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Patented Sept. 9, 1952 2,610,242 
UNITED STATES PATENT OFFICE 

2,610,242 
IMPULSE COUNTING RELAY AND 

SYSTEM THEREFOR 

Thomas P. Farkas, Jackson Heights, N. Y., as 
signor to Bell Telephone Laboratories, Incorpo 
rated, New York, N. Y., a corporation of New 
York 

Application March 20, 1948, Serial No. 16,091 
(C. 177-353) 1. Clains. 

1. 
This invention relates to electrical impulse 

signaling systems and more particularly to in 
provements in magnetic counting relays and 
circuits for selective calling of telephone or tele 
graph stations of the type disclosed by C. N. 
Hickman in copending application Serial 758,904 
filed July 3, 1947, now Patent No. 2,589,806. 
An object of this invention is to provide all 

electrical impulse counting System responsive to 
a continuous train of electrical impulses received 
in uninterrupted Sequence. 
Another object of the invention is to eliminate 

the requirement for a slow-release characteristic 
in magnetic contact counting relays heretofor'e 
employed in a telephone station calling System. 
Another object of the invention is to provide 

an improved magnetic contact relay structure 
wherein the tendency of such contacts to stick is 
overcome and wherein a positive break of Suc 
cessive contacts is assured for each impulse cycle. 
A further object of the invention is to reduce 

the Space required for Selective signaling ap 
paratus of the magnetic contact relay type. 
A still further object of this invention is to 

provide a simplified electrical impulse counting 
circuit wherein a magnetic contact counting relay 
is operable directly by Such conventional means 
as a standard telephone dial, without the ne 
cessity of an intervening pulsing relay. 

In the use of magnetic contact counting relayS 
of the type disclosed by G. R. Stilbitz in Patent 
2,305,450, issued December 15, 1942, for selective 
signaling purposes, it has been found that the 
magnetic contacts sometimes display a tendency 
to Stick when they should open, and this tendency 
has reduced the speed at which Such relays 
could be operated and even, in SOne cases, has 
caused faulty or incorrect operation. This tend 
ency for magnetic contacts to stick has been 
attributed to residual magnetism remaining in 
the contact members after deenergization of the 
operating coil, and in part to leakage flux through 
magnetic members of one side of the structure 
from the energizing coil associated with members 
of the opposite side of the relay structure. Here 
tofore, the effects of residual magnetism and 
leakage flux which cause this tendency for con 
tacts to stick have been overcome solely by the 
application of a more powerful magnetic field 
to operate the relay against these restraining 
forces. It is apparent that this solution to the 
problem has required more power for the oper 
ation cf the relay than would otherwise have 
been necessary. In the present invention an ad 
ditional element has been introduced into the 
relay whereby the effects of these undesirable 
forces are overcome and the relay is rendered 
operable by less power. 
Another difficulty encountered in the use of 

magnetic contact counting relays for a, Selective 
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2 
signaling System is the necessity of providing 
a SioW release characteristic for one side of such 
a relay when used for digit counting, as disclosed 
by the copending application of C. N. Hickman, 
Serial No. 758,904 filed July 3, 1947, now Patent 
No. 2,589,806. Because of the inherent fast oper 
ate characteristic of these relays, and because of 
the relatively low current required for their 
Operation, and the comparatively weak magnetic 
fields which are set up, as compared with other 
types of relays, it is more difficult to provide a 
slow release characteristic for relays of the mag 
netic contact counting variety than it is for 
other types. To overcome this difficulty the in 
Ventor has devised a new and improved electrical 
impulse signaling circuit in which magnetic con 
tact counting relays without any slow release 
characteristic are employed. 

In all similar systems for signaling or impulse 
counting, heretofore disclosed in the art, it has 
been necessary to employ two relay armatures 
to count each individual electrical impulse, i.e., 
One armature would operate at the beginning of 
each impulse and a second armature would 
operate at the end of each impulse. Although 
this arrangement is quite satisfactory for SyS 
tems employing a short train of impulses for 
each digit or group, it becomes apparent that if 
larger groups of impulses are required, as may be 
the case in many signaling applications, thesize 
of the necessary relay stack with two armatures 
per pulse may become unwieldy, or even so large 
as to be inoperable. Therefore, the inventor has 
devised an improved impulse counting circuit 
Wherein only one armature of the counting relay 
is operated by each complete pulsing cycle. With 
this arrangement the over-all height of a relay 
Stack as may be required for any particular in 
pulse counting operation may be reduced to 
approximately one-half that formerly required. 
With this reduction in over-all size and its at 
tendant reduction in space requirements and 
cost of apparatus, there is also gained a greater 
Concentration of magnetic field which results in 
more efficient operation of the relay, less oper 
atting current being required than in the case 
of the larger structures. 

Heretofore, all impulse counting circuits em 
ploying magnetic contact counting relays have 
included a continuity transfer pulsing relay, re 
Sponsive to dial pulses, by means of which the 
Operating coils of the magnetic contact relay are 
alternately energized and deemergized. The in 
ventor has discovered that by a rearrangement 
of the Operating coils on the impulse counting 
relay, the need for a pulsing transfer relay may 
be eliminated. Thus, in some applications, an 
additional economy of space and apparatus may 
be enjoyed by this means. 

Still another former limitation of the mag 
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netic contact counting relays has been overcorne 
by the present invention. This limitation was 
the impossibility of recycling former types of Such 
relays. This limitation has been Overcome in the 
present invention by the addition of an extra. 
arnature tongue at one end of the Counting 
relay stack. By this means, herein disclosed, a 
magnetic contact counting relay may be auto 
matically recycled So that it Will respondy con 
tinuously to an uninterrupted:train of impulses 
for an unlimited time. With such an arranger 
ment the inventor's improved magnetic contact 
counting relay may be used in any application 
where continuous stepping switches have for 
merly been employed. Thus the utility. of this 
type of relay may now be extended to many ad 
ditional . . operations. instelephone plants ; and 
Systems. 
The nature and operation of the present in 

Vention may be more clearly understood from a 
Consideration of the detailed description which 
follows. When studied inconnection with the re 
lated drawings wherein: 

Fig. 1 is an exploded and partly cut away iso 
metric drawing showing the essential operating 
elements of a magnetic contact counting relay 
of the type embodied in the present invention; 

Fig.2 is a perspective-drawing of assingle-arma 
ture lamination of the type employed in the first, 
third and fifth layers of the relay stacks illus 
trated by Fig. 1; 

Fig. 3 is a perspective-drawing of a single-arma 
ture lamination of the type employed in the Sec 
ond, fourth and sixth layers of the relay stacks 
illustrated by Fig.1; 
...Fig. 4 is a top plan view of the relay stacks of 
Fig.1 showing the relationship between operating 
coils, pole-pieces-and-armatures; 

Fig. 5 is a front view televation of the relay 
stacks of Figs. 1. and 4, showing the relationship 
between pole-pieces and armatures; 

Fig. 6 is a schematic diagram of a relay of the 
type herein disclosed showing an auxiliary.arina 
ture tongue 10 at one end of the relay. stack con 
nected with the operating coil and associated 
pulsing relay whereby the impulse counting relay. 
may be recycled and thus enabled to respond Con 
tinuously to impulses as received in-sequence; 

Fig. 7 is a schematic diagram of two inpulse 
counting relays of...the type-herein disclosed, in 
terconnected to comprise a complete digital Se 
lective signaling system. In this figure may be 
seen an additional armature tongue .50 in the 
digit counting relay stack whereby operating coils 
of this relay are held energized during the .in 
terval between transmission of Successive digits, 
thereby eliminating the need for a slow release 
characteristic to be built into the relay structure. 
To simplify the appearance of Fig. 7-and reduce 
the possibility of circuit confusion, the insulated 
studs which extend between armature tongues. 
are not illustrated in this drawing. ... Tongue. 50, 
unlike all the other tongues, has no insulated 
stud associated. With it; 

Fig. 8 is a schematic diagram showing the man 
ner in which a magnetic contact counting. relay. 
of the type embodied in the present invention 
may be interconnected with two pulsing relays. So 
that only one armature tongue of the counting 
relay will come up for each complete, pulsing 
cycle. In this arrangement, as illustrated, a re 
lay stack having only ten armature tongues may 
be employed to count as many as ten impulses, 
whereas in all arrangements, previously. dis 
closed such a relay structure Would belimited to 
counting a maximum of only five...impulses. 

