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My invention relates to audio frequency am 
plifiers and particularly to such amplifiers adapt 
ed for use in radio receivers for ordinary home 
reception. 
It has for one of its objects to effect certain 

improvements therein by way of increasing the 
apparent output volume of such amplifiers as 
well as improving their tonal response. 

Degeneration is commonly employed in such 
amplifiers for reduction of hum and distortion, 
and for other reasons. I have in my patent ap 
plication Serial No. 221,319, entitled Feedback 
circuit, filed July 26, 1938, disclosed such a sys 
tem which has been found to be advantageous. 
My present invention has for its object to 

provide certain improvements in such systems 
whereby the response of the amplifier at desira 
ble high frequencies may be increased by reduc 
ing the degeneration whereas at very high fre 
quencies the response may be reduced by restor 
ing the degeneration thereby to reduce the repro 
duction of high frequency noise currents and 
whereby at the same time, the apparent oral 
response of the amplifier when adjusted for max 
imum volume of output is increased. 
The novel features which I believe to be char 

acteristic of my invention are set forth with par 
ticularity in the appended claims. My invention 
itself, however, both as to its organization and 
method of operation, together with further ob 
jects and advantages thereof may best be under 
stood by reference to the following description 
taken in connection with the accompanying 
drawing in which Fig. 1 represents an embodi 
ment of my invention; Fig. 2 represents a modi 
fication thereof; and Figs. 3 and 4 represent cer 
tain characteristics pertaining to my invention. 

Referring to Fig. 1 of the drawing, I have 
shown therein an audio amplifier comprising 
electron discharger devices and 2 which are 
connected to amplify the voltage which is de 
tected by detector 3 in a radio receiver and to 
Supply Said voltage to a loud speaker 4. The 
detector 3 is the ordinary diode detector of the 
conventional broadcast receiver adapted for 
home reception and is connected in series with 
a load resistance 5 and the secondary winding 
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of a transformer 6, which may be tuned to the 
received radio frequency wave, or to the inter 
mediate frequency of the receiver in the event 
that it is one of the Superheterodyne type. Ordi 
narily this circuit is tuned to 455 kilocycles. The 
load resistance 5 is shunted by the usual con 
denser 7 having a proper value with respect to 
resistance 5 so that the voltage thereacross foll 55 

lows the envelope of the rectified carrier wave 
and thereby reproduces the audio frequency 
signal potential. This potential is supplied 
through a coupling condenser 8 between diag 
onally opposite corners of a bridge comprising 
resistances 9, 10, f l and 2, the purpose of which 
later will be described. The resistance f is the 
ordinary volume control potentiometer of the 
receiver having a variable contact f3, which is 
Connected through a coupling condenser 4 to 
the grid of the electron discharge device f, the 
latter of which is connected through grid re 
sistor 5 to the cathode of the discharge device. 
Anode potential, for operation of discharge 

devices and 2, is supplied from any suitable 
Source represented by terminals 6, one of these 
terminals being connected through the primary 
winding of the output transformer 7 to the 
anode of discharge device 2 and through resist 
ances 8 and 9 to the anode of discharge device 
. It is also supplied through the resistance 18 

to the Screen grid of the discharge device 2. 
Condenser 20 is connected between the anode 

and Cathode of discharge device , and condenser 
2 is connected between the anode and cathode 
of discharge device 2 thereby to by-pass any cur 
rents of radio frequency and thereby prevent 
their transmission through the system. Con 
denser 2 ordinarily is so proportioned relative 
to the inductance of the transformer 7 as to 
produce a condition of resonance in the range 
of frequencies where the loud speaker 4 has its 
maximum response, this range of frequencies 
ordinarily being between about 2,000 or 2,500 and 
5,000 cycles. 
Woltage from the voice coil 22 of the loud 

