervisors at the Machine Switching
WA" board.

(3) Any office reached by ringdowm,
automatic or call circuit trunks.

|
fz
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(4) Toll recorder.

(5) Two number toll recorder.

(6) The source of each distinctive tone
which may be received by subscribers,
such as the dial tone, audible ring-
ing signal, busy back tone and vacant
local selector level tone.

In offices where semi-gelective party
line ringing is furnished, it will be
necessary to furnish one trunk for the
single ring code and a second trunk ‘
for the two ring code. !

(7) Other positions, for handling inter-
pogsition traffic.

Although the entire outgoing trunk multiple may not be

essential to each position, advantages of uniformity and

flexibility are gained by extending the multiple throughout

the board, while the cost of the multiple is no greater than

the cost of terminating each trunk only before the positions }
| where it is required. Consegquently the provision of the |

| multiple throughout the entire board is considered standard. |

Dial and Method of Dialing. At present the "listening key"
o method of dialing is used on step-by-step "A" boards, as

H the dial key method used on the "A" board in manual officés

] has not yet been adapted for use on the M.S.A. board. Under

% the liséening key plan, when the calling end of a cord cir-

| cuit equipped for dialing is inserted in the jack of a dialing

x trunk and the listening key of the cord is operated, the
| <
\

honecollectors.info
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" dial will, when moved off normal, be associated with the

cord and locked on to the calling end. The dial will re=-
main locked on the cord until the called party answers or
until a dial release key is operated, regardless of the
position of the listening key, and while locked on this
cord, the dial is not available to any other cord circuit
nor will it be affected by the operation of any other
listening key.

| After dialing has been completed, if the dial has
not been released, the calling party will not be able to
hear the audible ringing signal, in case the station called
is idle or the busy signal in case this station is busy.
Furthermore, if the call is intercepted or is to an official
line or other free terminal on which supervision is not
given, the answer of the called party will not dissociate
the dial from the cord and the connection will not be come-
pleted. For these reasons, it is considered standard
operating practice to operate the dial release key as soon
ag dialing is completed under all circumstances.

A dial pilot lamp is provided in connection with
each dial., This pilot is lighted as soon as the dial is
moved off normal after the operation of a listening key,
and remains lighted until the dial is released.

Supervisors' Equipment. Supervisors' equipment is pro-

vided as in manual practice, each supervisor's division

TCI Library: www.telephonecollectors.info
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N

comprising three switchboard sections. Eéch aupervisdr's
circuit is terminated in receiver jacks in the lockrail of
each section in the division and is multipled to the chief
operator's desk.

Each supervisor's division is provided with a
supervisoxr's division lamp, colored red, which is lighted
when an operator, another supervisor or the chief operator
desires to reach that division and has plugged into the
outgoing trunk to that supervisor. . Xach section in a
division is provided with a supervisor's jack and a section
lamp, colored white. This lamp is lighted when an
operator in that particular section of the division plugs
into the supervisor's section jack.

There is a bell associated with each supervisors.
circuit which rings when either lamp is lighted. Either
lamp which may be lighted is extinguished and the bell

stops ringing when the supervisor plugs into her receiver
JQCko
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Equipment Individual to the Different Classes of Positions.

- Special Service Posit;onp. Special service positions are
provided in order to assist subscribers who, for any reason,
are unable to complete their calls by dialing the desired number.
These positions are reached by dialing "O" and it should be
possible to complete any type of call through the special i
service operator.

The principal functions of the position are:

l. Handling outgoing A-B and two number toll calls.,

\
2. Handling incoming A-B t0ll calls routed to ;
the "A" hoard over ringown or automatic %
= 3. Handling complaint calls when these calls are ?

handled in the local qffice. ;

4. Verifying busy and don't answer conditions re-
M- ported by subscribers and completing cut
- offs and delayed callﬁ.

o

5. Handling outgoing calls on lines denied service
for non-payment of bills.

6. Handling calls to and from desks and supervisors.

7. Assisting subscribers who request aid in reaching
called stations or who are unfamiliar with the
operation of the syat%m.

In addition, special service positions are sometimes

called upon
8. To complete calls to toll recorder.
- 9. To complete calls to ru él lines.
In order to perform these vajious functions, the fol-

lowing incoming trunks should be specified where required.

TCI Library: www.telephonecollectors.info
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l. 1Incoming special service trunks from the
zero level of first selectors.
2. Incoming automatic or ringdown "A-B" toll
i trun.ks LY "
3. Answering jacks for machine switching stations
denied outward service for non-payment.
4. Answering jacks for trunké from various desks,
such as local test, repair clerk and Chief
Operator .
5. Answering jacks to care for night service

trunks for repair clerk and for No. 17
information desk where this type of desk
is provided.

Where coin box service is provided in the local area,

separate groups of incoming special servige trunks from selec-

tors handling coin box lines may be provided for both the multi-

series of single pulses at the rate of five per second from the
high frequency tone (460 pps) will be placed on the multi-slot
coin box‘linea to indicate the class of service to the operator.
Each of these t runks will be provided with a "tone removal" key

by means of which the operator is able to remove the tone after

R slot coin box lines, and the single slot coinfbox‘lines, or a
| common trunk group may be provided to handle all coin box lines.

In the latter case, a multi-slot coin box tone, consisting of a
/

she has determined the class of service given on the station

originating the call.

If there are refused toll machine switching stations

in the local area, these stations may be routed to the "A"

TCI Library: www.telephonecollectors.info
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board over the same group of trunks as stations to which toll
service is given. In this case, the refused toll stations will
be provided with a two pulse tone to indicate to the operator
that toll service is rqfuaed. This tone is similar to the multi-
slot ooin box tone, except that after each two pulses there is a
silent interval produced by the omission of three pulses. These

trunks will be provided with tone reﬁoval keys of the same type

as those used on multi-slot coin box trunks.

Cord Circuits. Double ended common battery cord dircuita with the

calling cord arranged both for dialing and for use with manual
trunks are provided at special service positions for completing
calls between the answering jacks and the outgoing trunks.

These cord circuits are designed to provide flashing recall on
the answering cord and buéy test on both cords, and are arranged
to ring back calling subscribers. This cord circuit may be
used with or without coin collect and message register features.
If connected to a message register, however, the message register
key must be operated before the calling party hangs up in order
to make the proper charge.

Where four party full selective service is given both
negative and positive superimposed ringing current is available
to the answering cords of these cord circuits. The calling
cords are profided with straight alternating ringing current of
higher potential than the A.C. component of the current used for

superimposed ringing. This high potential is provided in order to

TCI Library: www.telephonecollectors.info
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ring on magneto rural lines or on A-B toll lines. Where four

party-semi-selective service is provided, both cords will be

provided with straight alternating current ringing.

) Where special service positions are arranged for team-
worﬁ/;ith rural positions handling magneto rural lines universgal

. cords with similar operating features may be provided. These cords

are also provided with high potential ringing current for ringing
on rural lines.

Where the two number traffic is handled in accordance

with the "Toll Board Method" (Method No. 2) Section V. G.E.C.

1076, the apeéial gervice positions will each be provided with
either two or three single ended cords, known as connector

terminal cords in addition to the double ended cord circuits

ordinarily required. These cords are provided for completing

the connection fram the t wo number toll board to the calling

party.

L !ggtgr Ringing Keys. In offices serving lines on a party line

};hiqis: it will be necessary to provide a master ringing key
with one or more plunger type units in order to direct the ring-

ing to tHe proper party when ringing back on a party line. In

the case of two party or four party semi-selective service,

one of these plunger units will be sufficient. When the ring

back key of a cord circuit is operated, ringing current will

normally be sent to the party or parties on the ring side of

the line. When the master key is operated, the ringing current

is transferred to the tip side of the line and, when the ring

back key is operated, current is sent to the party or parties

TCI Libr |
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on the tip. Code ringing when ringing back on s emi-sele ctive
lines is controlled from the ring back key.

Where four party full selective service is given,

Phree key units should be provided on the master key. The key
unit o rresponding to.the second party on the line sends nega-
tive superimposed.current over the t ip side of the line; the
key unit corresponding to the third party sends positive super-
imposed current over the ring side and the key unit corresponding
to the fourth party sends positive superimposed current over the
tip side of #%he line.

Call Circuit Keys. In multi-office areas in which manual of-

fices are operated, call circuits from the A board to these

offices should be provided as in manual practice. -Automatic
signalling over these call circuits during hours of light load’

is considered standard and will ordinarily be provided. Ringe

down signalling may be used, however, where 0ld call circuits of
the ringdown type are already installed, in which case a master
call circuit ringing key should be provided in order to ring on- un-
covered B positions.

Checking Multiple. Where the volume of two number or A-B toll

traffic is large, it may be desirable to provide a "checking

multiple" as a means of verifying the calling subscribers number
on this type of call. This multiple is located in the face of
the switchboard and consists of a number of small metallic pins
embedded in strips which are similar t o multiple jack mountings.

