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To all whom it may concern:

Be 1t knewn that I, FERNAND EMILE DE

- FaucHEUX DP'iluMy, a citizen of the United

e

States, residing at Englewood in the county
of Bergen and State of New Jersey, have in-
vented certain new and useful Improve-

ments in Telephonmic Repeating Circuits and
- Apparatus, of which the following is a speci-

fication, reference being had to the drawings

accompanying and forming part of the same.
One of the most serious difficulties met

~ with in telephonic transmission over long cir-

cuits is the unavoidable attenuation of the

~current, due to well-knewn causes, thereby

IS}

rendemng the action on tiie distant receiving
instruments correspondingly weak. Torem-

~ edy this drawback, it has been proposed to

- sections and to

20

 each section. .
fact, 1t 1s practically essentlelmthet such a
system be reelproeal-——that is, operative for

divide the _clrcmt irrto comparatively short
‘repeat’’ or reproduce the
current-waves in one section after another
from the transmitting end of the system to
the receiving end with a fresh source of cur-
rent and correspendm ly amplified waves in
It 1s of course desirable—in

" transmission 1n either dlrectlen at the will of

‘rection only

30.

the partles usml% the line and not in one di-

umerous systems .based on
this plan have been proposed; but so far as 1

am aware none of these numerous attempts

~ has been productive of practical results.

The use of relays with two line-circuits, as

- commonly employed, is produetwe onlv of

. 35

a sustained hum or Shrlek In the Instrument,
due to the fact that waves relayed from one

line into the other are relayed back into the

first, then again into the second, and back

'1nte the ﬁrst and are thus tessed back and

40

forth at the rate of the vibrating -attnnement
of the relays.

Furthermore, any reciprocal
repeater which sends weves ‘back Into the

originating or sending circuit causes distor-

0

‘their distorted form, thereby seriously 1m-

tion of the original waves.to a greater or less
degree, for the reason that the relay arma-

ture or diaphragm possesses a certain inertia

which causes it to lag sll(%htly behind the
waves which actuate it.

nating-circuit will be slightly in arrear of the
original waves, producing resultant distorted

waves, which are carried to the second line-

circuit and reach the receiving end thereof in

pairning the distinctness or clearness of the
Attempts

onsequently any
waves which the relay sends into the origi-

when the receiving-station desires to become

‘the transmitting-station, and vice versa; but

the net results have not been Sa,tisfeetery

FERNAND EMILE DE FAUCHEUX D'HUMY, OF ENGLEWOOD NEW JERSEY

.heve been made to evmd this dlfﬁculty by .
using one-way relays and automatic switches
to bring about the necessary circuit changes

6e

A reciprocal repeating system without au-

tomatic switches, but using instead, relays
with dlﬂerentlahzed coils, has also been pro-

6%

posed, each relay—megnet being thus made -

in its own section and not to currents set up
by it in the other section; but in order to

properly balance the dlfferentla,l windings
which are in series with their appropriate .

line-circuits the other differential windings

are put in serles with artificial-line loads

having resistance, capacity, and inductance
equel to the trensmlssmn—clrcmt Hence

responsive to currents from the transmitter

°

75

although the system referred to is actually
-remproeel in operation it fails to produce the

results for which a repeating system is in-

tended, for the addition of the artificial lines, o ;
8q

throu gh which the new currents must ﬂew

brings each circuit, in effect, up to the orig-.

nal total length of the line hefore it was ch-.'_

vided.
I heve therefore been led to devise my

_present invention, which has for its chief ob-

ject to provide, ﬁret a reciprocal repeating

system in whi ch the direction of transmission
is changed at the will of the parties using the

line by the mere act of speaking into the
transmitter without the use of automatic
switches; second, a system in which ampli-

fied enrrent-weves are sent.into the second
or recelving line circuit, but not in the first

90

or originating line circuit also; third, a sys-

tem 1n which reciprocal eperetlon may be ob-
tained with or without differentially-wound

relays, but without ettenuetmg the. current

by an artificial line in series with the receiv-

ing-line.
The nature of the invention by ‘which

these objects are attained will be more readily
understood from a -description of the pre-
ferred enrbodiments, which are 1lluetreted i

the annexed drawmgs wherein—
~ Figure 1 is a diagram showing the. pre-

95
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ferred form. Figs. 9 and 3 are dmgrems -'

showing modifications.

Referring now to Fig. 1, R and R’ indicate

two microphone releys of any sutable type,

with the usual local circuits L I/, but, hevmg-
_their receilving megnete wound differen-
tially, as indicated at 7 r’ and % () respec— '

110
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ings ¢ ¢ of transformers T TV.

