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NOW you can get an FM-AM commum-
cations receiver that even covers the
FM relay frequencies! Model S-27B opér-
ates on 3 bands: 36 to 60 mc; 56 to 91 mc;
92 to 165 me. Switch changing from FM|to
AM reception. RF amplifier 1st detector
and oscillator are high frequency Acoﬁ'n
Tubes. High gain 1852 tubes in Iron Core
IF stages. Push-pull high fidelity audlo
amplifier uses beam power tubes. Con-
trols are: RF gain control; bandswntch
antenna trimmer; IF selectlvlty control

overs FM ,Relay Frequencies™

volume control; beat oscillator pitch con-
trol; tone control with bass boost position;
S-meter and Vernier Tuning Scale; AVC
on-off switch; standby switch; phone jack;
amplitude or frequency modulation oper-
ation switch. 15 tubes. 110 volt 50-60 cycle
AC. (Available for 25 to 133 cycles, 110 to
250 volts. Price upon application.) Dimen-
sions : 19* long, 9" high, 14" deep. Model
S-27B. FM/AM Receiver complete with
tubes. $195.00.

*158—162 mc
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100 WATTS ON C.W.
75 WATTS ON PHONE

ODEL HT-9—a 5-frequency
phoneand/CW unit, rated at
100 watts on CW and 75 watts
on phone (carrier output). Coils
available for all bands from 1.7
1o 30 me. Exciter coils for 5 bands
can be plugged in, pretuned, and
left in the transmitter. 14 tubes.
Operates on 110 volts, 50-60 cy-
cles AC,

Model HIT-6 (illustrated below)
gives you exacting transmitter
performance. Gives an output of
25 watts on most bands. Fre-
gquency range is 1.7 me. to 60 mec.
Coils for any 3 bands may be
plugged in, pretuned and then
control switched at will. 8 tubes.
Operates on 110 volts, 50-60
cycles AC.
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“IT SEEMS T0

A CALL TO °PHONE MEN |

WE'VE all had a lot of fun in amateur
radio together. We’ve been on spark and
a.c.c.w. and i.c.w. and finally c.w. &lobof us
have gone on to 'phone, and some of us work
’phone exclusively. In the process, we’ ve let a
lot of loose ends come into existence \a.nd it
seems to us that we ought to sit down now and
talk things over. The whole nation is gearing
itself up for a job and we radio amateurs want
to be able to help. While superficially it won’t
be so free and easy as it has in the paét it’s
still going to be lots of fun. There will be'places
in this work for ‘phone men and their statlons,
and a leadmg ‘phone amateur is one pf the
League’s regional advisers in the defense plan-
ning, But in the meanwhile we ought to start
picking up those loose ends and getting readv

What we're going to say doesn’t apply to all
'phone men. We know many notable excep-
tions to our complaints. We have in mind, too,
the many splendid performances of hvhlch
"phone has delivered itself in emergencies, and
we recollect that the 'phone men beat the c.w.
men in one of the ’Phone-vs.-C.W. transcon
relays. But, speaking in general terms, we are
impressed by the fact that there is practlcally
no evidence that the radiotelephone amateur
is contributing to national preparedness| lin the
way the ¢.w. man is. We’d like to see somethmg
done about this condition.

We believe the patriotism of ’phone ama-
teurs to be as good as that of telegraphl men;
of course we do. We believe their techmcal
knowledge, on the whole, to be much better.
But whereas much of the c.w. world has
huckled down to improving operator pro-
ficiency in the knowledge of possible defense
needs ahead, the average all-'phone man|is not
employing his station in a way that makes in-
creases in his proficiency, except perhé.ps in
technical matters, and he continues to neglect
his code. )

The first requirement in building a ’phone
transmitter is a good c.w. end; the modulating
equipment is an appendix. In the same fashion,
the basic requirement for the amateur license
is code knowledge. Just as the ‘phone station
represents equipment that must be capable of
doing a good transmitting job on both c.“j’. and

l
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'phone, so does the 'phone operator assume a
double-barreled responsibility to master oper-
ating technique in both fields. It is not correct
to say that there are two separate kinds of
amateur radio, ¢.w. and ’phone. There is one
basie kind, common to all, which is telegraphy;
and some of us build a cupola on that structure,
which is telephony. That is borne out by the
licensing arrangement, which provides no ex-
clusive frequencies for ‘phone but allots all the
¢.w. frequencies to every amateur and requires
every applicant to know c.w. Everyone con-
cerned has the right to expect that every ama-
teur, even though he elects to operate almost
pvclusxvely on ’phone, possesses at least that
minimum code ability which was his entrance
requirement to the game.

But you and we know that that is not the
fact in practice. The bulk of 'phone operation
is done by fellows who are also competent c.w.
operators, dividing their time between the two
branches of the art. However, the habitual
"phone operator is all too likely not to be able
to read even his own call unless it is slowed
down to seven or eight words a minute — he
has forgotten his code by neglecting it. This
situation should not continue at such a time
as this. The ’phone man must also be a quali-
fied e.w. operator. We see no reason why he
should abandon his microphone; we do not
even suggest it. But here and now we do re-
mind habitual voice ops of their basic responsi-
bility, and we point out to them that they
must prepare to pull their share of the c.w.
load. We call upon them to spend some of
their time on c.w.; to get themselves back
quickly to mlmmum expectations; and to go
beyond that point and build up their tele-
graphing proficiency to something useful,
precisely the same as the men are doing who
have no speech ends.

And that is only half the story. ’Phone men
should also so shape their voice operating that
it constitutes training for possible vital tasks
that lie ahead. The lone-wolf individualism of
'phone has worked against progress in this field
in the past; we must find a solution somewhere
now. True, there are some ’phone nets, partic-
ularly for emergencies, but on the average they
drill only ouce a week and have no particular




procedure. There are also a few *‘social’’ nets
of competent old-timers who have grown up
through every branch of ham radio and who
would unquestionably give a good account of
themselves in any emergency. 1'here are some
good A.A.R.S. 'phone nets. But, by and large,
voice operating is just aimless gassing and it
does a sorry job when it comes to handling
communications for other parties because it
has had no training in that respect. NMost
'phone men for years have shunned every
effort of the L. eague to interest them in prac-
ticing procedure, in developing organized oper-
ation 1n nets or trunklines, in acquiring the
skill necessary to handle third-party com-
munications with accuracy and despatch. They
have said it sounded too much like work, not
enough like fun. It is a pity, because voice
operation is inherently faster and more flexible
than c.w., and great things could be done with
it. We point out, for example, that the League
has never been able to round up enough or-
ga.nizcd voice operation to support a single
'phone trunkline. "Phone men have been un-
willing to engage in teamwork; ‘phone’s flexi-
bility and individuality have heen simultane-
ously its blessing and its weakness. Perhaps
now, with a national emergency staring us in
the face, ‘phone men will be willing to devote
some of their activity to lines that will improve
‘phone performance ability. Is it too much to
hope? Are there 'phone amateurs who are now
interested in organized operation that will
show that voice can do a defense job too? If
they will step forward in sufficient numbers,
the League will provide organization and direc-
tion. A post card to the Communications Man-
ager will show your willingness and will bring
vou data. Meanwhile the January issue of the
Jommunications Department's RM /PADM bul-

letin is specially devoted to network orgamzmg
and maintenance, and your local S.C.M. or
"Phone Activities Manager can supply helpful
information. In fact, they’re calling for help
right now.

No the second part of the story is that ’phone
aperators, to earn their salt, must learn to do
a useful job for the nation, the same as c.w.
They should learn now to operate in nets, how
to handle third-party traftic, how to copy a.
voice message fast and accurately, how to read
it so the other fellow can get it, how to get
fills without an instant's delay, how to keep
their records, how to employ universal pho-
netics almost unconsciously. In other words,
their job is to develop and master a technique
for moving traffic by voice, so that a message
from A to B may get to B in jig time and read
the way it did when it left A. If this sounds
like a dreary job, our modulation isn’t deep
enough: it can be grand fun and sport, believe
us. And we’re lucky enough today to have
something to do that is useful and still is fun.
That’s the kind of work the League wants to
organize.

If we have sounded harsh in some of the
foregoing it is because we perceive a certain
urgency. If we are critical 1t is only because
we know that ’phone has the potentialities of
doing a splendid job for national defense. As a
matter of fact, voice men have it within their
reach to make of themselves the most valuable
class of amateurs in the country: men basically
competent in radiotelegraphy, possessing also
a special technique for handling by voice the
jobs that are best adapted to that mode, and
who, by reason of their double activity, are the
best-qualified technically. We appeal to them
to get going on that job!

K. B. W.

« GALLY HEARD «

ZD2H /G2QN, Art. Tomlinson, Posts and Tele-
graphs, Kano, N. Nigeria

500 miles S. E, Timbuktu
Heard between Nov. 1-18, 1940

3.5-Me. band
WIAW LTB MEK RY
W3DBY HXI .
W3EFH
W4BPD
‘WSALP LEC UBT YA
wWIYWQ
4-Me. 'phone
W3EWW FQP
7-Mec. band

WI1AW BBN KYS LMR LWI MKR MLJ MNK QX QZ
W2AEY AGW EGO IRQ/2 LTP LWP LZR MLO MLW
NGP

8

‘W3ACV BES BXI CQU CSN DAJ GHK GOW HEO IEN
ITW IUD

W4BTB FFN FIJ GXB IO

W5AFV CXQ HRA IRL ISM IZC

W6BAM DPW MYJ QAP QOJ TAW

W&BUF GCA GYL JJY LGQ NDC NDS NHV OPH
RIW/8 RVI SBW SCJ SYN TDN

W9AGB AGZ AWP BCS BQE CQS KKT KPC MFJ NII
QVA RSR UAZ Z2TU ZWR

K5AY

HBYCZ, Hans Baent, Engelbergsirasse 24, Olten,
Switzerland
28-Me. ‘phones heard between Oct. 13-17, 1940
WIAAT CCZ DBE DEY EZS FMQ HQR KGR KYS
KZU LEU LMB LPA LTG MCW MSU NBR ON
W2ADH AJF BLC BMT FJQ JFR LIR LPW LXY MHA
MYR NBY ST
W3AWL CFS GRO GSX 1JU
W4BB BNN ECV EZK FUM PU
‘W5CV DMQ HLQ HOC IRU JSU
W6GAQ LWN OHC
W8FCO GWR ISR RBN RK ROB UKA
‘W9FGR HAJ JBH TWU ULJ



Some Thoughts on Amateur F.M. Reception

|

An Inexpensive Adapter for Use with Communications Superhets

|

BY ‘

|
Signposts scem to point to narr/ow-
band frequency-modulation as the e\ en-
tual ham system. Dictated primarily by
the necessity for adequate receiver
selectivity in congested districts, it hlso
opens the way to low-cost revcpnon
through utilization of existing a.m.
superhet receivers. The elinching argu-
ment is the fact that weak-signal recep-
tion is better with narrow-band f.m.
than with either wide-band f.m. or ¢on-

ventional amplitude modulation. |

Abarevr use of frequency n‘lodular
tion has been disappointingly small, m view
of the potentialities of the system for i 1mprov-
ing communication. Since frequency-modulat-
ing a transmitter by means of the reactance
modulator is simple, it hardly seems that trans-
mitting difficulties could be the reason. Indeed,
the transmitting side is rather attractive be-
cause audio equipment reduces to vanishing
dimensions.” We are left, therefore, to lchoose
between two pOaSIblhtleS——eltheI‘ hams are
shy of learning new techniques, or else f.m.
reception is too involved or too expensive for
the ordinary amateur. |

As a maitter of pride we refuse to accept the
former explanation, preferrmg to put it
squarely up to the receiver. It can’t be|denied
that f.m. reception has looked rather|formi-
dable, especially to the ham who thinks of
u.h.f. reception in terms of the buperregen-
erator. Nor do the prospects of simplifying it
look too promising at the moment, smce sim-
plicity and the requirements for good f.m.
reception do not go hand in hand. Aside from
the intricacies of limiters and discriminators,
fundamentally this is because f.m. reception
requires lots of r.f. (and if.) gain. In an f.m.
receiver sufficient amplification should be
provided to secure amplitude limiting so that
noise impulses will be incapable of causmg
interference except by frequency modulation.!
For weak-signal reception, the amplification
should be great enough to give limiting on any
signal capable of pushing itself above the level

* Technical Editor, QST.

