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Patented Mar. 30, 1948 2,438,496 
UNITED STATES PATENT OFFICE 

2.438,496 
TELEPHONE SYSTEM EMPLOYING KEY 

TYPE CALL TRANSITTER, 

Gerald Deakin, New York, N. Y., assignor to In 
ternational Standard Electric Corporation, New 
York, N.Y., a corporation of Delaware 
Application June 9, 1944, Serial No. 540,946 

57 CaintS. 

This invention relates to new and useful in 
provements in SWitching systems of the type use 
ful for controling telecommunication. 
The present is a continuation of iny applica 

tion Serial No. 533,466, filed May 1, 1944, how 
abandoned. 
The object of the invention is to provide a, 

key-controlled Switching system which is so rapid 
that a Single Set of ten keys may be used for 
Controlling a plurality of successive numerical 
SWitching operations, e.g. in automatic telephone 
Systems, and yet simple enough to Permit, in 
Stallation at subscribers' stations. 

In a telephone System embodying the various 
features of the present invention high Speed key 
ing (up to 6 per second) into a P. A. B. X or fast 
Central office equipment is made pOSSible, and 
slower keying (1 or 2 per Second) into switch 
boards incapable of receiving at high Speeds, 
Each ten button key set is equipped with Ileans, 
Such as sliding and locking bars which hold a 
key depressed and prevent any other key from 
being depressed until a switching device such as 
a register is ready to receive another digit, at 
Which time the depressed key is autOmatically 
released. In one form, the register is equipped 
With three sets of digit storing means, e.g. relayS, 
Whereby the first three digits may be keyed at 
the maximum speed, making it particularly Suit 
able for high speed three-digit P. A. B. X Opera - 
tion. The number of groups of digit storing re 
layS is not fixed. There may be only one group 
Without storage facilities. There may be tWO 
groups in which one digit may be StOired, pend 
ing the Selection of the previous digit. Such a 35 
register would be useful in high speed two-digit, 
P. A. B. X operation. There may be four or more 
groups but it is thought that in most cases the 
additional expense would not be warranted. 
However, when it is necessary to dispose of the 
Callis With extreme rapidity, one group of digit 
Storing relays should be provided for each digit. 
The registers could be provided for the Operatoi'S 
at manual or automatic P. B. X switchboards. 
When sending from a P. A. B. x to a slow 

Speed central office or from a high speed central 
Office to a slow Speed central office, the speed 
With which keys are released will depend upon 
the time taken to complete selection in the cen 
tral OfficF. For example, When a three-digit stor 
ing register circuit is used for out-trunking from 
a P. A. S. X to a slow speed central office (10 or 
2 pulses per second), then the first three digits 
may be keyed in rapid succession and stored, 
respectively, in the three sets of storing relays. 
AS Soon as a free out-trunk is selected by the 
P. A. B. X which ordinarily will be done very 
Tapidly, the first set of storing relays is freed 
to receive the fourth digit. From then on the 
keys Will be released as rapidly as the selections 

(C, 9-90) 
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are completed. Since the register is always 
Capable of storing three digits, the last key but 
ton may be depressed before the last three cen 
tral Office Selections take place. 

5 When keying into a central office equipped 
with registers adapted to receive at a rate of 20 
Steps per second, the speed of keying may be cor 
respondingly increased. 
The Systern here disclosed is suitable for use 

10. With two-wire lines free from appreciable earth 
potentials having a maximum loop resistance, 
including the Subscriber’s Set, of 600 ohms and a, 
minimum leakage to ground of 20,000 ohms. 
These figures are not limits and are merely given 
to show that the system is capable of working 
in a modern Cable plaat mairatained With reason 
able caire such as is necessary regardless of the 
System üSed. 
While the provision of a key-controlled switch 

20 ing System is the important object of the inven 
tion, some of the features, particularly those re 
lating to the register, may be found useful in 
other types of control System. This will be clear 
from the following description and the appended 

25 claims. 
In the dra Wings: 
Fig. 1 is a block diagram of a telephone sys 

ten embodying the invention; 
Fig. 2 is a simplified diagram illustrating the 

so functioning of the invention; 
Fig. 3 is a substation circuit; 
FigS. 4-10 illustrate the key Set, Fig. 4 being a 

section along lines 4-4 of Fig. 6, Fig. 5 a section 
aiong lines 5-5 of Fig. 6, Fig. 6 a Section along 
lines 6-6 of Fig. 8, Fig. 7 an enlarged view of 
a detail of Fig. 6, Fig. 8 a. Section along lines 8-3 
of Fig. 6, Fig. 9 a section along 9- 9 of Fig. 8, 
and tig. 10 a Section along lines f(-0 of Fig. 6; 

Efig.S. 8.1. and 110 are diagrams of the register; 
40 and 
-s Fig. 12 illustrates the circuits at Various Stages 

Of their operation. 
SUBSCRIBERS SET CIRCUIT (FIGS, 2 AND 3) 

The subscriber's set consists of an ordinary 
telephone set and a ten-button key diagrammati 
cally shown in Fig. 3, all mounted in a table or 
other set, for example, as shown in my Copend 
ing design application Serial No. D. 113,244, 

50 filed April 13, 1944, now Design Patent No. 
40,904, patented April 17, 1945. The key set 
consists of ten buttons, an upper and a lower 
locking plate, a rectifier reversing plate, a release 
magnet, and home contacts, the mechanical con 

55 struction of Which Will be described later. First 
the functioning of the circuit will be described. 
When any key is depressed, home contact 25 

opens the receiver circuit and home contact 24 
Short-circuits the telephone circuit. The pur 

60 pose of the former is to prevent an objectionable 

45 
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click in the receiver when the line is short-cir 
cuited. As soon as any key is depressed, the 
upper locking bar prevents the depression of a 
second key until the first key is fully restored. 
When the key plunger reaches the locking plate 

at the bottom, contact 38 opens and removes a 
short-circuit from keys. At about the same time 
a latch spring is released which causes a Weighted 
spring momentarily to open contact 37. This is 
done so that the line circuit may not be opened 
long enough to cause a release at the Central 
office which could take place if the length of 
opening depended on the speed of depression or 
the continuity of depression. When the key is 
fully depressed, it is locked in position by the lower 
locking plate and remains so depressed until re 
leased by the release magnet RM which, when 
operated, releases the lower locking bar and thus 
the plunger returns to normal whereupon another 
key may be operated, 

Buttons 1 and 6 when depressed cut in resist 
ance R, buttons 2 and 7 cut in R2, 3 and 8 R3, 
and 4 and 9 R4. Buttons 5 and 0 do not cut in 
a resistance. The keys make contact and cut 
resistances into the line at the moment When con 
tact 38 removes the short-circuit. 
RC is an adjustable resistance which is used to 

adjust the line loop to a constant resistance of, 
Say, 600 ohms. 
When any one of the lower keys 6 to 0 of the 

five pairs of keys is depressed, the second locking 
top plate reverses the connection of the rectifier 
at 26. This plate is not restored to its normal 
position until the key plunger is released. 
The tip spring of the lower locking bar is asso 

ciated with the Switch-hook in such a way that 
no key can be locked depressed unless the handset 
has been removed. Should a subscriber hang up 
with a key depressed, the key will be released 
when the handset is replaced and trips the lock 
ing plate. 

