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This invention relates to microphone systems,
and it has special reference to such systems in
which carbon type microphones are employed.

The sensitivity and efficiency of the ordinary

8 carbon type -microphone, when utilized in any
system of sound transmission, depends upon the

amount of change in the resistance thereof nec-

essary to effect a certain amount of change in
current therethrough, in comparison with the
10 degree of change in energy made effective upon
a load device at some other point in the system
which may be applicable to useful work.
As a practical matter, microphones of the car-
bon type are more or less standardized in design
16 and construction, so far as electrical character-
istics are concerned. For instance, the ususal sin-
gle button carbon microphone is commonly de-
signed for 2 volts, 200 ohms resistance and &
normal current of 10 milliamperes when idly op-
20 erating and unaffected by speech or other sounds.
" However, in actual use and affected by speech,
the normal current changes in the neighborhood
of 10%. If the service conditions exceed these
general limits, objectionable disturbances and pos-
@8 sible arcing results. Accordingly, these factors
of design, when considered in connection with
the many conventional circuit arrangements to
which microphones are commonly applicable, im-
pose rather definite restrictions as to the operat-
30 ing conditions to which they properly may be
subjected.
In view of these limitations in operating condi-
tions, improved sensitivity and efficiency can only
‘be secured through suitable changes in the cir-
35 cuit arrangements of the systems in which such
microphones are employed.
One of the objects of my invention is to provide
a microphone system which shall be arranged and
operated in such manner as to improve the sensi-

40 tivity and the efficiency of the system in general

over and above that which is obtained in accord-
ance with present practice.

~ Another object is to accomplish this end, in

whatever class of system or service to which my

45 invention is applied, through the employment of

a control resistance, preferably but not neces-

sarily, of the well-known Rectox type, having &

negative resistance-current characteristic, and

connected in such circuit relationship with the

50 usual carbon microphone of standard design, as

‘to increase the sensitivity of the microphone sys-

tem. '

Through the use of such a control resistance

in such circuit relation to the microphone, I find

85 that the normal 10% change in current occasioned
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by speech in the conventional microphone use, -
requires considerably less change in pressure of
the microphone diaphragm on the carbon par-
ticles, inasmuch as the necessary change in re-
sistance of the microphone circuit is not restricted &
to the change in the microphone resistance alone,
but is effected to a marked extent by the change

in resistance of the auxiliary control resistance,
by reason of its peculiar negative resistance-cur-
rent characteristic. :

Thus, for the same results, my invention en-
ables the usual carbon microphone to be used
with a materially decreased amount of change
in the microphone resistance per se, or from a
somewhat different aspect, if the microphone is 1
‘so used as to effect the conventional degree of
resistance change, the effective results upon the
system are greatly improved. Hence, the sensi-
tivity and the efficiency of the system are mate-
rially enhanced.

Obviously, the principles of my invention may
be applied to various types of systems employing
carbon microphones and to many classes of serv-
ice, a few examples of which I shall set forth
herein as typical. .

The foregoing and other objects and features
of my invention may best be understood from
the following description of the illustrative em-
bodiments thereof, as shown in the accompanying
drawing, in which

Pig. 1 is a simplified diagrammatic view of the
circuit connections of & microphone system em-
bodying my invention, as applied to the trans-
mission of sound by electronic amplification, as
in a so-called announcing or public address sys~ 38
tem;

Fig. 2 is a fragmentary diagrammatic view of
certain circuit connections which, taken in con-
nection with those of Fig. 1, illustrate the appli-
cation of my invention to broadcasting service;

Fig. 3 is a diagrammatic view of another em-
bodiment of my invention which may be applied
to announcing, broadcasting or other classes of
service; and

Fig. 4 is a simplified diagrammatic view of a
still further modification of my invention, as
applied to a telephone system.

Referring to the drawing, my invention, as
illustrated in Fig. 1 thereof, comprises an an- g,
nouncing system including a microphone M, an
electronic amplifying unit 3, a loud speaker B,
an auxiliary control device R having a negative
resistance characteristic, preferably in the form
of a so-called Rectox resistance, and other ancil- 85
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lary appurtenances as wﬂl be hereinafter de-
scribed.
The microphone M, as shown for purposes of

_. simplification, is of the single button carbon type

of conventional construction, but it should be
understood that the principles of my invention
are not so restricted but may be utilized by means
of suitable circuit connections with a double
button microphone of ordinary construction.

