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Recently, on TV, there has been a series
of ads put out by the Cancer and Heart
Associations showing how children learn
from their parents and tend to imitate their
actions. These ads all end with the question,
“Do you smoke?”. Now, I am not going to
give you any lectures on smoking, since
[ use the filthy weed myself. I merely use
this to illustrate a problem we have in ham
radio.

About a month ago, I was at a luncheon
meeting where an ARRL Division Director
loudly complained about the terrible oper-
ating habits of the newcomers to ham ra-
dio. He droned on and on about how the
newcomers were ruining our chances for
frequency allocations and are to blame for
all our troubles in amateur radio today.

I can't help thinking that as the child
learns from his parents, so the newcomer
learns from the old-timers. Incidentally, the
definition of an “Old Timer” is anyone who
has been licensed longer than you have.
It is the obligation of each ham to see that
his operation on the air is courteous, legal,
and within the bounds of good manners.
This is not too difficult, but we should all
remember that someone new will be learn-
ing from us.

My dictionary defines the word “commu-
nicate” as: An exchange of ideas by speech,
writing or signals. Note that it says ideas.
Listening to the average QSO on the air,
[ get the feeling that there is little com-
munication going on. There is an exchange
of information such as the kind of rig, the
signal report, names, addresses, and a FB
OM, CUL ends the contact,

There is no set formula for getting a
QSO going on an exchange of ideas, but
we should try to toss out some tidbit to
begin a stimulating exchange. GCranted,
there are some who are not interested in
communicating and nothing you will say
gain more than “By the way, what's the rig
on that end”. However, with the majority
a leading question like “What is your oc-
cupation?” will usually draw a response and
will be countered with a question which

will give you something to go on and there-
by begins a communication.

2

The exchange of ideas is especially re-
warding in a QSO with a station from an-
other country. Granted, Rag-Chewing with
“rare” DX is frowned upon, unfortunately,
and in these cases all you can hope for
is an exchange of information, not ideas.
But the less exotic DX is usually not only
willing, but eager to talk, not only about
rigs and antennas, but about themselves
and their families. They will answer ques-
tions you may have about their way of life,
and furnish the opportunity to travel while
sitting in the ham shack. The most reward-
ing part of this kind of communication is
the friendships which often develop and
grow over many years. Try communicating
once in a while and your enjoyment of ham
radio may increase.

Having spent the past month searching
the files to see just what interested articles
are available for future issues, I would like
to call for authors to produce. For the past
year, there has been a lax policy about
prompt payment of authors. I was shocked
to find that there were dozens of authors
who’s articles had been accepted, but who
had not been paid on acceptance. As of
now, this has been rectified and all pay-
ments are current. They will remain so! The
payment policy is payment on acceptance.
The system goes like this: You send in an
article for our consideration. If, in my
judgment, it is suitable for 73, I will write
you a letter accepting it and telling you how
much your payment will be. As soon as you
accept my offer of payment, a check will
be sent to you and your article will be
processed for publication as quickly as pos-
sible.

At the moment we need VHF articles.
The magazine has neglected the VHF angle
for the past year and the files are bare.
Of most interest would be construction ar-
ticles using ICs. No conversions or modifi-
cations of commercial gear, please, unless
they are really unusual and have the ap-
proval of the manufacturer. Commercial
equipment reviews will usually be rejected
unless you are well known to us and have
done writing for us before. However, if you

(Continued on Page 84)
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A low cost Crystal for
the Experimenter

International

e LOW COST

e MINIMUM
DELIVERY TIME

3,000 KHz to 60,000 KHz

SPECIFICATIONS: International Type
“EX" Crystal is available from 3,000
KHz to 60,000 KHz. The “EX" Crystal
is supplied only in the HC-6/U holder.
Calibration is = .02% when operated In
International OX circuit or equivalent.

CONDITIONS OF SALE: All "EX" Crys-
tals are sold on a cash basis, $3.75
each. Shipping and postage (inside U.S.
and Canada only) will be prepaid by
International. Crystals are guaranteed
to operate only in the OX circuit or its

equivalent.

COMPLETE OX OSCILLATOR KITS

Everything you need to build your own
oscillator. Two kits available. "OX-L" kit
3,000 to 19,999 KHz. "OX-H" kit 20,000
to 60,000 KHz. Specify “OX-L" or "OX-

H'' when ordering. 5235

Postage Paid
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type ttEX)?
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Postage
Paid

MINIMUM DELIVERY TIME We guaran-
tee fast processing of your order. Use
special EX order card to speed delivery.
You may order direct from ad. We will
send you a supply of cards for future

orders.

ORDERING INSTRUCTIONS

(1) Use one order card for each fre-
quency. Fill out both sides of card.

(2) Enclose money order with order.

(3) Sold only under the conditions
specified herein.

INTERNATIONAL
, AR AR

CRYSTAL MFG. CO., INC.

10 NO. LEE «» DKLA. CITY, OKLA. 737102
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never say die

The latest issue of Interadio, the Inter-
national Telecommunications Union publica-
tions, has some sobering words for amateurs.
We have our amateur radio frequencies not,
as so many amateurs believe, as a gift from
the FCC, but as the result of the ITU agree-
ment between 133 countries. And if we lose
our frequencies they will not be lost at
Washington, but in Geneva.

Few amateurs in the U.S. realize just how
precarious our position really is. Most of
those 133 ITU member countries are on
record as being officially in favor of cutting
our amateur bands and, if they are ever
given the chance, it is quite likely that we
will come out of the conference badly
pruned,

Time is on our side. Technical develop-
ments will eventually relieve the pressure
on our bands as other services change over
to cables and satellite communications. This
may be in the near future here in our
country, but it is still further off than most
other countries can see. So, in the mean-
while, we will continue to exist as long as
a new ITU conference can be stalled off.

Amateur radio has friends in high places
in the ITU and in many foreign govern-
ments. An understanding of the long range
benefits of amateur radio is gradually be-
coming more evident in many countries.
They are beginning more and more to re-
alize that amateur radio is much more than
a hobby for the wealthy, it is a primary
training ground for electronic technicians
and, frequently, one amateur station can
reach more of a listening audience than

millions of dollars spent on short wave
broadcasting.