'TEN BUTTON KEY SET (FIG.S. 4-10) 

Obviously, the above-described Operations can 
be performed in many Ways and the mechanical 
structure here disclosed is given merely for the 
sake of exemplifying a controlling device embody 
ing the features of the present invention. 
The key set has ten keys. Each key has a 

molded plunger to with a removable key top . 
Plunger O is guided by a square hole in the top 
of frame 2 and at the bottom by a hole in plate 
5 which is attached to key frame 2. The keys 

are kept in their normal position by springs f4. 
A shoulder on the plunger at f 9 limits the upper 
movement. 
There are three sliding plates 6, 7 and 8, 

each free to slide endwise to the right (Fig. 6). 
These sliding plates are held in position by lugs 
projecting through slots in the side of the housing 
2 as indicated in FigS. 5 and 10. 
The key plunger to normally pierces the sliding 

plates f6 and 7 as shown in Fig. 10. The hole 29 
in plate 6 is such that whenever any key is de 
pressed the slanting surface 2 of the plunger 
forces plate 6 to the right. Pin 22 molded in 
the depressed plunger 0, however, passes through 
hole 20 in the plate before the hole is moved suffi 
ciently to prevent the depression of the key. A 
Second key may not be depressed when one key 
is already depressed, 

Locking bar 7 is similarly arranged, except 
that the holes 23 for keys 1 to 5 are longer. The 
slanting surface 2 of the plunger does not engage 
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this plate when any button 1 to 5 is depressed. 
However, when any key 6 to 0 is depressed, sliding 
plate 7 is moved to the right along with sliding 
plate 6. 
When any button is depressed, sliding bar 6 

moves to the right, opens contact 25 (Fig. 9) and 
closes contact 24 (Fig. 6). These are the con 
tacts identified in the circuit of Fig. 3. When 
any button 6 to 0 is depressed, sliding bar 
moves to the right and operates contacts 26 (see 
Figs. 4, 6 and 10). 
The upper part of the plunger is provided with 

a lug 27. When any key except keys 5 and 0 is 
depressed, the depressed lug forces two adjacent 
springs together to close contact 28. Such con 
tact is not provided for keys 5 and 0. It will be 
seen from Fig. 10 that the same contact is closed 
when any other pair of keys, such as 1 and 6 are 
depressed, 
Just as the depressed key nears the end of its 

stroke, sliding surface 29 at the bottom of the 
key plunger engages the edge of hole 38 in sliding 
plate 8 and forces the plate to the right. When 
the plunger is fully depressed, pin 3 attached to 
plate 8 engages a catch on spring 32, whereby 
when pressure is released from the key, plate 8 
does not return to its normal position and the tip 
33 of the plunger catches under the edge of hole 
38 in plate 8 and the key remains depressed 
(see Fig. 7). 
When the plunger forces plate 8 to the right, 

spring 34 attached to plate 8 forces spring 35 
also to the right. Just before plate 8 reaches 
the end of its movement, lug 36 attached to frame 
12 engages the slanting tip of Spring 34 forcing 
it downward to release spring 35 which now re 
turns under considerable tension of itS OWn to 
engage weighted spring 36, forcing this spring 
away from the center spring 37, thereby opening 
contact 36-37 long enough to allow the requisite 
opening of the line circuit. This Snap opening 
of the line circuit is provided so that the line 
circuit may not be opened too long When a key 
is depressed slowly. Plate 8 also opens contact 
38 (Figs. 8 and 9). 
To release a depressed key, electro-magnet RM 

is energized. Armature 4) is attracted and de 
presses spring 32, thereby freeing pin 3, after 
which plate 18 returns to its normal position 
under the tension of spring 4, the free end of 
which rests against lug 42 of frame 2. The in 
clined back of the catch on Spring 34 permits this 
spring to assume the position shown in Fig. 6. 
When the key is restored, plates 3 and 

return to their normal positions, the former under 
the tension of springs 24 and 25 and the latter 
under the tension of spring 26. 
Part 43 is connected to the switch-hook of the 

subscriber's set in such a way that it forces 32 
out of reach of pin 3 when the switch-hook is 
in its normal position, whereby a key Will not be 
locked down when the handset is on the SWitch 
hook. Parts 43 and 32 are shown. With handset 
removed. 
Radio type resistances R to R4 are connected 

to and supported at one end by lugs 35 of the One 
spring making contact 28. The other end is 
strapped to Wire “ui.” 
The plug-in adjustable resistance RC is con 

veniently located at the bottom of the set. The 
socket for RC, not shown, is attached to the base 
of 2. 

Rectifier 46 is also attached to the base Of 
frame 2, 
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FUNDAMENTAL, SIGNALING CIRCUIT (FIG. 2) 
The fundamental signaling circuit is substan 

tially a Wheatstone bridge circuit and When the 
potentials of the opposite corners of the square 
bear a predetermined relationship to one-another, 
e.g. are the same, the responsive device in the 
registering circuit operates. The potentials in 
volved and how they are obtained are shown on 
Fig. 2. Any source of direct current may be used, 
e.g. the normal exchange battery of 48 volts. The 
potential of this battery may vary from 4:0 to 60 
Volis without disturbing operation; thus no volt. 
age regulation of the battery is necessary. 
At the central office four potentials P to Pi. 

are obtained by means of a potentic meter placed 
across the exchange battery. These potentials 
are applied in rotation to the grid of triode Wi 
of the register by counting or other step-by-step 
operated nearns such as counting relays CRE-3. 
The corresponding potentials applied to the grid 
of V2 are obtained from the same battery by in 
serting at the keys into the metallic line loop the 
proper resistances R-i as indicated in the table 
on Fig. 2. it will be seen that a pair of keys, Sucia 
as 1 and 6, 2 and 7, etc., introduce the same re 
Sistance. Keys 5 and 0 are not equipped With 
contacts since these two digits are recorded with 
out the use of potentials. The manner in which 
odd and even key buttons of each pair are de 
tected will be explained in connection with the 
register circuit. It will suffice to say here that 
the signal circuit is always as shown in Fig. 2 
when an operating potential is applied to the grid 
of W2. At this time the cofanection of the rec 
tifier S in series with the release magnet RM is 
always such as to prevent the flow of current from 
the ''b'' Wire t0 the “ct” Wire and thus RM does 
not interfere with signaling. 
The value of the resistors R, to R4 is given in 

the table. Resistor RC is always adjusted so that 
the loop resistance of the metallic line from the 
office to the key, but excluding the key resistor, 
is 600 ohms. RC may be a small plug-in radio 
type resistor. 
When key 1 or key 6 is depressed, the total loop 

resistance is 3300 ohms. When the line has an 
infinite insulation resistance to ground, the re 
Sulting potential on the grid of W2 is 30 volts. 
When the “b’ wire has a leak to ground of 20,000 
ohms, the potential is reduced to 28 volts. The 
average is 29 volts and the potentiometer at the 
central office is adjusted to give P this average 
potential of 29 volts. 
The resistances R2, R3 and R4 are selected to 

give a graduated series of potentials approxi 
nately 3 WOlts apart. The value of these resist 

20 

30 

35 

40 

45 

ances and the corresponding potentials under the 
different conditions are given in the table. 
In the signaling System as here disclosed the 

lines have a loop resistance not exceeding 600 
ohms and an insulation resistance, “b” wire to 
round, of not leSS than 20,000 ohms. While these 

figures are not limits, they are met by the vast 
bulk of lines in any modern cable plant. 

