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I
N THIS SERIES OF FOUR ARTICLES about the
phase-splitting stage that provides the link

between a single-ended voltage amplifier and a push-
pull [output] stage, we have examined several poor
circuits and two classes of acceptable circuits. We
have seen that a single tube with a split load is good
if you do not need too much drive while the anode-
follower or see-saw circuit gives more output, but
less gain. For conventional audio work, the tubes and
supply voltages you plan to use will determine
whether you take a single-tube or two-tube phase-
splitting approach.

There are some special jobs, though, for which
these push-pull driver types are not suitable. The
most important of these is when you want to go
down to extremely low frequencies, or even all the
way to zero frequency. The anode follower (see Part
III, in the February issue) includes one coupling
capacitor, so that it will not stay balanced once the
capacitor starts to take control; the split-load cir-
cuit (Part II, January, 1953) has the disadvantage
that the two output terminals are at different DC
potentials. A symmetrical direct-coupled deflection
amplifier for a cathode-ray oscilloscope calls for a
phase splitter that provides two outputs at the same

average DC potential, because any unbalanced dif-
ference will pull the undeflected spot away from the
center of the tube.

THE LONG-TAILED–PAIR
One phase-splitting circuit is particularly good

for cathode-ray oscilloscope work. It has other
uses too, but we shall come back to those after we
have examined its characteristics. The circuit
itself is known as the “long-tailed–pair” or more
prosaically, as the Schmitt cathode-coupled phase
inverter. If you look at the basic circuit in Fig. 1,
you will see why the name “long-tailed–pair” was
adopted. In a rather interesting way, this circuit is
related to the anode-follower discussed last
month. That circuit, you may remember, could be
described simply by saying that the second tube is
driven by the difference in the plate-voltage swings
of the two tubes.

In the long-tailed–pair, the second tube  has its
grid grounded and the effective drive to this tube is
applied to its cathode. The driving voltage is equal to
the cathode resistance Rk multiplied by the differ-
ence in plate currents of the two tubes. Referring
again to Fig. 1, suppose we raise the potential of grid

Part IV — This circuit,

the “long-tailed–pair”, 

is considered by the

author to be the best

of the phase splitters.

Fig. 1. Circuit of the “long-tailed–pair”
cathode-coupled phase inverter.

Fig. 3. The “long-tailed–pair” redrawn to
show the grounded-grid operation of V2.
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BY GEORGE FLETCHER COOPER
A lightly edited, redrawn and re-typeset version of an 

article that appeared in Radio-Electronics in March, 1953.

Fig. 2. (a) Current–see-saw diagram of
the “long-tailed–pair”. (b) See-saw diagram
of balanced-vol tage phase inver ter
reprinted from last month’s article for com-
parison with the balanced-current type.
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