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For the purpose of reinforcing the tele 
phonic current generated by means ofamicro 
phone the suggestion has previously been 
madeto use amplifiers of various types es 
pecially those based upon the electrionic prin 
ciple. On the other hand, the microphone 
made of carbon orother analogous material 
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55 for we would thus have to deal with a circuit 

gives rise to sufficiently powerful effects in 
order to be able to realize an ämplification 
sufficiently great practically for all needs and 
requirements by the arrangement, cascade 
fashion, of a relatively Small number of am 
plifiers of convenient type. However. such 
amicrophone alters more orless markedly the 
Sounds that are transmitted so that the re 
ceiving apparatus fails to reproduce in a. 
faithfulmanner the accoustic vibrations pro 
ducedat thesendingstation. Now, by profit 
ing from the existence of modern amplifier 
devices it has been suggested to replace the microphone by an electromagnetic telephone 
(or analogous telephone) operating like a 
generator (which is the original system 
evolved by Bell). But in this case the weak 
ness of such a generator makes it impera 
tive to have recourse to such a great number 
of amplifiers disposed cascade-fashion that 
the latter themselves eventually distort the 
Sounds that are transmitted. All of which 
goes to show that we are in a real “vicious 
circle’. v 

Now, the object of the present invention is 
to design an amplifying device that will al 
low of circumventing the difficulty. In 
principle, it consists in combininga telephone 
generator with an amplifier constituting a. 
negative impedance, of definite value, beinga 
function of the frequency of the sounds to be 
transmitted. From the research. work of 
Latour (see French Patent No. 501.472 and 
U. S. Patent No. 1,687,253, Oct. 9, 1928) we 
know already a means of forming such an 
impedance, namely, by means of two ther 
mionic tubes united in a convenient manner. 
However, its practical usefulness has hereto 
fore been demonstrated only in the case 
where a negative purely ohmic resistance 
shall be constructed (diminution of decre 
ment or damping of circuits). 

If, in accordance with the present inven 
tion, One examines the case of a telephone of 
the generator type working upon an induc 
tive circuit, the use of a negative resistance 
purely ohmic in nature will soon be limited, 
whose apparent time-constant would become 

excessively high, On the other hand, by tak 
ing also a negative inductive reactance, the Said time constant will bekeptinside permis 
sible limits so that the compensation of the 
ohmic resistance of the circuit itself can be 
Carried very much farther, and as a conse 
quence the amplification. Be it well under 
stood, for the purpose of simultaneous com 
pensation of the resistance and the reactance 
of this circuit, there could be adopted either the sameproportionorelsea differentpropor 
tion, this beingalways feasible with the La 
tourapparatus before referred to. 

Moreover, the scheme just described could, 
if need be, be utilized with any kind of tele 
phonic Sender or transmitter, for instance, 
the electrostatic microphone, etc., or even 
With the ordinary kind of microphone. 
Generally Speaking, the above scheme allows 
of realizing a really and truly aperiodic am 
plifier device, that is to say, amplifying in 
the same manner currents df any given fre 
quency at all, possibly also of the ultra-ac coustic kind. 

In the French patent application filed on 
October 28, 1922, under the provisional Num 
ber 165,525, and entitled “Improvements in 
telephone receiving apparatus’, and in the 
addition thereto dated December 5, 1922, the 
inventor has indicated the advantages of the 
combination with an electromagnetic tele 
phone receiver device of negative artificial. 
impedances, or even of filters and resonators, 
for the object particularly of realizing a. 
faithful reproduction of the sounds trans 
mitted. 
Now, it may be pointed out that such com 

binations are likewise applicable, and quite 
generally so, in the case ofasendertelephone. 
Especially is it possible in thismannertoob 
tain at the terminals of one of the elements 
of the complex circuit wherein the said tele 
phoneisinserted a potential whose amplitude 
or crest is strictly proportional to the ampli 
tude of the force coming to act upon the dia 
phragm, regardless of what may be the fre 
quency of vibratory movement under con 
sideration. This tension could be applied to 
the grid circuit of a convenient amplifier am 
plifying the effect without alteration prefer 
ably of the sound transmitted. 
As to the rest, one often uses as such send 

ing telephone a device whose diaphragm (or 
vibratory organ) possesses a natural fre 
quency of vibrations that is higher than the 
usual frequencies met with in connection with 
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the transmission of speech or of music. In 

