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UNITED STATES PATENT OFFICE. 
HAMMOND V. HAYES, OF CAMBRIDGE, MASSACHUSETTS, ASSIGNOR TO THE 
AMERICAN BELL TELEPHONE COMPANY, OF BOSTON, MASSACHUSETTS, 

TELEPHONE-SWITCHBOARD. 
SPECIFICATION forming part of Letters Patent No. 586,685, dated July 20, 1897. 

Application filed January 29, 1897, Sorial No. 621,163,... (No model.) 
io all, whom it may conce7"rv. 
Be it known that I, HAMMOND WINTON 

HAYES, of Cambridge; in the State of Massa 
chusetts, have invented a new apid useful 
Improvement in Telephone-Switchboards, of 
which the following is a specification. . . 
The invention is applied to a telephone-ex 

change system known technically as a “meas 
Io 

24d 

ured-service system;’ and its object is to pro 
vide suitable means whereby all calls for con 
nections sent in from a telephone-substationi 
and answered by the operator at the tele 
Rhone central office may be automatically 
2'ecorded and whereby calls sent in from the 
Substation, which for any reason are not an 
swered by the operator at the central office, 
shall not affect the record. To make a re 
cord, the concerted action of the operator and 
the subscriber is required, and provision is 
made that no unaided act, either on the part 
of the subscriber or of the operator at the 
central office, shall be capable ef affecting: 
tie record. Thus only such calls as the sub scriber may be justly charged for can be re 
corded, and no opportunity is given either to 
the subscriber or to the operator at the cen 
tral office to falsify the record by the manipu 
lation of their apparatus. . . . 

For the purposes described above. I asso 
Cate a recording mechanism or counter with 
tic substation-line at a convenient point 
within the telephone central office, the mech 
allisini being so constructed and associated 

35 
record by the cycle of operations which result 

A5 

... - 

so 

with the substation's circuit within the switch 
board that it can only be caused to make a 

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 
answer the call. 

i}y the invention existing telephone systems 
may be brought under the measured-service 
system-that is, the invention may be op 
erated in connection with widely-different 
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 subscriber sends in his calling or disconnecting signal to the central 

stood. 

generator. It 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 
scribed by having reference to the accom- 6o panying drawings. 

Figure 1 is a diagrammatic sketch of cir 
cuits, illustrating the application of the inven 
tion to a branch-terminal multiple switch 
board in the old system in which local trans-. 65. 
mitter-batteries are employed and in which 
the calling and disconnecting signals are not 
operated automatically. Fig. 2 is a diagram 
matic sketch of circuits illustrating the applit 
cation of the invention to a branch-terminal 7o 
multiple switchboard in a common battery 
system with automatic calling and discon 
necting signals. Figs. 3, 4, and 5 are draw 
ings illustrating the recording 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 at Figs. 2 and 
3, the said Figs. 3, 4, and 5 being respec" 
tively, as relative to each other, a rear, a side, 8o 
and a front elevation. . . . 
So far as practicable the same lettering is 

followed in the different figures. Any de 
parture from the rule will be readily under- 8 
In Fig.1, A is a telephone-substation con 

nected with the central office D by the line 
wires a' and a of a metallic circuit. At the 
substation b is a local battery for the supply 
of current to the variable-resistance trans-9d 
mitter M'. p' and s' are the primary and sec 
ondary helices of the transmitter induction 
coil I. T. is the telephone-receiver. S is 
the gravity or hook switch. G is the hand 
magneto call-generator, of which e' is the 95 
automatic eut-out, and B is a high-impedance 
call-bell in a permanent bridge across the 
line. At the central office the substation's 
line is continued through the switchboard, 
past the various multiple sections, by the wires loo 
d" and d, and is closed through the operate office by operating by hand a local magneto- 'ing-windingof an electromagnetic'annandia. 
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to E' of the selfirestoring drop type. At 
each multiple section a jack is permanently 
bridged across the line. These jacks are in 
dicated in a purely conventional way in the 

