Shunt-Fed Modulation
For Your

Little used ham modulation method provides increased

flexibility in modulating that low-or high-power final.

made the mistake of attempting

to modulate his 500-watt phone
transmitter without the benefit of a
load on the secondary of the modula-
tion transformer. As anyone who has
ever made this costly error can tell
you, it didn't take much more than
“Hello” into the microphone to send a
250-watt modulation transformer to
join its ancestors. Of course, someone
is going to say that anyone who
doesn’'t have the necessary protection
built into his transmitter to preclude
such disasters deserves to lose a modu-
lation transformer; however, there are
many fine commercially manufactured
ham transmitters on the market today
that do not provide these safety fea-
tures and there are many arnateurs
who dislike engineering a ham trans-
mitter to death.

The purpose of this article is to il-
lustrate a little-used method, among
amateur operators, which makes pos-
sible a considerable range of choice in
selecting modulation transformers for
an amateur radiotelephone trans-
mitter. Your problem of modulating
that low- or high-power final ampli-
fier, replacing defective modulation
transformers, or designing your new
AM transmitter can be simplified con-
siderably by the knowledge and appli-
cation of shunt feed in your audio
system. You may also be able to
save yourself quite a few dollars by
using components from the shack
junkbox.

Being faced with the problem of re-
placing the defunct modulation trans-
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SEVERAL years ago, the author
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former and not having the necessary
funds available to purchase same, it
was decided to dig into the junkbox to
see what, if anything, could be made
to work. A modulation transformer
originally used in the familiar ART-13
autotune airborne transmitter, manu-
factured by Collins, was discovered.
This transformer, which has a fixed
turns ratio, has two secondary wind-
ings; one for the r.f. amplifier plate
and one for the screen. The ART-13
transmitter utilized push-pull 811's in
class B to modulate a single 813 r.f.
amplifier. The author's transmitter
consisted of push-pull 813's in the r.f.
amplifier operating with 1500 volts
on the plates at a little over 500 watts
input. The class B modulator tubes
were 803's with the same plate voltage
as the 813's. It was found that the
turns ratio of the ART-13 modulation
transformer was just about perfect
for a match between the 805's and the
813's. Well, the matching problem
was solved but it was ridiculous to
think that this little modulation trans-
former, with a nameplate rating of 50
watts, could deliver the audio power
necessary to 1009 modulate the 500-
watt final amplifier. Besides, neither
of the secondaries could safely carry
the final amplifier plate current. That
did it. It looked as if the rig would
be off the air for some time until the
necessary $30 or so could be shaken
loose from the family piggy-bank.
With the rig off the air, it seemed
like a good time to catch up on my
technical reading. Maybe this would
be a good time to make the transition

By RICHARD A. GENAILLE, w3FepP

to SSB or, better yet, why not do
some c.w. work for a change. The
move to SSB was out of the question
for the same reason that a new modu-
lation transformer could not be pur-
chased and e¢.w. had lost its charm
after the first three or four years ol
“brass pounding.” What to do?

While thumbing through the audio
section of one of the handbooks to find
a cheap and dirty way of modulating
the transmitter, an interesting circuit
was discovered. Here was a schematic
showing shunt feed of audio to an r.f.
amplifier. Why had T not thought of
that before? This has been done al-
most since the time that commercial
broadcast transmitters first came into
existence. Why should I worry about
too much current through the second-
ary of my surplus modulation trans-
former when I can shunt the final am-
plifier plate current through a choke?
This way I won't have any r.f. ampli-
fier plate current going through the
secondary. No d.c. through the sec-
ondary should practically eliminate
the heating problem.

The standard arrangement for class
B plate modulation of an r.f. amplifier
is shown in Fig. 1. Fig. 2 shows the
shunt-feed arrangement. The r.f. am-
plifier plate supply in the author's
transmitter contained both a swing-
ing and a smoothing choke. It was de-
cided that the power supply could get
along very nicely without the smooth-
ing choke, without objectionable lack
of filtering and that the smoothing
choke might possibly be used as the
audio isolation choke. The defunct
modulation transformer was removed
and the ART-13 modulation trans-
former was installed. The transform-
er has a test voltage rating of 4000
volts but to insure against a.f. break-
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downs to the case, four 1l-inch stand-
off insulators were used to mount the
new transformer. As shown in Fig. 2,
the smoothing choke (L) was simply
relocated in the eircuit and used as
the audio choke while the bleeder
resistor and output filter capacitor
were reconnected in the circuit just
after the swinging choke. The arrange-
ment of Fig. 2 permits the class C am-
plifier plate current to be fed through
the modulation choke in contrast to
running the current through the sec-
ondary of the modulation transformer
as shown in Fig. 1. The use of an
adequate sized choke for L and a ca-
pacitor of moderate size for € im-
proves the low-frequency response
over that of the circuit shown in Fig.
1. For this reason, the shunt-feed
arrangement is commonly used for
commercial broadcast transmitters.
One might say that the improved low-
frequency response is of no value from
the standpoint of a ham transmitter.
This is usually frue; however, to
avoid the undesivable slope or “cant”
on clipped speech waveforms result-
ing from phase differences throughout
the modulator, it is necessary that the
audio system, after clipping and filter-
ing, have good low-frequency response.
The lows can he eliminated in the
early stages of the speech amplifier
that is used.

