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This invention relates generally to telephone 
eXchange Systems and, more particularly, to 
panel-type dial systems in which connections be 
tween subscribers' lines terminating in different 
offices of the telephone exchange are established 
by automatic switching mechanisms over groups 
of interoffice trunks. 

In exchange areas having a large number of 
local offices, it is not always economical to pro 
vide direct groups of trunks for interconnecting 
any two offices of the exchange area, particularly 
Where the traffic between these offices is not 
heavy. In some exchange areas, therefore, it 
may be economical to route some or all of the 
traffic between certain offices through a tandem 
office which may serve as a common interme 
diate distributing point. 

It has heretofore been proposed to render more 
efficient the trunking arrangement between any 
two offices by reducing the number of direct 
trunks between those two offices and by auto 
matically re-routing the remaining traffic be 
tween these offices to a tandem office where this 
traffic. may then be routed to the desired office. 
To accomplish the re-routing of calls through a 
tandem office in systems employing central office 
senders which control the setting of Selector 
Switches to establish connections, each Sender 
must receive a signal in order that it may take 
the necessary steps When Such re-routing is re 
quired to re-route succeeding connections for that 
trunk group over a different trunk group ex 
tending to the intermediate tandem office. Each 
Sender must also receive another signal to re 
employ the direct route between the two offices 
When the direct route again becomes available. 

It is an object of this invention to provide a 
re-route signal when all trunks of the direct 
trunk group extending between two offices are 
busy. It is another object of this invention to 
provide a re-route signal when all but a pre 
determined number of the trunks of such a group 
are busy. Any arrangement to accomplish the 
latter object will prevent the loss of certain calls 
which would otherwise occur because of the time 
interval after selections by the sender are start 
ed and before the Selector Switch controlled by 
the sender is actually positioned on the terminals 
of the desired trunk. A sender may be given in 
formation to route a call to a trunk of a direct 
trunk group extending to a desired office and 
may proceed to cause the selection of a trunk 
in such a group when there is only one such 
trunk idle. If the signal to the Sender to re 
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after the seizure of the last idle trunk such calls 
would not be completed if these were initiated 
during the interval after the Sender starts its 
selections and before the selector Switch con 
trolled by the sender completes contact With the 
terminals of the last idle trunk, Hence, the 
selector switches operated to complete such calls 
to the desired direct trunk group would be driven 
to the overflow position. To guard against any 
such contingency, it is desired to signal the send 
er for the re-routing of calls when all but a 
predetermined number of the trunks, such as 
one or two of the trunks, for example, are busy. 

It is a further object of this invention to set 
the re-route signal in response to the action of 
the selector switches as they reach a predeter 
mined terminal near the top of the trunk group 
contacted by the selector switch. 
Another object of this invention is to auto 

matically set the re-routing signal as required 
and to release it automatically upon the release 
of the previously busy trunks. This object may 
be accomplished by the action of a test circuit 
common to One or more trunk groups, the test 
circuit being arranged to test the trunks of each 
of the groups in regular order and to control 
the re-route signal for each such trunk group. 
Thus, the test circuit may operate to complete 
calls by means of the original route, or it may 
re-route these calls, all of which may be con 
trolled by the information reaching the common 
test circuit. The use of a test circuit common 
to a plurality of trunks or trunk groups will ma 
terially reduce the amount of equipment.hereto 
fore required for re-routing calls. 
Another object of this invention is to provide 

a common test circuit for testing different parts 
of the trunk group at different times, then to 
record the results of such tests and thereafter 
to set the re-route signal in accordance with the 
cumulative results of the tests of all of the parts 
of the trunk group. 
Another object of this invention is to provide 

arrangements for transmitting calls through dif 
ferent tandem centers so that calls which would 
be normally routed over a trunk to any one of 
such tandem centers may be transmitted over 
trunks to other of such centers whenever traffic 
conditions Warrant such a change in routing. 
The apparatus of the invention is designed 

to set the re-route signal or to restore the con 
ditions to normal when calls for a particular 
trunk group are in progress in the decoders 
without interference with such calls, The apa 

route succeeding calls should be delayed until 55 paratus is arranged to effect a change in the 
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ten in number. The sequence switch SQ will 
cause the relay I of the selector switch SS to 
become Operated at certain intervals to cause the 
mechanism to hunt past busy sleeve terminals 
Such as So . . . S5. Upon reaching a grounded 
sleeve terminal such, for example, as S5 of a busy 
trunk, the relay L (previously operated by the 
closing of the sequence switch SQ) will be held 
operated over a holding circuit established 
through its right armature and make contact 
and extending to ground at the sleeve terminal 
S5. As the relay T. becomes operated and held 
operated, it completes a circuit through its left 
armature and make contact to energize the up 
drive magnet UP, causing the up-drive of the 
selector SWitch SS to continue past the grounded 
sleeve terminal in question. When a sleeve ter 
minal is reached which does not have ground con 
nected thereto such as Ss, for example, the relay 
L will release, thereby causing the up-drive mech 
anism of the selector Switch SS to stop. When 
this happens the brushes of the selector Will be 
centered upon the trunk terminals in a Well 
known manner to advance the calling party's 
line through the the available or idle trunk. 
In the present arrangement of the invention a 

predetermined terminal such as AA of the group 
of terminals AT has been set aside for operating 
the re-route mechanism. Terminal AA is not 
connected to a trunk. When the selector Switch 
SS in moving upward in search of an ungrounded 
sleeve terminal reaches the terminal AA, a cir 
cuit is completed from battery through the wind 
ing of relay L, the make contact of its right ar 
mature, the sleeve contact of terminal AA, then 
over the upper winding of relay AR to ground. 
Relay AR is the re-route relay of the trunk group 
AT. It is a fast operating relay and its upper 
winding is of low resistance. The ground Con 
nected to its upper winding acts as a busy con 
dition to the hunting selector switch SS and 
it holds the relay I operated so as to continue 
the up-drive past the terminal AA. Although 
the up-drive continues past terminal AA, the re 
lay AR, and relay I, which are connected in Se 
ries, are both operated. The hunting selector 
SS will proceed to seize the next upper trunk 
associated. With the sleeve such as S7 to con 
plete the connection from the calling party's set 
SB to the called office, provided sleeve Si is un 
grounded. After relay AR is operated, it is locked 
in its operated position over a circuit Which in 
cludes battery, the lower winding of relay AR, 
the make contact of armature L1 of relay AR, 
the normal contacts associated with armature T1 : 
of relay CIo and ground. Relay AR also applies 
ground at its armature L2 to a start lead ST 
which is connected to the aSSociated Common 
test circuit shown in Fig. 2, the purpose of which 
will be described later. The relay AR also trans 
fers the code leads , 2 and 3 of three de 
coders (not shown) from the normal route re 
lays connected to conductors 4, 5 and 6 which 
are in turn connected to the back contacts of 
the upper armatures T1, T2 and T3, respectively, 
to the alternate route relays of the three de 
coders connected to conductors 7, 8 and 9, re 
spectively, the latter relays being associated with 
the alternate route trunk group. This will be 
further described with regard to Fig. 3. Thus, 
when relay AR is unoperated, calls Will be di 
rected to the normally associated trunk group, 
but when relay AR becomes operated, these calls 
will be transferred to the trunk group for the 
alternate route, 
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6 
Terminal AA of the trunk group AT preferably 

