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Janus

Mr. Janus, the ‘o]d Romans said, was a
smart guy. But why not, being double-
headed as he was? X We were thinking
the other day that it would be handy
to have him around. And then taking

stock, we decided we could dispense

with the idea because here at Collins

we have not two but many heads. x Our E
recently expanded factory is manned b
a skillful personnel trained to buil
radio equipment of excellence. Collins
engincering department abounds with

every kind of mechanical and electrical

proficiency.




Covers substantially everything in thé radio
épectrum.You can use one, two or all tf;reg units
simultaneously through the separate ahtenpa
switch. Monitoring speaker connects to any one;
in addition separate speakers can be connected
as you wish. Headphone monitoring jack ties
into output of any one of the three receivers,

The only receiving unit made which tunes
continuously from 1.82 t(f 2730 (165 mc to




Model S-29, The Sky Traveler is the perfect
portable communications receiver for use in auto- compass on your craft and know your location—it
mobiles and trailers. It is rugged and compact. has the broadcast band, too.

§ L

Model $-30, Radio Compass enables you to Model S-29, The Sky Traveler. You can take
check your position against beacon, broadcast orshore it with you whgrever you go. A real portable designed
radio-phone stations. Covers from 200 to 3000 ke. to communicaffions receiver tolerances.

You can enjoy your travels better
with Hallicrafter communications
equipment—there is a unit to suit
your every requirement.

Model S-29, The Sky Traveler
$59.50 Complete

Model $-30, Radio Compass
$99.50 Complete

the hallicrafters c..

CHICAGO, U. S, A,
USED BY 33 GOVERNMENTS . SOLD IN 89 COUNTRIES
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YOU NEED A ““SPEECH-MASTER™ FOR CLEAR,

CRISP,

To demand atfention . .. to put the message
through with “punch” ... to over-ride static,
QRM and room noise . . . to do all this effi-
ciently, compactly, requires scientific
design for most effective speech repro-
duction. Jensen Engineers provided a
new solution to the problem in the Type
AP “Speech-Master” using the Peri-
Dynamic principle and special radi-

ating system.

BETTER SPEECH REPRODUCTION

The Type AP “'Speech-Master” does a better
job of reproducing speech in Amateur
‘Phone, Aviation and Police Communica-
tions, and in Intercom, Paging and low-level
PA applications. Speech is especially clear,
crisp, intelligible—yet if required, music
can be reproduced with better quality than
that of an average “midget” radio. Rating
is 5 watts maximum—less than }¢ watt need-
ed for normal room volumel

Desk Type AP-10 for desk cr wall mounting, and Panel Type AP-11, permit you to add or
build-in “Speech-Master* advantages anywhere—easily! List Prices $5.95 and $8.10.

Ask your distributor for free Bulletin B106—or write us.
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“IT SEEMY T0 US-=~

TuE death on April 3rd of Arthur A.
Hebert, W1ES, the well-loved treasurer of the
American Radio Relay League, ended the life
of one of the best-known figures in amateur
radio and closed a remarkably long career of
service to our art. He was nearing his sixty-
eighth birthday, had been in failing health for
over a year.

For many years the traveling representative
of the league at amateur gatherings, it is
probable that “AH’’ of W1ES was personally
acquainted with more American hams than
any other person who has ever lived. Thou-
sands of amateurs will grieve at his passing
and will feel, with us, that we have lost a friend
and comrade.

Mr. HEBERT was born in Quebec on
August 30, 1873. He was educated as a foundry
and mechanical engineer. We recall his saying
that at some time in his youth he was a railroad
Morse operator (indeed, he kept up his mem-
bership in the Order of
Railway Telegraphers all
his life) but most of his
business career was spent in
the steel industry. He was
for some time assistant to
the president of the Mid-
vale Steel Company and for
many yvears sales manager
of the E. G. Long Company
in New York, a foundry
firm manufacturing heavy
railway-car parts and spe-
cial machinery. He was also
president of the Ulster
Foundry Corporation,
founders of ship hardware
and dealers in marine sup-
plies. During this time he
resided in Nutley, New
Jersey.