1 The process by which the transition from amphtude to
frequency modulation takes place is explained in the article

by D. C. Hierath, *“ Noise Reflection in Frequency|Modula-
tion,” QST, December, 1940. l
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of noise inherent to the first stage of the re-
ceiver. Since practical limiter circuits do not
level off with inputs of less than three or four
volts while the set noise is of the order of a
microvolt or so, & gain of several million is a
primary requisite. It isn’t done with one or two
tubes — yet.

In amateur work the problem of interference
between stations is likely to be serious if the
receiver is designed for wide-band reception.
An amplitude-modulated signal falling within
the pass-band of an f.m. receiver will behave
much like noise covering the same frequency
spectrum; that is, it will produce an audio out-
put the magnitude of which depends upon how
far the carrier is from the center of the pass
band. With the carrier centered the audio out-
put will be negligible, but when the carrier is
off at either edge of the band the signal will
ride through onlv too well. The effective selec-
tivity of the receiver, then, is just about what
one would expect from any set having a broad
i.f. characteristic.

What Kind of Receiver?

A superhet receiver is the only type which
will provide both high gain and high selectiv-
ity. The ordinary super may not even he good

An adapter to convert a communications receiver to
narrow-band f.m. reception, installed on the side of the
receiver cabinet. No changes are nceded in the receiver
except to insert an adapter plug in place of the second-
detector tube, and to tap a few milliamperes from the

“B” supply.
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A close-up view of the adapter unit. The i.f. voltage
comes in t.hrongh the larger shielded lead at the left.
The tube in the left foreground is the 65Q7 diode-triode
removed from the receiver. Behind it is the 6SJ7 first
limiter; the second limiter, also a 6SJ7, is to the right of
the transformer. The 6H6 is the discriminator. The ad-
justment shaft of the trimmer C; projects through the
wall of the chassis; Cs is reached through the small hole
to the right of Ci.

enough. It has recently been pointed out by
J. A. Worcester 2 that for broadeast reception
the requisite gain cannot be obtained with
stability in the normal superhet stage line-up,
o it is necessary to go to a double super to
secure sufficient amplification of weak signals.
This, however, is on the basis of a 4.3-Mec.
intermediate frequency and includes some
safety factors necessary in the production of
manufactured receivers. For amateur recep-
tion the double super may not be a strict neces-
sity, but its other well-known advantages for
u.h.f. work make it desirable. Nevertheless, by
one system or the other the necessary gain can
be secured, provided enough amplifier stages
are used.

The selectivity question presents a different
problem. Here we have to decide how much
unselectivity can be tolerated. If, for instance,
we decide that a deviation ratio of five is de-
sirable and we set our upper audio-frequency
limit at 4000 cycles the deviation will be 20
ke., requiring a pass-band of 40 ke. in the re-
celver. If we could get an ideal selectivity curve
with a 40-ke. ﬁa.b—top and infinitely steep sides
(which we can’t), we should still be faced with
the fact that any stations within 20 ke. on
either side of the desired carrier will cause in-
terference. In practice the conditions are much
worse because the i.f. will not cut off sharply
at the edges, and strong signals well out of the
nominal pass-band will still interfere. Com-

2J. A. Worcester, ‘' Recent Improvements in F.M. Re-

ceiver Design,” paper presented at the IRE-RMA Rochester
Fall Meeting, November, 1940.
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pared to the selectivity we're used to in the
ordinary communications superhet, this is
pretty poor performance and not at all satis-
factory if there are many stations operating.

But suppose the selectivity we want is the
kind we're used to in our ordinary supers.
Necessarily this eliminates the possibility of
using wide-band frequency modulation. The
if. of a regular superhet is barely wide enough
to accommodate amplitude modulation side-
hands, and certainly could not be expected to
handle a large deviation ratio based on any
reasonable upper audio-frequency limit. Fig. 1
shows a typical receiver selectivity curve, with
A and B designating points 4000 cycles off reso-
nance on either side. On the low side the re-
sponse is down to 6 per cent of its value at
resonance and on the high side down to 10 per
cent. Without some means of flattening off the
top of the curve, we could not possibly handle
even a-deviation ratio of 1 for an upper fre-
quency limit of 4000 cycles.

The question immediately arises as to
whether any of the benefits of f.m. could be
secured with the band confined within narrow
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limits. With impulse noise, or with other
types of noise when the carrier is strong-
er than the noise, the signal-to-noise ratio
becomes poorer as the deviation ratio is
made smaller.?-  The existence of a cross- ~
over point or threshold where this gen—
eral relation is no longer true as t,he
carrier strength is decreased has heen ==
pointed out * and it is this weak—sxgnal

100

80 -~C
60 \» B

-~ 40

. L20

O+l +2 +3 +4 +7

region which is particularly interestin;

to amateurs. An answer to the questlon
has been provided by the recent work by
Murray Crosby reported elsewhere in this
issue 5 and fortunately it is favorable|to nar-
row-band f.m. The important thing |is that
on the basis of noise generated in phe re-
ceiver, which is the ultimate limit to weak-
signal reception, it is possible to read @ weaker
signal on fm. than on a.m. when the j.m.
deviation ratio is 1. The reduction of 1h1pulse—
type noise such as most “man-made |static”’
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Fig. Zw(_)perating characteristic of discxlimmator.
Abscissas, deviation in kc. from center frequency:
ordinates, relative output voltage. Constant-amplitude
r.f. input to discriminator,

is not as good with narrow-band as with
wide-band f.m. but, as Crosby points out,
should still equal the best type of amphtude
noise-silencer.® The band-width requlred by
this type of frequency modulation is of the

3 E. H. Armstrong, “A New Method of Reducing Dis-
turbances in Radio Signalling by a S8ystem of ’Frequenc‘v

Modulation,” Proc LR.E., May, 1936.

4 M. C.Crosby, Frequenqy Modulation Noise Cha.racter-
istics,” Proc. LR.E., April, 1937.

&§ M. C. Crosby, * Band-Wldth and Readablhty in ¥re-
quency Modulation,” QST, March, 1941.

6 Except for the difference in time duration lof a noise
pulse after it has travelled through a selective i. f amplifier
to reach the limiter-discriminator, where the silencing action
takes place, as compared to its duration at the first i.f. stage,
where the Lamb silencer usually is installed.
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Fig. 3— How the effective discriminator character-
istic is changed by selectivity of the circuits preceding it,
in the absence of amplitude limiting., Conditions with
full limiting also are shown. Horizontal axis, deviation in
ke. from center frequency; vertical axis, for curves B
(no limiting) and C (full limiting) per cent response com-
pared to center frequency; for curve A (discriminator
characteristic) response in arbitrary units.

same order as for amplitude modulation; the
same receiver may be used for both, wi
sacrifice of performance in either system. An
additional advantage is that the f.m. trans-
mitter takes up negligibly more room in the
gpectrum than a normal a.m. transmitter.

Narrow-Band Reception

On this basis we can use a receiver design
which, up to the limiter, is quite conventional
— comparable, in fact, to a standard super
plus & u.h.f. converter, a combination which
18 in use at a great many u.h.f. stations. That
being the case, why not simply build a gadget
which will convert such a combination to f.m.
reception? It ought to be relatively simple and
cheap to do, and might tempt a good many
hams to try f.m. reception — hams who would
otherwise be unwilling to face the cost and
complications of a complete f.m. receiver.

Such an adapter was built up — views of it
are shown in the various photographs — and
its performance has been up to expectations.
Careful tests have shown that, through set
noise alone, a carrier strength which will give a
readable signal on narrow-band f.m. leaves
100 per cent amplitude modulation buried in
the noise. About 6 db more carrier is necessary
to bring the a.m. signal up to the same read-
ability. The conditions under which these tests
were made were, as a matter of fact, unfavor-
able to f.m. reception, and there is reason to
expect that even better results could be se-
cured. The explanatxon for this requires con-
sideration of Figs. 2 and 3.

Fig. 2 shows the operating characteristic of
the diseriminator used in the adapter, taken

1



In this below-chassis view, the
socket for the 6SQ7 is in the upper
left corner, with the first limiter
socket just below it. The two series
chokes forming the shunt inductance
in the i.f. circuit are along the left
edge. Wiring is crowded, but i.f. leads
are kept as short as possible. Rubber-
covered pair runs out the lower left
corner to the filament transformer.

with constant-amplitude r.f. input. The dis-
criminator transformer is one designed for
15-ke. deviation; the peaks are considerably
farther apart than is necessary for our pur-
poses, but the principal effect of this separation
1s simply to reduce the possible audio output.
In Fig. 3 the center portion of the character-
istic has been plotted on an enlarged scale, the
practlca.llv straight-line curve marked A.
Clurve B s a plot, on a percentage basis, of the
typical selectivity curve of Fig. 1. If the re-
sponse is as indicated —-i.e., there is no
amplitude limiting in the receiver — the re-
sultant effective discriminator characteristic
will be as shown by the dashed line close to the
horizontal axis, since as the frequency deviates
from the center the amplitude of the signal
reaching the discriminator is lowered. The
straight-line portion of the curve is restricted
to the small section between X and Y, so that
distortionless reception can be secured only
when the maximum deviation does not exceed
about 500 cycles. Greater deviations than this
will swing out over the curved dashed lines,
causing considerable harmonie distortion in
the audio output. The permissible deviation
ratio in this case is only 0.125, assuming a
4000-cycle upper limit, and t}us, as Crosby
points out, is equivalent to a reduction in
modulamon percentage.

When the signal becomes strong enough to
cause limiting over the compiete 8-ke. channel
g different picture results. Assuming a perfect
limiter, the response curve (input to the dis-
criminator) will take the form of curve ¢’ and
the corresponding effective discriminator char-
acteristic will be straight between points P and
0, dropping off at higher deviations than 4 ke.
ags shown by the dashed curves originating at
those points. In this case we get full modu-
lation and the system is working under the
conditions always assumed in discussions of
frequency modulation; thatis, the signal is com-
pletely-am phtude-hmxted over the whole band-
width of the transmission. With a peaked selec-
tivity curve such as that of Fig. 1, the flat top
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can be secured only when the signal amplitude
is such that at 4 ke. off resonance it is still
strong enough to saturate the limiter. This re-
quires a signal 20 to 25 db stronger than one
just sufficient to cause limiting at the center
of the pass-band.

