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UNITED STATES PATENT of FICE 
2,291,040 

SWITCHING SYSTEM 
William H. T. Holden, Woodside, N. Y., assignor 

to Bell Telephone Laboratories, Incorporated, 
New York, N.Y., a corporation of New York. 

Application February 8, 1941, serial No. 377,990 
8 Claims. (C. 179-18) 

This invention relates to Switching systems and 
particularly to those used in the establishment of 
telephone and other communication connections. 
The objects of the present invention are to 

simplify these switching systems, to increase 
their speed of Operation, to reduce the cost, and 
to obtain other improvements therein. 

In automatic telephone systems where large 
groups of lines have access through Switches, 
Such as line-finders or line Switches, to trunk 
groups it has been proposed heretofore to ar 
range these Switches in primary and secondary 
formation with links, for extending the lines to 
the trunks and also to arrange the switches and 
lines in coordinate rows or groups, such as hori 
ZOntal and vertical groups, for the purpose of 
obtaining an orderly inter-connection of the lines 
with the trunks. In Such a Switching system it 
has usually been necessary to provide relay chains 
and rather involved control circuits for serving 
the lines having calls thereon, for preventing in 
terference between simultaneous calls in the 
different groups, for insuring selection in pre 
ferred horizontal and vertical groups, for select 
ing idle groups of trunks, and for selecting idle 
links having access to these trunk groups. 
Accordingly, a feature of the invention is a 

System in which the relay selecting and testing 
mechanisms are replaced by electronic discharge 
devices which perform the selecting and testing 
functions with greater speed and with less com 
plication in the control circuits. More specif 
ically a plurality of discharge tubes are provided 
for the horizontal groups of lines and switches, 
and a second plurality of tubes are provided for 
the vertical groups. The presence of calls in 
these groups causes impulses to be applied to the 
corresponding tubes. These impulses have dif 
ferent phases characterizing the different hori 
zontal groups, so that only one horizontal-group 
tube can discharge at a time, the discharged tube 
preventing other tubes from discharging by the 
simple expedient of altering the potential on their 
electrodes. Impulses of different phases are also 
applied to the vertical-group tubes, and the first 
tube to discharge in the Series prevents any other 
tube from operating. Another feature of the invention is a system 
in which the Several groupS of trunks to which a 
calling line, chosen to be served by the hori 
Zontal and vertical group Selections above men 
tioned, has access are tested simultaneously with 
the links extending respectively between the 
chosen line and said trunk groups, said test being 
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are applied to the corresponding test tube. 

tubes. If the trunk group and the link having 
access to Such group are both available, impulses 

The 
impulses applied to each tube differ in phase 
from those applied to other tubes, so that only 
One tube can discharge in the event there are 
two or more trunk groups available at the time 
the test is made, 
A further feature is a testing system in which 

the lines of a selected vertical group are tested 
by a series of discharge tubes to determine which 
line shall be served provided two or more are 
calling at the time. The selection is determined 
by applying impulses of different phases to the 
tubes, the tube that is first to discharge serving 
to render the others inoperative. 
These and other features of the invention will 

be described more fully in the following specifica 
tion. 

In the drawings accompanying the specifica 
tion: r 

Fig. 1 is a diagrammatic illustration of a frame 
of primary and secondary line switches for ex 
tending calling lines to idle trunks; 

Figs. 2 to 8, inclusive, when arranged as illus 
trated in Fig. 9, show the detail circuits for con 
trolling the operation of the primary and sec 
Ondary line Switches; . 

Fig. 2 shows a Subscriber's line appearing in a 
primary Switch and also shows a secondary 
switch for extending the lines to idle trunks; 

Fig. 3 shows the horizontal-group tubes. and 
relays for selecting a horizontal group to be 
served; " ... 

Fig. 4 shows the vertical-group tubes and re 
lays for selecting a vertical group to be served. 
This figure also shows the tubes for testing the 
line links between the primary and secondary line 
Switches; . , 

Figs. 5, 6 and 7 disclose the testing tubes for 
Selecting a group of trunks to serve the calling 
line and for selecting an idle trunk therein. 
Figs. 5 and 6 also show relays for closing the 
operating circuits of the switch magnets; and 

Fig. 8 shows the testing tubes for choosing a 
particular line to be served when a number of 
lines are calling simultaneously. 

Referring to Fig. 1, the frame of line switches 
illustrated therein comprises ten horizontal 
groups or levels of primary line switches of which 
three are shown, the No. 0 level 00, the No. 5 
level 0, and the No. 9 level 02. Each of these 
primary line Switches serves ten subscribers' lines, 
the lines appearing in the vertical rows of con 

performed by means of a plurality of discharge 55 tacts of the switches. The line links appear in 

  



2 
the horizontal rows of contacts, which are mul 
tiplied from Switch to switch in the correspond 
ing horizontal group. The line switches are also 
arranged in vertical groups, and there may be 
as many as ten of these vertical groups. In the 
present disclosure, however, it will be assumed 
that there are seven vertical groups of primary 
switches, including the No. 0 vertical group O3, 
the No. 1 vertical group folk and the No. 6 ver 
tical group 05. Thus the primary switches O, 
f0, 09 constitute the horizontal group 10; pri 
mary switches 0, 1, 2 constitute the hori 
zontal group Ol; primary switches 3, 4, 5 
constitute the horizontal group 02; and other 
primary Switches not shown constitute the re 
maining horizontal groups of Switches. The lines 
appearing in each primary switch may be re 
garded as a subgroup of the corresponding hori 
ZOntal group. 
Ten secondary switches 6, 7, 8 are also 

provided on the frame, and the interconnecting 
line links serve to extend calls from each hori 
zontal group of primary Switches to each of the 
secondary switches. For example, the ten links 

f 9 extend respectively from the horizontal group 
foo to each of the ten secondary switches 6, 7, 

. Similarly, the ten links from each of the 
other nine horizontal groups extend respectively 
to the ten secondary Switches. Each of the sec 
ondary switches has a group of ten Outgoing 
trunks extending to succeeding selector switches 

0. 
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30 

and a group of ten incoming trunks for inWard 
calls. For example, the outgoing trunk groups 
20, 2, 22 extend to district selectors and serve 

calls originating on the Subscribers' lines appeara 
ing in the primary line switches. Incoming calls 
to these subscribers' lines are completed Over the 
incoming trunks 23, 24, 25. 
The primary and secondary line switches dis 

closed herein may be of the well-known cross 
bar type. The structure of these switches is dis 
closed in the patent to Reynolds, No. 2,021,329, 
of November 19, 1935. In the present disclosure 
the invention is illustrated in the circuits and 
devices for controlling the Operation of these pri 
mary and secondary line switches to extend call 
ing lines to idle trunks leading to succeeding 
switches. Although Common register senders are 
used for receiving the designations from the call 
ing lines and for controlling the selective opera 
tion of the selector switches, these senders have 
not been included in the present disclosure. They 
could, of course, be readily provided, and an un 
derstanding of the manner in which the senders 
are associated with the selected idle trunks may 
be had from the patent to Busch et al., No. 
2,224,251, of December 10, 1940. w 
A general description will now be given of the 

circuits and equipment shown in detail in Figs. 
2 to 8. The subscriber's line 200 and nine. other 
lines not shown appear in the vertical rows of 
contacts in the primary switch 20. The line link 
202 extending from the primary switch 20 ap 
pears in a horizontal row of contacts in the sec 
ondary switch 203. A second line link 204 ex 
tends from the primary switch 20 to another sec 
ondary switch not shown. Similarly the line link 
205 extends from a primary switch, not shown, 