As with all of us, he took
up the study of wireless as
a pastime. Unlike most of
us, with him this occurred
in 1906, in our shadowy

Arthur Aubin Hebert, Sr., WIES
1873-194.1

- beginning days. By about 1908 he was an

active amateur, and he never ceased. Even
during his last illness, controls were run into
his bedroomm and WI1ES kept most of its
schedules.

When the League was organized, “AH” was
one of its first members. Qur first List of Sta-
tions, issued in 1914, shows him operating a
1-kilowatt rotary-spark station at Nutley with
the special-license call 2ZH and possessing a
first-class commercial operator’s license. By
early 1916 the League was organizing definite
trunk lines for its relaying work and 2%H was
appointed eastern trunk-line manager for
Trunk Lines C (Boston to Jacksonville) and D
(branching off at Philadelphia and running to
New Orleans). His first progress report appears
in QST for just twenty-five years ago this
month. The following year he partlcmated in
a series of meetings which resulted in the
adoption of ARRL’s first formal constitution
and first Board of Directors, and in his own
election as vice-president
of the League and general
manager of all trunk lines.
At this stage all operating
activities of the ARRL
were managed from his
home, only QST and busi-
ness matters at Hartford.
But this arrangement was
little more than in effect
before the declaration of
war brought the suspension
of all ARRL activities. Not,
however, before the con-
summation of that classic
in our annals, the urgent
Navy call that brought
Messrs. Hebert and Maxim
to the Brooklyn Navy Yard
to hear a request to raise
five hundred skilled opera-
tors from amateur ranks
in ten days, and the doing
of the same!

Arthur Hebert was simi-
larly a participant in the



Giving some pointers on photography, to the not-too-
interested W1UE, at a staff picnic. (Photo by W1BDI.)

post-war reorganization of the League, one
of those who helped start the ball rolling again,
and he retained membership on the Board of
Directors until 1923 — when the entire Board
of that day voted itself out of office to give
effect to a new constitution which would
provide ARRL a more representative form of
government. In early 1920, however, he had
been elected the League S treasurer, and he
remained until his death the famous watchdog
of our treasury, responsible for the safe-
keeping of the funds and investments of our
growing League.

It was at about this time, too, that ARRL

became conscious of the need for better contact
with its members. It was proposed to the
Board that “a field man is needed to travel
around the country and maintain contact,
spread spirit, prevent misunderstandings, help
¢lubs, maintain interest, ete.”” and Hebert was
proposed for the job. The trouble was how to
afford it. Moreover, a man couldn’t stand
traveling all the time, nor could the League
finance it. It happened that at that same time
the secretary needed a financial man on the
QST staff. The combination of the two needs
resulted in bringing Hebert to the headquarters
staff in middle 1923 in the unique position of
a man of many jobs— treasurer, fieldman,
credit manager, collections manager, head-
quarters office manager -— so many angles that
we used to say that one of the departments at
headquarters was the Hebert Department.
For over twelve years he spent a great deal
of his time as the Board’s representative in the
field. When he retired from that strenuous
activity in 1936 he figured that he had traveled
over 157,000 miles, attended 99 divisional
conventions and 189 special meetings, made
talks before 35,438 people. In 1924 on one
journey he covered 23,559 miles, visiting 14
conventions and 34 special meetings. It was
these travels which made ‘“Hebie” the best-
known amateur in America.

He continued his office duties on the staff

At the 1917 meeting of the Board of Directors, shortly before the U. S. entry into_the war, Mr. .Hebert was eiecged
vice-president and general manager of station activities. In this picture he is immediately to the right of Mr. Maxim,
who is in the center of the group.



Here is Hebert the ardent yachtsman, skipper of the
motor cruiser "Yoho,” a hobby in which he found much
relaxation.

until 1940, when his advancing illness com-
pelled him to retire from all but his best love,
the treasuryship. These lighter duties he was
well able to carry, and just a few days before
his condition again became serious he com-
pleted his regular annual report to the directors
on his stewardship of last year.

