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This invention relates in general to tele 
phone systems, and more specifically to im 
provements in chain relay circuits for use 
with automatic retary connector switches. 
The object of the invention is to provide 

improvements in chain relay circuits now 
commonly in use. 
The Wicks application Serial No. 571, 

947, filed June 30, 1922, and patented Oct. 
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19, 1926, No. 1,603,929, shows an automatic 
vertical and rotary connector having access 
to large groups of trunks, each of which 
groups may consist of trunks terminating in 
two or more levels of bank contacts in the 
connector switch bank. Chain relays are 
provided to close a circuit to cause the con 
nector to automatically continue its pri 
mary movement to the next level when all 
the trunks in the preceding level are busy. 
Chain relay circuits of this type have proven 
unsatisfactory because during heavy traffic 
conditions two or more switches may be 
hunting on the same level at the same time 
when there is only one available trunk with 
the result that the switch which first seizes 
the trunk makes it busy to the other switches. 
The other switches will then stop on the 
last trunk bank contact in the level and 
transmit a busy tone to the calling subscriber, 
although there may still be idle trunks of 
the same group in other levels. 

In the present application, a chain circuit 
is closed to cause the automatic continuation 
of the primary movement when all but the 
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last two trunks of the first level of the group 
are busy. This arrangement provides for 
the completion of connections to idle trunks 
by switches which were hunting on the 
same level at the time the chain relay circuit 
was closed. For instance, assume that the 
first seven trunks in the first level are busy 
and that a connector switch is hunting for 
the first idle trunk or the eighth trunk in 
the level and that two other connector 
switches have been operated to this level and 
have started to rotate just before the first 
switch seizes the eighth trunk. The first 
switch seizes: the eighth or first idle trunk and 

50 
causes the operation of the chain relay as 
sociated there with to close the chain circuit. 
The other two switches continue to rotate 
and seize the ninth and tenth trunks or the 
reserve trunks thereby completing their con 
nections. This arrangement, however, does 
not completely take care of an abnormally 

Serial No. 129,899. 

large number of simultaneous calls to a level 
but reduces the number of lost calls to a 
illininuin. Provisions have also been made 
for taking into use the last two or reserve 
trunks in each level when all the other 60 
trunks in the group are busy. 
The means by which the foregoing objects 

are accomplished will be fully set forth here 
inafter, refei'ence being had to the accom 
panying drawings, of which Fig. 1 is a cir- 85 
cuit diagram of the connector switch such 
as described in the above mentioned Wicks 
application, while Fig. 2 shows the wiring 
of the improved chain relay circuits and 
the wiring of the test terminals of certain to 
levels of the connector banks. '. Referring to Fig. 1, the rotary connector 
is indicated by the reference character H, 
and is of the well known Strowger vertical 
and rotary type, having circuits such that it is 
is controlled over the two sides of the in 
coming trunk in series. To the right of the 
connector H are shown the bank terminals 
of a trunkline, which may extend to a pri 
yate branch exchange and terminate in the so 
jack J. It is understood that the trunk line 
shown is one of a group of similar trunk 
lines all extending to the same point. 

Fig. 2 shows.the test contacts of the first 
five levels of the connector switch bank. ss. 
The first three levels and their associated chain relays are assigned to one large group 
of trunks. The fourth and the first half of 
the fifth leyel are assigned to a second group 
of trunk lines. The last five test contacts 
in the fifth level represent individual lines. 
To the right of each level are shown the 
Vertical test contacts which are engaged by 

90 

the vertical test wiper of the connector in its 
primary movement. - 
The apparatus, having been described 

more or less in general, will now be de 
Scribed in connection with the detailed de 
Scription of its operation. For this purpose, 
it will be assumed that an automatic sub 
scriber desires to obtain connection with a 
Subscriber at the private branch exchange 
served by the first large group of trunk 
lines. The customary subscriber's station, 
individual lineswitch, and selector switches 
used by an automatic subscriber in com 
pleting a connection, being well understood 
by those skilled in the art and forming no 
part of the present invention, it is therefore 
believed that it will suffice to say that in re-lo 
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sponse to the removal of the receiver by the 
calling subscriber, his individual lineSwitch 
seizes an idle trunk line leading to an idle 
selector switch, and in response to the opera 
tion of the subscriber's calling device the se 
lector switch is operated to select an idle 
trunk line leading to another idle selector 
switch. or to select an idle trunk leading 
to a connector switch, such as indicated by 
the reference charactor H. Let us assii) he 
that the calling subscriber has established 
his connection now as far as the last Se 
lector. and that the selector has cone to rest 
on its bank contacts which are connected to 
the conductors 20, 21. and 22, of the con 
nector switch H, the connector switch H 
being the first idle connector accessible to 
said selector. When the selector switch 
comes to rest upon the contacts associated 
with the conductors 20, 21. and 22, the 
switching relay of the selector completes an 
energizing circuit for the line relay 4 of the 
connector as follows: Frol ground by Way 
of lower winding of line relay 4, normally 
closed springs controlled by the armature 
31, conductor 21, over the intervening 
switches and the subscriber's loop back to 
conductor 20, normally closed springs con 
trolled by the arnature 30, and through the 
upper winding of the line relay 4 to bat 
tery. Relay 4, at armature 33 and its work 
ing contact. completes an energizing circuit 
for the slow-to-release relay 5. Relay 5. 
upon energizing over the above traced cir 
cuit, connects ground to the release con 
ductor 22 at armature 34 and its working 
contact: said ground completing a holding 
circuit for the switches back of the connector 
switch for maintaining the switches in an 
operated position, and in addition, makes the 
trunk lines leading to connector H busy to 
all other selectors having access thereto; at 
armature 35 and its working contact pre 
pares the circuit for the vertical magnet 15, 
and at its resting contact opens a point in 
the release circuit: and at armature 36 and 
its working contact, prepares a circuit for 
relays 9 and 13. 
The calling subscriber may now manipu 

