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To all whom it may concern:
Be it known that we, MAURICE HUTIN and
" MAURICE LEBLANG, citizens of the Republic
of France, and residents of Paris,France, have
5-invented certain new and useful Improve-
mentsin Telephony, (for which Letters Patent
have been granted as follows: in France Sep-
tember 4, 1895, No. 250,067; in Germany Sep-
- tember 13 1895 No. 88 708 in Austria Sep-
10 tember 16 1895 No. 46/ 018, in Hungary

Septembel 18, 1895 No.’5,660; in Belgium

- January 27, 1896 No. 119,552; in Switzerland
January 31 189b No. 11 881, in Italy Febru-
ary 6, 1896, No. 40, 845/138 in England Janu-
15 ary 29, 1890 No. 2,107, and in Spain February
7, 1896 No. 18 640, y) of which the following is

a speclﬁcatlon
Ourinvention has reference to a new method
of and apparatus for telephonic transmission,
20 which is applicable to simplex telephony as
well as to multiplex telephony and is in the
nature of an improvement upon the system

Of simplex and multiplex telephony shown :

and deseribed in our Patent No. 596,017,

25 granted on December 21, 1897, In the "said
former application we have shown-that it is

- practicable to obtain telephonic transmission
between two or more stations by normally
charging or exciting the line, and thereby the

30 -transmitters and receivels, with alternating
currents of a definite frequency and by modi-
fying either the amplitude or the wave form

of the normal currents by and in accordance

- with the sound-waves which are to be trans-

35 mitted.

Heretofore, before the invention of the sys-
tem of telephony set forth in our aforesaid ap-
plication, telephone-lines or the transmitters
associated therewith were either normally not

40 charged or excited at all or; if normally ex-
cited, were so excited by continuous current,
so that the invention shown in the said ap-
plication is distinguished from all former sys-

tems by the use of normally-maintained al-

45 ternatm«r currents in the transmitters and re-
ceivers. -In thesaid alternating-current sys-
tein of telephony, however, the normal alter-
nating currents had to be of such frequency
"as not fo m'oduee by Lhemselves sufficient

sound in the receivers to prevent the success- 50
ful transmission of speech.

One part of our present invention dlﬁers
from that set forth in our aforesaid patentin
that the normal or exciting currents which :
are maintained are made to so act upon the 53
receivers that no sound or, at least, no dis-
turbing sound is produced by them what-
ever be the frequency of the currents em-
ployed so long as they are not modified by
the action of the transmitters.” For attaining 6o
thisend we employ multiphase currents acted

-upon by a multiphase transmitter and actu-

ating a multiphase receiver.
It is well known that the amount of energy
transferred by any symmetrical system of 65

- multiphase currents is normally constant

from instant to instant. It follows from this
that it is possible to so organize a receiver
that noappreciable vibration of its diaphragm
is caused by the passage of the exciting multi- 7o
phase currents if the effective value remains
constant, while at the same time any suitable

i variation in the magnitude of the exciting-

currents caused by creating voice-waves be-
fore a properly-arranged transmltter will set 75

-up vibrations in the receiver-diaphragm. We

thus secure the advantages of the improved
system of telephony disclosed in our above-
mentioned patent and avoid the limitations

of the same or the objections that might be 8o
urged against the same.

It will be seen that ourimproved system of
telephony as thus far indicated involves the
prodaction by the action of a suitable trans-
mitter excited by multiphase currents of cer- 85
tain electrical variations corresponding to the
sound to be transmitted. We call such va-
riations * speech - waves.” These speech-
waves in accordance with the above defini-
tion are'in reality nothing but the variations go
of the effective value of the alternating ex-
citing-currents of given flequency produced
by the actionof a transmltter upon these cur-
rents.

It-will be shown more fully hereinafter that 95

- it is necessary that the exciting-currents in

the receiver should be of the same frequency

and of the same phase as the exciting-cur-
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rents used at the origin for the excitation of

the transmitter. We have discovered that
spesch-waves generated by the actioun of a
traoamfitter excited by a current of a given

§ frequency can be used to produce speech in
& receiver only when the Intter is excited by
currents.of the same frequency. If this cou-
dition is ‘fulfilled, proper telephonic trans-
mission results; butif the frequencies of the
exciting-currents in transmitter and receiver,
respectively, are different the receiver will
cease to reproduce the sounds acting upon
the transmitter-diaphragm. When these fre-
“quencies are different, the sounds produced
t5 by thereceiverwill be urtintelligible, and if the
difference of these frequencies becomes suf-

1o

ficiently great the receiver ceases to produce

sound. These principles are utilized.in our
improved system of multi plextelephony. We
30
- Bpeech-waves in the manuer above described,
using at each transmitting-station exciting-
currents of a different frequency and trans-
mituthese different sets of speech-waves over
a single set of line-wires aud cause each set
of speech-waves to sct Gpon a separite re-
ceiver, and we excite each of these receivers

2§

" by alternating currents of a frequency corre-

spouding to the frequency of the exciting-cur-
reuts of the coordinated transmitter.

