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NEVER SAY DIE

de W2NSD/I

Robot Surprise!

The announcement in the Septem-
ber issue of 73 of the Robot plan to
sell direct from the factory and thus
make it possible to cut the price of
their slow scan units to $295 each for
the camera and monitor should keep
them busier than a skin diver in a
bunch of jellyfish keeping up with
orders.

That new price tag should help a lot
of fellows make the decision to go
slow. And don’t forget that you don’t
have to get that camera right off
either. You can make do perfectly
with a little cassette tape recorder
with a tape made up from any neigh-
boring camera.

Hams Don’t Build?

The other day an article came in,
written by an old timer, complaining
that amateurs don’t build any more.
In the old days the amateurs used to
build everything, now they all go out
and buy their rigs and just operate
them like appliances . . . etc.

This old timer meant well, but he
sure was uninformed. [ don’t doubt
that most of the fellows he talks with
buy instead of building. The chaps in
his club probably do the same. The
fact is that not very many old timers
do build.

But the newer amateurs are build-
ing gear like never before in the
hobby.

Now, is Green telling it like it is or
is he exaggerating? Who is right? The
fact 1s that you can check for yoursell
and get the answer in a couple of
minutes. Please just thumb through
the last sixteen pages or so of this
issue and see just how many pages of
ads there are for parts. Now, grab the
first old timer you see and get him to
break out a 30’s copy of QST and
count the number of pages of parts
advertising. There is no comparison
whatever. [ rest my case. If parts
weren't selling and selling like crazy
you know darmed well that all those
companies wouldn’t be in there adver-
tising them.

The old timer does not build. With
but few exceptions the older amateurs
are tube men in the day of the
transistor. All they know how to build
are tube sets and who would bother to
build them today? With the exception
of Bill Hoisington and Frank Jones,

EDITORIAL BY WAYNE GREEN

how many of the old experimenters
have been able to convert to solid
state?

Our technology has been escalating
rapidly. Twelve vears ago when we
started 73 we had a few transistor
circuits — mostly audio amplifiers and
code oscillators. The nuvistor was the
big news in 1960, if you remember.
By 1965 tubes were in the minority
and virtually all articles were on tran-
siStorized construction. Now transis-
tors are about gone by and we are
dealing with integrated circuits most
of the time.

Counters which bogegled the mind a
few years ago now are on one little
board. We have the GLB frequency
synthesizer on a small circuit
board — a complete unit on a tiny
board that would have taken a couple
relay racks of tubes just a few years
ago. More and more ham shacks are
now using the digital clocks — clocks
that were restricted to laboratories
and large computer installations not
long ago.

Tubes — transistors — [Cs — what’s
next? Something will come next, of
course.

Looking at the latest all IC VHF
receiver built by Bill Hoisington, I
rejected the article on how hams don’t
build any more. .

Invitation to Steal

Most amateurs are pretty good eggs.
Some are rotten. Add to that mix a
few “‘listeners” who can be either and
you have a few people monitoring the
bands who might be up to no good.

The fact is that there have been
several incidents where things went all
wrong after an amateur mentioned
over the air that he was going to be
away from home. The worst case
reported was where the amateur men-
tioned over a repeater in New York
that he would be away for the day on
a business trip. He arrived home to
find his home had been ransacked and
his wife raped.

There is a good deal to be said
about prudence. Remember that even
FM receivers are sold to anyone and
everyone. Those little VHF monitors
which get the weather and police will
also bring in your local repeater — and
you — and they could bring unwel-
come guests.

FAT NOVEMBER ISSUE

There are a few more ads in this
issue of 73 than we expected, soitisa
little more packed than we like. This
is one of the problems with last
minute ads — by the time they come
in, unannounced, we have already laid
out the articles and have them in
negative form ready to print and it is
too late to change them.

If the ads keep coming in for
November the way they have started.
this could be the biggest issue we’ve
ever published. We’'ll see. We have
some corking good articles being read-
ied for this special issue — a whole lot
of them. Imagine a magazine as fat or
fatter than QST. but with articles
instead of operating news, contest
results, RACES, IARU, and all that!

And say, if you have any articles in
mind which might be of interest for a
special FM issue — a surplus issue — an
antenna issue — a mobile issue — a CW
issue — a VHF issue, then get to your
typewriter and get started. We're hard
at work right now on these special
issues for 1973.

FM DEVELOPMENTS

Old timers are coming on the FM
repeaters in droves all over the coun-
trv. No wonder, of course, since the
word has been spreading that here, for
the first time in years, is a way to get
on the air and have contacts without
interference.

Mobile on the lower bands was
fun — kind of — if you didn't mind
always being the low man, getting
stepped on by higher powered sta-
tions, losing contacts, and extremely
fragmented conversations. About the
only gripe on FM is that a few of the
repeaters are so busy that rag chewing
gets discouraged during the busier
hours — but then there are always
repeaters that are not being used and
which will welcome all but the fustiest
ol old timers.

The Repeater Bulletin is doing very
well, by the way. This is a little
publication put out by 73 for the
repeater users in the northeastern part
of the country. Theé August issue ran
to 48 pages (Radio Electronics size
magazine), partly due to the amount
of material submitted by the readers
and partly due to Wayne Green writ-
ing at length. The cover picture of
Judi Repeater turmmed everyone on so
much they didn't notice she was
talking into the back of her micro-
phone. Shades of Playboy! The most
startling announcement in the Bulletin
had to do with limiting the circulation
to amateurs of high moral turpitude.
This far-reaching decision obviously
would tend to limit the circulation in
certain areas of Connecticut.

Not a little space was devoted to
news of the Northeast Repeater
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Association, which coverage elicited
angry letters and even legal threats of
suits and attachment from some of
the principles. | really must be careful
or I am liable to damage my hard-

earned reputation for being non-
controversial.
The FCC still is sitting on the

promised repeater regulations, and a
good thing it is. Virtually none of the
problems that they were developed to
cure have turned out to be worthy of
rule changes, so the whole docket was
an exercise in wasted time. Repeaters
have not spread out and encroached
on AM frequencies and legislation to
prevent it is totally unneeded. The
fact is that the service provided by
repeaters has been so fantastic that
there are only a few AMers left on
two meters, most of them having long
since gone FM, and the emerging
problem is how to put the old AM
parts of the band to use to keep
Citizens Band manufacturers from get-
ting the EIA to try and liberate 144
MHZ for the Ten-Roger masses.

Repeaters have not linked up in
long strings either and rules to prevent
it would be little short of disastrous at
this time. Every time a rule like that
comes along today it shoots down a
hundred possible future developments
that weren’t even thought of at the
time of the rule. Let’s stop this mania
for regulation and consider new rules
only when things really get out of
hand.

The Los Angeles FMers are getting
together at last to work out their
problems. Hooray! If more of them
could pay avisit to New England they
would get a good view of what FM
and repeaters could be when managed
well. New England has turned out to
be a model for the whole country on
how great FM can be developed.
About 70 repeaters are serving over
5000 active FMers and serving them
extraordinarily well. Some repeaters
have as many as 400 users — others
maybe only twenty or so.

Most of the standard thirteen FM
channels are active from New York
right on up through Boston. If you

have a 13—73 crystal pair you can
work WA2SUR in Manhattan,
WAIKHC in Massachusetts and
WAIKGP in Maine. On 04—64 you
start out with K2LJC on Long Island,
go to WAIKHA in CT, and WA1KGS
in Boston. On 25-85 vyou have
WAZ2PDIJ on Long Island, WA1KGY in
CT. and KIMNS in Derry NH. Ditto
on 37-97, 34-94, 28-88, 22-82,
19-—-79, etc.

The 220 MHz band is being re-
peaterized rapidly in an effort to spike
the EIA drive to steal the band from
us. There are about ten active 220
MHz repeaters in New England and
more popping up around the country
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every week. Clegg and Tempo are
building gear as fast as they can.
Wait'll you see the Tempo 220 rig in
the November 73.

The 73 Tour

We wondered why it was taking so
long to get an okay from the Russian
tourist agency Intourist confirming
the 73 tour accommodations. Finally
word came through that there were no
rooms available in Moscow. Okay,
how about Leningrad or some other
city? No, came back the immediate
reply, all hotels are filled up. Transla-
tion: they don’t want USSR amateurs
to meet and talk with US amateurs.
The group decided to make it Madrid
instead of Moscow.

Although the group is still in flux,
it now appears that there will be
aroud 20-25 going on the trip. It
should be a blast — and frankly, a lot
of us will be much more comfortable
not going to Russia. Few tourists
coming out of there say much to
encourage others to go. Who wants to
be watched and spied on with sus-
picion while visiting a country — to
know that befriending a local amateur
might jeopardize his future — to know
that other visitors have landed in jail
for years through no fault of their
own and 1n spite of everying the U.S.
could do. Who needs it?

DISASTROUS DISASTERS

The floods this summer exposed
the weakness of our emergency
communications. In Pennsylvania all
existing communication systems fell
apart. Civil Defense was set up in
cellars in preparation for bombs and
they immediately flooded out. Police
and other short haul systems were
useless. CB operators tried to help,
but lacked any organization or ex-
perience and more often than not
were a waste of time.

The fact was that, as in most other
serious emergencies, the responsibility
fell on amateur radio — and amateur
radio was ill prepared for the respon-
sibility. They needed short, medium
and long-haul communications —
which amateur radio is ideal for. Most
of all they needed someone In
charge . .. this is where things fell
apart. Orders were conflicting — great
things happened — terrible things hap-
pened.

One of the most valuable communi-
cations systems set up for the emer-
gency was a two meter FM repeater.
Food, shelter, clothing, health and
welfare messages, the works, were
routed through this repeater. And
would you believe that while tens of
thousands of people were depending
on this there was an amateur in a
responsible position in Massachusetts
trying his best to keep FM amateurs
from driving to Pennsylvania to help?

Michael Fryve WBSLBP
640 Deauville Dr.
Dayvion OH 45429

I have been recently informed that
A-O-C will again be delayed until
November and possibly into early
December. This is again due to NASA
scheduling.

This column will be just a short
rundown of recent happenings since
all activities are progressing normally.

I strongly suggest that you at least
monitor the AMSAT Nets as quite a
lot of current information can be
gathered there. If you have specific
questions, check in and ask it, some-
one in the net will probably be able to
help.

AMSAT members are working
quickly to weld together a stable
tracking network. And in my opinion
they’'re doing a great job. Twelve
definite command stations have been

| established around the world so that

satellite monitoring will never be out
of reach. NASA has graciously let
AMSAT use their antennas at
Goldstone California for tracking pur-
poses. This will greatly increase relia-
bility of communications.

If you want to work A-O-C the
thing vou should now be doing is
sefting up your antennas, and since
this project will last through the win-
ter, making sure they will withstand
the extremes of your area. Transmit-
ter and receiver operation should also
be given a good check. Since A-O-C
will accept any mode that appears in
its passband maybe this should be
looked into. Rumor has it that there is

stiff competition going on between a
number of groups to be the first to
send Slow Scan TV through the satel-
lite. Well I hope the best man wins.

.. .WBSLBP

The Clegg company helped a lot by
providing a dozen FM transceivers.
These were picked up and flown out
by helicopter on the same day that
the above mentioned Massachusetts
amateur was talking people into not
going to help because he heard from a
friend that there really was no emer-

gency. . . .Wayne



DX ENGINEERING CLIPPER
Quite a few schemes have been

developed to increase the average
power of the voice for sideband trans-
mission, with the system used in the
DX Engineering clipper being one of
the more successful and popular.

The problem is that when you set
the sideband transmitter to operate
properly without splattering, the aver
age power is quite low. Only the voice
peaks fully modulate the transmitter.
A clipper increases the average voice
power, effectively increasing the trans-
mitter output power. Indeed, when
you check a station using such a
clipper or compressor, you will usual-
ly see on the order of a full S-unit (6
dB) increase when the clipper is
turned on.

Why doesn’t everyone use one of
these gadgets? Why aren't they built
into all of the transmitters? They will
be. The NCX-1000 has one built in, so
does the Signal One. Unfortunately,
the circuit is not at all simple and for
reasons of economy it is left out of
many rigs.

The DX Engineering clipper is de-
signed to plug right into the trans-
ceiver. You unplug the first i-f tube
from its socket, plug in the clipper,
and replace the tube in the clipper.
This adds the clipper to the circuit.
The work is done at the sideband i-f
intermediate frequency, with a 2.1
kHc mechanical filter built in to re-
duce the second and higher order
harmonic which would otherwise
cause miseries.

The clipper is transistorized, so it
does not borrow enough power from
the transceiver to upset anything. All
in all, a clever device. The model
presently available is designed specific-
ally to work in the 32S1, 3283 and
KWM rigs. Cost $79.50 from DX
Engineering, 2455 Chico Ave., South
ElMonte CA 91733,

LINEAR IF AMPLIFIERS

A new 4-page product bulletin
(IFA-203) describes the expanded line
of linear i-f amplifiers available from
RHG Electronics Laboratory, Inc.,
manufacturers of microwave com-
ponents, receivers and transmitters.

The bulletin contains information
on the new line of Hybnd IC i
amplifiers. In addition to the new
products, the bulletin lists new fea-

tures, improved specifications and re-
duced prices on many models. Scope
photos, performance charts, and out-
line configuration drawings are shown
along with comprehensive and infor-
mational technical text.

Bulletin IRA-203 can be obtained
from: Sales Manager, RHG Electronics
Laboratory, Inc., 94 Milbar Boule-
vard, Farmingdale NY 11735. Tele-
phone: 516-694-3100.

SEMTECH “TUBE-PAC"

“Tube-Pac™ is Semtech’s new line
of silicon, high-voltage rectifiers in-
tended as a direct plug-in replacement
part for most popular mercury-vapor
and vacuum glass tube-type rectifiers.

Designed to last the life of the
equipment, Semtech's Stacks are
smaller, corona free, dissipate heat
more effectively and eliminate fila-
ment power. No special adapters are
required to use Semtech's Stacks. For

more information contact Semrech
Corporation, 0652 Mitchell Road,
Newbury Park CA.

JUNIOR UHF CONNECTORS

When coaxial cable was Invented,
surely the thinkers of the day had in
mind the ease with which rf energy
could be coupled from one place to
another. As originally planned, the rf
coupled fine ... but what about the
coax itself? Was it designed to present
the mechanical difficulties it does?
Specifically, the problem is the copper
braid. It sits there and dares you fto
try and unravel it. An awful job. The
only practical solution is to do quick
sloppy work and hide it all away
inside some sort of connnector.

Coax connectors are an item all in
themselves. They make coax a
pleasure to use once they are installed,
but you still have to connect the coax
to the connector, etc. This means
hasseling with the braid and hauling
out the soldering iron. Compare your
best effort to the drawings in the
Handbook. Now you know why they
use drawings instead of pictures!

Offering a partial solution to all
this, L-COIL, an antenna manufac-
turer, has introduced a new line of

solderless, no effort coax connectors.
They are designed for RG58/59 coax
and are compatible with the popular
UHF series chassis connectors. To
install one, all you do is trim the cable
and screw everything together. The
only tools needed are a pocket knife
and a small pair of pliers. Since
everything is held together by pres-
sure, the tighter you screw it to-
gether — the stronger your connection
will be.

Although most commercial equip-
ment comes with UHF connectors,
many hams like to use BNC connec-
tors when they build a piece of gear.
Part of the reason is that short inter-
connecting cables of RG58/U cable
look sloppy and are clumsy to use
when they have giant PL-259s hanging
on each end. Also an amazing number
of strange looking adapter cables must
be made up to keep everything flexi-
ble. These new connectors are a
chance to standardize. Use UHF con-
nectors on all chassis, PL-259s on
your large coax, and these little beasts
on your small coax and intercon-
necting cables. They are small, light
weight and look good.

L-COIL also markets two no-solder
splices for RG58 or 59 coax. It’s time
to piece together all the odd lengths
of scrap that's been collecting dust in
the garage. According to the test
graph supplied by L-COIL (actual test
done at University of Michigan), you
can end up with nearly virgin cable
when using their splices. The graph
shows variations of only about 2-30Q
impedance when 5022 RGS8 cable was
connected with one of their splices.
Their connectors’ results were similar.
For comparison, they tested two UHF
connectors. These gave results of 33
and 3792. Send for the graph. L-COIL
Research, Brighton MI 48116.

M? FOUR BANDER

Here is a four band short antenna
designed specially for marine use — up
on top of the mast. It is a horizontally
polarized antenna, a fact which may
be appreciated by vertical antenna
users. The lower angle of radiation
does generally give quite an advantage
over most verticals.

The M? is light — only about 15
pounds! — 1s made of stainless steel to
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frustrate the sea breezes — and loads
up nicely on 40m up through 10m. It
is made up of four “cats whiskers”
which stick out from the mast hori-
zontally. Frankly we have no idea
whatever why it works and the manu-
facturer is guarding the secret as “pro-
prietary” information.

The specifications show that an
SWR of almost 1:1 can be obtained
with the M? on all four bands! Since
the longest element i1s only about
seven feet long, the antenna is a
natural for shipboard use. For more
info drop a line to M* Electronics,
28627 Bridle Lane, Miraleste CA
90732,

SPECTRONICS FREQUENCY
COUNTER MODEL YC-305

A portable 5 Hz to 30 MHz fre-
quency counter — is being introduced
by Yaesu Musen, Ltd. (Tokyo).
through the company’s North Ameri-
can distributor, Spectronics Inc., Sig-
nal Hill, California.

The new counter, designated Model
YC-305, features a dual-range system
that provides 8-digit measurement
with MHz or kHz indications. The
unit will operate from a power source
of 117V ac or 12V dc. Accuracy is
time-base stability of 5 PPM % one
count.