The Interadio editorial says, “There is one
thing going on in the amateur world today
that bids fair to cancel out all our attempts
to popularize and publicize amateur radio
with the world’s radio Administrations.
Some amateurs, on DXpeditions, have been
using call signs that they themselves in-
vented for the purpose and which are reg-
istered nowhere officially. To quote No. 735
of, the Radio Regulations, Geneva, 1959—
these are the international regulations gov-
erning radiocommunications of all kinds—

4

“Transmissions without identification or with
false identification are prohibited.” Now
that is clear and unambiguous, and that
writ runs in the 133 Administrations of the
world that are members of the ITU. We
all know that a stiff fight is ahead for us
to save the amateur bands, and so it is the
height of folly for any amateurs to be so
thoughtless as to present the opponents of
amateur radio with a first-class, legal, and
unanswerable case that radio amateurs are
using their bands irresponsibly.”

The “they” in this case seems to be Don
Miller and his self-appointed prefixes such
as 1S9, 1M4, 1G4, etc. These prefixes are
absolutely illegal and I am surprised that
the FCC has not taken action to reprimand
Miller for his flagrant breaking of inter-
national law. I am also disappointed in the
ARRL for giving credit for some of the op-
erations using these illegal call signs. It
wouldn’t surprise me if the ARRL were to
reconsider their earlier hasty decision in this
manner and delete DXCC credits accord-
ingly.

Perhaps CQ will also reconsider their de-
cision to champion this man who is such an
international disgrace to amateur radio. Per-
haps they will also name a new winner for
their DX contest, which Miller supposedly
won from Minerva Reef using the made
up 1M4 call. Those of you who enjoy doing
a little research will be interested in com-
paring the Miller pictures and description
of Minerva Reef with the book Minerva Reef
by Olaf Ruhen published in 1964 by Little,
Brown. After reading the book one wonders
just what Minerva Reef Miller visited.

Well, enough about Miller, I think he
has been grounded by the DX fraternity.
The harm that he has done is incalculable.
This means that all of us are going to have
to work that much harder if we are going
to see amateur radio through the hard days
ahead. And there is much that we can do. . .
every one of us can help.

While not many of us are in the position
where we can go traveling around the world
talking with the radio Administrations in
the foreign countries, selling the benefits
of amateur radio to them, we are in a pos-
ition to get on the air and see that amateur
radio puts its best foot forward to the
world. All of us have a clear responsibility
to keep our bands as clean as we can. When
you hear someone on the air making an
ass out of himself you should delegate your-
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5 BAND—520 WATT TRANSCEIVER

HDME S TA TIOIV—MOBILE—POR TABLE

SSBAM-CW _

The new model 500C is the latest evolutionary develop-
ment of a basic and well proven design philosophy. From
the very beginning, with the introduction in 1961 of the
first single band SSB Transceiver, Swan has followed a
steady course of improvement by evolution. You might
think that we would finally reach the point of leaving well
enough alone, but with some 18 licensed hams in the
engineering, sales and production departments of our
organization, it just isn't possible. Thus, the new model
500C, with greater power and additional features for even
more operator enjoyment.

RCA recently introduced a new heavy duty “blast rated”
tetrode, the 6LQ6. With a pair of these rugged tubes the
final amplifier operates with Increased efficiency and
power output on all bands. PEP input rating of the 500C is

conservatively 520 Watts. Actually, an average pair of

¢: 6LQ6’s reach a peak input of over 570 Watts before flat-
k- topping!
.+ Further refinement of the famous Swan YFO results in
even greater mechanical and thermal stability and more
precise dial calibration. Custom made planetary drives, ma-
chined to extremely close tolerance, provide velvet smooth
tuning.

The 500C retains' the same superior selectivity, of
. course, that we have been offering. The filter is made
t* specially for us by C-F Networks, and it's no secret that it
- 1S a better filter than is being offered in any other trans-
. ceiver today. By moving the L.F. to 5500 KC, and increas-
ing the number of tuned circuits in the receiver, we have

SEE IT AT YOUR
SWAN DEALER

r lr"|I| “

achieved substantial improvement in image and spurious
rejection. These improvements, coupled with addi tional 8

TVI filtering, result in what we believe is the cleanest -3

transceiver on the market. C
For the CW operator the 500C includes a built-in side-

tone monitor. Also, by installing the Swan Vox Accessory

(model VX-2 ) you will have break-in CW operation. Thus, :
the model VX-2 now fulfills a dual function, both auto- =¥
matic voice control and break-in CW keying. Grid block .3
keying of a pure CW carrier is employed wath uff set trans- 33
mit frequency. s
The 500C embodies the Swan's well known dedication
to craftsmanship, performance and reliability, with a serv-
ice policy second to none. When you visit your Swan dealer
and look over the 500C, we are sure that you will $
be glad we couldn't ‘let well enough alone.’ 520

SWAN 350C Our improved standard model, now in prnduc-

tion, and still only ........ 90 e TR S $420

ACCESSORIES

MATCHING AC POWER SUPPLY
N IR it sh s s e st e

12 YOLT DC POWER SUPPLY
Model 14-11/

MODEL 410 FULL COVERAGE EXTERNAL YFO
MODEL 22 DUAL VFO ADAPTOR
MODEL 405X CRYSTAL CONTROLLED MARS OSCILLATOR $45

MODEL VX-2 VOX and BREAK-IN CW UNIT

ELECTRONICS

Oceanside, California
A SUIB51NARY OF CUBIC COHP




Fred Berhley WB2CPG
32-16 Crescent St.
Astoria, L.I., New York 11106

Narrow Band Frequency Modulation

Intfroduction

The NBF Modulator to be described has
been designed around a component known
as a Voltage Variable Capacitor and is being
sold under the tradenames of Varicap by
TRW Semiconductors Inc. and Semicap by
the International Rectifier Co. The writer
has found no appreciable difference, per-
formance wise, but local availability has
sometimes dictated choice.

