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York, N. Y., a corporation of New York 
Application May 22, 1934, Serial No. 726,901 

9 Claims. 

This invention relates to telephone systems and 
particularly to Small capacity automatic tele 
phone Systems, 
An object of the invention is to provide in 

proved and economically arranged systems for 
automatically establishing connections between 
telephone lines by means of Switching units of 
the CrOSS-bar type. 

Heretofore Systems have been provided in 
Which connections may be established from any 
line to any other line in a single CrOSS-bar Switch 
through linking arrangements. A System of this 
kind has been shown in the patent to L. R. 
Waller 1,567,309 of December 29, 1925. Other 
Systems have been provided where lines have been 
divided into groups in the same cross-bar which 
With linking arrangements having incoming or 
calling branches and outgoing or called branches 
appearing at each group. Whereby a calling line 
may be connected to a called line through an 
idle link. A System of this kind is disclosed in 
the copending application of H. M. Bascom and 
O. A. Friend, filed October 7, 1933, Serial No. 
693,676. In still other systems incoming lines 
have been arranged for connection. With Outgoing 
lines through cross-bar Switches in Stuch a man 
ner that the incoming lines are multipled to 
appear in groups in Separate parts of a plurality 
of switches and With a different group of out 
going lines appearing in each Switch. By this 
arrangement an inconing line may be connected 
only to a particular group of Outgoing lines. A 
System of this kind has been disclosed in the 
patent to B. A. Betulander of June 16, 1925, 
1,542,361. 
A feature of the present invention is a system 

using cross-bar Switches With lines and linking 
arrangements of the general types disclosed in 
the above mentioned systems and in which a 
plurality of Switches are arranged in divisions 
with one or more SWitches in each division de 
pending upon the capacity of the Systems. All 
lines are multipled to appear in each division 
and are arranged in groups in Separate parts of 
the Switches in each division and a Single Separ 
rate linking arrangement is provided for each 
division with a calling branch and a called branch 
appearing in each part of the switches in this divi 
sion. Circuit means are provided Whereby a 
calling line may be connected to a called line 
through an idle link and the aSSociated division 
of Switches, with the calling line Connected di 
rectly to a calling branch and the called line 
connected directly to a called branch of this link. 
The branches used for the connections are those 

(C. 179-18) 
that appear at the parts of the Switches where 
the lines are located. 
Another feature is an arrangement of this kind 

in Which trunks may be multipled to appear in 
each division and arranged. With the lines in the 5 
groups in the Separate parts of each division. 
Circuit means is provided whereby a calling line 
may be connected to an idle trunk through an 
idle link. A calling line is in this case also con 
nected to a calling branch of the link and the 10 
trunk is connected to a called branch of the link. 
The branches used appear at the parts where 
the calling line and the idle trunk are located. 
This invention has been illustrated in the ac 

Companying drawings in Which: ls 
Figs. 1 to 9 show one embodiment of the inven 

tion with the circuit details complete for a por 
tion of the lines and trunks only, 

Fig. 10 shows the arrangement of Figs, 1 to 9 
When reading the circuit; While Fig. 11 shows a 20 
Schematic of the general arrangement of the 
links and SWitches. 

CrOSS-bar SWitches have been used which may 
be of any well known type in which the operation 
of a horizontal bar and a vertical bar causes 25 
contacts at the interSecting point to establish a 
Connection between a calling line and a called 
line, a calling line and a trunk or a trunk and a 
called line through a link. 

Referring now specially to the arrangement 30 
shown in Fig. 11, the invention has been illus 
trated in connection with a system for ninety 
lines and from One to ten trunks making a total 
of one hundred connections. Four links have 
been shown. , 2, 3, and 4, although more links 35 
may be used. Each link Serves a division of 
SWitches, each division comprising two switches. 
The first division comprises switches A and B, 
the Second division comprises SWitches C and D, 
the third division comprises Switches E and F 40. 
and the fourth division comprises SWitches G. 
and I. All the lines and trunks are multipled to 
appear in each division. The lines are arranged 
in groups G to G0 in Separate parts of the 
SWitches, groups G to G5 appearing in Switches 45 
A, C, E and G in the four divisions and the groups 
G6 to GO appear in Switches B, D, F and I in 
the four divisions while One trunk appears in 
each group and is multipled from one switch to 
the other as indicated by the line 20 for group G. 50 
The trunks appear in the first horizontal row of 
CrOSS-connecting points and the lines appear in 
the remaining rows of nine horizontal cross 
connecting points. The lines and trunks in each 
group are arranged to be connected to an in- 55 



U 

20 

30 

35 

40 

50 

55 

80 

65 

70 

5 

2 
coming and an Outgoing branch of the associ 
ated link. These branches are shown at 22 to 
3 for the incoming branches and at 32 to 4 for 
the outgoing branches of the link in the first 
division. Similar branches are provided for links 
2 to 4 in the Succeeding corresponding divisions 
as shown. Thus for each division comprising two 
SWitches, there appear ten groups of nine lines 
and One trunk in each group with an outgoing 
and an incoming branch of link for each group. 
The lines and trunks may be numbered as shown 
in the first division. Connections may therefore 
be established from any Subscriber's line in any 
group to any other Subscriber's line in any group 
from any trunk to any subscriber's line and from 
any subscriber's line to any trunk. For example, 
if link is idle and line in group G is calling 
line 6 in group G6, a connection is established 
from line if to the branch 22 through the link , 
through branch 37 to line 6 as indicated by a 
heavy line. 

