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fo all wkom it fma,y concern,:

Be it known that-I. I‘PANIQ \-I %LOUGH

o (:1’(1?@11 of the United States, residing at

9

10

‘telephone systems,

Llyria, in the county of Lorain and State
of 01110.. have invented certain new and use-

ful hnprm*emems in Telephone Systems:
and I do hereby declare. the following to be

a fully clear, and exact description of the in-

v entwn sucly as will enable others skilled
in the ¢ b to w hich it appertamq to mﬁhe and
use the same. |

- My invention relates {o 11111:;101 emeats 111 -
and precmllv to 1m-

“provements in wlmt are known as automatic

20
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35

tems which are those ¢1h11ost universal.
- use, 50 far as I am. aware, the dlswnnw :
Pparatus has been oper ated by increasing the
flow of current in the line, for e\ample by
substituting a low 1{3:31%&110(, talking set for
the high 1881513.:11106 bell bridge, and. thereby
J1ncreasing the strength of the current,

ringing systems, in which means are pro-

y 1(1 (] for ctmtmumﬂ the ringing of the s11b-

seriber, after it h‘LS once been %tarted by the

operator, until the. subseriber responds, When'
disconnected through
agencies under the control of the subicrlber -
In systems ol ﬂllb kind heretofore in use,
oo far as T am aware, the. chsconnect {tppfi—f
ratus has been made Such that it Wouhl Ie-
. apm{] to the substation signal operating cur-
rent if the conditiong lmppened to be right.

1L 18 @utomatlc*‘illf

For miunple in the strength of current sy S

aP-

that the dhconnect dewc(, wotld 0])81‘.;11(3,,

~strength of current flowing before the low

40

- 50

the

__fl&‘&lstdn(b bridge was. placed upon the line.
If, however, connection were made to a line
upon which were a number of substations,
the impedance offered to the flow of ‘"llf{—}l-
nating cirrent or signal operating uurent
would be so 1educed according to a well
known law of electricity, that. the flow of
current would now be sufﬁment to operate
~the disconnect device just as effe(.,twelv as 11
the bllb"‘-‘(}llbtl‘ ‘had 1'esp011ded
lest. impulse of ringing current: Would__
disconnect the ringing murent and. the de-
sired subscriber would never be rung. _
~ Frequently, also, the conditions ot a line
are such that less current will flow over

the same when the receiver is off the. hooh

a0

at the same tlme belno semlm‘*

‘Therefore,
fj T herefor |
current pulmtlons would be subdued by the
copper band, the balance being sometimes
sufficient to cause the opu*utmn of the re-
lay.
same defeets heretotore desc.‘[ ibed,

"”.'_than will ﬂow over a short line when 1he re-
eelver is on the hook.
paratus is adjusted so that it will respond
when the subscriber on the long or high re-

1 Lhe disconnect ay-

sistance line connects the low | 1"L<31sta11£,e

bridge in ‘circuit with the line, then such
-dlsconnect apparatus will respond on a low

resistance line with no low. resistance bmdnu
thereon, the resistance of the low resistance

line ‘1,11{1 ‘a bell bridge being less than the
resistance of the 1110*11 reslsmnce line with
a low resistance talhma bridge.

Ovwing to
this and other ob]ectmns to Lhe present sys-

‘tems of automatic vinging in vogue. consid-
erable limitation has been ]_ﬂaced upon the
use of the same,
panies employmﬂ‘ the same have been handi-
capped, especially where long country lines
~and short city lines center in the same ex-
I‘hls trouble has also been keenly

and the operating com-

change.
felt Where multi-party lines have heen enl-

| plmred and as these conditions of long and
short lmes some. of which are mu]‘m-} arty
lines, are emplayed in practically all ex-
- dmnﬂes the automatic ringing huhu’*tn mml
~ has had its limitations. '

Iifforts hwe also. been nmdt, _i-;() I .11111 1n-

formed, to cure these defects, one of which
“has been the emplosrment of a specially con-
“structed relay 1n the ringing circuit. One of

the forins which has boen emplm‘f"ed ‘mr this

purpose was constructed W 1ﬂ] Kl CODPE‘I bd nd
around a portion of the core, the copper

