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UNITED STATES PATENT OFFICE. 
MAURICE HUTIN AND MAURICE LEBLANC, OF PARIS, FRANCE, ASSIGNORS 

TO THE SOCIETE ANONYME POUR LA TRANSMISSION DE LA FORCE PAR 
IELECTRICITE, OF SAME PLACE. . 

TELEPHONY. 

SPECIFICATION forming part of Letters Patent No. 628,246, dated July 4, 1899. 
Appliosition filed December 6, 1897, Serial No. 660,911. (No model) : 

To all whom it invay concern: 
Be it known that we, MAURICE HUTIN and 

MAURICELEBLANC, 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 

to tember 16, 1895, No. 46/2,018; in Hungary 
September 18, 1895, No. 5,660; in Belgium 

. January 27, 1896, No. 119,552; in Switzerland 
January 31, 1896, No. 11,881; in Italy Febru 
ary 6, 1896, No. 40,845/138; in England Janu 

5 ary 29, 1896, No. 2,107, and in Spain February 
7, 1896; No. 18,640,) of which the following is 
a specification. 
Our invention 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 described 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 

3o transmitters and receivers, 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 

5 mitted. 
Heretofore, before the invention of the sys 

tem of telephony set forth in our aforesaid ap 
plication, telephone-lines or the transmitters 
associated there with were either normally not 

4o 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 ternating currents in the transmitters and re 
ceivers. In the said alternating-current sys 
term ef telephony, however, the normal alter 
nating currents had to be of such frequency 
as not to produce by themselves sufficient 

sound in the receivers to prevent the success 
ful transmission of speech. - 
One part of our present invention differs 

from that set forth in our aforesaid patent in 
that the normal or exciting currents which 
are maintained are made to so act upon the 
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 
this end 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 
multiphase currents is normally constant 
from instant to instant. It follows from this 
that it is possible to so organize a receiver 
that no appreciable vibration of its diaphragm 
is caused by the passage of the exciting multi 
phase currents if the effective value remains 
constant, while at the same time any suitable 
variation in the magnitude of the exciting 
currents caused by creating voice-waves be 
fore a properly-arranged transmitter will set 
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 
urged against the same. 

It will be seen that our improved system of 
telephony as thus far indicated involves the 
production by the action of a suitable trans 
mitter excited by multiphase currents of cer 
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 
of the effective value of the alternating ex 
citing-currents of given frequency produced 
by the action of a transmitter upon these cur 
rents. 

Itawill be shown more fully hereinafter that 
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 system. Fig.9 is an end view of the receiver 
the transmitter. We have discovered that with the mouthpiece and diaphragm removed. . . 
speech-waves generated by the action of a Fig. 3 is a central vertical section of the same go 
transmitter excited by a current of a given 

s frequency can be used to produce speech in 
a receiver only when the latter is excited b 
currents of the same frequency. If this coll 
dition is fulfilled, proper telephonic trans 
miRsion results; but if 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 
by the receiver will be unintelligible, and if the 
difference of these frequencies becomes suf 
ficiently great the receiver ceases to produce 
sound. These principles are utilized in our improved system of multiplex telephony. We 
generate at various transmitting-stations 
speech-waves in the manner above described, using at each transmitting-station exciting 
currents of a different frequency and trans 

O 

5 

20 

mit these different sets of speech-waves over 
a single set of line-wires and cause each set 
of speech-waves to act; upon a separate re 
ceiver, and we excite each of these receivers 
by alternating currents of a frequency corre 
sponding to the frequency of the exciting-cur 
rents of the coördinated transmitter. 
Suppose the frequency of the exciting-cur 

rents of a particular receiving-station to be 
Go. It is obvious that when several of the 
transmitters are in operation the receiver of 
this station may be exposed to the action of 
the speech-waves generated by an exciting 
current of the frequency do and also to the 
action of speech-waves generated by exciting 
currents of other frequencies. It will here. 
in after appear that the speech-waves gener 
ated by the exciting-current of the frequency 
Go 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 
generation of a number of speech-waves by 
exciting-currents of different frequencies, the 
transmission of the speech-waves over a set 
of line-wires, and a combination of these 
speech-waves in a plurality of receivers with 
exciting-currents of frequencies so chosen 

55 that they will in each receiver reinforce or 
bring out the particular speech-waves to 
which it is desired that that particular re 
ceiver shall respond. . . . . . . 
Our inventiori also comprises an improved 

call system particularly adapted for use in 
connection with our multiplex system just 
described, all of which will more fully ap 
pear from the following detail, description 
with reference to the annexed drawings, in 
which - . . . . . . . . . . . . . . 