:- and appears in the horizontal row of contacts in 
the secondary switch 203. Two trunks are shown 
appearing in the vertical rows of contacts of the 
secondary switch 203. The trunk 206 serves a 
subscriber's line when calling and extends it, 
therefore, to a succeeding district selector Switch. 
The trunk 207 serves to extend incoming calls 
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2,291,040 
to the subscribers' lines and it leads, therefore, 
from an incoming selector switch. Trunk 2 is 
one of a group of ten similar trunks appearing in 
the secondary switch 203, and these ten trunks 
all extend to the same frame of district selectors. 
The subscriber's line 2 is provided with an 

individual line tube 208 of the space discharge 
type in lieu of the usual line relay, and the same 
is true of all other lines in the system. The start 
ing electrode 2 of the tube 20 is connected 
through a resistance 2 and contacts of the hold 
magnet 2 to the conductors of the subscriber's 
line. The cathode 22 is connected over a group 
start conductor 2 and through a resistance 3 
and a contact of relay 400 to the negative pole 
of battery 40?. When the subscriber makes a 
call, current flows from battery 22 over the loop 
of line 200 in a circuit including resistor 22). 
The drop across resistor 229 raises the electrode 
209 to a positive potential, whereupon the con 
trol gap 29-22 ionizes. Conductor 23 is com 
mon to the tubes of the ten lines served by the 
primary switch 20 f; hence this conductor is mull 
tiplied to all ten of the cathode elements. In a 
similar manner the ten line tubes associated with 
each of the remaining six primary line switches 
in the horizontal row are connected to a common 
start conductor corresponding to the conductor 
23. There are, therefore, seven of these start 
Conductors for each of the ten horizontal rows 
or a total of seventy in all, and these start con 
ductors all derive their current supply from bat 
tery 4. 
The purpose of these start conductors is to 

ionize the start tubes of the group 305, of which 
there are ten, One for each horizontal group of 
line switches. Two are shown, tube serving 
the No. 0 horizontal group and tube 307 serving 
the No. 9 horizontal group. The tube 306 is pro 
vided with seven start electrodes which serve the 
seven start circuits (including circuit 23) in 
dividual to the seven line switches of the No. 0 
horizontal group. For instance, the circuit 2 
extends through a condenser 30 and resistance 
02 to one of these start electrodes, and in like 
manner the other six start circuits extend 
through corresponding condensers and resistors 
to the respective start electrodes of tube. And 
the same is true of the start circuits for the re 
maining nine horizontal groups. The remaining 
three start electrodes of each of tubes S are 
connected together and serve as a collector as 
will be explained more fully hereinafter. 
The anodes of the line tubes are connected to 

an impulse generator 22 designed to produce a 
series of impulses often different phases. The 
impulse lead 24 for a particular phase (phase 
No. 0) is connected in multiple to the anodes of 
the tubes of all lines occupying the No. 0 position 
in all of the primary line switches. It may be 
assumed that line. 20 occupies the No. 0 vertical 
row of contacts in the switch 20; therefore, the 
impulse lead 24 is connected to the anode 2 S 
of line tube. 208. The impulse lead 26 for phase 
No. 1 is similarly connected to the anodes of the 
tubes of all lines occupying the No. 1 vertical row 
of contacts in all of the vertical line switches. 
And the same is true of the impulse leads for 
the remaining eight phases. When, therefore, a 
line tube has its control gap ionized and the gen 
erator 22 delivers a positive impulse to the an 
ode, such as anode 25 of tube 208, the tube dis 
charges its main gap, and an impulse of posi 
tive polarity appears on the start conductor 23. 
The impulse generator 227 which produces the 
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phase impulses for operating the line tubes, and 
the impulse generators to be described herein 
after in connection with other parts of the con 
trol circuits disclosed herein, may be of any suit 
able type, such as those shown in the application, 
of W. H. T. Holden, Serial No. 361,536, filed Octo 
ber 17, 1940; the patents to Holden No. 2,285,815, 
of June 9, 1942, and No. 2,252,766 of August 19, 
1941. 
In order that one horizontal group having call 

ing lines therein may be served to the exclusion 
of other horizontal groups, a group of ten hori 
zontal-group tubes 30 is provided. The ten tubes 
in this group are individual respectively to the 
ten horizontal groups of switches and are asso 
ciated respectively with the ten start tubes 305. 
The No. 0 horizontal-group tube 3 has a start 
ing electrode 32 which is connected over con 
ductor 308 to the collector electrodes of the tube 
306. The other start electrode 33 is connected 
to the impulse lead 34 which delivers negative 
impulses of phase No. 0 from the impulse gener 
ator. 349. The cathode 35 is connected to the 
negative pole of battery, and the screen electrode 
36 is connected through a common resistance 3 
to the battery supply lead 38. Finally the anode 
of the tube 3 is connected through the Wind 
ing of the associated horizontal-group relay 320 
to the battery supply conductor 38. The elec 
trodes of the remaining horizontal-group tubes 
are connected in a similar manner, the starting 
electrodes corresponding to electrodes 33-35 
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extending respectively to the impulse conductors . 
for tha successive phases. The screen electrodes 
36-32 of the ten tubes are connected in mul 
tiple and through the common resistance 37 for 
the purpose of locking out all tubes as soon as 
one of them has operated. This lock-Out func 
tion will be explained more fully hereinafter. 
The ten horizontal-group relays 320-32 serve 

to extend the seventy start conductors through to 
the vertical group tubes 405. There are seven of 
these vertical-group tubes 406-40, one for each 
of the seven vertical groups of primary line 
switches. The start conductor 23 pertaining to 
the line switch 20 in the No. 0 vertical group 
and in the No. 0 horizontal group is extended 
by way of condenser 322 and conductor 323 
through the contacts of horizontal-group relay 
320 over conductor 324, condenser 408, resistor 
409 to the starting electrode 40 of the vertical 
group tube 406 pertaining to the No. 0 vertical 
group. Likewise the other six start conductors 
325 pertaining to the other six primary switches 
in the horizontal group No. 0 and in the respec 
tive vertical groups are extended through Con 
tacts of relay 320 to the start electrodes of the 
other six tubes of the group 405. One of these, 
start conductor 326, pertaining to the No. 6 ver 
tical group, is shown leading through the con 
tacts of relay 320 thence over conductor 32, con 
denser 4 f, resistor 42 to the start electrode 43 
of the No. 6 vertical-group tube 407. The other 
start electrodes 44-45 are connected in multi 
ple and through a common resistor 46 to the 
negative pole of battery. The anodes 47-48 
are connected respectively to the windings of 
associated vertical-group relays 49-420 to the 
battery supply conductors 42 and 38. The 
screen control electrodes 422-423 are connected 
in multiple through a common resistor 424 to the 
battery supply conductor 42. The purpose of 
the group of tubes 405 is to select one vertical 
group of lines for service to the exclusion of 
other vertical groups having simultaneous calls; 
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3 
and the purpose of the associated relays 49-420 
is to prepare operating circuits for the ten select 
magnets of the primary Switch in the chosen 
horizontal and vertical groups. 