OPERATION OF REGISTER CIRCUIT 
(FIGS 1, 11, AND 1a) 

Subscriber removes handset 
When the subscriber removes the handset and 

closes the line circuit, the line relay operates, after 
which an R-link seizes a B-link and then a reg 
ister. After this the register causes the line 
finder of the B-link to seize the calling line, 
whereupon relays RAR and RBR of the register 

65 

5 

6 
circuit (Fig. 11) fall away and pull up respectively, 
all as described in application Serial No. 521,160, 
filed February 5, 1944. It is at this stage that 
the parts of the register circuit shown in Fig. 11 
come into effect. When RAR makes its back con 
tacts, it connects in Said application a stepping 
relay to the calling line. This stepping relay re 
ceives the digit pulses and passes them on to digit 
Switches through an in-control distributing 
SWitch. The digit switches store the digit record. 
In the present case, when RAR, makes its back 
contacts, it connects to the calling line a tube 
circuit, including four counting relays CR to 
Cº. 'ºhese conting relays transfer the record 
of the digit k£yed to digit storing relays XR, 
XER2, etc., the counterpart of the digit switches 
above referred to and the distribution of these 
gligit storing relays is made by counting relays 
CR5 to CR3 and transfer relays TR to TR3, the 
Cellaterpart of the in-control Switch. In both 
Cases the result is the same. PN potentials ac 
cording to the digit keyed are placed on the ter 
Kaninals of the C bank of the Cut-control Switch 
FO aid ground on the B terminals, either directly 
o; thiogh translator switches. The Operation 
ff the Selectors in completing the connection in 
the E. A. B. X or central office, as the case may 
he, aind the generation of dial pulses for out 
till king remain as described in said application. 
a control the release of the key, an extra bank 

3. is added to the POSwitch and an extra contagt 
to the GSR. Í relay so that whenever GSRÍ op 
erates, it places battery on a terminal in bank ac 
at the Same instaat it energizes FPO. 
When R8R (Fig. 11) makes its front contact, 

it energizes AR over a back contact of BR. AR, 
CCnnectS AR to the "b' Wire and a circuit is 
established from battery, winding AR, , front AR, 
back CR, back RAR. “b' wire through telephone 
Set, "a" wire, back RAR, back CR, back ER, front 
AR, resistor Rf, back BR to ground. AR oper 
8tes and energizes BR, ground, front AR, back 
RR and winding BR to battery. BR disconnects 
itSelf from AR and locks up over front R. R. At 
the same time BR disconnects the winding of AR 
from a front contact of RBR, and in place thereof 
connects it to a front, contact of AR, without 
Opening the circuit of AR. AR, now locks up AR. 
BR removes ground from the 'a' Wire but the 
line circuit remains closed to ground over a front 
contact of AR. BR closes the primary circuit 
Of the dialing tone transformer TT. The second 
fally Wilding of this transformer is bridged across 
the calling line through condenser C. The sub-. 
Scriber hears the dialing tone. SR, is energized, 
circuit from ground, back ER, back GVR, front 
BR, front AR, winding IFR, to battery. Ti The cir 
cuit remains in this condition until a key is depressed. 

Key group selection 

When any key is depressed, the line circuit is 
momentarily opened by the key set (B, Fig. 12). 
This momentary opening of the line circuit re 
leases AR (Fig. 11). AR breaks its front con 
tacts and opens its own holding circuit and at the 
Same time releases AR. AR falls away and makes 
its back:Contacts, among other things connecting 
NR from battery to the “cº Wire via, back con 
tacts of DR, AR, ER, and CR. The “b' Wire is 
grounded Over a back contact of AR and a back 
Contact of CR. 
Should a key 1 to 5 have been depressed, the 

Connection of the rectifier S in the SubSeriber's 
Set circuit will be as shown at C in Fig. 12. Cur 

  



2,438,496 
7 

rent Will not flow through release magnet RMI and 
the current which flows through the low resist 
ance Winding of NR (Fig. 11) and the key resistor 
R to RA (Fig. 2), as the case may be, will not be 
Sufficient to energize NR. However, should a key 
6 to 0 have been depressed, the connection of the 
rectifier is reversed (E, Fig. 12). Sufficient cur 
rent now flows through the low resistance wind 
ing of NR, the rectifier, and the release magnet 
to operate NR, which breaks its back contact 
quickly and introduces an additional resistance 
RN of some 2,000 ohms under which condition 
RM does not operate. NR has two windings, a low 
resistance Winding and a high resistance winding. 
Normally the latter is short-circuited. The form 
er Winding enables the relay to be adjusted to op 
erate over the maximum loop of 800 ohms (the 
maximum permissible line resistance of 600 ohms 
plus the resistance of the rectifier and release 
Imagnet) but not to operate over the minimum 
keyed resistance R4 which, as will be seen from 
Fig. 2, is 1600 ohms. When NR closes its front 
contact, it energizes CR (Fig. 11) which reverses 
the line connections so that current ceases to flow 
through R.M. By means of this reversal of the 
rectifier connections, it is possible to reduce the 
number of different subsequent key selecting 
pulses from 10 to 5 and thus cut in half the num 
ber of potentials necessary for the operation of 
the tube circuit. Keys 1 to 5 develop the same po 
tentials as keys 6 to 0 respectively (see Fig. 2). 
When AR breaks its front contact, it opens the 

circuit of slow releasing relay FR, the purpose of 
which is to allow time for NR to operate CR, if CR 
is to be operated at all. After the elapse of a 
short interval of time, FR closes its back contact 
and energizes DR, circuit from ground, back GWR, 
front BR, back AR, back FR, winding DR to bat 
tery. 

Key i depressed 

When key i is depressed, AR falls away and 
releases AR. AR connects relay NR to the 'a' 
Wire, ground to the "b' wire and releases FR. 
When FR makes its back contact, DR becomes 
energized and disconnects NR, and in place there 
of connects the grid of W2 in multiple with resistor 
RN to the 'd' Wire. Resistor RN is connected to 
battery over a front contact of RBR. The keying 
circuit is diagrammatically shown at D in Fig. 12. 
DR operates DTR which operates and locks up 
and disconnects the dialing tone transformer. 
The resistance R, which key 1 introduces into 
the line circuit, is such as to produce a potential 
Pli on the grid of W2, the average value of Which 
potential is arbitrarily assumed to be 29 volts. 
Since the grid of W is normally connected to the 
same potential over the back contact of CR, gas 
valve GW fires instantly and energizes GWR, which 
opens its back contact and consequently the cir 
cuit of CR before the latter has had time to op 
erate and energize CR2. Similarly, if digit 3 
Were keyed, GW would fire when CR2 is Operated 
and connects P3 to the grid of W. Over the back 
contact of CR3. 

Digit 1 stored 

When GWR makes its front contact, it energizes 
TR, and CR6 OVer back contacts of CR5. AS 
soon as TR, makes its front contacts, XR op 
erates over a circuit from ground, back CR and 
front TR. XR1, according to the following table, 
places the required potential PN on terminal of 
bank C via the back contacts of XR2, XR3, and 
XR4. 
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TABLE 

Relays energized 
Digit keyed 

?.?. CR1/4 

1- ???-- ????---------------------------------------- None 
2-- 2 I 
3--- 3 2 
4--- 4. 3 
5--- --3 4 
9- - - - - ? - - - - - ?- ? - - - - - - ----------? - - ?-------------- --2 None 
7--- 2-3 
8--- 3?4 2 
9--- --- 4-+?i 3 
0--- -----2-3 4. 

F is a filter to prevent improper operation of 
the triodes by the dialing tone or the like. 

Key released 
GWR energizes GSR. A low resistance circuit 

is established from ground, front GSR, back - 
ER, back CR, back RAR, “a” wire, release mag 
net of Subscriber's set (G, Fig. 12), rectifier 
S, “b' wire, back RAR, back CR, front GSR, wind 
ing AR to battery. The current through this 
OW resistance circuit is now in such a direction 
and of such a strength as to energize release mag 
net RM of the subscriber's set. RM releases the 
depressed key. ARf remains energized and locks 
up AR. GSR removes battery from N.R, so that 
NR, is not energized when GSR grounds the 'a' 
Wire. GSR removes ground from the “b' Wire. 
This is done So that AR will not buzz on a pre 
nature release. When GSR releases, it removes 
the shunt from resistor R and this resistance is 
introduced into a holding circuit of AR. The 
line circuit is now restored to the waiting posi 
tion (A, Fig. 12) and it remains in this condi 
tion until another key is depressed. 