Figure 1 is a view, partly in section, of an 
improved transmitter adapted for use in our 
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Fig. 4 is a diagram of our improved system 
of simplex telephony. Fig. 5 is an illustrative 

6 is a general view of ourimproved system of 
vices. 

gram of our improved multiplex system, in 
cluding the calling devices. . . . ... " 

ter 24, which may be of any preferred type, 
of carbon blocks l 1, connected by carbon 
pencils 2 2', mounted on the sounding-board 
3 and arranged in two distinct circuits. In 
the form shown the blocks 1 and 
constitute a part of one circuit, having ter 

ing-posts 45. Any vibration of the sound 
ing-board will cause simultaneous ind simi 
two circuits. This structure represents, in 
effect, two microphones having a sounding 
board common to both. 
this is the equivalent of two entirely inde 
pendent microphones, which are so arranged 
that both are affected by the saune sounds si multaneously. 
The construction of the receiv 

in Figs... 2 and 3. . In this structure 66 and 

It will be seen that the free ends of the cores are enlarged to form pole-pieces. The cores, 

eddy-currents. Each core is wound with a 
wires being carried through the openingll in 
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 diar 

also the bobbins 1010, on the diametrically 
opposite cores 7 7", constituting parts of two 
independent circuits whose coefficient of mu 

nections are so made that a current which 
will create a north pole in 6 or in 7 will create 
a south pole in 6' or in 7". . . . . . . 
The arrangement ahd connections of our 

system in its simplest form will be under 

the transmitter 24 nay be similar in form to 
more simply indicated as consisting of a dia 
a second pair of contact-blocks 2,2', bearing 
upon the contact-blocks 11, 

In Fig. 1 is shown a microphone-transmit. . . 

pencils 3 

metrically opposite magnet-cores 66' are con 
nected together, preferably in series, as are 

diagram of arrangement of apparatus serving 
as a basis for theoretical considerations. Fig. 

75 multiplex telephony without the calling de 
Fig. 7 is a diagran of the complete. 

equipment of a single station. Fig. 8 is a dia 

but is here shown as composed of a number. 

8; 

minals at the binding-posts 45, while the 
blocks 1 and pencils 2" comstitute part of an 
other circuit, having terminals at the bind-.. 90. 

lar variations of the resistance of each of the 
95. 

lit is evident that 

Co 

er 23 is shown . 
77" are symmetrically-arranged soft-iron cores : 
mounted on the soft-ironyoke-piece 8, which 
is composed of nested ring-laminae, as shown. 19s 

with their pole-pieces, are split to prevent. 
to 

bobbin such as 91u 10", &c., the leading-in. 

is 

tual induction is practically zero. The con 

r25 
stood by reference to Fig. 4. In this figure : 
the transmitter shown in Fig. 1, but is here 

39. phragm 3, a pair of contact-blocks 1 1, and . . 

The receiver 23 should preferably be of the form shown in 
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Figs. 2 and 3, but is here shown, for conven 
ience of illustration, 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, 

O 

5 

20 

while the other pair of transmitter-contacts 
1'2' are qonrected in series with the receiver 
bobbin 7 and with the 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 

= Isin. 2 at G, t, 
and -- - - - 

= I cos. 2 in G) 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, 

- and the attraction upon the diaphragm of the 
30 

35 
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receiver will be constant. The diaphragm 
will be bent toward the cores to a certain ex 
tent, but will not vibrate so long as the sum 
of the energies of the line-currents is constant. 
The conductivities of the two circuitsin 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, 
simultaneous and equal changes in the con 
ductivities of the two circuits will be pro 
duced. Each of these conductivities will be 
equal to a constant plus a time function de 
pending upon the sounds acting upon the 
transmitter or when K is the conductivity of 
each of the circuits, including the microphone 