Overall size is 8% by 3% x 10% in.
Weight is 8 Ibs. The unit is warranteed
for one year and is priced at $249.95.

Further information on the Yaesu
Model YC-305 is available from'Spec-

tronics, Inc., 1491 East 28th Street,
Signal Hill CA 90806. Phone:
213426-2593.

TWO FREQUENCY TONE SQUELCH

| P e

dar-

Services
nounces the smallest and most reliable
two-frequency sub-audible tone en-
coder/decoder available for the FMer.

Alpha Electronic

OCTOBER 1972

The Alpha SS-80J dual tone. measur-
ing 2-2/3” x 1” x 5/8” can now
provide for many of the smaller mo-
bile units and certain hand-held units
two distinct tone frequencies for the
purpose of controlling or selecting
repeaters, base stations or mobile
units.

Two frequency sub-audible tone
operation makes possible the employ-
ment of multiple repeater systems,
increasing the range capabilities of a
communications system. The selective
calling of two base stations, two
groups of mobiles or special control
functions are other capabilities of the
two-frequency tone unit.

Contact Alpha Electronic Services
Inc., 8431 Monroe Avenue, Stanton
CA 90680.

STANDARD 146A

In fact the 146A is remarkably like
the 146 hand transceiver. It has the
same five channels, the same remar-
kably sensitive receiver, the same se-
lectivity which keeps it from being
clobbered when it is used near a
transmitter — it still has that S-meter
built in which doubles as a battery
monitor — the jack to plug into vour
station antenna or mobile antenna so
you can use the unit anywhere and
take advantage of whatever antenna
situation you have available — the re-
mote microphone jack so you can
wear the transceiver on your belt and
use a hand mike — by the way, the
regular Standard muke will plug into
the 146A in case you have an 826 or
other Standard model at home or in
the car and want to use the same mike
for both sets. There is a jack on the
side so you can plug it into the car
power while you are running mobile.
The whole transceiver plugs into the
Standard battery charger or you can
easily pull out the battery and re-
charge it with any small power supply
which will put out 50 mA.

The 146A comes with a telescoping
antenna, but there is also available a
short rubber whip (the rubber ducky)
where you don't need as much signal
and the shorter antenna is easier and
safer to use.

The main difference between the
146 and 146A is that the new unit
runs two watts output instead of only
one — double the power out! Also
there is room inside for an optional
continuous tone unit for those of you
who work through PL repeaters.

The features of the Standard 146
make 1t invaluable for many applica-
tions. It is by far the best selling hand
unit in the country today according to
all of the sales figures available.
Standard Communications Corp. P.O.
Box 325, 639 North Marine Avenue,
Wilmington CA 90744

FM FREQUENCY STANDARD

This is a precision frequency stan-
dard that has been designed specifical-
ly for the FMer. For the first time you
can be exact with your channel spac-
ing and deviation. This deluxe stan-
dard provides precise markers for both
receive and transmit channel spacing
for all FM channels in the 10, 6, 2,
and 1% MHz meter FM bands. An
extremely fast rise-and-fall time
square wave produces rich harmonics
that are usable beyond 220 MHz.

Calibration of the Standard’s pre-
cision 12 MHz crystal to the National
Bureau of Standard's signal from
WWV or WWVH is made possible by a
simple adjustment provided through
the front panel. Price is $44.50 from:
Data Engineering Inc., Box 1245,
Springfield VA 22151.

MODEL 48MV TOP BAND
160 METER ANTENNA TUNER

The FCC's recent initiative to raise
power limits and expand frequency



privileges on 160 meters has given rise
to a tremendous increase of interest in
the Top Band.

A variety of commercial rigs on the
market today provide facilities to
operate 160 meters, but antenna re-
quirements for the Top Band have
always seemed to hinder those hams
living in residential areas.

Now, with the development of Top
Band Systems Model 48MV 160 Meter
Matchverter, any ham having enough
room for a 40 or 80 meter inverted
vee/dipole can share in the thrill of
working DX on the Top Band.

Top Band Systems offers immedi-
ate delivery for any quantity of 48MV
Matchverters. Write for complete in-
formation on terms and delivery: Top
Band Systems, 5349 Abbeyfield
Street, Long Beach CA 9081 5.

ELECTRONIC FEATHER
TOUCH KEY

The Electronic Feather Touch Key
is completely solid state. It requires
no paddle movement, no spring ten-
sion or contact clearance adjustments
and has no keying contacts. Keying
problems caused by contact corrosion
and bounce as well as paddle tension
and movement adjustments are no
longer a concem. The key is the
natural interface for the extremely
low current, high speed integrated
circuits used in solid state electronic
keyers. It sells for $22.95 (with re-
mote spot P.B. switch). Data Engine-
ering Inc., Box 1245, Springfield VA
22151,

NEW COUNTER AND DISPLAY
MODULES AVAILABLE

e G W

A new series of counter and display
modules is available from Display
Electronics. The CM Series modules

include a decade counter, latch, de-
coder-driver, and readout for each
digit. Standard modules are available
with from 2 to 6 digits.

The price of a typical four digit
module s $79.00 in single quantity.
Delivery is from stock to 30 days.
Custom designed modules are avail-
able on special order. Further infor-
mation is available from: Display Elec-
tronics, P.O. Box 1044, Littleton CO
80120.

CRICKET 4
MORSE CODE KEYER

This popularly-priced keyer has
more features for your dollar than any
others in its price range.

A small solid state keyer designed
for the beginner as well as the most
advanced operator. It provides the
user with fatigue-free sending and it’s
clean, crisp CW allows for easy copy-
ing at all speeds. $49.95 from Data
Engineering Inc., Box 1245, Spring-
field VA 22151.

SC-ARPT-1 SOLID STATE
REPEATER

The Standard SR-ARPT-1 is the
latest in totally solid state repeaters
for the land, mobile and amateur
radio communications industry. Con-
structed to the most critical specifica-
tions for years of mountain top.
trouble-free service, this unit will pro
vide that extra edge of range needec
for even difficult locations. Ready fo.
immediate standard 19 inch rack
mounting, the Standard repeater will
fit in immediately to your existing
communications network. Simply add
12 volts and connect your input and
output antennas to the two antenna

connections, add the proper crystals.
and you are on the air with the finest
In gepeater communications equip-
ment! Meets FCC type acceptance
requirements for land, mobile and
amateur radio service. This unit will
ideally fit into your communications
network and budget. Srandard Com-
munications Corp., P.O. Box 325, 639
North Marine Avenue, Wilmington CA
90744.

BEROADBAND POWER
AMPLIFIER KIT

Kit MP-100 is an all solid state
broadband power amplifier covering
the range of 0.5—-100 MHz. Rated at
2.5W CW, it accepts inputs of AM,
SSB, Pulse, and other complex modu-
lation. It delivers full power output
when driven by any signal or sweep
source of 0.15V over the entire fre-
quency range without tuning adjust-
ments. The unit will not oscillate for
any condition of load or source im-
pedance and will withstand a 15 dB
overdrive including short and open
circuit loads. Of printed circuit board
construction, the kit can be assembled
in approximately 3 hours. A data and
specification sheet is available from
Larkton Scientific, P.O. Box 302,
Munroeville PA 15146.

SBE 450 MHz TRANSCEIVER

Linear Systems has developed a
new 450 MHz UHF transceiver de-
signed for operation in the 420450
MHz band. The book sized transceiver
1s the first SBE entry into the rapidly
growing 450 MHz amateur band. The
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MARS

Back on 16 February 1972, Wayne
Green graciously agreed to allow space
for these articles on MARS, beginning
with the May, 1972 issue. The writer
immediately attempted to contact the
Chiefs of Air Force and Navy-Marine
Corps MARS but met with little suc-
cess. Due to more than twenty years
membership in Army MARS, getting
Army information is no problem but
to say that I have met with small
success in prying information from
the other two services would be to
understate the case! To be utterly
candid, | have been met with silence.
In spite of repeated phone calls and
letters to those offices, requesting that
| be placed on the mailing list of area
bulletins, newsletters, etc., not one
word has been received. Therefore I
shall continue to concentrate on the
information immediately available.

SB-450 comes equipped for operation
with crystals for two of the twelve
channels already installed. An attrac-
tive panel meter provides field
strength information. For further in-
formation contact Mr. David C.
Thompson, Linear Systems, Inc., 220
Airport Boulevard, Watsonville CA
95076.

SC-ATBE-1
TONE ENCODER !

The SC-ATBE-1 tone burst encoder
is a quality unit designed to compli-
ment your Standard, or any other
transceiver, for access to the various
tone coded repeaters now in opera-
tion. It features the five most popular
tones currently in use. These may be
easily changed at any time for special-
ized applications. Superior stability
employing quality mica capacitors. It
comes complete with mounting hard-
ware and connectors to make a neat,
under the radio installation. For more
information write: Srandard Com-
munications Corp., Box 325, 639 |
North Marine Avenue, Wilmington CA
90 744.

OCTOBER 1972

One thing was learmed — if you
write Navy-Marine Corps MARS at the
address shown in the May issue of 73
Magazine — Bailey’s Crossroads, VA,
your letter will be returned marked
“MOVED, LEFT NO FORWARDING
ADDRESS!” That address was taken
from the current MARS brochure,
distributed by the three services. This
yvear, Navy MARS had the responsi-
bility for mailing out Certificates of
Merit after Armed Forces Day. Hal-
lelujah! Navy-Marine Corps MARS is
alive and well! The return address was
right there on the manila envelope! It
is: Chief, Navy-Marine Corps MARS,
4401 Massachusetts Ave. N W,
Washington, D.C. 20390, Mail Stop
394  Shortly thereafter a very nice
letter was received from the Michigan
Navy MARS Coordinator Clayton
Dewey, giving the same address so it
must be official!

One other correction, Army MARS

member AA3FMH writes from
Germany that it was A3NFX who
won the First Army Commander’s
Trophy rather than A3NFS. The typo-
graphical error is regretted.

The deluge of letters from 73 read-
ers concerning MARS membership is
very gratifying. I have been slaving
over a hot typewriter in all available
spare time, answering mail and send-
ing out MARS brochures. Why do |
spend all this time and effort? Simply
because it is a labor of love! When vou
become a MARS member, you
quickly discover that it’s not just
another organization — it’s a way of
life!

Here's a suggestion — if you are in |

the eastern portion of the nation,
listen to one of the fine Pennsylvania
Army MARS Nets on 4025 kHz from
6:00 to 7:00 AM EST each morning;
tune in the Southern New England
Training Net on 4020 kHz at 8:00 AM
EST; if you are interested in radio
teletvpe, listen Saturdays on 4035
kHz at 2:00 PM EST. If vou live in
the central portion of the nation,
Third U.S. Army has an area-wide net
Monday through Friday from 1:00 to
5:00 PM EST on 7358 kHz — always a
very busy frequency. Other Third
Army nets begin at 5:00 PM EST on
4001.5,4020, 4025 and 4030 kHz, on
a schedule too complex to explain in
this space — suffice to say you can
always find two Third Army Nets in
operation between 5:00 and 11:00
PM EST. These frequencies are shared
with the other Army areas, and when
one net is finished, another Army area
starts its own operation. The same
frequencies are utilized in Sixth Army

|area —so you can always find some

activity!

Better yet — make your plans to
attend the Tennessee Army MARS
meeting, to be held in conjunction

HOT GEAR

Stolen early this year: 1) Home-built
2M rig built in a surplus .50 cal. ammo
box. 17 diameter black meter with
redrawn face in upper right comer:
separate  Xmit and Rcv oscillators,
each with switchable channels. Built
from components of RF-401 Series
VHF Xcvrs. Has 13 internal nicad
batteries. Box is brown except for
aluminum plate on which oscillator
switches are mounted. 2) Heath
HW-100 Xcvr and AC power supply.
Marks on top where a bracket was
mounted. Also *“WAQDAM Sooper
Dooper Band Blaster” typed on
Scotchtape above the S-meter. In-
formation to Dave McFarland
WA2IGP (ex-WAQDAM), 1074 Ken-
more Avenue, Apt. 9, Buffalo NY
14216.

List from Past Issues:

Mfr., Model, Ser. No. Owner Issue
Hall;, SR46A, No.446100 WATEMU 9571
Reg., HR-2, No.04-03505 WASBNM mm
Sonar, FM3601, No.1003 WEB2ARM 1/N
Coll., 75A4, No.804 wamaGl 12/
GE, Portable, No.1041218 K2A0Q 1/72
Coll., 755E-B, No.15640 Col.St.U. 1/72
Coll, 2183, No.12000 Col.St.U. 1/72
Coll.,, 516F1,No.1649 Col.St.U. 1/72
Simp. Mod-A, No.35457 W2PWG 1/72
SBE SB-33 No,103906 WASJGU 2/72
Heath HW22A No.907-1B835 WI1BDX 272
MNat'l HRO50 No.2B0019 WASDQF 272
Halli., SR 160 No.416000-

108039 KayYva 2/72
Drake TR3 No.3858 WASEYL 2/72
Coll.,, KWM2A No 13815 ARRL HO 272

M. Godwin
Coll., 312B4 No.59920
Coll., 30L1 No. 40084
Coll, MPL No. 44507
Zoll. MM1 (mob. mike]
Misco minispkr. Sgt. Hopkins 2/72
Wilm. DE Police
Swan SW174 No. 4165 WOAXT 2/72
Reg. HRZA No.04-05896 K4GBL 2/72
Heath SB102 No.132-128107 W.Singer 3/72
Woodbridge VA
703,491-2257
Yaesu FT-101 No, 107036 WA2YSW 4/72
Standard 2Zm FM No. 102703 WENPV a/72
Drake ML2 No. 20189 WB2LLR 4/72
Standard SRC-806M
No. 009210 K1TLP 5/72
Aerotone 6M 355LT,
No, 685064 RR Police 5/72
Grd.Ctrl. Trml.
NYC
Standard SRC-806M,
No, 102703 C. Mathias 5/72
3234 Coronado Ave
Imperial Beach CA
Lafayatte HA-410
No. 009210 WA2KDG 6/72
Coll., 6251 No, 10728 MSU ARC 6/72
E.Lansing MIi
WRL Duo-Bndr 6010AT302 WAGBFCY 6/72
HR-2A, 11 chan., 0407152 WAINVC 9/72
Swan Cygnet 270,No. 313022 K4ACJ 9/72
Collins Mic, Mod. MMs, K4ACJ a/72

No. 4294

with the Memphis Hamfest on Sep-
tember 17. 1 will see you there and
gladly discuss any MARS matter. For
a MARS brochure or other informa-
tion contact me at:

Harry Simpson A4SCF

73 Magazine MARS Editor
Peterborough NH 03458



Microwaves

Amateur Microwave Question

WAG600J: "What is microstrip and
stripline?

The answer to that question is
reasonably simple. One day in the
1920’s some enterprising amateurs
took two different sizes of copper
water pipe, cut some rubber supports,
slid all three pieces together and,
presto, the world’s first coaxial trans-
mission line. Later, manufacturers
substituted woven braid for the outer
copper pipe, polyethelyne for the
rubber support, and solid center con-
ductors for the inner copper pipe.

Then they sold millions of feet of this
stuff by calling it “coax.” We won’t
argue why electromagnetic waves pro-
pagate down this stuff, but we will
note that the electric lines of force
extend from the shield ro the center
conductor.

Later (in the ‘30s) some machinist
with time on his hands made some big
and small rectangular tubes and rec-
tangular insulators, and. by fitting
them together, made rectangular coax.
By careful measurement, they found
that almost all the electric force lines
were crowded in the center, in the
narrow gap between the center bar
and the closest point on the outer
tube (shield). This piece of informa-
tion was duly noted and forgotten
about, because all the engineers and
scientists suddenly had their hands
full with radar and WW 11.

WWIHINT, _—
T
7P AT |

After this war, and the Korea thing,
some mention was made of space
travel. Now, scientists, engineers. and
amateurs (e.g. "OSCAR™) were all
looking for a way to make microwave
printed circuits. Someone remem-
bered this rectangular thing and said
this: suppose we make the rectangle
thinner and longer. so that the ends
have almost no effect on the electric
lines. Then let’s take away the end
plates.

Let us then take two pices of
double-clad p.c. board and etch our
center conductor on one piece. Now,
this “‘etched’ side of the board makes
our center conductor, the fiberglass or
phenolic becomes the dielectric, and
the copper “backing” becomes the
outer conductor. This. they said, is a
coaxial line in strip form, or strip-line.
The impedance of the line could be

varied by etching the line wide or
narrow; the “sandwich™ could be
made small by choosing the dielectric
as thin as desired. Several refinements
have been made to this strip-line.

Teflon® fiberglass was found to be

one ot the best dielectrics, and this
board material is now commercially
available. Impedance curves, filter de-
sign charts, and matching section
curves were generated wusing this
double-board approach to microwave
circuit design.

CENTER
COMNDLUCTO
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Then along comes some crazy guy
who wonders, what happens if you
take away one of the ground planes?
Will it still work? Fortunately for the
world of science, ves, it will work, and
it is called micro-strip.

CENTER

Once again, design curves were gen-
erated to make microwave circuits on
this type of construction. Then, as
different dielectrics were tried, it be-
came apparent that overa 10:1 reduc-
tion in circuit size was possible for
some of the high dielectric (E = 200)
titanium dioxide type of dielectrics.
For some critical space applications,
solid sapphire (E = 9.5) has been used
as the dielectric.

In short, if you take round coax
and make it rectangular, vou stil have
a transmission line. If vou take away
the side ground planes you have strip-
line transmission line. If you take
away the top cover of strip transmis-

sion line, yvou have microstrip trans-

mission line.
If you have any questions or com-
ments about microwaves, drop me a

line. Jim Weir WB6BHI
Box 23233
San Diego CA 92123

i
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Equipment at A5IKV.

