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This invention relates to condenser-timed relay 
interrupters and more particularly to relay-type 
multi-step interrupters adaptable for use in au 
tomatic telephone equipment. 
It is an object of the present invention to 

provide a simple and economical electrical in 
terrupter flexibly adaptable to the control of 
cyclic circuit functions. 
Another object is to provide a multi-step 

Sequential interrupter in which the time between 
steps may be individually adjusted to provide 
any One of a wide range of timing cycles. 
A further object is to provide a multi-step 

circuit interrupter in which as many steps may 
be incorporated as may be needed to meet any 
of a wide variety of specific circuit applications. 

It has been found that relay-type interrupters 
efficiently capable of fulfilling the above objects 
may be attained by utilization of circuit arrange 
ments in which both the charge and discharge 
characteristics of condensers are used for tim 
ing purposes. Briefly, each of the basic circuit 
arrangements herein disclosed for accomplish 
ing the desired results, in general, require merely 
a Condenser and one or more pairs of relays. 
The relays are so arranged that all are first pulled 
in in quick Succession, and are then allowed to 
restore successively at times dependent upon the 
rate of change of the charge on the condenser. 
The first relay of each pair restores in its proper 
Sequence When the discharge current flowing 
through it from the condenser drops to the 
restoring value of the relay. Upon restoration 
of the first relay, the condenser is arranged to 
be recharged through the second relay, during 
which period the second relay is maintained 
Operated until the charging current drops to the 
restoring value of that relay. 
A feature of the invention lies in the fact that 

each of the basic circuits may be extended to 
increase the number of steps in its cycle of Oper 
ation to meet any of a large variety of Specific 
needs by adding pairs of relays until the desired 
number of steps are provided. Such an extended 
circuit, like the basic circuits, is operated by pull 
ing in all of its relays in quick Succession at the 
start of the cycle, following which, all are re 
stored in Succession at times determined by the 
current values at which the individual relays 
restore and the rate at which the charge on a 
common condenser is permitted to change during 
each step of the cycle. 
Another feature of the invention resides in 

the fact that it may be arranged to be stopped 
at any instant during the cycle, or may be so ar 
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ranged that each initiated cycle will continue 
to completion before it can be stopped. 

Still another feature of the invention is that 
the timing cycle may be governed by a single 
condenser common to all relays of the circuit 
and may incorporate as many steps as desired, 
each individually adjustable to provide the tim 
ing desired before the next succeeding step in 
the cycle is effected. 
Other objects and features of the invention 

Will become apparent as the description 
progreSSeS. 

Referring now to the drawings. 
Fig. 1 shows a basic two-relay, condenser timed 

interrupter circuit embodying the principles of 
the present invention. 

Fig. 2 shows another form of two-relay con 
dense timed circuit, modified over the circuit 
shown in Fig. 1 in the manner in which the first 
relay of the cycle is initiated. 

Fig. 3 is still another embodiment of the in 
wention, differing from the circuits of Figs. 1 and 
2 in that the cycle may be initiated by a mere 
pulse of voltage. 

Fig. 4 shows a variation of the basic 2-relay 
timed interrupter circuit in which a third relay 
is utilized to halt operation of the circuit after 
completion of one cycle of operation whereupon 
the start relay must be released before another 
cycle can be started. 

Fig. 5 is another circuit comprising an ex 
tension of the basic two relay timed interrupter 
circuit having twice as many steps in its cycle 
as in the basic circuits. 
Wherever a terminal is shown at the apparent 

end of a circuit path, With a negative polarity 
mark associated thereWith, a connection to the 
ungrounded negative pole of a grounded battery, 
or other source of direct current (not shown), is 
thereby intended. 

In the embodiment of the invention shown in 
Fig. 1, the condenser iO is normally retained in 
charged condition by being connected across the 
battery or direct current Source through break 
contacts of start relay S and a current limit 
ing resistance it. When the start relay Sl is 
Operated by means external to the circuit (not 
shown), the condenser () is placed in Series with 
the winding of relay A through the make con 
tacts of start relay St and the break contacts of 
the break-make contact Set 2 of relay B, where 
upon the condenser O begins to discharge, Sup 
plying discharge current to the winding of relay 
A and causing it to be pulled in. 
Upon operation of relay A, closure of its make 
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contact set 2 forms a holding path for the relay 
by connecting its winding directly in series with 
the condense it through the contact set 2, in 
dependent of the energizing path already estab 
lished through the break contacts of contact Set 
2 of relay B. 
Operation of relay A. energizes relay 3A by 

