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This invention relates to improvements in 
Sound transmitters of the general type employed 
in connection with telephones, hearing aids, 
broadcasting and sound detection and transmis 
Sions in general. 

In the ordinary telephone transmitter, the vi 
brations of a diaphragm are transmitted to a 
carbon granule resistor in such a way that their 
resistance to the flow of an electric current varies 
with the amplitude of the diaphragm vibrations. 
When the pressure increases, the carbon gran- . 
ules are packed more closely together, where 
upOn the resistance to the flow of an electric cut 
rent decreases and when the pressure is de 
creased, the resistance increases. In this man 
ner a constant potential electric circuit com 
prising the carbon granules will produce a cur 
rent that varies in accordance with the ampli 
tude of the sound waves striking the diaphragm. 
The variation in the resistance of the carbon 

granules or microphone is due, in greater part, 
to the pressure which forces the granules into 
closer contact, thereby reducing the resistance. 
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It is well known that the resistivity of carbon 
decreases with pressure and that the resistance 
of a circuit can therefore be varied by changing 
the pressure applied to a portion of a circuit con 
ductor containing carbon. This property was 
the basis of the Edison microphone transmitter. 
The use of carbon granules followed that of the 
Solid carbon microphone element of Edison and 
is now in common use. The variation in the 
resistance of a carbon granule resistance, element 
is due in part to the negative pressure resistivity 
and in part to the fact that the pressure urges 
the granules into closer contact. 

It is evident that the pressure variations due to 
the impact of the sound waves on the transmit 
ter diaphragm cannot produce any great force 
variations and that therefore the variations in 
the current are small. 

It is the object of this invention to produce 
a transmitter of the carbon microphone type in 
which the variations in the current will be am 
plified by magnetic means to such an extent 
that stronger signals will be produced. 
This invention, briefly described, consists in 

passing the transmitter or microphone current 
through a coil surrounding either a permanent 
magnet core or a soft iron magnet core in such 
a way as to vary the magnetic flux in accord 
ance with the amplitude of the transmitter dia 
phragm vibrations and to position the carbon 
resistance element between one pole of the elec 
tromagnet and an armature so that the increase 
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in the current due to the increased pressure ex 
erted on the carbon resistor will cause an in 
crease in the strength of the magnet With a cor 
responding increase in the magnetic pull on the 
armature. This increased pull will produce an 
increase in the pressure applied to the carbon 
resistor element and consequently a decrease in 
its resistance and an increase in the current. 
As soon as the diaphragm reverses So as to 
reduce the pressure, the current and magnetic 
pull will also decrease. 
Another object is to produce a transmitter of 

the type described in which the usual carbon 
granules shall be replaced by granules having 
a magnetic core coated with carbon, or which 
are made from a mixture of carbon and iron 
powder. Such granules are magnetic and when 
subjected to the action of a magnet they tend 
to compress or be urged against each other so 
as to augment the compression due to the Wi 
brating diaphragm. 
In order to describe the invention with greater 

detail and particularly so that it may be more 
readily understood, reference will now be had 
to the accompanying drawing in which the in 
vention has been illustrated and in which: 

Figure 1 is a transverse section of a transmit 
ter taken on line -, Figure 2: 
Figure 2 is a diametrical section taken on 

line 2-2, Figure l; 
Figure 3 shows a modified form of the inven 

tion; 
Figure 4 is a diametrical section through a 

granule formed from a mixture of carbon and 
iron powder; and 

Figure 5 is a section showing a granule formed 
from a magnetic core with a coating of carbon. 
The granules shown in Figures 4 and 5 have 

been greatly enlarged on the drawing, but are 
to be of the usual size employed in telephone 
transmitters. 

In the drawing reference numeral desig 
nates a cup-like member of insulating material, 
such as hard rubber, or some suitable plastic 
and reference numeral designates a cover 
secured to the open-end of member by means 
of a threaded connection 2. A sheet metal dia 
phragm a 3 is positioned against the open end of 
member A6 and held in position by means of the 
cover , which is provided with an internally 
extending flange & for this purpose. A Jor 
shaped magnetic strap 5 of soft iron, is posi 
tioned in the member O with its ends in the 
vertical grooves 6 provided therefor in the 
walls of member 0 and is secured to the bottom 

