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Henry Radio...

the best

because you demanded

HENRY RADIO’S “WORKHORSE"’
...THE 2K-4A

Never has a linear amplifier racked up so many hours of dependable
operation for amateurs worldwide ... operating at full legal power . ..
hour after hour...under every type of condition imaginable. Because
the 2K-4A is built with the very best, heavy duty components available,
it can loaf along at full legal power. It offers engineering and features
second to no other linear on the market. The 2K-4A will put your signal
on the air with greater strength and clarity than you ever dreamed
possible.

Operates on all amateur bands, 80 thru 15 meters (export models include 10 meters)
« Features two rugged Eimac 3-500Z grounded grid triodes « Pi-L plate circuit with
silver plated tank coil = Resonant cathode-pi input circuit for finest linearity & maxi-
mumdrive (tuneable design permits operation on any frequency from 3.5 to 30 mega-
cycles) * High etticiency torodial filament choke « Built-in SWR bridge and relative RF
output meter « Electrical re-set overload relay « Double rugged band change switch
with 20 amp contacts and solid straight-through mechanical linkage « Heavy duty
bronze gear drive for resonance and load condensers * Conservative, heavy-duty
2800 volt DC supply * Resonant choke input filter for superb voltage regulation
« Solid state rectifiers « Maximum legal input all modes: 2 KW PEP SSB8, 1 KW CW-
AM-FSK « Long life 50 amp mercury power relay « Feed around antenna relay « All
aluminum cabinet to elminate magnetic resonance * Double RF shielding

The 2K-4 is still available for export and military use Price $1095

2KD-5
Another superb linear from Henry Radio de-
signed and built to perform at peak level
month after month, year after year. Operates at
full legal power continuous duty on all modes.
The 2KD-5 is a 2000 watt PEP input (1200
watt PEP nominal output) desk model RF lin-
ear amplifier, covering the 80, 40, 20, and 15
meter amateur bands. Features two Eimac 3-
5002 glass envelope triodes operating in a
grounded grid circuit « Pi-L plate circuit with
a rotary silver plated tank coil for greatest
efficiency and maximum attenuation of un-
wanted harmonics « Full legal input in all
modes, 2000 watts PEP input for $SS8, 1000
watts DC input for CW-RTTY-AM. Price $895

A littte less power, a little lighter, AND less
expensive but the 1KD-5 is a true Henry
Radio linear amplifier, offering superior quality
and dependability. It is designed to greatly
boost the strength and clarity of your signal
Its heavy duty components guarantee years of
trouble free, dependable performance.
The 1KD-5 is a 1200 watt PEP input (700
watt PEP nominal output) RF linear amplifier,
covering the 80, 40, 20, and 15 meter ama-
teur bands (also 10 meters on units shipped
outside the U.S.). Features an Eimac 3-500Z
glass envelope triode « ALC circuit = DC relay
system + Relative RF power meter * Pi-L plate
circuit with a rotary silver plated tank coil *
Cathode Pi input matching circuits * Conser-
vative power supply with solid state rectifiers.
Price $695

NEW TOLL FREE OROER NUMBER: |800) 421-6631
For all states except Calitornia
Calit. residents please call collect on our regular numbers.

931 N. Euclid. Anaheim, Calif. 92801
Butler, Missouri 64730

[

N

3K-A COMMERCIAL/MILITARY
AMPLIFIER*

A high quality linear amplifier designed for
commercial and military uses. The 3K-A em-
ploys two rugged Eimac 3-500Z grounded
grid triodes for superior linearity and provides
a conservative three kilowatts PEP input on
SSB with efficiencies in the range of 60%
This results in PEP output in excess of 2000
watts. It provides a heavy duty power supply
capable of furnishing 2000 watts of continuous
duty input for either RTTY or CW with 1200
watts output. 3.5-30 MHz Price $1495

4K-ULTRA* )
Specifically designed for the most demanding
commercial and military operation for SSB,
CW, FSK or AM. Features general coverage
operation from 3.0 to 30 MHz. Using the
magnificent new Eimac 8877 grounded grid
triodes, vacuum tune and load condensers,
and a vacuum antenna relay, the 4K-ULTRA
represents the last word in rugged, reliable,
linear high power RF amplification. 100 watts
drive delivers 4000 watts PEP input.

Price $3250

“Not avallable for sale to amateurs in the U.S

Export inquiries are invited.
Export models of Amateur units available for 10
meter operation also

[ J
11240 W. Olympic Bivd.. Los Angeles, Calit. 90064 213/477-6701
714/772-9200
816/679-3127

Prices subject to change without notice



AGGCEPT NO SUBSTITUTES!

Before you make the choice of a new hand-held, ask about these important features:

1. Is the case fiberglass reinforced Lexane ?

2. Are the batteries convenient for carrying extras?

3. Is the capacity sufficient for a day’s operation?

4. Is there a method for conserving battery life when high power is not required?
5. Does it fit your hand comfortably?

6. Do you have a choice of charging methods?

7. Do you have an ample choice of accessories 10 back up your radio?

If you can answer ‘yes’ to all of the above, then you’ve made the obvious choice.
You want a Wilson Mark |V hand-held . . . and accept no substitute for it!

Wilson hand-helds have been known world-wide for exceptional
quality and durable performance. That’s why they have been
the best selling units for years.

MARK IV: = 1 & 40 watts

The Mark Series of miniature sized 2-meter hand-helds
continues the tradition of dependability and operation, but in
an easier to use, more comfortable to carry size.

SPECIFICATIONS:

* Range: 144-148 MHz
® 6 Channel Operation
« LED Battery Condition Indicator
® |ndividual Trimmers on TX and RX Xtals
* Rugged Lexan® outer case
® Switchable Hi-Lo Power
® Current Drain: RX 15 mA
TX - Mark IV: 900 mA Hi, 400 mA Low
® 12 KHz Ceramic Filter and 10.7 Monolithic Filter
included,
¢ 10.7 MHz and 455 IKz |F
® Spurious and Harmonics: more than 50 dB
below carrier
e BNC Antenna Connector
e .3 Microvolt Sensitivity for 20 d3 Quieting
® Uses special rechargeable Ni-Cad Battery
Pack
* Rubber Duck and one pair Xtals 52/52
included
* Weight: 19 oz, including
batteries
e Size: 6" x 1.770* x 2.440"
e Popular accessories available:
Wall Charger, Mabile Charger,
Desk Charger, Leather Case,

peaker Mike, Battery Packs,
B and Touch Tone ™ Pad.

llustrated is Wilson’s BC-2 Desk Top Battery Charger
shown charging the Mark Series Unit
or the BC4 Battery Pack only.

The small compact size battery pack makes it possible to
carry one or more extra packs in your pocket for super ex-
tended operation time. No more worry about loose cells
shorting out in your pocket, and the economical price
makes the extra packs a must.

Canveniently located on top
of the radio are the controls
for volume, squelch, access-
ory speaker mike connec-
tor, 6 channel switch,
BNC antenna connector
and LED Lattery
condition
indicator.

Consumer Products Division

Optional Touch Tone™ Pad available,

To obtain complete specifications
on the Mark IV, along with Wilson's

other fine products, see your local dealer

or write for our Free Amateur Buyer’s Guide, Elect'onics cnrp.

4288 South Polaris Avenue ® P. O. Box 19000 ® Las Vegas, Nevada 83119
Telephone (702) 739-1931 ® TELEX 684-522

Prices aud specifications subject to change withuut notice
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NEVER SAY DIE

editorial by Wayne Green

WHAT WENT WRONG AT THE
ARRL?

Yes, | can hear the sighs of
resignation from ARRL dev-
otees ...
stop attacking the ARRL?...
and why is Wayne trying to Kill
off the only national organiza-
tion representing amateur
radio? What utter nonsense!

The ARRL could and should
be an organization which is run
for the benefit of radio ama-
teurs everywhere, and one to
which all of us should be abie
to point with pride. The fact is
that it is a sorry mismanaged
shambles. It is managing to
lose money despite the highest
membership in history, and
despite the most advertising in
history in its magazine. To be
able to come up with a di-
sastrous deficit in the face of
such monumental prosperity
indicates either extremely bad
management or else a very
heavy hand in the till. We're
talking about millions of
dollars.

If the board of directors had
any real power to manage the
League, one could lay the
blame for the problems at their
door. One or two fast meetings
a year which are almost totally
controlfled by the headquarters
‘“Mafia’ hardly constitute
much power to control. | don't
think we can really blame the
directors, other than to perhaps
let them know that we think
they should have recognized
the problems and gotten to-
gether to really do something
about them, even if it meant the
immediate firing of Baldwin
and his cohorts.

THE REAL PROBLEM
The seeds of the disaster
presently befalling the League
go back many years. The odd
situation is that it is the suc-
cess of the League in drawing
in newcomers that has led to

won't Wayne ever

things coming apart.

Sometime in the early days
of the League, it was decided
that everything possible should
be done to prevent any other
organization ever getting a
chance to get started. This
would perpetuate a competi-
tion-free situation and allow
the ARRL to be a dictator in the
field. In order to get anything
serious going in opposition to
the League, it was believed that
another group would have to
have a publication to use as a
medium for communication
with its members and for draw-
ing in new members, much as
QST has been used by the
League all these years. To
discourage this possibility, the
advertising rates of QST were
set at such a low rate that it
was thought no sane persons
would try to buck the establish-
ment (ARRL) by competing with
them.

Not too long ago, | sat down
with a list of the advertising
rates of all of the magazines in
the country (SRDS) and com-
pared their advertising rates
with those of QST. | found that
few of them had ad rates less
than three times those of QST
for the same approximate num-
ber of readers, and most were
four or more times the QST
rates.

If this is true, how is it possi-
ble? And how come there are
some competing ham maga-
zines ... one of which obvi-
ously is doing rather well? The
key to the legerdemain by
which the ARRL was able to
keep their ad rates so low was
in their special second-class
postage rates as a nonprofit or-
ganization. These rates are a
tiny fraction of the rates paid by
any regular magazine publish-
er. This means a saving of
thousands of dollars a month,
paid for by the U.S. government
instead of QST7, and sub-

stituted for the income which
would normally be expected
from advertising.

But, then, how can 73 com-
pete against the low advertis-
ing rates and succeed in spite
of the ARRL scheme? The se-
cret to this, as anyone who has
visited the 73 HQ can attest, is
in efficient management. 73 is
run from an extremely low-cost
part of the country, from a very
low-cost building, without the
fantastic executive salaries of
the ARRL, and almost all func-
tions of the publication except
printing are done in house.

No one knows for sure how
much the head men at ARRL
HQ make except the directors.
You won't find it in the annual
reports, nor will you even find
any listed expenses which will
give you a true hint of the
salaries. {'ve been told that
some go as high as $100,000
per year, but | doubt if they real-
ly are much over $75,000. At
one time, the two top people at
the League were making more
than the entire staff of 73.

THE CURE

A few years ago, before | got
so involved with computers, the
smartest thing the ARRL direc-
tors could have done would
have been to make a deal
whereby 73 and QST would
amalgamate and | would man-
age the League. | guarantee
you the organization would be
in the black, our future would
have been a lot more secure at
WARC, we would have a lot
more satellites up and running,
and we would still have most of
our ham satellite frequencies.
The League needs a strong en-
trepreneurial type of person,
not obfuscating bureaucrats
who have come up through the
ranks by never offending any-
one.

Continued on page 170
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Instant recall.
(and with 10 or 25 watts of power)

Kenwood offers

Y.

MODEL NO. TR-7625

you a choice.

The TR-7600 (10-watt) or TR—7625 (25-watt) with
optional RM-76 Microprocessor Control Unit.

TR-7600 and TR-7625...o0ne of them

is sure to fit the needs of today’s
Amateur Operator who's looking for
optimum versatility in a 2-meter FM
transceiver. And, when either rig is
combined with the RM-76, a whole new
dimension unfolds in channel memory
and scanning capability. Here’s what
you get:

TR-7600 AND TR-7625 (ONLY)

* Memory channel...with simplex or
repeater (+600 kHz transmitter offset)
operation.

» Mode switch for operating simplex or for
switching the transmit frequency up or
down...or for switching the transmitter to
the frequency you have stored in the
TR-7600 or TR-7625’s memory (while the
receiver remains on the frequency you've
selected).

» Digital frequency display (large, bright,
orange LEDs).

« Dual concentric knobs for fast, easy
selection of any 2-meter frequency, in
100-kHz and 10-kHz steps.

» Full 4-MHz coverage (144.000-147.995)
on 2-meters; 800 channels; 5-kHz offset
switch, and MHz selector switch...for
desired band (144, 145, 146, or 147 MHz).

¢ UNLOCK indicator...an LED that
indicates transceiver protection when the
frequency selector switches are improperly
positioned or the PLL is not locked.

TR-7600 AND TR-7625 WITH RM-76

« Store frequencies in six memorles
(simplex/repeater).

» Scan all memory channels.

* Automatically scan up the band
In 5-kHz steps.

» Manually scan up or down in
5-kHz steps (or fast tune).

*» Set lower and upper scan
frequency limits.

« Clear scan (for transmitting).

KENWOOD

.. pacesetter i amateur radio

» Stop scan (with HOLD button).

« Scan for busy or open channel.

* Select repeater mode (simplex, transmit
frequency offset (+600 kHz or +1 MHz),
or one memory transmit frequency).

* Operates on 143.95 MHz simplex
(MARS)

» Adaptable to all MARS frequencies.

» Display indicates frequency (even while
scanning) and functions (such as auto-
scan, lower scan frequency limit, upper
scan limit, and error, i.e. transmitting
out of band).

See the exciting TR-7600, TR-7625

and RM-76 now at any Authorized
KENWOOD Dealer!

TRIO-KENWOOD COMMUNICATIONS INC.
1111 WEST WALNUT/COMPTON, CA 90220



Looking West

Bill Pasternak WAGITF
24854-C Newhall Ave.
Newhall CA 91321

THE SEMINAR IN
REVIEW DEPARTMENT

September 23, 1978, can best
be summed up with the follow-
ing words: confusion, accom-
plishment, understanding,
chaos, learning, and achieving.
In all, it was an experience that
those attending will long re-
member, though it did not go ex-
actly as planned. Murphy and
his ever-present laws had a firm
grasp on the event, but even
with this, most felt it achieved
what it set out to do. It got peo-
ple talking.

Sections A and B of the First
Annual VHF/UHF Voluntary
Coordination, Band Planning,
and Technical Advances Semi-
nar were combined into a single
unit for the morning session.
The program commenced with a
welcoming address by Bob
Buaas K6KGS of the 220 Ciub of
San Diego. Bob was followed by
Tom O'Hara WEORG of the
Southern California ATV Club. |
personally found Tom’s presen-
tation quite interesting; | found
myself glued to his words.

Attendance at the morning
sessions was fairly light, with
one key exception: Joe Merdler
N6AHU and his presentation on
the handling of malicious inter-
ference problems drew quite a
crowd. | was told later by a
number of people In attendance
that hearing Joe was their prime
reason for coming to the sem-
inar. In retrospect, Joe's talk
and two others later on in the
afternoon on Doppler-scan
T-hunting and the simplex
autopatch were the real atten-
tion grabbers.

It was nice to see that people
from other parts of the nation
had taken up on the invite to at-

B\

Gary Pearce WA9NSO of the II-
linois Repeater Council flew in
from Chicago.

6

tend and made the journey to
San Diego. Coordination coun-
cil people from as far away as
North Carolina, Texas, and I
linois were in attendance. In
fact, we imposed upon one of
them, Gary Pearce WA9NSO of
the lllinois Repeater Council, to
give a brief talk on the methods
now used in that state to handle
requests for repeater coordina-
tion. The IRC has developed
what may be the best method to
date, wherein the onus for
minimizing interference by new
systems to existing repeaters is
placed squarely upon the
shoulders of the prospective
new repeater owner.

| mentioned Murphy’s Law. A
number of tapes Jammed and
had to be replaced. Later on,
they had to be reedited in order
to make sense. There were con-
tinual last minute changes all
through the day, and in the end
the actual presentation did not
resemble the published agenda
very much. Nevertheless, it all
came together and it worked.
No one is quite sure how or why,
but it did. It was more a day of
learning and idea interchange.

As | look back, I still find it
hard to realize that this whole
symposium was put together by
so very few individuals. There
were Lon and Sybil Albright,
Paul McClure and Bob Buaas
K6KGS representing San Diego,
and Bob Thornburg WB6JPI and
myself representing the SCRA
(now 2mASMA). Sybil is a truly
amazing woman. Not only was
she working on the symposium,
but she also was simultaneous-
ly a part of the convention staff
itself. She also publishes the
SANDRA newsletter, ‘““‘Squelch
Tales,” writes for the 220 Club
bulletin and various other
publications, and is the secre-
tary of 2mASMA. If it were not
for her efforts, this whole thing

A surprise seminar guest was
John Griggs W6KW, former
Southwestern Division director.

might not have come together.
If any one person deserves to be
singled out for special apprecia-
tion, it is Sybil Albright W6GIC.

THE THEFT OF
220 DEPARTMENT

“Theft” and ‘“steal” are very
heavy words, but they are very
apropos in writing about this
topic. Simply, the marine radio
service in region 2 has made a
blatant attempt to steal 220
MHz (actually, 216 to 225 MHz,
which includes the 220-to-225-
MHz amateur band) away from
those of us who have developed
the spectrum. It was done in a
nice, quiet, bureaucratic way,
and | assume that we were not
supposed to know anything
about It until it was too late for
us to do anything of substance
to fight it. A leak occurred, how-
ever. No one seems to know
who leaked what to whom, but
shortly after the decision to
sponsor 216 to 225 MHz as ex-
clusive marine mobile in the
final WARC document, the
news hit the amateur bands and
it was as if a bomb had explod-
ed. Amateurs out here were out-
raged at this unwarranted deci-
sion, and many are loudly crying
foul. Having amateur radio rein-
stated as a service secondary to
marine mobile has done little to
appease angry hams, either.
They are not dumb. They reallze
that as a secondary service they
will be banned from 220
wherever the primary service
feels It necessary—and to them
that means everywhere. | can’t
speak for the rest of the coun-
try’s VHF amateurs, but | can
tell you that out here things are
gearing up for an all-out fight.

WHERE THE THREAT
HAS COME FROM
There is little specific infor-
mation about what actually
transpired. As | said earlier, it is
my suspicion that we were sup-
posed to be caught off guard so
that we could not muster any
opposition of consequence.

Had the information not been
leaked, we probably would
have. The only concrete facts
appearing in the amateur media
thus far have been in HR Report
(nos. 231 and 232) and on West-
link Newstape #62. In digesting
both these news items, one real-
izes that the maritime mobile
service wanted more spectrum
and felt that 216 to 225 MHz
would be nice to take over. So,
apparently through some back-
door bargaining, they con-
vinced the military to give up its
interest in that spectrum and
further convinced the FCC to in-
clude this spectrum in the final
WARC document as worldwide
maritime mobile shared with
amateur in region 2, with
amateur being a secondary ser-
vice. In essence, it would mean
that should this come to pass,
we would effectively lose 220
wherever someone wanted to
row a boat in his local cesspool.
That is, if it were deemed a
navigable waterway.

This attempted theft of 220
from us is quite obviously an at-
tempt based upon economics.
Today, spectrum is looked upon
as income property, with every
kilohertz representing so many
dollars of income. it was that
way with the Class E CB at-
tempt to grab 220 and is the
same in this case. There is
heavy speculation in amateur
quarters that maritime mobile
may have violated the Ad-
ministrative Procedures Act. If
such is true, there could be
grounds for litigation in this
matter. Either way, the damage
has been done and the one big
question is whether the damage
is irreparable.

WHY THIS MUST BE
YOUR FIGHT
Maybe you have never even
glven thought to operating on
220 MHz. You are very content
on the low bands, two meters or
450 MHz. You feel very secure.

Continued on page 164

Seminar coordinator Bob Thornburg WB6JPI poses with presenters
of the simplex autopatch report.



OMNI HAS IT ALL. All the advantages and capabilities, all the new
conveniences and new levels of performance you need, whatever your
HF operating specialty. All built-in, ready to use.

ALL SOLID-STATE. All the advantages of total solid-state from the
pioneer of HF solid-state technology. Reliable, cool, stable — from
receiver front-end to transmitter final.

ALL HF BANDS. From 160 through 10 meters (and all the crystals) plus
convertible 10 MHz and “AUX" band positions for possible future needs.

ALL BROADBAND. Band changing without tuneup — without danger
to the final amp.

ALL READOUTS. Choose OMNI-A for analog dial (1 kHz markings) or
OMNI-D for six 0.43" LED digits {100 Hz readabillity.}

ALL VOX AND PTT FACILITIES built-in; 3 VOX controls plus PTT
control at front and rear jacks for external PTT switch.

ALL SQUELCH NEEDS for tuning and monitoring are built-in.

ALL FILTERS INCLUDED: 4-positon CW/SSB filter (150 Hz
bandwidth with 3 selectable skirt contours) plus 8-pole Crystal filter (2.4
kHz bandwidth, 1.8 shape factor.)

ALL MODE SWITCH puts all filters to work in any mode.

ALL BREAK-IN: Instant or delayed receiver muting to fit any band
condition or mobile operation.

ALL-VERSATILE OFFSET TUNING; dual ranges, =5 kHz range for
off-frequency DX or +0.5 kHz range for fine tuning.

ALL-SENSITIVE RECEIVER; from 2 uV on 160 m to 0.3 uV on 10 m
(10 dB S+N/N}) for ideal balance between dynamic range and sensitivity.

ALL OVERLOADS HANDLED; dynamic range typlcally exceeds 90
dB and PIN diode switched 18 dB attenuator also included for extra
overload protection.

ALL LINEAR/ANTENNA BANDSWITCHING FROM FRONT
PANEL; auxiliary bandswitch terminals on back panel for external relays
or circults are controlled simultaneously by the OMNI bandswitch.

ALL INTERFACE JACKS FOR PHONE PATCH; access to speaker
and microphone signals.

ALL-LEVEL ADJUSTABLE ALC; set output from low power to full,
retain low distortion at desired drive to power amp.

