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My present invention relates generally to ar 
rangements for automatically varying the audio 
frequency response characteristic of an audio 
transmission System, and more particularly to 
an improved method of, and means for, auto 
matically varying the transmitted audio band 
width in response to the amplitude level varia 
tion of audio input energy. 
Communication Systems for the transmission, 

or reproduction, of audible sound are usually 
limited in volume range by background noise. 
It is Well known that the annoyance caused by 
an audible fluctuation noise is greater when the 
noise contains the higher frequencies of the 
audible spectrum. This is true because, although 
the noise energy is uniformly distributed over 
the frequency Spectrum, the useful sound energy 
is mainly concentrated in the lower frequencies. 
Thus, the highest effective signal to noise ratio 
in the presence of disturbing noise is usually 
obtained by cutting down the highest frequency 
which can be transmitted. Accordingly, the 
Scratch noise present during playing of an ordi 
nary phonograph record is less annoying when 
the reproduced audio frequency band does not 
extend above substantially 3,000 cycles. In high 
fidelity musical reproduction from records, this 
difficulty can only be overcome by recording at 
a sufficiently high level so that the weakest pas 
Sages of music are sufficient to override the noise. 
This is not aiways possible, however, particularly 
When the music, has loud passages which it is 
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Accordingly, it may be stated that it is one of 
the main objects of my invention to provide an 
improved method of, and means for, automati 
cally controlling the band width of the trans 
mitted audio signals by a special regulating 

: device whose function it is to adjust the fre 
quency response at the high frequency end of 
the audio response characteristic, and to cause 
the frequency response adjustment to be a func 
tion of the amplitude of the sound at the input 
circuit of the audio transmission system. 
Another important object of this invention is 

to provide an arrangement for improving the 
effective signal to noise ratio of the original 
Sound Source of an audio transmission system 
by means controlled directly by the sound waves 
and which Opens up the audio frequency spec 
trum to the full width of which a sound trans 
mission channel is capable when the level of 
desired. Sound energy is above. a predetermined 
value which is sufficiently great substantially to 
eliminate annoyance from background noise; 
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desired to reproduce without over-cutting the 
record. Similar limitations are found in other 
methods of reproduction. 
Since the undesired noises are only annoying 

When the Sound is at a low amplitude level, it is 
highly desirable to utilize an automatic means 
for reducing the band width of the reproduced 
audio frequency Spectrum in accordance with 
he level of the desired sound. Hence, as long 
as the desired sound is at a high level the full 
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and the control additionally reduced the fre 
quency Spectrum to an extent sufficient such that 
undesired noises become less objectionable in the 
output of the gain transmission channel as soon 
as the desired Sound amplitude level falls below 
a certain minimum and background noises be 
COnes noticeably great. 

Still other objects of this invention are to 
improve the operation of automatic arrange 
ments for regulating the high audio frequency 
response of an audio signal transmission system, 
the control arrangement including an audio 
Signal rectifier which functions to vary the gain 
of an electron discharge tube having circuits as 
Sociated therewith to render it operative as a 
capacitive reactance across the audio transmis 
Sion channel. 

Still other objects of my invention are to im 
prove generally automatic audio frequency re 

frequency width of the audio system is in use 
for high fidelity reproduction. However, as soon 
as the desired Sound energy decreases Substan 
tially to noise level, the width of the audio fre 
quency spectrum should automatically be reduced 
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to a value giving a higher effective signai to noise 
ratio. Low fidelity reproduction from Such a 
System occurs only when the Sound is at Such a 
low amplitude level that enjoyable high fidelity 
reproduction is not possible because of noise; at 
all other times the full high fidelity capabilities 
of the audio system are utilized. 
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Sponse control circuits, and more especially to 
provide an audio signal transmission system with 
means for regulating the high audio response 
thereof, and which control means is reliable in 
Operation and is economically assembled in an 
audio transmission system. 
The novel features which I believe to be chair 

acteristic of my invention are set forth in par 
ticularity in the appended claims; the invention 
itself, however, as to both its organization and 
method of operation will best be understood by 
reference to the following description taken in 
connection with the drawing in which I have 
indicated diagrammatically a circuit organiza 
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tion whereby my invention may be carried into 
effect. 