In the actual receiving set-up,.the weak
signal was well below the strength which caused
limiting. It was, therefore, contending with
CODdlthDS represented by the X-¥ curve in
Fig. 3. A signal which was strong enough to
cause lmtmg out to the edges of the channel
was not by any means “weak’’ when tuned in
at the center. A tabulation of observations in
terms of “S’’-meter readings tells the story:

83 — Set noise alone, with 56-Me. converter
working,

8314 —- Mlmmum carrier strength (tuned at
resonance) for readable f.m. signal. A.m.
signal buried in noise at this signal
strength.

5S4} — Carrier strength at which limiting
begins.

8414 — Clarrier strength for a.m. signal of
same readability as f.m. signal at S314.
F.m. 51gnal wellabovenoiseat thisstrength.

89 — Carrier strength necessary to cause
limiting over 8-ke. channel.

It was determined by calibration that over the
range considered each S’ step was 6 db within
rather close limits.

The conditions were unfavorable to f.m.
from another standpoint. On the amplitude-
modulated signal, the noise output follows the
if. selectivity curve, B in Fig. 3, dropping off
rapidly at the higher audio frequenc1es The
f.m. noise, on the other hand, has considerably
greater intensity at the hm;her frequencies, and
will extend well beyond the audio range of the
modulation. To compare the two systems prop-
erly, a low-pass filter should be used in the
audio system to cut off at the upper modula-
tion-frequency limit, in this case assumed as
4000 cycles. No such filter was used in the
audio system in these tests.
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The F.M. Adapter Circuit

The circuit of the f.m. adapter is shown in
Iig. 4. The unit has been designed so that
changes in the receiver with which it is used
can be kept to a minimum; as a matter of fact,
no changes at all were needed in our particular
case. In any superhet the second detector
socket is the point where i.f. and audio meet,
so it is readily possible to lead the former out
and the latter back in with a minimum of dis-
turbance to the receiver. The general idea is
that the f.m. limiter is ‘connected in parallel
with the normal a.m. detector of the receiver;
the f.m. channel is then completed by the dis
crlmmator circuit from which the audio output
is obtained, and the output of either detector is
switched as desired to the first audio stage in
the receiver. Since the a.m. detector is always
working, the a.v.c. circuit is not affected and
the operation of the receiver is perfectly nor-
mal. Probably most sets these days use a com-
bination diode-triode as the second detector,
as in this case, but the kind of circuit or tube
is of no particular consequence.

In the adapter shown, the various connec-
tions to the receiver are made by means of an
octal plug which replaces the 63Q7 second de-
tector tube. The i.f. voltage, which appears at
the diode plate connection, should be fed to
the adapter through a low-capacity shielded
lead. We found it satisfactory to run an ordi-
nary piece of push-back wire through a piece of
quarter-inch diameter spaghetti tubing, cover-
ing the latter with shield braid. The audio grid

G

lead, marked @ in Fig. 4, also should be shielded
to prevent hum. The cathode and plate leads -
need not be shielded, although shielding will do
no harm.

Among the unusual featuresof thef.m. circuit
is a cascarle limiter using two 6SJ7’s. A single-
tube limiter will not give good limiting over a
wide range of input voltages because different
magnitudes of input voltages require different
grid-circuit constants. Furthermore, the grid
leak and condenser which give good limiting on
steady signals have too great a time constant
to handle ‘impulse ~noises satisfactorily. By
using two limiters, the first can be designed to
take care of 1mpulse noise with considerable,
although imperfect, limiting on_carrier volt-
ages, while the second is designed for handling
the reduced range of carrier variation passed
on by the first tube.?

Untuned coupling is used between the two
limiter stages. The constants specified have
been found satisfactory in practice, giving
limiting at rather low input levels along
with ample gain without danger of self-oscil-
lation.

The discriminator circuit is familiar except
for (', which is used to balance the extra plate-
to-ground capacltv of the lower diode. 1t has
been shown 7 that good capacity balance in the
discriminator is essential if best suppression of
impuilse noise is to be secured. Cy is simply

7V. D. Landon, A Study of Impulsive Noises in Fre-
quency Modulation Receivers,”” paper presented at the
TRE-RMA Rochester Fall Meeting, November, 1940.

(Continued on page 70)
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Fig. 4 — Circuit diagram of the f.m. adapter.

C1 — 50-ppfd. air trimmer (Hammariund APC-50).
(g — 500-pufd. mica.

Cg — 100-pufd. mica.

4 — 250-pufd. mica.

Cs — 3-30-ppufd. trimmer (National M-30).
Ce, C7 — 0.1-ufd. paper.

Cs — 0.01-pfd. paper.

Co, Ci0 — 100-upfd. mica.

Cn — 50-;mfd. mica.

R1 — 50,000 ohms, %4-watt.

R2 — 3000 ohms, 1-watt.
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Ra — 70,000 ohms, 1l-watt.

R4 — 4000 ohms, 13-watt.

Rs — (.2 megohm, V—watt. .
Re, R7 — 0.1 megohm, }3-watt,
Rs — 0.5-megohm volume control.
Rg —- 50,000 ohms, 14-watt.

T1 — 456-ke. discriminator transformer (including
cgzg}{l;lg condenser and i.f. choke) (Millen
0

81 — D.p.d.t. toggle switch.
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‘The v.f.o. i8 built in a 6- by 7- by 12-inch metal box.
A panel could be added if desired, but there doesn’t seem
to be much reason for one.

So many types of variable-frequency
oscillators have been described in the past
several years that it might seem presumptuous
to tell about another uniess it were radically
different. The v.f.0. of this article is hardly
“radically different,” but it does incorporate
a few features that mlght be interesting to past
and potential builders of variable-frequency
control units. The appearance of the unit is
slightly unorthodox, but that is a result of
trying to make the construction simple and
leaving off any unnecessary parts.

Circuit Considerations

The advantages claimed for an e.c.o. are the
electronic isolation afforded by the circuit and
the compensating effect for changes in supply
voltage when the screen and plate voltages
(and cathode tap) are correctly proportioned.
There is, however, the disadvantage that the
cathode of the e.c.o. is above ground for r.f.,
resulting in putting the heater-cathode capac—
ity across part of the tuned circuit, and this
requires special precautions to minimize the
harmful effects. On the other hand, the claimed
advantages of the e.c.o. can be obtained by
using two tubes instead of one and a regulator
tube in the power supply, and at the same
time an oscillator circuit with a grounded
cathode can be used, thus eliminating the dis-
advantage of the e.c.o.

As can be seen from the wiring diagram in
Fig. 1, a 6J5 triode oscillator is used in the
tuned—plate grid-tickler circuit, operatmg on

* Assistant Technical Editor.
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Whether you already have a v.f.o. or
are just looking for ideas on one, you
will be interested in this description of a
unit that incorporates several thoughts
for improving performance by reducing
drift and reaction. It doesn’t deliver
more than 6 or 8 watts, but that should
be sufficient to drive any beam-power
tube that might be used to start out the
transmitter line-up.

A ang-Tuned V.F.0.

Variations on the E.C.0. Theme
BY BYRON GOODMAN.* WIJPE

160 meters and keyed in the cathode circuit.
The plate and grid by-pass condensers are’
returned to the cathode instead of to ground
to minimize the possibility of stray r.f. in the
key leads. The oscillator is followed by a 6V6
amplifier tuned to twice the frequency of the
oscillator, the excitation being capacity
coupled from the grid of the oscillator. The
combination of the oscillator and amplifier
forms, in effect, an e.c.o. with the cathode
grounded. The 6V6 is cathode-biased high
enough so that no grid current flows, and hence
there is no load on the oscillator. The high
bias on the 6V6 results in considerably more
output on the second harmonic than would be
obtained if the 6V6 were biased for straight

Class-A operation. A high value of grid leak
in the oscillator holds the plate current of the
oscillator to a low value (3 ma. at 150 volts),
which keeps the heating and consequent drift
negligible.

The oscillator operates in the 1750- to
2000-kc. range, and the plate circuit of the 6V6
is gang-tuned to cover 3500-4000 kec. The
oscillator uses, of course, a high-(' tank circuit
for good dynamic stability and to minimize
tube and circuit variations, but the use of a
high-C' plate circuit in the 6V6 amplifier is
unconventional. This 80-meter circuit uses
over 400 pufd. of padding capacity, on the
theory that changes in the input capacity of
the following stage will have less effect on the
6V6 plate circuit and hence less effect on the
oscillator frequency. The reaction is further
reduced by using a low value of grid Ieak on the
6L6 output stage following the 6V6, since this
grid leak is across the 6V6 plate tank and tends
to lower the Q by loading the circuit. Further
to isolate the output of the v.f.o. from the
oscillator, the 616 output stage is neutralized.
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Low temperature—coefﬁclent condensers are
used in the oscillator circuit, in the tank circuit
and in the grid cireuit. The use of a low-
coefficient condenser in the grid circuit was
found helpful in cutting down some drift that
showed up.

Construction

The v.f.0. is built in a 6- by 7- by 12-inch
Parmetal box, with all of the gear except the
dial, power-supply socket, key and output
connectors and an mterstage shield mounted
on one of the removable 7- by 12-inch faces.
This construction makes it a simple matter to
wire the unit and to get at it for testing and
servicing. The tubes sit on top of this panel
and the rest of the parts are mounted under-
neath, giving adequate ventilation for the
tubes and allowing the rest of the parts to
remain at a reasonably constant tempera-
ture.

The three ganged condensers are mounted
on & strip of bakelite with flat-headed screws
sunk in the bakelite so that the condensers
won’t ground to the chassis. The bakelite is
drilled and tapped for screws that hold it to
the top plate of the cabinet. The oscillator
trimmer condenser, (s, is insulated from the
cabinet by using fiber washers on the shaft
bushing, and the output padding condenser,
('3, is insulated by mounting it on a strip of
bakelite in similar fashion to the three ganged
condensers. The buffer padding condenser has
an insulated adjustment screw and can be
mounted directly to the metal without extra
insulation.

The oscillator coil is wound on a I-inch
diameter bakelite form, supported 14 inch
above the metal on a brass pillar. A 2-inch
diameter shield can (ICA No. 1539) is used
around the coil, and the leads from the coil are

brought out through holes in the sides of the
bottom plate of the shield can. The leads are
hrought out through short lengths of spaghetti
tubing that keep the leads rigid. The buffer coil
is wound on a 34-inch diameter polystyrene
form supported 14 inch above the metal on a
brass pillar. The output coil is a manufactured
unit used in low-power exciters, and it is sup-
ported on a plug-in strip provided for such
coils, sunply as a convenience and not because
the coil is changed after once having been
adjusted. The plug-in strip is mounted higher
than usual above the metal by using two small
stand-off insulators fastened together (by a
headless screw) instead of the usual one
insulator.

All of the r.f. wiring is done with No. 14 wire
or the leads from the various components, and
all of the components are tied down on tie-
points wherever necessary for additional rigid-
ity. Every effort was made to eliminate
“Hoppy’’ wiring and consequent microphonic
effects. The keying lead is run through shielded
wire as an extra precaution against r.f. in this
circuit, although it is well-filtered at the oscil-
lator through Ch3, C14 and the r.f. choke.

It was found impossible to neutralize com-
pletely the 6L6 until the shield was placed
between L3 and the output padding condenser,
(7, but with this shield in place the stage could
be neutralized very nicely. The shield mounts
on the side of the cabinet and is not fastened
to the removable plate.