" Suppose the frequency of the exciting-cur-
rents of & particular receiving-station to be
@. It is obvious that when several of the
transmitters are im operation the receiver of
this station may be exposed to the action of
the speech-wuves generated by an exciting-

3o

current of the frequency @ and also to. the.

action of speech-waves generated by exciting-
currents of other frequencies.- It will here-
FU)

@ will combine with the receiver exciting-
. currents of the same frequency to produce
the proper sounds in the receiver; while the
speech-waves generated by exciting-currents
of other frequencies will practically. ‘fail to
affect the receiver-diaphragm. It therefore
appears that our invention contemplates the

45

.generution of & number of speech-waves by
exciting-currents of different frequencies, the.
transmission of the speech-waves over a set.

50

of line-wires, and. & combination of .these
speech-waves in a plurality of receivers with

exciting-currents- of frequencies so chosen

55 thist they will in each receiver reinforeceé or
bring out the-particular speech-waves to

- which it is desired that that particular re-

- ceiver shall respond. - S

6o call system particiilarly adapted for use in

connection with our multiplex system -just

described, all of which will more .fully ap:’
pear from the following detail deseription’

with referencg to the annexed drawings, in
:5 which-~ - R itueko bt

Figure 1 is a.'vi’ew,‘ v'béiftly. in s‘e'ctit"m', of an.

improved transmitter adapted for use in our

-cluding the calling devices. . -

generate at various transmitting - stations:

inafter appear that the speech-waves gener-.
ated by the exciting-current of the frequency.

“metrically opposite magnet-cores 6 6’ are con-

-independent circuits whose coefficient of mu-

A .. - I The arrangement ahd connections of oar
Our invention also comprises animproved

system. Fig. 2 is anend viewof the receiver

with the mouthpieceand diaphragm removed. . -
Fig. 3is a central vertical section of the same, yo
Fig. 4 is a diagram of our improved system .

-ofsimplextelephony. Fig.5isanillustrative

diagram of arrangement of apparatus serving
as a basis for theoretical considerations. Fig. . .
6 is & general view-of ourimproved system of 75 .
multiplex télephony without.the calling de-

vices. Fig. 718 a diagram of the complete;

equipment of a single station.. Fig.8isadia-
&ram of our improved multiplex system, in- -

. 'In Fig. 1 is shown a microphone-transmit-. .-
ter 24, which may be -of any preferred type,
but is-here shown as ¢omposed of a number:
of carbon blocks 1 1/, connected by carbon -
pencils 2 2/, mounted on the sounding-board 8§
8 and arranged in two distinet circnits. In . ,
the form shown the blocks 1 and pencils 8 -
constitute & part of one circuit, having ter-
minals at the binding-posts 4 35, while the -
blocks 1’ and pencils 2’ constitute part of an-- 90
other circuit, having terminals at the bind-. . -
ing-posts 4' 5'. Auy vibration of the sound-
ing-board will canse simultuneous and simi-
lar variations of the resistance of each of .the
two circuits. "This structure represents, in g5
effect, two microphones having a soundipg-
board  common to both. 1t'is evident that -
this is the equivalent of two entirely inde-
pendent microphones, which are s¢ arranged
that both are affected by the sawe s6unds si-
mulianeously. C o L
The construction of the receiver 23 is shown o
in Figa..2 and 8. In this structure 6 &' and

100

-77"aresymmetrically-arranged soft-iron cores - .
.mounted on the soft-iron yoke-piece 8, which.
is composed of nested ring-laminse, as shown,

It will be seen that the free ends of the cores

dre enlarged to form pole-pieces.  The cores,

with their pole-pieces, are split to prevent .
eddy-currents. Each core is wound with a r1o
bobbin such as 9 1u 10", &e., the leading-in - .
‘wires being carried through the opening 11in
the case 12, as shown in Fig. 2.- The dia-

‘phragm 13 is similar to that used in an ordi- .

nary receiver. The bobbins upon the dia.—_u;

nected ‘together, preferably in series, as are

‘also the bobbins 10 10', on the diametrically

opposite cores 7 7', constituting parts of two

tual induction is practically zero. The con--
nections are so-made thay a current which
will create a north pole in 6 or in 7 will create
# south polein 6’ orin 7, . -~ . .- s
125
system in- its simplest form will be ander-

stood by reference to Fig. 4. In this figure -

‘the transinitter 24 may be similar in form to:

the transmitter shown .in Fig. 1, but is here .
more simply indicated. as consisting of a dia-
phragm 3, a pair of contact-blocks 1 Y, and - -

‘a second pair of contact-blocks 2 2';'bearing -
{pon the contact-blocks 1 1, '
| 23 should preferably be of the form shown in .

