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1

To all whom it may coneern:
Be it known that I, HAMMOND VINTON

IIAYES, of Cambridge; in.the State of Massa- |

chusetts, have invented 3 new apnd useful

5 Improvement in Telephone-Switch oards, of
which the following is a specification. "
The invention is applied'to.atelephone-ex-

. change systen: known technically asa * meas-

ured-service system;” anditsobjectisto pro-’

10 vide suitable means whereby all calls for con-
‘nections sent in from a telephone-substation
and answered by the operator at the tele:
vhone central office’-may: be automatically
recorded and whereby calls sent in from the

17 substation, which for any reason sre not an-
swered by the operator-at the central office,
shall not affect the record: To niaké a re-
cord, the concerted action of the operator and
the subseriber is required, and. provision is

20 made that no unaided act, either on the part
of the subseriber or of the operator at the

central office, shall be capable of affecting.

the record. - Thus only such ¢alls-as the sub-
sceriber may be justly-charged for can be re-
25 corded, and no opportunity is given either to

the subseriber or to the operator at the cen-

tral office to falsify the record by the manipu-
lation of their apparatus. i :
.. For the purposés described above I asso-
30 C’afe a recording mechanism or counter with

thi. substation-line at a-convenient point |

- within he telephone central office, the mech-

- anisni being so constructed and associated
with the substation’s cirewit within the switch-

35 board that it can only be caunsed to make a
‘record by thecycle of operations-which result
when a signaling-current is-sent .in over.the
line from the substation.and an operator at

the central office switches into the circuit to-
~ 4o answer the call, S

>y theinvention existing teleplione systems

may be brought under the measured-service’

system—that is, the invention ‘may be .op-
¢rated in connection with widely-diKerent
45 telephone systems.. For instance, it is ap-
plicable to the old systems, in which each sub-

station is provided with a separate local bat-.
‘tery for the supply of current to the trans-

mitter, and where-the subseriber sends in his |

‘o calling or disconnecting signal te. the central )
" ofice by aperating by hand a lgcal magneto-

-stood.

generator, 1t is likewise applicable to the
new system, in- which the current necessary.
for the operation of the substation-transmit-
ters is supplied by a common centralized bat- 55
tery located at the central office and in which
all the signals are entirely automatic. ’

The circuits and apparatus by which the
invention is carried into. effect are best de-
seribed by having reference to the accom- 6o
panying drawings. :

. Figure1 isadiagrammatic sketeh of cir-
.cuits,illustrating the application of theinven-
‘tion to a branch-terminal multiple switeh- -
~board in the old system in which local trans-. 65 -

mitter-batteries are employed and in which
the ealling and disconnectingsignals are not
operated automatically.. Fig, 2isa diagram-
matic sketch of ecirewits illustrating the appli-

‘cation of the invention to a hranch-terininal 70

multiple switehboard in a commmon battery
system with automatic - calling and discon-
necting signals. - Figs. 3, 4,.and 5 are draw- -
ings' illustrating” the tecording device or
counter and so much of the electrical mech- 75
anism by which ' the recording” device or
counter iS operated as is not sufficiently

-shown in the diagram sketches 4t Figs. 2and
'} 3, the said Figs. 3, 4, and 5 being, respec-
“tively; asrelative to'each other, a rear, a side, 8o

and a front elevation: S .
- So faras practicable the same lettering is
followed -in the different figures.. Any de-
parture from the rule will be readily under- 5
In Fig. 1; A is-a telephone-substation con-
ngeted with the. central office. D by the line
wires o’ and o® of & metallic cireuit. At the
substation b® is # local battery for the supply
of current-to the variable-résistance trans- go
mitter M'. p'and s"are the primary and sec-
ondary helices of the transmitter induetiou-

coil I, T".is the telephone-receiver. S is

the’ gravity or hook switeh. G is the hand
magneto call - generator, of which e’ is the 9g
automatic eut-out, and B is a high-impedance
call-bell 'in a permanént bridge ‘across the
line. At the central office the substation’s

line is contintied. through the switchboard,

past the various multiploseetions, by the wires 100
d"and d?, and ‘is closed through.the operht-

-ing-winding of an electromagnetic-annundia.
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s tor E' of the self-iestori m(r dlop ty pe At
“each multiple section a jack is pelmanentl)
-bridged across the line. - These jacks are in-
dlcated ina pmeh conventional way in ‘the
diagran- at j, }, and 73, three sections being
shown The rin w-contacts 3of the jacks are

connected, by means of the wiré m, through"

- the restor mg-wmdmfr w of the electr. onno'net
EL and by the wire ' to earth G tthl‘l“‘h
‘the second or releasing ma(rnet Y of or asso-
ciated with ‘the- eall- ‘i‘emstenn(T device or
counterF.. Lisalamp line- swnal b*is the
line-signal battery. asis the first Jnagnet of

Q

‘the callqe"lstemntr mechanismF, “and eisa.
‘conthet nor mally open . and which is eon-.

