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To all whom it may concermn:

- Be it known that I, JOEN C. FRED MAL-
THAUER, a citizen of the United States, resid-
ing at Minneapolis, in the county of Henne-
pin and State of Minnesota, have invented a
certain new and useful Improvement in Tele-
phone-Exchange Systems, of which the follow-
ing is a full, clear, concise, and exact descrip-
tion, reference being had to the accompany-
ing drawing, forming a part of this specifica-
tlon. | | | |

Myinvention relatesto telephone-exchange
systems, and has for its object the provision
of improved means whereby a source of direct
carrent may be employed in operating alter-

nating-current signal-Dbells at substations,

~and by means of my invention I am enabled

20

to dispense with power-generators for creat-
ing alternating current, thus rendering the
invention particularly adapted for service in

- connection with small exchanges.
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In practicing my invention I employ a sec-
ondary circuit that is preferably in conduct-
ive relation with the called subseriber’s tele-
phone-line, desirably placed in such connec-

tion by means of a cord connecting apparatus .

and two primary ecircuits, each containing a
primary coil and adapted when in circuit to
alternatively induce in the secondary circuit
positive and negative currents, which cur-
rents are manifested upon the line of the
called subscriber in much the same manner
as simple single-phase alternating currents.
There is preferably employed in association
with these two primary circuits a single bat-
tery adapted to be alternatively associated
with one or the other of the circuits, prefer-
ably through the agency of the armature of
an electromagnet, which electromagnet 1s de-
sirably included in a local circuit that also in-
cludes the armature, the armature being
adapted to alfernately make and break cir-
cuit through the electromagnet when a suo-
seriber is being called. The cireunit inelud-

ing the electromagnet is preferably closed by
means of ringing-key mmechanism such as is
commonly employed in telephone-exchange
apparatus, so that the armature of this elec-
tromagnet is caused to vibrate during the
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time the ringing-key is actuated to call a sub-
seriber, whereby positive and negative im-
pulses are alternately manifested in the sec-
ondary circuit by means of the two primary
windings to effect the propagation of alternat-
ing signaling-cuarreunt.

I will explain my invention more fully by
reference to the accompanying drawing, illus-
trating diagrammatically a telephone-ex-
change system equipped with the apparatus
of my invention.

I have shown at each of the substations 90
and 120 a suitable form of apparatus com-
prising a gravity switch-hook 1, a telephone-

receiver 2, and a call bell 3, included 1in bridge

of the telephone-line when the telephone is

upontheswitch-hook by theengagementof the
said switch-hool with its lower contact, there
being preferably included in this bell bridge
a condenser 4, the primary and secondary
windings of an induction-coil 5, and a trans-
mitter 6, included in circuit with the primary
coll. |

The system illastrated is a metallie-circuit

telephone system, though I do not wish to be

limited to such a system in all applications

of my invention.

The sides of the telephone-line extend 1n
two metallic limbs 7 and 8 to springs 9 and
10 of a spring-jack in case of single cords,
which jacks may be multiplied, as is obvious,
if the invention is to be applied to multiple
boards. There is, as is common practice, as-
sociated with each telephone-line at the ex-
change a line-indicator 11, having a perma-
nent connection with one terminal of the com-
mon battery 12, the other terminal of the
line-indicator being in the form of a back
contact in normal engagement with the line-
spring 9. The line-signal obviously will op-
erate when a calling subscriber removes his

telephone from its switech-hook and may be

cut out of circuit when the operator in re-
sponding inserts an answering-plug, as the
plug 13,in the calling subsecriber’s jack. Cor-
respondingly the connecting-plug 14, inserted
within the called subscriber’s jack, may cut
out the line-indicator of the called subscriber
to prevent it from being operated when the
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sald called subseriber responds. The an-
swering and connecting plugs 13 and 14 illus-
trated are each plowded with a sleeve ana
tip, the tips being connected by means of a

tip-strand 15, whlle the sleeves are connected
by means of a sleeve-strand 16. The tip and