The -receiver

105
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Figs. 2 an«i 3, but is here ghown, for conven-
ience of iliustration, as consisting of the two
bobbins 6 and 7, with their cores arranged in
proximity to the diaphragn: 13. The trans-

mitter-ccntacts 1 2 are connected in series |°

with the receiver-bobbin 6 and with one of

_ the circuits of the two-phase generator 14,

[{-]

15

20

- and the attraction upon
receiver will be constant.” The diaphragm.
will be bent toward the cores to a certain ex:’

30

35

40

while the other pair of transmitter-contacts
1' 2' are gonrected in series with the receiver-
bobbin 7 and with tbe other circuit of the
two-phase generator 14. This two-phase gen-
erator may be of any ordinary type and may

“have its field-magnets excited from a source

of direct current 15. It is designed to main-
tain upon the line and . in the bobbins of the
receiver quarter-phase currents of constant
frequency and constant potential.. Suppose
the currents passing in the two circuits thus
constituted when the transmitter-diaphragm
is as rest to be represented by. the equations

i=Isin27&ér
and S

=Jcos.2m@t
Since these currents are in quadrature and
the two sets of receiver-magnet coils are dis-
placed by ninety degrees, (see Fig. 2,) a ro-
tary field will be produced in the receiver,
the diaphragm of the

tent, but will not vibrate so long as the sum
of the energies of the line-currents is constant.
The conduectivities of the twoeircuits in which
these currents ¢ and ¢’ flow will be practically
the same and will be.constant so long as the
transmitter - diaphragm is at rest: When,

however, the diaphragm is caused to vibrate, .

sitnultaneous and equal changes in the con-
ductivities of the two circuits will be pro-

" dunced. Each of these conductivities will be

45

equal to a constant plus a time function de-
pending upon the sounds acting upon the
transmitter or when K is the conductivity of
eachof thecircnits, including the microphone-

. gontacts -

50

- 6o

65

"K=C4s ().
Designating the®lectromotive forces gener-
ated byYhe alternator and acting upon these
two circuits by ‘

e=Esin 27 wi
and

¢=Eecos. 27wl
and supposing the self-induction to be negli-
gible in comparison with the resistance, the
currents passing when sound is being trans-
mitted will be o
i=Keand? =X¢,

i=[CH+f(H] Esin2m@f
#=[C+fB]Ecos. 27wt
The attraction-developed on the plate will be

) CE=kR@E4,
where k is a-constant depending on the par-

or

and

]

ticular receiver, or, substituting herein the
values of ¢ and ¢’ and reducing,
F=kLE [C+2Cf )+ (D]

In an ordinary Qelephdne-receiver with a
permanent magnet-core the magnetic fluxes
are the sum of the magnetic fluxesdeveloped
by the permanent magnet and also by the
telephonic current flowing in the coil, - If ¢
represents the first of these magnetic fluxes
and @ (£) the second, the attractive force act-
ing on the diaphragm will be equal to -

Klg+e OPR=F[r+29 9O+ 0)
where %' represents a constant. Of the terms
of this equation ¢ is constant and ¢@* (f) is
negligible, being the square of a small quan-
tity, so that the term 2 g @ (f) is the expres-
sion of the only attraction which causes ap-
preciable motion in the plate.

- Returning now to the equation for the force
actingon the diaphragm in our improved sys-
tem, in which the cores are of soft iron and
have no permanent magnetism which we
found to be ;

CF=kE[C+2Cf )+ O]
we observe at once that it is of the same form
as the equation jusb considered. The term
L E? C? corresponds to the term k' ¢?in the
equation of the ordinary receiver and repre-
sents the constant pull which is produced by
the magnetism generated in the soft-iron core
by the action of the two-phase currents when
the volume of these currents is not varied by
the transmitter. The second term % E? 2C f
(¢) corresponds to the term k'2g @ (f) in the
equation of the ordinary receiver and rep-
resents the pull which reproduces speech.
That it does reproduce speech is evident f:om

the fact that it is a simple function of the vi-
brational period of the transmitter-diaphragm.
The third term k E? f2 (f) corresponds to the
third term k' @* ({) in-theequation of theor-
dinary receiver and is negligible, as in that-
case. This demonstration shows that a sys-
tem constructed as:-shown in Fig. 4 will re-

‘| produce spéech, and.that the original alter-

nating- currents will not affect the receiver-
diaphragm, solongastheir values remain con-
stant. We have thus shown how it is possi-
ble to provide a practical and operative sim-
plex system, which may be excited by alter-
nating currents of any frequency whatever,
though we prefer in practice, for various rea-
sons, to so design the generatorsin all of the
systems described in this application that the
‘frequencies of the exciting-currents are lower
than the frequencies corresponding to the
 lowest tones within the range of the average,
human voice, but well within the limits of -
.audibility. The system thas constructed is,
however, open to the objection that for trans- -
mitting a single
‘at least three line-wires are required for & .

| 8 ground retura. is smployed two line-wires:

telephonic message four or -

complete metallic ciredit;and thateven when.-



must be \1sed but, this dlsadvantage dlsap-
pears when the system is multiplexed, as will
be presently described; but before proceed-

.-ing with this descnpt,mn it will be useful to

10

consider what would be the result if, in asys- |

tem such L 88 has been- above descnbed the
alternatingcurrents which excite thereceiver

“had-a frequency different from that of the
alternating currents which excite the trans-

mitter. Toillustrate the effects'which would

_-be produced under these eondntlons, we have

' -imagined the systemshown ini Fig. 5, in: which |
.1 21'-2" are the microphone- contacts, as be- |

15,7

‘20

fore, and 6 7 two of the coils of the receiver.