Register prepares for storing second digii 
GSR opens the circuit of the high tension bat 

tery. GW is de-ionized and releases GWR. Wheii 
GWR breaks its front contact, CR6 locks up over 
its front contact in series with CR5. CR.3 trans 
fers the front contact of GVR, to the back Of 
CR which is connected to the winding of R2. 
In parallel with the foregoing, TR releases 

when GWR breaks its front contact. XR, how 
ever, remains energized and locked up over its 
front contact and the Winding of XHR?. XHR 
places ground on terminal f, bank B of the out 
contro SWitch PO. 

First selection takes place 
When XHR places ground on bank B, the AR 

relay of the selector under control operates and 
the selector searches for a trunk having poten 
tial PN on the 't' wire. . When a free trunk is 
found, GSR (Fig. 11a) is energized and ener 
gizes PO, at the same time placing battery 
through FR - on the brush ac, terminal f, thereby 
shunting out XRf which releases. When XR 
breaks its front contacts, XHR releases aid 
frees the first group of XR, relays for another 
digit, but as previously indicated, the next digit 
when it does arrive will come in on the second 
group since TR2 is now connected to the front, 
Contact, df GWR. 

Digit 5 keged 

We will assume that digit 5 is keyed after digit 
1 and, as Will be seen from the potential dia 
gram (Fig. 2), this key inserts no operating po 
tential resistance in the line circuit. Thus 
counting relay CR will operate, circuit from 
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?round, back ER and GVR, front IBR, back AR, 
back FR, front DR, winding CR to battery. CR 
connects CR2 to this grounded circuit and CR2 
operates. CR2 connects CR3 and CR3 connects 
CR4. The tube circuit does not operate, but 
When CRA closes its front contact, the ground is 
extended over frent CR5 and back CRT te: ener 
gize TR2. XR and XR3 (Seetable above) oper 
ate and lock up. CR4 also operates GSR, re-era 
ergizing AR, which locks up to the line and re 
leases the key. When AR operates, FR is en 
ergized and DR, and the counting relays are re 
leased, whereupon TR2 releases. Another relay 
energized by CR4 is CR8 which locks up. over its 
front contact in series with CR. CR transfers 
the front contact of GWR from TR2 to TR3. 
When TR2 is released, XHR2 operates and 
places a ground on terminal 2 in bank B of PO 
and the second selection may now be inade in 
the usual way for digit 5. 

Digit 6 keyed 
When key 6 is depressed, the same potential 

is placed on the grid of W.2 as when key 1 was de 
pressed, but because of the reversal of the recti 
fier, as previously explained, NR operates mo 
mentarily and locks up CR, thus reversing the 
line connection at the central office as shown at 
F in Fig. 12. When TR3 operates, relays XR 
and XR2 are energized in accordance with the 
above table. 
When XHR3 operates, counting relays CR5 to 

CR8 are released and ground is placed on termi 
nal 3 Of bank B. Of PO. 

Digit 0 keyed 

We will assume that the fourth digit keyed is 
the digit 0. In this case NR locks up CR but 
no potential is placed on the line, the same as 
when the opposite digit 5 was keyed. Therefore, 
counting relay CRA operates With the result that, 
relays XR1, XR2, and XR3 of the first group. are 
again energized as per the table, assuming, of 
course, that the first selection has been com 
peted. 

Key Set blocked 

Assume now that the second Selection is still 
incomplete, in which event XHRE, XHR2, and 
XHR3 will be energized and close over their front 
contacts a series circuit for relay ER to R.R 
front. ER Opens the line circuit, energizes GSR 
and removes ground from the armature of GWR, 
thus releasing DR. The circuit remains in this 
condition until the second selection is complete, 
after which the above traced holding cireuit is 
opened at a front, contact of XHR2, whereupon 
ER, falls away and GSR closes the line circuit. 
AR locks up to the line, since GSR is slow re 
leasing, and releases the key set. 
The fifth digit may now be keyed. The call 

will come in on the second group of XR, relays, 
after which the holding circuit will be again 
closed unless the third selection has been con 
pleted. In this manner a key is held depressed 
until there is a free group of XR, relays to re 
ceive and store pulises. 
The bank of the cut-control switch PO has in 

this particular case 12 terminals which are multi 
plied in four sets of three to accommodate the 
three groups of XR digit storing relays. In other 
words, PO may accommodate 12 digits, using 
each group of XR, relays four times. 

It will be readily seen that the number of groups 
of digit storing XR, relays may be decreased or 
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increased. If there were only one group of relays, 
the out-control switch PO would not be neces 
sary since the three Wires running to banks X, B, 
and C could be permanently attached to their 
respective brush circuits. If there were six 
groups of XR, relays, the multipling of the PO 
switch banks would be changed to two groups of 
six instead of four groups of three. If one group 
of storing relays were provided for each of a 
seven-digit number, there would be no multi 
pling in the banks of the PO switch. The ease 
With which arrangements may be made for stor 
ing Various numbers of digits adds important 
flexibility to the circuit. 

Olti-trunk calls from a P. A. B. X 
Local calls within a P. A. B. X equipped for 

key sending may be completed rapidly but when 
a call is out-trunked, the PN potentials selected 
by the digit storing relays are placed on a bank 
of an Out-trunk pulse controlling switch, such 
as PT in the register circuit described in said 
Copending application. The speed and character 
of the out-trunk pulses may be adjusted to the 
character and Speed of the pulse receiving equip 
ment in the central office. As soon as the out 
trunk pulse control switch PT has completed a 
Selection, GSR operates as described in said ap 
plication, releases the digit storing relays and 
consequelatly determines the speed with which the 
keys are released. 

Release, regular and premature 
The method of release when a call is completed 

is the same as described in said copending ap 
plication. However, should the subscriber hang 
up, before the completion of selection, the par 
tially completed selection is released when AR 
falls away upon the opening of the line circuit. 
ARf releases AR. The release of AR, energizes 
DR, in the usual way and the counting relays 
CR-4 are energized. When CR4 operates, GSR 
is energized but as the line circuit is opened, AR 
is not re-energized and therefore does not re-en 
ergize AR. In due course R. R., the circuit of 
which is now opened by AR, breaks its front con 
tacts and releases the connection. 

SPEED OF KEYING 

In a P. A. B. X of the Universal System type 
The maximum speed with which keying may 

be done in a three-digit P. A. B. X equipped with 
three sets of storing relays is calculated as fol 
loWS: 

Time in Milli-Seconds, Digits Keyed 

1 or 6 5 or 0 

Depression of key-------- 50 50 
ARI breaks front contact- 2 2 
AR makes back contact-- 6 6 
FR makes back contact.-- 20. 20 
DR Operates------------------ 6 6 
CR1-4 operates--------------------------------------- 
GWR opens back contact 2 2 
TR operate:S----------- O 10 
XR operates----------- - - 10 10 
Release of key----------------------------- 50 50 

156 88 

Keys per Second--------------------------- 6.5 5.3 
Average maximum------------------------ Approx. 6 ------------ 

Remark: The above assumes 50 milli-seconds for dopressing a key 3%'. 
Theoretically at least, the three keys may be 

successively depressed in a total of one-half a sec 
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ond which is faster than the selectors can com 
plete the call. During hours of normal traffic it 
should be possible to complete a call to number 
555 in a keying P. A. B. X in an average of 1.5 
seconds after the depression of the first key, pro 
vided that all three keys are depressed rapidly 
one after the other. In actual practice it is not 
likely that an average familiar number will be de 
pressed at a rate faster than three keys per Sec 
ond so that the delay of the ringing tone after 
depressing the last key will not be noticeable in 
a P. A. B. X local operation. 

