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IT HAS BEEN PROVED that the ear 
can detect 8S little as 0.5 percent 

of pentode distortion! To achieve 
this low degree of distortion in 
typical pentode amplifiers, approxi· 
mately 25 db of negative feedback 
is required. This sacrifice in gain, 
and the solution of the oscillation 
problem outside the passband, in· 
valve considerable added coat. 

It is possible in a two-stage ampli· 
tl.er to approximate the results that 
would be obtained in a conventional 
amplifier with 25 db of negative 
teedback. by using a combination of 
local positive feedback in the first 
stage, and a moderate amount of 
overall negative feedback. The 
positive feedback has the effect of 
increasing the gain of the first 
stage. The general principle of 
combined feedback has been known 
for some time." 

The block diagram of a two-stage 
amplifier with combined feedback is 
shown in Fig. 1. The inherent volt
age gains, with no feedback. of the 
first and second stages, are repre
�ented by A. and A. respectively, 
for very small signa1s; B, is the 
feedback ratio of the feedback 
around the first stage, and B. is the 
overall feedback ratio, for very 

'" 

small signals. The feedback ratio 
is defined aa the ratio of the voltage 
fed back to the voltage existing at 
the point from which the feedback 
is obtained. These are all complex 
vector quantities, although their 
phase angles are likely to be very 
small in the vicinity of the amplifier 
band center. In the ideal ease 
where there are no phase shifts, A, 
and A. are conventionally consid
ered to be positive, and a feedback 
ratio is positive when the voltage 
fed back is in phase with the input. 

Feedback Equation. 
The voltage gain hi 

A _ A,A. A,A. () 
1 A,B, A,AsB. - -N- 1 

N is the vector quantity by which 
the gain without feed�ack, A,A .. 
is divided. If B, is positive (which 
would be the case for positive feed
back), it has the effect of incre&8-
ing the gain A,· and B .. if negative, 
tends to decrease the gain. 

A term such as A,B. or A,A.B. is 
known as a feedback factor. In the 
ideal case it will be a pure positive 
or negative quantity, but in the 
practical case, it will have a phue 
angle that is the sum of the phase 
angles of the factors involved. 

When there is no pha.se shift in the 
feedback network itself, the feed
back ratio is considered to be a real 
quantity, and the phase angle of the 
feedback factor is equal to the sum 
of the pbue angles of the A's in
volved. 

The output impedance Z. is 

(1- A,B.) ( z. - Zt" N(l + Zr./Z,.) (1- AIB.) 2) 
where Z r. and Z,. are the load im
pedance and inherent output im· 
pedance of the output stage. It is 
seen in the above expression that 
when the product A,B, is positive, a 

decrease in the output impedance 
can result. 

The expression for distortion and 
gain stabUitJ 11 

D- �-+D.( I-;'BI)+ 

DoD. ( 1 -:,BI ) (3) 
The inherent gain incrementa D, 
and D. in the first and second stages 
are caused, for example, by a 

change in applied static or instan
taneous signal electrode voltage!!, 
or aging of the tube, and D is the 
resulting overall gain increment. 
The parameters D, D" and D. a.re 
each expressed as a fraction of A, 
A., and A.. Equation 3 also hold!! 
if D" D .. and D represent nonlinear 
distortion. 

Regeneration and Distortion 
For most purposes, optimum per

formance is obtained by designinr 
so that the product A,B, over the 
useful range of frequencies is ap
proximately equal to unity. (If the 
negative feedback were temporarii1 
removed, the first etage wouM be in 
a state of critical regeneration, 
with. gain approachin8' inftnity.) 
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1 
This invention relates to amplifiers employing 

positive and negative feedback for economically 
securing improved performance over a wide fre
Quency range. The Invention Is particularly ap
plicable to transformer coupled audio power am
plifiers suitable for use in mass produced broad
cast receivers and amplifier systems, although It 
may be used beneficially In expensive amplifiers. 