Station YV-5-DZZ will grant a cer-
tificate to each amateur in each city
and in each band for the first QSO

contact with VY-5-DZZ or
YV-5-DZY. YV-5-DZZ or VY-5-DZY
can be worked every day on the
following frequencies: 14,300 at 1100
to 1200 GMT, 21,252 at 1600 to
1700 GMT, and 14,150 at 2300 to
2400 GMT. Any amateur who desires
this certificate should send a con-
firmed QSL and either $1.00 or 5 IRC
to Francisco Reyes Viada, P.O. Box

517, Barquisimete, Venezuela.
= % ¥k

VOQO9FOS Amateur Radio Station
will be operating from Mahe during
the period Oct. 2—-5, 1972 inclusive,
as part of the Island’s festivities.

Contacts will be offered on 10, 15
& 20 continuously throughout the
period, and other bands by arrange-
ment.

A Festival of Seychelles QSL card
will be sent to all contacts and your
return QSL card should be sent to:
Hon. Secretary, Di. Cardell, VQ9DC,
Amateur Radio Exhibition. P.O. Box
321, Mahe, Seychelles.

* *= %
In response to an inquiry by Sena-

tor Goldwater, Chairman Burch of the
FCC indicates concurrence with the
view that there is minimal AM opera-
tion now on the 80 through 15 meter
bands and that it might be a good idea
to phase out AM by an amendment of
the rules. This has been forseen as a
forthcoming development by many
influential amateurs for quite some
time and everybody should be pre-
pared to make their position known
to their Directors if and when the
commission comes out with a pro-
posed rulemaking. There are potent
arguments both pro and con on the
subject and it is a step which should
be taken without full consideration of
every phase of the matter.

ASITY, Radha XYL of AS5IKV and ASIKV
at Thimphu.

The above photos show the people involved
and the equipment used in the operation of
ASIKV, the DXpedition to Bhutan by

Venkat, VIZKV.
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SSTV SCENE

Dave Ingram K4TWJ
Rte. 11, Box 499, Eastwood Vil. 50N
Birmingham AL 35210

The real enjoyment of Slow Scan is
being actively involved in both opera-
ting and building gear. This way you
can add the little *‘goodies” you in
particular desire, and possibly in the
process stumble upon ideas to further
the state of the art. Remember, Slow
Scan is one field in which advance-
ment can still be made on an individu-
al amateur basis.

In the same manner spark gap
paved the way for CW, and AM for
SSB. Slow Scan may be the fore-
runner to communication facilities of
the future. Ever heard of Holography?
A three dimensional picture accom-
plished without lens. The Hologram is
reproduced, presently, in a box. The
viewer can look above, below and
around the image. In fact, you can see
as many angles of the object as the
viewing windows of the box allows.
One can conceivably visualize a sys-
tem. for example, of color Slow Scan
Holography analysis, transmission,
and synthesis, where a heart bank in,
say Chicago, analyzes a donated
human heart and transmits a form of
Hologram to, maybe a hospital in
London, where an open heart surgery
operation is in progress. The synthe-
sized heart is reconstructed in free
space (in the future) right above the
patient so the surgeons have a guide
they can look above, around, and
under. The doctor in Chicago can
display any sector at will, thus guiding
the operation perfectly.

This is well within the realm of
possibility and there are rumors of a
way around the necessary monochro-
matic, coherent light (Laser beam)
have been uncovered. Light emitting
swept diodes? Special phosphor crt?
Gee. the latter 1970’s and the 1980’s
are going to be exciting. If slow scan
research and communication techno-
logy advancements are your bag,
check into ideas like Holography.
Some companies, for example, like
Edmund Scientific Co., 300 Edscorp
Bidg, Barrington NJ 08007, have a full
line of books and gear that are a ““gold
mine” for experimenters.

The slow scan directories are out
and going like mad. If you haven't
latched onto a copy yet, contact
Robot Research, or an authorized
dealer. The directories are quite nice.
Although they list well over 500
active slow scanners, this number has
practically doubled since printing
started on the book. Some growth,
huh?

OCTOBER 1972
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Photo from KH6HJF received by K3SLJ.

The flying spot scanner article by
Taggart in July 73 is destined to be a
classic. Already there are many of
these units in service. The generator is
also used in other gear; the Plumbicon
camera, I1LCF flying spot scanner,
and another article to be published. If
you are looking for a really great snyc
generator check this one out. It's a
winner.

The boys’ “down under’ are quite
busy on Slow Scan these days. Among
the most active are: VK’s 2ZBRA,
2GR, 3ARM, 3LM, 3ARD, 3AMC,
3TE, 4NP, 4XV, 5BX, 5SMF, 6ES,
6CS. 7]V, 7TB, 8KK, and 8CW. ZL
population consists of ZLIDW,
]AQY. 4MB and 4CU. A good many
of these are not listed in the directory,
so you might want to write in their
calls. You can feel sure if you drag
them out of a pile-up, they will be
glad to swap pix. Most VK/ZL activity
is on 14.230 and 28.680 MHz. Weekly
net meets on Sundays, 0100 GMT. |
understand a company in Melbourne
has invented a new phosphor, desig-
nated P26, which can even be viewed
in bright sunlight. They re-phosphor
and re-gun CR tubes for a reasonable
sum. I am still checking into this and
will give you more information later.

If you would like to really dress up
that home brew monitor, take a look
at the bezels made by Millen. Desig-
nated 80073, for 3 inch tubes and
80075 for 5 inch tubes these two
piece units really give a professional
appearance to any monitor.

[
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Al WODRT (St. Louis) as seen by K3SLJ.

The most popular method of
operating slow scan is to run audio
and video consecutively, thus gaining
the advantage of watching the pictures
closely, then talking about them. But
this is not the only method. Some of
the fellows have run audio and video
simultaneously — audio on one side-
band and video on the other. Another
less elaborate method is to run the
audio 10 to 15 dB below the pictures
(it sounds like a weak stafion in the
background). There are any number
of simple ways to mix two audio
sources. from 3 resistors (like I use) to
a ten dollar mike mixer, so I will not
go in to circuit details here. All you

WEEYY identification as received by K3SLJ.

need is to have another slow scanner
watch your pictures, while you lower
your mike level. As soon as your
audio drops out of ‘“‘picture inter-
ference”” you have all adjusted fine.
Then the front end of the monitor
will get the video, and you can still be
heard talking “‘down under” the slow

scan signal.

Jane, ten day old daughter of Bill Arrasmith
W6TEZ as seen in PA by K3SLJ.

Slow Scan on FM? Fine, closed
circuit! Through repeaters? Sure, |
checked into this months ago. A
SSTV signal is no more than an audio
signal. Deviation is the same as voice.
If the repeater is within deviation
limits, so is the slow scan. If an
excessive audio level of slow scan is
introduced into a repeater, it merely
goes into clipping. And two is fine for
Slow Scan experimenting.

... K4TWJ
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The Hilton Inn at Tarrytown, New
York, will be the site of the 1972
ARRL Hudson Division Convention
on October 21 and 22. There will be
exhibits, lectures and a banquet. Tech-
nical experts will be on hand to
explain the latest gear. Registration is
$3.00 and is required for forum atten-
dance and special events. Banquet
tickets are $10.00 in advance. or
$12.00 at the door. There are free
gifts to early registrants. To register or
for mose information contact Dave
Popkin, WA2CCF, 303 Tenafly Road,
Eaglewood NJ 07631,

The Pony Express award is available
to all amateurs who make contact
with five St. Joseph, Missouri opera-
tors. General and above can look for
contact individually or on the
CHC-FHC Service Net on 3943 kHz
about 0200 GMT. At present there are
only six Novice operators who are
active. Novices wanting this award can
look for WN@UHNO WNODPS,
WNODNE, WNODNC, WHOHEF and
WNOGGD on the following frequen-
cies: 3710, 27120, 37130, T158,
7166, 7168, 7170, 7176, 7180, 7186,
21110, 21120, 21132, 21150, 21170,
21177, 21180, 21200, 21220 and
21240.

The MOUNT AIRY VHF RADIO
CLUB, Inc. presents the first annual
Pack Rat Hamarama, Sunday October
1, 1972, at the Warwick Fire Co..
Jamison Pa. The Warwick Fire Co. is
located on Rt. 263 above Willow
Grove .and is easily accessible from
Rts. 309, 202, 611, 132 and the Pa.
Turnpike. Activities include a giant
flea market, auction and an amateur
TV demonstration by the leading local
ATV'ers. Festivities begin at 10 AM.
Food concession on premises. Regis-
tration is $1.00, flea market tables or
tailgate sales, $2.00. Talk in on
146.94 and 52.525. For further infor-
mation contact W3ZD at 520 Cen-
tennial Rd., Warminster, Pa. 18974.

The 10th Annual Greater Bay Area
HAMFEST will be held at the Royal
Coach Inn, just off the Bay Shore
Freeway, on October 14th and 15th.
For further information contact
Veikke West, K60ORP, Box 751, San
Mateo CA 94401].

The Quarter Century Wireless Asso-

90 MHz BAND

Bill Turner WAﬂA Bl
5 Chestnut Court
St. Peters MO 63376

Andy, VEIASJ, was much more
successful on his second attempt at a
DXpedition to Prince Edward Island.
The rig held together this time allow-
ing 119 contacts to be made. Best DX
heard was WAG6JRA, unfortunately no
contact was made. Utah and Wyoming
were the best DX worked. Jim.
W7VDZ, made the grade while
VEIAS) was using 30 feet of wire
attached to a dead tree, the regular
antenna was a 6 element. Andy has a

dinner meeting at 7:00 PM, Saturday,
October 14, at the Twin Bridges
Mariott, located on Route 1 I-95 in
Washington, D.C. Senator Barry Gold-
water will present the Fifty Year
Awards. The guest speaker will be the
Hon. Dean Burch, Chairman of the
FCC. For further information contact
A.J. Gironda, W2JE. Box 394
Mamaroneck NY 10543.

The Moosehorn Amateur Radio
Club of the Kenai Peninsula is offering
the All Alaska Counties Award. The
rules are as follows: Applicant must
work one station in each of the four
judicial districts plus one member of
the Moosehorn Amateur Radio Club.
Each two-way contact must be con-
firmed by QSL card. QSL cards plus
return postage are to be sent to
Moosehomn Amateur Radio Club, Box
7133, Soldotna, Alaska 99669. All con-
tacts must be dated May, 1972, or
later.

SCIENCE HALL OFFERS
CLASSES IN HAM RADIO

The Hall of Science of the City of

| New York will conduct a series of

twelve instructiomal and practice
sessions for teens and adults in Ama-
teur Radio beginning September 30 at
the Hall, 111th Street and 48th Ave.,
Flushing Meadows Corona Park.

Course for the Novice, Technician,
General and Advanced class FCC
Amateur Radio licenses will be presen-
ted, with all courses scheduled from
10 AM to 12 noon and repeated from
| PM to 3 PM on consecutive Satur-
days.

There is a registration fee of $5.00
and a nominal charge for text books
and code practice equipment for par-
ticipants who require these materials.
For further information and to obtain
registration form, write or phone Hall
of Science, P.O. Box 1032, Flushing

ciation, Inc. will hold its 25th annual { NY 71352 (212-699-9400.
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KW linear in the works which should
be on the air shortly. Andy would like
to make some contacts on CW in the
50 wpm bracket. Any takers may
write him at P.O. Box 51. St. John,
New Brunswick.

WAIEXN, Art, says, “l worked
W7VDZ for state number 44 . . . also
called by K7ICW (I gave him number
50 last year); nice to talk to Al
again . . . have heard all the states |
need this year but Montana and
Hawaii.”

Randy, WB4LHF, is on every
Sunday evening (0100Z) looking for
groundwave, scatter or whatever hap-
pens to show up on 50.110. At the
same time and day yvou might look for
the North Carolina sideband net on
50.120. Any other six meter nets
around?

EBarher this summer | was in QSO
with a station in the Northeast who
repeatedly wondered aloud if he were
being copied. Repeated assurances
that his signal was running 20 over 9
didn’t ease his mind, his plate current
and SWR bridge told him his output
was down rather drastically. A few
days ago a local ham had occasion to
measure the output of his exciter and
linear with a borrowed Drake WV4
wattmeter. To his surprise, the exciter
(rated at 180 watts input) measured
only 10 watts and the linear (with
tubes totaling 750 watts plate dissipa-
tion) was putting out only 200 watts.
His signal reports from both local and
skip contacts had given no indication
of this condition. Both the above
situations point out the futility of
cranking up the MIC gain or repeated-
ly retuning in order to get a few extra
watts output. If you were, for ex-
ample, running 100 watts output and
being received at some distant point at
'59." then your output decreased to
6% watts, the net loss in signal
strength would be only 2 “S” units.
By the same token, if you were being
received at “S2” with 100 watts out-
put, an increase to 125 watts would
not be discernible and an increase to
400 watts would be necessary to bring
your signal up to “S3.” From the
above it should be clear that any
attempt to wring the last watt out of
your equipment can result only in
splatter, QRM, and hard feelings —
not more or better contacts. Higher
power is fine, it helps when working
groundwave and scatter, it even has a
place during skip, just make sure your
equipment is designed for the power

level in use . . . or a little more.

.. .WADABI
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I.insist

After working at a TV station for
the summer, I have a suggestion for
*ham publicity.” | have found that
even in Rochester (I would assume it
is in the top 100 market), there are a
number of PSA’s (public service an-
nouncement), especially in syndicated
shows (Star Trek, etc.), which local
stations buy and show themselves.
These PSA’s are picked at random
from a supply of PSA’s. | presume the
showing of PSA’s is free as they have
nothing better to put there. The PSA’S
cover a wide range (public libraries,
CAP, Army, U.S. Depts., Catholic
services, etc.) and | think that amateur
radio would fit in well. The best
subject would probably be emergency
preparedness, but other subjects could
easily be used. Near the end we could
put an address to contact for further
information (such as ARRL) or the
phone of a local radio or TV station
(there are usually a few amateurs on
the staff).

The best lengths for such films
would be 60 sec. and 30 sec., however
an “oddball” length like 40 sec. might
work too.

The project seems a natural for the
ARRL, however I mention it to you

for your comments and suggestions.
Daniel Kinsella WA2JHF

Rochester NY

Yes, | always have and always will.
Yes. | always have and always will.
Yes. I always have and always will.

(love you)

P.S. | resubscribed
A Resubsecriber

As in the “Sorcerer’s Apprentice,”
How Do I Shut It Off? . .. the letters
I mean. As a result of my offer to
supply transistors to the needy or
remotely located —2 Buck «Gen —
August issue, I've sent out almost 250
pieces and have run out. Never be-
lieved that many people would be
interested. Received another 11 letters
today and am substituting the PNP
counterpart which only requires bat-
tery reversal but I'm afraid my writing
arm and envelope licking tongue will
not last the 30 days promised — not
to mention the transistor supply.

There is sure going to be a lot of
QRP 2m FM flying through the air.

| worked 4 blocks into TV channel
13 sound 215.7 MHz with the circuit
using a 1X1X1 loop and 1.5—15 pF,
so I guess you could say there is 220
MHz activity in Kentucky — almost

AFAL.
Walt Pinner WB4AMYL

ou goons don't ever proc

thati

you print ev

As a new Novice who also was
frustrated over being able to copy
only CW on my HW-16, I am now a
bit happier. 1 performed the simple
modification as shown in your August
1972 edition for HW-16s to decrease
the selectivity, thus making it possible
to copy AM/SSB/and foreign BC on
40m. I enjoy it as a change of listen-
ing, and it makes copying after a CQ a
bit easier.

The only problem is it does result
in a little extra *‘pop” when the key is
released, due to picking up the col-
lapsing CW signal. Solid state TR
switching is the drawback there.

Keep up the MARS articles. | am a
sergeant in the U.S.A.F.

Bill Armstrong WN8NKT/4
Sumter SC

The article on page 119 of the
August issue entitled “FM Adapter”
was of considerable interest since | am
slope detecting FM signals in a com-
munications receiver with a crystal
controlled converter ahead of it. How-
ever, after reading the article and
studying the schematic, 1 concluded
that [ wouldn’t build the adapter on a
bet. Following are the errors | have
found so far in this article:
|. Page 119, first line of text — “F”

left off of “Frequency.”

2. Page 120, schematic:

2.1 “J1 455 kHz INPUT" designa-

tion is confusing placed in front of

the input connector ground side
contact.

2.2 Transformer T3, capacitor C10,

and the “TUNE" position of switch

S2 are not labeled.

2.3 The V6b designation is adjacent

to the lower section.

2.4 The regulated 150 volt bus is

tied to the 2.5 volt AGC delay

voltage bus instead of the bottom
of R25.

2.5 The grid pin (1) and the plate

pin (2) of V6b should be tied

together as this section works as a

diode.

3.Page 121, parts list —R24 15 a
100,000 ohm resistor, not
1000.000 ohms.

4. Page 122, The sentence *'It should
be noted that the bandwidth at the
receiver output jack is governed by
shorting plug can be applied to the
output jack when the FM adapter 1s
not in use.” is an extra collection of
garbled words.

5. Page 123, — Reference 7. Hand-
book Preferred Circuits, NAVWEPS
16-1-519, (etc.) 1s NAVAER
16-1-5109.

| am going to file the article until
all the errata is in. and then will
undoubtedly build the adapter. Am
sort of disappointed in your proof-

reading.
Harold S. Eisley WA3SPD/W3NET
Saint Marys City MD

Picky,picky!

Received your proof (New Pro-
ducts, September) and have one cor-
rection. Frequency stability of the
GLB Model 400B Channelizer 1S
.0005%.

We will have a 5 kHz adapter
modification for the Channelizer late
this fall.