. GOntacts 

So 

65 

K = C--f(t). 
Designating the electromotive forces gener 
ated by the alternator and acting upon these 
two circuits by 

e = E sin. 2 r Got 
and 

e' = Ecos. 2 a G, t 
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 

i=Ke and i = Ke", 
O 

i = C--f(t). Esin. 2 at Got 

i = (C+f (). Ecos. 2 r ot. 
The attraction developed on the plate will be 

F = k (i+ i'), 
where k is a constant depending on the par 

and 

RS 

ticular receiver, or, substituting herein the 
values of and i' and reducing, 

F = k E C?--2 Cf(t) -- f'(t). 
In an ordinary telephone-receiver with a 

permanent magnet-core the magnetic fluxes 
are the sum of the magnetic fluxes developed 
by the permanent magnet and also by the 
telephonic current flowing in the coil. If g 
represents the first of these magnetic fluxes 
and p (t) the second, the attractive force act 
ing on the diaphragm will be equal to 
k' g -- p (t) = k'g' -- 29 p (t) -- p° (t), 
where k" represents a constant. Of the terms 
of this equation g is constant and q(t) is 
negligible, being the square of a small quan 
tity, so that the term 2 g p (t) is the expres 
sion of the only attraction which causes ap 
preciable motion in the plate. 

Returning now to the equation for the force 
acting on 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 

we observe at once that it is of the same form 
as the equation just considered. The term 
k E C° corresponds to the term k'g'' 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 k E2Clf (t) corresponds to the term k'2g p (t) in the 
equation of the ordinary receiver and rep 
resents the pull which reproduces speech. 
That it does reproduce speech is evident f: on 
the fact that it is a simple function of the vi 
brational period of the transmitter-diaphragm. 
The third term k Elf (t) corresponds to the 
third term k' p' (t) in the equation of the or 
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, so long as their values remain con 
stant. We have thus shown how it is possi 
ble to provide a practical and operative sin 
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 generators in 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 telephonic message four or 
at least three line-wires are required for a 
complete metallic circuit, and that even when a ground return is employed two line-wires. 
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ing with this description it will be useful 

must be used; but this disadvantage disap 
pears when the system is multiplexed, as will 
be presently described; but before proceed 

t0 
consider what would be the result if, in a sys 
tem such as has been above described, the 
alternating currents which excite the receiver 
had a frequency different from that of the 

O 
alternating currents which excite the trans 
miitter. To illustrate the effects which would 
be produced under these conditions, we have 
imagined the system shown in Fig. 5, in which 
12 1'-2' are the microphone-contacts, as be 

5. 
fore, and 67 two of the coils of the receiver. 
These coils are fed with two-phase current of 
constant volume and of the frequency g from 
the generator 14, Their terminals are also 
connected in multiple with the microphone 
contacts through the line and the condensers. 
1516. The microphone-contacts are fed with 
two-phase currents of the frequency go from 
the generator 14'. The condensers 1516 are 

25 

3o 

35 

4 and 

supposed to be of such capacity as to strongly 
oppose the passage of currents of the frequen 
cies Go and G' without materially opposing the 
passage of the superposed currents of the 
higher frequencies necessary for the produc 
tion of speech. . . . 
The constant currents furnished by the gen 

erator 14 to the coils 67 may be represented 
by the equations. ... " 

i = J sin. 2 noot 
and 

j" = J. cos. 27 out. 
Suppose that the currents furnished by the 

generator 14 to the microphone-contacts are 
practically constant and of the values 

n = M sin. 2 in a 't 
an' = M cos. 2 it a 't. 

Suppose also that the resistance of each of 
the microphones is . 

R = r -- f'(t). 
The difference of potential between the mi 
crophone-contacts and therefore the electro 
motive-force impressed upon each of the coils 

So, 6 and 7 by the generator. 14", supposing the 
self-induction of the circuits to be negligible 
in comparison with their resistance, will be 

is and 
n = r -- f' (1)] M. sin. 2 it to t 
n' = r +f'(t)} M eos, 2 r a l. 