closing the nake contacts of the nake-before 
break contact set 3 of relay A, which conthécts 
the Winding of relay B between battery and 
ground through a current limiting resistance 2. 
As soon as relay B: is operated, the break con 

tacts of break-make contact Set 2 opens tile ex 
ternal energizing path for relay Ai and causes 
relay Ai to be energized solely through its own 
holding path through which the condenser 3 
discharges. Relay A remains operated so long 
as the discharge current of condensel 9 remains 
above the release value of relay Af. When such 
current dininishes to the value at which relay Ai 
restores, it disconnects its own holding circuit 
through the make contacts of contact Set 2, and 
opens the energizing circuit for relay E3 at the 
make contagts of the make-before-break contact 
Set 3. Before disconnecting the enei'gizing circuit, 
however, it places the condenser 9 in series with 
relay Bi by closure of the break contacts of the 
contact set, 3. The condensel Cain then be charged 
through the path formed by the winding of relay 
Bi, the break contacts of contact set 3 of relay Af, 
and the make contact set 2 of relay B, which are 
connected to the condenser through the con 
tact set of start relay S. The value of charging 
current for the condenser it flowing through the 
Winding of relay B is initially high, but it dimin 
ishes gradually as the condenser becomes charged 
Until the restoring value of relay Bi is reached, 
whereupon relay B is restored to make the circuit 
ready for another cycle of operation. 

in this circuit, as long as the start relay S is 
energized, cyclic operation of the circuit will con 
tinue, and the condenser will alternately dis 
charge through the winding of relay A and be 
come charged again through the winding of relay 
B. If the start relay S is deenergized at any 
point in the cycle, the circuit is restored to its 
normal condition ready to be initiated again. 

In the modification of the invention shown in 
Fig. 2, the circuit is arranged so that the period 
of the cycle may be lengthened over that of the 
circuit of Fig. 1, by arranging the condenser 29 
So that it becomes connected in Series with a 
relay A2 after the relay has been operated by 
energy supplied independently of the charge on 
the condenser. The charge on the condenser is 
thus used solely for controlling the time of opera 
tion of relay A2, rather than being partly con 
sumed for operation of relay A2. In other words, 
the period for which the first timing relay is 
maintained operated, after once being initiated, 
Inay be lengthened considerably with the circuit 
arrangement of Fig. 2, since none of the charge 
on condenser 2 is initially consumed in operat 
ing relay A2. This circuit, like that of Fig. 1 
may be stopped at any time by deemergizing the 
Start relay. 
The operation of this circuit is initiated by a 

start relay S2 which applies ground to the winding 
of relay A2 through the make contact Set 2 of 
relay S2 and the break contact set S of relay B2. 
Relay S2 also causes the condenser 28, which is 
normally maintained in charged condition be 
tween connections to battery and ground through 
the break contacts of a break-make contact set 
of relay S2 and a current limiting resistance 2, 
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4. 
to be connected to the back contact of the make 
contact set 2 of relay A2, preparatory to providing 
a holding path for relay A2 when it operates. 
When relay A2 is operated, its holding path is 

formed by closure of its make contact set 2 
through which the condenser 20 may be dis 
charged. The condenser 29, however, will not 
discharge through this holding path until the 
ground connection to the winding of relay A2 
established through the make contacts 2 of start 
relay S2, is opened at the break contacts 3 of relay 
B2. Operation of relay A2 causes relay B2 to be 
operated by closing the make contacts of the 
Imake-before-break contact Set 3 of relay A2, 
thereby energizing the winding of relay B2 be 
tween ground and battery through a current 
limiting resistance 22. Relay B2 is thereby made 
to operate almost immediately following the oper 
ation of relay A2. - 
The opertaion of relay B2, in being effective to 

renove ground potential from the Winding of 
reiay A2, permits condenser 2 to start discharg 
ing through the winding, thereby keeping relay 
A2 in operated condition for a period governed 
by the time required for the condenser discharge 
current to reduce to the restoring value of the 
relay. Relay B2 also acts to prepare a holding 
path for itself through its OWn break contact Set 
2 which becomes effective when the condenser is 
piaced in series with the relay winding through 
the break contacts of contact set 3 of relay A2, 
When relay A2 restores. 
When the discharge current of condenser 20 