sleeve strands each include a spring of a ring-

ing -key 17, whiech when normal—that is,
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when a subscriber is not being called—en-
gages a normal contact to complete the con-
tinuity of the cord.circuit, this cord-circuit
being broken to engage the springs of this
ringing-key with other alternate contacts that
constitute the terminals of a conductor, in-
cluding the secondary of the signaling appli-
ance, as will be hereinafter set forth. The
listening-key has its springs 18 permanently
connected with the strands of the cord-circuit
adapted to be moved toinclude the operator’s
telephone outfit when the answering-plug is
in the jack of a calling subscriber. The
clearing-out signal 19 may be controlled in
any suitable way and be of any suitable form,
the particular signal illustrated being a small
Incandescent lamp controlled by means of the
armature of an electromagnet 20, which elec-
tromagnet 18 energized when a subseriber in
connection with the cord-circuit has his tele-
phone off its hook, thereby to prevent the op-
eration of the clearing-out signal, such clear-
ing-out signal being operated when both sub-
scribers haverestored theirreceivers to place.
T'he circuit of the lamp includes the battery
1Z2and will be readilyapparent to those skilled
in the art.

Referring now more particularly to the
specific features of the system disclosed in-
volving my invention, the secondary 21 of
the two transformersispreferably snbdivided
Into two coils, each being more directly in
inductive relation with a emlespondm pri-
mary coil. The primary coils 22 23 are pref-
erably wound upon the same magnetic core
that supports the secondary winding 21, so
that the magnetic flux due to either primary
will be manifested in both coils of the sec-
ondary by reason of this common core, which
18 preferably looped to form a closed mag-
netic circuit, as illustrated. The primary
coil 22 1s included in a local circuit that con-

tains the normal or back contact of an arma-
ture 24, the said armature 24, a battery 25,
which may or may not be distinet from the
common battery, as preferred, the conductor
20, common to the primary aund secondary
circuits, the tip-strand 15, the line-spring 10,
conductor 27, and conductor 23. The pri-
mary 23 includes in its circuit the alternate
or front contact of the armature 24, the said
armature 24, the battery 29, conductor 20,
tip-strand 15, line-spring 10, conductors 27
and 28. The closure of both these circuits

of course depends upon the connection of the

leg 26 with the contiguous spring of the ring-
ing-key 17. There is preferably included in

T
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with the primary winding 22, the winding of
the electromagnet 29, a,ssoemted with the ar-
mature 24. Ib will be apparent that the bat-

- tery 25 is alternately included in circuit with

and excluded from the circuit containing the
electromagnet 29, the continuity of the en-

ergiziug-eireuit for this electromagnet de-
pending upon the engagement of the AT 10 &
ture with its normal contact. When thiseir-
cuit is established, the electromagnet 1s im-

mediately energized to bring 1ts armature
into engagement with the dltel nate contact,
wLereupon the armatuare is forced to 1etum
into engagement with its mnormal contact
throun*h the agency of a spring 24'. Pri-
maries 22 and 23 are so wound with respect
to each other that the winding 22, for ex-
ample, will produce current in the second-
ary 21in a negative direction, while the wind-
ing 23 will produce current in the secondary

21 in the positive direction, or vice versa.

In this manner an altemcttmw current mani-
fested in the secondary 1s propcbmted over
the line of the called subseriber to oporate
his signal-bell, which may be of the usual

polarized type ordinarily employed in con-.

junetion with power-driven alternating-cur-
rent generators. I am thus enabled to pro-
vide the substation apparatus with the usual
type of signaling appliance without the ne-
cessity of equipping the exchange with power-
driven alternating-current generators, while
at the same time securing as effective results
in the signaling operations.

Any desired ratio of transformation be-

| tween the primary and secondary windings

may be employed that will prove eitective in
a given system. I have found In practice
that a ratio of transformation of one for the
primary to ten for an individual secondary
coil of the secondary winding 21 has proved
very effective.

1 have found in practice that a source of
direct curreut nﬂpressmﬂ' seven volts apon
each primary circuit is sufficient, though this
may be modified as ocecasion may reqgulre.

I have indicated a condenser 30 in shunt
of the armature and its normal contact to re-
duce the sparking between the armature and
its normal contaet.