  



of the latter by means of screws 7. Extending 
upwardly from the base of member 5 is a mag 
netic core 8 which may be made from soft iron, 
or from hard steel in the form of a permanent 
magnet. If a permanent magnet is employed, 
it is preferably of the type comprising an alumi 
num alloy, which is marketed under the trade 
name of 'Alinco,' or some other alloy suitable 
for permanent construction. a . 
Core 18 may be secure to strap 5 by means 

of a threaded connection 9, as shown in Figure 
12, or in any other suitable way. Surrounding 
the core 8 is a coil of wire which has been des 
ignated by reference numeral 20. This coil is 
wound in the form of a spool in the ordinary 
Inanner, the Spool being so constructed that it 
can be readily positioned on the core during the 
manufacture. Reference numerals 2 and 22 des 
ignate the ends of the spool. Secured to the top 
of the COre is a cup 2 of nonmagnetic material. 
A carbon-plate 24 is positioned in the bottom of 
cup 23 and one end of the wire 2 is electrically 
connected with plate 24. Positioned in the cup 
and resting On plate 24 is a large number of car 
bon granules 25. On top of the granules is a 
carbon plate 26 on which is supported a soft 
iron armature 27. This armature terminates in 
a conical portion 28 against the apex of which 
the diaphragm 3 rests. Secured to the inner 
surface of one of the vertical arms of the U 
shaped member 5 is a plate 29 of insulating 
material. This has been shown as held in place 
by means of screws 30 and 3. A spring 32 is 
Secured at One end to the insulating member 29 
by means of a screw 33 and the upper end of this 
Spring is provided with an opening through which 
the center portion of the armature 27 extends. 
A screw 34 is threadedly connected with the in 
sulating plate 29 and extends through an open 
ing 35 in the strap 5. The inner end of screw 
34 engages the surface of spring 32 and by means 
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First, the current that flows through the carbon 
granules also flows through the coil surrounding 
the core 8 and if the latter is a permanent mag 
net, it causes a variation in the magnetic flux. 
Second, this transmitter is provided with an ar 
mature 27 which is acted upon by the magnetic 
flux from the permanent magnet 8 and there 
fore when the diaphragm moves downwardly, 
when viewed as in Figure 2, it increases the con 
pression on the carbon granules thereby, pro 
ducing an increased current, this increased cur 
rent will further increase the magnetic flux and 
the resultant pull on the armature, thereby fur 
ther compressing the carbon granules allowing 
more current to flow which increases the mag 
netism producing further compression. 
At this place it will be pointed out that where 

core 8 is in the form of a permanent magnet, 
the battery must be so connected that the cur 
rent in coil 20 will increase the magnetism so 
that an increased current will produce an in 
creased magnetic pull. If core 8 is of soft iron, 
such as a bundle of very fine soft iron wires or 
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from electrolytic iron powder which has been 
compressed, the direction of current flow in coil 
20 is immaterial. 
From the description just given it will be ap 

parent that whenever the diaphragm moves 
downwardly SO as to compress the carbon gran 
ules and thereby reduce the resistance of the 
circuit, due to the better contact afforded be 
tween the particles when thus compressed and 
due further more to the characteristic of carbon 
which decreases its resistivity with pressure, an 
increased current will flow through the coil 20, 
thereby increasing the pressure which, in turn, 
increases the current and this amplification is 
transmitted through the transformer to the re 
ceiver. As soon as diaphragm 3 moves upward 

40 ly, the pressure on the carbon granules immedi 
of this screw the pressure exerted by the spring 
on the armature 27 can be adjusted, 
A wire 36 is connected with the spring 32 and 

terminates in the receiver hook switch contact 
3. The other contact 38 of this switch extends 
to one pole of a battery 39. The coil 20 termi 
nates in a wire 40 that is connected to one ter 
minal of the primary winding 4 of a transformer 
from which conductor 42 extends to the battery. 
The secondary 43 of the transformer is connect 
ed to the winding 44 of a telephone receiver 
whose diaphragm has been designated by refer 
ence numeral 45. A spring 46 is connected with 
the receiver hook 47 in such a way that when 
the receiver is off from the hook, the switch is 
closed. - & 

Let us now assume that with the parts ar 
ranged as shown in Figure 2 and described above, 
a sound of varying intensity is emitted adjacent 
the opening 48 in cap ff. The sound waves in 
pinging on the diaphragm 3 cause the latter to 
vibrate whereupon the carbon granules 25 be 
cone subjected to a variable pressure. Current 

45 

ately decreases, thereby increasing the resistance 
and decreasing the current. - 
Due to the fact that the pressure responsive 

resistance is in series with coil 4, the battery 39 
and the magnet.coil 8, the variations in resist 
ance, due to the pressure variations, are small 
compared to the resistance of the entire circuit. 
The variations in resistance due to the action of 
the diaphragm causes a large increase in the re 
sistance when the diaphragm moves upwardly, 
when viewed as in Fig. 2, and this removes any 
possibility of the parts locking due to the pro 
gressive increase in current resulting from the 

55 
decrease in the resistance produced by the mag 
netic attraction. 
Particular attention is called to the construe 

tion just described in which the current through 
the carbon microphone transmitter causes a var 
iation in the compression forces so as to produce 
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from the battery 39 flows through the spring 32, 65 
through the carbon granules through coil 20 and 
through the primary 4 and the variations in this Y 
current due to the variations in the pressure ex 
erted on the carbon granules, produce an induced 
current in the secondary 43 which causes a varia. To 
tion in the magnetic fluix from the permanent 
magnet 49 of the receiver. The operation just 
described is analogous and almost identical with 
that of the ordinary telephone transmitter, but 

a corresponding variation in the resistance of the 
carbon element of the circuit. By means of this 
interaction an amplifying function is obtained. 