4 
Here, again, the insulating Studs between arma 
tures have been Comitted for the sake of clarity 
'ins ther circuit-drawing. It will be noted that all 
of the armature tongues, With the exception of 

5 tongue , have associated insulated Studs as 
...ShoWin by EigS.-6; 

Fig.9.is a Schematic diagram showing one ar 
rangement in which a magnetic contact counting 

- relay of the type embodied in the present inven 
:10: stion may be operated directly from dial pulses, 

without the interconnection of a pulsing relay as 
previously required in all Such impulse counting 
circuitS. 

Fig. 10 is a top plan view of a relay stack of the 
5 type represented Schematically in Fig. 9, ShoWing 
One Operating coil positioned around the center 
arratures, and the other Operating coil around 
the pole-piece leg of one side of the relay struc 
ture; 

0 . Fig.11:isa. Schematic diagram of an alternative 
circuit by means of which a magnetic counting 
relay of the type embodied in the present inven 
tionnay.be. Operated directly from dial impulses; 
...Fig.12 is a top plan View of a relay stack of the 

25 type: represented schematically by Fig. 11, here 
shCWing the location of a differentially wound 
Operating coil on One leg of the relay pole-piece 
a.S. 
... The:general principles involved, and the meth 

30 od of Operation in magnetic contact counting re 
laySfor impulse counting and signaling are de 
Scribed in (Opending application of C. N. Hick 
nan Serial No. 758,904, and by reference thereto 
the disclose and dra Wings of Said application 

35 are:hereby incorporated into the specification of 
the present application. In the Stepping relays 
previously disclosed, the advantage of magnetic 
contacts, which provide a high contact pressure 
for a relatively low; operating current, Were offset 

40 to a large degree by the disadvantage of residual 
magnetism and leakage flux. Which tended to hold 
the back contacts closed at a time When they 
should be opening for the stepping operation. 
Heretofore the problem has been to provide a 
relay With Sufficient contact pressure between the 

45 pole-pieces and back contacts of the armature 
to satisfy the requirement of noise-free telephone 
circuits, : and at the same time aSSure positive 
stepping operation of the relay on each energiz 
ing cycle of the operating coil. One possible 

50 solution, to the problem of residual magnetism 
and leakage flux is the Substitution of non-mag 
netic discs for the magnetic back contacts as dis 
closed in the prior art. However, this Solution 
limits the use of the stepping relay to those appli 

55 cations where back-contacts are not required in 
the:circuit. 

: In the present invention the problems discussed 
above are solved by the addition of an auxiliary 
branch leg if, in Fig. 2, to the armature lamina 

60 tions in alternate layers of the relay stack. AuX 
iliary branch-fi may also be seen in Fig. 4, and 
auxiliary, branches , 3 and 5 may be clearly 
seen in Fig.5. Each of these auxiliary branches 
carries a magnetic contact on the lower face of 

65. itS. forward extremity, which engages a corre 
Sponding. magnetic contact on the upper face of 
the left-hand.pole-piece to which the auxiliary 
leg is adjacent. In the entire relay structure, 
When completely ... assembled, these auxiliary 

70 branch legS may normally be biased downwardly 
by the Spring tension of the leg itself, although 
Such, Spring tension is not essential inasmuch as 
an ample contact preSSure may be assured by the 
paSSage of magnetic flux through this auxiliary 

75 branch member and its associated.magnetic con 
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tacts with the adjacent magnetic pole-piece. By 
reference to Fig. 5, it will be observed that the 
main armature tongues in each layer of the relay 
stacks, as represented by , 2, 3, 4, 5, and 6 in this 
view, all carry magnetic contacts on the upper 
faces of their forward extremities in a position 
to engage corresponding magnetic contacts on 
the lower faces of the pole-pieces adjacent to and 
next above each of the main armature tongues. 
However, these arnature tongues differ fron 
those previously disclosed in that they are pro 
vided With non-magnetic Spacers on the under 
faces of their forward extremities. These main 
armature tongues are normally biased in a down 
ward direction so that even when the relay is 
completely deenergized, the non-magnetic 
spacers are held against the pole-piece below 
the armature tongue by means of the Spiring 
tension in the tongue. The high reluctance in 
troduced into the magnetic circuit between each 
of the main armature tongues and the magnetic 
pole-piece immediately below by means of the 
non-magnetic spacers eliminates the undesirable 
effects of residual anaginetism and leakage flux 
as heretofore ein Countered. Thus the naia arna 
tures are freed from the retarding rinagnetic in 
fluences formerly exerted through magnetic back 
contacts and thereby are enabled to come up 
quickly in succession in response to pulsations of 
the operating coils, 
AS in previous magnetic stepping relays, suc 

cessive operation of the artinature tongues is as 
Sured by non-magnetic insulating studs which are 
interposed between armatures in adjacent layers 
of the relay stack and by means of which all 
arinatires except one are disabled fronn operat 
ing at any time, and operation of the one free 
armature lifts a restraining stud from the next 
adjacent armature thereby enabling it to operate 
On the next pulsing cycle. Referring now to Figs, 
1, 2, 3, 4 and 5, the insulating studs may be seen 
at , 8, 9, 2), 2 and 22. It will be seen that 
insulating studs are provided for each auxiliary 
branch leg, as by 7, 9 and 2 in Fig. 5, and that 
these studs are separate from those provided for 
the main armature tongues as shown by 8, 20 
and 22 in Fig. 5. The Studs a fixed to the auxil. 
iary branch arms are somewhat shorter than the 
Corresponding portion of insulating studs which 
are fixed to the main arnatures. Although this 
slight difference in length of studs is not clearly 
apparent in Fig. 5 because the ends of each stud 
are hidden from view behind magnetic contacts 
Gn the anatures, the Spacing referred to is 
clearly illustrated by Figs. 9 and 11 wherein the 
Studs are not drawn in their true linea relation 
ship but are shown out from behind the conceal 
ing magnetic contacts. This it is that the stud 
which is affixed to auxiliary branch leg in Fig. 5 
has a gap between its lower extremity and the up 
per face of main armature 2, which gap inay be of 
the order of ten one thousandths of an inch to 
provide lost notion coupling between the adja 
cent main armature 2 and auxiliary arrnature t . 
Similarly the stud 9 which is affixed to auxiliary 
branch leg 3 has a corresponding gap between 
its lower extremity and the upper surface of main 
armature 4, and in like manner stud 2i affixed 
to auxiliary branch leg 3 has a gap between its 
lower end and the top face of main almature G. 
The gaps thus provided aid in opening the mag 
netic contacts of the auxiliary brainch leg against 
the forces of residual magnetism and leakage flux 
through the auxiliary branch. The manner in 
which these forces are overconne may be better 
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6 
understood from a detailed analysis of the opera 
tion of this relay. 

