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Lo all whom it may concern:
Be 1t known that I, Areerr M. BuLrarp,
citizen ot the United States, residing at

New York, in the county of New York and
state of Mew York, have invented a certain

new and useful Improvement in Semi-Me-
chanical Telephone Systems, of which the

tollowing is a full, clear, concise, and exact |

description.

5iy invention relates to an improvement
1 controlling apparatus adapted to govern
he autematic switchine or selector mech-
anism of telephone exchange systems, such,
for example, as the system set forth in the
jomnt application of James L. McQuarrie
and myself, Serial No. 366,401, filed Sep-
temoer 27, 1906.

1he present invention is concerned par-
ticularly with the control of transmitter
mechanism by keys arranced to be actuated
by the operator; and it contemplates the di-
rect mechanical association of the “trans-
mitter”, “sender” or “controller” apPa-
ratus with the keys. That is to say, the
keys are arranged to actuate movable stops
which serve to limit the travel of a movable
memoer colperating therewith, the trans-
mitter or circuit controller for governing
the cperation of a distant selector being op-
erated: according to the extent of travel of
sald movable member. Motor mechanism
tor advancing the movable member is
brought into service when any key is actu-
ated; and when sald movable member has
reached the point determined by the stop
set by such key, the motor mechanism and
transmitier mechanism are thrown out of
service.

i will describe my invention in detail by
reference to the accompanying drawing, in
which-—

Figure 1 1s a diagram illustrating an op-
erator’s keyboard and sending apparatus:
and If1g. 2 1s a continuation from Fig. 1, and

shows the sender leads extending to the op- |

erator’s connecting circuit.

~ While in the interests of clearness specific
descriptive languaee must be used with ref-
erence to the particular apparatus and cir-
cutts shown in the drawing, it will be ap-
parent to those skilled in the art that the in-
vention 1s capable of extensive modification,
and that the novel features disclosed may be
embodied in systems which as a whole may
ciifer widely from the one here shown. The

|
|
f

parts, improvements or combinations which
L regard as novel will be
appended claims.

The sending apparatus shown on Fig. 1

1s normally disconnected from the operator’s.

cord circuits, one of which is shown in F 19,
2, but each operator’s cord circuit is pro-
vided with apparatus (relays 6 and 1)
whereby the sending apparatus may be au-
tomatically seized when the cord circuit is
put mto use in answerine a call. The an-
swering end of the cord cireuit is in the sys-
tem shown equipped with the usual answer-
g plag 50, which is adapted to be inserted
in the springjack 51 of a line in answer to a
call from such line indicated in the usual
way by the lighting of the signal lamp 52.
The link conductors 17 and 18 of the cord

cireuit will extend to an automatic selector

(not shown) which is intended to be oper-
ated Dy selecting impulses sent out or con-

trolled by the sending apparatus shown in
IFig. 1. I have merely indicated in dotted

Jlines magnets connected in ground taps from
the conductors 17 and 18, as devices acdapted

to respond to selecting impulses; the pres-
ent mvention being concerned wholly with
the sending apparatus by which these im-
pulses may be transmitted.

The operator’s listening key is equipped
with a pair of contacts 2, 3, which are adapt-
ecl to be closed when the listening key 1 is
actuated by the operator in answering a call,
(atter the answering plug has been inserted
- the springjack of the ecalling line) and
the closing of these contacts completes a cir-
cuit from a battery 4 through the back con-
tact of relay 6, and through the winding of
slow release relay 7 to a conductor 5, thence
through a relay 8 of the sending apparatus,
and through a back contact 9 of another relay
10 of sald sending apparatus to earth. Relay
7 1n this circuit is for purposes which will
hereinatter appear made slow releasing and
15 adapted when excited to break the con-
tinuity of the cord circuit conductors 17 and
18, and to unite the “connecting” exten-
sions thereof to the sender leads 20 and 19
respectively. Relay 7 is also adapted when
excited to close a contact 14 controlling the
application of current from battery 11 over
conductor 12, to the relay 6, and through
the winding of relay 7, over the path pre-
viously traced to ground at the back con-

