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With respect to all inner conductors, the contours
with more acute outer angles make less effective use of
their perimeters, because there is more extreme con-
centration of current near the outer angles. By analogy
with electric potential gradient, the current density is
theoretically infinite at any angle whose outer side is
exposed to the magnetic field. In spite of this fact, it is
noted that the square suffers very little, effectively
utilizing 7/4 of its perimeter. An opposite extreme is
the elongated rhombus, Fig. 4(b).

Fig. 4(e) as an inner conductor might be expected to
approximate the behavior of a rectangle. On the con-
trary, it has much less effective utilization of its con-
tour because of the acute angles.

Referring to the more extreme shapes in Figs. 3 and 4,
their equality of resistance as inner and outer conduc-
tors is remarkable and unexpected, because the current
distribution is radically different in these alternative
functions.

Every example of the polygon rule is an evaluation of
a certain definite integral. Some of the more unusual
cases may be integrals that cannot be evaluated by any
procedure known to mathematicians. A long table could
be prepared on the basis of this one rule.

The polygon rule offers a fascinating variety of exam-
ples based on a single theorem. It has some practical
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utility in computing or estimating the skin resistance of
inner and outer conductors of various polygon cross
sections. Its greatest value lies in the ideas to be per-
ceived in its examples, particularly the effect of extreme
current concentration on acute angles exposed to the
field. It is another interesting application of the basic
“incremental-inductance rule.”
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Active-Error Feedback and Its Application
to a Specific Driver Circuit®

J. R. MACDONALDY, SENIOR MEMBER, IRE

Summary—A short discussion of the advantages and disadvan-
tages of active-error feedback in amplifier design is given. Such feed-
back can yield all the advantages of ordinary negative feedback
without gain reduction and is particularly suitable for use in reducing
the distortion of individual amplifier stages.

Active-error feedback is applied to a cathode follower by ampli-
fying the difference between its input and output voltages, then add-
ing the amplified error to the output. The resulting driver has very
low output impedance and low distortion and is especially useful for
driving the grid of an output tube far positive. A direct-coupled
version of the circuit using ordinary miniature tubes had an output
impedance of 5.6 ohms and could supply several hundred milliam-
peres of positive current. The theory of the circuit agrees with ex-
periment, and the distortion of the driver when driving an output
tube grid to the diode line is found to be far less than that of an
ordinary cathode-follower driver.

* Original manuscript received by the IRE, December 9, 1954;
revised manuscript received, March 18, 1955.
t Texas Instruments Inc., 6000 Lemmon Avenue, Dallas 9, Texas.

I. AcTIVE-ERROR FEEDBACK

NLIKE ORDINARY negative feedback, where
‘I ] a portion of the available gain of an amplifier is

expended in obtaining the benefits of feedback,
active-error feedback (AEF) is a type of feedback with
which no such direct gain reduction occurs. With AEF, a
portion of the output signal from an amplifier or single-
amplifier stage is subtracted from the input signal, then
the resulting difference amplified in an external circuit
whose gain is equivalent to the extra gain necessary with
ordinary feedback. If the portion of the output sub-
tracted is nominally equal to the input, the difference
is proportional to the error or distortion in the output.
This error is then injected back into the original circuit
with the proper polarity to reduce the output error.
Although the principle of AEF has been used in servo-
mechanisms, it does not seem to have been as fully ex-
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ploited in amplifier design as it deserves to be.! There-
fore, it is worthwhile to discuss its advantages and dis-
advantages in this application in some detail and to
present a specific example of this type of feedback.

out

(a)

O\ « o ag

em 4
b 4
A0 _
) + =
B

(b

Fig. 1—(a) Block diagram showing connection of active error feed-
back around the amplifier of gain A4; (b) block diagram showing
a method of combining active error feedback and ordinary nega-
tive feedback.

Fig. 1(a) shows a block diagram of a general AEF
circuit. The circuit, the gain of which is to be stabilized,
the distortion and output impedance of which are to be
reduced, and the frequency response of which is to be
improved, has a mid-frequency numerical gain of 4,. We
have drawn this block diagram in terms of the positive
mid-frequency numerical gains 4o and G, rather than
the complex phasor gains A(f) and G(f) in order to show
explicitly the possible signs which may occur in the mid-
frequency region. The symbol

g

indicates addition and

1F. E. Terman, “Radio Engineers’ Handbook,” McGraw-Hill
Book Co., Inc., New York, pp. 403-404; 1943.
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subtraction of the two input voltages. A variable voltage
entering the junction at a plus sign goes through un-
changed in sign, but a voltage entering at a minus sign
has its polarity inverted. The plus-or-minus signs
within circles in Fig. 1(a) go together as do those with-
out circles, but the signs of the two sets may be specified
independently.

The block diagram shows that the output voltage is
multiplied by a factor «, the result subtracted from the
input voltage, and the resulting error voltage amplified
by the factor Gy. Since only error voltage is amplified in
this branch of the circuit, the amplifier of mid-band gain
Gy need handle only fairly small signals and need not it-
self be distortionless. Finally the amplified error voltage
is added to the input in such a phase sense that it re-
duces the difference between the input and « times the
output. It is usually most convenient to make « the pure
numeric Ao~ Then the AEF tends to make the output
follow the input with no gain reduction.

Analysis of the block diagram yields the following re-
sult for the over-all gain eout/€in,

€out/€in = Ao[l + Go]/ [1 + OleGo] = A,. (1)

The second equation follows on taking a=A4,"1. If we
continue to take o =4 ,~! and generalize (9) for complex
phasor gains, we obtain
et _ AN +GON] @)
ein 1+ G(HA()/4o
So long as G(f)A(f) is considerably greater than A,,
(2) reduces closely to

€out

%JAOy

(2"
€in

the midband gain. We thus see that AEF can considera-
bly extend the flat response of the A-circuit provided
that the frequency response of the G-circuit is initially
the wider and that G, is considerably larger than unity.
A straightforward calculation also shows that harmonic
components and the output impedance are each reduced
by the factor |1+ G(f) A(f) /4|, which will be consider-
ably greater than unity over the frequency range of
interest. Finally, (2’) shows that the fundamental-signal
gain of the circuit is stabilized by the AEF circuit to the
mid-frequency value when a=4,"!. Thus, the circuit
yields the usual advantages of negative voltage feedback
without the usual decrease of gain. The additional gain
required is of course supplied by the active G-circuit.
As in any feedback circuit, it is necessary, in order to
avoid regeneration, that G(f) A(f)/A, become less than
unity before the phase shift of the combination reaches
180 degrees. The usual Nyquist criterion for stability is
applicable here with 8 given by — G(f)/4..

A combination of AEF and negative feedback can be
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