;!\H':ﬂ

tively. C (' are the east and west telephone-
cireults, respectively, in which are the wind-
The other

- windings #* # of these transformers are in

i0
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series with the differential windings r 7%, re-
spectively, of the relays R R’ and are con-
nected thence to ground by way of the wind-
ings t* £ of transformers T? T2 In the cit-
cuits of the differential windings #* 7 of the
relays R R’ are the windings * # of trans-
tormers T* T% of the same electrical dimen-
stons as the transformers T T in the circuits
C.C’. The secondary windings of trans-
formers T* T® are in closed circuits or arti-

ficial lines A A’, each having resistance, in-
~ ductance,

26, and capacity equal to its respec-
tive line-circuit C or (. -
The operation of the system will now be
readily understood. If a voice-current be
produced in the telephone-circuit C, corre-
sponding current will be "induced in the
transformer T, 1n the winding #* thereof, flow-
g through the differential winding r of the
relay B, and thence dividing to the ground
through windings # and i® of transformers
1% and T4, respectively. 'The diaphragm of

the relay is thereby actuated in eerres]l:zlend- |

ence with the current-waves in the telephone-
circuit and causes fresh, stronger, and inde-
pendent but exactly similar current-waves
to be set up in the winding #* of transformer
. These current-waves flow to the relay-
magnet R’, where the current divides and
flows.1n opposite or neutralizing directions
on account of the equal loads on the two
branches of the magnet-winding. Part of
the eurrent thus divided flows to transformer
1% and artificial line A’ and thence to ground,
while the other part flows to ground through
the winding # (which now becomes a pri-
mary) of the transformer 1. The fresh

strong current 1n the primary ¢ induces simi-

_5 ]

lar-current with corresponding waves in the

other winding ¢, (now the secondary,) which
current-waves are propagated to the tele-
phoneincircuit C’. At the sametime no effect
1s produced on the relay local circuit L/ and
telephone-circuit C, sincé the relay R” is not
afiected. Consequently the voice- waves
originating in line C are reproduced 1n line
(’, inductively through transformer T, elec-
tromechan,cally and inductively through re-

lay R, and inductively through transformer

55

T/, and that without affecting in any way
the original waves in circuit C. Conversely,
by an exactly similar operation volce-waves

1in circuit ¢’ are reproduced in circuit C.

_60

Fig: 2 shows a shightly-different arrange-
ment in regard to the differential relays. In
this case the relay-transformers are each
provided with two secondaries t* and ¢°
which are connected to the appropriate dif-

. ferential windings of the other relay instead
- of g simgle secondary connected at the neu-

tral point of the other relay-magnet winding.

847,777

The embodiment shown in Fig: 3 is like
that of Fig. 1; but the magnets of relays R?

R*®* are not differentially wound, results
equivalent to those produced by differential

relays being secured by means of the trans-

formers T® T7, whose windings. #° £ are con-
nected at their middle points with the wind-

ings ¢ ©, respectively, of transformers T? T4

In this case current induced in transformer-
winding #, for example, flows to the middle
point of transformer-winding #°, where it di-
vides, half flowing to ground through the
transformer T® and the other half flowing to
ground by way of the artificial line A. The
current 1nduced in the other winding of
transformer T® actuates the relay R*. The
current thereby induced in the latter’s trans-
former-winding # flows to the middle point
of the winding " of the transformer T7 and
dividing there flows equally through the two
halves, one of which includes the trans-
formier T', and causes the current to be in-
duced or repeated. in line-circuit C’, while the
othier half includes (inductively) the bal-
ancing-circuit or-artificial line A’. The cur-
rents 1 the two halves of winding ¢!, how-
ever, afe. 1n .opposite .directions, and hence
neutralize each other so far as any effect on
the other winding of the transformer is con-
cerned. Consequently the relay RS2, al-
though mnot difierentially wound, is never-
theless unaffected, and likewise the originat-
ing-circuit C. In the same way currents
originating in line-circuit C’ will be repro-
duced in the other without affecting the
relay R2 ‘ '
From the foregoing description it will be
seen that the system in both forms is fully
reciprocal without the use of automatic
switches, the direction of transmission being
changed at will by the ‘act of speaking into
the transmitter of the receiving-station, and
that the amplified current-waves are pro-
duced only in the receiving-circuit C or ¢, as
the case may be, and not in the originating-
circuit. There can therefore be no deform-
ing of the original waves, with consequent
impairment of clearness at the receiving end
of the system, nor can current-waves be
thrown back and forth between the two cir-
cuits, with the objectionable humming or
singing. It will also be seen that the cur-
rents produced 1n the transformers T? T® di-

vide at the differential devices, which, as ex-

plained above, may be either relays or
transformers, half of the current influenc-
ing inductively the transmission line-circuit

| through transformer T or T, as the case may
be, and the other half inductively influencing

the respective artificial line, thereby bringing
the two influencing-circuits into multiple re-
lation with each other. The consequent at-
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tenuation of the current in such an arrange-

ment is only that due to the natural loss or

| straightening effect 1. the transmission-eir-
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cuits, which loss is much less than would re-
sult in a series relation. _ .