should be so located that there will be one ter 
minal above it for completing the call which 
may have caused the operation of the re-route 
relay AR. If desired two or more working ter 
minals may be positioned above terminal AA of 
group AT for completing calls which may have 
already been routed to this trunk group but have 
not reached it at the time when relay AR, Operates. 
The number of the additional terminals appear 
ing above terminal AA will depend on the prob 
ability of calls being initiated during the 
critical interval just before relay AR operates. 
If desired, two terminals. Such as AA may be 
Connected in parallel for causing the operation 
of relay AR should relay AR not be sufficiently 
fast to operate as the selector switch SS passes 
but one such terminal. When relay AR becomes 
Operated, it will remain operated to cause the re 
routing of calls in the associated decoders but 
relay AR will be released by the common test cir 
cuit of Fig. 2 whenever trunks become available 
again for such calls, as will be explained here 
after. The common test circuit of Fig. 2 is ar 
ranged to test the several trunks of group AT 
at One time. The common test circuit may be 
arranged to function only when the relay AR is 
Operated, or it may be arranged to operate con 
tinuously whether or not relay AR is operated, 
or it may make busy tests at predetermined inter 
Wals. These alternatives are controlled by keys 
BC, IC and KST of Fig. 2 and will be explained 
hereinafter. - 

ASSuming that the busy control key BC of Fig. 2. 
is operated, tests will be made to determine the 
busy conditions of the trunks of group AT, but 
these tests will be initiated only after relay AR 
operates, and the tests will be stopped as soon as 
the relay AR releases as will now be shown. Upon 
the operation of relay AR and the connection of 
ground at its armature 2 to the start lead ST, 
a path will be completed to energize the wind 
ingS of relays STA and CIo, this path including 
the grounded start lead ST, the contacts of key 
BC, conductor 2, the armature T2 of relay RL 
On its back contact, the winding of relay STA 
to battery and ground. In parallel with the Wind 
ing of relay STA there is the circuit including 
the feed brush FB1 of one arc of a rotary selector, 
the main brush MB1 of the same arc of the 
rotary Selector, terminal 3 of the rotary Selector 
upon which its main brush MB. Inay be assumed 
to be resting, conductor LD0, the winding of relay 
CIo, battery and ground. The ground connected 
to conductor 2 in the manner above described 
is also closed through the armature T2 of relay 
RL, to the upper winding of relay PT and battery. 
Conductor 2 is also connected through the arma 
ture L2 of relay STA and its back contact to 
the lower winding of relay PT and battery. Re 
lay PT is employed in this circuit together with 
condenser K and resistances R. and R1 in Order 
to introduce a time interval in the operation of 
the connected circuit arrangement. With ground 
connected to both of its windings as above, the 
magnetic effect of the lower winding of relay PT 
is stronger than that of its upper Winding and 
the relay is consequently set on its back contact. 
A parallel circuit will be provided also from the 
grcunded conductor ST through key BC, con 
ductor 2, the armature 1 of relay RL and its 
back contact, the stepping magnet SM of the 
rotary selector, battery and ground. Although 
the stepping magnet SM is energized at this time, 
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it will not step the rotary Selector to its next 
contact until the stepping magnet becomes re 
leased. The energization of the Windings of re 
lays STA and CIo will cause the relay CIO to be 
come immediately operated, but due to the slow 
operate property of relay STA, this relay will re 
main released for a brief interval Sufficient to in 
sure that relay PT will be propertly positioned 
on its back contact. 
The operation of relay CIo will transfer the 

locking path of relay AR previously completed 
through the normal contacts aSSociated with 
armature T1 of relay CIO to lead 32 which is con 
nected to ground through the back contact of 
armature L1 of relay RLA and the normal con 
tacts associated with the armature T? of relay 
RL. Thus, relay AR will be held operated as 
long as both relays RLA and RL remain un 
operated. Relay CIO also connects the sleeves 
So to S9 of the various trunks of trunk group 
AT through the corresponding make contactS and 
armatures of relay CIO to the windings of relays 
Po to P9, respectively, the windings of each of 
the latter relays being also connected to ground 
through a battery. The latter circuits intercon 
necting the sleeves of the trunks to the Windings 
of relays Po to Pg are shown Only Schematically 
by a dotted line 3. It will be understood that 
sleeve S9 will be connected by one make contact 
of relay CIO to the winding of relay P9, that sleeve 
S8 will likewise be connected through another 
make contact of relay CI0 to the Winding Of Irelay 
Pa, and so on for all other sleeve contacts of 
the trunk group AT. Thus, the operation of re 
lay CIo will connect the various trunk sleeve 
terminals to the windings of the separate relays 
Po to Pg which are part of the common test cir 
cuit for testing the busy conditions of the trunks 
aSSociated with those sleeve terminals. Inasmuch 
as each busy trunk has ground connected to its 
sleeve terminal, the corresponding relays of the 
group Po to Pg will become operated while relays 
Of the group Po to Pg connected to idle trunks 
Will be released. 
The several relays Po to P9 have windings which 

are of high resistance so that the hunting selector 
OS may test the various sleeve terminals in the 
manner already described without any inter 
ference arising from the connection of the wind 
ings of these relays Po to Pg to these sleeve 
terminals. Hence, the connection of the winding 
of any relay, such as P9, to the sleeve terminal 
S9 through the corresponding armature and make 
contact of relay CIo will not interfere with the 
action of Selector switch SS and relay L in de 
tecting the absence of ground on the terminal 
S9 when the associated trunk is idle. Each of 
the relays Po to Pg has but one armature which 
is employed to control a corresponding relay of 
the group TTo to TTg. Thus, the several relays 
Po to P9 control the operation of the correspond 
ing relays TTo to TT9 which are also part of 
the common test circuit. 

