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UNITED STATES PATENT OFFICE 
2,250,598 

NEGATIVE FEEDBACKAMPFER 

Pieter A. Neeteson, Eindhoven, Netherlands, as 
signor, by mesne assignments, to Radio Corpo 
ration of America, New York, N. Y., a corpora 
tion of Delaware 

Application June 22, 1939, Serial No. 280,461 
In Get'many November 15, 1938 . 

4 Claims. (Cl 179-171) 
This invention relates to a low frequency am 

plifier to whose output circuit is connected a 
loudspeaker, and in which use is made of nega 
tive feedback dependent on frequency. 
In the drawing, Fig. 1 shows the usual type of 

loudspeaker characteristic. Fig. 2 shows the 
audio response curve secured by means of the 
present invention. Fig. 3 shows a circuit em 
bodying the invention. 
The usual loudspeaker often has a reproduc 

tion characteristic which is schematically shown 
in Fig. 1; and the latter shows how the radiated 
acoustic energy E expressed in decibels (db.) 
above a definite Zero-level depends on the fre 
quency, if the loudspeaker is fed With a con 
stant current. From this characteristic it ap 
pears that below a certain frequency which lies, 
for instance, in the vicinity of 200 cycles/sec., 
the emitted energy decreases With the frequency 
which, as is well known, is due to the finite di 
mensions of the sound Screen. Hence, for low 
frequencies, for which the Wave length of the 
Sound vibrations is of the same Order of mag 
nitude as the size of the sound screen, the sound 
vibrations radiated on the front side and back 
of the loudspeaker counteract each other. In 
order to improve the reproduction it has al 
ready been suggested to make use of a frequency 
dependent negative feed-back which is so ar 
ranged that the amplification increases for fre 
quencies below 200 cycles/sec. In this case, 
however, the drawback occurs that low fre 
quencies, for instance of the order of 30 
cycles/sec., whose reproduction is undesirable, 
are also strongly amplified. 
The present invention provides means for Ob 

taining such an amplification characteristic that 
all desired frequencies are uniformly reproduced, 
whereas the said undesired very low frequencies 
are suppressed. 
According to the invention this purpose is at 

tained by connecting the Output circuit of the 
amplifier to a resistance with which the Series 
connection of a condenser, an inductance and 
a second condenser is connected in parallel, 
whereas the series connection of the inductance 
and the second condenser is interposed in the 
cathode lead of one of the amplifying tubes, the 
first-mentioned condenser together With the in 
ductance are tuned to a higher frequency than 
the frequency to which the inductance together 
with the second condenser are tuned. 
By means of this circuit a frequency-depend 

ent negative feedback is obtained in Such a man 
ner that the characteristic curve of the ampli 
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fier, i. e. the amplification W as a function of 
the frequency exhibits the shape as shown in 
Fig. 2. From this curve it appears that While 
the amplification at first increases below 200 
cycles/sec., and, consequently, compensates the 
decreasing reproduction characteristic of the 
loudspeaker, whereas below the lowest frequency 
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to be transmitted the amplification decreases 
again, thus avoiding reproduction of undesired 
low frequencies. 

Fig. 3 shows an audio amplification circuit 
including an amplifying tube which, through 
the intermediary of a resistance-condenser coul 
pling 2, 3, 4 is connected to an output tube 
5. A loudspeaker 2 is connected through a 

