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My invention relates to amplifying systems. 
and, more particularly, to systems designed for 
the amplification of currents at radio and audio 
frequencies. s 

It has been observed that although a loud 
Speaker associated with radio receiving appa 
ratus or the like may sound quite natural, when 
the acoustic intensity is medium, speech becomes 
“tubby' when the intensity is greatly increased 
and "thin' when the intensity is decidedly re 
duced. Even when the most perfect amplifiers, 
as heretofore constructed, are operated well be 
low the overload point, there is an apparent 
change in the fidelity of Sound reproduction 
with change in Sound-output intensity, the phe 
nomenon not being a result of the characteris 
tics of the amplifier but being occasioned by the 
frequency-pressure-sensitivity characteristics of 
the human ear. 
In other words, the ear is relatively less sen 

sitive to low frequencies at low intensity than 
it is when the volume is raised and, at low in 
tensity, a much smaller increase in Sound-pres 
sure is required for low than for high frequen 
cies to give the same increase in apparent loud 
ness. Furthermore, at low intensity, if the high 
and low frequencies are to give equal apparent 
loudness the sound-pressure occasioned by the 
low frequencies must be many times that from 
the high frequencies. At very high intensities, 
however, the same sound-pressure causes sub 
stantially the same loudness at all frequencies 
Within the acoustic range. 

Having the above facts in mind, it is clear 
what happens When the usual volume-control of 
a radio receiver, a phonograph amplifier or the 
like is advanced past the normal position. Sound 
pressures set up by the loudspeaker at all fre 
quencies are increased in the same proportion 
but the same proportionate increase in sound 
pressure means a much greater apparent in 
crease in loudness at the lower frequencies and, 
therefore, the reproduction assumes the “tubby' 
sound mentioned above and the converse is true 

5 when the intensity is below normal. 
It is, accordingly, an object of my invention 

to provide an amplifying system that, when it 
is utilized to energize a sound reproducer, shall 
give rise to “natural' sound impressions on the 
ear irrespective of changes in the volume-level 
introduced by a volume-control device. 
Another object of my invention is to provide 

a volume-control for an amplifying system that 
shall function to maintain Such correspondence 
between volume-level and frequency character 

(Cl. 179—1) 
istics of the sound output therefrom that a 
change in volume is unaccompanied by an ap 
parent change in fidelity of reproduction. 
There is another psychological phenomenon 

which relates to the present invention and which 
enables us to hear low notes which are entirely 
missing from the sound reproduction. This phe 
nomenon results from the fact that the human 
ear is unable to detect any change in pitch of 
a note if the fundamental and lower harmonics 
are removed. In fact, the pitch is recognizable 
if but three consecutive higher harmonics re 
main and, if proper control of the harmonic fre 
quencies of the lower notes is had, the natural 
ness of the loudspeaker response may be pre 
served through volume changes, even though the 
fundamentals are missing. 

It is, therefore, an ancillary object of my in 
vention to provide an amplifying system that 
shall be of value in improving the apparent low 
frequency response, at low intensities, of loud 
Speakers. 
According to my invention, one of the ther 

mionic devices included in an audio frequency 
amplifier is provided with an input circuit con 
stituted by a resistance-reactance network and 
with means whereby audio frequency potentials 
may be impressed, at substantially constant am 
plitude, across the input terminals thereof from 
a preceding stage Such as the detector in a radio 
receiver. I also provide means whereby one of 
the resistors in the network may be utilized as 
a potential dividing device to control the am 
plitude of the potentials impressed upon the am 
plifying tube and so arrange and dispose the sev 
eral reactors that the rate of control of the po 
tentials at frequencies in one range exceeds the 
rate of control of the said potentials at frequen 
cies in a different range. In short, the network 
referred to is such that when the amplitude of 
the potentials impressed upon the amplifying 
tube is increased, corresponding to an advance 
of the volume-control, the potentials at low fre 
quencies are preferentially attenuated in order 
that the ultimate sound output shall not be 
“tubby”. 