Electrically they are diodes, have polarity,
are fairly unaffected by heat, are voltage
sensitive and are usually reverse biased with
a low dc voltage when used as a Narrow
Band Frequency Modulator. They are the
simplest, least costly frequency modulating
device available and are capable of pro-
viding 100 percent modulation for a kilo-
watt transmitter at full CW rating at a
cost of less than $5.00 for the modulator and
a stage of microphone pre-amplification.

Physically, they are the size of a quarter
watt carbon resistor for the Varicap and a
top hat rectifier look a-like for the Semicap.
In spite of their small size, they are capable
of performing functions normally requiring
tubes or bulky mechanical equipment. We
have in mind mechanical sweep mechanism,
or saturated choke inductors such as are used
in sweep signal generators or similar instru-
ments calling for frequency modulation.

Used as a NBF modulator, the Voltage
Variable Capacitor, hereafter referred to as
V.V.C., will change capacity with application
of any voltage across it’s terminals, and the
resulting change will be nearly linear for a
comparatively large change.

FEe

B+
77 \

FIXED PLATE

Fig. 1. Capacitor microphone frequency modulator.

&

See Fig. 3. Since the V.V.C. as a frequency
modulator becomes part of the oscillators
tuned circuit, any fraction of audio voltage
across it's terminals will cause the V.V.C.
to change capacity in step with the applied,
audio voltage, thereby producing almost per-
fect direct frequency modulation. The fre-
quency change, due to the audio voltage,
appears to be linear over a fairly wide fre-
quency deviation from resting or center fre-
quency.

47k
|—o 10 VFO

VARICAP VISE OR
f SEMICAP 6.8SC20

4-6V
BIAS

Fig. 2. Basic varicap frequency modulator.

Frequency modulating systems:

The V.V.C. as a modulator is possibly the
nearest thing to the classical example so often
described in textbooks: wherein the tank coil
of an oscillator is shunted with a capacitor
microphone; and where the minute capacity
variations of the microphone, when spoken
into, add to or subtract from the total static
capacity across the oscillator’s tank coil and
in this manner produces Direct frequency
modulation. A seemingly simple idea which
never did work out well in practice. One of
the main reasons was of course the required
use of the highly special and costly micro-
phone, since no other microphone available
could provide the necessary capacity varia-
tions.

The only restriction a V.V.C. imposes upon
an oscillator to be frequency modulated, is
that the oscillator is not of the extreme sta-
bility type. Crystal controlled and some high
C/L type of oscillators do not lend them-
selves very readily to the direct type of fre-
quency modulation. Crystal controlled fre-
quency modulated transmitters usually em-
ploy the indirect or phase modulation method,
in which modulation is introduced into a

73 MAGAZINE



VOLTAG

FREQUENCY

Fig. 4. Slope detection.

the transmitter, in this case, is set at a lower
level than normally is used, in order to match
the bandwidth of a possibly very selective
receiver. If all conditions are right, the only
indication a receiving station may experience,
is a low S meter reading with considerable
audio.

For a better understanding of the slope
detection method, Fig. 4 and the following,
should be helpful. Admittedly, slope detec-
tion is not the most desirable way to receive
an FM signal. For amateur use of NBFM,
where the total bandwidth is usually less
than 5 kHz, slope detection can, and will,
produce a pretty good audio signal at the
receivers output. For the ultimate in FM
reception and to do full justice to a still
very fine mode of communication, with it’s
many advantages over AM and even, under
certain conditions, the SSB mode of opera-
tion, a receiver of the limiter-discriminator,
limiter-ratio detector or quadrature detector
type is a must. In spite of it’s seeming short-
comings, slope detections permits the owner
of an AM receiver to copy NBFM signals in
pretty good style. That is something which
could not be done with the same receiver
trying to copy SSB without the benefit of
a product detector and/or a BFO.

When the carrier of an NBFM signal falls
on the sloping side of the rf response curve
(See Fig. 4) in an AM receiver, the fre-
quency variations of the FM carrier are con-
verted into equivalent amplitude variations.
This conversion results from the unequal re-
sponse above and below the carriers center
frequency at point B on the curve. Conse-
quently, when the incoming signal is less
than center frequency at point A, the output
voltage is at it's minimum or negative value
and when the signal swings to point C on the
curve, the output voltage is at it’'s maximum
or positive value. This available voltage can
be fed to the regular AM detector where the
original FM audio will be recovered. The
obvious nonlinearity of the response curve

would be detrimental to wide band FM re-
ception using the slope detection method,
since the most linear portion of the response
curve has a limited frequency response. With
NBFM, where the required frequency re-
sponse is limited to voice frequencies of ap-
proximately 3000 Hz maximum, the undis-
torted output voltage available can provide
a fairly good audio quality from an NBFM
signal.

Finally, if the NBFM center frequency is
permitted to fall on point D of the rf curve,
the maximum frequency swings would fall
between points C and E, and, because of the
relative flatness of the curve, there would be
no effective output signal. Under actual re-
ceiving conditions, this would manifest itself
as a big carrier indication on the S meter
with practically no audio, and the receiving
station would report the NBFM transmitters
signal in these terms.

Those wishing to take full advantage of
NBFM operation, are handy with simple tools
and are familiar with FM circuitry, won’t find
it too difficult to add a small ratio detector
or quadrature strip to their present receiver.
Hints and circuits can be found in the ARRL
handbook in the chapter on specialized com-
munication systems. To the readers who may
question the effectiveness of slope detection,
it can be stated that the signal strength thus
received is about one quarter of an equivalent
AM signal. It should be remembered how-
ever, that the FM signal in nearly all cases
is received at a 100 percent modulation level,
especially if the FM signal bandwidth match-
es the receivers.

Adding the NBF modulator to the VFO.

Fig. 6 shows a complete and practical
NBFM—VFO circuit, which incidently hap-
pens to be a copy of the writers own 2 meter
rig, and the tube version in Fig. 7 for the 6
meter transmitter. The battery operation in
Fig. 4 has been replaced by the power source
circuitry in Fig, 5 after giving excellent serv-
ice for over two years. Where desirable, bat-
tery operation is practical and economical,
since current requirements are low for the
circuit in Fig. 6.

