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UNITED STATES

PATENT OFFICE.

CHARLES H. NORTH, OF CLEVELAND, 0X1IO0, ASSIGNOR TO THE NORTH ELECTRIC COM-
PANY, OF CLEVELAND, OHIO, A CORPORATION OF OHIO.

QELECTIVE TELEPHONE SIGNALING SYSTEM.

Speciﬁcat{on of Letters Patent.

Application filed October 11, 1907. Serial No. 396,333,

To all whom it may concern: _
Be it known that I, Caaries H. Norra,
a citizen of the United States of America,

and a resident of Cleveland, in the county”

of Cuyahoga and State of Ohio, have in-
vented certain new and useful Improve-
ments in Selective  Telephone Signfling
Systems, of which the following is a specifi-
cation. :

My invention relates to a selective tele-
phone-signaling system, affording for tele-
phone exchanges an improved method of
selective signaling, and has for its object
the modification of selective signaling meth-
ods of the prior art, which shall be an ad-
ance’ in efficiency and eliminate false
signals. -

More particularly, my invention is ap-
plicable to telephone systems, wherein selec-
tive calling or signaling of a plurality of
subscribers upon a given line is required,
and my invention has been perfected with
this single end in view, whereby signaling
currents are impressed upon the line alter-
natively, which shall avoid the more or less
active tendency observed in previous sig-
naling systems to actuate two or more of
the selective calling appliances.

Uutil a comparatively recent date, it has
been deemed commercially practicable to
actuate signaling systems known as “har-
monic-ringing” systems, by means only of
generator currents, which are respectively
in step or tune with the signaling appli-
ances used .upon the multiple party lines.
These currents, by reason of the fact that a
single generator outfit was almost univer-
sally used in practice, operating at a sub-
stantially fixed rate of speed, presented in
frequency of alternations, multiples of 2,
4, 6 and 8, corresponding to the respective
brushes of the dynamo. In consequence,
there existed a coincidence in the electro-
magnetic impulses, which constantly tended
to mterfere with the successful working of
the system, and produced false signals, par-
ticularly for any extended or intermittent
period of signaling or ringing. Prior to my
application of the principles of non-coineid-
ing currents to selective signaling, T believe

that the undesirable feature just alluded to, |

-had never been theoretically or practically
overcome.

Although I do not deem my inventior re-
stricted to particular apparatus, it may
most readily be practiced by the employ-
ment of interrupters having definite rates
of speed; in association with a source of di-
rect current, but commutator devices, one
of which I shall briefly advert to, may also
be résorted to for practicing my invention,
as herein described and claimed.

Before explaining the means for practic-
ing my invention, I may state, in a pre-
Iiminary way, that the system of telephone
signaling herein set forth, is one wherein
the signaling currents adapted to be im-
pressed upon the party line, are of such
frequencies that they are non-coinciding in
effect upon the several translating devices
or ringers. In the simple four-party line
system, set forth for the exemplification of
my improvement, the current frequencies
are multiples of 5, 7, 9 and 11, whose re-
spective effects, I shall best be able to ex-
plain in connection with diagrammatic rep-
resentations plotted to indicate the different
currents throughout their periods of nomn-
coincidence, and compare them with a dia-
gram similarly plotted to represent the com-
mercial four-party signaling currents known
to the prior art. -

In said drawings, Figure I, represents a
telephone system equipped with interrupters
and signaling bells assumed to be respec-
tively tuned in accordance with my im-
provement. Fig. IT isa cross-sectional view
of a commutator device; and Fig, IIT is a
view.in side elevation of said multiple corn-
mutator, which represents other means for
applying non-coinciding currents to a tele-
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grammatic representation of the electro-
magnetic effect of the four partially. co-
inciding signaling currents of the prior art,
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and Fig. V is a similar diagram of the.

electro-magnetic . effect of the four non-
coinciding signaling™ currents, preferably
employed in practicing my invention. It
should be explained, that in the latter dia-
grams, I have not attempted to reproduce