diminishes to the restoring value for relay A2, 
the holding circuit for the relay is opened at its 
make contacts 2, and in addition, the energizing 
path for relay B2 through the make contacts of 
Contact set 3 is also opened. Before the energiz 
ing path for relay B2 is opened, however, the con 
denser 20 is placed in series with its winding 
through the break contacts of the contact Set 3 
of relay A2 so that it will continue to be held in 
Operated position by the condenser charging cur 
rent, fioWing therethrough. Relay B2 Will thus be 
maintained operated for a time following restora 
tion of relay A2 dependent upon the time required 
for the charge on the condenser to build up 
through the holding path of relay B2. When the 
COrdenser charge reaches a point where the 
charging current has diminished to the value at 
Which relay B2 restores, its make contacts 2 open 
the path leading to condenser 20, while its break 
Contacts 3 are closed so that ground again may be 
placed on the winding of relay A2 to reinitiate 
the cycle. 

In the embodiment of Fig. 3, the tinning con 
denser 3a) is so arranged with respect to the wind 
ings of the relays A3 and B3, that if the start 
relay is de-energized at any time during the 
Cycle of Operation of the circuit, the cycle will not 
be halted, but will continue until all steps have 
been completed, and only at such time will the 
circuit be ready for reoperation. Thus, only a 
pulse of voltage is required to initiate a cycle of 
Operation of this circuit, but if desired, continu 
Ous operation of the circuit can be effected by 
application of a constant ground to the start re 
lay S3. 
Upon operation of the start relay S3, ground 

potential is applied to one side of the Winding 
of relay A3 through the make contacts of the 
Start relay and the break contacts 2 of relay B3. 
Woltage is thus applied to relay A3 and it oper 
ates almost immediately following initial opera 
tion of the start relay. 
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Operation of the relay A3 causes the charged 
Condenser 30 to be placed in series with its Wind 
ing through the make contacts of its break-make 
contact set 2. Condenser 30 is normally charged 
Over the path formed by the break contacts of 
the contact set 2, the contacts 3 of relay B3, and 
the current limiting resistance 3. Operation of 
the relay A3 is also effective in energizing the 
Winding of relay B3 between battery and ground 
and through the make contacts of the make 
before-break contact set 3 of relay A3, as well 
as through the current limiting resistance 32. 
When relay B3 operates, it disconnects ground 

from the winding of relay A3 by opening its break 
contacts 2. As long as the break contacts 2 of 
relay B3 remain closed, the condenser is main 
tained in charged condition because ground is 
applied to the condensei' through the make con 
tacts of the start relay S3 and the make con 
tacts of contact set 2 of relay A3. The timing 
for relay A3, therefore, does not begin until the 
contact set, 2 of relay B3 is opened. Operation 
of relay B3 also opens its break contactS 3, there 
by opening the initial charging circuit for the 
condenser 30. Thus, when contact set 3 of relay 
B3 is opened, restoration of the break contacts 
of the make-break contact set 2 of relay A3 Will 
not cause condenser 30 to be supplied with charg 
ing current. As long as the start relay S3 is 
maintained Operated Such current can be Sup 
plied only through the winding of relay B3. The 
closure of the make contacts 4 of relay B3 places 
the condenser 3 in Series with the break con 
tacts of the make-before-break contact Set 3 of 
relay A3 preparatory to the charging of con 
denser 30 upon restoration of relay A3. 
When the discharge current of condenser 30 

passing through the winding of relay A3 dimin 
ishes sufficiently, relay A3 restores, thereby Open 
ing the break contacts of its make-before-break 
set 3, and placing the condenser 3 in series with 
the winding of relay B3 through which the con 
denser may again be charged. As long as the 
charging current is high, the relay B3 remains 
operated, but as soon as it diminishes to a low 
enough value, the relay restores. The rate at 
which condenser 30 becomes charged, and con 
Sequently the period required for relay B3 to be 
restored, is dependent upon the resistance, in 
ductance and capacitance in the path of which 
it is a part. 
Upon restoration of relay B3, its contact set 2 

closes again to connect the ground through the 
Contact Set of start relay S3 to the winding of 
relay A3, thereby causing the circuit to be re 
cycled. If, however, at any time during the op 
erating cycle, the ground connection through the 
start relay S3 is disconnected, it will be noted that 
the cycle will continue until completion, since 
relay A3 has its own holding path through the 
make contacts of the make-break contact set 2. 
Relay A3 will thus be kept operated until con 
denser 30 is discharged, after which operation of 
relay B3 will continue by reason of the condenser 
30 being charged through its winding. In other 
Words, the operating cycle after once being 
started, becomes independent of the ground on 
the start relay S3. 

