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BETTER DYNAMIC CHARACTERISTICS
MEAN BETTER OUTPUT ON CW, AM AND SSB
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Presenting a special reprint of the material on
dynamic power supply regulation that was
originally published in the January-February
and March—-April, 1954 issues of G-E HAM NEWS.

What is dynamic regulation in a power supply?
Because the literature in this field is exceedingly
sparse, perhaps a good way to start is to take two
common definitions and directly relate them to the
subject at hand, thus:

Static—Relating to forces in equilibrium (as d-c plate
voltage and current in a rig transmitting a continu-
ous unmodulated carrier).

Dynamic—Relating to moving forces (as d-c plate
voltage and current under typical operating condi-
tions in the average amateur CW, AM or SSB rig).
Keeping these definitions in mind will help in under-

standing just what goes on inside the conventional
plate power supply which ordinarily consists of a
center-tapped step-up transformer, rectifier tubes,
and a two-section choke-input filter to reduce ripple.
Since such supplies have been used since the introduc-
tion of the mercury-vapor rectifier, one might think
that just about all the ‘‘bugs’ would have been smoked
out by now. Well, many bugs have been eliminated
and, as a consequence, manufacturers of transformers
and chokes now proudly offer what they term ‘“matched
power supplies”—sets of components for which they
publish ratings, voltage regulation curves, and ripple
output to be expected. These ‘“‘matched” components
make up power supplies that do perform as the pub-
lished data indicates.

LOSS OF VOLTAGE

However, poor dynamic regulation in these conven-
tional power supplies means distortion of signal output
—alteration of actual radiated intelligence—almost
without exception in CW, AM and SSB rigs. These
faults exist no matter how good a static regulation
figure is indicated by d-c input instrumentation.
This comes about in the conventional power supply
because transient oscillations excited in the filter rob
the rig of voltage during a sizable portion of the time
it is sorely needed. Hams who light-heartedly pass this
effect off as “‘instantaneous,” thereby implying it is of

no consequence, may want to examine their power sup-
plies more critically after studying the test data pre-
sented below.

Consider the meaning of the voltage regulation
curve usually given for the ordinary rectifier-filter
combination. This is a ‘‘static’”’ curve, obtained by
loading the supply to certain currents, reading the
voltages across each load, and then plotting the re-
sults. Such a curve is useful, but it tells us only what
the average voltage will be at any average current
value—because the instruments used to measure these
values respond only to average quantities. Figure -1
shows just such an acceptably good regulation curve
in which the voltage drops about 10% or so from no
load to full load on an average basis.

But is it the average load, voltage and eurrent alone
that we are interested in? What kind of loads do our
amateur transmitters present to their respective power
supplies? Do we transmit intelligence with average
loads—or with a complex pattern of instantaneous
loads?

VOLTMETERS MISLEADING

Consider the final stage of a CW transmitter. At
key-up the load is zero, or, at most, a rather small one.
When the key is closed, the maximum load current is
drawn. Now does the power supply follow the same
curve that was plotted under static -or slowly varying
loads? An ordinary voltmeter might lead one to think
so.
But look at Figure 2! This is a photograph of a
cathode-ray oscilloscope which shows how the voltage
varies with time in the ordinary power supply when
the load is suddenly applied as in keying a CW rig.
The solid upper line shows the no-load output of the
supply—=820 volts; the lower solid line represents zero
volts. The lower waving line is a 60-cycle timing wave
which permits reading the actual load voltage (repre-
sented by the upper oscillating line) at any fraction
of a second from the instant the load was applied.
The spot on the oscilloscope was started as the key
closed to a 200-milliampere load. (The steady current




rating on the test supply is 250 milliamperes.)

Note how the load voltage dips suddenly to less than
a third of the no-load voltage line, then wildly over-
shoots the line and oscillates about until it finally
settles down to the average loaded voltage of 760
volts—which is the same as the static loaded output
voltage shown in the curve of Figure 1 for a 200-
milliampere load.

(Incidentally, the ripple under load is visible on the
right-hand portion of the load voltage curve of Figure
2, but is fairly small compared with the extravagant
excursion of the voltage in the period immediately
following the application of the load.)

A d-c voltmeter that was connected across the line
at the same time merely dropped from 820 to 760 volts
and gave no indication of the actual turmoil immedi-
ately after keying!

EFFECT ON CW OPERATION

Is this turmoil anything to worry about? Well, the
final stage in a CW transmitter generally runs Class C,
and the transient oscillation shown across the power
supply modulates each character with that same wave
form quite independently of any keying filter that may
be provided for click reduction. This, then, is the signal
envelope—somewhat poorer than ideal!

How long is a dot or a dash in seconds? That de-
pends on the operator for the most part, of course.
But this transient oscillation certainly lasts for a con-
siderable portion of the average CW dot or dash, be-
cause as can be seen from the timing wave of Figure 2,
the voltage does not settle down to a steady ripple
until more than a tenth of a second has elapsed. And
as anyone who has played with timing in radio or
photography work knows, a tenth of a second is far
from what is normally thought of as “instantaneous.”