| tact-O of relay 10, (Fig. 1) this being a lock-

pointed out in the
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ing circuit for relay 7 independent of con- | to stop the" sending operation, the other

tacts 2, 3. Relay 6, in operating, breaks the | terminal of this circuit being the projecting

circuit from battery 4. Relay 8 in operating | stop of the key which is depressed. The

closes a contact 18 by which current is ap- | framework in which the keys are mount-

s plied from battery 19 to the feed wire 20* | ed 1s shown connected to the battery feed 7¢

of a sending apparatus. 20, while the movable member 23 1s con-
The keys on the left of Fig. 1 may be the | nected to a wire 38 which leads through a

tens keys, and those on the right the units | winding of relay 87 to earth. A locking

keys. It is intended when the sending ap- | circuit for relay 37, derived from the bat-

10 paratus shown on Fig. 1 is associated with | tery feed 202, includes a relay 40 of the slow- 75

~ an operator’s connecting circuit, that the approach type. This relay 40 controls at
operator by actuating one key of each set | back contact 59 a connection from the mov-
may cause the sending apparatus automatic- | able member 23 to the sender lead 19. Said
~ally to transmit over the sender leads im- | relay 40 is also arranged to close a contact

15 pulses adapted for the operation of the dis- | 42 which controls a circuit for the starting go
fant selector mechanism in such a way as to | relay 83 of the sending mechanism governed
choose the line represented by the depressed | by the units keys. This mechanism gov-
keys. The mechanism controlled by the tens | erned by the units keys 1s in general the

keys will operate first, after which the mech- | same as that governed by the tens keys. The

90 anism governed by the umits keys will be | cut-off relay 10 of this apparatus 1s, how- g5
brought into service; and finally when the | ever, arranged to connect the battery feed
required impulses have been transmitted, | 20* to the sender lead 19, and also to break
the sending apparatus will be caused auto- | contact 9 and release relays 8, 7 and 6.

 matically to free itself from the connecting | Iach set of keys is provided with a release

95 circuit, leaving the latter free for telephone | magnet 45 which is adapted when excited 9o
transmission, the keys being also restored. to shift the longitudinally movable locking

The keys are arranged so that when any | bar of the corresponding set of keys. The
key 21 of a set is depressed, it will be locked | magnets 45 are included in a restoring cir-
~ in'its depressed position by a longitudinally | cuit 4 which is arranged to be closed 1mo-

30 movable plate or locking bar 22, which in its | mentarily from battery 19* when relay 8 1s g5
movement closes contact 28, 29, ecoverning | released at the end of the sending opera-
the starting of the sending mechanism. | tion. 1he armature of relay 8 is connected
Fach key is also adapted when depressed to | to the free pole of battery 192, and 1s adapted

 push a stop 21* (shown as an extension of | when attracted to engage a contact spring

55 the stem of the key) into the path of a mov- | which normally rests against an anvil con- 100
able member 23, to limit the travel thereof. | nected through wire 44 and magnets 4o to
Qaid member 23 is shown as a longitudinally | earth. It is thus seen that when relay 3 18
movable rack bar adapted to be advanced | released, its armature in returning to normal
by a pinion 24 which may be rotated step by will deliver & momentary impulse of current

40 step by a pawl engaging a ratchet 295, said | from battery 19* to said restoring magnets. 105
pawl being actuated by a stepping magnet The operation of the apparatus is as fol-

56. The ratchet wheel 25 may be retained | lows: When the subscriber calls the central
in its step-by-step advance by a holding | office by removing his telephone from 1its
| pawl arranged to be brought mto service by switch h()()l{, 1t results in the 1ighting of the

45 a holding magnet 27. The holding magnet line signal lamp 52 in the usual way. The 110
is supplied with current from the battery | operator responds to the call by inserting
feed 20°, and is excited while the sender is | her plug 50 in the springjack 51, completing
in use. At the end of the sender operation | circuit for a relay 53 connected with the
current will be cut off from the feed wire, | third strand of the cord circuit. This relay