5 diagram ati, j, and i, three sections being 
shown. The ring-contacts 3 of the jacks are 
connected, by means pf the wirém, through 
the restoring-winding it of the electromagnet 
E, and by the wiren' to earth G' through 
the second or releasing magnet it of or asso 
ciated with the call-registering 'device or 
counter F. L. is a lamp line-signal. b°is the 
line-signal battery. as is the first magnet of 
the call-registering mechanism F, and e is a 

o 

is contact normally open, and which is con 
trolled by the gravity shutter of the electro 
magnet E'. In the lower part of this figure 
is shown the operator's cord, which consists, 
essentially, of three wires f", f, andf, ter 
mihating, respectively, at both ends in the 
contact-surfaces 1, 2, and 3 of the cord-plugs 

-2C 

P and P', and the wire f being connected to 
the ground G through the battery b. 

. . If now a call-signi be sent in over the line 
25 from the substation, the generator G is oper 

ated. The contacteis thereby automatically. 
closed. A signaling-current passes from the 
generator over the circuita' d'E'dae'. This 
current passing through the operating-wind 

30 ingof the electromagnet E causes its gravity 
shutter to fall, thereby closing the circuit of 
the line-signal batteryl'at the pointe... This 
causes the lamp-signal. L to light and attracts 
the attention of the operator to the call. The 

35 closing of the circuit of the battery bat the 
pointe also causes a current to flow from the 
battery through the winding of the first mag 
net of or associated with the call-register 
ing device F. The passage of this current 

- its armature, thereby setting. in tension a 
small spiral spring (sees, Fig. 3,) which is 
maintained in tension after the armature of 
the magnet ac is released by a click or detent 

45 which engages in a ratchet-wheel. This 
ratchet-wheel is itself held stationary by a 
detent attached to the armature of the sec 
ond magnety of F. The details of this mech 
anism are shown in Fig. 3 and are explained 

jo hereinafter in connection with that figure. 
When the operator sees the line-signal 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 

55 known as the “answering-jack.” A result 
s biguit extending from. 

the ground G, through this battery b, wiref, 
of this act is to close a 

plug-contact 5, jack-contact3, wire m, re 
storing-winding vi of electromagnet E, wire 

6on', winding of magnet y, to ground G'. The 
passage of the resulting current from the bat 
teryb through the restoring-winding w of the 
magnet E. draws up and restores the shutter 

in the spring, is caused to move ahead one 

sent over the subscriber's line, whether these 

currents. Therefore when the subscriber 

tacts e and e' to the battery b' andline-relay 

j. L is the lamp line-signal. b is the line 

contact e and e'. 

mature of the first magneta. The arnature 
of the magnet a falls back to its normal posi 
tion, leaving the spring to be held in tension 7c 
by the click or detent and ratchet-wheel al 
ready mentioned. The passage of the result 
ing current from the battery b through the 
winding of the second magnet y causes the 
armature of this magnet to be drawn up, dis: 
engaging the detent-catch from the ratchet 75 
wheel, thereby releasing the mechanism of 
the call-register, which, owing to the tension 

8o step and register an answered call. As long 
as the plug of the operator remains in the 
substation's jack, a current from the battery 
b flows through the restoring-winding of the 
electromagnet E, keeping its shutter drawn 
up and the circuit through the magnet a 
épen. In consequence of this as long as the 
operator's cord-plug is in the jack the mag- . 
net a cannot be influenced by any currents 
currents be calling or disconnecting-signal go 
has obtained the desired connection and com 
pleted his conversation he sends in his dis- . 
connecting-signal current in the usual way 
by operating the hand imagneto-generator G 95 
without danger of operating the magneta of 
his call-register. The operator at the central 
office seeing the disconnecting-signal with 
draws her ord-plug from the substatign's 
line-jack. This removes the batteryb from iod. 
the circuit of the magneti, causing it to re 
lease its armature, which 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 and Io. 
answered. . . . . . . 