It Will be observed that When a sleeve contact 
such as S5 is found grounded due to the busy 
condition of the associated trunk, the corre 
sponding relay P5 will become operated, and 
relay P5 in turn Will operate relay TT5. Con 
sequently, the various relays of group TTo to 
TTo Will be operated or released depending upon 
whether or not the corresponding sleeve contacts 
of the trunk group AT are grounded or un 
grounded. If there are ten trunks in the group 
and if all of the sleeve contacts So to S9 are 
grounded, for example, all of the relays Po to P9 
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8 
will be operated as well as the corresponding 
relays TTo to TTg. If all of the sleeve contacts, 
except sleeve S8 for example, are grounded, then 
relays Ps and TT3 will be the only unoperated 
relays of the two groups of relays Po to P9 and 
TTo to TT9 controlled by the sleeves So to Sg. If 
there should be less than ten trunks in the group, 
the contacts of relay CIo which are not associ 
ated with trunks are connected to ground so that 
the corresponding P and TT relays will be oper 
ated in the same manner as for busy trunks. 
In the present instance the contact of relay CIo 
corresponding to terminal AA of group AT will 
be so wired, causing relays P6 and TT6 to be op 
erated. 
Although the Winding of relay STA is con 

nected in parallel with the winding of relay CIo 
as already shown, relay STA is slow in operat 
ing to insure that relay PT has ample time to 
close its back contact as hereinbefore described. 
After this interval of time has elapsed, relay STA 
operates and disconnects ground from the lower 
winding of relay PT by the opening of the cir 
cuit through its armature L2 and associated back 
contact. This allows condenser K to become 
charged in a circuit extending from battery, 
through the lower winding of relay PT to ground. 
As this charge is taking place, the magnetic ef 
fect of the lower winding of relay PT is gradu 
ally reduced. When the effect of the lower wind 
ing is reduced to less than that of the upper wind 
ing, the relayPT operates. 

Relay PT in operating causes relay RLA to 
Operate in a circuit from the previously men 
tioned ground already connected to conductor 
2, through armature T2 of relay RL and its 
back contact, armature L1 of relay STA and its 
front contact, the armature and front contact of 
relay PT, the winding of relay RLA, battery and 
ground. The delay introduced in the operation 
Of relay RLA by means of the condenser timing 
arrangement described above is sufficient to al 
low relays CIo, P0 to Pg and TTo to TTg to be fully 
Operated. Relay RLA in operating provides a 
ground at the make contact of its armature T2 
over conductor 24 and through the armature T2 
and back contact of relay RL, armature L1 and 
the corresponding front contact of relay STA 
and the armature and front contact of relay PT 
to lock the relay RIA in its operated position. 
This locking path to ground will also hold relays 
STA, PT and CIIo and the stepping magnet SM 
Operated. Furthermore, the operation of relay 
RELA will cause the energization of the winding 
of relay RL over a circuit which includes the ar 
mature Ti of relay RLA and its make contact, 
conductor 25, the winding of relay RL, battery 
and ground. Relay RL is of the slow operating 
type and, therefore, Will not respond immediately 
after relay RTA becomes operated. The opera 
tion of relay RIA also opens a path at the nor 
mally made contacts associated with its arma 
ture L1 which previously extended to the winding 
of relay AR, Over lead 32 and the armature T1 
and make contact of relay CIo. The opening 
of this path will serve to release the relay AR 
which controls the alternate route control circuit 
if the relay AR is operated, provided the results 
of the tests to be described indicate that the 
associated route has again become available. 
The operation of relay RIA also connects ground 
at the normal contacts of armature T1 of relay 
RL through its own armature L1 and make con 
tact, through the lower armature of relay Q1 
and its back contact, through the lower armature 





2,421,919 
11 

next terminal 4. The reason for operating the 
rotary selector will be explained hereinafter. The 
release CIo also closes the locking path for relay 
AR previously established, if relay AR is Operated 
at this time, through the armature L1 of relay 
AR and its make contact and the normal con 
tacts associated with armature T1 of relay CIO. 
The release of relay Co also disconnects the 
sleeve contacts So to S9 of the trunk group AT 
from the corresponding windings of relays Po to 
P9 and the release of the latter relays Will in turn 
release the corresponding relays TTo to TT9. The 
release of relay RTA will remove the supplemen 
tary ground previously connected by its armature 
T2 to the start lead ST through the path of arma 
ture T2 of relay RLA, conductors 24 and 2 and 
key BC. The release of relay REA also releases 
relay RI by opening the circuit to its winding at 
the make contact of the armature T? 0f rekay 
RLA. Both relays RL and RLA are slow to re 
lease, however, so as to permit all elements of the 
common test circuit to be returned to normal be 
fore another test of the trunks of the group AT is 
initiated. 
The arrangement of this invention may be emi 

ployed for testing a group of trunks of any size. 
For example, 30 trunks (only some of which are 
shown) may be arranged in three groups, Such as 
AT, BT and CT, and three relays, such as CEO, CII 
and CI2, may be employed for separately connect 
ing the sleeves of one of the three trunk groups 
AT, BT and CT respectively, to the windings of the 
relays Po to P9. Only one re-route relay such as 
AR will be associated with the three cut-in relays 
CEO, CII and CE2, and the lower armattire Li of 
relay AR will be connected to normal contacts of 
the relay CIo in the manner already considered 
for a group of ten trunks. The terminals 1,2 and 
3 associated with the main brush MBI may be 
Wired through leads LD2, LD1 and LDo to the 
windings of the relays CE2 CI1 and Co, respec 
tively, as shown. Assuming also that the alter 
nate route is to be made available when but two 
of the trunks of the three groups are idle, then 
conductors FF, AA and DPD will be positioned on 
terminals , 2 and 3 associated with the main 
brush. MB3 of the rotary selector. All of the 
main brushes MB, MB2 and MB3 may be con 
sidered to be pesitioned on terminal at the be 
ginning of a test of such a series of three trunk 
groups. It is noted, however, that the main brush 
MB3 is of the bridging type, being adapted to close 
one of its terminal before it is completely discon 
nected from a pervieus terminal. The other 
main brushes MEB1 and MB2 are of the hon-bridg 
ing type. 
When the selector switch SS of the office selec 

