Print and send PDF files as Emails with any application, ad-sponsored and
free of charge www.pdfmailer.com

I_ PDFMAILER.COM

(e

Avcust, 1928 Q8T

Overhauling the Transmitter for 1929

Some Modifications Which Permit Substantial Advances in Self-
Excited Circuit Performance.

By Ross A. Hull*

Foreseeing the inevitabls change in operating conditions in 1929 and appreciating the urgeni
need for modification and improvement of amateur equipmeni, the A.R.R.L. Board of Directors
appropriated a sum from the League’s surpius for the conduct of & program of investigation and
development of amatenr transmitters and receivers. This article embodies the conclusions resuiting
from the first phase of the program work—a study of seif-excited transmitters. It is, we fesl, one
of the most important articles ever published for the radio amanteur, Let every amateur study it
most carefully, and apply its information, for it contains salvation for 1929.—Rditor.

consideration. Of the several scores of

hattle, or at least an appreciable frac-
tion of it, is in the determination of &
method of attack—the drafting of =
procedure and a policy. Anyway, in the
instance of the A.R.R.L. Technical Devel-

IN any undertaking, I suppose, half the

possible fields of endeavor, we thought,
there is at least one which we can delete,
Hartleys, Colpitts and Tuned-grid tuned-
plates have been in general use throughorut
the world for years, and amateurs, experi-

opment Program we found this to be true.: ;menters and scientists have sought  con-

b

A SIMPLE TRANSMITTER WITH A “1929 TYPE” PERFORMANCE

Incorporating s Hartley cirenit and differing omly in the arrangement of its
plate ‘“tank’”, this transmitter, when carefully tuned, is capable of producing
signain that are up to any reasonable standard which could be set for next
‘venr. The nse of a High-C plate cirenit resnits in unususlly heavy circuiat-
ing currents and, in consequence, particularly heavy conductor must be used
for the coil and its leads to the tuning condenser. Except for the filament
tead and on the antenna coil (where ihe currents are relatively iow) clips for
connections are absolutely banned,

There was, for example, the apparently stantly to improve them. And yet, we re-

simple question of whether the present-day
self-excited circuits were worthy of any

*Associate Technical Bditor, QST. In charge
AR.R.L. Technical Development Program.

flected, with all the developments and ad-
vances of vecent times, if the world's
crystal-controlled and oscillator-amplifier
amateur transmitters could be taken off
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the air to-morrow there would be about
five truly constant frequency sand unmod-
ulated signals left. Most certainly, we de-
cided, the self-excited circuits are ’che bunk.,
They have had six or seven years in which
to prove their worth and in all that time
they have succeeded in making a variety
of horrible noisex; let’s forget them and
hreak into some brand new territory.

But, as we have said at the start, de-
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i 1. HAOWING WHY AN UNRECTIFIED OR
IMPERFECTLY FILTERED PLATE SUPPLY CAN
CAUSE 4 TRANSMITTER TO MONOPOLIZE
WIDE SECTIONS OF THE BAND
From Curve A it can be seen that in a iypical 1928
transmitter, peoriy adjusted, the frequency “flutier’
due to & “rippie’” of 100 ¥olts in the plate supply can
he as hizh as 4 Ke.. ander which conditions the note
g “hash”. From Curve B—the performance of the
same t(ransmitter adjasted correctly—the “flutter”
with s similar plate supply is seen to be negligible.
in this care the note would be a “musical d.e”.

cisions on such matters comprise at least
a fraction of the battle—and even frae-
tions of batties cannot be dismissed go sim-
ply. It iz true, we vreflected on second
thought, that by far the majority of pres-
ent-day amateur transmitfers arve built
around self-excited ecircuits; it is true that
wuch circuits have been the very founda-
tion of wm‘ld wide amateur radio communi-
cation; it is true that the scrapping of self-
eneited circuits would mean the scrapping
of about 909% of existing amateur trans-
mitters. Is not, then, the scif-excited cir-
it perhaps one of the biggest things in
nateur radio we mused. Is it not de-
rving of the most detailed study and in-
vestigation possible, in the attempt o pre-
serve it, even though it has done its work
in such a mnoisy faghiou throughout the
voears?—And so was written into the pro-
gram of setivities, at the head of what
it now an elaborate document, a Problem
One—The Study of Pregent Day Self-
Excited Circuits—The Possibilities, if any,
of Their Tge in 19297,

AUGUST, 1928

“Why, we might spend a month on the
problem,” said Perry Briggs, 1BGF (who
was destined to do the study) “and then
we might find that they always will mean
swinging, chirping, rattles and mush!”

Little did we think at the time that it
would be possible to make the statement
that we now can make with complefe con-
fidence—that all standard self excited ecir-
cuits can produce signals that will comply
with any reasonable standard set jor 1929
if only they are built and operuted intelli-
gently. But there iz a lot hanging to those
last four words. There ig in fact this en-
tire story.