I also may include reactance elements of other 
types such as tuned circuits in the network in 
order that the amplifier shall have a peaked re 
sponse at frequencies Corresponding to the har 
monics to which I referred previously. 
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In addition, when applying my invention to 
radio receiving apparatus, I find it preferable to 
provide means for raising the average audio fre 
quency output from the detector tube, automati- ??( 
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2 
cally, to a predetermined standard value before 
setting the acoustically compensated volume-con 
trol device into operation. This provides a defl 
nite minimum low intensity sound output from 
the apparatus that is independent of the intensity 
of the received signal. Further increase in 
sound-intensity is secured by means of the 
volume-control device which is so compensated 
as to keep the apparent fidelity of reproduction 
constant at all Sound intensities. 
A still further and more specific object of my 

invention, therefore, is to provide a control-de 
vice particularly adapted for use in amplifying 
systems of the aforementioned type. 
The novel features that I consider character 

istic of my invention are set forth with particul 
larity in the appended claims. The invention it 
self, however, both as to its organization and its 
method of operation, together with additional ob 
jects and advantages thereof, will best be under 
stood from the following description of a Specific 
embodiment, when read in connection. With the 
accompanying drawing, in which 

Fig. 1 is a diagrammatic view of a portion of a 
radio receiving system constructed according to 
my invention, 

Fig. 2 is a perspective view of a control-device 
of preferred type, 

Figs. 3 and 4 are diagrammatic end views of 
the control-device, indicating the successive posi 
tions it assumes in operation, and 

Fig. 5 is a diagrammatic view of a circuit modi 
fied according to one phase of my invention to 
provide peaked amplifier response at low audio 
frequencies. 

Referring to Fig. 1 of the drawing, an amplify 
ing System constructed according to my inven 
tion preferably includes one or more stages (not 
shown) for amplifying an incoming Signal at 
radio frequency, a detector stage f and at least 
one audio frequency amplifying Stage 3. 
The radio frequency amplifier is provided with 

automatic or manually actuated volume-control 
devices exemplified, in the drawing, by a variable 
resistor 5 connected in shunt relation to an in 
ductor 7 included in the output circuit of the 
amplifier. Further reference to the variable re 
sistor will be made in describing the operation of 
my improved system. 
A thermionic tube 9, included in the detector 

stage, is provided with an input inductor , 
coupled to the output inductor 7 of the radio 
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quency transformer. 

frequency amplifier and with an output circuit in 
cluding the primary winding 3 of an audio fre 

Detection may be secured 
by interposing a grid condenser 5, shunted by a 
grid leak f, in the input circuit, as shown, or 
the tube may be biased to substantially the cut 
off point, to give plate-rectification, instead. 
The terminals of the Secondary winding 9 of 

the audio-frequency transformer are connected 
to a resistance-reactance network from which 
variable potentials may be impressed between the 
grid and filament of a thermionic tube 2 i which 
functions as an audio-frequency amplifier. Ad 
ditional stages of audio frequency amplification, 
of any desired type, may be added if necessary. 
As previously pointed out, the network inter 

posed between the detector and the first audio 
frequency amplifier, according to my invention, 
has two primary functions, namely, control of 
volume of sound-output and compensation of the 
said output in accordance with the frequency 
pressure sensitivity characteristics of the ear. 
The desired result is substantially attained if the 

potentiometer of usual type. 
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network includes means for simultaneously in 
creasing, through the actuation of a volume-Con 
trol device, the average audio potentials applied 
to the amplifier tube 2 and causing the poten 
tials at high audio frequencies to increase at a 
rate exceeding the rate at which potentials at low 
audio frequency are increased. 
The volume-control device per se is constituted 

by a potentiometer, the movable contact arm 
23 of which is connected to the grid of the ampli 
fying tube 2 and the terminals of the series 
connected resistance elements R1 and R2 of which 
are, respectively, connected to the cathode of the 
tube and a terminal of the secondary winding f9 
through one or more fixed resistors R4, R5, and to 
the opposite terminal of the Secondary winding 
through a condenser C1. An intermediate point 
between the resistance elements is connected also 
to the last mentioned Seconidary winding ter 
minal through a fixed resistor R2. The fixed re 
Sistor R5 between the resistance element R3 and 
the cathode of the tube 2, is provided with a 
Shunting conden Ser C2. 