These coils are.fed with two-phase current of ;
constant volume and of the freguency o from-

the generator 14, Their terminals are also

connected in multiple with the microphone- |
contacts through the line and the condensers. |-
- The microphone-contacts are: fed with

1516.

"two-phase currents of the frequency ' from

.the generater 14'."

25
0

35

49 and

oppose the Dassage of currentsof the frequen- .
cies wand &' withbut materially opposing the

-.. passage of the superposed currents of the |
Jhigher frequencies neeeSSary for.the produc-.-

tion of speech.

The constant currents f urmshed bythe gen- |

erator 14 to the coils 6'7 .may be represented: !
by the equatlons e :
. ]— J sin..2 7; ol
and
' J =J cos. 2 T wl

Suppose - that the currents firnished: by the

generator 14" to'the microphone-contacts are
pracuea]!v constant and of the values

m=Msin. 2w ' (.

an' =M cos. 2 v 4 m' [

_'Suppose also that the resistanco of each of .

45

‘the mlcrophones is

=4 s (0.
The difference of potential between the mi-
crophone-contacts and: ther efors the electro-

.motive-force impr essed upon each of the coils

. 50,
. self-indaction of the circuits to be negligible ;

6 and 7 by the generator 14, supposing the

- in ecomparison with their resistance, will he-

: n—[/ + 7 (/)]'\[sln 27w ()

Cand -

- 55 8

: The electroinotive forces expreqsed by the |
- first terms of each of these equations—that’
is t0 say, the electromotive forces produced -
6o’
- ren

65

n = [r +f (6] M cos. 2”(1)[

by the mere passage of the multiphase cur-

crophone- -contacts will have no effect upon
the. receiver, owing to the presence of the

condensers 15 16, whose eapacities. are oo |
small to permit t,he passage of such currants...

- The electromotive fotces represented by the

~seoond. terms, however—that is to 585 the |

Thecondensers 15 16 are |
supposed to be of such capagcity as to strongly !

from the generator 14' through the mi-’

628;246

electromotive. forces of var muons of elect,lo-
motive force produced by the variations.of re-
sistance-of the microphones—will, being of
| sufficiently high frequency, cause currents
‘to.pasgthrough thecondensers to the receiver.
There will therefore flow. from the transmit-
‘ter to the receiver currents whose volumes
may | 'be expxessed by the formulas

r._\f (f)sm 2wl

£=Xf(t) coni 2 vt

whele X is a constant depending on the con-
‘ditions of the circuits, the electromative force
of the generator 14', &c.; but the currents
ﬂowing in the recewer-coﬂs when the trans-
mltter is at-rest are, a3 we have seen,

/-—'Jsm rmto-

| and-

“and -
. 4]

}—J(,os 27 wi.

“The pull on the p]nte 13 will then be
"'—-K' f[Jsin.27 WX (f)sin2 7 u"t]"-{-
“[Jeos. 2w t+ X f (f)vcos 2ma )2

Thls reduces to , .
=K' F42 J X (t)cos 27 (6 o) I-Jr
X (0]

2.

when K is & constant dependulg among
‘ ‘other. things, upon'the ‘relative positions of

the plate and the cores. If we compare this

" expression with those of theordinary receiver

- and-of the receiverin the first-described sys-.

“‘tem, both of which equations are developed

abov e,.we seo at once that the only pull which
I can- produce audible sound is that whlch is
" represented by the term- -

g K2IXf (1) cos, 2 7 (@ — @) b |

. It will be seen that the intensity of the sound
| conespondmg to.such pulls will present two
@~ ' beats per second. Wae find in practice
‘ that 1t is sufficient to give to this frequency

i w—c'a vq,lue -much below the lowest tones to

‘ be-transmitted in-order that the forces tend-
‘ing to'modify these sounds shall render them
unintelligible. . "The buzzing in the. receiver,

that of the:ordinary sounds heard in the.tele-
phone, does not .interfere with -the perfeet
comprehenston of - speech correctly repro-
.duced. Tt follows from these considerations
‘thatin our system (w—') should be zero in
order to reproduce speech with perfect clear-
ness and that w— o' must havea certain mini-
‘mum value. in order that the receiver may re-
produce the sound in an intelligible manner.