Referring now in general to the Figs. 1 to 9 ar 
ranged as shown in Fig. 10, a complete System of 
the arrangement shown in Fig. 11 has not been 
shown but only. Sufficient details to clearly illus 
trate the working of the circuit in connection 
with link . For example, in Figs. 7 and 8 only 
portions of the switches A and B has been shown. 
In Switch A, portions of the group G, G4 and G5 
have been shown, while in switch B portions of 
the groups G6, and GO have been shown. In 
these groups mentioned only the contacts at the 
cross-connecting points of the lines appearing in 
the horizontal rows beginning with lines , 6, 
31, 4 and 5 and the trunks appearing in the 
upper horizontal row of the groups shown, that 
is for example in the lower horizontal roW lines 

f, 4, 5, 6 and 0 appear and in the upper 
horizontal row trunks Of, 0.4,05, O6 and 00 appear. 
To establish a connection through either of these 
SWitches, a magnet is provided for operating the 
horizontal bar corresponding to each row of lines 
and the row of trunks. These magnets corre 
sponding to the rows mentioned have been shown 
and designated in switch A, 7, 76, T3, 74?, 75 
and 70, while in Switch B the Selecting magnets 
have been designated 8, 86, 83, 84, 85 and 
80. These magnets may be called selecting 
magnetS. A magnet is also provided for each 
vertical bar for the incoming branches and for 
each vertical bar for the outgoing branches. The 
magnets corresponding to the groups Gl, G4, G5, 
G6 and GO shown have been designated for the 
incoming branches 700, 704, 705, 706 and 70 and 
the magnets for the outgoing branches have been 
designated 800, 804, 805, 806 and 80. These 
magnets may be called holding magnets. The 
operation of a Selecting magnet and a holding 
magnet for an incoming branch establishes a 
connection between a calling line and this branch 
While the operation of a Selecting magnet and 
a holding magnet of an outgoing branch estab 
lishes a connection between a called line and this 
branch. In FigS. 2, 3 and 4 have been shown 
partly completely and partly by the aid of dash 
dotted line boxes the subscribers' line circuits for 
the lines , 4, 5, 6, 10, 5.54, 55.56 and 50. 
Corresponding equipments for trunks O and 04 
have been shown. In Various places throughout 
these drawings, circuits from the various lines to 
the switches A and B have been bunched and 
indicated by a single line and a bracket at each 
end. It should be noted that at each cross-point 
of the Switches four connections may be made, 
three of which are the usual tip, ring and sleeve 
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connections while the other is a Supplementary 
connection Wired in various Ways depending on 
the type of connection as will be hereinafter 
described. In Fig. 4 besides the equipments for 
lines and 50, there is shown a group of relayS 
that are common to the lines or trunks in each 
horizontal row. In Figs. 5 and 6 there has been 
shown the relay equipment required for link . 
In Fig. 9, certain connections and equipment have 
been shown for the remaining links 2, 3 and 4 
enclosed in boxes that have been marked CD for 
link 2, and switches, EF for the third and GI for 
the fourth link and Switches in the corresponding 
divisions, and in Fig. 1 has been ShoWn relayS 
common to all the links. 

Referring now in general to the method of 
establishing connections by means of this System 
and the type of lines between which connections 
may be established; it should be understood that 
certain of the lines may be single lines and others 
may be party lines. Of the party lines there may 
be two types, one having ten parties and another 
twenty parties on the line. Connections may be 
established from any line to any other line and 
the desired party on the called line may be called 
by means of an individual ringing code. Calls 
may also be established from any calling line to 
an idle trunk outgoing from the Office and calls 
may be received by this equipment over a trunk 
incoming to a line, whether a single Subscriber's 
line or a party line. Four digits must be dialed 
to establish a connection from any line to any 
other line. The first digit in case the call is in 
tended for a single subscriber's line or a ten 
party line, may consist of either two impulses 
or five to nine impulses, as the System is arranged 
to make a first digit having one impulse ineffec 
tive. If a twenty-party line is called, the first 
digit must be either three or four impulses. If 
three impulses are dialed, preliminary Selection 
takes place in the system of one set of ten parties 
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on this line and if four impulses are dialed, pre 
liminary selections are made to select the other 
set of ten parties on the line. The second digit 
may consist of any number of impulses from one 
to nine and the second digit being the tens digit 
selects the horizontal row of ten Subscribers' lines 
in which the desired Subscriber's line is located. 
The third digit which is the unit digit may con 
sist of from one to ten impulses and selects the 
desired subscriber's line in the horizontal row 
selected by the tenth digit, by selecting the verti 
cal row in which this Subscriber's line is located. 
The fourth digit may consist of from one to ten 
impulses and selects the proper ringing code if 
a ten or twenty party line has been selected, while 
if a single party line has been Selected the fourth 
digit will, of course, always be the same to select 
a code signal individual to single party lines. If 

45 

50 

55 

the calling line desires a trunk connection a single 60 
digit consisting of ten impulses must be dialed. 
This will select the single horizontal row in which 
the trunks are terminated and trunk hunting for 
an idle trunk takes place automatically to connect 
the calling line with an idle trunk. 
A description Will now be made of the actual 

operations taking place when the calling sub 
scriber dials to establish a connection with a 
called subscriber 6 over link , assuming that 
the called Subscriber 6 is a single party line. 
A description will then be made of the different 
operations required when calls are made to party 
lines and to secure a trunk, followed by a de 
Scription of a call from a trunk to a subscriber's 
line. 

65 

70 
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2,018,457 
When a call is originated by the removal of 

the Switch-hook at the Subscriber's station 
relay 2 is operated from battery through con 
tacts of relay 202 over the ring conductor back 
Over the Subscriber's loop and through the tip 
COnductor, contacts of relay 202, winding of re 
lay 20? to ground. The T, R, and Sleads are 
connected as shown by the conductors 289 to 
the contacts of the SWitch A at the cross-point 
for this line and the incoming branch 22 and 
Outgoing branch 32 and multipled to corre 
sponding cross-points of link at all of the cither 
links as indicated by the line 98. Relay 2 in 
Operating connects ground to the lead TGA for 
the operation of relay AG which with the relay 
40 is common to all the lines in this horizontal 
rOW. This connection may be traced from bat 
tery and contacts of relay 492, left-hand winding 
of relay it, lead TG, contacts of relay 23, 
contact of relay 20 to ground. This causes the 
Operation of relay 40 and relay closes an 
obvious circuit for the Operation of relay 4. 
Relay 4 in operating closes a circuit for the 
operation of relay 42 from battery through the 
winding of relay 492, the right hand winding of 
relay 49 to ground at relay 2. Relay (; 2 in 
Operatig Opers the circuit fron battery through 
the left-hand Winding of relay 40 so that these 
relays are noW locked from this battery through 
the right-hand winding of relay 9, Relay is 
closes a connection to ground for the start lead 
ST for the operation of relays 59, 692 and 63 
in link if this link is idle. The circuit for 
these relays may be traced from battery through 
the Windings of these relays, contacts of relay 
500, contacts of relay 53 and key 52, Start 
lead ST to ground at relay 400. If link I had 
been busy, this start lead connection from 
ground at relay 40 would have been transferred, 
through the operation of relay 538 at the left 
hand armature and front contacts to the circuit 
through the key 90, contacts of relay 92, to the 
lead 963 which leads to the relays in link 2 cor 
responding to relays 60, 602 and 603 in link i. 
If link 2 is busy, the connection would have been 
transferred to the Succeeding idle link. Relay 
538 will be operated when link has been seized 
as will presently be described and lock its arma 
tures in Operated position by the hooked arma 
ture 593 of relay 5Gá to maintain it operated as 
long as the link is buSy. When the link becomes 
idle, relay SGA will operate and release relay 539. 
Relays 60, 602 and 693 in operating cut 