In the drawing, 
Fig.1 shows a circuit diagram which embodies 

the invention, Fig. 2 graphically shows the functioning of the 
audio response control circuit. 

Referring now to Fig. 1, which shows an audio 
signal transmission channel embodying the auto 
matic frequency response control circuit, numeral 
denotes schematically a source of audio voltage. 

This audio voltage source may be of any well 
known type. For example, it may be the elec 
trical pick-up device used in connection with 
reproducing phonograph records, or it may be 
the detector output circuit of a radio receiver 
of the broadcast type. It can even be the micro 
phone of a public address system, or the photo 
electric pick-up device used with talking moving 
pictures. In general, then, the source is to be 
understood as feeding to the potentiometer re 
sistor 2 audio signal voltage covering a range of 
approximately zero to 15,000 cycles, which latter 
range is generally considered as being the high 
fidelity audio reproduction range. 
The numeral 4 denotes an audio amplifier tu 
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veloped aeross resistor 9 is impressed on the in 
put grid 21 of the control tube 22. The control voltagé is impressed on grid 2 through a path 
which includes the filter resistor 23 and the grid 
leak resistor 24, and the junction of the resistors 
is grounded through a condenser 25. The re 
sistors f S and 23. and condensers 20 and 25 co 
operate to provide a resistance-capacitance filter, 
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of any well known type, and whose signal input . 
grid 5 is connected by the adjustable tap 3 to the 
potentiometer resistor 2 shunted across the 
source of audio voltage . The cathode of tube 4. 
is connected to ground through the usual 
resistor-condenser grid biasing network 6. The 
screen grid of tube 4 has positive voltage applied 
to it through the usual resistor T, the latter being 
by-passed to the cathode by a capacitor. The 
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and the time constant of this filter should be just long enough to prevent low frequency alternating 
voltage from being applied to the grid 2. In or 
der to make the device operate as rapidly as pos 
sible a full wave rectifier is employed so that the 
time constant needed is only half that which 
would be required with a half wave rectifier. . Of 
course, half wave rectification can be used in 
such cases where cost considerations make a 
slight sacrifice in performance desirable. 
The tube 22 has circuits associated therewith 

such that the tube functions as an electronic ca 
pacitance. The plate 26 of the control tube is 
connected to the plate end of resistor 9 through 
a blocking condenser 27, while the cathode of 
the tube is connected to ground through the 
usual self-biasing resistor 28. The positive po 
tential for plate. 26 is applied through a path 
which includes the coil L and resistor R. A ca 
pacitance 29 is connected between grid 2 and the 
junction of resistor R and coil I, and the capaci 
tance functions as a blocking condenser. Grid . 
leak resistor 24 is a high resistance resistor. 

... Considering the control tube 22 more specifically 

35 
suppressor grid of tube 4 is at ground potential, 
while the plate 8 is established at a desired posi 
tive potential by the load resistor 9. Numeral O 
designates schematically a succeeding audio am 
plifier network, and the latter may comprise one 

it is to be noted that the grid 2 is connected to 
plate 26 through the relatively high resistance.R, 
while inductance L connects the control grid to 
the cathode. If an alternating voltage is applied 
across the plate to cathode path, and if resistor 
R is sufficiently high, a current will flow through 
R and I, which is substantially in phase with the 

40 
or more audio amplifier tubes. The coupling ' 
condenser transmits the audio voltage devel 
oped across load resistor 9 to the input electrode 
of amplifier O. 
The amplified audio voltage-output of amplifier 
O may be impressed upon any desired utilization 
means, Such as a reproducer of the loudspeaker 
type. The high audio frequency response of the 
audio. response characteristic is automatically 
varied by the control channel which includes an 
amplifier 2. It is to be understood that this 