Speaker 4 is supplied through conductors 23 and 
24 to the opposite terminals of resistances f and 
f2 of the bridge, these terminals, of course, com 
prising a second pair of diagonally opposite 
terminals of the bridge. The voltage from con 
ductor 24 is of course supplied through resistance 
9 to point 26 in phase to produce regeneration 
while that from conductor 23 is supplied through 
resistance 0 to point 26 in phase to produce 
degeneration due to feedback from the voice coil 
to the input of device . 
The point 25 between resistances and 2 is 

connected to the cathode of the amplifier , and 
the resistances 9, 10, and f2 are so chosen 
relative to each other that the point 26 is at the 
same potential with respect to voltages supplied 
from the output to the input by conductors 23 
and 24, as is the point 25 between resistances 
and 2. This means that when the contact 3 



2 
is at the upper end of the volume control resist 
ance to there is no voltage supplied from the 
output of the amplifier to the input thereof, the 
regenerative and degenerative voltages neutral 
izing each other. On the other hand, when the 
contact 3 is at the lower end of resistance to 
then the entire voltage of resistance 2 is. Sup 
plied between the grid and cathode of amplifier 
in degenerative phase. 
potentiometer contact 3 is moved downward, 
the amplifier becomes more and more degen 
erative. 
Of course, if desired, the bridge may be so 

balanced, by proper proportioning of the arms 
thereof, that when the contact is at the extreme 
upper point on the potentiometer 0, regenera 
tive voltage is supplied to the grid of amplifier 
and when it is noved down, this regenerative 
voltage is first reduced to zero and then a degen 
erative voltage from resistor 2 is supplied to the 
input of the amplifier. - 

In receivers where a large apparent response 
is required, it is desirable, as previously described, 
to tune the output from amplifier 2 by means of 
condenser 2 and the inductance of transformer 
7 to a frequency in the neighborhood of the fre 

quency at which the loud speaker has maximum 
response, this frequency being ordinarily between 
2,000 or 2,500 and 4,000 kilocycles. With the 
amplifier so adjusted, were contact 3 moved to 
the upper end of potentiometer to thereby to re 
move all degeneration, the receiver would have 
a marked maximum, or peak, of response in the 
above range of frequencies. If contact 3 be 
then moved downward, thereby applying degen 
eration, if nothing further were done, the effect 
of the degeneration would be greatly to reduce 
or even eliminate entirely this maximum of re 
sponse. 
This is undesirable, however, since a maximum 

of response at high frequencies is necessary at 
low settings of the volume control potentiometer 
to compensate for high frequency attentuation, 
or side band cutting, which takes place in the 
previous tuned amplifiers, thereby impairing the 
tonal quality of the output signal. In fact, when 
contact 3 is at a lower position it is preferred 
to have the high frequency peak of response at 
an even higher frequency such as 4,500 cycles 
thereby further to improve the tonal response. 
Also it sometimes occurs that by reason of phase 
shift at high frequencies produced by condensers 
20 and 2, regeneration occurs at frequencies 
above 10,000 cycles, thereby producing a peak of 
response in that range of frequencies. This is.' 
not desirable because it tends to accentuate the 
reception of noise currents. 

In accordance with my invention, means are 
provided whereby the degeneration of the ampli 
fier is greatly reduced or removed, or the ampli 
fier is made regenerative, in the range of fre 
quencies between 2,000 or 2,500 and 5,000 cycles, 
while the amplifier remains highly degenerative 
at frequencies both above and below this range 
of frequencies. This is accomplished by the sim 
ple addition to the circuit already described of 
condensers 27 and 28 and resistance 29. 
Condenser 28 and resistance 29 are connected 

between conductors 23 and 24 and the point be 
tween these elements is connected through con 
denser 27 to the point between resistance and 
2. Condenser 28 and resistance 29, and con 
denser 27 and resistance 12 thus act as a two 
stage resistance capacity filter, or phase shifting 
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network, to supply voltage from the loud Speaker 
voice coil to the resistance 2 between the grid 
and cathode of, the amplifier, in addition to 
that supplied to resistance 2 through lesist 
ance . Condensers 27 and 28 are sufficiently 
small so that for 400 cycles and frequencies low 
er than that these condensers ha" a very high 
impedance relative to resistance and thus the 
path comprising these elements at those fre 
quencies has substantially no effect upon the 
operation of the receiver, all of the degenerative 
voltage being supplied to resistance 2 through 
resistance . Maximum degeneration occurs 
at these frequencies. At higher frequencies, 
however, the portion of the voltage supplied from 
the conductor 24 to resistance 2 through con 
densers 27 and 28 rapidly rises with frequency. 
as the reactance of these condensers becomes 
smaller and approaches the resistance of resistor 