Tuning and Adjustment

The easiest procedure in putting the unit
into operation is to adjust it stage by stage. The
first step is to plug in tubes in the oscillator
and buffer stages and adjust the turns on the
oscillator coil L; for correct coverage. This
can be checked readily by listening to the

¢

A view of the underside
of the unit shows the place-
ment of parts. The shield
partition is fastened to the
side of the can and is not
fastened to the removable
top plate on which most of
the gear is mounted. Two
strips of wood, used to brace
the sides of the box and
reduce microphonic effects,
have been removed for the
photograph.

The shield can at the left
houses the oscillator coil.
The split-stator output pad-
ding condenser at the right
is adjusted during testing
through & hole in the
cabinet.

¢
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signal on a calibrated receiver. The coil was
adjusted in this unit until the range 1750-2000
ke. covered from 5 to 95 on the dial, giving a
maximum amount of bandspread. The fre-
quency checks should be made with the shield
over the oscillator coil, since the shield affects
the inductance of the coil. When the coil has
been adjusted, the turns can be fastened by
coil cement. The tickler winding will probably
need no adjustment, since the excitation can
be adjusted to some extent by changing the
capacity of the grid condenser, Cy;, a larger
capacity permitting more feedback.

With no plate or screen voltage on the 6L6
output stage, a 6L6 should be plugged in and
a low-range (0-5 or 0-10) milliammeter con-
nected in the circuit between Rs and ground to
measure grid current to the 6L6 and to check
the tracking of the 6V6 plate circuit. Setting
the oscillator to the high-frequency end of its
range, tune the buffer padder, Cs, to resonance
as indicated by the grid current to the 6L6.
The current should run around 2 or 3 ma.,
with 300 volts on the 6V6 plate and 150 volts
on the oscillator plate. Now turn the tuning
dial to the low-frequency end of the range — if
the grid current to the 6L6 stays very nearly
constant the oscillator and buffer are tracking.

However, the chances are that the two circuits
won’t track at the first attempt, so note which
way the buffer padding condenser must be
turned again to bring the buffer plate circuit
into resonance. If capacity must be added, the
buffer coil has too few turns, and if the cu.pacity
must be reduced it indicates that there are too
many turns on L3. It is best, of course, to start
with two or three extra turns and remove them
one at a time until the two circuits track. It is
a simple matter and, after the circuits track,
the coil can be fastened to the form by judicious
spotting with polystyrene cement.

The final coil is made to track in much the
same way, using a 10- or 15-watt lamp con-
nected to the output terminals for the indi-
cator. Don’t expect the lamp to light up to full
brilliancy, because the 616 is not working as
a Class-C amplifier and delivers only about 6 or
8 watts. However, the turns should be re-
moved one at a time from the coil until the
output is uniform over the entire range. It was
found necessary to remove one plate from the
tuning condenser, Cs, since the stage wouldn’t
quite track with 5 plates in the condenser. If
the padding condenser, C'7, had slightly more
capacity or if we hadn’t been trying to get
maximum bandspread, it would have been
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Fig. 1 — Circuit diagram of the triode v.f.o0.

C1, C¢—140-ppfd., variable (Hammarlund MC-140-S).

Cz ~— 140-ppfd. midget variable (Hammarlund HF-140).

(3 — 350-pufd. low-drift mica (Aerovox or Cornell-
Dubilier).

Cs — 560-pupfd. adjustable mica padding condenser
(Mallory CTX956).

Cé — 30-ppfd. variable (Hammarlund MC-35-S with
one stator plate rcmoved)

C7 ~— 140-ppfd. per section variable (Hammarlund
HFD-140).

Cs — 100-ppufd. mica.

Co — 250-upfd. mica.

Cio— Low_‘-capacity neutralizing condenser (National

NC- .

C11 — 250-ppfd. low-drift mica (Aerovox or Cornell-
Dubilier).

Ciz through Cgzo ~~ 0.005-xfd. mica.
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Ry — 50,000 ohms.

Ro2 — 0.15 megohm, }4-watt.

R3 — 1200 ohms.

R4 — 15,000 ohms.

Rs — 20,000 ohms.

Re — 300 ohms.

All resistors 1-watt unless otherwise mentioned.

RFC - 2.5-mh, r.f. choke (Coto C1-11).

L1 —- 32 turns No. 24 d.c.c., closewound.

Ly - 15 turns No. 28 d.s.c. closewound. X inch from L.
I1 and L2 wound on l-inch diameter bakelite
form (Millen 45000).

Ls—15 turns No. 24 d.c.c. closewound on #j-inch
diam. form (Nanona! PRF-2).

L¢~-35 tums No. 24 bare, wound 32 turns/inch 13{"

diam. (Natlonal AR16-80S with 9 turns re-

moved). Link is 10 turns.
OST for



possible to make the stage track without
modifying the condenser. However, it is a
simple task to remove one stator plate from
the condenser by twisting it off with a pair
of long-nosed pliers.

‘When all of the stages are tracking, the out-
put stage should be neutralized. This is best
done by adjusting the neutralizing condenser,
Cro, until tuning the dual-section padding
condenser through resonance shows & mini-
mum amount of reaction on the frequency of
the oscillator. By listening to the signal at
zero beat on 14 or 28 Me., it is possible to
detect small changes in the frequency and
hence do a good job of setting the neutralizing
condenser. This particular unit neutralized
with the set-screw of the neutralizing con-
denser set at about 7g-inch out, but the exact
setting will be modlﬁed somewhat by the stray
capacities throughout the circuit and minor
changes in wire placement.

Power Supply and Keying

Fig. 2 shows the suggested values of resistors
for obtaining the proper voltages from a 300-
volt supply. The total drain to the v.f.o. and
voltage divider will run around 100 ma.

The total current to the unit will not vary
much with the key up or down, and conse-
quently the VR tube doesn’t have as much
work to do as it might. The 6V6 and 6L6
stages do not draw excessive current with the
key up because of the self-biasing in the
cathode circuits.

One of the main points of interest to us was
the keying characteristic that could be ob-
tained from the unit. With no lag in the cath-
ode circuit other than that introduced by the
by-pass condensers and r.f. chokes, the keying
characteristic was perfect as indicated on an
oscilloscope. There were no surges, such as
might be introduced by regeneration in the
buffer and output stages. Listening to the har-
monic on 28 Mec. beating against a crystal
harmonic, no trace of a chirp could be de-
tected. However, the signal had some clicks
when listening to it. These clicks are the ines-
capable result of turning the signal on and off
too fast, as indicated by the steep front and
end of the signal as viewed on the ’scope, and
do not extend outside the audible beat range
of the signal as do clicks introduced by a para-
sitic oscillation or a frequency change under
keying. Fortunately, however, they are re-
duced somewhat when the unit is connected to
a transmitter (that has no parasitic oscilla-
tions or regeneration), and it takes only a
small amount of filter at the key to round off
the sharp corners of the characteristic and
give practically clickless keying. T'he filter
we used consisted of a filament transformer
primary in series with the key lead and a 1.0-
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+300 ' 0+300
LY R
< +225
7o)
R?. CS +150
VR-I50
- ! o-

Fig. 2 - The voltage divider and regulator circuit for
the v.f.o. power supply.
R1 — 3000 ohms.

Rz — 15,000 ohms.
All resistors are 10-watt wirewound.

< Rz — 5000 ohms.

pfd. condenser in series with a 10,000-ohm
variable resistor across the key. Fhe res1stor
was adjusted until the clicks were at a mini-
mum. The oscillator does give very positive
keying, however, and will handle any speed
used on the amateur bands with bug or tape
sending.

The oscillator showed some microphonic
tendencies until the box was cross-braced by
two strips of 3{-inch square wood held to the
sides by screws in the ends of the strips. It was
then possible to pound the table to a reasonable
extent without affecting the frequency of the
oscillator, since the ““drum” effect of the cabi-
net was eliminated. Mounting the unit on a
rubber pad will eliminate any microphonics
m};roduced by pounding a key alongside the
v.f.0

The drift of the oscillator was checked by
listening to its harmonic beating against the
harmonic of a low-drift crystal on 28 Me., and
the drift on 28 Me. was less than 1000 cvcles
in 3 minutes, with most of it occurring in the
first minute. This was considered to be satis-
factory, since crystals running hard will often
drift more than that. The output of the oscil-
lator will increase with lower values of grid
leak and higher values of grid condenser, with
consequent greater drive to and output from
the 6L6 output tube, but the drift of the oscil-
lator will also i increase under these conditions.
The values given in Fig. 1 represent a com-
promise between drift and output, but it
would appear to be smart to sacrifice output
for low drift at any time.

The performance of this unit is not to be
considered unique for this particular one, but
simply demonstrates what can be obtained
from any v.f.o. with a reasonable amount of
care. The use of a high-C low-Q buffer tank
plus a neutralized output stage should do
much to help a v.f.o. suffering from chirps and
other reaction from the transmitter, and
running the oscillator itself at a low mput will
do much to reduce drift. The use of zero-
coeflicient condensers in this unit might reduce

(Continued on page 74)



W9JWC and his mast take a rest at the 20-foot level.

ALONG with most other amateurs, I have
always wanted to own a tower from which to
hang any type of antenna that I might want. My
funds being limited, I knew that it was out of the
question to purchase a ready-made structure of
steel.

Early last summer I visited one of the local
lumber companies and inquired if they had any
designs or plans for the construction of a high
tower of wood. They had none, and so I was
forced to draw up my own plans and to design
the tower myself. Not being an engineer and
knowmg nothing about the stresses and strains
in u structure of this kind, I just had to trust to
luck that the tower would stand after it was built.
Of course I intended to guy it, but even so I was
plenty uncertain about it.

The plans were first drawn to scale on paper,
using a 7-foot triangle for the base and making
the height of the tower 70 feet. This looked to be
in about the right proportions (see Fig. 1-A). The
cross hraces were then drawn in, relatively close
together near the bottom of the structure where
the sides are far apart and then a little farther
apart where the sides get closer together. Since
2 by 2’s are fairly cheap, I decided to build the
whole tower, cross braces and all, out of them,
and several hundred feet of them were ordered
from the lumber yard.

Construction

A triangle measuring 7 feet on a side was laid
out on the ground about 2 feet from the back of
the house, and a stake was placed at each corner.
At the points marked by the stakes, 3-foot deep

*628 N. Prospect Street, Colorado 8prings, Colo.
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A Neli-Supporting
Antenna Tower

A 70-Foot Anienna Mast for
Kifteen Doliars
BY 4.

D. BOATRIGHT,” WO9JWC

Here is a description of an antenna
tower that may heip to solve some of
your construction problems. After read-
ing the story, you may not be interested
in going up to the full 70 feet, but you
can’t go wrong with a 50-footer.

holes were dug for sinking the base supports. The
supports were made from three old bed rails that
were picked up at a local junk yard, although any
pieces of steel angle bar could be used. Three
holes were drilled about a foot apart at one end
of each of the rails, and the other ends of the rails
were placed in the holes in the ground. The tops
of the rails were leveled and the rails made verti-
cal in the holes, and then the holes were filled
with concrete. When the concrete had set, holes
were drilled in three of the 16-foot lengths of 2
by 2 to correspond to the holes in the bed rails,

Fig. I~ The spacing of the various sections of the
mast (A) and a plan view of one section (B), showing
how the horizontal members butt into the vertical

members.
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and the three 2 by 2’s were bolted to the supports.