Fig. 4 shows a modification of the basic circuit 
shown in Fig. 1 in which an additional relay C4 
is provided to prevent re-cycling following the 
first cycle of Operation unless the start relay S4 
is first restored. This circuit utilizes the basic 
circuit arrangement of Fig. 1, and accordingly 
may be stopped at any time during the cycle by 
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6 
de-energizing the start relay S4, but unlike the 
basic circuit arrangement, if the cycle is permit 
ted to continue to the last step, the circuit will 
not re-cycle until the start relay S4 is first re 
Stored and then reinitiated. The relays A4, B4, 
and C4 are drawn up in quick succession, but 
after relay A4 and relay B4 have been restored 
following their timed period of operation, relay 
C4 will continue to be held operated. Operation 
of relay A4 and B4 is like that of the correspond 
ing relays A and Bf in the circuit of Fig. 1, but 
the basic arrangement is changed slightly in that 
the lead 43 connected to the back contact of the 
make-break contact set 2 of relay B4 is connected 
to the break contacts 2 of relay C4 before re 
turning to the make contacts 2 of relay A4. Ad 
ditional make contacts 4 of relay A4, and make 
contactS 3 of relay B4 are provided to connect 
ground to relay C4 after relay A4 and B4 have 
been operated. After operation of relay C4, how 
ever, a pair of make contacts 3 of its own, causes 
it to hold itself until the start relay S4 is de energized. 
Thus, it will be seen that when relay C4 oper 

ates, the break contacts 2 thereof open the cur 
rent path through which condenser 40 can oper 
ate relay A4, and even though the charged con 
denser may be connected to the front contact of 
the contact set f of the start relay S4, the relay 
A4 cannot be energized again until the break con 
tacts 2 of relay C4 are closed. Such closure of 
contacts 2 of relay C4 can be effected only when 
the start relay S4 is first de-energized. 
The circuit of Fig. 5 shows the manner in which 

the basic circuit may be extended to provide an 
increased number of timing steps as desired. 
Broadly, the relays of this circuit are all drawn 
up succesively and then successively restored by 
alletrnate discharge and charge of the condenser 
5. Upon restoration of the last relay, the cir 
cuit is again ready for recycling as in the basic 
two relay interrupter. It will be apparent that 
Such an extension is not limited to only four 
Steps of tinning, but may be extended to include 
aS many additional pairs of steps as might be 
required for any particular application. 
The condenser 50 of this circuit is normally 

charged between battery and ground through the 
break contacts of the start relay S5 and the 
Current limiting resistance 5. When the start 
relay S5 is operated the condenser is placed in 
Series with the winding of relay A5 through the 
break contacts of contact set 2 of each of the 
relays B5, C5, and D5 to operate relay A5. 
When relay A5 operates, it provides a holding 

path for itself through the make contacts of its 
OWn contact Set 2 So that it will be maintained 
Operated as long as Sufficient current is Supplied 
from the condenser 5. The make contacts of 
the make-before-break contact set 3 of relay A5 
also closes to energize the winding of relay B5 
through the current limiting resistance 52. 
When relay B5 is operated it opens the break 

contacts 2 of the break-make set 2 of relay B5, 
5 and prepares the series circuit for the condenser 
with the winding of relay B5 through the make 
contacts of the break-make contact set 2 of 
relay B5. 
Similarly, relays C5 and D5 are operated suc 

cessively upon operation of the contact set 3 of 
relay B5 and contact set 3 of relay C5, respectively. 

It will be noted that relay A5 of this circuit is 
the Only one which is initiated by the charge on 
the condenser 50, while the rest of the relays, 
namely relays B5, C5, and D5 are each operated 
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by separate circuits established by closure of the 
contacts of the relays preceding them in opera 
tion. Thus, the timing" of the relays following 
the first are each independent in their operation. 
If, however, it is desired, the first relay in the 
series may also be made independent in its op 
eration, by connecting the first relay to ground in 
the manner shown in Figs. 2 and 3. 