I do not wish to be limited to the precise

embodiment of my invention herein shown,
as departures therefrom may readily be made
without departing from the spirit; but,

Having thus deseribed my invention, I
claim as new and desire to secure by Letters
Patent—

1. In a telephone - exchange system, the
combination with telephone-lines extending
from subscribers’ stations to an exchange, of
cord connecting apparatus at the exchange
for uniting subscribers for conversation, a
secondary circuit, a ringing-key included 1n
the cord-circuit for closing the secondary cir-
cuit and associating the same with the called

one of the primary circuits, as in the circuit { subseriber’s line, two primary windings rela-
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tively wound so that each may produce cur- | cord-circuitforacommonconductor; asource
rent in the secondary circuit in a direction | of direct current, a switch whereby the said
opposed to the other to produce alternating | source of direct current may be alternately

currents, said primary windings being 1n-

included in said circuits each containing one 7o

in separate circuits having a strand of the ! rentin thesecondary circuitin a direction op-

¢ cluded in separate circuits having a straund | of the said primary windings, and an electro-
- of the cord-cireuit for a common conductor; a | magnet for operating the said switch, the said
source of direct ecurrent, and means whereby | switch also controlling the circuit through
the said source of direct current may be al- | the electromagnet, and being operated there-
ternately included in said eirenits each con- | by toopen circuit through the electromagnet, 75
1> taining one of the said primary windings,sub- | whereupoun the said switeh is permitted to
stantially as described. reverse its position to again eclose cireult
9. In a telephone - exchange system, the | through the electromagnet, the switch being
combination with telephone-lines extending | thereby caused to alternately close and open
from subsecribers’ stations to an exchange, of | the circuits including the primaries, substan- 3o
s cord connecting apparatus at the exchange | tially as deseribed. -
for uniting subscribers for conversation, a 5. In a telephone-exchange system, the
secondary circuit, a ringing-key inecluded in combination with telephone-lines extending
the cord-eircuit for closing the secondary cir- | from subseribers’ stations to an exchange, of
cuit and associating the same with the called | cord connecting apparatus at the exchange 8;
20 subscriber’s line, two primary windings rela- | for signaling the called subscriber, a second-
tively wound so that each may produce cur- | ary circuit, a ringing-key included in the
rent in the seecondary circuit in a direction | cord-circuit for closing the secondary cireuit
opposed to the other to produce alternating | and associating the same with the called sub-
currents, said primary windings being in- | scriber’s line, two primary windings rela- go
2¢ cluded in separate circuits having a strand | tively wound so that each may produce cur-
of the cord-circuit for a common conductor; | rent inthesecondary cirenitin a direction op-
asource of direct current, and a switch where- | posed to the other to produce alternating cur-
by the said source of direct current may be | rents, said primary windings being included
alternately included in said circuits each con- | in separate circuits having a strand of the 9s
20 tainingoneof the said primary windings,snb- | cord-cireuit for a common conductor, a
stantially as deseribed. | source of direet current, and means whereby
3. In a telephone - exchange system, the | the said source of direct current may be al-
combination with telephone-lines extending | ternately included in said circuits each con-
from subscribers’ stations to an exchange, of | taining one of the said primary windings, 10>
s cord connecting apparatus at the exchange | substantially as described.
for unitineg subscribers for conversation, a 6. In a telephone-exchange system, the
secondary cirenit, a ringing-key included in | combination with telephone-lines extending
the cord-circuit for closing the secondarycir- | from subsecribers’ stations to an exchange, of
cuit and associating the same with the called | cord connecting apparatus at the exchange 1oj
(o subseriber’s line, two primary windings rela- | for signaling the called subseriber, a second-
tively wound so that each may produce cur- | ary eireuit, a ringing-key included in the
rent in the secondary circuit in a direction | cord-circuit for closing the secondary circuit
opposed to the other to produce alternating ; and associating the same with the calied sub-
currents, said primary windings being in- | seriber’s line, two primary windings rela- 1o
45 cluded in separate circuits having a strand | tively wound so that each may produce cur-
of the cord-circuit for a common conduector; | rentin the secondary circuit in a direction op-
a source of direct current, a switch whereby | posed to the other to produce alternating cur-
the said source of direct current may be al- | rents, said primary windings being included
ternately ineluded in said circuits each con- { in separate circuits having a strand of the 115
(o taining one of the said primary windings, | cord - cireuit for a common conductor; a
and an electromagnet for operating the said | source of direct current, and a switch where-
switch, substantially as described. | | by the said source of direct current may be
4. In a telephone-exchange system, the | alternately included in said circuits each con-
combination with telephone-lines extending | taining one of the said primary windings, 120
55 from subscribers’ stations toan exchange, of | substantially as deseribed. | .
cord connecting apparatus at the exchange 7. In a telephone-exchange system, the
for uniting subscribers for conversation, a | combination with telephone-lines extending
secondary circuit, a ringing-key included in | from subsecribers’ stations to an exchange, of
the cord-circuit for closing the secondary cir- | cord connecting apparatus at the exchange 125
6o cuit and associating the same with the called | forsignaling the called subsecriber, a second-
~ subseriber’s line, two primary windings rela- | ary circuit, a ringing-key included in the
tively wound so that each may produce cur- | cord-circuit for closing the secondary circuit
rentin the secondary circuit in a direction op- | and associating the same with the called sub-
posed to the other to produce alternating cur- | scriber’s line, two primary windings rela- 130
65 rents, said primary windings being ineluded | tively wound se that each may produce cur-
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posed to the other to produce alternating cur-
rents, said primary windings being included
in separate circuits having a strand of the
cord - eircuit for a common condactor; a
source of direct current, a switch whereby
the said source of direct current may be al-
ternately included in said cirenits each con-
taining one of the said primary windings,
and an electromagnet for operating the said
switeh, substantially as deseribed.