late the calling device in accordance with the 
remaining digits in the number of the pri 
vate branch exchange, which in this case are 
1 and 1. Due to the operation of the calling 
device by the calling subscriber. the circuit 
of the line relay 4 is interrupted in the well 
known manner and the line relay in re 
sponse to this circuit interruption. deener 
gizes for a short interval and at this time a 
circuit may be traced for the vertical mag 
net 15 as follows: From ground by way of 
armature 33 and its resting contact, arma 
ture 35 and its working contact, normally 
closed o?i-normal springs controlled by 
spring 68 and said springs, slow-acting relay 
7, and vertical magnet 15 to battery. The 
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vertical magnet 15 aid relay 7 energize in 
series, and by the operation of the vertical 
Harnet 15, the switch daff int wiper's are 
raised until the wiper's ()-73, inclusive, are 
opposite the first ic vel and the vertical test 
wiper 9 in engage ent with vertical test, 
contact is, which is opposite the first level. 
Relay 7 energizes an inlaintails its own cir 

('li ; ; ; (I thii () the verti'al lagnet, intact, 
a ?ter the oil-orial sprigs save shifted, 
with they to t) : he first vertical stel). 

..', 'ter the first use. the line relay 4 
energizes at oije is the circuit for relay 
all vertic: ; 1:gnet is at a 'mattire 33. 
Relay . . in leenergizii is... which it does 
a for a short interval. switches the impulsing 
circuit rol: the vertic: ) in get to the ro 
tary 11:gnet it a rature (), and at a 'nature 
39 completes a testing circuit for the vertical 
willer relay 8. 

issilii) that only the first - even trunk 
lities in the first level are busy, the vertical 
wiler relay S wil; it energize because there 
is in ground potential on the vertical test 
trials S. 
The suscriber may now dial the remain 