When the load is removed (key up), the power
supply voltage behaves as photographed in Figure 3—
another wild peak, with the oscillation finally settling
down to the no-load line. Of course, in this case there
is no “on the air” effect, but the filter condensers and
all other connected equipment are subjected once
again to this voltage turmoil. This may explain why
every once in a while a ham’s whole rig is blown to
kingdom come when he shuts it off.

The oscillograms shown apply only to single keying
actions. Fast keying conditions intensify the transients
shown in Figures 2 and 3.

EFFECT ON PHONE OPERATION

So much for CW loads on the common garden variety
power supply. Now before the phone men start laugh-
ing up their sleeves at their brass-pounding brethren
with “hand-modulated” rigs, let’s take a close look at
Class AB,;, AB,, and B modulators operated with con-
ventional power supplies.

It is characteristic of these modes of operation to
iraw average plate current which is a function of the
nodulating signal. Thus, the modulator load is similar
to the on-off type of load experienced in a keyed CW
transmitter, and the power supply transient so induced
can be a real hazard to good quality. Because of the
relatively sluggish action of a d-c plate current instru-
ment (which tends to indicate current flow averaged
over about half a second or so) the actual cyclic or
syllabic transient load presented to the power supply
is much greater than one would be led to believe by
just reading the plate milliammeter.

What happens when the power supply behaves as
in Figure 1? The answer is high distortion and loss of
required peak power because most of the supply volt-
age just is not there part of the time it is needed by
the modulator, and so the modulator tubes cannot
draw the peaks of plate current that the grid drive
on the modulator stage says should be drawn.
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And rerhember, distortion tests made with steady
tones will not show this “dynamic” distortion because
the drain on a power supply induced by a steady tone
is constant when averaged over one-half of the period
of the test tone wave—relatively short compared to a
filter transient which lasts more than a tenth of a
second.

EFFECT ON SSB OPERATION

Single-sideband transmitters employing Class AB,,
AB;, or B RF stages present the same type of load
to their respective power supplies—and, as a result,
also introduce considerable distortion in the radiated
signal.

About the only types of emission in common use
which do not suffer ‘“on the air’’ losses as a result of
transient filter oscillations are NBFM and FSK. (No
transients are excited in the filter because the load is
steady.) Linear amplifiers used with AM signals over-
come this dynamic power supply regulation problem,
but the carrier efficiency of this mode of operation is
so low that use of linear amplifiers in amateur AM
transmitters is not common. Similarly, constant current
(or Heising) modulation for AM is another case where
dynamic power supply regulation is not of primary
importance. Grid modulation systems—control, screen
or suppressor—also side-step the dynamic regulation
problem but are inherently low-efficiency systems at
best. In all these modes of operation, the only important
power supply considerations are adequacy of rating and
ripple filtering.

What can be done to irhprove the dynamic regulation
of the conventional power supply? Let us follow the
steps that were taken in the shack of W2KU] to attack
the problem.

THE SOLUTION

It became apparent that merely improving the ripple
attenuation by adding more filter sections affected
the dyr.namic régulation very little. So the first step
was to increase the capacity of the existing filter from
2 mxcrofa{ads to 5 microfarads per capacitor. The result
appears in Figure 4—which shows excellent ripple
filtering but only slightly reduced voltage excursions
as compared with the transient of Figure 2.

Next, the two 5-microfarad capacitors of the two-
s?ction filter were connected in parallel to make a
single-section filter (with the two chokes left in series).
As shown in Figure 5, the voltage excursions are not
greatly changed in magnitude, but have a less complex
pattern—comparable, in fact, to that of a simple damped
oscillation. But here again, the oscillation is excited
in the filter by the suddenly-applied load.

The next step in the test was to use 45 microfarads
of capacity as the final element of the filter. The dy-
namic regulation performance responded nicely, as
shown in Figure 6. Note the reduction of magnitude
of voltage swing and lowering of the resonant frequency
of the filter as compared with Figures 2, 4 and 5.

FINAL DESIGN

This encouraged a final design in which 90 micro-
farads of capacity rendered the curve shown in Figure
7. Here the dynamic regulation is just slightly greater
than the static regulation, which, incidentally, measures
9.349%,—quite good enough for almost any amateur
transmitter. The ‘“break’ characteristics of this final
design are pictured in Figure 8. Use of more capacity
would improve the dynamic characteristics of the
power supply correspondingly because the resonant
frequency of the filter would be lowered even farther.
(For more detailed theory on the dynamic character-
istics of plate power supplies see ‘“‘Designer’s Corner,”
page 8)
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FIG. 1 Static regulation curve (Cq, Cy any value) FIG. 5 Load applied (C,—0; C,—10 mfd)

FIG. 2 Load applied (Co,—=C,—2 mfd) FIG. 6 Load applied (Co—=0; C,—45 mfd)

FIG. 3 Load removed (C;—=Cy—2 mid) FIG. 7 Load applied (C,—0; C,—90 mifd)

FIG. 4 Load applied (Co—=Cy—=5 mfd) FIG. 8 Load removed (Cs—=0; C»—90 mid)
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