~ band being provided as a
whereas, it had refused to respond to the -

_ sort of closed sec-
ondary ’clfmsformer Wmdmﬂ for the pur-

pose of dissipating the alternatnw current.
1)1115.:11310115 the idea being to cause ‘the relay

to be 1nsensitive to dlt@lll&tlllﬂ' current flow.

to direct

current flow. Suech expedmnts have failed

largely because of the fact that such a relay

1s composed. 1n part ot a normally open mag-

‘netic cireuit, and is, fhu'e‘[ore inefficient 48
" a’ transformer,

particularly to alternpting

currents of 0011"111".161 cial frequencies used for

the purpose of ringing telephone bells.
only a portlon of the alternating

Such systems have been sub]ed to the

L
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~upou the lme,
sistance or 1111130*"1;111% of the line to the

if a suffictent n 111‘1‘113@1 of substations were
or 1f for other reasong the re-

ringing current was sufliciently reduced, the

.spe.cl.-,z]h, constructed relay would intermit-
tently respond. Others have sought to rem-

- edy the defect by excluding the 1)11]]1 01 the
hu. -

1*11101110 current from that portion of
ringing circuit which controlled the cut-off
contmlhlm device, but these systems have

likewise ifuled hecause it is nex( to 1mpos-
- sible to f*xclude all of the ringme cur reﬂt:*
and at the same time enable the ﬂlbccr el n

all times to control the cut-off device, and i
the system was go constructed that Tittle or

none of the ringing current pﬁ‘i’»‘:ﬁd through
the cut-off control fu"mnﬂ'ement the condi-
tions would be such that for certain lines in-
sufficient current could pass through to cause

1ts opemtmn. In fact, all of the auntomatic

ringing systems hitherto in use, so far as 1

Cam aware, have been quite 111‘11*0'11111 in one

A

30

- I: )

o
SPaT

respect or another, and condltlons have been

such that for certain lines they would oper-

ate improperly, .;md A5 such lines are al-

ways met with in practice, sooner or
'er%e systems have been. defective.

- Needless to say, numerous othex eﬂ'oris
h‘we been made to improve the system so as

Cif“'l

to make it meet all the conditions of prac-.
“tice, but so far as I a1 qwqre this has not

been done.

The object of my inv ention is to overcome
Lhc,se obstacles and to producf, a cut-off de-
vice which will under no circumstances ve-
spond to.the ringing current at all until
the subscriber has respondecd.

In
plishing these, I wipe out all of the delicate

“adjustments, btrenﬂth of current, marg inal
schemes, meclmnmm for preventing the cut-
oft controllma apparatus from 1‘@5})011(11110_ --
to ﬂuchmtuw currents and other such deli-
cate mechaluqms.} and provide a cut-off coun-
‘trolling mechanism which responds to the
‘alternating current or not. My success lies
- in providing a cut-oil mech‘vmm which will
~not respond, even thouah its controlling

mechanism is responsive o fluctuating cur-
rents. I further provide means controlled

by the subscriber for causing the operation

~of the cut-oft mechanism a 1(1 a. cut-off mech-

ot .
ot

anism which will not respond until the ¢ sub-

‘seriber starts the same into operation.

Other objects of my mvention and the
invention itself will probably be better un-

derstood 11*0111 a deqcrmu(}n of parhcuLu"_,
“embodiments. |
This apphmtwv is a division of my ap--

)110‘11;1011 1+871,666, filed November 12, 1914,
GO -
- unbodlment of myv invention.

Tigure 1isan 11]115111*3&103& of the preterred

Fig. 2 is a diagrammatic illustr 11101} of
(=lect1‘lc current and magnetic flux waves.

Refel‘rmﬂ* now to ﬂ‘le embodiment 1lius-

trated in T ig. 1, at 1 1s show n a telephone

'A condenser 6 may
_:-_b1'1dﬂe 7. The hne T 1s connected by line

shown at IV, which may

B,

~its line limbs or co:nductom 13
‘main station.