ing or last digit of the called in liner or the 
digit. i. In response to the operation of the 
calling device by the 'alling? subscriber, the 
circuit of the line relay 4 is a rail inter 
rupted. The line relay 4 upon deemergizing 
completes a circuit for the rotary magnet 16 
in series with relay 11 as follows: irom 
rround by way of arnature 33 and its rest 
ing contact. armature 35 and its working 
contact. normally open off-normal Sirings 
controlled by springs (S. armature 4 and 
its resting contact of armature 49 and said 
armature, winding of rely 1. arnature 59 
and its resting contact, and winding of ro 
tary magnet (3 to battery. The rotary mag 
net 16 and relay 11 energize in series. The 
rotary magnet 16 steps ?he wiper's 70-73. 
inclusive. into engagement with the l; nk 
terminals of the first trunk in the first level. 
and moves the vertical test wiper 95 out of 
enragement with the first vertical test ter 
minal S. Relay 11 lipon energizing at 
a 'sture 53 and its working contact. Ilain 
tains the impulsing circuit for the rotary 
marnot closed, so that the impulsing circuit 
will not be opened at arnature 49 when thc 
willer's are assing over busy trunks. at 
armature , 1 and its resting contacts opens 
the circuit for relay 6 so that this relay will 
not energize when wiper 71 is passing over 
busy trunks, and at armature 52 and its 
working contact, completes an energizing 
circuit for relay 12. Relay 12, upon ener 
gizing, at armature 54 and its working con 
tact prepares a circuit for relay (i. at arma 
ture 56 disconnects the busy machine, at 
armature 55 and its resting contact opens 
the circuit of the switching relay 13, and at 
its working contact prepares the testing cir 
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cuit for relay 10. As before stated, assum 
ing that the first seven trunks of the first 
level to be busy, there will be ground poten 
tial on the test terminal which wiper 72 
comes into engagement with; said ground 
extending from the connector switch Occupy 
ing a multiple of that particular trunk line. 
The first trunk line in the first level being 
busy, ground from the lower test terminal 
of the said trunk line energizes relay 10 by 
way of wiper 72, armature 55 and its work 
ing contact, armature 61 and its resting con 
tact, and winding of relay 10 to battery. 
Relay 10, upon energizing, at armature 49 
opens a point in the rotary impulsing circuit, 
at armature 48 prepares a locking circuit for 
itself, and at armature 47 prepares a circuit 
for relay 6. A short interval after the final 
digit is received, the series relay 11 deener 
gizes and at armature 52 opens the circuit 
of the slow acting relay 12. Relay 12, how 
ever, does not immediately deemergize and 
since the first trunk line in the first level is 
busy, a circuit for relay 6 may be traced as 
follows: From ground potential on the test 
terminal of the busy trunk line, over the 
conductor connecting the bottom test ter 
minal with the top test terminal and from 
there by way of test wiper 71, al'mature 54 
and its working contact, armature 51 and its 
resting contact, armature 47 and its Working 
contact, interrupter springs 66 of the rotary 
magnet, resting contact of armature 41 and 
said armature, and winding of relay 6 to bat 
tery. Relay 6, upon energizing, completes a 
locking circuit for itself as follows: From 
ground on release conductor 22 by way of 
working contact of armature 37 and said 
armature, interrupter springs 66 of the ro 
tary magnet, resting contacts of armature 41 
and said armature, and winding of relay 6 
to battery. Relay 6, in addition to complet 
ing a locking circuit for itself, closes a cir 
cuit for energizing rotary magnet 16 and 
slow-to-release relay 12 in multiple as fol 
lows: From ground by Way of working con 
tacts of armature 36 and said armature, 
armature 3S and its working contact, arma 
ture 43 and its resting contact, through the 
junction point 96 where the circuit divides, 
one branch going over the resting contact of 
armature 52 and said armature to relay 12, 
and the other branch extending from the 
junction point 96 by the way of armature 59 
and its resting contact, and through the 
winding of rotary magnet 16 to battery. 
The above traced circuit for relay 12 main 
tains said relay in an operated position, it 
being remembered that relay 12 is slow to 
deenergize, and, therefore, does not have time 
to fully deemergize before relay 6 is ener 
gized. The rotary magnet energizing over 
the above traced circuit, steps the wipers 70 
to 73, inclusive, into engagement with the 
next or second set of bank terminals in the 

first level, and at its interrupter springs 66 
opens the locking circuit for the testing relay 
6, whereupon said relay deemergizes. Relay 
6, upon deemergizing opens at armature 37 
the circuit of the rotary magnet 16 and the 
slow-to-release relay 12. Before relay 12 is 
inclined to deenergize, the testing circuit for 
relay 10 is again completed and if the trunk 
line is busy, relay 10 will be maintained ener 
gized from ground on the test terminal asso 
ciated with the busy trunk line, and a cir 
cuit may also be traced from ground at the 
test terminal of the busy trunkline for again 
energizing the stepping relay 6. Relay 6 
again energizes and completes a locking cir 
cuit for itself as well as again completing the 
circuit for the rotary magnet and maintain 
ing relay 12 in an operated position. The 
rotary magnet operates and steps the test 
Wipers into engagement with the next set of 
bank contacts and in addition opens the 
locking circuit of relay 6 at its interrupter 
springs 66. Relay 6, upon deemergizing 
again opens the circuit for the rotary mag 
net 16 and relay 12. Relay 10 again, tests 
for busy ground potential and if the next; 
trunk line is busy, the sequence of operation 
just explained continues until the wipers are 
rotated into engagement with the eighth or 
the first idle trunk line in the level. 
Assuming the eighth trunk line in the 