_the theoretical sine-wave, which the signal-
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ing currents approach, but I have employed
straight lines meeting at angles instead of
such curves, for making more apparent the
“peak”, or effective magnetic variation of
the respective alternating enrrents of difter-
ent frequencies. Thess same diag Ams nay
be taken, as well to indicate the respective
relations between the preferred alternating
currents employed in practicing my inven-
tion, bus this specification may be made 3
little more direct and clear, by alluding to,
the disgrams as representative of the mag-3
netic effect and relations resultant from said
currents. Fig. VI is an enlarged detailed
dingram of an interrupter-device.
Throughout the scveral figures of the

drawings, I have employed the sume char-

acter of reference to indicate similar parts,
or corresponding diagrammatic representa-

-tions.

As stated, the alternating currents for
selective singnaling, may be arpitrarily
varied, so long as substantially the non-
harmonic or discord relation exists between
the respective currents. Thus, for five-party
selection, the cycles per second may best
range between 30 and 78, being multiples of

the odd mumbers from 5 to 13 inclusive.

_ Tlig. I representing the preferred means
for practicing my Invention, will be ex-
plained in more detail as it embodies novel
Fentures in addition to those herein claimed.
Tn said figure are shown four sets of in-
terrupters, which are so adjusted with re-
spect to each other as to impress alternating
currents wher respectively connected to line,
which have frequencies representing sub-
stantially the multiples of five, seven, nine
and eleven; these four being the simplest
combination for practically operating selec-
tive signaling systems.. In this instance,
we may further assume that the common
multiple is six, which I have found most
desirable for practical purposes. Accord-
ingly, the respective interrupters a, &ty &
and a* will be so constructed and justified as
respectively to impress upon the line alter-
nating currents of thirty, forty-two, fifty-
four and sixty-six alternations per second.

Hxplaining first the structural features of
the interrupter, it will be seen that.the
vibrating member or reed «, equipped with
a variable weight o', is designed, under.
the influence of laterally positioned electro-
magnates bd’, alternatively to engage the
contact springs ¢ ¢’ thereof, These electro-
magnets each comprise a high and low re-
sistance coil 52 b8, shunting each other and
terminating respectively in the ‘contact
spring ¢ ¢ o

In the preferred embodiment of my in-
vention, the source of current, as baitery B,
has one of its poles connected directly with
the tongue or. vibrating member @ of the
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interrupter, while the other pole of the bat-
tery is connected directly with the high
resistance shunt coils 7, and preferably
through the windings d’ d" of a converter d,
with the low resistance coils %, in serles
with said windings. It will be understood,
however, that the series windings may be
connected instead, directly to any suitable
translating device or switch mechanism
without the intermediation of the converter.

The respective windings upon the electro-
magnets 0 b’ are cumulative in effect, and
\ thelr respective excitations generate poles of

'Yike sign in each of the magnet cores. The

reed or tongue @ preferably is of steel and is

about the contact springs ¢ ¢ and their
respective assoclated windings 0% 0° is the
condenser e. o

As Shown in the diagram, Fig. I, the
secondary @2 of each converter d, is con-
nected through a resistance lamp d* with the
_corresponding contacts ¢’, ¢, ¢*, ¢ of an
operator’s selective key, controlling the flow
of current to the calling plug p of the cord
_cireuit, which is shown 1nserted in the pack
p’ of a four-party selective telephone line.
Tach station upon said line, connected be-
tween conductors 1, 2, is designated by a
signaling bell f’, /% f%, f* with its associated
condenser f; the ordinary sub-station ap-
paratus being omitted as _unnecessary.
Moveover, the customary cord circuit and
line signaling apparatus is gonventionally
indicated in the diagram, sufliciently to
illustrate ‘the principal, application of the
invention, but I do not consider that these
features require explanation herein.