In the construction shown and described above, 
ordinary carbon granules can be employed be 
cause the magnetic attraction of the permanent 
and electromagnet acts on the armature 27 to 
produce the result described. Better and more 
marked results can be obtained, however, by sub stituting for the ordinary carbon granules, other 
granules having magnetic properties. These 
granules may be made from a mixture of carbon 
powder and powdered iron, as indicated in Fig 
lure 4, such powder mixture being formed into 
granules by Submitting the powder to pressure in 

differs therefrom in these important particulars, 75 suitable molds. Another way of producing these 
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granules is to take Small pieces of soft iron, such 
as have been designated by reference numeral 
50 and covering them with a layer 5 of carbon. 
This layer may be applied in several different 
well known Ways, as, for example, it may be cow 
ered with a hydrocarbon oil and carbonized or 
subjected to heat in an atmosphere containing 
carbon or subjected to an electrolytic plating op 
eration by means of which carbon will be elec 
trolytically deposited thereon. 
When granules having magnetic properties are 

employed in place of the pure carbon granules, 
it is evident that the magnetic attraction will be 
exerted on the separate granules, as well as on the 
armature 27. In fact with magnetic granules it 
is possible to replace the soft iron armature 2. 
with one made from aluminum or other nonmag 
netic material. In either case the member cor 
responding to armature 2 should be conductive 
so that current may flow from the spring 32 to 
the carbon plate 26. 

Since carbon has the property of reducing its 
resistance when subjected to pressure, it is pos 
sible to dispense with the carbon granules and 
allow the two plates 24 and 26 to come into direct 
contact as shown in Figure 3. In this case the 
cup 23 can be made very shallow. With the con 
struction shown in Figure 3, the magnetic attrac 
tion is exerted on the armature 27 and this varies 
the compressive forces applied to the carbon in a 
manner analogous to the well known Edison car 
bon microphone transmitter. 
The U-shaped member 5 forms a part of the 

magnetic circuit, another part of which is 
formed by the diaphragm 3, which is prefer 
ably from magnetic material. Thin sheets of in 
sulating material like that designated by ref 
erence numeral 52 in Figure 2 are interposed be 
tween the diaphragm f3 and the ends of the 
strap 5, or other suitable means is provided for 
electrically insulating the diaphragm from con 
tact with any current carrying parts. 
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The transmitter described above and shown on 
the drawing can be employed in ordinary tele 
phone circuits or in any other sound transmitting 
system where amplification is desired. It is be 
lieved to be of particular importance in connec 
tion with hearing aids for slightly deaf people, 
because this amplifying property makes it possi 
ble to dispense with the ordinary electronic am 
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50 
plifying tubes now incorporated in such hearing 
aids. With this simple construction amplifica 
tion can be obtained without complicated and ex 
pensive mechanism, thereby reducing the first 
cost and reducing the subsequent cost of upkeep. 
Although applicant cannot, at this time, 

enumerate all uses to which this invention might 
be put, it is to be unlerstood that he does not 
desire to be limited strictly to the uses specified. 
Although the invention has been illustrated of 

certain shape and size, it is, of course, to be un 
derstood that this is merely for the purpose of 
description and that the invention is entirely in 
dependent of the specific shape and size in which 
it is embodied. 

Having described the invention what is claimed 
as new is: 

1. A sound transmitting and reproducing de 
vice comprising, in combination, an electromag 
net, an armature comprising an assemblage of 
granules containing carbon and iron, means for 
circulating a direct current through the arma 
ture and the winding of the electromagnet, and a 
sound responsive device operatively associated 
with the armature for varying the pressure there 
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3 
on in accordance with sound waves, whereby a 
corresponding variation in the current is effected. 

2. A sound amplifying device comprising, in 
combination, an electromagnet comprising a cpre 
and a magnetizing coil, an armature operatively 
associated with the core and spaced therefrom, 
a pressure responsive resistance element posi 
tioned between the core and the armature to be 
compressed by the latter when it is attracted 
by the electromagnet, an electric circuit compris 
ing the resistance element and the magnet coil 
in series, a Source of direct current in series in 
the circuit, and means comprising a sound re 
sponsive diaphragm for moving the armature to 
vary the compression of the resistance element. 