The cross braces, I decided, should be con-
structed on the ground and then carried up and
bolted in place. I cut three pieces of 2 by 2 seven
feet long and laid them on the ground in the shape

of an equilateral triangle. Using a triangle, the .

ends were cut to match each other with a 30
degree cut. A local tinsmith made up a lot of iron
triangles for me, and I bolted them to each
corner, putting two bolts through each end of
each 2 by 2. The result was a strong and rigid
triangle of the correct length on each side to
mount in between the three uprights, just above
the point where the bed rails joined the uprights.
With a shaped piece of strap iron (which con-
formed to the shape of the 2 by 2 and wrapped
around it, and then extended far enough to bolt
to the sides of the triangle), I holted the first
triangle in place.

Taking the top triangle as O feet on a side and

A self-supporting 70-foot mast, built at WOJWC for
less than $15.
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Fig. 2 - Corner detail of the mast, showing the iron
strap used to hold the horizontal members to the side
piece and the gusset plate that gives additional strength
to the horizontal members. 'The diagonal braces are
fastened to the corner by bolts running through the
horizontal members.

the bottom triangle as 7 feet on a side, I figured
the middle triangle as 314 feet on a side and so
on, and thus I computed the length of the side of
each triangle. I then constructed the second
triangle and bolted it in place. I put them 4 feet
apart and used the previously placed one to stand
on while putting the next one in place. After put-
ting four in place, the structure was beginning
to get wobbly. It was at that point that I decided
to put on cross angle braces instead of guying the
tower.

I started at the bottom again and, taking the
bolts out of the shaped iron braces one by one and
replacing them with longer bolts so that they
would accommodate two thicknesses of 2 by 2
instead of one, I placed 2 by 2 angle braces all
around the bottom and then climbed up on that
and did the same all the way up. After this extra
bracing was accomplished, I found the 16-foot
section just about as solid at the top as at the
hottom.

About 214 feet above the fourth triangle was
the end of the 16-foot uprights. A 2 by 2 five feet
long was bolted in place on each upright, half pro-
truding above the top of the uprights, and then the
next 16-foot long 2 by 2’s were hoisted hand under
hand and balanced in place on top of the lower
pieces and then bolted to the splicing 2 by 2’s.
Then, on up to the top of this structure, I slowly
made my way (placing a triangle in place, then
down after another 2 by 2 and the saw, brace and
bit, and the bolts and nuts, and back up again,

(Continued on page 76)



*x WHAT THE LEAGUE IS DOING «

DEFENSE COMMUNICATIONS BOARD

THE committees of the D.C.B. held their
first meetings on January 6th. After a general
meeting in which the work was explained, the
individual committees held their initial organi-
zation meetings. In the case of the Amateur
Radio Committee, George W. Bailey, W1KH,
the president of A.R.R.L., was elected the chair-
man and F.C.C. Assistant Chief Engineer E. M.
Webster was chosen secretary.

All the D.C.B. committees are now hard at
work and will be for some months. Because the
work relates to the employment of communica-
tions in the aid of the Army and Navy, there
will be no publicity except that released by the
D.C.B. chairman. However, it can be said that
the work of the Amateur Radio Committee is
characterized by a proper appreciation of the
potentialities of the amateur. Qut of this work,
eventually, will come plans and announcements
of great interest. In the meanwhile the officers
and regional advisers of A.R.R.L., who are
representing amateurs, will be much occupied
for the next few months to come.

AMERICAN MORSE

FroM time to time we are asked whether
the American Morse code may be used in the
amateur bands. F.C.C. has no objection, pro-
vided it does not lead to confusion. They have

ruled that all call letters must be transmitted in
the International Code and, of course, their
examinations are all conducted in that code, but
there is no objection to the use of American
Morse in the body of communications.

SERVICE RECORDS WANTED

PPLEASE see page 18 of January QST. The
League wants to compile statistics on the con-
tributions made by radio amateurs to the present
national effort. All amateurs serving in radio
work with the military forces of the United
States are asked to register that fact by means of
a post card to A.R.R.L. at West Hartford. Please
give the following information:

(1) Are vou a Selective Service conseript, a volunteer, or
a reservist on active duty?

(2) For how long a term are you serving?

(8) Is your service in the Army, Navy or the Marine
Corps?

(4) To what outfit or organization are you assigned?

(5) Location; where is your organization stationed?

(6) What rank or rating do you hold?

(7) What is your present radio duty assignment?

(8) Were you previously a member of N.C.R. or A.A.R.8.?

(9) Give your name and your home call.

NAA DISMANTLED

SiapLy the Navy announces that it is
taking down the famous three towers of NAA at
Arlington, familiar landmarks in Washington’s
skyline since 1912. With the exception of a very

@© Broadcasting

The Defense Communications Board’s Committees assembled in Washington for their first general meeting Janu-
ary 6th. In the first row, center, may be seen A.R.R.L.’s representatives, President George W. Bailey and Secretary
K. B. Warner. Next to them is Lt. Comdr. John L. Reinartz, U.S.N.R., who represents the Navy on the Amateur

Radio Committee.
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few low-powered transmitters, the work of NAA
is being transferred to Annapolis, NSS. Thus
ends one of the pioneer high-power stations of
the world.

PHYSICAL CONDITION

A Navy personnel officer, himself an
amateur, told us the other day that there is a
disconcerting number of rejections for physical
reasons amongst the amateur reservists who are
being called up. Underweight, no chest expan-
sion, bad teeth, flat feet, and what not. He says
we run far worse than the average.

We discussed this subject in our editorial for
October, 1938, and if you have the issue handy,
we suggest that you take it down and read it.
The average ham is immoderate and unbalanced
in his pursuit of the game; he doesn’t get enough
sleep or exercise, he smokes too much, he works
too hard at radio and keeps himself under strain
too long at a time. This is no time for us to be
caught that way. We urge you, gang, to give
some thought to these things, to practice mod-
eration, and to perceive the desirability of keep-
ing yourselves in proper physical shape.

MISCELLANY
AMATEUR licensing has continued to gain
slowly and is now generally satisfactory. . . .
The Army Air Corps seeks candidates for its
Squadron Communications Officers’ school at
Scott Field, Belleville, Illinois. Nine months’
course in cadet status, ending in commission as
second lieutenant, Air Corps Reserve, and active
duty. Candidates must be college graduates with
some knowledge of electricity or radio, unmar-
ried, 20 to 26 years of age, excellent health. Appli-
cations direct to the Chief of the Air Corps,
Washington. . . . We hear that something simi-
lar in the Signal Corps will be announced soon.
. Chairman Fly of F.C.C. gave us some nice
publicity recently. He says the Commission is en-
couraging amateur activity in the United States
and remarked that the ban against international
communication has not hurt our progress, citing
that our numbers continue to grow nicely. He
lauded our work in times of disaster and storm
and pointed at our value as a reserve of trained
personnel.

NORTHWESTERN ALTERNATE

AFTER advertising again for nominations
for alternate of the Northwestern Division, three
petitions were received. One, for Ivan E. Ander-
son, W7AUDP, arrived after the closing hour and
had to be rejected. The incumbent, W. N.
Wintler, W7KL, was nominated, but unfortu-
nately had to be rejected as a candidate because
of an accidental lapse in his League membership
in 1939. There remained one eligible candidate,
R. Rex Roberts, W7CPY, our S.C.M. for Mon-
tana. Mr. Roberts was thereupon declared elected
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without balloting by the membership and im-
mediately took office. He is by occupation the
manager of the Mountain States Telephone
Company at Glendive, Mont.

« BOOK REVIEW «

The Meter at Work, by John F. Rider.
Published by John F. Rider, 404 Fourth Ave.,
New York City. 152 pages, 138 illustrations.
Price, $1.25.

This latest of the Rider series is, as are his other volumes,
written for the serviceman, but its information is sufficiently
generalized to be useful to all radio people. It starts with
elementary magnetism and goes right on through with a
detailed description of how various meter movements
function, how they are used, how to get the most from the
meters one now owns, and how to go about selecting new
ones.

*“The Meter at Work "’ features a novel physical make-up,
in that the inside pages are split. Each section turns sepa-
rately. The top third contains the illustrations, the lower
two-thirds the text. Thus the text pages can be turned with-
out disturbing the illustrations, eliminating the annoying
necessity of having to turn pages back and forth in referring
to illustrations while reading the text matter describing

them. - (. B.D.

Silent Reps

BT 15 with deep regret that we
record the passing of these amateurs:

Prof. A. C. Carson, W4MN, Columbia,
8. C.

Karl Carter, W6PSF, Grass Valley, Calif.

Frank Cizek, Jr., W2MPJ, Astoria, New
York

Maurice H. Clarke, ex-W8VO, Rochester,
N. Y.

M. O. Davis, WOCDE, La Junta, Colorado

Bradford A. Durfee, WIMGZ, West

Springfield, Mass.

Orris R. Grissom, W6DYL, El Monte,
Calif.

Adolph H. Kloss, W2LYV, Irvington,

N. J.

Lewis Kocum, W9KQC, Anoka, Nebraska

George E. Lantz, Jr., W5FVZ, Ft. Worth,
Texas

Thomas H. Lokken, W9CE, Ishpeming,
Mich.

Richard Naylor, ex-W6GVA, San Diego,
Calif.

Charles E. Perry, W9ASYV, Joplin, Missouri

Joseph G. Separk, W4FQE, Gastonia,N. C.

Hubert S. Smith, W8QKD, FEast Akron,
Qhio

Marguerite L. Thomas, W6NMYV, Chan-
dler, Ariz.




o Foru the Qunior Constructor —
Flea—l’ower A.C./D.C. "Phone

A Few W
BY VERNON

A Goop many beginners — and others,
too — whose primary interest is in ¢.w. operation
often get the urge to put out a few watts on 160-
meter ’phone for local rag-chewing. Many c.w.
transmitters are not particularly adaptable to
the purpose, and the cost of a suitable modulator
often is a deterring factor. The little set described
here has no pretensions as to power, but it does
use pretty nearly the minimum number of parts
for a rig conforming to the regulations. A trans-
formerless power supply and 110-volt tubes are
the answer.

Everything considered, there seems to be
ample justification for a transmitter of this type.
It is compact to a degree permitting simple and
rapid construction and it is complete even to the
extent of including the power supply and an an-
tenna tuner. The tube complement does away
with a power transformer, filament transformers
and u separate rectifier tube, and voltage-
dropping resistors are eliminated because all
tubes have identical plate and screen voltages.

* Technical Information Service.

atés on IGO0 Meters for Local Rag-Cherwing
CHAMBERS,*

WIJEQ

Becausge the power input is limited to 4 or 5
watts, it is possible to employ inexpensive low-
voltage components. Also because of the low
power & one-tube audio system can be used; that
would only be the beginning if the modulator
were called upon to supply audio for an amplifier
running at 20 or 30 watts. Furthermore, several
accessories important to a c.w. rig may be
omitted so long as the design is centered on
’phone operation. Actually, the parts for the
transmitter may be purchased new for as little
as $13.50, including such things as panel, knobs,
terminal strips, wire, etc. The complete set of
tubes may be obtained for $3.81.