through the TN leads 0 to 9 to the SM, leads to 
the ten. Selecting magnetS of the SWitches A and B. 
Six selecting magnets of each Switch have been 
shown. These connections are indicated by lead 
25 and its brackets. One of these Selecting 
magnets will be operated due to the horizontal 
row in which the caling line is located. As the 
calling line is located in the first or lower row in 
the Switch A, the selecting magnet Will be 
operated over a circuit from battery through the 
Winding of this ragnet, lead 25, the No. 1 Con 
tact and armature of relay 603 and correspond 
ing TN lead to ground at relay 4. The corre 
sponding selecting magnet 8 Will also be oper 
atted. This is immaterial in this case as the call 
ing line is located in SWitch A. A connection is 
also established through the relays 60, 602 and 
603 for the holding magnets of the incoming 
branches of link for all the groups in Switches 
A and B. However, the Only one that will be 
Operated is holding magnet (9. The circuit for 
this magnet may be traced from battery through 

3 
its Winding through the connection represented 
by lead 726, the corresponding holding leads Hr, 
the No. 1 contact and armature of relay 63, 
the Uf lead of group UE, armature and front 
contact. Of relay 20, an armature and back con- 5 
tact of relay 203, lead UG of the group US 
an armature and front contact of relay 40 and 
an arnature and front contact of relay A3 to 
ground. On the lead 497 at an armature and front 
contact of relay 602. The operation of these 10 
two magnets and 709 causes a connection to 
be established at the Cross connecting point, 
for the tip ring and sleeve conductors of the call 
ing line to the corresponding conductors of 
the branch 22 of link A. Relay 62 also closes a 15 
connection at its inner left-hand armature and 
front contact from the tip conductor of the in 
coming branch of the link over the lead 498, 
through a resistance to battery at the lower 
armature and front contact of relay 4.3. The 20 
battery over the lead 408 now aids in the opera 
tion of relay 5 as this relay is now also con 
nected to the calling line in multiple with the 
line relay 29 in the calling subscriber's line 
circuit and might not operate over the loop 25 
from the battery through contacts of relays 202 
OVer the Subscriber's loop. The circuit, for the 
Operation of this relay 59 may be traced from 
battery, Winding of relay 5, contacts of relay 
535, contacts of relay 506, the ring conductor of 30 
the incoming branch. 22 of link , the ring con 
reciiOn at the cross-point E, the ring con 
ductor of the calling line over the calling Sub 
Scriber's loop, over the tip conductor, contacts 
of relay 22, Winding of the line relay 20 to 35 
ground. The connection to the battery at con 
tacts of relay 403 aids in the operation of this 
relay. Relay 50 in operating closes an obvious 
circuit for the operation of relay 500. Relay 
59 is now also operated over the tip conductor 40 
from the battery on the lead 408 at the contacts 
of relay 403, contacts of relay 603 to the tip lead, 
and armature and back contact of relay 596, 
contacts of relay 505, winding of relay 50, con 
tact of relay 664, to ground at the dial tone 45 
Source at 605 (not shown). This connection 
from the dial tone" source 605 also extends 
through the cross-connecting point at 77 to the 
tip conductor of the calling subscriber's line to 
transmit dial tone to the calling subscriber to 50 
indicate that the circuit is ready for dia.iing. 
In the meantime the operation of relay 50 

opens the circuit for relays 60, 602 and 603 at 
itS Outer left-hand armature and back contact, 
and the release of these relays 60?, 602 and 603 55 
Opens the circuit for the selecting magnets 
and 86 So that these magnets are now released. 
While the holding magnet 700 has closed a hold 
ing circuit for itself through its armature and 
front contact, contacts of relay 509, contacts of 60 
relay 500 to ground. The holding magnet 
maintains the connection at 77 independent of 
the Selecting magnet . . Relay 5GO now causes 
the operation of relay 508 from battery, winding 
of this relay, contacts of relay 602 contacts of 65 
relay 500 to ground. The operation of relay 58 
closes a circuit for the operation of relay 509 
from battery through the winding of this relay, 
contacts of relay 50, contacts of relay 508, make 
before-break contact of relay 509 to ground at 70 
an interrupter circuit connected at 53 (not 
shown). Relay 509 locks at its left-hand arma 
ture to ground and closes at one point a circuit 
for the operation of relay 52, from battery 
through the winding of this relay, make-before- 5 
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front contact in parallel with relay 509. 

4 s 

break contacts thereof through contacts of relay 
509 to a ground from an interrupter circuit at 
53 (not shown) that will be supplied after a 
certain interval thereafter. When relay 52 op 
erates it locked at its left hand armature and 

The 
purpose of these relays is to release the holding 
magnet 700 after the lapse of this interval in case 
the calling subscriber does not dial within this 
period. It should be noted that relay 530 is also 
operated by the operation of relay 508 to advance 
the start wire for receiving on the next idle link 
a succeeding call. This circuit may be traced 
from battery at the armature and back contact 
of relay 403, winding of relay 530 to ground at 
relay 508. It should be noted that relay 403 has 
released by this time due to the release of relay 
400 with relay 402 on the operation of relay 203 
which takes place simultaneously With the Oper 
ation of relay 536. The circuit for relay 203 may 
be traced from battery, left-hand winding of this 
relay over the sleeve leads through the connection 
at the cross-connecting point 707 to ground at 
relay 508. This causes the release of relays 400 
and 42 which in turn causes the release of relay 
403. Relay 530 in operating is locked by the 
armature 503 of relay 504 to maintain the link 
busy and to transfer as stated the start lead to 
the next link. 