10 

theseconditions, in orderto realize the results 
above referred to, it will practically be suf ficient to causethesending telephone to Work 
upon anegative resistance ofany of the well 
known types. The potential across the ter 
minals of such a resistance, properly regu 
lated, will be sensibly proportional to the 
periodic force comingto act upon the vibra 
tory organ of the said telephone. “ 
However, inacasewheretheinertia ofsuch vibratory organ should happen to be higher, 

it would be necessary to compensate the re 
sistance and the reactance of the circuit con 
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taining the sending telephone, and the ten 
sion utilized would beobtained at the termi 
nals of a condenser inserted in the said cir 
cuit, etc. Moreover, if the said condenser 
should ofer a reactance sufficiently high to 
the highest frequencies utilized in telephony 
work, the compensation referred to will not 
be indispensable. And furthermore, if the vibratory organpossesses avery high natural 
frequency of vibrations, the negative resist 

25'ance wouldnot beobligatory, under this con 
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dition, however, that the circuit possesses a. 
totalinductance thatis comparatively highas 
compared with the total resistance, the latter 
comprising an auxiliary resistance insuring 
the coupling with the grid circuit possessing 
itselfacertain conductance, coupling can be 
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accomplished under all circumstances by 
means of a transformer involving a mag 
netizing current as small as feasible. 
The invention is illustrated diagram matically in the accompanying drawing in 

which » 

Fig. 1 shows a circuit arrangement con forming to the invention, and 
Fig.2 shows a modification thereof. 

- Referring to Fig. 1 an electro-magnetic 
transmitter is represented by T comprising a. 
vibratory magnetic diaphragm 1 and a per 
manent magnet 2 having coils 3 wound there 
on. Soundwaves impinging on themagnetic 
diaphragm will cause it to vibrate, thereby 
changing the air gap. of the magnet 2 and 
causingchanges of themagnetic fluxtherein, 

ltäges in the coils 3 cor respondingto the soundwaves’impinging on 
the .. The coils 3 areconnected in 
series so that the voltages induced therein 
will add and one free terminal is connected“ to one terminal of the negative impedance 
represented generally by F, the other termi 
nal of whichis connected to the primary of 
coupling 14. The free ends of the primary 
of coupling 14 and the coils 3 are connected 
to form a closed circuit including coils 3, de 
vice Fand primary of coupling 14. The sec 
ondary of transformer 14is connected across 
the input circuit of a vacuum tube amplifier 
16 in whose output circuit is connected a sound responsive device 17. 

- The negative impedance F constitutes an 
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arrangement described in the French and 
U.S. patentsto Latour 501.472 and 1687,253, 
respectively, referred to above. This device 
comprises two vacuum tubes 6 and 10 resist 
ance coupled in cascade. Across the input 
circuit of the tube 6 is connected an im 
pedance represented in this case by an in 
ductance 4 and condenser 5. The output cir 
cuit of thistube contains plate batteries 7 and 
9 and a resistance 8. The potential of the 
battery 9 is such as to normally compensate 
the voltage drop of the plate current in re 