50 and the holding magnet 27 being deprived | 53 n operating connects the free pole of 115
of current, will canse the ratchets controlled | battery 11 to the feed wire 12 of the cord '
thereby to return to normal position. circuit. The operator now works her listen-

The contact between the springs 28, 29, | ing key to switch her telephone into cireuit,
closed when any key is depressed, governs a | so that she may inquire the number of the

55 circnit through a relay 83 by which pulsa- subseriber wanted. This operation of the 120
tions of current from the battery 53 may be | listening key also closes contacts 2, 5, com-
applied to the stepping magnet 26 and to pleting the circuit from battery 4 through
the sender lead 20, this circuit being con- | the sender seizing relay 7 and sender relav

~ trolled at the back contact of a cut-oft relay | 8, these relays, together with relay 6, being

60 37. The particular key depressed deter- | now locked up from the battery feed 12 1 a 125
mines the number of pulsations of current | circuit 5 controlled at the back contact 9 ot
which are applied to the sender leads. This | relay 10. The sender is thus associated with
is accomplished as follows: The movable : the operator’s cord circuit for the purpose

~ member 23 forms one terminal of a circuit of controlling the operation of the distant

65 for the cut-off relay 37, which is arranged | selector. The operator now presses a tens 130
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key and a units key, designating the num-
ber of the line wanted. \
VIII of the tens and key V of the units keys
are depressed. These keys lock in their de-
pressed position, and contact springs 28, 29,
of the ten keys close a cireuit from bat-
tery feed 202, through starter relay 33, to
eground at the pulsator 30. Starter relay 33
completes a locking circuit for itself from
the feed wire 202 o carth, and also closes
contact 34 by which the battery side of the
pulsator 30 1s connected to wire 39, leading
through stepping magnet 26 and back con-
tact 36 of cut-off

20. At each stroke of the pulsator an im-

pulse of current is thus delivered through |

the steppimg magnet 26 and out over the
seiidler lead 20 to operate the distant se-
lector; and at each impulse the stepping
magnet 26 advances the ratchet 25, and thus
auses the rack bar 23 to travel. This con-
tinues until the rack bar 28 comes in con-

posed 1n its path by the depressed tens key.
When this occurs, a proper number of im-
pulses corresponding to the depressed key
having been delivered over the sender lead.

the circuit for the cut-off relay 37 will be

| -

completed. The cut-off relay in operating
will interrupt the stepping cirenit previously
traced, and will also complete the locking
circuit, including relay 40. This relay,
however, being slow to attract its armatures,
leaves a momentary path for current which
may be traced from the battery feed 207
through the depressed key to the movable
member 23, through wire 38, and back con-
tact 39, to the sender lead 19. This momen-
tary impulse will be utilized at the distant
selector In governing the required sequence
of operations. Relay 40 also closes contact
+2, and thereby completes a circuit for the
starter relay 33 of the controller mechanism
of the units keys. This controller mechan-
1S 1S now operated, in a manner similar to
that of the tens keys already described,
causing 1mpulses to be sent out on the sendey
lead 20. When the movable member . of
this sending apparatus reaches the point
predetermined by the depressed units key,
1 circult 1s completed for the cut-off relay
10. "This relay, in operating, hreaks the
stepping circuit for the units controller,
applies current from the battery feed 20¢
to the sender lead 19 (battery being cut off

Trem the wire 20* a moment later) and also

breaks contact 9, releasing the slow releas-
mg relay 7 and relays 8 and 6. Relay S, In
recovering, momentarily establishes the ciy-
cuit for the restoring magnets 45 of both sets
of keys, and cuts off current from the batterv

feed wire 20* of the sending outfit. Relay 7

m recovering reéstablishes the normal cord

circult connections, leaving the cord circuit

iree for telephone transmission, and leaving

Assume that key

relay 37 to the sender lead |

22 which has been inter- :

A — e L em

3

the sender apparatus free to be seized by
another cord circuit, Since, however, this
relay 7 recovers slowly, the 1mpulse from the
battery feed 20° over the sender lead 19 will
be allowed to pass before the relay armature
15 has retracted.

I claim:

1. in a controlier for an automatic tele-
phone exchange system, the combination
with a series of keys, of a movable member,
and means associated with and actuated by
the respective keys to positively stop said
movable member.

