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To all whom it may concerm:

Be it known that I, Ray H. Manson, a cit1-
zen of the United States, residing at Elyria,
in the county of Lorain and State ot Ohio,
have invented certain new and useful Im-
provements in Telephone Systems, of which

~ thefollowing is a specification, reference being
- had therein to the accompanying drawings.

LO

"Myinvention relates to telephone systems,
and particularly to such as employ a source
or sources of current at a central point to sup-
ply substatiofis at other points over the ordi-
nary working lines. While not limited to
such use, as will sufficiently appear from the
detailed description that follows, 1 contem-

{.ila,te applying my invention to what are

own as ‘‘common-battery’’ telephone-ex-
change systems, wherein a number of sub-

i geribers’ stations are served from a central
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station at which are located suitable switch-

boards and other appliances to effect connec-

tion and disconnection of the lines as de-

sired, together with power appliances to gen-

erate and distribute the current required for
all purposes in the system or at any of the
substations. In such systems it 1s common

to employ telegraphic or other signals to in-

dicate a desire for connection or disconnec-
tion as between the subscribers and the oper-
ators and other similar signals as between
operators, and such signals are conveniently
energized to be displayed and to be retired
in the use of various pieces of the operators’

“‘apparatus, being controlled in part, as stated,

by the subscriber in the use of his apparatus.
For the control of such signals with certainty
and facility direct current is employed al-
most exclusively, constantly flowing 1in one
condition and entirely stopped in another
condition. Thus subscribers’ lines in their
normal or idle condition are ordinarily open

for the passage of direct current, and no cur-

rent passing therein the signals at central
corresponding to such lines remain quiescent
or concealed. In preparing to converse the
subsecriber produces certain changes or move-
ments of the parts of his apparatus which re-
sult in closing his lire for direct current,
which commences to flow therein, and there-
by to energize the signal or signals corre-
sponding thereto at the central office. Upon
perceiving these signals the operator or op-
erators concerned answer the call or calls,

| of plugs, ringing, &c., follow 1n fegular se-

quence, the line or calling signals remaining
restored .or quiescent during the continuance
of the connection.

subscribers’ lines during the connection, and
the retirement of the line-signals, if they are
retired, 1s in no wise dependent on the cessa-
tion of such flow. The current flows'for two
reasons—Tfirst, to supply energy for the sub-
scribers’ transmitters for talkin purposes,
and, second, to enable the subseribers to con-
trol the disconnection or ‘‘supervisory’ sig-
nals placed in the connecting cord-circuits.
It 1s true that the latter signals could be op-
erated perhaps by a restarting of current-
flow if the same was stopped upon the an-
swer to a call being made; but there 1s more
certainty as well as more convenience 1n per-
mitting a constant flow once it -is started,
particularly as it reduces the apparatus for
current control at the substation to a plain
switch, with contacts to open and close the
line-circuit. |

At the subscribers’ stations apparatus Is
provided for both talking and signaling. The
signaling apparatus is necessari%y of twofold
function—signal-sending and signal-receiv-
ing. The former function is accomplished
usually by the hook-lever supporting the re-
ceiver when in disuse, which normally breaks
the line-circuit so far as direct current 1s con-
cerned, but rises upon taking down the re-
ceiver to close the circuit. The second func-
tion is performed by a bell, usually polarized,
normally included in a bridge connection
across the line, a device being also included
in said bridge to permit the passage of alter-
nating current, but not of direct, such as a
condenser or polarization cell or coherer.

With such apparatus at the substation 1t
is apparent that under conditions of disuse
no current from any direct or continuous
source will flow in the line; but alternating

It should be noted, how- =
ever, that current continues to flow in the -
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current may be sent from central to operate

the bell and call the subsecriber. On the
other hand, when the subscriber takes his
telephone for conversation the hook-lever
rises, the circuit is closed to central for direct
current, and the signals at central get energy
sufficient to set them, while at the same time
the current-flow through the substation ap-
paratus furnishes energy for the talking set.

and the subsequent steps of putping up a pair | During the entire connection or use of the
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line the current continues to low through the
telephone at the substation, and it is with the
circuits and apparatus through which this

current isled that my invention has especially
to do. '

Several ways have heretofore been fol-
lowed in connecting up the talking apparatus
and si?nals at the substation. According to
one plan the transmitter and receiver when
cut 1 are directly in the line in series with
each other, and the other apparatus in line.
By another plan the receiver is included in a
local circuit connected to the line through an
induction-coil. A third
transmitter with an impedance-coil in series
in the line and the receiver with a condenser
in 2 shunt around the coil. I will refer to

these plans in succession and point out the
most salient defects acknowledged to exist

therein and then refer to the means I have
adopted to avoid these defects.