The electromotive forces expressed by the 
first terms of each of these equations--that 
is to say, the electromotive forces produced 
by the mere passage of the multiphase cur 
rents from the generator 14 through the mi 
crophone-contacts will have no effect upon 
the receiver, owing to the presence of the 
condensers 15 16, whose capacities. are too 
small to permit the passage of such currents. 
The electromotive forces represented by the 
second terms, however-that is to say the 

628, 246 . 

electromotive forces of variations of electro 
motive force produced by the variations of re 
sistance of the microphonies-will, being of 

| sufficiently high frequency, cause currents 
to pass through the condensers to the receiver. 

| There will therefore flow. from the transmit 
ter to the receiver currents whose volumes may be expressed by the formiilas 

ir = X f'(t) sin, 2 r a 't 
it' = X f'(t) cos 2 r Go' t, i. 

where X is a constant depending on the con 
ditions of the circuits, the electromotive force 
of the generator 14", &c.; but the currents 
flowing in the receiver-coils when the trans 
mitter is at rest are, as we have seen, 

...i =J sin. 2 n. a fi : 

an The pull on the plate 13 will then be 
F"=K3J sin.2 t at-X f'(t) sin. 27 at + 

J cos. 2 in a t + X f'(t) cos. 2 r ? t°. 
This reduces to 
F' = KJ-2JX f(t)cos. 27 (6) - (i) t +. 
when K is a constant depending, auhong 
other things, upon the relative positions of 

! the plate and the cores. If we compare this 
expression with those of the ordinary receiver 
and of the receiver in the first-described sys-. 
tem, both of which equations are developed 
above, we see at once that the only pull which 
can produce audible sound is that which is 
represented by the term 

f = J cos. 2 r (z) i. 

K2 JX f' () cos. 2 r (co- () t. 
It will be seen that the intensity of the sound 
corresponding to such pulls will present two 
Go-Go' beats per second. We find in practice 
that it is sufficient to give to this frequency 

i Go-Go' a value 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, 
the intensity of which not being superior to 
that of the ordinary sounds heard in the tele 
phone, does not interfere with the perfeet 
comprehension of speech correctly repro 
duced. It follows from these considerations 
that in our system (Go-Go') should be zero in 
order to reproduce speech with perfect clear 
ness and that Go-Go' must have a 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 there is a difference between the 
frequencies of the two exciting-currents and 
this difference attains a value above a certain 
minimum value, but much smaller than the 

lfrequency of the lowest tones of the human 
- 

w 
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voice, the receiver will be practically silent. We also prefer to give to these generators a 
Our improved multiplex system is based upon high internal impedance for reasons which will 
the conclusion just reached. In its essen- shortly appear. It will be seen that the nor 
tial elements it comprises, a number of trans- mal effect of these generators is to supply to 
mitters and a number of receivers, prefer- each of the transmitters and receivers through 
ably arranged in multiple upon one set of the funed circuits 2526, &c., sine and cosine 
line-wires. Each transmitteris supplied with currents of constant electromotive force and 
an exciting-current of a particular frequency of constant, volume. As we have shown above: 
and acts to seth d upon the line speech-waves these currents will have no effect upon the re 
produced by its action upon such current. ceivers. Suppose now that speech is deliv 
The frequencies of these exciting-currents ered before the transmitter 24 at station A. 
are so chosen as to bring the difference of This will vary the volume of the current of 
their frequencies within the rule above enun- the frequency (; flowing to earth at that sta 
ciated. It is then arranged that each re-tion, and thus vary the output, and conse 
ceiver is supplied with an exciting-current of quently the terminal electromotive force of 
a frequency equal to that of the transmitter the corresponding generator 20, which, as 
to which it is intended that it should respond stated above, should have a high internalim 
and with no other exciting-current. In such pedance. The result will be to superpose on 
a receiver and in such a receiver only will the currents already flowing on the line those 

: the speech-waves produced by the action of other currents, which we term “speech-cur 
this transmitter produce audible and articu- rents,” whose amplitude is a function of the 
late sound. Each receiver thus responds to time. These speech-currents willflow to earth 
the transmitter or transmitters excited by through all of the condensers 31°32' 31°31', 
currents of the frequency of its own exciting &c., and through all receivers. In the re 
currents and to no others. ceiver 23 these waves, since they come from 