The electronic amplifying unit 3, which con-
stitutes the load, may be of any well-known con-
ventional type, having one or more stages of
amplification, together with one or more power
tubes, which, -if desired, may be arranged in
push-pull relation. In the drawing, for purposes

of simplification, only the first amplifying tube °

1 and the push-pull power tubes 8 and i are
shown, together with the usual output trans-
former (3, the primary coil 1§ of which is con-
nected between the power tubes, while the sec-
ondary coil 17 is connected to loud speaker 8.
The mid-point of the transformer primary coil
has a positive battery connection +B, in a.ccord-
ance with usual practice. .

" The input side of the amplifying unit 3 ha,s its
first amplifying tube T connected to the button of
the microphone M through condenser 21, con-
ductor 23, control device R, preferably of the
Rectox type, and conductor 28. The other ter-
minal of the microphone M is connected by means
of conductor 27 to the lower end of a shunt
resistance 28 which is also connected to ground
by conductor 31, while the upper end of the shunt
resistance is connected to the conductor 23 at a
point intermediate the condenser 2{ and the
conirol device R.

The grid circuit of the first amplifying tube T
is connected to ground through resistance_33,
and from a point in conductor 28 between the
control device R and the point of connection of
shunt resistance 29 therewith, a conductor 35
leads to ground through a series resistance or
impedance 37 and a 4B extraneous source of
energy of relatively high voltage.

The control device R is preferably of the dry
copper oxide type, known in the art as Rectox,
such as that described in Patent No. 1,640,335,
granted August 23, 1927, to Grondahl, although

my invention is not limited to devices of this’

specific class. This type of device is indicated
in the drawing and is marked with arrows in its
several legs, as is conventional in the art, to in-
dicate the direction of flow of current permissi-
ble therethrough, while the positive and negative
terminals thereof are conventionally marked by
plus and minus signs, respectively.

This Rectox control device has a negative re-
sistance-current characteristic or curve, 1. e., its
internal resistance decreases with an increase of
current passing therethrough. . Moreover, its re-
sistance change is instantaneous with changes in
current therethrough. "It is this peculiar nega-
tive resistance characteristic of the Rectox con-
trol device which I utilize so effectively in my
invention to secure the highly beneficial results
of extraordinary efficiency and sensitivity, as will
become more apparent from the following ex-
planation of the operation.

Por purposes of explanation, I will set forth as
an example, the capacities of several parts of an
equipment which I have operated with remark-
able success. The microphone M is of standard
construction and designed for 2 volts, 200 ohms
and a normal operating current of 10 milli-
smperes, while unaffected by talking, The +B
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source is about 100 volts. The series resistance
37 is of 4800 ohms, and the Rectox has a re-
sistance of 200 chms at a current of 10 milli-
amperes, when not affected by talking, while the
shunt resistance 29 is of 400 ohms.

With the above indicated equipment, and a
normal current of 10 milliamperes through the
microphone M, there are also 10 milliamperes
flowing through the shunt resistance 28, while
the -+-B source delivers 20 milliamperes through
the serles resistance 37. Thus, the voltage drop
through the series resistance is 96 volts, leaving
a voltage of 4 volts impressed across the shunt
resi%tance 29 and also across the series connected
Rectox R and microphone M, or ‘2 volts across
each.

.. Now, assuming an increase in current through
the microphone M of 10% by reason of conven-
tional talking.conditions, then there would flow
through the microphone and Rectox & current of
11 milliamperes.. Since the shunt resistance 28
is in parallel circuit to the microphone and

_Rectox device, and assuming a constant current
source of energy, there is necessarily a 109
decrease in current passing through the shunt
resistance - 29. 'Thus, 9 milllamperes flows
through the shunt resistance and a voltage of 3.6
volts is. impressed across both of the parallel
circuits

With this voltage across the- series-connected
microphone M and Rectox resistance R, and 11
milliamperes flowing therethrough, the total re-
sistance of the circuit is

3.6
o011

or 327 ohms. Now, with 11 milliamperes passing
through the Rectox, its internal resistance is
decreased by 12 ohms by reason of its negative
resistance-current = characteristic. The Rectox
resistance therefore is 188 ohms with 11 milli-
‘amperes flowing. Under thése conditions, the
resistance of the microphone is 327—188, or 139
ohms.
61 ohms or about 301, %.

Thus, a 303 % - change in microphone re-
sistance produces a 10% change in microphone
current and effects a voltage change of .4 volt
across the shunt resistance 29, which. voltage
change is applied to the amplifying unit or load
device.

For purposes of comparison, it may be stated
that with the present announcing systems of this
general class, an increase of 109% current in the
microphone requires a 209% decrease in micro-
phone resistance and effects a .2 volt change of
voltage as applied to the amplifying unit. These
figures are well known in the art and will be
found on page 38 of the August 1936 issue of
“QST,” which is a recognized authority, published
monthly by The American Radio Relay League,
Ine., as its oficial organ.