This requirement may be formulated in the
“following rule: Whenever the receiver is ex-
cited by currents of ‘the same frequency as
-the- transmitter; speech will be reproduced;

but when thereis a difference between the
frequencies of the two exciting-currents and
this difference attains a value aboveacettain
minimum value, but much smaller than the
freqnenoy of the lowest tones‘of tbe human

o

“the intensity of which not being superior to
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voice, the receiver will be plaetlcally .sllent
Ourimproved multiplex system is based upon
the conclusion just-reached. In its esscen-
tial elements it comprises a number of trans-
mitters and a npmber of receivers, prefer-
ably arranged in multiple upon one set of
ling-wires.. Eachtranswmitterissupplied with
an exciting-current of a particular frequency
and sacts to sead upon the line speech-waves
produeed by its action upon such current.
The frequencies of these exciting-currents
are so chosen as to bring the difference of
their frequencies within the rule above enun-
ciated. It is then arranged that each re-

ceiver is supplied with an e\extmv current of

a frequency equal to that of the Transmitter
to which it is intended that it should respond
and with no other exciting-current. In'such
a receiver and in such a receiver only will

- the speech-waves prodaced by the action of

this transmitter produce audible and articu-
late sound. Each receiver thus responds to
the transmitter or transmitters excited by
eurrents of the frequency of its own excmn«v-
currents and to no others.

Fig. 6 is a diagram of our improved multi-
plex system. 18 19 are the conductors, car-
rying sine and cosine curxents, l'especuvely
The generators 20 21 22 supply, respect,wely,
to ths line currents of the frequencies ® o'
a*, The telephone-stations A and A’ are
designed for the frequency o, the stations
B and B’ for the frequency @', and the sta--
tions C and C' for the frequency «® The
station A is provided with a two-phase re-
eeiver 23* and a two-phase transmitter 24°,
whose eircuits are connected in series be-

tween thelinesand the common return, which

may ke through the earth, as shown, or may
be through a return-wire R. (Shown in dot-
ted lines. ) The transmitter and receiverare
prcfelably similar to those shown in Figs. 1,

2, and 3. Interposed in these cucmts are
the electric resonators 25* 26°, composed of
the self-induction coils 27° 287 and the con-
densers 29* 30°. These condensers and self-
induction coils are 'so adjusted that the
branches in which they are located from line
to earth are resonant for the frequency w

In multiple with these resonators are placed

the condensers 31°* 32%, respectively, each of

such capacity as to allow the speech-carrents |

to pass, but to practmally shut off currents
of the frequencies w ® «? The arrange-
ment of the cobrdinate station A’ is the same
as that of 4, and the parts are correspond-
iugly letteyed The arrangements at B and

B’ ate similar; but the coils 27° 28° 270 28’ |
30v are ad--

and the condensers 29> 3Qr 29
Jjusted to respond to the frequency «'. The
corresponding parts of stations C and (o] re-
spond to the frequency w®

Iz order to insure that the generators 20 21
22 shall furnish currents closely following the

sine law, we preferto place in each of thelr.
cireuits powerful resonators 33 33, éach tuned -

to the frequency of its particular generator.

]

We also prefer to give to these "enel'ators a
highiuternalim pedance forrcasons which will
shon tly appear. It will be scen that the nor-

“mal effect’of these generators is to supply te

each of the transmittersand receivers through
the tuned cirenits 25* 26%, &e.,sine and cosine
currents of constant elecl;romotwe force and
of eonstant volume. Aswehaveshown above,
these currents will have no effect upon the re-
ceivers. Suppose now that speech is deliv-
ered before the transmitter 24* at station A.

This will vary the volame of the current of
the frequency & flowing to earth at that sta-

‘tion, and thus vary the output, and conse-

qnently the terminal electromotive force of
the corresponding generator 20, which, as
stated above, should have a high internal im-
pedance. The result will be to superpose on.
the currents already flowing on the line those
other currents, which we term ‘‘speech-cur-
rents,” whose amplitude is a funetion of the
time. Thesespeech-current$ will flow to earth
through all of the condensers 31 322’ 31*'31"",

&e., and through all receivers.  In the re-
céiver 23+ .these_ waves, since they come from
a microphone excited by currents of the fre-
quency @, will combine with or be reinforced
by the currents of the frequency w already
flowing to earth through the condensers 290
30* and coils 27*' 28" to produce speech, the
action being essentidlly the same as in the
form shown in Fig. 4 or asin the form shown
in Fig. 5 in the special case where w= &';
but these speech-currents flowing to earth
through the other receivers 23%, &e., will in
these other receivers combine with the cur-