It has previously been customary to use pentode 
or beam pentode output tubes in economical 
transformer coupled power amplifiers because of 
their high efficiency and the economy with which 
they can be driven. The chief disadvantages of 
pentodes In such an applicatlon are the high har
monic distortion encountered, which is made still 
further objectionable by the considerable per
centage of higher order harmonics present, and 
the high output Impedance that results, which 
gives poor damping of a load such as a loud
speaker. 

The above disadvantages have been overcome to 
some extent by the use of negative feedback. 
However, It has never been possible in an eco
nomical amplifier to employ sufficient feedback to 
obtain negligible harmonic distortion and a neg
ligibly small output Impedance because of the 
great loss in gain resultlng, and because of oscil
lations that are encountered due to the inevitable 
phase shift that takes place in the amplifier (and 
in the transformer, if transformer coupled) as 
well as in the negative feedback system, at very 
low and very high frequencies. In o::der to ob
tain very large amounts of negative feedback, it 
has been necessary to use very costly output trans
formers, and in addition, phase shift correcting 
networks in the amplifier stages, to avoid oscilla
tion. In general, the worst phase shifts are due 
to the output transformer. However, the phase 
shift is made still worse by the fact that it is 
usually necessary to apply the negative feedback 
over a number of stages to obtain the desired 
reduction in distortion and output impedance. 

In amplifiers where no output transformer is 
used, some improvement has been obtained by 
the use of a combination of overall negative po
tential feedback and Internal positive pOtential 
feedback In an early stage of the amplifier. In 
this manner, an Improvement in gain is obtained 
whOe most of the advantages of negative feedback 
Ilre l'etained. However, it has not been possible 
to obtain negligibly low output impedance and 
non-linearity VJlth this system in an economical 
audio power amplifier wbere an output trans
former Is used, because of the 'Phase shift in the 
output transformer at very low and'very high fre-

2 
quencies, which will cause oscillation. Again, 
some improvement can be made by the use of a 
very costly output transformer and phase correct
Ing networks In the amplifier stages. 

6 Another expedient which has been resorted to 
is the use of a separate winding on the output 
transfonner from which the negative feedback 
Is obtained, in an effort to reduce the phase shift 
In the negative feedback voltage caused by the 

10 output transfonner. 
It Is an object of this Invention to provide an 

amplifier in which dlstortlon and oscillation are 
economically eliminated over a wide range of fre
quencies. 

15 It Is a further object of this invention to provlqe 
an amplifier in which the ellmlnation of distortion 
and OSCillation over a wide frequency range may 
be realized together with a low output impedance 
which may be of zero or negative value. 

20 It is another object of this Invention to provide 
an amplifier having positive and negative voltage 
feedback in which the effects of phase shift in the 
negative feedback loop at very high and very low 
frequencies are economically overCome. 

25 It is another object of the invention to provide 
an economical transformer coupled amplifier 
capable of serving as an audio power amplifier 
without substantial distortion or oscillation over 
a wide frequency range. 

30 These and other objects and advantages of 
the invention are realized by an amplifier in
corporating both positive and negative 'Voltage 
feedback loops in which an Impedance network Is 
provided operative upon the positive feedback 

35 loop, at frequencies at which the phase of the 
energy fed back by the negative feedback loop Is 
shifted toward a positive sense, to shift the phase 
of the energy fed back by the positive feedback 
loop toward a negative sense, by an amount suf-

40 ficlent to restrain said amplifier from oscillation. 
Such an embodiment of the invention is de

scribed in the following specification and illus
trated In the accompanying drawing, the single 
figure of which is a schematic diagram of an 

45 audio power amplifier circuit utilizing the Inven
tion. 

In the Illustrated circuit a conventional ampli
fier stage comprising the triode 10 has its output 
applied by way of an 'RC network A shown en-

50 closed in a dashed block, to ·the control grId of 
one of two triodes I1 and 12 which 'act as a phase 
Inverter. The phase inverter is of the self balanc
ing type. The cathodes of tubes 1:1 and I Z are 
connected ·through a pair of resistors 13 and 14 

55 having their junction point .grounded. The an-
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