Subscriber-to-subscribe trunk calls from 
d. P. A, B, X 

Under normal traffic conditions a subscriber 
Will pick up a free trunk almost instantly after 
the trunk key is depressed and if the P. A. B. X is 
equipped with three sets of digit storing relays, 
the next three digits may be rapidly depressed. 
In large areas, such as New York, these digits 
would be the office prefix digits. The speed with 
Which the keys will be released to permit the con 
pletion of the keying of the four-digit office num 
ber will depend upon the Speed with which the 
central office is able to absorb the digit pulses. 
When keying into a straight Strowger ex 

change without digit storing facilities, time must 
always be left for the vertical stepping of the 
Switch and for the horizontal hunting for a free 
trunk and, since a straight Strowger System has 
no means of signaling to the sending equipment 
whether the haul is long or short, time must al 
ways be allowed for the long haul. Thus keying 
into such a Strowger exchange cannot be done 
more rapidly than about 1 digit per 1.25 seconds. 
This means that since three digits may be stored, 
the last key may be depressed 4 or 5 seconds be 
fore the ringing or busy tone is heard. This de 
lay may be noticeable but it may not be objec 
tionable. In actual practice, subscribers Will 
probably learn to key at a slower rate so as more 
or less to anticipate the slower speed of the 
Switch. · 
When keying into a system provided with a 

register in which provision may be made for more 
rapid reception, keying may be done at approxi 
mately .75 second per digit, thus reducing the 
average time of the ringing or busy tone after 
the last key is depressed to approximately three 
seconds, this also upon the assumption that the 
next digit is keyed as soon as the key for the 
previous digit is freed. 

Key set applied to central office operation 
When keying is applied to central office op 

eration, it will probably not be necesSary to pro 
vide for more than three sets of digit storing re 
lays since in the Universal System, by Virtue of 
the disposition of trunks which multi-potential 
selection makes possible, all selections may be 
very rapidly made, with the exception of the 
"tens' selection which must of necessity be 
spread out over the entire bank. The average 
for all selections, except the “tens' Selection, dur 
ing hours of normal traffic should be leSS than 
.5 second and that of the average “tens' selec 

tons may be depressed very rapidly. This will 
take care of the office prefix. With translation the 
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third key would be freed in about 1.5 seconds 
after its depression, the time taken to translate 
the Office prefix. The keys would then become 
free at an average rate of .5 second and the Wait 
ing time after the depression of the last key Would 
be about two seconds. This wait is not objection 
able and if the time of keying is spread out, the 
delay will not be noticeable. 
The fact that digits may be stored tends in it 

self to increase the speed of selection. In the 
customary dial system, for instance, the pulses 
for the next digit may not even be prepared for 
Sending in until after the dial comes to rest. The 
Subscriber must locate the finger hole and this 
in itself is often a source of delay, next he must 
pull it to the finger stop, and only after he has 
renoved his finger from the finger hole does the 
sending of pulses to the central office commence. 
With a key set, and storing relays, the subscriber 
can easily select the proper keys one after the 
other Since the designations of the keys are not 
concealed during keying. The designations vis 
i ble through the holes of a Stationary dial are 
concealed during dialing. 
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tion 1 second, thus making the total selection 
time of a seven-digit number for the Universal 
System 4 ... seconds, exclusive of translation. 
Where three-digit office translation is required, 
as Will be the case in all large cities, an average 
of 1.5 seconds must be added to the total selec 
tion time, increasing it to 5.5. If three groups of 
storage relays are provided the first three but 
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When it is desired to provide P. B. X attend 
aints and toll or other operators with means to 
key rapidly the entire number, additional groups 
of storing relayS may be added to the registers 
used by these operators. In this way the num 
bers may be disposed of as fast as they can be 
keyed, but the delay after the keying of the last 
digit may be 5 or 6 seconds. Such delay, how 
ever, is generally of little importance to a P. B. X 
attendant or toll Operator who usually has some 
thing else to do while aWaiting answer by the 
called party. 

FigS. 3d and 3ö illustrate a modification of the 
Control circuit in which the triode W2 is elimi 
nated. The line loop is connected with the cath 
Ode of the Single triode W, to whose grid the 
Various potentials may be applied as previously 
eXplained. The d and b wires are crossed as 
compared to Fig. 3. Otherwise, the two embodi 
ninents are identical. 
What is claimed is: 
1. In a telecommunication system, a plurality 

of lines, each having a multi-digit number, means 
including a plurality of stages of numerical se 
lector SWitches for establishing a connection be 
tWeen a calling and a called line, a central ex 
change register for variably operating the selec 
tOS in accordance With the different digits of 
the called number, a plurality of keys associated 
With each line, an electric discharge tube in the 
register, means for connecting the keys of the 
Calling line With Said tube, means responsive to 
the Operation of the connected keys for applying 
Various potentials to said tube, and means con 
trolled by the tube for variably operating the 
register. 

. In a telecommunication System, a plurality. 
of lines, each having a multi-digit number, means 
including a plurality of Stages of numerical 
SWitches for establishing a connection between a 
Calling and a called line, a register comprising a 
plurality of digit SWitches, less than the digits 
in line numbers, means for successively connect 
ing operated digit switches with the selectors to 
Control their setting, a plurality of keys, each 
adapted Variably to operate any digit switch in 
accordance With the different digits of the called 
number, means responsive to each actuation of a 
key for Connecting it. With an idle digit switch in 
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a predetermined order, and means for prevent 
ing the actuation of the keys if all the digit 
switches are busy. 

3. The system according to claim 1, and means 
for preventing the operation of the keys until the 
control of a selector by the register is completed. 

4. In a telecommunication System, a signal 
Controlling device, a signal responsive device, a 
circuit interconnecting said devices, a source of 
electrical potential, means including a plurality 
of resistances for establishing a plurality of po 
tential changes in said circuit in accordance with 
the operation of the controlling device, and means 
in the responsive device for detecting said po 
tential changes. 

5. The System according to claim 4, and means 
in the responsive device for recording said po 
tential changes. 

6. The System according to claim 4, and means 
for switching one resistance or another into the 
circuit depending on the operation of the con 
trolling device. 

7. In a telecominunication systern, a signal 
controlling device, a signal responsive device, a 
circuit, including a two-wire line interconnecting 
said devices, a, source of electric potential, means 
including a plurality of resistances at the cC 
trolling device for establishing a plurality of 
predetermined potential changes at the respon 
sive device by changing the resistance of said 
circuit in a predetermined manner, and means in 
the responsive device for detecting and recording 
the potential change. 

8. In a telecommunication System, a signal 
controlling device, a signal responsive device, a 
circuit, including a, two-wire line interconnect 
ing said devices, a source of electric potential, 
means including a plurality of keys and a lesser 
number of resistances at the controlling device 
for establishing a plurality of predetermined po 
tential changes at the responsive device by chang 
ing the resistance of said circuit in a predeter 
mined manner, and means in the responsive de 
vice for detecting and recording the key which 
has been actuated. 

9. In a telecommunication System, a signal 
controlling device comprising ten keys and four 
different resistances, a signal responsive device, 
a circuit including a two-Wire line interconnect 
ing said devices, a source of electric potential, 
means including Said keys and resistances at the 
controlling device for establishing predetermined 
potential changes at the responsive device, and 
means in the responsive device for detecting and 
recording which key has been operated. 

10. In a telecommunication system, a control 
lier comprising a plurality of resistances and a 
irectifier, a responsive device, a connection be 
tween the controller and the device, a source 
of potential, means responsive to the operation 
of the controller for connecting to the de 
Vice said Source Over One Of Said resistances and 
the rectifier poled in a predetermined manner, 
Switching means in the responsive device operable 
in accordance with the potential applied there. 
to, and switching means in the responsive device 
operable in accordance with the poling of the 
rectifier. 