For best results the volume-control impedance, 
at any setting, should be smaller than the input 
impedance of the amplifier tube whereby it func 
tions Substantially the same as an unmodified 

The impedance of 
the resistor R5 should be large as compared to 
that of the condenser C2. 

In general, the relations among the several cir 
cuit elements, in a preferred commercial embodi 
ment of my invention may be expressed by the 
following formulae: 

1. 
1. R=?(R? R) 

3. R = 3R2 

(2)(360)R, 
5. t???dance of C. G. 360 cycles=impedance of 

? 

4. C. 

(2)(180)(R) 
7. Impedance of C (G) 180 cycles=impedance of 

R 

From a consideration of the foregoing formulae, 
and of the drawing, it will be clear that a move 
ment of the potentiometer arm away from the 
mid-position thereof, corresponding to normally 
loud Sound, for volume-control, is accompanied 
by a change in the ratio of high to low frequency 
potentials appearing between the grid and cath 
ode of the amplifier tube. 
That is to Say when the ultimate current out 

put volume is increased by moving the arm 23 
toward the upper end of the resistance element 
R1, the effect of the condenser C1, is increased 
with the result that the potentials at high fre 
quencies impressed on the amplifying tube 2 be 
come relatively greater than potentials at low fre 
quencies, thus counteracting the tendency for the 
Sound-output to become "tubby' as hereinbefore 
mentioned. This action may be seen by consid 

6. C. 

ering the potential drop between the contact 
arm and the point of connection of R2 to R1. Since 
R2 has approximately 4 of the resistance of R, 
the potential of the point of connection is not 
affected materially by the increased impedance 
of C1 at the lower frequencies. If, however, the 
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contact arm is near the juncture of R1 and C1 
it will be evident that at high frequencies C1 has 
low impedance, thus allowing the full potential 
available from the secondary of the transformer 
to be impressed on the grid of the tube, while at 
low frequencies, C1 has a material impedance 
Compared to the resistance of R1 and that, there 
fore, the potential on the grid of the tube is de 
creased due to the drop in potential over the 
condenser C1. 

Conversely, when the contact arm is moved 
toward the lower end of the resistance element 
R3 the condenser C1 becomes of less effective 
ness as a coupling element for high frequencies 
while the condenser C2, the reactance of which, 
at high frequencies, is low, by-passes the high 
frequencies to a certain extent. At lower than 
normal sound intensities, therefore, the high fre 
quencies are attenuated in favor of the low fre 
quencies and the objectionable “thinness' of the 
reproduced Sound is eliminated. 
In order that the sound output from the System 

shall be definitely related to the setting of the 
volume-control device irrespective of the differ 
ences in carrier amplitude which exist among 
transmitting stations, I have found it desirable 
to provide means whereby the average potentials 
appearing across the Secondary Winding of the 
audio frequency transformer may be adjusted to 
a constant pre-determined volume. 
For this purpose I prefer to provide either 

automatic or manually adjustable volume-con 
trol means in the radio frequency amplifier and 
automatic limiting means associated with either 
the input or the output circuit of the detector 
tube. 

In the modification of my invention chosen for 
purposes of illustration, the volume-control 
means in the radio frequency amplifier is consti 
tuted by the variable resistor 5 connected in shunt 
relation to the output circuit of the said ampli 
fier. The limiting means associated with the de 
tector comprises a thermionic tube 25 having 
an input circuit constituted by a resistor 2 and 
an output circuit including the winding of a 
relay 29. The armature of the relay is constructed 
in the form of a detent device 3 for a purpose 
which, hereinafter, will be explained in more de 
tail. A biasing battery 33 is included in the in 
put circuit of the limiter tube, the potentials 
thereof being such as to bias the tube to substan 
tially the cut-off point. 
The input resistor 27 is connected in shunt re 

lation to the primary winding 3 of the audio 
frequency transformer, in series with a by-pass 
condenser 35. 