W 1ES was a movie fan, as was H.P.M.
before him, and he was
the treasurer and a
directorof the Amateur
Cinema League from
itsformation. He was a
charter member of the
Institute of Radio En-
gineers, an honorary
member of the Radio
Club of America.
While still living in
W2 he was successively
vice-president and
president of the old
Second District Exec-
utive - Radio Council.
He was an ardent
yvachtsman, the skip-

Hartford Yacht Club.
A man of fraternal feel-
ing, he was a Mason,
un Elk, an O.R.T. He
was a retired lieuten-
ant in the Naval Re-
serve and a member of
the NCR net — beside,
of course, ORS, RCC
and A-1 Operator. His
favorite band was 80
¢.w., his favorite oc-
cupation relay traffic,
and until recent years
his fist was of the very
best.

per of the Yoho and
later of the Jayem, a
member and former
commodore of the

“AH” in a corner of the ARRL booth at the National
Convention in Chicago in 1938. This was the 129th
convention he had attended as a League representative,
not counting hamfests and club meetings. Guy Wilson,
WOFE.L, himself an old-timer, is at the left.

HEBIE wWas no
great radio inventor,
no writer of fancy
words, no elaborator

of complicated organ-
ization schemes. He was a plain man, with a
conservative business man’s approach to prac-
tical problems, but possessed of a great love
for his fellow man ard a tremendous affection
for amateur radio and his League. It was the
fraternal side of our art, based on the simple
and natural relations between people, which he
made his own and in which he shone. You
could not meet him and fail to know that that
greeting and that friendly handclasp were real
and sincere, that here was a- man who liked
you. No one could escape the realization that
here was one who genuinely loved his amateur
radio and the friends he made through it. It
was as that great exemplar of the friendliness
of the radio amateur that Art Hebert will be
best remembered.

73,0M; CUL!
K. B. W.

Qperating at W1ES. AH was an active amateur from
1908 onward, but we have no pictures either of his early
stations or of his modern one. This one was taken in




Keying the Crystal Oscillator

And Some Observations on Blocked-Grid Amplifier Keying

BY BYRON GOODMAN,* WIJPE

THE subject of crystal oscillator keying is
complicated somewhat by the differences in vari-
ous crystals, tubes and circuits. All crystals do not
key alike, some circuits are better than others,
and different types of tubes in the same circuit
behave differently. For these reasons, it is well-
nigh impossible to set down any hard and fast
rules about crystal keying that will apply in every
case. However, work in the luboratory with the
more common tubes and circuits has resulted in
some gencral principles that can be applied to all
crystal oscillators that are being adjusted for
keying.

* Agsistant ‘['echnical Editor, QST.

Fig. I — Some oscillograms of the keying of a grid-
plate oscillator (sce Fig. 3). The oscillator is keyed
in the negative lead, with no key filter, so that the pure
characteristic can be seen. A, B and C show a 6V6 grid-
vlate oscillator tuned for optimum keying, the high-
frequency side and the low-frequency side of optimum,
respectively. D shows a 6L6 substituted for the 6V6
and tuned for optimum.

(The oscillograms on these pages all show the second
dot shorter than the first. This is caused by the ’scope
sweep circuit not having a pure saw-tooth form, some-
thing that is often encountered at low frequencies.)
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““ Adjusting an oscillator for keying’’ is nothing
new to the experienced amateur who uses several
different crystals and has worked with the prob-
lem, but it may come as a shock to those who
work on the premise that a crystal oscillator ad-
justed for maximum output need only be turned
on and off rapidly with a key to affect good key-
ing. As with self-excited oscillator keying, the
best procedure for adjustment of & crystal oscil-
lator scems to be first to adjust it so that it fol-
lows the key closely at quite high speeds, and then
to introduce some filter to reduce the clicks to the
degree necessary only for good communication at
amateur code speeds. The better crystal oscillator
circuits are all capable of keying speeds up to well
over 100 w.p.m., but a keying circuit capable of
bandling this speed cleanly results in more key
clicks than are necessary for the more normal
speeds of from 20 to 35 w.p.m., and so some lag
should be added.!

One slight disadvantage of crystal oscillator
keying is that, when several crystals are used (for
different parts of the bands), the total current to
the oscillator is not the same in every case. This
means that a key filter adjusted for one particular
voltage-current combination may introduce too
little or too much lag on “make’” and too much
or too little lag on “break’’ when a different erys-
tal (with different total oscillator current) is used.
This is likely to be the case, since all crystals do
not key best with the same tuning adjustment. It
is,"however, a fine point that is mentioned only to
explain the apparent discrepancies some operators
encounter.