TRANSMITTERS UNDER A MICROSCOPE

The first requirement in the study un-
dertaken was, of course, & means of exam-
ining the performance of any type of
transmitter in precise detail. It would not
serve, we realized, to put the various trans-
mitters on the air and ask QRK? 08B?
Q888? and then decide from the wvarious
FB’s and QSA’s received in reply that 1929
was a cinch. Instead, we had to provide
for some e¢lectrical miscroscope through
which we could examine and reduce to black
and white the actual performance of any
transmitier under any vonceivable set of
conditions, The most useful apparatus
used in this work was an («nlargpd and
modified wversion of the “Growler” ({a
shielded oscillator). Built within a large
copper wash-boiler this oscillator was pro-

ONE OF THE ‘1928 TYPE” TRANSMITTERS
RESPONSIBLE FOR SOME OF THE
CURVES ON THESE PAGES
Ax mnn example of the use of long condenser leads
and clips the arrangement is one to be avoided. The
wide separation of the tube, ihe condensers and the
coils does not permit the short stiff jeads which are
to play sach an important pari in obtaining a *1929”

performance.

vided, in addition to the usual tuning con-
trol, with a vernier straight line frequency
condenser giving a full scale tuning range
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of about 28 Ke. The output of the oseilla-
tor was fed through a three-stage resist-
ance-coupled audio-frequency amplifier to a
loud speaker of high quality, so giving some
hope of a reasonably flat audio frequency
response curve., To provide for quantita-
tive observation the oscillator was cali-
brated roughly on the major tuning dial
and with a certain degree of precision on
the vernier. The calibration curve for the
iatter control, incidentally, was obtained by

OsT

11

automatically doubly checked ag the work
proceeded. A third and even a fourth check
was made possible by detuning the oscilla-
tors to musical cctaves {2000 and 3000 cy-
cles) as well as by 1000 cycles. Possessed
with & “musical ear” and considerable
patience, we thought, the amateur could
well calibrate his 19289 frequency meter in
this manner from one known point on the.
scale!

The purpose in providing and calibrat-
ing a vernier of this type

\ j \ wag to supply a means of
1132 observing the swing or
& drift in the frequency out-
1130 - put of any transmitter due
w28 / \M’A C/RCUIT = HARTLEY to prearranged wariations
/i!/:‘h" CONDITIONS ~VARIOUS in plate voltage, filament
726 AR voltage or antenna con-~
wiad i VAN ‘\ ‘ ztants,’ andb tot r{l(;a{i)xsurel it
= own o about 100 cyeles,
iz v \\)C// uency| 8 Fortunately, the “Boiler”
1 ‘( L proved highly satisfactory
2o o for this work, and during
“*:J I \ \ LA % some hundreds of compari-
e BN, '7@) sony of eircuits, transmit-
23 e . . i, ters and constants, it was
b W N, | AEenna Current f = run  almost continuously
3 T4 2 i 77 216§ for several weeks.
8 4 /} 2l &

@™ — \t ) = 3 THE “REST® CIRCUIT
€ 0 ¥ I\ NN S A detailed study of the
) AN “g P ‘% data obtained revealed in
THos—7 \% \\rB‘ . 10 all its brilliance the fact
THowl—*- / ‘:r" i = x‘ﬁ-’df 495 (which we had so long
4 /t 7 ¢’ ;f\ el \Qr;‘a = thought true) ‘that ol
o4~ / - N standard self-excited otr-
1{1_ < \ y/ - cuite, irrespective of how
RALE 7 pa=g \ = 8 carefully  designed  and
built they may be, are
40 48 50 55 60 &5 70 % equally and a.éz-y tims C.(itp?-
- L ble of producing truly
ANTENNA TUNING (Scale Divisions) wretched signals. And, con-
FIG. 2 A FAMILY OF ANTENNA TONING-VB-FREQUENCY  yergely, that ail such cir-

CURVES OBTAINED WITH MISCELLANEOUS VALUES
OF ANTENNA COUPLING IN A “1928 TYPE”

TRANSMITTER

The splendid gain in frequency stability provided by loose andenna
seen by a comparison of Curves A, Al and B, Bl The
former were plotied with “two-ineh” antenna coupling and the latter
with “five-inch” coupling. The dark iines indicate the variation of
antenna current as the antenna is tuned up to and past resonance while
the light lines show the change in frequency resuiting.

eoupling can be

the rather unusual method of checking the
beats produced by the oscillator against a
second radio frequency oscillator, directly
with a one thousand eycle, electrically
driven tuning fork suppiying energy of
that frequency to one of a pair of head
phones. After adjusting the two r.f. os-
cillators to zero beat (the output of one
being in the second head-phone) the second
r.f. oscillator was detuned until a one thou-
sand cycle beat was obtained, first on one
side and then on the other. At these two
points, in turn, the oscillators were again
set to zero beat and the detuning to one
thousand cycles repeated, each point being

resulting from the study.

cuits, when correctly ar-
ranged and tuned, can be

made to produce signals
that are veritably above
critieism. Along with this

we can insist with limitless

assurance that the per-
formance of the wvarious
standard  circuits actually is  equiv-
alent ~— that the Tuned-grid tuned-
plate cannot be said to be “hetter”

than the Hartley or the Hartley “hetter”
than the Colpitts uniess detailed qualifica-
tions be ineluded in the statement. Which
ig, after all, merely a reiteration of QST’s
claim of all the years—that “that circuit
is best with which you are most familiar.”