It should be remembered that, when in-
stalling a V.V.C., the nominal capacity of
the V.V.C. (which is determined by the
bias voltage) is in series with the small
coupling capacitor (3.3 pF in Fig. 2.) and
shunted across the total tuning capacity of
the oscillator. The result is, of course, a
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stage following the oscillator, thereby per-
mitting the transmitter to be fully modulated
and still retain the stability advantages of
crystal control. Phase modulation is not
within the scope of this article and was men-
tioned solely for the benefit of those who may
be tempted to trv frequency modulating a
crystal controlled oscillator by the direct
method.

Cost of NBFM

For the “home brewer” with a limited
budget, NBFM is a real money saver. The
cost of a good AM modulator for a kilowatt
rig could be prohibitive for a fellow with a
thin pocketbook. The price of complete NBF
modulator including a microphone amplifier
need not be more than the price of a single
medium power AM modulator tube. Although
very low in cost, the NBF modulator has the
built-in capability to produce 100 percent
modulation for any transmitter from 1 to a
thousand watts and at full CW ratings as
previously stated.

The total space required for the NBF
modulator and pre-amp as shown in Fig. 6
is less than a matchbox and the total weight
less than 3 ounces with no power wasting or
heat producing components in its circuitry.
Amateurs with outboard VFO’s should find
it particularly easy to add NBFM operation
to their transmitter, without having to give
up their AM mode, by installing a NBF
modulator and pre-amp in the VFO and by
disabling the AM modulator, which in many
cases requires only to switch to CW, where
this provision is available. To acquaint those
readers who may have had little or no
experience with frequency modulation of the
direct type, a basic V.V.C. circuit is shown
in Fig. 2. The oscillator to be frequency
modulated may be of any standard design and
the V.V.C. should be connected to the os-
cillator with the shortest leads possible. The
more affluent members of the amateur fra-
ternity who may be fortunate enough to own
a P & H, or similar, compression amplifier
may, with a few minor changes recommended
by the manufacturer and shown in his in-
struction sheet, use the compression amplifier
instead of microphone pre-amplifier shown
in either Fig. 6 or 7. With the recommended
changes the P & H will deliver slightly more
than 1 volt of audio with approximately 10
to 15 mV, input which is more than needed
to produce frequency deviation to the full
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Fig. 3. Frequency variation at | MHz with a Pacific
Semiconductor VOISE voltage-variable capacitor.
Typical capacity (25° C) is 12 pF.

legal limit at the transmitter’s output fre-
quency at 6 meters. The compression am-
plifier is simply connected between the micro-
phone and the audio input terminal of the
modulator, best shown in Fig. 2.

Receiving NBFM signals

Receiving NBFM signals should pose no
great problems, since almost any AM re-
ceiver, with the possible exception of the
Heath Sixer, can receive NBFM signals using
the slope detection method, which requires
nothing more than a slight detuning from
the NBFM carrier's center frequency. The
amount of detuning required depends a
great deal upon the rf response curve of the
individual receiver. Audio quality obtainable
from an AM receiver using the slope detec-
tion method, is mainly a function of the re-
ceivers bandwidth to match the deviation
width of the NBFM signal. Receivers with
a 5 to 8 kHz bandwidth should have ab-
solutely no trouble receiving an NBFM sig-
nal with a deviation level of 4 to 5 kHz. The
more selective receivers with a 2.1 to 4 kHz
bandwidth can easily be accommodated by
reducing the deviation width at the trans-
mitter.

The writer has had many fine QSOs with
stations having some very selective receivers
with bandwidths around the 2 kHz mark and
has had some very good audio reports at
that. In some cases the receiver’s owner was
not even aware of the fact that he was listen-
ing to an NBFM signal. This however, can
happen only if the listeners receiver and
transmitter are tuned to the same frequency.
The FM transmitter is then tuned to the
listeners frequency and finally backed off
slightly from this frequency, which is reality
is nothing more than slope tuning in re-
verse, and is done at the transmitter instead
of at the receiver. Frequency deviation at

7
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Fig. 5. Alternate transistor supply and bias source
for Fig. 6.

small shift in the VFO’s dial calibration.
With VFO’s having 100 or 500 kHz cali-
bration points, this effect will be negligible.
Those who own a precision calibrated fre-
quency meter type of VFO, can easily re-
store the original dial calibration by a very
small internal trimmer adjustment, or, if pro-
vided, a small tuning slug adjustment of the
VFO’s tank coil.

With no audio exitation from the micro-
phone, the NBFM modified VFO will deliver
a steady rf signal. This is why a NBFM-VFO
with no audio input can still be used as the
VFO for the original AM mode. Since many
of the popular VFO’s for the six meter band
operate at fundamental frequencies of 8 to
9 MHz and are using the transmitters multi-
plier stages, with a multiplication faction of
six to obtain output frequencies of 50 to 54
MHz, the actual frequency deviation at the
VFO’s fundamental frequencies is very small,
percentage wise. To be more specific; the
proper deviation for NBFM is about 2000 Hz
based upon an upper audio frequency limit
of 3000 Hz with a deviation ratio of approxi-
mately .7 at the output frequency. This de-
flection is about equal to 100 percent modula-
tion on voice peaks, and since the accepted
deviation for NBFM is 2000 Hz, the required
deviation at the VFO’s fundamental fre-
quencies would be (taking into account the
transmitters multiplication factor of six) . . .

% of 2000 Hz or roughly 333 Hz. It may be
interesting to know, that the total capacity
change required to cause a 333 Hz deviation
is less than 1 pF, and it takes less than 1 volt
of audio to produce this frequency swing.

A good rule to remember when using any
V.V.C. as a frequency modulator, is not to
exceed the V.V.C. operating voltage, and that
for proper NBFM operation, the bias voltage
for the V.V.C. must be set high enough to
prevent the sum of all voltages, dc, peak rf,
and peak audio, from driving the V.V.C.
into it's forward or conducting region.