Referring now to Fig. 2 of the drawing, the 
volume-control resistor 5 in the radio frequency 
amplifier and the resistance elements R1, R3, in 
cluded in the network between the detector tube 
and the amplifier tube, are disposed concentrical 
ly with respect to an actuating shaft 36. The re-, 
sistor 5 is loosely journaled upon the shaft 36 
while the resistance elements R1 and R3 are rig 
idly mounted on a supporting base 37. 
The Shaft carries a contact arm 38 which en 

gages the resistor 5, as shown in Fig. 1, and also 
the contact arm. 23. The contact arm 38 is rigid 
ly atached to the actuatingshaft, While the con 
tact arm 23 is rigidly attached to the resistance 
element 5 through any convenient means such as 
a U-shape bridging member 39 and is frictionally 
engaged with the shaft. The frictional engage 
ment of the arm 23 with the shaft may be pro 

3 
vided by a split collar 4 having an adjusting 
Screw 43. The detent device 3 is so disposed 
With respect to the bridging member as to main 
tain the contact arm 23 at the low potential end 
of the resistance element R3 in the absence of 
energizing current in the relay winding. 
In the operation of the volume-control device, 

the shaft, through manipulation of a knob 45 
affixed thereto, is first turned completely to the 
left, as shown in FigS. and 2. The detector tube 
is, accordingly, deprived of input potentials and 
no radio frequency potentials appear across the 
input resistor 2 of the limiter tube 25. In this 
position the bridging member 39 engages and is 
held by the detent device 3. 
Upon slowly turning the knob to the right, as 

indicated by the arrow, the arm 38, engaging the 
resistor 5 in the radio frequency amplifier, moves 
With respect to the said resistor, thus causing 
an increase in the input potential applied to the ; 
detector tube 9. Since the output, at radio fre 
quency, from the detector tube, is impressed across 
the input resistor 27 of the limiter tube 25, the 
plate current of the latter tube, flowing in the 
Winding of the relay 29, is representative of the 
amplitude of the audio signal delivered to the 
Secondary winding 9 of the audio frequency 
transformer. 
By proper adjustment of the various circuit 

constants, therefore, the relay 29 may be caused 
to retract the detent 3 at the instant when the 
output from the detector is just sufficient to give 
minimum response from the loudspeaker (not 
shown). One possible setting of the control de 
vice at the moment the relay operates is indi 
cated in Fig. 3 of the drawing. 
As soon as the detent device is retracted, the 

contact arm 23 is free to turn with respect to the 
resistance elementS R3, R1 to increase the audio 
output to the desired point. Inasmuch, however, 
as rotary motion is transmitted to the resistor 
5 in the radio frequency amplifier through the 
bridging member 39, the said resistor and the 
contact arm associated therewith move as a unit 
during the continued adjustment of the volume 
control device, as indicated in Fig. 4, in Order that 
the input to the detector tube shall remain sub 
stantially constant during the reception of sig 
nals from any given station. 
In the event that it is desired to receive signals 

from Some other transmitting station, the control 
device is reset to zero position and the sequence 
of operation just described is again followed. 
Under certain circumstances it may be desir 

able to so modify the amplifier that it shall have 
a peaked response at frequencies in the neigh 
borhood of 200 cycles per second in order that 
the apparent response of the sound producing 
device shall be greater at frequencies below 200 
cycles. This result may be accomplished, as 
shown in Fig. 5 of the drawing, by connecting the 
resistance element of a volume-control poten 
tioneter 47 in series with a resistor 49 and a cir 
cuit 5 tuned to the frequency at which peaked 
response is desired. At high volume-settings of 
the potentiometer, the effect of the tuned circuit 
is negligible, while at low volume-settings its re 
actance becomes appreciable. 