Fig. 6 is a diagram of our improved multi- a nierophome excited by currents of the fre 
plex system. 1819 are the conductors, car- quency G, will combine with or be reinforced 
rying sine and cosine currents, respectively. by the currents of the frequency G) already 
The generators 2021 22 supply, respectively, flowing to earth through the condensers 29 
to this line currents of the frequencies G. G.' 30' and coils 27' 28' to produce speech, the 
G*. The telephone-stations A and A are action being essentially the same as in the 
designed for the frequency G, the stations form shown in Fig. 4 or as in the form shown 
Band, B' for the frequency Go", and the sta- in Fig. 5 in the special case where G9 = Gp'; 
tions C and 'C' for the frequency G°. The but these speech-currents flowing to earth 
station A is provided with a two-phase re- through the other receivers 23, &c., will in 
ceiver 23 and a two-phase transmitter 24, these other receivers combine with the cur 

o 

75 

go 

95 
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whose circuits are connected in series be- rents of the frequencies Go' and G3 and will ( 
tween the lines and the common return, which fail to produce speech in these receivers, as 
may be through the earth, as shown, or may shown above in connection with Fig. 5, since 
be through a return-wire R. (Shown in dot- the differences (Go-Go'), (a) - G), &c., fall 
fed lines.) The transmitter and receiver are within the values defined by the rule above 
preferably similar to those shown in Figs. 1, enunciated. We thus arrive at a system in 
2, and 3. Interposed in these circuits are which a pairs of stations may be served over 
the electric resonators 25° 26', composed of a single pair of wires with an earth-return 
the self-induction coils 27 28 and the con- or over three wires with a complete metallic 
densers 29.30. These condensers and self 
induction coils are so adjusted that the its coördinate station and independent of 
branches in which they are located from line every other station on the line. While the 
to earth are resonant for the frequency (), number a may in theory be enormous, yet the 
in multiple with these resonators are placed practical difficulties of properly adjusting the 
the condensers 3132, respectively, each of resonant circuits will prevent it from becom 
Such capacity as to allow the speech-carrents ing indefinitely large; but we find it possible 
to pass, but to practically shut of currents by the use of our improvements to very ma 
of the frequencies () (g' (c. The arrange- terially increase the amount of service ren 
ment of the coördinate station A is the same dered by a pair of wires. In the system shown 
as that of ?aid the parts are correspond-in has been taken as three for the sake of sim 
ilgly lettepéd. The arrangements at B and plicity in the drawings; but in practice it may 
B' are similar; but the coils 27 28° 27' 28b. 
and the condensers 29 30, 29' 30' are ad 
justed to respond to the frequency Go'. The 
corresponding parts of stations C and C re- ferred form with calling devices, while Fig. 
spond to the frequency G. 8 shows a system consisting of three pairs 

In order to insure that the generators 2021 of stations with generators, transmitters, re 
22 shall furnish currents closely following the ceivers, calling-generator, call-bells, calling 
sine law, We prefer to place in each of their switches, &c. In these figures, 2324 and 23 

any particular number of pairs of stations. 
Fig. 7 shows a complete station in its pre 

circuit, each station being in connection with 

be greater, and we do not limit ourselves to 

Io5. 

O 

I (5 
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125 
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circuits powerful resonators 3333, each tuned and 24, &c., are the receivers and transmit 
to the frequency. of its particular generator. ters, respectively, as before. 2526 and 25. 



26, &c., are the selective or resolators, coin 
posed of the condensers 29.3029' 30, &c., and 
the self-induction coils 27 28 27 28, &c. 31. 
32 31 32, &c., are condensers in branch cir 
cuits, so proportioned as to allow the speech 
currents to pass, while shutting off current 
of the frequencies Go Go", &c. 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 21 22 
are the three two-phase generators deliver 
ing, as before, currents of the frequencies G, 
Go", and Go", respectively. Thus far the sys 
ten 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 Abdank Abakanowicz 
type, or any other bell capable of being oper 
ated by alternating currents. These bells 
may be placed in branch circuits from one of 
the mains, as 19, in series with a resonator 
35 and supplied with current from the aux, 
iliary generator 36, as shown in Fig 8. This 
auxiliary generator may be of the single 
phase type, furnishing currents of a frequency 
F, which frequency is preferably lower than 
the frequencies a, co, and G. The resonant 
branch circuits in which the bells 34 34' 34 
34' 34° 34' are included are all tuned to this frequency; but, as will appear below, 
these circuits all contain two interrupters or 
switches, and it is only when both of these 
are closed at any particular station that the 
bell rings. . . 