Referring now to Fig. 5, we shall trace in detail 
the process of operation involved in this relay. 
If we start by energizing left coil LC it is apparent 
that the first armature tongue will be attracted 
upward into magnetic contact with upper left 
hand pole-piece 3. At the same time, auxiliary 
branch leg is held down by the magnetic at 
traction of left-hand pole-piece 33, and armature 
2 is similarly held down by the combined forces 
of its spring tension bias and the magnetic flux 
flowing through left-hand pole-piece 35. The 
third armature tongue 3 is also attracted by the 
magnetic field of left-hand pole-piece 35 but this 
armature is prevented from rising by the down 
Ward force exerted from armature 2 through its 
protruding insulating stud f8, the force between 
armature 2 and pole-piece 35 being much greater 
than the force exerted by pole 35 on armature 
3 because of the difference in spacing. In like 
manner, armature 5 is restrained from moving 
upWard by the downward force of insulating 
stud 20 protruding from armature 4 which in 
turn is held down by the magnetic pull of left 
hand pole piece 39. In this initial condition with 
only the left coil LC energized, all of the auxiliary 
branch legs are held in magnetic contact with 
their adjacent left-hand pole-pieces. Now if 
the right coil RC is energized, all of the main 
tongues except one will be attracted downwardly 
So that no movement occurs. The first tongue 
which is already up now experiences a pull against 
upper right-hand pole-piece 32 whereby arma 
ture f is held in its upward position. Now if left, 
coil LC is deenergized, the second tongue 2 is no 
longer held down by a magnetic pull from pole 
piece 35 but is instead attracted upward by the 
magnetic pull of right-hand pole-piece 34. At 
the same time, contact between auxiliary branch 
leg f and pole-piece 33 is opened by action of 
the insulated stud which is struck by arma 
ture tongue 2 in its upward traverse. At this 
time, armature tongue 4 is attracted upward 
through the magnetic pull of right-hand pole 
piece 38 but is prevented from coming up by 
the restraining force of stud 20 affixed to arma 
ture tongue 3 which is held downward by the 
greater magnetic pull of right-hand pole-piece 
38. As We have seen before all main tongues 
below are similarly restrained by the interposed 
insulating Studs. Now if the left coil LC is again 
energized, all all nature tongues which are up will 
remain up, while all armatures which are down 
remain down. If the right coil RC is now de 
energized, tongues and 2 which are already 
up Will be held up by magnetic contact with pole 
pieces 3 and 33 respectively. Armature 3 hav 
ing been enabled to move by the previous lifting 
of insulated Stud 8 now comes up into contact 
with pole-pieces 35 and 36, being held in this po 
sition by the magnetic attraction of pole-piece 
35. The auxiliary branch 3 remains in intimate 
magnetic contact with pole-piece 37, and a cir 
cuit is now closed between pole-pieces 35 and 
37. As We have seen previously, none of the 
remaining armature tongues comes up. How 
ever, When RC is once again energized and LC 
Subsequently deenergized, the fourth armature 
tongue 4 will then rise under the magnetic attrac 
tion exerted by right-hand pole-piece 38, and 
in coming up armature 4 strikes insulated stud 
9 thereby opening the magnetic contact be 
tween auxiliary branch 3 and pole-piece 37. In 
like manner, upon successive energization and 
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deenergization of the left. and right coils alter 
nately, the remaining armature tongues in the 
relay stack...will step up successively. Thus, it is 
readily seen that.in, each complete pulsing cycle, 
one circuit between adjacent pairs of left-hand 
pole-piecesis-closed and a previous such circuit 
is opened. This stepping operation may be con 
tinued for as many impulses as there are pairs of 
armature tongues in the relay stack. 
In reference to Fig. 5 it will be observed that 

although back magnetic contacts have been elim 
inated from the underside of the main armature 
tongues, the non-magnetic spacing provided be 
tween these members...and, the pole-pieces.a.d.- 
jacent to their underside is much less than the 
normal air-gap between the upper magnetic 
contacts of the armature tongues. and the next 
pole-pieces adjacent above the armature. It is 
by means of these non-magnetic back spacers 

-., -that the undesirable effects of residual Inagne 
tism and leakage flux, which in previous relays 
have occasioned unreliable operation due to 
armatures sticking When they should have 
stepped, are eliminated in the present invention. 
It Will be observed that in the idle relay condi 
tion as illustrated by Fig. 5, armature - is in 
closer.proximity to right-hand pole-piece 34 than 
it is to either of the upper pole-pieces 3 and 
32. It will be apparent that if the right coil. RC 
is first energized, armature Will be. Subjected 
to a magnetic force from upper right-hand pole 
piece 32, but that due to the greater air-gap 
between these two members as compared with 
the spacing between armature and right-hand 
pole-piece 34, the armature. Will not be attracted 
upward but instead will remain...in its lower po 
sition held there under the combined influence 
of its downward spring tension and the down 
Ward magnetic force exerted by the attraction of 
pole-piece 34. It is only when the left. coil LC 
is...energized and the right coil R.C. deemergized, 
that armature f yields to the upward attraction 
of magnetic force from upper left-hand pole 
piece. 3 as was seen in the detailed analysis of 
the relay operation. Similarly when Only left. 
coil LC is energized, armature. In QW. being up in 
intimate magnetic contact With pole-piece. Si, 
armature 2 is subjected to a slight lifting force 
due to the magnetic attraction of left-handpole 
piece. 33 but this force is much less than the 
downward pull of left-hand pole-piece 35, SO 
that. arnature 2. remains down until the next 
cycle of pulsing whereupon right coil RC is ener 
gized and left coil LC deemergized at which time 
armature 2 cemes up under the magnetic in 
fluence of upper right-hand pole-piece -34. In 
like manner the spacing and Spring tension bias 
of all remaining armatures is such that they re 
main in their downward position until they are 
first enabled to come up by...the lifting of an in 
sulated restraining stud; and then are brought 
up by the magnetic attraction of an opposite 
upper pole-piece. In the present invention there 
fore, not only are the undesirable effects of re 
sidual magnetism and leakage flux eliminated 
from the main armature tongues.by means of 
non-magnetic back spacers, but the contact to 
be broken on each successive Stepping operation 
has been transferred to an auxiliary arm. Wherein 
positive contact closure is... assured through the 
intimate adhesion of magnetic contacts, yet the 
positive...interruption of this, contact is also 
assured, when desired, through the action of the 
next succeeding main armature on an insulated 
stud attached to the auxiliary arm. By means 
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8 
of-the-slight gap provided between the auxiliary 
arm's insulated stud and the next adjacent large 
armature Which operates upon it, the main arma 
ture on every operation is allowed to start its 
upward traverse and by means of this lost motion 
coupling thus acquires sufficient kinetic energy to 
always insure opening the auxiliary contact upon 
Striking the insulated stud. The undesirable 
effects of residual magnetism and leakage flux 
in the present invention are minimized in the 
contacts to be broken by virtue of the thin mag 
netic member which carries this contact, and 
the resulting increase in reluctance through this 
portion of the magnetic circuit. The small size 
of the auxiliary branch arm also reduces the 
Spring tension to be overcome in breaking this 
magnetic contact, thereby further facilitating 
the positive interruption of this circuit as the 
relay Steps in response to-sequential impulses. 
Inasmuch as the auxiliary branch arm may be 
stamped from the lamination which carries the 
main armature tongue, as illustrated by Fig. 2, 
no additional operation is required to form this 
member and no added cost is thereby incurred. 
Although the auxiliary branch armature could 
be formed of a separate piece of metal without 
departing from the spirit or principle of the 
present invention, another advantage of the ar 
rangement illustrated by Fig. 2 is that internal 
Strapping between the make contact and the 
break contact members is eliminated, thereby re 
ducing materially the cost of assembly and Wir 
ing of Such stepping relays. Another advantage 
afforded by the relay of the present invention is 
that independent and isolated circuits may be 
Successfully controlled by the device herein dis 
closed, Whereas all previously disclosed magnetic 
Stepping, relays were limited to the operation of 
Connecting anyone of a given number of lines 
to a common line unless another pole face piece 
was added for each pulse as in the Stibitz patent. 
AS Was seen in the detailed analysis of the relay 
Operation in reference to Fig. 5, a circuit is first 
closed between pole-pieces 3 and 33, then on 
the next pulsing cycle this circuit is opened and 
another circuit is closed between pole-pieces 35 
and 37. In like manner the next impulse cycle 
Qpens the circuit previously completed between 
pole-pieces. 35 and 37 and then closes another 
circuit between pole-pieces 39 and 4. Thus it, 
may be seen that a plurality of isolated circuits, 
each Separate and insulated from the other, may 
be controlled by the stepping relay of the present 
invention. 