1{060311“

shown as plugs

any suitable number - of

.1',232;,966 o

line which nm be hme s,pgnm of 17”"013‘91']"?

ag the mllmﬁ hne and which T have for

convenience shonu as a single party-line.

At II is shown a. Second Lelephom, line,

shown for convenience as a multi-party line,
anid which may be properly called a mﬂml
Fach
_telephone line is provided with Slletuthﬁ |

apparatus, shown on the line 1 ¢
which 111(3111{:105 a signal bell 13, a Teceiver

line. At ITI is shown a main station.

C, a transmitter ‘D and 9 sw1tch-hoc}h K.
be included 1n the bell

(3011(11101501‘5 S and 9 to the mam smtmn

"The line IT is provided with a plurality

AL Ea el 1s

of substations, A,, A,, A,

provided with bells B, B., BT, B,. whlch'

“are included in the telephone appare

This_apparatus also includes receivers C,

C,, C;, Gy, transmitters D” D., D, D, and
S 1i(,h hooks B, E, B, B,
may
bridges.

(. ondenser
hhewlee ho cmmected

1 h‘wc, 1liustr lted 2 thl]:'d 1;{‘1*‘1}110118 111’1

called line. This line 1s prowded with sub-

staticn apparatus A ‘which includes a bell
a transmitter D, and a°

Thu line IT leads by its

line limbs or conductors 10 and 11 to the

a Tecelver Gr
switch-hook It..

main station and the line IV leads by

which (,011--1cst% of a plurality
cluding talking strands'15 {md 16.
ing appftmtus is provided for connecting
the cord cireuit to the telephone lines, here

m | the beﬂ

aldo be called a ¢

and ]a(‘h% the line I being

akr A and

80

Lous,

and 14 to the
At the main station means

are provided for connecting the felephone
lines together, here shown as a cord circuit,
of strandg in-
Switeh-

100

105

provided with a jack J, the line 11 with

jacks J, and J, and the line IV with- ]‘1@11‘:
J, and Jd
answering plug I and a calling plug P..
Of course the lines may be pmvlded with
jacks.  Iach

provided with ]me Slgnah the line
the line IT with

18 also
I with the line signal L.,

line 10'11.«1] L.

The cord is provided with an

110

e

‘the line signal L, .Lm_d the line IV w ith the

Each line 18 also provided 115

with lme relays, the line I with the line

relay Gy, the line TT with the line relay €,
and the line IV with the line 1"81.:1’} G,

Fach line is also provided with cut-off re-
lays, the lines I, IT and IV being. provlded

. with the cut-oﬁ relays H,, H, :—:111(1 I, ve-
-- spectwe,hf

The cord circuit 1s provided

120

with suitable supervisory signaling. appa-

ratus, the answering end of the cord being
"prowded with a supervisery lamp Ly and

the calling end of the cord being pro vided
with a supéervisory lamp Ts. These Llﬂ"‘]%

- are controlled by supm"w 50TV 1‘@1*1}*.5 K, I
Tor the lqmp Lr fmd K,
lamp Lﬂ. SR

an d K

M)I thuu- |

125
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~ Means are provided for operating the

signal bells B, B,, B,, B,, B,, B.. In the
form shown these means are located at the.

- main station and are illustrated as alter-

oot

‘nating current generators M, M,, M,, M,. I

- have illustrated in the diagrams the appa-

10

20

ratus which is employed in the well known

~harmonic selective signaling systems, in

which four parties are generally employed.
1t being understood that I am not limited to
~a tour party-line, but contemplate lines on
- which any number of subscribers may be
- connected. - Of course, where but one sub-
-scriber is connected, but one generator is -
~necessary. In this ‘well known harmonic
- system each generator is adapted to produce

an alternating current of a certain definite

~ frequency and the bells at the substations
~respond one to each of these frequencies.

This arrangement, however, may ‘be em-

ployed without departing. from the spirit

- of my 1nvention.- Means' are provided for Jarity, following the alternating current.