11. In a telecOInnunication system, a control 
ier comprising a plurality of keys, a lesser number 
of different resistances and a rectifier, a respon 
sive device, a connection between said device and 
controller, a source of potential, means respon 
sive to the actuation of certain keys for switching 
certain resistances in Said connection, means re 
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14 
Sponsive to the actuation of any one of a gi'Gup 
of said keys for Switching the rectifier in One 
direction in the connection and for switching 
the rectifier in the opposite direction when one 
of the other keys is actuated, switching means 
in the responsive device operable in accordance 
with the potential applied thereto, and switch 
ing means in the responsive device Operable in 
accordance with the poling of the rectifier. 

12. In a telecommunication System, a contro 
lei comprising five pairs of keys, four differ 
ent resistances and a rectifier, a responsive de 
Vice, a connection between Said deVice and con 
trollei, a, Source of potential, means responsive 
to the actuation of any key of four pairs for Se 
lectivey switching said resistances in said con 
nection, means responsive to the actuation of 
one key of any pair for Switching the rectifier in 
One direction in the Connection and for Switch 
ing the rectifier in the opposite direction when 
the other key of any pair is actuated, switching 
means in the responsive device operable in ac 
cordance with the potential applied thereto, and 
SWitching means in the responsive device oper 
able in accordance with the poling of the rectifier, 

13. In a telecominunication System, a signal 
COintrolling device comprising a plurality of keys, 
a lesser number of different resistances and a 
Fectifier, a signal responsive device, a circuit in 
cluding a two-wire line interconnecting said de 
vices, a source of electric potential, means at the 
controlling device for connecting a resistance 
across the wires when either one of a pair of keys 
is actuated and for inserting the rectifier in the 
circuit in one direction or the other depending 
On Which key of the pair is actuated, and means 
in the responsive device for detecting and record 
ing the potential change and the direction of 
Current in the Circuit. 

14. In a telecommunication system, a signal 
Controlling device Coimprising five pairs of keys, 
four different resistances, one for each of four 
of Said pairS of keys, and a rectifier, a signal re 
sponsive device, a circuit including a two-wire 
line interconnecting said devices, a source of 
electrical potential for said circuit, contacts for 
Selectively bridging said resistances across the 
Wires When a key of Said four pairs is actuated, 
contacts for Connecting said rectifier in the cir 
cuit in one direction when one and the opposite 
direction when the other key of said five pairs is 
actuated, leans in the responsive device re 
Sponsive to the potential changes, and mean 
responsive to the current direction changes in 
the circuit, and a switching device having ten 
positions corresponding to the ten keys variably 
operated by Said means in the responsive device. 

15. In a Switching System, a controller coin 
prising a plurality of keys operable in accordance 
with successive digits, means for locking the con 
tiroiler in the actuated position whenever a key 
is operated to prevent the operation of any other 
key, means including a magnet for unlocking the 
controller, a responsive device, a source of po. 
tential, means for establishing a connection ba 
tween the controller and the device for repeatedly 
Operating the latter in accordance with successive 
digits, and means for actuating the magnet upon 
each operation of the device. 

16. The SWit?ching system according to clairn 15, 
and in which different resistances are switched 
into the connection depending on the key ac 
tuated, and means in the device variably oper 
able under the control of said resistances. 

17. In a SWitching System, a controller operable 
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in accordance with successive digits, means for 
locking the controller in the actuated position, 
means including a magnet for unlocking the con 
troller, a rectifier forming part of the controller, 
a source of potential, a responsive device, means 
for establishing a connection between the con 
troller and the device for repeatedly operating the 
latter in accordance with successive digits, means 
for connecting the rectifier in the connection, in 
one direction upon certain and in opposite direc 
tion upon certain other operations of the Con 
troller, means in the responsive device variably 
operable depending upon the connection of the 
rectifier, and means for actuating the magnet 
controlled by Said device. 

18. The Switching System according to claim 15, 
and in which means are provided for connecting 
the rectifier and controller in series in the con 
nection, in one direction upon certain and the 
opposite direction upon certain other operations 
of the controller, and means in the responsive 
device for reversing the direction of current flow 
in said connection. 

19. In a Switching system, a controller operable 
in accordance with successive digits, means for 
locking the controller in the actuated position, 
means including a magnet for unlocking the Con 
troller, a responsive device, a source of potential, 
means for establishing the connection between 
controller and the device for repeatedly operat 
ing the latter in accordance with successive digits, 
means in the controller for SWitching said magnet 
into said connection, means at the responsive de 
vice for establishing a circuit from said source 
over Said connection and magnet, and means at 
the device for varying the resistance of said cir 
cuit to control the operation of said magnet. 

20. The Switching System according to claim 19, 
and in which means are provided at the device 
for varying the direction of current flow in the 
circuit to control the operation of the magnet. 

21. In a SWitching System, a controller operable 
in accordance with successive digits, means for 
locking the controller in the actuated position, 
means including a magnet forumlocking the con 
troller, a plurality of digit responsive devices, 
means for Successively associating said Controller 
with idle responsive devices, and means for ac 
tuating the magnet upon the completion of the 
actuation of a responsive device but only if the 
next device is idle. 

22. In a Switching System, a controller operable 
in accordance with successive digits, means for 
locking the controller in the actuated position, 
means including a magnet for unlocking the con 
troller, a plurality of digit-Storing devices, means 
variably responsive to the actuation of the con 
troller, means for aSSOciating the variably respon 
sive means with successive idle storing devices to 
actuate them, means for performing a plurality 
of successive stages of SWitching operations under 
the control of the storing devices, means for suc 
cessively associating actuated storing devices with 
Successive stages to control the switching opera 
tions, and means for actuating the magnet upon 
the completion of the actuation of a storing device 
but only if the next device is idle. 

23. In a switching System, a controller having 
ten keys operable in accordance With successive 
digits, means for locking an actuated key and pre 
venting the actuation of the other keys, means 
including a magnet for unlocking the keys, a 
plurality of digit-storing devices, means variably 
responsive to the actuation of the keys, means for 
a SSOciating the variably responsive means with 
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16 
successive idle storing devices to actuate them, 
means for performing a plurality of successive 
Stages of SWitching operations under the control 
of the storing devices, means for successively as 
Sociating actuated storing devices with successive . 
stages to control the switching operations, and 
means for actuating the magnet upon the com 
pletion of the actuation of a storing device but 
only if the next device is idle. 

24. In a SWitching System, a controller having 
ten keys operable in accordance with successive 
digits, means for locking an actuated key and 
preventing the actuation of the other keys, means 
including a magnet for unlocking the keys, a 
plurality of groups of digit-storing relays, means 
variably responsive to the actuation of the keys, 
means for aSSOciating the variably responsive 
means With Successive groups of idle storing relays 
to actuate them, means for performing a plurality 
of successive stages of switching operations under 
the control of the storing relays, means for suc 
cessively associating actuated group of storing 
relayS With successive stages to control the Switch 
ing Operations, and means for actuating the mag 
net upon the completion of the actuation of a 
group of relays but only if the next group is idle. 

25. In a telecommunication system, a plurality 
of Signal-controlling devices, a signal responsive 
device, a plurality of circuits, means for connect 
ing a Controlling device over One of the circuits 
with said responsive device, a source of potential 
common to all the circuits, means including a 
plurality of normally inactive keys at each con 
trolling device for establishing a plurality of pre 
determined potential changes in the connected 
circuit, electromagnetic means for locking the 
keys in their actuated position, means at the 
responsive device responsive to the potential of 
the connected circuit, and means controlled by 
the last-mentioned means for operating the elec 
tromagnetic means of the controlling device over 
the COnnected circuit. 