40 through the magnet ac. causes, it to draw up. In Fig. 2, Ais, a subscriber's station con s 

nected with the telephone central office D by 
a metallic circuit composed of the wires a' and 
a. At the substation Bis the call-bell. S is IIo 
the gravityhook-switch. MI'is the microphone 
or variable-issistance transmitter. Tis the 
telephone-receiver, and G is a ground. The 
circuit is continued through the switchboard 
by the wires d and d and through the con- II.5 

E". At each multiple section of the switch 
board a branch-terminal jack is permanently 
bridged, these jacks being shown ati,i, and 

2O 

signal battery. eis a normally open contact 
which is controlled by the line-relay E. E. 
is a relay which controls the normally closed. . . 

The outermost contacts. 3 
of the line-jacks are connected by the wire m, 125 
through the relay E, to the ground G and 
through the wires mand n' and the coil of 
the second magnety, of orassociated with the 
call-register F, to the ground G'. The con 

t tacts 4 of the line-jacks are connected by the 
of this electronagnet to its normal position. 

I3o 
wires n' and n, through the batteryb, to the 

65 This opens the circuit of the linesignalbat- ground G. In the lower part of this figure 
tery bat the point e, thereby extinguishing is represented the E. the lamp line-signal J, and releasing the ar of the two wires f an f-terminating, respec, 
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reta'dation-coil ...T is the operator's tele 

. . . . 586,685 3. 

tively, at each end in the contact-surfaces liture of the magnet E is released and the cir 
and 2 of the cord-plug's laid-P'. The con 
tact-surfaces, and (; of the cord-plug P are 
connected together and loy the wire? through 
the lamp disconnecting-signal R through the 
contacte' to the ground G'. The contact 
points 5 and 6 of the cord-plug Pare connected 
together and by the wire f through the discon 
necting lamp-signal K and contact e to the 
ground G. 

and through a small retardation-coil L to the 
ground G. U is the colnmon transluitter current-supply battery cimaliently bridged 
between the wires faird f' of the operator's 
cord-circuit, through the two windings of a 

phone-receiver. AE is lier transmitter; b, 
iter transmii.ier-battery; panel S, the primary. 
and secondary windings of her induction-coil 
I, and C is a condenser. E' and E are elec ióia retic relays which control the contacts 

3. 5 

go 

e' aide', already mentioned. 
when the subscriber wishes a connection he 
removes his telephone from the hook-switch, 
which automatically closes his circuit through 
it is 'insi itter and 1'eceiver. A current, the 
flows from the battery ly' through the contact 
e, the switchboard-wire d', the line-wire a, 
transmitter 1A, receiver T", line - wire (, 
switchboaid-wire d, contact e', winding of 
electromagnet E, and back to the other pole. 
of the battery l'. 
electromagnet E, which, by attracting its 

This current energizes the 

arnature, closes the circuit of the line-signal 
batteryl through the lamp line-signal I, and 
also throttgh the winding of the magnet ac. 
This causes the lamp-signal to light and at 
tract, the attention of the operator to the call, 
while it also, by energizing the magnet ac, 
causes it to attract its armaturc, and therely 
puts in tension the springs, (see Fig. 3,) by 
wiich the call-register is set ahead, when the 
detent-catch of the armature of the sccond 
magnet if reloases the ratchct-wheel, as wii. 
be fully described in connection with Fig. 3. 
The operator's attention having heen called 
to the fact that the subscriber wishes a cons hection by the lighting of the line-signal 
lamp inserts the answering-plug P' in the 

the plug being thereby caused to short-cir 
(i.it the contact-points 3 and 4 of the jack. 
A current thcn ?lows from the ground G8 in 
series through tie battery l, wire in, wire. 
in', contact i. of jack, contact-strip 5 of plug, 

Gc, 

the battery' at the two pointse and e'. 
current from the battery l' which was flowing 5 

contaef. 
earth 
magnet E and electromagnet 2). The result 
of the current from the battery b passing 
thl'ough the magnet E is to cause it to draw 
up its two armatures and open the circuit of 

The 

3 of jack, wire in, and in parallel to 

through the windings of the imaget E is 
thereby interrupted, and as a result the arma 

The contact-points 5 and 6 of the 
plug P are also connected through a tertiary. 
winding t of the operator's induction-coil I. 