70

75

8o

85

9o
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rents of the frequencies @' and ®* and will -

fail to produce speech in these receivers, as
shown above in .connection with Fig. 5, since
the differences (@ — &'), (& — o?), &e., fall
within the values defined by the rule above
enunciated. e thus-arrive at a system in
which n pairs of stations may be served over
a single pair of wires with an earth-return
or over three wires with a complete metallic

eireunit, each station being in connection with-

its coordinate station and independent of
every other station on the line. While the
number 7 may in theory be enormous, yet the
practical difficulties of properly adjusting the
resonant circuits will prevent it from becom-
ing indefinitely large; but we find it possible
by the use of our improvements to very ma-
terially increase the amount of service ren-
dered by a pairof wires. Inthe system shown
n has been taken as three for the sake of sim-
plicity in the drawings; butin practice it may

be greater, and we do not limit ourselves-to.

any partleular number of pairs of stations.
Fig. 7 shows a complete station in its pre-
ferned form with calling devices, while Fig.
8 shows ‘a system consxstmg of three pairs
of stations with generators, transmitters, re-
ceivers, calling-generator, call-bells, ealling=
switches,“&e. In these figures, 23 24 and 23*
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and 24*, &ec., are the receivers and transmit- -

ters, respectively, as before. 25 26 and 25



26*, &ec., are the selective or resonators, com-
posed of the condensers 2930 29* 30>, &e., and
the self-induction coils 27 28 27* 288 &e. 31
32 31* 32+, &e., are condensers in branch cir-
enits, so proportioned as to allow the speéech-
currents to pass, while shutting off current
of the frequencies @ &', &e. E E are the
_earth connections, for which a common me-
tallic return may obviously be substituted,
as in the system shown in Fig. 6. 20 2] 92
are the three two-phase generators deliver-
ing, as before, currents of the frequencies w,

@', and @? respectively. ‘Thus far the ByS8-
tem is the same as that already described in’

connection with Fig. 6; but it is necessary to
provide some calling device, which, as shown
more clearly in Fig. 7, may consist of a bell
34 of the well:known Abdunk Abakanowicz
type, or any other bell capable of heing oper-
ated by alternating currents. These “bells
may be placed in branch circuits from one of
thé mains, as- 19, in series with.a resonator
35 and supplied with current from the ANK
iliary generator 36, as shown in Fig 8. This
auxiliary generator may be of the single-
phase type,fu rnishing currents of a frequency
¥, which frequency is. preferably lower than
the frequencies @, @', and @*®. The resonant
branch circuits in which the bells 34 34" 34°
34" 34° 34 ure included are all tuned to this
frequency ‘¥ but, as will appear helow,
these circuits all contain two in terrupters or
switches, and it.is only when both of these
are closed at any particular station that the
‘bell rmgs, . - :
Referring more particularly
which the parts are shown on a
37°38 are.hooks on which the receivers are
hung, as we prefer to duplicate the receivers,
as is well understood in the art. If a'single
receiver is used, the necessary single changes
in the arrangement will be obvious. Toavoid
complicating ‘the - diagram, we have only
shown the electrical connections for one of
-the receivers, which may obviously be con-
nected in series or in multiple. The hook 37
carries on its undersurface theinsulated con-
ducting-plate 39, and a contact- point 40,
electrically connected to the bett 31, is soad-
justed that when the receiver is on the hook
the plate is in contact with the point. ~ This
plate 39 is electrically connectedt) the con-
tact-poiut ‘41, normally held away from the
contact-plate 42 by the core 43 of a-solenoid.
The contact-plate 42 is connected to earth.
In order that the bell 34 may ring, it is evi-

to Fig. 7, in
Iarger scale,

dently necessary that the point 40 touch the-

plate 39 and .that the contact 41 touch the
contact 42. To accomplish these results, it
18 necessary that the receiver be on the hook
37 and that the solenoid be sufficiently de-
energized to allow the point 41 to bear upon
the contact-plate 42, This solenoid is wound
with two coils 44 45, connected, respectively,
in series with the resonaters 25 26 and with
the transmitter and receivers. These coils
Aare therefore normally energized at each

638,346

station by the line-currents of
quency; but the coils 44 and 45, as well as
the transmitter and receivers, are shunted by
the circuit 46, wlich is normally open, but
‘which can be closed by the switch 47.
Suppose now that the operator at station A
(see Fig. 8) desires to call the cobrdinate sta-
tion A’. He closes the switch 47%, which im-
wediately forms a short cireuit for the line-
current of the frequency @. The terminal
voltage of the generator 20 drops and the
coils 44*' 45* at the station A’, which can only
be energized by the currents of the frequency
@ from this generator, owing to the fact that
they are in series with the resonators 25* 26,
cease to hold up the core 43*. The contact-
point 41*" accordingly drops, onto the con-
tact-plate 42*'. The-branch circuit of the
bell 34* is thus closed and thé bell rings. . At
the same time -the eoils 43* 44* at station A
are deénergized and The bell 33*
but at the stations B B' C C', which are not
but depend for their action upoh currentsof
the frequencies @' and w? the coils of the
solenoids are=till euergized, as the wire 46*
does not form a short circuit for currents of
these last-named frequencies. In this way
the conjngate stations only can eall each
other. The receiversare now taken from the
. hooks, which_are retracted by any suitable
- device, 48'by the weights 48 49, _The circuit
of the-bell is thus opened and at the same