Bernie Sanders, Sales Manager
GLB Electronics
So. Cheektowaga NY

Enclosed please find my check for a
subscription to 73. After 14 years of
interest in amateur radio | finally got
my ticket. | was out of touch with the
hobby from 1965 to 1972 and was
amazed to find all of the changes that
have taken place during that time.
What | can't believe is the “leader-
ship” provided by the ARRL during
this period, despite their motto. To
catch up on all the recent develop-
ments, | borrowed the back issues of
73 from the library of Dean Metzgar,
WB4KAN/3, who also filled in the
gaps with a pretty thorough history of
what has been happening.

I think what the ARRL needs is a
communications system which would
require each of the section communi-
cations managers to report to head-
quarters two months before every
directors’ meeting, and also report
whenever any major issue should be
handled by the league. The SCM’s
should get opinions on all issues from
the amateurs in his area. HQ would
then be required to compile the 74
reports it receives and the information
contained therein would be required
to be presented at the board meeting.

The real problem in the ARRL 1is
the fact that HQ decides what 1s good
for amateur radio without consulting
the amateurs. It all boils down to a
“failure to communicate.” Maybe
they could use some of the league’s
money fo institute a survey system
whereby league members would be
sent a questionnaire at least every 4
months. Something must be done.

Keep up the good work you've
been doing by offering constructive
criticism in your editorials, however
direct and pointed it might be. You
have created the finest amateur radio
E;Jgazine around. Congratulations,

[ just heard from a local ARRL
man that the ARRL is going to claim
full credit for the development of 2m
FM! What a farce!

Herb Brasington WA3TDI

Although it’s rather far downstream
by now, the article on revising the
Morse Code in your November 71
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issue has a lot going for it. The author
has done a lot of thinking, and cer-
tainly from a time-and-motion stand-
point is right on.

The chances of getting this done
are, alas, very slim. It's the old
story — it’s easier to walk in the same
old rut than to climb out and blaze a
new trail. How long have proponents
tried to get the U.S. to adopt the
Metric System?

Many hams$ use a typewriter — |
wonder how many ever heard about
the existence of a superior keyboard,
the Dvorak Simplified Keyboard? Its
proponents have been trying to get
this keyboard adopted by industry
and government since 1944, with only
sporadic success in getting anyone to
listen to them. (I've used this key-
board since 1965, Wayne, and it’s
great.) It has the same logic and
reason and time-and-motion efficiency
as the Morse Code proposal. But . ..
like all logical and reasonable propo-
sals, this too must await the day when
men begin to reason together.

On the basis of bandwidth, the
International Code (which 1s really

what the author is talking about, not
"Morse™) is not yet obsolete, and will
be around for a long, long while. 1
have been a 55-wpm operator
(ex-Navy) of International, and
35-wpm Morse (landline) op. Natural-
ly, the code is nostalgic for me, but
with great effort to separate the emo-
tional from the rational, I'd be de-
lighted to learn a revised signaling
code if it would be as well designed as
the new typewriter keyboard. I don’t
agree with the author’s new system,
but | applaud his reasoning.
W. Boyd
Geyersville CA 95441

Two meter FM does it again.
Through the WATKZC repeater lo-
cated on Sherman Hill near Laramie,
Wyoming, Chimney Park Scout Camp
for the first time, enjoyed two way
communication with the outside
world.

WA7IYO, his XYL WA7SOH and
junior op WA7SUL provided com-
munication between the camp site and
camp headquarters. WA7SQJ the
junior op’s grandmother, operated the
town site to complete the family team
and communication link.

Wilma E. Hirst, Ed.D. WA7S0Q]
Gheyenne WY 82001

I’'ve been reading the 73 License
Study Guides — Congratulations on
putting out such well written books. I
let my license expire while | was away
in college back in 1962, but I am
again getting very interested in ham
radio, especially SSTV.

I remember trying to learn radio
from the manuals available back in the
1950’s and wondering why anyone
would want to write the English
language in that fashion. Since that
time, with exposure to IBM manuals
and Air Force Tech data, I have
learned that obscurity and circular

12

definitions are the height of fashion
among technical writers. So. thanks
for the thought and time involved in
putting out such lucid and enjoyable

books.
Bert Mavo
Middletown CT

Well, the military can be a real drag,
even in London, especially with rising
costs and tourist traps within the
United Kingdom. However, wherever
an amateur goes, whether he is sent on
his own volition or otherwise, life can
be very interesting. Thank you ama-
teur and thank you 73. There are
plenty of G5 call signs left | am told
from the Ministry of Posts and Tele-
communications at Waterloo and the
price for a year’s enjoyment is still the
meager sum of three pounds. Even
with the monetary crisis the way it is
today. it works out to be $7.80. In
addition, no renewal applications are
necessary. After about two hours and
seven phone calls through British red
tape and an apparent language barrier
between American English and
English English, I've found that all
they want is for the Anglo-American
ham to send the money . . . renewal is
taken from there as | understand it.

One might ask what reception is
like on this island of islands. The
answer I'm afraid has to be that you
can work and indeed hear all the
Italian stations you wish and perhaps
more than you wish. Filters for this
human QRM have yet to be de-
veloped. Perhaps in this case Johnson
Island would have been a better
assignment for a ham DXer.

Norman N, North WA IDBR/G5ATR
South Ruislip, England

The comment in the July issue of
73 on FCC harassment of hams, i1s |
feel, grossly unfair to the vast majori-
ty of the FCC staff that I have come
in contact with in about 37 years plus
of amateur, mobile, marine and broad-
casting experience.

Like the rest of us, there are some
bad people working for the FCC, but
there are also and have-been many
dammed nice men that I have had
contact with, and it has been my
experience that if you are in the
wrong, then they will issue the cita-
tion, but if it is a grey area, the vast
majority are willing to accept the
doubt, with just a caution, and sugges-
tion to correct the questionable prac-
tice.

Also, as the laws are written by
lawyers, different individuals can read
different meanings into them, and as a
result the individual FCC staffer may
interpret them differently, although
they do have a guideline for inspec-
tions, it still falls to the individual to
make an on-the-spot decision if some-
thing is nght or wrong. | do not envy
them this.

There are generally about 20 to 30
DB citations and fines issued each
week according to FCC public notices,

with just a sprinkling of hams, at the
most two or three, and most are for
operating on wrong frequencies, or
failure to properly identify them-
selves.

The one thing that has bothered me
is the FCC phrase, “For repeated
violation of . . . 7 Apparently once is
just a violation, but ftwice is repeated,
even as in amateur radio it takes place,
let us say, within seconds, like two
transmissions, while if it had con-
tinued as a single transmission it
would have been only one viola-
tion . .. This is again the word against

the action.
George W. Brooks W2G X
Newburgh NY

Here's one that might possibly be
worth a hint or kink or oddity or
something or other. Our small lab has
a number of bench power supplies but
we are constantly needing another 5
volt supply — and one that can stand a
bit of abuse or carelessness, so we
have placed several of National’s 309K
regulators on flat heat sinks with four
small rubber feet that we find ex-
tremely useful. We punch out holes in
the sinks, cut a hole in plastic tape
slightly smaller than the stake-ins we
use, place the tape on the sink cover-
ing the stamped hole, center the stake
-in in the hole and fill with epoxy and

let set. Then when we need five volts
we just strap it across any of the
available power supplies between nine
and about 38 volts and have a S volt
current limited power supply. We have
a high current regulated supply of 12
volts that can get a bit nasty if you get
a bit careless with shorts. [ have a
small screw driver that is being used
now as a scriber to testify to that fact.
They are easy to store and provide an
instant 5 volt supply when needed. We
also have the same units in several
other voltages that we use the same
wdy.
73 and congratulations on the con-
tinued excellence of 73.
C.W. Pate
Bryte CA

|l am an ARRL life member. This is
addressed to all ARRL members, as
well as to you to ask for your help in
a matter that has been troubling me
since last November. That month a
guest editorial supporting the
ARRL — actually a letter printed as
an editorial — by James Russell,
WSBU of Cleveland, appeared on page
77 of QOST. Mr. Russell did a very
unfortunate thing in that letter — he
owed how we oughtn’t only chastise
ARRL for its shortcomings, but how
we should also stand behind it as the
best hope for a strong, viable amateur
radio. This would’ve been fine except
that Mr. Russell used the case of a
young Cleveland welfare recipient to
support his argument. Quoting from
the Cleveland ‘Press,” Mr. Russell let
us know that the young girl con-

(Continued on page 122)
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experimenter!

INTERNATIONAL EX CRYSTAL & EX KITS

OSCILLATOR « RF MIXER « RF AMPLIFIER « POWER AMPLIFIER

1. MXX-1 TRANSISTOR RF MIXER

A single tuned circuit intended for signal
conversion in the 3 to 170 MHz range.
Harmonics of the OX oscillator are used for
injection in the 60 to 170 MHz range.

Lo Kit 3 to 20 MHz, Hi Kit 20 to 170 MHz
(Specify when ordering)........................$3.50

2. SAX-1 TRANSISTOR RF AMP

A small signal amplifier to drive MXX-1
mixer. Single tuned input and link output.
Lo Kit 3 to 20 MHz, Hi Kit 20 to 170 MHz
(Specify when ordering)........................$3.50

3. PAX-1 TRANSISTOR RF
POWER AMP

A single tuned output amplifier designed to
follow the OX oscillator. Outputs up to
200 mw, depending on the frequency and
voltage. Amplifier can be amplitude
modulated. Frequency 3,000

to 30,000 KHz... = ...$3.75

4. BAX-1 BROADBAND AMP

General purpose unit which may be used
as a tuned or untuned amplifier in RF and
audio applications 20 Hz to 150 MHz.

Provides 6.to 30 db gain. Ideal for SWL,
Experimenter or Amateur......................$3.75

5. OX OSCILLATOR

Crystal controlled transistor type. Lo Kit
3,000 to 19,999 KHz, Hi Kit 20,000 to 60,000
KHz. (Specify when ordering)................$2.95

6. TYPE EX CRYSTAL

Available from 3,000 to 60,000 KHz.
Supplied only in HC 6/U holder. Calibration
is = .02% when operated in International
OX circuit or its equivalent.

(Specify frequency) .......ccoveieeeeeee.......$3.95

commercial user

INTERNATIONAL
PRECISION RADIO CRYSTALS

International Crystals are available from 70 KHz
to 160 MHz in a wide variety of holders.

Crystals for use in military equipment can be
supplied to meet specifications MIL-C-3098E.

(GP) for “"General Purpose' applications
CRYSTAL (cs) for “Commercial Standard”

TYPES:  (HA) for “High Accuracy” close temperature
tolerance requirements.

WRITE FOR CATALOG.

TR

INTERNATIONAL

CRYSTAL MFG. CO., INC.
10 NO. LEE ® OKLA CITY. OKLA 73102




In a2 time when transceivers

are a dime a dozen,
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CUPPING DR, ¢ i

The signal/one CX7A will set you
back $2,395— but set you way ahead
In amateur radio operation.

That's because the CX7A has just
about every feature you can think of.
Including the most sensitive receiver
made, the most "‘talk-powered”

300 watts of power you ever heard, and
much more. Like an extra receiver,

an RF clipper, a built-in power supply
and an electronic keyer.

Suddenly, $2,395 sounds more like
a bargain than a bundle. Because
you re getting, in effect, a room full
of gear in one compact desk-top unit.
A unit that features the industry’s
highest quality control standards, the

ours costs an arm and a leg.

finest components obtainable, the
most features, the best performance. . . .
we could go on.

Better yet, you go on over to your
signal/one dealer and see the rig
for yourself. Or write us for a detailed
brochure. Once you see the CX7A,
you |l be willing to give up an arm and
a leg for it. Or at least $2,395

D S5/ 0r7e

a subsidiary of

COMPUTER MEASUREMENTS, INC.

1645 West 135th Street
Gardena Ca 9ONn24a



Peter A. Stark K20AW
196 Forest Drive
Mt. Kisco, NY 10549

FREQUENCY

SYNTHESIZER

for 2 METER FM

Part 1

ast month we started describing our
frequency synthesizer and gave the
parts list. This month we will show all the
diagrams and describe how it works, and
next month we will have the printed circuit
board layout, parts layout drawings, and
construction and operation information.
Figures 2 thru 12 show the diagrams of
the various parts of the synthesizer. To see
how these parts fit together refer back to
Fig. 1, the block diagram, in last month’s
article.

1800 560
A AN
! slz220| 2 & 'E-DDL&DDL IO MH 2
. . T
?_EE - }’ T Eﬂ. = OUTPU
33pF
€22
NPO SNT7400N
PIN 14 =45V
220 = PIN 7=GND
1 |
IOMHZ
AT-CUT
1.7-14pF SERIES RESONANT CRYSTAL

Fig. 2. 10 MHz crystal oscillator.

10 MHz Crystal Oscillator (Fig. 2)

The basic reference for the synthesizer is
an AT-cut series resonant 10 MHz crystal in
a simple circuit using the four gates from an

s T 477

SN7400N IC. This 1s a fairly simple circuit
which i1s stable enough for the prupose. If
you want the utmost stability, though, vou
may want to put the entire circuit into an
oven. The crystal oscillator circuit is moun-
ted at the very edge of the p.c. board, and so
is easily removed later, if you want. But we
haven't found this necessary so far.

Reference Frequency Divider (Fig. 3)

This frequency divider takes the 10 MHz
signal from the crystal oscillator and divides
it down into the reference frequency needed

Ic21 IC20 IC19 ici8 IciT
0 MHz SN7490N SN7490N SN7490N NOTE 2 SNT492N
FROM 2r—y 12— B4

CRYSTAL =
osciLLAaTor|® P9 A e .
SEE
I_M. i 4 it 1 i1 1 NOTE | 2
s plbsla D bd Db—e| 2 |—wibe A
+10 ] 10 ] =5 I Z|2 I

| = REFERENCE
20KHZ

+5V FREQUENLY

(SEE NOTE 1) | MHz TO PHASE

100 KHz
COMPARATOR

Fig. 3. Reference frequency divider. Notes: 1. All
ICs shown have +5V to pin 5, and ground to pins
2, 3,6, 7,and 10; 2. IC18 type and wiring depends
on desired synthesizer output frequency as follows:

Synthesizer IC18 Data Output Freq (Hz)
Output Divides Qutput from from
Freq. Type by Pin IC18 IC17
6 MHz SN7493N 8 11(D) 2500 208-1/3
8 MHz SN7492N 6 8(D) 3333-1/3277-7/9
12 MHz SN7493N 4 8(C) 5000 416-2/3

FM-84 15



by the phase comparator. In our version,
which provides 6 MHz output, the reference
frequency divider provides a reference fre-
quency of 208-1/3 Hz. For a synthesizer
output of & MHz, the reference would be
277-7/9 Hz, and for a 12 MHz output the
reference would be 416-2/3 Hz. The division
from 10 MHz down to these frequencies is
done by five IC’s. The note at the bottom of
Fig. 3 tells the differences in hookup for the
three different circuits.

Phase Comparator (Fig. 4)

The reference frequency and the output
from the programmable divider both go into
the phase cumparatnr,'where they are com-
pared. If there is any difference in the two, a
control voltage to the VCO changes the VCO
frequency to bring it back to the right
frequency.

We tried many circuits before coming up
with the one in Fig. 4. There are several
integrated circuits specially designed for
phase-locked-loop applications, and we tried
them all. Signetics makes a series of phase-
locked-loop IC’s which contain the phase
detector, several amplifiers, and the VCO all
in one, but we found the performance
unsatisfactory. Likewise, Motorola makes a
phase comparator IC which also did not
work out well. An “exclusive-OR’’ circuit
made out of an SN7400N gate package was
also disappointing. In each case, the problem
1s that the output of the phase comparator
has to be a pure dc voltage proportional to
the phase or frequency difference between
the two input signals, while each of the IC
phase detectors has a large amount of
feed-through of the input pulse signals.
While the IC manufacturers claim that you
can get rid of these pulses with heavy

al
MOTOROL A
MFE 3002
REEERENCE I SNy D

filtering, that does not quite result in a clean
enough output. In our circuit we have
managed to eliminate all traces of the input
pulses on the output line.

The reference frequency input into the
phase comparator is a square wave which is
applied to an integrator circuit consisting of
the 1K resistor and 1 uF capacitor. These
two components shape the square wave into
a somewhat distorted triangular wave with
curved edges, which 1s then applied to the
source of an MFE 3002 FET. This is an
enhancement-type MOSFET which acts like
a very fast switch.

At the same.time, the output from the
programmable divider is applied to the base
of Q3. The signal coming in is a series of
very narrow pulses (on the order of a tenth
of a microsecond wide) whose repetition
rate is equal to the reference frequency
(when the synthesizer is operating nor-
mally). The .001 capacitor in the collector
circuit of Q3 widens these pulses to about a
microsecond wide, so that the output of Q4
are wider pulses. Between pulses, the output
of Q4 is about zero volts, and each pulse
goes up to about +12 volts.

These positive-going pulses are connected
to the gate of Q1. Q1 forms what is called a
“sample-and-hold™ circuit. When its gate is
held around zero volts (between the pulses
from Q4) QI acts like an open switch. But
during the 1 uS wide pulses, when the gate
of Q1 is at +12 volts, QI acts like a closed
switch. Hence, for a very short instant
during each pulse, Q1 connects the 1 uF and
the 0.1 uF capacitors together, charging

the 0.1 uF capacitor to the exact voltage
that happened to be on the 1 uF capacitor
at the instant that the pulse occurred.