ALL SIDETONE ADJUSTMENTS; pitch and volume.

ALL-POWERFUL, ALL-WARRANTED FINAL AMPLIFIER. 200
watts input to final. Proven design with full warranty for first year and
pro-rata warranty for additional 5 years.

ALL 100% DUTY CYCLE. For RTTY, SSTV or sustained hard usage.
ALL-MODE POWER: basic 12 VDC for easy mobile use, external
supplies for 117/220 VAC operation.

ALL FRONT PANEL MICROPHONE AND PHONE JACKS.
Convenient.

PLUS ALL THE OTHER HANDY BUILT-INS: “Timed" 25 kH:
crystal calibrator in OMNI-A with automatic 5-10 sec.*on" time for easy
2-hand dial skirt adjustment. .. Zero-Beat switch for placing your signal
exactly on CW listening frequencies . . . SWR bridge switches *S’* meter
to read SWR each time you transmit for continuous antenna monitor-
ing. . . Separate receive antenna capability . . . Dual speakers for greater
sound at lower distortion. .. Plug-in circuit boards for fast, easy field
service.

ALL-FUNCTIONAL STYLING. ‘“‘Clamshell” aluminum case clad In
textured black vinyl with complementary nonreflective warm dark metal
front panel and extruded aluminum bezel and bail. Convenient controls.
Complete shielding. And easler-to-use size: 5%"h x4%"w x 14"d.

AND ALL THE OPTIONS: Model 645 Keyer, Model 243 Remote VFO,
Model 248 Nolse Blanker, Model 252MO AC Power Supply.

Model 545 OMNI-A $899 Model 546 OMNI-D $1069
Experience the all-encompassing HF world of OMNI. See your TEN-TEC

dealer or write for all the details.
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TEN-TEC i

SEVIERVILLE, TENNESSEE 37862
EXPORT:STIS LINCOLN AVE., CHICAGO, ILL. 60646
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ALL YOUR

RESONATE OFFSET

Qsk vox AX-OT

FASY .\ MAX
@
sLow 0 \ 4 OFF

PYT
1o MYy
mo

o\ N\

0

HEF NEEDS

SELECTIVITY

S8-N Cw
S8R

AF
POWER ON-OFF




WU

TO0NS

BLACK HAMS

The letter by Jack Chancellor
WOISON in the November, 1978,
issue raised some Interesting
questions. How many black
Americans are hams? How are
black hams responded to dur-
ing QSOs and in amateur radio
activities?

I'm a black American ham,
licensed since 1954, and in spite
of extensive travel in 27 states
in the course of my professional
activities, I've never met a black
ham. | may have worked other
black hams on the air, but I've
never had a QSO where the
other op identified himself as
black. (Research shows that
recognition of the race/creed/
color of a speaker by voice
alone is next to impossible.)

Reactions to me by hams
here in my hometown who have
learned that I'm black have
been 100% positive, though |
don't doubt that some anxiety
has been aroused. One instance
bears relating: My first affair
with 2 meter FM was quite a
mix-up until a local ham
straightened me out on the
600-kHz difference between
transmit and receive frequen-
cies through the repeater. After
many, many QSOs, he agreed to
stop by my place to pick up
some gear | was donating to the
local amateur radio club.
Naturally he discovered | was
black. Then he had to withdraw
an earlier invitation to my wife
and | to be his guests at his club
(which is a block from my QTH,
by the way) because his club
does not admit blacks, either as
members or guests.

This same local radio club
had several blacks enrolled in
its Novice code/theory classes.
Another local radio club urged
my participation in a practice
emergency net on 2 meter FM.
Any number of individual local
hams and | have chewed the fat
at length, on and off the air,
about every topic under the sun.
Never has the question of my
race arisen (except in discus-
slons of racial problems in the
United States).

Although I've never person-
ally experienced racial preju-
dice as a ham, I'm confident
prejudiced hams do exist who
practice their prejudices with
varying degrees of directness —
from “pulling the plug” the in-
stant they discover the other op
is black to adding to their CQ
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calls “no lids, no kids, no
blacks.”

I'm equally confident that, as
WOSON asserts, there are
bltacks who believe that ama-
teur radio is not open to them.
This is not true objectively, but
most blacks perceive reality in
terms of the history of the black
man in America—slavery,
discrimination, and prejudice.
Why, they say, should | believe
the amateur radio fraternity to
be any different from others
which are predominantly white
and known to be discriminatory.

| don't quite agree with
WISON'’s suggestion that per-
haps ham radio should mount a
campaign to dispel such beliefs

among potential black hams.
| do belleve, however, that our
fraternity can, through each of
us as individuals, attract the
support and participation of
many blacks in America if we
would act toward them, on and
off the air, as we would have

them act toward us.

Carlton D. Trotman W3BRX
York PA

that if the ship sinks, we all go
down. Even that guy who claims
there's nothing to it. Noah tried
to tell people that God was go-
ing to destroy the world. They
laughed at him until one day
they woke up and saw the water
rushing upon them.

The hams will sit down and
discover there aren’'t any ham
bands anymore! Someone will
say, “What in the world has hap-
pened?”

I am not going to sit by and let
ham radio die because of the
lack of exposure in countries
that are still using the drum for
communications. | want you to
know that | am beginning to see
the storm clouds. | guess | am a
militant ham operator. For what
it's worth, this one time | am
joining the loud minority.

Another Important concern Is
that, while | don't know about
other towns, Dayton has a great
deal of deliberate man-made in-
terference. It's outrageous! If
the FCC cracks down on ham
operators, it's the hams’ fault.
The ham is destroying himself
and the services available to us.

For instance, a guy will walk
right out of his office past a
phone, enter his car, and use
the autopatch to find out
whether his wife needs any-
thing from the store!

Ham operators wiil create
their own doom!

Need | say more?

Wallace M. Wright, Jr. AD8N

Dayton OH

SELF-CREATED DOOM

HOT TYPEWRITER

| am writing this letter not so
much as a letter to the Editor,
but as a message to all hams!

| recelve all of the ham
magazines. | occasionally read
your editorials. | am not too
outspoken. However, the more |
read about WARC, | decided |
would come forth as a loud
minority, and not as a silent ma-
jority.

| am a black ham, but | have
some ground to stand on: nine
years in HF communications for
the United States Army Signal
Corps, in fixed station point to
point, Acan Starcom Stratcom
and DCA, along with one year at
Ohio Bell, and four years at the
R. L. Drake Company. My pres-
ent position (for the past six
years) is as a two-way and
microwave technician at the
Dayton Power and Light Com-
pany. | presently hold a First
Class Radio Phone and Extra
Class license. In addition, | am
the past General Chalrman for
the Dayton Hamvention, and
also past Technical Chairman
for DARA.

So you see, communications
is my business! | cannot sit
back and fool myself about
what is about to take place.
What we should think about is

| read your editorial entitied
“WARC Doom and Gloom” in
the December, 1978, issue of 73
and boy, did it strike a nerve! |
am one of those operators who
still uses his old Novice 75-Watt
rig, but many OMs and YLs |
QSO with on the air are using
new equipment into which they
have sunk a considerable hunk
of change. Imagine telling these
ops that their bankroll has
sprouted wings, their beautiful
riceboxes are now illegal, and
they can resort to the landline
tor DX!

You could have used half the
editorial space for printing the
names, addresses, and phone
numbers of members of the ITU,
the U.S. Congress, the FCC, the
ARRL, and anybody else who
can help prevent the WARC
from becoming a disaster for
hams.

Don't worry, the powers-that-
be would get mail, radiograms,
phone patch calls, personal
visits, etc., by amateurs con-
cerned about the future of ham
radlo.

| wish you would have limited
your visions of gloom. Phrases
like ““if we lose everything” are
unsettling breaches of the
peace. You are going to get a lot

of people riled up with that hot
typewriter of yours.

Regarding the ARRL: | quit
when incentive licensing came
out. Why should we subsidize
someone who is taking away
our bands? If the ARRL helps us
out at WARC, great. If they
don’t, then how can they justify
their existence? We need some
people in the ARRL with some
common sense, not foolish vin-
dictive mossbacks—without
mentioning any names.

| have one last question for
you, Wayne, How is anybody go-
ing to keep millions of low-
power CB radios and hundreds
of thousands of ham rigs out of
reach of curious individuals
who want to satisfy that age-old
need to communicate?

Bob Wilk WAROTV
Kansas City MO

A HELL OF A CONTEST

You may not publish this, but
this is my opinion of contests:
They can go straight to hell. |
am referring to the contests of
December 9, 1978. Never in my
life have | heard a ruder bunch
of people on the air. | couldn’t
carry on a QSO of any kind
without some damn fool break-
ing in and hollering “CQ Con-
test, 5 by 9 in Oregon, QSL?”

Whoever authorizes this bull
ought to be horsewhipped with
a linear. If the ARRL is the
authorizing source, then the
authorizing person needs his or
her you-know-what kicked. This
isn't my opinion alone, but just
one of a whole lot of people who
feel the same way. if | want a
signal report, | will ask for It dur-
ing a QSO. While | am in a QSO,
| don’t want to hear some jerk
hollering ““CQ Contest.”

If people are going to be rude,
then they should go back to CB
radio where being rude is part of
it. Amateur radio doesn't need
it, nor do the vast majority of
hams | know.

Dale Dishon WDS5JRF
Palestine TX

POLAROID POWER

| came across an idea and
thought you might want to
know, if you don't already.

My father bought a Polaroid
SX-70 camera recently and, as
you know, it takes the cartridge-
type film with the battery built
right in the film pack. Every time
you put a new film cartridge in
the camera, you are putting in a
new battery.

| took one of those apart
tonight just out of curiosity and
discovered that it was a flat
paper pack with chemicals
sealed inside. | thought that the

Continued on page 203
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Just what yau’d é pect from KLM

We proudly introduce the KLM KT-34 Tribander. The first significant step forward for tribander

I
i . |
design in 20 years — READY for the challenges of today’s high power technology and overcrowded i
bands.

At last, a tribander that easily handles all the power your rig can muster — at a new standard of
efficiency, so your signal goes out; not up in smoke. |

At last, true broadband performance that brings you phone and CW on 20, 15, and 10 meters |
with no retuning.

KLM’s inspired peek into the future gets you all out performance and engineering excellence . . .
TODAY!

KIM’s KT-34

“YOUR PEEK INTO THE FUTURE”
SEE YOUR DEALER OR CONTACT:

KIMelectronics, INC. 17025 LAUREL ROAD. MORGAN HILL CALIFORNIA 95037 an1q
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DX

Chuck Stuart N6KC
5115 Menefee Drive
Dallas TX 75227

DX PROFILE

This month's profiie is on Bill
Gosney WB7BFK of Whidbey
Island, Washington. Bill was
recently awarded 73 Magazine's
DX Decade Award number one
tor contacting ten countries us-
ing channelized ten meter AM
equipment. Bill says that receiv-
ing award number one was one
of the highlights of his ham
career.

In earning the award, Bill
utilized a converted Cobra 134
CB transceiver that he pur-
chased from the ““as is”’ counter
of a local radio store for $30!
After adding $42.00 worth of
crystals and a new switch
assembly, he was in business.
The rig puts out about 15 Watts
in the 28.800 MHz section but
only three Watts in the 28.500 to
28.600 MHz slot. Bill has be-
come hooked on channelized
ten meter operation and is go-
ing for channelized ten meter
DXCC. At this writing, he had 41
worked and 18 confirmed. With
conditions on ten being what
they are, it shouldn’t take long
to hit the 100 mark.

Bill’s actual QTH is the city of
Oak Harbor on Whidbey Island.
Whidbey Island is located in
Washington state, 90 miles
northwest of Seattle on Puget
Sound.

Bill’s interest in ham radio
began in late 1974 when a
neighbor, now WB7BFM, told
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Bill that he and his wife were
registering for a Novice class at
a local college. Bill's XYL,
Joanne, was Interested and Bill
didn’t want to be left out, so
they all signed up together. All
four passed their Novice exams
in May of 1975 and received con-
secutive callsigns.

Now graduated to Advanced
Class status, Bill enjoys many
modes of communications. His
station has allband capability
for SSTV, RTTY, SSB, CW, and
FM operation. He can be found
on any band from 2 through 160
meters and also enjoys OSCAR
and some 432-MHz work.

Of all the various types of
operations available to him, Bill
indicates that working DX and
contests are his favorites. As a
natural by-product, he also en-
joys collecting the many
beautiful DX and stateside
awards available. He has col-
lected DXCC, CQDX, WAC,
5BWAS, DUF, WPX, Single
Band WAZ, and many others, in-
cluding, of course, the 73
Magazine DX Decade Award #1.

Bill's present DXCC total
stands at 193; he has his sights
set on achieving Honor Roll
status some day. He needs only
two more states on 160 for
6BWAS and has recently at-
tacked 6 meters, intent on earn-
ing 7BWAS.

Having only recently moved
to his new QTH, Bill has been
busy erecting a new antenna
tarm. He has three towers up at
present, with a fourth planned
for this spring. Bill uses five-
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WB7BFK in his ham “shack"!

T,

i

Pt

WB7BFK's antenna farm.

element wide-spaced mono-
band yagis on 6, 10, 15, and 20
meters. He presently uses a Hy-
Tower vertical on 40, 80, and 160
meters, but plans are now in the
works for a three-element yagi
on 40 and phased, shunt-fed ver-
ticals for 80 and 160 meters.
Bill is not one to take from
ham radio without giving in
return. He presently holds the
following distinctions and re-
sponsibilities: Past President—
Island County ARC; Founder/
President—Whidbey Island DX
Club; License Custodian—
W7UMX Military Auspices Sta-
tion; Founder/Award Manager
—7-Land QSO Party; Founder/
Award Manager—International
Island DX Contest; Founder/
Award Manager—Iisiands Of
The World DX Award; QSL
Manager for JR1UCQ; and
ARRL Official VHF Station.
Amateur radio Is a way of life
around Bill's house. His wife

Joanne is overjoyed to have him
engrossed in such a fascinating
hobby, and she also enjoys
meeting the countiess new
friends. Joanne is quite busy
herself, Involved in church ac-
tivities and tending to their four-
year-old son Ricky. Joanne is
employed in the civil service as
an accounts maintenance tech-
nician. Son Ricky, with the OM
as control operator, has already
enjoyed several QSOs.

Bill and Jo met six years ago
when BIll was reporting for duty
at NAS Whidbey Island. They
plan to make Whidbey Island
their permanent home. Bill is
now a civilian employed in the
civil service as a logistics
manager. Bill and Joanne also
co-founded an amateur radio
outlet which began operation in
1973.

Bill's present station in-
cludes an FT-101E, an FR-101S,
an FT-221, and various other
Yaesu station accessories. A
DenTron MLA-2500 provides
added power when needed. A
Robot 70C, 80A, and 61 round
out the SSTV equipment, while
the RTTY setup includes a
Kleinschmidt TT-98 and Flesher
TU-170. Six meter openings are
awaited by a Swan 250, and sev-
eral Heath monoband trans-
ceivers serve as backup rigs.

Bill invites interested DXers
to join the Island DX Net spon-
sored by the Whidbey Island DX
Club. The net meets on 14.280
MHz at 0300Z on Friday (Thurs-
day local time). You might also
drop Bill a line and request a
copy of his DX-O-Gram. Volume
1 Number 1 contains a tremen-
dous amount of general infor-
mation for the newcomer con-
cerning DX and other items. It
even contains a Buy/Sale sec-
tion. If following issues are this
good, then Bill will have a hit on
his hands. Write Bill at 2665
#1250 East, Oak Harbor WA
98277.

K5YY AFRICAN DXPEDITION

Another successful DXpedi-
tion, his sixth, by Dr. San Hut-



CIRCUIT BOARDS

REPEATER CONTROL
COMPUTER PROJECTS
SENSITIZED BLANKS
NEGATIVES/POSITIVES
PROTO-TYPE BOARDS
PARTS KIT

CUSTOM ETCH/DRILL
RCA 1802 MP BOARDS
CIRCUIT BOARD DESIGN
PROGRAMMING PADS
ART MASTER PREPARATIONS

We can suppiy many of the fems you need
to make a p-c board. Send SASE + 25 cents
for catalog
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Electronic Service and Development
427 S. Benbow Rd.
Greensboro, NC 27401
919-274-9917 DAY/NITE

Serving Amateurs Around the World

NEW ELECTRONIC PARTS

Brand name, first line components. Stocked in

depth. 24 hour delivery. Low prices and money

back guarantee on all products we carry.
STAMP BRINGS CATALOG

FOR BEST PRICE AND
FAST DELIVERY

CALL

-800-325-3636

Radio equipment
not included

TOLL FREE

8340-42 Olive Biva PO Box 28271 St Louis. MO 63132

...atlast. ..
yvour shack organized!

A beautiful piece of furniture — your XYL will love it!

- $149.95 S-F RADIO DESK

Deluxe - Ready to Assemble

Designed with angled rear shelf for your
viewing comfort and ease of operation.

FINISHES: Walnut or Teak Stain.
Also available in Unfinished Birch, $134,95
Additional Information on Request.

S P E C |AL S Checks, Money Orders, BankAmericard
KEYBOARD ENCLOSURES and Master Charge Accepted.
1139 v 1 i | lif. A % !
s NS T Floor Space: 39" Wide 30" Deep F.O.B. Culver City. {In Calif. Add 6% Sales Tax.) 533
e ik S-F AMATEUR RADIO SERVICES
20 a:;n 3 19:15 4384 KEYSTONE AVENUE + CULVER CITY, CALIF. 90230 — PHONE (213} 837-4870
14" 11.3" 3" 16.50
17 11.3" 3 18,80

20" 11.3" 3 20.75
Blue base, specify white or black top.

MAGNA-LTTE IR RTTY

oniy. b lopcs ey ALL MODE VHF AMPLIFIER J
KIT $109.95
BOARD ALONE _$18.95

AUTO CW IDKIT $37.90
SHIPPING
INCLUDED
IN PRICE

Daytapro Electronics.Inc.

Formerly NuData Electronics —+~ D35 —
3029 N. WILSHIRE LN., ARLINGTON HTS. ILL, 60004
PHONE 312-870 0555
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3/4 KILOWATT DC INPUT

SPECIFICATIONS:

Frequency Raenge
Power Qutput, Max.
Circuitry

Modes of Operation

Duty Cycle Continuous Duty
Gain, Typical
B Watts Input 300 Watts Qutput
12 Watts Input 350 Watts Output
15 Watts Input 400 Watts Output

144-148MHz; No Tuning
350 to 400 Watts

Fully Transistorzed
AM-FM.SSB-CW-RTTY

A M AT E v n Primary Winng Built-in AC Power Supply, 115230 VAC
T/R Swrtching Buit-in 1KW Coaxial T/R Relay MODE L: V350
TELEVI SIDN Spurious 60dB down sit Harmonics

ON
4a439.25 VIH:

INTERESTED ? ACTIVITY IS
INCREASING EVERY WHERE
YOU CAN GET ACTIVE IN YOUR

Power Qutput Select
Meternng, Lighted

60dB down all Spunious
10 Watts (LOW) or 350 Watts (HIGH}
Front Panel All Mode Set Indicator

Cooling Convection SSB and CW
Model F135 or F235 required for
continuous FM operation
Temperature Control Built-in Thermo-Switch for Fan Control Fo R BASE STATlo N

Auxihary Output
Design Layout

+ 13 Volt at 3 Amperes on Rear Panel &

Hinged Ampilifier and Heatsink Top
REPEATER USE

Assembly for easy Accessibility and Service

AREA WITH OUR PRODUCTS - Weight 52 pounds; 24 kilograms

AM‘B FSTV CONVERTER Size (W x H x D) 17 xBx 13"; 432 x 203 x 330 mm
complete ... . $150.°0 frosen s bl i A
AX108 FSTV TRANSMITTER Connectors S0-239- UHF

complete ... $385.00 USA Price $895.00 FOB Factory

CALL 812-336-4775,0R WRITE US,
FOR COMPLETE DETAILS

APTRON
LABORATORIES

PO 80X 323 A6

[F’ﬁ RF POWER LABS, INC. .axr

=%

POWER  11013-118th Place N.E. » Kirkland, Washington 38033 - Telephone: (206) 822.1251 » TELEX No.32-1042
LABS

o’

” Reader Service—see page 211 1

BLOOMINGTON,INDIANA, 47401 \_
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ST2SA and K5YY.

son KSYY racked up some 6,000
QSOs from several of the rarer
African spots including ST2SA,
STOYY, 3B8YY, FH8, D68AD,
and 5H1.

San’s main objective was to
activate some areas that had
seen little or no CW action and
to concentrate on the west
coast areas of the United States
that generaily have poor prop-
agation into the East African
and Indian Ocean areas.

The results were 6,000 QSOs,
of which 20% were on CW and
68% were with stateside sta-
tions. Twenty percent of the
stateside contacts were with
W6 and W7 stations, including
50% of the contacts made from
FH8, where he was really con-
centrating on the west coast.

Although limlited to only short
stays due to travel accom-
modations, San managed 800
QSOs from STOYY in six hours
and some 400 QSOs each from
FH8 and 3B8 in only four hours
of operation at each stop.

An acute fuel shortage in
Sudan cancelled all flights for
over a week, but San was able to
catch a charter flight to South
Sudan which had to return to
Khartoum the next day. Other-
wise, he would have been
stranded and the last half of the
trip, including D68, FH8, and
3B8, would have been jeopar-
dized. Luckily, it was a weekend
and conditions were good.

Travel plans and itinerary had
to be constantly changed and
updated because of widespread

airline flight cancellations. Get-
ting a seat on another flight was
nearly impossible and several
tickets had to be repurchased
because most places did not ex-
change tickets when flights
were cancelled.

San’s baggage was lost at
FR7 and the last part of the trip
was made with just bare toilet
articles and only two pairs of
shorts and socks. He wore the
same clothes for twelve straight
days. All his equipment was
also lost.

Due to a food shortage at ST
and D68, San lost twelve
pounds. Upon returning home,
he developed a subacute case
of malaria, despite having taken
all the proper anti-malaria drugs
before departing. It was six
weeks before he felt back to
normal again.