As is the cuse with self-excited oscillators,
cathode keying of a crystal oscillator seems to be
more difficult to filter than power-supply keying
(in the negative or positive lead). The time con-
stant of the oscillator grid circuit has an effect on
the keying, and simply adding a lag circuit at the
key is not as effective as might be thought. The
photographs in Figs. 5B and 5C show a compari-
son between the effectiveness of key filters in the
cathode and negative leads of a crystal oscillator.
Cathode keying has won popularity because, for
the same oscillator, the sparking at the key and
the voltage across the key is less than with
power-supply keying. The obvious answer is, of
course, to key a low-power circuit where these
factors become unimportant.

Combination oscillators such as the Tri-tet

1 Goodman, ‘‘Some Thoughts on Keying,” QST, April,
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Fig. 2 — The Tri-tet oscillator. The value of C3 will
introduce some lag and thus reduce clicks if a well-
screened tube is used. Negative high-voltage keying is
done at “X,” and screen-grid keying at “Y.”

(Fig. 2) and the grid-plate oscillator (Fig. 3) that
use the screen grid as the grounded anode in the
oscillating circuit can, when used with well-
screened tubes, be keyed satisfactorily in the
screen circuit when doubling. If the plate voltage
is too high or if the screening is poor, the crystal
will oscillate weakly all of the time and discour-
age break-in work on one’s own frequency, but
the circuit has the advantage that the screen
dropping resistor, R, and the screen by-pass con-
denser, Cs, serve as a filter that helps to reduce
clicks. When adjusting for minimum clicks, the
values of (3 and another condenser across the
key should be varied until the results are satis-
factory. Well-screcned tubes like the 6SK7,
6AG7 and the 10-watt pentodes are satisfactory
in this application, but results with the more com-
mon heam tubes (6V6, 6L.6) will be discouraging,
since the crystal will oscillate continuously.

General Considerations

One sometimes sees crystal oscillator circuits
with no r.f. choke in series with the grid leak
across the crystal, but the slight saving in expense
hardly justifies the improvement in performance
that can be obtained by using the choke. Several
circuits that gave mediocre keving with no choke
showed a marked improvement when the choke
was added. The same sort of improvement is ob-
tained when the value of the grid leak is increased
to 0.25 megohm or so0, but this value of grid leak
cuts down the output of the oscillator to a point
where it is of little value. The use of the r.f. choke
(and also a large value of grid leak) removes
some loading from the crystal and leaves it freer
to start oscillating. As ‘“‘musts” for most crystal
oscillator circuits that are keyed, it is recom-
mended that the grid r.f. choke be included and
the value of grid leak be made as high as possible
consistent with adequate output to drive the fol-
Jowing stage or, in the case of a single-stage trans-
mitter, to give sufficient output without a com-
promise with good keying. The straight tuned-
plate triode oscillator is an exception, and it is
best operated with cathode bias only. Frankly,
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we are at a loss to explain why the cathode-bhiased
triode works better than one with leak bias while
all of the other circuits are better with leak bias,
but such seems to be the case, as Figs. 4A and 4B
show,

Simply using an r.f. choke and a high value of
grid leak is not enough to give good keying, of
course. A suitable choke and condenser filter cir-
cuit must be used at the key, and the key should
be used in the negative (or positive, if it’s hard
to get at the negative) lead, as described in the
keying article last month.! The same principles
apply to adjustment — more choke is used to re-
move the click on ““make’’ and more condenser is
used to remove the click on “break.” It appears
to be slightly more difficult to smooth out the key-
ing of a crystal oscillator than of a self-excited
oscillator, possibly because one is dealing with a
partially mechanical oscillator instead of a purely
electronic one, but in general it will respond to
the same treatment.
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Fig. 3 — 'The grid-plate oscillator. The remarks about
Fig. 2 also apply to this type of oscillator. Ca should be
50 ppfd. and Cs will range from 50 to 250 pufd., depend-
ing upon the tube. Some versions of this circuit use only
the input capacity of the tube for C2, but the addition of
the small condenser is worth trying.