tor OS moves upward in hunting for an un 
grounded sleeve terminal, it will cause the relay 
AR to become operated as soon as it reaches the 
predetermined terminal AA, as already described. 
Ground at the armature 2 of relay AR will be 
applied to the start lead ST and will complete a 
circuit to operate relay CI2, this circuit including 
in addition to the start lead ST, key BC, condue 
tor 2, the armature T2 and back contact of relay 
RL, the brushes FBI and MB of the rotary selec 
tor and the associated terminal f, lead LD2, the 
winding of relay CI2, battery and ground. The 
relay C2 will now connect the sleeves So to S9 of 
the trunk group CT to the windings of the relays 
Po to Ps, respectively, over circuits similar to those 
generally designated 3 and the relays Po to Pg 
will then control the corresponding relays TTo 
to TT9 as already described. Relays STA and 
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12 
PT will operate and cause the operation of relay 
REA as before. Upon the operation of re 
lay STA, relay AD will become operated over a 
circuit which includes battery, the winding of 
relay AD, conductor 36, the make contact and 
armature U3 of relay STA, conductor FF, ter 
minal and brushes. MB3 and FB3 of the rotary 
selector and ground. The relay AD will be en 
ployed to control the relays W1, W2 and W3 and 
relays Q1, Q2 and Q3 for counting the number 
of idle trunks in the trunk groups to be tested, 

If One of the trunks of the group CT is found 
idle, the conductor BO will be grounded by the re 
laySTTo to TTg in the manner already described, 
and this grounded conductor will be connected 
through the contacts of relay AD to the wind 
ing of relay W1 for operating the latter relay. 
The operating circuit for relay V will include the 
grounded conductor BO, the upper armature and 
back-contact of relay TB, the upper armature and 
back contact of relay OT, the armature U2 and 
make contact of relay AD, the upper armature and 
back contact of relay Qi, the winding of relay 
W1, battery and ground. With relay RL, released, 
relay Q1 will be short-circuited by the contaets 
of relay W1. That is, ground will be connected 
to the lower terminal of relay Q1 over a circuit 
which includes the make contact and armature 
of relay W1, the back contact and armature U. 
of relay Q2, the back contact and upper arma 
ture of relay Q3, the make contact and armature 
L2 of relay AD, and ground; and ground wil like 
wise be connected to the upper terminal of the 
Winding of relay Qi over a circuit which includes 
the upper armature and back contact of relay 
Q1, the make contact and armature U of relay 
AD, the back contact and upper armature of 
relay OT, the back contact and upper armature 
of relay FB to the grounded conductor BO. 
However, when relay RL becomes operated in re 
Sponse to the operation of relay RILA, as al 
ready pointed out, the ground on conductor BO 
will be removed from the make-before-break con 
tact of relay RL and hence relay Qi will be oper 
ated. The operating circuit for relay Q1 may be 
considered to include battery, the windings of 
relays V1 and Q1, the make contact and arma 
ture of relay W1, the back contact and armature 
U1 of relay Q2, the back contact and upper arma 
ture of relay Q3, the make contact and armature 
L2 of relay AE) and ground. Thus, both of the 
counting relays V1 and Qi will be operated in re 
Sponse to ground applied to the conductor BO by 
the testing relays TTo and TT9. 
Should the testing relays TTo to TT apply 

ground to the conductor CO instead of conduc 
tor BO, as would be the case, for example, if two 
of the trunks of the group CT are found idle, the 
relay V2 will then be operated over a circuit, which 
includes battery, the winding of relay V2, the 
arnature U2 and back contact of relay Q2, the 
make contact and armature U1 of relay AD, the 
back contact and armature Li of relay OT, the 
back contact and armature L1 of relay TB to the 
grounded conductor CO. The winding of relay 
Q2 will also be short-circuited by the contacts 
of relay W2, but this short circuit will be re 
moved upon the operation of relay RL to cause 
the relay Q2 to be operated. Thus, the relays 
W2 and Q2 of the counting circuit will be oper 
ated in response to the application of ground to 
the conductor CO. 
Should ground be applied to the conductor DO 

by the testing relays To to TT9 by virtue of 
the idleness of three or more of the trunks of 
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* the group CT, relay. We will become operated and 
thereby short-circuit the winding of relay Q3. 
Relay Q3:... will also become operated upon...the 

... operation of relay R.L. 
While the main brushes.MB1, MB2 and MB3. 

... are positioned on their respective first terminals 
designated , the relay AR cannot be operated if 
it is released, because lead .30-which extends to 
the lower winding of relay: AR-is on terminal 3 
of the rotary... selector: and terminali li is open. 

r.For this reason, if ground should be applied 
.to conductor AO at this time due to all trunks 

... of group CT. being found busy, this ground has 

...no. effect. Similarly, relay AR cannot be re 
leased if it is. operated at this time because its 
locking path is controlled by the make-before 

C. break contacts of relay CIo and the latter relay 
has not yet been operated. The relay. AR can 

"...be controlled , only ... when the rotary selector 
- reaches-terminal 3, as will be explained herein 
after. 
3.The counting relaySW1, W2 and V3 and Q1, Q2 

... and Q3 are employed to store the results of the 
... tests, made. On the O trunks of the group CT 
so that these results may be added to the results 

... subsequently, obtained by tests on the other trunk 
... groups BT. and AT for determining whether Or 
not the re-route relay: AR is to be operated or 

... released after the testing cycle has been Con 
pleted. 