One pin is provided far each subscribers terminal in the

.
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machine switching unit and each pin is ccnnected to the cor-
respondingly numbered connector terminal at the I1.2.1'. Switch-
board marking, such as the type of party line rinsing, r.3.X.
underlining, etc. may be shown on the checking multiple as re-
guired. After answering a czll, the operztor may verify the
number given by touching the corresponding pin in the checking
multiple with the plug of a "checking" cord, one of which is
provided at each position equipped with checking muitiple
equipment. If the terminal to which this pin is connected is

on the line which is calling,the operator will hear a distinctive
tone called the checking tone provided she is listening in on the
cord which is plugged up to handle the call.

It will be seen that, although the absence of the
checking tone shows that the wrong number has been given, assunm-
ing the absence of eguipment trouble, the presence of the tone
is not an absolute indication on a party line tuiat the correct

number has been given.

Intercepting Positions.

Intercepting positions are

provided in order to intercept calls incoming for any station
served by the machine switching unit and to handle calls which
have been misrouted. These calls include:

1. Calls to vacant connector terminals.

2. Calls routed to vacant local selector

levels through directory errors.
3. Zalls to vacant toll selector levels.

Calls to stations to.which the servicé is
being intercepted or teumporarily transferred.

L]
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5. Calls to stations which are denied incoming
gservice for non-payment of bills.

In order to perform these various functions the follbwf
ing incoming trunk groups are required in additidon to the out-
going trunk multiple.

* (1) Intercepting trunks from connector terminals.
These trunks are used both for intercepting
calls to vacant connector terminals and for
handling calls to stations to which service is
being intercepted for any reason except lines
which are plugged up.

(2) 1Intercepting trunks from vacant local selector
levels.

(3) *Intercepting trunks from vacant levels on toll
incoming selectors.

(4) Intercepting trunks from vacant levels on toll
transmission selectors.

(5 Trouble observation and test trunks.
(6) Trouble intercepting trunks.

(7) Trunks from connector terminals for use by

‘ operators or supervisors in the same or
auother office when it is desired to verify
a busy condition or to restore a cut off.

Under some conditions direct trunks from

manual offices in the same local area to
intercepting positions may be provided
for handling these calls.

(8) Where the toll board is in the same building
one or more trunks to the intercepting posi-
tion for the use of the toll operator in
verifying busies, don't answer complaints .

g etc.

: ’gf/ Cord Circuits. Intercepting positions are provided with three
single ehded intercepting cords which are used for answering call
/4 * On jobs where the toll transmission selector is installed j

as the incoming selector in the toll train, only one group of

intercepting trunks from vacant toll selector levels will be re-
quired. ’

.. TCI Library: www.telephonecollectors.info
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gignals received on the intercepting trunks. These coids are
ecuipped with listening keys and {lashing keys to enable the
intercepting operator to flash in local or toll operators when
necessary.

Double ended cord circuits of the same type as thosq
used Qﬂispeciai service positions should be specified on inter-
cepting positions where trouble observation and test trunks and
trunks for verification requests are terminated and on inter-
cepting positions which are to be teamed with positioﬁs on which
double ended oords are required. Where these cords are installed
on intercepting positions, the mggﬂé; ringing keys, call circuit
keys and master call circuit }1;ging keys, if providgd on the
gther positions shouid also be insta}led on the intercepting
ﬁositions.

Trouble Observation and Test Trunks.
Frouble Intercepting Trunks. 1In order to intercept calls to and

fronm lires on which trouble exists which cannot be cleared within
& reasoncile time, it is necessary to provide two grouﬁs of

trunks. These groups comprise the "trouble intereepting” trunks
and the "trouble observation.and test" trunks and correspond to

the plugging up lin€s in menual practice. The trouble interccpting
trunks are msed for intercepting calls to lines which are plugged
up and the trouble observation and test trunks are used for inter-
cepting calls originated on the line in trouble and for making
tests on the line. Tach trouble observation and test trunk is

texminated in a jack, lamp and key and each trouble intercepting

TCI Library: www.telephonecollectors.infa,
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trunk is terminated in a jack and lamp in front of an intercepting
operator. The other end of each trunk is terminated in a jack at
the M.D.F. These jacks are mounted in a jack box and are so
arranged that each trouble intercepting trunk jack is adjacent
to a trouble obsexrvation and test trunk jack. A plugging up cord
equipped with a double plug on one end and a shoe on the other
is provided to complete the circuit to the subscribers line.
When the plugging up cord is plugged into two adjacent jacks and
the shoe is inserted in the protectors of the line in trouble,
the subscribers line or "outside"‘circuit is connected to a
trouble observation and test trunk and t he "inside" circuit,

from the connector terminals, is connected to a trouble inters’

cepting trunk.

. One or more test circuits, each terminating
in a single ended cord and a disconnect lamp are extended from '
the test desk tg one of the intercepting positions, together with
a2 call circuit from the test desk which is ﬁaed for ordering up
the cords. Thi cali circuit terminates in a locking key and
pilot lamp at the position. When the test man comes in on the
call circuit, the call.ﬁircuit pilot lamp is lighted. The opera-
tor answers by pperating the call circuit key which extinguishes.
the lamp and co necfs her telephone set to the call circuit. The
test man then instructs her to plug a test cord into any trouble
observation and test trunk he desires. A multiple of this key is

provided at an adjacent position for teamwork operation‘o:-thr.qpnmddun
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during periods when the primary position is uncoverecd. “hen the
test man releases the test cord the disconnect lamp in front of
the machine switching "A" operator is lighted and the operator
discomnects.

If there arc any lines appearing at the "A" board such
as magneto rural lines wiiich are not connected to a connector
; terminal, or any manually operated trunks or lines appearing at
| the "A" board, it is considered desiravle to test these trunks
through the "A" board rather than opening them up at the I1.D.YT.
Consequently if these linés or trunks are not within reach of
the test cords ordinarily provided, additional test cords should
be installed which are accessivle to the lines or trunks in

question.

Subscribers Positions. Subvscribers positions are furnished

where it is necessary or desirabvle to handle originating calls

such as nmessage rate party lines, 9r coin box lines on a manual

e

basis.

The cord eguipment at subscribers positions will Le the
sameegs that at special gervice positions, except that, since no
| checking multiple is provided, no checking cord will be reguired.
Vhere subscribers positions are provided they will usuully ve
teamed with the special service positions.

Rural Positions. Hural positions are provided where rural

lines are to be handled in the machine switching office. In
é (s /@0me. cases, these positions are combined with special service

{ positions and are reached by dialins zero. In other cases,

.
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separate positions, reached by dialing the code 116 or the com-
plete rural number are provided, as outlined in G.E.C. 1076.
Where rural lines are operated on a magneto basis,

it will be necessary to either provide full universal magneto and

common battery cords for positions in front of which the rurél

lines are terminated or where the number of rural lines is small,
to equip each rural line for operation in connection with common %
battery cords as outlined in G.E.C. 263. 1In this case, each
rural line will be provided with a non-locking push button ring-
ing key in addition to the drop and jack. It is thought that

where all of the rural lines may be terminated in front of one

position, it will be aesirable tojequip these lines for operating | .3
with common battery cord circuits. Where the lines are multipled
in the board or where rural lines appear at more than one posi-
tion, this will ordinarily not be practicable and universal

cords should be specified at those positions in front of which
these lines appear.

In offices where rural line service is provided on a
common battery basis, divided ringing will be provided on these
lines unless otherwise specified. In this case, it will be
necessary to provide a master key associated with the calling
cords in order to transfer ringing current from the ring side
to the tip side of rural lines. This key is of the non-locking
plunger type and is similar to the master ring back keys in that

it is used only to transfer the ringing connection to the tip
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gide of the line and not for actuwal ringing. The ringing code is

controlled from the cord circuit ringing key.
Full universal cords are designed either for dialing »

or for use with manual trunks and present the same general

operating features as are provided on common battery cords.

Call Wireless Trunka.

Where the rural lines are not multipled
through the toll board, call wireless trunks should be provided
on one or more of the rural positions for completing incoming

toll calls to rural lines., These trunks may be specified for

operation with either common battery or magneto rural lines.

The circuits are not the same, however, and call wireless trunks
gpecified for operation with one type of rural line will not
operate with the other.

Xach call wireless trunk is terminated in a lzmp and
plug in the keyshelf and is provided with a listening key.
Ringing is under control of the toll operator, excéﬁt that, viiere
divided ringing is employed on the rural lines, each call wireless
trunk should be provided with a key in order to direct the ring-
ing to the parties on the side of the line which is veing called.
When this key is non-operated, ringing current will be sent from
the toll office to the parties on the ring side of the line and
when it is operated, current will be sent to parties on the tip
side of the line. \

On positions where call wireless trunks are installed, -

busy back jacks should be provided to transmit the busy signal
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to the toll operator. These jacks are arranged so that, when a
call wireless trunk is plugged into a busy back jack, the super-
visory lamp on the toll operators cord circuit will be flashed.