THIS TUNING BUSINESS

And now, in all humility, let us ask %o
be pardoned if we appear excessively frank
in the statement of some further deductions
We are con-
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vinced, for instance, that if all amateur
operators of the world, without any changes
in their equipment, were to be displaced by
a new generation of amateurs having a
clear understanding of transmitter tuning,
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FIG. 3. INDICATING THE FREQUENCY CHANGES
RESULTING FROM ANTENNA DETUNING IN A
TYPICAL BARTLEY CIRCUIT

A change from “two-inch” to “fomur-inch” coupling in
this case shows an avoidance of the “double reson-
ance hamp”, with an insignificant sacrifice of an-
i¢nna current, snd & vast improvement in the fre-
quency change. The necessity of detuning the an-
tenna in one particular direction is shown clearly in
these curves,

and the desire to put their knowledge into
effect, completely satisfactory operation in
the 1929 amateur bands wonld be inevitable.
In short, and more abruptly, the chief ail-
ments of present day amateur radio are
the men pushing the keys. They have built
their power supplies with one thing in
mind—voltage; they have tuned their
transmitters with just a single thought—
antenna curvent—+they have pounded ount
their CQ’s for but one purpose—DX; and
the signal, the very foundation of the whole
game, has been left to splutter, wobble,
ereep and rattle across great slices of the
bands because of some dizzy ¥FB’s and
QSA’s given, in most cases, with about asz
much sincerity as the pleasantries passed
seross the counter by a grocer’s clerk to
his customers. Whew!

Of course, there is not the slightest ques-
tion that the condition has been a natural
one. The amateur bands have been wida
and it was not a tragedy if one station did
swamp a couple of hundred kilocycles. The
off-wave operation has heen a relatively
minor offense, for the fields beyond the
fence were almost wvacant. Further, a
creepy-wobhbly signal hag been veadable he-
cause it usually counld wobble a long way

Q8T
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before it ran into another station. It is
not surprising that amateurs have been
careful of everything czcept their signal;
that with certain obvious exceptions the
correct tuning of a transmifter was the
result of accident rather than design, In
1929, as we have already suggested, it will
not be essential for all transmitters fo be
rebuilt. It will, however, without the
slightest doubt, be absolutely necessary for
all amateurs to make it their business to
learn the finer points of transmitter tuning;
to learn exactly how to make their signals
conform with the high standard to be re-
quired in 1929 and to provide the wmeans of
checking, wilthin the station, the characier
of the signal being transmitied. For the
success or failure of amateur radio in the
future is to depend chiefly upon the per-
sonal element—the men behind the keys.

THE *1929” BIGNAL
At this stage it would be well perhaps
to outline the gpecification of what is now
considered to be the desirable 1929 signal,
drawn up after close study of the recuire-
ments and since checked by experiment to
determine its complete practicability, It
should be understood that this specification
does not cover the most desirable signal
but rather that signal, attainable with even
the most modest equipment that will permit
its owner to identifv himself as a sincerc

dyed-in-the-wool radio amateur.
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FiIG. 4. SOME SIMILARLY POOR PEEFORM-

ANCES OBTAINED WITH FOUR DIFFERENT
CIRCUITS

Belecied average curves obtained with poorly adjusied
Tuned-grid tuned-plate Hartley, Colpitta and Ul-
traudion circuits are shown.

The 1929 signal, in the first place, must
be euntirely within the limits of the band.
Then, its frequency *“flutter” due to ir-
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regularities of plate supply must not ex-
ceed about 1/30 of 19 {(approximately 250
cycles at 40 meters). We'll say more on
that later. In addition, the frequency of
the signal must be relatively constant. The
signal must not “shimmy” as the antenna
vibrates, it should not “chirp” as it is
keyed, nor can it “creep” appreciably as the
line voltage fluctuates or the tube heats.
In short, the frequency of the first dot
transmitted shouid be within 1/10 of 1%
{about 750 cycles at 40 meters) of the
hundredth dot, even if the plate has red-
dened or the line voltage drifted in the
meantime. And at the end of a few hours
of operation the frequency should not have
strayed much farther.

MEASURING PERFORMANCE

An examination of these requirements
showed clearly that we could, in our Lab-
oratory, even with the Ilimited facilities,
determine just when a transmitter came
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FIG. 5. CURVES TAEKEN WITH THE SAME
CIRCUITS RESPONSIBLE FOR FIG. 4 ADJUSTED
TO GIVE THEIR BEST PERFORMANCE

Being representative of the capabilities of average
present day self-excited transmitters, these and other
similar curves are proving of great value to uge in
comparisons with those obtained with iransmitters of
modified or more advanced type.

up to the specification, and, if it did not,
by just how much it failed. And so, at
the outset, we built a transmitter with
the closest possible electrical resemblance
to the average low-powered amateur trans-
mitter of the present day in order that we
could plot in black and white the exact
amounts by which it missed the mark un-
der a variety of conditions.

Right here we must delve into a discus-
sion of notes with the hope of clearing up
some of the widespread misunderstanding
which exists. First let us state that there
are three distinet groups into which all
notes can be divided. They are (a) the

“pure d.c.” produced by a transmitter emit-
ting a single frequency {which incidentally
is an extremely uncommon and rather un-
desirable note). (b) The “musical” note,
resulting from a signal which is modulated
by plate supply ripple in amplitude only
{good crystal control t{ransmitters with
rippled plate supplies give them), And
{¢) the “mush” note, which is the outcome
of a signal both “fluttered” in frequency

A REAR VIEW OF THE “1929 TYPE” LOW-
POWERED HARTLEY

The tube socket being mounted on top of the plate
tuning condenser, its plate and grid terminals are
particularly convenient to the icads between the con-
denser and the coil on to which they are connected
through the plate and grid condensers. And the left
is the antenna tuning unit, consisting of a coil—
which is woaved along the glass rods for variation
of antenna coupling—a condenser, and a thermo-
comple ammeter, The meier, though mounted on the
condenser, must be insulated from it. The plate choke
can be seen between the iwo variable condensers.
Aside {rom their use in supporting the antenna coil,
the glass rods also serve to prevent the piate coil from
vibrating.

and modulated in amplitude by the plate
supply.