" trolled by the; gravityshutter of th® electro-
magnet E'.. Tn the lower part of this figure
is shown the operator’s.cord, which tonsists,

,ecsentxally, of three wites f’ 7% and J3, ter-
minating, lespectwel), at both ‘ends in the
contact-surfaces 1, 2, and 3 of the cord-plugs
P and P', and the wire f® being connected to

“the ground G® through the battel y b

If now a call- swnj be sent in over the line
flogl the qubstatlon the-generator G is oper-
ate

closed.| A mgnalm'r—eument passes’ from the

- generatoroverthecircuita'd E'd?a¢’. This
current passing through the opérating-wind-
ing-of the electromagnet E' causesits gr. av1ty-

,shuttel to.fall; ther ebv closing the cncult of
‘theline-signal b‘ltter} b at the pointe? - This

5.

O

causes the. lamp-signal L to light and attracts |
"The
closmg of the circuit of the battery b2 at the .
point e* also causes a eurrent to flow from the.
battery through the winding of the first mag--

the attention of the operator to the.call.
5

net x of or a%soemted with the eall- leﬂlster-
ing device ¥. The passage of this currént

- its armatuxe, thelebv setting. in tension -a
small spiral spring, (see &%, Fl°‘ 3,) which'is

maintained in tension after the armature of

the magnet « is released by 4 click or detent

which engages in a- ratchet-wheel. This
: ratchet-wheel is itself held stationary by a
detent attached to the armature of the sec-
ond magnet iy of F. The details of this mech-
anism are shown in Fig. 8 and are explained
hereinafter in connectmn with that figure.
When the operator sees the hne-swnal L
light, she inserts the answering-plug P of her

,cord in the jack of the substation’s line, which’

" is at her section of the: ‘board and which is

5 known as the ‘“‘answering-jack.”

plu'r-contact d, Jack contact. -3, ‘wire m, re-
: stormrr-wmdmg wof- electromavnet B, wire

o 7/, winding of magnet y, to O'round G'. The

passage of the resultlno' current from the bat-

tery b through the restorln"-wmdmfr w of the
magnet E’ draws up and restores the shutter
of this electrqioagnet to its normal position.

-

The contacte'is theleb‘ automatically

A result
of this act is to close a exgnit e\tendmg from"
thre ground G®, throngh thebattery b, wiref3,.

)

step and register an answered call.

‘eurrents.

tacts e and ¢’ to the battery b’ an(l line-relay

A

-contact ¢ and e'.-
‘of the line-jacks are connected by the wirem,

nmtuie of the first m:wneé x. The armature
of the magnet  falls back t0 its normal posi-
tion, leaving the spring to be held.in tension .«

by the click or detent and ratchet-wheel al-

ready mentioned. - The passage of the result-

"ing current from the battery b through the
'wmdmg of the .second magnet y causes ‘the’

" armature of this magnet to ‘be drawn up, dis: 43
‘engaging the detent catch from the ratchet- =

Wheel thelebv releasing the mechanism of
the call re"lster Wlu(,,h, omng to. the tension

in the spring, is caused to move ahead one
Aslong 8o
as the DIHO‘ of the .operator remains in the_'
substation’s jack a eurrent from the battery

b flows through the restoring-winding of the.

electxommr'net, B, keepmrr its shutter drawn!
up and the cxrcuxt through the magnet x 85 -
épen. In consequence of. thls as lon(r as the
operator’s cord-plug i in the Jack the mag-.
net « cannot: be infiluenced by any currents

‘sent over the subseriber’s line, whether these -

currents be éalling -or disconnecting-signal go
.Therefore when. the subscnber :

has obtained the desired connection and com- -

pleted his conversation le sends in his dis- .