According to the first plan all the current
delivered to the transmitter and to the signal
devices at central passes through the wind-
ings of the receiver. If reversely connected,
this tends to depolarize the receiver, and in
any case 1t brings a strong tension on the dia-
phragm, tending to buckle it and so destroy
the efficiency of the receiver.

According to the second plan there is a loss
of efliciency of nearly thirty per cent. average
in the transformer or induction-coil. It has
been claimed that the loss can be reduced to
twelve per cent. in some cases: but even SO,
this is a great loss, especially in view of the
fact that the telephone at ifs best is not an
efficient translating device, and the central-
energy telephone is not the best exponent of
the (ﬁ,rss, there being line losses and exagger-
ated ratios of change to take into account

~ where it is employed.

According to the last plan mentioned the
condenser is indispensable as an adjunct in
the talking-circuit. While the loss in effi-
ciency due to the inclusion of the condenser

- 1snot so high as that due to the inclusion of a
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65 currents or waves around this coil. The

coll, still its presence is undesirable for man
reasons.

In point of efficiency of transmis-
sion this plan probably gives better service
than any of the othersgl have mentioned
above, but not as good as that attainable by
my new method. .

In order to avoid the defects noted, I fol-
low the procedure now to be stated. The
transmitter is most efficient included directly
in the line, particularly where it has its nor
mal steady current-supply fed through a
source of inductance, so that when waves are
set up they will be sharpened and strength-
ened by the discharge from the coil and by its
damming effects. Hence I put my trans-
mitter in the line and feed it through a coil
having, preferably, many turns on an iron
core, providing an alternative path for voice

T
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| mstruments.

lan connects the |

| located 1n the bridge-wire

Tent throug

re- |

cerver must not be exposed to differences of
potential except those due to the talking
‘Hence I put my receiver in
bridge connection so devised that the OpPo-
site terminals of the bridge-wire will be af the

same potential for all continuous electromo-
tive forces and so the receiver will not be ex-
posed to the passage of continuous current.
I arrange the coil I have already referred to,
however, so that alternating currents of high
frequency—such as ““voice- currents,” so
called—will pass practically in their entirety
through the bridge-wire and hence through

the receiver. _

No condenser and noinduction-coil or other
energy -absorbing piece of apparatus is in-
cluded in my circuit, while for direct currents
8 higher efliciency than usual is obviously at-
tained, inasmuch as the resistance in the re-

| cerver branch is halved without in any way

affecting the receiver efficiency or resistance.
(By receiver branch in this connection I
mean the entire arrangement of receiver-cir-
cuit, not merely the bridge-wire.)

To put the matter more spectfically, I em-
ploy a Wheatstone bridge in series with the
transmitter in the line-circuit over which the
transmitter-current flows, the receiver being

proper. The re-
sistances of the fourarmsof the bridge are so

proportioned with respect to each other that,
although steady current flowing over the
Iine will pass through them freely, no current
will pass through the bridge-wire contalning
the receiver. This means that I employ a
Wheatstone bridge adjusted to a state of bal-
ance with respect to direct currents, such
currents being excluded from the receiver
not because the receiver-circuit is in any
sense opaque to such direct currents, but be-
cause t%e’re 1s no difference of potential be-
tween the terminals of the recelver-circuit,
and therefore no tendency for current to flow
through the receiver. |
- It will be seen that the method which I
employ for preventing a flow of steady cur-
E the receiver is wholly distinet
from any method based on insulation, oppo-
sition, or obstruction, for in my arrangement
steady current could flow if a cause existed,
but will no more flow, due to the balance of
the bridge, than if the receiver terminals
were truly short-circuited.