26. In a telecommunication system, a plurality 
of signal-Controlling devices, a signal responsive 
device, a plurality of two-wire circuits, means for 
connecting a controlling device over one of the 
circuits With said responsive device, a source of 
D. C. potential common to all the circuits, means 
including a plurality of normally inactive, keys 
at each controlling device for establishing a, plu 
rality of predetermined potential changes in the 
connected circuit, electromagnetic means for 
locking the keys in their actuated position, means 
at the responsive device responsive to the poten 
tial of the connected circuit, and means con 
trolled by the last-memtioned means for operat 
ing the electromagnetic means of the controlling 
deVice Over the Connected circuit. 

27. In a telecommunication system, a plurality 
of signal-controlling devices, a signal responsive 
device, a plurality of two-wire circuits, means for 
Connecting a controlling device over one of the 
circuits With Said responsive device, a source of 
D. C. potential common to all the circuits, means 
including a plurality of normally inactive keys 
at each controlling device for establishing a plu 
rality of predetermined potential changes in the 
connected circuit, a rectifier, contacts controlled 
by certain keys for connecting the rectifier in 
the circuit in one direction, contacts controlled 
by the other keys for connecting the rectifier in 
the circuit in the opposite direction, an electro 
magnet at each controlling device, means forlock 
ing the keys in their actuated position controlled 
by the associated magnet, means at the respon 



2,438,496 
17. 

sive device responsive to the potential and the 
direction of the current in the connected circuit, 
an energizing circuit closed for the magnet of the 
Controlling device over the connected circuit 
under the control of the last-mentioned means. 

28. In a telecommunication system, a plurality 
of signal-controlling devices, a plurality of signal 
responsive devices, a plurality of circuits, means 
for connecting a controlling device over one of 
the circuits with an idle responsive device, a 
Source of potential for said circuits, means in 
cluding a plurality of normally inactive keys at 
each controlling device for establishing a plurality 
of predetermined potential changes in the con 
nected circuit, electromagnetic means for locking 
the keys in their actuated position, means at the 
responsive device responsive to the potential of 
the Connected circuit, and means for operating 
the electromagnetic means of the controlling 
device. over the connected circuit while the re 
sponsive device is operated. 

29. In a switching system, a normally inactive 
controller variably operable in accordance with a 
plurality of Successive digits, a source of Current, 
means for establishing a circuit including said 
controller with the source bridged across the cir 
cuit, a multi-electrode tube having cathode, grid 
and plate electrodes, means responsive to every 
actuation of the controller first momentarily to 
open said bridge and then to connect the grid of 
the tube with the circuit, means for applying 
potentials to said grid depending on the opera 
tion of the controller, a relay, means for operat 
ing said relay controlled by the tube, and a 
SWitching device variably operable under the coin 
trol of said relay. 

30. The system according to claim 29, and in 
which said controller comprises resistances and 
keys arranged selectively to switch the resistances 
in the circuit, and means to connect the grid with 
the circuit, irrespective of the speed at, which a key 
is operated, 

31. In a switching System, a normally inactive 
controller variably operable.in accordance with & 
plurality of successive digits, a D. C. source, means 
for establishing a circuit including said controller 
with the source: bridged across the circuit, a pair 
of multi-electrode tubes having cathode, grid and 
plate: electrodes, means responsive to every ac 
tuation of the controller first momentarily to open. 
said bridge and then to connect the grid of one 
tube with the circuit, means for applying Wari 
ous potentials to Said grid depending on the 
operation of the controller, a relay, a circuit for 
operating said relay when the same potentials are 
applied to the grids. of the tWotubes, step-by-step 
means: controlled by said relay for applying said 
various potentials to the grid of the second tube, 
means actuated by the controller for starting the 
operation of the step-by-step aeans, and switch 
ing devices variably operable under the control 
of said relay and step-by-step means. 

32. The system according to claim 31, and in 
which the controller comprises a plurality of 
different resistances and keys arranged selec 
tively to switch the resistances. in the circuit, 
and means to connect the grid of the first tube 
with the circuit, irrespective of the Speed at, which 
the key is operated. 

33. The switching system: according to claim 29, 
and means for re-establishing said bridge upon 
the operation of the switching device. 

34. The Switching system according to clairn 29, 
a plurality of switching devices, means for asso 
ciating the relay with one switching device after 
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8 
the other for variably controlling its operation, 
and means for re-establishing the bridge upon 
the Operation of a Switching device. 

35. The switching system according to claim. 29, 
iaeans for aSSOciating the relay with one switch 
ing device after the other for variably controlling 
its Cperation, and means for re-establishing the 
bridge upon the operation of each. Switching 
device. 

36. The Switching System according to claim 29, 
means for locking the controller in its actuated 
position, and means for unlocking the controller 
and re-establishing the bridge upon the operation 
of the SWitching device. 

37. Tihe SWitching system according to claim 29, 
iiaeans for locking the controller in its actuated 
position, and means for first unlocking the con 
troller and then re-establishing the bridge upora 
the Operation of the SWitching device. 

38. The SWitching system according to claim 29, 
and in which said controller comprises keys, 
Iileans for locking the actuated key and prevent 
ing the Operation of the other keys, a magnet for 
Coiatrolling the locking means, and means opera 
tive upon the operation of the switching device 
for first operating the magnet and then re-estab 
lishing said bridge. 

39. The SWitching system according to claim 
29, and in which said controller comprises keys, 
iileans for locking the actuated key and prevent 
ing the Operation of the other keys, a magnet for 
Controlling the locking means, a plurality of 
Switching devices, means for associating the relay 
With one SWitching device after the other for 
Variably controlling its operation, and means 
Operative upon the operation of each switching 
device for first Operating the magnet and then 
re-establishing the bridge. 

40. In a switching System, a controller variably 
operable in accordance With a plurality of suc 
Cessive digits, a Source of potentials, a multi 
electrode discharge device, means for establishing 
a connection between said controller and said 
device, a relay, means for operating said relay 
When potentials applied to two electrodes of said 
device bear a predetermined relationship to one 
another, means including said connection for 
applying Various potentials to one electrode in 
accordance with the operation of the controller, 
means actuated by the controller for applying 
various potentials to the second electrode, and 
Switching means variably operable under the 
Control of Said relay and the last-mentioned 
realS. 
41. The System according to claim 40, and 

means for operating the relay when the same 
potentials are applied to the two electrodes. 

42. In a Switching system, a controller operable 
in accordance with a plurality of successive 
digits, a Source of potentials, a responsive device, 
means for applying various potentials to the 
responsive device in accordance With the opera 
tion of the controller, step-by-step means for 
applying various potentials to the responsive de 
vice, means for operating the step-by-step 
means when the controller is actuated, a relay 
operated. When the potentials applied to the 
responsive device bear a predetermined relation 
to one-another, and switching devices variably 
operable under the control of said relay and step 
by-step means. 

43. The Switching system according to claim 
42, and means for operating the relay when the 
two potentials applied to the responsive device 
are the same. 
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44. The switching system according to claim 
42, and in which the step-by-step meanS COm 
prises a set of counting relays having contacts 
for applying said potentials. 

45. The switching system according to claim 
42 and in which the controller is arranged to 
apply four different potentials, and the step-by 
step means comprises a set of three counting 
relays, having contacts for applying Said four 
different potentials. 

46. In a switching system, a controller variably 
operable in accordance with a plurality of suc 
cessive digits, a potential source, a pair of triodes, 
means for establishing a connection between said 
controller and said triodes, a relay, means for 
operating said relay when the potentials applied 
to the grids of the two triodes bear a predeter 
mined relationship to one-another, means for 
applying various potentials to the grid of the 
first triode in accordance with the operation of 
the controller, step-by-step means controlled by 
said relay for applying various potentials to the 
grid of the second triode, means actuated by 
the controller for starting the operation of the 
step-by-step means, and a plurality of digit 
storage devices Variably operable under the con 
trol of said relay and step-by-step means. 