-contiecting-signal currentin the usual way

by operatiug “the- hand :Slagneto—tvenexator G g5
without danger of operating the magnet x of
his call-register. .The aperator at the central
office seeing the disconnecting-signal with:

:draws her cord plug from the substatlgn@

line-jack: =This.reimoves the battery b from; ica..
the cncmt of the magnet ¥, causing it to re- -

lease its ar mature, “hlch returns to its nor-

mal position.” ‘The mechanism F is thus re-

‘stored to its normal position, in which it is . -
‘ready to record another call when made aud 10%.
-answered. o

through the magnetl z. causes. it to draw up |:

In Fig. 2, Alis a subscnbera station con- -

‘nected’ with the telephone central office D by

a metallic circuit composed of tlie wires a’and -~
a% Atthesubstation Bis thecall-bell. Sis 1 10
the gravity hook-switch. M'isthemier ophone
or variable-sasistance transmitter. T'is the
telephone-recelver, and G is a ground. ~ The
circuit is continued through the switehboard
by the wires d’ and d? and through the con- 115
E'. At each multiple section of the switch-
board a branch-terminal jack is-per manently
bridged;.these jacks being shown at j, 5/, and
Lis the lamp line- mfrnal b? is the line-
signal battery. - e*isa normally open contact
whu,h is.controlled by the line-relay E'. " E’
is a relay whlch controls the normally closed . .
The outermost contacts: 3

I20

12§
through' the relay E, to the ground G*and -
throuvh ‘the wires m and »’ and the coil of
the second magnet ¥, of or'associated with the
call-register F tothe ground G'. The con- -
tacts 4 of the hne jacks are connected by the 130

j wires m' and m?, through the battery b, to the

"This opens the eivcuit of the line-signal bat- ground G,

In. ‘the lower part of this figur ;

tery 1? at the point ¢ thereby extinguisking ' is represented the ogerator’s cord ~consxssm '

+'the lamp line-signal L and releasing the ar- of the tavo wires fan

Mrnﬂn&&ng, respec--
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tively, at each end in the contact-surfaces.] |
and: 2 of the eovd-plugs P and- .. The con-
tact-surfaces » and 6 of the cord-plug P’ are
connceted together and by the wire 7% through -
the lamp disconneeting-signal K through the:
contact ¢' 1o the ground G% The contact-
points 5 and 6 of thecord-plug P are connected:
together and by the wire fthrovgh the discon-
necting lamp-signal K and contact ¢ to the
ground .G The contact-points 5 and G of the.

“ plug 1 are also connected through & tertiary.-

o

winding. £ of -the opemtor’s_inducti‘on'—eoil L.

and {hrotigh a sinall retardation-coil L to the |
‘ground G

U is ihe common transmitter
carrent-supply hattery pérmanently bridged
between the wires £ and J*of the operalor’s
eord-cirenit through the two windings of a

yetardation-coil 13- T is the operator’s tele-

phone-receiver. M is” Ier - transmitter; 0,
her transmiticr-hattery; prand s, the-primary.
and secondary windings of herinduction-coil
Land. G is a gondenser.  E¥and 1P are alee-

~praragneticrelays whichcontrol the contacts

i,;

o

©

i

o]

u

¢ and ¢f, already meutioned. Inthis system
when the subscriber wishes a connection he
removes hix telephone from the hook-switeh, ”
which automatically closeshiseireuit through
hig {ensimitter and receiver. Accurrentthen
flows from the battery U’ through the contact’
¢, the switehboard-wire d', the lind-wire a/,
trapsmitber €M, receiver T, line-wire o,
switehiboard-wire d?, contact ¢, winding of:
electromagnet E', and back to the other pole;
of the battery L', This current energizes the

~eleetromagnet B, which, by.attracting its

armature, closes the civedit of the live-signal
battery 1? through the lamp ling-signal I and
also thromgh the winding of the maguet .
This causes the lamp-signal to light and at-.
tract the attention-of the operator to the eall,
whiie it also, by energizing the magnet Z,
causes it to attract its armature, and thereby
puis in tension the spring 5% (see Fig. 3,) by
which the call-register is set aliead, when the
detent-cateh of the armature of the sceond
magnet ¥ reloases the ratehict-wheel, as will
be {ully deseribed in connection with Fig, 3.
The’ operator’s attention having heen catled -

to the fact that the'sithbseriber wishes a con-

nection by thé lighting of the line-signal
lamp L inserts the answering-plug I in the
substation line-jack, the-contaet-strip 5 of
the-plug being thereby caused . to.short-cir-
euit the contact-points 3 and <. of” thejack.
A current then. flows Trom the ground G in.
zeries 1Nrough the battery b, wire m?, wire-

', contaet I of jack, contact-sirip 5 of plug,

- the batlery b’ at the two points e and &'.