first level to be the first idle trunk line, the 
test wipel's 71 and 72 will come to rest in 
engagement with the test terminals 75 and 
6, respectively. As the test relay. 10 no 
longer finds a ground potential on the test 
terminal 76 with which it is now in engage 
ment, said relay deemergizes and prepares a 
circuit for the switching relay 13 at arma 
ture 48, and at armature 47 opens the circuit 
for the testing relay 6 so said relay will not 
energize and operate the rotary imagnet 
when this trunk line is made busy to other 
connector switches having access thereto. At 
armature 50 relay 10 also opens a polition of 
the busy circuit. A short interval after re 
lay 6 deemergizes the slow acting relay 12 
deenergizes and completes a circuit for the 
switching relay 13 as follows: From ground 
ed release conducto' 22 by the Way of alma 
ture 48 and its resting contacts, uppel' wind 
ing of switching relay 13, resting contact of 
armature 55 and said armature, wipe' 72, 
test terminal 76, and winding of chain relay 
80 to battery. The switching relay 13 and 
the chain relay 80 energize in series. The 
chain relay 80 upon energizing closes its 
contacts 84 and 85, thereby completing a 
chain circuit for grounding the vertical test 
contact. 78. The circuit may be traced as 
follows: From ground by way of the work 
ing contacts of the first seven relays, al'ma 
ture 84 and its working contact, armature 
115 and its resting contact to vertical test 
contact 78. As a result of the energization 
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of the switching relay 13, said relay closes 
at armature 58 a circuit through the low 
:apacity condenser 97 for transmitting the 
Well known ring-back tone when ringing 
current is applied to the called line. Switch 
ing relay 18, at armature 59 opens the cir 
cuit for the rotary magnet, at a mature G() 
short circuits its upper winding, completes 
a holding circuit for chain relay 80, and 
places ground potential on the test terminal 
76, thereby making the trunk line busy to 
other switches having access thereto; at ar 
nature (31 ope)s the circuit for the testing 
relay 10 so said relay cannot again energize, 
at arnature 62 completes a locking circuit, 
for itself from ground at armature 36, at 
a 'nature (33 opens a point in the release cir 
cuit so as to prevent the premature release 
of the switch, and at armatures 57 and 64 
connects ringing current to the trunk line, 
which current operates a signal at the oper 
ator's position in the private bank exchange. 
The circuit for operating the visual signal 
or drop S1 at the private bank exchange 
may be traced as follows: By the operation 
of the interrupter relay 93, grounded gener 
at ol' and booster battery is alternately 
placed on armature 69, and from thence the 
circuit may be traced through the upper 
winding of the ringing cut-off relay 9, rest 
ing contacts of armature 44 and said arma 
ture, armature 57 and its working contact, 
wiper (), line bank terminal 74, tip spring 
S2 of jack J and its resting contact, con 
densei' C, winding of drop 81, line bank ter 
minal 77. Wiper 73, working contact of ar 
nature 64 of said armature, armature 46 
and its working contact to ground. The 
ring cut-off relay 9 due to its construction, 
condenser C. and the high resistance of drop 
S1, will not energize over the above traced 
circuit, drop 81, however, is operated over 
the above traced circuit to display to the 
operatol at the branch exchange the visual 
signal by means of which the operator is in 
formed that a connection is desired. The 
operator, in response to the operation of the 
visual signal, inserts an answering plug of 
her cord circuit (not shown) into jack J, 
thereby disconnecting drop 81 at springs 82 
and its resting contact, and completes a cir 
cuit for the ring cut-off relay as follows: 
from grounded generator of booster battery, 
at armatures 69, over the circuit previously 
traced to spring 82 and from thence to the 
operator's cord circuit back to spring 83 and 
ground at al'mature 46. Ring cut-off relay 
9, upon energizing completes a locking cir 
cuit for itself at armature 45, and at arma 
tures 4-4 and 46 disconnects ringing current 
from the called line and completes the talk 
ing circuit between the calling subscriber 
and the operator, and in addition, completes 
a circuit for the back bridge relay 3 as fol 
lows: From ground, upper winding of said 
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relay, by the way of working contact of ar 
Jilattire 44 of said armature, througll the op 
erator's cord circuit and back to the lower 
Willing of said relay to battery. 'ille lack 
li'i ge relay, upon energizing. reverses the 
ilow of cirrelt to the calling subscriler at 
a 'liatti'es 3() and 31, and at trillature 32 
('il) lects goult to the contluctor 98 st) that 
tle switch cannot release until the subscriber 
hallgs up. The operator, upon ascertaining 
the wants of the calling subscriter completes 
the desired connection and the conversation 
is cai'i'iei on in the usual anner. A 'ter 
cover's:tion is finished both parties reliace 
their receivers. When the calling subscriber 
hings up, he opens the circuit of the line 
relay 4 whereupon said relay (cenergizes 
all (opells the circuit of relay 5. After a 
shoi'l interval relay 5 deemergizes aid re 
I lov ('s g!'o ind from the release conduct ()." 
22, thereby allowing all the switches lack 
of the connector it to release and restore to 
it, I'll: . In addition, at a mature 36, relay 
5 Oljeils the locking circuit for relays 9 at 
13, and at arnature 35 completes a circuit 
for tile release lagnet 1.4 to allow the swit.' 
to 'eli'i) to orial. Relay's ) and 3 tie 
energize and relay 13 opens the circuit of 
the chain relay 80. Relay S() deemergizes all 
opens the chain circuit at a "mature S- anot 
its working contact S3. The release lagnet 
1-4 is energized over the following path: 
From ground at arnature 33 and its resting 
contact. arnature 35 and its resting contact, 
a 'nai l'e 63 and its resting contact, o?i-nor 
naill springs (37, and release magnet 14 to 
battely. The release magnet is maintaine; 
energized over the above traced circuit in 
til the shaft and wiper's are returned to their 
normal position, thereupon the circuit of the 
release magnet is opened by the separation 
of the off-normal springs. The connector 
Switch has now been returned to its norial 
position and can now be used for other 
calls. 
Having described the operations of the 

connector switch in establishing a connee 
tion with the eight trunks in the first level 
and the establishments of the chain circuit, 
as a result thereof, a detailed description 
will now be given showing how the connec 
tor Switch completes connections to idle 
trunks in other levels of the same group of 
trunks. 
Assuming that the connector switch II is 

again seized and operated opposite the first 
level as previously explained and that the 
first eight trunk lines in the first and specid 
levels are isy, the vertical wiper relay will 
energize due to there being a ground of en 
tial on the vertical contact S. if heig re. 
embered that when relay deemergized it. 