‘hooks and cut-out the coils 44 45, whose im-
The bells  then stop ringing and the line is

that the essential feature of this calling ap-
paratus is that a local eircuit is closed at one
station by short-circuiting at another station

use of a bell responsive to alternating cur-
rents.in multiple with: the lineand energized
by a low-frequency generator is not essential,
theugh it forms a convenient arrangement
and obviates the necessity of local batteries,
nor is, indeed, the use of any bell essential,
as the solenoid-core 43 forms itself & visual
signal, which may in some cases be suffi-
cient. It will also be understood that while
we have described and illustrated our inven-
tion as practiced with symmetrical two-phase

such-currents. Nor are we restricted to the
particular forns of apparatus shown and de-
scribed, since these can be variously changed
withoutdeparting from ourinvention. Thus
itis obvious thatin placeof. twin microphones
other kinds of transmitters may be used and
that any receiver capable of ‘having a con-
stant rotary field developed in it may be sub-
stituted, for the construction specifically
shown . nd described.

Havitg now fully described ourinvention,
we claim-——. -

acted upon by cufrents of- the frequency o, |

pedance would .render conversation difficuls.’

.ready forconvérsation. It will be understod |

the proper fre- -
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also rings; -

) {

time the points 50 51 make contact with the

the line-currents of a given frequency. 'The
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currents we are not restricted to the use of

1. The rethod of.t'mnsmiﬁjng sound by
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electricity which consists in producing upon
a line alternating currents the sum of whose
normal energy is su bstantially constant from
instant to instant, and varying such energy
by and in aceordance with sound-waves, sub-
stantially as deseribed, .

2..The method of telephonic transmission,’
which consists in supplyinga line-circuit with
alternating currents the sum of the normal
energy of which is substantially constant
from instant to instant, modifying said en-
ergy by and in aceordance with sound-waves,
and translating the modified energy into
sound-waves at a distan
as described.

3. The method of transmitting sound by :

electricity which consists in generating a plu-
rality of dephased alternating currents, the
sum of whose normal energy is substantially.
constant from instant to instant, causing si-
multaneous variations in the said eurrents
by and in accordance with the sound to be
transmitted, and translating the said varia-
tions into sound-waves, substantially as de-
seribed.

4. The method of transmitting voecal and
other sounds telegraphically, which consists
in generating and supplying to a line-eireuit
dephased alternating currents, the sum of
whosenormal energy issu bstantially constant
frominstant to instant, modifying theamount
of energy transferred by said currents by and
in accordance with sound-waves, and trans-
lating the modified electrical energy into
sound-waves at a distant point, substantially
as described.

5. The method of transmitting local and
other sounds telegraphically, which consists
in producing, upon a line, currents by and in
accordance with sound-waves, by the action
of the latter upon alternating currents of a
given frequency; combining the sound-cur-
rents thus produced, at a distant point, with
alternating currents of the same given fre-
quency, and translating the resultant eurrent
into sound-waves, substantially asdeseribed.

6. The method of- maultiplex telephony,
which consistsin producing upon a set of line.
wires a nomber of sets of 8peech-currents,
each by and in accordance with independent
sets of sound-waves, by the action of each of
the latter upon alternating currents of a dif-
ferent frequency; combining at. a distant
point or points, each set of speech-currents,
thug produced, with alternating currents of
such frequency as will combine with :the
speech-currents to reinforce the same? and
translating the resultant currents into sepa-
rate sets of sound-waves; substantially as de-
scribed: ‘ T ,

-7.-The method of multiplex telephony,,
which consists in generating a plurality of al-
tetmating currents of different frequencies,
producingspeech-currents from said alternat-
ing currents-by and in accordance with inde-
pendent sets of sound-waves, and combining
the action of these speech-currents, in a plu-

t point, substantially !

i multiphase currents of

| frequency only,

‘instant to instant,

‘substantially as described. &

rality of separate receivers,
of exciting currents of such
reinforce, in each particular
tion of one set of speech-en
tially as described. .

8. The method of multiplex telephony
which consists in generating a plurality of
different frequencies,
impressing ‘said currents upon line-wires,
varying the impedance of a pluarality of reso-
nant shunt-circuits in accordance with the
different sonnds to v
by creating on the lines speech-currents, de-
livering said speech-carrents to a plarality
of receivers, and delivering also to each of
the said receivers multiphase currents of one
corresponding in each to the
frequency of the current in the shunt-eireuit
to which the particular receiver is to respond,
substantially as deseribed. .