Zural Line Multiple. Where more than three positions are reguired

for handling rural lines, a multiple of these lines should be

provided in front of the rural positions. This multiple is in-

-8talled on an eight panel basis in No. 1 boards and on a six

panel basis in No. 1-D boards in accordance with standard manual

practice.

Official Positions. Where the official P.B.X. is incor-

porated with the machine switching "A"™ board and where the number
of lines involved is so great that they cannot be conveniently
terminated in front of subscribers positions, official positions
are employed. Where there are more than three positions handling
this traffic, the official lines should be multipled before the
positions whichn handle calls to official lines. This multiple is
provided on an eight panel basis in the No. 1 board and on a six

panel basis in the No. 1l-D btoard.
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Section Framework.

Type of Sgction. It is considered standard to use a

modified form of the No. 1 eight panel three position No. 92

jack subscribers section or a slightly modified form of No. 1-D
section for machine switching "A" boards. Where the No. 1-D
section is suitable, it should ordinarily be used, as the section
framework is not only cheaper than that of the MNo. 1 board, but
the increased relay capacity in the rear of each section permits
the mounting of a greater part of the cord circuit relay equip-

ment in the section. Where the No. 1 board is used it will be

. necessary to mount most of the cord circuit relay equipment in the

terminal room and to cable it to the section. The No. 1-D board
is also desirable from the fact that it may be obtained in units
of one position, a fact which may be of considerable importance in
engineering small boards.

Where the machine switching "A" board is not to be lined
up with any other type of board, the necessity of providing for
checking multiple is the general controlling factor in determining
which of these boards should be used. The No. 1-D board has
capacity for about 11,000 terminals, and is consequently con-
sidered as being limited to installations where the ultimate re-
quirements for checking multiple do not exceed one unit of 10,000
terminals. The No. 1 board will accommodate two full units.

Where the machine switching "A" board is to be lined

up with other sections, the type of section in the existing board
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should be considered in determining the type of section to be
used for the "A" board. Vhere the existing sections are either
No. 1 or No. 1-D sections, these should be used for the "A"
board. Where the sections with which the "A" board is to be
lined up are No. 1 Low or Intermediate type toll sections, it
will be practicable and ordinarily desirable to provide this type
of section for the machine switching "A" board. These boards

are not maintained as standard however; and where used, the cost

will be somewhat higher than for similarly equipped positions

ingtalled with No. 1 or No. 1l=-D framework.

Ingtallation of Checking Multiple. Where checking multiple is
installed, the checking multiple will not, ordinarily, appear

at the positions adjacent to the cable turning section. The
multiple cable is consequently concentrated near the top of the
board in order to provide sufficient space for answering jacks in
the panels between the cable turning section and the first appear-
ance of the checking multiple. As a consequence, the space between
the lower edge of this cable run and. the top of the multiple space
in those panels is not available to assignment for znswering jacks;

furthermore, the greater part of the panel immediately preceding

the first appearance of the checking multiple rmust be left bBlank

in order to turn the checking multiple cable to permit its aprear-

ance }n the board. This subject is discussed in greater detail

in sSection 4-b, Location of Answering Jack Equipment.
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Section Framework.

Type of Sgction. It is considered standard to use a

modified form of the No. 1 eight panel three position No. 92

jack subscribers section or a slightly modified form of No. 1-D
section for machine switching "A" boards. Where the No. 1=-D
section is suitable, it should ordinarily be used, as the section
framework is not only cheaper than that of the MNo. 1 board, but
the increased relay capacity in the rear of each section permits
the mounting of a greater part of the cord circuit relay eqip-

ment in the section. Where the No. 1 board is used it will Tbe

- necessary to mount most of the cord circuit relay equipment in the

terminal room and to cable it to the section. The No. 1-D board
is also desirable from the fact that it may be obtained in units
of one position, a fact which may be of considerable importance in
engineering small boards.

Where the machine switching "A" board is not tB be lined
up with any other type of board, the necessity of providing for
checking multiple is the general controlling factor in determining
which of these.boards~should be used. The No. 1l-D board has
capacity for about 11,000 terminals, and is consequently con-
sidsred as being limited to installations where the ultimate re-
quirements for checking multiple do not exceed one unit of 10,000
terminals. The No. 1 board will accommodate two full units.

Where the machine switching "A"™ board is to be lined

up with other sections, the type of section in the existing board
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should be considered in determining the type of section to be

used for the "A" board., Vhere the existing sections are either

No. 1 or No. 1-D sections, these should be used for the "A"

board. Where the sections with which the "A" board is t o be

lined up are No. 1 Low or Intermediate type toll sections, it
will be practicable and ordinarily desirable to provide this type

of section for the machine switching "A" board. These boards

are not maintained as standard however, and where used, the cost
will be somewhat higher than for similarly equipped positions
installed with No. 1 or No. 1-D framework.

Installation of Checking Multiple. Where

checking multiple is
installed, the checking multiple will not, ordinarily, appear

at the positions adjacent to the cable turning section. The
multiple cable is consequently concentrated near the top of the
board in order to provide sufficient space for answering jacks in
the panels between the cable turning section and the first appear-
ance of the checking multiple.
the lower edge of this cable run and. the top of the multiple space
in those panels is not available to assignment for znswering jacks;
furthermore, the greater part of the panel immediately preceding
the first appearance of the checking multiple must be left blank
| in ordgf to turn the checking multiple cable to permit its aprear-

ance }n the board. This subject is discussed in greater detail

in Section 4-b, Location of Answering Jack Equipment.
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Where checking multiple is to be installed or where pro-
vision for checking multiple is to be made, careful consideration
should be given to the fact that, if the machine switching "A"
board is lined up with other types of sections, there may be two
heavy cable runs in either the "A" sections or the existing
sections, depending on which of the classes of positions is ad-
jacent to the cable turning section. This condition will or-.
dinarily reduce the amount of checking multiple which may be
installed. This difficulty may be partially overcome in the
No. 1 board where the machine switching "A" positions are at the
foot of the board by running one unit of checking multiple cable
along the ceiling and feeding it in through the roof just ahead
of the positions where it is required. Where this is done, it
will be necessary to leave the two panels just ahead of the
first appearance of the checking multiple blank, in order to
turn the checking multiple cable. It is not considered practie
cable to feed more than 10,000 terminals through the roof of the
board in this manner. If there is space in the rear of the
board, however, it will of course be practicable to run addi-
tional checking multiple cables in this space.

Modification of the No. 1 Section. Drawing 807-108 shows the

sectioh assembly of the modified No. 1 board. Figure 1 of this
drawing shows the front view, the dimensions of which are the
same as the dimensions of the standard manual No. 1 subscriber's
section shown on American Telephone and Telegraph Company's

arawing 122-A-20.
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Figure 2 shows a section through a position. The
principal modification lies in the change in provision for the
multiple cabling and consequent narrowing of the section by
seven inches. It will be seen from these drawings that the
multiple cable shelf has been removed. A series of iron details,
one of which is shown on the drawing, support the outgoing trunk
multiple. These details are secured to a horizontal iron detail
as shown and are provided one per stile casing.

Yhere checking multiple is specified, cable pins
similar to those used in the lo. 1 toll section are furnished for
supporting the multiple wiring. The supporting member shown on
the drawing is tapped on 2" centers to accommodate these pins.

The only other material modification in the No. 1 sec-
tion lies in the omission of the fire protection bulkhead below
the multiple cable. This bulkhead is not considered Jjustified
in new machine switching "A" positions on account of the small
amodunt of multiple cable which is to be protected.

In new sections, two vertical fire screens of rec-
tangular shape are provided. One of these plates is mounted on
the relay irons at the left end of each section and one is

placed wetween sections extending from the cord shelf to the
floor and from the front ranels to the front of the answering
Jjack running vox. It is thought that these screens are justi-
fied by tie insurance they afford against a fire spreading fronm

one section to another.
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Modification of the No., 1-D Section. Where the No. 1-D section
g\, is installed as a machine switching A section and no provision
for checking multiple is made, no material modifications will be
required over the standard manual No. 1l«D section. The rear
equipment arrangement will of course be different, varying on
different jobs, on account of the different types of cord cire {
cuits required.

| No No. 1-D boards have yet been installed in which

checking multiple has been used and the detailed modifications i
| which will be required where checking multiple is installed have

not been determined. It is anticipated that the principal modi-

fication which will be required will be the removal of the
multiple cable shelf, the installation of cable pins for support-
ing the checking multiple cable, and the provision of details
similar to those in the No. 1 board for mounting the outgoing
trunk multiple.