The important point is that note “a”—
the “pure d.c”, occupies the least possible
amount of territory, with note “b” coming
next and occupying slightly more territory
on account of the side-bands resulting from
the modulation. Note “¢”, however, though
obtained from the same plate supply that
gave note “b”, can well oceupy ten times
the territory, for the output “frequency”
of the transmitier is buzzing across a whole
band of frequencies,

Our first interest, therefore, was an
actual measurement of the frequency
change due to changes in plate voltage—that
undesirable characteristic of self-excited
transmitters which causes the frequency
to “flutter” with any “ripple” in the plate
supply.

Considerable difficulty was experienced
in plotting the curves shown in Figure 1
for the reason that they were planned to
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represent only the frequency changes
caused by variation of plate voltage and
not the further changes due to resulting
plate temperature variations. Though a
high degree of accuracy was not found
possible, the curves nevertheless were suf-
ficiently representative of average per-
formance to be of great value. From Figure
1 it can be seen that the average trans-
mitter, tuned in the average manner, and
wperated on  the 7,000-7,300 Ke. (“40-
meter”) band, can have its output varied
by at least 18 Kec. with a change in plate
voltage from 100 to 500. In the “self-rec-
tified” or “raw a.., supplied” transmitter
this means that during each half cyele, as
the voltage climbs to maximum and drops
to zero, the frequency swishes back and
forth across a band of more than 18 Kec!
Is it any wonder that so many signals are
just splutters, blotting out wide sections
of the band? Among the curves are some
representing the performance of all the
standard circuits and from this and other
families of similar curves it has been shown
definitely that similarly horrible perform-
ance can be obtained from all the circuits
without difficulty. What iz more interest-
ing, however, is that the enormous improve-
ment indicated by a comparison of curves
“A” and “B” can be attained in any of
the circuits merely by careful tuning— a

a ERREREN
* e ™ CIRCUIF = HARTLEY 1329
ek L CONDITIONS-NORMAL bt T2
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FIG, §, IN WHICH I8 SHOWN THE IMPROVE-

MENT RESULTING FROM THE USE OF A
HIGBE-C PLATE CIRCUIT

The antenna-tuning-vs.-freguency curves of the sim-
pie “1929-type” Hartley taken within two valnes
of anterina coapling. Aside from their value in in-
dicating the probable {requency response {o antenns
swaying, these and similar curves in Figs. 4, 8, 4 and
5 wers found to be splendidly repressntative of the
merit, in most other respectas, of the circmits giving
them. They were iakem in large numbers and given
detailed consideration for this reason.

reduction of the frequency “flutter” from
18,000 cycles to 600 cycles! 'With each
curve the constants of the circuit were
noted and from study of the conditions and
the resulting curves a tuning procedure
was evolved, But more of that anon.

OsT
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SIGNALS WRECKED BY ANTENNA TUNING

Early in this work it became evident that
one of the chief factors was antenna coup-
ling and tuning, It was found that the
performance changed radically as the an-
tenna was tuned to resomance and beyond
it, and that there were certain adjustments
on one side of resonance or the other at
which the desirable conditions were ob-
tained. This check on previous observa-
tions* led to & most detailed study on the
influence of antenna coupling and tuning
-8 study which provided & most magnifi-
cent check on all our previous deductions.
In a series of some scores of curves the an-
tenna tuning was varied and plotted
against the output frequency. At the same
time antenna current was noted at each
adjustment of antenna tuning and the reson-
ance curve 8o obtained plotted on the same

gzheet. The process was then repeated at
several values of antenna coupling to pro-
e A
2 CIRCUNT-HARTLEY 1929 5 8 &‘
.y %
2me I
ot 7 &
¥, 08 Lo iencg s L s
a3 o So
[ . 4 w
& s 4
i, _M 4, 2t E
f10z et 3 %
100 200 300 400 500 00
PLATE VOLTAGE
DEMONSTRATING WHY “D.C." NOTES

PG, 7.
ARE NOT DIFFICULT TO OBTAIN WITH
A HIGH-C PLATE CIRCUIT AND
CORRECT TUNING
The '"“1929-iype’ transmitter under thess particular
conditions changed its frequency only 400 cvcles when
the pliate supply wams dropped 400 wvolts. Freguency
“Butter” due to plate supply ripple was therefore ex-
tremely slight and a“d.c.” nots was obisined readily.

vide at least reasonably complete data for
every circuit and transmitter under every
practical combination of constants, Several
typical curves obtained in this mauner with
a gtandard Hartley transmitter are shown
in Figure 2. The values of antenna coup-
{ing are indicated in inches but it should
be pointed out that, except under the par-
ticular conditions represented, these values
are entirely meaningless. For us to say
that your couping should be 2 inches would
be as futile asg for us to suggest that vou
should use 30 degrees of a condenser when
we did not know its maximum capacity.
The precise measure of coupling (the *“coef-
ficient of coupling”) involves considerations
of the inductance of the two circuits and
their mutual inductance and it was mevely
the impracticality of using this measure

1 “Some Light on Trarnsmlttur Tuning”, QT
July, 1927.
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that led us fo employ inches for compara-
tive work.

