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Balanced Amplifiers of Highly Stable and Accurate Balance
A redrawn and slightly edited version of an original published by E.M.I. Laboratories

A
KNOWN AMPLIFIER capable of developing a stable, balanced

output free, to a considerable degree, from unbalanced
components despite conditions of unbalance and possibly chang-
ing conditions of unbalance in its input circuit, employs a pair of
amplifier valves having in their cathode circuit a common imped-
ance. This impedance is normally a pure resistance connected at
one end to the negative terminal of high tension supply and at the
other directly to each cathode. Input signals can be applied to each
of the control electrodes [the control grids] of the two valves and the
control exerted upon the two valves is then determined by the sig-
nal variations present at the control electrodes and by such poten-
tial variations as may be developed at the connected cathodes. The
latter variations depend upon the current variations in the two
valves and upon the magnitude of the resistance forming the com-
mon cathode circuit. If the variations of cathode current are equal
and opposite so that balanced currents are set up in the valves, then
it is evident that the potential developed at the cathodes of the
valves remains constant. If, however, the valve currents tend for any
reason to depart from a condition of balance, the difference of these
currents flowing in the common cathode resistance results in vari-
ations of the potential at the common cathode-connection, thereby
setting up a differential control of the valves that tends to equalize
their currents. An amplifier of this kind will produce a satisfactorily
balanced output even when only one of its pair of control grids is
excited. This requires a value of common cathode-resistance equal
at least to the reciprocal of the mutual conductance of the valves
and, with a resistance of such magnitude, the essential characteris-
tic of the amplifier is its notable insensitivity to so-called push-
push‡ components of variation present at its input terminals.

It will be clear from these remarks that the desirable proper-
ties of the circuit depend upon the use of a common cathode
resistance of large magnitude. It will also be appreciated that the
use of such a resistance can make demands upon the source of
high tension that are at least inconvenient, even if the waste of
power can be tolerated. This is so, particularly if the valves take
large currents, for then the inevitable drop of potential in the
cathode resistance becomes very large.

It has accordingly been proposed to replace the common
cathode-resistance by a valve, and not merely to do this, but also to
control this valve from a point on a potential divider connected
between the output circuits of the pair of valves. Thus, with simi-
lar valves and equal output resistances connected in their anode
circuits, the potential divider may be connected directly between
the anodes and the control taken from the midpoint of the divider. 

With such an arrangement the stabilising effect of potential
variations set up at the cathodes and resulting from an unbal-
anced condition in the output of the amplifier can be increased to
a degree vastly in excess of that obtainable from an arrangement
using simple a resistance for the common cathode circuit and not
incurring a greater drop of potential in the cathode circuit. The
amplifier may be driven by either a balanced input signal or by an
unbalanced signal, in which case one of the two control elec-
trodes of the differential-pair is effectively grounded. Fig. 1. illus-
trates a circuit for balanced-input operation and AC conditions.
Fig. 2. shows a similar circuit arranged for DC operation.

The improved form of amplifier has one advantage in partic-
ular over the normal form in which the cathodes are coupled only
by a passive impedance. This advantage is the ability to compen-
sate automatically for load-circuit changes that would otherwise
upset the balance of the output. For example, a reduction in load

on one the anodes of the differential-pair effectively reduces the
value of its anode resistance and accordingly, the signal-voltage
generated across it.

If desired, the amplifier can be configured to deliver its out-
put in a predetermined unbalance-ratio. In such an instance, the
tap on the potential divider is appropriately displaced from the
mid-point so that when the output is exactly in the required ratio
no control is exerted on the common cathode-valve. In the figures
it will be noticed that the common cathode-valve is provided with
a cathode-load resistance. This is not merely to provide a conve-
nient bias for the valve, but also to render its operation less
dependent on changes in its characteristics and is simply a part of
well known technique.

—Communication from E.M.I. Laboratories.
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‡common-mode signals, in today’s parlance.

Figs. 1 & 2. V1 & V2 form the differential-pair while V3 drives the com-
mon–cathode-connection in such amplitude and phase as to force the voltage
at the junction of R4 & R7 to nearly zero under widely varying conditions of
load and input drive.
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