It will be apparent from the foregoing de 
scription of my improved amplifying system that, 
by its use I am enabled to greatly improve the 
realism of Sound reproduced through a radio re 
ceiving set. My System is also advantageous in 
that the sound output therefrom is always pro 
portional to the setting of the volume-control de 
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vice irrespective of the strength of the incoming 
radio signals. 
Although I have illustrated and described cer 

tain proferred embodiments of my invention, nu 
merous modifications thereof will be apparent to 
those skilled in the art to which it pertains. My 
invention, therefore, is not to be limited except 
insofar as is necessitated by the prior art and by 
the spirit of the appended claims. 

I claim? as my invention: 
1. In an amplifying system, a thermionic tube 

having an input circuit, including a potential di 
viding device, means for impressing audio fre 
quency potentials upon said device, means for ulti 
lizing Said device for controlling the potentials im 
pressed across the input terminals of the thermi 
onic tube, means directly connected in circuit 
electrically with said device for simultaneously 
attenuating potentials at frequencies lying in a 
predetermined range, and means responsive to 
signal potentials above a predetermined ampli 
tude for controlling an Operation of Said device. 

2. In an aimplifying System, a thermionic tube 
having an input circuit including a potential di 
viding device, neans for impressing audio fre 
quency potentials upon said device, means for 
utilizing said device for controlling the potentials 
impressed across the input terminals of the ther 
mionic tube, ineans directly connected in circuit 
electrically with said device for simultaneously 
attenuating potentials at frequencies lying in a 
predetermined range, and means for maintaining 
Substantially constant the average audio fre 
quency potentials impressed upon the potential 
dividing device. 

3. In an amplifying system, a radio frequency 
amplifier, an audio frequency amplifier, Volume 
control means associated with Said radio fre 
quency amplifier, a second volume control means 
associated with saidi audio frequency amplifier, 
connihon means for Operating Said Volume COIntrol 
means independently of each other, high audio 
frequency attenuating means connected with said 
audio frequency volume control means. Whereby it 
operates simultaneously as a tone control means 
and volume control neans, and means Operative 
in response to signal amplitudes above a prede 
termined value for Selectively controlling the op 
eration of Said volume control means. 

4. In a signal amplifying System, a thermionic 
tube having an input circuit including a potential 
dividing device, means for impressing audio fre 
quency potentials upon said device, means for 
utilizing said device for controlling the potentials 
impressed across the input terminals of the 
thermionic tube, means for Simultaneously at 
tenuating potentials at frequencies lying in a pre 
determined range, and means for sequentially 
controlling (i) the amplitude of the audio fre 
quency potentials impressed upon the potential 
dividing device and (2) the potentials impressed 
acroSS the input terminals of the thermionic tube. 

5. In an electrical amplifying System including 
a detector, the combination of volume control 
neans connected in circuit preceding and suc 
ceeding said detactor, Said means being aSSoci 
ated with circuits other than the detector cir 
cuit, means associated with the volume control 
means in circuit, succeeding the detector for at 
tenuating the high frequency end of the audio 
frequency range at low volume and for attenuat 
ing the low frequency end of the audio frequency 
range at high volume, eans for operating said 
volume control means in sequential relation to 
each other, and means responsive to signals of an 
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amplitude exceeding a predetermined value for 
controlling the transition from the one volume 
control means to the other in said Sequential Op 
eration. 

6. A volume control means for a signal am 
plifying system including, in combination, two 
variable potentiometer type resistors each hav 
ing a resistor element and a contact relatively 
movable therewith, means providing a fixed Sup 
port for one of the elements of one of said vari 
able resistors, the other element of Said variable 
resistor and an element of the Second Variable 
resistor being mechanically connected and mov 
able together, means for releasably holding said 
mechanically connected elements in a fixed posi 
tion, means responsive to signals of an amplitude 
exceeding a predetermined value for operating 
said releasable holding means, whereby said ele 
ments are movable, means for moving the re 
maining element of said second variable resistor, 
and means providing a frictional connection be 
tween said last named element and Said mechani 
cally connected elements. 

7. In a signal transmission circuit including a 
plurality of cascade connected thermionic de 
vices, the combination of a volume control de 
vice in circuit preceding one of said thermionic 
devices and a Second volume control device in 
circuit Succeeding said thernionic device, a tone 
control compensating circuit connected With Said 
Second in ansed Volume control device, and Com 
mon means for Sequentially operating said vol 
unne control devices. 