FREQUENCY 3
JLIML

*

TtnFlHDTEI}

— +12V

IMEG 3|6

OuUTPUT
FROM

PROGRAMMABLE
DIVIDER

5V

2] & 1
C__E'

BOTTOM VIEW
OF 2N706 D S

TO VOLTAGE-CONTROLLED

4 OSCILLATOR
10K
27K =
*=TO UNLOCK DETECTOR

; e BOTTOM VIEW OF
, . MOTOROLA MFE 3002
0 CASE

BOTTOM VIEW OF
RCA 40673

Fig. 4. Phase (and frequency) comparator. Notes: For 8 MHz, change to .75 UF, for 12 MHz change to

S UF.
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If the pulse frequency out of the pro-
grammable divider is exactly the same as the
reference frequency, then the pulses always
occur at the same time in relation to the
triangular wave; in that case the voltage
across the 0.1 uF capacitor will always be
the same, since the FET switch will always
sample the same part of the triangular wave.
But if the two frequencies are not the
same — so that the pulses occur either more
often or less often — then the FET switch
will sample different parts of the triangular
wave, and the voltage across the 0.1 uF
capacitor will change.

The output of the 0.1 uF capacitor is
connected to a source-follower, using an
RCA dual-gate-protected MOSFET, the
40673. The source-follower i1s very similar to
a cathode follower, and provides a very high
input resistance to the 0.1 uF capacitor. The
purpose here is to monitor the voltage across
the 0.1 uF capacitor without loading it
down, so that the voltage across the capaci-
tor stays constant even between successive
input samplings — this i1s what 1s meant by
“sample-and-hold.”” The output from the
source-follower is then sent to the unlock
detector and to the VCO.

As pointed out earlier, the output from
the phase detector is a constant dc voltage
when the synthesizer is operating normally.
This dc voltage is in the range of about 1.9
to 4.4 volts, and 1s used to control the
frequency of the VCO. Under normal opera-
tion, we say the loop 1s locked on the
reference signal. But if the phase detector
output 1s changing, that means that the two
inputs into the phase detector were not the
same frequency, and thus the VCO frequen-
cy is changing. Under these conditions we
say that the loop is not locked, and the
unlock detector senses this by seeing that
the output of the detector is a changing
voltage.

Voltage-Controlled-Oscillator (Fig. 5)

The VCO is another tricky part of the
system and we must confess that we are not
quite happy with this one yet. 1 ne heart of
the VCO is a Motorola MC1648P ECL
oscillator 1C, which uses L1 and C1 to set its
frequency. The output of the IC is amplified
and conditioned by a 2N5771 transistor, and
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MADE IN U.S.A.

: The First AM-FM
Solid-State Transceiver
For Two Meters

No longer is it necessary to choose between
AM and FM on two meters. Now you can have
both in one compact unit. Join the gang on
the new FM repeaters yet still be able to ‘‘rag
chew' with old friends either AM or FM any-
where in the two meter band.
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TRANSMITTER:
| Built-in VFO (Frequency converted for stability)
AM and FM both crystal and VFO
Four transmit crystal positions (8 MHz)
12 watt input AM and FM
High level transmitter modulation on AM :
Bandpass coupled transmitter requiring only final tune
and load
Three internal transmit crystal sockets with trimmers =
for netting "
m One transmitter crystal socket on the front panel
m Deviation limiting
m 146.94 MHz crystal included

RECEIVER:

- ® Double conversion
- ®m Crystal controlled first conversion
? m MOS FET receiver front-end
m |ntegrated circuit limiter and discriminator for FM
m Envelope detector and series gate noise clipper for AM
®m Built-in squelch for both AM and FM

GENERAL:

- m Separate transmitter and receiver tuning
- ® Built-in 115VAC power supply :
- m Direct 12VDC operation for mobile or portable operation
- m Optional portable rechargeable snap-on battery pack
- available
- m ‘“‘S"" Meter also used for transmitter tune up
~ m Military style glass epoxy circuit boards
m Anodized lettering and front panel
- m Baked epoxy finish on the cabinet e
- m 47 transistors, 22 diodes, 1 integrated circuit
- m Dimensions: 10%4"W x 614"H x 71,"D

' Warranty—90 Days Parts and Labor

I erhe" CTR-144 is available at your
DEALER
$459.95

W do S

Pl fi s Rl S IR TH

C P.O. BOX 266—GOLETA, CALIF, 93017

Write for more information or
use READER SERVICE
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j_ * B 06 ONLY
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Fig. 5. Voltage-controlled oscillator. Notes: L1 is 26 turns of No. 32 enamel wire close wound on 7/32
in. dia. by 19/32 in. long ceramic core, with ferrite slug (6 MHz output). Coil is adjustable from 3 to 6
MH, and is normally set to about 4.8 UH (6 MHz output).

then further amplified and buffered by some

gates before being sent to the rest of the
system.

The values specified for L1, C1 and C2 in
Fig. 5 are for 6 MHz operation only; we
haven’t built the 8 or 12 MHz versions yet,
and so the choice of coil and capacitor for
other operating frequencies will be up to
you. We will discuss in a moment the way to
decide these values.

The oscillator is tuned over its range by
changing the shunt capacitance across the
tuned circuit. Instead of using a varicap
diode, we found two paralleled 1N4001
diodes just as good. The VCO control
voltage (which is positive) is applied to the
cathodes of these two diodes. The higher
this positive voltage, the lower the diode
capacitance, and the higher the operating
frequency.

Because the oscillator has to operate at a
lower frequency during receiving, we switch
in another capacitor, C2, just during receive.
This is done by applying +5 volts to the base
of QS5, turning it on. When QS is off, C2 is
essentially out of the circuit, except for about
5 pF circuit capacity.

Since the phase comparator output ranges
from about 1.9 to 4.4 volts, we designed the
VCO to cover the entire range with a control
voltage from 2.2 to 4.1 volts, which leaves a
0.3 volt overlap at both ends, to make sure
that enough control voltage is available from
the phase detector to control the VCO over
the whole range. On our 6 MHz synthesizer,
the output frequency during transmit is in
the range of 6041 to 6167 KHz, and during
receive i1s in the range of 5595 to 5721 kHz.
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Hence our VCO i1s designed to satistfy the

following data:

Output Frequency from VCO (kHz)

Input Transmit Receive
Control (0OV on (+5V on
Voltage base of Q5) base of Q5)
+2.2V 6040 or less 5595 or less
+4.1V 6170 or more 5725 or more

[f you build the synthesizer with 8 MHz
output, then the transmit output frequency
range 1S from 8055 to 8222 kHz, and the
receive range (assuming 10.7 MHz i-f offset)
1s 7461 to 7628 kHz. Then you will have to
change L1, Cl1, and C2 to get the following:

Output Frequency from VCO (kHz)

Input Transmit Receive
Control (0OV on (+5V on
Voltage base of Q5) base of Q5)
+2.2V 8055 or less 7460 or less
+4.1V 8225 or more 7630 or more

Notice that in each case we add a little
overlap, just to make sure that the final
circuit 1s going to work properly. If you
want 12 MHz output, then the output
frequencies will be twice those in the 6 MHz
case. Also, for 11.7 MHz receive offset, the
receive frequencies will be a little lower than
those shown above.

In order to keep the noise and hum out
of the VCO, we found it necessary to put
the VCO into a corner of the board, separa-
ted by a ground strip from all other compo-
nents on the board, and had to install a
separate +5V regulator. We used an LM309H
regulator with a small clip-on heat sink. The
LM309H is similar to the LM309K regulator,
but is in a small TO-5 style can instead of
the big TO-3 case. You can use the LM309K
instead, if you wish, but it will not fit
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directly on the board. If you mount it on
the chassis, make sure to insulate it from the
chassis ground. Instead, bring a separate
ground wire back to the VCO and ground it
where the LM309H would have been groun-
ded. You must avoid all ground loops to
avoid problems.

It i1s possible to FM modulate the VCO to
produce a very nice signal, by simply feeding
about 1V of audio to the VCO control input
through a 3.9 MS2 resistor. You can reduce
the value of this resistor a bit, but if it is
made too small then probably you will get
hum from the audio input because of a
ground loop. In our case, we have a Touch-
Tone pad mounted on the case, and this is
where we bring in the audio. If you want to
voice modulate the VCO, make sure to put
in a cut-off filter into the audio path to cut
off below about 500 Hz. Any audio intro-
duced at this point that i1s at a lower
frequency than the reference signal at the
phase comparator will appear as an error in
the phase-locked-loop, and the loop will try
to correct for it. You won’t get much
modulation, and it will just make the loop a
little more unstable. We're planning to try to
feed in PL tones at this point in the future,
but suspect that it won’t work out too well.

As mentioned earlier, we are not too
happy with the VCO at this point, primarily
because it has a little noise. The output has a
bit of random residual FM, which shows up
on the transmitted signal as a hiss. Since it is
not too objectionable we decided to accept
it in the interests of simplicity, but may get
ambitious on this circuit in the distant
future.

Unlock Dectector (Fig. 6)

A relatively straightforward circuit checks
whether the loop i1s locked by monitoring
the VCO control voltage. An emitter-
follower, Q7, is connected to the control
line, with its output driving Q8, an amplifier,
whose output in turn goes to Q9 and Q10.
Both Q9 and Q10 are normally biased just
below turning on. If an ac signal is present,
one or the other of these two transistors
turns on. In normal operation, pins 13 and
12 of IC13d are at about +5V. If Q9 turns
on, pin 13 is grounded; on the other hand, if
Q10 turns on, then the input into IC13c

GainAntenna
144-148 MH:z

raA O

Larsen Mobile

The result of over 25 years of two-way
radio experience. Gives you . ..

® 3 db + gain over 1/4 wave whip

B 6 db + gain for complete system
communications

®V.S.W.R. less than 1.3 to 1

B Low, low silhouette for better
appearance

The fastest growing antenna in the com-
mercial 2-way field is now available to Ama-
teurs. It's the antenna that lets you HEAR
THE DIFFERENCE. Easily and quickly ad-
justed to any frequency. Hi-impact epoxy
base construction for rugged long life. Silver
plated whip radiates better. Handles full 100
watts continuous. Models to fit any standard
mount. Available as antenna only or com-
plete with all hardware and coax.

Get the full facts on this amazing antenna
that brings signals up out of the noise ...
provides better fringe area talk power. Write
today for fact sheet and prices.

Sold with a full money back guarantee.
You hear better or it costs nothing!

also available . ..
5 db Gain Antenna for
420-440 MHz and 440-460 MHz

Phased Collinear with same rugged construc-
tion as Larsen 2 meter antennas and 5 db
gain over reference 1/4 wave whip. Models
to fit all mounts. Comes with instructions.
Write today for full fact sheet and price.

“~Larsen Antennas

11611 N.E. 50th Ave. ® Vancouver, WA. 98665
Phone 206/695-5383
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Fig. 6. Unlock detector.

goes to +5V, and the output of 1C]3¢
ground pin 12 of 1C13d. Either of these two
conditions brings pin 11 to +5, turning off
the optional LED LOCK indicator. and
bringing the LOCK signal, which goes to the
switched buffer amp. to about 0OV. This
LOCK signal is about +5V (a binary 1) when
the loop is in lock, and goes to ground
(binary 0) when the loop is unlocked.

T'he optional LED diode makes a very
handy way of checking whether the loop is
locked or not. There is room for the diode
right on the p.c. board, or it may be brought
out to the front panel. When the diode lights
we have a fairly nice way of making sure
that everything is operating normally.

Switched Buffer Amplifier (Fig. 7)

The switched buffer-amp uses three two-
input gates in IC2 to buffer the output.
When the LOCK signal from the unlock
detector is a logical 1 (+5V) the gates are on
and the rf signal is sent to the multipliers. If
the LOCK signal goes to zero, the gates are
turned off and the output is disconnected.

Programmable Divider (Fig. 8)

Although this circuit looks the most
complicated, it is actually very easy to
understand. 1C4 through IC7 are program-
mable decade up-down counters which.
along with IC12, do the actual counting. As
mentioned earlier, the value of N. the

i3

A e 2 DDL- o TRANSMITTER MULTIPLIE RS
5395—-1*0 RECEIVER MULTIPLIERS

,*__

LOCK

EROM d 3 b2 e SPARE RF QUTPUT

UNLOCK

DETECTOR IC2
SN7400N

Fig. 7. Switched buffer amplifier.,
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number by which we divide, is a constant
between 29,000 and 29,599 during trans-
mitting, and is 2140 less during receiving.
Temporarily forget about what happens
during receiving, and look at the numbers
29,000 and 29.599. Since the digits 29 at
the beginning are the same all the time. 1C12
1Is permanently wired to count to 2. while
IC7 1s permanently wired to count to 9. The
last three digits of N are entered into 106,
IC5, and 1C4, in that order, by the 11 pairs
of diodes connected to pins 15, 1, 10 and 9
of those IC’s (pin 9 of IC6 is always
grounded since that bit is always a 0). The
actual connections (o those diodes are
shown later.

To see how the divider works. let’s take
an example. Suppose we want to transmit on
a frequency of 146.940 which corresponds
to a value of 29 388 for N. The digits 29 are
permanently wired into 1C7 and IC12, the 3
IS set 1mnto IC6, and the digit 8 is set into
both 1C4 and 1CS5. In this way the counter is
preset to the starting value of 29 _388. As
soon as this i1s done, each input pulse from
the VCO circuitry subtracts one from the
counter. After exactly 29 388 input pulses
the counter gets down to a count of 00000,
and we repeat the whole process all over
again.

In actuality, there is a bit of fancy
footwork required to do all this: to under-
stand all of the fine detail, we have labelled
some of the lines in Fig. 8 with letters A
through F. After the counter starts counting
down toward zero, a number of things
happen. First, ICI12 gets down to a count of
O;: when this happens line C goes high
(meaning positive, or about +5V). A short
time later, when 1C7, 1C6, and 1C5 all reach
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Fig. 8. Programmable divider (=N).

the count of O, line F goes low (near, zero
volts): therefore line B goes high. Then 1C4

reaches a count of 2, line A goes high. Thus
when the counter has gone from its original

preset count down to a count of 00002, the
output of IC8c goes low. This applies about
zero volts to the D input of IC14, a so-called
Type-D flip-flop, but the flip-flop does not
react until the next input pulse. At this pulse
the counter tries to count down to 00001.
But at the same time IC14, which was set
until now, resets and its Q output grounds
the load lines, pins 11 of IC4 through IC7,
and pins 2 and 6 of IC12. This forces all of
the counter stages to preset back to the
starting value of 29,388. But the counter
can’t start counting yet — it has to wait until
the next input pulse (when the counter
would otherwise have been at the count of
00000,) at which time IC14 sets again.
Hence IC14 goes through a complete
set-reset-set cycle exactly once every 29,388
input cycles (or whatever N corresponds to
the frequency selected), which gives us the
frequency division. by N. The output from
pin 6 of ICl4 is a short positive pulse
occurring exactly once every N input pulses.

When the synthesizer is switched into

receive mode, the T-R relay puts +5V on the
RCVE line, which in turn makes pin 11 of

IC16 go high. This brings IC11, IC15, and
IC16 into the picture. As before, the counter

NCTORER 1972
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starts to count down from its preset value
towards - zero, but this time it never reaches
anywhere near it. As soon as IC7 and ICé6
reach a count of 21, line E goes high. When
ICS5 reaches a count of 4 line D goes high.
and so line B goes high. Lines A and C work
the same as before, and so the entire reset
process starts when the counter gets to a
count of 02142, and resetting finishes at the
count of 02140 (instead of 00000 as in
transmit). Since this reduces the quantity N
by exactly 2140, it drops the frequency
(after it is multiplied up to the two meter
range) by exactly 10.7 MHz.

If the first i-f frequency of your rig is
different from 10.7 MHz, then it will be
necessary to change this circuitry. For an
11.7 MHz i-f (such as in the Standard
transceivers), for example, we need to start
resetting the divider at a count of 02342
instead of 02142. In this case the change is
very simple — just eliminate the inverter
shown as IC11 pins 5 and 6. Probably the
best way to do this on the board is to cut off
pins S and 6 on ICI11’s socket to disconnect
the inverter, and then put a jumper between
pins 5 and 6 on the board.

Notice also that we subtract the count of
2140 from the quantity N, we don’t add it.
That means we can only accomodate oscil-
lator injection on the low side of the
received signal. This fits most imported
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Fig. 9. T-R Relay and channel selection switches. Note: See Fig. 10 for detailed wiring of S3 to S10.

transceivers. But if you own the Yaesu
transceiver, which uses high side injection,
the changes required to the synthesizer are

Frequency Selection Switches (Fig. 10)
As shown back in Fig. 8, there is a total

really major, and it probably doesn’t pay to
use the available printed circuit board.

T-R Relay and Channel Selecfion Switches

Undoubtedly we could have replaced the
push-to-talk relay shown in Fig. 9 with a
transistor, but the relay is more universally

adaptable to most transceivers, and so we
used it. When the relay is deenergized the
synthesizer is in the receive mode, and +5V
1S supplied to the RCVE channel switch S1,
to the VCO (to turn on the transistor which
switches extra capacitance into the VCO
tuned circuit) and to the programmable
counter (to cause subtraction of 2140 from
the factor N). When the synthesizer goes to
transmit, +5V is only supplied to the XMIT
channel switch, S2.

The RCVE and XMIT channel switches
select either channel A or channel B for
operation, and in turn send +5V to either
the channel A frequency selector switches
(S3 through S6) or the channel B frequency
switches (S7 to S10). In this way we get
independent frequency selection for trans-
mit and receive, which you need for going
through a repeater. For simplex operation
you can also preset two different frequencies
and simply flip back and forth. With only a
little more effort, you could add a scanning
circuit which would automatically go back
and forth between frequency A and B; it
would have to work slowly, though, since
the synthesizer takes about 1/4 to 1/2
second to settle on a new frequency (it will
take less time if the two receive frequencies
are close together).
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of 11 preset inputs brought out from I1C4, 5,
and 6. Each input goes to ground through a
330f2 resistor, and also goes to two diodes.
Of each pair of diodes, one goes to the
channel A frequency selection switches, and
the other goes to the channel B switches.
The diodes are there to isolate the two sets
of switches from each other.