The R.F. Circuits

The circuit diagram of Fig. 1 shows a Tri-tet
oscillator capacity coupled to a single-ended
amplifier. Each stage uses the tetrode section of
a type 117L7GT tube. The Tri-tet circuit was
selected because it has the feature of buffering
action attributable to electron coupling between
the crystal and output cirucits. This buffering

action is an important consideration

in & modulated transmitter employ-
ing only two stages because it does
much to prevent frequency modula-
tion by isolating the crystal and
modulated-amplifier circuits. The
plate tank of the Tri-tet may be
used for excitation control because
its tuning is practically independent
of the rest of the circuit. Thus, the
tank may be adjusted to deliver to
the amplifier the amount of excita-
tion giving optimum performance.
This is a convenient method of con-
trol when compared with the system
requiring a coil tap which must be
placed experimentally. [t also per-
mits compensation for various de-
grees of output from different types
of crystals. The screen of the tube
operates at the same voltage as the
plate and is by-passed by the same
condenser used in the plate circuit.
The usual cathode resistor and con-
denser are eliminated because they
are unnecessary so long as the os-
cillator is not keyed. Fixed tuning in
the cathode tank circuit reduces the

'This rear view of the transmitter shows that most of the parts are
above the chassis where they are easily mounted and wired.
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cost of the cathode condenser and
eliminates a control.
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‘The amplifier tube is connected as a triode.
"T'his causes a decrease in the audio power require-
ments because the screen grid does not have to
he modulated; the input to the amplifier would
be greater if the tube were connected as a tetrode
because the screen would consume power and,
a8 a result, more audio would be required to
modulate the increased d.c. input. Plate neu-
tralization is employed, using a neutralizing coil,
Ly, which provides the out-of-phase voltage which
is fed back to the grid through Ci3. This method
of neutralization allows the use of a single-section
tank condenser without subjecting the circuit to
effects caused by hand capacity since it is possible
to by-pass the rotor side of C» to ground. The
amplifier, because of its strictly ’phone classifica~
tion, operates with automatic bias. This results
because the oscillator and amplifier function as
one unit and excitation will be on the final at all
times. Without excitation there would be no bias
and the plate current would soar.

The antenna tuner, consisting of C3 and Ls, is
designed to function with a 100-foot antenna. A
radiator of this length was selected rather than
one measuring a quarter or half wave because
100-foot rolls of wire are readily available and
can be easily installed in most locations. The an-
tenna loading coil is equipped with several taps
50 that parallel tuning can be used throughout the
band; the taps allow the proper LC ratio to be
selected for any frequency in the band. An un-
tapped coil can not be used because the antenna
capacity of several hundred pufd. shunts the
tuned circuit and thus increases the effective
capacity considerably. The (' of the circuit is
therefore so high that only a small coil is re-
quired. This small coil would not cover the
whole band with only a 140-uufd. variable
capacity to work with and, as a result, the
tapped coil is used so that the appropriate in-
ductance may be chosen at will.

Audio and Power Supply Circuits

The 25B6G audio tube operates as a Class-A
amplifier. A single-button microphone is used
in the input circuit. Plate power for the mod-
ulator (and for the r.f. amplifier) is fed through
the modulation choke, L¢, which has a high im-
pedance for audio frequencies. The 15-volt bias
which the 25B6G requires for (lass-A operation
is obtained by means of the cathode resistor,
R;. 'The resistance section of the linecord is used
to drop the line voltage to a value appropriate for
the 25B6G heaters.

The diode sections of the 117L7GT tubes are
placed in parallel to form a half-wave rectifier
power supply. A condenser-input filter is used
so that the d.c. output voltage will be as high as
possible. A single filter choke was found to be
adequate for good filtering, providing that suffi-
cient filter capacity was employed. It is for
this reason that 40-ufd. filter condensers are
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T'he “on-off”

witch, the gain control and the micro-
phone jack are along the hbottom edge of the panel.

suggested. There is only one connection to the
110-volt line. This type of connection was used
s0 that the chassis could be grounded.! With a
double line connection there is danger of short-
circuiting the a.c. line if the plug is incorrectly
inserted. Of course, with a single connection it is
necessary that the active prong of the plug be in-
serted in the ungrounded side of the line socket.
The plate supply will deliver 100 volts at a load
of 150 ma.

Construction

The rear-view photograph shows a majority
of the parts mounted on top of a chassis measur-
ing 7 by 11 by 2 inches. C}, C2 and C3 mount on
the 7- by 12-inch panel, running in that order
from right to left. L is supported by heavy leads
soldered directly to Cy. The oscillator tube and
the crystal are along the right edge of the chassis.

A terminal strip for the meter and ground con-
nections, the power-supply filter choke, and the
audio tube are all mounted along the rear edge
of the base. The form which supports L3, L4 and
Ly is at the rear of Cp and Cj3; the neutralizing
winding is at the right end and the antenna coil
at the letft end. The antenna terminal strip is at
the left end of the base and the amplifier tube is °
to the right of its plate coil. C13, the neutralizing
condenser, is mounted on a stand-off insulator
located between the amplifier tube and the filter
choke. A National TPB bushing runs through
the base at a point below the center of the am-
plifier coil and plate voltage is carried to the final
through this bushing. The amplifier plate by-pass
condenser, the two grid leaks, the grid choke and
the filament by-pass condensers, complete the
list of components mounted above the base.

The terminal strips, sockets and the amplifier
coil are all mounted on 34-inch pillars. Holes 1%
inch in diameter are drilled beneath the centers
of the three tube sockets. A 14-inch hole is drilled
below each of the lugs which form the terminal
strip at the rear of the base. This type of con-
struction was employed so as to eliminate the

1 Simple Transformeriess Duplex Bias Supply, p. 48,
QST, November 1940,
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microphone transformer is mounted
on the rear wall. The 25B6G cathode
condenser and resistor are to the
right of T and the filter condensers
are to the left. Ly and Cy are con-
nected in parallel and are supported
by a lug strip located below the os-
cillator tube socket. The 290-ohm
linecord enters the chassis through a
hole drilled in the rear wall.

I is a self-supporting coil wound
with 58 turns of No. 28 d.s.c. wire
on a diameter of 34 inch. The con-
struction of this coil is similar to
that described on page 17 of QST,
February, 1941.

L» consists of 40 turns of No. 24
d.s.c. wire wound on a piece of
114-inch bakelite tube. At each end of

A bottom view of the "phone transmitter the form two small holes are drilled
parallel with the edge, and heavy
drilling of large holes essential in sub-base wires fed through these holes serve as terminals

mounting. for the ends of the winding and as the mounting
The bottom-view photograph shows the micro-  supports.
phone battery at the upper right-hand corner. Lg L3, L4, and L5 are wound on a piece of 114-inch
is bolted to the right wall of the chassis and the (Continued on page 78)
1TL7GT 1TL7GT Lg
f
L Cs
%RFC
HTLTGT
(Rectifier-Sectrons) See Text

|

é) 4_. Sw

EXTERNAL GND.

Fig. 1 —- Circuit of the low-power *phone transmitter

Ci1, Cz, C3—-140-ppfd. variable Ri1— 50,000 ohms, }4-watt. Battery ~- 3 volts (Burgess 3A2).
_ (National EX-140). Rz — 1000 ohms, 1-watt. Jack —- Open circuit mike jack.

Ca, Cp —~ 100-ppufd. mica. Rs — 300 ohmas, 1%5-watt. Ty — Single-button microphone

Ce, C7, Cg — 0.01-ufd. paper. R4 — 500,000-0hm pot. transformer (Thordarson

Co —0.005 pfd. RFC — 2.5-mh. r.f. choke. T-86A02).

Cio — 25-ulfd., 25.volt paper elec- Swi— S.p.s.t. switch (mounted on  Ls — 6-henry, 80-ma. choke (Thor-
trolytic. i

) 4). darson T-57C51).

Cn, Ciz —40-pfd., 150-volt paper Swa— S.p.s.t. toggle switch. L7 — 8-henry, 150-ma. filter choke
electrolytic. Linecord — 290 ohms (Ohmite (Thordarson T-13C30).

Cig — 25-70-ppfd. trimmer. -290).
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Amateurs Provide Red Cross With Com-
munications on Inauguration Day

Washingion Radio Club Uses 21, Meiers for Emergency Work

RY OSCAR W. B. REED, JR.,* W3FPQ

Members of the Washington Radio
Club established a 2%-meter network
covering the city as a unit of the Disaster
Service of the American Red Cross for the
inauguration of President Roosevelt on
January 20th. So compreheunsive was the
planning for this system and so effective
the results that it received widespread
official commendation.

THIS year the Red Cross, increasingly
aware of the need for public service in time of
emergency, modeled their usual First Aid Service
at public parades along the lines of a complete
disaster service. The occasion of the president’s
inauguration and inaugural parade provided an
excellent opportunity to test this disaster service.

Shortly after Christmas, through Roy C. Cord-
erman, W3ZD, Vice-Chairmat of the Communi-
cations C'ommittee of the District Chapter of
the Red Cross and A.R.R.L. Regional Emergency
Coérdinator, the Washington Radio Club was
invited to provide communications for ten field
first-aid stations. Calling on those registered in
the emergency corps of the A.R.R.L. and other
sources of available emergency equipment, the
club set out under the leadership of its emergency
codrdinators to do the job.

Ten field tents located between the White
House and the Capitol served as the First Aid

*7601 NW 16th St. Washington, D. . Emergency
Cobrdinator for Washington and vicinity.

Stations. To make each of these units capable of
communicating with the District Headquarters
building, the nerve center of the entire organiza-
tion, required the use of self-powered radio units
at each location.

At the first conference called, members of the
club decided that the 2!4-meter band was the
most satisfactory due to present restrictions re-
garding use of portable equipment. At this time
it was discovered that enough 214-meter ’phone
appuratus was individually available to do the
job. As ever, at the last minute additional equip-
ment was developed and used. Improvements in
existing equipment was also the rule.

The Master Control station at the District
Chapter Building, where a.c. power was avail-
able, made excellent use of the crystal-controlled
transmitter of W3ING, running about 65 watts
input to a pair of HK-24’s on 115.2 Mc. In addi-
tion to the field radio stations located in the
tents, two mobile units were also used. These
two units, containing Red Cross personnel as
well as the radio operators, served as liaison for
all fixed units. Carrying supplies of additional
emergency equipment, these units were called
upon several times to replenish emergency
power sources and provide an additional flexible
message service.

Six of the field stations used storage-battery
and Vibrapack power sources while the remainder
depended upon dry-battery supply. Where dry
hatteries were used, communications equipment
consisted of transceivers. In the other cases

(Continued on page 82)

Left — First-aid tent with wh.f. link. Note the pole supporting antenna which may be seen between the group

and tent.
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Right — Control station W3ING, set up at Red Cross Headquarters.
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Band-Width and Readability in
Frequency Modulation*

Effect of Channel Width on Weak-Signal Reception

BY MURRAY G.

0NE of the first questions which arises
when frequency modulation is chosen for a com-
munication system is that of the band width or
amount of frequency deviation to be used. Among
the many factors which affect the choice of band

35
30 | E— 5 \[\(}
Tl | o |
25/
ST T /
-
W g
£t
i j
2 10— |~
< / /
lé. 5 / A

¢ 2 4 (3 8 i0
CARRIER IN R-M-5 MICROVOLTS

Fig. 1 — Peak signal-to-noise rano charactenstxcs for
frequency-modulation systems using maximum fre-
quency deviations, Fa, of 20 and 6 kilocycles, respec-
tively. The audio band-width was 5 kilocycles. ‘1'he
noise was internal receiver noise and the signal-to-noise
ratios were measured on an oscilloscope.

width is the subject of quality or readability of
signal required. It is the purpose of this article
to consider that subject and to attempt to show
the relationship between band width and reada-
bility.