Having chosen to serve the lines in a primary 
line Switch of a particular horizontal group and 
of a particular vertical group by operating the 
Corresponding One of the start tubes 305 and one 
of the horizontal-group tubes 30 and the as 
Sociated relay and by operating the correspond 
ing One of the vertical-group tubes 405 and the 
aSSOciated vertical-group relay, it is now neces 
sary to make a joint test of each line link serving 
the chosen primary line switch and the group 
of trunks reached by the line link. This may 
be seen more clearly by referring to Fig. 1. If, 
for example, the line switch f3 is chosen to 
serve the group of ten lines appearing therein, 
then a test is made of the ten line links 26 and 
the ten groups of trunks reached respectively 
by these line links. A line link is not available 
for extending a call if it is busy or if all of the 
trunks to which it has access are busy. How 
ever, all links that are idle and have access to 
trunk groups containing idle trunks are avail 
able, and a choice is made of some one of these 
available paths in a manner to be described 
hereinafter. 
The line links are tested by a group of ten 

tubes 430, each of the tubes 43-432 serving 
ten links. The ten links served by the tube 43 
are those which have access through a particular 
Secondary Switch to - the associated group of 
trunks. Therefore, the start electrodes of this 
tube represent respectively a link in each of the 
ten horizontal groups. Likewise the ten start 
electrodes of tube 432 represent respectively a 
link in each of the ten horizontal groups. And 
the same is true of the other eight tubes in the 
group 430. Corresponding electrodes in each of 
the ten tubes are connected in multiple rela 
tion. When the horizontal group is chosen, such 
as the horizontal group represented by the tube 
3 and relay 320, a circuit is closed for applying 
potential to the start electrodes, one in each of 
the ten tubes 430, corresponding to the ten line 
links serving the chosen horizontal group. This 
circuit may be traced from the positive pole of 
battery 328 through the contacts of group relay 
320, conductor 329 thence in parallel through 
resistors 425, 426 and 42, 428 and through the 
other sets of resistors (not shown) to the start 
ing electrodes of the ten tubes of the group 430. 
Thus a test circuit is prepared for the ten line 
links that serve the chosen group of lines. The 
positive battery potential on the start electrodes 
of these tubes indicates that the associated links 
are idle. However, any links that are busy at 
the time the test is made have ground potential 
On their test or sleeve conductors, and this 
ground potential is impressed upon the start 
electrodes of the tubes to identify them as busy 
links. For example, if the link 202 is busy, 
ground potential on the sleeve conductor 27 is 
extended by way of conductor 28 and resistor 
426 to the associated start electrode of tube 43. 
Similarly, if the link 204, is busy, ground po 
tential is extended over conductor 29 and 
through resistor 428 to the start electrode repre 
senting this link in the tube 432. The anodes of 
the link test tubes 430 are connected respectively 
to the ten phase impulse conductors over which 
positive impulses are supplied from the generator 
4.33. The cathodes of these tubes are connected 
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in multiple over conductor 434 to the start elec 
trodes 600 and 60 of the tubes 02 and 3. 
The purpose of the tubes 602 and it is to 

make a matching test between the links and the 
corresponding trunk groups accessible to these 
links. Each of the ten trunk groups is provided 
with a test network for determining how many 
trunks are idle in the group. Three of these test 
networks. TOD, TO and 702 are shown. The test 
network T00, for example, has ten parallel 
branches which include resistors 704, , , 
etc. When all trunks are idle, all of these 
branches are open, and each trunk taken in use 
causes the closure of the associated resistance 
branch. The several resistance branches are 
connected over a common conductor 70 through 
a common resistor 70 to the negative pole of 
battery T 09, and the conductor connected 
to the other terminals of the branch resistors, 
extends over conductor if through the contacts 
of relay 330 to the positive pole of battery 3. 
The conductor TOT is also connected to the mid 
point of the secondary winding of the trans 
former f2 and thence in simplex Over Conduc 
tors T 3 to the midpoint of the winding of 
transformer 74 over conductor 5 to the start . 
electrode of tube, which is one of a group of 
ten tubes 720 individual respectively to the ten 
groups of trunks. The primary winding of 
transformer 2 is connected in multiple through 
the back contacts of relays individual to the ten 
trunks of the group, thence over conductors 23 
to the ten phase impulse leads of generator 24. 
The ten trunk relays 725, 26, 27, etc., are nor 
mally deenergized when their respective trunks 
are idle and are in an operated condition when 
the trunks are busy. Each idle trunk, therefore, 
in the group often is indicated by the presence 
of impulses of the corresponding phase in the 
primary winding of the transformer 72. If all 
of the trunks are busy the resistance branches 
T4, TOS, TI6 are all open under the control of 
operated trunk relays, such as the relays 25, 
T26, 727, etc., and no circuit exists for the flow 
of current over conductors and . There 
fore, the full negative potential of battery 9 is 
impressed on the start electrode 72 of the tube 

B which represents the trunk group. Under 
this condition the tube 76 does not ionize since, 
as will be explained hereinafter, the Cathode 29 
is also at negative battery potential. If one 
trunk in the group is idle and the rest are busy, 
a single one of the branches is closed, and cur 
rent flows from battery 33 over conductors 
and T and through the closed branch to bat 
tery TD9. The flow of current in the resistor Ted 
makes the electrode 28 more positive but not 
enough so to cause the ionization of the tube 
TB. If, however, two or more trunks are idle 
in the group, the amount of current flowing pro 
duces a drop in resistor 70 sufficient to cause 
the ionization of the tube 7. 
In like manner, the remaining trunk groups, 

each of which is represented by a test network 
TO, T2, are connected to the phase impulse leads 
of generator T24 and are tested for the presence 
of two or more idle trunks by the respective test 
networks and the individual tubes of the group 
2. 
The matching test for determining an idle line 

link having access to a group of trunks contain 
ing an idle trunk is performed by the tubes 2 
and 603 under the simultaneous control of the 
tubes 43 and 720, and the result of this test is 

ten tubes 500. Each of the tubes of the group Sl 
represents a line link and the group of ten 
trunks to which the link has access. For ex 
ample, the No. 0 tube SD represents the No. 0 

5 line link of any horizontal group and the group 
of ten trunks accessible to the No. 0 link, and the 
No. 9 tube SO2 represents the No. 9 link and the 
associated group of trunks. To explain the 
matching test of links and trunk groups assume 

10 that each of the trunk groups represented by the 
test nets TI and Tef has two or more idle trunks 
therein and that the trunk group represented 
by the test net T2 has only one idle trunk. On 
this assumption tube f has its control gap 

ls ionized by means of a circuit traceable from con 
ductor 707, which is now positive, through the 
windings of transformers 2 and T4, resistor 
730, control gap 728-T29, conductor 13, con 
ductor 32, winding of transformer 4, conductor 

20 EDS, normal contact of relay 503 to the negative 
pole of battery 504. Also the tube 2 ionizes in 
a similar circuit. Tube 733, however, does not 
ionize since the current flow through a single 
resistance branch of the network T2 does not 
make the conductor 4 sufficiently positive. The 
anodes of the tubes T2 are connected respectively 
to impulse leads of generator 35 which delivers 
positive impulses of the ten phases No. 0 to No. 9. 
When, therefore, the impulse generator 735 pro 

30 duces the next impulse of phase No. 0 a positive 
potential is applied to the anode 36 of tube 7, 
and current flows from the anode to the cathode 
2 over conductor 73 to the negative pole of 

battery 504 as previously traced. The current 
35 impulse of No. 0 phase flowing through the pri 

mary winding of transformer 604 induces an im 
pulse of like phase but of negative polarity in 
the secondary winding, and this negative impulse 
is applied to the start electrodes 606 and 50 of 

40 the tubes 02 and 63. If at this instant the line 
link, such as the link 202, having access to the 
trunk group represented by the test net TOD is 
idle, the start anode 435 of tube 43 f is at posi 
tive potential, and ionizing current is flowing 