Referring more particularly to Fig. 7, in 
which the parts are shown on a larger scale, 
3738 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. To avoid 
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 under surface the insulated con 
ducting-plate 39, and a contact-point 40, 
electrically connected to the behl 34, is so ad 
justed that when the receiver is on the hook 
the plate is in contact with the point. This 
plate 39 is electrically connected to the con 
tact-point 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 
dently necessary that the point 40 touch the 
plate 39 and that the contact 41 touch the 
contact 42. To accomplish these results, it 
is 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 4445, connected, respectively, 
in series with the resonators 2526 and with 
the transmitter and receivers. These coils 
are therefore normally energized at each 
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station by the line-currents of the proper fre 
quency; but the coils 44 and 45, as well as 
the transmitter and receivers, are shunted by 70 
the circuit 46, which 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 coördinate sta 
tion A. He closes the switch 47, which im 
mediately forms a short circuit for the line 
current of the frequency G. 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 
G) 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 the bell rings. At 
the same time the ooils 43° 44' at station A 
are deemergized and he bell 34' also rings; 
but at the stations B B C C, which are not 
acted upon by currents of the frequency G, 
but depend for their action upo currents of 
the frequencies do' and G, the coils of the 
solenoids are still energized, as the wire 46 
does not form a short circuit for currents of 
these last-nained frequencies. In this way 
the conjngate stations only can call each 
-other. The receivers are now taken from the 
hooks, which are retracted by any suitable 
device, as by the weights 4849. The circuit 
of the bell is thus opened aid at the same 
time the points 50 51 make contact with the 
hooks and cut-out the coils 4445, whose im 
pedance would render conversation difficult. 
The bells then astop ringing and the line is 
ready for conversation. It will be understod 
that the essential feature of this calling ap 
paratus is that a local circuit is closed at one 
station by short-circuiting at another station 
the line-currents of a given frequency. 
use of a bell responsive to alternating cul'- 
rents in multiple with the line and 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 a 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 
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currents we are not restricted to the use of . 
such currents. Nor are we restricted to the 
particular forms of apparatus shown and de 
scribed, since these can be variously changed 
without departing from our invention. Thus 
it is obvious that in place of 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, ior the construction specifically 
shown . nd described. 
Havitg now fully described our invention, 

we claim-, 
1. The method of transmitting sound by 
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electricity which consists in producing upon 
a line alternating currents the sum of whose 
normal energy is substantially constant from 
instant to instant, and varying such energy 
by and in accordance with sound-waves, sub stantially as described. 

2. The method of telephonic transmission, 
which consists in supplying a 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 accordance with sound-waves, 
and translating the modified energy into 
sound-waves at a distant point, substantially 
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 currents 
by and in accordance with the sound to be 
transmitted, and translating the said varia 
tions into sound-waves, substantially as de scribed. 

4. The method of transmitting vocal and 
other sounds telegraphically, which consists 
in generating and supplying to a line-circuit 
dephased alternating currents, the sum of 
whose normal energy is substantially constant 
frominstant to instant, modifying the amount 
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 current 
into sound-waves, substantially as described. 

6. The method of multiplex telephony, 
which consists in producing upon a set of line 
wires a number of sets of speech-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 listant 
point or points, each set of speech-currents, 
thus 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. . 

7. The method of multiplex telephony, 
which consists in generating a plurality of al 
terrating currents of different frequencies, 
producing speech-currents from said alternat 

rality of separate receivers, with the action 
of exciting currents of such frequency as to 
reinforce, in each particular receiver, the ao 
tion of one set of speech-currents, substan 
tially as described. 