Cable Turning Sections., Drawing 807«117 shows the cable turning
section provided in connection with No. 1 boards. This section
has capacity for two full units of checking‘multiple and is
provided on all jobs where No. 1 boards are installed. The key
panel shown on Drawing 807-117 is provided for mounting night
alarm keys and cloek circuit keys on all jobs ﬁhere No. 1 boards
are installed. This key panel is drilled for the ultimate
number of keys required and equipped as specified.

Tﬁe standard 2'8" cable turning section shown on:

A. T. & T. Co.'s dravwing 136-A~4 is provided for No. 1-D boards.
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whggg provision for checking multiple is being made. Where this
provision is not made, a smaller section 1'8" in width will be
provided. MNight alarm keys and clock circuit keys in the No., 1-D
voard are mounted as outlined in section 4-D.

End Panels. Ind panels are provided in accordance with standard

manual practice. In the No. 1 board, the panels provided are
narrowed in order to fit the modification in the No. 1 section

used for machine switching "A" boards.

Use of Existing Manual Sections for Machine Switching "A" Positions.

It is believed that, except under exceptional circum-
stances, the conversion of existing manu..l sections for use as
machine switching "A" sections will not be justified. If there are
spaxre No. 1 or No. 1-D sections in the local area, which will not
ﬁe required for manual boards within an apparent length of time, it
may prove somewhat cheaper to convert these sections to machine

"hﬁitching sections than to purchuse new machine switching sections.
If'il felt however that these sections are more satisfactorily
utilized if retained for manual use and that therefore their con-
version will seldom be justified. Where it has been determined for
orerating reasons or from building considerations to line up the
machine switching "A" board with an existing toll board, spare toll
rositions may be also converted, under the same general conditions.
It ii felt however that on account of the large amount of speciai
wbrk“required existing toll sections should not be converted under
any circumstances, unless the "A" board is to be lined up with a

toll ‘board.
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The conversion of other sections, such as No. 10 or
No. 9-c sections or the use of desks and other miscellaneous equip-
ment presents such engineering difficulties in the rearrangement
of equipment etc. as to make their use except in rare cases, im-
practicable. Such a case might be encountered when the only
possible location for the "A" board was in the same line up with
these sections.
Miscellaneous. Drawing 807-108 shows the rear of the from panels
of the No. 1 Section covered with lineloum in order to prevent
undue noise caused when weights strike the panel. The provision
of this 1inoleﬁm is optional and should be specified.
Tarpaulins should be specified where the line up cone
sists of two or more sections as outlined .n G.E.C. 783,
Rear lighting is provided only where specified in the
equipment order. Where specified, the lighting provided will be
the same as that provided far manual switchboards. |
Where the machine switching "A" board is mounted alone,
the poeifions and panels are numbered from "one®" up in the
direction of grﬁwth as in standard manual practice. Where the
. "A" board is incorporated in a local manual or toll lineup, the posi-
tions and panels take their numbers from their location in the lineup.
Thé use of operating platforms with machine switching

"A" boards is considered unnecessary and is not recommended. Where,
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however, it is desired to use such a platform, the front

panels are arranged so that the lower eight inches may be

removed and the platform provided. The equipment order

should specify whether or not the front panels are to be

arranged for use with operating platforms.
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Keyshelves.

Type of Keyshelf. Horizontal keyshelves of standard width

(1*2 5/8") are used in connection with both the No. 1-D and the
No. 1 boards. Drawing 141-A-65 shows a composite No. 1 section
keyshelf equipped with all the types of cord circuits which are
used on machine switching A positions, and Drawing 141-A-66

shows a similar keyshelf for No. 1-D sections. As shown on these
drawings both of the keyshelves have the same capacity for double
ended cord circuits and call circuits as similar keyshelves

used in marmal practice, although the ccrd spaces are equipped

in a different manner as outlined in these notes.

The two keyshelf drawings, 141-4-65 wund 141-A-66 are
designed only to show the equipment required with each type of
cord circuit, and with single ended cords t o show which should
be located separately and which may be located two per double
ended cord space. The location of the cord circuits shown on
these drawings is not typical, except that, in general, single
ended cords should be located at the end of the position and
double ended cords in the centre. In all cases the cord spaces
which are to be eguipped with any type of cord circuit should
be specified for each position. If a position is partially
equipped with one or more types of cords the cord spaces which
are to be equipped should be specified; otherwise the cord
spaces will be equipped in numerical order.

Drawings 807-110 and 807-111 show the keyshelf dimen-
sions and the type of equipment used on the No. 1 und Ne. 1-D

keyshelves respectively.
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Double Ended Common Battery Dialing Cord. Double ended common
battery dialing cord circuits are provided as specified on machine
switching "A" positions. Each cord is provided with a back and
front supervisory lamp and two lever type keys as shown on the
keyshelf drawings, with wiring for coin collect and return keys
and message register connections. Equipment for coin collect and
return keys will be provided only where specified. These cord
cirocuits are arranged for listening key dialing, as outlined in
8ection l1l-c.

FullfUnive:lal Cord. Full universal magneto and common battery

cord circuits are provided as specified. The keysnelf equipment,
method of dia;ing and operation of signals is the same as in the
common battery cords. The provision of coin collect and return
keys on these cord circuits requires a material modification of
the circuit and involves an appreciable expense. Consequently

wiring for coin collect and return keys on universal cord circuits

.will be Prbvided only where specified.
;Intercepging gord. It is considered standard to wire for three

‘and equip,eithﬁf two or three intercepting cords on all positions
designed for handling intercepting traffic. This cord circuit

is provided with lamp and key equipment as shown on the keyshelf
drawing. Only one intercepting cord is provided per double ended
cord space, the front cord space being equipped in all cases.

Connector Terminal Cord. Where connector terminal cords are

specified, it is considered standard to wire three cords for tnis
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purpose and to equip either two or three of the cords as specified.
Connector terminal cords should be provided one per double ended
cord circuit space and are equipped with lamp and key equipment

as shown on the keyshelf drawing.

Call Wireless Trunk. Call wireless trunks should be specified

‘only in off'ices where rural lines are not multipled through the

toll board. As outlined in Section l-c, the czll wireless

trunk circuit provided to operate with common battery rural lines
is different from that provided to operate with magneto rural
lines, and consequently the type of rural line should be specified
in connection with the trunk. Where common battery rural lines
are operated, divided ringing will be provided unless otherwise
specified and the rear spring combination on the listening key

will be equipped to d irect the ringing current.

Test Cord. Test cords are provided as specified at the intercept-

ing position in front of which the trouble observation and test
truﬁks are terminated. The number of cords to be specified should
be determined from the probable maximum number of simultaneous
tests which will be conducted over‘these cords at any time. Wiring
should be specified for the ultimate maximum number of cords re-
quired and equipment specified for the immediate requirements.

The test cords should usually be grouped at one end of
the position and where they are easily accessible to the trunks
they are designed to serve. It is not believed that, in general,

more than six of these cords will be required in any one unit of
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10,000 terminals or that more than ten will be required where the
"A" board is common to two units of machine switching equipment.
Where test cords are provided in other parts of the board for
testing through the manual lines or trunks as outlined in section
l-c, these cords form an addition to the number ordinarily requirgd;
Call C;rcuit from Test Desk. The call circuit from the test desk
for ordering up the test cords appears at the position where the
test cords are located. It is terminated in a locking key, shown
on the keyshelf drawing, and a lamp. As outlined in Section l-c,

a multiple of the key is provided in an adjacent position for team-
work ow light load operation. The lamp is not multipled and gppéars

in the piling rail between the two positions as shown on Drawing

807-116.

)
Where it is necessary to provide two groups of test

cords, as outlined in the preceding paragraph.'two of these call
circuits should be specified.

Checking Cord. Where checking multiple is specified, the checking
cord .shown on the keyshelf drawings will be provided for use in
connection with the checking multiple.

Dial and Dial Mounting. It is considered standard to use a 2-E

type dial on machine switching "A" boards. This dial is of the
same general construction as the 2-A type dial used on sub-
scribers sets except that for circuit reasons, there are five

contacts required on each dial instead of four.
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A new type of dial mounting, known as the 6000 type has
recently been standardized in order to facilitate t he replacement
of the positional dial by a new one. This dial mounting is
described briefly on Page 1, Section 8, Division IX of these notes
and in detail in G.E.C. X¥260. The lbcation of the dial and dial
1elease key is as shown on the keyshelf draw;ngs and the location
of the dial pilot is shown on Drawing 807-116. The dial release
key is of the non-locking plunger type with a metal frame top.
Master Keys. The master ring back keys are located adjacent to
the right hand cord key and on the same keybase as the dial:release
key as shown on the keyshelf drawing. These keys are of the non-

locking plunger type with metal frame tops. They are designated

|
1
1

and colored as indicated on the drawing. Wiring and equipment
for these keys is provided only as specified.