Choke L in Fig. 2 should have an in-
ductance high enough to give an in-
ductive reactance at least equal to the
class C amplifier load impedance at
the lowest frequency to be modulated.
Capacitor C should have a capacitive
reactance much lower than the class C
amplifier load impedance at the lowest
audio frequency to be transmitted.
The shunt-feed arrangement will give
improved phase-shift characteristics
for clipped speech waveforms over the
usual plate modulation system shown
in Fig. 1. The coupling capacitor (C)
shown in Fig. 2 should have a voltage
rating at least equal to the highest d.c.
plate supply voltage impressed upon it
and should be of the oil-filled type.
Impedance matching is accomplished
as per usual. The shunt feeding does
not change anything as far as securing
the proper impedance match is con-
cerned. In the author's transmitter,
capacitor C was insulated from the
chassis by means of l-inch stand-off
insulators to insure against break-
downs.

The system just described has been
in operation at the author's station,
W3FEP, for over two years and was
originally installed when the old call
was WOHRSN. The total operational
time is almost 5 years during which
no trouble has ever been encountered
with the modulation system. The
transmitter has been operated con-
tinuously for periods of up to 29 hours
during the annual Sweepstake and
DX contests with no audio system
failures. At the time of the original
change to shunt feed, the writer had
some misgivings about the length of
time that the “little ole” ART-13
modulation transformer would hold up
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and a spare was obtained for a rainy
day. The spare transformer is still in
the box it eame in and it doesn't ap-
pear as if it will ever be nceded as a
replacement. Another bonus was ob-
tained through the use of this particu-
lar transformer since it was designed
specifically for voice communication
and the frequency rating of the trans-
former is from 400 to 4000 cycles. Un-
doubtedly there are many surplus
modulation transformers of low power-

handling capabilities still kicking
around that were originally designed

for voice work that could be used very
satisfactorily in low- or high-power
AM transmitters by using the shunt-
feed system. While the author's ar-
rangement makes use of one particu-
lar transformer, there is no reason
why a commercial 50-watt multi-tap
transformer could not be substituted.
Or the basis of the 50-watt rating
transformer being capable of deliver-
ing the necessary audio for modulat-
ing the 500-watt r.f. amplifier, it would
appear that a 100-watt transformer
could be used for obtaining the neces-
sary audio to modulate a 1-kilowatt
r.f. amplifier or a 10-watt transformer
could be used for obtaining 50 watts of
audio. One of the problems often en-
countered in modulating a low-valtage,
high-current type of r.f. amplifier is
that many of the commercially avail-
able modulation transformers cannot
safely handle the high current through
the secondary. This necessitates the
use of a transformer of a higher power
rating which is not only wasteful but

costly as well. Running the r.f. am-
plifier plate current through the
choke, which was previously used in
the power supply filter section and
consequently can handle the r.f. ampli-
fier plate current plus, reduces the
heating of the modulation transformer
due to the high secondary current.
The d.c. potential existing betfween the
primary and secondary of the modula-
tion transformer in the author’s trans-
mitter is zero since the same voltage
is used on the class B modulator as is
used on the class C r.f. amplifier. Insu-
lating the case of the transformer
from the chassis insures against d.c.
and a.f. voltage breakdown from the
windings to the case of the modulation
transformer.

For the information of those amateur
operators who might wish to modulate
their 500-watt push-pull 813 final am-
plifiers, the author’s circuit parameters
are as follows: push-pull 813's r.f. final
amplifier, 1500 volts at 375 ma., plate-
load impedance is 4000 ohms; push-pull
805's class B modulator, 1300 volts at
400 ma. on peaks, —16 volts bias, and
plate-to-plate load impedance of 8200
ohms.

In Fig. 2, C is a 4 ufd., 1500 volt oil-
filled capacitor while L is a 15 henry,
500 ma. filter choke. The modulation
transformer is a surplus ART-13 mod-
ulation transformer or a commercial
50-watt unit. The screen winding on
the ART-13 modulation transformer is
not used. The primary-to-secondary
turns ratio is 1 to 695 step down.