When the term readability is mentioned, con-
sideration is limited to types of service in which
the primary object of the system is the bare
transfer of intelligence. This confines the con-
sideration to services where the desire is to trans-
mit voice the maximum distance with full reada-
bility. For, while a high signal-to-noise ratio is
desirable in the reception of voice, increasing the
ratio above a certain value does not improve the
readability. Consequently if the high signal-to-
noise ratio is obtained at the expense of the ability
to receive weaker signals, which is the case when
the band width is made too wide in a frequency

* Algo in RCA Review, January (first quarter) issue.
*#% RCA Communications, Inc., Riverhead. N. Y
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modulation system, the system is not working
at its best efficiency. As will be shown here, when
the primary object is the transmission of intelli-
gence, the maximum distance will be covered
when the band width is made the minimum
possible.

The reason for this superiority of a system
using low frequency deviation over one using high
frequency deviation, when maximum distance is
the consideration, can best be shown by a study
of the curves of Figs. 1 and 2. These curves com-
pare the peak and root-mean-square signal-to-
noise ratio characteristics of two frequency modu-
lation systems having maximum frequency devia-
tions * of 6 and 20 kilocyecles, respectively. The
curves were taken by varying the carrier strength
of the frequency-modulated signal generator and
measuring the signal-to-noise ratio at the output
of each receiver for the full frequency deviation
that each receiver was capable of handling. The
radio-frequency input circuit of the two receivers
was common so that both receivers were on an

U“Deviation’ in this paper refers to the amount of
frequency shift. to ane side of the carrier.
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Fig. 2 -~ Root-mean-square signal-to-noise ratio char-
acteristics for the same systems used for Fig. 1. The
nlgnal to-noise ratios were measured on a rectifier-type
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Of prime interest to u.h.f. men, this
article, by an authority in the f.m. field,
describes the results of an investigation
of the effect of f.m. band-width on read-
ability. Using the same band-width as
normally employed in a.m. work, weaker
signals can be read with frequency
modulation than amplitude modula-
tion.

equal basis so far as carrier strength and input
noise were concerned. The noise consisted of the
thermal agitation and tube hiss within the re-
ceiver. For the curves of Fig. 1, the signal and
noise in the receiver output were measured by
means of an oscilloscope which indicates peak
voltages. For those of Fig. 2, an ordinary rectifier-
type meter was used so that root-mean-square
signal-to-noise ratios were obtained.

From these curves, it can be seen that for
carriers below a certain value, the low-deviation
system produces a greater signal-to-noise ratio
and is therefore more capable of “reaching down”
into the noise to receive a signal. It will be noted
that both systems give a signal-to-noise ratio
which is approximately proportional to the car-
rier strength down to a certain carrier strength.
Below that strength there is a rather sudden
drop-off in signal-to-noise ratio. This drop-off is
due to a phenomenon which is peculiar to a fre-
quency-modulation system ® and which is called
the “improvement threshold” effect. Any fre-
quency modulation system has an improvement
threshold above which the frequency modulation
gain or improvement is realized and below which
the signal becomes submerged in the noise. The
threshold occurs when the peak voltage of the
carrier is equal to the peak voltage of the noise
in the intermediate-frequency channel of the re-
ceiver. The full frequency modulation improve-
ment is not realized until the carrier is about
twice as strong as the noise.

It will be noted that the improvement threshold
of the wider system of Figs. 1 and 2 occurs at a

2 Murray (. Crosby, *Frequency Modulation Noise
Characteristics,”' Proe. of [.LR.E., Vol. 25, No. 4, April, 1937.

stronger carrier strength than that for the nar-
vower system. Hence, other things being equal,
the wider system requires more transmitter
power to produce a signal which will be above the
threshold. The reason for this will be apparent
when it is realized that the wider receiver must
have a wider intermediate-frequency channel
which inherently accepts a wider spectrum of the
noise. The wider spectrum of noise has a larger
peak voltage so that the improvement threshold
for the wide system occurs at a_higher carrier
strength. Thus the threshold for the wider system
of Fig. 1 occurs at a carrier strength which is about
twice the corresponding strength for the narrower
gystem.

The difference between the shapes of the curves
of Figs. 1 and 2 is due to differences in crest factor
(the ratio between the peak and root-mean-
square voltage) of the noise. For carrier strengths
above the improvement threshold, the crest factor
is constant at a ratio of about 4.5. When the
carrier is on the improvement threshold, the crest
factor is higher by an amount which depends
upon the deviation ratio (the ratio between the
maximum frequency deviation and the maximum
audio frequency of the system) of the frequency-
modulation receiver. This increase in crest factor
is caused by the fact that the higher peaks of the
noise approach equality with the carrier so that
these peaks are at the threshold while the lower
peaks produce a carrier-to-noise ratio which is
above the threshold. When the peak voltages of
the carrier and noise approach equality, the effec-
tive frequency variation of the resultant wave
rises to very high values and the stronger of the
two voltages assumes control of the receiver.
Thus, if the noise is stronger than the signal the
noise assumes control and depresses the signal.
Hence as the carrier is lowered towards the
threshold, the effective frequency deviation of the
noise rises until the higher peaks begin punching
holes in the signal. As the carrier is weakened
still further, the weaker noise peaks also punch
holes in the signal so that it is submerged in the
noise. The point at which the highest peaks of the
noise just begin to reach equality with the carrier
peak voltage, produces a “sputtering” type of
noise which changes the character of tube hiss or

Fig. 3 — Oscillograms of internal receiver noise appearing at the frequency modulation receiver output. A (left) is
with carrier-to-noise ratio at the threshold or “sputter point.” B is with carrier-to-noise ratio above the threshold.
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Fig. 4 — Readability comparison of frequency modu-
lation systems using frequency deviations of 20 and 6
kilocycles, respectively. The a.f. of both receivers cut
off at 5 kilocycles. The ordinates are plotted in the
readability scale of the RST system, as follows:

1 -— Unreadable.

2 Barﬁ{y readable, occasional words distinguish-

able.

3 -~ Readable with considerable difficulty.

4 — Readable with practically no difficulty.

5 — Perfectly readable.

thermal agitation so that the improvement
threshold is easily recognized. Figs. 3A and B
show the wave form of the noise at the threshold
(which has been called the “sputter point”) and
above the threshold respectively.

When the noise is ignition or similar man-made
noise the situation is similar to that shown by the
peak signal-noise ratio curves of Fig. 1. In addi-
tion, the frequency-modulation receiver has in-
herent to it a noise-silencing action which is at
least as effective if not better than the best
amplitude-modulation noise silencer. This noise-
silencing action is self-adjusting and is automati-
cally adjusted for best operation as soon as the
signal is tuned in. More detailed description of
this action is considered elsewhere.?:3

Listening Tests

With the signal-to-noise ratio characteristics
as described above, it can be seen that the answer
to the question regarding the relative readability
obtainable with systems using different maximum
frequency deviations depends upon the magni-
tude of signal-to-noise ratio required for a given
readability. For instance, taking the curves of
Fig. 1, if readability is obtainable on the narrower
system for the signal strengths which are below
the threshold of the wider system, the narrower
system will have a range of superiority in reada-
bility of weaker signals. As will be seen from the
following curves, practically full readability is
obtained right down to the improvement thresh-
old of the narrower system. With the wider sys-
tem, full readability is not obtainable until the
signal is strong enough to reach the threshold of
the wider system.

In order to determine the actual difference in

3 Murray G. Crosby, * The Service Range of Frequency
Modulation,” RCA Review, Vol 4, No. 3, January, 1940.
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signal readability for systems using different fre-
quency deviations, a listening test was conducted
on the two frequency-modulation systems which
were used for Figs. 1 and 2. A 5-kilocycle low-
pass filter was inserted in the audio output of
both receivers so that one had a deviation ratio
of 1.2 and the other 4. The noise consisted of the
thermal agitation and tube hiss originating in the
radio-frequency circuits.

The curves of Fig. 4 show the results of the
listening tests. Readability numbers of the RST
system are plotted against microvolt output of
the frequency-modulated signal generator. The
points for the curves were taken from the averaged
readings of three separate observers, namely,
A. M. Braaten, R. E. Schock, and the writer.

It is obvious from these tests that the narrower
system is capable of “dipping down’ deeper in
the noise to receive a signal. For equal reada-
bility on the two systems, it appears that the
system with a deviation ratio of 1.2 will receive a
signal about one-half as strong as that possible
with the system having a deviation ratio of 4.
Hence the minimum readable signal strength
decreases approximately in proportion to the
square-root of the ratio of the two deviation
ratios. In the particular case of the systems used
for Fig. 4, changing the deviation ratio of the
system from 4 to 1.2 is equivalent to an increase
in power of about 4 times, so far as readability
is concerned.

The curves of Fig. 5 were taken in the same
manner as those of Fig. 4, but the two systems
compared were the narrower frequency-modula-
tion system of Figs. 1 and 2 and its equivalent
amplitude-modulation system. The maximum
frequency deviation of the frequency-modulation
system was 6 kilocycles and the audio band was
5 kilocycles. It can be seen that the narrower
frequency-modulation system gives a readability
which is always greater than that obtained on the
amplitude-modulation system.

It is apparent from these tests that the opti-
mum frequency deviation for a frequency-modu-

(Continued on page 86)
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Fig. 5 — Readability comparison of a frequency-
modulation system and its e¢quivalent amplitude-
modulation system. Maximum frequency deviation=
6 kilocycles. Audio band = 5 kilocycles.
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Aiter the Code Proficiency
Gertificate — What ?

BY F. E. HANDY,* WIBDI

THOUSANDS of amateurs have now quali-
fied for one of A.R.R.L.s Code Proficiency
Awards. Thousands of others are still starting on
the road. There is hardly any slackening of the
monthly pace! The certificate based on qualifica-
tion from W1AW runs is now recognized as ful-
filling part of the code speed requirements in the
new civil service exa,mination for “Under com-
munications operators.”

We invite every F.C.C. amateur hcense holder
to get in the swim and get that League certifica-
tion that comes from having gone upward one or
more notches from the initial license requirement
set by Uncle Sam. We're as happy to issue a 15
w.p.m. certificate as for higher speed. The idea is
to spread the good word, and keep the program
going until EVERY SINGLE HAM has done his
bit to get the recognition due him — and his bit
to make amateur radio more secure for us all —
by showing interest in the thing that the govern-
ment sets great store by which is nothing less than
OPERATOR PROFICIENCY. To everybody now
holding a code award we say, *Congratulations,
you've done your part well. Please try this
month to get one local radio friend to send in his
try at whatever he can do. Thanks.”

More power to all those who have gone upward
and still are advancing their personal proficiency
in the program, and to all who aim to make them-
selves real communication operator experts
whether they have started on the program or not.
The A.R.R.L. 20-25-30-35 w.p.m. stickers are

*Communications Manager, A.R.R.L.

available for recognition of each advance from
your first certified speed. This short article is for
the sole purpose of offering two small suggestions
to those aiming at consistent progress. In a nut-~
shell the goal of top proficiency can be attained by
(1) Cultivation of ability to copy on a type-
writer.
(2) Building general procedure ability and code
speed through traffic work.