The oscillator should be capable of oscillating
with only 3 or 4 volts on the plate, and an excel-
lent test is to connect several dry cells in series
for the plate supply to check this point. An oscil-
lator that won’t oscillate at a low plate voltage
will drop in and out of oscillation with a “plop”
as the voltage is increased from zero and de-
creased back again, and hence is not as suscepti-

Last month we presented a story point-
ing out some of the factors influencing
the keying of amplifiers and self-excited
oscillators. This follow-up article treats
some of the considerations in crystal-
oscillator keying and the blocked-grid
keying of amplifiers (and keyer tubes)
and, although it may not offer the cure-
all for vour particular problem, it may
start you in the right direction towards
clearing up your keying troubles.
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Fig. 4 — Oscillograms of a keyed 6C5 crystal oscilla-
tor. A shows the triode adjusted for optimum keying
with a 10,000-ohm grid leak, B shows the triode with
cathode bias and tuned for optimum keying, and C
shows what happens when the cathode- (or grid-) leak
biased triode oscillator is tuned too much to the low-
frequency side of the optimum keying adjustment. The
dots in CC become light and the keying is somewhat
erratic.

ble to key filtering as one that will work at a low

voltage. Straight pentode oscillators and some-

triode oscillators will require additional feedback
to make them oscillate at less than 10 or 15 volts.
TJnder critical adjustment, the Tri-tet will oscil-
late with no apparent plate voltage when the cir-
cuit is closed (as is well known), but this is caused
by the contact potential of the tube and the drop
through the cathode circuit. The grid-plate osecil-
lator (Fig. 3) will oscillate at very low voltages
with proper proportioning of the cathode con-
denser, Cs.

Another important factor in the adjustment
of a crystal oscillator for best keying is that it be
keyed while tuned. Electronic bug owners will
find this a simple matter, while the straight key
or mechanical bug owners will have to content
themselves with sending & series of dots while
tuning the oscillator. It is relatively easy to hit
the best tuning adjustment by listening to the sig-
nal in the receiver, but one can end up with some
rather horrible keying if he just tunes the oscil-
lator for maximum output and then keys it. This
is assuming, of course, that a proper key filter
has already been installed and that the switch to
a different crystal has just been made. The key
filter constants can be determined in the same
manner as described last month for self-excited
oscillators. Be sure to listen with the r.f. gain of
the receiver well reduced, else the receiver is
likely to give too pessimistic a picture of the
clicks.

If the oscillator circuit is one using a screen
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Fig. § — A 6AGT leak-biased Tri-tet oscillator with
the plate tuned to the fundamental frequency. A shows
the oscillator tuned for optimum keying, and B shows
the same with optimum key filter. Both A and B are
keyed in the negative lead; C is keyed in the cathode
with the same filter as B. Adding capacity to C did not
extend the tail on “break” enough to reduce the click
to a good value.

grid tube, the screen circuit should not be over-
looked when adjusting for minimum clicks. The
size of the dropping resistor is usually fixed by
the screen operating voltage, but the size of the
by-pass condenser can increase or decrease the
clicks, depending upon the type of circuit. It is
suggested that a 0.001 by-pass condenser be used
right at the socket, for a short r.f. path, and
then different values of shunting condensers can
be tried at some more accessible point. Here again
testing is most readily done by sending a steady
string of dots and listening to the signal (with the
b.f.0. turned off) while different values of screen
by-pass condensers are tried. The screen adjust-
ment is best made before the key filter is ad-
justed. The additional capacity should be added
on the tube side of the dropping resistor, of
course.

Loading has an effect on the keying of oscil-
lators where the feedback is obtained from the
plate circuit, as in the case of the straight tetrode
or triode oscillators, but it doesn’t secem to he
very important in circuits like those shown in
Figs. 2 and 3.