Letit be assumed that in testing the trunks of 
the group CT only one trunk is found idle, there 
by causing the operation of relays W1 and Q1. 
The operation of relay. RL will break the circuit 

- of the stepping magnet SM, thereby advancing 
the main brushes : MBI, MB2 and . MB3 of the 
rotary selector to their next terminal designated 

"i 2. si Moreover, relays RILA, STA, PT, CT2 and RT 
... will be released in the manner already described. 
... As the main-brush. MB3 reaches its terminal 2, 
it will hold relay AD operated over a circuit which 

is includes battery, the winding of relay - AD, the 
- conductor. AA, -terminal 2 and the brushes. MB3 
is and FB3 - of the rotary selector and ground. By 
is holding-relay AD operated the counting relays 
V1 and Q1 will be held operated while the next 

a group of trunk terminals BT are tested. The re 
lay Qi will transfer the ground at the make 
before-break contacts of relay RI to the arma 

- -ture U1 of relay TTg over a circuit. Which in 
-cludes the armature I1 of relay RLA and its 
- make contact; and the lower armature and make 
- contact of relay Q. This has the effect of in 
creasing by one the number of trunks to be 
found idle in group BT. 
'With the main brushes of the rotary selector 

on their terminals designated 2, the relay CI1 
will become operated over a circuit which in 
cludes ground at the armature 2 of relay AR, 

- the start lead ST, the key BC, conductor 2, the 
armature T2 and back contact of relay RT, 
brushes FB1 and MB1 and terminal 2 of the ro 
tary selector, conductor LD1, the winding of re 
lay CI1, battery and ground. Relay CI1 will con 
nect the sleeve terminals of the trunks of the 
group BT to the windings of relay Po to P9, re 
spectively, which in turn will control the relays 
TToto TTg for testing these various sleeve ter 
minals in the manner already described. Should 
one of the trunks now be found idle, after let us 

s' say only one trunk was found idle in the previ 
rous trunk group CT, the ground applied to the 
i.lower armature of relay. Q1 by the operation of 
... relay REA, will be closed through make contacts 
of relay Qi to armature U1 of relay. TT9 and then 

14 
...to conductor CO. The application. of ground to 
conductor CO will cause relay V2 to operate over 

ra, "circuit. similar to that previously traced. Re 
lay:Q2 will likewise become. operated after relay 
RL releases. It seems hardly necessary to state 
that if, a second sleeve-terminal. Were also found 
grounded in the trunk group BT, the relays. W3 

... and Q3. Would become operated due to ground be 

15 

- sing applied to the conductor DO, but this situa 
IO 

: Irelay. Q2. Will open the circuit. to the windings of 
relays Vi and Q1, releasing them, and in a similar 
manner if relay. Q3 should be operated instead of 

tion Will be passed at this time. The operation of 

Q2, it Would open the circuit either, to relaySW1 
- and Q1 or W2 and Q2, releasing either pair of these 
"-relays that may have been operated, depending 

... 20 

25 

... upon the number of trunkspreviously found idle. 
Upon the operation of relay RL at the end of 

the test, the stepping magnet SM will become 
deemergized, thereby advancing the main brushes 
of-the-rotary Selector to their next terminal-des 
signated 3. -i he ground from lead ST closed to 
the feeder brush FBI will then be applied through 

- lead IDO to the winding of relay CIo, thereby op 
erating this relay. Accordingly, the sleeve ter 
minals of the trunk group AT will now be con 

- nected to the windings of relays Po to Pg in the 
manner already described for testing this group 
of trunks. The Sequence of events occurring 
upon the operation of relay CIo have already been 

- outlined and need not be repeated. If relay Q2 
is operated, however, the ground from the back 

- contact associated with armature T? of relay RL, 
through operated contacts L1 of relay R.L.A, is 

35 closed through the loWer armature andback cOn 
tact of relay Q1, loWer armature and make con 

40 

tact of relay Q2, to the armature Ll of relay TT9. 
This has the effect of increasing by two the num 
ber of trunks to be found idle in group AT. If 
relay Q3 is operated, due to three or more trunks 
having previously been found idle, the circuit 
described above is disconnected from relay TTg, 
so that relay AR cannot be operated, regardless 
of the number of trunks found idle in group AT. 
Upon reaching terminal 3, the relay TB will 

become operated over a circuit which includes 
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battery, the winding of relay AD, the lower wind 
ing of relay TB, conductor DD, terminal 3, and 
the brushes MB3 and FB3 of the rotary selector 
and ground. This circuit includes the winding 
of relay AD and, therefore, relay AD is held op. 
erated While the main brushes are on their ter 
minal 3. "Consequently, the previously operated 
counting relays Will be held operated. 
With relay TB operated the re-route relay AR 

Will be energized if it has become deemergized, 
or will be held operated if it is already operated 
and if the alternate route is to be cut in when 
not more than tWO trunks of the three groups 
AT, BT and CT have been found idle. In this 

- connection it...is observed that the make contact 
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of the armature L1 of the relay TB is wired to the 
feeder brush FB2 and thence through lead 30 to 
the lower winding of relay AR. In a similar 
manner, relay AR Will be operated or held if 
only One trunk in the three groups should be 
found ide, by closure from conductor BO through 
the upper armature and make contact at relay 
IB to the feederbrush FB2. 
Were: it desired to cut the re-route path into 

the system, upon the location of but one idle 
trunk, the conductor BB Would replace the con 
'ductor DD at terminal 3 associated with the main 

... brush. MB3. With conductor BB on terminal: 3, 
the relay OT will be operated instead of the re 
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lay TB, the operating circuit for relay OT in 
cluding battery, the winding of relay AD, the 
lower winding of relay OT, conductor BB, termi 
nal 3 and the associated brushes MB3 and FB3 
of the rotary selector and ground. Under these 
conditions the grounding of conductor BO, in 
response to the location of a single idle trunk 
in any of the various trunk groups AT, BT or 
CT, will be transferred through the upper arma 
ture and make contact of relay OT, over conduc 
tor 3 and through the brushes FB2 and MB2 to 
lead 30 and to the lower winding of relay AR. In 
either of the above cases, if all of the trunks in 
groups CT, BT and AT are found busy, ground 
will be connected to conductor AO which will 
cause the relay AR to be operated or held oper 
ated as hereinbefore described, Without regard to 
relays TB or OT. 
On the other hand, if the alternate route path 

is to be cut into the System Only When all trunks 
are found busy, conductor GG will be positioned 
on the terminal 3 associated with the main brush 
MB3 of the rotary selector. Ground applied 
through brushes FB3 and MB3 to conductor GG 
will hold any of the counting relays operated, 
but relay AD will be released. The System is, 
therefore, flexible and may be made to respond 
to any desired or predetermined condition in the 
trunks of a large group. 
Upon the operation of relay AR or its release 