- connecting one of the generators to the bell

Do
W) S

30

of the desired subscriber, in order that the
5 bell may be operated by the current supplied

by the generator. In the form shown ;- this

connection is effected through conductors,
switches, a portion of the cord circuit, the
apparatus for connecting the cord to the
lines and the telephone line. In the form

shown I provide means for breaking up the
ringmg current mto intervals, so that the

- subscriber’s bell may be rung at intervals,

85

avoiding an incessant ringing of the bell.
Thess means are shown as commutators N,

- N,, N,, N, which rotate constantly alter-

40

T
ot

‘nately making and breaking the circuit of
the ringing circuit. At O, O,, O,, O, are
shown switches, here illustrated as manual
switches controlling the connection of the
generating means to the signal bell, one key

being provided for each generator.
At Q, Q,, Q, and Q, 1 show relays which

‘are controlled by the keys O, 0,,.0,, O,
‘whieh in turn control the connection of

the

‘generators to the lines. At R is shown a
relay which controls the talking strands of
‘the cord circuit and the connection of the
riging current to the telephone line. At S

15 shown a relay which controls the discon-

nection of the ringing current from the '_tele-_-. '_
phone hine. . This relay also controls the
circuits of the relays Q, Q,, Q, and Q,.

While the ringing is in progress, ringing
current flows through the relay S, but the

current produced by the generating means is

of such a character that the armature of

“the relay S fluctuates without closing the -
~switch 20—21 for any appreciable length of
time, so that the connection between the
ringing generator and the bell will not be
Jinterrupted.  'When, however, the character
of the current flowing through the relay S
18 s0 changed that the magnet flux is con-
65

stant  or substantially unidirectional, the

produces the character of current desired.
}
~cirewat as follows:

—34—Dbattery 35—to eround. at 36,
-~ 1ng the relays Q

a

switch 20—21 is closed and whichever one
of the relays Q, Q,, Q, or Q, has been Oper-
ated, will be deénergized and the connection

‘between the ringing generator and the bell

mterrupted. The character of the current

~which flows through the relay S may be
changed in a number of ways and the char-

acter of the flux in the relay S may be
changed In a number of ways to effect the

Tunctions which it is to perform. In the
~ torm shown I have accomplished this change
by superposing upon the alternating current
“produced by the generator a direct cu rrent,

which, upon the response of the called sub-
scriber, will cause a vesultant current of a

~cafferent  character. In the embodiment
Ulustrated in Fig. 1 the wave form will be
~changed with respect to the line of zero
‘polarity. - While the unmodified alterna ting

~eurrent was flowing, the flux in the cireuif
of the relay S would be of alternatine Po-

&

-~ However, when the current is shifted ,1ts flux
~will be substantially constant, or of sub-
~stantially uni-directional p
~magnet will be operated for a sufficient
~length of time to cause the disconnection.
‘However, when the alternating current alone
‘15 applied, the switch 20—21 will be closed

olarity, and the

for such brief intervals of time that the mag-

net Q will never let go its contacts.

__the operation of the system illustrated 1

Fig. 1is as follows: Assuming that the sub-

scriber at A desires to communicate with the

| su.bsc_rib_er at A, the receiver C is removed
_from the switch-hook E. closing the switeh
RO

—22 and completing a civenit through the
hne relay (3., causing the illumination of

‘the line lamp I.,. This lamp 1s Tocated s
that it will attract the attention of the oper-
~ator, whoe will insert the plug P into the
- Jack J and in the well knewn manner learn
that it is the subscriber at A that 1s wanted.
~She then inserts the plug P, into one of the
Jacks J, and depresses one of the ringing

keys, according to what character of current

18 desired.  Assuming that the oenerator M

g":'l
_ - ground at 283—contact
24—0-—relay Q—conductor 25-—relay R--
concuetor 26-—27—28-29__30—31_389__83
at 306, energiz-