A conclusion from the work described in this
article is that the regenerative type of crystal
oscillator (Tri-tet and grid-plate) keys better
than the straight triode, tetrode and pentode os-
cillators. Not only do they seem to work more
uniformly with different crystals, but their opti-
mum keying is more likely to occur at the maxi-
mum output point. 1t may very well be possible
to make a triode or multi-element tube oscillator
show similar results by adding additional feed-
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back from plate to grid, but the Tri-tet and grid-
plate oscillators are easier to control.

Grid-Block Keying

The use of a blocking voltage on the control
(or suppressor) grid of a tube to cut off its output
until the blocking voltage is removed by the
shorting of the key, as shown in Fig. 6, is an ex-
cellent method of keying an amplifier. The resistor
R, is the normal grid leak and R. is a resistor
used to prevent the blocking-voltage supply from
shorting when the key is down. The cupacity
1 ig the normal r.f. by-pass plus any additional
capacity necessary for a good keying characteris-
tic. A nice feature of grid-block keying is that
it requires no inductance to give a lag on “ make,”
the lag coming from the time constant of € dis-
charging through R;. On “break,” the constant
is determined by (' charging through R; plus
5. Since the grid leak, Ry, is determined by the
tube that is being keyed, adjustment of a grid-
block keying system consists of adding enough
capacity across (‘1 until the *‘make’” is as soft as
desired and then, if the * bhreak” still shows some
click, raising the value of R until desirable key-
ing is obtained. The same rule as set forth in the
previous article applies—it is preferable to have
a harder “make” than “break” for good copy
at high speeds, and this is obtained automat-
ically with grid-block keying. The same adjust-
ment procedure applies to tube keyers (that
use a blocking voltage) and to suppressor-grid
keying.

Grid-block keying is most convenient in am-
plifier stages using high-u tubes that aren’t being
driven too hard, since such stages will require a
lower voltage for cut-off.

Unfortunately, grid-block keying does not
work any too well with oscillators. It can be used,
of course, but it isn't possible to get a soft
“make’’ characteristic because the bias must be
brought down to a value that gives a high enough
mutual conductance before the tube will oscillate
and it then plunges into oscillation in the usual

Fig. 6 — Grid-block keying
circuit. R; is the normal grid

¢ leak and () is the r.f. by-pass
condenser plus enough capac-
'_ ity to givea good keying char-

acteristic. Rz is included to
prevent a short circuit of the
blocking-voltage supply when
the key is closed. Increasing
the size of i1 will make
the keying “softer” on both

RFC “make” and “break,” making

Rzi Ra larger will soften *“break.”
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Fig. 7 -~ Grid-block keying of an amplifier. A shows
the characteristic with only the normal grid leak and
r.f. by-pass condenser, B shows the addition of 0.1 upfd.
across the condenser. The clicks of B were very slight,
with almost none at all on **break.” Note that the addi-
tion of capacity in B has made the dots *heavier,” re-
quiring a slight readjustment of the key if a bug is used.

manner. Further, a soft “tail” is not added to
the oscillator when grid-block keying is used as
is added to an amplifier keyed this way. The
closest approach is suppressor-grid keying of a
Tri-tet or grid-plate oscillator, and these both
require that the oscillator run constantly, pro-
hibiting break-in on one’s own frequency without
elaborate shielding and neutralization.

Summary

In addition to the keying checks listed last
month, the following applies specifically to keyed
crystal oscillators.

1. Holding the key down and tuning the crys-
tal oscillator for maximum output does not always
give the optimum keying adjustment. Send a
string of dots and tune the oscillator for best
keying.

2. A crystal oscillator should be capable of
oscillating with only 3 or 4 volts on the plate if
it is to key well.

3. In adjusting the lag filter at the key, don’t
overlook the effect of the value of screen by-
pass condenser if the oscillator is one that de-
pends upon the screen for feedback (Tri-tet or
grid-plate oscillator doubling or with well-
screened tube).

4. Use an r.f. choke in series with the grid leak
and as high a value of leak as is consistent with
adequate output.

5. Don’t be surprised if some crystals key bet-
ter than others in the same circuit.



An Improved Electron-Goupled Oscillator

Negative Transconductance Circuit with Better Stability and
QOutput-Circuit Isolation

BY b. F.