completed a testing circuit for the verifical 
viper relay 8 at armature 39. 
If the first eight trunk lines in the first 
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and second levels are busy, there will be a 
ground potential on the vertical test contacts 
78 and 94 caused by the energization of the 
chain relays shown just below the first and 
seconds levels, (Fig.2). Each chain relay, 
upon energizing when its associated trunk 
is seized completes its portion of a chain of 
contacts by means of which ground is con 

suming, therefore that the first eight trunk 
lines in the first and second levels are busy, 
the relay 7, upon deenergizing completes an 
energizing circuit for the vertical wiper 
relay. 8 as follows: From ground by way 
of chain relay contacts, vertical test contact 
78, vertical wiper 95, resting contacts of 
arnature 39 and said almature, and winding 
of relay, 8 to battery. Relay 8, upon ener 
gizing prepaires a circuit for vertical mag 
net 15 at armature 43 and its working con 
tact, and at arnature 41 and its working 
contact completes an energizing circuit step 
ping relay 6 as follows: From ground by 
Way, of vertical test wiper 95, resting con 
tact of armature 39 and said armature, in 
terrupter springs 65 and its resting contact, 
Working contact of ariature 41 and said 
armature, and the winding of stepping relay 
6 to battery. Stepping relay 6 energizes and 
completes a locking circuit for itself as fol 
lows: From ground by way of working con 
tact and armature 34 and said amature, 
working contacts of armature 37 and said 
armature, armature 66 and its resting con 
tact, working contact of armature 42, and 
Saidarnature, resting contact of armature 
39 and said armature, interrupter spring 65 
and its resting contact of the vertical mag 
net, working contact of armature 41 and said 
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test contact 94 opposite the second level. 
60 

armature, and winding of stepping relay 6 to 
battery. Relay 6, also completes a locking 
circuit to relay 8 from ground over a por 
tion of the above traced circuit to armature 
39 and thence through the winding of relay 
8 to battery. Relay 6 in addition to com 
pleting a locking circuit for itself and for 
relay 8, completes an energizing circuit for 
the vertical magnet 15 at armature 38 as fol 
lows: From ground by Way of working con 
tact of armature 36 and said armature, arma 
ture 38 and its working contact, armature 
43 and its working contact, and winding of 
vertical magnet 15 to battery. By the oper 
ation of a vertical magnet, the switch shaft 
and wipers are raised opposite the next or 
second level, and the vertical test wiper 
comes into engagement with the vertical 
The vertical magnet 15 at its interrupter 
springs 65, opens the locking circuit for re 
lay 6, whereupon said relay deenergizes. 
Relay 6, upon deenergizing, opens the cir 
cuit for the vertical magnet at armature 38, 
and at armature 37 opens the locking cir 
cuit of the vertical wiper relay 8. The verti 

AS 

cal magnet deenergizes and closes its in 
terrupter springs 65. The vertical wiper 
relay 8, however, is maintained energized 
from the ground potential on the vertical 
test contact 94. The vertical magnet by clos 
ing its interrupter springs 65 completes an 
energizing circuit for the stepping relay 
6. Stepping relay 6 completes a locking 
circuit for itself and relay 8 and operates 
the vertical magnet. The vertical magnet 
again opens the circuit of the stepping re 

70 

75 

lay and this sequence of operation contin 
ues until the vertical test wiper no longer 
finds a ground potential or until it comes 
into engagement with a dead test contact, 
whereupon the relay 6 and the vertical mag 
net 15 are returned to their normal position. 
The wiper's of the connector switch are 

now opposite the third level and as the ver 
tical test wiper 95 finds a dead vertical test 
contact relay S. deemergizes and prepares a 
circuit for the rotary trunk hunting 
lilovement at arnatures 41 and 43. The sub 
scriber may now dial the remaining or the 
last digit of the called number or the digit 
1. ln response to the operation of the call 
ing device by the calling subscriber, the cir 
cuit of the line relay, is again interrupted. 