Tach of the interrupters o', a2, ¢*, a* is
comnected in circuit precisely as explained
above, employing converters &, whereby to
transinit current to the signaling ecireuit,
but the reeds or vibrating member of said
interrupters and their weights, are respec-
tively made stiffer and lighter for the high
frequencies, and more flexible and Theavier
for the low frequencies.
sired number of these adjusted. interrupters
may be employed. With respect to the
windings upon the electro-maguets. b b° of
these interrupters, C
vided with more turns upon -the high fre-
quency interrupters than upon the low, while
the co-ucting shunt coils are provided with
fewer turns upon the coils of the high fre-

terrupters.  Preferably this is found to be
desirable in practice, for the reason that with
the stiffer reeds and higher rates of vibra-
tion, more work must be done by the high

frequency  cleetro-magnets, and as an ex-

amnle of approximately the preferred num- -
| I . p e

polarized, more readily to respond to_ the
excitation of the magnet coils. Bridged.

Practically any de- -

quency interrupters, than upon the corre-.
sponding windings of the low frequency n-
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thereof, and the left hand coil of the primary
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ber of turns for a four-party line employing !

twenty-four volts on the primaries, T may
say that the highest frequency mtu'ruptc
will hawe 100 tlllllb upon its series coil, and

s side of the secondary windings.

7

6500 turns upon the shunt coil, while the
lowest frequency interrupter will have 40

turns upon the series coil, and 12,500 turns
upon its shunt coil; the wmdmos upon the
other 1interrupters ’ being miermedmte of
these two. I have ple?exabl\ wound the
secondaries to generate 160 volts in the sig-

naling cireuit, and this T find is transmitted |

with 1elat1\d) sinall drop in voltage, even

to the most distant stations. This is bec: 1nse
of the fact that the series coils are encrgized
by the full flow of curvent and impart a
more powerful vibratory moevement to the
contact member ¢, thereby msuring a lenger
closure of the z'uputx\e magnet Lucmts,

‘tending to secure anpm\mmtc 'nanmtm sat-

uration of the iron body of the “converter ,
and thereby transmlttnlg the maximum volt-
age from the secondary winding. This
operation probably will be better understood
by making further reference to the diagram,
1* ig. I, and assuming that one of the stations
is to be rung, as station 77 Assuming too,

_that the line has been tested, and the c;ulm(r

plug p inserted in the proper jack, the oper-
ator will actuate her selective key, (Alosm‘g
together the contact ¢’. All of the inter-
ruptu‘ are in operation under the impulse
of their respective shunt windings, but im-
mcdmtely upon the closure of the contacts
e¢’, the impedence of the converter connected
with interrupter «” will at once be reduced,
thereby permitting the flow of exciting cur-
rent thwufrh the (11\'1(1u1 primary \\'mdmos
&’. Current may be traced from the upper
pole of the battery, through the common con-
ductor to the vlbmtmu “member a, contact
¢, series winding 02, the right hand portion
of the primary wm(lmcr i and conductor
3 to the lower pole of the b attery.  The vi-
bratory member is augmented in its motion
and is actuated by the series w inding out of
engagenent with contact ¢ and into éngage-
ment with contact ¢’y thereby opening cir-
cnit with contact ¢ and its connected wind-
ings, and closing the cirenit with contact ¢
and the connected w indings upon - the left,
windings. 5
This, as

winding @’ upon the' converter.

. will be well understood, causes alternating

60

currents of the required frequeney to flow
through the circuit closed by the plug and
contacts e’y said cireuit being traced from
the left hand side of the somndar d*
through. conductor 4, the contacts of the
operstor’s key I to the tip of the plug,con-
ductor 1, through the bell.f’, conductor 2,

the sleeve of the plug, the contacts of the
(assumed to

erator’s key, and contacts ¢
P Y,

be closed), and conduetor 5 to the right hand
The bell
will, of course, respond (o this current of
proper frequency, while the vemaining bells
upon the e eiveiit will fail to be actuated,
as will be well understood by those con-
versant with the art.