On the bright side, the
temperature in Sudan was only
105 to 110 degrees while he was
there instead of the 130+
degrees just prior to his visit.
Conditions at the Indian Ocean
stops—3B8, D68, and FH8—
were pleasant but very boring
without ham radio.

San reports that the few good
experiences included meeting
some very nice people on the
trip. Sid ST2SA and Alex 3B8DA
were especlally nice. 3B8CJ
was not a big DXer, but he went
out of his way to help San ob-
tain the 3B8YY call instead of
the 3B8Z calls which are usually
issued to foreigners.

FH8OM and FH8YL were ex-
tremely nice and San reports
that Beatrice FH8YL is very
beautiful. Reiner FH8OM is the
Honda and Yaesu dealer for the
Comoro/Mayotte/Reunion area.
Reiner was kind enough to take
a day off and fly San from

K5YY with FH8OM on the left and D6BAD on the right.
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Mayotte to Kenya.

Robin DBBAD is chief engi-
neer of the Comoro Cable and
Wireless and San says one of
the nicest people he has ever
met. San stayed with Robin
while on Comoro and used his
equipment. The FT-101E which
had been donated by the North-
ern California DX Foundation
had been left with FH8CY on
Mayotte. All the other equip-
ment was lost with his luggage.

San gives special thanks to
Jack W2LZX for meeting him at
the airport in New York both go-
ing and coming, and to Tony
WAZ2EAN, who had finally man-
aged to locate San’'s baggage
which had been on Reunion all
the time.

More special thanks to those
who contributed equipment and
money to the operation. The
Northern California DX Founda-
tion, whose contributions of an
FT-101E and finances allowed
San to go more places and stay
longer, also provided the QSL
cards. As mentioned before, the
FT-101E was left with FH8CY in
Mayotte to provide more operat-
ing time from that country. MFJ
donated a keyer and antenna
tuner and Butternut Electronics
and Mor-Gain Electronics
provided antennas.

Tired once more of the soft
life and not one to rest on his
laurels, San is planning to head
out to more unconquered
worlds later this summer or fall.
Working once again with the
Northern California DX Founda-
tion, San has plans for three
spots, all on the top ten needed
list. Keep an eye on the DX
bulletins for later information.

OBTAINING A VP2V LICENSE
We recently received a letter
from Mr. A. M. Swain, Telecom-
munications Officer of the
British Virgin Islands, explain-
ing the procedure involved in
obtaining a VP2V license. We
are reprinting it here in case
anyone might be interested in a
vacation/DXpedition this sum-
mer.
1. You must possess a current
U.S. amateur radio license of
General Class or higher.
2. The annual license fee is
$15.00, and each license or
renewal expires on January 31st
in the year following the one in
which it was taken out.
3. Provided that a license is first
granted after the first day of
August, the fee shall be fifty per-
cent of the fee specified.
4. Send a certified copy of your
current license, along with a
Postal Money Order made pay-
able to the ‘“Accountant Gen-
eral.” No personal checks can
be accepted. You must also in-
clude a 5¢ stamp to cover
“stamp duty.” Mail to: Ministry
Of Telecommunications, Works

Continued on page 175



TWO NEW AC-DC- BATTERY PORTARI F COUNTERS

LU0 20an. 1 £ 10Hz to 600MHz Frequency Counter

® Precision TCXO time base 0.1PPM Stability 17-40°C e Super Sensitivity with preamps
in both HI-Z & 50 Ohm inputs <10 mV to 150 MHz <50 mV @ 600 MHz

& Aulo Decimal Point & Aluminuim Case 8 Socketed IC's & Three position attenuator:
X1, X10, X100 {avoids false counting}

#0OPTO-B000.1A Factory Assembled - 2 Year Guatantee ..................... $329.95
#OPTO-8000.1AK Kit Form - 1 Year Parts Guarantee .......................... $279.95
#NI-CAD-80 NI-CAD Battery Pack (instalisincase) ....................... $ 19.95

OPFT0O-7000 10 Hz to 600 MHz Miniature Counter
@ XTAL (TCXO) Time Base £.08PPM/°C Standard ® Aluminum Case ® HI-Z & 50 Ohm Inputs
o. 1 Sec. & 1/10 Sec. Gate times ® Auto Dec. Pt. @ Built-in Prescaler and Preamps Standard

#OPTO-7000 Factory Assembled - 1 Year Guarantee ....................... $139.95
#OPTO-7O000K KitForm .......... $99.95 #AC-70 AC PowerPak .......... $ 495
#NI-CAD-70 NI-CAD Battery Pack and Charger Circuitry .................... $ 19.95
#TCXO-70 Optionat Precision TCXO Time Base 0.1PPM, 17-40°C .......... $ 79.95

B

EE OPTOELECTRONICS, Ine

TERMS: Orders to U.S. and Canada add §% to
maximum of $10.00 per order for shipping, handling
and insurance. To all other countries, add 10% of
total order. Florida residents add 4% state tax.
C.O.D. Fee: $1.00. Personal checks must clear
before merchandise is shipped.

(305) 771-2050 e 771-2051
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Digital Capacitance Meter

° Featured Sept. 1978 Radio Electronics Magazine ® Measures #o i
G" Digitc ® Aluminum Cage & Accuracy of .1 % iece one digit | |
#CM-1000 Factory Assembled ....... $179.95 #P-1000 Probe ... ..
#CM-1000K KitFormy ................ $129.95 #P-1000K Prot;e@;

Precision Thermometer ) PURNE It
For Use with Digital Voltmeter e Output: 10 mvper Degree  Switch
® Resolution to .01° with 4%z Digit Meter ® Requires two 9V Batters - noft
# T-100Factory Assembled & Calibrated $59.95 # T-100K Kit F oty

#D-450, Antenna, Rubber Duck, RF Pickup, 450 MHz
#D-146 Antenna, Rubber Duck, 146,MHz

-
-

#P-100'50 Ohm, 1X Direct Connection RF Probe ... ..
#P-101 Lo-Pass, Attenuates RF at audio frequencies
#P-102 HI-Z, 2X High impedance, general purpose . =
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Microcomputer
Interfacing

Christopher A. Titus
David G. Larsen
Peter R. Rony
Jonathan A. Titus

Microcomputers are amaz-
ing devices, with an endless
variety of useful applications. If
you've followed the I/O articles
in 73, you are probably aware
that the key to using microcom-
puters for practical purposes is
the ability to interface them to
the real world. Computers are
completely useless unless they
can be made to accept inputs
from devices like keyboards,
temperature sensors, or re-
ceivers and generate output to
devices such as video ter-
minals, fire alarms, or Model
15s.

When we decided that a
monthly column was needed to
explore the important topic of
microcomputer interfacing, we
were pleased to learn that such
a column was already being
written by The Blacksburg
Group, authors of the well-
known Bugbook SeriesT™. In re-
cent years, the column has ap-
peared in the scientific publica-
tion American Laboratory,
where it's been quite popular.

While this column will not
deal specifically with amateur
radio, the Interfacing tech-
niques discussed here will ben-
efit anyone who wants to get
more out of his micro, including
hams.—Jeff DeTray WB8BTH,
Assistant Publisher.

INTERFACING DIGITAL-TO-
ANALOG CONVERTERS

An analog-to-digital convert-
er is an electronic device that
converts analog signals to digi-
tal signals. Typical commercial
converters are based upon the
principles of successive ap-
proximation, dual-siope In-
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tegration, staircase-ramp con-
version, or voltage-to-fre-
quency conversion.' The most
common use for an ADC is to
convert the output from an ana-
log transducer or analog in-
strument into digital form suit-
able for direct observation on a
digital display or as inputinto a
computer. All digital panel me-
ters and digital multimeters
contain built-in analog-to-
digital converters. Modern
ADCs provide standard TTL
outputs which may be coded in
binary, binary-coded decimal
(BCD), or perhaps other less fre-
quently used codes.

To illustrate how you would
interface an ADC to an 8080-
based microcomputer, con-
sider the generalized 10-bit
ADC module shown in Fig. 1. In
addition to the 10-bit output
and analog input pins, our
module also contains a START
input and a DONE/BUSY out-
put, whose functions will be
discussed later. It is not possi-
ble to simultaneously transfer
all ten bits from the ADC into an
8-bit microcomputer. For the
10-bit converter, the data trans-
fer is accomplished by placing
bits DO through D7 (the ADC's
eight least significant bits) in
the first input byte and the re-
maining two bits, D8 and D9
(the ADC’s most significant
bits), in the second byte.

To gate data onto the data
bus and into the 8080, 8212
eight-bit three-state buffer
chips are used between the
ADC's outputs and the 8080's
data bus. A gating scheme is
required so that the three-state
buffers are enabled only during
the time when the 8080 requests
data. In the case of the
8212 buffer, the required gate is
incorporated within the in-
tegrated circuit chip, so all that

o7)

8212 . TO 8080 DATA 8US

os2 65 44 5o

TO 8080 DATA 8US

DONE /BUSY
09
08
o7
v, o—— o
ANALOG
ADC 03,
ﬁ; D
D2
o
START
JL
uY
(.14

7402

7404

Fig. 1. Schematic diagram of an analog-to-digital converter (ADC)
interfaced to an 8080 microcomputer with the aid of a pair of 8212

buffer chips.
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you must supply is a negative
IN control signal and positive
065 and 066 decoded pulses
derived from the address bug
decoding logic.

The remaining control sig-
nals that are used include (1) a
START pulse applied to the
ADC that resets it and starts
the internal conversion pro-
cess, and (2) a DONE/BUSY
ADC output flag which in-
dicates that a conversion has
taken place and that the 10-bit
digital output is ready. These
are important control signals
since they synchronize the
operation of the conversion
process. Analog-to-digital con-
verters are not generally “free-
running” devices that con-
tinuously convert voltages into
digital outputs. These conver-
sions take a finite period of
time. It is necessary to pulse or
strobe the ADC to start each
conversion, and you cannot ex-
pect a 10-bit binary value to be
output by the converter im-
mediately after the strobe
pulse is applied. For the
generalized converter in our
figure, a 21-microsecond con-
version time is required. Inside
our ADC, a successive approx-
imation technique is used that
converges on the unknown

*10u 000
100 090 365 ADC,
100 0ul 323 ouT

100 vuZ 037 w37
100 003 333 TEST, IR
100 004 066 [ 1.1
100 005 306 AD1
190 006 001 0ol
190 wve7 322 JNG
100 010 003 TEST
100 0t 100 0

o 012 107 MOVLA
190 013 333 ™
100 014 065 065
100 015 117 MOVCA
100 316 361 POPPSW
U0 017 3141 RET

ZQVENFLUW,
/INPUT THE 8 LSUL"S

voltage by making successive-
ly smaller tests and comparing
the results of such tests to the
unknown voltage.

The DONE/BUSY flag, which
indicates that the converter is
either DONE (logic 1) or BUSY
(logic 0), is input into the
microcomputer as a single bit.
Since there are six unused bits
at input port 066, bit D7 is as-
signed to the flag. The START
pulse to initiate a conversion
must be a short positive puise.
Itcan be obtained by aggating the
control signal OUT with a
negative device address pulse,
037, using a 7402 2-input NOR
gate.

A typical software subrou-
tine used to perform a single
conversion is shown in Table
1.2 The 10-bit binary result of
the conversion is left in the B
and C registers of the 8080,
with the least signlficant eight
bits in register C and the most
significant two bits in register
B in bit positions DO and D1.
The microcomputer spends
time in the TEST loop as it
checks and rechecks the flag
bit while the conversion takes
place. The converter we chose
took only 21 microseconds, so

Continued on page 203

PLSHPSW /SAVE HEGISTER A & FLAGS
/STROBE THE &#ULC TO STWRT A COYVERSION

Z1N2UT STATUS BIT AID 2 4SuL°*S
/ADD | TQ TiE FLAG UlT TO CAUSE AN

/T CAYSE A CAMARY [F 1T 1S SET
/790 OUVERFLUV, CHECK IT AGALY

FLAG=1, SO SAVE MSU‘S

/STOREL THEM IV REGISTER C
/RESTORE REGISTER A & FLAGS
RLTURY T0 AIN PRUGRAM

Table 1. Typical ADC input routine for a 10-bit analog-to-digital

converter.
©100 000
100 000 373 ADC, El
100 004 323 our
100 002 037 037
100 003 3t! RET

/ENABLE THE 80680°S INTERRUPT
/START A CONVERSION

/RETURY TO MAIN PROGRAM

THIS 1S THE ADC*S INTERRUPT SERVICE SOFTVARE

°000 070
000 070 365

000 071 345 PUSHH

000 072 052 LHLD
000 073 000 POINT
000 074 120 0
000 975 333 IN
000 076 065 065
000 077 167 MOWA
000 00 043 INXH
000 101 333 N
000 102 066 066
000 103 167 MOWA
000 104 043 INXH
000 105 0a2 SHLD
000 106 000 POINT
000 107 120 0
000 110 341 POPH
000 111 361 POPPSV
000 112 31 RET
*120 000
120 000 000 POINT, Q00

120 00t o020 020

ADCSVC, PUSHPSV /SAVE REGISTER A & FLAGS

/SAVE REGISTERS H ¢ L

/GET MEMORY POINTERS INTO H ¢ L
/50 THE DATA MAY BE STORED

/INPUT 8 LSH*S

/STORE THEM IN MBEMORY
/INCREMENT MEMORY POINTER
ZINPUT 2 1SB°S

/STORE THEM, TOO
/INCREMENT MEMORY POIVTER AGAIN
/SAVE THE STORAGE AREA ADDRESS

/RESTORE REGISTERS H & L
/RESTORE REGISTER A ¢ FLAGS
/RETURJ TO MAIN PROGRAM

/THIS 15 WHERE THE ADDRESS OF THE ADC
/STORAGE AREA 1S KEPT.

IN TH1S PROGRAM

/THE STORAGE AREA STARTS AT

/ADDRESS 020 000-

YOU COULD PLACE YOUR

/QWN POIYTER ADDRESS HERE, BUT THESE
/TV0 LOCATIONS MUST BE 14 R/VY MEMORY

Table 2. Typical ADC subroutine for an interrupt-type converter in-
terface. This assumes the converter will interrupt with an RST7 in-

structlon vectoring to 000 070.



YOU ASKED FOR IT
YOU GOT IT

DSI

QUIK-KITe
50 HZ TO 550 MHZ COUNTER KIT

95% ASSEMBLED 100% TESTED
Performance You Can Count On

FREQUENCY COUNTER APPLICATION:
Ham Radio — Two ‘May Racio — CB
Audind Amplifier & Rezeiver epair
Combdutar Maintenance & Canstructior
A Must tor TV & PlL< Repair

s 9 9- 95 includes built-in

MQODEL .3550K  Pre-Anp & Prescaler

“_‘)\pw‘v,‘\m,wum‘*-f ol
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DSI OFFERS THE BEST OF TWO WORLDS ...

Ar uaprecedented DSI VALUE . .. In a high quality, L.SI Design,
50 HZ to 550 MHZ frequercy counter kit. And; because it's a
DSI innovetion, you kncw it absoletes all competitive. makes,
beth in price & performanca.

With 95% cf the assemoaly comrpleted by DSI, you are orily™ phé
hcur away from solving all of those difficult bench problems,
frem adjusting 60 HZ ciock-time bases to setting the frequency
of a 468 M-Z Mobile Radia.

: Eve-y 3550 QUIK-KIT® PC board is factory assembled
and tested sefore shipment “/* C7; The problems of bad LED’s,
IC's, and Capacitors a-e a thing of the past. ~“ =" No manu-
“acturer exzept DSI offers a 550MHZ frequency’countér with. . .
8-digits, .5 in. LED’s, TCXO; 1HZ resolution and a one year
werranty on parts for under $100.C0, ~~ &2 'We do not know
hcw Iong we can hold this low low pnpe GO WITH THE

Y

SONE
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DSY INSTRUMENTS, INC.
7€24 Ronson Road, Dept. G, San Diego, CA 92111

,
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FREOUENCY COUNTER 150 Asne

44303

P
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Direct Pre Scols

oo«

IR AP D S A, v gt B

bate

DS! — GUARANTEED SPECIFICATIONS

Time Base TCXO 1PPM 65° to 85°F

Freq. Range 50HZ to 550MHZ incl. two SO239 inputs
Resolution 1HZ to-55MHZ, 10HZ to 550MHZ

Gate Time 1 sec' & 1/10 s2c with Auto Decimal Point
Dispiay 8.dlgits; %2 inch LED with Leading Zero Blanking

Sensitivity 25MV @ 25MI-Z, 150/MHZ, 250MHZ;
75MV @ 450MHZ

Power Batt., 12VDC @ 3COMa, 1OVAC (with AC-9)

3550K Kit ........ ol $99.95

T=-101Ant. .............c.. 3.95

AC-9ACAdp. .....c...n.. 7.95

Shipping, Handlmg.,Jns ... 10.00

3550W Wired .............. 149.95

T S e NC p—
AC-9 (incl) ....... T L NC ‘VISA
Shipping (incla) ... ocvvvian. NC N
CALLS OUAYTOLL PREE: (800—854-20401 Cal. Re

(800——542—6253)
- ' laraid - Yot & ¢ e
LiNeE ¢ "‘e*r\ mNe

TERMS: MC - VISA - AE - Check - MD. - COD in U.S. Funds. Osders outside of,
USA & Canada, please add $20.00 agditional to .cover air shipreent, Californa
residents add 6% Sales Tax.



New Products

DRAKE WH-7
WATTMETER/COUPLER

Drake's new WH-7 watt.
meter/coupler is a through-line
wattmeter designed to match
the styling of the TR-7 and the
rest of the 7-line, but it will
make a most useful and attrac-
tive addition to your shack
regardless of the rig you're us-
ing. The Instrument has a large,
easy-to-read meter with three
calibrated scales to measure
forward power. There's a
20-Watt scale for low power en-
thusiasts as well as the more
usual 200- and 2000-Watt
scales. A fourth calibrated
scale provides direct reading of
vswr, and is switch-selected
from the front panel.

The WH-7 features a frequen-
cy coverage of 1.8-30 MHz. The
line impedance is 50 Ohms re-
sistive. The wattmeter accu-
racy is +5% of reading + 0.2
Watts on the 20-Watt scale,
+5% of reading + 2 Watts on
the 200-Watt scale, and +5%
of reading + 20 Watts on the
2000-Watt scale, throughout
the 1.8-30 MHz range. Insertion
of the wattmeter in the line
changes the vswr no more than
1.05:1. The power capability is
2000 Watts, continuous duty.

The wattmeter is installed
between the output of the
transmitter (or amplifier) and
the antenna. Ordinary PL-259
coax connectors will couple
directly with the SO-239 recep-
tacles on the sensing element.
The sensing element Is com-
pletely removable for place-
ment in a convenlent position.
It can be removed by unscrew-
ing the four machine screws on
the bottom of the cabinet

which hold it in place. In this
manner, the sensing element
can be installed behind the
operating table so that bulky
coax need not be brought up.
Approximately 3 feet of small,
flexible cable connects the
sensing element to the meter,
allowing a wide range of in-
stallatlon positions.

There are three different
types of power to consider
when using a wattmeter: for-
ward, reflected, and radiated.
The WH-7 reads the sum of the
radiated and reflected power,
or forward power. True radiated
power may be determined with
the vswr calculator supplied
with the wattmeter. Simply lay
a straight edge across the ap-
propriate scales of ‘“FOR-
WARD"” and “VSWR", and read
“REFLECTED” power on the
right-hand scale. Radiated
power is calculated by sub-
tracting the reflected power
from the forward power.

Vswr measurements may be
made easily and directly with
the WH-7. Just turn the selector
switch to the “SET” position
(full CW) and adjust the “VSWR
SET" control to align the meter
pointer with “SET” at the full-
scale position on the meter.
Then turn the selector switch to
the “VSWR" position and read
the vswr directly from the vswr
scale.

Once you discover the conve-
nience of a wattmeter like the
WH-7, you’ll never want to be
without it. Whether you're in
the process of matching a new
antenna, making a fast band
change during a contest, or per-
forming any other activity
where fast and accurate mea-

Drake’s WH-7 wattmeter/coupler.
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surement of rf power and vswr
Is needed, you'll find your watt-
meter to be your biggest help-
mate and worth every penny
you spent for it.

The WH-7 wattmeter/cou-
pler’'s main cabinet measures
5-5/16" high, 6-7/8" wide,and 7"
deep. The removable sensing
unlt is 2-1/2"" high, 3-3/8" wide,
and 2-3/4” deep. Its weight is
2-3/4 pounds, and the selling
price is $89.00. Availabie
wherever Drake equipment is
sold. R. L. Drake Company, 540
Richard Street, Miamisburg OH
45342. Reader Service number
D11.

Morgan W. Godwin W4WFL
Peterborough NH

CSC OFFERS NEW 6-MODE
MODEL 4001
PULSE GENERATOR

The 4001 offers indepen-
dently-variable pulsewidth and
spacing controls from 100 nano-
seconds to 1 second in 7 over-
lapping decade ranges. Two
single-turn vernlers provide con-
tinuous adjustment in each
range. The duty cycle is variable
over a 10,000,000:1 range, con-
tinuously adjustable from 0.5
Hz to 5 MHz. The contro! set-
tings are calibrated within
+5% at each end of the vernier
ranges. Jitter is held to less
than 0.1% + 50 picoseconds.

The six push-button-selec-
table modes are Run, Trigger,
Gate, Single-Shot, Square Wave
and Complement. (The pulse
spacing control is not active in
the Trigger or Single-Shot
modes.)

The Run mode is frequency-
settable from 0.5 to 5 MHz
through the pulsewidth and
pulse spacing controls. The
Trigger mode accepts dc-to-10-
MHz signals from an external
source,

The Gate mode starts the
generator synchronously with
the leading edge of the gate
signal. The last output pulse is
independent of the falling edge
of the gate signal. In addition,
the “One-Shot"” push-button

can manually activate the gate
mode.

The Trigger/Gate input is TTL-
compatible. It accepts 2-Vpp
sine waves, 1-Vpeak pulses
(with a minimum width of 40
nanoseconds), and a maximum
+10-volt input. It also offers a
dc-coupled 10k-Ohm input im-
pedance.