Thus, in accordance with my invention, the
change of energy applied to the amplifying unit
resulting from' a 10% increase in microphone
current, is vastly greater than that occasioned by
the same percentage of current increase in the
microphone of the present-day ‘standard an-
nouncing system. -Manifestly, if the usual volt-
age change of .2 volt is applied to the amplifier
unit, the necessary microphone resistance change
would be only about 15%, as compared to a 209
change in microphone resistance, as is required in
present practice. This means better efficiency
and greater sensitivity in operation,

The decrease in microphone resistance is-
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Of course, instead of employing my. invention
for use with an amplifying unit and loud speaker,
as in an announcing or public address system, it
may be employed for broadcasting service, as
depicted in PFig. 2. .

In this event the general circuit connections of

the microphone may be similar to those already .

described, except that the amplifying unit 3 of
Fig. 1 is utilized as a modulator 8 in the usual
manner and the loud speaker 5 of Fig. 1 is re-
placed by any conventional type of radio fre-

- quency transmitter 43, which is provided with the
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usual ground and antenna connections 45 and 47,
respectively.

In Fig. 3, I have shown my invention as em-
bodied in a somewhat different circuit arrange-
ment, which, however, is adapted for announcing
systems as in PFig. 1 or broadcasting service as
in Pig. 2. .

Referring to Fig. 3, a carbon buiton micro-
phone M; of common construction has one of its
terminals connected by conductor 49 to one side
of & battery 51, while the other side of the bat-
tery is connected by conductor §3.to the lower
terminal of resistance 29, which is also grounded
through conductor 8fs. The upper end of the
resistance 29x is connected to conductor 23. at
8 point between the negative terminal of the con-
trol resistance Ri, preferably of the Rectox type
and the first amplifying tube Ta of the amplifier
unit or modulator 8», which constitutes the load.
The Rectox device Ri ig similar to that already
described and its positive terminal is connected
by conductor 25 to the button of the micro-
phone Mi. .

With this arrangement of circuits, the capac-
ities of the usual accessory devices are as fol-
lows: microphone M: having a resistance of 200
ohms, Rectox R: of 200 ohms resistance, resist-
ance 29. of 400 ohms, and the battery §i of 8
volts. A current of 10 milliamperes flows through
the circuit under normal conditions.

With a normal current of 10 milliamperes flow-
ing through series resistance 29s, the voltage
across it is 4 volts.

Now, assuming a 10% increase in current
through the microphone circuit, or 11 milliam-
peres, due to talking conditions, the total resist-
ance of the entire microphone circuit is 727 ohms,
of which the 400 ohms of the shunt resistance 29.
is fixed. The balance of 727—400, or 327 ohms
must be supplied by the Rectox device R1 and
the microphone Mi. Now, the Rectox, by reason
of its negative resistance-current characteristic,

has a resistance of 200—-12, or 188 ohms. Thus, °

the resistance of the microphone M is 327—188
or 139 ohms. This is a decrease of 200—139, or
61 ohms in the original microphone resistance, or
a change of about 30% to effect a 10% increase
in current, which also effects an increase in volt-
age of .4 volt across the resistance coupling 29s,
which is applied to the amplifier unit 3». _

In ordinary practice, where no Rectox device
is employed, it requires a 20% change in micro-
phone resistance to increase the cwrrent 10%
and which gives & .2 volt increase of voltage ap-
plied to the amplifier. :

with this in mind, it is apparent that if the
usual .2 volt change in voltage of the prior art
were to be secured with my invention, it would
require & 15% change in the resistance of the
microphone.

Thus, the use of my invention results in a defi-
nite improvement over present practice.

In Fig. 4 I have shown a further modification

3

of my invention, as applied to telephone service.
Referring to this figure, the system illustrated,
embodies the use of control resistances of the

Rectox -type, and comprises stations A and B -

which are interconnected by telephone lines 61
and 63 to which electrical energy is supplied from
a battery 66 through a coupling transformer 61
having coils 68 and 69, in the usual manner.
The equipments of the two stations A and B are
alike, and the circuit arrangements of each in-
cludes a Rectox device having a negative resist-
ance-current characteristic. Hence, & descrip-
tion of only one station will suffice. Of course,
the diasgram of Pig. 5 is greatly simplified, but
will amply serve for purposes of explanation.
With this understanding, station A comprises a
carbon button microphone Mz, having one of its
terminals connected by conductor 2Ty to the lower
end of a shunt resistance coupling 29» which is

also connected to ground by means of conductor.