Referring now to Fig. 6, we see a schematic 
circuit diagram in which the stepping relay of 
the present invention is connected in a manner 
to recycle, or in other words continuously re 
Spond to Sequential electrical impulses as received, 
Without limit to the number of such impulses 
Which may be received. Here it will be observed 
that the circuit for operating the left coil LC is 
completed through the last contacts in the relay 
stack, 0, in Such manner that when a series 
of impulses has been received which operates all 
of the armature tongues in sequence to and in 
cluding the last armature tongue, the automatic 
opening of the contacts fo, in response to the 
tenth impulse received, will open the battery 
circuit through left coil LC thereby allowing all 
armatures of the relay stack to fall off into their 
normal position as biased downward when the 
both coils of the relay are deemergized. This 
then automatically resets the relay, thus condi 
tioning it to start stepping-from the top all over 
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again in response to the next or eleventh impulse 
which may be received in sequence without in 
terruption. The recycling contact to may be 
carried on one of the auxiliary branch arms, in 
which case it is opened indirectly by operation 
upon an insulated stud, or it may be of the type 
illustrated in Fig. 6 which is opened directly 
by movement of the magnetic arnature tongue. 
We will now trace the sequence of Operation 
in the circuit of Fig. 6. Pulsing relay PR is 
operated by electrical impulses received from 
battery 4 in the circuit controlled by operator's 
dial 2, or this pulsing relay may be operated 
by any sequential series of electrical impulses 
as employed in telephone signaling. Operation 
of the stepping relay is identical with that de 
scribed in reference to Fig. 5 until We come to 
the last armature tongue O. Here on the Opera 
tion of pulsing relay PR for the ninth time, con 
tact 7 closes completing a circuit from battery 
6 through contacts it to energize the left coil 

LC. Subsequently contact 8 opens, thereby de 
energizing coil RC and allowing the next to the 
last tongue 9 to come up. A circuit is noW closed 
through the ninth pair of pole-pieces On the 
left side, and all other such circuits are opened. 
On the release of pulsing relay PR contact 8 
closes, coil RC is energized, and contact 7 is 
opened, thereby deemergizing left coil LC and 
allowing the last armature tongue G to come 
up. The auxiliary branch arm of the previous 
tongue is opened by operation of armature () 
upon the insulated stud associated with this 
auxiliary branch, and circuit 9 between the left 
hand pole-pieces of the relay stack is thereby 
opened. Contact connected in series With 
left coil LC is also opened by this operation. 
Now upon operation of pulsing relay PR for the 
tenth time, contact 7 closes but coil LC cannot 
now be energized since contact 0 is opened. 
Then When contact 8 of pulsing relay PR Subse 
quently opens right coil RC is deenergized, thus 
creating a condition in which both Operating 
coils of the stepping relay are deemergized and 
all of the armature tongues of the relay stack 
fall off into their normally idle positions. But, in 
returning to its normal downward biased posi 
ition the last armature again closes contact to 
thereby energizing left coil LC through contact 
of the pulsing relay PR which is still operated. 

This energization of coil LC now brings up the 
first armature tongue and closes a circuit be 
tween the first pair of left-hand pole-pieces, O. 
The stepping relay has now started its Second 
cycle and succeeding armature tongues will re 
spond to successive impulses as before. This re 
cycling feature is considered highly desirable in 
many applications within the communication in 
dustry. Of course, it is to be understood that this 
recycling arrangement is not limited to a stepping 
relay having ten external control circuits as 
illustrated in Fig. 6, but may be employed With 
any size of stepping relay having either more 
or less than ten control circuits. 

Referring now to Fig. 7 we see a schematic cir 
cuit diagram of a complete selective signaling 
system employing two magnetic contact count 
ing relays of the type comprehended in the pres 
ent invention. A significant advantage which 
this circuit offers over all previous circuits for 
digital signaling systems employing magnetic 
contact stepping relays is the elimination of the 
former requirement for a slow release charac 
teristic in the digit counting relay. Experience 

i has indicated that because of the inherent fast 
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Operate characteristic of relays of this type it 
is quite difficult to build a satisfactory magnetic 
Counting relay of sizeable proportions with an 
adequate slow release feature. 

In the circuit of Fig. 7 the slow release sleeve 
formerly required on one operating coil of the 
digit counting relay has been replaced by an 
auxiliary armature tongue 50 which engages an 
additional magnetic pole-piece 5 whenever the 
ieft coil I C of digit counting relay DCR is ener 
gized, thereby providing a positive means for 
locking up this side of the relay during the in 
terval of pause between digits. The manner in 
Which this furictions will be better understood 
from a study of the detailed circuit analysis 
following. 
Another advantage which the arrangement of 

iig. 7 offers over all previous circuits for selec 
tive signaling by means of magnetic contact step 
ping relays is in the elimination of chains of 
Series contacts through the magnetic contact 
Inenbers of the relays. As described in refer 
ence to Fig. 5, the auxiliary armature legs afford 
a means for controlling a plurality of separate 
isolated and insulated circuits in succession with 
out the necessity of carrying the control cir 
cuits through more than one pair of magnetic 
contacts, as heretofore was required in all pre 
Vious circuits. By thus reducing the number of 
contacts in Series, the relay device of the present 
invention reduces the probability of circuit failure 
due to noisy or open contact conditions develop 
ing between the magnetic contacts. Still another 
improvement offered by the arrangement of Fig. 
T is a reduction in the over-all power drain re 
quired for Operation of this selective signaling 
System. The manner in which these advantages 
are obtained will be more apparent from a de 
tailed analysis of the sequence of operation in 
volved when considered in reference to Fig. 7. 

In general, the operation of this circuit is simi 
lar to that of the circuit disclosed in the Hick 
man application previously referred to. In the 
latter circuit, if the pulse counting relay is en 
ergized the correct number of times an alternate 
path is established through the contacts of the 
pulse counting relay and the digit counting relay 
in Such a manner that the left coil of the digit 
Counting relay holds up when the slow release 
relay falls off during the brief pause at the end 
of each digit. Since this holding circuit passes 
through the contacts of the pulse counting re 
lay, it is necessary also to hold up one of the 
coils, as shown, the right coil, of this pulse count 
ing relay. Then at the start of the next digit, 
it is necessary to release the pulse counting re 
lay So that it may return to its initial idle posi 
tion, and this release is accomplished by momen 
tarily opening the holding circuit. Consequently, 
the left coil of the digit counting relay in that 
circuit is also opened, and the armatures which 
have already counted digits will fall off unless 
a slow release characteristic has been built into 
this coil of the digit counting relay. Because of 
the inherent fast operation of relays of this type, 
it has been found difficult to design suitable relays 
having a sufficient slow release holdup charac 
teristic. However, in the present invention, by 
means of the arrangement illustrated in Fig. 7, 
this problem is solved through the operation of 
the auxiliary armature 50 in cooperation with 
this contacting pole-piece 51. The sequence of 
operation in the circuit of Fig. 7 when the pulsing 
of a digit is completed and the slow release re. 
lay SRR, falls off is as follows: First, assuming 

  



v. 2,610,242 
- 12 
LC of pulse counting-relay PCR and allowing the 
third armature tongue. 7 of PCR to comei up. 
Contact 62- closes; completing the operatingicir 
'cuit through slowireleasesrelay. SRR, but no fur 

. 
- that the correct number of impulses had been 
received, the left-coil LC of digit counting relay 
DCR will be energized through one pair of con 
tacts on the digit counting relay and another pair 