..... and R, the relay K having
previously been energized in the well known

he key O would be depressed, completin

‘way-when the plug P was inserted into the
jack H through a cirenit including the
answering end of the cord and the calling

‘hne. . The relay Q will attract its armatuves -
40 and 41, completing a locking circult for
_ g _ at 43,
~The attraction of the armature 41 closes &
switch 41-—44 ;

the relay Q through 40—42 to ground

-+
'

_ i the ‘ringing circuit.
relay R attracts its armatures 45 and 46, in-

~terrupting the talking strands of the cord 1

The
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b

10

o the shunting e
ineffective to deénergize the 1'@13,37 Q, owmﬂ‘_-
to the fact that the :mw*uetlsm 111 a short-eir-
~ cuited relay decays very slowly.

the ringing period, the cendencser 62 at sub

station A, prevents the ﬂow ei? dlrect current
5 from the battery 60. -

B
(el |

&3
ot

- moved from the hO(}L, will be an alternating
“cnvrent, which is shifted w

| - n ‘10

“nection and at the termination of the conver-
sation, the operator will be apprised of the
“desire for the disconnect, and the plugs will

.60

65-

clrewat
~ground 49
_mumtm‘ W—-———condu ctor 5T

-ductor-li—-the bell B conductor 13

= IOI'

the ringing circuit at 41
necting “the oenerator from the signal bell.
- At the same tl_me the circuit of the relay R
“will be brol«mn, still further interrupting the
‘ringing circuit and restoring the cord. cir-

circuit and @10531110 the sw 1tc,hes 45—47 a,nl
+6—48 1n the ringing circuit. The ringmg

vill now be traced as follows: from
through M~—conductor 50—com-
—44—g1—relay &
4.5—tip 53—tip spring 54-—con-
Jeat
spring 55—sleeve 56—46—13 ba,ttu“yf 60—
to eround 61. Thus current flowing through
the relay S will rapidly cnerglze and detn-

4|'||-u-

1!'_).2 _-_.‘;L.‘ .

ergize the same 1n such g manner that the
_letLh 9021 will be closed, if at.all, only
for short intervals of tnm*
for which this switeh will

The. pelmd
be closed, it at all,

will be functional to the

mtery ‘11% of clo%ure 0‘[ this switeh dur-
e t

tect of the ma,ﬂnet ) wﬂl be

When the subscrlber 16:3]_3011{?1‘5, the sw;ttch

_.I* —063 will be closed, owing to the removal

of the veceiver C; from the hook E,, which
may be spring pressed npw&rd Thlb will
shunt the condenser 62 and admit the flow of

direct current from the source 60. As a ve-
sult, a different kind of cmlent will flow in
the cu*cmt including a relay S, and as a re-
sult thereof the 1"ela,y S will opemte
shown the current flowing in the cir-
cuit of the relay S, after the roceiver 1s re-

ith respect to th@
101(},:11)501‘59‘1 or it may be a pulsmtmo CUY-

rent, accorduw to the relative strength of the
ﬂ]Lel nating and direet currents.
rent will cause a substantially constant, or
substantially unidivectional, flux to flow in
the magnet S. The mwnet of the relay &
will nov*'he enerﬂlmd fo:L a sufficient 1en0‘th |
of time to hold stendlh closed the ‘SWItCh

This cur-

920—21 long enough to offectively shunt the
magnet Q, which will be. deénergized, where-
upon the armature 41 drops baclk, opening
44- and discon-

cuit. - The subscribers will then he in con-

be withdr WD, restoring the %ystem to
1101‘1113,1 | _
In Ifg. I h.-.w | allown dmommm‘ltl—”

cally one thpory upon which my appa,mms
be operated.

may ‘The curve X represents
the flow ot alternating current during the
ringing period. The curve Y 1ep1‘e%9nts the

‘requency of and in
harmony: with the ringing current employed.

The!
1e ringing period will be so slight that

- All during

{n Lha -

1,282,966

when the receiver is taken from the hook.