It 1s to be understood, of course, that the
arrangements herein described are merely
typical of the invention, which may be em-

~bodied in a great variety of forms without

10

1s

20

departure from its proper scope as defined by
the following claims. -

What I claim is—

1. Inareciprocal telephonic repeating sys- |

tem, I combination, a divided telephone-
line, differential repeating devices, and arti-
ficial-line loads, the said artificial-line loads
and the sections of the telephone-line heing
in multiple inductive relation to respective
differential repeating devices, as set forth.

2. In areciprocal telephonic repeating sys-

‘tem, in’ combination, a telephone-line con-

sisting of independent sections, repeating de-

vices having differential windings, portions

of their windings being in induective relation
to respective sections of the telephone-line,

and artificial-line loads in inductive relation |
to other portions of the windings of the re-

peating devices, as set forth. -
3. In a telephonic repeating system, in
combination, atelephone-line consisting of

independent sections, a device having differ-

30
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ential windings, one of the differential wind-
ings being connected inductively with one of
the line-sections, means for producing in the
sald differential device currents correspond-
1ng to currents in the other line-section, and
an artificial-hne load connected inductively
with another winding of the differential de-
vice, as set forth. o _ .

4. In a telephone repeating system, in
combination, a telephone-line consisting of
independent sections, a device having differ-
cntial windings, one of the differential wind-
ings being connected inductively with one of

“the line-sections, an artificial-line load con-
nected inductively with another winding of

the differential device, and a circuit in induct-

ive relation to the other line-section and con-

nected to the neutral point of the winding of

the differential device, as set forth.

5. In a telephonic repeating -system, in

combination, a telephone-line consisting of

independent -sections, a relay having a differ-
entially-wound receiving-magnet, one of the

differential windings being connected induct-

ively with one of the line-sections, an artifi-
cial-line load connected inductively with the

‘other differential winding of the relay receiv-

ing-magnet, and a circuit in inductive rela-
tion to the other hine-section and adapted to

~ produce currents in the relay corresponding

60

to currents in tae said hine-section as set forth.
6. In a telephonic repeating system, in

combination, a telephone-line consisting of |
independent sections, a relay having a differ-

| entially-wound receiving-magnet, one of the
differential windings being connected induct-
| 1ively with one of the line-sections, an. artifi-

cial-line load connected inductively with the

{ other differential winding of the relay receiv-

ing-magnet, and a c¢ircuit ininductive relation
to the other line-section and connected to the
neutral point of the windings of the relay re-
cerving-magnet, as set forth. o

7. In a telephonic repeating sy_stem, 1n

combination, a telephone-line consisting of

independent sections, a relay having a differ-
entially-wound receiving-magnet, one of the

differential windings being connected induct-

ively with the one of the line-sections, means
for producing in the said differential device

currents corresponding to currentsin the other
30

hne-section, and an artificial-line load con-
nected inductively with another differential
winding of the relay receiving-magnet, as set
forth. - S | -
8. Inareciprocal telephonic repeating sys-
tem, 1 .combination, a telephone-line con-

sisting of independent sections, repeating-re-

70
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lays having differentially-wound receiving-
magnets, portions of the differential wind- |

ings being in inductive relation to respective
Nole

sections of the telephone-line, and artificial-
line loads in inductive relation to other por-

tions of the differential windings of the relay -

recelving-magnets, as set forth. .
9. In areciprocal telephonic repeating sys-

~tem, a divided telephone-line, repeating-re-

lays having differentially-wound receiving-

‘magnets, and artificial-line loads, the sald
| artificial-line loads and the sections of the
telephone-line being in multiple inductive

relation to respective relays, as set forth.

- 10. In a telephonic repeating system, in
combination, a telephone-line a differentially-
wound relay having one of its differential
windings inductively - connected with the

telephone-line, and an artificial line induct- -

95
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ively connected with the other differential

winding of the relay and in multiple induct-

1ive relation to the telephone-line, as set

forth.

11. In a reciprocal telephonic repeating

1 TG

Syste'm, the combination with telephone-line

sections, of repeating-relays, each inductively
‘responsive to currents originated in its re~

spective line-section and unresponsive to ¢ur-

rents produced by i1t in the other line-section,

as set forth. o -
12. ‘In a telephonic repeating system, a re-

5

lay having a differentially-wound receiving-

magnet inductively connected with a trans-

mission-line and an artificial line, as set forth.

FERNAND EMILE DE FAUCHEUX IYHUMY.
Witnesses:

STURGES S. DUNHAM, .

THOS. J. BYRNES.
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