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The present invention relates to an improved 
negative feed-back circuit. In known circuits 
of this type it has been found that distortion is 
not completely eliminated. The main object of 
this invention is to provide a negative or inverse - 
feed-back circuit which satisfactorily eliminates 
distortion to a high degree, provides increased 
feed-back and results in increased speaker damp 
ling. 
The novel features characteristic of my inven 

tion are set forth with particularity in the ap 
pended claims. The invention itself, however, 
both as to its construction and mode of opera 
tion together with other objects and advantages 
thereof, will best be understood by reference to 
the following description taken in connection 
With the accompanying dra Wing in Which 

Fig. 1 discloses a negative feed-back circuit in 
accordance with my invention, and 

Fig. 2 is an equivalent bridge circuit which will 
serve to explain the invention. 
The circuit of Fig. 1 comprises a first tube T1 

which is resistance-capacity coupled to a second 
tube T2, R3 being the plate resistance of Ti and 
Rg being the grid resistance of T2. R1 is a feed 
back resistance connecting the plate of T2 with 
the plate of T1 as well as with the grid of T2 
through the coupling condenser K. Rc is an un 
bypassed cathode resistor for T2. The cathode 
and grid of tube T2 are connected together by 
means of the circuit which comprises the resist 
ance R2, and condenser C. Preferably T2 is a 
power amplifier or output tube having its output 
coupled to a loud speaker T, RE, representing the 
load impedance of the tube T2. 

In the usual type of parallel inverse feed-back 
circuit the cathode resistor Re is by-passed by the 
usual shunt capacity to eliminate inverse feed 
back from that source, and the path C-R2 is 
omitted. It we designate the equivalent resist 
ance of R3 and Rig in parallel as R4, the feed-back 
factor for the usual parallel feed-back circuit is 

Now this feed-back voltage is applied not only to 
the grid of T2, which is desired, but also to the 
plate of T1. This voltage feed-back from the 
plate of T2 to the plate of T1 (through R1) causes 
distortion in T1, although it reduces distortion in 
Ta by virtue of the feed-back action. This in 
crease in distortion in T1 is because R1 acts as if 
it were reduced by the factor 1--G2, where Ga 
is the gain of Ta. insofar as it affects the equiva 
lent A. C. load impedance for T1. 
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fective load impedance is particularly bad when 
T1 is a triode. When T1 is a pentode there is 
Still an increase in distortion but not to as great 
a degree. 
By adding the circuit C-R2, where C is a block 

ing condenser to eliminate any change in bias of 
T2 due to connection of R2, and by eliminating 
the by-pass of Rc the presence of feed-back volt 
age on the plate of T1 may be eliminated by 
proper choice of the resistances R1 and R2, at 
the same time maintaining feed-back to T2. 
The manner in which this takes place may be 

understood by reference to the equivalent bridge 
circuit shown in Fig. 2. From an examination 
of this bridge circuit it will be seen that if R/R2 
be made equal to RL/Rc, where RL is the load im 
pedance of T2 and the other symbols have the 
Same significance as above, it may be seen that 
the bridge is balanced So... that no feed-back volt 
age appears a CrOSS R4, that is no feed-back volt 
age appears between plate and ground of Ti and 
hence there is no distortion caused in the plate 
circuit of T1. The feed-back is still present inso 
far as T2 is concerned because there is feed-back 

5 voltage across R2 and therefore between grid and 
Cathode of T2. Hence the addition of R2 of the 
proper magnitude results in elimination of dis 
tortion in T. - 
NoW in this condition there is no bypass across 

Ric So that there will be voltage feed-back from 
that source also. If we assume that Rg, and R3 
are high compared with R2 which condition 
usually obtains, the feed-back factor due to R1 is 
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35 R --R 

But 
R/R = RL/R. 

SO that 

40 R - Re 
R --R. RL--R 

The feed-back factor due to Rc is likewise 
R 

45 RE-HR. 
So that when the balanced bridge condition ob 
tains there are two equal sources of feed-back to 
the grid of T2, and since both are in the same di 
rection feed-back is doubled. Despite the fact that 

50 the feed-back with the circuit shown is higher 
than that due to the use of R1 alone, the dis 
tortion in the plate circuit of T1, which occurs 
When R1 only is used, is eliminated. 
Another factor of importance is the effect of 

This low ef- 55 feed-back on the equivalent internal impedance 
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of T2 looking back from the load. If the impedance 
of T2 without feed-back is Rp2 then the equiva 
lent impedance Z with feed-back and With 