In order that fluctuating currents ma, ¥ not
for the same reason be caused to pass by
rather than throuch the recerver-circuit, |
make the diagona,%ly opposite arms of the
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Wheatstone bridge possess 1n large degl:ee |

the property of self-induction, thereby giv-
ing to tﬁese two arms comparatively a very
high impedance to fluctuating currents. It
1s evident, therefore, that the same condi-
tions that hold with respect to steady cur-
rents do not hold with respect to fluctuating
currents. In other words, the bridge is bal-
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anced with respect to steady currents and | netsR and R’interposed, so that current pass-

entirely out of balance with respect to fluc-
tuating currents, with the result that fluctu-
ating currents choose the comparatively low
impedance path through the receiver rather
than the comparatively high-impedance path
through the two arms of t%e bridge that pos-
sess self - induction. By these means I
achieve the desirable result of excluding di-
rect current ifrom the receiver without em-
ploying any medium opaque to direct cur-

- rents 1n the receiver-circuit, and at the same

time I force practically all fluctuating cur-
rents through the receiver-path. |

My invention also contemplates the re-
duction of this bridge-circuit to its stmplest
form, which has the non- inductive resist-
ances reduced to zero. In this case since
there would be a'lack of balance a condenser
would be employed in the receiver branch,
and I then contemplate using certain con-
tacts on the switch to prevent leakage of cur-
rent during conversation. In addition to
this there are certain details of arrangement
incident. to the main features of Invention,
which will sufficiently appear from the fol-
lowing description, such as the method and
form.of winding and of connection of the coil
or colls employed. |
. My 1invention is illustrated in the accom-
panying drawings, wherein the same letters
and figures of reference point out the same
parts throughout. =~ - -

In the drawings, Figure 1 is a diagram of a
common-battery telephone-exchange system
embodying my invention. Fig. 2 is a dia-
Er':_aim showing the method of winding the
couls. o

Referring to Fig. 1, A and B are two sub-
scribers’ stations connected to the central
office O by line-wires 1 2 and 10 20, respec-

tively. The line 1 2 passes to the bus-wires
9 and 8 of the main hattery d by wires 7 and

-

6, In the former of which a polarized signal
Li 1s shown connected. For purposes of con-

necting with other lines the spring-jack J is

provided, having a spring and a sleeve fsqrm_—
1mi-
larly, line-wires 10 and 20 pass to the bus-
wires 9 and 8 by wires 70 and 60, the former
having intercalated therein the polar sienal-
magnet I/. Spring-jack J’ is providedjmv-
ing its spring and sleeve to line-wires 10 and
20, respectively. ,
Eacﬁ operator 1s provided with a number

of cord-circuits for interconnecting subscrib-

ers’ lines, one of which only is shown at 11
12 13 14, having terminal plugs P and P’,
adapted to codperate with the jacks J and J”.
Across this cord-circuit I have shown a bat-
tery 0’ bridged between the two halves of a

repeating-coil I, so as to feed both ways

through the cord and plugs to the lines in use.
In the cord conductors 13 and 14 I have
shown supervisory or clearing-out signal-mag-

o
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mg to the lines will traverse the windings
thereof. These are supposed to be constant-
current signals—thatis, such as display or are
indicated in one condition as long as current
flows in the circuits, but have their condition
or indication changed upon cessation of cur-
rent.’

As the apparatus and circuits at the two
substations shown have some variations in
one station over the other, I will now first de-
scribe those at station A and then turn to sta-
tion B. At station A the line-wire 2 passes
to the hook-lever H, which is normally in po-
sition to be separated from its contact, shown
touching 1t. This contact is connected to
the transmitter T and the latter by wire 5 to
one end point of the receiver-bridge. From
this point two arms extend to points m 7, be-
tween which the receiver R is connected in
the cross-wire 3. From points m and n two
other arms extend to a second point of union,
where they are connected together to the
wire 1 of line. Between wire 5 and point 7
and between point m and wire 1 two coils
are connected, preferably having many turns
of wire wound on soft-iron cores in such man-
ner as to otter considerable impedance to al-
ternating currents of the frequency of speech-
currents. In the other two arms of the bridge
from 5 to m and from n to 1 I connect two
non-inductive resistances of such magnitude
that the usual bridge equation is satisfied, or
M N
N M |
dent that for direct currents there will be no
current-flow in the bridge-wire 3 normally.