The actual wiring of these switches is

shown in Fig. 10. The MHz switches (S3 and

i4SMHZz

o~ 146
SELECT A o—

CT B) 7MH
(OR SELE 14 z ICEPINIO

ICE8 PINI | w1 A (ORB)

DICDE

a. MHz selection switches S3 and S7.

THRUA OR B DIODE

HUNDREDS(54.,58]) \ \
TENS(55,59).

IC6 PINIS
ICE PINIS

SELECTA —%
(OR SELECET;

HUNDREDS(54.,58).
ICS PINI
TENS(S5,59).

IC4 PIN|

= T_ . e e e i e,

' HUNDREDS(S4,58).
ICS PINIO
TENS(S5,59).
IC4 PINIO

T_-.,_,.__l..l.-_.--— —

HUNDREDS(54,58).

1 ICS PINS
TENS (55,59):
iC4 PINS

& =

»

b. Hundreds (S4 and S8) and Tens (S5 and S9)
switches.

0 KHz
SELECT A —'Q'/“D'EHH:
{OR SELECT B) o IC4 PINIS THRU A

(OR B) DIODE
¢. 5 kHz selection switches S6 and S10.

Fig. 10. Wiring of frequency selection
switches S3 through S10.
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S7) are single-pole, three-position rotary
switches; the hundreds of kHz switches (S4
and S8) and the tens of kHz switches (S5
and S9) are all three-pole ten-position rotary
switches, and the 5 kHz switches (S6 and
S10) are single-pole two-position rotary
switches. The wiring to these switches is not
BCD coding, by the way, and the thumb-
wheel BCD switches yvou see occasionally
sold surplus can't be used here.

Power Supply (Fig. 11)

The synthesizer is designed to work from
+12V, and the power supply consists mostly
of regulators and filtering. A simple series
regulator using a 2N3055 or similar NPN
silicon power transistor i1s used as a pre-
regulator to keep large changes in input
voltage (as in mobile operation) from affect-
ing the unit. The resulting voltage, which is a
bit under +12V, is then sent to the VCO
(which has its own regulator), the phase
detector (where additional regulation is not
needed), and to an LM309K IC regulator
which provides the +5V at about 0.6
ampere, needed by most of the logic cir-
cuitry.

The LM309K in the main regulator
should be mounted on a heat sink or on the
chassis. The LM309H in the VCO circuitry
mounts right on the board, and should have
a small clip-on heat sink. The 2N3055 and
the 12V zener should also be heat sinked or
chassis mounted.

Frequency Multipliers (Fig. 12)

The frequency multipliers take the out-
put of the synthesizer and multiply it up in
frequency to whatever value is needed by
your transceiver. Since various transceivers
need different amounts of multiplication, we

+5V TOMAIN
LOGIC BOARD

2N3055

LM30SK .J
+12 TO+I5V &
INPUT 20007 12 T
5V | 250 —— OlpF
= 3
- ‘-'; ‘:_!:';v ’l_‘msc

+ F
2y e lﬂ'ﬂﬁ
LZENER
[e}"]

-'_'TE\I:W

o— +I12V TO VCO

=+ 12V TO PHASE
DETECTOR
T 2850uF

Fig. 11. Power supply.
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AMPLIFIER Al LINK QUTPUT
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—
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=

=2V

Fig. 12. Frequency multipliers. Notes: 1. Uses com-
ponents and board of International Crystal PAX-1
rf power amplifier; 2. Add a 33K resistor into holes
marked R on PAX-1 board; 3. Select L and C as
shown in PAX-1 instructions for range covered.
Adjust for max output with synthesizer set for
146.5 MHz; 4. Use 10-turn link with yellow coil
and S5-turn link with red coil for coupling to next
multiplier. Experiment with correct number of
turns on final link to transceiver.

decided not to design our own, but to
simply use a commercially available ampli-
fier, the PAX-1 power amplifier from Inter-
national Crystal.

As shown in Fig. 12, the circuit is quite
simple. As it comes in the kit, the amplifier
is designed for class C and needs quite a bit
of drive. We added a 33K resistor to provide
some base bias (it mounts in a set of holes
already provided on the board) and found
that it works very well as a f{requency
multiplier. Though it is only rated as being
good up to 30 MHz, we found that it works
at 45 MHz. In our unit we use four of these
units, one to triple from 6 MHz to 18 MHz
for our transmitter, and three to double
from 5.6 MHz (during receiving) to 11.2
MHz, then to 22.4 MHz, and finally to about
45 MHz. The kit comes with three color-
coded coils which cover the range through
45 MHz. But disregard the instructions
provided with the kit as to the number of

turns in the link, and use the number of
turns specified in Fig. 12 between

multipliers. The last link, used to couple
from the multiplier to your transceiver, will
have to be chosen experimentally. If you
have an rf voltmeter or high {requency
oscilloscope you are in luck, since then you
can measure the voltage drive using a crystal,
and tailor the link to provide the same
voltage.

In the third part of the article, we will
show you how the printed circuit board is
laid out, where to place the parts, and how

to hook the whole thing up.
.. . K20AW
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NEW!SOLID STATE 2M REPEATER SC-ARPT-1

Complete packaged repeater designed for today's popular2M FM
band. 12 vdc. Ideal for new system or emergency portable operation.

FEATURES:

L] Adjustable C.0O.R.
ﬂ Time-out timer, adjustable 0-5 min.
Adjustable carrier delay.

Remote Control and accessory provisions.
10 watt R.F. output.

Receiver: 0.4 uv or |ess.

Maximum 3 amp current drain.

19" Rack Panel Mounting.

] Size: 19"wx 5"h x 9"d.

SugﬂEEtEd
Amateur
Net Price

2M FM TRANSCEIVER SRC-146A |

9§ A )

.

Solid state, 2 watt, 5 channel,
nand held transceiver.

Suggested
Amateur

Net Price

2892

Write for complete specitications.

¢ Standard

Communications Corp.

213/ 775-6284 - 639 North Marine Avenue, Wilmington, California 90744




A

BIG NEW VOICE

Apﬂwerful new repeater 1s on the air in
Chicago. It has been established by

the Pioneer Amateur Radio Club, a group
that has become known more by its QSL
cards than by its publicity. Most of the club
members are professionals in the communi-
cation field, and their club’s story is an
interesting one.

The telephone industry has a sort of old
timer’s club that has been named “The
Telephone Pioneers of America.” Member-
ship is open to anyone who has worked in
the telephone industry for 21 years or more.
Local chapters are numerous and most met-
ropolitan areas are likely to have several.
While much of their time is devoted to
public service work, they also encourage
their members to develop hobbies that will
hold their interests in their retirement years.
As you might expect, the telephone business
has a healthy share of radio hams. and so an

Len Bateman, K9ZNE, makes an adjustment on
the automatic voice identifier. The entire cabinet 1s
used as the repeater control terminal; it ties
together the base transmitter, remote receivers,
wire-line control circuits and the remote control
points. The cabinet on the right contains a test
transmitter that is used to key up the remote
receivers for test purposes. The repeater is nor-
mally open to all users and is carrier operated.

OCTOBER 1972

George P. Schleicher WONLT
1535 Dartmouth Lane
Deerfield IL 60015

IN  CHICAGD

amateur radio club made up of active and
potential telephone pioneers is a ‘“‘natural.”

In Chicago, the Pioneer organization has
made office space available to the radio club
and the hams have made good use of
WA9PAC has been on the air for sever. |
years with CW, sideband, 2m and 3/4m FM
equipment. In January of this year, they
started regular operation of a repeater under
the call WB9AEJ. Talk-out is presently on
449.60 MHz while the talk-in frequency is
449,85 MHz. A change of the talk-out
frequency will soon be made to 447.85
MHz. The transmitting antenna is over 500
feet above street level just west of Chicago’s
loop; and ERP of about 600 watts has been
achieved.

The repeater is open to all users a d is
carrier-controlled. Receiver selection ci.cuits
prevent more than one receiver from getting

Dan Bohi, W9HZJ, takes a quick look at the base
transmitter. This rig is located under the roof ofa
building just off of the west side of Chicago s loop.
It transmits on 449.60 MHz with an ERP of about
600 watts. The control terminal and the fixed
receivers are in other buildings. This transmitter is
part of the repeater that operates under the call
sign WB9AEJ. Talk-in is on 449.85. The antenna 1s
more than 500 feet above street level.
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On Sunday, April 9, 1972, portable rigs were on the air from a hobby show in Northbrook, Illinois.
George, WONLT (right) is shown explaining all about ham radio (in 25 words or less) to two young
visitors.
to the transmitter at one time. Another authorized control locations. While only two
interesting feature is the soft feminine voice receivers are currently in operation, the club
that identifies the transmitter. The trans- is hoping to establish two more in suburban
mitter is controlled by wire line from three locations by late spring.

Bob Klein W9KRZ, may be smiling at the idea that
Ray Fusick, K9FBL, checks out a teleprinter with he is looking at a “portable” rig. This cabinet is to
loving care. On RTTY at home, Ray will be active  be taken to hobby shows and similar displays of
in work on and with an FSK rig that is being  spare time activity. It will communicate with other
planned for the station. stations through the repeater, WB9AEJ.
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Don Dehn, WB9CXE, has just completed a fre-|

quency check on the test transmitter and is shown
adjusting the record level on the logging tape
recorder.

One activity that appeals to club mem- |

bers is setting up a portable station at hobby
shows, hamfests or other appropriate affairs.

They have constructed two portable rigs that |

can be taken out to shows and set up on

reasonable notice. Communication will be |
with other stations via the repeater. Several |
of the hams in the pictures also work the |

hobby shows from their home QTH. On

March 19, visitors to shows at Glenwood and |

Oak Brook, Illinois were able to talk through
the repeater. Several hundred people were
present at each location and the ham exhibit
was considered to be one of the main
attractions.

Club President Don Dehn, WB9CXE re-

cently announced the results of the seventh |

annual Pioneer QSO party. With a record
high of 446 stations participating, WA9PAC
took second place in the club station award
category. It was operated by George
Hickman, WA9QIA and his son George Jr.,
WA9QHZ. The Chicago group placed third
in the chapter award category.
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.. .WONLT

sEeci;r & _]
Prepublication Price

on the completely updated
19th Edition of the E&E

RADIO HANDBOOK

8 |

Q

- Pre-

: publication
- price

E only

132

By far the most pop-
ular manual in the radio
industry for amateurs, elec-
tronics engineers, and technicians,
this comprehensive book has been completely
revised and updated by its author, William I.
Orr, WESAI.

LATEST HOW-TO-BUILD DATA

The new 19th Edition of Radio Handbook con-
tains authoritative, detailed instructions for de-
signing, building, and operating all types of
radiocommunications equipment. It provides a
complete understanding of the theory and con-
struction of all modern circuitry, semiconduc-
tors, antennas, power supplies, full data on
workshop practice, test equipment, radio math,
and calculations.

AN INVALUABLE REFERENCE

Gives the broadest coverage in the field, in-
cluding the latest information on new high-
frequency linear amplifiers of 1 and 2kw PEP
output featuring the new 8874 and 8877 tubes,
a new solid-state LED-readout receiver, new
high-performance 2-meter "moonbounce’ con-
verter, and solid-state f-m amplifiers for vhf, All
equipment described is of modern design, free
of TVI problems. 6%2" x 9% "; hardbound.

PREPUBLICATION OFFER!

No. 24030, New 19th Ed. Radio Handbook
Special price until Nov. 30, 1972 $13.85

(After Dec. 1, 1972, regular price will be $14.95)

Order from your electronic parts distributor or
bookstore, or send coupon below:

~ ) HOWARD W. SAMS & CO., INC. 73102
i 4300 W, 62nd St., Indianapolis, Indiana 46268

— Send me the new 19th Edition of Radio Handbook
$13.95.

at the special prepublication price of

) enclosed, [ ] Check [ Money Order
Name

Address

City State Zip




NEW ALL SOLID

STATE 2 MET
FM TRANSGEIVER

FULL 30 WATTS
10 CHANNELS i
NOW ONLY *249~

Meet Genave's GTX-2. It gives you pushbutton
frequency selection . . . backlighting . . . multi-
position switch allows setting for longtime low
power drain operation . netting trimmer for
each transmit crystal . . . easily wired for duplex
crystal operation.

Made in USA, by one of America’s leading air-
craft electronics manufacturers, i1n facilities
registered with and inspected by a branch of the
Federal government.

Now read the specifications! You'll be amazed at
what you get for the low, low price: The GTX-2,
only $249.95

F

GTX-2
2 METER FM

249

(Includes 146.94 MHz) HamPak-2 portable

power case $189.95

R Specifications

GENERAL.:

Front Panel Size: 612" x 212"
Over-all Dimensions: 9" deep x 62"
wide x 2V2"” high

Number of Transistors: 11 all silicon
transistors, 4 diodes, 5 FETs, 3 inte-
grated circuits

Power Supply: 12 VOC System, negative
ground

Current Drain: Receive .09 amps
Transmit: High 5.0 amps, Low 1.7
amps

Frequency Range: 144 to 148 MHz

Number of Channels: 10 T
(includes 146.940 MHz. Remaining 9
frequencies, at nominal charge
each for installation at factory or
by owner.)

Weight: 5-Ibs. (approx.)

RECEIVE:
Sensitivity: less than 0.5 microvoits for
12 db SINAD
Image: More than 45 db
Spurious: More than 50 db
Selectivity: =8 KHz

Receiver Circuit: Double conversion, su-
perheterodyne, crystal controlled
Audio Output: 1.5 watts at less than 15%

distortion
Modulation Acceptance: More than
7.5 kHz.

Squelch Threshald: 0.5 microvolt max.

TRANSMIT:

Frequency Range: 144 to 148 MHz
Power Output: 30 watts, Nom

Qutput Impedance: Matches standard
50 ohm amateur antennas

Deviation: Adjustable to 10 kHz max.

General
Aviation
Electronics, Inc.

4141 Kingman Dr.
Indpls., Ind. 46226

Ge




This describes the basic design, circuit,
and theory of a solid state crystal-
controlled, battery-operated, heterodyne
vio using low-cost transistors, which de-
livers a stable 120 mW output from 50 to
51 MHz.

The new Miller two-speed dial is used on
the vfo which makes zero-beating a plea-
sure. A stable oscillator operating from 35
to 6 MHz beats with a 45 MHz crystal
oscillator to produce 50 to 51 MHz energy
in the mixer output. An rf amplifier brings
up this output to 120 mW.

The main feature of this exciter is the
addition of the stable 5 to 6 MHz vio to
the crystal oscillator, thus avoiding the
usual multiplication of any shift or drift.

Emphasis is on the basic theory and
circuit design. Features that can be added
later include a low-pass filter for the
low-frequency vfo, crystal switching for
greater coverage, direct crystal control, and
packaging.

Block Diagram and Overall Schematic

Figure 1 shows the block diagram with
the rf output from the 5 to 6 MHz vfo and
the crystal oscillator going to the mixer.
This type of circuit has been used with

OCTOBER 1972

Bill Hoisington K1CLL
Far Over Farm
Peterborough NH 03458

SOLID STATE 6 METER
CRYSTAL-HET-VF

success by the military services for many
years. It is hard to imagine a better
combination of low-cost transistors giving
an equally stable variable frequency, easy-
to-build, vio. A tuned amplifier following
the mixer serves to further reject unwanted
frequencies and amplify the 6 meter en-
ergy. l'he basic theory involved is the use
of a variable-frequency oscillator whose
output is not multiplied but 1s added to a
high-frequency crystal oscillator.

This system greatly reduces the de-
mands ordinarily made on a vfo for sta-
bility and drift. a 5 MHz oscillator, if
multiplied to 50 MHz, suffers from the
equal multiplication of drift, FM, hum, or
other unwanted modulation, and other

VFO
S TO 6 MHz

50.5

-

;:’ RF AMPL 70
MIXER | 50 TO 51 [=POWER
M 2 AMPL
XTAL
OSCILLATOR
4% MHz

VH-30

Fig. 1. 6 meter crystal-HET-vfo, block diagram.

29



undesired oscillator defects. A 5 MHz
variable oscillator which is added to a
crystal-controlled 45 MHz oscillator avoids
this multiplication of instabilities.

When two oscillators with different fre-
quencies are fed into a mixer, there are
four frequencies always present in the
collector circuit. These are F1, F2, F1 plus
F2, and F1 minus F2. In the system being
described here there will thus be present in
the mixer collector 5 MHz, 40 MHz, 45
MHz, and 50 MHz. The mixer collector is
of course tuned to 50 MHz, and subse-
quent amplifiers serve to reduce the other
frequencies to an undetectable level at any

reasonable distance from the antenna.
The emphasis is on selectivity, using

a tuned amplifier to get the desired power
output rather than pushing any one stage
for maximum power, which is not gener-
ally coincident with maximum selectivity.
Note the base and collector circuits, which
are tapped down »on their inductors. This
matches their im, edances to the proper
point on the coils for sufficient power plus
maximum selectivity.

In a spare-no-cost design, generally the
criterion for military circuits, a balanced
modulator is often used, but tests here
show that a small number of tuned circuits
following the mixer will prevent any detec-
table amount of undesired energy from
reaching the antenna.

The Crystal Oscillator

The question of how much power out-
put to try for here is important for several
reasons. First, you would like to get as
much power as possible in order to reduce
the number of subsequent amplifiers. A
famous (for its uniqueness) transmitter, |
think pre-WW 2, used one Taylor tube as a
crystal oscillator and only one more as a
kilowatt CW rig! However, contrary to this
example of exaggeration, most of today’s
crystal manufacturers say that a rock
should be used only to control the genera-
tion of a small signal, and that power
should be sought in following amplifiers.