THE EFFECT OF COUPLING
The important though elementary fact to
be found illustrated in these curves is that
ax the coupling is reduced the frequency

change due to variations in antenna tun-

ing is steadily lowered. Two extreme ex-
amples indicated by curves “A” and “B”
show that & reduction in coupling from 2~
to 5", though only resulting in a 5% drop in
antenna current provided at least a 579, im-~
provement in frequency stability. Carried
to a atill greater extreme, and at the ex-
pense of about half the antenna current, a
condition could be obtained (Curves “C")
where an improvement of about 929 re-
sulted. It may seem strange that these and
succeeding similar curves are taken so seri-
ously and given so much consideration and
for this reason it might be explained that
aside from indicating the responsiveness of
the circuit to movements of the antenna they
were found to be surprisingly representa-
tive of the merit of the particular trans-
mitter from all other aspects. Without a
single exception the adjustments and con-
stants which provided the best antenna-
tuning-vs.-frequency-change curve also pro-
vided the best plate-voltage-vs.-frequency
enrve and the best performance in general,
And a more recent detailed theoretical
gtudy has shown that this should have been
the case.

A point of considerable interest and of
the greatest importance is illustrated on the
curves of Figure & representing the per-
formance of & Hartley at two less extreme
values of antenna coupling. Curves “A”
in this case represent those of a typical
amateur transmitter in which the antenna
eoupling is excessive. Two points of maxi-
mum antenna current are found and rela-
tively serious frequency change is indi-
cated, Curves “B” represent the condi-
tions with a desirable value of coupling,
showing a single point of maximum an-
tenna current {not appreciably lower than
that of “A”} and a much improved frequency
characteristic. The important point, how-
ever, is that resonance occurs right at the
steepest point of the frequency ecurve and
that at this point the frequency stability
under operating conditions probably will
be at its lowest value. Further, it ean be
goen that whereas detuning of the antenna
to a higher wavelength than the oscillator
will mean operation on a flatter portion of
the frequency curve, detuning in the op-
posite direction could result in operation
right at a sharp peak of the frequency
enrve (the wupper peak of curve “A”
for instance) and the posaibility of a
stable frequency se be made equally
remote. TIn actusl practice it was found
that not only was the stability mueh im-

proved when the antenna was tuned to a
higher wavelength (in this particular case)
than the oscillator but also the note was
vastly better. The latter condition result-
ing, of ¢ourse, from an improved plate voit-
age vs. frequency curve. When the antenna
was tuned to the points “¢” and “d”, under
these conditions, the note was a pure “d.c.”
When it was tuned to points “e” or “f” (the
antenna current being the same in each
case) the note was heavily modulated and
worthy only of the term “rae”. At certain
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FIG. 8, THE SIMPLIFIED HWARTLEY CIRCUIT
OF THE “1929 TYPE” TRANSMITTER

A—Thermocouple ammeter 0-1 amps.

1~-808 unfd. receiver type varisble condenser,

2500 ppfd, receiver type vuriable condenser of
good quality.

C2--500 uufd, fixed condensers.

C4d—-250 nnfd. fixed condenser.

Cb—29000 fd. fixed condensers.

Ri=$0,000 ohm. gridleak.

R2-—50, 100 or 200 ohms fixed b or Christ
Tres Lamps.

RREC.-160 turns of No. 30 gauge D.C.C. wire on %;”
diameter wooden rod.

L1 and L2 for the varions bands are described under
the photograph of them.

values of antenna coupling this effect be-
came much lesy marked, and at other values
the “d.c.” note was obtained on the reverse
side of resonance. In quite the majority of
runs, however, it was found essential to de-
tune on one particular side of resonance in
order to obtain the best note and the maxi-
mum frequency stability,

A COMPARISON OF CIRCUITS

Having made some preliminary studies
of different circuits in regard to the varia-
tions of frequency caused by changes in
plate voltage, and having been impressed
by the similarity of their performance, a
detailed comparison was undertaken at this
stage. The various circuits were set up
and in turn they were adjusted carefully
to give their best performance. Then by
tuning everything to resonance and by pro-
viding excessive grid excitation and an-
tenna coupling they were each adjusted to
give a series of poor performances. Seores
of curves drawn from the data sc obtained
proved conclusively that the Hartley,
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Tuned-grid tuned-plate, Colpitts and Ul-
traudion znll were capable of producing
equally poor frequency stability and note,
and on the other hand, when they were ad-
justed correctly, that their maximum per-
formance was definitely of the same order.
In Figure 4 is reproduced a family of typi-
eally poor curves for the standard circuits.
In all eases they represent similar input
power and, as can be seen from the reson-
ance curves, similar antenna current. Fig-
ure B is 2 selection of the best curves ob-