5 from the electrode 435 to the cathode 436 and 
thence through inductor 437 to the negative pole 
of battery. 48. At this same instant, namely, 
when the transformer B0 is delivering a negative 
impulse to the electrodes 606 and BT, a positive 

50 impulse of No. 0 phase is applied over impulse 
lead 439 to the anode 440. Since the tube 43 is 
ionized, current flows from the anode 44 to the 
Cathode 36 thence through inductor 437 to the 
negative pole of battery 438. This current flow 

55 produces a positive impulse on conductor 434 
which is applied to the start electrodes 60 and 
6 of the tubes 02 and 63. Therefore, these 
tubes ionize their control gaps, and a circuit is 
now closed from impulse conductor 608 of phase 

60 No. 0 of generator 63, anode 609, cathode 610, 
resistance if, to the negative pole of battery 
62. This flow of current produces an impulse 
of positive potential which is transmitted through 
condenser 6 over conductor 64, normal con 

65 tacts of relay 40 and conductor 44, resistor SOS 
to the start electrodes 56, 507, etc., of the ten 
tubes 50. Since the impulse generator 534 is 
delivering an impulse of No. 0 phase at this par 
ticular instant, this No. 0 phase impulse appears 

70 on impulse lead 5, and the other start elec 
trode 509 of the tube 50 is raised to positive 
potential. The start gap 56-509 of the tube 
if now ionizes. The positive potential on con 
ductors and 42 is applied by way of con 

registered by the operation of one of the group of 75 ductor SD and common resistor 5 to the con 
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trol grids 5 2, 513, etc., of the tubes 500. There 
fore, transfer takes place in the tube 50, and 
current flows from the positive pole battery Over 
supply conductor 50, winding of the district 
group relay 54, anode 55, cathode 56 to the 
negative pole of battery. Thus the single tube 
50 of the group 500 is selected and operated to 
identify an idle line link having access to a group 
of trunks containing at least two idle trunks. 
Current also flows through the common resistor 
5 and the control grid 52 to the cathode 56. 
This flow of current in the common resistor pro 
duces a drop of voltage which lowers the positive 
potential of the control grids of the remaining 
tubes 500 to prevent another one from discharg 
ing even though other links and associated trunk 
groups are available for use. 
When a moment later the impulse generator 
35 reaches phase No. 1, an impulse is delivered 
over lead 737 to the anode of the ionized tube 
72, and a current impulse flows through trans 
former 604. The transformer 604 delivers a nega 
tive impulse of phase No. 1 to the tubes 602 and 
603, and one of these tubes may ionize its control 
gap provided at the same instant an impulse of 
phase No. 1 is flowing through one of the tubes 
of the group 430 indicating the idle condition of 
the line link having access to the trunk group 
represented by the network Of. The ionized 
tube 602 delivers an impulse to the starting elec 
trodes of the tubes 500, but the corresponding 
tube in the group 500 cannot ionize at this time 
since it is locked Out by the potential drop in the 
resistor 5 as a result of the operated condition 
of the tube 50. Two tubes 602 and 603 are used 
to secure a sufficient deionization interval between 
successive impulses, and for this reason odd 
numbered impulse phases are connected to anodes 
of tube 603 and even-numbered to 602. For 
longer intervals between pulses, one 10 anode 
tube could be used, or for shorter intervals 3 or 
more might be needed. 
The trunk group relays 54, 57, etc., serve to 

complete operating circuits for the switch mag 
nets and also to extend the test circuits for the 
trunk groups through to the trunk test tubes 65. 
The operation of one of these relays, therefore, 
such as the relay 54, prepares the testing cir 
cuits for the group of trunks represented by the 
network T00. If the trunk represented by relay 
725 is one of the two trunks of the group as 
Sumed to be idle, this relay is in a deenergized 
condition, and an impulse is delivered over the 
following circuit as soon as the impulse generator 
24 reaches phase No. 0: impulse lead 738, con 
ductor 739, resistor 740, normal contacts of relay 
725 through the primary winding of transformer 
7 2 to ground. This impulse is induced in the 
circuit 73 and is in turn induced in the second 
ary winding of the transformer 74, causing a 
current impulse to flow over a conductor 74 
through the contacts of relay 54, conductor 58, 
normal contacts of relay 400, conductor 442, re 
sistor 66 and thence in multiple to the start 
electrodes 67, 68, etc., of the ten tubes 65, 
each of which represents one of the trunks in 
the group of ten. These start electrodes 67, 
68, etc., are raised to positive potential in the 
phase No. 0. At this same instant an impulse 
of negative polarity of phase No. 0 is applied 
from generator 632 over the impulse lead 69, 
resistor 620 to the other start electrode 62 of 
the tube 622. Tube 622 alone ionizes its control 
gap, and, since the control grid 635 is supplied 
with positive potential by way of conductors 50 
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and 623, transfer takes place to the main anode 
and current flows from the positive pole of bat 
tery over conductor 623 through the winding of 
relay 624, anode 625, cathode 626 to the negative 
pole of battery. Current also flows through the 
Common resistor 62 in circuit with the control 
grid 635, and the voltage drop across the resist 
ance lowers the potential of the control grids of 
the remaining tubes to prevent a second one from 
discharging. The flow of current in the anode 
circuit operates relay 624, which identifies the 
Selected idle trunk in the group and prepares an 
operating circuit for the corresponding hold mag 
net of the secondary switch 203. 

Having selected the horizontal and vertical 
groups to be served by operating the correspond 
ing relays, such as relays 320 and 419, and having 
chosen an idle line link and an idle trunk in the 
group served by the line link, it now becomes 
necessary to choose the particular one of the ten 
Subscribers' lines in the primary line switch that 
is to be served first, a number of which may be 
calling simultaneously. This line selection is 
made by the group of ten test tubes 800, 
each tube representing one of the ten lines in 
the chosen primary line switch. The start elec 
trodes 80i, 802, etc., of these ten tubes are con 
nected individually to the phase impulse leads of 
generator 803. The other start electrodes 804, 
805, etc., are connected in multiple through the 
Common resistor 806 and condenser 897 to the 
impulse lead 808 which will be described pres 
ently. The cathodes 809, 810, etc., are connected 
in multiple through the common resistor 8 to 
the negative pole of battery 8 2. The anodes 
83, 84, etc., are connected in multiple to the 
Common conductor 8 f S. The collector electrodes' 
86, 87, etc., are connected individually to the 
electrodes of a corresponding group of tubes 820, 
there being one of these tubes for each of the 
tubes in the group 800, . 
The impulse conductor 898, which is connected 

to the starting electrodes of the tubes 800, is an 
extension of the starting conductor 23 indi 
vidual to the group of ten subscribers' lines in 
the chosen primary line switch. This extended 
start circuit may be traced from conductor 23 
over condenser 322, conductor 323, contacts of 
horizontal-group relay 320, conductor 324, con 
tacts of vertical-group relay 49 and thence to 
conductor 808. If a plurality of subscribers' lines 
are calling simultaneously in the group of ten 
lines, impulses of the corresponding phases are 
transmitted from the impulse conductors 24, 
26, etc., through the individual line tubes to the 
Start conductor 23 and thence to conductor 808 
and to the starting electrodes of the tubes 800. 
If, following the completion of this extended 
start circuit, the first impulse to be transmitted 
is the impulse of No. 0 phase, the tube 88 alone 
ionizes its control gap since impulses are applied 
to its control electrodes simultaneously. The No. 
0 phase impulse transmitted over the start con 
ductor 808 to the control electrode 804 of tube 
88 and to the Corresponding control electrodes 
of the remaining nine tubes is of positive polar 
ity; whereas the impulses delivered by the im 
pulse generator 803 are of negative polarity. 
Therefore, a positive impulse is applied to elec 
trode 804 and simultaneously a negative impulse 
to electrode 89. The ionization of the control 
gap of tube 88 transfers to the main anode as 
Soon as the anode circuit is closed following the 
measurement of a time interval. This interval, 
which will be described presently, is introduced 
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to give the select magnets of the primary line 
switch time in which to operate. 
At the time relays 320 and 49 operate a cir 