47. In a switching system, a controller con 
prising a set of keys operable in accordance with 
a plurality of successive digits, a potential source, 
a pair of triodes, means for establishing a con 
nection between said controller and said triodes, 
different resistances selectively switched into the 
connection depending on the key operated, a 
relay, means for operating said relay when the 
Same potentials are applied to the grids of the 
two triodes, means including said resistances for 
applying various potentials to the grid of the 
first triode in accordance with the operation of 
the keys, step-by-step means controlled by said 
relay for applying said various potentials to the 
grid of the second triode, means actuated by the 
controller for starting the operation of the step 
by-step means, and a plurality of digit storage 
devices variably operable under the control of 
said relay and step-by-step means. 

48. In a Switching system, a normally inactive 
controller variably operable in accordance With a 
plurality of successive digits, a D. C. potential 
Source, a pair of triodes, a relay, means for oper 
ating said relay when the same potentials are 
applied to the grids of the two triodes, means for 
applying various potentials to the grid of the first 
triode in accordance with the operation of the 
controller, means including a set of counting 
relays controlled by said relay for applying said 
various potentials to the grid of the second triode, 
means actuated by the controller for starting the 
Operation of the counting relays, and a plurality 
of digit storage devices variably operable under 
the control of said relay and counting relays. 

49. In a Switching system, a normally inactive 
controller comprising a set of ten keys operable 
in accordance with a plurality of successive digits, 
a D. C. potential source, a pair of triodes, a two 
Wire circuit connecting the controller with the 
triodes, a relay, a gas valve for operating said 
relay when the same potentials are applied to the 
grids of the two triodes, a plurality of different 
resistances selectively switched into the circuit 
by the keys for applying various potentials to the 
grid of the first triode in accordance with the 
Operation of the keys, means including a set of 
counting relays controlled by said relay for apply 
ing Said various potentials to the grid of the 
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second triode, means actuated by the actuated 
key for starting the operation of the counting 
relays, and a plurality of digit storage devices 
variably operable under the control of said relay 
and counting relays. 

50. The Switching System according to claim 49, 
and in which four resistances may be selectively 
Switched in circuit by the keys, and four counting 
relays having contacts for applying five different 
potentials. 

51. In a telecommunication System, a plurality 
of signal-controlling devices, a signal responsive 
device, a plurality of two-wire circuits, means for 
connecting a controlling device over one of Said 
circuits with said responsive device, a Source of 
potential common to all the circuits, means in 
cluding resistances at each controlling device for 
establishing a plurality of predetermined poten 
tial changes in the associated circuit, and means 
in the responsive device for detecting the poten 
tial change. 

52. In a telecommunication system, a plurality 
of signal-controlling devices, a signal responsive 
device, a plurality of two-wire circuits, means for 
connecting a controlling device over one of said 
circuits with said responsive device, a source of 
D. C. potential common to all the circuits, means 
including a plurality of resistances at each con 
trolling device for establishing a plurality of pre 
determined potential changes at the responsive 
device by changing the resistance of the connected 
circuit to a predetermined extent, and means in 
the responsive device for detecting and recording 
the potential change in the connected circuit. 

53. In a telecommunication system, a plurality 
of signal-controlling devices, a signal responsive 
device, a plurality of two-wire circuits, means for 
connecting a controlling device Over One of said 
circuits with said responsive device, a source of 
D. C. potential common to all the circuits, means 
including a plurality of keys and a lesser number 
of resistances at each controlling device for estab 
lishing predetermined potential changes in the 
connected circuit, means in the controlling device 
for altering the direction of current flow in the 
connected circuit, and means in the responsive 
device for detecting the potential and direction 
of the current in the connected circuit. 

54. In a telecommunication system, a plurality 
of signal controlling devices, a signal responsive 
device, a plurality of two-wire circuits, means for 
connecting a controlling device Over One of the 
circuits With Said responsive device, a Source of 
D. C. potential common to all the circuits, a plu 
rality of different resistances at each controlling 
device, variably operable contacts in the control 
ling devices for varying in a predetermined man 
ner the potentials in the connected circuit, and 
means in the responsive device responsive to said 
potentials and to a predetermined range of varia 
tions thereof for indicating which contact was 
actuated. 

55. In a telecommunication System, a plurality 
of signal-controlling devices, a signal responsive 
device, a plurality of two-wire circuits, means for 
connecting a controlling device Over One of the 
circuits with said responsive device, a source of 
D. C. potential common to all the circuits, a COm 
pensating resistance for each circuit, four differ 
ent control resistances at each controlling device, 
five pairs of keys for establishing five predeter 
mined potentials in the connected circuit, and 
means at the responsive device responsive to the 
five potentials in the circuit and to a predeter 
mined range of variations thereof. 
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56. In a telecommunication system, a plurality 
of signal-controlling devices, a signal responsive 
device, a plurality of two-wire circuits, means for 
connecting a controlling device over one of the 
circuits with said responsive device, a source of 
D. C. potential common to all the circuits, a com 
pensating resistance for each circuit, four differ 
ent control resistances at each controlling device, 
five pairs of keys for establishing five predeter 
mined potentials in the connected circuit, means 
at the responsive device responsive to the five po 
tentials in the circuit and to a predetermined 
range of variations thereof, means in the control 
device for causing current to flow in the Connected 
circuit in One direction when One key of a pair is 
operated, and in the opposite direction. When the 
other key of the pair is operated, and means in 
the responsive device for detecting the direction 
of current flow in the connected circuit. 

57. In a telecommunication system, a control 
ling device comprising five pairs of keys, a differ 
ent resistance for each of four pairs, each key 
having a normal and an actuated position, means, 
for locking a key in the actuated position and pre 
venting the actuation of the other keys, a magnet 
for unlocking the keys, a rectifier in said control 
ling device, a responsive device, a two-wire line 
circuit interconnecting said devices, a telephone 
transmitter and receiver associated with the co 
trolling device, a normally closed first contact 
connecting the receiver with the circuit opened 
upon the actuation of any key, a normally open 
second contact closed upon the actuation of any 
key for short-circuiting the transmitter, a third 
contact normally short-circuiting said resist 
ances, rectifier and magnet, said third contact 
being opened upon the actuation of any key to 
a point near its locking position, a Weighted 
fourth contact operated thereupon for momen 
tarily opening the line circuit, normally open fifth 
contacts, one for each pair of keys, the fifth con 
tacts being in parallel and normally short-cir 
cuited by said third contact and connecting the 
associated resistance in the circuit when either 
key of the pair is actuated and opens the third 
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contact, an adjustable resistance connected be 
tween the third and fifth contacts, a sixth con 
tact normally connecting one pole of the rectifier 
to the fourth contact and the other pole to the 
winding of the magnet, means operated upon the 
actuation of one key of any pair for actuating 
the sixth contact to reverse the connection of the 
rectifier, means in the responsive device for COn 
necting said source in the circuit including the 
transmitter, the receiver, and the third and 
fourth contacts, means in the responsive device 
operated by current flowing over a relatively low. 
resistance path including the magnet, but the 
latter energizing only when the sixth contact is 
actuated by a key and reverses the connection of 
the rectifier, means in the responsive device for 
reversing the direction of current flow in the cir 
cuit, said responsive device comprising an elec 
tric discharge device having a plurality of elec 
trodes, a source of direct current, means in the 
responsive device for applying to one electrode a, 
potential determined by said resistances, counting 
means in the responsive device for applying to 
another electrode various potentials in Succession, 
a relay operated when the potentials applied to 
the two electrodes bear a predetermined relation 
ship to one-another, a low resistance path for the 
line circuit closed by said relay to allow energiza 
tion of the magnet, and a, variably Operable Stor 
ing device controlled by said relay and counting 
leaS, 
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