3. A sound transmitter and amplifier compris 
ing a base, a magnetic core carried thereby, an 
armature carried by the base and spaced from the 
magnetic core, a pressure responsive resistance 
element positioned between the core and the 
armature in position to be compressed when the 
arnature moves towards the core, a magnetizing 
coil enclosing the core, a source of direct current, 
a circuit comprising the pressure responsive re 
sistance, the current Source and the Wire coil 
forming a current path, and means independent 
of the action of the magnetism from the core and 
coil for moving the armature towards and away 
from the core to vary the resistance of the resist 
ance element, whereby when the arnature ap 
proaches the core, the current in the coil will 
increase, producing a greater pressure. 

4. An amplifying sound transmitter comprising 
a base, a diaphragm Supported thereon for vibraro 
tion in response to sound waves, an electromag 
net comprising a magnetizing core and a coil sup 
ported on the base, the end of the core being 
Spaced from the diaphragm, a pressure respon 
sive resistance element so positioned between the 
Core and the diaphragm that the latter exerts a 
compressive force thereon, means for flowing an 
electric current in series through the resistance 
element and the coil, and an armature positioned 
between the core and the diaphragm and so asso 
ciated with the core that the magnetic pull there 
on will compress the element and reduce its re 
sistance, thereby increasing the flow of current 
and the magnetic pull. 

5. A sound amplifying transmitter comprising, 
in combination, a base, a magnet core secured 
thereto, a magnetizing coil surrounding the core, 
an armature movably connected with the base and 
spaced from the core, a resistance element hav 
ing a negative pressure resistance characteristic, 
positioned between the armature and an end of 
the core, said element comprising carbon gran 
ules, means comprising a sound responsive dia 
phragm for urging the armature towards the 
core and against the carbon granules, an electric 
circuit comprising the magnetizing coil, the car 
bon granules and a Source of direct current in 
series, and means comprising the diaphragm for 
moving the armature in response to sound waves, 
whereby the current in the magnet coil will be 
varied, producing a corresponding variation in 
the force acting on the armature. 

6. In a sound transmitter an amplifying ele 
ment comprising a core of magnetic material, a 
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magnetizing coil Surrounding the core, a cup of 
insulating material attached to one end of the 
core, a resistance element positioned in the cup, 
said element comprising an assemblage of gran 
ules formed from carbon and iron, an armature 
spaced from the core by the resistance element, 
means for urging the armature against the re 
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sistance element, an electric circuit comprising 
the resistance element, the magnetizing coil and 
a source of direct current connected in series, 
means for vibrating the armature in response to 
sound waves, whereby the resistance of the ele 
ment will be varied and whereby the compressive 
action will be increased by the increased attrac 
tion of the magnet on the magnetic granules. 

7. A sound amplifying transmitter comprising, 
in combination, a base, a magnet core secured 
thereto, a magnetizing coil surrounding the core, 
a pressure responsive resistance element posi-. 
tioned between the armature and an end of the 

10 

core, said element comprising granules contain 
ing carbon and a magnetic material, means com 
prising a sound responsive diaphragm for exert 
ing a pressure on the carbon granules, an electric 
circuit comprising the carbon granules, and a 
Source of direct current in Series, and means con 
prising the diaphragm connected with the base 
and with the resistance element for varying the 
pressure on the granules in response to sound 
waves, whereby the current in the magnet coil will 
be varied producing a corresponding variation in 
the magnetic force acting on the granules. 

8. A sound amplifying device comprising, in 
combination, a base, a core secured thereto, a 
diaphragm connected with the base and Spaced 
from one end of the Core, a magnetizing coil Sur 
rounding the core, a resistance element positioned 
between the core and the diaphragm, said element 
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comprising an assemblage of granules formed 
from carbon and iron, means positioned between 
the diaphragm and the granules for exerting a 
pressure on the granules and for varying the pres 
sure in accordance with the vibrations of the dia 
phragm in response to sound Waves, and a source 
of direct current, a circuit comprising the re 
sistance element, the magnetizing coil and the 
source of current in series, whereby the varying 
resistance of the resistance element, in response 
to diaphragm vibrations, will produce a corre- . 
sponding variation in the current and in the mag 
netic flux, whereby the action of the latter on the 
magnetic granules will vary the resistance in 
versely with the current. 

9. An amplifying device, comprising, in Com 
bination, a permanent magnet core, a coil Sur 
rounding the core, a pressure responsive resist 
ance element comprising granules having an iron 
core covered with carbon positioned adjacent the 
core, means responsive to the flux of the magnet 
for exerting a compressive force on the resistance 
element, which varies with the intensity of the 
magnetic flux, a circuit comprising a source of 
direct current, the resistance element and the coil 
in series, means independent of the magnet for 
varying the compression of the resistance ele 
ment in accordance with sound waves, whereby 
the current in the circuit and the magnetic flux 
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