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IMPEDANCE DISPUTE

Having read the exchange between
Mr. Paul and Mr. Yaniger regarding

the cathodyne/split-load phase invert-
er (April and June '09, Xpress Mail), 1
must support Mr. Yaniger before an-
other audio myth is further perpetuated.
It is a common misconception among
audio amateurs that the output imped-

ances of a cathodyne phase inverter are :
inherently unbalanced. This is nof true,

and this persistent falsity should be put
to rest once and for all.

Perhaps this confusion arises when
considering the output impedance from
onme output at a time, in which case the
output impedances do indeed appear un-

equal. However, because a phase inverter
- with equal value resistors used through- :
out. Mutual feedback to each input
forces the input impedances to become

which only uses one of its outputs is
fairly pointless, this definition of output
impedance is, too. As Mr. Paul correctly
points out, provided the anode and cath-
ode are at all times equally loaded, mu-
tual feedback between each output and
the grid causes the output impedances

to become identical, and therefore so :

does the frequency/amplitude balance, at
least over the normal audio range.

For some reason, Mr. Paul supports his
argument by citing page 330 of the Radio
Designer’s Handbook (4th ed.), where it
clearly states that “the equivalent source
impedance (for both outputs]. . . is given
by”:
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where R; = Rp = Rk

Perhaps Mr. Paul did not read all the

way down page 330. In any case, this !

mathematical puzzle was also solved
over half a century ago in:

Jones, G. E., (1951). Analysis of Split-
Load Phase Inverter. Audio Engineering,
35 (12), pp 16+40-41.

And later by:

Priesman, A. (1960). Notes on the
Cathodyne Phase Splitter. Audio, (April), :

pp 22-23.

I will not repeat the mathemati-
cal derivations here, as both semi-
nal papers may be accessed on www.

thermionic.info, and www.aikenamps.
com/T1_Other.htm, respectively.

Mr. Paul also argues that “no justifi- |
cation is given for [the requirement for .

identical test loads] in any engineering
textbook that I have ever seen.” This is
not surprising, because it is implied. If
you test the circuit with only one output
loaded, then you are not using the circuit
as a phase inverter; if you do not apply
all the necessary loads, then you are not
testing the same circuit! No textbook
would bother to make such an obvious
statement.

As an academic curiosity, a similar
process applies to an op amp arranged
for balanced-to-single-ended operation,

equal despite their “apparent” inequality
when considering only one input.

I can also supply an electronic copy if
M. Paul wishes to read:

Peters, D. P. (1957). In Defense of the
Split-Load Phase Inverter. Radio & TV
News (November), pp 182+184.

Merlin Blencowe
merlinblencowe@hotmail.com

I read with interest the discussion be-

- tween Mr. Yaniger and Mr. Paul about
the output impedances of the phase !
splitter described in Mr. Yaniger’s ar-

ticle. Mr. Yaniger states that the output
impedance at the plate and cathode of
the stage are equal as long as the load
impedances are equal. Mr. Paul disputes
that claim. At first blush it would seem
that Mr. Paul’s assertion must be correct,
because it is well known and provable
that a common plate stage (cathode fol-
lower) has a much lower output im-
pedance than a common-cathode stage.
However, the special case described by
Mr. Yaniger—i.e., equal output imped-
ances—is intriguing, so why argue about

the point when some simple circuit anal-

ysis will provide a definitive answer?

For clarity, let me review what I mean

by output impedance. A common way to
model the output impedance of any volt-

age source is to consider such a source as
consisting of a perfect voltage source—
one with zero output impedance—in
series with a resistor.

In Fig. 1, Rg represents the voltage
source’s output impedance, and R; rep-
resents the load. For simplicity, I've made
the assumption that the source’s imped-
ance is not frequency dependent. I think
it will be clear to most readers that the
value of Rg can be calculated by vary-
ing R; and noting how Vout changes. If

Rg

Vout

$

FIGURE 1: Impedance model.
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you had two voltage sources and wanted !
to compare their output impedances, it
would be sufficient to test them both
with the same varying load resistances. :
If their outputs changed equivalently, :
then, by definition, their output imped-
ances are equal. :

Now on to the phase-splitter stage. :
- Let’s model the stage using a simplified
hybrid-pi model (Fig. 2).
Vg represents the grid voltage. The :
- current source represents the tube’s
transconductance, so the value of the !
¢ current equals nggC. Rp is the plate

Vg gmVgec P

$w

Rec

FIGURE 2: Example phase-splitter stage.
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resistor, R _is the cathode resistor, and r
represents the tube’s internal plate resis-

- tance (the reciprocal of its output con-

ductance). The principle simplification
in this model is that none of the tube
capacitances are shown. Strictly speak-
ing, the model is therefore only accurate
at DC. I am making the untested as-
sumption that, within the bandwidth of
interest, the capacitive reactances are so
much larger than the plate and cathode
resistors as to be of little import.

A quick look at the model shows that
Rp and R, are in series with each other,
and in parallel with r . With that in-
sight, the equations for the circuit can be
easily derived. For better or worse, I have

- named voltages for the resistors they
© appear across. Also, I never design with
. tubes, so please excuse any labels that
- don't follow accepted convention.

r 1
PR, +R,|

E 11’11\'Ir =8 Voo ————
quatio T, m ¥ge tp +Rp + Re

. R
Equation 2: Vg, =V, —<—
¢~ R, +R,
. Rp
Equation 3: vg =V, ——
» T P Re_R,

Equation 4: Ve = Vg — Vg,

It’s not necessary for the question at
hand, but from these equations, you can

. derive the transfer function

Vi, 8mfp [RC +Rp)

Vg tp+Rc+Rp+8mRRp

Now, remember what I previously said,
. that if two voltage sources behave equal-

ly when tested with varying load resis-
tors, those two load sources, by defi-
nition, have equal output impedances.
Referring to equations two and three,
you can see, in fact, that for any value of
R and R - that Vi and Vj p are equal
to each other as long as R_ and R are
equal to each other. Therefore, I have
proven Mr. Yaniger’s assumption that if
the impedances at the plate and cathode

. are equal, then the stage does have equal
- output impedance at cathode and plate.
: Let me note for completeness that the
- equal impedances at both nodes would
. consist both of the discrete plate and
- cathode resistors as well as the input
- impedances of the following stage each
: node is connected to.

Roy Mallory
aX
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