It may be that the time constant of the dis 
charge circuit for condenser 59 through relay 
A5 is such that the last relays in the series might 
not be operated, or may be in the process of 
being operated, while the first relay A5 is in the 
process of being restored. That is, relay A5 may 
restore in such a short time that the Succeeding 
relays in the Series may not have had Sufficient 
time within which to be operated. Particularly 
is this so, when the circuit is extended to a large 
number of steps beyond the basic two relay cir 
cuit. Regardless of this fact, however, cycle : 
timing of each of the relays by alternate discharge 
and charge of the condenser 5 Will continue as 
long as the start relay S5 is held Operated. 
An advantage of extended arrangements of the 

basic circuits of the invention is that a reduction. 
in the number of elements may be accomplished 
by utilizing elements common to more than one 
relay. An example of such a common element is 
resistance 52 in the energizing circuit for the 
windings of alternate relays B5 and D5. This 
combination to eliminate. One resistance element, 
is accomplished merely by joining the normally 
open contacts of the nake-before-break contact 
sets of the energizing circuits with which the 
resistance is aSSociated. Resistance 53 could like 
Wise be made a common element for a number 
of relays. Thus, it is apparent that a pair of 
Such current limiting resistances as resistances 52 
and 53 may be made to function Satisfactorily for 
all the relays of a multi-step tinning circuit. 
Although the interrupters hereini disclosed are 

not shown as they might be applied in actual 
use in conjuction with specific apparatus, it will 
be readily apparent to those skilled in the art that 
with the provision of the work contacts on 
each of the timing relays, the interrupters will 
readily lend themselves to numerous applica 
tions in circuit design. For example, the basic 
two-step circuits find application in conjunction 
With apparatus requiring periodic interruption of 
circuit continuity as for busy tone signalling in 
telephone systems, or pulsing of voltages for pur 
pOSes Such as Signal lamp flashing or pulse genera 
tion. In addition, any of the basic two step cir 
cuits might be extended into circuits having four 
Or more relays, as related above, to make the in 
terrupters adaptable to even a much wider range 
of application. 

claim: 
1. In combination, a series comprising an even 

number of normally restored electromagnetic re 
lays each having normally open contacts and 
normally closed contacts controlled thereby, a 
Source of direct current, a control condenser, 
means for establishing respective operating cis 
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8 
cuits for the relays successively, the operating 
circuit of the first relay excluding all contacts 
of the first relay but including normally closed 
contacts of the last relay, the operating circuit 
Of each relay Succeeding the first including nor 
mally open contacts of the immediately preceding 
Irelay, means for establishing respective holding 
circuits for the relays successively, each holding 
circuit including said condenser and normally 
Open contacts of its own relay, the holding circuit 
Of each relay Succeeding the first including nor 
rnally closed contacts of the immediately pre 
ceding relay, whereby the restoration of each relay 
preceding the last closes the holding circuit and 
Opens the operating circuit of the next succeeding 
Irelay, the holding circuit of each alternate relay, 
when closed, including said current source in 
Series With the condenser, whereby the con 
denser charges therein, the holding circuit of each 
remaining relay, when closed, excluding said 
Current source, whereby the condenser discharges 
therein. 

2. In combination, a series comprising an even 
number of normally restored electromagnetic re 
lays each having normally open contacts and 
normally closed contacts controlled thereby, a 
Source of direct current, a control condenser hav 
ing One terminal connected to one pole of the 
current Source leaving one free terminal, means 
for establishing respective operating circuits for 
the relays successively, the operating circuit of 
the first relay excluding all contacts of the first 
relay but including normally closed contacts of 
the last relay, the operating circuit of each relay 
Succeeding the first including normally open con 
tacts of the immediately preceding relay, means 
for establishing respective holding circuits for the 
relays Successively, each holding circuit including 
normally Open contacts of its own relay connected 
between the free terminal of said condenser and 
the Winding of the concerned relay, the holding 
circuit of each relay Succeeding the first also in 
cluding normally closed contacts of the immedi 
ately preceding relay, whereby said condenser is 
Successively connected in the holding circuit of 
each relay of the series upon closure of the hold 
ing circuit of each such relay responsive to 
restoration of the immediately preceding relay, 
the holding circuit of each alternate relay, when 
closed, including said current source in series with 
the condenser, whereby the condenser charges 
therein, the holding circuit of each remaining re 
lay, When closed, excluding said current source, 
Whereby the condenser discharges therein. 
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