- of contacts on the pulse counting relay. Simul- 5 ther operation of this relay-now, occurs because 
staneously, -the-airmature 50 comes up into inti- - SRR had not previously released due to:its slow 
mate magnetic contact with the adjacent pole- - release characteristic. When the: pulsing-relay 
piece 5 to provide an alternate path for current - FR is deemergized at the end of the secondim 
through left coil-LC, thereby locking up the re- pulse, contact 62-opens thereby deemergizing slow 
lay DCR. Next the complete-release of the slow 10 release-relay. SRR, but yet this relay holds-up idue 
release-relay. SRR opens: the battery circuit to to its slow release characteristic;-contact G3-closes 
the operating: coil of the pulse counting relay thereby energizing coil. L.C. of pulse counting:re 
PCR, thereby restoring that relay to its normal lay PCR, and contact 6 fopens thereby deemergiz 
idler position. Since the pulse counting relay is ing. coil, RC and allowing the fourth armature 
thus restored to normal at the end of each digit, 15 tongue -73 of PCR to come up. Thus it is seen 
there is no power drain holding up this relay that for every complete pulse:received by this 
during the interval between digits, and no need Systern, two-airmature tongues of the pulse count 
to restore this-relay to normal at the start of ingrelay come up. On the last impulse received 
the next succeeding digit, as has heretofore been in a train, the: interval between: digits sisi sufi 

:-required. Thus it is clear that with the circuit. 20...cient to allow the slow release relay, SRR, to:fall 
*of Fig. 7 the left coil of the digit counting relay off, and at this time there are:two possible:oc 
can now berdeenergized- after the right coil is currences, depending ion-whether:the zinumber 
energized- at the start of the succeeding digit, which was dialed is correct or...not. - - 
so that there is no need for a slow release fea- If an incorrect number has been dialed, the fol ture-to-be-incorporated in the left coil of this 25 lowing sequence results. When the slow release 
*relay. Since only the coil on the digit counting relay SRR, finally falls off, contact:64, closes; but 
relay is here energized at the end of a correct coil LC of digit counting relay:DCR cannot there 
digit, and there is no energizing of the left coil by be energized sinceithere is no path established 
on the digit counting relay during the pulsing of through the contacts of the pulse counting relay 
a digit as previously, the power drain required by 30 and the digit counting: relay. Contact 65 opens 
this circuit is considerably less than that re- and deemergizes coils RC of DCR and LC of PCR, 
-quired by all-previous selective signaling systems thereby allowing alkarmature: tongues of: both 
employing magnetic - contact stepping relays. 'stepping relays to fall off. Thusit is seen that 
The addition of the resistance RO in series with reception of an incorrect digit operates:to; reset 
the holding circuit of digit counting relay DCR 35 the entire selective-signaling circuit to its norma 

-1 operates to reduce the current through the left idle condition. 
coil LC to a minimum hold value, thereby further If, however, the correctidigit has been dialed, 
“reducing the power drain. the following sequence Occurs.jšWhen slow release 

For a better understanding of the operation relay. SRR, finally & releases, contact, G4s closes 
of the selective signaling system illustrated by 40 thereby completing: a circuit'; from 3 battery: 66 

i Fig. 7, we will now trace the sequence of operation through the fourth armature:tongue:13° of pulse 
step-by-step. Upon operation of the operator's counting relay: PCR which has closed a circuit 

ridial 59, which may be located at a remote central - between left-hand pole-pieces T4 and 75 of PCR, 
office; with the switchhook 58 closed as illustrated, 5thence through the first armature tongue: 68 of 

- a series of electrical impulses are transmitted digit counting relay DCR which has completed a 
from battery 60 through loop 57 to pulsing relay 'circuit between the right-handpole-pieces;16 and 
PR. When the pulsing relay PR is energized by of DCR, thence through left coil:LC of DCR to 
the first-received electrical impulse, contact 6: ... ground. ThuSTC is energized, the first airmature 

- closes, contact 63 opens, and contact 62 closes to tongue 68 of DCR is held up, the auxiliary contact 
complete a circuit from battery 66-through slow armature 50: closes' contact', with pole-piece '5 

*release relay SRR. Upon operation of SRR, con- 50 thereby locking up:left coil-LC of DCR, and the 
"...tact. 265 closes : thereupon : energizing the iright- r. Second arnature tongues. 8. Of DCR is enabled to 
is hand coils of digit counting relay DCR and pulse Operate. Contactié5i of SRRiopens, thereby de 
counting relay PCR, respectively. Now in re- energizing coils RC of DCR and LC of PCR, thus 

i sponse to the magnetic attraction of the upper 55 allowing all the armatureitonguest of the pulse 
right-hand pole-pieces in both stepping relays, ' counting relay to release and at the same time 
the first tongue 67 of PCR, and 68 of DCR, come bringing up the second armature tongue 18 of 
up. Contact 64 of slow-release relay SRR opens digit counting-relay DCR. Thus it is seen that a 
but no action now occurs as the circuit through correct digit brings up two armature tonguest of 
armature 50 and pole-piece 5 of digit counting go the digit counting relay and irresets:the pulse 
relay DCR is open, Now at the end of the first 'counting relay to normal. - 

pulse, pulsing relay PR is deenergized, contact At the start of the next train of impulses, 
62 opens and deemergizes slow release relay SRR, representing the second digit pulsing relay PR, 

this relay does not open due to its slow re- is energized on the first impiscont lease characteristic. Contact 63 closes thereby a contact 63 opens and Yayu, - ---T ... a 65 Ct. 63 opens, and contact 62 closes:thereby 
energizing left coil LC of pulse counting relay energizing slow release relay SRR. Contact 65 PCR. Contact 6 opens, thereby deemergizing of siR closes thereby energizing the right and 
right coil RC of pulse counting relay PCR and coils of both DCR and PCR whereupon the first 
allowing the second armature tongue 69 of the armature tongue 67 of PCR, comes sup cont 
pulse counting relay to come up under the mag- 0.64 opens thereby deenergizing the left coil 
netic attraction of the left-hand pole-piece to. ' digit counting relay DCR, whereupon. ... O ... Ar. re. war as - - - - - - may as awy - "Where poni the...third -- At the start of the second impulse, pulsing relay armature tongue.79 of DCR comes up,...and.th 
FR is again energized, contact 6 again closes to auxiliary armar tongue Sofalls of Gisenga e 
energize coil RC Of pulse counting relay PCR, ing contact with poietiecesi. 
contact 63 now opens, thereby deemergizing coil 15 now in exactly the same condition as in 
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lowing the first impulse of the first series except 
for the fact that now the first three armature 
tongues of digit counting relay DCR are up in 
stead of just the first tongue being up. Thus the 
path necessary through digit counting relay DCR 
has now been changed and the correct number of 
pulses required for the second digit may be either 
the same as or different from the number re 
quired for the first digit depending upon the 
manner of interconnection between PCR and 
DCR. If four correct digits are dialed in Se 
quence, all eight armature tongues of the digit 
counting relay will come up, and a circuit will be 
closed between the fourth armature tongue 88 
and left-hand pole-piece 8 whereby the signal 
indicator 82 Will be operated. The signal may 
then be interrupted by the Subscriber's operation 
of Switchhook 83. The operation of this switch 
hook can also be used to clear the entire System. 
If the signal is not answered, the entire system 
may be restored to normal by the transmission 
of a single clearing pulse from the Central Office. 