For recelving signals at the substation A, I
provide the polarized bell Q, connected in a
permanently-closed bridge 4 across the line-
wires 1 2, the bridge 4 including a condenser
C, which serves to render it impassable for di-
rect current it continuous. Turning now to
station B, line-wire 10 passes to the hook-le-
ver H, and so normally to a lower contact
upon which 1t rests, thence by wire 4 and con-
denser C to the bell Q, and so to wire 20.
When the hook-lever H is up during the use
of the telephone, this path is broken and the
wire 10 is connected by wire 5 to the extrem-
ity of a bridge similar to that at station A,
having the same arrangement of coils and re-
sistances, and the recetver R also included in
the bridge-wire 3.

The operation of the devices so far de-
scribed is as follows: Suppose subscriber A
calling for a connection with subscriber B.
He raises his receiver from the hook of the le-
ver H, which thereupon rises to close upon its
up - contact. Current then flows from the
battery b at central through line-wire 1 by
way of bus 9 and signal L to the substation,
there through paths N’ n M and M’ m N in
parallel, thrqugh wire 5 to transmitter T, to
hook-lever H, and by wire 2 and wire 6 back

{

With this relation of coils it is evi-
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to bus 8 and battery. This current ener-
gizes and causes the display of the line-signal
L, observing which the operator inserts plug
P 1n the jack J and by means of a listenine-
key (not shown) obtains the number wanted.
Having tested the line wanted in any suit-
able way, (by means also not shown,) if the
board be a multiple board and finding the
line wanted to be idle she inserts the plug P’
in jack J’ and proceeds to ring up station B
by means of a ringing-key connecting a suit-
&gle generator to line. Alternating ringing-

- current passes over line-wire 10 to bridge 4

20
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and through the bell Q. The subscriber B
answers by taking down his receiver, where-
upon the fact 1s announced to the operator by
the signal R’ in the cord. Current from bat-
tery o' now flows to both substations A and B

sthrough the cord, the line-signals being re-

stored to 1naction by reversal or neutraliza-
tion of current in their coils due to the oppo-
sition of batteries b and §’. At station B this
current passes through the transmiter and
the two sides of the bridge without affecting
the receiver, as before stated. It will be ob-
served that by this arrangement the receiver
can be made of any desired resistance with-
out affecting the main current-flow in the
slightest degree. The resistance of the coils
M M’ and resistances N N is halved, as they
are 1n parallel paths, while the coils M and M’
are in series for their inductive effects, giving
maximum efficiency for this purpose. When
the subscribers have finished their conversa-
tion, they simply hang up their receivers,
when current is at once cut off from signals

- R and R/, the change in whose condition at-
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tracts the attention of the operator and leads
to the withdrawal of plugs P and P’ and the
restoration of all parts to normal position.

In making the commercial forms of coils
and resistances which I have illustrated as
spread out In a triangular figure in Fig. 1 I
preferably place both coils M and M’ on one
core end to end, so that their inductive ef-
fects shall not be impaired, and in most cases
I also place the resistances N and N’ on the
same structure, making one magnet-coil to
handle, with four terminals m m’ n n’, con-
nected as shown in Fig. 2. The line-wires go
to the outer terminals and the receiver is con-
nected across the inner pair. 1 thus produce
a highly efficient and compact organization
for my purpose. _

In Fig. 1 I have shown at station B a con-
denser C’ inthe bridge-wire 3, and stated that
this was to prevent the flow of any battery-
current, through the receiver in case the coils
should get out of balance.

Having thus described my invention, what
I claim, and desire to secure by Letters Pat-
ent, 15—

1. In a telephone-exchange system, a cen-
tral station and a subscriber’s station with a

8183897 | e ) R

| current for the line at the central station, a

telephone receiver and transmitter at the
subscriber’s station and a Wheatstone bridge
circult connection for the receiver, having its
alternate arms containing inductive resist-
ance, those intermediate thereof non-induc-
tiveresistance, thereceiver in the bridge-wire,
the extremities of the bridge to line, and the
transmitter in series with the line and bridge,
whereby battery-current may flow through
the transmitter in considerable volume with-
out producing any difference of potential
across the terminals of the receiver, while

volce-currents produced in the line will be
forced practically all through the bridge-

| wire and the receiver.