The Single-Shot or One-Shot
mode outputs a pulse each time
the momentary manual push-
button is depressed.

The Square Wave mode op-
erates at up to 25 MHz. The
square wave frequency is the
reciprocal of twice the sum of
the pulsewidth and pulse spac-
ing control settings.

The Complement mode in-
verts the output signal.

A single-turn vernier adjusts
the output amplitude over a
0.1-10-volt range. The output ex-
hibits a maximum 400-Ohm im-
pedance at full amplitude. Out-
putrise and fall time is less than
30 nanoseconds.

The TTL output offers a fan-
out of 40 TTL loads, and is
capable of sinking 64 milliamps
at a maximum of 0.8 volts. TTL-
output rise and fall time is less
than 20 nanoseconds.

A Sync output offers a
minimum output amplitude of
2.4 volts and a fanout of 10 TTL
loads, and will sink up to 16 mA
at amaximum 0.8 volts. The out-
put pulse is greater than 20
nanoseconds, with a rise and
fall time of less than 20
nanoseconds. The sync pulse
lead time is greater than 20
nanoseconds.

For additional information,
contact Continental Specialties
Corporation, 70 Fulton Terrace,
New Haven CT 06509; (203)-624-
3103. Reader Service number
C9.

THE 2 METER BROOMSTICK

Smithe’'s new fully self-con-
tained 5/8-wave centerfed
dipole for 2 meters is rather in-
triguingly named the Broom-
stick. Why Broomstick? Well, it
does look strikingly like a

doteume | |

4001 PULSE GENERATOR

CSC's new Model 4001 pulse generator.



Memo from Drake

The T-Line 12 8 utge COMIMUNICaIons. S, cLenm

combining coordinated systems design with innovative engineering

When you select Drake products, you celect designs that match visually
and electrically — designs that work together as a complete unit.

160 thru 10 meters, features complete rf by-

Drake TR-7/DR-7 — Speaking of innovative

engineering, did you
re-introduces international shortwave listen-
ing to amateur radio? The receiver provides
complete general coverage from 1.5 thru 30
Mtz — no gaps and no range crystals needed.
With the plug-in AUX-7 pc board, coverage

can be extended from 1.5 MHz down to "0’

MHz! Now that’s general coverage!!

The TR-7 transmlts on all amateur bands
160 thru 10 meters, and can be programmed
on any 8 additional 500 kHz ranges in the hf
spectrum for legitimate out-of-band coverage
such as MARS, Embassy, future band expan-
sions, etc. Up to four positions of independent
receive selectivity, combined with full pass-
band tuning, allow tailored reception of cw,
RTTY, ssb and a-m. A special built-in low
distortion a-m detector, with optional 6.0kHz
crystal filter, makes "SWL-ing" with stations
such as BBC, VOA, etc, a genuinely pleasant
surprise.

The special TR-7 receiver front end, with
its high intercept point, means you can pick
many weak amateur signals from amid the
super-power shortwave broadcasters. These
weaker stations could be completely lost with
conventional receiver designs.

MATCHED ACCESSORIES — The 2kW Drake
MN-2700 Antenna Matching Network covers

know this transceiver pass and antenna selector switching, built-in

rf wattmeter/VSWR bridge, and out-of-band
coverage. Wwith the B-1000 balun, balanced
line and long wires may be accommodated
along with coax feed systems. A 250 watt
version is the MN-7. @ The WH-7 Wattmeter
has rf power scales from 20 to 2000 watts,
and even a direct-reading VSWR scale. It's
an accurate and convenient accessory for any-
one's station. e The pPS-7 Ac Power Supply
can be switch-programmed for most primary
voltages from 90 thru 264 volts. No soldering
or jumpers necessary. It includes automatic
protective circuitry for both voltage and cur-
rent. Compare the weight of the PS-7 with
other supplles, and you'll know it's reall o
The RV-7 Remote VFO provides split fre-
quency control for the TR-7 with a “spot”
putton for convenience. ¢ Even tho the TR-7
has a built-in speaker, the addition of the
MS-7 Speaker provides greater audio fidelity.
e The custom-designed 7077 Dynamic Desk
Mike provides proper impedance and audio
characteristics for the TR-7; fully wired for
VOX and PTT. e And don't forget the DL-300
/DL-1000 “Dry" Dummy Loads— they really
are handy. e The FA-7 Cooling Fan can be
installed on both the TR-7 and PS-7 for high
ambient temperature environment or for con-
tinuous duty RTTY or SSTV applications.

Available soon —the new Drake L-7, 160 thru
10 meter*, 2 kW Wide Range Linear Amplifier.

* |0-meter coverage on export units only

Prices and specifications
subject to change

To receive a FREE D
rake Full Li ;
Line Catalog, please send name and date of this publication t without notice or obligation
i (o

R.L.DRAKE COMPANY (&>

V” Reader Service—see page 211

» D11

540 Richard St., Miamisburg, Ohio 45342
. Phone: (513) 866-2421 « Telex: 288-017
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FOR BEST PRICE AND
FAST DELIVERY

CALL

State of the an design features make the TU-170 ideal for HF

TO LL F R EE and VHF autostan operation at an unchallenged price.
® SIZE: 7% "Wx3% "Hx7%"'D

* Proved 170Hz shift 3 stage active filter demodulator

'ﬂ * Lighted tuning meter for easy tuning
[ ~ * Current regulated loop kever and power supply
\, * Autostart with threshold control and solid state relay
E 8340-42 Olve Biva PO Box 28271 St Lows MO 63132 * Stable audio frequency shift oscillator, produces phase
~H2 coherent sine wave tones
* TTL compatible inputs and outputs for auxilliary equipment

® High level output for scope tuning

TU-170 kit...$149.95
wired...$219.95

S—|

FLESEER CORP. (%

P.O. Box 976
' ' Topeka, Kansas 66601 "em‘
BEWARE
H N ; .

COAKIT

RF ASSDRTMENT

Aluminum towers are not
usually as strong as steel

towers — ask for engineering

CONNECTOR ASSORTMENT

facts before purchasing any $2500  $23.50 -0
ostpai ots of three
Includes: 5;L259 5-50239, §-UGITS, 5-UGI78,
2-PL258, ) -DM, |.M358, 2-M359, |-UG255
| - UG273, 2 - PL2S9PO, | -1021-20, | - Lightning

tower. Aluminum towers, in Aesor

Master Charge & Visa accepted / Send fot Free Catalog

COAKIT e

P.O. Box 101-A Dumont, N. J. 07628
Circle C2) on Reader Service Card

most cases, are one-half as

strong as steel towers within FLY YOUR RUBBER DUCKY !

Get off the trunk lid and into the best location
on the car the center of the roof! Tests have
- proven that the low profile quarter-wave whip,
the sa me prlce ra nge or the rubber-ducky from a Handy-Talky, out-
7 performs a 5/8 whip on the trunk, Take advan-
tage of the super ground plane by converting to
the FLYING-DUCKY magnetic mount. Although
designed specifically for use with a H-T, it can
be used with any mobile rig. Ten second installa-
tion
FLYING-DUCKY magnetic mount consists of:
® Chrome-plated super magnet (holds 50 Ibs.)
® Compatible coax plugs furnished to matchrig
requirements. Specify BNC, f type. PL259-
S$0O239. For TNC Wison type add $3
® Coax cable 105 in. long

FLYING DUCKY MOUNT AND CABLE. . . $13.95

Notice Paid For By Unarco-Rohn ... QUARTER WAVE WHIP
(specify connector) $ 595
RUBBER DUCKY to match
(specify connector) $ 795

(Advertisement) m‘“Ps Box 234

55““, Middlebury CT 06762
Cedad 1) (203) 758-9228

18 +” Reader Service—see page 211



broom with an SO-239 connec-
tor in place of the bristles.

The 2 meter Broomstick is
4% feet long and an inch in
diameter. There are no pro-
truding radials, tuning rings, or
appendages of any sort, and it
needs no ground system. A
small hook on one end enables
it to be quickly and easily hung
from a drapery rod, closet pole,
or picture hook, so that it is
unlikely to offend even the
most particular XYL or other
members of the family.

For the moment, my Broom-
stick is hung behind the drapes
of one of the living-room win-
dows, where it is completely
out of sight but still enables me
to key up several area repeaters
and put out a very respectable
signal on simplex frequencies.

The first location | tried with
the Broomstick, an Inside bed-
room (no windows), produced
pretty good results on receive
but rather poor performance on
transmit. Also, for some
reason, | was unable to get the
vswr to 2.1:1 maximum over the
entire band as specified in the
manufacturer’s literature. How-
ever, moving the antenna to the
position behind the drapes of
one of the living-room windows
produced a big improvement on
both transmit and receive, and
the vswr came down to within
the manufacturer's specifica-
tions. Although I had no way of
precisely measuring the anten-
na’'s gain, on-the-air checks
support the 4 dBi figure givenin
the specs.

The 2 meter Broomstick is
not only a versatile indoor
antenna at home and away, but
can be used outdoors as well—
it's watertight and looks like it
should stand years of rain and
sun and whatever else Mother
Nature is llkely to throw at it. A
mobile mounting clamp wlll be
available shortly. If you've been
stuck with using a telescoping
whip or rubber ducky at home
or from hotel and motel rooms
when you travel, the Broom-
stick will give you a very useful
signal boost.

Smithe’s 2 meter Broomstick
Is priced at $19.95 and is sold
and distributed by Smithe
Aluminum, Box 442, Laurel MD
20810. Reader Service number
S80.

Morgan W. Godwin W4WFL
Peterborough NH

DRAKE DRY DUMMY LOADS

If | were ever limited to a
single accessory item for the
shack, I'd unhesitatingly
choose a dummy load. Whether
I'm tweaking up a new piece of
equipment |'ve just built, going
through the neutralization pro-
cess after changing the final
amplifier tubes In my trans-
ceiver, or simply retuning after
changing bands, | find a dummy
lpad indlspensible.

Now, with Drake’s two new
dry (no oil required) dummy
loads, the DL-300 and DL-1000,
it's easier and more convenient
than ever to have a dummiy load
handy and ready to use when-
ever needed.

The DL-300 will handle 300
Watts of rf for 30 seconds, with
derating curve to 5 minutes.
Maximum vswr is 1.1:1 to 30
MHz and 1.5:1 from 30 to 160
MHz. Impedance is 50 Ohms
reslistive, nominal. Its small size
(6.7" x 2.08") and light weight
(11 0z)), plus built-in PL-259 coax
connector for direct connection
to transceiver or transmitter
output, makes it perfect for por-
table, mobile, or fixed station
use.

The DL-1000 is larger (14" x
3.6") and heavier (2 Ibs.), but It
handles 1000 Watts of rf for 30
seconds, with derating curve to
5 minutes. Maximum vswr is
1.5:1 over the 0-30 MHz range.
Impedance is 50 Ohms resis-
tive, nominal. When the Drake
FA-7 cooling fan is added to the
DL-1000 to provide forced air
cooling to the resistive element,
the unit’s rating limitations are
expanded, i.e, 90 seconds at
1000 Watts. The DL-1000 Is pro-
vided with SO-239 coax connec-
tor and rubber feet for desk or
bench use.

The DL-300/DL-1000 dummy
loads should be used in con-
junction with the derating curve
which comes with the units if
power is to be applied for a
pefiod exceeding 30 seconds.
Allowance must be made for
adequate cooling-off periods
when needed, to prevent ex-
ceeding the rating dictated by
the derating curve. Failure to do
so will drastically reduce the life
of the resistive element. A good
rule to follow is to allow one-
minute cooling-off periods be-
tween use.

The DL-300 connects directly
to an S0-239 connector, elim-
inating the need for an inter-
connecting coax cable. The
DL-1000 should be connectedto
the transceiver or transmitter
using a convenient length of
coax cable.

With one or both of the Drake
dry dummy loads In the shack,
you'll find that servicing your
gear Is a lot easier and safer,
and you’ll be a lot more popular
with your fellow amateurs if you
use one when matching a new
antenna or retuning after
changing bands. |f you haven't
been using a dummy load, try
one. You'll like it!

The DL-300 sells for $19.95,
and the DL-1000 for $39.95.
Avallable wherever Drake equip-
ment is sold. R. L. Drake Com-
pany, 540 Richard Street,
Miamisburg OH 45342. Reader
Service number D11.

Morgan W. Godwin W4WFL
Peterborough NH

Drake's new DL-300 (top) and DL-1000 dummy loads.

NEW DVOM IS RUGGED,

CONVENIENT, AFFORDABLE

A new 3% -digit pocket-sized
digital multimeter has just been
introduced by The Hickok Elec-
trical Instrument Company for
electrical/lelectronic test,
callbration, and field service ap-

plications. The Instrument

designated the LX 303, contains
features generally found in
more expensive units, including
autopolarity, autozero and auto
matic overage indication. A rug-

Continued on page 173

Hickok’s new LX 303 DVOM.
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Conltesls

Robert Baker WB2GFE
15 Windsor Dr.
Atco NJ 08004

BARTG SPRING RTTY
CONTEST
Starts: 0200 GMT
Saturday, March 24
Ends: 0200 GMT
Monday, March 26
The total contest period is 48
hours, but no more than 30
hours of operation is permitted.
Time spent listening is counted
as operating time. Off periods
may not be less than 3 hours at
a time and times on/off must be
summarized on the log and
score sheets. There will be
separate categories for single
operators, muiti-operators, and
shortwave listeners. Use all
amateur bands from 80 to 10
meters. Stations may not be
contacted more than once on
any one band, but additional
contacts may be made with the
same station if a different band
is used. Those on the ARRL
countries list and in addition
each W/K, VE/VO, and VK call
area wlill be counted as sep-
arate countries (but W/K,
VE/VO, and VK will be counted
once only for QCA purposes).
MESSAGES:
Messages exchanged will
consist of:
Time in GMT consisting of a
full 4-figure group; the use of
the expression ‘‘same’ or

“same as yours'’ will not be ac-
ceptable.

RST and Message Number—
the message number must con-
sist of a 3-figure group starting
with 001 for the first contact
made.

POINTS:

All 2-way RTTY contacts with
stations within one’'s own
country will earn 2 points, while
those outside one’s own coun-
try earn 10 points. All statlons
will receive a bonus of 200
points per country worked, in-
cluding their own. NOTE: Any
one country may be counted
again if worked on another
band, but continents are
counted only once. Proof of
contact will be required in
cases where the station worked
does not appear on any other
contest logs recelved or the
station worked does not submit
a check log.

SCORING:

Multiply QSO points times
total countries worked; multi-
ply total country points times
200 multiplied by number of
continents worked. Add these
two totals together to obtain
your final score. Example: ex-
change points (302 x countries
10) = 3020; country points 10 x
200 x continents 3 = 6000; final
score = 9020 points.

LOGS AND SCORE SHEETS:

Use a separate sheet for
each band and indicate all rest

perliods. Logs to contain:
date/time in GMT, callsign of
station worked, RST report and
message number as sent, RST
report and message number as
received, exchange points
claimed. The summary sheet
should show the full scoring,
the times off and on the air,
and, in the case of multi-
operator stations, the names
and callsigns of all operators
involved with the operation of
the station. All logs must be

received by May 31, 1979, In
order to qualify. Send logs and
check sheets to: Ted Double, 89
Linden Gardens, Enfield,
Middlesex, England EN1 4DX.
The judges’ decision will be
final and no correspondence
can be entered into with re-
spect to incorrect or late en-
tries. All logs will remain the
property of the British Amateur
Radio Teleprinter Group. Certif-
icates will be awarded to:
leading stations in each of the

International 10-10 Net Canterbury Chapter

Resulfs

RESULTS OF THE 1978 RHODE ISLAND

QSO PARTY
RHODE ISLAND
COUNTY CALL QSO PTS. MULT. SCORE
Bristol *WB1DEU/N 57 300 26 7,800
Kent *WB1DXE 418 844 52 43,888
Newport *WA10SL 19 46 7 322
Providence ‘WB1EJI 632 1,288 85 109,480
Washington *K1QFD 76 168 36 6,048
Providence N1RI/1 246 516 42 21,672
multi-op
Bristol N1RI 43 90 24 2,160
OUT OF STATE

COUNTY CALL QSO PTS. MULT. SCORE
Alaska *KL7IUM 4 8 2 16
Arkansas *WAS5DTK 5 18 3 54
Connecticut *WI1TEE 14 47 5 235
Georgia *N4NX 23 62 5 310
Hlinois *WD9ADH 37 120 5 600
lowa *WBOUCP 13 42 5 210
Kansas ‘WoOoDT 6 20 3 60
Kentucky ‘WA4QMQ 3 6 2 12
Louisiana ‘W5WG 22 76 4 304
Maryland *N3SL 1 38 4 152
Massachu:

setts *N1NA 78 274 5 1,370
Minnesota ‘W1GL/0 27 62 5 310
Nebraska *NOWB 8 24 4 96
Nevada *W7HI 9 34 4 136
New Jersey *WB2HSG 5 18 2 36
New Mexico *KS5MAT 17 45 5 225
New York *W2HAE 10 36 3 108
Pennsylvania *WA3JXW 4 8 1 8
S. Carolina ‘WB4HLC 15 38 5 190
Texas *‘WB5PDQ 10 28 4 112
Virginia *WA4ZRJ 5 18 3 54
Washington  *K7EQ 4 16 3 48
Wisconsin ‘WBIPVI 19 62 4 248
Ontario *VE3KK 14 47 4 188
Kuwait *9K2FX 15 38 5 190
Greenland *K3KX/OX 1 2 1 2

TOP THREE—R. I

*1. WB1EJI 109,480

“2. WB1DXE 43,888

*3. K1BV 8,118

World Telecommunications Day Contest—

World Telecommunications Day Contest—

ARRL IARU Radiosport Competition

Mar 3-4 ARRL DX Competition—Phone
YL-OM CW Contest
Mar 10-11* QCWA QSO Contest—Phone
Virginia QSO Party
Commonwealth Contest
Mar 17-18 ARRL DX Competition—CW
Mar 24-25 CQ Worldwide WPX—SSB
BARTG Spring RTTY Contest
Mar 31-Apr 1 North Dakota QSO Party
Tennessee QSO Party
QSO Party
Wisconsin QSO Party
Apr7-8 ARRL Open CD Party—CW
QRP QSO Party
Apr 21.22 ARRL Open CD Party—Phone
ARRL EME Contest
Apr 28-29 PACC DX Contest
May 12
Phone
May 19
CwW
May 19-20 ARRL EME Contest
May 26-27 CQ Worldwide WPX—CW
June 9:10 ARRL VHF QSO Party
June 23-24 ARRL Field Day
July 4 ARRL Straight Key Night
July 14.15
Aug 4.5 ARRL UHF Contest
* = described in last issue

Novice Winner. WB1DEU
Tech Winner: WB1AFQ
VHF Winner: W1EOF

Cenrtificates of Merit Awarded to: K1UXS, N1DM, WB1EHO,
and KA1AZ for their help in making the QSO Party a success.

TOP THREE OUT OF

STATE
‘1. NINA 1,370
‘2. WiFJI 1,345
*3. WDSADH 600

* denotes certificate winner
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three classes, the top stations
in each continent, and each
WIK, VE/VO, and VK call area.

If a contestant manages to
contact 25 or more different
countries on 2-way RTTY dur-
ing the contest, a claim may be
made for the Quarter Century
Award issued by BARTG for
which a charge of 3 dollars US
or 15 IRCs is made. Make your
claim at the same time as you
send in your log. Holders of ex-
isting QCA awards will auto-
matically have any new coun-
tries added to their records.
However, in view of the high
volume of work which the con-
test manager has to deal with,
it will not be possible to
prepare and send out new
awards or update existing
awards until the final results of
the contest have been evaluat-
ed and dispatched.

If any contestant manages to
contact stations on 2-way RTTY
with all six continents and the
BARTG contest manager re-
ceives a contest or check log
from all of the operators in
those six continents, a claim
may be made for the WAC
Award issued by the RTTY Jour-
nal. The necessary information
will be sent on to the RTTY
Journal, who will issue the
WAC Award free of charge.

INTERNATIONAL 10/10 NET
CANTERBURY CHAPTER
QSO PARTY
Starts: 0000 GMT
Saturday, March 31
Ends: 1200 GMT
Sunday, April 1

Work each statlon only once;
all contacts on 10 meters. Ex-
change callsign, name, QTH,
10X number it any, Canterbury
Chapter number if held, and
your own local chapter name
and number if any.

SCORING:

Claim 5 points for working
the Canterbury Chapter call-
sign ZL3ACA. This will be used
on a roster basis throughout
the party by committee mem-
bers who will also be using
their own station calls. Score 3
points for woarking a station
holding a 10X number and also
either full or associate Canter-
bury Chapter membership. For
any station holding a 10X
number, but who is not a
Canterbury Chapter member,
score 2 points. You only get 1
point for working any other sta-
tion on 10 meters.

ENTRIES:

Logs must be recelved no
later than May 15, 1979. Send
to: C. J. Bramley ZL3ME, 198
Greers Road, Christchurch 5,
New Zealand. Please write
clearly; show your name and
address with your 10X number
if you have one.

AWARDS:

A handsome first-place

trophy to the highest scorer. A

pennant to the highest scorer
in each US, Canadian, Aus-
tralian, Japanese, and New
Zealand call area; to each Cen-
tral and South American coun-
try; to each European, African,
and Asian country; and to three
Pacific Ocean zones. Awards
are free and will be sent airmail.

NORTH DAKOTA QSO PARTY
Starts: 1800 GMT
Saturday, March 31
Ends: 2400 GMT
Sunday, April 1

This contest is sponsored by
the Fargo Repeater Associa-
tion. Actlvity will be between
North Dakota and out-of-state
stations. The same station may
be worked once per band and
mode. North Dakota mobiles
may be worked again with each
county change.

EXCHANGE:

QSO number and county for
ND stations; QSO number and
state, province, or country for
others.

FREQUENCIES:

3560, 3895, 7060, 7230, 14060,
14285, 21060, 21355, 28060,
28600, 29005. Novices and
Techs will operate in the middle
of their bands.