Referring noW to Fig. 8 we see Still another 
circuit employing a magnetic contact stepping 
relay of the type comprehended in the present 
invention. The Subject matter of Fig. 8 is shown 
and claimed in divisional Patent 2,561,730. This 
circuit differs from all previous pulse counting 
circuits employing magnetic stepping relays in 
that the counting relay of Fig. 8 requires only one 
main armature tongue for each Coimplete pulse 
to be counted. That is to say, the ten armature 
tongues in the relay stack of Fig. 8 will count 
ten impulses, one tongue responding to each im 
pulse as received, whereas as we have seen in the 
circuits of Figs. 6 and 7, all previous arrange 
ments of magnetic stepping relays have required 
the operation of two armature tongues for each 
complete pulse. An obvious advantage of the ar 
rangement of Fig. 8 is the reduction of one-half 
of the number of armature tongues required to 
count any given number of impulses. A fur 
ther advantage is that by operating only one 
tongue per impulse, the circuit of Fig. 8 may 
inherently require less time per pulse for count 
ing, thus it is apparent that with the arrange 
ment disclosed in Fig. 8 not only may the size 
and cost of a magnetic contact stepping relay be 
reduced but also the speed of operation may be 
increased. 
In Fig. 8, as in Fig. 7, the insulated Studs which 

extend between armature tongues in adjacent 
layers of the relay stack have been omitted from 
the drawings for the sake of clarity and to avoid 
confusion in tracing the schematic circuit. HoW 
ever, it is to be understood that insulating studs 
of the type disclosed in Figs. 1, 2, 3, 4, 5 and 
6 are also incorporated in the magnetic stepping 
relay of Fig. 8. It is also to be understood that 
the left and right operating coils, designated 
schematically as LC and RC respectively in Fig. 
8, are Wound around the laminated pole-pieces 
of the left- and right-hand sides of the relay 
stack respectively, in a manner similar to the 
arrangement disclosed by the structure of FigS. 1 
and 4. The stepping relay structure of Fig. 8 
differs from those previously disclosed in that 
it includes an auxiliary armature tongue if f inter 
posed between an auxiliary right-hand pole-piece 

2 and left-hand pole-piece 3. This auxil 
iary armature and its associated pole-pieces may 
be placed either at the bottom of the stepping 
relay stack as illustrated in Fig. 8, or it may be 
placed at the top of said stack, or it may be 
situated anywhere else. in the stepping relay. 
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structure, provided only that it must not inter 
ferre With the Stepping operation of the relay. 
The function of this auxiliary armature tongue 

is to indicate at all times which of the two 
operating coils, LC and RC, Was the first to be 
energized Whenever both are operating. By ref 
erence to Fig. 8, it will be seen that if the left 
coil LC is first energized, the auxiliary armature 
tongue f Will be moved down into conductive 
engagement with left-hand pole-piece 3, there 
by closing contact 9. If the right coil RC is 
next energized, tongue will not move Since 
the magnetic force due to the closed contact 9 
is much greater than the magnetic force through 
the open contact 92. However, if the left coil 
TC is then deemergized, armature tongue if 
Will come up into intimate contact With right 
hand pole-piece 2 thereby closing contact 92. 
In this situation if the left coil LC is then re 
energized, the armature tongue Will not again. 
move until Such time as right coil RC is deemer 
gized. Thus it is seen that armature alway 3 
indicates which of the two coils LC and RC was 
the first to be energized. By means of the two 
contacts 9 and 92 aSSociated With the auxiliary 
armature , the two pulsing relays PR, and 
PR2 are alternately operated Cn each Successive 
impulse. When starting from idle condition, op 
eration of the correct pulsing relay initially is 
assured by providing armature With a slight 
pretension in one direction, in the circuit illus 
trated by Fig. 8 this pretension being downward 
ly, to insure that contact 9 is always closed when 
the circuit is idle. 
The detailed operation of the circuit of Fig. 8 

Will now be traced through a step-by-step analy 
sis. The circuit is first conditioned for Opera 
tion by closing a switch 89 which completes a 
circuit through coils LC and RC and the battery 
90. Armature tongue remains in intimate 
contact with left-hand pole-piece 3 toward 
which it was initially biased by spring tension. 
Now if the operator's dial 88, which may be io 
cated at a remote office is operated, a circuit Will 
be closed through the dial at the start of the first 
dial pulse, and pulsing relay. PR will now be 
energized through contact 9. Upon operation 
of PR contact 93 first opens, then contact 95 
closes to lock up PR to battery 90, and then 
contact 97 opens, thereby deenergizing Coil IC, 
which in turn causes armature 10 to be at 
tracted upwardly into intimate contact with the 
upper right-hand pole-piece. With LC now de 
energized, auxiliary armature tongue if is at 
tracted upwardly into intimate contact with right 
hand pole-piece 2 thereby closing contact 92. 
However, this opening of contact 9 has no effect, 
On pulsing relay PR which as we have just Seen 
has already locked up through contact 95. At 
this instant, the closing of contact 92 has no ef 
fect on pulsing relay PR2 since contact 93 of 
PR, is open, thereby introducing a discontinuity 
in the circuit through the operating coil of PR2. 
Now, at the end of the first dial pulse, the cir 

cuit through dial 88 will open, whereupon pulsing 
relay PR is deemergized, contact 97 closes and 
energizes coil LC, contact 95 opens, and contact 
93 closes, but pulsing relay PR2 cannot yet oper 
ate because the dial contact 88 is still Open. 
The energizing of LC at this moment has no ef 
fect on the auxiliary armature tongue i since 

S 

RC is still energized. However, with the start 
of the second dial pulse, a circuit is closed 
through the dial contacts at 88 whereupon puls 
ing relay PR2 is operated through contact 92. 
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Upon operation of PR2 contact 94 opens, con 
tact 96 closes thereby locking up PR2, and con 
tact 98 opens to deemergize coil R.C. Upon deen 
ergization of coil R.C. the auxiliary armature 
tongue ill comes down into engagement with 
the left-hand.pole-piece 3 to close contact 9 
and the armature 02 is attracted upWardly...into 
intimate contact with the left-hand pole-piece. 
Contact 92 is thereby opened, but this has no 
effect on pulsing relay PR2 since, as we have seen 
above, this relay has already locked up through 
its contact 96. The closing of contact 9 fat this 
moment has no effect on the operation of pulsing 
relay. PRA, since contact. 94 of PR2 is now open 
thus introducing a discontinuity in the circuit of 
the operating coil of PRI. A.S.We have Seen above, 
at the end of this dial pulse the circuit. through 
dial 88 is momentarily opened whereupon pulsing 
relay PR2 is deenergized, contact 98 closes and 
energizes coil RC, contact 96 opens, and contact 
94 closes but cannot operate pulsing relay PRt. 
because, at this moment the dial contact 88 is 
open. Similarly, at this instant the energizing 
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of coil RC has no effect on the auxiliary armature 
if f since coil LC is still energized and armature 

is thereby held in intimate magnetic contact. 
with left-hand pole-piece 3: We have now 
completed one cycle. of two dial pulses, and at 
this time the first two armature tongues, Oi and 
102 are up and a circuit is completed from battery 
99through armature tongue 02 and lamp 202 to 
ground, thereby indicating that two pulses have 
been received and counted. On reception of suc 
cessive impulses the same sequence of operation 
will follow. This sequence may be tabulated as 
follows:- - - - - . . 

LeftCoil Right-Coill, pass. 
- (LC) . . . . (RC). Pulse Step 

... energized: energized... start (SW 89 closed). 
-gleenergized...dos. 1st. pulse-dial contact 

closed, , 
3--------------- energized------ do------list pulse-dial contact 

. . . opened. . . . . . . 
4.------------...----do------deenergized 2nd pulse-dial contact 

. . closed. . . 
5------------------do-...-energized - 2nd pulse-dial Contact 

- opened.... 