81». The upper end of the shunt resistance 28»
is connected by conductor 23, to the ‘negative
terminal of the control Rectox resistance Rag,
while its positive terminal is connected by con-

ductor 25, to the button of the microphone Ma..

A telephone receiver 7i is connected in shunt
relation to the shunt resistance coupling 29, from
the upper end thereof through:condenser 2i» and
the opposite terminal of the receiver is connected
to ground by conductor 13.

10

15

80

"Energy from battery 65 is supplied to station

A by means of telephone lines 6f and 63, the
former being connected to conductor 23, at a
point between the upper end of the shunt resist-

-ance 29, and the negative terminal of the Rectox

Ra, while the latter is connected to conductor
27y between the lower end of the shunt resistance

29, and the microphone Ma. The energy from.

the battery, therefore, is supplied to parallel cir-
cuits, one of which includes shunt resistance 29s,
while the other branch includes the Rectox Rz
and the series-connected microphone Ma. .

The circuit connections of station B are similar
to those just described and include microphone
Ms, Rectox resistance Rs, shunt resistance 29¢
and telephone receiver Tle. - _

The capacities of the equipment are about as
follows: The microphones Mz and M3 have re-
sistances of 200 ohms and are designed for 10
milliamperes of current under normal conditions,
when not affected by speech. The Rectox de-
vices Rz and Rz have normal resistances of 200
ohms at 10 milliamperes of current, and the
shunt resistances 29, and 29: are of 400 ohms.

It will be understood that in telephone service,

‘when microphone Mz at station A is in use, the

receiver Tic at station B is in service, while if
microphone Mz at station B is being employed,
the receiver 11 at station A is in use.

With the circuit arrangements and capacities
of the component parts of the system as above
described, it will be found that in order to secure
the required conventional voltage change of .2
volt, as appled to the receiver Tlc at station B,
when the microphone Ms of station A is in service,
it requires a resistance change in microphone Mz
of about 28%2%. : '

This compares with the usual required 36%%
conventional change in microphone resistance to
effect a .2 volt change on the receiver, in accord-
ance with the present-day telephone circuit con-
nections, when resistance couplings are employed
and no Rectox devices are utilized. @ -

These comparative results indicate the superi-

35

70

ority in efficiency and sensitivity of the telephone 78
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system when utilized in -accordance with my in-
vention. This improvement is occasioned through
the employment of the Rectox devices, whose
negative resistance-current characteristics cause
8 material decrease in resistance with an in-
crease of current flowing therethrough, and vice
versa.

Moreover, for telephone service, where such a
Rectox device is used at both stations, both of
such devices function in such manner as to de-
crease the necessary resistance change in the
microphone in service, whereby the sensitivity
efficiency of the system is enhanced. .

Obviously, other specific circuit connections
and service applications, involving the use of
control resistance devices having negative resist-
ance-current characteristics, for the purpose of
increasing the sensitivity and operation of sys-
tems embodying carbon type microphones, will
suggest themselves.

Therefore, although my invention has been
shown and described, for illustrative purposes,
as embodying a few more or less specific circuit
connections and arrangements and locations of
parts, it should be understood that my invention,
in its broader aspects is not so limited, but that
many modifications may be made therein without
departing from the spirit and scope of my in-
vention. Hence, only such limitations should be
imposed as are indicated in the appended claims.

I claim as my invention:

1. A microphone system comprising a carbon
type microphone, an electronic amplifier to be
operated in accordance with the operation of said
microphone, and circuit connections between the
microphone and said amplifier, including a con-
trol resistance having a negative resistance-cur-
rent characteristic so arranged and connected
directly in the microphone circuit ahrad of the
amplifier that its resistance change, resulting
from changes in current through the microphone
and the control resistance due to talking, oper-
ates to increase the sensitivity of the microphone
by decreasing the necessary change in micro-
phone resistance required in microphone systems
of the conventional type.

2. A microphone system comprising a carbon
type microphone, an electronic amplifier to be
operated in accordance with the operation of said
microphone, and circuit connections between said
microphone and said amplifier, including a con-
trol resistance connected directly in the micro-

phone circuit ahead of said amplifier in series

circuit with said microphone, to materially in-
crease the sensitivity and the efficiency of the
system in delivering energy to said amplifier.