Making Mill Copy

From two sources that we regard as reliable we
have it impressed on us that the Trained Oper-
ator today must be able to copy on a mill. Sixty
per cent of our letters from League members are
typewritten, which proves amateurs have the
machines available — so why not get so we can
all put ““ten on a line’” with a mill instead of by
hand? They are making portable typewriters even
for the planes today! Everywhere you go you will
find writing machines. A friend writes from his
first assignment, ‘“We have about 25 or 30 of the
gang here and every one of them can take it on
the mill. Makes a fellow feel funny if he cannot
copy that way. From my short experience it is
essential to have a chance in the services that
every man be able to put the stuff down on a
mill.” Agreed then that we must learn not only to
handle code well, but to put it down on a type-
writer!

Suggestion one for learning to make mill copy
is a simple one. You have heard it before. Practice

(Continued on page 91)

¢

The A.R.R.L. Code Proficiency Certificate
is available to every Umted States hcensed
amateur. The program aims to recognize your
code ability. WIAW practice transmissions
are scheduled daily except Friday starting at
9:15 p.m. C.S.T. on 1761, 3825, 7280, 14,253
and 28,510 kc. These will help you add to
your ability to read code the knack of copying
code. Now is the time to prepare for the next
official qualifying run from W1AW which will
take place Friday, March 21st, at 9:30 p.m.

C.S.T. Aim to get your certificate or endorse-
ment sticker for higher speed on that date.

¢

The Rmerdean Radio Relay Teague, Ine.
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Traffic Fun—A Defense Job for Every Amateur

| Ee January field organization bulletin
of the League we requested every Section Man-
ager, Route Manager, and "Phone Activities Man-
ager to see in connection with the many canton-
ments, camps, and training schools now being
filled, that a personal contact be made with the
officer in charge, or his representative toexplain
amateur radio facilities and arrange if possible
for collection and origination of traffic from such
points. This spells opportunity to all amateurs
looking for traffic to aid personal operating abil-
ity. It is a chance for us amateurs to prove our
value to the nation, handling third party mes-
sages that would otherwise never be sent perhaps
but which have a distinct and great value in
morale building both for volunteers and con-
scripts and for the friends and families at home!
All such League representatives are requested to
appoint a qualified spokesman to do this contact
job if unable for any reason to do it in person.
It will be necessary to explain amateur radio,
our unguaranteed uncompensated, non-competi-
tive service, our operator building through traffic
training, our desire to he of service, in getting
understanding coiperation from proper post
officials. Do not offer more than can be per-
formed. If any bottle-necks develop SCM’s and
Hgq. will work out methods or organization to
assist handling if we are advised.

It must be explained that any amateur mes-
sage service does not compete with wire services,
since there are no charges and can be no guaran-
tee. Help your S.C.M. make this contact if you
can. Even though a commander may not desire
or be able to have an amateur station in his camp
he ought to be interested in putting a box for
amateur messuge collections in the recreation
quarters with a suitably typed explanation of use
of the facilities and the possible results.

This year we have urged upon each net and
trunk liner the importance of exchange schedules
and work in the General Traffic Period between

HAMS — GET IN THIS!?

Amateur Radio Traffic from Uncle
Sam’s Trainces is already on the air. It
will increase. It is an amateur radio job
to help the morale of our soldiers and
sailors. Your assistance, please. It is
amateur radio self-training to keep every
amateur frequency busy with the traflic.

Study the Outline of “What to Do’
und put the principles into operation in
vour daily amateur operation. Gel in
touch with your S.C.M. to get into a
net or to accept an organizing post as
explained at the end of the outline.

30

remote sections. This is accomplished by reliance
on one or more members of a net for specified
kinds of interconnecting schedules or general
work. For the third month we emphasize in QST
the importance of making fullest use of the Gen-
eral Tratlic Period for message exchanges on every
amateur frequency and mode of operation. The
General Traffic Period and the proper cosperation
of every licensed amateur, and use of directional
(2Q’s, should expedite moving any and all traffic
between or to the proper sections of the country.
The delivery problem is taken care of best by the
thorough coverage of Sections by local nets that
include all larger cities. In all these A.R.R.L. nets
the stations each accept responsibility for deliv-
ery to any nearby points not directly represented
by radio stations.

WHAT TO DO

Kor those accepting this defense opportu-
nity, and we hope every amateur will, here is
an outline of the best way to get in on the fun.

If near a camp, cantonment, or training
school:

1. Ask your SCM if you may represent him
in making arrangements to bring about the
origination of amateur radio traffic from the
trainees.

. If successfully arranged, take the following
steps to see such traffic well started:

(a) Make prompt pickups on a schedule.

(b) Complete arrangements with local ama-
teurs:

(1) To share any traffic load, to feed
all traffic to proper points they
schedule.

(2) To get traffic into existing lines and
nets that give best service between
desired areas,

(3) To arrange long hops such as their
facilities provide for points where &
lot of traffic is consistently expected
to be sent.

(¢) Urge all local amateurs to make prac-
tical use of the General Traffic Period
for all bands and distances to move
traffic not fitting into existing network
plans.

1o

If not near trainee centers:

1. Get on and use the General Traffic Period
to grab anything coming your way — and
to help relay.

2. Listen for directional CQs. Help relay to or
toward destinations by schedules, nets, or
otherwise.

3. Netters: Make your nets more useful by
using the G.T.P. for all net stations to get

0ST for



traffic on and off the net, so your coverage
is available to those outside the nets.

ALL Member-Amateurs:

Aid your S.C.M., R.M,, and P.AM. in their
current expansion of delivery networks (ex-
plained in their bulletin of December 12th last).

Organizers are needed for additional town-to-
town networks in many A.R.R.L. Sections. The
S.C.M.! will appreciate volunteers for P.A.M.
or R.M. until the posts at his disposal are filled.
These officials have authority to initiate activi-
ties in their groups, and are specifically charged
with getting an effective network in operation
on a particular amateur band.

What organized delivery and inter-connecting
town-to-town defensive networks does a fully
organized A.R.R.L. Section have?

Route Manager sponsored:
A 3.5-Mec. c.w. net.
A 1.75-Mc. c.w.? net.
A 7 Me. c.w. net.

"Phone Activities Manager sponsored:
A 1.8-Mec. ’phone net.
A 3.9-Mc. 'phone net.
56- and 112-Me. 'phone ? nets.

Nets in general consist of up to 15 or 20 sta-
tions, usually working close to a common fre-
quency. When over 20 stations and communities
are connected in one net, two 3.5-Me. Section
Nets will be authorized. A January 22nd bulletin
on “Network Organizing’”’ contains complete
outlines for starting and operating nets including
procedure suggestions for operating use in both
'phone and c.w. nets. This will be sent oniy
to R.M. and P.A.M. officials as we receive their
appointments from their S.C.M.

All amateurs are asked to help build up organ-
ized amateur radio operation, which plays a vital
part in this defense and self-training project.
All amateurs who are members can become
O.R.S., O.P.8S.,, or R.M.s/P.A M.s where vacan-
cies are to be filled. All amateurs, members or
not can earn a beautiful Section Net certificate
by three months’ successful participation in net
training and operating in R.M. and P.AM.
sponsored nets. Send a postal to your S.C.M.3
to-day stating your interest in having your sta-
tion part of the Section Net, so he can put you
in touch with the proper R.M.-P.A.M,

One of our main talking points for use of fre-
quencies “in the public interest” lies in our
operator training value. Operators cannot be made
in laboratories and workshops, though equip-
ment can be developed and tested there. Knowl-

! See March 1940 QST, or send a card to A.R.R.L. for
udvices on existing net organization.

2 Where activity and interest warrants and volunteers
make possible.

3 See page 4 for addresses of all S.C.M.
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Use the General Traffic Period

AID TO MOVING TRAFFIC

TRY IT! The General Trathic
Period will make for effective amateur
results in the traffic line.

The daily period 6:30-8:00 p.m. (your
local time) has heen designated the
**GGeneral Traffic Period.”” All organized
networks and official appointees are re-
quested to work general during this
period. In this manner operators who
are unable to maintain regular sched-
ules or whose operating time is limited
may get on the air from 6:30-8:00 p.m.
and clear their traffic through O.R.S.
and T.L.S. who keep schedules on estab-
lished traffic routes. Make use of this
period daily to further delivery of traffic
and dependability of service. Directional

" CQs will also be found useful during this
period.

For 7- and 3.5- and 1.8-Mc. band op-
erators the local time designation 6:30-
8:00 p.m. will enable traffic-training
minded hams to swap messages over
north-south strips of territory within
their time zones and perhaps extending
a zone each way.

14~ and 28-Mec. band operations (and
longer hops on 7 Mc.) can be taken care
of by making a selective use of the desig-
nated period. That is, let us assume we
are in San Francisco and have a message
for New York. We know that 8:00 p.m.
New York time is 5:00 p.m. locally, so we
get on the air with our 14-Mec. transmit-
ter and tune for New York stations,
starting at 3:30 p.m. and continuing
until 5:00 p.m.

edge of fundamental theory, and code foundation
are big assets of the amateur. Traffic and train-
ing are synonymous words. There is to us nothing
more fascinating in amateur radio than the abil-
ity to convey intelligence past the person we can
talk to directly through handling recorded traffic.
Also there is no better way to train ourselves than
to handle traffic . . . no better use of our fre-
quencies!

Every one of us who is an amateur ought to be
very familiar with the technique of handling re-
corded messages. It makes no difference whether
we use €.w. or voice transmission, the ability of
either the individual or the fraternity to point
with pride at communicating ability inherent in
the individual depends a lot on his knowledge of
what to do with recorded communications. Skill
is obtained by practice. Learning through doing
is the essence of our amateur radio. Traffic is
one of the very best roads to gaining keenness,

{(Continved on page 96)
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Push-Pull 809's in a
Low-Frequency Transmitter

Inexpensive Two-Stage Rig for the 1.75- and 3.5-Mc. Bands

BY DON MIX,*

WITS

expense and avoid unnecessary cir-
cuit complications by building his
transmitter for these frequencies
alone. Also, where cost is of no con-
sideration, even multiband operation
is most satisfactorily accomplished by
the use of separate transmitters for
each band.

The transmittershown in the photo-
graphs is an example of what can be
done in the way of simplification of
circuit and conservation of space
when the design may be confined to
cover the two lowest-frequency bands,
namely the 1.75- and 3.5-Mec. bands.
A transmitter of equivalent power
rating, following the usual form of
multiband design would normally re-
quire three rack units, whereas the
200-watt single unit shown in the

Front view of the two-band, low-frequency transmitter. The
rack panel is 10Y4 inches by 19 inches.

Mny logical arguments have been
set forth in favor of the multiband transmitter.
For anyone who wants maximum power output
on several bands at a minimum cost, a more
practical arrangement is yet to be found.

However, the multiband transmitter does
not represent the most economical design for
the ham who wants to get on the air with the
smallest investment and who has no particular
desire to flit from band to band. Even though
cost may not be important, there are other
factors, such as restrictions in space for either
transmitter or antenna, desire for simplifica-
tion in construction and adjustment or plain
Jack of interest in more than one or two bands
which make the multiband transmitter unde-
sirable, or at least unnecessary.

For those who confine operation to the
higher frequencies, greater efficiency and econ-
omies in space and cost will result if high-
capacity tank condensers and other large
components required for the lower frequencies
can be eliminated. On the other hand, anyone
who is interested in the lower-frequency bands
only can also save considerable space and
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photographs requires no crowding of
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