- sistance 8 so that the potential difference 
between the points A and Bis normally zero. 
In like manner the potential difference be 
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80 tween the points C and D in the output cir 
cuit of tube 10 is normally zero. Now, if 
a current traverses the impedance 4–5 a. 
voltage will be impressed on the input cir 
cuit of the grid filament circuit of tube 6 
which will be amplified by tubes 6 and 10 
and appear as a negative voltage drop be 
tween the terminals C and D. It is obvious 
therefore, that the device Facts asa negative 
impedance and that this negative impedance 
can be regulated by a suitable choice of the 
impedance introduced in the input circuit of 
the first tube 6. It will be clear also that the 
impedance comprising the inductance 4 and 
condenser 5 can beso chosen as to give in the 
primary of the transformer 14 coil changes 
Corresponding as closely as desired to the 
sound wave originally impressed on the dia 
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phragm 1. In other words the device Facts . 
as a combined filter and amplifier. Having 100 
obtained in the transformer 14 this voltage 
proportional tö the impressed sound waves 
it can, of course, be amplified to any desired 
extent whereby an intense and faithful re 
production of the original sounds will be 
obtainedin the reproducing device 17. 
In Fig. 2 is shown a slight modification of 

the device shown in Fig. 1. In this case the 
device Fis replaced by the device Fº and the 
transformer 14 is dispensed with. Here the 
transmitter coils 23 are connected directly 
across the input circuit of the first tube 26 
and the input circuit of the amplifying tube“ 
35is connected across the resistance 32 and 
battery 33 in the output circuit of the tube 
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30. The operation of this device is substan 
tially the same as that shown in Fig. 1, that 
is, normally battery 29 will serveto compen 
sate for the voltage drop caused by the plate - 
current in resistance 28 andthere will be no: voltage impressed on the input circuit of . . . 
tube 30 in the absence of vibrations of the 
diaphragm 31. In likemannerthe battery 32 
compensates for the voltage drop in resist 
ance 33. As before, the device Fºserves asa 

120 . 

125 
filter and amplifier for the voltages induced 
in the coils 23 to give a feithful reproduction 
of the original sounds impressed on the dia phragm 21. 

It will beobvious that in both these connec 130 
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tions the impedance in the input circuit of 
the first tube 26 can be suitably chosen to 
obtain from the output circuit of the second 
tube of this filtering and amplifying device 
voltages which will correspond with the 
sound waves impressed on the diaphragm 21 
regardless of any natural periods of vibra 
tion of this diaphragm, whereby the faithful 
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and intense sound reproduction may be ac 
complished. » 

Having described my invention, what I 
claim is: 

1. In an arrangement for reproducin 
sound vibrations, a transmitter having a. 
responsive to the vibrations, and means for 
compensating the fall of potential across 
said coil, said means including a vacuum 
tube resistance-coupled amplifier having its 
grid connected to one end of the coil and the 
output circuit connected to the other end of 
the coil through the primary of a trans 
former, and a series-resonant filter circuit 
connected across the input circuit of the re 
sistance-coupled amplifier for selectively 
controllingtheamplitude of certain frequen 
cies impressed on the amplifier. 

2. In a device of the class described, the 

3 

combination with an electromagnetic trans 
mitter provided with a coil, of a negative im 
pedance device for compensating the fall of 
potential across said coil, said negative im 
pedance device includinga pair of resistance 

* coupled amplifiers, and a resonant circuit 
shunted acrosstheinput of the first amplifier. 

3. In a device of the class described, the 
combination with an electromagnetic trans 
mitter provided with a coil, of a negative im 
pedance device for compensating the fall of 
potential across said coil, said negative im 
pedance device including an amplifier com 
prising one or more electron discharge tubes, 
and a series resonant circuit shunted across 
the input of said amplifier. 

4. In an arrangement for reproducing 
sound vibrations, a transmitter having a coil 
responsive to the vibrations, a negative im 
pedance device for compensating the fall of 
potential across said coil, said negative im 
pedance device including an amplifier, and 
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a series resonant filter circuit connected ö0 
across the input circuit of said amplifier for 
selectively controlling the amplitude of cer 
tain frequencies impressed on the amplifier. 

n. JOSEPH BETHENOD. 