2. In a controller for a semi- automatic
telephone exchange system, the combination
with a series of kevs, of a movable menmber,
stops  for sald member, each stop being
adapted to be introduced in the path of said
member by the depression of one of said
keysto positively limit the movement of said
movable member, and means controlled by
the depression of any one of said keys for
advancing the movable member to said stop.

5. A controlling device comprising a mov-
able member, a series of movable stops
acdapted to limit the travel of said movable
member, and keys corresponding to said
stops for actuating the same to positively
determine the extent of travel of said mov-
able member.

4. A controlling device CONIPrISING a MOV-
able member, a series of movable stops, a
corresponding series of keys, each key being
adapted to cause its corresponding stop to
be moved into the path of said movable
member to positively stop said movable men-
ber, motor mechanism for acdvancing said
movable member, and means controlled by
the codperation of said movable member and
any of said stops for controlling said motor
mechanism.

5. A controlling device COMPrislig a Mmov-
able member, motor mechanism for advanc-
ing the same, a series of movable stops and
corresponding keys adapted to cause said
stops to be interposed in the path of said
movable member, an electric circuit copp-
trolled by the engagement of said movable
member and any of said stops, and means
responsive to current in said circuit, adapted
to stop the advance of said movable member,

6. A controlling device comprising a mov-
able member, a series of movable stops
adapted to positively limit the travel of <aid
movable member, a corresponding series of
keys mechanically connected to actuate the
respective stops, motor mechanism acdapted
to advance said movable member, means op-
erated upon the actuation of any of said
keys for bringing said motor mechaniem,
into service, electrical transmitter mechan-
1sm brought into action upon the actuation

of any of said keys, and means actuated

when said movable member reaches the point
Iimited by the stop, to render ineffectual
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movable member mechanically

“upon the operation of any of said keys, and

i

said motor mechanism and said transmitter
mechanism.

7. In a telephone exchange switchboard,
the combination with a set of keys, of 2
associated
with said keys, stops arranged to be thrust
into the path of said movable member by
corresponding keys to positively Iimit the
movement of said movable member, trans-
mitter mechanism operated during the travel
of said movable member, and means, actu-
ated by the engagement of said movable
member with any of said stops, for deter-
mining the operation of said transmitter
mechanisin.

3. A controlling device comprising & mov-
able member, a series of movable stops, cor-
vesponding keys arranged to actuate sald
iops to positively limit the travel of said
movable member, motor mechanism brought
into service by the actuation of any of said
keys, adapted to advance sald nmovable mem-
ber, electrical transmitting mechanism actu-
ated according to the extent of travel of
said movable member, and means actuated
as the movable member reaches the point
predetermined by the stop, to render sald
motor mechanism ineffectual. -

9. The combination with a series of keys, ol
o movable member adapted when advanced
to engage an operated key, a stepplng mag-
net for said member, a circuit for said mag-
net including a source of current, completed

means for opening said circuit, operated
upon the engagement of said member and
depressed key. '

10. The combination with a series of keys,

of a movable member adapted when ad-

vanced to engage an operated key, a stepping
magnet for said member, a conductor 1mn-
cluding said magnet, a source of pulsating

current, means, operated upon the actuation:

of any key, for connecting said source ot
current with said conductor, and means for
opening said conductor operated upon the
engagement of said member and depressed
key. ' ' -

11. The combination with a series of keys,
of a movable member adapted to engage a
depressed key, a stepping magnet for said
member, a circuit for said magnet including
1 source of pulsating current, contact mech-
anism actuated upon the depression of any
one of said keys and controlling said circuit,
and means operated upon the engagement of
said member and depressed key, adapted to
open said circuit. _ .

19. The combination with a series of keys,
of a movable member adapted to engage &
depressed key, a stepping magnet therefor,
a circuit for said magnet including a source
of current, means for closing said circuit

actuated upon the depression of any one of

sald keys, a relay adapted to open said cir-

944 537

| cuit, and a circuit for said relay closed by

said member and depressed key when in
engageiment.