Where a master call circuit ringing key is provided on -
a position, this key is mounted on the same base with the dial
release key and the master ringing keys and is located and desig-
nated as shown on the keyshelf drawings. Wiring and equipment
for this key is provided only whére specified.

Where divided ringing is provided on rural lines, the
master key referred to in section l-c¢ for transferring the ring-
ing current to the tip side of the line is also mounted on the
master key base. The key button is of the metal frame top type,
colored black and provided with a letter designation to indicate
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the side of the line on which the ringing current is to bec placed
in order to call the desired party. The characters will

be white in all cases. Wiring énd equipinent for this key is pro-

vided only when specified.

A keybase dee:@ned to mount all six of the keys which may

be mounted on this strip is provided on all jobs, so that on ad-

ditions or changes in operating practice it is only necessary to

éguip the additional keys which are required by the change. The

top of the keybase is drilled to accommodate only those key units
which are equipped. The various key units will, in all cases, be
located on the keybase as shown on the keyshelf drawings, regard-
less of what combination of keys is required.

Qall Circuit Keys. Although space is available fbr three strips

of twelve call circuit keys each on the No. 1-D board and for

five similar-strips on the No. 1 board, it is seldom that more

than one strip of call circuit keys will be required. Wiring

for twenty four keys will be provided on the No. 1 buard and

for twleve keys on the No. 1l-D board. Equipment should be speci-
fiel in multiples of twelve keys for those keys which are required

initially. In all cases the strip nearest the operator will be

- equipped first and additional strips should be equipped successive-

ly toward the end of the keyshelf.

Where an emergency call circuit is specified, the call
circuit button used for this purpose should be the button farthest
from the edge of the keyshelf in the first strip of call circuit
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keys equipped. This button is engraved "EMG."

Emergency Call Circuit Cord. An emergency call circuit cord and

equipment as outlined in G.E.C. 144 will be furnished where the
"A"™ board is equipped with outgoing call circuit trunks.

Miscellaneous Bguipment Items. In all cases and on all positions

a ticket pad holder, ticket receptacle and peg count key are pro=-
cided as shown on the drawing.

Where position clocks are required, the No. 1-A clock
circuit should ve specified on alternate positions requiring

clocks.
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Outgoing Trunk Multiple.

General . The outgoing trunk multiple.is located immediately above
the piling rail in both the No. 1 and No. 1-D boards, as shown

on Drawingpsov-llz and 807-113 respectively. The outgoing trunks
are multipled on a five panel basis in the No. 1-D board and on

a sii panel basis in the No. 1 board as in manual practice.

The outgoing trunk jacks are mounted twenty per
strip, with a designation strip provided above each strip of
Jjacks, as in manual practice. The outgoing trunk multiple is
arranged to grow from the bottom up. The jacks in each panel are
numbered from left to right, from zero up, Yeginning with the
bottom strip of jacks. As shown on the drawing, stile casing
number plates are associated with the outgoing trunk multiple in
order to identify the trunks appearing in each panel of the mul-
tiple.

In laying out the¢ face equipment, space should
ordinarily be left to meet the ultimate requirements of the
outgoing trunk multiple. 1In general, this will not be more than
two strips of ‘jacks per panel.

OQutgoing Dialing Trunks to First Selectors. Where the ultimate

requirement for the outgoing dialing tfunk group i8 more than

-ten trunks and where the trunks appear in the face of the board
three or more times, a group busy lamp is associated with each

five consecutive trunks. A combination lamp mounting and designae-
tion stfip is provided for mounting these lamps and the designation

strip used in connection with the trunks.
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Delayed Call Eguipment.

Unless otherwise specified three of
} ,

the trunks in the outgoing dialing trunk group to first selectors
will be equipped for handling delayed calls routed to the "a"

voard by a calling subscriber wno is otherwise unable to com-

plete his call. The delayed call equipment involves an

auxiliary jack for each trunk and a certain amount of relay

equipment. The auxiliary jack is located in the same strip

with the associated txrunk jack, each auxiliary jack being

adjacent to and on the right of the associated trunk jack. The

first trunks equipped in the trunk group should te provided with

this feature. Where group busy lamps are associated with a

strip of outgoing dialing trunka in which delayed call jacks
appear, these lamps will be associated with each five jacks
in the same manner as where all of the jacks are equipped as

trunk jacks.

Outgoing Manual Trunks.

These trunks are similar to the manual

trunks outgoing from a manual "A" board. Trese trunks are used

as outlined in Section 1l-b and should be specificd in accordance

with the Step-by-Step Machine Switching Traffic Engineering

Practices.

Interposition Trunks. W%here interposition trunks are required

in the machine switching "A" board for routing traffic from one

position to another, automatic trunis will be »nrovided as

These trunks will form a part of the outgoing trunk

- multiple and each trunk will appear in an answering jack and

lamp before the operator to whom the call is to e routed.
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Supervisors' Trunks. One supervisor's trunk to each super-’

visor's division is provided in the outgoing trunk multiple
in order that any operator may reach any supervisor.

Tone Trunks. Tone trunks may be specified in the outgoing

trunk multiple for educating subscribers in the various tones
which will be received by them. ZEach of these trunks is
permanently connected to a ®pecific tone, such as the dial
tone, line busy signal, audible ringing signal, or vacant
selector level tone. Where four-party semi-selective party
line service is given it will be necessary to specify one tone
trunk for the single ring code signal and a separate trunk
for the two ring code signal.

liscellaneous Trunks., Twoeway automatic trunks are provided

from the machine switching A board to the repair clerk's desk,
chief operator's desk apd to the test desk. Ordinarily two.
of these trunks to eacﬁ desk will be sufficient in a unit of -
10,000 terminals.

In multi-office cities having a centralized complaint
desk, direct trunks may be provided to this desk where warranted.
In general, however, these desks are reached by dialihg a code
or connector terminal number,

Where connector terminal cords are provided for two-
number toll operation, trunks to the two-number toll board are
provided as required for use under this method of operation.

A few trunks to the toll recorder should be

specified for each unit of 10,000 terminals.
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Offices which are to be reached from ’the;zmchim
switching office by means of manual ringdown,  automatic or
call circuit trénks, form a part of the outgoing trunk multi-
Prake ;‘h{i& of vices will WA a rule . be distant from the
ma.cﬁi;« #switching office and w:1l ordinarily be operated on
an A-B toll basis. If relatiy ly expensive ringdown trunks

h are employed, an individual busy lamp should be provided for
?: each trunk when the number of irunks and the number of times
’ ~  the trunks are multipled appear to warrant this expense.
! \
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Answering Jack Equipment.

Location. The space which may be assigned to the

answering jack equipment is dependent upon the provision for
checking multiple. In the No. 1-D board this restriction will
rarely affect the layout of the answering jack eq: ipment. In
the Né. 1l board where allowance is being made for two full
units of checking multiple, the space available for answering
Jack equipment in the panels where the checking multiple is to
appear will ordinarily be limited to three strips of answering
jacks and associated lamp and designation strips per panel.
This restriction is based on the provision of two strips of
outgoing trunk jacks at the same time keeping within the maxi-

mum desirable operators' reach of 34 inches. Where only one

strip of outgoing trunk jacks is provided; four strips of answer-

ing jacks may be used without exceeding this reach limitation.

Drawing 807-112 shows the gpace assigned to answering
jack equipment in No. 1 boards equipped with two units of
checking multiple. Figure 6 is typical of the panels between
the cable turning section and the first appearance of the
checkingrmnitiple in the board, and shows the space available
for answering jacks betwlen the outgoing trunk multiple space
anl the checking multiple cable run in the rear of the board.
It will be necessary to leave t he larger part of the panel

adjacent to the first appearance of the checking multiple blank,

e o o Mﬂ“ﬂ = M“M mh\
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in panels having various arrangements of answering jack equipe
ment. Ingeneral, it is felt that the space in panels equipped
with checking multiple is ample for locating those jacks which
it is necessary to terminate in front of positions where the

checking multiple appears.

Jack Mountings. Where practicable, answering jacks should be

mounted on a ten-per-strip basis. It is possible, however,
where answering jack space is limited, to mount certain of the
answering jacks on a twenty-per-strip basis. Table I of this

section together with Drawing 807-112 outlines the equipment of

. all types of answering jacks in the No. 1 board and enumerates

those jacks which may be mounted on a twenty-per-strip basis.
Table II and Drawing 807-113 give a similar information for theg
No. 1-D board. Jack and lamp socket mountings arranged to
accommodate number plates are provided for all groups where the
Jacks are mounted ten per strip, whether the number plgtei are
required or not. This arrangement affords a deaiﬁabl&é |
flexibility, since cersain groups of lines may require’fﬁtrly
fréquent rearrangement.

tercepting Trunks from Connector Termimals. It is considered
ntaﬁdard to provide one 1ntercepting'trunk tfor eaeh;16§ 9éﬁﬁ3ct6f

terminals in the machine switching unit. Bach of these trunkse.’
is available to a particular 100 terminals, anéﬂal},ﬁf thggu
vacant terminals in that group are strapped togkxﬁpjﬁénd crngug
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connected to the intercepting trunk at the I.D.¥. In addition,
from twenty-five to fifty additional intercepting trunks in a
full unit should be provided in order t o care for cases where
several busy lines are affected at one time in the same connec-
tor hundreds group.