(23]

contaet 3 of jack, wirve m, and in parallel to.
carth Gand G, respeetively, through electro-
magnet’® and cleetromagnet . The result
of tho Burrent .fromw the battery & passing
through the magnet E is to canse it to draw
up its two armatures and open the cireuit of
The
current from the battery D' whieh was flowing.
through-the windings of .the maguet E' is

Tiues.)

{ cengage.

~ therebyinterrupted, and as a vesult the arma-

3

tare of the magnet K is released and the ci-
c¢uit of the battery 07, through the lamp line-
signal I. and through the first magnet z,'is
open at the point e%

The cessation of the
“current through the line lamp-signal extin-;
‘guishes it and 'the cessation of the current

through the magnet x causes it to release-its - -

armature. 'The passage of the current from
the battery b through the coil of the magnet
y causes it to sitract its-armature, thereby
withdrawing its detent-catch from theratel-

et:wheel of the recording mechanisiy; g¥more

fully-shown, in connection with Fig. 8. “This

‘permits the mechanism under the action of

75

8o~

the spring &% Fig.'3, placed in tension by the "

movement-of the armature of thé first mag-.
netz; to.be moved ahead one-step and record

an answered eall. YWhen the counection is.
no longer-required, the subseriber hangs hi

receiver upon the gravity hook-switeh &, ’
“thereby epening his cirenit.

“This causés the -

clearing-out-signal-lamp K’ to-light, and the . -

operator, -seeing the. signal withdraws. her
cord=plug. from “the substation’s line-jack.
This act opens the civeiit of the battery b at
the contact-point 4 of the subseriber’s jack,

thereby. dednergizing the line. relay-magnet

E and the macnet 7. The magnet y releases
o ettty o o« ?

its armature, the detent-caten of whichen- .
gages in'the ratchiet-wheel of the recording -

mechanism and locks it. The magnet E re-
leages its armaturées, which close thé sub-

seriber’s switchboard-eiveuit, through' the

clectromagnet B and battery ) but since the:
subscriber’s line is open at the substation:the
magnet B remdins deénergized. AR

Tu Fig. 8, @ and ¢ ave'the two electromag-

rets which have been referred to above.as.

associated with the call-register mechanism
and also as the first and sccond magnet, re-
spectively. oy’ is the anmature of the hagnet

9o

95

108§

y, and 2" the armature of the magnet.r. The

avmatures are shewn in their normal posi-
ticns, but when the magnefs ave cuetgized
the armature 4

1iC

Y je-drawn into contact with. =

tiie pole Pvof tlic magnet .« against the re- - -
tractile force of the spiralspring s? and the

artnature i/ 15 drawn into contact with the

ol
v

pole I of the magnet ;7 against the retractile

force of the spring s*. The armature .’ carv-
ries a leg [, attached to its extremity, whick
leg{terminates ia foot.d~.
s elamped at one extremity in theiasual
manner at M, while the other ¢xtremity is’
attached to the disk.D.

rotate on the shaft §3 it not heing rigidly at-
tached to the shaft. It earries a click ¢, re-

-stored by the bent spring-s% - The foot-d* of

The spiral spring-

(Shown in dotted -
This disk iz mounted and'is frec to .

the leg [, attached to thé armature &, engages -

in 4 triangular slot ent in the periphery of
the disk D: ~On the same: shaft $° is rigidly
mounted @ ratchét-wheel W, so that it ean
only revolve with the shaft.. Into the teeth
of this wheel the detent-eateh d¥ and the elick
The shaft 8 conncets with the reg-
istéring, mechanism, .fhe refolution-of - {hy

-



“

1

-shaft S* corresponding to & circumferentisl

--displacement ,of the ratchet-wheel equal o

‘the width of one. tooth being necessary and

sufficient to.record an answered call.

;- The operation.of :the mechanism is as fol-

- Yows:-The magnet xjs energized .when the

- .moving the leg.! to.the right, . This motion:
10

.27 subseriber sends in his.call, . This draws up-

the armature " to the pole P* of the magnet;

of the legleauses the heel i of the foot g%, at-

‘4ached: to theleg; to push against the surface
% ©f the friangylar slot-in the disk D, against