at the end of the test of the three groups Of 
trunks CT, BT and AT, the re-routing path may 
be cut in or omitted as determined by the testing 
apparatus. However, When relay RT Operates 
at the end of the test, the stepping magnet SM 
will again be released to advance the main 
brushes MB1, MB2 and MB3 to their next ter 
minal designated 4. When this happens the 
relays OT or TB will be released if either of these 
relays has been Operated under the separate COn 
ditions already referred to, and relay AD will 
also be released if it is operated. Likewise, all 
of the counting relays will be released upon the 
release of relay AD, or upon the removal of 
ground from conductor GG. If three or more 
trunks are found idle during the test of any group 
of trunks, such as CT, or on a cumulative basis 
during successive tests over all of the three groups 
CT, BT and AT, in consequence of which count 
ing relays W3 and Q3 have become operated, the 
relay AR will become released and the regular 
route will therefore be employed for Subsequent 
calls through the system. Should it be desired 
to use the alternate route for these trunk groupS 
when three or more trunks are found idle, it will 
be understood that additional counting relays 
and appropriate wiring may be added to the SyS 
tem for this purpose. 
The other terminals 4, 5, 6, etc., of the rotary 

selector switch may be wired to additional cut-in 
relays such as CI10, CI20, etc., and corresponding 
re-route relays such as AR10, AR20, etc., in ac 
cordance with the principles already Outlined 
with respect to a group of trunks such as CT. 
One route relay and one cut-in relay may be 
associated with each trunk group. As the main 
rushes of the rotary switch are moved from 

terminal to terminal, the trunks of a trunk group 
such as DT associated with another of the cut-in 
relays, such as CI10, will be tested and the re 
route path controlled by the re-route relay, such 
as AR.10, may be added or omitted as determined 
by the testing apparatus. Further description 
along these lines would be merely repetitious and 
has, therefore, been omitted, 
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16 
The rotary selector is arranged to pass by 

spare terminals which are not required for ac 
tuating alternate route control circuits. When 
such a terminal is reached, relays STA and PT 
operate as before, thereby causing relay RLA to 
become operated and in turn cause the relay R.L. 
to become operated. The operation of the relay 
RI, will, of course, release the stepping magnet 
and advance the main bushes of the rotary Se 
lector beyond any Such spare terminal. 
To allow the common test circuit to make con 

tinuous tests regardless of whether or not any 
associated trunk group is busy, the keys BC and 
IC will be left unoperated and key KST will be 
operated. In that case the operation of relay 
AR, upon contact with terminal AA of Fig. 1 is 
not required and the wiring for such Operation 
may be omitted. 

If it is desired to make tests at periodic in 
tervals, the interrupter control key IC will be 
operated. An interrupter INT is shown con 
nected through contacts 50 of the key IC and 
through the upper winding of relay I to battery 
and ground. Hence relay I will be operated at the 
intervals determined by the interrupter INT. 
Upon the operation of relay I this relay Will be 
locked over a locking circuit provided by its lower 
winding, contacts 5 of the key IC and the make 
contact and upper armature of relay I and 
ground. Ground will also be applied to the con 
tacts associated with armatures L1 and T2 of relay 
RL over a circuit which includes the upper ar 
mature and make contact of relay I, contacts 52 
of key IC, the normal contacts of key BC and con 
ductor 2. The conductor III Will be wired to 
any particular terminal associated with the brush 
MB3 of the rotary selector. With relay I op 
erated, the tests will be made and repeated at the 
intervals determined by the interrupter INT for 
all selector terminals prior to the one to which 
conductor II is connected. When the terminal 
to which conductor II is wired is reached, the 
relay I will be released. This is because ground 
is applied to the lower winding of relay I over 
a circuit, including the brushes FB3 and MB3, 
conductor II, contacts 53 of key IC and to the 
armature and lower winding of relay I, thereby 
short-circuiting the lower winding of relay I. 
The release of relay I will disconnect ground from 
the contacts associated with armatures L1 and T2 
of relay RL and replace this ground with the 
ground connected to brush FB3. The new ground 
is applied over a circuit including the brushes 
FB3 and MB3, conductor II, contacts 53 of key 
IC, lower armature and back contact of relay I, 
contacts 52 of key IC, the normal contacts of 
key BC and conductor 2 to the armatures L1 
and T2 of relay R.L. However, When the Se 
lector passes the terminals to which conductor 
II is connected, this ground is disconnected and 
therefore no further tests will be made until the 
interrupter again causes the relay I to be re 
operated. 

Fig. 3 illustrates a modification of certain of 
the apparatus of each decoder circuit of the tele 
phone system to permit the setting and restor 
ing of the normal and alternate routes at any 
time without causing interference with calls al 
ready in progress. Here the two route relays 
designated RR1 and RR2 are shown which, when 
operated, establish the normal routes for calls. 
One of these relays, Such as RR1, Would be as 
sociated with the re-route relay AR of Fig. 1, 
and the other would be associated with a similar 
re-route relay, such as AR.10, for example. The 
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conductors 13 and 16 of Fig. 1 are shown con 
nected to the code point CP1 and one terminal 
of the winding of the relay RR1, respectively. 
The other code point CP2 and one terminal of 
the Winding of relay RR2 are likewise connected 
to contacts of their associated re-route relay. 
These relays RR1 and RR2 are connected in par 
allel with respect to the winding of a relay GS1 
So that relay GS1 will be operated if either of 
the relays RR1 or RR2 becomes operated. In 
other words, if the relay AR of Fig. 1, for exam 
ple, is released, the relay. RR1 will be operated 
to establish normal routing for the calls re 
ceived by the trunk group associated with relay. 
AR, and the relay GSi will also be operated. 
However, when the relay AR becomes operated, 
relays RR1 and GS1 will both be released. ; :? 

Fig. 3 also shows the conductor 9 associated 
With relay AR of Fig. 1 connected in series with 
the winding of an alternate route relay RP and 
another relay. GS2 which is similar to relay GS1. 
Relays RP and GS2 Will be operated only when 
the corresponding re-route relay AR has been op 
erated. It is to be noted that both relays GS1 
and GS2 are of the slow-release type. Conse 
quently, upon the operation of relay AR, the re 
lay GS1 will remain operated for a predeter 
mined time intervalso that both relays GS1 and 
GS2 will simultaneously hold their back contacts 
open, Hence, the connection of ground at the 
armature of relay GS2 to the point RLX will 
be interrupted for the time during which it takes 
relay GS1 to become fully released. The termi 
mal RLX is connected in the ground supply cir 
cuit Which is part of the apparatus for advanc 
ing the sender " (not shown). Thus , the opera 
tion of the sender will be delayed and this will 
allow sufficient time for the route relay RRi to 
release, and in turn to release any relays which 
it may have operated for routing the call to the 
normal trunk group. However, upon the re 
lease of the relay GSi calls will be routed under 
control of the re-route relay RP. ? - 
While this invention has been shown and de 

scribed in certain particular embodiments mere 

18. 
termined number of said testing relays are si 
multaneously operated. 