ASSunning that the first seven trunks in 
the third level are busy, the connector auto 
lmatically rotates in the same manner as pre 
XE described until the test wipers 71 
and 7 

first idle trunk in said level. As the test 
relay 10 no longer finds a ground potential 
on the test terminal 118 with which it is now 

prepares a circuit for the switching relay 13 
at armature 48, and at armature 47 opens a 
circuit for the testing relay 6, so said relay 
will not energize and operate the rotary 
magnet when this trunk is made busy to 
other connector switches having access there 
to. At armature 50, relay 10 opens a portion 
of the busy circuit. A short interval after 
relay 6 deemergizes, the slow acting relay 
12 deemergizes and completes a circuit for 
the switching relay 13 as follows: From 
grounded release conductor 22, by the way 4. 

of armature 48 and its resting contact, upper 
winding of switching relay 13, resting con 
tact of armature 55 and said armature, test 
wiper 72, test terminal 118, switching chain 
relay 96 to battery. The switching relay 13 
and the chain relay 96 energize in series. 
The chain relay 96, upon energizing, closes 
at its contacts 112 and 113 a circuit for ener 
gizing the chain relays 97 and 98. It will 
be noted that the chain relay 96 does not 
close a chain circuit for the vertical test ter 
minal associated with the third level as none 
is needed. When the chain relay 96 ener 
gizes a circuit may be traced for the relays 
97 and 98 as follows: From ground through 

2 encounter the test terminals 117 and 
11S, respectively, of the eighth trunk or the 
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the contacts controlled by chain relays of 
the first seven busy trunks, armature ll:2 and 
contact 113, relay 97 to battery, and from 
contact 113 to the winding of relay 98 to bat 
tery. Relay 97 upon energizing, removes 
ground from the vertical test contact 94 at 
armature 114 and its resting contact, and at 
its working contacts prepares another cir 
cuit for grounding the vertical test contact 
94 when the last two trunks in the second 
level become busy. Chain relay 98 upon 
energizing, removes ground from the ver 
tical test contact S at armature 115 and its 
resting contact and at its working contact 
prepares a new circuit for grounding the 
vertical test contact S when the last two 
trunks become blisy. 
Assuming that the first eight trunks in 

the first three levels are busy, the next con 
nector Switch, such as H, to call this group 
does not take an automatic vertical step be 
cause ground has been l'enovel from the 
vertical test contacts by the operation of the 
chain relay. The connector rotates as pre 
viously described and seizes an idle trunk 
Or the ninth trunk in the first level. The 
chain relay associated there with energizes 
and prepares a point in the circuit fol' again 
grounding test contact. 78. In the same in 
ner the next connector switch seizes the 
tenth trunk in the first level. The chain 
relay 107 energizes and completes the chain 
circuit for grounding the vertical test con 
act S. In the previously described man 
ner the next two switches operated to this 
group of trunk lines seize the ninth and 
tenth trunks of the second level and energize 
the chain relays associated there with. The 
chain relays again complete the chain cil 
cuit for grounding the vertical test contact 
94. Should any more connectors attempt 
to call the group they would be automati 
cally stepped up to the third level and seize 
the last two trunks in the third level. The 
chain relays associated there with eiergize 
and close a circuit for operating “all trunk 
busy meter 109. It will be appreciated, 
however, should any of the busy tranks be 
come idle, the chain relay associated there 
with deemergizes and opens the chain circuit 
to remove ground from the vertical test con 
tact associated there with or removes ground 
from the “all trunk busy meter 109. 
A modification is shown in Fig. 2 for 

modifying the chain relay circuit, so that the 
chain circuit for the first level is opened tid 
ground removed fron contact 78 when the 
first eight trunks of the second level become 
busy. With this arrangement or by con 
necting the jumper 120 to contacts 121. the 
first eight trunks in the first level, the first 
eight trunks in the second level, the last two 
trunks in the first level, the first eight trunks 
in the third level, the last two trunks in the 
second level, and then the last two trunks 
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in the third level become busy in the order 
just named, providing. Of course, that Iloie 
of the busy trunks become idle in the mean 
time. 
The number of the Second large group as 

signed to the fourth and fifth levels is 4 and 
1. The calling subscriber in order to call this 
group dials the digit 4 and the connector 
steps vertically to the fourth level at which 
time the vertical test wiper 95 engages the 
vertical test contact. 101. If all the trunks 
On the fourth level were busy, or if only the 
first eight trunks in the fourth level are busy 
the Switch automatically steps up to the fifth 
level. The calling subscriber dials the digit 
1 and the connector rotates into engagement 
with the first trunk line in the fifth level in 
the Sane lilanner as previously described. 
ASSuining that the first three trunk lines in 
the fifth level are busy the connector auto 
Jatically rotates until it comes into contact 
With the fourth trunk line which is the first 
ille trunk in that level. The switching relay 
operates in series with the chain relay 99. 
The chain relay 99 closes its contacts thereby 
closing an energizing circuit for the chain 
i’elay 100. Chain relay 100 operates and 
opens the chain circuit of the fourth level 
thereby rejloving ground from the vertical 
test contact () i. When all the trunks on the 
fourth level ai'e Jasy the chain circuit is 
again coin pletect for grounding the vertical 
test contact. 101 and any other connector 
Switch calling this group is automatically 
stepped to the fifth level whereupon the con 
nector seizes the last trunk line in the group 
or the fifth trunk ille in the fifth level. 
When the last trunk line of the fifth level 
of the group is seized, a circuit is closed 
through the chain relay contacts for ener 
gizing the “all trunk busy' meter 108. The 
circuit may be traced as follows: Fron 
ground through the chain relay contacts as 
Sociated with the trunk lines, through the 
winding of relay 108 to battery. 
Having described the operation of the 