‘‘‘‘‘

-which: it, pormally rests. - In response. to this

e pressurethedisk revolves; carrying back with

15

“ibtne eliek ¢:the distance of one.toothin the

- vatehet-wheel ; W, as. .shown by the dotted

;- lnes:; This distance.islimited to.that of one

' - tooth: by the: toe ¢ of ,the -foot. df coming in

-, contact with the second surface of the trian-
- 20

ghlar slot in the disk D. . The mokion,of the

~ disk D puts in tension.the spiral spring s?, to

- {ained even after the armature 2’ is released |

a8 , v
118 fast by the detent-cateh dv. I

~ator plugs into answer the call, the magnet

" i8 -deénergized while the magnet ¥ ‘is ener-

35 _ .
+ " tion, (shown by.the full lines), and-in doing'so
o are now. free to. move a distance correspond-
. ing to.the width of one tooth of the wheel,
" 4@ thus 10g an an: !
- “ward movemend of the click islimited to that
of one tooth of the ratchet-wheel by the mo-.

which it isattached, and this tension is main

by the magnet ¢, owing to'the click ¢ being
engaged in the ratchet-wheel W, whichisheld

-gized. Theresultof thisis that the armature

o &' i3 reledsed,; whereas y'.is drawn up to the.
= pole-piecé P,

( The armature ¢/ carries with
it the detent-catch g7, and. thereby. releases
theratchet-wheel W and shaft 8% *Thespring
-#* being under tension restores”the disk D
and its associated click ¢ to its normal posi-

revolves the ratchet-wheel and shaft, which

thus registering an answered call.- - This for-

" tion'of .the foot d%, which in turn is limited

" Dby the leg

45

Stop 4 P'

... It is-to be 6bserii¢d that for thé‘,’oﬁeratidn
-of the mechanism—j. e., in order fo cause. it

~torecord'an answered call—the concerted ae-

the energizing of either one of the magnets «

.. ‘or y alone”cause the shaft S?to rotate and

- register.an answered call,

55

. In Figs. 4 and 5, 8%is the shaft, already
mentioned. in conpection with Fig. 3, which.

- conneets the ratchet-wheel W with the index-

.- pointers P, P? P53, and P, that indicate the .~ _

o

tively, which engage with the toothed wheels -
70

When. the oper-.

“dredth of the.division on the dial D3, and the

| tion with a subscriber’s line centering thereat,
inéluding the subseriber’s line-signal mech--

I comingin contact with the back- 1

_tion of the subscriber and the operator at the
central office is required, sinice in no way can’

580,685 .

registered calls upon thedials D', D% DS ahd ~

' D4, respectively, each dial haying ten divi- .
sions upon’its face. .. The motions of the shaft 6¢

S are communicated to the spindles, upon .
waich the pointers P, P?, P3, and, P! are tig
idly mounted, by -means of the train of gedar-
wheels w?, 1% and !, respectively, which in
turn are rigidly mcunted- upon ‘the spindles 65
u?, u%, and 1, respectively.” Upon thé shaft .

 $% and -the spindies v? and .8 are rigidly -

mounted the, pinions ¢, v, and v respec--

w? w’, and w', respectively. The ratio of the
number of teeth on éach pinion ', v% and v%
to those on the;corresponding wheels w3, w®, -

and w! is-one to ten. .

. .In the. operation of the mechanism. & mo-
tion of the shaft S% due to a circumferential 7§

' displacement. of the ratchet-wheel W 103"

distance corresponding to one of its'ten teeth;

- will.move the pointer P’ ahead oneof the'ten

divigions on the face of the dial D', thereby.
recording an answered call. - This motion of
the shaft 8% acting through the train of wheels -
described above, will moye ahead the pointer . .
P? one-tenth of one of the divisions on the
face of the dial D? the pointer P3 ene-huii-
85
pointer P one-thousandth of one division'on
the dia] D4, . e -

. Iclaim— °~ : I R
. -In a telephone-switchboard, the combina- . -
F P

anism, of first a registering mechanism oftwo
movements; ‘second an electrical mechanism
the operation of which causes or permits:the
first movement of said registering mechanism
to be taken; whilé its own operation for such
purpose is caused by the ‘operation. of :the

95

subseriber’sline:signal mechanism; and third,

an electrical .xnechanism the operation of
which causes or permits the second movement
of said registering mechanism to be taken,

1 while its own operation for such purpose is

caused by the completion of the operator’s
answering-circuit; the. two said electrical
mechanisms being also so associated, that.not
only the affective operation of the second can-

‘not take place without the previous operation

of the first but the operation of the second
prevents further operation: of the first, sub-
stantially as deseribed.. | oo
T ; " HAMMOXND V. HAYES.

~ ‘Witnesses: D ' S

GEO. WILLIS PIERCE,
JosEPH A. GATELY. -
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