3. In a telephone system, the combination of 
? plurality of trunks each having a sleeve ter 
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minal, said trunks being divided into separate 
groups, a plurality of testing relays each of which 
corresponds to one of the trunks of a group, an 
intermediate relay having a plurality of contacts 
each of which connects the sleeve terminal of 
one of said trunks to the Winding of the corre 
Sponding testing relay, a re-route relay, means 
controlled by said testing relays for registering 
the number of trunks that are idle in all of Said 
groups, and means controlled by said registering 
imeans for operating said re-route relay When 
the number of idle trunks is below a predeter 
mined number. 

4. In a telephone system, the combination of 
a plurality of trunk sleeve terminals correspond 
ing to different i telephone trunkS, a Selector 
adapted to hunt successively over Said sleeve 
terminals to locate an ungrounded terminal, a 
re-route relay connected to a predetermined One 
of said sleeve terminals, said re-route relay being 
operated when said predetermined sleeve termi 
nal is reached by said Selector, means responsive 
to the operation of said re-route relay to Simul 
taneously test all of said sleeve terminals to de 
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ly for the purpose of illustration, it will be under 
stood that the general principles of this inven 
tion may be applied to other and widely varied 
organizations without departing from the spirit 
of the invention and the scope of the appended 
claims. 
What is claimed is: 

50 

1. In a telephone system, the combination of 
a plurality of trunks over which calls may be 
transmitted, a plurality of testing relays each 
corresponding to one of said trunks, means for 
simultaneously connecting said testing relays to 
the corresponding trunks, each testing relay be 
ing energized when its corresponding trunk be-, 
comes busy, a, re-route relay, and means con 60 
necting said re-route relay to said testing relays 
to operate said re-route relay when a predeter 
mined number of said trunks become simultane 
Ously busy. 

2. In a telephone system, the combination of 
a plurality of trunks each having a sleeve ter 
minal, a plurality of testing relays each corre 
ponding to one of said trunks, an intermediate 
relay having a plurality of contacts each of which 
interconnects the sleeve terminal of one of Said 
trunks - With the Winding of the Corresponding 
testing, relay, a re-route relay, and means for 
connecting said re-route relay to said testing re 
lays to operate said re-route relay when a prede 

termine whether said sleeve terminals are 
grounded or ungrounded, and means for . Operat 
ing said re-route relay when a predetermined 
number of said sleeve terminals are grounded and 
for releasing said re-route relay when less than 
said predetermined number of said sleeve termi 
nails are grounded. 

5. In a telephone system, the combination of a 
plurality of trunk sleeve terminals corresponding 
to different trunks, said sleeve terminals being 
arranged in separate groups, a Selector adapted 
to hunt successively. Over Said sleeve terminals, a 
re-route relay connected to a predetermined one 
of said sleeve terminals and being operated. When 
said predetermined sleeve terminal is reached 
by said selector, means controlled by said re 
route relay to separately test all of the sleeve 
terminals in the various groups in succession and 
to register the number of ungrounded sleeve 
terminals detected, and means for operating said 
re-route relay When the number of sleeve termi 
nals found ungrounded is less than a predeter 
mined number and for releasing said re-route 
relay when the number of ungrounded sleeve ter 
minals equals or exceeds said predetermined 
number. 

6. In a telephone system, the combination of 
a plurality of trunks arranged in groups, a test 
ing circuit which may be connected to all of the 
trunks in any one group at one time, said testing 
circuit being capable of simultaneously testing 
all of the trunks in each group to determine the 
number of idle trunks in the group, means for 
successively connecting said testing circuit to said 
groups of trunks, and means for additively indi 
cating the number of idle trunks in all of said 
groups of trunkS. 

7. In a telephone system, the combination of 
a plurality of trunks arranged in groups, test 
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ing apparatus which may be connected to all of 
the trunks in any one group at one time, said 
testing apparatus serving for simultaneously . 
testing all of the trunks of any one group to de 
termine the number of idle trunks in the group, 
said testing apparatus including means for pre 
venting interference with service over said trunks 
of the group while they are being tested, and 
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means for additively, indicating, the number of 
idle trunks in all of said groups. 8. In a telephone system, the combination of a 
plurality of trunks arranged in groups, testing. 
apparatus for simultaneously testing all of the 
trunks in any one group to determine the number 
of idle, trunks in the group, said testing appara 
tus including means for preventing interference 
with service over said trunks of the group while 
they are being tested, means for additively indi 
cating the number of idle trunks, in all of Said. 
groups, and routing means, controlled: by the 
number of idle trunkS. in all of Said groups. 
9. In a telephone system, the combination of a 

plurality of trunks, which may be transmitting 
telephone messages simultaneously, testing ap 
paratus for simultaneously testing all of said, 
trunks to determine the number of idle trunks 
without interfering with service over said trunks, 
means for momentarily applying said testing cir 
cuit to all of said trunks, said testing apparatus 
including a plurality of relays each having a 
winding of. large impedance which is connected 
to one of said trunks, and routing. means. 1respon 
sive to the number of idle trunks to control the 
routing of calls involving, said trunks. 

10. In , a telephone system, the combination of 
a plurality of trunks...each having tip, ring and 
sleeve terminals, a, selector switch for progres 
sively, moving over said sleeve terminals and "stop 
ping. when it, reaches. an ungrounded sleeve ter 
minal; a main relay connected to a predetermined 
sleeve terminal, said main relay being operated 
when said selector switch reaches said predeter 
mined sleeve terminal, a testing. circuit for si 
multaneously, testing all of the sleeve terminals 
to determine the number, of ungrounded sleeve 
terminals, said testing circuit including a plural 
ity, of. relays. each of Which has a winding of high. 
resistance which is connected, to one of the 
sleeve terminals, said resistance being of a nag 
nitude, which will not substantially change the . 
potential of said sleeve terminal, and means, con 
trolled by said main relay to initiate the opera 
tion. Of Said testing circuit. 