SCORING:

One point per QSO. ND sta-
tions multiply total QSOs by
sum of states, provinces, and
DX countries. Others will use
ND counties for their multiplier
(53 max.).

ENTRIES AND AWARDS:

Certificates to top scorers in
each state, province, and DX
country, the top 10 ND entries,

and top 5 ND moblles. Mailing
deadline is April 20 and all en-
tries should be addressed to:
Fargo Repeater Association,
WDOCCL, 2826 Evergreen Road,
Fargo ND 58102. Include a large
SASE for a copy of the
resuits.

TENNESSEE QSO PARTY
Contest Periods:

2100 GMT Saturday, March 31
to 0500 Sunday, April 1
1400 GMT to 2200 GMT

Sunday, April 1

The contest is sponsored by
the Tennessee Council of Ama-
teur Radio Clubs. You may work
the same station on different
bands, modes, or counties.
Repeater contacts are not al-
lowed. Mobiles compete against
mobiles, portables against por-
tables. Single-transmitter en-
tries only. No county line opera-
tions for multiple contacts are
allowed. Portable stations must
use a portable antenna as on
Field Day. Phone and CW are all

one contest, combined score!
EXCHANGE:

TENN stations give RS(T)
and county; others send RS(T)
and state, province, or country.
FREQUENCIES:

Approximately 50 kHz up
from the bottom of each CW
band. Phone—3980, 7280,
14280, 21380, 28580. Novices
operate authorized frequen-
cies.

SCORING:

One point per contact: TENN
stations multiply by sum of dif-
ferent states plus different VE
provinces plus TENN counties.
Others multiply by number of
TENN counties for final score.
Add bonus of 200 points for
each county operated from out-
side of home county with a
minimum of 10 contacts.
AWARDS AND ENTRIES:

Plaques to TENN top score,
TENN mobile, TENN portable,
and out-of-state. Certificates
with results to every log show-
ing 15 contacts. Logs must

THE 73 BAND PLAN
Channel Freq.(MHz)
1 28.965 . . . Listening & calling
2 28.975. . . Autocall monitoring
3 28.985 . . . County hunting—not
fag chew
4 29.005 Beacon monitoring
5 29.015
6 29.025 Rag chewing (lowest)
7 29.035
8 29.055
g 29.065
10 29.075
1" 29.085
12 29.105
13 29.115
14 29.125
15 20.135
16 29.155
17 29.165
18 29.175
19 29.185 .. . Repeater channel
20 29.205 RTTY
21 29.215. .. Oscar coordination
22 29.225
2 29.255 SSTV
24 29.235
25 29.245 . . . Repeater
26 29.265 . . . Repeater
27 29.275 . . . Repeater
28 29.285
29 29.295
30 29.305
31 29.315
32 29.325
33 29.335
34 29.345
35 29.355
36 29.365
a7 29.375
38 29.385
39 29.395
40 29.405 . . . Oscar listening

THE 73 MAGAZINE 10 METER AWARDS

The return of vigorous solar activity means that 10 meters
is once again a band to be reckoned with. O’ Sol’s 11-year
cycle of sunspot production is about to hit a peak, with the
result that QRP 10 meter DX is possible.

Now’s the perfect time to convert that old CB rig to 10.
American Crystal Supply makes a variety of simple and inex-
pensive conversion kits, or you can do-it-yourself from the ar-
ticles in 73. True appliance operators can purchase ready-
made rigs from Bristol Electronics or Standard Communica-
tions. To give you an added incentive, 73 is offering two nifty
Certificates of Achievement for 10 meter channelized com-
munications.

For domestic types, there is the 10-40 Award. This one
should be pretty easy—just work 40 of the 50 states. The DX
Decade Award goes to DXers who work 10 or more foreign
countries with a channelized 10 meter rig. We have endorse-
ment stickers, too—the whole bit.

To give everyone an equal shot at award #1, only contacts
made October 1, 1978, or after will be valid.

Well, don’t just sit there. Get out your soldering iron, order
some crystals, and put that CB rig on 10. This Is going to be
fun, so don’t miss out!

RULES

1) Ali contacts must be made in the 10 meter amateur band
using channelized AM equipment. Both converted Citizens
Band equipment and commercially-produced units may be
used.

2) To be eligible for award credit, all contacts must be
made October 1, 1978, or after.

3) The 10-40 Award is avallable to applicants showing proof
of contact with stations in at least 40 of the 50 United States.
A special endorsement sticker will be available to those
working all 50 states.

4)The DX Decade Award Is available to applicants showing
proof of contact with at least 10 foreign countries. Endorse-:
ment stickers will be awarded for 25, 50, 75, and 100 coun-
tries.

5) A log of stations worked, with the date, time, and type of
equipment used for each contact, must be submitted when
applying for each award or endorsement.

6) Each application for an award or endorsement must be
accompanied by a signed statement that all claimed con-
tacts are valid. No QSL cards need be sent, but they must be
in the possession of the applicant.

7) To cover costs, a fee of $5.00 must accompany each
application for the 10-40 or DX Decade Award. The fee for
endorsement stickers will be $2.00 each.

8) All award applications should be mailed to: Chuck Stuart
NSKC, 5115 Menefee Drive, Dallas TX 75227.

21




show date/time in GMT, station
worked, band, mode, ex-
change, and score. Use sep-
arate sheets for each band with
over 25 contacts. Submit a
cross-check sheet similar to
ARRL operating aid #6 If you
have over 200 QSOs. Logs must
be legible to avoid disquallfica-
tion. Mailing deadline is May 1.
Send business size addressed
envelope to: Dave Gogglo
W40GG, 1419 Favell Drive,
Memphis TN 38116.

WISCONSIN QSO PARTY
Starts: 2100 GMT March 31
Ends: 0300 GMT April 2

Maximum operating time is
limited to 24 hours. Phone and
CW are the same contest. Any
station may be worked only
once using all bands 160 to 10
meters. Novices or Technicians
sign /N or /T.

EXCHANGE:

WISC stations send RS(T)

and county; others send RS(T)

and state or province.
SCORING:

Phone contacts count as one
QSO point, while CW contacts
count as two QSO points. WISC
stations muitiply QSO points
by number of states plus WISC
counties; others multiply QSO
points by number of WISC
counties. Foreign countries
other than VE and VO count as
additional states. Novices
score as above, then muitiply
total by 2.5 to get final score.
FREQUENCIES:

3550, 7050, 14050, 21050,
28050, 3980, 7280, 14280, 21380,
28580, and 20 kHz up from the
bottom of the Novice bands.
AWARDS:

Awards to the highest score
per state and the highest club
score. Awards to be presented
at the Central Division Conven-
tion in June in Milwaukee.
ENTRIES:

Logs must show date/time in
GMT, band, mode, call, report,

andscore. Logs must be legible
or will be classified as check
logs. Logs containing more
than 100 contacts must also be
submitted with ARRL or similar
dupe sheet. All entries must be
postmarked before May 1. Send
results to: Wisconsin QSO Par-
ty, clo West Allis RAC, PO Box
1072, Milwaukee 'WI| 53201.

WORKED ERIE,
PENNSYLVANIA AWARD

This certificate is sponsored
by the Radio Association of
Erie. In order to qualify for the
certificate, an amateur must
prove two-way contact with ten
Erie amateurs on any band in
any mode or combination
thereof. A copy of his QSL
cards or log entries will be re-
quired as proof. A self-ad-
dressed, stamped envelope will
ensure a speedy return of the
award. Send inquiries or infor-
mation to: RAE, Box 844, Erie
PA 16512, or John Lindvay

WB3IFD, 908 West Ninth St.,
Erie PA 16502.

WARC 1979 CW DIPLOMA

On occasion of WARC 1979,
the REF is making available the
CW Diploma for contacts made
between January 1 and Decem-
ber 31, 1979. Necessary are a
minimum of 300 QSOs to in-
clude: 1 station of the city of
Geneva—WARC 1979, 50
French stations dealing a code
number with the RST, 10 can-
tons HB, 5 provinces ON, 25
provinces ltaly, 8 districts EA, 5
provinces PA, 15 DOK of Fed-
eral Germany, 1 station of G,
Gl, GM, GW, and 15 other Euro-
pean countries. Apply before
April 1, 1980, to REF (WARC
1979), Square Trudain 2, 75009
Paris, France. Include 10 IRCs
and a verified list of QSOs. Per
country, a rank will be es-
tablished and the first will be
honored with an additional
award.

winners are:

MULTI-GP—CW

CG3IXE ON
VE2FU PQ
VE3HBX ON
WIYH IL
N5TV LA
MULTI-OP—PHONE
CG3IXE ON
VE1AWN PE
VE3HBX ON
N4UF FL
WB3GPR PA
WDSEEF  TX
VE3FEA ON
N5STV LA

MULTI-OPERATOR
Mixed—Canada/U.S.

CG3IXE 556584 °
VE3HBX 355794°
VE2FU 291088*
VE1AWN 171304*
WSIYH 137904*
N4UF 101822
NSTV 92844
WB3GPR 60277
WDSEEF 29475
VE3FEA 27090

302400
291088
185148
137904

71900

254184
171304
170646
101822
60277
29475
27090
20944

Resulls

1978 CAN-AM CONTEST RESULTS

TROPHY WINNERS—SINGLE OPERATOR

American Champion, Mixed—David Hachadorian K6LL/7
Canadian Champion, Mixed—Jim Bearman VESDX
American Trophy, CW—John Hawkins KSNW

American Trophy, Phone—Jack Webb W5JW

Canadian Champion, CW—Lee Sawkins VE7CC
Canadian Trophy, Phone—Sid Kemp VE7BGK

Multi-Operator Champion—Walt Tillner CG3IXE
Club Competition Champion—BC Contest Club

Free one-year subscription to CANADX bulletin LONG SKIP

Rick Donelly WDSEEF; Gary Fosket W1ECH/1; ARC Urbana Il
WOYH; Phil Alman WD8DPB; Joe Picior WB40OSN.

607 175*
633 161°
470 139
477 136
327 100*
729 119*
633 92*
493 119
494 98"
256 109*
176 75*
156 63
165 56*

CLUB COMPETITION
Canada—U. S.

1. BC Contest Club 2683539
2. Toronto DX Club 1369143
3. 807 Contest Club 194184
4. Farout ARC 62399

* certificate winners

TOP TEN—CANADA

Mixed

1. VE5SDX 1219884*
2. VE7CC 1134987°*
3. VE7BGK 704217*
4. VETCNY 517310*
5. CG4SwW 435778*
6. VE3KZ 397308

7. VE7TCMK 288673

8. VE6MP 262071

9. VE4AOY 218151

10. CG3FFA 194584

cw

VE7CC 418964

VESDX 403704

VE7CMK 288673

VE3KZ 238044

VE4OY 176900

VE1AIH 147030

VE1AJP 137475

VE7AV 106272

VE3DRB 105216

VE7DLM 101813

Phone

VESDX 816180

VE7CC 716023

VE7BGK 704217

VE7CNY 517310

CG4asSw 397458

VEG6MP 210177

CG3FFA 194584

VEA4IE 179634

VE3KZ 159264

VEGAGV 146787

TOPTEN—U. S.

Mixed

1. K6LL/7 727192*
2. WSJW 466150°
3. AA6DX 375756*
4, KSNW 335440*
5. KSUR 295104°
6. WB4SKI 269698

7. WA4HRGI7 186410

8. KEMO 173816

9. WAQLKL 164794

10. K122 164794

cw

K6LL/7 214240

KSNW 173404

WAQLKL 166995

K1ZZ 164794

W5SJW 154624

WBA4OSN 142737

AA6DX 109368

WA4HRG/7 109347

K4BAI 105664

WD8DPB 91542

Phone

K6LL/7 512952

W5SJW 311526

KSUR 295104

WBA4SKI 269698

AA6DX 266388

KSNW 162036

WB6RDA 133245

WB7RFA 99246

WBSTAP 90474

K8MO 85176
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Ham Help

| would appreciate it if any
Canadian ham who is willing to
take his portable rig to school
or have about a half-dozen kids
visit his shack to talk to stu-
dents in another province
would send a QSL card to me.
On the blank side of the card,
please list the bands you can
use and the modes (AM, SSB,
RTTY, OSCAR, SSTV), to help

match you to the ham in the

other province. Our Ministry of

Education *“school-to-school”

coordinator seems quite inter-

ested in helping me match up
classes and hams.

Bob Hulme VE3DNG

Box 430

Temagami, Ontario

Canada POH 2H0



YAESU ANNOUNCES THEIR SENSATIONAL COMPUTER AGE
CPU-2500R/K 2-METER 25 WATT TRANSCEIVER

146340 4 -

YAESU

Again, Yaesu, THE RADIO, takes a giant step forward with their computer age 4-bit Central
Processor Unit controlling the Phase Locked Loop. It allows selection of 800 PLL channels
with touch button station selection built into the optional keyboard mike . . . PLUS auto-
matic scan, up or down across the entire 2 meter band . . . PLUS four memory channels

. PLUS optional tone squelch encoding . . . PLUS tone burst . . . PLUS high SWR
and reverse voltage polarity protection . . . PLUS 3/25 watts of power . . . PLUS fixed
1600 KHz offsets . . . PLUS programmable offsets . . . PLUS tone pad microphone
option . . . PLUSbright 3/8” LED six digit frequency display and another LED for memory
display . . . and much more.

The CPU-2500R/K is a space age radio for discriminating amateurs utilizing the latest solid
state techniques and it's on your dealer’s shelf today!

Price And Specifications Subject To #
Change Without Notice or Obligation

U
=T, The radio.

e YAESU ELECTRONICS CORP., 15954 Downey Ave., Paramount, CA 90723 @ (213) 633-4007
279 YAESU ELECTRONICS Eastern Service Ctr.,9812 Princeton-Glendale Rd.,Cincinnati, OH 45246




RTTY Loop

Marc 1. Leavey, M.D. WA3AJR
4006 Winlee Road
Randallstown MD 21133

Allow me to make a rash as-
sumption: You read 73. Now,
thatis not quite so unfounded; |
mean, you are reading this col-
umn, right? Right. Hello, out
there! Unless this is your first
issue of 73, or you are a hope-
less tube buff, by now you've
read about a little device known
as a UART. The reason that this
chip (yes, Virginia, it is an IC) is
important is the subject of this
month’s column.

Plunging right to the heart of
the matter, Fig. 1 is a pinout
diagram of a popular UART, the
AY-5-1013-A. Avallable from
several sources advertising in
73, as well as Radio Shack and
Jim-Pacs frequently found in
electronic and computer
stores, this chip is usually
priced under seven dollars. Its
rather long designation is fre-
quently truncated to a “1013,”
and it is pin-compatible with
several other UARTs on the
market.

“UART" stands for “Univer-
sal Asynchronous Receiver
Transmitter.” Now before you
get all lost in that sea of words
back there, let's dissect it a bit
and see if we can understand it.
Starting from the rear, the first
word we encounter is “trans-
mitter.” OK, we are all hams, so
we know what that means,
right? Let's see, the antenna
must go here, the key, hmmm,
where do you plug in the key?
Hold up, hee-haw, WHOA! This
ain't that kind of transmitter.
This is a data transmitter
which, when coupled with its
companion receiver, will allow
us to convert from serial data to
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ouTPUT
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parallel and back again. You
remember serial and parallel,
don’t you? We covered that last
year. As you may recall, the
most efficient means for trans-
ferring data long distances is in
serial format. Generation, how-
ever, Is best done in parallel.
Last month we looked into one
such technique. But we
digress.

Okay, so here we have gener-
ated some parallel data, five to
eight bits long, and we wish to
send it. Some fancy logic and a
shift register could put the data
out, appending the necessary
START and STOP bits, and ac-
complish the task. But you
know, a bunch of chips, all that
wiring, and remember Murphy’s
Law as applied to circuit com-
plexity. No, that would be too
messy; let's use the UART. To
send data is rather straightfor-
ward. The chip must be con-
figured for the number of data
bits, stop bits, and parity. Then
a clock of sixteen times the
baud rate is applied, and the
data is presented to the trans-
mitter parallel inputs. Ground-
ing the “send” line momentari-
ly begins the process and, lo
and behold, the data flows
serially out of the UART.

The R stands for receiver
and, while basically similar to
the transmitter, albeit back-
wards, there are a few hookers.
The data comes into the
receiver serially, is converted to
parallel, and is presented to the
receiver output. A pair of
signals is also used to state
that there is data ready to be
picked up, and that the data
has been picked up and new
data may replace it. This is fre-
quently termed “handshaking,”
for what seem to me to be ob-
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Fig. 2. 727 Hz clock.

vious reasons.

This handshaking between
the UART and the device using
the data brings us to the A,
standing for asynchronous.
Realize if you will that, al-
though the data is going by
rapidly, and to your plodding
visage continuously, it really is
going in a start-stop fashion,
with delimiters defining each
character. Although bits within
each character are being sent
at a given baud rate, characters
themselves may be sent as rap-
idly as the system will handle or
whenever the operator decides
to hit a key. This is asyn-
chronous data flow. If the data
were being sent at a known,
constant rate, there would be
no need for character delimit-
ers. This is called synchronous
data, and devices capable of
generating either synchronous
or asynchronous data are fre-
quently termed USARTSs. 1'll let
you figure that one out for
yourself.

The U, of course, is for uni-
versal. | guess that means they
canuse themon the Enterprise.
So that's the UART. At jeast
you've got some idea now of
what this multi-legged chip
does. Let's see how to hook
one up.

Remembering that we need a
clock sixteen times the baud
rate, dig out a 555 and look at
Fig. 2. The baud rate for 60 wpm
RTTY is about 45.45, and six-
teen times that is roughly 727
Hz. The values shown in the
diagram will give that frequen-
cy, with the variable resistor
used to fine trim the output.

Fig. 3 shows how to hook up
the UART itself. We are not us-
ing the recelver portion of the

FRDM

URT —-T0 TU A

FRDM
UART

Aa
'
O

r»—A-'k‘

"NORMAL"  “REVERSE”

Fig. 4. Output butters. (a) 7407.
(b) 7417. (c) 7406.

chip here, and that half may be
safely ignored. The character
to be sent is programmed by
grounding the space bits on the
transmitter. When the *send”
line is grounded, the character
will be sent out over the output
line. Before we leave the UART,
note that it requires not only
+5V, but also —12 V at a few
mA. Although there are other
UARTs not requiring this sup-
ply, we are showing it because
the 1013 is the most widely
available.

The output from the UART is
aTTL-compatible line that goes
low on space and high on mark.
Most keying schemes, in-
cluding the one shown for the
ST-6 a while back, use this con-
vention. To prevent interaction
with the TU's circuitry, how-
ever, one more chip will be
used. A 7407 buffer, wired as in
Fig. 4(a), will be used between
the UART and the keyer. The
7407 is an *open-collector” buf-
fer. That means that instead of
giving a TTL high level during
mark, it presents an open cir-
cuit. We then obviate the risk of
feeding a voltage into a sen-
sitive circuit, be it the ST-6 or a
shift-pot keyer. A standard buf-
fer, like the 7417, can be used
with a blocking diode, shown in

Continued on page 180
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RAM Scan Your KDK

— amazing flexibility for $30

This mod was made for you and me.

Art Chapman WB2JHN
30 Cymbeline Dr.
Old Bridge NJ 08857

H ow would you like to
program and scan up

to 16 frequencies with your
KDK, 7400, 2036 or other
synthesized rig? Utilizing
six readily-available ICs,
this scanner will display
the scanned frequencies
on your KDK’s readout,
give you a programmable
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priority frequency, be no
larger than a pack of king-
size cigarettes, and cost
you no more than $30.
Sound interesting? Read
on.

The idea struck me one
day while reading an ad for
the 1-4 MHz scanners for
the KDK and 7400. | won-
dered how many times
those scanners would stop
at unwanted repeater input
frequencies, noise, and
other undesirable signals.
Why couldn’t there be a
better solution for less

than $100?

Although this article is
geared to the KDK, the
concepts and circuitry are
adaptable to most other
synthesized rigs. An under-
standing of the various
stages | went through de-
veloping the scanner
should help those with
other than KDKs apply it to
their radios.

Looking at the KDK’s
priority channel, which
simply ties a set of diodes
across the inputs of the
decade counters, 146.52

Photos by Jim Stansberry WA2HEN

would be connected as
shown in Fig. 1

Why, then, couldn’t we
build a board with a series
of diode arrays and scan
them? A typical scanning
circuit might look like Fig.
2

With the circuit shown,
1C-22S owners could easily
scan their rigs. The prob-
lems with this scheme
are that it takes gobs of
diodes and a relatively
large diode matrix board.
But it still works and works
well

View of the tie points for the twelve memory lines into the
PLL section. Note the diodes hanging in midair. The com-
mon junction of the diodes does not have any wire
soldered to it. Object (lower left) in shrink tubing is an
ME-3 tone encoder.

Close-up of the scanner hand-wired on vectorboard. The
clump of components (upper left) and the transistor
(center) were a last minute fix to use the KDK's busy light
and unlock light for scanner control. Note the heat sink
under the 5 V regulator.

26



The 16-conductor flat cable was routed around the side
and through the case at the front molding. The light object
at the point of entrance is a folded-over business card used
to protect the cable from being pinched.

However, why use all the
diodes when there is a
unique device on the
market called a PROM
(programmable read only
memory). The PROM,
when properly pro-
grammed, can and does
look like a diode array;
however, we can put lots of
those arrays into a 16-pin
chip. Using the 8223 or
82523 32 x 8 PROM, we
could have up to 32 sep-
arate arrays. If we consider
the 12 bits required to
generate a frequency—4
for the MHz range, 4 for
the 100 kHz range, and 4
for the 10 kHz range —this
system will need 2 PROMs.
See Fig. 3.

The PROM should be vi-
sualized as a matrix of 32
switch positions, each hav-
ing 8 diodes (see Fig. 4).