8. The method of multiplex telephony 
which consists in generating a plurality of 
multiphase currents of different frequencies, 
impressing 'said currents upon line-wires, 
varying the impedance of a plurality of reso 
nant shunt-circuits in accordance with the 
different sounds to be transmitted and there 
by creating on the lines speech-currents, de 

: livering said speech-currents to a plurality 
of receivers, and delivering also to each of 
the said receivers multiphase currents of one 
frequency only, corresponding in each to the 
frequency of the current in the shunt-circuit 
to which the particular receiver is to respond, 
substantially as described. 

9. The method of operating a signal or sig 
nal-controlling device upon a circuit on which 
alternating currents of different frequencies 
are maintained, which consists in normally 
maintaining said signal in one position by the 
action of currents of one of said frequencies, 
and selectively shunting the currents of the 
said frequency when it is desired to operate 
the signal, substantially 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 one of said frequencies, 
and selectively shunting the currents of a 
particular frequency when it is desired to 
operate a particular-signal, substantially as 
described. . - 

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 substaq 
tially constant from instant to instant, all 
connected to the said lines, substantially as described. 

12. In a telephone system, the combination 
with a source of alternating current the en 
ergy of which is substantially constant from 
instant to instant, 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 
receiverconnected to said line-wires, substan tially as described. . . 

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 comprising a dia 
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phragm, a plurality of soft-ironcores wound . 
with coils for the reception of multiphase 
currents for the productioni of a rotary mag ing currents by and in accordance with inder netic field, and a ring-yoke, common to all pendent sets of sound-waves, and combining it 

the action of these speech-currents, in a plu- substantially as described. - he cores, and composed of nested laminae, 
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15. In a system of multiplex telephony, the quencies to pass, and other circuits so ad- 45 
combination with a set of line-wires, of means justed and connected as to allow speech-cur 
for simultaneously impressing thereon speech- rents to pass to the said receivers, substan 
currents by the action of transmitters upon tially as described. alternating currents of different frequencies, 20. In a system of multiplex telephony, two 
receivers connected to said line-wires, and or more line-wires, multiphase generators of 
means for supplying to each receiver an al- different frequencies in multiple branches, 
ternating current of a frequency correspond- for charging the line, and a plurality of st 
ing to that of the current acted upon by the tions, each having a set of branches resonant 
particular transmitter to which it is to re- to one of said frequencies, each branch con spond, substantially, as described. taining one winding of a multiphase receiver 55 

combination of line-wires with a plurality of 
multiphase alternating generators connected 
thereto, transmitters and receivers conne 
tions so arranged that each transmitter acts 
on multiphase currents of one fequency only 
to produce speech-currents, and means where 
by each receiver is supplied 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 the action of microphones upon multiphase 
currents of different frequencies, and means 
for supplying said receiver with multiphase 
currents of one only of the said frequencies, 
substantially as described. . . . . . . 

18. In a system of multiplex telephony, a 

16. In a system of multiplex telephony, the one branch of a multiphase transmitter, 

islation comprising a transmitter and a re ceiver, a resonant circuit so adjusted as to 
allow to pass to said transmitter and receiver 
unmodified alternating currents of one fre 
quency only, and another circuit so adjusted 
as to allow to pass to the said receiverspeech 
currents only, substantially as described. 

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

incolnbination with means for admitting cur 
rents of higher frequencies than those of the 
line-currents to the receivers, substantially 
as described. 

21. In a telephone system, the combination 
of a source of alternating current, an indi 
cating device connected in a 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. 

22. In a system of multiplex telephony, a . 
plurality of generators of different frequen- 70 
cies connected to line, a calling device con 
nected to line through a circuit resonant to 
one of said frequencies and through a switch, 
a second circuit, including a coil controlling 
said switch, resonant to another of said fre quencies-a third circuit at a distant station 
resonant to the second of said frequencies, . 
and means for closing said third circuit and 
thereby causing the signal to be actuated, 
substantially as described. . . . r 
In testimony whereof we have signed our 

es E. in the presence of two subscribing ". 

75 

witnesses. 
MAUBICC HUTN. 
MAURICELEBLANC. 

Witnesses: 
EDWARD P. MACLEAN, 
PAUL Bour. 