Dialing for the desired subscriber's line will 
now take place. As hereinbefore stated the first 
digits determine the kind of party desired, 
whether a single, ten-party or twenty-party line, 
In case of a single or ten-party line the first digit 
may be any digit except, 1, 3 and 4 and the Oper 
ations caused by the first digit is the Sane in 
all cases. In the case of a twenty-party line 
the digits, 3 or 4 should be dialed. The Opera 
tion is then somewhat different. If now the call 
ing subscriber dials, for example, the digit 6 to 
secure a connection to a single party line. Or a 
ten-party line the relay 507 is released at the 
beginning of the first impulse. Relay 50 may 
be slow-to-release and thus assistin maintaining 
relay 599 operated during the pulsing. The re 
lease of relay 57 closes a circuit for relay 606 
from battery, through the winding of this relay, 
contacts of relays 5 and 500 to ground at the 
left-hand armature and back contact of relay 
507. Relay 6G6 closes an obvious circuit for the 
operation of relay 607. These two relays remain 
operated during the pulsing as they are slow in 
releasing. Another relay Operated by the release 
of relay 507 is the relay 53 from battery, through 
the winding of this relay, contacts of relays 54, 
5? 5, 57, 5 and 505 to ground at relay 508. 
The operation of relay 53 closes a circuit for the 
operation of the first selecting magnet T if and 
the companion selecting magnet 81 from bat 
tery, selecting magnets , 8 in parallel con 
tacts of relay 699, contacts of relay 56, contacts 
of relay 53 to ground. At the end of the first 
impulse when relay. 507 is again operated a cir 
cuit is closed for the operation of relay 55 from 
battery, winding of relay 53, contacts of relay 
54, contacts of relay 53, right-hand winding of 
relay 5 5, contacts of relay 67 to ground. Re 
lay 55 in operating, closes an obvious circuit 
for the operation of relay 56 through its right 
hand winding. Relay 56 in operating closes, a 
locking circuit for selecting magnets and 
8, while relay 55 in operating opens the orig 
inal energizing circiut for these magnets. On 
the second impulse when the relay 507 is again 
released, -a, -circuit is closed for the operation of 
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relay 54 from battery, through the winding of 
this relay, left-hand winding and contacts of re 
lay 5 5 to the ground on relay 508 over the cir 
'cuit hereinbefore described. Relay 54 in oper 
ating opens the circuit for relay 53 which noW 5 
releases to close the circuit for the Second Se 
lecting magnets, not shown, but whose energiz 
ing circuit is closed through the right-hand con 
tacts of selecting magnet f, through contacts 
of relay 609, contacts of relay 56 to ground at 10 
contacts of relay 5 3. At the end of the Second 
impulse, relay 507 is again operated causing the 
release of relays 515 and 54. The release of 
relay 5f 5 closes a locking circuit for the second 
selecting magnet through an inner left-hand ar- lis 
mature and front contact of the Second Selecting 
magnet for switch A, over a connection through 
the outer right-hand armature and back contact 
of relay 55 to ground at the outer left-hand 
armature and front contact of relay 56. Relay 20 
55 in releasing also opens locking circuit for 
the first selecting magnets and 8. Relay 
56 is maintained-operated by relay 607 while 
the first selecting magnet has released and the 
second selecting magnet is held operated. Dur- 25 
ing the succeeding impulses relays 53, 54 and 
55 are operated alternately. That is, at the 
beginning of each odd impulse, relay 53 is op 
erated and at the end of each odd impulse relay 
55 is operated. At the beginning of each even 30 
impulse relay 54 is operated and relay 53 is 
released and at the end of each even impulse 
relays 55 and 54 are released. Each impulse 
causes the operation of corresponding Selecting 
magnets. In this case the sixth selecting mag- 35 
nets 76 and 86? are operated on the sixth im 
pulse. This being an even impulse, relays 53, 
514 and 5f 6 will be released at the end of the 
impulse. This is the end of the first digit. Re 
lays 606 and 607 will also release. When relay 40 
606 releases and before...relay 607 is released, both 
relays being slow in releasing, a circuit is no 
mentarily closed for the operation of relay 608 
from battery, resistance 57, winding of relay 
608, make-before-break contacts of this relay, 45 
selecting magnet 8, contacts of relay 606 to 
ground at contacts of relay 697. Relay 608 in 
-operating closes a locking circuit for itself 
through its left-hand armature and front con 
tact, contacts of relay 50 to ground at relay 508. 50 
When relay 607 releases, relay 58 is operated 
from battery, through resistance 59, winding of 
this relay, contacts of relays 608 and 5 ft) to 
ground at relay 508. It should be noted that as 
long as the ground was supplied from relay 601, 55 
relay 58 was short-circuited through the con 
nection through its outer left-hand armature and 
back contact to ground at relay 607. When re 
lay 58 operates a circuit is closed for the opera 
tion of relay, 604 from battery, through the wind- 60 
ing of this relay to ground at relay 58. 
As the holding circuit for relay 56 is opened 

ion the release...of relay. 607, this relay in releasing 
opens the holding circuit for the sixth selecting 
magnets which are thereby released. Therefore, 65 
the net result of the operation of the first digit is 
to energize and lock relays 604,608 and 58. 
Now when the second series of impulses is 