45 voltage by about 90 degrees. 
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amplifier may include one or more amplifier. 
tubes, or, if desired, the amplifier may be omitted. 
A desired value of audio signal voltage is in 
pressed on amplifier 2 by providing in shunt 
with resistor 2 a resistor. 3. The adjustable tap 
f4 enables the operator to select the desired mag 
nitude of audio signal voltage which is to be em 
ployed for the control function. In other words, 
taps 3 and 4 provide independent means for per 
mitting the regulation of the magnitudes of the 
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input audio signal voltage and the control audio 
voltage. This is of decided advantage in provid 
ing increased flexibility of control, 
The output of amplifier f2 is impressed upon a 

full wave rectifier which comprises the double 
diode tube 5 having a common cathode and a 

: pair of anodes. One of the anodes 6 is con 
nected to one end of the secondary winding of 
audio transformer 7, while the anode 8 is con 
nected to the opposite end of the said winding. 
The grounded cathode of tube 5 is connected to 
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the mid-point of the secondary winding through 
a load resistor 9 which is appropriately by-passed 

applied voltage. ... The voltage drop across coil I 
is applied to the grid 2 and is then leading the 
current (and thus... the applied voltage) by ap 
proximately 90 degrees. 
The resulting alternating current plate current 

due to this grid voltage will then lead the applied 
Assuming R is so 

high that the current through it can be neg 
lected, the alternating voltage applied between 
plate and cathode of tube 22 results in a current 
across these electrodes which leads the voltage by 
approximately 90 degrees. In other words, tie 
impedance between the plate and cathode of tube 
22 functions in the manner of a capacitance, and 
the magnitude of this capacitance is proportional 
to the alternating plate current. Thus, when 
the transconductance of tube 22 is varied as by 
varying the bias of grid 2, the effective capaci 
tance between the cathode and plate is varied. 

vided by the impedance between the cathode ard 
plate of tube. 22 almost linearly, thus justifying 
the concept that the -tube. 22 behaves a.S. 3 Wan 
iable capacitance. - . 
To use tube 22 for variable high frequency 

audio cut-off the plate to cathode impedance of 
the tube is connected across the resistive plate 
load 9 of amplifier, tube 4. In Fig. 2 there is 
shown various frequency response curves secured 
with different values of transconductance for 
tube 22. In securing the various eurves in Fig. 2 
it was assumed that the resistive plate load of the 
amplifier 4 is of the order of 100,000 ohms, and in 

. It can be demonstrated that a variation cf the gro . 
of tube 22 will vary the effective capacitance pro 

considering this magnitude the plate resistances . 
by condenser 20. The uni-directional voltage de- 75 of tubes 4 and 22 are to be included in this value, 
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The resistor R had a value of 200,000 ohms, while 
coll, had a value of 0.5 henry; it was considered 
that coil L. had internal losses corresponding to 
a series resistor value of 200 ohms, and that gm 
of tube 22 had a value of 2X10 mhos maximum. 
An inspection of the curves of Fig. 2 will show 
that the frequency response is varied from the 
uppermost flat curve, with a value of gim which 
equals zero, to the lowermost curve which cuts 
of around 1,000 cycles. Also, it will be observed 
that the high audio frequency response depends 
directly on the transconductance of the tube 22. 
The control grid bias of tube 22 is varied without 
the consumption of power, and, therefore, repre 
sents a desirable manner of controlling the fre 
quency response of the audio signal transmission 
channel. . . . . ... - 

in considering the operation of the circuit ar 
rangement shown in Fig. 1, the audio input volt 
age is applied at the adjustable potentiometer 
2-3 and the amplified audio voltage is trans 
mitted to the utilization means as described 
above. The frequency response of the main 
transmission channel will be determined by the 
response characteristic of plate load resistor. 9 
and the shunt admittance connected across it by 
means of blocking condenser 27 and tube 22 and 
its associated components. The audio input sig 
nal is simultaneously applied to the adjustable 
potentiometer 3-4 which may be adjusted for 
selecting the scratch amplitude level which is de 
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tion shown by Fig. 2 is accompanied by a very 
slight volume expansion action. For low levels 
of the incoming sound, the relative maximum 
gain is slightly less than for high levels of the 
incoming Sound. This behaviour is caused by 
the internal losses in the coil IL together with 
the fact that the resistor R is not infinitely 
larger than the reactance of L. As a result, the 
tube 22 and its accompanying circuit does not 
behave as a pure variable capacitance, but it also 
behaves as a variable conductance. The circuit 
values which were used for the illustrative curves 
of Fig. 2 were chosen, for simplicity, so that the 
volume expansion action was very small. By in 
creasing L and deereasing R, or by inserting ad 
ditional resistance in series with I, the volume 
expansion action may be made appreciable. 
Such behaviour is of advantage when the volume 
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sired to be tolerated. After implification at 
amplifier 2 and rectification at double diode 5, 
the control voltage is applied to the grid 2 of 
the tube 22. 
With noises, such as scratch noises, only in 