Another item is the fact that VHF
crystals will drift and/or jump if you try
for too much power, as I well know from
past experience. Any time that I used more

30

than about 80V on tube oscillators, drift
would set in, if not worse, such as jumps in
power or frequency, and noise. Dc power
of around 800 mW was involved, and if this
is used as a criterion for solid state oscilla-
tors, we arrive at quite a few mils, using a
12V supply. A power region should be
chosen which is not too far below the
maximum for the crystal but which at the
same time will assure its safety from drift.
The way to find out is to try it, which I
did, and the circuit shown works in fine
style.

Referring again to the Old Days of
tubes, a pilot light was often put in series
with a crystal to check on the power and
to act as a fuse. With today’s VHF crystals
this is not too feasible, unless some enter-
prising lads in the electric lamp business
make some bulbs with a milliwatt or so of
power. Also, as mentioned before, the
crystal people are very disinclined to rate
their crystals on power, so we're kind of on
our own 1in this matter. The best place to
regulate the power of both the crystal
oscillator and the vfo, if you need to do so,
is with the value of their emitter resistors.

The circuit is shown in Fig. 3. I checked
once again both the regenerative and the
degenerative feedback circuits and find
that the degenerative circuit is more stable
and produces more usable power output
than the other. Note that if a capacitor is
substituted for the crystal, no oscillation

+i2v

5K HEPSS

> I :.,’* Ll
K W
TAP | TO
K == : MIXER
~T~.00I

%—30 pF, JOHNSON TYPE M "
TAP |—4T
Tap 2—3T o

L1-10 Turns, 8 TPI

Fig. 3. Crystal oscillator, 45 MHz.

will occur. This is because the base is in
phase with the collector and the emitter is
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The Kenwood R-599 Receiver

MOST AMATEURS HAVE NEVER OWNED A RECEIVER AS GOOD AS THE R-599

%

reliable. Most owners report service
free performance month after month,
year after year.

The R-599 is more versatile, It copies
SSB, CW, AM and FM. And it copies
them well. One half microvolt sensitiv-
ity on SSB means you hear any signal
audible on any other receiver regardless

ESr
of price.

® I The R-599 has greater frequency range,

‘ All amateur bands 160 through 10

' I meters as supplied and including 6 and
2 meters with accessory self-contained

converters,

The R-599 is all Solid-State ... no
tubes to wear out and be replaced.
Less heat so it is more stable and more

The R-599 is part of a system. When
operated with its companion T-599
transmitter you get full transceive
operation,

The R-599 literally screams value.
Dollar for dollar you can’t buy another
receiver anywhere that will match the
R-599.

The R-599 can be operated directly off
your 12V battery ... with very low
draln It is also an ldEEIl novice receiv-

. . having standard provisions for
Crvsta! controlling the T-599.

The Price . . . $349.00

The T-599 Transmitter: Clear, stable, se-
lectable sideband, AM and CW e+ 4-way
VFO flexibility plus Receiver Incremental
Tuning (RIT) when used with the R-599 »
Amplified ALC » Built-in VOX = Full meter-
ing, including cathode current, plate volt-
age, ALC and relative Power Output -«
Built-in CW Sidetone monitor and semi
automatic break-in CW = Built-in power
supply * Maximum TVI! protection = Em- |
ploys only 3 vacuum tubes = -

The price . .. $395.00

Henry fadly

Butler, Missouri 64730

Another Kenwood value leader . . .
the superb TS-511S Transceiver

Five bands, SSB and CW transceive,
Built-in VOX, crystal calibrator,
noise blanker, receiver incremental
tuning, 1 KHz frequency readout, 8
pole filter, stable FET VFO, dual
conversion and accessory CW filter.
The price . . . $415,00,

11240 W. Olympic Blvd., Los Angeles, Calif. 90064 213/477-6701
931 N. Euclid, Anaheim, Calif. 92801

114/1772-9200
816/679-3127



out of phase with the collector; this is the

circuit which is degenerative (also known
IS as negative feedback). As a result of this,
until the frequency of the crystal 1s
OU reached with L1 and Cl, no oscillations
will occur. The crystal then reverses the
phase and the system oscillates. I have
mentioned this circuit many times and will
probably do so in the future, as it really is
sure fire for VHF work.

The New HAM-MATE™ Directional RF Wattmeter is a direct The Vfo

descendant of the famous model 43 THRULINE® — the pro- ; . J .
fessional standard of the industry. Designed specifically for the Here dagdin wc shouldn't il‘}r’ for maxi-

serious radio amateur, three models currently available measure - ‘heck
Sorvinil and teHectod pomer T S TR e: aoaes mum power but instead should che

4350: 2000/200W, 1.8-30MHz (160 meters to 10 meters) carefully for the power that can be ob-
4351: 1000/200W, 1.8-30MHz (160 meters to 10 meters) tained with complete safety against drift. If

4352: 400/40W, 50-150MHz (6 meters, 2 meters) :
- * by * large degree,
All have an Insertion VSWR below 1.1 in 50-52 ohm lines, a the transistor heats to any g g

minimum of 20dB Directivity, 8% Accuracy, S0-239 female you can be sure you will have drift. There

UHF connectors and carry the 12 months guarantee of all is a well-known complete rig on the market
Bird instruments.

- 1! , s )
ONLY $79 (plus $1 shipping) right now wh:u,h j:iﬂes jL‘lS't that! Fortu
Also available at Henry Radio, Hamtronics, etc. nately in the rig being described here, |1 not

ELECTRONIC only keep the vfo at a power which does
BlR not heat it up, but I also have a circuit
CORPORATION which does not multiply any remnant of

30303 AURORA RD.-CLEVELAND (SOLON) OHIO 44139 instability which might not be economical
Phone 216-248-1200 « Cable BIRDELEC to remove completely.

Figure 4 shows the oscillator as finally

r A"E" E/AST - a | worked out and it is a good one. Reliance
is placed on heavy capacitor padding, a
A SPEECH (OMP‘PE{“?A:’M I- standard method for stability but which
REALLY WORKS'! | does call for good capacitors.
+12V
o)
001 T
+2v L : T~
s o T
TAP AT 5T
5K HEPS5 ) I S
2 .,
RPC-3.3U Internal Unit RPC-3C Cabinet Model SEnTPI
($24 95) ($34.95) 5/8 in 0.D.
IK 001
® Low distortion I l I
circuit. EIIE'?'ED 100 /~30 l*».?p?n
® Fully wired & test- /’-J;m ;L\
ed. NOT A KIT g i i
® Works with phone S
patch. RPC-3M Module Fig. 4. 5 to 6 MHz vfo.
® Internal units & (ONLY $22.50)
modules work mobile. : -
® FULL WARRANTY — ONE YEAR This unit 13 the heart of my futpre 6
® INTRODUCTORY LOW PRICES meter transmitters, and probably will be
(Hlinois residents add 5% Sales Tax) for the two meter design as well, along
'F;':r.*f:e for specifications and information sheets with the Miller MD-4 dial, an automatic
ree). Demonstration Tape (cassette) available 2] e : :
($2.00 deposit). ) _twa—ﬂpeed dial _dnd very.hdndy. Using the
inductor, padding capacitors, and the 100
Fi) ELECTRONICS . pF variable shown, the range tuned is from
Box 1201 B Champaign, 111, 61820 | 50 to 51 MHz. That is, the actual vfo
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oscillator runs at 5 to 6 MHz. and the final receiver. Once you have the S and 6 MHz
output from the mixer is 50 to 51 MHz. logged, you can transfer the dial markings
This 1s cutting things a shade too close, so to 50 and 51 MHz. Remember that absorp-
add a few turns to L1, cut the padding tion wavemeter when you do this opera-
down a little, and set up something like tion.

499 to 51.1 MHz. As mentioned, you can
also switch crystals, or get 2 MHz on the
dial by increasing L1 still further and
dropping down on the padding again. We're
just indicating the method here.

The oscillator is very neat and clean and

The Mixer
Figure 5 shows the circuit. It is not

much different from a receiving mixer. The
+12V

uses the “‘universal’ transistor, the Motor- FROM .ml:n
ola HEPS55. Positive feed is assured by the OSC I
- 3 2 , z +|12V
base connection being out of phase with
the collector. It is ac grounded. and the
. , IS K
opposite end of the coil from the collector 561 2
is also grounded. The emitter is tapped up s )
. . . 5 TO 6
on the coil from the ground end, which MHz
1K

puts it in phase with the collector, for the
proper relation. The number of turns of
this tap up from the ground end controls
the amount of feedback. Output is through

Ci-JOHNSON TYPE "M"

a tap on L1 which goes over to the mixer L1-10 TURNS, I0 TPI,
1 8.
base input. 5/8 in. 0D, AIRWOUND

Numerous additions can be considered, Fig. 5. Mixer, 6 meter-HET-vio.
such as ‘“*battle-ship construction for real
tough mobile environments on boats,
planes, etc. An interesting thought is a
switch that cuts out the vfo and the crystal
oscillator on 45 MHz and switches over to
another crystal socket on the front panel
for a straight-through crystal oscillator at
your choice of fixed frequencies in the
band, for nets and round tables. Just
thinking out loud — I mean on paper.

signal from the 5 to 6 MHz oscillator is
brought in to the base, and the 45 MHz
crystal oscillator is coupled to the emitter.
D¢ bias is furnished by the standard 5K
and 1K resistors. The emitter has a 20082
resistor to ground, which sets the operating
point for best mixing.

The collector is tapped on to L1 only
three turns up from ground, or cold end,
which gives the best output for the 50 MHz
this 5. to b MHz o Workea beat note. Again, use that absorption wave-

As 18,
meter to check the mixer output. Figure 6

immediately and has given no trouble of
any kind since then. —
Preliminary calibration of the dial is 4 e
made easier for beginners who may not q_
have a collection of 50, 50.1, 50.5 and 51
MHz crystals on hand, by the presence on THHH AR AT
the air of WWV on 5MHz and Montreal, LA
Canada on 6 MHz. This latter is a B.C. N
station but seems to be audible over most (.
of the East Coast, and probably quite a
way to the West. Zero-beating these sta-
tions with the calibration dial at 50 and 51
MHz can be easily done with your receiver. 8
Once again, be very sure you are on 5 and
6 MHL because of the possible occurrence Fig. 6. Sketch, absorpotion wavemeter, James
of image and harmonic detection in your Millen type.
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shows what such a device looks like, in the output circuit is correctly lined up on 50

James Millen version, which is the best MHz.
known. Remember those various outputs | also listen on an wuntuned diode to
that are present in the mixer collectrr note any spurious, squegging, discon-

circuit as mentioned above. The 45 M'iz
energy in the collector can even have more
power than the beat note on 50, so don't
mistake it or try to use a receiver alone to
identify these two outputs, unless it is of
the TRF type, like my old favorite — the
tuned diode receiver. You can use your
receiver to listen to these various fre-
quencies once you are sure the mixer

tinuous jumps in power or frequency, etc.
This is a little diode *“plank,” made up as in
Fig. 7. Note the variety of inputs to suit
the various frequencies you may be moni-
toring. For UHF up into microwaves use
the 1.5 pF. On VHF and UHF the 3 to 30
trimmer is good For lower frequencies the
.001 capacitor delivers more rf to the diode
for test purposes. The diode output also
has more than one connection. With the

L8 pF alligator clips attached to your rf circuit
&%} under test you can thus measure gain with
5 30 . a mif.:roamnwt:::r plugged int(':r the+ dc out-
oF DI put jack, and listen to what is going on at
ﬂ'ﬁr!f e b : @ OUTPUT the same time with a small af amplifier

plugged into the audio jack. This can be
really vital as you go up into the UHF
ip region. RCA’s excellent book, Transistor
and Diode Manual has the following re-
marks on these subjects: *“*Various instabil-
ities can occur in transistor frequency
multiplier circuits, including low-frequency
resonances, parametric oscillation, hyster-

RFC

by
/1
.=
ﬂg‘.
=
3
/1
2

A AF
OUTPUT

5 L

VHF FM RECEIVER
11 CHANNELS e 135-250 MHz

SELECTED

GONVERTERS ano REGEIVERS
SUABSAINES-JORE-S 15“ L Ul—'”:

20 dB MIN. GAIN
Jto5dB MAX. N.F.

® 11 crystal-controlled channels. ® Avallable in
vour choice of frequencies from 135—2560 MHz
wide. ® | F. bandwidth (channel selectivity)
available in your choice of +/—7.5 kHz or
+/—15 kHz. 9 B.pole quartz filter and a d-pole
ceramic filter gives more than 80 dB rejection
at 2% channal bandwidth. ® Frequency trim
mers for each crystal, ® 2 10 3 ivolt for 20 dB
quieting. ® Dual-gate MOSFETS and integrated
circuits. ¥ Sglf-contained speaker and m-tmrnii
speaker jack. ® Mobile mount and tilt stand.
Anodized alum. case. 6" x 7" x 1-3/8

This modal s similar
N appearance 10 our
Model 407 but uses 2
iow nomse J.FETS in
g our specially designed

? AF stages with transient protected dual-gate RF stage which s

MOSFETS give lh'::'t:f converter the high gain m-lnd tuned with high-Q mi- Model FMR-250-11 price:135-180 MHz5$109.95
low noise you naa or receiving vary weak signals : - 181- 119,
The miunrvstagn is aiso & duul-gmn MOSFET as it niature trimmers. The el ik

Price includes one .001% crystal, Additional

reatly reduces urious mixing products — some mixer is a special dual-gate MOSFET made by

as much as 100 dB over that obtained with
bipolar mixers. A bipolar oscillator using 3rd or
5th overtone plug-in crystals is followed by a
harmonic bandpass filter, and where necessary an
additional amplifier is used to assure the correct
amount of drive to thae mixer. Availlable in yvour
choice of input frequencies from 5-350 MHz and
with nnLuutput you choose within this range. The
usable ndwidth s approx. 3% of the input
frequency with a8 maximum of 4 MHz. Wider
bandwidths are available on special order. Al
though any frequency combination is possible
(including converting up) best results are cbtained
if zuu choose an output frequency not more than
/3 or less than 1/20 of the input frequency.
Enclosed in a 4-3/8"" x 3" x 1-1/4"" aluminum case
with BNC receptacles, power and antenna transfer
switch, Thousands of our converters are now in use
by satisfied customers, many of whom are govern-
ment agencies and universities.
Model 407 price: 5-200 MHz

201 —350MHZ ...... L

Prices include 005% crystal. Additional crystals
$5.95 ea.

UANGURRD LABS

RCA to meet our requirements. The oscillator
uses 5S5th overtone crystals to reduce spurious
rgsponses and make possible fewer multiphers 1n
the oscillator chain which uses 1200 MHz bipo
lars for maximum efficiancy. Available with your
choice of input frequencies from 300-475 MHz
and output frequencies from 14-220 MHz
Usable bandwidth is about 1% of the mput
frequency but can be easily retuned 1o cowver
more. This model 1 now in use N mMany
sophisticated applications such as a componant
of a communications link for rocket launchings,

Model 408 price: ! .$51.895
005% crystal included

196-23 JAMAICA AVE.
HOLLIS, N.Y. 11423

crystals $6.95 ea.

HOW TO ORDER:

All the preamps on this page are available only
from Vanguard Labs. For recewvers and convert-
ers, state model, input and output frequencies
and bandwidth where applicable. Remit in full,
including sales tax if you reside in New York
State, direct to Vanguard Labs. Prices include
postage by regular parcel post. For air mail or
special delivery include extra amount; excess will
be refunded. Send money order or certified
check for faster shipment.
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esis, and high frequency resonance.” Hys-
teresis refers to “‘discontinuous mode
jumps in output power when the input
power or frequency 1s increased or de-
creased.” So don’t be downhearted if you
find troubles in your solid-state building
projects. You’'re not alone!

There will be more of this cautionary
material, so keep reading, and try to
understand what I mean by “‘smooth tun-
ing.”” You really need it with solid state
devices.

When everything is working right, the
mixer collector or circuit does tune easily
without those discontinuous jumps. But
watch out for that 45 MHz which is just a
little up on the mixer capacitor knob from
the 50 MHz point.

Expect in the neighborhood of 10 mW
output from the mixer.

The RF Amplifier

Refer to Fig. 8 for the schematic. This
one adjusts fairly easily once you get the
base input capacitor adjusted to the right
value. Start with a small amount and
increase it a little at a time. The collector

+ 12V

.00

TRIMMER T NO. 48

Cl=- JOHNSON TYPE "M"
LI=10 TURNS, 8 TPI,
%/8 in. OD.

Fig. 8. Rf stage, 6 meter-HET-vfo.

tap should then be adjusted to the proper
place and Cl tuned to 50 MHz. The
collector tap can be left at three turns from
the cold end if you do not wish to check it
yourself, as it is not too critical. The No.
48 rf output test bulb is critical as to
match though, as you will see.

Due to the normal internal feedback of
transistors this stage can oscillate easily, so
start with the input capacity at a small
value, keep tuning both the mixer collector

OCTOBER 1972 VH-33

and the rf stage collector, and push the
power up gradually with a temporary pot
of 500 or 1000f2 in the emitter in series
with the 7582 shown. If everything is right
you will find 50 MHz output when the
collector circuit is coupled to a tuned
diode detector. Keep increasing Cl until
you come to the condition where self-
oscillation occurs, then back off a little.
The tap on the mixer coil can also be
reduced from 5 turns above ground to a
lower number at first. As it is now, in final
adjustment, both circuits tune nicely with-
out oscillation and are not critical.

This stage can be modulated in the usual
manner, but I advise a Motorola HEP75
with a dissipation of three watts and a
cut-off frequency of 800 MHz as a follow-
ing stage. It puts out 600 mW on 432 MHz
so you can expect at least a watt or so on
6.