By properly program-
ming the PROM, you ac-

Address Frequency
0000 146.52
0001 146.55
0010 146.58
0011 146.67
0100 146.70
0101 147.12
0110 154.91
0111 155.19
Unlock light will go on
1000

1001

1010 147.54
1011 147.57

etc.

tually eliminate the diodes
necessary to generate the
desired frequency. The
PROM must then be ad-
dressed in sequence
(switched to the desired
matrix) to connect the cor-
rect array to the 74192
decade counters. The scan-
ner would now look like
Fig. 5

This system worked very
well on a prototype, using
LEDs to check out its
capabilities. Although the
8223s were programmed
for 32 frequencies, only 16
were used since the 74161
has 4 output lines and can
address only 16 locations
of the PROM.

The major drawbacks of
this system are in the fact
that the 8223 is a bipolar
PROM and, once pro-
grammed, it cannot be
changed. The scanner
would now have fixed fre-

147.51—may be bypassed
147.51—willl now stop if previously busy

Table 1

View of the scanner’s front panel.

quencies to be scanned. To
change frequencies, you
must replace the PROMs
with another pair pro-
grammed to your new re-
quirements.

The Final Solution

Enter the RAM (random
access memory). The RAM,
for those unfamiliar
with this type of device,
can be programmed like a
PROM. However, unlike a
PROM, it can be erased
electronically and repro-
grammed as desired. lts
major disadvantage is its
volatility —when power is
shut off, it loses its pro-
gram

For the scanner, the Intel
2111 RAM was used. The
2111 is a 256 x 4 device,
which one can again visu-
alize as 256 switch posi-
tions of 4 diodes each. The
application will use 3 of
these devices to give us the

12 bits required. However,
we will only employ 16 of
the 256 positions. The
block diagram can be seen
in Fig. 6

Construction

The final design was
built on a 2” x 3” vector-
board using sockets and
hand wiring. Layout should
not be critical, but, for ease
of construction, the mem-
ories should be side by side
since much of the wiring is
repetitive. The LM309 5 V
regulator is kept in the
scanner to keep the
amount of work in the KDK
to a minimum. Since the
regulator is dropping ap-
proximately 7 volts at ap-
proximately 250 maA, it
does get very warm and re-
quires a heat sink. There
are other ways of develop-
ing the +5 V, but this was
the quickest and dirtiest —
warmest, too, I’'m sure.

Fig. 1. Binary representation at 146.52.

Fig. 2. Simple diode-array-type scanner.
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Fig. 4. Switch and diode representation of a 32 x 8 PROM.

For those of you who
recogopize it, the case is an
old Radio Shack weather
radio, the guts now serving
as an audio amplifier
somewhere else in the
shack. With all due respect
to Radio Shack, the scan-
ner fits nicely into the case.
| use the old volume switch
for power on-off only. The
other slot was filed out to
make room for the address-
indicating LEDs. Of course,
any other case would work
as well

Try to place the switches

in a convenient configura-
tion so you will understand
exactly what you are doing
during programming and
operation. My configura-
tion can be seen in Fig. 7.

The program push-but-
ton and the write/read
switch are together, since,
to program, the write/read
switch must be in the write
position. To scan, it must
be in the read position,
thus there is an imaginary
dividing line with the writ-
ing section to the left and
the reading or scanning

— - 8
lr = b t‘::; MH;
=i
8223 o
. [ 2 )00 xnz
— 2
ik —
-
555 Gab,» 4
OROE COUNTER
o [ fr— B
— 4
10 KMz
e .
| 8223

Fig. 5. Block diagram of a PROM-type scanner.
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Fig. 6. Block diagram of a RAM-type scanner.
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Fig. 7. Front panel layout.

section to the right.

The 555 timer, running
as an astable oscillator,
generates the clock pulses
for the 74161 BCD counter.
The BCD 16-bit count out-
put steps through the ad-
dress lines of the 2111
RAMs at approximately
one step (frequency) per
second in the slow rate or
all 16 steps (frequencies) in
approximately 1.5 seconds.
The 1/O lines (pins 11
through 14) on the 2111 are
tied directly to the 74192
decade counters in the PLL
section. When a frequency
is dialed up, a correspond-

ing binary count is found
on the input lines of the
74192s (TTL level of 1s and
0s). When SW3 is in the
read position, the RAMs
are in a high impedance
mode, therefore having no
effect on the circuit. In the
write position, data can
then be loaded into an ad-
dress by pushing the pro-
gram button.

The 7404 hex inverter in-
verts the address informa-
tion in order to allow the
proper LEDs to light when
the address lines are high.
(Trying to keep track of the
address with negative in-

View of the scanner on top of the KDK. Velcro™ is used to
hold it in place.



dication on the LEDs can
drive you bananas.)

Installation

For those of you who
have never opened up your
KDK, now’s the time. First,
find the PLL section.
Remove or lift the priority
diodes from the feed-
through posts. If you
choose to leave them in,
make sure road vibration
won’t allow them to move
back and touch the tie
posts.

Solder 12 wires of the
16-conductor cable to the
12 posts (on the outside of
the PLL box) used for priori-
ty diode programming. Be
sure you don’t use the
diode common tie point.
Actually, the order of wires
to the tie point is not
critical, since what you put
in the memory from a par-
ticular pin will come back
out of the memory back to
the same pin.

Solder one of the re-
maining wires to +12 V
(the power-on switch is
convenient). Solder anoth-
er wire to a convenient
ground. Solder another
wire to the busy light (not
the common line between
the busy and unlock light).

Solder a wire to the
unlock light (optional).
Those of you who modified
the KDK to high-band op-
eration as per Al Klein
W2PMX (73, Dec., 1977, pg.
177) will need this wire.
When scanning the 144-148
MHz range, chances are
you will never encounter a
PLL unlock situation.
However, when you scan
up to 155 MHz and come
back down to 146-147
again, the PLL takes ap-
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Fig. 8. KDK RAM scanner schematic. Switches are shown in scan mode. Numbers in( ) are

binary data.

proximately % second to
lock up. During that %2 sec-
ond or so, the scanner will
bypass the programmed
frequencies to follow the
high-band frequencies.
Thus, this option will stop
the scanning automatically
until the unlock light goes
out, resulting in no by-
passed frequencies.

Precheck

Prior to connecting the
scanner to the KDK, you
can power the scanner up
and check the system in
the following manner:
Remove the 2111s from the
sockets. Preset the

Parts

2111 RAM (may use 2111A, 8111, 8111A any speed)

IC1 555 timer

IC2 74161 or 74LS161

1C3 7404

1C4-6

IC7 LM309K +5 V regulator

D1, D2 General-purpose silicon diode

D3-6 Any LED

Qi Any general-purpose silicon transistor
SWi1 SPST

Sw2 DPDT center-off

switches: Write/Read —
read; Stop/Scan/Reset—
scan, Slow/Fast—slow.
Turn'the power on.

The LEDs should step
through in a binary fashion.
If not, check that the 74161
is getting a clock at pin 2. If
not, check your 555 circuit.

If you're getting proper
scanning at the LEDs, turn
the unit off and plug in the
2111s. Use caution, as
these are MOS devices and
must be handled accord-

ingly.
Operation and Program-
ming

Preset the scanner con-

List

SW3 SPDT

Swa SPDT push-button
SW5 SPST (on-off, optional)

trols to the following:
Slow/Fast — slow; Write/
Read —write; Stop/Scan/

IC6
211

Ica
20t

55 |

HEATSINK

1cS
21

1c3
7404

ce |
74161

~% |
0} |

& 3

|
SWS D3 D4 DS D6

JUHHF

Fig. 9. Vectorboard layout
of components.

Resistors and capacitors as required per schematic.
16-conductor ribbon cable as required for interfacing.

Printed circuit boards are available for $9.50 from: Circuit Works
1118 7th Ave., Neptune NJ 07753, phone (201)-774-1811. 2111 RAMs
are available for $3.50 from: Williams Electronics, 1863 Wood-
bridge Ave., Edison NJ 08817, phone (201)-985-3700.
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Close-up view of the scanner on top of the KDK. For those
who notice the difference, this KDK is not the standard
U.S. import version. The Japanese version covers only 2
MHz and has no repeat mode. Note that the repeat Up-
Simplex-Down switch says Lo-Off-Hi. The toggle switch
was replaced with an identical MHz rotary switch having 6
positions and two poles. The extra pole was used to high-

The flat ribbon cable is socketed on the back of the scan-
ner and fed between the cover and the rear of the chassis
and under the speaker mounting plate where it mates with
a mounted 16-pin IC socket. The socket is then wired ac-
cordingly.

band the KDK. The rig was modified for repeater use and
broad-banded to 4 MHz operation.

Reset —reset; scanner
Power—on. The KDK
squelch should also be on.

Dial up your desired
priority frequency. Hitting
reset will automatically
reset the 74161 to address
0000 in the RAMs, thus giv-
ing you instant priority. Im-
mediately flip the switch to
stop, and note if address
0000 (no LEDs lit) remains.

Push the program but-
ton. Flip the Reset/Scan/
Stop switch to scan to
allow the LEDs to move to
address 0001. Flip back to
stop immediately. If the

station just programmed is
busy, the busy light won’t
let the address advance.
Therefore, dial up the next
desired frequency, push
the button, and step the ad-
dress. Continue until you
complete all 16 frequen-
cies, if desired.

Switch the control
switches to the following:
Write/Read —read; Slow/
Fast—fast; Stop/Scan/
Reset—scan. The KDK
MHz switch—priority. The
scanner should now begin
scanning the KDK. The
digital display will also

The scanner built by Felix Foggia WA20FD. Felix chose
the PC board route and housed the unitina 5" x 7" x 3"
enclosure cut downto 5" x 7" x 1",
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show the frequencies while
scanning. If there is a
desired frequency you wish
to transmit on, flip the
Stop/Scan/Reset switch to
stop, switch in your offset,
and transmit

For those of you who use
5 kHz stations, program 5
kHz low—146.62 instead
of 146.625. Instead of scan-
ning in the priority mode,
scan in the 144 MHz mode,
making sure you are set to
000 on the kHz dials. If the
scanner then stops on
146.62 (which it should),
simply pull the 5 kHz knob
if you desire to stop on that
frequency and transmit.

Caution

If the station you just
programmed is busy, the

busy light will not allow
the address to advance.
Therefore, you will have to
reverse the process for the
next frequency by chang-
ing frequency first and
then stepping the address.
It’s not as confusing as it
sounds.

If you only choose to
program a portion of the 16
positions, you will find er-
roneous data displayed at
the unprogrammed ad-
dresses. Some of these
positions will actually
cause the receiver to scan
frequencies between 140
and 155 MHz. If this hap-
pens and the vco has not
been compensated prop-
erly, the unlock light will
go on and the receiver will
stop scanning. So, for all

View of the PC board mounted in the chassis.



unprogrammed positions,
program into memory an
unused frequency such as
146.00.

An easy way to skirt this
problem is to dial in 146.00
and scan at a fast rate
while you're in the write
position and the program
button is pushed. The
result will be all 16 ad-
dresses programmed in 1-2
seconds. Then proceed
with normal programming.

If using W2PMX’s high-
band modification, which,
incidentally, works beauti-
fully with the scanner, you
will find that, as previously
mentioned, the unlock
light may come on if you
change too many MHz in
one step. Even though the
unlock light holds the scan-
ner, | have noticed that the
following frequency might
not stop the scanner if
busy. To resolve this condi-
tion, | program the fre-
quency following the last
high-band frequency for
two addresses. See Table 1

HRMNMVENTIN

for an example.

Basic Drawbacks

The unit as designed
cannot program 5 kHz fre-
quencies. If one really
wants to get into the KDK
and add a few more gates
and another RAM chip, it
could be done. | didn't
think it was worth it.

There is no delay de-
signed into the system
When a repeater with a
short squelch tail drops, or
a simplex transmission
ceases, the scanner will
continue immediately. A
delay would add another
IC and transistor plus
associated circuitry. | have
found that a scan rate of 16
channels in approximately
one and one half seconds
pretty much allows you to
return to the dropped
channel without missing
much, provided no other
channel is busy. | resolved
this by always leaving the
KDK in a simplex transmit
mode. When a channel is

busy and | want to scan
past it, | just tap the mike
button in low power. This
causes the busy light to
drop out and the scanner
continues. Actually, the
transmitter never gets to
turn on, either, so there is
no interference.

A final drawback is vola-
tility —semiconductor
RAMs lose data when pow-
er is disconnected. A nicad
pack would eliminate this
problem. However, at a
current drain of approx-
imately 250 mA, you’ll
need a hefty battery pack.
The computer manufactur-
ers face this same prob-
lem —vyou’re not alone.

Applications to Other
Radios

I have not had the oppor-
tunity to delve into the
TR-7400, FM-DX, FM-28,
HW-2036, etc., but, if you
want to, look for some sort
of BCD counters—3 sets,
MHz, 100 kHz, and 10 kHz.
Using a voltmeter at the in-
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puts, dial up various fre-
quency configurations,
looking for TTL voltage
level changes. If you have
them, the scanner should
work for you. The prob-
lems you then have to
solve are:
1. How can you stop the
scanner. If you don’t have
a busy light, maybe you
could use the squelch cir-
cuit or S-meter.
2. Since there is no priority
channel, you’ll have to pro-
gram your scanner as per
the instructions and then
dial up 144.00 to scan. The
memory will then add data
to the binary equivalent,
thus giving you the proper
frequencies

Well, there you have it
You should encounter no
problems if you wire it cor-
rectly. | had no problems
getting mine to work dur-
ing the prototype stages,
once | understood what |
was doing. Include an
SASE with all correspon-
dence, please. B
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The NCX-Match

— build something useful

Low cost and high flexibility.

Rick Ferranti WA6NCX/1
215 Herrick Road
Newton Centre MA 02159

he need for a good

rugged transmitter
matching device seems to
be increasing almost daily.
More and more advertise-
ments have appeared in 73
and elsewhere detailing
ultimate transmatches,
miniature transmatches,

and transmatches with
other goodies thrown in
(like swr bridges, power
meters, antenna switches,
etc.). The one thing that all
of these devices have in
common is a high price tag.
Why should a simple thing
like a coil and capacitor be
so expensive? After all, it's
an easy matter to home
brew your own transmatch,
and you’ll have the joy of
using a device you built
yourself.

Photo A. Original nonclassy matching unit still works fine
after 7 lucky years. When properly adjusted for a 1:1 swr, it
will take 200 Watts PEP. Note the plastic dial pointer on
the capacitor; this keeps your fingers off the rf voltage

when you're tuning up.
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The increasing populari-
ty of transmitter matching
equipment stems from a
multitude of needs: Nov-
ices and Techs are on the
increase, apartment dwel-
lers need simple antennas
requiring a proper match
to the rig, solid-state finals
require 50-Ohm imped-
ances if they are to work at
all, and frequency-limited
antennas can often be
coaxed beyond their nor-
mal bandwidth with a
matchbox.

Two models of trans-
match will be discussed
here; the first is so easy to
build that you can use it by
the time you finish reading
this article. The second is a
bit more fancy and much
more rugged, with a good
deal more aesthetic value
thrown in. Both have the
following advantages:
They’ll match anything to
anything, they’ll take
almost any barefoot rig
(200-Watt class), they’re
low cost and the parts are
easily available, and they
are extremely flexible so
that you can do all kinds of
experimenting with tuned
circuits and antennas.

Simple Beginnings
I’m still using the first

transmatch | ever built—
you can see this glorious
contraption in Photo A. It’s
seven years old and still go-
ing strong. Small and easy
to carry or ship, it works
just fine. Basically, you
wind a coil of wire on any
available form (plastic pill
bottle, cardboard or PVC
tube, ceramic core as in
the photo, etc.) and leave
space between windings
for an alligator clip to
clamp to the wire. If you
use insulated wire, scrape
away the plastic or enamel
at the tap points. A pencil
or dowel of wood or plastic
can be slipped under the
windings as you go to raise
them up so that the clip
can firmly grip the wire. As
you can see in the photo, !
fit 16 turns of wire on the
form, whichis1% inches in
diameter and 4 inches long.

The capacitor part of
this simple device is a
broadcast-band variable
ripped from an old ac-dc
tube set, with both sections
in parallel, giving about
500 pF total capacity. Blow
the dust from the plates so
that they won’t arc when
you use it. If you can, save
the plastic pointer which
may have come with the
radio or epoxy a plastic



tube to the shaft—you
don’t want to touch the
cap when you’re tuning up!
The rest is easy. Mount
the coil and capacitor on a
piece of wood, add two
SO-239s (with their grounds
tied together), and use clip
leads to connect the two
components in various
configurations. Everything
should be clear from look-
ing at the photo and Fig. 1.
Of course, this thing is
very flexible. You can hook
up various configurations
of “L” matches, loading
coil or series capacitor
matches, or even series or
parallel-tuned circuits and
traps. Some suggestions are
in Fig. 2. I've found that the
basic ’L”" configuration,
with the series coil and the
cap from antenna to
ground, works with almost
any long- or random-wire
antenna—see Fig. 2(a). Put
the swr bridge in the
transmitter side of the line,
excite the antenna with a
little rf (enough to get a
reading on the meter —but
listen before you tune up
on the air), and run the
capacitor quickly through
its range. If you get a
shallow dip in reflected
swr, adjust the coil tap and
try for a deeper null in
reflected power while
swinging the capacitor
around again. Continue un-
til your swr goes down to
1:1. Remember that a low
swr will let you run higher
power to the matcher
without arcing (I’ve had no
problems with my FT-
101B), so tune the match-
box on low power first, and
then pour on the juice.

Two other things: If you
can’'t get a dip anywhere
for any tap on the coil,
change the configuration
(move the cap to the other
side of the coil, etc.) until
you get a low swr. The
other thing to remember is
that no matching device in-
creases the efficiency of
your antenna. It only
allows your transmitter to
see the load it likes so that

the thing operates proper-
ly. As such, it allows you to
load the rig where other-
wise you may not be able
to do so.

Getting Classy

Of course, | wasn't
satisfied with my first
transmatch, since it isn’t
very rugged and doesn’t
look like anything par-
ticularly beautiful. | decid-
ed to build something real-
ly snazzy, but with little
cash outlay. The design in-
cludes a sturdy metal case,
an infinitely-variable roller
inductor coil, high-voltage
variable capacitors, a built-
in swr bridge, a low-pass
filter, a frequency counter
or oscilloscope output,
and provision for greater
flexibility by the addition
of external coils, capaci-
tors, or other components.
The result, a cross between
the rack-mounted mon-
sters of yesteryear and the
sleek goodies of today, is
shown in Photos B and C.

Parts
The perennial question
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Fig. 1. Construction plans of the simple transmatch.

for any builder is where to
get the parts needed at a
reasonable price. In this in-
stance, fortunately, the
case and many com-
ponents are readily

NS 3 3> Cde
e l
[ J

wieturd Lo Ferrentt

available on the surplus
market. Write a note to
Fair Radio Sales Co., P.O.
Box 1105, Lima, Ohio
45802, and ask for their
latest catalog. In it, they’l|

Photo B. The NCX-Match. The swr meter need not be calibrated since you’re tuning for a

minumum at all times.
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Fig. 2. Hookup diagram and suggested configuration
possibilities to match anything to your rig. (a) is the one
which almost always works, so try it first.

have just what you need
under the heading “Parts
Bonnaza’® (a curious
misspelling which has been
in their catalog for years).
On page 16 of catalog
WS-77, you'll see the plug-
in tuning units used in BC-
191/BC-375 transmitters. |
have a list of the parts in

iR\

these gems, and the one
you’ll want to order is the
TU-7-B 4500-6200 kHz unit,
which has coils, an antenna
switch, variable and fixed
high-voltage caps, a ver-
nier dial, a right-angle
drive, and a beautiful outer
case for $5.95 (brand new).
It only weighs 15 pounds,

so the UPS shipping charge
will be around $3.00.

The tuning unit has the
two large variables you'll
need (each about 120 pF),
and two 5000-volt, 400-pF
fixed capacitors which you
can save as auxiliary plug-
in range extenders. Of
course, you’ll be using the
inner case (save the outer
one for another project, or
use it to make a larger
model of this matcher).
The only other main com-
ponents you’'ll need are the
roller coil and a front panel
piece.

Fortunately, Fair Radio
Sales and local ham flea
markets still have the in-
credible ARC-5 series
“Command Set”’ transmit-
ters. They must have built
ten of these things for
every man, woman, and
child in the U.S.! If you can
find the roller coil from the
ARC-5 series (this is what |
used), you're all set. If not,
Fair Radio Sales has them,
as well as other roller

Photo C. Rear view of the matchbox. The large fixed capacitor on the left (removed from
the original BC-375 tuning unit) can be plugged in the matcher jack matrix to add 400 pF.
The null pot on the swr bridge above the low-pass filter has 50-Ohm and 75-Ohm calibra-
tion points marked for easy reference.
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coils—check pages 9 and
16 of catalog WS-77 and
page S77-37 of the catalog
supplement. It doesn’t
matter if the rest of the
transmitter is destroyed —
all you need is the roller
coil—so you may be able
to get some junked chassis
for a low price, particularly
at a flea market table.

Besides the case and the
roller coil, you’ll also need
a Ya-inch-thick aluminum
panel for the front of the
case. Check around at a
scrap or sheet metal place
and you should be able to
find one and even have it
cut to size for a reason-
able price. The panel
should be fairly thick so
that the capacitors and
roller-coil dials don’t shift
around with pressure.

Why do you need a front
panel when you already
have the case? Simply
because you’re going to
strip all the parts out of the
BC-375 unit, and that’s go-
ing to leave its front panel
full of holes. It does make
a good template for the six
screws which will hold the
new panel to the case. By
the way, save everything
you take out of the tuning
unit, including the screws.
You need the capacitors
and their mounting in-
sulators, the handles, shaft
couplings, and fixed capac-
itors, as well. If you want to
do so, you can use that
beautiful heavy-duty
ceramic rf switch as an
antenna switch in the
matcher. It's a nice conve-
nience which | probably
should have added to my
NCX-Match when | built it
a few years ago.

You’ll notice that the
case’s top and bottom
panels are well ventilated
with eight sets of holes
drilled through them. |
found that dust tends to
settle on the caps and coil
inside because of this un-
necessary ventilation, so |
glued thin clear plastic
sheets under the holes to
block out the dust. The top
panel should be the one



with the small notch cut in
it, while the bottom panel
has a long narrow cutout
(originally for the plug-in
connectdr).