8. In a telephone - exchange system, the
combination with teiephone-lines extending
from subseribers’ stations to an exchange, of
cord connectingapparatusattheexchangefor
signaling the called subseriber, a secondary
circuit,a ringing-keyincluded in the cord-cir-
cult for closing thesecondaryeircuit and asso-
clating the same with the called subscriber’s
line, two primary windings reiatively wound

80 that each may produce current in the sec-

ondary circuit in a direction opposed to the
other to produce alternating currents, said
primary windings being included in separate
eircuits having a strand of the cord-circuit
for a common conductor; a source of direct
current, a switch whereby the said source of
direct current may be alternately included
in satd cireuits each containing one of the
sald primary windings, and an electromagnet
for operating the said switch, the said switch
also controlling the circuit through the elee-
tromagnet and beingoperated therebyvtoopen

circult through the electromagnet, where-

upon the said switeh is permitted to reverse
1ts position to again close circuit through the
electromagnet, the switch being thereby
caused to alternately close and open the cir-
cuits inecluding the primaries, substantially
as described.

9. In a telephone-exchange system, the
combination with telephone-lines extending
from subsecribers’ stations to an exchange, of

cord connecting apparatus at the exchange

for uniting subscribers for conversation, a
secondary circuit adapted forassociation with
a called subseriber’s line, two primary wind-
ings relatively wound so that each may pro-
duce current in the secondary circuit in a di-
rection opposed to the other to produce alter-
nating currents, said primary windings be-

ing included in separate circuits having a |

743,539

| strand of the cord-circuit for a common con-

ductor, a source of direct current, and means
whereby the said source of direct current may

be alternately included in said circuits each
containing one of the said primary windings,
substantially as described.

10. In a telephone-exchange system, the
combination with telephone-lines extending
from subsecribers’ stations to an exchange, of
cord connecting apparatus at the exchange
for uniting subscribers for couversation, a
secondary circuit adapted for association
with a called subscriber’s line, two primary
windings relatively wound so that each may
produce current in the secondary circuif in
a direction opposed to the other to produce
alternating currents, said primary windings
being included in separate circuits having a
strand of the cord-circuit for a common con-
ductor, a source of direct current, means
whereby the said source of direet current may
be alternately included in said circuits each
containing one of thesaid primary windings,
and a ringing-key for the cord-circuit con-
trolling the operation of the said means, sub-
stantially as.described.

11. In a telephone -exchange system, the
combination with telephone-lines extending
from subscribers’ stations to an exchange, of
cord connecting apparatus at the exchange
for uniting subsecribers for conversation, a
secondary circuit adapted-forassociation with
a called subseriber’s line, two primary wind-
ings relatively wound so that each may pro-
duce current in the secondary circuit in a di-
rection opposed to the other to produce al-
ternating currents, a source of direct cur-
rent, an electromagnetic switching apbpli-
ance whereby current from said source may
be directed to alternately flow through cir-
cuits each including one of said primary
windings, and a ringing-key for closing ¢ir-
cuit through the said electromagneticswitch-
Ing appliance, substantially as desecribed.

In witness whereof 1 hereunto subsecribe
my name this 21st day of May, A. D. 1902.

JOHN C. FRED MALTHAUER.

Witnesses:
FLORENCE WICKLIN,
GEORGE L. CRAGG.
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