In practice, each of the interrupters, upon
installation is connected in eireuit as shown.
The adjusting screws ¢ ¢, ave separated 16
such an extent that neither of the contact
springs ¢ ¢ 1% I engagement with the vi-
bratory member v, One of these serews as ¢
is then turned until the contact spring ¢ is
Lireught into engagement with the contact of
the vibratory member, \\'hm'cnpon it will start
under the impulse of but a single magnet.
This serew is then turned back .&‘hwht]\. say
to the extent of one quarter turp, and the
opposing serew " is"then turned until the
contact ¢ similarly is brought into engage-
ment with the confact of the vibu ating mem-
ber, whereupon this serew is also set in its ad-
justed position and the interrupter device
will continue normally under the impulse
of its shunt windings. Tt will be seen, how-
ever, that with a slight bias, the vibrating
member may be actuated by a single electro-
magnet, but preferably I employ the ar-
rangement lierein set forth. The mech;micul
features thereof are explained .dt. greate
length and caimed in the dpphczmon of
Joln F. ngle, filed June 19th, 1907, Serial
No. 878,549,
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Instead of the interrupters, I may em--

ploy, but do not ordinarily I'eu)mmend the
use of the commutating devue, such as
shown in Tigs. IT and TI1. "Any suitable
source. of direct current may be assumed to
be connected between the main brushes 4-
and — with which the remaining ecommuta-
tor segments are connceted. Shaft I ot
snid dLVlCC, moreover, is assumed to be
driven by a suitable source of power, at a
substantially constant speed; together with
the multiple rotary commutators ¢-—i°. be-
ing supported between the benmoq n
The respective sets of brushes 77
the. commutator s

4, éngage
seements, and the same are

individually adjustable within the slotted”

arves provided in their supporting standards
k. From these brushes, the respective alter-
nating currents are t talien off in leu of the
several transformer currents of Fig. T, to
which they may correspond in pon- hdnnmm
ralation.
are respectively provided with an increasing

numbér of semments, which arve sq Lonplvd

or connected tonolhor botwoon their termi-
nals o by cross wires w/ dxspo%od therebe-
tween, as to secure substantially, nen-har-
monic relation hetween the respective alter-
nating currents.

justable or alterable in Jarge measure by

.

The several commulator“ it

This relatisn 18 also ad-
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moving the respective brushes within their
arced paths, - The relative number of cycles
per second, will, of course, be dependent
upon the speed at which the multiple com-
mutator device is rotated, and since sub-
stantially constant speed is required, I do
ot vecommend or vely upon the mechanical
features just above explained in practicing
my invention. Commutators or rotary con-
tacts ¢ %, ave merely slip-1ings engaging the
main brushes, and are suitably connected
up with the multiple commutator contacts.

T order to present my invention graph-
ically sind more clearly, I have plotted the
diagrams of Figs. IV and V, the former of
which is representative of the standard
four-party frequencies of 162,334, 50 and 66%
eveles per second. The latter is representa-
tive of the current frequencies, preferably
Tt
will be appreciated, that as between the
frequencies of 331 and

there exists the relation of a musical fifth,

30

40

harmonice . alternating currents,

“terferences, is the

while between all of these current-cycles,
excepting only the third, vr 50, there exists
the octave reln on, hence the propriety of
terniing the systems of the art “fiarmonic
signaling systems”. . The most casnal com-
parison of these two figures, IV and V,
demonstrates the vast superiority of thé non-
harmonic currents for selective signaling.
Tig. IV, shows the coincidence of the four
which oc-
curs each .06 of a second, as opposed to the
non-harmonic currents which coincide only
six times each second, above the zero line.
By reason of the necessary coincidence of
the harmonic currents, false signals are con-
stantly liable to occur, particularly as be-
tween the currents having respectively 103
and 50 cycles per second, which are n co-
incidence during two-thirds of the time.
Another frequently observed source of in-
coincidence likely to oc-
cur when the aymatures of thie bells, respon-
sive to cyrrents having 33§ cycles per second,

are slightly off center, thereby materially em-

phasizing-the disturbing coincidence during
half of the swing of said atmature. More
than this, bells responsive to the lowest fre-

quency, are open to the serious-objection of

heing. responsive to currents transmitted by
the ordinary hand generator, frequently em-