cuit is closed from the negative pole of battery 
through the winding of connecting relay 220, 
conductor 323, contacts of relay 32. conductor 
324, contacts of relay 4.9, conductor 808, winding 
of relay 89 to the positive pole of battery. Relay 
89 operates and closes the circuit from positive 
pole of battery thence over contacts of relay 332, 
which is being held operated as will be explained 
more fully hereinafter, contacts of release relay 
333, conductors 38, 42 and 50, contacts of Op 
erated relay 54, conductor 59, contacts of relay 
89, resistor 82, condenser 22 to ground. 'The 
condenser 822 charges and measures an interval 
of time, at the end of which sufficient potential 
is applied across the electrodes 2 and 24 of 
tube 825 to ionize the same. Thereupon a circuit 
is closed from positive battery potential on con 
ductor 59 through the winding of relay 26 
through the anode and cathode gap of the tube 
825 to the negative pole of battery. Relay 26 
operates and extends positive battery supply Con 
ductor 59 to conductor 85 and thence to the 2S 
anodes of the tubes. 800. As soon, therefore, as 
the control gap 80-804 of the tube 88 ionizes 
as above described, ionization transfers to the 
main anode 83 and current flows in a circuit 
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traceable from the positive pole of battery thence 80 
over supply conductor 59, contacts of relay 2, 
conductor 85, anode 8f3, cathode 809 through 
the common resistor 8 f to the negative pole of 
battery 82. The voltage drop across the resistor 
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easure an interval of time and then bring about 
the release of the controlling circuits. 

If at the time the test. is made of the trunk 
groups no group has two or more idle trunks 
therein a further test is made to determine 
whether there is any group having a single idle 
trunk. This reserve test is made under the con 
trol of the tube 52 and the associated relay 503. 

In order that a more complete explanation 
may be given of the operation of the system, the 
assumption will now be made that the subscriber's 
line 2 initiates a call and is connected through 
the primary and secondary line switches 2 and 
2 to an idle trunk. It will also be assumed 
that line 2 is the No. 0 line in the primary 
switch at the intersection of the No. 0 horizontal 
and vertical groups on the line switch frame. 
When the subscriber of line 200 closes his line 
loop, the individual line tube 208 ionizes in the 
manner hereinbefore described, and an impulse of positive polarity of No. 0 phase superimposed 
on direct current of negative polarity is applied 
to the start conductor 213. The impulse circuit 
may be traced from the negative pole of battery 

, normal contacts of relay 400, conductor 444, 
inpulse generator 227, thence over, the No. 6 
phase impulse lead 24, anode 2 5, cathode 22 to 
the start lead 23. The impulse produced by the 
generator 22, which is of positive polarity, ap 
pears on the start lead 23 and is applied through 
condenser of and resistor 32 to the start elec 
trode of the start tube 306. Since the cathode 

is at negative potential, ionization Occurs, and 
a discharge circuit is closed from the positive 

slowers the potential of the cathodes of the 35 pole of battery, interrupter 337, when closed, 
remaining tubes of the group 800 to prevent 
another one from discharging subsequently if the 
Corresponding lines are in a calling condition. 
After the tube 88 discharges, current flows from 
the anode 83 to the Collector electrode 86thence 
through resistor 827 and resistor 8 to the nega 
tive pole of battery 82. The flow of current in 
resistor 82 increases the positive potential of 
the electrode of tube 829. At this time the other 
control electrode 830 is connected by way of con 
ductor 83, contacts of relay 220, winding of the 
primary hold magnet 2 to the negative pole of 
battery. It will be recalled that relay 220 is in 
cluded in the circuit with relay 89 and is oper 
ated at this time. Tube 829 ionizes, and a cir 
cuit is now closed from the positive pole of bat 
tery 832, secondary winding of transformer 833, 
winding of relay 834, conductor 835, anode 83 of 
the ionized tube 829, cathode 83D and thence 
as traced through the winding of the hold mag 
net 2 to the negative pole of battery. The 
current flowing in this circuit, which is the sum 
of the current supplied by the direct current bat 
teries and the alternating current generator 837, 
causes the operation of the primary switch hold 
magnet 2 to complete the connection from the 
calling line through to the selected idle trunk. 
Upon the extension of the connection to the se 
lected trunk, ground potential is applied to the 
sleeve conductor of the trunk in any well-known 
manner to maintain the hold magnet 2 ener 
gized. When the alternating current source 837 
enters the next opposing alternation the current 
flowing in the circuit of tube 829 is insufficient 
to maintain the main discharge from anode to 
cathode. The tube quenches and does not again 
discharge since the cathode 830 is now maintained 
at ground potential by way of the test conductor 
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of the selected trunk. The relays 834 and 83 is 

left winding of relay 32, anode 338, cathodes 
to the negative pole of battery 339, 
The interrupter 37 is designed to close the 

discharge circuit above traced at successive in 
tervals and to maintain it closed for a period 
sufficient to permit the operation of the control 
circuits and the completion of the connection 
from the subscriber's line to the trunk. During 
this closed period of the interrupter, relay 332 
is operated to close certain control leads, and the 
relay is made somewhat slow to release to pro 
vide a sufficient interval following the Opening 
of the interrupter. If the interrupter 337 is open 
at the time the subscriber initiates the Call, the 
phase impulses continue to occur in the start 
conductor 28 until the interrupter 337 closes, at 
which time the main discharge circuit of the tube 

becomes effective as above described. The 
relay operates in response to the flow of cur. 
rent in the discharge circuit of tube 306 and con 
nects the positive pole of battery 34 through the 
normal contacts of release relay 333 to the bat 
tery supply conductors 38, 42, 5 and 2. 
The potential set up on the collector electrodes 

is applied over conductor 308 to the start 
electrode 2 of tube 3 ; and, when generator 
49 applies the next impulse of No. 0 phase to 
lead 14, the tube 3 f ionizes its control gap 
and the discharge transfers to the main anode, 
resulting in the operation of the associated hori 
Zontal-group relay 320. The Operating circuit 
for relay 20 may be traced from conductor 38, 
which has positive potential thereon, winding 
of said relay, anode 39, cathode 35 to the nega 
tive pole of battery 342. As hereinbefore ex 
plained, the discharge of tube 3 i? causes current 
to flow in the circuit of the control grid to 
disable the other tubes of the group O. 
When the horizontal-group relay 20 Operates, 

the start lead 2 is extended over condense 
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322 and conductor 323 to conductor 324, which 
further extends through the condenser 408 
through resistor 449 to ground and through re 
sistor 409 to the start electrode 40 of the ver 
tical-group tube 406. The tube 406 ionizes its 
control gap, and immediately current flows from 
the positive pole of battery over conductor 42 
through the winding of the vertical-group relay 
49, anode 47, cathode 445 to the negative pole 
of battery 446. Relay 49 operates to identify 
the vertical group containing the calling primary 
line switch 20. Current also flows between the 
gride 422 and the cathode 445 in a circuit in 
cluding the common resistor 424, and the volt 
age drop across this resistor makes the grids of 
the other tubes less positive, thereby preventing 
a second one from transferring its ionization to 
the main anode. 