11. In a telephone system, the combination of 
a plurality of trunks each having tip, ring, and 
sleeve terminals, a, selector switch for, progres 
sively, moving over said sleeve terminals and stop 
ping. When it reaches an: ungrounded sleeve ter 
minal, a laain relay. connected to, a predeter 
mined sleeve, terminal, Said main relay, being op 
erated. When said selector switch reaches said, 
predetermined sleeve terminal, a testing circuit 
for, simultaneously testing all of . the sleeve ter 
minals to determine the number, of ungrounded 
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sleeve terminals, said testing circuit including a 
plurality of relays each of which has a winding of 
high resistance. Which is connected to one of the 
sleeve. terminals, said...resistance, being of a mag 
nitude which will not substantially change the 
potential of Said sleeve terminal, and means con 
trolled by said testing circuit to hold said main 
relay. Operated when the ungrounded sleeve ter 
minals are less than a predetermined number. 
and for releasing said main relay. when said pre 
determined number of ungrounded sleeve : termi 
nals is equaled or exceeded. 

12. In a telephone system, a combination of 
a plurality of trunks arranged in groups, a test 
ing circuit capable of simultaneously-testing all 
of the trunks in anyone, group to determine the 
number of idle trunks...therein, means for suc 
cessively connecting.said testing, circuit to the dif. 
ferent groups of trunks, means-for. additively in 
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dicating...the-number. of idle trunks in all of said 
groups of trunks, and means for routing calls re 
ceived over, said trunks over their normal routes, 
when, more than a predetermined number of 
trunks-are-found idle and for changing the rout 
ing-of said calls when said predetermined number. 
or, less than said predetermined number of trunks 
are found idle.: - 

13. In a telephone system, the combination of 
a plurality, of trunks, arranged-in groups, a test 
ing circuit capable of simultaneously testing all 
of the trunks in any one group to determine the 
number of idle trunks: therein, a plurality of re 
route relays one corresponding to each group of 
trunks, means for, successively, connecting said: 
testing circuit to said groups of trunks and for 
operating the corresponding re-route relays when 
the number of... busy trunks in the respective 
groups exceeds a predetermined number: 

14. In a telephone system, the combination of:a. 
plurality of groups of trunks, a plurality of re 
route relays one associated with each group of: 
trunks, a testing circuit. capable of testing all of 
the trunks; in any one group to , determine: the: 
number of idle trunks: therein, a rotary selector 
for. Successively connecting Said testing circuit 
to the different groups of trunkS, means con 
trolled by the re-route relay, corresponding to any 
trunk group: to operate the testing circuit and 
connect it to the corresponding trunk, group, and, 
means for controlling the operating of the re 
route relay corresponding to any trunk group in 
accordance. With the number of busy trunks regis 
tered by the testing circuit at Said trunk group. 

15. In a telephone system, the combination of 
a... plurality of trunks over which calls may be 
transmitted, a plurality of testing relays each 
corresponding to one of said trunks, means for 
Simultaneously connecting said testing. relays, to 
the corresponding trunks, a battery in common 
With all of said testing relays, the windings of 
Said testing relays being of high resistanee so. 
that the potential applied to the terminals of the 
trunks will not be substantially, changed by the 
connection thereto of said testing relays, each 
testing relay being energized when its correspond 
ing trunk becomes busy, a re-route relay, and 
means for Operating said re-route relay when a 
predetermined number of said testing relays are 
Simultaneously operated. 

16. In a telephone system, the combination of 
a plurality of groups of trunks, a plurality of re 
route relayS, a plurality of cut-in relays, a testing 
circuit having a plurality of testing relays equal 
in number to the number of trunks in any one 
group, One of the re-route-relays and one of the 
cut-in relays being associated with each group 
of trunks; each cut-in relay interconnecting the 
trunks of any of he group with the corresponding 
testing relays of the testing circuit, and means 
responsive to the simultaneous operation of a 
predetermined number of testing relays con 
nected to the trunks of any one group to operate 
the corresponding re-route relay and to release 
Said re-route relay when the number of testing 
relayS. Simultaneously operated- fallis below said 
predetermined number. 

17. In a telephone system, the combination of 
a plurality of groups of trunks, a plurality of re 
route, relayS, a plurality of cut-in relays, a test 
ing. circuit having. a. plurality of. testing relays. 
equal in number to the number of trunks in any 
One : group, One re-rroute relay, and , One , cut-in 
relay being associated with each group of trunks, 
each re-route relay, controlling the routing of the 
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trunks of the associated group, a rotary selector, 
and means controlled by each re-route relay for 
stepping said rotary selector and for connecting 
the trunks of each group to the relays of Said 
testing circuit through the contacts of the cor 
responding cut-in relay, said re-route relay being 
also controlled by said testing circuit. 

18. In a telephone system, the combination of 
a plurality of groups of trunks each having a 
sleeve terminal, a plurality of re-route relays 
one corresponding to each trunk group and being 
connected to a predetermined sleeve of the trunk 
group, a selector which may be progressively 
noved over the Sleeve terminals of the trunks Of 
a group, said re-route relay being operated when 
said selector reaches the sleeve terminal to Which 
the re-route relay is connected, means controlled 
by said re-route relay for registering the num 
ber of idle trunks in the corresponding trunk 
group, and means for changing the route of 
said trunks when the registered number of idle 
tiunks is less than a predetermined number. 

i9. In a telephone system, the combination of 
a plurality of groups of trunks each having a 
sleeve terminal, a plurality of re-route relays. One 
corresponding to each trunk group and being 
connected to but one of the sleeve terminals of 
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the corresponding trunkgroup, a plurality of se 
lectors each capable of moving progressively over 
the sleeves of the corresponding trunk groups, 
each re-route relay being operated when the cor 
responding selector reaches the sleeve terminal 
to which the corresponding re-route relay is con 
nected, a testing circuit, and means controlled 
by the said re-route relays for connecting said 
testing circuit to the various trunk groups for 
determining the number of idle trunks in said 
trunk groups. 

20. A claim according to claim 14 in which 
there is additional means for changing the rout 
ing of the trunks of any group When the idle 
trunks as registered by said testing circuit is 
less than a predetermined number. 
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