In this system 

cuit of the batteryl', through the lamp line 
signal I, and through the first magnet ac, is 
open at the point e”. The cessation of the 
current through the line lamp-signal extin 

| 

substation line-jack, the contact-strip 5 of 

thereby opening his circuit. 

guishes it and the cessation of the current 
through the magnet a causes it to release its 
armature. The passage of the current from 
the battery b through the coil of the magnet 
ly causes it to attract its armature, thereby 
withdrawing its detent-catch from the rate 
etwheel of the recording mechanisin, as more 
fully shown in connection with Fig. 3. This 
permits the mechanism under the action of 

75. 

the spring s?, Fig. 3, placed in tension by the 
movement of the armature of the first mag-. 
net ac, to be moved ahead one-step and record 
an inswered call. When the connection is 85 
no longer required, the subscriber hangs his 
receiver upon the gravity. hook-switch S, 

-This causes the . 
clearing-out signal-lamp K to light, and the 
operator seeing the signal withdraws her 90 
cord-plug from the substation's line-jack. 
This act opens the circuit of the battery bat 
the contact-point 4 of the subscriber's jack, 

E and the magnety. The magneti, releases 

mechanism and locks it. The magnet E re 
leases its armatures, which close the sub 
scriber's switchboard-circuit through the 
electromagnet, E' and batteryl', but since the 
subscriber's line is open at the substation the 
magnet E remains definergized. . 
In Fig. 3, as and are the two electromag 

nets which have been referred to above as: 
associated with the call-register mechanism 
and also as... the first and second magnet, re 

thereby, dcenergizing the line; : elay-magnet 

its arnature, lic detent-catch of which en gages in the ratgiet-whicel of the recording 

CC 

spectively. y' is the armature of the tihagnet 
arnatures are shown in their normal posi 
tions, but when the magilets are clergized 
the armature ir' is drawn into contact. with 
tie pole of the magnet. 

if, 

tractile force of the spiral springs and the 
arnature if' is drawn into contact with the 

aida', the arnature of the lagnet.'. The 
ic 

against the re 

pole i' of the magnet ; against the retractile 
frce of the springs'. The armaturer' cat 
ties a legl, attached to its extremity, which 
legi terminates in a foot (d. The spiral spring 
sis elatiped at one extremity in the usual 
manner at Yi, while the other extretlity is 
attached to the disk l). 
lines.) 
rotate on the shaft S, it not being rigidly at 
tached to the shaft. It carries a click c, re 
stored by the bent springs. The foot'd of 

(Shown in dotted 
This disk is mounted and is free to . 

the legl, attached to the ariinature", engages 
in a triangular slot cut in the periphery of 
the disk D. On the same shaft S is rigidly 
mounted a ratehet-wheel W., so that it cai 
only revolve with the shaft. Into the teeth 
of this wheel the dotent-catchd and the click 
a engage. The shaft Sconnects with the reg. 
istoring. mechanism, the revolution of th 

  



shaft Scorresponding to a circumferential 
r displacement of the ratchet-wheel equal to 

the width of one tooth being necessary and 
sufficient to record an answeredicall. 

5 : Theo 
. lows:"The magnet.a. is energized, when the 
subscribe sends in his call. This draws up 
the armature acto the pole P of the magnet, 
moving the legl to the right. This motion. 