A “CLOSE-UP” SHOWING THE HEAVY “TANK”
LEADS AND SOLID CONSTRUCTION

‘The plate and grid fixed condensers are mounted
immediately under the tube socket. Below them are
the {wo filament by-pass condensers and the center-
tapped filament resistor. On the far gride of the tube
gocket is the plate choke supported from ihe plate
termminal, On the near side is the grid leak pushed
over a wooden peg in the base-board., Heavy flexible
wire is uied for the filament lead to the inductance,
a elip being permissible in this case on neceount of
ihe low curreni to he passed by it. Relatively enor-
wmous currents flow in the ecoil-condenser cirenit and
in this case coanections between the iwo must he

made with wing nmts, or some similar device, in order.

to avoid serious fjosses.

tained with each eireuit, input and output
powers being held to the same walue in
each case. 'The latter curves, aside from
their interest as proof that standard cir-
cuits are similar in their performance,
were of great value to us in providing a
statement of the best possible results that
could be expected from present day self-
excited amateur transmitters. With theae
curves we could make saccurate compari-

QsT
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sons of the improved performance result-
ing from modifications and refinements and
so determine rapidly and definitely the rela-
tive merits of the wvarious arrangements,
The curves representing the performance
of the “Transmitter With a 1929 Perform-
ance” are reproduced in Figures 8 & 7 to
provide just such a comparison. From thess
curves it will be seen that the simple—in
fact crude——rig illustrated in the photo-
graphs is capable of performing quite cred-
itably. It has a frequency change when
eorrectly tuned of but 6 Ke. as the antenna
cirenit is passed entirely through reson-
ance. It will encounter a sudden 400-volt
change of plate voltage and swing its fre-
quency approximately 400 cyeles. In conse-
quence when operated from rectified and
reasonably well filtered a.c. the “flutter”
will be negligible and the output in conse-
rjuence ‘“musical”, In fact, even when sup-
plied from the unfiltered prodoet of a
motor-generator it ig capable of turning
out & note that can havdly be described as
other than “d.c.” Always providing, of
course, that it is ftuned with extreme core
in the manner o be ouflined.

And the c¢ircuit of this transmitter, dis-
appointing though it may be, is nothing
more than a simplified Hartley! Through
all the work we had looked forward to the
possibility of being able to insist that 1929
will not necessarily mean more complex or
more expensive apparatus and even if we
do anticipate some ‘“raspberries” over the
crudity of our sample transmitter we can-
not disguise our pleasure at being able to
state just that.

HIGH-C CIRCUITS

The feature of the transmitter which is
directly responsible for its rather unusual
performance is the plate oscillatory eircuit,
which is g0 proportioned as to have a pre-
ponderous of capacity., Such a circuit,
having a low inductance-capacity ratio {to
he described as a High-C circuit) has char-
acteristics which make its use in the zelf-
excited transmitter very desirable. A
change from the inductance-capacity ratios
in general present use to those indicated
in Figure 8, for instance, resulted in a
gplendid improvement in the Antenna Tun-
ing vs. Frequency curve {compare PFigures
5 and 6): a distinet advance in the Plate
Voltage vs. Frequency characteristic {com-
pare Figures 1 and 7); and a correspond-
ing improvement in the note. Of course,
some minor disadvantages are involved.

In such High-€C circuits, ag the iun-
ductance is reduced and the capacity
correspondingly increased, the ecirculat-
ing current mounts rapidly. Even with
the TUX-210 in the circuit of Figure 8, the
radio-frequency current flowing through
the plate coil and its condenser is of the
order of 5 amperes, while with the larger
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tubes, and similarly High-C plate circuits,
currents as high as 16 or 18 amperes are
to be expected. High currents such as
these enormously exaggerate the weaknesses
in the tuned circuits and for this reason, if
self-excited circuits are to be operated suc-
cessfully next year, the arrangement of the
plate “tank” and the apparatus used in ¢t
will be matters of the greatest possible im-
portance. If a typical wire or small atrip
inductance of the present day is used, the
josses in it will mean a drastic reduction
of power. If a poor condenser is asked to
do duty it will introduce still further losses
or, if the inductance is good enough to give
it a chance, will end its useful life by burn-
ing up its insulation.

COIL AND CONDENSER VALUES

Of equal importance to the coil and con-
denser are the connections between them.
Spindly leads between the coil and con-
denser with clips on them for adjustment
of turns can cause a heavy loss of output
power, even in a 7.5-watt transmitter, and
usually will result in a greater loss of
stability than the High-C circuit could hope
to give, In the higher-powered transmitter
the resistance of such leads and clips can
well cause the circuit to be entirely inopera-
tive. A successful High-C plate circuit will
require the use of %" copper tubing (or
strip of similar surface area) for the coils
of the transmitter of 50 watts or less, and
at least %" tubing or its equivalent for
the higher powers. ‘Then it will be neces-
sary to determine the correct number of
turns experimentally in order that the end
turns may be screwed directly to the con-
denser terminals or to connecting strips.
Ome satisfactory arrangement 1is that
shown in the “close-up” of the transmitter.
In this case “wing nuts” were fitted to the
machine screws holding the inductance in
order to facilitate changes from one band
to another. In the case of the filament
lead and other leads in the transmitter the
currents are no higher than in the usnal
transmitter and consequently it is neces-
sary to exercise only the ordinary care. The
one redeeming feature of the “tank” conm-
denser problem is that the voltages devel-
oped across a High-C circuit are much low-
er than in the circuits of the usual con-
stants. For this reason good receiver-type
condensers are satisfactory for transmit-
ters operating with plate voltages of- 1000
or less, while nothing more than “double
spacing” should be necessary for transmit-
ters employing the UX-852 or UV-204-A.
It might be explained at this point that
much higher capacities than those indi-
cated in Figure & can be used if only heavy
enough inductances and good enough con-
densers are used. Experiment with induct-
ance-capacity ratios invelving capacities as
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high as 1000 pufds. at 7100 and 14000 Ke.
has indicated, however, that with the usual
equipment aveilable readily at the present
time the losses involved with ratios higher