“The curve Z l'epl'esents the polarized alter-
nating currvent in the ringing clreult when
both Lhe ringing machine. and the source 60

_d.u e(,t c,mrent 1111:1 oduced: mto the clrcmt -

70

ale c,omlected to the ringing current. The

curve W represents the. flux in the relay S
when both the ringmng m‘whme and the di-
_mct current are connected in the cireuit.

1 have shown the: theoretical dmgram'

ilnstrated in Fig. 2 as being a mere theory

Imited either to the e {,mbochment illustrated

in Fig. 1 or to the theory of operation which
1 lm o illustrated in Ifag.

~ s to-what mlﬂht take place under a glven :
‘set. of. L‘Olldlt](ms but 1 do not wish. to be
80
9. In fact, I have

Nustrated this embodlment and Lh:ts theo-

~Telaime— . _
‘1. In a Lelephom bystem, o ma,m Statmn,

retical diagram in order to better explain
my lll‘ifrhntlorl and not that I may be limited
‘thereto, as: 1t will be apparent that many
“departures may be made trom the modifica-
tions and the theory: 1llustmte{:1 GS]_f)eClaﬂT

j‘ whul the chuns are conm]ted .

90

‘a teélephone line leading to the main sta--
tion, substation .;Lppm*atus including .a sig-

nal bull on" the telephone line, a source of

%]011%11110 current at the main station, a
‘ringing cnmmt including said source, S&ld
Tine and said bell, a. I*ehy controllmg said
circult, a circuit for the relay, contacts in

05

the circuit, a second relay in the ringing

‘eirenit controlhnﬂ said contacts and adapt-
ed to vibrate said contacts during the ring-
- Ing pemod sald first named relay bemg un-
,aﬁected when its contacts are thus vibrated,
and means controlled by the substation a-p»—"
‘paratus to- cause. said second relay to close
the contacts in the circuit of the first named.
velay for an appreciable length of time,
~wher eby said relay 1s Qpex"med to mterrupt

the TINgIng circult.

9. In & telephone }Tstem? Lhe combmatmn
116

of a signal device, a_source of- current; a

ringing circuit - including said source and
S‘lld Slgnal device, a relay controlling said
tinging ecirenit, a circuit for said 1'elay, a
: ehunt et said 1‘61&’5? and a second relay in
_the ringing: circuit controlling said shunt,
2 shunt oi the second relay and a 11011—111-'
“ductive resistance in-said shunt and substa-
{ion apparatus associated with the signal

..'dewce controlling said second relay. - -

~3. In a telephone system, the combma,tlon--
of a main station, a telephone line leading
- to the main Statmn substation apparatus on
111(:111(?11110‘ a signal bell and a
_switch, means at. the main station for gen-

the line

| omtmﬂ current to operate the bell, a ring-
me c1r0111L including said bell and sald gen-
“crating means, a 1‘613,37 for the ringing- 011'—'
-cuit contmlhlw the same, a second relay

the ringing circuit oovernmg ‘said ﬁrst- ﬁ
'mmed 1‘ole a. shunt of the second relay

100

105

120
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and a non-inductive resistance in said shunt
‘and means 1ncluding the switch at the sub-

~ statlon controlling the slow acting relay.

) |

10

+. In a telephone System, the combination in said shunt and substation apparatus asso-

of a signal device, a source of alternating
ringing current, a ringing circuit including

sald source and signal device, a relay con-

trolling said ringing circuit, a circuit for

- sald relay, a shunt of said relay, a second
relay responsive to a flow of polarized cur-

~ rent to control said shunt to shunt said first-

- Copies of this 'p'a_.-tent may be obtained for

named relay, said second relay being irre-

sponsive to alternating currents to cause the
~operation of the first relay, a shunt of the

second relay and a non-inductive resistance

clated with the signal device adapted to
cause a flow of polarized current through
sald second relay to operate the second re-
lay. S o | -

In witness whereof I have signed my
‘name hereunto this 22nd day of January,

1916. o - _
. - FRANK M. SLOUGH.

five cents each, by 'a.dd'ress'ing the "‘Cammissioner of Patents,
Washington, D, G.” ;
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