In the circuit shown in Fig. 6, the output
from the one stage of audio and a high
impedance microphone is more than enough
to fully modulate any transmitter. It should
have become clear from the above given
figures that it is rather easy to overdeviate or
modulate any NBFM transmitter. A word of
caution to the home brewer who may be
building his own favorite VFO. A carelessly
built VFO can actually produce frequency
modulation without the aid of an V.V.C.,
but it will be of the incidental or illegal kind,
frowned upon by the powers that be. The
writer has copied many AM stations with a
strong FM content on their carrier and can
often read considerable frequency deviation
of the AM carrier on his deviation meter. A
clean AM signal is dead, audio wise, on it’s
center frequency, when received with a
properly operating FM receiver.

Before leaving the NBFM—VFO subject,
the writer would like to say, that he is fully
aware of the many tvpes of silicon diodes
available on the surplus market which may
be suitable for application as a V.V.C. How-
ever, the audio requirements of these surplus
diodes may be more demanding than the
simple, single stage of preamplification shown
in Fig. 6 and 7 can provide, thereby off-
setting, guite possibly, the price advantage
of a surplus diode of unknown performance.

—I: MODULATOR -

f* MIC PRE- AMP
| |
!

L

%H’IEE OR 6.85C20

Fig. 6. Practical 8 MHz direct frequency-modulated YFO with battery operated transistor pre-amplifier.

MARCH 1968




Fig. 7. Yacuum tube
version or Fig. 6.

Conclusion

Up to now, the writer has deliberately re-
frained from making any direct comparisons
between the various modes of communica-
tions and is fully aware that the next lines
will bring forth some very strong disagree-
ments, especially from the SSB addicts. The
writer, having been around FM longer than
he cares to remember, believes that; CW is
more efficient than mther AM, FM and SSB
and that SSB is more efficient than AM and
that FM is better than either AM or SSB, .
up to a point. The definition or location of
this point is not too difficult, especially on 6
meters, since the 6 meter band has not been
a spectacular DX band, skip conditions ex-
cluded, and ground wave reception, even
when conditions are favorable, do not ex-
tend regularly for thousands of miles, there-
fore a six meter NBFM signal can fall easily
within this “point”. There is nothing mysteri-
ous about this point, it is simply the distance
in miles from the NBFM transmitter, where
the signal produces the “threshold of im-
provement effect,” or in plain words, where
the signal is strong enough to provide ade-
quate limiting in the FM receiver. At this
point, FM is better than AM, as good as
SSB, and at points closer to the transmitter,
where heavy limiting occurs at the receiver,
FM comes up with a distinct advantage over
either AM or SSB. There are several ways to
substantiate these claims. One of the more
easy to understand is the S/N vs. Pathloss in
dB application where, by means of graphs,
the efficiency of either mode of communica-
tion can be readily demonstrated.

With a properly operating FM system of
transmitter and receiver, and a signal within
the limiting range of the receiver, there are
many advantages available that can be ob-
tained with either the AM or SSB mode of op-
eration. The great drawbacks of AM (like

random noise, ignition noise and co-channel
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interference), are practically absent with
the NBFM mode. With AM, an interfering
signal on the same channel may require an
input signal to 20 to 35 dB above the inter-
tering signal for an acceptable S/N ratio,
while the FM mode requires only 6 dB or
two times the signal strength of the interfer-
ing signal, because the FM receiver responds
to frequency variations and limits amplitude
variations caused by noise or other unwanted
signals. Again, let us remind the reader that
the described advantages are not obtainable
with the use of slope detection.

Unfortunately, very little information on
NBFM has appeared in print recently, at
least not in print available to the average
amateur and many of the younger amateurs
in age and term of license are, in the writers
opinion, convinced that the FM mode of
operation went out of use with the cats whis-
ker and crystal set era. Many do not realize
that Governmental Agencies, Armed Forces
Services, Business Band Operators and not to
torget the big Commercial Tropo Scatter
Stations, where reliability is a prime requisite;
all of them use FM.

Some time ago the writer ran across an
advertisement of a prominent manufacturer
of amateur and business band gear who had
this to say about his new line of NBFM
transceivers, Quote, “rugged, with capture
effect reception, overcomes interference, im-
munity to ignition noise” and here comes the
punch line “The FM mode results in greater
range than AM units.” Interesting, . . . when
it comes from an outfit that lays it's cash on
the line.

The readers who are still with us, even
those who may disagree with us, may find
a few interesting points in our closing lines.
Amateurs, for example, living in an apart-
ment house in greater New York City, operat-
ing six and two meter AM phone, have, at
one time or another, had their share of
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“Indian” warfare, although their transmitter
like ours was perfectly clean. Demonstrating
an interference free TV receiver operating in
the shadow of the transmitting antenna means
absolutely nothing to a person having TVI
and who does not want to be helped. Ex-
planations, advice, and even the offer of a
free $4.00 high pass filter makes no impres-
sion.

I have listened to many six meter heroes
shouting their battle cry of “co-operate but
operate.” With few exceptions they moved
up to two meters or wound up with self im-
posed silent hours when the “Indian” pressure
become too great. We are lucky to hear them
working the midnight shift now-a-days.

The writer and a group of fellow amateurs
decided some four years ago to avoid all
this aggravation on six meters and “switched
rather than fight” to the NBFM mode of
operation and all in our group are now op-
erating our six and two meter rigs any day,
any hour with no TVI complaints whatso-
ever. Since possibly the majority of TVI
complaints are of the audio rectification type,
that’s where they copy your call and loca-
tion, as it was in our case, switching to NBFM
eliminated all further complaints.
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It is true, our maximum power into the
antenna is only 40 watts. It is likewise true
that our transmitting antenna sits right in
the middle of a forest of TV antennas on top
of a six story building housing 67 families.
Some of our fellow amateurs run their NBFM
modified Zeus transmitters at 180 with no
TVI complaints, while operating the same
transmitter on AM practically causes an up-
rising in their immediate neighborhood.
While FM has many advantages, it can not
perform miracles and in the case where TVI
is caused by the transmitter’s carrier, resulting
in a severe front-end overload at the TV
receiver, there is nothing that NBFM can
do to eliminate this condition, at least not at
the transmitter, because FM like AM does
have a carrier. However, where modulation
bars on the TV screen and audible inter-
ference are the complaints,; NBFM will re-
solve these complaints, almost 100 percent,
in practically all cases.