, these voltages being first attended with very 
great phase shift thereby tending to advance the 
phase of the total voltage on resistance 2 from 
the degenerative phase relation and thus reduce 
the degeneration of the amplifier. At the same 
time a phase shift in the opposite direction is 
caused by condensers 20 and 2 in the amplifier, 
these condensers tending to retard or reduce the 
advance in phase of voltage in resistance 2. 
This opposite phase" shift however, is, at these 
frequencies below the frequency at which the re 
sponse of the amplifier is maximum, fairly small. 
The result is that at a frequency where the 

reactance of Condensers 28 and 27 each become of 
the same Order of size as the resistance of re 
sistor f, the phase of voltage on resistance 2 
has its maximum advance or its least degenera 
tive effect. It may even be regenerative although 
this is not usually desirable. By proper choice of 
condensers 28, 27 and resistors 29 and 12 this may 
occur at the frequency where the peak of re 
sponse is desired, for example, at 4,500 cycles. 
T is reduction in degeneration may be such that 
the peak of response which would be present 
without degenerative feedback may be very close 
ly simulated or even exceeded, and this peak is 
thus effective to improve tonal response by Com 
pensating for attenuation of these desirable fre 
ouencies in the tuned circuits of the radio or 
intermediate frequency amplifiers. 
At higher frequencies the advance in phase of 

voltage on resistance 2 caused by the netWOrk 
28, 29, 27, 2 is gradually reduced as the react 
ances of condensers 28 and 27 become smaller, 
thus gradually restoring the degenerative con 
dition. This effect is aided by the increasing re 
tardation of phase produced by condensers 20 
and 2. Thus, the amplifier is sufficiently de 
generative at frequencies above 10,000 cycles to 
prevent any peak of response at those frequen 
cies. In fact at very high frequencies the re 
tardation of phase may be so great as to exceed 
the phase position for maximum degeneration 
and degeneration is reduced because of retarda 
tion rather than advance of phase. This may go 
so far that the system may become regenerative. 
If this occurs, however, it occurs at frequencies 
so very high that the audible effect is negligible. 

In one receiver in which resistance was of a 
value of 1,500 ohms; resistance 2, 270 ohms re 
sistance 29, 220 ohms; condenser 28, 0.1 micro 
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farad, condenser 27, .03 microfarad and Con 
denser 2 chosen to resonate the output trans 
former at 2,500 cycles, a peak of response at 4,500 
cycles of 1.6 times the response at 400 cycles oc 
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curred when operating at low settings of the po 
tentiometer for normal volume. The output was 
reduced by degeneration in the ratio of 5 to 1 at 
400 cycles, 3 to 1 at 4,500 cycles and 2 to 1 at 
10,000 cycles. The System became slightly regen 
erative above 15,000 cycles but the audible effect 
was negligible. These values are presented mere 
ly by way of illustrating the type of result which 
may be expected and are not presented as any 
limitation upon my invention as these values may 
be varied through wide ranges while securing 
the results my invention is contemplated to se 
Cure. 

In another equipment embodying my inven 
tion in which resistance had a value of 6,800 
ohms; resistance 2, 4,700 ohms; resistance 29, 
220 ohms; condenser 28, .1 microfarad; condenser 
27, .01 microfarad, the response at 4,500 cycles 
was four times the intensity at 400 cycles at a 
similar low setting of the volume control. The 
output was reduced in a ratio of 15 to 1 by degen 
eration at 400 cycles, 3 to 1 at 4,500 cycles and 
2 to 1 at 10,000 cycles. 
This operation, with a peak of response pro 

duced at the frequency where such peak is de 
sired and produced by reduced degeneration 
rather than regeneration so that degeneration 
and reduction of distortion occur at all frequen 
cies very noticeably improves the quality of repro 
duction secured, such reproduction being sub 
stantially as satisfactory as that produced by re 
ceivers with a push-pull Output stage in clarity 
of response and freedom from distortion. 
The network comprising elements 27, 28 and 