If two vertical groups are calling at the same 
time and the calling lines therein occupy the 
same position in the line switches, impulses of 
the same phase are delivered over the start wires 
to the electrodes 40-43 of the corresponding 
tubes 406-407. Due to the varying character 
istics of the tubes, one of them will increase its 
ionizing current to the transfer value in advance 
of the others. This flow of transfer current, 
although small in value, sets up a voltage across 
the common resistor 4 f6 which lowers the poten 
tial on the start electrodes of the other tubes, 
thus impeding the ionization of a second tube 
until the first one has transferred its ionization 
to the main anode. The horizontal-group relay 320 in operating 
closes a circuit from ground over conductor 343, 
contacts of relay 320, conductor 344 through the 
winding of the select magnet 22 of the second 
ary switch 203. The select magnet 22, which is 
individual to the horizontal row of contacts in 
which appears the single line link 202 extending 
from the calling primary switch 20, prepares 
the contacts in this horizontal row for connect 
ing the link to any one of the group of ten out 
going trunks, such as the outgoing trunk 206. 
Relay 320 also closes an operating circuit for 
relay 330 which may be traced from battery, 
resistor 345, winding of relay 330, contacts of 
relay 320, conductor 346 to ground at the normal 
contacts of relay 400. Relay 330 applies battery 
potential over the leads 628 to the trunk group 
testing circuits shown in Fig. 7 preparatory to 
the performance of the group test to determine 
which groups have idle trunks therein. More over, the horizontal-group relay 320 applies posi 
tive battery potential over conductor 329 to one 
of the start electrodes in each of the ten line 
link test tubes 430. Assume that the group of ten trunks includ 
ing the trunk 206 to which the line link 202 haS 
access has two or more idle trunks therein and 
that this group of ten trunks is represented by 
the testing network 700. Further, it may be as 
sumed that trunk 206 is one of the idle trunks and 
is represented by the individual relay 725 and 
that relay T26 represents another of the idle 
trunks in the group. Relays 125 and T26 are, 
therefore, in a released condition, and the circuit 
branches 704 and 705 are closed. As hereinbe 
fore explained, the current flowing from battery 
33 over conductor Til through branches 704 and 
To5 in parallel and resistance O8 to the negative 
pole of battery 109 produces a potential drop 
across resistor 708 which is applied to the elec 
trode T28 of the tube 76 and is sufficient to . 
cause the ionization of Said tube. As soon there 
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7 
after as generator 735 delivers a positive im 
pulse of No. 0 phase on generator lead 742, cur 
rent flows in the main discharge gap of the tube 
76 producing an impulse in the transformer 604 
which causes the application of a negative poten 
tial to the electrodes 606 and 607 of the matching 
test tubes 602 and 603. If at this same instant 
the line link 202 is idle, no ground potential is 
applied over conductor 28 to the starting elec 
trode 435 of the tube 43, and the starting gap 
of this tube is in an ionized condition when the 
positive impulse of No. 0 phase is applied over 
the impulse lead 439 to the anode 440 of the 
tube. Hence, discharge current flows in the 
main gap of tube 43, and an impulse is applied 
Over conductor 43 to the electrodes 600 and 60 
of the tubes 602 and 603. These tubes ionize 
their starting gaps; and, since at this same in 
stant a positive impulse of No. 0 phase appears 
on generator lead 608, current flows over anode 
609, cathode 60, resistor 6 if and the negative 
pole of battery 62. This flow of current im 
presses an impulse on conductor 64 which is 
applied over the circuit previously traced to the 
start electrodes 506, 507, etc., of the ten trunk 
group tubes 500. At the same instant that this 
impulse appears on the electrodes 506 and 507, 
an impulse of No. 0 phase is applied over gen 
erator lead 508 to the electrode 509 of the 
tube 50. This tube discharges to the ex 
clusion of the remaining tubes and identifies 
the selection of the trunk group containing 
the idle trunk 206. The operation of the tube 
50 results in the flow of current from con 
ductor 50 through the winding of relay 54, 
anode 55, cathode 56 to the negative pole of 
battery 52. Current also flows between control 
grid 52 and cathode 56 in a circuit including 
common resistor 5 , and the drop across this re 
sistor lowers the potentials on the grids of the 
remaining tubes to prevent a second one from 
operating subsequently. Relay 54 in operating 
closes a circuit from ground over conductor 522, 
contacts of said relay, conductor 523, resistance 
345 to battery. This circuit shunts the relay 330, 
and the latter releases to remove battery poten 
tial from the conductors 628 so that the trunk 
groups may be available for test at other line 
switch frames. Before relay 330 releases, how 
ever, to remove battery potential from conductor 
f0, the relay 54 closes a substitute circuit from 

the positive pole of battery 524, conductor 525, 
contacts of relay 54, conductor 526 to conduc 
tor 70. Thus battery potential is maintained 
On the test circuits of the selected trunk group 
until the connection to an idle trunk therein is 
completed. The operated trunk group relay 54 
also completes a circuit for energizing the pri 
mary Switch select magnet 222. This circuit may 
be traced from battery through the winding of 
said magnet, conductor 223, contacts of the ver 
tical-group relay 49, conductor 447, contacts of 
relay 54 to ground. The magnet 222 operates 
and prepares the contacts in the horizontal row 
in which the selected line link 202 appears. 

Next, an idle one of the trunks in the chosen 
group is Selected for use. If all trunks in the 
group except those represented by relays 725 
and 726.are busy, one of these two trunks will 
be selected depending upon the phase of the in 
pulse generator 724 at the time relay 54 is op 
erated. If, following the operation of relay 54 
an impulse appears on the No. 0 phase lead 738 
prior to the appearance of an inpulse on the 
No. 1 phase lead 743, the trunk represented by 
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relay 725, namely, trunk 20, is selected. The 
positive impulse of phase No. 0 on lead is 
applied over conductor 739, resistor 740, normal 
contacts of relay 25 to the primary winding 
of transformer 2. By induction in transform 
ers 72 and 74 this impulse appears as a posi 
tive impulse on conductor 74, over which it is 
applied through the contacts of relay 54, con 
ductor 58, normal contacts of relay 400, con 
ductor 442, resistor 66 to the start, electrodes 
67,.68, etc., of the ten trunk test tubes 65. 
At this same instant a negative impulse of No. 0 
phase is being applied over lead 69 to the start 
ing electrode 62 of the tube 622. This tube. 
ionizes, and current flows from the positive pole 
of battery over conductor 23, winding of relay 
624, anode 625, cathode 626 to the negative pole 
of battery 629. Current flowing through the 
common resistor 527 in the circuit of the control 
grid 635 alters the potential of the control grids 
of all other tubes to prevent a second One from 
operating. Relay 524 in operating closes an Op 
erating circuit for the secondary Switch hold 
magnet 224, which is individual to the selected 
idle trunk 206. This circuit may be traced 
from battery through the normal contacts of 
relay 400, conductor 448, operating winding of 
select magnet 204, conductor 225, contacts of 
relay 624, conductor 630, contacts of relay 54 
to ground. a 
The lines in the primary line switch 20 are 