You'll need a counter-
type dial for the inductor. |
found that big dial in the
photos at a local surplus
store for $2.00. If you can’t
get a counter dial per se at
a reasonable price, just
use a crank-type spinner
knob. Then you can use a
rubber pulley arrangement
and the turns counter from
an old tape recorder
(they're advertised as
surplus in 73, or check out
page 56 of the June, 1977,
issue for more ideas on
how to reset the roller coil
quite accurately). The
hardest part of building
this whole contraption was
the mechanical coil ar-
rangement. As you can see
in the photos, | used the
gears from the original
ARC-5 and drilled holes to
match things up accurate-
ly. Take your time; you’ll
be rewarded with a
smooth-running adjustable
inductor.

| added an swr bridge to
my unit, the details of
which can be seen in Fig. 3
and Photos D and F. It's a
version of the “Varimatch-
er’” in QST for May, 1966.
The sheet metal can be cut
from a cookie sheet, and
you can get the Y-inch
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Photo D. Rear view of the matcher showing the swr bridge element, the roller and scope
pickup coils, capacitor mounting, and the plug matrix.

copper tubing from a
plumbing supply house.
Remember to keep things
symmetrical and it’'ll work
fine. The hardest part is
taking the inner conductor
of a piece of RG-58 or 59,
soldering a thin wire to its
center, and sliding it
through the copper tube
until the thin wire can be
pulled out of the slot
you’ve filed in the middle
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Fig. 3. Sheet metal layout and pickup element plans for the

Varimatcher swr bridge.

of the tube. This wire gets
connected to the arm and
one end of the 100-Ohm
potentiometer (carbon—
not wirewound!). The
schematic in Fig. 4 should
make construction a little
clearer.

Calibration of the bridge
is simple. Put a 50-Ohm
dummy load or 51-Ohm,
2-Watt carbon resistor
across one SO-239 and ap-
ply a Watt or so of power
on 10 meters. With the
bridge in the reflected posi-

tion, adjust the null pot for
the least indication on the
meter. This is your 50-Ohm
calibration point. If you
want to use the bridge for
75-Ohm lines, simply re-
place the 50-Ohm resistor
with a 75-Ohm unit. |
calibrated my bridge for
both impedances and can
change them with a twist of
the knob.

| liked the Varimatcher
style because of its rug-
gedness and versatility
Alternately, other bridge

TRANS.  coPPER~_  (NO PHYSICAL  ANT
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“ |-
| 1000 |
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Fig. 4. Schematic diagram of the swr bridge built into the

NCX-Match.
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Fig. 5. Schematic of the entire matchbox showing indepen-
dent swr bridge, filter, and matching elements.

construction techniques
could be used, or you
could simply dismantle a
commercial bridge and
mount its innards inside
the matchbox.

Mounting and Wiring

As | mentioned before,
the hardest part of building
the unit is making the roller
coil merrily spin as
you turn the front panel
crank. As you can see from
Photos E and G, | mounted
the original ARC-5 gear on
the shaft of the turn-
counter crank and secured

the actual roller coil and
coil tap to the bottom
plate of the case

The large air-variable
capacitors can be mounted
to the top and bottom case
covers with their original
ceramic standoffs. | used
an insulated coupling for
the front panel shaft of one
of the capacitors, on the
other, a metal coupling
and insulating fiber shaft
was used. The point is to
keep the rotors of the caps
from shorting to the case or
from giving you a jolt of rf
while you tune up.

ANTENNA Y

L |

g L - ||
TRANSMITTER [ { SWR BRIOGE LO-PASS FILTER MATCHER +——
L | — ) 2
| |

ROLLER COIL

I ..
%A

NCX'M_&VCH |

3

Fig. 6. Hookup diagram and suggested first configuration

for the NCX-Match.

The meter was mounted
in a large hole cut carefully
with a coping saw, as was
the counter dial for the
coil. It takes a bit of pa-
tience to slowly saw
through that thick alumi-
num plate, and the roller
dial needed a very odd-
shaped hole! The low-
pass filter, an E.F. Johnson
unit in this case, was
mounted to the rear panel
with the hardware supplied
with it. 1 secured the swr
bridge element to the case
with long screws and lock-
washers passed through
the mounting holes of its
SO-239s

A useful added feature
of this matchbox is the

Photo E. Front inside view of the NCX-Match. Notice dual banana plugs installed on the
matcher jack matrix (now configured for capacitor B to be in series with the antenna).
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scope/counter output visi-
ble in Photo C. The smaller
coil near the roller induc-
tor and directly below the
swr potentiometer in Photo
F serves as the pickup ele-
ment. | simply wound a
coil of hookup wire on a
Bakelite™ form and glued
it near the roller coil so it
would sniff a bit of the rf
energy flying around inside
the case. One end of the
coil is connected to the
BNC jack on the rear panel,
the other end is simply left
free on the coil form

The means | used for
switching various coils and
capacitors in and out of the
line is a matrix of 12
banana jacks spaced the
standard 3/4 inches apart,
as you can see in Photo C.
The four corner jacks
(black) are conrected to
ground, and two others are
the input and output of the
matcher. Two each down
the center of the matrix
connect to the two capac-
itors and the coil. Thus, by
jumpering various connec-
tors at the back of the
matcher with either stack-
ing shorted double banana
plugs (as in the photo) or
with wires with banana
plugs at their ends, one can
make any configuration of
the coil and capacitor de-
sired. You may also notice
a large fixed capacitor with
banana plugs on fly leads
fitted to it in Photo C. This
can be plugged into the
rear panel jacks to add
more capacity, or to make
even more complex con-
figurations. Of course, ex-
ternal coils can be added in
the same manner. Thus,
you can make pi networks,



tuned circuits, differential
capacitor circuits, and all
kinds of configurations by
simply plugging in jump-
ers. A glance at the sche-
matic of the matchbox (Fig.
5) makes this clear.

I haven’t had to use ex-
ternal components with
the matcher since the "L
configuration with both in-
ternal tuning caps in
parallel takes care of all
the capacity needed for
most random-length wire
antennas. You'll probably
find, as | have, that the
roller coil has about five
times more total induc-
tance than you’ll ever
need, so external coils
aren’t necessary at all.

A few notes on the
matrix of jacks may be
helpful. Once, | was run-
ning 125 Watts AM (plate
modulated, of course) with
a DX-100 on 160 meters,
and the insulation on one
of the panel banana jacks
started to bubble and
smoke! I've long since sold
that wonderful Heath
monster rig, and SSB has
since caused no insulation
problems. However, if you
worry about such things
and run a lot of power on
RTTY or another con-
tinuous mode, you can
mount uninsulated banana
jacks on a Bakelite™ or
Teflon™ sub-panel and
attach this so that it pokes
through a large rectangular
hole cut in the rear panel.
Teflon™ or BakeliteT™
will certainly solve any
dielectric heating prob-
lems.

Wiring up the unit can
be done two ways: Use
heavy solid wire like in the
original BC-375, or use
stranded heavy wire with
fiberglass insulation as |
did. | chose the later
method because it was
easier to do, and because,
when | was disassembling
the tuning unit, | dis-
covered a 40-year-old cold
solder joint between the
original solid heavy wire
and a capacitor! Not

wishing to duplicate such a
feat (who were the poor
guys who wired up these
things anyway?), | used’
standard wire and a big
soldering iron (100 Watts).
I’'ve had no problems with
arcing with the fiberglass
insulated wire.

Don’t forget to save one
of the original handles
from the tuning unit to
mount on your new match-
box. It’s handy for carrying
the thing around on field
day. Also, do give the case
a good coat of paint before
assembly. When | built my
unit almost five years ago,
the only panel labels | had
at my disposal were those
embossed plastic jobs.
Although they look decent
with a symmetrical panel
layout like the one you see
in the photos, you can do
better with rub-on lettering
sets, particularly the kind
with whole electronic
terms already spelled out
for you.

Tune-Up and Use

Connect up your match-
box, swr bridge, and low-
pass filter between the rig
and antenna as shown in
Fig. 6, with the matcher
configured as in the
diagram. The reason for
this hierarchy in element
order is that the transmitter
should be the one to see 50
Ohms as indicated by the
swr bridge, and the filter
should also see 50 Ohms to
work properly. The match-
er itself is the thing to fool
all those other 50-Ohm
devices into thinking that
your weirdo antenna is
really a dummy load.
Hence, it goes closest to
the antenna.

As you can see in Photo
C, | simply used two short
lengths of coax (with con-
nectors attached) to con-
nect the various elements
in the matcher. The swr
bridge, filter, and matching
network proper can all be
used independently if
desired —an added bit of
versatility

This matchbox is tuned

Photo F. Rear inside view with a close-up of the swr bridge

and coils.

exactly as the previous
unclassy model, with the
extra convenience of a
rotary coil as an in-
finitely-variable inductor
element. Try the “L” con-
figuration first, as sug-
gested above, swinging the
capacitors and coils
through their ranges while
applying low power. Look
for a dip in reflected power
and tune to minimize the
reading. If you can‘t get a
null, change the jumpers at
the rear panel and try a
new configuration. Soon
you’ll be able to load up
everything from your win-
dow screen to a 1200-foot

longwire.

This sturdy matchbox
drew very flattering com-
ments at a home brew club
meeting some time back,
and it still looks and works
great. If you need a good
rugged transmatch and
don’t want to spend a for-
tune on commercially
available models, give this
one a try. You'll have a
good time building it up
and will be rewarded with a
fine piece of useful equip-
ment. You may even want
to modify your call so that
it ends with an “X""—"X"
for ‘’trans’’—hence the
NCX-Match.l

Photo G. ARC-5 roller-coil gear is mounted directly to the
dial shaft. Note the protective diodes and bypass
capacitor across the swr meter.
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Gary L. Staton KH6JMU
2322D Apollo Ave.
Hickam AFB HI 96818

The Memorizer Goes to MARS

— expanded frequency coverage

A step toward the perfect FM rig.

O ne of the newest
offerings in the field
of 2 meter FM is the Yaesu
FT-227R Memorizer. This
unit became available at
local dealers in late De-
cember, 1977, and | pur-
chased one on December
26 as a one-day-late Christ-
mas gift, although | am nor-
mally a little slow to buy
new products until they’'ve
been proven in the field.
As a member of Air
Force MARS, | had hoped
for a new rig that would
permit operation on our
local MARS repeater, but
this was unlikely with the
new Yaesu, although it did
a beautiful job on the
144-148 MHz portion of the
band for which it was de-
signed. The rig was engi-
neered to preclude opera-

tion out of the amateur
band, which seemed like a
fact | would have to live
with.

The bright red display
would clearly read out any
frequency from 144 to 148
MHz, but nothing else.
After carefully reading
through the superb owner’s
manual, the needed infor-
mation for a modification
finally came to light on
pages 18 and 19. The key
paragraph states that
Q711 (MC14081B) limits
the high end of the rig and
Q712 (MC14028B) limits the
low end of the rig and cut
off Q713 (25C735Y) to pre-
vent transmissions out of
the amateur bands. By
tracing the circuit through
the diagram on page 19, it
became apparent that

changes were needed to
pins 3 and 6 of Q712. The
phase locked loop (PLL)
board was noted as being
on the top side of the rig.

| carefully removed the
top of the rig and noted
that the PLL board was
under a cardboard cover at
the front of the rig. This
cardboard was lifted by the
removal of three screws,
and | was looking at the
underside of the board. A
red wire came from pin 3
and a blue wire from pin 6.
These were removed from
these pins and resoldered
to an adjacent ground,
which ends the modifica-
tion.

Now the crucial test
came—to see what had
been accomplished. My rig
now displays all frequencies

from 142.000 through
149 995 MHz, though
transmit is possible only
from 143.05 through
149.995 MHz. This frequen-
cy spread allows me to
operate on the AF MARS
simplex frequency and to
monitor the output of the
AF MARS repeater. The
modification allows full
operation on the Army
MARS repeater and should
prove very useful to many
MARS members.

This is my first Mem-
orizer modification, but it
should open the door to
other ways to make this the
perfect FM rig. | would
welcome correspondence
on other modifications or
further expansion of this
modification (enclose an
SASE, please).

There's a new, eighth OSCAR satellite in orbit, and the AMSAT team helped put it there!
Your help is needed for future satellites. Join AMSAT and support the new, ad-

vanced Phase Il series of OSCARs, engineered to provide communications over
transcontinental distances for hours at a time.

Send $10 membership dues to AMSAT, P.O. Box 27, Washington, D.C.
20044. Life membership is available for a tax-deductible donation of $100
or more, payable in quarterly installments if you wish.

Phase Ili satellite solar cells may be sponsored for $10 each, and
we'll send you a certificate specifying the cells you are sponsoring.

For a tax-deductible contribution of $1,000 or more, we'll
even inscribe your name on a plaque to be placed in orbit
aboard the Phase Ill spacecraft for posterity, and we'll send
you a replica honoring your contribution.

+ Dues and contributions may be charged to VISA or
©, Master Charge. Phone us at (202) 488-8649.




Midland’s 13-510 Is One Great 2-Meter Mobile.

Our 13-510A Is Even Better!

DLAND

NTERNATIONAL
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NEW! The 13-510A P.L.L. synthesizer delivers 1,200 frequencies between 143.00
and 149.00 MHz . . . the full 2-meter band, plus MARS.

NEW! The 13-510A will operate with up to a 6 MHz split between TX and RX

frequencies.

NEW! The 13-510A microphone connector is pre-wired for your Touch-Tone®

encoding microphone.

NEW! The 13-510A has a 7-pin accessory connector for your Touch-Tone® dial
tone-burst generator or discriminator meter. stouch Tone is a registered rademark of AT&T

NEW! The 13-510A is compatible with available popular CTCSS continuous tone-
coded squelch system accessories.

NEW! The 13-510A has 3 transmitter outputs: 1, 10 and 25 watts.

Midland's 13-510, with its commercial-type modular construc-
tion, earned its reputation as one tough 2-meter FM mobile.
Now Midtand has made the 13-510A an even more versatile
performert!

The 13-510A P L.L. synthesizer splits the 6 MHz spread be-
tween 143.00 and 149.00 into 600 discrete frequencies, and a
5 KHz up-shift delivers 600 more for a total of 1,200 . . . shown
directly on the digital display. In addition, there's access to 4
available offsets for repeater operation on + 600 Hz with crys-
tals supplied or up to 6 MHz spread with your crystals installed.
Inside the 13-510A, there's a highly sensitive (0.3 uV), highly
selective (-70 dB at + 15 KHz) dual conversion receiver with

CHECK OUR SPECS:

dual gate MOSFET RF and mixer stages, crystal filter in the
1stiF, ceramic filter in the 2nd IF, and helical resonators in the
RF ampilifier.

The transmitter is conservatively rated for 25 watts output,
switchable to 1 or 10 watts for repeaters, and uses direct FM
modulation to deliver natural sounding audio.

Other teatures making Midland's 13-510A the one to look at
include automatic protection circuit for the output transistor,
internal DC filtering and polarity protection, a deep-finned heat
sink for the power transistors, and electronic switching that
needs no mechanical maintenance. Mobile mounting bracket,
base stand and push-to-talk microphone are included.

RECEIVER. Type:dual conversion superheterodyne. 1stIF frequency: 16.9 MHz. 2nd IF frequency: 455 KHz. Sensltivity: Less
than 0.5 uV for 20 dB quieting (0.3 uV for 12 dB SINAD). Spurlous response: -60 dB. Squelch threshold: Less than 0.3 uV.
Modulation Acceptance: + 7.5 KHz. Selectivity: -70 dB at + 15 KHz. Audio output power: 1.5 watts at 8 ohms.

TRANSMITTER. Outputs: 1. 10, 25 watts FrequencY_dewaﬂon Adjustable 3 - 16 KHz (normal 5 KHz). Audio Input: 600 ohms.

Modulation system: Direct FM. Spurious Radiation:

ess than -60 dB below carrier

GENERAL. Power: 13.8 volts DC, negative ground. Current drain: Transmit, 2 - 7 amps.; receive, 0.8 amps. average. Antenna
impedance: 50 ohms. Unit size: 2-5/8" x 6-13/16" x 9-5/8". Unit weight: 6.6 Ibs.

Want to know more? See your
Amateur Radio Dealer for Midland Quality
«P.L.L. “220"” MOBILE
*CRYSTAL *220” MOBILE
*ANTENNAS & ACCESSORIES
... or write for free full-color brochures. "%

IDLAND

INTERNATIONAL

P.O. Box 1903, Kansas City, Missouri 64141

V” Reader Service—see page 211 39



Glen Deibert WA4HUU
431 Dunmore Rd.
Fayetteville NC 28303

Build a Hybrid Capacity Meter

— digital circuitry, analog display

Test your junk box.

Like many other elec-
tronics enthusiasts, |
like good buys on bits and
pieces of electronic equip-
ment and parts. | also ac-
cumulate a lot of “junk.”
Among these treasures are
many unidentified capaci-
tors. This identity problem
makes them almost use-
less.

There are many good cir-
cuits for measuring capaci-
ty, but most of them use
the same design therne—a
generator with multiple
frequency selecting com-
ponents. If the tester has 5
ranges, there are 5 capac-
itors and 5 resistors, prob-
ably variable, and the
switch to select the desired
range. This is an accept-
able method, but you may
have many components
that can change value and
affect the accuracy of the
measurement.

The circuit described
here is similar in some re-
spects to the well-known
analog tester, but it uses a
different method of fre-
quency (range) selection.
In this circuit, | have one

40

clock frequency, approx-
imately 200 kHz, that gen-
erates the necessary fre-
quency for the ranges. In-
stead of using RC circuits
for each range, | use
74L590s for the decade
change. The advantage of
this is that there is only one
frequency-determining RC
network, and this is ad-
justable from the front
panel. This means that the
instrument can be calibrat-
ed on one range and be ac-
curate for the other ranges
With the low cost of ICs,
the price of this instrument
compares favorably with
the other types of instru-
ments.

How It Works

The generator is a 555
oscillating at approximate-
ly 200 kHz. The frequency
is adjusted by R2 when cal-
ibrating prior to use or dur-
ing use, if a reading is
doubtful.

The output of IC1 is used
for the 0-to-100 pf range
and is also used to clock
the first 74L590. The out-
put of IC2(pin11)is the 555

frequency divided by 10.
This frequency is used for
the .001 full-scale range.
The remaining 74LS90s
operate similarly. Each
division by 10 is the fre-
quency for the next larger
decade of capacity. The
74LS00 was added as a buf-
fer. Since it would be
wasteful with the other
gates doing nothing, the
LED circuit was added to
give a visual indication
that the clock and all
dividers are working. There
is a definite pulsating of
the LED, so the user is sure
that the circuit is working.

The accuracy of the in-
strument is very dependent
upon the tolerance of the
calibration capacitor, C3.
Prior to use, C3 is switched
into the circuit and the fre-
quency of IC1 is adjusted
by R2 until the meter read-
ing is equal to the value of
C3. The drawing shows C3
as being 5100 pF, 1%
tolerance. Actually, any
convenient value could be
used, but the tap on the
range switch would have to
be changed to make sure

the correct frequency is be-
ing applied through C3.

The condition of the bat-
tery can be checked by
pressing $3. When making
a battery test, ensure that
there isn’t a signal path
through a capacitor to the
meter, as this would give a
higher battery voltage
reading than really exists.
The multiplier resistor will
give a reading of .9 on a full
scale of 1.

Construction

| like sockets. It makes
troubleshooting easier if a
chip must be removed, but
sockets are not necessary.
All 74L590s are wired the
same as |C2. The range
switch is wired to make 5
ranges available. The addi-
tional position is used as
the calibrate position. A
separate switch can be
used for calibration, but
the user has the chance of
damaging his meter if the
calibration capacitor is a
.005 and the range switch is
in the 0-to-100 range posi-
tion. The ICs can be re-
placed by 7490s and 7400s,



but the current drain is
rather high for a 9-volt bat-
tery. If a power supply is
used, there is no problem
using the TTL chips. The
meter rectifiers are run-of-
the-mill diodes. The meter
is @ 50 uA meter with a
0-to-1 scale marked off in
1 readings.

Use

Prior to use, the meter
should be calibrated to
compensate for those vari-
ables that cause errors.
After calibration, the un-
known capacitor is placed
across the test terminals
and read. A word of cau-
tion is offered: Use this
meter as you would a
voltmeter in a strange cir-
cuit. Start on the high
range and work down until
you get a reading. This
prevents pegging the meter
and possibly damaging it.

This circuit is easy to
construct and use and
should give many years of
reliable use. B
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Fontana CA
We carry the foll g: ICOM, Midland, Am-
com, DenTron, KLM, Swan, Drake, Ten-Tec,
Wilson, SST, MFJ, Hy-Gain, Lunar, Nye-
Viking, B&W, Redi-kilowatt, CushCraft,
Mosley, Big Signal, Pipo, etc. Full Service
Store Fontuna Elecironics, 8628 Sierra Ave.,
Fontana CA 92335, 822-7710.

Santa Clara CA

Bay area’s newest Amateur Radio store. New &
used Amateur Radio sales & service. We fea-
ture Kenwood, ICOM, Wilson, Yaesu, Atlas,
Ten-Tec & many more. Shuver Radio, 3550
Lochinvar Avenue, Sunta Clara CA 9505),
247-4220.

Denver CO

Experimenter’s paradise! Electronic and
mechanical components for computer people,
audio people, hams, robot builders, experi-
menters. Open six days a week. Gateway Flec-
tronics Corp., 2839 W. 441h Ave., Denver CO
80211, 458-5444.

New Castle DE
Paul WA3QPX, Rob WA3IQLS—Serving
amateurs in southern New Jersey, Delaware,
and Maryland with the largest stock of amateur
equipment and accessories in Delaware.
Delaware A Supply, 71 Meadow Road,
New Castle DE 19720, 328-7728.