Breadboard Layout

Figure 9 shows the layout exactly as
built up here, and working fine. There 1s
plenty of room for changing all the values

XTAL
VFO 0SC
5 TO 6 MHz 45 MHz MIXER RF STAGE

ALL TRANSISTORS -HEPS5

Fig. 9. Breadboard layout, 6 meter-HET-vfo.

as needed, testing transistors, and selecting
another set of components for packaging in
a minibox. The ground plane works as it
should, with no ground-loop currents no-
ticed so far. You can see the four separate
stages on the breadboard and check out the
individual operation of each stage by itself
if vou need to. Their packaging in a small
box should not be difficult providing a
little shielding is used correctly. Of course,
nothing stops you from putting this one on

the air as is.
LARKTCLL
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2 METER FM TRANSCEIVER
WITH CRYSTIPLEXER

'FREQUENCY CONTROL

Only the FM-27A offers the 2 Meter FM’er the complete freedom of

frequency—receive and transmit—with accuracy and stability comparable
with conventional crystal control.

In addition—the FM-27A provides the hottest performing receiver and most
conservatively rated 25 watt transmitter on the market.

See your Clegg Dealer today or write or phone our factory for detailed data
sheet on the fabulous FM-27A.
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Fred Johnson ZL2AMJ
15 Byron Street

Upper Hutt
New Zealand

THE FET VOLTMETER AS

A NANO-AMPERE METER

The Field-Effect Transistor voltmeter, an
instrument which has an imput 1m-
pedance of 22M£2on all ranges with a full-
scale deflection of 0.5V on the most sensi-
tive range, 1s an extremely useful device and
one that all hams should build. An added
application of this instrument is as a nano-
amp meter for measuring the gate-to-channel
leakage of individual FET samples. This
leakage current (called IGgSS) is quoted on
the manufacturers specification sheet as
being 2 mA maximum for the 2N3819 and
20 mA maximum for the 2N3820 with 15V
applied. This small current i1s just about
impossible to measure using the usual selec-
tion of ham test equipment.

The  lgss of a FET sample can be
measured directly by using a 15V dc source
and a K3LCU FET voltmeter. The circuit
diagram shows the hook-up. The source and

FET SAMPLE UNDER TEST

D

.| 22mec |_
e

FET '
VOLTMETER |
RANGE )

& |

Diagram: The circuit of the Iggsg test. Note that
the FET voltmeter is set to the 0.5V range and
reads as 22,72 nano-amps full-scale. Polarities
shown are correct for an N-channel device. If
P-channel devices are to be tested then the supply
connections and the meter connections must be
reversed. This is most easily done by reversing the
transistor socket connections.

{(0-%5 VOLT

OCTOBER 1972

drain are connected and in effect the gate-
channel junction 1s being tested as a reverse-
biased diode.

The photograph shows my version of the

K3LCU meter (see 75 July 1966
issue) — one of the handiest instruments I
have ever built — and a home-built regulated
low-voltage power supply. I have a transistor
socket with suitable leads attached that I
keep for this Iggg measurement. The FETs
are plugged into this socket and the IggS is
shown on the FET voltmeter. IGggs i1s
temperature-sensitive so the reading depends
upon the applied voltage and the junction
temperature as well as the quality of the
device junction. In practice, taulty FETSs are
very quickly sorted out.

The full-scale reading on the FET volt-
meter is really the current corresponding to
0.5V applied across22MS2This works out at
22.72 nano-amps. For the 1.0V range on the
FET voltmeter, the full-scale represents
twice this current (45.44 mA).

This test will help to sift out the good
ones from the surplus FETs now available.

.. LL2AM)
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GO FIRST CLASS WITH
WILSON ELECTRONICS

WILSON ELECTRONICS

present

The Famous DX Contest
WINNING COMBINATION

''''''''''

......

WASBZDF
WILSON M340 & M810 plus SIGNAL ONE’S CX7A

Wilson Electronics has gotten together with Signal One to make it easy to
own the best DX combination available. If you purchase a Signal One CX7A
from Wilson Electronics for $2395.00 we will give you a 6-element 20 meter
beam for $1.00. Now the 6-element 20 sells for $300. If you don’t want a
6-element 20 meter beam, we will apply the same value to any other
combination of antennas you want. Trade-ins also accepted. For a winning
deal call Jim Wilson at the number below.

WILSON ELECTRONICS

PO Box 116 Pittman Nev. 89044 (702) 457-3596




system

THETA

CLOCK AMND TIME BASE

LABS

his is the first of a three-part series
Tdemribing the component parts of a
time/frequency measuring system for a well
equipped amateur radio station and work-
shop. The goal is to obtain an accurate
station clock and frequency counter which
can be calibrated by the amateur in his own
shop: the reasons for organizing the system
as it is are given in the following paragraphs.

OCTOBER 1972

TE—43

Monroe McDonald K5DUS
4130 Shorecrest Drive
Dallas TX 75209

TIME/FREQUENCY MEASURING
SYSTEM

PART |

concepts

FREQUEMCY
ADJUST

ITwo pieces of equipment are used: the
GMT clock/time base, described in this
month's article, and a 220 MHz frequency
counter to be described in Parts Il and III.
Each of these items i1s useful by itself, but
they are intended to work together as shown
in the system block diagram, Fig. 1. This
system will provide the amateur with a time
and frequency measuring system which he
can maintain accurately to better than one
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Fig. 1. System block diagram.

part in 10° (.0001%) with only a WWV
receiver and a little patience.

There is no need to elaborate on the
usefulness of a frequency counter, as it is
fairly well recognized. This counter is dif-
ferent from most others in that it works to
220 MHz and has a different approach to the
time base. The counter is intended to be
used with the companion time base to get
the specified accuracy, but has provision to
use the power line for a reference with
reduced accuracy (.01%) for use away from
the home shop.

The 6'2 digit counter features a Schmitt
trigger. narrow pulse generator, and 10
second gate for accuracy at very low fre-
quencies, a | second gate for low and
medium frequencies, a 0.1 second gate (with
kHz decimal point) for high frequencies. and
a divide-by-ten prescaler for VHF. A decimal
point 1s automatically set in the display to
agree with the switch setting. A latching
storage register i1s used to give a steady
display as in all modern counters. Most
circuitry is transistor-iransistor logic (TTL)
integrated circui (IC), with some discrete
transistors in the trigger/pulse amplifier.

The clock i1s a 24-hour digital with hours,
minutes, and seconds readouts, and also can
be used to run remote slave readouts. All
circuitry i1s 1C, mostly TTL. The time base is
a crystal oscillator with oven, followed by a
divider chain to derive the specific trigger
periods needed by the rest of the system. A
battery power backup is used to prevent
losing clock timing in case of ac power
interruptions.
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Besides the frequency counter, there are
other uses for precision frequencies: VFO
calibrators, phase-lock loop synthesizers,
crystal substitutes, oscilloscope markers, etc.
One station time base can run all of these.

Accurate Home Calibration

The clock is combined with the time base
to provide a monitor on the accuracy of the
time base, allowing the amateur to perform
his own very accurate calibration. One part
in 10° is 0.6 seconds per week, so weekly
checks on the drift of the clock versus WWV
provide a means for gradually getting the
time base oscillator *‘right on.” After several
months of occasional adjustments | have
achieved a drift rate of less than 0.1 second
per month in my own unit, which is better
than one part in 107 (.00001%).

73 MAGAZINE



message interrupt switch,

Additional Memories

(Incl. 3-500 and 1-1000 bit memories.)

MEMORY-MATIC 8000 DELUXE

Capacity for 8000 bits in 8 Read/Write Pluggable Memories.
Each memory can store either a single message or a number
of sequential messages. Near-full and Overload alarms. “Mes-
sage Stop’ ' for char. insertion. "“Full Control” weight ratio,

var. trans. delay, 115/220V ac

¥

50/60 Hz, incl. SM-21B and MST-60 features. Sh. wt. 8 Ibs.
$398.50

500 bit $21.50
1000 bit $37.50

----------

L i e

MEMORY-MATIC
500 or 800 bit R/W memo-
ry. Stores either a single
message or a number of
sequential messages. ‘'‘Mes-
sage Stop’’ for char. inser-
tion. Near-full and Overload
alarms, remote control for
Stop/Start of message. Incl.
SM-21B features. Sh. wt 4

Ibs.(500-bit memory) $198.50
(800-bit memory) $219.50

VHF FREQUENCY
STANDARD — FMS-5

Cal. receive and transmit
crystals in 10, 6, 2 and 1%
meter FM bands. Markers for
all FM channels. Check de-
viation. Precision 12 MH:z
crystal. No unwanted mark-

ers. Osc. and output buf-
fered. Sh. wt. 2 Ibs. (Less
Batteries) .. .%4450

SPACE-MATIC 21-B

This SWITCHABLE keyer
gives you ‘'six-keyers-in-
one."”” Rear switches can de-
lete dot or dash memories or
char./word spacing. Instant
start, self-completing dots,
dashes and char./word spac-
ing, Adj. weighting, side-
tone/speaker, dot-dash mem-
ories, lambic, 115V ac or
12V dc (SM-21B only.) Sh.

1

BANKAMERICARD

HF FREQUENCY STAN-
DARD — FMS-3

Markers at 5, 10, 25, 50,
100, 200 and 400 kHz. 400
kHz crystal. No unwanted
markers., Latest low-power
ICs. Osc. and output buf-
fered. Sh. wt. 2 Ibs. (Less
Batteries) $32.95
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METEORIC SCATTER
TIMER — MST-60

Precision timer for meteoric
scatter communications. 60
Hz time base provides 15,
20, 30 and 60 second out-
put. Synchronized to WWV.
Automatic and manual out-
puts. Sh. wt., 2 Ibs. . $49.50

2-METER PREAMP

............. $9.50 Kit
......... $12.50 Wired
Option for 150—250V dc
Operation $2.95
20 dB Gain, 2.5 N.F.,
12V dc, Size 1% x 2% x
1/2, Diode protected
MOSFET. 90-day

Send for Catalog

DATA ENGINEERING. INC.

Ravensworth Industrial Park, Springfield VA 22151

CRICKET 1

The '’‘feature-packed’’
moderately-priced keyer!
Keyed time base, jam-proof
spacing, sidetone/speaker.
Rear controls for weight,
speed, volume, tone, auto-
semi-auto., tune. 115V ac or
12V dc. Sh. wt. 3 |Ibs. $49.95

BROADBAND PREAMP

1—30 MHz, 36 dB gain drop-
ping to 19 dB at 30 MHz. 3
dB Max. N.F., 12V dc, metal
case with mounting lugs. 2 x
1% x 3/4. 90-day guarantee.
Sh. wt. 6 oz. $17.95

iiiiii

ELECTRONIC FEATHER
TOUCH KEY

A completely solid-state key.
Detects mere touch of fin-
ger. Use as single or twin
lever key. Operates with all
positive or negative ground
digital keyers.

Sh. wt. 2 |bs. $22.95
(Remote S/S Swzss. for MM-

$89.50 Marantee. Sh. wt. 4 oz. AL PRSI S xe 1o

S-year guarantees

5554 Port Royal Road,

s ——




The time drift calibration method may
seem a little tedious, requiring several weeks
to months to achieve good calibration. There
1s actually very little to it, however. In my
case, | spend about five minutes every
Sunday morning listening to the one-second
ticks on WWV and comparing them to the
time changes on the clock. When the clock
shows drift of more than 1/4 second from
the previous week, | adjust the oscillator
vernier control slightly in the direction to
reduce the error, reset the clock to synchro-
nize with the ticks, and wait another week.
Many weeks go by with no adjustment
required at all. If I miss a week, I just double
the allowance for the next week.

It may occur to some (who haven’'t tried
it) that one could calibrate an oscillator to
any desired degree of accuracy by zeroing
harmonics of the oscillator’s output against
the WWYV carrier. This has been the classic
method for many years of checking HF
radio calibration with the 100 kHz crystal
calibrator. This works fine as long as one is

shooting for accuracy no better than one
part in 10* (1.4 kHz on 20 meters for
example). That is OK for 20m, but you will
never net a 2 meter FM rig with measure-
ments that crude! It may come as a surprise
to some that the WWV carrier, as received in
most locations, is not accurate to better than
one part in 107 because of doppler shift in
the skywave reflection from the ionosphere,
which is constantly moving. The different
techniques used to check zero-beat against
the carrier degrade accuracy further: an
audio beat for example is very poor, being
no better than 10 Hz on a 10 MHz signal, or
one part in 10°. and usually worse. Some
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more exotic methods may introduce less
error, but the ultimate limitation of the
WWYV signal itself still limits the accuracy to
less than that needed to check a modern,
state-of-the-art time base for a counter.

The 20 kHz VLF signal put out by
WWVL is not subject to the doppler errors
of the HF signals, and therefore is the
frequency reference signal used by most
laboratories requiring precise frequency cali-
brations. To wuse this signal, however.
requires a VLF receiver and phase compara-
tor, which is more equipment to build.

On Picking Frequency Tolerances

The reason for picking one part in 10° as
being the minimum accuracy to shoot for in
a counter design is that current VHF fre-
quency tolerances (and VHF is where you
really need a counter) require radios to be
set to .0005%, or S partsin 10°.

A device to measure this frequency must
be significantly better than this, so one part
in 10% is a worst case. As a related matter,
the readout capability of the counter should
be compatible with the accuracy of the
instrument. In other words, a counter with
an accuracy of one count out of one million
(_I(Jﬁ) should have a six-digit readout. Any
less than this, and the full capability of the
counter 1s not being used. Any more, and
the user 1s Kkidding himself by reading
meaningless numbers. For instance, | could
have built a nine-digit counter and thus be
able to read 220 MHz to the nearest cycle,
but this is better than one part in 10%, and
the last two digits would be unreliable.
Something like ““measuring with a micro-
meter and marking with chalk.” This same
rebuttal applies to those who argue that they
don't like prescalers because they can’t read
the frequency to one cycle!

I chose to make the counter/time base
and the counter in separate units, because |
use the counter/time base as an accessory
with my HF rig: that’s where I want the
clock and that’s where the WWV receiver is,
while the counter stays across the room at
the work bench. The two units are con-
nected by one coax cable. A builder could
economize by putting both units in one
cabinet to share a power supply, decoders,

LS.
and readouts . KSDUS
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ACTIVE FILTER
DESIGN AND USE

PART IV

In the previous parts of this series on
active filters we have converted LC pas-
sive filters to active RC transistor filters and
integrated circuit designs to active RC tran-
sistor filters and integrated circuit designs
with external frequency compensation. Al-
though all common types of filters were
covered, design emphasis was placed on
filters in the low or audio range of frequen-
cies where bulky inductors tend to become
both inefficient and unwieldy. However, the
same principles can be applied to higher
frequency filters and in this last part we will
design a number of active filters in the high
frequency range in addition to some circuits
that should prove useful to the amateur.

As the frequency of interest rises, active
filters utilizing RC networks tend to become
progressively less efficient. In an attempt to
maintain a satisfactory component value
ratio, and still maintain reasonable Q, the
resistors of the twin-T configuration are
reduced in value only as much as necessary
to allow the corresponding capacitors to fall
in the low picofarad range. Such sacrifices
reduce the usefulness of the twin-T above

F. Dale Williams K3PUR
807 Walnut Street
State College PA 16801

ultrasonic frequencies to relatively wide
bandpass amplifiers and other requirements
where bandwidth/attenuation values are not
too low. Figure 1 shows a circuit designed
around the RCA CA3035 linear integrated
circuit amplifier and a twin-T network. At a
frequency of 455 kHz, the component
values of the network have dropped to a
point where Q becomes a problem. However,
the circuit is still useful as a buffer amplifier
to follow a local oscillator stage, or give low
attenuation over a medium range such as
might be desired in the first i-f of a scanning
receiver. Capacitors C5 and C6 act only as dc
blocking capacitors. Varying R4 will provide
a slight change in center frequency and Q
The response of the circuit is shown in Fig.
2. Increasing the value of R1 will increase Q,
but at the expense of gain. The curves of
Fig. 2 show the response with both 120 k£2
and 270 k&2 resistors at R1.

In Fig. 3, a variation of the twin-T notch

allows the active filter to be tuned over a
10:1 range. Resistor R1 again affects Q and

+ 20

&
o

2 \ _T_ -9V E
: 9 o
R ' ; - 33’?& ca3035> 1‘ 0l 5 L
0l I\ =P L L a I_
8¢ TSdopr
RS - 10—
| 5K
r 400 250 500 550 500
Hz
Fig. 1. 455 KHz bufferamp /filter. Fig. 2. 455 KHz bufferamp /filter response.
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Fig. 3. Variable notch filter.

R3
A

Fig. 4. Deep notch filter w/variable Q, frequency.

gain while R3 fine tunes Q. Ganged variable
resistors R4 and RS control the frequency of
the notch while resistor R2 limits feedback.

Carrying the design of Fig. 3 further
yields the configuration shown in Fig. 4.
This deep notch filter may be varied in both
Q and frequency. Using an operational
amplifier as the active element allows dif-
ferential operation of the amplifier to assure
high attenuation of the notch frequency.
The input signal is fed to the positive
terminal, while a portion of the input signal
combined with feedback from resistor R3 is
fed to the negative input terminal. By
adjusting R2 so that both inputs are equal,
the output becomes zero, producing infinite
attenuation at the notch frequency. This
notch frequency can be varied over a 10:1
range by resistors R4 and RS5. Varying
resistor R1 alters the circuit Q allowing the
width of the notch to be adjusted. Capaci-
tors Cl and C2 are of the same value and
may be determined by the formula for the
capacitor bridge section of the twin-T net-

120K
Rz