2. In a telephone-exchange system, a sub-
scriber’s station and a central station with a
line-circuit interconnecting them, a source of
current for the line at the central station, a
telephone receiver and transmitter at the
subscriber’s station, and circuit connections
therefor so arranged that the entire supply of
current will flow through the transmitter,
while the receiver will be connected between
points of equal potential for constant electro-
motive force on the line, but unequal for
fluctuating electromotive forces.

3. A teTephone—circuit comprising in op-
eration 1nstrumentalities arranged in the fol-
lowing manner: two stations with a line-cir-
cult extending between them, acontinuous
current source in a bridge of the said line-
circult so as to furnish current to both sta-
tions in parallel, and a telephone set at each
station including a receiver in a Wheatstone

bridge balanced for continuous current but

unbalanced for fluctuating currents, and a
transmitter In series with the line and bridge.

4. In a telephone-exchange system, a cen-
tral station and a subscriber’s station with a
line-circuit interconnecting them, a source of
current connected to the line at the central
station, a telephone transmitter and receiver
at the substation, the transmitter in series

with the line, and conductively-continuous.

balanced-circuit connections whereby the re-
celver will have its terminals maintained at
the same or substantially the same potential
for continuous current in the line, but not for

fluctuating currents, substantially as de-
scribed.

5. In a telephone-exchange system, a cen-
tral station, a subscriber’s station and a line

interconnecting them, a source of continu--

ous current connected to the line at the cen-
tral station, a transmitter at the substation
connected to the line to derive operating-
current therefrom, a Wheatstone bridge also
at the substation having its terminals con-
nected to the line in serieswith the transmit-
ter, and a receiver in the neutral or bridge
wire, together with means whereby for steady
electromotive forces or changing forces of

65 line-circuit interconnecting them, a source of | low frequency the bridge remains balanced

70

75

80

90

95

100

105

110

I1§

120

125

130

-
[ TR a7 T e ML e g o A B kim -




10

15

20

- steady currents,

25

30

35

818,897 | >

and no current will pass through the receiver,
hut for high-frequency changing or alternat-
ing forces current will pass through the re-
cerver, substantially as described.

6. In a telephone system, a plurality of
subscribers’ stations and lines therefor, a
common source of current therefor, means to
interconnect the lines, a transmitter in series
In the line at each substation and a Wheat.
stone bridge connected to the line also at
each substation, a receiver in the neutral
wire of each bridge, and means to balance the
bridges for continuous currents but not for
alternating or changing currents, substan-
tially as described. | |

7. The combination with an energizing
source of electricity at the central office jn.
cluded in the line to furnish current to the
substation for conversational purposes, of a
circuit at the substation containing two
paths, both conductively continuous for
portions of both being
opaque to the passage of volce-currents, a
telephone-transmitter at the substation in
series with both paths, a telephone-receiver
In a balanced path composed of those parts
of the circuits not opaque to voice-currents,
and a signaling - bell, substantially as de-
scribed. ' -

8. The combination with an energizing
source of electricity at the central office in.

cluded in the line to furnish current for con- -

versational purposes, of parallel paths at the
substation both conductively continuous,
and each containing a resistance and a chok..

Ing coil, a transmitter included in the path of

the energizing-current, and in series with

both paths, a receiver connected across the
sald two paths between the resistance and
the choke-coil in each, and a call-bell at the
substation connected when the line is not In

use through a steady - current Iinterrupter,.

substantially as described.

9. A telephone substation apparatus com-
prising a transmitter, a switch-hook, a re-
celver, a series connection in the line for the
transmitter, and a Wheatstone bridge con-
nection for the receiver, the four arms of the
bridge containing equal resistances, but al-
ternate arms containing also impedances, to-
gether with a signaling-bell connected to line
through a steady-current mterrupter when
the line is idle, substantially as deseribed.

10. A telephone substation apparatus com-
prising a transmitter and receiver, and a
bridge connection for the latter composed of
two cous wound upon an iron core, and two
resistances non-inductive in character 2SS0~
clated with the coils, the coils and resistances
being alternately connected to form the four
arms of the bridge, the receiver connected
across the pomts between the resistances and
their associated coils, and the transmitter in
series with the entire bridge and the hine, sub-
stantially as described.

In testimony whereof I affix my signature
1n presence of two witnesses.

RAY H. MANSON.

Witnesses:
L. E. Hamivton,
S. A. BEYLAND.
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