transformer 3 to the output circuit of the tube 
5. The secondary winding of the transformer 
has connected to it, through an impedance 6, 
a resistance 4 with which the Series-connection 
of a condenser 5, an inductance 6 and a parallel 
second condenser is connected in parallel. The 
impedance 6 may, for instance, consist of a res 
onant circuit which is tuned to a frequency of 
3000-3500 cycles/sec., and serves to cause an in 
crease in amplification of high audio frequencies 
by a decrease in negative feedback. The Series 
connection of coil 6 and condenser is inter 
posed in the cathode lead of the amplifying tube 
f. The voltage set up acroSS this Series connec 
tion and Originating from the Secondary Wind 
ing of transformer 3 causes negative feedback. 
The oscillations to be amplified are Supplied to 
the terminals 8. Furthermore, the cathode lead 
includes a resistance to which is bridged by a 
condenser 9, and serves to obtain the required 
negative grid bias. The condenser 7 is bridged 
by a resistance it in order to prevent the direct 
anode current of the tube from being blocked 
by this Condenser. Condenser 5 prevents the 
direct current voltage developed across from 
being short-circuited by speaker 2. The cathode 
resistance 0 and the condenser 9 may be omit 
ted, and the required negative grid bias may be 
obtained from the voltage drop caused by the di 
rect anode current of the tube across the re 
sistance ff. The condenser 7 is of the same or 
der of magnitude as the condenser 9. The ratio 
between the impedance of condenser 7 and re 
sistance is such that the influence of the re 
sistance becomes noticeable only with very 
low frequencies (below the resonance frequency 
of coil 6 and condenser 7) so that this resistance 
has no appreciable influence at the two resonance frequencies. 
The series connection of condenser 5 and coil 
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6 is tuned to a frequency which is higher than 
the frequency to which is tuned the coil 6 and 
the condenser 7, and more particularly to that 
frequency below which the reproduction chair 
acteristic of the loudspeaker decreases with a 
decreasing frequency. AS has already been 
stated this frequency lies at about 200 cy 
cles/sec. Condenser 7 together with coil 6 are 
tuned to a frequency which lies in the vicinity 
of the lowest frequency to be reproduced, for 
instance 40 to 60 cycles/sec. The impedance 
of the circuit attains a minimum. With the reso 
nance frequency, and consequently also the 
negative feedback voltage, so that the amplifica 
tion attains a maximum. On either side of the 
resonant frequency 6-7 the negative feedback 
will increase again owing to which the amplifica 
tion decreases. Condenser 5 is preferably so 
chosen that it resonates coil 6 at about 200 cycles. 
Hence, at Some frequency above 200 cycles the 
series resonance of 5-6-7 will slightly increase 
the degenerative voltage across 6-7 and thus 
produce a slight dip in the amplification charac 
teristic of Fig. 2. This dip is not serious, how 
ever, due to the damping provided by resistance 
A and other resistances. By a suitable choice of 
the damping of the resonant circuits it can be 
insured that the decrease in negative feedback 
begins rather abruptly with the desired fre 
quency. The damping of the resonance of coil 
6 together with condenser 7 is determined by 
the ratio between self-inductance and capacity, 
and, moreover, by the resistance of coil 6. The 
damping of the resonance of coil. 6 together With 
condenser 5 is determined by the ratio between 
the Self-inductance and capacity, and, in addi 
tion by the resistance 4 and the resistance of coil 
6. If desired, another resistance 5' may be con 
nected in series with condenser 5. It will be ap 
preciated that the amplification circuit Set out 
above has a frequency characteristic as shown in 
Fig. 2. This characteristic is adapted to the re 
production characteristic of the loudspeaker 2 in 
the frequency range to be transmitted; thus ob 
taining uniform reproduction of the desired fre 
quencies, WhereaS very low undesired frequencies 
are suppressed. 
What is claimed is: 
i. In an audio frequency transmission net 

Work having input and output terminals, a de 
generative feedback circuit connected between 
the output and input terminals, a reactive im 

pedance common to said feedback circuit and in 
put terminals, said impedance being resonated 
to a low audio frequency thereby to cause a Sub 
stantial change in the magnitude of the feed 
back voltage for audio frequencies less than Said 
resonant frequency, and said reactive impedance 
frequency being between 40 to 60 cycles, said 
change being in an increasing sense. 

2. In an audio amplifier circuit comprising a 
plurality of tubes in cascade, a negative audio 
voltage feedback circuit connected between the 
output electrodes of the last of said tubes and 
the input electrodes of the first of Said tubes, a 
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series resonant network terminating said feed 
back circuit and being included between said in 
put electrodes, said resonant network being tuned 
to a low audio frequency between 40 and 60 
cycles whereby the feedback voltage magnitude 
Substantially increases for audio frequencies 
above or below said low audio frequency. 

3. In an audio amplifier circuit comprising a 
plurality of tubes in cascade, a negative audio 
Woltage feedback circuit connected between the 
output electrodes of the last of said tubes and 
the input electrodes of the first of said tubes, a 
Series resonant network terminating said feed 
back circuit and being included between said in- . 
put electrodes, said resonant network being 
tuned to a low audio frequency between 40 and 
60 cycles whereby the feedback voltage magni 
tude Substantially increases for audio frequen 
cies above or below said low audio frequency, and 
a reactive element included in said feedback cir 
cuit and Cooperating With a reactive element of 
the Series resonant network to provide a net 
Work tuned to an audio frequency above said 
low frequency and of the order of 200 cycles. 

4. In an audio amplifier circuit comprising a 
plurality of tubes in cascade, a negative audio 
voltage feedback circuit connected between the 
output electrodes of the last of said tubes and 
the input electrodes of the first of said tubes, a 
Series resonant network terminating said feed 
back circuit and being included between said in 
put electrodes, said resonant network being 
tuned to a low audio frequency whereby the 
feedback voltage magnitude substantially in 
creases for audio frequencies above or below said 
low audio frequency, and an impedance included 
in the feedback circuit which is tuned to a fre 
quency of the order of 3,000 to 3,500 cycles. 

PIETER A. NEETESON. 