9. The method of operating a signal or sig-
nal-controlling device u pon & circuit on whieh
alternating currents of different frequenciés
are maintained, ‘vhich consists in normally
maintaining said signal in one position by the
action of currents of one of
and selectively shunting the currents of the
said frequency when it is desired to operate
the signal, substantidlly as described. ' -

10. The method of multiplex signaling,
which consists in maintaining upon a line al-
ternating currents of different frequencies,
maintaining each signal in one position by the
action of currents of oue of said frequencies,
and selectively shunting the currents of a
particular frequency when it is desired to
operate a particular signal, -substantially as
described. o -

11. In a telephone system , the combination
of a plurality of lines, with a nultiphase re-
ceiver, a multiphase transmitter, -and a gen-
erator of multiphase alternating currents,
the sum of whose normal energy is substap-
tially constant from instant to instant, all
connected to the said lines, substantially as
deseribed. o

12. In atelephone system,

with 'thé action
frequency as to
receiver, the ac-

the combination

with a souarce of alternating current the en-

ergy of which is substantially constant from
a transmitter adapted to
modify said energy in accordance with the
sound to be transmitted, a connection from
said transmitter to a'set of line-wires, and a
receiver connected to said line-wires, substan-
tially as deseribed. - :

13. A telephone receiving instrument, con-
sisting essentially of a diaphragm and means
for producing a rotary magnetic field in in-
ductive proximity to the said diaphragm, sub-
stantially as described. . :

14. A telephone-receiver comprjéing a dia-

rrents, substan-,

be transmitted and there-
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phragm; a plurality of soft-iron geores wound

with coils for the reception of multiphase
currents for the produetiortof -a’rotary mag-
netie field, and: a ring-yoke, common".to all
the cores, and composed. of -

nested laminsm,

130



15. In asystem of multiplex telephony, the
combination with a set of line-wires, of means
forsimultancously impressing thereonspeech-
currents by the action of transmitters upon
alternating currents of different frequencies,
receivers connected to said line-wires, and
means for supplying to each receiver an al-
ternating current of a frequency correspond-
ing to that of the current acted upon by the
particular transmitter to which it is to re-
spond, substantially. as deseribed. - o

16. Ina systemof multiplex lelephony, the
combination of line-wires with a plurality of
multiphase alternating generators connected

thereto, transmitters and receivers, connec-

tions so arranged that each transmitter aats
on multiphase currents of one fiequency only
to produce speech-currents,and means where-
by each receiver issupplied with speech-cur-
rents, and with multiphase currents of one
frequency only,substantially as described.

17. In a system of multiplex telephony, a
plurality of receivers, means for supplying
each receiver with speech-currents produced
by theaction of microphonesupon multiphase
currents of different frequencies, and means
for supplying said receiver with multiphase
currents of one only of the said frequencies,
substantially as described. | , S

18. In & system of multiplex telephony, a

station comprising a transmitter and a re-

ceiver, a resonant circuit so adjusted as to
allow to pass to said transmitter and receiver

uninodified alternating currents of one fre-

quency only, and another circuit so adj usted
as to allow to pass to the said receiverspeech-
currents only, substantially as described.

19. In-asystem of multiplex telephony, the
combination with line-wires, of .& plarality of
multiphase generators of different frequen-
cies in multiple therewith, a plurality of trans-
mitters and receivers, each connected in mul-
tiple with the said lines through circuits al-
lowing currents of oneonly of the said fre-

-8aid switeh,

628,246

quencies to pass,.and other circuits so ad- 45

justed and connected as toallow speech-cur-

rents to pass to the said receivers, substan-
tially as described. : ~

20. Inasystem of multiplex telephony, two
or more line-wires, multiphase generators of
different frequencies in multiple branches,
for charging the line, and a plurality of sta-
tions, each having a set of branches resonant
to one of said frequencies, each branch con-

. taining one winding of 4 multiphase receiver
‘anid one branch of a multiphase transmitter,

incombination with means for admitting cur-
rents of higher frequencies than those of the
line-currents to the receivers, substantially
as-described. ' , ,
21. In atelephone system, the combination
of a source of alternating current, an-indi-
cating device connected in & resonant shunt-
circuit, a second resonant shunt-circuit tuned
to the same frequency; and a key for open-

"ing and closing the second resonant shunt-

circuit, and thereby operating the indicating
device, substantially as described.
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22. In a system of multiplex telephony, & N

plurality of generators of different frequen-

nected to line through a circuit resonant to
one of said frequencies and through & switch, -

7°

_cies connected to line, a calling device con- .

a second circuit, inclading a coil controlling .

resonant to another of said fre-
quencies;-a third circuit at a distant station -

75

resonant to the second of said frequencies, .

and means for closing said third circunit and"
be actuated, -

thereby causing the signal to
substantially as described. .. = ,
In testimony whereof -we have signed our
names to'this_sp‘%iﬁcstion in the presenceof.
two subseribing witnesses. _ o ‘
.~ MAURICE HUTIN.,

_ MAURICE LEBLANC.
Witnesses: : :

EDWARD P. MACLEAN,
PAUL BOUR. -
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