now tested to determine which ones are calling 
and to select one of these calling lines for Con 
nection to the selected trunk 26. Since line 200 
is in a calling condition, the start conductor 23 
is extended through condenser 322, conductor 
323, contacts of relay 320, conductor 24, contacts 
of relay 49, conductor 808 through condenser 
807 through resistor 4 to ground and through 
resistor 806 to the start electrodes 804, 805, etc., 
of the ten line test tubes (0. Since the multi 
contact relay 220 is connected in multiple to the 
conductor 323, it operates in series with relay 
89 which is connected to the conductor 0. 
The relay 220 is individual to the primary line 
Switch 20 and serves to extend the operating 
circuits of the hold magnets through to the 
cathodes of the ten corresponding discharge 
tubes of the group 820. Relay 9 in operating 
extends the conductor 59 through resistor. 82 
to the condenser 822. Condenser 822 charges at 
a rate depending upon the resistance 82 and 
measures an interval sufficient to permit the 
operation of the primary switch select magnets. 
At the end of this interval the tube 825 ionizes 
and discharge current flows to operate the relay 
826. Relay 826 extends the positive pole of bat 
tery over conductor 519 through the contacts of 
relay 826 and conductor 5 to the anodes of the 
tubes 800. 
Upon the next appearance of a positive im 

pulse of phase No. 0 over the start conductor 
23 and thence over the path previously traced 
on the start electrode 804 a negative impulse of 
the same phase is applied over impulse lead 839 
to the start electrode of, and the tube 8 ft 
ionizes. Current now flows in the anode-cath 
ode circuit, the remaining tubes are disabled by 
the voltage drop in the common resistor 8, and 
the voltage drop across the resistor 827, as a 
result of current flow in the circuit of the col 
lector electrode 86, applies a positive potential 
to the electrode 828 of the tube 829. Tube 829, 
therefore, ionizes its control gap since negative 
potential is applied over conductor 83 f to the 

O 

15 

25 

30 

35 

40 

45 

50 

55 

O 

55 

75 

2,291,040 
electrode D. Current now flows in the circuit 
traceable from the positive pole of battery 832, 
Secondary winding of transformer 833, relay 
3, conductor 35, anode 36, cathode 830, con 
ductor , contact of relay 22, winding of the 
primary switch hold magnet 2 to the negative 
pole of battery. The current flowing in this cir 
cuit is increased and diminished by the value of 
the alternating current component produced by 
the generator 37. This current is sufficient to 
Operate the hold magnet 2 ft, which completes 
the establishment of the connection from the 
calling line 200 over the link 202 through the 
Secondary switch 203 to the selected idle trunk 
206. In the well-known manner the trunk 20 
returns ground potential to hold the magnets 
22 and 2, and this ground potential is further 
extended over the conductor 83 to the cathode 

of the tube 29. When the component of the 
generator 837 next opposes the battery 32, the 
voltage drop between the anode and cathode of 
the tube 2 is insufficient to maintain ionization 
since ground potential has now been applied to 
the cathode. Therefore, the tube 828 quenches 
and does not reoperate as long as ground poten 
tial is maintained on the cathode thereof. 
At the time relay 34 operates it closes an 

obvious circuit for the operation of slow-release 
relay 83. When relay 834 releases at the time 
the tube 2 quenches, a circuit is closed from 
ground over the back contact of relay 34, front 
contact of relay 38, conductor 84, conductor 

l, winding of release relay 333 to battery. Re 
lay 33 operates and opens the Supply circuit 
from battery 4. Thus all of the operated relays 
and tubes in the line switch control circuit are 
restored to their normal condition. After an 
interval relay releases and opens the circuit 
of release relay 333. 
At the time relay 82 operates a circuit is 

closed from the positive pole of battery over con 
ductor 59, contacts of relay 82B, resistor 42 to 
the condenser 43. The condenser 843 is charged 
in Series with the resistor 842 and measures an 
interval of time sufficient to permit the control 
ling circuits to complete their functions. If re 
lease of the controlling circuits does not proceed 
in the regular manner, the condenser 843 reaches 
its charged condition, and the tube 844 ionizes. 
Current now flows from the positive pole of bat 
tery over conductor 59, relay 845 through the 
tube 44 to the negative pole of battery 846. 
Relay 5, which is slow to release, closes a cir 
cuit from ground through the contacts of oper 
ated relay 83, conductor 847, operated contacts 
of relay 2, operated contacts of relay B4s to 
conductor 4. This operates the release relay 
33 and brings about the release of the control 
ling equipment as above described. 
The timing condensers 822 and 843 are dis 

charged by circuits closed through the back con 
tacts of relays 8, 826, 8 and 834. 

If the initial test of the trunk groups indicates 
that no group has two or more idle trunks there 
in, a reserve test is made to determine whether 
any group has a single idle trunk. The reserve 
test is made at the end of a measured interval 
which is long enough to enable the test and selec 
tion of any group that is found having two or 
more trunks. This interval is measured by a 
circuit traceable from battery supply conductor 
38, conductors 352 and 354, resistor 355, con 
tacts of relay 3, conductor 347, resistor 527 to 
condenser 528. At the end of the interval the 
condenser reaches its charged condition, and full 
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positive potential is applied through resistor 529 
to the electrode 530 of tube 520. Tube 520 ionizes 
since the other control electrode 53 is con 
nected through the winding of relay 503 to the 

9 
50 volts positive, and 50 volts negative are suit 
able peak impulse amplitudes. 
What is claimed is: 
1. In combination, a plurality of switches ar 

negative pole of battery 504. Current now flows 5 ranged in groups, groups of lines appearing re 
in a circuit from the positive pole of battery 
over conductor 623, anode of the tube 520, Cath 
ode 53, winding of relay 503 to the negative 
pole of battery 504. Relay 503 operates in this 
circuit and increases the negative potential ap 
plied over conductor 605 to the electrodes of the 
tubes of the group 720. This increased potential 
is applied from the negative pole of battery 532 
in series with battery 504 through the contact 
of relay 503, resistor 533, contact of relay 503 to 
conductor 605. Hence the voltage drop acroSS 
the electrodes of any one of the tubes 720 is suf 
ficient to ionize the tube if one of these elec 
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trodes is connected to a testing network 100 
having only one of its branches closed, indicating 
that only one of the trunks in the group is avail 
able. 
The line switch frames disclosed herein also 

serve to complete incoming calls to the called 
subscribers' lines. For a general understanding 
of the operation of primary and secondary cross 
bar switches for the completion of both out 
going and incoming calls, reference may be had 
to the patent to W. W. Carpenter, No. 2,089,921, 
granted August 10, 1937. 
One of the terminating switch controlling 

markers 450 is illustrated diagrammatically in 
the drawings. Whenever the marker 450 seizes 
the line switch frame for the purpose of Com 
pleting a terminating call to one of the Sub 
scribers' lines, relay 400 is operated over a cir 
cuit extending from the marker over conductor 
45 through the normal contacts of relay 332 

20 

25 

30 

spectively in said groups of switches, a plurality 
of space-discharge devices, one for each of said 
groups of lines, a source for producing potentials 
of different phases, said phases characterizing 
respectively the different groups of lines, means 
including said source responsive to the lines of 
each group for applying to the corresponding dis 
charge device impulses of the phase characteriz 
ing said group to cause the discharge of said de 
vice, means effective when any one of said de 
vices discharges to prevent the discharge of any 
One of the other discharge devices, and means re 
sponsive to the discharged device for controlling 
the operation of the Switches of the associated 
grOlip. 