We would like to conclude with the follow-
ing: if going NBFM eliminates or at least
greatly reduces certain types of TVI, then
that feature alone recommends it's use,

especially, if in doing so, peace is restored
on the “reservation.” . WB2CPG

“
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ing and peaking RF power into
a dummy load. Four calibrated
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built-in Compreamp which may
be used independent of patch.
MODEL 3001

(Without Compreamp) $53.00
MODEL 3002

(With Compreamp) $72.50

Double-tuned, resonant cavity
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PEP . . . lightweight and in-
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Add definite “talk power” to
your signal with Compreamp!
Self-powered and solid state,
it is easily installed in the
mike line of either fixed or
mobile station. Great for the
added punch when QRM and
band conditions are tough.
MODEL 359 . $271.95

ATTENUATOR
Gives stepped attenuation to
225 MHz from 0 to 61 DB in
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MODEL 371-1

(UHF Connectors) .= $29.95
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(BNC Connectors) ... $32.50
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Waters Manufacturing, Inc., is a2 member of Electronics Industries Association.
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Harley Gabrielson W6HEK
1150 Polk Ave.
Sunnyvale, California 94086

Transmitter Keying—with Transistors

The most common method of keying a
CW transmitter is the simple operation of
opening and closing the cathode return cir-
cuit(s) of one or more stages in the trans-
mitter. This mode of operation is effective,
but it turns out to be uncomfortable, if not
downright dangerous, due to the high dc
voltage which appears across the terminals
of the key. The problem is often solved by
the use of a keying relay. It is also possible
to accomplish cathode keying by the use of
a transistor (or transistors).

What are the requirements for a transistor
to do this switching job? First, it should be
an NPN transistor so that it can be used
with the positive collector voltage that ap-
pears at the cathode of the tube circuit
which is to be keyed. Second, it should be
capable of withstanding the open-circuit
cathode voltage from collector to emitter
(Veeo) during key-up conditions. And third,
it should be capable of carrying the plate
current of the keyed stage continuously dur-
ing the key down condition,

In the early days of transistors, their volt-
age ratings were severely limited, and it was
rare (and expensive) to find one with a
Veeo rating above 100 volts. More recently,
several manufacturers have announced units
with voltage ratings in the 300 to 400 volt
region. These same transistors will handle
currents of 100 ma or more and have collector
dissipation ratings in excess of 1 watt. The
RCA 40264 has a V.eo of 300 volts, a maxi-

mum collector current rating of 100 mA col-

KEY 40264

R Qe g

Fig. I. The simple keying circuit.
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Fig. 2. The Darlington circuit further reduces bat-
tery current drain.

lector dissipation of 1 watt and sells for
$1.21.

During key down conditions, the switch-
ing transistor will be operating at high cur-
rents, but the terminal voltage will be very
low so that the collector power dissipation
will be less than half a watt. In addition to
keeping the power dissipation low, this low
collector voltage during key down conditions
minimizes the effect on the bias voltage for
the keyed stage of the transmitter. The satura-
tion voltage under these operating condi-
tions should be less than 5 volts.

The keying circuit turns out to be very
simple in practice—Fig. 1. The bias battery
voltage and associated resister are selected to
cause the keyer transistor to draw saturation
current under key down conditions. Current
drain from the bias battery can be further
reduced by using the Darlington -circuit
shown in Fig. 2. Both transistors in the
Darlington circuit must be capable of with-
standing the open circuit cathode voltage of
the transmitter. In checking your transmitter,
make sure that you use a high impedance
voltmetey (preferably a VITVM) when meas-
uring the key up voltage.

As a typical example, the Seneca trans-
mitter shows 250 volts across the open key
contacts, and it draws 90 mA when the key
is closed. An RCA 40264 transistor was
used in the keying circuit shown in Fig. 1.
A 1% volt battery and a 100 ohm resister
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Fig. 3. Replacement key jack
which has a separate pair of
switch contacts which close

‘r‘ when the key plug is with-

drawn.

(A)

draw 4 mA at the base of the transistor and
this is sufficient to drop the collector voltage
from 250 volts (key up) to 3 volts with the
key closed. The same transmitter was used
in the circuit of Fig. 2 with a 9 volt transistor
radio battery and a 100,000 ohm resister.
For these conditions, the base current is 70
microamps and the collector voltage drops to
2 volts with the key down. Take your pick.

A transistor keying circuit can be built
into the transmitter as an installed modifica-
tion. When doing this, the keying jack
should be replaced. Most keying circuits use
a jack which has a grounding contact to
short out the keyed circuit when the key
plug is pulled out. This type of jack, Fig.
3A, will work with the transistor keyer, but
it will leave the battery connected and draw-
ing current continuously. It is recommended
that the regular key jack be replaced by one
which has a separate pair of switch contacts
that close when the key plug is withdrawn.
(Fig. 3B).

As an alternative to modifying the trans-
mitter, the transistor keyer circuit can be

_—

47k

47k

|

F o
Tl

Fig. 4. A variation of circuits shown in Figs. | and 2.
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built into the key, or into a small unit which
can be plugged into the normal key jack of
the transmitter. The key can then be plugged
into this sub-assembly to key the transmitter.
These unit arrangements external to the
transmitter have the advantage that they can
be used with other transmitters as long as
the voltage and current ratings of the keyer
are not exceeded.