pressed at the input network of the system, tap 
is adjusted upwardly along resistor 3 until 

tube 22 just begins to decrease in plate current. 
Under these conditions tube 22 is operated at 

range of the incoming sound has been restricted, 
since it tends to restore the original volume 
range. The same action also tends to minimize 
noise and scratch which occur at low sound levels 
since not only is the frequency range reduced 
by the shunting capacitance action of tube 22, 
but the gain at all frequencies may be reduced 
by the shunt conductance action of the same . 
tube. .. 
While I have indicated and described a system 

for carrying my invention into effect, it will be 
apparent to One skilled in the art that my in 
vention is by no means limited to the particular 
organization shown and described, but that many 
modifications may be made without departing 
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approximately maximum transconductance, and 
the response curve is similar to one of the lower 
curves shown in Fig. 2. The scratch components 
in the audio output of amplifier 0 are, there 
fore, less annoying because of the absence of high 
audio frequency components. When the audio 
signal amplitude exceeds the scratch, or noise, 
level slightly, the control grid 2 is biased more 
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negatively and the response curve of the system 
approaches one of the higher curves of Fig. 2. 
For audio signal amplitudes well above the 
scratch level audio reproduction is in accordance 
with the uppermost curve of Fig. 2, since in that 
case tube 22 is completely cut-off. In this event 
full high fidelity reproduction is available. It 
will, therefore, be seen that the audio control 
channel provides a means for utilizing a uni 
directional voltage derived from the audio signal 
itself, and which uni-directional voltage is en 
ployed to vary the gain of a tube whose plate to 
acathode impedance functions as a capacitance 
connected in shunt across the main audio signal 
transmission chaanel. 
In some cases it may be advantageous to use 

a delayed bias on the double diode 5. Again, 
it is not essential to the present invention that 
the input to the control channel be derived from 
across source , since the input to the control 
channel may be taken from the plate resistor 9 
or even from across the output of amplifier 10. 
Additionally, the variable electronic capacitance 
may be connected at other points of the trans 
mission channel for varying the response charac 
teristic. 
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from the scope of my invention, as set forth in 
the appended claims. 
What I claim is: 
1. In an audio transmission system of the type 

including at least one audio amplifier tube and 
a utilizing means, a frequency response control 
arrangement including an electron discharge tube 
having circuits associated therewith so as to ren 
der the plate to cathode impedance of the tube 
Operable as a reactive impedance, means for con 
necting said reactive impedance across the out 
put of said amplifier tube, and means connected 
across the amplifier tube input for deriving a 
uni-directional control voltage from audio volt 
age impressed upon said amplifier tube, and 
means for impressing said uni-directional volt 
age upon a control electrode of said control tube 
thereby to vary the magnitude of said reactive 
impedance. 

2. In combination with a main audio voltage 
transmission channel, a control tube having its 
plate to cathode impedance connected across the 
channel to function as a shunt reactive path, 
and means Connected across the main channel 
input and directly responsive to amplitude of 
the audio signal voltage impressed upon said 
main channel for controlling the gain of said 
control tube thereby to control the magnitude 
of said shunt reactive path. ; 

3. In an audio voltage transmission system of 
the type including an audio amplifier having an 
input circuit and an output circuit, means for 
impressing audio signal voltage upon said in 
put circuit, means connected to the amplifier in 
put circuit for deriving a uni-directional control 
voltage from audio voltage transmitted through 
said audio transmission tube, a control tube pro 
vided with at least a cathode, output electrode 
and control grid, a connection between the out 
put electrode of the control tube and said audio 
transmission system for impressing audio volt 

It should, also, be pointed out that the Opera- 75 age between the cathode and output electrode 