tHY FILAMENT ~HY
SUPPLY

FIG. 8. SHOWING SIMILAR MODIFICATION OF
THE TUNED-GRID TUNED-PLATE CIRCUITS

The grid clip “G” is provided o permit effective ad-
justment cof grid excitation. The letters correspond
to those of Fig. &

than that used in the transmitter illus-
trated are out of proportion to the increase
in frequency stability afforded by them.

REBUILDING THE PLATE CIRCUIT

The modification of any present-day self-
excited transmitter for operation with «
High-C plate circuit is not 2 matter which
should mean either appreciable expense or
difficulty. In the transmitter used for work
on all or several wave bands, a condenser
of 500 pufds. is suggested. TFor a trans-
mitter which is to be operated exclusively
on the 14,000-14,400 Ke. (““20-meter”) and
the 28,000-30,000 Ke, (10 meter) bands, a
maximum capaeity of 350 ppfds. should
serve effectively. In the transmitter em-
ploying 1000 plate volts or less, a good re-
ceiver-type condenser should hbe satisfac-
tory but it is suggested that it should not
be considered above suspicion if trouble de-
velops. In one of the experimental trans-
mitters, fitted with a condenser of splendid
reputation and operating with a single
UX-210, & few hours of steady operation
regulted in an invisible insulation break-
down which had the effect of reducing the
output by about 509% and which caused the
note to become a complete “hash”. Under
these conditions, obviously, all the careful
tuning possible was of no avail. Another con-
denser of the same type, operated under
similar conditions for several hours as a
check, disappointed ug by performing per-
fectly.

For the higher powered transmitters the
use of two good transmifting condensers in
parallel to give the suggested capacity
values would serve but experimental work
in progress at the moment (to be detailed
in & future article} would seem to indicate
the desirability of using an air-dielectric
fixed condenser for the plate circuit, a small
vernier being fitted for tuning. When
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variable condensers are used, it must be
remembered that the mere inclusion of a
BOO ppfd, size condenser in the set does not
result in & High-C ¢ireuit unless the coils
are %o proportioned asg to give the necessary
frequency at the upper end of the con-
denser scale, For the 28,000-Ke. band
the coil should be of such a size that ahout
200 pufds. of the condenser are used; for
the 14,000-Kc. band about 300 pufds; for
the 7,000-Ke, band about 400 uufds; for

PLATE AND ANTENNA COILS FOR
FIVE BANDS

Coils A, B, C, D and E are used for the 3,500-4,000
Ee. {80 meter, 7,000-7,300 Ke. (“40 meter”), 14,000-
14,400 Ke. (“20 meter”), 28,000-30.000 Kc. (10 meier)
and 56,000-60,0800 Ke. (5 meier) bands, respectively.
They have an inside diameter of 25" and were made
by winding the %" poft copper tubing over a lenxth
of 284" vpuiwide dimmeter fron waier pipe by hand.
To facilitate the winding process holes weve first
drilled in the pips and the tubing, one end of ihe
copper tubing being recured to the iron pipe with a
machine screw hefore the winding was atarted. The
ends of the colls are hammered fint and drilied to fit
under the wing nots which hold them to the condenwer
leads. Two antenna colls—to be scen above the piaie
colls—serve for use with colls A, B, ¢ and D. 'Their
uize will he determined to some exient by the fype
and constants of the anienna.

the 3,600-Ke. hand 450 pufds., while for
the 1715-Ke. band (on +which freguency
atability is not nearly so difficult to obtain)
the same order of capacity is completely
gatisfactory. The coils shown in the photo-
graph operate with just such capacities on
the various bands in the particular trans-
mitter for which they were wound. In the
Tuned-grid tuned-plate or Colpitts circuit
similar plate eireuit constants are suitable.

THE PLATE SUPPLY

It is not possible to make a detailed dis-
cussion of the melf-excited ecircuit perform-
ance without in some way considering the

UsT
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problem of plate supply. At the same time,
in view of the hundreds of thousands of
words which have been written on the sub-
ject in QST and the Handbook, it is not
thought necesgary to give circuits or con-
structional details. If the transmitter is
to be given any chance to perform in 1929
fashion, it is needless to say that the sup-
ply, if not generator or hattery d.c. must
be rectified and in some way {iltered a.c.
Further, the baitery, generator, transform-
ers, rectifiers and chokes must be capable
of supplying or handling rmuch greater
currents than they will be asked to pass in
actual operation, for if this is not so, the
handicap of poor regulation will surely
make the attainment of a 1929 signal more
difficult.