" ployed upon partyvliné"s,’.v

60

YVhert frequencies of substantially 80 cy-
cles per second, or higher, are employed,
however, it is impossible to ring any of the
selective bells by means of a hand genera-
tor, for the teason that it'is mpossible to
furn the generator fast enough onanually.
Tt will be observed, that in the preferred
frequencies, eniployed i practicing my in-
vention, the lowest frequency corresponds
approximately with the second frequency

- effects of these currents

30 cycles per second,

1,008,282

employed in the prior art, and the objection

last alluded to, is at once eliminated. Con-
sidering Fig. Vi it is scen that the magnetic
are non-coinciding
above the zero line, throughout the rela-
tively long period of one-sixth of a second,
and Dbecause of the diversity of these cur-
rent effects, false signals are rendered im-
possible with the use of non-harmonic cur-
rents. To recapitulate, in ‘comparison - t
these preferred methods of selective signal-
ing, it will be noted as stated above that the
frequencies employed in the non-harmonic
system bear the relation of discords to each
other, whereas the frequencies employed in
the hay nonie system bear, as the name
would indicate, the relation of harmonics
to each other. Ior example, reduced to their
lowest terms it will be observed that the
non-harmonie frequencies bear the relation
to each-other of 5. 7, 9, and 14, while the
harmonic frequencies bear the relation to
each other of 1,2, 8, and 4.

One of the chief difficulties encountered
in the operation of the harmonic syster has
been dute to the liability to cross ring. This
tendency has been particularly noticeable
Detween the 162 cycle and the 50 cycle
ringers, although the other frequencies have
ot been entively free fronmi the same char-
acter-of trouble. Upon analyzing the waves
of the various cycles or frequencies the
yeason for this interference is quite obvious.
The laws govérning the vibration of non-
harmonic and harmonic ringers, vibrators
or pole changers are the same as those gov-
erning the vibration of musical reeds or
springs. - It-is well known that if a rveed of
any pitch or frequency is vibrated; all other
reeds in cloge proximity to it, or which are
subjected to the samne force which actuates
the reed in question,
in synchronism or harmony with the reed
vibrited are-also caused to vibrate, ‘When
one vibrating reed in close proximity to

another causes the latter to vibrate, it is
known as sympathetic vibration. :
Sympathetic  vibration 1s nmost  pm-

nounced between two synchronous reeds, or
reeds vibrating in the same period and as
Letween these two veeds perfect harmony
exists. . Next in matter of harmony is the
octave, as whete one reed vibrates twice as
rapidly as the other. Next follows the fifth
with a ratio of two to three. Tt will be ob-
served by reference to the ordinary har-
monic frequencies that we have the ratio
hoth of octaves and fifths between the sev-
eral freguencies, and when a current of any
given frequency is impressed on the line, it
haturally follows that any ringer tuned in
synchronism with
respond.  This is as it should be, as this is
{lie principle upon which the system is
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based, but it also follows that any ringer. in |
harmony with the impressed current will
also respond to a greater or less degree, de-
pendent upon the ratio of coincidence. This
latter application of the principles involved
is the real root of the cross-ringing trouble
experienced in harmonic systems, and it is
seen that making one reed of such a system
in harmony with another reed of a different
frequency is really a violation of the very
principle upon which the system is bised,
and wpon which it depends for its margin
of safety. ‘ g )