This sequence results in only. Ones armature 
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tongue of the counting-relay.coming-up for each 
complete pulse, thereby reducing the number of 
tongues...necessary to... count a given number, of 
pulses, and at the same time increasing the speed 
at which such pulses maybe... counted. This, ar 
rangement may be of considerable advantage in 
applications where large numbers of pulses must 
be counted or where the saving in space and cost 
of the Smaller sized counting. relay...may, more 
than offset the addition of a second pulsing relay. 
Referring to Fig. 8, the dark magnetic, contacts 
represent magnetic contacts covered by a thin 
insulating material for the purpose of circuit iso-, 
lation: . . . . . . . . . . 
Referring now to Figs.-9, and 10...we, see an 

alternative arrangement of the operating coilsfor. 
a magnetic contact counting. relay of the type. 
comprehended in the present invention. It may 
be seen from the plan view of Fig. 10.that a coil, 
here, designated CC, is placed around.the arma 
ture tongue in lieu of a right-hand operating coil 
as shown in Fig. 4. The left-hand operating coil. 
LCremains unchanged in this arrangement. The 
advantage of this arrangement is that it enables 
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the stepping relay to be operated. directly. from... 
dial pulses-without the need for an intervening 
pulsing relay as heretofore required in all pulse 75 

16 
counting circuits employing magnetic contact 
stepping relays. The simplicity of this operating 
circuit is shown by the schematic drawing of 
Fig.9. Upon closing switch 20.the left coil. LC 
is energized by current flowing from battery 2f; 
and this coil remains so energized throughout the 
entire pulsing period. The centercoil CC is in 
termittently energized as the operator's dial 22 
alternately closes and opens a circuit through 
this coil and battery. 21. The current direction 
through both coils is such that the magnetic flux, 

the dial contacts 22 are open, only the left coil 
LC is energized, but when the dial contacts are 
closed, both the left coil and the center coil are 
energized, and since the flux in the center mag 
netic tongue is opposed by the flux in the left coil, 
the former fux returns along the rightleg of the 
magnetic relay structure. Thus the resulting flux 
throughout the structure under this condition is 
the same as if the left coil were deemergized and 
the relay structure were provided with a right coil 
which was energized as shown by Fig. 4. Thus it 
may be seen that the overlapping effect of con 
tinuity in sequential energization of the two, coils, 
as provided by the continuity transfer pulse relay 
in the circuits of Figs. 6, 7 and 8 is automatically 
performed by the arrangement of operating coils 
illustrated in Figs. 9 and 10, since in this circuit 
one coil is always energized. A comparison be 
tween the operating sequences of the previous cir 
cuit and the circuit of Fig. 9 may be tabulated as 
follows: 

Dial Contacts. Previous Circuits. Curcuit of Fig.9 
closed.---------- Pulsing Relay and RC Left Coil and Center energized. Coienergized. 
OE-------- ----- Left Coil energized.---. Left Coil energized 

The advantages of this simplified circuit of Fig. 
9 are that a continuity transfer pulsing relay is 
not required, thus saving the space: formerly re 
quired for this relay, and also reducing the cost of 
the apparatus. Also, the circuit.may count pulses 
more, rapidly, than previous arrangements, since 
Only one coil must be operated. Furthermore, the 
operation of the circuit of Fig. 9 is more reliable. 
than the previous circuit since, the back contact 
of the pulsing relays, which may have a tendeley. 
to, chatter, are hereby eliminated. 

Referring, now, to FigS. i.1 and 2: We See an 
alternative. arrangement of the relay structure 
and circuit. Figs. 9 and 10 wherein no centercoil 
is provided around the armature: tongue and in 
lieuthereof...a differentially wound right coil is 
placed around the right-hand.pole-piece mem. 
ber. The principle of operation involved in the 
circuit of Fig.11 is essentially the same as that 
of Fig. 9; but only the means employed to act 
Complish this end are modified. It will be seen 
that. When; SWitch .25 is closed, one-half of the 
right coil. 28, is continuously energized by current 
flowing from battery. 25. The other half of this. 
right coil 27 and left coil.E.C. is intermittently, 
energized by interruption of the dial contacts 
upon Operation of dial. 29. Since the current 
flows through coils 27 and 28 in opposite direc 
tions the magnetic field of these coils neutralize 
each other. Whenever, both coils are energized. 
Thus it. Will be seen that...when the dial-contacts 
of 29-are, closed current will flow... through left 
coil IC thereby setting up a magnetic flux 
through the pole-piece members, on the left side. 
of the relay structure. Under this-condition cur 
rent will also flow through coil 121 of Rc, but 
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since current is already flowing through coil 28 
of RC and the two coils are differentially Wound, 
the magnetic fields oppose each other and no 
flux will flow through the right-hand pole-piece 
members. However, when the contacts of dial 
29 are opened no current will flow through LC 

or through 27 of RC, so that the magnetic field 
created by current flowing through coil 28 of 
RC is unopposed under this condition and there 
fore magnetic flux will flow through the right 
hand members of the relay Structure. It is ap 
parent then that the sequence of Operations for 
the circuit of Fig. 1 is the same as that previous 
ly examined in reference to Fig. 9. 

It is to be understood that the Scope of the 
present invention is not limited to the particular 
arrangement illustrated by the accompanying 
drawings, but that numerous modifications may 
be made, both in the design of the relay struc 
ture and in the arrangement of the Operating 
circuit, without departing from the Spirit of the 
present invention as defined by the Specification 
and the appended claims. 
What is claimed is: 
1. A relay comprising two groups of fixed lami 

nations of magnetic material, principal spring 
tongues of magnetic material attractable into 
conductive engagement with fixed laminations in 
both groupS, Subordinate spring tongues attract 
able into conductive engagement, with the fixed 
laminations of One group, laminations of insulat 
ing material interposed between said fixed lami 
nations and said Spring tongues, energizing coils 
Surrounding Said groups of laminations respec 
tively, and lost motion mechanical coupling 
means interposed between said principal Spring 
tongues and Said Subordinate Spring tongues 
Whereby upon alternate energization and deener 
gization of Said coils respectively, said principal 
tongues are Sequentially attracted into conduc 
tive engagement With adjacent fixed laminations, 
and Said Subordinate tongues are sequentially 
disengaged from adjacent fixed laminations by 
Said mechanical coupling means of both groups 
and Said Subordinate tongues are sequentially 
disengaged from adjacent laminations of one 
group by Operation of said lost motion coupling 
eaS 

2. A relay comprising two stacks of rigid lami 
nations of magnetic material, a first set of flex 
ible Spring tongues of magnetic material inter 
posed between adjacent layers of said rigid lami 
nations and separated therefron by laminations 
of insulating material, a second set of flexible 
Spring tongues each in the plane of one tongue 
of Said first Set, mechanical coupling means in 
terposed between flexible spring tongues of said 
first Set Whereby said springs are normally re 
Strained from conductive engagement with adja 
cent rigid laminations of both stacks, further 
mechanical means including lost motion links be 
tWeen tongues of said first and second sets in 
adjacent layers, energizing coils surrounding each 
stack of Said rigid laminations whereby upon 
energization and deenergization of said coils 
alternately said first set of springs are sequen 
tially attracted into conductive engagement with 
adjacent rigid laminations, and said second set 
Of Springs are sequentially disengaged by opera 
tion of Said lost notion links from contact with 
adjacent rigid laminations. 

3. In a relay Structure two adjacent stacks 
of fixed laminations of magnetic material, lami 
nations of both stacks insulated from each other 
and from laminations of said adjacent stack by 
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layers of insulating material interposed between 
the laminations of said stacks, a plurality of 
primary and secondary Spring tongues of mag 
netic material in adjoining layers interposed be 
tween adjacent layers of Said insulating material 
in proximity to said fixed laminations, mechani 
cal coupling studs interposed between primary 
Spring tongues in adjoining layerS Whereby Said 
primary tongues are normally restrained from 
conductive engagement with adjacent fixed 
laminations of both stacks, further mechanical 
Studs interposed between primary Spring tongues 
Of alternate layerS and Secondary Spring tongues 
of an adjoining layer in a manner to include an 
air-gap between said further studs and said 
Spring tongues of an adjoining layer, magnetic 
contacts on One side of Said primary spring 
tongues adjacent to and in Substantial alignment 
With corresponding magnetic contacts on facing 
sides of adjacent fixed laminations in both 
groupS, non-magnetic Spacers on the opposite 
Side of Said primary Spring tongues from said 
magnetic contacts, further magnetic contacts on 
each of said Secondary spring tongues normally 
in conductive engagement with a like magnetic 
contact on an adjacent fixed lamination, and 
energizing coils Surrounding each of said stacks 
Cf fixed laminations whereby, upon sequential 
energization and deenergization of Said coils re 
Spectively, said primary spring tongues are se 
Quentially attracted into conductive engagement 
With adjacent fixed laminations of both groups 
and said Secondary Spring tongues are successive 
ly disengaged from contact with adjacent fixed 
laminations by Said further mechanical studs. 