Intercepting Trunks frgg:Vacant Selector Levels. It is no

longer considered standard to connect vacant local sélector

levels to the machine switching A board, except in case of
directory errors. A common "tone supply® circuit is connected

to the 153 p.p.s. tone and in general five "tone trunk" circuits
are provided for placing the tone on vacant local selector levels.
By means of this circuit the fﬁhe is placed on the vacant selector
levels for three-tenths second, is taken off for two-tenths, on
three tenths and off seven~tenths second.

It will be necessary, however, to provide two trunks
to the A board from vacant local selector levels in order to
care for calls which may be misrouted by directory errors. The
trunks in the group intercepting calls to vacant cannector
terminals are not satisfactory for this purpose.

Intercepting trunks should be specified for inter-
cepting calla from vacant t0ll regular and toll transmission
selectors. The trunks used for intercgpting calls t ovacant
1e€els on local selectors are not suitable for thi purpose and
the trunks from vacant levels on toll regular selectors differ

from those from vacant levels on toll transmission selectors.
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so that three separate groups of trunks fromvacant Sel ector

levels are necessary. It is contenplated in the future,

however, thut talking battery will be supplied the toll train

at the toll incoming sel ector, thereby causing this sel ector

to function as the toll transmission selector. n jobs

engineered in this aay the intercepting trunks fromvacant

toll selector levels wll all be of the type used for inter-

cepting calls fromvacant levels on toll transmission Sel ectors

and consequently only one group of these trunks wll be required,
Where there is nore than one vacant level on a

sel ector, trunks fromthese | evel s are strapped togsther at

the I.D,F, and conbined with vacant sel ector |evel trunks from

other selectors of |ike type such as 1ocal, toll, etc, The

entire group nay then be divided over as fewjacks as are practic-

able to handl e the traffic. In general two trunks to the 1 board

wll ve sufficient for each group of trunks fromvacant sel ector

| evel s,

Plugeing UP Lines, The trouble observation and test trunks

W Il ordinarily be terminated in front of an intercepting operator

and ordinarily at the head of the board. It wWll ordinarily be

desiribl e to terminate the trouble intercepting trunks in

front of the same position,
The number of theae trunks which shoul d be providcd

.will, of course, vary with local conditions. |N general it IS

felt however that the same general conditions apply to the

provision of these trunks as apply to the provision o plugging
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up linea in manual practice.

Rural Lines Operated on a Magneto Basis. Rural lines maybe

teminated at the machine switching A board, as outlined in
Section 1-c. Where these lines are operated on a magneto basis,
line drops are provided in place of line lamps, and where the
rural lines are to operate with common battery dialing cords

a ringing key is provided i n connection with each line.

Line drops are mounted five per strip and are located
immediately above the strip of answering jacks with which they
are associated. The answering jacks are mounted ten per strip,
so that two strips of drops will be required with each strip
of jacks. In order to permit of a vertical association of
jacks and drops, which constitutes a material operating
advantage, it 'is considered standard to wire the upper strip
of drops to the odd numbered jacks and the lower strip of
drops to the even numbered jacks. Ringing keys, where required,
are mounted ten per strip immediately below the associated
jecks.,

G.E.C.'s8 No8. 263 and 855 discuss the provision and
equipment of rural lineg in manual boards in detail. The same
general considerations which apply to these lines in manual
boards apply to machine switching "A" boards.

Multiple Answering Jacks. Under some conditions where there .

@e o number of positions handling specizl service traffic it may
be desiratle to provide multiple answering jacks of the special
service and the incoming A-B toll trunks Where the special

service team consistg@fbepnt her ferpner!fivreingperators, one

1
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multiple of the answering jacks is ordinarily provided, and
where the team consists of six or more operators, both first
and second multiple jacks should be provided, ultiple
answering jacks are provided on a seven panel basis inthe Ho. 1
board and on a six ganel basis in the No. 1-D board. First
multiple jacks should be located so as to extend inthe direc-
tion of growth of the board from the primary answering jack,
and second multiple jacks should be located toward tle head of
the board from the primary answering jack.

When a position is inetalled the primary answering
jacks located in any one panel should be installed first,
the first multiple jacks appearing in the same panel, if any,
should be looated immediately above them and the second
multiple jacks in that panel absve the first. It is not
endeavored t o keep the multiple jacks separate from the primary

jacks, and no holly strip is provided between them. |If
primary jaciks are to beadded at alater date, these will be

located above any existing multiple jacks that may be located
in the same panel.

It is desirable, nowever, where practicable, to install

multiple answering jacka on the same numerical basis per strip
as the primary jacks, unless space limitwtions yrevent. ‘Where

necessary the multiple answering jacks should be installed on a
twenty-per-strip basis in preference to installing primary jacks
on this basis.

| N numbering answering jacks no distinction is made

between primary and multiple jacka, all answering jacks in a
TCI Library: www.telephonecollectors.info
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panel bei ng numbered fromleft to right and from zero up,
beginning wWith the bottomstrip of jacks.

G her _Answering Jack Equipment. The above paragraphs of this

section have described the individual equipnment of those groups

I N which there is a distinct recommendation to be nade or

where the equi pnent ia peculiar t0 the machine switching A

board. The remaining answering j ack equi pment is of the
ordinary type, terminating in a jack and lamp at the sw tchboard.
|t should be provided as specified inthe traffic order and

equi pped i n accordance Wth Tables | and II.

TCI Library: www.telephonecollectors.info




Div. VIIX
B8ec. 4c,

Page 1
Adgust 1, 1923

Checking Mil tiple,
Test strip. Draw ng No. 807-114 shows a strip of checking

miltiplefor use wth a No. 92 jack panel. ¥No checki ng
multiple has yet been installed in a No. 49 jack panel and
no multiple strip has been devel oped for this panel. It

is anticipated that if checking multiple isto be installed
in a No« 49 jack panel, the strip shown on Draw ng 807-114
wll be uaed with an adapter to fit the panel.

Construction. Each strip of checking nultiple contains

100 lugs or pins arranged in five horizontal rows of twenty
each. Each |l ug corresponds to a connector termnal number
and {s connected at the I.DF to the sleeve conductor of
the connector termnal by means d a single wire. |n order
to set apart the various strips O hundreds groups in the
same panel, the top of each strip is grooved and filled
wth whiting. The pins are nade of small brass rods, the
front of each of whichis flushwth the front of the
checking mul tipl e strip and stightly concave. These rods
extend to the rear of the mounting where they are forned
into termnal 1lugs for connection to the checking multiple
cables. |n order to facilitate the aelection of any
particular pin, the checking nultiple strip is provided

Wi th white spotting between each five pins in a horizontal

rowand a horizontal groove is cut in the nounting in line
with. each horizontal row of pins to act as a guide for the .
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plug tip. This groove is useful in checking on calls from
private branch exchanges. A checking multiple strip is
mounted in a panel by 'jack fasteners ahd flanges oOn the
ends of the strip in a manner similar to that in which a
jack strip is mounted,
Capacity of No. 1 and No. 1D Sections. The checking
multiple is installed on an 8-panel dasis in the No. 1
board. The overall height of two units of checking
multiple installed on this basis is twenty-five inches, so
that it may be considered that, after allowing for the
ultimate space requirements for the outgoing trunk multiple
and the answering Jjacks, there will be room for the in-
stallation of two full units of checking multiple in this
type of board in practically all cases, assuming a suitable
| ayout of the answering j ack equipment, without exceeding .
the maximum desirable Operators reach of approximately
thirty=-four inches.

In the No. 1-D board, the checking multiple is
installed on a six panel bvasis, so that the overall height
of a unit of 10,000 terminals iS seventeen inches. This
increase in height over the height of a similar amount of
checking multiple in the No. 1 board, combined nith the
lower height of the No. 1-D board itself, will in most cases,

prevent the installation of more than 11,000 terminals,

For this reason, the capacity of the No. 1=D board is

[[oY: ry: www.telephonecollectors.info
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ordinarily considered as being limited to a single unit.