Switch in connection with the establishing of 
a connection with the private iank exchange, 
a brief connection will now be given how 
the calling subscribe receives the busy sig 
Ilal when all the trunks to the private bank 
exchange are basy. 
When the first digit is transmitted to the 

cCnnector, the vertical magnet is operated to 
step the shaft. 2nd wiper's opposite the first 
level, as previously explained. With all the 
tlink lines busy there will be a ground po 
tential on the vertical test contacts 78 and 
94 and the vertical lagnet will automati 
cally operate as previously explained to step 
the shaft wipei's up to the third level. In re 
Sponse to the calling subscriber dialing the 
next digit the rotary movement of the switch 
is started. Assuming that all ten trunk lines 
in the third level are busy, the wipers are 
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automatically rotated into engagement with 
the tenth set of bank contacts of the third 
level. As will be noticed in Fig. 2, the test 
terminals of the last or tenth trunk in the 
third level are not strapped together and the 
switch will stop with its wipers 71 and 72 in 
engagement with said terminals as the cir 
cuit is no longer completed for the stepping 
relay 6. Ground, however, on the lower test 
terminal maintains the test relay 10 ener 
gized and said relay is locked up from the 
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switches. 

grounded release conductor 22 when relay 12 
deenergizes. When relay 12 is fully deemer 
gized, the busy tone is transmitted to the 
calling subscriber through armatures 56 and 
50 in the well known manner, whereupon the 
calling subscriber hangs up and releases the 
switch as previously described. 
The connector switch is also capable of 

completing connection with private or indi 
vidual lines, the test terminals of five of such 
individual lines being shown as the last five 
tr}k lines in the fifth level in Fig. 2. Con 
nections to these lines, however, are directly 
controlled throughout by the calling sub 
scriber. The desired line is not tested until 
the wiper's have been rotated into engage 
ment with the bank terminals of a desired 
line, whereupon the desired connection is 
cornpleted if idle, or if the line is busy, the 
busy tone is given the calling subscriber in 
the well known manner. 

It can be readily seen that the chain relay. 
circuits, such as disclosed, greatly reduce the 
number of lost calls because the chain circuit 
is closed before all idle trunks in the level 
are taken into use. The closure of the chain 
circuit before ali the trunks in the level are 
busy takes care of simultaneously hunting 

For instance, if three connectors 
are simultaneously hunting over a level at a 
time when the first seven trunks in the level 
are busy, the first of the switches will seize 
the eighth trunk and close the chain circuit, 
and the other connectors would seize the last 
two or reserve trunks and complete their con 
nections thereover. 
Although the invention has been described 

as having one or two trunks held in reserve 
after the closure of the chain circuit it will 
be appreciated that any desired number of 
trunks could be held in reserve after the clo 
sure of the chain circuits without departing 
from the spirit of the invention. 
Having fully described and ascertained 

the features of my invention, what is con 
sidered new and is desired to have protected 
by Letters Patent, will be pointed out in the 
appended claims: 
What is claimed is: 
1. In a telephone system, a group of lines 

divided into two sub-groups, and means for 
making only a portion of the lines in the 
first sub-group first choice, only a portion 
of the lines in the second sub-group second 

choice, the remaining lines in the first sub 
group third choice, and the remaining lines 
in the second sub-group last choice to an 
automatic switch having access thereto. 

2. In a telephone system, a group of lines 
divided into a plurality of Sub-groups, and 
means for making part of the lines in the 
first sub-group, part of the lines in the sec 
ond sub-group, part of the lines in the first 
sub-group, and part of the lines in the second 
sub-group, first, second, third, and fourth 
choices, respectively, in the order named, to 
an automatic switch having access thereto. 
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3. In a telephone system, a group of lines 
divided into two sub-groups, a chain relay 
for each of said lines, and circuits controlled 
by said chain relays for making lines in the 
first sub-group, lines in the second sub 
group, lines in the first sub-group and lines 
in the second sub-group, first, Second, third, 
and fourth choices, respectively, to an auto 
matic switch having access thereto. 

4. In a telephone system, a group of lines 
divided into three sub-groups, a chain cir 
cuit for each of Said sub-groups, means for 
closing the chain circuits of the three sub 
groups. and means responsive to the closing 
of the chain circuit of the third sub-group 
for opening the chain circuits of the first 
and second sub-groups. . . . . 