4. An impulse counting system comprising in 
Combination a continuity transfer relay, a source 
'Of electrical energy, and a magnetic contact 
counting relay comprising two adjoining stacks 
Of fixed laminations of magnetic material, lami 
nations of insulating material interposed between 
adjacent laminations of Said magnetic material, 
a plurality of primary and secondary armatures 
of magnetic material interposed between adjacent 
layers of Said Stacked fixed laminations and in 
Sulated therefrom, a tertiary armature of mag 
netic material, mechanical coupling means in 
terposed between adjacent arnatures, energiz 
ing Coils Surrounding each of Said stacks of fixed 
laminations, One of Said coils connected to Said 
energy Source through one contact of said con 
tinuity transfer relay, the other of Said coils con 
nected to said energy source through Said ter 
tiary armature and another contact of said con 
tinuity transfer relay Whereby upon SucceSSive 
operation of said continuity transfer relay po 
tential is applied from said source of electrical 
energy to alternately energize and deemergize 
said coils and Successively establish contact be 
tween said primary armatures and adjacent fixed 
laminations. 

5. A magnetic contact counting relay compris 
ing a plurality of rigid laminations of magnetic 
material arranged in two adjacent Stacks, lani 
nations of each stack insulated from the opposite 
stack, each stack comprising layers of magnetic 
members having alternate long and short pole 
pieces in alternate layers, the long pole-pieces in 
alternate layers of each Stack abutting Opposite 
short pole-pieces in alternate layers of the other 
Stack in a manner to provide substantially uni 
form air gaps between opposing pole-pieces of 
the two stacks, insulation between adjacent lam 
inations, further laminations of magnetic mate 
rial in the form of flexible spring tongues inter 
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posed between adjacent layers of said rigid lami 
nations and isolated therefrom by said insulation, 
one of each such further laminations interleaved 
between each tWO adjacent layers of Said rigid 
laminations, each of Said further laminations 
comprising a main Spring tongue, alternate lay 
ers of said further laminations comprising a nar 
roW auxiliary Spring tongue in addition to Said 
main Spring tongue, magnetic contact surfaceS 
On the upper face of each of Said main Spring 
tongues and non-magnetic Spacers on the Cp 
posite face of each of Said tongues, further inag 
netic contact surfaces on the lower face of each 
of said auxiliary spring tongues, magnetic con 
tact surfaces on the faces of said magnetic pole 
pieces aligned With and adjacent to said contact 
Surfaces. On Said tongues, said Spring tongues ber 
ing normally biased downwardly into engagement 
with the pole-pieces of the next adjacent layer 
of Said' rigid laminations, an insulated Stud aS 
Sociated With each of Said auxiliary Spring 
tongues and adapted to be engaged by the main 
tongue lamination of the next adjacent layer 
below Said auxiliary tongue. When Said next ad 
jacent main Spring tongue moves into Operated 
position, further insulated Studs associated with 
said main Spring tongues in each layer in a man 
ner to bear upon and restrain all main tongues 
below said layer into their normally downward 
biased positions, and a pair of operating coils, 
One of said coils Wound around each of Said 
Stacks of rigid laminations, whereby upon alter 
nate energization and deeinergization of Said Coils 
said Spring tongues are sequentially moved one 
at a time into conductive engagement with the 
next adjacent pair of magnetic pole-pieces, and 
Said auxiliary Spring tongues are successively dis 
engaged one at a time from their conductive 
contacts. - 

6. A magnetic contact counting relay accord 
ing to claim 5 comprising an additional arma 
ture operable Only upon operation of the last Se 
quentially operated Spring tongues of Said relay 
to open circuits of both operating coils and con 
dition said relay for recycling. 

7. A magnetic contact counting relay accord 
ing to claim 5 in combination with a continuity 
transfer relay, a source of electrical potential, 
and means for generating a Series of electrical 
impulses Sequentially. 

8. A magnetic contact counting relay accord 
ing to claim 5 in combination with means for 
generating sequential electrical impulses, and re 
Cycling means comprising an additional auxiliary 
armature tongue operable at the end of each 
counting cycle to restore said counting relay to 
In Ornal. 

9. In a magnetic contact counting relay ac 
cording to claim 5 an armature lamination com 
prising a plurality of magnetic armatures each 
bearing magnetic contacts at their outer extren 
ities. 

10. In a relay structure two groups of fixed 
laminations of magnetic material, a first set of 
magnetic armatures attractable into conductive 
engagement with laminations of both groups but 
normally disengaged therefrom, a second set of 
magnetic armatures each of which is normally 
in conductive engagement with a fixed lamina 
tion of one group, energizing coils surrounding 
each of Said groups of laminations respectively 
for attracting successive armatures of said first 
Set into conductive engagement with adjacent, 
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laminations of both groups upon alternate en 
ergization of Said coils, mechanical coupling 
means between airmatures of said first set where 
by all but One of Said arnatures are normally 
restrained from being attracted into conductive 
engagement With fixed laminations of both 
groups upon energization of Said coils, further 
mechanical means including a lost motion cou 
pling between armatures of said first and second 
SetS for disengaging said second armatures from 
Said laminations successively as adjoining arma 
tures of Said first set are sequentially attracted 
into operative engagement. 

ll. An impulse counting relay comprising a 
plurality of layers of magnetic laminations in ad 
jacent stacks, each of said laminations insulated 
from the others and each bearing an electricaily 
conductive magnetic surface on one face there 
of, a plurality of layers of magnetic spring arma 
tures interposed between layers of Said magnetic 
laminations and insulated therefrom and from 
each other, alternate layers of armatures coin 
prising a main armature and an auxiliary arma 
ture, Said main armatures having electrically 
conductive magnetic surfaces on one face there 
of and a non-magnetic surface on the opposite 
face thereof, electrically conductive magnetic 
Surfaces on one face of said auxiliary arimatures, 
energizing coils Surrounding each stack of mag 
netic laminations, mechanical coupling means 
extending between main armatures in adjoining 
layers, means including said inechanical coupling 
normally holding the electrically conductive 
magnetic Surfaces of Said main armatures dis 
engaged from adjacent conductive surfaces of 
said magnetic laminations, means normally hold 
ing the electrically conductive surfaces of said 
auxiliary armatures in conductive engagement 
With corresponding surfaces of adjacent mag 
netic laminations, and further mechanical means 
including lost notion coupling between said main 
armatures and auxiliary armatures in adjoining 
layers Whereby upon alternate energization and 
deenergization of Said coils said main armatures 
are Sequentially attracted into conductive en 
gagement With adjacent magnetic laminations 
and said auxiliary armatures are successively dis 
engaged from electrical contact with said lami 
nations. 

THOMAS F. FARKAS. 

$iifRENCES CITED 
The following references are of record in the 

file Of this patent: 
UNITED STATES PATENTS 

Nilimber Nane Date 
808,834 Goodrum ----------- Jan. 2, 1906 

2,089,334 Bredehoft --------- Aug. 10, 1937 
2,305,450 Stibitz ------------- Dec. 15, 1942 
2,414,476 Mathes ------------ Jan. 21, 1947 
2,441,001 Bellamy ----------- May 4, 1948 
2,452,051 Hersey ------------ Oct. 26, 1948 
2,456,169 Bellamy ------------ Dec. 14, 1948 

FOREIGN PATENTS 
Nurnber Country Date 

Germany ----------- June 3, 1900 119.734 
Oji ER, REFERENCES 

Application 107,156 filed July 28,1949, now 
Patent 2,564,432, Aug. 14, 1951. 

  