R. RL 
RTR 

is given by 

Z= ?---(1+u) Re (1+u) RL--R 
where u is the amplification factor of T2. With 
circuit values commonly encountered in practice 
the net effect is a reduction of equivalent plate 
impedance resulting in a desirable damping effect 
On the Speaker. 
This circuit thus serves to give increased feed 

back, eliminates distortion in T1 and results in 
increased speaker damping. In the type of cir 
cuit where feedback is due to Rc alone (R1 omit 
ted) distortion in T1 is not brought about but 
the circuit does not provide as much feedback 
as the circuit under consideration and it results 
also in a higher equivalent plate impedance and 
thus less Speaker damping. The circuit accord 
ing to my invention thus has all the advantages 
of the commonly used simple feedback circuits 
Without their disadvantages. 
While I have shown and described a preferred 

embodiment of the invention, it will be under 
stood that modifications and changes may be 
made without departing from the Spirit and 
Scope of the invention, as will be understood by 
those skilled in the art. 
What I claim is: 
1. An amplifier circuit comprising an electron 

discharge tube having at least a cathode, a con 
trol grid and an anode, a first feed-back path 
connected between said anode and control grid, 
an un-bypassed cathode resistor providing a Sec 
ond feed-back path and a circuit including a re 
sistance and a capacity serially connected be 
tween the cathode and grid of said tube. 

2. An amplifier circuit comprising an electron 
discharge tube having at least a cathode, a pon 
trol grid and an anode, a feed-back circuit in 
cluding a resistance connected between said 
anode and control grid, an un-bypassed cathode 
resistor providing a second source of feed-back 
energy, and a circuit including a resistance and 
a capacity serially connected between the cath 
ode and grid of said tube. 

3. An amplifier circuit comprising a pair of 
coupled vacuum tube stages, means for feeding 
back energy from the output of the second stage 
to its input and incidentally unwanted feed 
back energy to the output of the first stage, and 
means for neutralizing said unwanted feed-back 
energy comprising an un-bypassed cathode re 
sistor for the second stage and a series connec 
tion of a resistance and a capacity between the 
cathode and control grid of the second stage. 
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4. An amplifier circuit comprising a pair of 

Coupled vacuum tube stages, means for feeding 
back energy from the output of the Second stage 
to its input and incidentally unwanted feed 
back energy to the Output of the first stage, 
means for neutralizing said unwanted feed-back 
energy Comprising a series connection of a re 
Sistance and a capacity between the cathode 
and control grid of the second stage, and addi 
tional means for feeding back energy from the 
output of the second stage to its input, said last 
mentioned means comprising an un-bypassed 
cathode resistor for the second stage. 

5. An amplifier circuit comprising a pair of 
resistance-capacity coupled vacuum tube stages, 
a feed-back circuit including a resistance for 
feeding back energy from the output of the Sec 
Ond stage to its input and incidentally unwanted 
feed-back energy to the output of the first stage, 
and means for neutralizing said unwanted feed 
back energy comprising an un-bypassed cathode 
resistor for the Second stage and a series con 
nection of a resistance and a capacity between 
the cathode and control grid of the second stage, 
the feed-back resistance and the load resistance 
Of the Second stage constituting one pair of ad 
jacent arms of a balanced bridge, and the un 
bypassed cathode resistor and the resistor of the 
Series connection constituting the other pair of 
2djacent arms of said bridge. 

6. An amplifier circuit comprising a pair of 
resistance-capacity coupled vacuum tube stages, 
an un-bypassed resistor connected to the cath 
Ode of the Second stage, a resistance connected 
from the anode of the second stage to the anode 
of the first stage and to the grid of the second 
stage for feeding back energy from the output 
of the Second stage to its input and incidentally 
unwanted feed-back energy to the output of the 
first stage, and means for neutralizing said un 
Wanted feed-back energy comprising a bridge 
network including as one pair of adjacent arms 
Said feed-back resistance and the load imped 
ance of the Second stage, the common terminal 
of which is connected to the anode of the second 
stage, the other pair of adjacent arms including 
the un-bypassed cathode resistor of the second 
Stage and a resistance-capacity combination 
Connected between control grid and cathode of 
the Second stage, the common terminal of the 
latter adjacent arms being connected to the 
Cathode of the second stage, a resistance con 
nected between the remaining terminals of said 
arms, one end thereof being connected to ground 
and the other end to the grid of said second 
Stage, said bridge when in balanced condition 
permitting feed-back to take place between the 
Output and input of the second stage but not 
between the outputs of the two stages. 
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