I~ recent years the justly-popular clec-
tron-coupled oscillator has attained a state of
development such that, in the hands of an expe-
ricnced amateur, it can easily satisfy all the
requirements of an oscillator for amateur fre-
quency control. These requlrements both me-
chanical and electrical, have been given excellent
treatment by Brown,! and the purpose of this
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Fig. I-— Conventional eclectron-coupled oscillator.
An undesirable feature of this circuit is the fact that the
cathode is not at r.f. ground potential.

article is to present another type of electron-
coupled oscillator circuit which not only mects
these requirements, but in addition is free from
certain undesirable effects present in the con-
ventional form of the e.c. oscillator as shown in
Fig. 1. This is the circuit employed in the
majority of variable-frequency exciters presented
in QST and by the various manufacturers. It is
commonly used in conjunction with a buffer or
doubler, followed by a straight amplifying stage.
The oscillator to be described, while considerably
fess affected by variations in plate loading than
the conventional electron-coupled oscillator, is
still recommended for use with a buffer or doubler.
These subscquent stages will not be considered
here, however, as attention is to be focussed on
the basic oscillator stage.

Probably the most undesirable feature of the
oscillator of Fig. 1 is the fact that the cathode is
not at r.f. ground potential. This connection is
responsible for several effects, some of which are
detrimental to frequency stability and some of
which are merely annoying.

In the first place, the interelectrode capacitance
between the heater and cathode is shunted across
a portion of the frequency-determining grid tank.

* (eophysical Dept.,, Humble Oil and Refining Co.,
Houston, Texas.

tBrown, G. M., “A Stabilized Variable-Frequency
Oacillator,” QST, July, 1940.
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While this capacitance is only of the order of a
few micromicrofarads, it is subjected to a large
variation in temperature during the warm-up
period, and during this time has an important
effect on frequency drift. A further deleterious
effect of this connection is the regeneration which
occurs at harmonics of the grid-tank frequency
owing to the fact that the grid tank carries current
at both the fundamental and harmonic fre-
quencies. This effect can be minimized by using
a low L/C ratio in the grid tank and by the use
of impedance coupling between the oscillator and
the following stage, but is still not completely
eliminated. And obviously it cannot be minimized
by selecting a tube with extremely low grid-plate
capacitance, since it is not primarily caused by
this capacitance. This regenerative effect is not
To buffer

or doubler

- +I00 =250
(£4) (Ep)

Fig. 2-- Circuit diagram of the negative-trans.
mnductancc clectron-coupled oscillator.

L, C — Frequency-determining grid tank.

1, Ca —0.01 ufd., at amateur frequencies.

Cg — 250 uufd., at amateur frequencies.

RFC -~ 2.5-mh. r.f. choke at amatcur frequencics.
Ri1 — 0.25 megohm, ls-watt.

R2 — 500 ohms, 52-watt

present in the electron-coupled oscillator to be
described.

Another undesirable feature of the circuit of
Fig. 1 is that the position of the cathode tap on
the grid tank is critical. It not only has an im-
portant cflect on the frequency stability of the
oscillator with respect to supply voltage varia-
tions, but it can also be the cause of parasitic
oscillations; and the necessity for the tap and for
its adjustment in the first place is & nuisance.
(Anyone ever having attempted to tap between
the pies of a type R~100 r.f. choke can appreciate
this.)
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Negative Transconductance Oscillators

The oscillator presented in this article is shown
in Fig. 2; it is similar to a circuit used by H. R.
Heese (RMA Engineer) and operates with both
the screen grid and the cathode at r.f. ground po-
tential, thus eliminating the regenerative effect
mentioned above. At the same time, it retains all
the advantages of electron-coupling. It oscillates
by virtue of the fact that the transconductance
of the signal grid (Gy) of the 6A8 with respect to
the oscillator anode (G2) is negative. This nega-
tive transconductance characteristic is shown in
Fig. 3, for the operating conditions of Fig. 2. At a
signal grid bias of — 35 volts, the negative trans-
conductance is around —350 micromhos, £8 in-
dicated on the figure. The a.c. resistance of the
oscillator anode for these conditions is around
16,000 ohms.