transmitted for the tenths digit Selection, it will 
ibe assumed that line 6 will be the called line, 70 
Therefore, the tenths digit will be one impulse. 
The effect of the release of relay 567 is to cause 
the operation of relays 5 f3, 5f 5 and 56 and to 
provide...an operating and a locking circuit for 
the selecting magnets ::ff and 8f , in the same 5 
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manner as hereinbefore described. At the end 
of this impulse when relay 606 releases and be 
fore relay 607 is released, relay 608 will release 
as it is shunted by the ground connection from 
contacts of relay 60, through contacts of relays 
606, 634 and 58, through resistance 57 to bat 
tery. When relay 688 releases and the ground is 
Still applied from relay 607 a holding circuit is 
provided for relay 58 through the make-before 
break contacts of relay 668. It should be noted 
that relay 588 Was locked by the ground Supplied 
through the left-hand armatures and front con 
tacts of relay 508 when operated. This circuit 
may be traced from battery, resistance 59, Wind 
ing of relay 518, make-before-break contacts of 
relay 698, contacts of relay 604, contacts of relay 
606 to ground at contacts of relay 6. Relay 608 
in releasing closes a circuit for relay 69 from 
battery, right-hand contacts of relay 606 to ground 
at contacts of relay 55. When the second im 
pulse causes relay 57 to release relay 5f 4 operates 
and relay 53 releases and a circuit is closed for 
the second holding magnet of the group G2 over 
lead f2, contacts of magnet 800, lead 76, con 
tacts of relay 60, contacts of relay 56 to ground 
at contacts of relay 53. The circuit through 
the magnet can not be shown as this magnet is 
not shown. When the impulse ceases relay 55 
releases and locks this second magnet Over a cir 
cuit through its contacts to ground on leads 720 
and 2 f, through contacts of relays 60, 53 and 
56. However, the second holding. magnet may 
not be directly operated from the Second impulse, 
but an intermediate relay may be supplied to op 
erate on the Second impulse over the above men 
tioned path through lead 72. An arrangement 
of this kind will be explained further in connec 
tion with the operation of the sixth holding mag 
net 808. For the present it is sufficient to say 
that the path for the operation of the third hold 
ing magnet is closed by this intermediate relay 
so that on the third impulse the third holding 
magnet will be operated directly and provide a 
path for the operation of a similar intermediate 
relay for the fourth holding magnet. As this in 
termediate relay has been shown at 883 the circuit 
may be traced as follows, bearing in mind that on 
the fourth impulse relays 53, 55 and 54 are re 
!eased: Battery, winding of relay 803, through 
contacts of the third holding magnet (not shown) 
leads 79 and 76, contacts of relays 609, 56 and 
53. Relay 83 locks to ground at relay 56 over 
lead 24. Holding magnet 804 does not operate 
as relay 838 is operated. The purpose of this 
arrangeinent is to prevent tWo Succeeding holding 
magnets from being maintained operated at the 

When a succeeding holding magnet 
or Succeeding relay is operated the preceding 
holding magnet or relay is released, thus prevent 
ing a monentary double connection winding of 
relay 629, winding of relay 669, contacts of relay 
89 to ground at contacts of relay 608. Relay 60 
does not operate in this circuit. As relays 53,55 
and 56 will release when relay 6, releases a hold 
ing circuit is now provided for the selecting mag 
nets and 8 in place of the holding circuit 
closed for these magnets when relay 55 operates. 
This circuit may be traced from battery, windings 
of Imagnets and 8ff, contacts of relay 609, 
contacts of relay 6 e to ground. When relay 607 
releases the locking circuit for relay 58 is opened 
and relay 58 releases. The operation of relay 609 
shifts the pulsing leads from the Selecting mag 
nets to the holding magnets. 
The third or unit digit may now be dialed. In 

S 
this case the unit digit is six impulses. The op 
erations in dialing this digit are the same as here 
inbefore described except that the holding mag 
nets 800 and Succeeding holding magnets or in 
termediate relays are operated and released in 5 
Succession until holding magnet 806 is operated to 
cause the connection to be established in the group 
of lines G-6 at the cross-connecting point 82 
between the conductors 3 and the conductors of 
the called subscriber's line 6. The operations are 0 
as follows: The first impulse causes the release of 
relay 507 and this causes the operation of relays 
86 and 66 as hereinbefore described. As the 

release of relay 5 causes the operation of relay 
5.3 this relay now closes a circuit for the holding 15 
magnet 80 in group G . This circuit may be 
traced from battery, through the winding of mag 
net 88, contacts of relay 609, contacts of relay 
56 to ground at the outer left-hand armature 
and front contact of relay 53. At the end of this 20 
impulse relay 597 is operated causing the opera 
tion of irelay 55 and this relay causes the opera 
tion of relay 56. Relay 55 provides a locking 
circuit for magnet 800 from battery, winding of 
this magnet, its upper armature and front contact, 25 
to hold two Succeeding holding magnets Operated 
at the same time. The fifth impulse causes the 
fifth holding magnet to operate, that is, the mag 
net 895 and the sixth impulse causes the inter 
mediate relay: 896 to operate in the same manner 30 - 
as the intermediate relay 803. This relay in op 
erating provides a locking circuit for itself through 
the lead 72 to ground at contacts of relay 516. As 
this is the last impulse the relays 607 and 606 
would now release and also close a circuit for the 35 
operation of the corresponding holding magnet 
8. This circuit extends from battery, winding 
of magnet 807, contacts of relay 806 to ground at 
contacts of relay 607 and the magnet locks up over 
its armature and front contact to ground on lead 40 
2 at relay 56. The calling line is now con 
nected to the called line f6 through the connec 
tions at the cross-connecting points 797 and 82. 
If the called subscriber's line is busy a ground 

will be found on the sleeve lead which causes the 4s 
operation of the busy tone relay 520 before 607 
has released and after relay 606 releases at the 
end of the sixth digit. The circuit for this relay 
may be traced from battery through the winding 
of relay 520, normal contacts of relay 606, op- 50 
erated contact of relay 697, contact of relay 52 f, 
sleeve lead to the called subscriber's line through 
the cross-connecting point 82 of group G6. Re 
lay 520 provides a locking circuit for itself over 
contacts of relays 505 and 50, to ground at re- 55 
lay 58. Relay 52 provides a busy tone to the 
calling subscriber from the busy tone source con 
nected to lead BT at 5 t, through contacts of re 
lay 520 to the tip and ring conductors of the 
calling subscriber's line over contacts of relay 52 f 60 
through condensers 522, 523, 524 and 525, con 
tacts of relay 595, and 506, through the cross 
connecting points 707. If, however, the called 
line is idle and when relay 606 releases and be 
fore relay 607 releases relay 608 again operates 63 
over the circuit as hereinbefore traced. Relay 
60 is then released causing the operation of re 
lay 58, which in turn causes the operation of 
relay 60 from battery, left-hand winding of this 
relay, contacts of relay 609, contacts of relay 58 70 
to ground. It should be noted that the locking 
circuit through the right hand Winding of relay 
60 short-circuits relay 609 which now releases, 
Relay 60 maintains the holding magnet 807 op 
erated as this magnet was held from lead 72 f TS 
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which extended to ground at relay 60. The 
holding circuit for selecting magnets and 8 
is opened by the operation of relay 60 and the 
circuits are now in condition for the transmis 