The circuits shown in Fig. 1 and 2 are
great, if the cathode voltage does not go
higher than the voltage rating of the avail-
able transistors. The circuit of Fig, 4 is a
variation which can be used to increase the
maximum voltage level which can be keyed.
In this circuit, the voltage applied to the
keyer transistors is divided across the series
string by the resistive divider in the collector
circuit. A similar resistor divider is con-
nected in the base circuit to bias the upper
transistors off during the key up condition.
The supply for this divider should be the
B+ for the keyed stage and the tap voltages
should be just slightly lower than the cor-
responding emitter voltages. The resister in
series with each base should be set to limit the
base current to the level required for satura-
tion (about 3 to 5 mA) when the key is
closed.

Several transistors can be used in series
to key 1000 volts or more. There would be
no trick in keying your final amplifier with
this arrangement, but remember that the
transistors must be rated to carry the total
key down current of the keyed stage.

It is also possible to combine a sidetone
keying monitor with a transistor to key the
cathode circuit of a transmitter. An audio
oscillator may be keyed, the output tone recti-
fied, and the resulting dc signal used to pro-
vide the base drive for a keyer transistor.
Fig. 5. This circuit also lends itself to use
with tape recorded signals. The recorded in-
formation can be played directly into the
tone rectifier for keying the transmitter.
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Fig. 5. Keying an audio oscillator to provide drive
for a keyer transistor.

One caution with applying transistorized

transmitter keying. Make sure that your
transmitter is keyed to the cathode circuit.
If your transmitter has blocked-grid keying,
the keying voltage will be negative and you
could lose a transistor in a hurry if you plug
an NPN transistor into it. If you want to
transistorize the keying with a blocked-grid
keyer you will have to adapt these circuits
to the use of PNP transistors.

If your transmitter is cathode keyed, then
here is your cure for that nippy key and the
sparking contacts.

... W6HEK
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Howard S. Pyle W70E
3434—74th Ave., S. E.
Mercer Island, Wgshingi'nn 98040

Mini-Mitter; The Ultimate in Miniatures!

World's smallest HF Transmitter?

Well, maybe not the smallest but a pretty
darned good runner-up! Now that we've ap-
parently succeeded in ‘mini-mizing  every-
thing else from automobiles to skirts and
now to electronic components, maybe it’s
time we tossed a few minis together into
a compact ‘talk-box’. The “Mini-mitter” does
just that; a completely self-contained CW
transmitter with integral power supply, all
housed in a 2” x 2” x 2%” minibox . . . much
less than half the size of the popular walkie-
talkie. And, is “Mini-mitter’ limited to a
range of a few city blocks? Not by a long
shot; her debut was made her first day on
the air by chalking up a 300-mile contact in
broad daylight with a readable signal re-
ported! And she’s been behaving just as
well ever since.

Her ‘heart’ is an OX crystal oscillator re-
cently introduced by the International Cry-
stal Manufacturing Company. This little
gadget, with all components and a beautiful
little etched circuit board only 1% inches
square, is sold as a kit for a mere $2.35 post-
paid! Everything is included; transistor and
socket, crystal socket, all resistors and ca-
pacitors and the specially-built inductance.
Mounting screws, spacers, nuts and lock
washers . . . theyre all there! All it takes
to get on the air is the 20 to 30 minutes to
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Mini-Mitter proudly exposes her innards.
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Fig. |. External connections to the International
Crystal OX oscillator for operation as a low-power
transmitter.

put it together plus a key, a 6- or 9-volt
battery and a crystal of whatever frequency
you choose between 3000 and 6000 kHz.
Use your own crystal, or preferably, one of
International’'s EX crystals around which
this oscillator was designed—just a few pen-
nies more from your piggy bank. If you use
your own rock you may have to whip up a
little adapter if your crystal pins and spac-
ing vary from the socket provided; this is
no trick however—ten minutes will do it.
Aside from the little oscillator assembly,
we have added a coax connector (use a pho-
no plug if you prefer), key jack and a SPST
toggle switch. This latter may be omitted if
you like; it is simply connected across the key
and serves to keep the circuit oscillating
should you want both hands free to set spot
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DB—A Curious Animal

One of the most talked about, and least
understood, facts of radio, is that of dB gain.
Below is a simple table of dB vs Power Gain

Decibels Power Gaind

I 1.26
1.58
3 1.99
4 2.51
5 3.16
6 3.98
7 5.01
8 6.31
9 7.94
10 10.00
I
12
13
14
15

12.60
15.80
19.90

25.10
31.60

Now lets say that you have an antenna
with 6 dB gain, and by increasing the size
one way or another, you eke out one more
dB. By looking at the table, you have
increased from 3.98 to 5.01 power gain
which figures out to be an increase of 26
percent.

Carrying this further, if you raised a 13
dB antenna to 14 dB gain, you would in-
crease 19.90 to 25.10, or 26 percent math-
ematically. But, assuming you have 100 watts
at the antenna, increasing from 6 to 7 dB
would raise your theoretical antenna power
from 3.98 to 5.01 times 100 watts, or 398
watts to 501 watts; an increase of 103 watts.

Now lets take the other instance—we have
raised the power from 19.90 to 25.10 watts—
or an equivalent of 1990 watts to 2510 watts.
This time you have gained 520 watts. Ob-
viously while the 103 watts is not to be
taken lightly, it is obvious that when you
get into the high gain antennas, squeezing
out one more dB is a very much worth while
thing.

You can immediately see that stacking an
antenna with a gain of 10 dB you would,
as they say, “double the power” (or from the
table increase it 1.99 times). This would
become 19.9 against 10.0. You have increased
your 100 watts to an equavalent of 199
watts (assuming no stacking loss).

A stacked antenna certainly is cheaper than
doubling your transmitter power.

W. Roberts WeHQY
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Completely self contained, including power supply,
the "Mini-Mitter" can be nestled in the palm of
your hand!

frequency on your receiver for example. As
this is an untuned circuit, no tuning controls
are provided or required; to change frequen-
cies, simply plug in the appropriate crystal

and you've got it made . . . what could be
simpler?
RF TERM O

L

|
K
()

L/C TO RESONATE
ON SELECTED BAND &

o
SERIES

Fig. 2. An auxiliary antenna tuner for loading the
mini-mitter info a random length wire. The L/C ratio
is selected to resonate on the desired band.