Numbering aid Growth As shown on Drawing No. 807-112,

Figure 1, the checking multiple is arranged to growfrom
the bottomup. The pins in each checking multiple strip
are nunbered 0 to 99, the top row of pins bei ng nunbered
left to right fromo to 19, the next | ower row, 20 to 39,
etc. As shown on the draw ng, the 96, 97, 98 and 99
hindred groups of the second unit ina No. 1 board will be
| ocated in the same layer wth the 96, 97, 98 and 99
hundred groups of the first unit.

The stile casings are drilled-and equi pped W th
number pl ates, one nunber plate being located on the stile
casing at the left of each checking nultiple strip for the
purpose of indicating the particular hundred connector term-
inals wWitn which the strip is associated. The stile casing
Is drilled and equi pped, unless otherwise specified, wth
nunber plates for one or two units of checking rmultiple
dependi ng upont he ultimate installation. |n case checking
multiple is not installed initially the stile caai ngs will
not be drilled or equipped wi th number plates,

| N case a machine switching "A" board has an
initial and ultimate installation Of one and two units of
checki ng multiple respéotively consideration should be

given t0 ths provability of the first unit of checking
mul ti ple being raised or lowered at the tine of or before
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the installation of the second unit of checking nmultiple.
If it is probable that the first unit of checking multiple
Wil bve raised or |lowered, it should be specified that
stil e casing number plates should not be provided for the
second unit of checking multiple.
Location. Where checking nmultiple is provided initially,
it is deoirabl e wherever practicable to locate the checking
multiple stripa immediztely above the initial instsllation
of answering jacks in order that the operators' reach may
be reduced to a minimum. 3By noving the checking multiple
cabl es nearer to the front of the board, it IS possible to
provi de slack in the skinners so that the checking multiple
equi prrent muy be rai sed when additions are made to tbe
answering jack equipnent. A range of three inches in the
vertical | ocation of the strips is nade available inthis
way without noving the multiple cable in the rear of the
boar d.

In order to provide a further range throughout
which the checking nultiple equipment nay be | ocated and to
facilitate the engineering of nachi ne swtching "A" boards,
three plans of locating the checking nultiple cabl e have
been standardized. These plane are referred %o ae Pl ans A,
B and C and it is suggested that these terms be enpl oyed i n

apeci fyi ng the eabling arrangenent desired for tahe checking

mul tiple.

TCI Library: www.telephonecollectors.info
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The | ocation of the checking multiple cable pins

is shown on Drawi ng 807-108., Plans A B and C consist of
pl acing the | owest |ayer of checkingnultiple cables on the
cable pins | ocated 4-3/16, 6-3/16 and 8-3/16 inches above
the piling bl ock, respectively. The figures in the follow
ing table are distances fromthe piling block to the | ower
edge of the first layer of checking nultiple and indicate
the range within which this edge may be | ocated under any
of the three plans.

Plan Maximum Distance Minimum Distance

A 5-1/4" 2-1/4"
B 7-1/4" 4.1/4"
c 9.1/4" 6-1/4"

The ultimate requirements of answering jack and
outgoing trunk nultiple space are the factors whi ch should
determ ne the cabling pl an to be enpl oyed. Unless other-

Wi se specified, the checking multiple will be cabled in
accordance with Plan *"B®", |In all cases, the distance from

the piling block to the | ower edge of the first |ayer of
checking multipl e should be specified.
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Miscellaneous Face Equipment.

Rural and Official Line Multiples. The rural and

official line multiples are located above the answering

jacks as shown ONn Drawings 807-112 and 807-113. The
multiples are installed on an eight panel basie in No. A4
boards and on a six panel basie in ¥o. 1-D boards. The

jacks may be mounted either ten or twenty per etrip as
specified and may be supplied with or without d esignation
stripa, depending on local operating conditiona and apace
limitations. The rural and official line multiples should
be g ecified as outlined iN Section l-c.

Pilot Lamps and Drillings in the Piling Rail. Drawing 807-116

shows the standard arrangement for pilot lamps and their
number plates mounted in the piling rail of both No. 1 and No,
1- D eections, Where lamps Or number plates are not required in
any of the spaces shown ss drilled, apparatus blanks will be
provided,

Each pilot lamp is provided as a'part of the circuit

with which it is associated and need not be specified indi-

vidually. The call circuit pilot is associated with the

call circuit from the test desk and will be provided only be-

tween the positions where the call circuit key and the call

circuit multiple key are terminated,

Fuse Alarm Lamp. Fuse alarm lamps are provided with both No, 1

and No. 1-D Sections although the complete fuse alarm circuit ‘
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is required with only the No.1-D section. In the No, 1
board all of the line lamps are grounded through the aux-
iltary line relay and it is consecuently desirable to fuse
thiorelay to ground. The fuse alarm lamp is installed as
\ a visual signal in case this fuse is blown. The fuae alarm
lamp is mounted in accordance with Drawings 807-112 and 807-113.
\ Bugy Back Jacks at Rural Positions. Where call wireless trunks

\are terminated at the "A® board, busy back jacks tothe toll
gperator should be specified as required, Either two = three
of thesc jacks will ordinarily be sufficient.

These jacks ehould be installed in the lower part
of the' answering jack space,

Key Sleeve Holder. Key sleeve holders, described in G.E.C.

1055 ahould ve specified on alternate positions handling traffic
from coin box lines terminated in answering jacks.

Nigh., Alarm and Clock Circuit Keys. In the No, 1 board, night

alarmand clock circuit keys are mounted in a key panel in the
cable turning section, as shown On Drawing 807-117. In the
No. 1-D board, these keys are mounted in the face of the switch-

board, in the upper part of the first panel of the first position.
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Rear Equipment

CGeneral . Each nachi ne sw tching "A" position pre-
sents a separate problemin the arrangenent of the rear

equi prent on account Of the different number and type of

cord circuite wth which it may be equi pped. GCertain gen=-
eral arrangements are fol |l owed, hrowever, wherever practice
abl e and these arrangenents are shown for general informa=-
tion on the accompanying draw ngs.

Arrangement of W. 1 Board. Draw ng 807-118 showa a

possi bl e rear equi pnent for a No, 1 board. In this type d
board it wll be practicable to nount the operator-s

t el ephone aet, the supervisor's circuit, dial circuit and
m acel | aneous sw tchboard circuits in the section as shonn
on the drawing, and in addition there wll be sufficient

space to nount the intercepting cord circuit equi pnent in

the section in positiona where these cords are required.

It is desirable t0 confine the space used for these cords

to intercepting cord equipment in all positions, not only

for the sake of uniformity but because these circuits Ure

nore apt than other types to be added as the board grows

and this location wll always be available when reyuired,

The | ocal formleads for other cord circuits are brought

to termnal strips and cabled to the relay rack. |

Arrangenent of No. 1-D Board Drawings 807-119, 807- 120,

807171 -nd £07-12¢ show for information purposes only
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typical rear equipmenta of No. 1-D sections with various
combinations of cord circuit equipment. Where this
board ig used as a machine switching "A"™ board, it is not
practicable aswill be seen from these drawings t 0 mount
the entire cord circuit equipment for any of the cords in
the section as is done in mamal practice. The cord
circuit equipments are coneequently split, the supervisory
relays and those relays whose springs form talking contacts
being mounted in the section.

The r ear equipment drawings show the probable
cornbinationa of cord circuits on fully equipped positions.
Where similar combinations of cord circuits are specified
on partially equipped positions, the same general arrange-
ment of equipment will be followed, the cord circuits being
similarly split and Che relay space not required ont he

partially equipped position being le ft vacant.
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Rel ay Rack Equiyment.

Drawi ng 807-123 shows the relay rack used for
mounting the |ine and trunk relay equi pnent for the "A"
board and such of the cord ecircuit relay equi pnent as
cannot be nmounted in the section, This rack is of the unit
type and is furniahed in two heights, one of twelve feet
and one of nine feet, Where the ceiling height is suitable,
the twelve foot unit should ordinarily be specified for
nachi ne switching "A" boards.

The rack is single sided and is desi gned and
drilled to mount standard AT & T. Co's 19-1/4 inch rel ay
nounting plates on 1-3/4 inch centers, The circuita nay be
mounted wi th the apparatus arranged vertically wth
corresponding relays in like circuita mounted on the same
plate, or horizontally wth ai1l of the apparatus for one or
nore circuits nounted OnN a single plate, Relay rack space
considerations are the principal factors in determining the
net hod i n which the apparatus is nounted, it frequently
being the case that a part of the circuits on one bay have
the apparatus arranged vertically and a part have the
apparatus arranged hori zontal ly,

The apparatus is assenbl ed on the rack and t he
local cables for each rack are made up and installed in the
shop, each bay bei ng shipped as a conpl etel y equi pped and

wired unit, The local cables are termnated on flat type
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terminal strips at the top of the rack. Similar strips
are provided for termnating the sw tchboard cabl e | eads
fromthe distributing frames, sw tchboard and ti e cabl es.
These strips ars installed immediately above t hose
termnating correspondi ng leads fromthe | ocal form cabl es
and connections are made by pinching and sol dering t he
terminals together. A conpl ete description of these
termnal strips and the method of maki ng this connection
is given inD v, II, Sec, 3c.