is Sion of the ringing code selecting digit. 
Dialing for the proper ringing code may now 

take place. If the calling subscriber dials the 
digit 1 a particular code representing this digit 
Will be transmitted to the called line which would 
be a single subscriber's line. This particular code 
may also be used for calling a single party on a 
single-party line or one of the parties on a ten 
party line. ASSuming that the code represented 
by One impulse is dialed, the first selecting mag 
nets if f and 8 Will operate in the same manner 
as described in connection with the dialing of 
preceding digits. At the end of the impulse, 
When relay 507 is again operated, relays 55 and 
56 are operated in circuits as hereinbefore de 
scribed. The operation of relay 5f 5 closes the 
locking circuit for magnets 7 f and 8ff. Then 
as relay 606 is released, relay 608 is released. This 
causes the operation of relay 5ff from battery, 
winding of this relay, contacts of relay 6, con 
tacts of relay 608 to ground. Relay 5ft in op 

i erating provides a locking circuit for itself to 
ground at relay 508 and for relays 53 and 55 
to maintain these relays operated after relay 607 
releases, so that the holding circuits for mag 
nets 7 and 8 Will be maintained. The hold 
ing circuit completed by relay 5ff for these re 
lays may be traced from battery, winding of relay 
53, contacts of relay 5f 4, contacts of relay 5f3, 
right-hand winding of relay 5 5, contacts of relay 
5f , contacts of relay 50 to ground at contacts 
of relay 508. Relay 5 also closes a circuit for 
the operation of relay 527 from battery, winding 
of relay 527, contacts of relay 5, contacts of 
relay 66 and 6f 3 to ground at relay 55. Then 
relay 607 releases causing the release of relay 58 
and the operation of relay 52 f from battery, wind 
ing of relay 52, contacts of relay 607, contacts 
of relay 62, contacts of relay 520 to ground at 
contacts of relay 60. Relay 52 locks to the 
Same ground directly. Relay 52 in operating 
closes a connection through from the called Sub 
scriber's line to contacts of relay 526. Relay 526 
is now operated due to the operation of relay 5f 
from the pick-up lead PU at the ringing inter 
rupter terminating at 53 (not shown) over a 
circuit from battery through the winding of this 
relay, contacts of relay 520, contact of relay 5ff, 
outer left-hand armature and back contact of 
relay 526 to the pick-up lead PU. Relay 526 in 
operating provides a locking circuit for itself 
through a holding lead H of the ringing inter 
rupter at 53 through its Outer-left-hand make 
before-break contacts and the original circuit. 
traced for this relay. When relay 526 operates 
the called Subscriber's line is extended to con 
tacts of relay 527 and a circuit is completed for 
the transmission of the ringing code from the 
first code conductor in a group marked by the 
bracket 64, that lead through the ringing in 
terrupters (not shown), but controlled by the 
leads from the interrupter at 53. The codes 
produced on the conductors in the group at 64 
may consist of current impulses of different com 
binations such as long or short impulses arranged 
in different numbers of impulses for each code as 
is well known in the art. The circuit for this 
ringing code may be traced from the lead in 
the group at 64, contact of relay 65, contacts 
of selecting magnet 7 f, contacts of relay 5ff, 
left-hand armature and front contact of relay 527, 
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contacts of relay 526, contacts of relay 52, to the 
ring conductor of the called line Over the croSS 
connecting point at 82, and back over the tip 
conductor through the connecting point 82, con 
tacts of relays 521, 526 and 527 to ground at the 5. 
lead G in the ringing interrupter connected at 
53. These ringing interrupter circuits may be 
So arranged that between each code transmitted, 
the ground on the holding lead His removed to 
cause the release of relay 526 and if the Sub- 10 
scriber has not answered, the pick-up lead will 
again cause relay 526 to be operated to repeat the 
code. If the called subscriber answers when re 
lay 526 is released, a connection is completed 
through the called subscriber's loop for the op-15 
eration of relay 50, from battery and ground 
through the windings of the relay 50 through 
contacts of relays 526 and 52 and the tip and 
ring conductors over the calling subscriber's loop, 
causing the release of relay 509 to dismiss the 20. 
time release circuit which was started to release 
the link after a certain interval if the Subscriber 
failed to dial within that interval. Relays 53, 
55 and 56 are also released. The release of re 
lay 515 causes the release of the selecting magnets 25 

and 8ff to disconnect the code ringing lead. 
The operation of relay 50 also closes a circuit 
for relay 520, from battery, winding of this re 
lay, contacts of relay 5f 0 to ground at contacts of 
relay 508. Relay 520 opens the circuit for relay 30 
526 to prevent it from operating again. The 
talking connection is now therefore completed 
between the two subscribers, as indicated in heavy 
lines in the drawings. 
When the calling Subscriber hangs up his re 

ceiver, at the end of conversation, relay 50 is re 
leased causing the release of relays 500 and 508, 
causing the Opening of the holding circuit for all 
relays operated and returns the circuits to nor 
mal. 
In case of revertive calls, that is, if the called 

party is on the same line as the calling party, 
the calling party will receive the usual busy tone. 
As he knows that this is a revertive call, he will 
hang up and wait for the called party to be rung. 45 
In this case when the calling party hangs up, re 
lays 507 and 50 f and 500 will release, but relay 
508 will remain operated as on the release of re 
lay 500 a circuit will be completed for the op 
eration of relay 505, from battery, winding of 50 
this relay, contacts of relays 500 and 5, the 
fourth connection through cross-connecting point 
28, as the connection has been established at 

this point to the same line as the called line, 
to ground at the fourth connection at cross-con 
necting point 707. The operation of relay 505 
now establishes a new holding circuit for relay 
598 to hold the connection until the called Sub 
Scriber answers. This circuit may be traced from 
battery, winding of relay 508, contacts of relay 
50, contacts of relay 505 to ground of relay 508. 
Now, when the called subscriber answers and re 
lay 50 operates, relay 508 releases causing the 
release of the connection through the link. The 
calling and called subscribers may then converse 65 
Over their own line. 