(Continued on page 108)
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Fig. 1. Class B plate modulation circuit.
Fig. 2. Shunt-fed class B plate modulation.
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Fig. 3. Partial schematic diagram show-
ing the choke-coupled (or Heising) plate
modulation system described above.

Fig. 4. Shunt-fed choke-coupled Heising
modulator. The alternate connection is
made if resistor R is not used in circuit.
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Use Shunt Feed

(Continued from page 47)

Since the shunt-fed class B plate
modulator worked so successfully, the
author decided to apply the shunt-feed
system to a choke-coupled (Heising)
modulator for a low-power trans-
mitter. The usual problem in Heising
modulation is that of having to reduce
the plate voltage on the modulated
r.f. amplifier in order to achieve 100%
modulation. Heising modulation is the
oldest system of plate modulation and
usually consists of a class A audio
amplifier coupled to the r.f. amplifier
by means of a modulation choke coil,
as shown in Fig. 3. The d.c. plate
voltage and plate current in the r.f.
amplifier must be adjusted to a value
which will cause the plate impedance
to match the output of the modulator
since the modulation choke gives a
1-to-1 coupling ratio. In choke-coupled
modulators, the output peak voltage
of the modulator must be such that
the a.f. voltage on the plate of the
amplifier is equal to the d.c. plate
voltage on the r.f. amplifier if 100%
modulation is to be obtained. Then the
r.f. output will fluctuate between twice
the unmodulated r.f. voltage and zero.
To obtain 100% modulation, i.e., in
order that the peak a.f. voltage de-
veloped across the choke shall be
equal to the d.c. voltage on the ampli-
fier tube, it is necessary that the
voltage on the r.f. amplifier plate be
reduced from that on the modulator
tube by means of a resistor (R) as
shown in Fig. 3. Capacitor C in Fig. 3
is used to bypass the audio frequen-
cies around R. This type of modulator
is rarely used except for very low
power sets of the portable type. A
higher degree of distortion can be tol-
erated in low-power emergency phone
transmitters using pentode modulator
tubes so the series resistor and bypass
capacitor are usually omitted in such
transmitters.

Fig. 4 shows the shunt-feed system
as applied to choke-coupled modula-
tion. If the final amplifier tube of the
r.f. section has been decided upon,
the normal plate voltage can be de-
termined as well as the plate current.
Simple calculations will give us the
r.f. amplifier plate impedance and the
amount of audio required for 10095
modulation. Since the arrangement
shown will give a 1-to-1 coupling ratio,
the tube selected for the class A
amplifier modulator should be capable
of delivering the necessary audio at
the same plate impedance as the final
amplifier. As stated previously, the
a.f. voltage on the plate of the modu-
lator tube should swing to a point
equal to the d.c. plate voltage on the
r.f. amplifier for 100% modulation. In
Fig. 4, in order te accomplish 100%
modulation, the plate voltage on the
modulator should be somewhat higher
than the d.c. applied to the r.f. ampli-
fier.

The author applied the shunt-feed
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system to a very low power 29 me.
transmitter to determine its effective-
ness. The results were most gratify-
ing. The input to the final amplifier in
this small transmitter is 1.08 watts.
Allowing for circuit losses, it was de-
termined that about 0.6 watt of audio
would be required to adequately mod-
ulate the amplifier. It didn't take long
in checking the available tube manu-
als and charts to come up with a suit-
able class A amplifier. A 6AK6 with
135 volts on the plate delivers 0.6
watt of audio with a load resistance
of 12,000 ohms. The subminiature tube
in the final runs full power with 120
volts at 9 ma. on the plate. The im-
pedance mismatch is negligible. Re-
ports received from local stations are
gratifying. Every station worked has
commented upon the excellence of the
modulation voice quality as well as
percentage. More often the comment
is that the rig is the best sounding
low-power transmitter that has been
heard. The results around the Wash-
ington, D. C. area have been most
satisfying to the author who now
plans to utilize the flea-power trans-
mitter for portable operation.

It is hoped that this review of shunt
feed of audio may be of assistance in
expanding your approach to plate
modulation of your present transmit-
ter or the new one that you may be
planning. The shunt-feed system may
save money in that you may already
have, in your junkbox, the necessary
components for modulating that low-
or high-power rig effectively and at
less cost to you. Try it and be pleas-
antly surprised!

ANCHOR CHUCK KEY
By PETER BARNA

AVING tired of always looking for my
chuck key, I wrapped a heavy elastic
band around the power cord close to the
drill handle, then tied a short, stout
string to the chuck key and the loose
end of the elastic.

When in use the elastic allows enough
stretch to tighten the chuck, meanwhile
keeping the key well out of the way
when not needed. The length of the
string will be determined by the size of
the drill and the stretch of the elastic
used. 30~

Use elastic to keep chuck key anchored.
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