The dynamic action of a negative transcon-
ductance tube (or “transitron,” after Brunetti?)
is similar in most respects to that of an ordinary
triode, with the exception, of course, that the
transconductance of the ordinary triode from
control grid to plate is positive. The operation of
the transitron oscillator can be most easily un-
derstood by considering the transitron as an
ordinary Class-A amplifier. Referring to Fig. 4,
the plate tank is assumed to be tuned to the
frequency of the impressed signal, and the grid-
plate interelectrode capacitance is neglected.
Then, if the tube VT is an ordinary triode, pos-
gessing positive transconductance, it is apparent
that the r.f. voltage appearing across the LC tank
is exactly 180° out of phase with the voltage at the
grid. But on the other hand, if V'T is a negative
transconductance tube, the r.f. voltage across
the tank will be ¢n phase with the signal voltage
on the grid; consequently, all that is necessary to
convert Fig. 4 into an oscillator for the case when
the transconductance is negative is to directly
(i.e., capacitively) couple the control grid to the

a N i . . N
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SIGNAL GRID BIAS, VOLTS (Egg)

Fig. 3 — Static negative-transconductance character-
istic of the 6A8. At a signal-grid bias of —5 volts, the
slope of this characteristic is ubout —- 350 micromhos.

Plate voltage, 250 volts.

Qscillator anode voltage, 100 volits.

Screen grid voltage, 100 volts.

Qscillator grid voltage (G1), —5 volts.
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A two-~terminal oscillator circuit with
true electron coupling between oscillator
and output, avoiding the common cath-
ode impedance characteristic of the
ordinary e.c.o. Excellent voltage-fre-
quency characteristics, and easy to
adjust for optimum performance.

plate and replace the generator by a‘gm'd;tLea.k,
whereupon the circuit becomes self-exciting and
oscillates at the resonant frequency of the LC
tank.® An inspection of Fig. 2 will show that this
is precisely what is done here, the signal grid of
the 6A8 being the “control grid” and the
oscillator anode being the “plate.” The actual

vT

1l [e]]e
'Ec Eb

Fig. 4— In this circuit, if the grid-plate transconduct-
ance of VT is negative, the r.f. voltage across the LC
tank will be in phase with the signal voltage at the grid.
To convert the circuit to an oscillator, all that is neces-
sary is to capacitively couple the grid and plate and
replace the generator by a grid-leak. Such an oscillator
is called a transitron oscillator.

plate of the 6A8 has a negligible effect on the
operation of the oscillator section of the tube. A
complete study of the negative-transconductance
oscillator is not within the scope of this article,
and for the reader who desires further information
as to the various characteristics of the transitron,
several references are given below.2» 4+ 5+ 8

Design Considerations

The simplicity of the oscillator shown in Fig. 2
is such that no special precautions are necessary

2 Brunetti, C., * The Transitron Oscillator,” Proc. I.R.E.,
Feb., 1939.

3 Strictly speaking, it is also necessary that the resonant
impedance of the plate tank be higher than a certain critical
value, below which the net amplification of the tube and
tank is insufficient to sustain oscillation when the grid is
coupled (capacitively) to the plate. This critical value of
tank impedance depends only on the (negative) transcon-
ductance of the tube and the dynamic anode resistance of
the oscillator anode. For the circuit conditions of Fig. 2,
this minimum resonant tank impedance can be calculated
to be about 3400 ohms., The resonant impedance of the
frequency-determining tank circuits commonly used in e.c.
oscillators is seldom less than 10,000 ohms.

¢ Brunetti, C., “Clarification of Average Negative Re-
sistance with Extensions of its Uses,”” Proc. I.R.E., Dec.,
1937.

8§ R.C.A. Application Note, No. 45, Feb., 1935. (Ab-
stracted in QS7, April, 1935.)

¢ Herold, E. W., * Negative Resistance and Devicea for
Obtaining It,” Proc. I.R.E., Oct., 1935.



An experimental breadboard lay-
out of the low-power exciter used for
transmitter frequency control at
WSECF. The 6A8 oscillator at the
right employs the circuit of Fig. 2;
the 6J7 doubler to the left of the
oscillator is conventional. The shield
can at the right contains the oscil-
lator tank coil, the fixed portion of
the tank condenser, a