With only milliwatts output, a good an-
tenna is a must if you hope to work reason-
able distances. If you have a half-wave di-
pole or equivalent frequency conscious an-
tenna, simply plug the coax feeder from the
antenna into the connector on the “Mini-

The only external connections required are to the
antenna and key!

MARCH 1968

O ANT

mitter” . . . no trick antenna tuners or other
gadgets to bleed off energy. However, if
you propose to use the little rig with a ran-
dom length wire for portable operation, for
instance, you may have to rig up a ‘mini-
tuner’ for it. This too, is no trick; you can
get a suitable coil and variable capacitor in
a matching ‘Mini-box™ and a conventional
L/C circuit will fill the bill. Should you want
to go whole hog, add a DPDT toggle switch
to change the antenna capacitor to ‘series’ or
‘parallel’ as desired. Such a tuner is shown
in the schematic which, together with the
“Mini-mitter” will give you a very flexible
antenna choice. Assembly instructions and
schematic for the oscillator board accom-
pany the kit so we are simply showing the

EIoiRe

Underside of the printed circuit board on which all
components were installed in twenty minutes!

connections which are external to the board.
The terminals are plainly marked as shown.

While this little oscillator was designed
and built by International with apparently
no thought of its communication capabilities,
but more as a test oscillator, it occurred to
us to hook it to a sky wire on a hunch. We
were dumbfounded! Is 300 miles on 40 me-
ters with 1.2 watts inputs bad? This, with a
six volt battery; in the final assembly we
found that we could just squeeze in an RCA
#VS323 9-volt transistor battery (or equiva-
lent) which raised the input power to 1.8
watts.

Drop a small handful of nickels and dimes
into this little project and put it on the
air. It will surprise and amaze you and youll
have no end of fun!

.. . WTOE
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Frank Jones WHAJF
850 Donner Avenue
Sonoma, California 95476

Receiver Front End Protection

The first transistor in a radio receiver is
very likely to take too much overload volt-
age when a medium or high powered trans-
mitter is being used. Back-to-back diodes
connected across the coaxial input jack to
the receiver or converter offer considerable
protection, but still enough signal gets
through to sometimes cause a deterioration
of the first transistor and an increase of
noise figure. Ordinary IN100 low forward
resistance germanium diodes seem to be
desirable for this back-to-back connection.
This type has very low shunt capacitance
and can be used up through 432 MHz.

One quick way to damage a transistor, or
even a tube front end, is to use antenna and
power relay switching without a timed se-
quence system. If the power relay turns
the transmitter on before the antenna relay
transfers the antenna to the transmitter, this
is bad! Even worse, if the antenna relay
switches to receive at the same time as the
power relay turns off, arcing will occur and
the receiver gets a terrible voltage input
surge.

The power supplies have capacitors and
filter chokes which tend to keep some volt-
age on the transmitter tubes for a short
period after the ac line is opened. This
produces rf output and an arc in the an-
tenna relay contacts as it switches from
transmit to receive, unless this relay opera-
tion is delayed a fraction of a second. It is
also better to have the reverse take place
when switching to transmit. This procedure
is called timed-sequence relay switching. It
can be accomplished by using a dec supply
for the relays through power diodes and RC
networks. One form is shown in Fig. 1,
which someone developed quite a few vears
ago. It has been in service at WG6AJF/
AF6AJF for several years, dating back to
6]6 rf tube failures with high powered 144
MHz transmitters.

From time to time a check is made on

20

the capacitance of the electrolytic capaci-
tors because the values shown in Fig. 1 are
near the minimum permissible for good pro-
tection. The 10-watt resistors get pretty
warm and these were finally mounted out-
board from the main small chassis in order
to not affect the electrolytic capacitors. A
recent change was the addition of a double-
pole toggle switch S, in Fig. 1. This permits
the use of a 200 mA field antenna relay
which had superior isolation characteristics
at 432 MHz. Regular “115V ac” relays
usually require about 100 mA at 50 volts
from a dc supply, so the main components
were chosen for these types of power and
antenna relays. A small 50 volt, 15 mA relay
was added to the circuit years ago for re-
ceiver muting purposes, so there are three
main branches fed from the 120 volt dc
supply in Fig. 1. Each branch operates in
the proper sequence due to the power di-
odes, resistors and capacitors in each relay
circuit.

If one operates in the VHF or UHF
regions, antenna relay feed-thru can be a
major headache. Some types of coaxial re-
lays do not offer enough isolation between
the contacts as the frequency goes up. A
relay that is satisfactory at 7 or 14 MHz
may be pretty poor at 144, and dreadful at
432 MHz. An old relay that has gotten out
of proper alignment can be a lethal device
for a transistor receiver. Even some new
relays are not suitable for VHF service. Any
antenna relay should have more than 60 dB
of attenuation between the send and re-
ceive positions. If a person operates at full
legal power, the antenna relay had better
be of the 70 to 80 dB isolation type at the
frequency of operation. Some relays have a
very low SWR rating into the UHF regions
but lack enough isolation attenuation to
protect a receiver., The poor back-to-back
diodes in the receiver front are then taxed
beyond their protective capabilities and the

73 MAGAZINE
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TO ANT COAX RELAY
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S00 mA, 400 PIV

OPEN - 250 . COIL
WITH SI CLOSED)

Fig. |. Timed sequence relay switching system.

front end transistor may develop a poor
noise figure. Weak signal reception then be-
comes a thing of the past and local con-
tacts are all that are left.

At least five coaxial relays are in service
at WBAJF for different bands of operation
up thru 432 MHz. The writer finally got
around to making some attenuation tests
since some of these relays had been used
for 10 to 15 years. The results were pretty
horrifying in some cases and a program of
adjustment and relay replacement was un-
dertaken.

The method of relay testing was to con-
nect a signal generator to the “antenna”
side of the relay and a 50 ohm termination
to the “transmitter” connector. The receiver
was connected to the “receiver’ side. The
signal generators available had good -cali-
brated attenuators in te<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>