Fuse panel s, each panel having a capacity of
twenty fuses, are nounted immediately bel ow the term nal
pile-ups. These panels are nounted on iron platee as
showin On the drawing. These plates are in turn drilled SO
that they may be nounted on the rack in the same drillings
ag the relay nounting plates, so that as many fuse panel s
ag are required to care for the circuits on the rack may

be provided wthout providing special drilling.
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Drawi ng 807-115 shows the preferred method of cabling the

|ine and trunk cirecuits incoming to the nachi ne switching "A"

hoard. All of the jacks in the outgoing trunk multiple are cabl ed

to the horizontal I.D.¥®., and cross-connected to the vertical

I.D.F, in accordance with standard manual practice.

The jacks in

the answering jack space are in general cabled directly to the

relay equi pments t hrough punchings on the vV.I.D.F.

except in those

groups for which it IS contemplated that not more than twenty

jacks are required in the ultinate. I n these cuses, except

for those shown ot herwi se on the drawing, the jacks wll be

cross-connected to the relay equi prents.

It wll be observed that in several of the answering

jack groups indentical} relay equi pnents are provided on |lines

meeting different traffic requirements and consequently grouped

separately froma traffic standpoint. |n determining the number

of lines in agroup in order to determine whether these |lines

shoul d be cross-connected or cabled solidly to the

rel ay equiprnent,

| i nes havi ng identical relay equi pnent are considered as & single

group, regardless of their traffic function,
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Note@ added

Mar 6,1922
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: Ustenén He;
Tickat Method al Dial

. shown instead

Recepfacte Dol Key Method
| Master rural line
) ring forward key
! added. Location of
|' ticket receptacie
¢ changed. Emergency
: cail cireuit’ cord
and key added.
Catl circuit key

equipment. redyced

Discannect Lamps

Apparatus Blanks

Back Supervisory Lamps ( See Notes Qand@)

O O O

Posrtion * Cloch

ON®
O_O

OO
OO
OO
OO

00O
OO

OO
OO

Supervisory Lamps

See Note @

Front Supervisory Lai

(See Notd

00

8o

ncommg Call Girewit Key
(From Test Desk) {Black)

olojelololeiclelelelele)
ololelelelelolelolele):)

O O

i @ s [ e @
O (O3
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Coin Return keys

{White on Black)

Coin Collect « Message
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© ®
@ ®
© ®
@ @®
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-—

T Register Keys (Biack onRed)

Whaster Dial Release Kay-
(White on Black)

]

5
Riral Line Ring Forward K
on Blac}qﬁexotlg@) s

Listening Keys on
Mastes Ican m&ss’\l'srunl\s

(Whits
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T
P
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SeeNote

T
Mastdr Calt Circet Rin .n —l
s ||

Ring wkzys(ﬂashin%kﬁ
Key (White on B

on Iftercepting Cords’

=
k)

4

Ticket. Pad Holter

1
1
1

See Note(®))

Listening and Dial Meys .
{See m;t'%@) g

T

Ring Forward Key
— -

sster Ri

ré "%‘MEmve Lines,
Ao Rotelgy)

ckon Red)

0
s

N

Peg Count Ke
Q %Metar;) Y

L\(w‘rai’tz on Black)

N positions are shown

@A

— NOTES——

D With 4party semi-selective Hines or 2 party lines anly,only one . .
master ring back key is required, located inthe position of the 3
key shown al
The various types of cords on step by step maching switching

forthe purpose of outlining the arrange-

ment of equipment associated with eachtype of cora

The preferred locations forthe rarious types of cords as recommanded

inthe traffic engineering practices shauid beused as a basis for specify-

the location of any type of cord . |
intercepting ,double-ended and connector terminal cords and their
associated supervisory lamps are colored alternately red white andgreen

@ Call wireless trunk cords arranged in & double row and their associated
supervisory famps are colored a3 follows.-a- Back row-aiternately green,

e, colored red

-——NOTES——

@ With common battery rurel lines, i divided ringing 1s employad,»
todirect the ringing must be provided forea'c?tr%nk ad
The. key asscciated with eachtrunk will then becoma a tivo-way key
2s follows -

a-Thrown away fromthe operator-Listenmg. |
) b-Thrown towards the operstor-Directing Ringing

& With common battery rural lines, if divided ringing isémiployed.
regular cord ring fowe ide

R . Master rural line ring forward hey will'be operatec in addilion.te

requiar cord ring forward key & ring on Lip side of fine.

Master rucal ling ring forward ey will be. marked with letter

used to designate tip side of line.

Listening and dial key on regular cords only.

Listening key only on connactor terminal, cali wireless anid inter-

cepting cords.

and unmari

®
red and white

b-front row-alternately red,
white and green

® A key handles in thie front, row of keys are colored blaCkand ait key

handles inthe back row are colored re

key handles which are black.

except the call wireless trunk
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key I5 used to rin%:nmardan ing 8ide of Lhe line.
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STEP BY STEP MACHINE SWITCHING EQUIPMENT

ARRANGEMENT OF MACHINE SWITCHING Nol-DX SWITCHBOARD KEVSHELF EQUIPMENT
Arranged for Intercepting, Specal Service and Rural Operators

A Engineer RTF
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Checked by
May 25, 192)
1SSUE
Chacking Cord
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et
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' Toli Connector Terminet Numbers |
{See Note) { ) :

@JC)@
00 ®

.
Intercepting Cords
(See Note (D)

Desigration Strpi with nal and ()l Wireless Trun 3

Apperatis Blanks Back Hupervisory Lamps (See Nates(3) and @)

Position Clock

00,
[ele}

O
©0O

00
00
OO

SUperyisos
( See l:yute

Cali Qircuit
(Blagk on

0]0]0]6]0]0]0]8I0Ie10])

Ke:
hedd

ing Call Circuit
ok G ™

Incom
{From

(I .

© &

-—

O3

i @ sl e @ e

'Coin Return &
/f'(m?te m? g!'ariy)s

‘Ticket. Pad

Holder /

Coin Collect :te
r
kys(ﬂ&kmed)

Jnwioz
ISSUE3

Note@added.
Posrtion Clock
Na Plate added
Mar &, 922 rF
ISSUE4
Listeni Method
ddﬂin? s?ynm
instead of Diat Key
Method
Master rural line
mdfmr_d
. Location
tackst reEcepLadc
eall circuit, cord
5 o
¢
equipnl\snl b

July 30, ’
ISSUE B

Master Dial Release Key

White on Black)

Master Rural Line Ring

@ .
Da
|
|

Listani on
Call wir:?ms runks ‘
Ring Back Hays ( Plashing Keys on
brtencopting Conds) *

m %\\;mmw

See Note (D)
onRed)’

Listening and Diat Neys (See Nete (D)

a\hm_—-m—ﬂmuon Black)

@l e @

NERIURE

M\ @iack on Red)

Count
(Orraggre

:._as‘l;er Call Gircuit
nging Key
{White on Alack}

-

NOTES

With 4 party semi-selective lines or 2 party lines anly, only one

o faster ring back key is raquired, Iocar:d in the position of the

shawn above, colored red and unmarked. .

@ The various types of cords an step by step machine switching
Apositions are shown the purpase of outiining the
arrangement of equipment assacisted with each typadf cord
The preferred locations for the variaus types of cords as recom-
mended inthe traffic er;%mecrmg wsctic:rsmshould be used asa pasis

Formfjiv\g the location oFanztype 1
@ Ml 1ng, double-endad and connector terminal cords and their
associ tsory lamps are colored alternately red,white and green
@ Cail wireless trunk cords. arrangad ina double row and their sssociated
supervisory termips are colored as follows:.
a-Back row-ai ternately green red and white
b-Front, row-atternately red, white snd green
@ All key handies inthe. front row of keys are colored blacK and ail key handles
inthe back row are colored red except the call wireless frunk key handles
which are black.

with common bettery rural knes,if divided ringi iaemp'?ud,a
© key to direct the ringing must beprwided'%r’gachtmn The
keyf:?cimd with eachtrunk will then become s twa-way key,
as ows: - M
a-T hrown away fromthe aperetor-Listeni
b-Thromn towards the oggl.wbkecbng“?ung,ng, |
@mn common battery rurat Yines, if divided ringing ise_mplo?m‘mpub - |
Cord ring farward key \s used to ring forward on ring side of the Tine.
Master “rural line ring forward key will be operated in addition to
regular cord ring forward to ring on Lip side of line
Moster rurel tine ring forw will be marked with gtler
used to designate side of fine.
Listening and dial key on regular cards only.
Listening key only on connéctor terminal,call wireless and inter-

cepting cords.
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