13. The combination with a series oi keys,
a movable member adapted to engage a de-
pressed key, a stepping magnet for sa1d
member, a circuit for said magnet including
a source of pulsating current, a pair of con-
tacts, actuated upon the depression of any
one of said keys, controlling sald circuit, a
relay adapted to open said circuit, and a
circuit for said relay closed by said member
and depressed key when in engagement. '

14. The combination with a series ot keys,
of a movable member adapted to engage a
depressed key, a stepping magnet for said
member, a relay adapted to complete a cir-
cuit for said stepping magnet, a source of
pulsating current in said circuit, a pair oxi
contacts operated upon the depression of any
of said keys adapted to complete a circuit
for said relay, and electromagnetic mechan-
iem operated upon the engagement of said
member and key for opening said circuit.

15. The combination with a series ot keys,
of a movable member adapted to engage a
depressed key, a locking bar for said keys
adapted to maintain a depressed key in such
position, a stepping magnet for said mem-
ber, a circuit for said magnet inciuding a
source of pulsating current, means actuated
upon the depression of any ot said keys, for
completing said circuit, a relay adapted to
open said circuit, a circuit for said relay
terminating upon said locking bar and
member, and completed when said member
engages a depressed key, and means actu-
ated upon the opening of said circuit for
moving said locking bar to release the de-
pressed key. _

16. The combination with a series ol keys,
of a movable member adapted to engage a
depressed key, a locking bar moved by a key
when depressed to hold said key in 1ts oper-
ated position, a stepping magnet for said
member, a pair of contacts operated by said
locking bar in 1its movement, a circuit for
said stepping magnet controlled by said con-
tacts, means actuated upon the engagement
of said member and depressed key for open-
ing said circuit, and means actuated when
sa1d circuit is open for releasing said lock-
ing bar.

17. The combination with a series of keys,
of a movable member adapted to engage a
depressed key, a stepping magnet for sald
member, means for locking a depressed key
in such position, a circuit for said magnet,
including a source of current, completed
upon the operation of any one of said keys,
means for opening said circuit, operated
upon the engagement of said member and

‘depressed key, and means actuated upon the
engagement of said parts adapted to release
- sa1d key. '
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18. The combination with a series of keys,
of a movable member adapted to engage a
depressed key, a stepping magnet for said
member, a locking bar adapted to hold a
depressed key in its operated position, a cir-
cuit Tor said magnet, including a source of
current, completed upon the operation of
any one of said keys, means for opening said
circult upon the engagement of said mem.
ber and depressed key, a release magnet
adapted to move said locking bar to release
the depressed key, and a circuit for said
magnet controlled in the engagement of said
member and depressed key:.

19. "T'he coinbination with a series of keys,
ot a longitudinally movable rack bar adapted
when advanced to engage a depressed key,
means for locking a depressed key in such
position, a ratchet adapted to engage said
rack bar to move the same, a stepping mag-
net adapted to operate said rack bar and
move the same a number of steps dependent
upon the key depressed, a circuit for said
stepping magnet, mechanism for opening
sald circuit actuated upon the engagement
of said rack bar and the depressed key, and
means actuated when said rack bar has been

|

-y name this 14th day

- adapted to open said

<>

advanced the predetermined number of
adapted to release said key.

20. The combination with a series of keys,
of a longitudinally movable rack bar adapt-

steps

ed when advanced to engage a depressed
' key, a longitudinally
' adapted to be moved by a key when de-

movable locking bar

pressed to hold such key in its operated po-
sition, a stepping magnet for said rack bar,
a pair of contacts closed by said locking bar
1 its movement, a circuit for said stepping
magnet controlled by said contacts, a relay
circuit, and a cireuit
for said relay terminating upon said locking
bar and rack bar respectively, the depressed
lkey being electrically connected with said
locking bar; whereby when the rack bar en-
gages the depressed key, said relay is oper-

ated to open the stepping magnet circuit.

In witness whereof, I, hereunto subscribe
of Kebruary A. D.,
1908.

ALBERT M. BULLARD.

Witnesses:

J. N. Rey~Norps
J. C. Figwp.,
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