5. In a telephone system, a group of lines 
divided into three sub-groups, a chain cir 
cuit for each of said sub-groups, means for 
closing the chain circuits of the first and 
second sub-groups, and means responsive to 
the closing of the chain circuit of the second 
sub-group for opening the chain circuit of 
the first sub-group. 

6. In a telephone system, a group of lines 
divided into three sub-groups, a chain cir 
cuit for each of said sub-groups, means for 
closing the chain circuits of the first and 
second sub-groups, means responsive to the 
closing of the chain circuit of the second 
sub-group for opening the chain circuit of 
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the first sub-group, means for closing the 
chain circuit of the third sub-group, and 
means responsive to the closing of the chain 
circuit of the third sub-group for opening 
the chain circuit of the Second Sub-group. 

7. In a telephone system, a group of lines. 
divided into three sub-groups, a chain cir 
cuit for each of Said sub-groups, means for 
closing the chain circuits of the first and 
Second sub-groups, means responsive to the 
closing of the chain circuit of the second sub 
group for opening the chain circuit of the 
first sub-group, means for closing the chain 
circuit of the third sub-group, means re 
sponsive to the closing of the chain circuit 
of the third sub-group for opening the chain 
circuit of the Second sub-group, and means 
for again closing said chain circuits. 

8. In a telephone system, a connector, a 
switch bank for said connector, a group of 
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lines divided into sub-groups terminating 
in said bank, individual test bank terminals 
for each line. a chain relay associated with 
each of said terminals in said sub-groups, 
means for Operating the associated chain 
relay whenever said colnector seizes a line, 
and leans operated by said chain relays in 
the first stib-group when only a portion of 
said lines are lousy for causing said connector 
to hint for an idle line in the second sub 
group Wilhel) the collector has been operated 
to the first sub-group. 

9. In a telephole system, a connector, a 
switch bulk for said connector, a group of 
lines divided into sub-groups terminating 
in said bank, individual test bank tel'iinals 
for each line. a chain l'elay associated with 
each of said tel'minals in said sul-groups, 
means for operating the associatel cl: in 'e- 
lay whenever said conject () seizes a line, 
and leans operated by the chain relays in 
the first and second sui-groups when only 
part of the lines in the first and second sul 
groups are lisy for calisi) is saic conject () ' 
to hunt fo!" in icle lie in the tlit sul 
group when the connect ui has been Jei'ated 
to the first sub-group. 

10. in a telephone systeili, i ('sinect()', it 
switch bank for sail c.) fect () i', a gro: ) of 
lines divide into sub-groups tei"inati is in 
said lank, civilial test. : k tel; it is 
for each line, a claim relay associated wif: 
each of sail terminals in said sub-groups, 
lineans for operating tie associate ('itain re 
lay whenever said connector seizes a line, and 
linens, operties by the ci:it: 'elity s in the 
first, seconcl.ant ti'i si)-g' tips well () is 
a part of the lities in the list, second, and 
third st-fi) is : 'e isy fo' ('a sing sail 
connector to hunt for an idle line in the first 
sib-group when the coili): '; or his been Oiler 
at 'it to t e ii's: roil. 

11. In a telephone system, a connector', a 
switch bank it)!" said '(nector, a group of 
iiles divided int) :::)-groups terminating in 
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said bank, individual test bank terminals for 
each line, a chain relay associated with each 
of said terminals in said sub-groups, lineas 
fol' operating the associated chain relay 
whenever sail connector seizes a line, and 
means (perated by the chain relays in the 
first, Secon, and third sub-groups when all 
of the trunks in the first sub-group and only 
a part of the lines in the second and third 
Sub-groups are busy fol' causing the con 
nect()' to hat for an ille line in the sec 
(nd slab-group when the conjector is oper 
ited to the first group. 

12. In a telephone system, a group of lines 
divided into Sill-groups, an automatic 
switch having access to sail lines, and means 
for casing saic switch to automatically 
love from the first of said sub-groups to the 

second of sail sub-groups l'esponsive to the 
busying of only a portion of the lines in said 
First sul-group. 

13. In a telephone system, a group of lines 
divided into sib-groups, means for making 
arly of said lines busy, and leans for con 
pletiig a lotsy circuit for the first sul-group 
resillsive to the is sing of only : portion 
of the lines in slicli sub-group. 

14. In a telephone systelli, a group of lines 
divided into slig'ops, lineans for making 
ti?y () said lines it isy, means for coil pleting 
: busy circuit, for the first st-group when 
only a portion of the lines in such sul-group 
: 'e it isy, and reins for opening said cir 
('lit. 

15. in a telephone system, a group of lines 
civile into sub-groups, lineans for making 
any of said iines lousy, means for colupleting 
a busy circuit for the first sub-group when 
(lily a portion of the lines in such sul-group 
are busy, means for opening said circuit, 
and heals for again closing saic circuit. 

En witness whereof. I here into subscribe 
my name this 14th day of August, A. D. 
926. 

EONARD L. RUGCI, IES. 
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