3. A microphone system comprising a carbon
type microphone, an electronic amplifier to be
operated in accordance with the operation of
said microphone, and circuit connections be-
tween said microphone and said amplifier, in-
cluding  a control resistance having a negative
resistance-current characteristic connected di-
rectly in the microphone circuit ahead of said
amplifier and in series circuit relation with said
microphone, for controlling the energy applied
to said amplifier. ‘

4. A microphone system comprising a carbon
type microphone, an electronic amplifier to be
operated in accordance with the operation of said
microphone, and circuit connections between said
microphone and said amplifier, including means
connected directly in the microphone circuit
ahead of s&id amplifier and in series circuit rela-
tion with said microphone for automatically
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changing the resistance of the microphone cir-
cuit as the microphone resistance is changed, for
controlling the energy applied to said amplifier.

5. A microphone system comprising a carbon
type microphone, an electronic amplifier to be §
operated in accordance with the operation of said
microphone, and circuit connections between said
microphone and said ‘load device, including a
control device having a negative resistance-cur-
rent characteristic connected directly in the mi- 10
crophone circuit ahead of said amplifier ard in.
series circuit relation with said microphone snd
operating to change the resistance of the micro-
phone circuit as the resistance of the microphone
changes and in the same direction, for control- 15
ling the energy applied to said amplifier.

6. A microphone system comprising a carbon
type microphone, a load device to be operated in
accordance with the operation of said micro-
phone, and circuit connections between said mi- 20
crophone and said load device, including a shunt
resistance coupling between the microphone and
the load device and a control resistance having
a negative resistance-current characteristic con-
nected directly in the microphone circuit and in 25
series circuit relation with said microphone be-
tween said microphone. and said resistance cou-
pling and in shunt to said shunt resistance, and
a --B extraneous source of energy and a series
impedance connected across said shunt resistance, g0
whereby the energy applied to said load device is
controlled.

7. A microphone system comprising a carbon
tyre microphone, an electronic amplifier to be
operated in accordance with the operation of said 3s
microphone, and circuit connections between said
microphone and said amplifier, including a shunt
resistance coupling between the microphone and
the amplifier and a control resistance having a
negative resistance-current characteristic and an
extraneous battery both connected directly in the
microphone circuit ahead of said amplifier and in
series circuit with said microphone across said
shunt resistance, for increasing the sensitivity

" and the efficiency of the system in delivering en- 45

ergy to said amplifier.

8. A microphone system comprising a carbon
type of microphone, and an electronic amplify-
ing unit, in combination with means including
a control device, having a negative resistance-
current characteristic, connected directly in the
microphone circuit ahead of said amplifier
and in series circuit relation with said micro-
phone for controlling the energy applied to said
amplifying unit. , 5

9. A microphone system comprising a carbon
type of microphone, and an electronic amplifying
unit, in combination with means including a
shunt resistance coupling between said micro-
phone and said amplifying unit, & control device ¢
of the Rectox type connected directly in the
microphone circuit and in series circuit relation
with said microphone between said microphone
and said resistance coupling and in shunt to said
shunt resistance, and a {-B extraneous source of ¢5
energy and a series impedance connected across
said shunt resistance, whereby the energy applied
to said amplifying unit is controlled.

10. A microphone system comprising a carbon
type of microphone, and an electronic amplifying 70
unit, in combination with means including a con-
trol device of the dry copper oxide type connected
directly in the-microphone circuit ahead of the
amplifying unit and in series circuit relation with
sald microphone for controlling. the energy ap- 75



10

15

20

2,200,462

plied to the amplifying unit and materially in-
creasing the sensitivity and efficiency of the sys-
tem.

11. A telephone system comprising a plurality
of stations interconnected by telephone lines,
each station including a carbon type of micro-
phone, a telephone receiver and a control resist-

‘ance having a negative resistance-current char-

acteristic arranged and connected directly in the
microphone circuit ahead of the telephone lines
and to decrease the necessary change in the re-
sistance of the microphone in use at one station
to effect the desired change in energy applied to
the receiver in use at the other station.

12. A telephone system comprising a carbon
type microphone, a telephone receiver, and cir-
cuit connections between said microphone and
said receiver, including a shunt resistance cou-
pling connected between said microphone and
said receiver and a control resistance having a
negative resistance-current characteristic con-

5

nected directly in the microphone circuit and in
series circuit relation with said microphone be-
tween said microphone and said resistance cou-
pling and telephone lines including a source of
energy connected across said shunt resistance
and also across the series-connected microphone
and control resistance. .

13. A telephone system comprising a plurality
of stations interconnected by telephone lines,
each of said stations including a carbon type
microphone, a telephone receiver, a shunt re-
sistance coupling between said microphone and
said receiver and a control resistance device hav-
ing a negative resistance-current characteristic
connected directly in the microphone circuit
ahead of said telephone lines and in series cir-
cuit relation to said microphone, said telephone
lines being connected across said shunt resistance
and also across said series-connected microphone
and control resistance.

THOMAS W. VARLEY.
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