29 may operate to disturb the balance of the 
bridge 9, 0, . , 2 when the contact f3 is at the 
upper terminal of resistance f O. The amplifier 
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may then be regenerative at high frequencies by 
reason of this network 27, 28, 29. This effect 
is illustrated in Fig. 3 which shows the gain 
versus frequency characteristic of a receiver sim 
ilar to that shown in Fig. 1 with the contact 3 
at the upper end of the volume control resistance. 
Curve A represents the characteristics secured 
with elements 27, 28 and 29 removed and curve 
B represents the characteristic secured with these 
elements present. The increase in gain pro 
duced by the addition of elements 27, 28 and 29 
above 2,500 cycles is due to regeneration produced 
by these elements. This regeneration occurs, 
however, with the receiver adjusted for maximum 
sensitivity such as is necessary when receiving 
extremely weak signals or remote stations and 
accordingly such regeneration is desirable to aid 
reception from such stations and also to give 
greater apparent maximum volume from strong 
stations. Fig. 4 shows a similar characteristic 
of a receiver embodying the invention but with 
the contact 3 near the lower end of the volume 
control resistance 0. It will be seen that a peak 
of response occurs at about 4,000 cycles where 
the gain is very considerably greater than the 
gain at 400 cycles and that no peak of response 
occurs above 4,000 cycles. 
My arrangement possesses the important ad 

vantage that the condenser 2 may have such 
a value that it resonates with the input induct 
ance of transformer 7 at the frequency where 
the loud speaker has its maximum response, 
thereby to get maximum volume in response to 
weak stations just as is done in receivers which 
do not employ degeneration; and at the same 
time, by means of the feedback, as described, a 
peak of response, at a higher frequency than that 
of maximum response of the loud Speaker may 
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be had to improve the tonal response when re 
ceiving stations which are sufficiently strong so 
that the volume control potentiometer is at an . 
intermediate position of resistance O. Moreover 
the degeneration has the advantage of reducing 
distortion and hum, and increasing bass response. 

Fig. 2 shows a receiver in which the same 
character of results is secured in a way which 
possesses certain advantages. In the arrange 
ment of this figure ground is removed from the 
Cathode of discharge device , and the right-hand 
terminal of resistance 2, as well as the bottom 
of the voice coil 22 are grounded at 30. Con 
denser 2 is then connected to ground through 
resistance 29 and the point between these ele 
ments 2 and 29 is connected to the cathode of 
device through condenser 27. Thus condenser 
2, resistance 29, condenser 27 and resistance 2 
serve the same purpose that condenser 28, resist 
ance 29, condenser 27 and resistance 2 of Fig. 1 
Serve in that arrangement, this arrangement thus 
eliminating the necessity for one condenser, 
namely the condenser 28 of Fig. 1. 
This Fig. 2 arrangement has the further ad 

vantage that the voltage on the anode of dis 
charge device 2 is much greater than that upon 
the voice coil with the result that the resistance 
29 may be made smaller in comparison to the 
reactance of condenser 2 than was the case for 
the corresponding resistance and capacitor in the 
arrangement of Fig. 1 and the voltage across it 
may then remain advanced by 90 degrees all 
through the audio range and even far above it. 
Thus, with this arrangement the amplifier never 
becomes retarded enough in phase at high fre 
quencies by condensers 20 and 2 to become 
regenerative, even above 15,000 cycles. Similarly, 
for a given intensity of response at 4,500 cycles 
there may be greater degeneration at 10,000 cycles 
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thereby tending to reduce the high frequency 
noise response. 
In one equipment embodying this arrangement, 

resistance was of 100 ohms; resistance 2, 22 
ohms; resistance 29, 150 ohms; condenser 27, 0.1 
microfarad and with such constants the response 
at 4,500 cycles was 1.6 greater than the response 
at 400 cycles. 
This arrangement has the disadvantage, how 