There iz also the same old. problem of
keying. Key clicks and sparking contacts
will continue to be important, even if the
transmitter is re-arranged and ecorrectly
tuned. In this case algo, the incorporation
of methods and the obsgervation of precau-
tions described in many QST articles and
the Handbook will be necessary. A matter
which will be of aven greater importance
with the 1929 self-excited transmitter is the
elimination of antenna swaying and the
vibration of the set or any of its radio fre-
quency wiring. The modified arrangement
and correct tuning admittedly will reduce
the effect of these wariations on the fre-
quency but at the same time the character
of the note will be so improved that these
variations will be much more noticeable.
With a 1928 transmitter in which the plate
supply ripple “flutters” its frequency over
a band of 16 or 20 Kes., the effect of a
swinging antenna or a vibrating lead is to
a considerable extent lost in the mess, With
an otherwise steady and “pure d.c.” signal,
however, any such weakness will protrude
in all its infamy,

THE ESSENTIALS OF TUNING

And now, since the highlights of trans-
mitter tuning have been go broadly secat-
tered throughout this rambly screed, let us
collect them in a simple statement of good
procedure,

When the fransmitter has been assem-
bled, or re-agsembled; when the antenna
and its leads or feeders have been tightened
or in some other way prevented from sway-
ing; when it has been found that all leads
or coils, and the transmitier itself, can-
not vibrate; when the conils have been ad-
justed to give the desired frequency with
the necesgary value of capacity—then, and
not until then, should the grid excitation be
adjusted to give a plate current of about
half the rated value with the antenna coil
removed. In the Hartley this will mean ad-
justment of the filament clip in steps of
about half an inch at a time, keeping mind,
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for a rough guide, that the ratio of turns
between the grid and filament clip and the
turns between the plate and filament clip
will be somewhere between 1 to 4 or 6. In
the Tuned-grid tuned plate it will mean tun-
ing of the grid circuit and the plate circuit
and adjustment of the grid clip shown in
Figure 9.

At this stage, when it is known definitely
that the frequency is within the band, the
antenna coil can be connected and coupled
loosely to the plate coil. And loose coupling
for the particular coils uged in the Hartley
transmitter illuatrated is obtained with a
spacing of not less than five or six inches.
When the antenna has been tuned and the
coupling increased to give the maximum
antenna current, the value of that current
should be noted mentally as something to
avoid as one would the plague. Without
delay the antenna ecoupling should be
backed off until a point is reached at which
the maximum current is about 86% of the
previous value. And this reading should
be recorded us something to be avoided
with equivalent enthusiasm. At this stage
the use of a “growler” (a shielded oscilla-
tor fitted with "phones) or 8 receiver tuned
to a weak harmonic becomes essential, for
only by listening to the signal within the
station is it practical to decide on which
side of resonance the antenna is to be tuned
to give the best note. Under practically ail
eonditions, the correct adjustment will be
obtained when the antenna is tuned to a
fower frequency (a higher wavelength)
than the oscillator but & comparison of the
signal obtained in this way with that ob-
tained on the other side of resonance will
immediately indicate the desirable side. All
that then remaing is to detune the antenna
on that side in order to give an antenna
current of about 76% of the 86% peak
value. .And this 18 the antenna current
which should never be sxcesded if the irans-
mdtter 18 to perform in the true 1929 mon-
1o,

After a final check of the frequency, CQ’s
may now be pounded out in limited quanti-
ties and a QRK may be asked with a cer-
tain -amount of confidence, If the veader
has followed this story and put its sugges-
tions into eifect, he can expect a favorable
report. It is conceivable, in fact, that the
signal will ingpire the answer “You have a
1929 signal, O.M.” And, if he bas previ-
ously listened to it himself in his own
“Growler”, he will know that he is entitied
to believe it,

fAgs an extension of the subject of self-
excited transmitters, the constructionai
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considerations involved in the modification
of higher-powered transmitters will be dis-
cussed in the September QST .—Editor.]
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Editorials
(Contimued from Page §)

more, because more of us are going to be
knowing what we are doing than ever be-
fore! 1f we may throw in a free advertise-
ment for the old mag, don’t miss QST—
we're going to have lots of hot stuff,

And so, taking things by and large, we
feel a lot better. Everyihing iooks pretty.
In fact we insist upon being optimistic as
anything. And in winding up this screed for
the month we want to point out that a great
deal of the activity around the world in the
way of readjustment attests a recognition
of the established position of amateur radio
which is based upon the strength we have
secured by virtue of being written into the
international treaty as one of the classes
of stations that always shall be provided
for. Believe us, that is good! It looks to
us like it may turn out that, having de-
veloped our technique to where we may
operate happily. in our limited facilities, it
was really a blessing to us that this inter-
national conference came along and re-
sulted in our international status being so
definitely established. All we want to say
is that any ham who wants to sell his sta-
tion because ‘“this is the last vear of ama-
teur radio” is just plumb foolishl

K. B. W,

—BeStray sy

The Radio Corp. station WIK, a useful
marker in the vieinity of our “20-meter”
band, was changed in frequeney on June
24th to & new assignment at 13930 ke. (ap-
proximately 21.54 meters). A new R.C.A.
station, WOP, is approaching eompletion
and will be heard soon on 13900 ke.

9DPL, having read the recent newspaper
report that Congress had changed the postal
rate to permit other than government postal
car_ds to be mailed with one cent postage,
claims that this should asurely result in
QASLL activity returning to normal.

The Headquarters Office of the Ninth
District, Department of Commerce Radio.
Division, recently moved from the Federal
Building to new quarters. Communications
to the Supervisor of Radio in that distriet
should now be addressed to 2022 The En-
gineering Building, Chicago, Il
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