In harmonic dystems the margins are so
small as to make it necessary to wind the
ringers to different resistances. The 163
cvele ringer is' wound to 92500 ohms; the
334 cycle from 500 to 2250 ohms, and the 50
evele and, 663 cycle ringers are usually
wonnd to 500 ohms each, although the mar-
ain of safety could be made somewhat wider
by varying these windings somewhat from
these usually employed. In the Berein de-
seribedd non-harmonic system, all ringers
may be wound to the uniform resistance of
1000 chms, and are in all respects precisely
alike with the exception of the weight on?
the armature. The armatures for the vari-
ons frequenciés preferably are interchange-
able. and if if should be desired to change a
ringer from one frequency to another the
only thing which it is necessary to do is to
remove the armature from the ringer.and
replace it by an armature properly adjusted
for the frequency upon which the ringer is
to e used. This makes it unnecessary to
keep a stock of ringers for the different fre-
quencies on hand, but instead a supply of
these interchangeable armatures alone is-
required.  The margin of safety in the har-
monic system is so slight as to make ex-
tremely accurate ndjustment of the ringers
necessary. and it is also essential that the
condensers used in series with the ringers
With the non-
harmonic system having much wider mar:
gins, this extreme care In adjustment and
“h the sleetion of condensers is not required.
In ihe case of the foregoing systerm it will
be noticed as stated above, that the fre-

cords to each other, and by using these fre-
quencies the element of sympathetic vibra-
tion. and consequent cross-ringing, is_elimi-
aated and the working margin greatly am-
phified.

Metallie circuit lines affording the best
and most approved method of practicing
my invention, have been considered alone
herein, but it will be appreciated that the
number of possible party line stations may
be doubled with a given number of selective
signaling currents. merely by resorting to

the expedient of ringing over either limb

3

of the metallic line to ground, in a manner-

well kuown in the art.

In the foregoing. I have endeavored to
set forth the preferred practical details, and
the theories of eperation as understood by
me, but I do not swish this to be interpreted
as mnecestarily limiting my invention to
such details; and accordingly claim the fol-
lowing :— - .

1. In a systemp.of the class described, the
combination with a central telephone ex-
change, of a plurality of multiple-station
telephone-lines connected therewith ; each of
said lines being equipped with selective-sig-
naling apparatus at the different stations re-
spectively tuned to respond to currents of
different inharmonic frequencies, and the
said telephone exchange being equipped
with ealling-apparatus producing currents of
corresponding inharmonic frequencies, sub-
stantially as set forth.

9, Tn a system of the class described, the
combination with a telephone exchange
equipped with signaling-apparatus produc-
ing currents approximately of 30, 42 and 54
cycles per second, of a plurality of multiple-
station telephone-lines connected with ‘said
exchange; each of said lines being equipped
with selective-signaling apparatus at the dif-
ferent stations respectively tuned to respond

‘to currents of these inharmonic frequencies,

substantially as set forth.

3. In a telephone exchange system, the
combination with central-office equipment,
including sources of alternating signaling
currents whose frequencies arc substantially
multiples of five, seven and nine, of a mul-
tiple-station telephone - line, Jnelnding  at

eagh station a signaling device respectively .

tuned to respond to currents of the different
frequencies, substantially as set forth.

4. Tn a telephone exchange system, the
combination with central-office equipment,
including a source of cuirrent and associated
converter and interrupter devices adjusted
to supply currents of different non-harmonic
frequencies, and a multiple-station tele-
phone-line including at each station a sig-
naling-bell respectively tuned to respond to
currents of the different frequencies, sub-
stantially as set forth.

5. The combination with a telephone
switchboard, of sources of signaling currents
adapted alternatively to be connected in cir-
cuit with a called line; said currents being
of non-harmonic frequencies, a multiple-sta-
tion telephone-line connected to saicd switch-
board,. and at each station a signaling-bell
respectively tuned to respond to currents of
distinctive frequency, substantially as set
forth.

6. In a telephone exchange system, the
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combination with central-office equipment, -

“including a source of current. and inter-



s 1,008,282

rupter devices adjusted to deliver currents of | Signed at Clé:ve].and, this tenth day of
different non-harmonic frequencies, and a | October, A. D. 1907, in the presence ‘of two
plurality of multiple-station telephone lines subscribing witnesses.

extending to the central-office; and at each |, CHARLES H. NORTH,
5 station a signaling bell tuned to respond to | Witnesses:
currents 6f one of the non-harmonic fre- JEesse A, Buzi,

quencies, substantially as set forth. Arperr Liyny Lawrencr.