ever, that the voltage supplied to resistance f 2 
through condensers 2 and 27 appears across 
resistor f also, because resistorff, in series with 
the voice coil, is effectively in parallel with resist 
ance 2. Thus the voltage across f f is in phase 
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with that across resistor 2 instead of out of phase 
as is the voltage from the voice coil. Thus this 
voltage does not balance out at the top of the 
volume control as does the voltage supplied to 
resistance 2 from the voice coil 22. This voltage 
thus is effective to produce some degeneration 
when the contact 3 is at the top of the volume 
control resistance to and thus tends to reduce 
the peak of response between 2,000 and 5,000 
cycles which is undesirable because it reduces 
the apparent maximum volume at maximum vol 
ume control position. 
This Fig. 2 arrangement possesses an addi. 

tional disadvantage with respect to the produc 
tion of hum when used in connection with phono 
graphs as in radio-phonograph combinations. 
One of the output conductors from Such phono 
graphic equipment is commonly connected to the 
phonograph chassis and is used as a ground coin 
nection for that chassis. In the arrangement 
of Fig. 1 this connection would be made to point 
25 which is, itself, grounded and thus grounds 



4 
the phonograph chassis. were this done with 
the arrangement of Fig. 2, however, the connec 

282,383 
said amplifier having, in the absence of said 
voltage, a maximum of response between 2,500 

tion to ground would include resistance 2. AC 
cordingly, if any hum voltage appears on the 
phonograph chassis, as is frequently the case, 
this hum voltage is impressed across resistance 
2 and is thus supplied to the input of the am- . 

plifier and causes objectionable hum reproduc 
tion at the loud speaker. . . . ... - 
Of course, the other terminal of the phono 

graph output is connected through condenser 
8 to the audio amplifier, the circuit of the sec 
ondary of transformer being opened in any 
suitable way. 

Fig. 2 illustrates an additional feature of my 
invention in that degenerative voltage may be . . 
supplied from the output of amplifier through 
resistance 3 and switch 32 to the point between 
bass compensation condenser 33 and resistance. 
34, thereby to reduce the response of the re 
ceiver to low frequencies. Commonly, in radio 
receivers, this purpose, is effected by short cir cuiting this bass compensation condenser. It 
has been found, however, that with the arrange 
ment shown, very decided advantages in secur 
ing lower low frequency response can be secured. 
Moreover, the degenerative voltage so applied to 
the input is present in varying degrees for all 
positions of the volume control connection 3 
but is maximum when this connection is at the 

and 5,000 cycles, and said degenerative voltage 
being sufficient, when applied, objectionably to 
reduce the amplification of said amplifier in the 
range of frequencies where said maximum occurs, means to prevent said objectionable reduction of 
amplification in said range while said degenera 
tive voltage is effective to reduce the gain of the 
amplifier at frequencies both above and below. 
said range, and means to maintain said amplifier 
degenerative in the region of said maximum of 
response thereby 
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to reduce distortion in said 
region. . . . . . ; . . . 

4. The combination, in an amplifier having a 
maximum of response at a certain high frequency, 
means to supply voltage from the output of said 
amplifier to the input thereof in degenerative 
phase at frequencies above and below said:certain. 
high frequency, and means to displace the phase 
of said voltage from the relation necessary for 
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point of connection of resistance 34 to the po 
tentiometer O. This feature of my invention is 
better described and is claimed in my copending 
application Serial No. 291,032, filed August 19, 
1939, entitled Amplifiers, and assigned to the : 
same assignee as my present application. 
While I have shown particular embodiments 

of my invention it will, of course, be understood 
that I do not wish to be limited thereto, since 
different modifications both in the circuit ar 
rangement and in the instrumentalities employed 
may be made and I contemplate by the append 
ed claims to COver all such modifications as fall 
within the true spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. The combination, in an audio amplifier hav ing a peak of response at high frequencies, of 

two feed-back paths from the output to the in 
put of said amplifier, one of said paths supplying 
voltage in degenerative phase and the other sup 
plying a degenerative voltage displaced in phase 
with respect to said last voltage to said input, 
and means utilizing said last voltage to reduce 
the degeneration of said amplifier in the neigh 
borhood of said peak while maintaining said am 
plifier degenerative at said peak. 