8. In a Signal amplifying System, a vacuum tube 
amplifier device having an input circuit includ 
ing a tapped potential dividing device, automatic 
volume control means for impressing audio fre 
quency potentials upon said device at predeter 
mined amplitudes, Ineans connected with a Sep 
arate tap point and one terminal of said potential 
dividing device for attenuating potentials at 
audio frequencies lying in a predetermined audio 
frequency range, and a tap connection movable 
along Said potential dividing device within and 
Without the Section shunted by Said last named 
means for controlling audio frequency potentials 
impressed acroSS the input terminals of the ther 
mionic tube simultaneously in amplitude and fre 
quency characteristic. 

9. In a signal amplifying system, a vacuum 
tube amplifier device having an input circuit, in 
cluding a potential dividing device, automatic 
volume control means for impressing audio fre 
quency potentials upon Said device at predeter 
mined amplitudes, means connected in shunt 
with a fixed portion of said potential dividing de 
vice, and means connected With a variable por 
tion of Said potential dividing device for simul 
taneously attenuating potentials at audio fre 
quencies lying in a predetermined audio frequency 
range and controlling audio frequency potentials 
impressed across the input terminals of the ther 
mionic tube. 

10. In an audio frequency volume control Sys 
tem, a tapped volume control potentiometer de 
Vice comprising a resistor element having at least 
two resistor Sections, means providing a fixed tap 
connection between said Sections, an electrical 
circuit impedance means connected in shunt with 
one of Said Sections through Said taip connection, 
circuit means connected with Said resistor ele 
ment for supplying thereto signal potentials of 
Substantially constant average amplitude, and an 
output circuit variably connected. With Said re 
sistor element. 
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11. In an audio frequency volume control sys 

tem, a tapped volume control potentiometer de 
vice comprising a resistor element having at 
least two resistor sections, means providing a 
fixed tap connection between said sections, an 
electrical circuit impedance means connected in 
shunt with one of said sections through said tap 
connection, means connected with said resistor 
element for applying signals of Substantially con 
stant average amplitude thereto, and an output 
circuit variably connected with said resistor elle 
ment. 

12. In a radio receiving system, automatic vol 
ume control means for providing substantially 
constant average signal amplitude, an audio fre 
quency signal transmission circuit for receiving 
signals controlled by said automatic volume con 
trol means, an audio frequency volume control 
means including a tapped resistor in shunt with 
said circuit, an output circuit having a variable 
tap connection with the resistor substantially 
throughout its length for volume control, an in 
pedance network connected in shunt with a por 
tion of said resistor including one end therebf, 
said network and said portion of said resistor 
having a predetermined inpedance ratio where 
by tone compensation is provided simultaneously 
with volume control, the compensation increas 
ing as the volume control tap connection is moved 
to a position to reduce the volume, 

13. In a radio receiving system having an audio 

5 
frequency signal transmission circuit, the com 
bination of means for supplying to said circuit 
audio frequency signals of substantially constant 
average amplitude, a variable audio frequency 
volume control means having an impedance ele 
ment connected in shunt with said circuit, means 
providing a shunt impedance network in connec 
tion with a fixed portion of the impedance ele 
ment of Said volume control means, and an out 
put circuit variably connected with said first 
named circuit through said volume control means. 

14. In a radio receiving System including an 
audio frequency signal transmission circuit, the 
combination of means for Supplying to said cir 
cuit audio frequency signals of substantially con 
stant average amplitude, a variable audio fre 
quency Volume Control means having an im 
pedance element connected in shunt with said cir 
cuit, means providing a signal attenuating shunt 
impedance network in connection with a fixed 
portion of the impedance element of said volume 
control means including a terminal end, and an 
output circuit variably connected with said first 
named circuit through said volume control 
means, said last named variable connection being 
movable along said fixed portion of the impedance 
element whereby said network is adapted to be 
variably connected in shunt with said output 
circuit through said volume control means. 
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