Reference will now be made to the different op 
erations When party lines are called. In regard 
to the ten-party lines the operations as stated 
are the same as in the case of a single subscriber's 70 
line but with a minor exception, namely that the 
parties are divided in two groups of five each on 
the line So that One set of five parties must be 
rung With the codes on the tip conductor and the 
other set of five parties must be rung with the is 
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codes on the ring conductor. It should be noted 
that in dialing an odd digit as the first digit, re 
lay 5:5 is operated and in dialing an even digit 
this relay is not operated. Advantage is taken of 
this fact to distinguish between the two sets of 
five parties each on a ten-party line in calling. 
When relay 55 is operated a circuit is closed for 
relay 685. If relay 5 5 is operated due to the 
dialing of an odd digit a circuit will be closed for 
relay 52 when later relay 5f f is operated. This 
circuit may be traced from battery, winding of 
relay 52, contacts of relay 5, contacts of re 
lays 6f 6 and 63 to a ground at relay 55. In this 
case, therefore, the ringing code will go out on 
the ring conductor to call one of the SubScribers' 
stations of the set of five associated with this con 
ductor. On the other hand, if an even number is 
dialed relay 55 is not operated consequently pre 
venting relay 527 from operating so that the code 
selection will go out on the tip conductor. 

In case the calling subscriber had desired a 
party on a twenty-party line and one of the 
parties of one set of ten parties of the desired 
twenty-party line he would have dialed digit 3 
and if he had desired one of the parties on the 
other set of ten parties on this twenty-party line 
he would have dialed the digit 4. ASSunning first 
that he dials the digit 3. The operations will be 
the same as when he dials for a single or ten 
party line with this exception that when the 
third selecting magnet 3 is operated and When 
relay 608 is operated, a circuit is completed for 
the operation of relay 63 from battery, Winding 
of this relay, contacts of relays 604, 608, 73, 607, 
5:6 and 5.3, to ground at contacts of relay 5f 6. 
Relay 6.3 locks to ground at relay 508 through 
contacts of relay 51 0. This prevents relay 527 
from operating when relay 5 is operated which 
closes the circuit for relay 527 at another point 
at the end of the third digit. Thus when the 
fourth digit is dialed the selected code on a lead 

to 3 normally connected through contacts of 
relays 6 5 and 68 is transmitted over the ring 
conductor to select one party out of a set of ten 
as determined by the dialing of the digit 3 as the 
first digit. On the other hand if the subscriber 
had dialed 4 as the first digit relay 63 is not 
operated but this has no effect as relay 527 will 
not operate when relay 5 is operated to close 
the circuit for the relay 527 at another point at 
the end of the third digit as the circuit for re 
lay 527 is at that time opened at still another 
point by the operation of relay 66 which relay 
with relay 6 5 are operated at the end of the 
first digit when relay 608 operates. The circuit 
for these relays 6 5 and 6f 6 extends from bat 
tery, windings of these relays, contacts of relay 
69 before it operates, contacts of relay 608 when 
it operates to ground supplied by the holding cir 
cuit for the fourth selecting magnet 74 from re 
lay 53. These relays lock to ground at relay 
538 through contacts of relay 59. Hence when 
the fourth digit is dialed a code Will be trans 
mitted over one of the leads selected by the cor 
responding selecting magnet from the corre 
sponding leads to 2 connected by the opera 
tion of relay 65 and 66 over the ring conductor 
to select one party Out of the othier set of ten 
as determined by the dialing of the digit 4 as the 
first digit. 

If the calling subscriber decides to make a 
connection to a distant Office he Will dial the 
digit 0. In this case, the operations are the same 
as far as the calling Subscriber Seizing the in 
coming end of a link and dialing the digit 0 is 

7 
concerned as When a calling Subscriber seizes a 
link and dials the first digit of any office number. 
The dialing of the digit 0 operates the selecting 
magnets 70 and 80. As this is the only digit, 
relays 606 and 60 will release and cause the 5 
Operation of relays 698 and 56 as usual. The 
Selecting magnet will in this case close a 
circuit for the operation of relay 6 from bat 
tery through the winding of this relay, contacts 
of selecting magnet 70 , contacts of relay 60410 
to ground. This relay in turn closes a circuit for . 
the Operation of relay 6 2 from battery, contacts 
of relays 2 and 28, right-hand Winding of re 
lay 6 f2' to ground at contacts of relay 6 7. Re 
lay 6 2 closes a substitute locking circuit for se- 15 
lecting magnets of and 89 from battery 
through the Winding of this magnet, contacts of 
reiay 62 to ground, as the original locking cir 
cuits will later be opened due to the subsequent 
release of relays 60i and 5f 5. Relay 6 f2 in op- 20 
erating closes an obvious circuit for relay 28 
which in turn closes a circuit for the operation 
of relay 2. As long as these two relays are op 
erated no other relay corresponding to 6 E 2 in 
any other link can operate to start hunting for 25 
an idle trunk. The original energizing circuit, 
for relay 62 was opened on the operation 
of relays 2 and 28 but relay 62 is locked 
in Series with relay 28 to ground on relay 
67 which is held operated by a locking circuit 80 - 
to ground at relay 508. Relay 6?2 also operated 
i'elay 68 which coinnects the leads from each 
holding magnet to contacts of the cut-off relay 
of the corresponding trunk. Assuming now that 
trunk of is idle its cut-off relay 206 will be re- 85 
leased hence a circuit will be completed for the 
holding magnet 880. This holding magnet will 
Operate Over a circuit from battery, through the 
Winding of this magnet through the first arma 
ture and contact of relay 6, 8 of the group marked 40 
T through contacts of cut-off relay 206, contacts 
of relayS 62 and 27 to ground at contacts of 
relay 28. Holding magnet 800 in operating pro 
Vides a locking circuit for itself through its arm 
ature and front contacts, through contacts of 45 
relay 606, to ground at contacts of relay 586 
which latter relay is immediately operated when 
the connection is established between the trunk 
0 and the Subscriber's line connected to this 
link at the cross-connecting point . The cir- 50 
cuit for the operation of relay 596 may be traced 
from battery through the winding of this relay, 
the lower contacts at the cross-connecting point 