2. The combination, in an audio amplifier for 
amplifying currents having a range of frequencies 

40 

50 

55 

extending from the lowest audio frequencies 60 
to the neighborhood of 10,000 cycles having a 
peak of response at high frequencies inter 
mediate in said range, of means to supply voltage 
from the output of said amplifier to the input 
thereof in degenerative phase at all frequencies 
to be amplified, and means to shift the phase of 

35 

said voltage, in the range of frequencies where 
said, peak of response occurs thereby to reduce 
the effectiveness of said voltage in producing de 
generation at said peak while said voltage re 
mains degenerative at all frequencies in the 
range to be amplified. 

3. In combination, an audio amplifier, means 
to supply voltage from the output of said ampli 

70 

maximum degeneration in the region of fre 
quencies near said certain frequency while main 
taining said voltage degenerative thereby to pre 
vent the degeneration produced by said: voltage 
from objectionably reducing said maximum of 
response and at the same time to reduce distor 
tion by degeneration in the neighborhood of said 
high frequency. . . . 

5. The combination, in an audio amplifier hav 
ing a peak of response at high frequencies, two 
degenerative feed-back paths from the output to 
the input of said amplifier, one of said paths 
supplying voltage in degenerative phase and the 
other of said paths including a frequency selec 
tive network arranged to advance the phase of 
voltage supplied therethrough to said input in 
the region of frequencies where said peak of re 
sponse occurs, thereby to reduce the degenera 
tion of Said amplifier in said region while main 
taining said amplifier degenerative in said region, . 
and means to increase the degeneration of said 
amplifier with frequency in the region of fre 
quencies above said peak of response. 

6. In combination, an amplifier having a peak 
of response at a desired frequency, a resistance 
connected in the input of said amplifier, means 
to supply voltage from the output of said ampli 
fler to said resistance in degenerative phase, a 
capacity connected between the output of said 
amplifier and one terminal of said resistance to 
Supply voltage through said capacity to said re 
sistance, said resistance and capacity acting as 
a phase advancing network, thereby to advance 
the phase of the resultant voltage on said re 
sistance, and means to give said resistance ca 
pacity network a maximum of effect in the region 
of frequencies where said peak occurs while 
maintaining the voltage on said resistance de 
generative at all frequencies in the range to be 
amplified. - 

7. In combination, an amplifier having a peak 
of response at a desired frequency, a bridge hav 
ing one pair of diagonally opposite points con 
nected to a source of currents to be amplified 
and a second pair of diagonally opposite points 
connected across the output of said amplifier, the 
input to said amplifier being connected between 
one terminal of said source and an arm adjacent 
the opposite terminal of said source, the arm of 
Said bridge intermediate said one terminal of 
said source and said adjacent arm having de 
generative voltage thereon, and frequency selec 
tive means to supply from the output of said 

fier to the input thereof in degenerative phase, 75 amplifier to said intermediate arm, a Second 
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voltage displaced in phase with respect to said 
degenerative voltage by an amount variable with 
frequency, said amount being maximum in the 
range of frequencies where said peak occurs. 

8. In combination, an amplifier having a peak 
of response at a desired frequency, a bridge hav 
ing one pair of diagonally opposite points con 
nected to a source of currents to be amplified 
and a second pair of diagonally opposite points 
connected across the Output of Said amplifier, the 
input to said amplifier being connected between 
one terminal of said source and an arm adjacent 
the opposite terminal of said source, the arm of 
said bridge intermediate Said one terminal of said 
Source and said adjacent arm having degenera 
tive voltage thereon, a resistance and a capacity 
in Series across said intermediate arm and a ca 
pacity connected between the output of said am 
plifier and a point between said resistance and 
first mentioned capacity, said capacities and re 
sistance being proportioned to displace the volt 
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age on said intermediate arm by an amount vari 
able with frequency, said amount being maximum 
in the region of frequencies in which said peak 
OCCS. 