2. In combination, a plurality of Switches ar 
ranged in groups, groups of lines appearing re 
spectively in said groups of Switches, a plurality 
of discharge tubes, one for each group of lines, 
means responsive to the lines of each group for 
applying to the corresponding tube impulses of 
potential to cause the discharge thereof, the im 
pulses applied to the different tubes being of dif 
ferent phases to cause a single one of said tubes 
to discharge at a time, means effective when any 
One of said tubes discharges to prevent the dis 
charge of any other tube in response to the po 
tential impulses applied thereto, and means re 
sponsive to the discharged tube for controlling 
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(no outgoing call being extended at this time) . 
conductor 348 to the winding of relay 400 to bat 
tery. Relay 400 operates and removes battery 
potential from conductor 23 and similar cont 
ductors to prevent the operation of any one of 
the line tubes in case one of the subscribers 
initiates a call. Relay 400 also opens other con 
trol leads that are used when outgoing calls are 
being extended. In a similar manner the exten 
sion of an outgoing call prevents the terminating 
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marker 450 from seizing the line switch frame. . . 
This is accomplished by opening the energizing 
circuit of relay 400 at the contacts of relay 332. 
The phase impulse generator leads disclosed in 

various parts of the drawings may be connected 
to separate generators, all of which are in Syn 
chronism, or to the same impulse generator. 
These phase impulses are produced during each 
cycle of an alternating current source of any 
suitable frequency. As has been explained, Some 
of these impulses are of positive polarity and 
others are of negative polarity. Generally Speak 
ing the discharge tubes disclosed in the draw 
ings are designed to ionize their control gaps 
when a voltage is applied thereto which is equal 
to the sum of the positive and negative poten 
tial impulses, whereas a single impulse is in 
sufficient. Large amplitude pulses are required 
in the anode circuits, as in tube 208, in which 
case the direct current component of anode volt 
age is insufficient to maintain a discharge, while 
the sum of the direct voltage and the peak in 
pulse voltage in the anode, less the drop in the 
tube while conducting will result in an impulse 
of normal amplitude across an output impedance. 
I have found that suitable values are 75 volts and 
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the operation of the switches of the associated 
grOup. 

3. In combination, a plurality of switches ar 
ranged in groups, groups of lines appearing re 
spectively in said groups of Switches, a plurality 
of space-discharge tubes, One for each group of 
lines, means for applying a control potential to 
all of said tubes, means responsive to any line 
in each of said groups for applying to the corre 
sponding tube operating potential impulses to 
cause the discharge of said tube, the impulses ap 
plied to the different tubes being of different 
phases to insure that only one tube discharges at 
any time, means effective when any one of the 
tubes discharges for altering the control poten 
tial on the remainder of Said tubes to render 
them unresponsive to said operating potential 
impulses, and means controlled by the discharged 
tube for causing the operation of the associated 
Switches. 

4. In combination, a plurality of lines arranged 
electrically in coordinate horizontal and vertical 
groups, Switches for Serving said lines, a series of 
discharge tubes individual respectively to the 
horizontal groups, a second series of discharge 
tubes individual respectively to the vertical 
groups, a source of potential of different phases, 
each phase characterizing a different one of said 
horizontal groups of lines, means responsive to a 
calling line in any horizontal group for causing 
the application to the corresponding tube of po 
tential impulses from said source of the phase 
characterizing said horizontal group to effect the 
discharge of said tube, means effective when any 
one of said horizontal-group tubes discharges for 
rendering the remaining horizontal-group tubes 
unresponsive to potential impulses, means re 
sponsive to the discharge of a tube individual to 
a horizontal group of lines for applying potential 
impulses to the tubes individual to said vertical 
groups, means responsive to the discharge of one 



O 
of said vertical-group tubes for rendering the re 
maining vertical-group tubes unresponsive to said 
potential impulses, and means controlled by the 
discharged horizontal and vertical tubes for caus 
ing said switches to serve the coordinate group of 
lines represented by said discharged tubes. 

5. In combination, automatic Switches, a group 
of lines appearing in said switches, a plurality of . 
groups of trunks, a plurality of link circuits ac 
cessible to said switches for extending said lines 
to said trunk groups, said link circuits having ac 
cess respectively to said trunk groups, means for 
performing a matching test between each link 
circuit and the trunk group to which it has ac 
cess, said means comprising a plurality of space 
discharge tubes, one for each link and its asso 
ciated trunk group, means for producing poten 
tial impulses of different phases characterizing 
the idle links, means for producing potential in 
pulses of different phases characterizing the idle 
trunk groups, and means for applying to said 
tubes potential impulses of the phases represent 
ing idle links that match with idle trunk groups 
to cause the discharge of one of said tubes, means 
responsive to the discharge of one of said tubes 
for disabling the remaining tubes, and means 
controlled by the discharged tube for causing the 
operation of said switches to extend a connection 
over the chosen idle link and trunk group. 

6. In combination, a plurality of Switches, a 
plurality of lines appearing in said Switches, a 
number of trunk groups, a number of links ac 
cessible to said switches for extending said lines 
to said trunk groups, said links having access in 
dividually to the respective trunk groups, a test 
ing mechanism comprising a series of discharge 
tubes for making a matching test of the links and 
the associated trunk groups, said tubes serving 
individually the respective links and their as 
sociated trunk groups, means for producing po 
tential impulses of different phases characteriz 
ing the respective links, means for transmitting 
to said testing mechanism impulses of the phases 
representing idle links, means for producing po 
tential impulses of different phases characteriz 
ing the respective trunk groups, means for trans 
mitting to said testing mechanism potential 
impulses representing trunk groups having an 
idle trunk therein, means resposive to the 
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to said testing mechanism for Cauling the appli 
cation of potentials of like phase to said dis 
charge tubes to cause the discharge of one of said 
tubes representing an idle link having access to 
an idle trunk, and means responsive to the dis 
charged tube for causing the operation of said 
switches. 

7. In combination, a plurality of switches, a plurality of groups of lines appearing respectively 
in said groups of switches, each group of lines 
divided into subgroups which appear respectively 
in the individual switches of the corresponding 
group, means for selecting a group of lines to be 
served to the exclusion of other line groups, 
means for selecting a subgroup of lines in the 
chosen group to be served to the exclusion of the 
other subgroups in said chosen group, means for 
producing potential impulses of different phases 
representing the different lines of the chosen sub 
group, a series of discharge tubes each represent 
ing one of the lines of said subgroup, means for 
applying said potential impulses to said tubes to 
cause the discharge of one of said tubes, and 
means controlled by the discharged tube for op 
erating the associated switch to serve a particu 
lar line represented by said tube. 

8. In combination, a plurality of switches, a 
plurality of groups of lines appearing respectively 
in said groups of switches, each group of lines 
divided into subgroups which appear respectively 
in the individual switches of the corresponding 
group, means for selecting a group of lines to be 
served to the exclusion of other line groups, 
means for selecting a subgroup of lines in the 
chosen group to be served to the exclusion of the 
other subgroups in said chosen group, means for 
producing potential impulses of different phases 
representing the different lines of the chosen sub 
group, a series of discharge tubes each repre 
senting one of the lines of said subgroup, means 
for applying to said tubes potential impulses of 
the phases, characterizing calling lines in the 
chosen subgroup for causing the discharge of 
One of said tubes to the exclusion of the other 
tubes, means controlled by the discharged tube 
for disabling the remaining tubes, and means 
controlled by the discharged tube for causing the 
operation of the associated switch to extend the 

potential impulses of like phase transmitted 50 chosen line. 
WAM. B. T. BOON, 