f to ground. The ground connection estab 
lished at the contacts of relay 598 for the sleeve 55 
lead of the calling Subscriber will now be extended 
through contacts of relay 588 and the sleeve con 
tacts of the cross-connecting point, 7 7, for the 
operation of the cut-off relay 206 from battery 
through its right-hand winding and ground over 60 
the sleeve lead. Another effect of the seizure 
of the trunk Oi is that connections are made 
through means in the trunk for establishing a 
ground. On the sleeve lead from the trunk so as 
to hold the cut-off relay 206 operated after the 65 
ground from the sleeve lead at relay 533 in the 
link is removed. This ground will also hold re 
lay 56 operated from battery through its Wind 
ing and inner left-hand armature and front coln 
tact, through the sleeve connection established 70 
at the CrOSS-connecting point if over the sieeve 
lead to the trunk. This ground Wiii also hold 
relay 203 operated after the ground is removed 
at relay 508 as it shguld be noted that when re 
lay 506 is operated the connections over the tip 75 
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and ring conductors from the calling subscriber 
are disconnected from the connections through 
the relays 50 and 59 so that these relays Will 
release and the tip and ring ConductorS are COrl 
nected to the tip and ring ConductorS of the 
trunk. As relays 50 f and 50T will now release 
relays 5 and 598 will also release to remove the 
holding ground for the various relays Operated 
at this time, that is, in this case relays 608, 58, 
6 2, 2, 28 and 604. The release of relays 62, 
27 and 28 permits another link to be used for 
trunk hunting as the battery is Supplied at the 
right hand armature and back contact of relay 
2 for the operation of the corresponding relay 
62 in another trunk, such as, for example, re 
lay 92 in link CD. The connection from the 
calling subscriber to the trunk Will, as noted, 
now be extended through the link directly 
through the contacts of relay 506 without any 

The connection is held by the 
ground over the sleeve from the trunk and when 
this ground is removed relay 506 is released caus 
ing the release of the holding magnet 800 and 
when the calling subscriber releases the incom 
ing branch of the link is disconnected by the 
release of the relay 203 and holding magnet 90. 

If the call is inconing over a trunk for a Sub 
Scriber in this exchange the seizure of the trunk, 
for example trunk 0 , causes the operation of 
relay 235. The operation of this relay closes a 
connection for the Seizing of an idle link by caus 
ing the operation of the corresponding relays 496, 
492 and 403 and a relay corresponding to 4G 
if there are more than four trunks. In this 
case the selecting magnets 70? and 80 will be 
operated and the holding magnet 700 if the 
first link is idle so that the incoming connec 
tion will be established through the cross-con 
necting point 7 8. Otherwise the seizing of an 
incoming branch of an idle link is the same as 
When a Subscriber Seizes a link. The establish 
ing of a connection to a desired subscriber's 
line from the trunk is identical With the estab 
lishing of a connection from a calling subscriber's 
line to a called subscriber's line in this exchange 
and therefore does not need any separate de 
Scription. 
What is claimed is: 
1. In a telephone System, a plurality of CrOSS 

Switches arranged in divisions, lines 
multipled to appear in each division and ar 
ranged in groups in separate parts of each division 
a link for each division having a calling branch 
and a called branch appearing in each part of 
said division, and means for connecting a calling 
line to a called line through an idle link. 

2. In a telephone system, a plurality of cross 
bar Switches arranged in divisions of One or 
more Switches in each division, lines multipled 
to appear in each division, and arranged in 
groups in separate parts of each division, a link 
for each division having a calling branch and 
a called branch appearing in each part of said 
division, and means for connecting a calling line 
to a called line through an idle link With the 
calling line connected directly to a calling branch 

if said link and the called line connected di 
rectly to a called branch of Said link. 

3. In a telephone system, cross-bar Switches, 
lines multipled to appear in all of said SWitches 
and arranged in groups in Separate parts of Said 
switches, a link for each SWitch having a calling 
branch and a called branch appearing in each 

th 
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part of Said Switch, and means for connecting 
a calling line to a called line through an idle 
link. 

4. In a telephone system, cross-bar Switches, 
lines multipled to appear in all of said Switches 5 
and arranged in groups in separate parts of Said 
Switches, a link for each SWitch having a call 
ing branch and a called branch appearing in 
each part of said SWitch, and means for COn 
necting a calling line to a called line through an 10 
idle link With the calling line connected direct- . 
ly to a calling branch of said link and the called 
line connected directly to a called branch of 
Said link. 

5. In a telephone system, cross-bar Switches, 15 
lines multipled to appear in all of said Switches 
and arranged in groups in Separate partS Of Said 
Switches, a link for each switch having a calling 
branch and a called branch appearing in each 
part of said Switch, and means for connecting 20 
a calling line to a called line through a calling 
branch and a called branch of an idle link at : 
the parts of the associated switch where said lines 
appear. 

6. In a telephone system, cross-bar switches 25 
arranged in divisions of equal numbers of 
switches in each division, lines multipled to ap 
pear in the switches of all divisions, and arranged 
in separate groups in Separate parts of the 
Switches, a link for each division of Switches 30 
having a calling branch and a called branch ap 
pearing in each separate part of the associated 
Switches, and means for connecting a calling 
line to a called line directly through a calling 
branch and a called branch of an idle link at 35 
the parts of the associated Switches where said 
lines appear. 

7. In a telephone system, a plurality of croSS 
bar switches arranged in divisions, lines multipled 
to appear in each division and arranged in groups 40 
in separate parts of each division, trunks 
multipled to appear in each division, a link for 
each division, and means for connecting a call 
ing line to an idle trunk through an idle link. 

8. In a telephone system, a plurality of CrOSS- 45 
bar switches arranged in divisions, lines 
multipled to appear in each division and ar 
ranged in groups in Separate parts of each 
division, trunks multipled to appear in each divis 
ion and arranged in separate parts of each 50 
division, a link for each division having a calling 
branch and a called branch appearing in all 
parts of said division, means for connecting a 
calling line to a called line through an idle link, 
and means for connecting a calling line to an 55 
idle trunk through an idle link. 

9. In a telephone system, a plurality of CrOSS 
bar Switches arranged in divisions, lines 
multipled to appear in each division and ar 
ranged in groups in separate parts of said divis- 60. 
ions, trunks multipled to appear in each division 
and arranged in separate parts of each division, 
a link for each division having a calling branch 
and a called branch, appearing in each part of 
said division, means for connecting a calling 65 
line to a called line through an idle link and 
means for connecting a calling line directly 
through a calling branch of an idle link and di 
rectly through a called trunk of Said link to an 
idle branch, said connections being established 70 
at the parts of the associated Switches where 
said calling line and said idle trunk appear. 

GERALD W. KING. 