9. In combination, an audio amplifier having 
degeneration, said amplifier being adjusted to 
have a maximum of response in the absence of de 
generation at a desired high frequency, a manual 
volume control member, means responsive to 
movement of the manual volume control mem 
ber from its adjustment for low volume to its 
adjustment for high volume to reduce said de 
generation, and means to reduce the effect of said 
degeneration on said maximum of response when 
said volume control member is adjusted for low 
volume and to increase the frequency at which 
said maximum occurs when said volume contro 
member is adjusted for high volume. . 

10. In combination, an audio amplifier having 
degeneration, said amplifier being adjusted in 
the absence of said degeneration for maximum of 
response in a desired region of high audio fre 
quencies, a manual volume control member, and 
means responsive to operation of said volume 
control member to increase said degeneration as 
said volume control member is operated to re 
duce volume, and additional means to reduce 
Said degeneration in said region of frequencies 
when said volume control member is adjusted 
for low volume while maintaining said amplifier. 
degenerative at all frequencies above said region. 

11. In combination, an audio amplifier having 
degeneration, said amplifier being adjusted in 
the absence of said degeneration for maximum of 
response in a desired region of high audio fre 
quencies, a manual volume control member, 
means to reduce said degeneration in said region 
of frequencies when said volume control mem 
ber is adjusted for low volume while maintaining 
said amplifier, degenerative at all frequencies 
above said region, and means responsive to move 
ment of the volume control member in the direc 
tion of increased volume to reduce said degenera 
tion. 

12. In combination, an audio amplifier having 
degeneration, said amplifier being adjusted in 
the absence of said degeneration for maximum 
of response in a desired region of high audio 
frequencies, a manual volume control member, 
means to reduce said degeneration in said region 
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of frequencies when said volume control member 
is adjusted for low volune while maintaining 
said amplifier degenerative at all frequencies 
above said region, and means responsive to move.- . 
ment of the volume control member in the direc 
tion of increased volume to reduce said degenera 
tion and to increase the frequency at which said 
maximum of response occurs. 

13. In combination, an audio amplifier having 
degeneration, said amplifier being adjusted in 
the absence of said degeneration for maximum of 
response in a desired region of high audio free 
quencies, a manual volume control member, 
means to reduce said degeneration in said region 
of frequencies when said volume control mem-, 
ber is adjusted for low volume while maintaining 
Said amplifier degenerative at all frequencies 
above said region, and means responsive to 
movement of the volume control member in the 
direction of increased volume to render said am 
plifier regenerative in the region at which said 
maximum of response occurs thereby to ac 
centuate said maximum of response. 

14. In combination, an amplifier having a 
maximum of response at high frequencies, a re 
sistance in series with the input to said amplifier, 
a condenser connected in series with the output 
of Said amplifier and said resistance to transmit 
to said resistance a voltage degenerative at all 
frequencies to be amplified, said resistance and 
Condenser being proportioned relative to each 
other to shift the phase of said voltage in the 
region of said high frequency maximum of re 
Sponse thereby to render said voltage least effec 
tive to reduce amplification of said amplifier in 
Said region. 

15. In combination, an amplifier having a 
maximum of response at high frequencies, a re 
sistance in series with the input to said amplifier, 
a condenser connected in series with the output 
of said amplifier and said resistance to transmit 
to said resistance a voltage degenerative at all 
frequencies to be amplified, said resistance and 
Condenser being proportioned relative to each 
other to shift the phase of said voltage in the 
region of said high frequency maximum of re 
sponse thereby to render said voltage least ef 
fective to reduce amplification of said amplifier 
in said region and the impedance of said con 
denser reducing with frequency above the fre 
quency of said maximum of response thereby to 
render Said amplifier increasingly degenerative 
as the frequency increases above said maximum 
of response. 

16. The combination, in an amplifier for am 
plifying currents having frequencies extending 
Over a wide audio range and having a desired 
peak of response at a frequency intermediate in 
said range, of means to supply voltage from the 
output of said amplifier to the input of said am 
plifier in degenerative phase at all frequencies 
to be amplified, and means to shift the phase 
of Said voltage in the range of frequencies where 
said peak occurs thereby to reduce degeneration 
in said amplifier and preserve said peak, said 
means operating to render said voltage increas 
ingly degenerative at frequencies increasingly re 
moved from said intermediate frequency at which 
said peak occurs. 
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