Io of the leg leases the heelh of the foot d, at 
tached to the leg, to push against the surface 

.g. of the triangular slot in the disk D, against 
which it, normally rests. In response to this 
pressure the disk revolves, carrying back with 

15 it the click cathe distance of one toothin the 
he's W, as shown by the dotted 

. . . neS: - - - - - Y - 

goothby, the toe tof, the foot, d coming in 
contact with the second surface of the trian 

: 20 gular slot in the disk D. The motion of the 
... disk D puts in tension the spiral springs, to 
which it is attached, and this tension...is mains 
tained even after the armature a' is released by-the magnet a, owing to the click c. being 

as engaged in the ratchet wheelW, whichis held 
fast by the detent-catch d. 
ator plugs into answer the call, the magnet a 

-i is de&nergized while the magnet y is eners 
. . . gized. The result of thisis that the armature 

3o a' is released, whereasy' is drawn up to the 
. . pole-piece P. The armature f' carries with 

it the detent-catchd, and thereby releases 
theratchet-wheel Wandshaft S. The spring 
is being under tension restores the disk. D 

35 and its associated clicke to its normal posi 
- ition, (shown by the full lines), and in doing so 
revolves the ratchet-wheel and shaft, which 

... are now.free to move a distance correspond 
ing to the width of one tooth of the wheel, 

40 thus registering an answered call. This for 
.. ward movement of the click is limited to that 
of one tooth of the ratchet-wheel by the mo 
tion of the foot d, which in turn is limited 

45 stop.P. . . . . . . . . . . 
... It is to be observed that for the 'operation 
of the mechanism-i.e. in order to cause.it 
to recordan answered call the concerted ac 
tion of the subscriber and the operator at the 

.5ocentral office is required, since in no way can 
the energizing of either one of the magnets a 
cry alone cause the shaft S to rotate and register an answered call. 

In Figs, 4 and 5, S. is the shaft, already 
55 mentioned in connection with Fig. 3, which 

connects the ratchet-wheelW with the index 
... pointers P, P', P, and P', that indicate the ". 

--... 

peration of the mechanism is as fol 

This distance, is limited to that of one 

When the oper 
dredth of the division on the dial D', and the 

tion with a subscriber's line ceritering thereat, 

, by the legl coming in contact with the back 

4 580,685. 
iregistered calls upon the dials D, D, D, and 
D', respectively, each dial having ten divi- . 

isions upon its face. The motions of the shaft 6c 
S. are communicated to the spindles, upon. 
which the pointers P, P', P, and P are rig 
idly mounted, by means of the train of gear. 
wheels w, v, and w', respectively, which in 
turn are rigidly mounted upon the spindles 65 
u, u, and u, respectively. Upon the shaft. 
S and the spindles u and ware rigidly. 
mounted the pinions l', v, and v', respec-. 
tively, which engage with the toothed wheels 
w”, and w', respectively. The ratio of the jo . 
number of teeth on each pinion v', v, and . . ; 
to those on the eorresponding wheels w, w, 
and w is one to ten. . 

In the operation of the mechanism. a. mo-, 
tion of the shaft S, due to a circumferentials displacement of the ratchet-wheel W to a 
distance corresponding to one of its ten teeth, 
will move the pointer Pahead one of the ten 
divisions on the face of the dial D', thereby 
recording an answered call. This motion of 8o 
the shaft.S', acting through the train of wheels 
described above, will moye ahead the pointer . . 
Pone-tenth of one, of the divisions on the 
face of the dial ID, the pointer Pene-hun 

the dial D'. 
I claim- . . . . . . . . . 
In a telephone-switchboard, the combina 

9) 

pointer Pone-thousandth of one division on 

including the subscriber's line-signal mech 
anism, of first a registering mechanism of two 
movements; second an electrical mechanism 
the operation of which causes or permits:the 
first movement of said registering mechanism 
to be taken; while its own operation for such 
purpose is caused by the operation of the 

95 

subscribersline-signalmechanism; and third 
an electrical mechanism the operation of 
which causes or permits the second movement roo 
of said registering mechanism to be taken, ... 
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 w IoS 

only the effective 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 described. . . . . . ." 

. . HAMMOND V. HAYES. 
Witnesses: . . . . 

GEO. WILLIS PERCE, 
JoseFH A. GATELY. . n 

  