Columbus GA
KENWOOD—YAESU—DRAKE
The world’s most fantastic amateur show-
room! You gotta see it to believe it! Radio
Wholesale, 2012 Auburn Avenue, Columbus
GA 31906,

Tell them you saw
their name in 73

Boise ID

Alliance, Amcom, CIR, Cushcraft, Dentron,
Edgecom, ICOM, Hustler, KDK, MFJ, NPC,
NYE, SST, Ten-Tec, Wilson. Custom Elec-
tronics, 1209 Broadway, Boise ID 83706, Bob
WISC 344-5084.

Preston ID

Ross WB7BYZ, has the Largest Stock of Ama-
teur Gear in the Intermountain West and the
Best Prices. Call me for all your ham needs.
Ross Distributing, 78 So. State, Preston 1D
83263, 852-0830.

Bloomington IL
Retail—wholesale distributor for Rohn Towers
—antennas by CushCraft, Antenna Special-
ists, KLM, Wilson, Hy-Gain. Transceivers by
Tempo, Regency, Wilson, Amcom. Also busi-
ness and marine radios. Hill Radio, 2503 G.E.
Rd., Bloomington IL 61701, 663-2141.

Terre Haute IN

Your ham headquarters located in the heart of
the midwest. Moosier Electronics, Inc., 43B
Meadows Shopping Center, P.O. Box 2001,
Terre Haute IN 47802, 238-1456.

Littleton MA

The ham store of N.E. you can rely on. Ken-
wood, ICOM, Wilson, Yaesu, DenTron, KLM
amps, B&W switches & wattmeters, Whistler
radar detectors, Bearcat, Regency, antennas by
Larsen, Wilson, Hustler, GAM. TEL-COM
Inc. Communications & Electronics, 675 Great
Rd., Rt. 119, Littleton MA 01460, 486-3040.

Laurel MD

We stock Drake, Ten-Tec, Wilson, ICOM,
DenTron, Tempo, Hy-Gain, Midland, Mosley,
Hustler, 40-page ham catalog avaitable for
$1.00 (refundable with Ist purchase)—write
for cash quote! The Comm Center, Inc.,
Laurel Plaza, Rie. 198, Laurel MD 20810,
792-0600.

St. Louis MO
Experimenter’s paradise! Electronic and
mechanical components for computer people,
audio people, hams, robot builders, experi-
menters. Open six days a week. Gateway Elec-
tronics Corp., 8123-25 Page Bivd., St. Louis
MO 63130, 427-6116.

éamden NJ

X-Band (& other frequencies) Microwave
Components & Equipment. Laboratory Grade
Test Instruments, Power Supplies, 1000's in
stock at all times, BUY & SELL all popular
makes—HP, GR, FXR, ESI, Sorensen, Singer
etc. Lectronic Research Labs, 1423 Ferry Ave.,
Camden NJ 08104, 541-4200.

Syracuse NY

We Deal, We Trade, We Discount, We Please!
Yaesu, Kenwood, Drake, ICOM, Ten-Tec,
Swan, DenTron, Midland, CushCraft, KLM,
Hy-Gain, etc. Complete 2-way service shop!
Ham-hone Radio (div. Stereo Repair Shop)
3206 Erie Bivd. Eust, Syracuse NY 13214, 446-
2266.

Syracuse-Rome-Utica NY
Featuring: Yaesu, ICOM, Drake, Atlas, Den-
Tron, Ten-Tec, Swan, Tempo, KLM, Hy-
Gain, Mosley, Wilson, Larsen, Midland
Southwest Technical Products. You won't be
disappointed with i /service. Radio
World, Oneida County Airpori-Terminal
Building, Oriskany NY 13424, 337-2622.

Cleveland OH

Need service on your late model or old time
equipment? We service all makes and models.
Rates $19.96 hr. Call or write. Communica-
tions World, Inc., 4788 Siate Rd., Cleveland
OH 44109, 398-6363.

Scranton PA

ICOM, Bird, CushCraft, VHF Engineering,
Antenna Specialists, Barker & Williamson,
CDE Rotators, Ham-Keys, Belden, W2AU
W2VS, Shure, Regency, CES Touch-Tone
pads, Radio Amateur Callbooks. LaRue Flec-
tronics, 1112 Grundview St., Scanton PA
18509, 343-2124.

Souderton PA
Tired of looking at ads ??? Come and try ow
new and used equipment yourself—personal
advice from our staff’s 60 years combined ham
experlence. Electronic Exchange, 136 N. Muin
Si., Souderton PA 18964, 723-1200.

Houston TX
Experimenter’s paradise! Electronlc and me-
chanlcal components for computer people,
audlo people, hams, robot bullders, ex-
perimenters. Open six days a week. Gateway
Electronics Inc., 8932 Clarkcrest, Houston TX
77063, 978-6575.

Port Angeles WA
Mobile RFI shlelding for elimination of Igni-
tion and alternator noises. Bondlng straps.
Components for *do-it-yourself” projects.
Plenty of free advice. Estes Engineering, 930
Marine Drive, Port Angeles WA 98362, 457-
0904.

DEALERS

Your company name and message can contain
up to 25 words for as litile as $150 yearly
(prepaid), or SI5 per month (prepaid
quarterly). No mention of mail order business
or area code permitted. Directory text and pay-
rment must reach us 45 days in advance of
publication. For example, advertising for the
June issue must be in our hands by April 18th.
Mail 1o 73 Magazine, Peterborough Nt 03458.
ATTN: Aline Coutu.

41



Originally, the transformer
had four 6.3 V ac 4-Amp
windings. The transformer
was disassembled, the sec-
ondary winding removed,
and about 3 or 4 layers of
no. 10 or 12 wire wound
onto the core. The lamina-

choke was used in a
previous unregulated
power supply built on this
same chassis; therefore, it
was retained rather than
removed. This chpke was
built from a Triad filament
transformer | had on hand.
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* |
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r F |
3{'I7|v e
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©284VAC 1ue 108v; 36V, 8 12V

WINOINGS ARE SUPPLIEO TO
PROVIOE VOLTAGE VARIATIONS
—0 21.3VAC UP TO 2 10%
TV THEY ARE CONNECTEOC IN
SERIES BUCKING DR SERIES
AIOING CONNECTION

—<14.2VAC

WITH A8 B AS PRIMARY
K 8 [ ARE 12.8V

* THIS PRIMARY CONNECTION
IS ONE OF THE MANY WAYS
POSSIBLE. WITH S| IN THE

HIGH POSITION OUTPUT IS
‘l NOMIN AL
TIv
— 142V C.T
71V
X
— 0

INCREASEO B8Y 10% OF

Fig. 2. ITC transformer, part #BP-6242, size 4.5” x 5.0” x
7.0”, hermetically sealed, conservatively rated at 20.0
Amperes continuous operation. A pair of these can be
substituted for the transformers in the text and offer even
more versatility. They are available for $19.50 each from
Hiway Company, 305 W. Wisconsin Ave., Oceanside CA
92054.

WITH THE

NEW
TU-170

TERMINAL UNIT

Connect to your receiver speaker, transmitter
microphone jack, and teletype machine and you're on
the air. State of the art design features make the
TU-170 ideal for HF and VHF autostat operation.

Proved 170 Hz shift active

Stable audio frequency shift
filter demodulator

oscillator produces phase

coherent sine wave tones
Lighted tuning meter for
easy tuning TTL compatible inputs and
outputs for auxilliary

Current regutated loop keyer equipment

& power supply
High level output for scope
tuning

TU-170 TU-170

Autostat with threshold
control and solid state relay

Kit  149.95 Wired 219.95

Flesher products .

the critics cholce!

tions were reinserted with
all of the “E”s in one direc-
tion and the “’I’’s placed at
the end

The regulator chip, a
Fairchild uA78GUIC, is the
whole key to the success of
regulation. It drives a
2N3772; a 2N3773 or even
a 2N3055 will work equally
well. The rectifiers are
1N3209s, 100-vott, 15-Amp
units. They happened to be
something | had in my junk
box —suitable substitu-
tions can be used. Inciden-
tally, they ran cool at 17
Amps; the heat sinks were
cut from heavy aluminum
heat sink rails. Two heat
sinks were used side by
side and isolated from
each other, one section for
the rectifiers, the other for
the pass transistors. For
better dissipation, the
radiator fins should be ver-
tical. However | have had
no problems mounting
them horizontally

Refer to the schematic.
The divider composed of

North Georgia’s

only

2508 North Atlanta Road

Authorized
Yaesu Dealer

R3 and R4 only requires
about 1.0 mA of current as
the control current to the
regulator is only 5 to 8 uA
under worst-case condi-
tions. The control voltage
is 50 volts. The fixed
values for a given voltage
output at pin 3 can be
calculated from the for-
mula Vout = [(R3 + R4)/
R4] V, where V control on
the 78GUIC = 5 V.

There you have it
Modify as you wish or du-
plicate as close as possible
The ideas are all there and
the supply regulation is
super, dropping about
20% at any setting up to
24 volts, no load to full
load W

References

1. Fairchiild Application Note
uAT8G, July, 1975.

2. “Versatile Variable Power
Supply,” WESLP, 73 Magazine,
June, 1968.

3. “10 Amp Variable Power
Supply,”” George Schreyer
WB6TOX, 73 Magazine,

December, 1972.

BRITT'S

2-Way Radio Service

» 829

Belmont Hills Center
Smyrna,
< Georgia 30080
Phone (404) 432-8006

Yaesu Kenwood
Mosley Antenna Vibroplex keys
Cush-Craft B&W
Rohn-Tower Dentron
C.D.E. Rotors Hustler

Shure United Clocks and tuners
Call Books ARRL Books
MFJ Saxton

() FLESHER CORP. ===

(913) 234-0198

P.O. Box 976, Topeka, Kansas 66601

TPL 2 Meter Amplifiers
Complete service facilities

Call toll free 1-800-241-9961

44 ” Reader Service—see page 211



f engineering

DIVISION OF BROWNIAN ELECTRONICS CORP.
THE WORLD’S MOST COMPLETE LINE OF VHF-FM KITS AND EQUIPMENT

E/:/:
1)
/1/04'9

7

99

28-35 MHz FM receiver with 2

~N

DIVISION OF BROWNIAN ELECTRONICS

Prices and specifications subject to change without notice.

RX28C a i o
" S - 5 gus RECEIVERS kxCl accessary flie for above receiver
RX28C W/T . . sume as ahove—wired & tested. . 129.95 psa e L N
RXS0C Kit 30-60 MHz rcvr w/2 pole 10.7 RI28 Kit 10 mtr RF front end 10.7 MHz 3
MHz crystal filter 53895 RF'50 Kit, 6:mir R¥ front end 10,7 Mwont. 1350
RXSOC W/T . . same as above -wired & tested . 129.95 RF144D Kit. . 2 mir RF front end 10.7 MHz out 1830
RX 144C Kit.. . :‘(‘)Q,'h"’gz’“c'r';srlg‘;'ﬁ‘ﬁ/f’ pole it RF220D Kit. . 220 MHz RI front end 10.7 MHz
RX144C W/T . same as above -wired & tested . 131.95 ; T ; LIER0
RX220C Kit. . 210-240 MHz rcvr w/2 pole : e o aus o SR MRS
10.7 MHz crystal fitter 74.95 f i ; :
RX220C W/T . same as above ~wired & tested . 131.95 R ey
RX432C Kit. . 432 MHz revi w/2 pole 10.7 poleicrysidl fiL8g A
NI, 1y i s - 7 84.9§ ;g‘tis_ Kit. 455 KHz I} stage plus FM detector 18.50
RX432C W/T . same as abovc —wired & tested 142.95 e & 49010 agigu Agpiboard Het00
TX50 Kit transmitter exciter, 1 watt. 6 mtr. 44,95 TRANSMITTERS TX220BW/T . sume us above —wired & tested 65.95
TXS50W/T same as above —wired & tested 71.95 Sey . TX432B Kit transmitter exciter 432 Mz 49.95
I'X 1448 Kit transmitter exciter— | watt -2 mtrs 34,95 = - TX432BW/T . same as above —wired & tested 87.95
TX144B W/T . same as above —wired & tested. 65.95 TX150 Kit 300 milliwatt, 2 mtr transmitter . 24.95
TX220B Kit. . ;;;hnsmiller exciter—Jwatt—220 § TX1S0W/T . . same as above —~wired & tested 43.95
x 4.
POWER AMPLIFIERS
PA2501H Kit . 2 mir power amp—kit 1w in—25w pLei e g&%ca‘wgrs;n;whwhed L eARd femsssion
out with solid state swixching. Power Power
case, CONNectors.- 69.95 y
PA4OIOH Kit . 2 mir power amp- lOu in—40w LgOdﬂ i) l"pw Oul‘zul
out —relay switching 69.95 BLC 10/70 144 MHz '3/ 70w 149.95
PAS0/25 Kit. . 6 mtr power amp, 1w in, 25w out, BLC 2/70 144 MHz 2 W 70 W 173.95
less case, connectors & swm:hlng 59.95 BLC 10/150 144 MHz IOW lSOw 269.95
PA144/15 Kit . 2 mtr power amp—Ilw in—15w gll:(D: 30/150 144 MHz ng lsa. 249.95
out—less case, connectors and 2/60 220 MHz 2 W 69 k. 164.95
Mg Bole, obs o Gy, MBS
PA144/25 Kit . PA144/15 kit but 25w . 5 4 %
I’A2205|5 Kit | :?lln“:n:sm P'An4/4/|s for 220 X‘m, Sains BLE 10/40 420 MHz 1ow 40w 159.95
PA432/10 Kit . power amp—similar lo PAI44/I5 BLE 2/40 420 MHz 2w 40w 189.95
except 10w and 432 M 59.95 BLE 10/80 420 MHz 10W 80W 289.95
POWER SUPPLIES
PS1SC Kit . . . 15 amp—12 volt regulated power sup- e = y
ply w/case, w/fold-back current limit o.v.p. adds over voltage protection to your
ing and overvoltage protecuon. . 99.95 = power supplies, 15 VDC max 14.95
PS1SC W/T. . . same as above —wired & tested. 13495 | : PS3A Kit 12 ‘;‘U}l I;jp(l:.\;wl: supply ’19_8“.1?“" card o
PS25C Kit 25 amp—12 volt regulated power G . ; PUSC OTL DB C CUTI LI LR,
supply w/case, wffold-back current ~ PS3012 W/T new lmn:’merclal dmyI 30 an 12VD
limiting and overvoltage protection 139.95 re%fu Iad'eh' p':)wer suprﬁy Nl
PS25C W/T same as above —wired and tested . 169.95 1R l ,"c c""“f". auiloeand
PS25M Kit * * * same as PS25C with meters . 159.95 PYSHEDIICEpIPe RN SRS
PS2SM W/T - . same as above —wired and tested 189.95§ !
RPTSO Kit. repeater -6 meter (less crystals) . . 599.95 REPEATERS DILASO 6 mitr close spaced duplexer 680.00
RPTSOW/T repeat2r—6 meter, wired & tested 899.95 DPLAY44 2 mtr, 600 KHz spaced duplexer.
RPT144 Kit repeater—2 mtr— | Sw—complete wired und tuned to frequency 409.95
(less crystals) 5§99.95 DrLA220 220 MHz duplexer. wired and
RPT220 Kit . . repeater—220 MHz 15w- gumplele tuned to frequency 409.95
(less crystals) . 599.95 % DPLAGI2 rack mount duplexer 379.95
RPT432 Kit . . zfpealer Il())wau-—432 MHz v DSC-U double shieided duplexer cables
ess crystals . th PL2S t 5
RPT144 W/T . repealeyr 1S watt—2 mtr 899.95 DSC-N ;:Ime us nh:v‘;o:?ﬁ:'l‘;:‘e(w ) e
RPT220 W/T . repeater—|5 watt—220 MHz. 899.95 connectors (pr.) 34.95
RPT432 W/T . repeater—10watt—432 MHz. 949.95
TRANSCEIVERS OTHER PRODUCTS BY VHF ENGINEERING
TRX50 Kit Complete 6 mtr F'M transceiver kit, CDiklg vlv(;dﬁ,:;:i’;n:v[urlec‘hel:; Njta] e 8.95
(zlg:: ;‘1L'ela°n§h;';';ﬂli‘ia" with guge BGoio CD2 Kit 10 channel xmit deck w/switch el
TRX 144 Kit . same as above. but 2 mir & 15w out 259.95 CD3 Kii R D DECHIORTA SN »
TRX220 Kit same as above except for 220 MHz 259.95 : for 432 multi-channel uperdnon 14.95
TRX432 Kit zal";;‘ﬁll‘bove except 10 watt and ol aot COR2 Kit carrier operated retay 23.95
TRC-1 . transceiver case only ; 34.95 SO iV }(gc&;naf:ha;:?;f?; uda?”’ 21.95
TRC-2 . transceiver case and accessories . 54.95 Crystals we stock most amateur grade pairs
from 146.0—-147.0 (each) . . . 5.00
CWID Kit 159 bit, field progr.:mmable. code iden
tifier with built-in squelch tail and
o ID timers 4332
SYNTHESIZERS CWID wired and tested, not prngrammed 59.
CWID d and tested, programmed . 64.95
SYN II Kit 2 mtr synthesizer, transmit offsets MIC I ;V.I(;:)O :’Lm fiy:amr::: gi‘:(e ’wiﬂh
programmable from 100 KHz—10MHz, P.T.T. and coil cord . 13.95
(P‘\’lari oﬂ)’sets with optionat 5 }gl ij tone squeleh decoder y 59.95
adapters ' . 1 stalled ter, includin:
SYN [1 W/T . . same as above ‘wired & tested. 239.95 " ;::e?f;cel:czig::rleers ooy o 94.95
SYN 220 Kit same as SYN [l Kit except 220- TD3 Kit . 2 tone decoder . 39.95
225 MHz . 169.95 TDIW/T . same as above —wired & tested 64.95
SYN 220 W/T . same as above wlred & leﬂed 239.95 HL144a W/T . 4 pole belical resonator, wired & tested.
swept tuned to 144 MHz bun 34.95 !
HL220 W/T . . sameasabove tuned 10220 Mz ban 34.95 i
\ HL432 W/T . . sameasabove tuned 10432 MHz ban 34.95 J
engineering Vs



Reaching for the Top

— why stop with the General ticket?

Get that higher class ticket now — and avoid trouble later.

Paul Kalkstein NIPL
Phillips Academy
Andover MA 01810

mateur radio is in a
period of flux these
days. Of course, the solar
flux index is increasing, a
happy sign for propaga-
tion, but so is what we
might call the regulatory
flux index, which comes,
not from “Old Sol,” but
from the puzzling FCC.
Detailed monthly in the
pages of 73, we find many
changes in the rules by
which our hobby is run.
Logging requirements, re-
peater deregulation, and
callsign assignments are
examples of significant
changes that the FCC has
recently wrought. WARC
’79, looming directly
ahead, poses additional
threats to the stability of
amateur radio. :
Although the future is
clouded, some reasons for
obtaining an amateur li-
cense above the Novice
class now, or upgrading to
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a higher class, are clear.
One reason is the very un-
certainty of the present.
Like the regulations, the
amateur examinations are
changing. Already in effect
are two important changes
in the code test.

First, the sending test has
been eliminated (except
for the Novice), that’s one
less thing to worry about.
Second, the receiving test
is not what it used to be.
No longer is the subject
matter strange stuff about
farm statistics in Hawaii or
specifications for Coast
Guard installations. Now
what you are asked to copy
at 5, 13, or 20 wpm is one
side of a typical amateur
QSO. This makes for famil-
iarity and a degree of com-
fort.

However, instead of
copying clear, machine-
sent code through head-
phones, as you may have
done before, now you may
have to copy from a
cassette recorder. There
might not be any head-
phones, and both room

acoustics and outside
noises may interfere. Ad-
just your practice accord-
ingly

You needn’t copy one
minute correctly any more;
in fact, you can just take
notes if you want. The ex-
aminer measures your
comprehension by ten mul-
tiple choice questions, you
must answer eight correct-
ly. The questions are not
tricky, but do thoroughly
test whether or not you are
able to copy the passage.
Hams who have taken both
the old and new kinds of
code tests loudly praise the
new one.

The FCC has indicated
that it plans to change the
written exam, too. Last
year, it issued a new set of
study questions. The new
test may be easier, and
may (like the new Novice
tests) be harder. Take the
old one if you still can.

If you are going for the
Extra class, be advised that
the 1 X 2 calls are running
out. The new 2 X 1 calls
will go fast, so get in there

while there is still some-
thing left!

Comfort and Confidence

The two parts of an
amateur exam, theory and
code, vary in kind. You
should study for them in
different ways, but your
goal should be the same
for each part—comfort.

Comfort and ease come
with mastery of the subject
matter. Comfort in turn
produces confidence, and
confidence is the only
weapon you have against
that steely-eyed examiner
(while others have praised
the humanity of certain ex-
aminers, | found very little
warmth in the last field of-
fice | visited).

Comfort and confidence
come only with good hard
work. You must invest
some time — for most of us,
quite a lot of time—in
learning the code and
theory for your test.

Of course, there is
another way. For as long as
the FCC has been giving ex-
ams, there have been peo-



ple who have taken them in
much the same spirit that
animates the buyer of a lot-
tery ticket: “Maybe I'll be
lucky!’ The person who
thinks this way bolsters
himself by studying a cram
course or memorizing the
answers in the old (not
the new) ARRL License
Manual. He copies a few
W1AW code runs and then
blithely strolls into the ex-
amination room to take his
chances.

Very likely we’ll see him
in the same spot next
month, and the following,
but after awhile, it will
work: Through practice,
he’ll finally pass. However,
by this time he would have
been better off doing it the
right way from the start,
thus gaining some useful
knowledge to go with that
new ticket.

Study Hard

So, study hard. But it
shouldn’t be purely a grind.
After all, ham radio is a
hobby, meant for enjoy-
ment. Your enjoyment
should increase as you
learn about your hobby.
You will not have to mum-
ble when someone starts a
modest technical discus-
sion on 75 meters. The pro-
cess of learning how a
radio works should interest
you, unless ham radio for
you is simply the propaga-
tion of your ego across
long distances.

Perhaps a class can help
you learn more code and
theory. More and more
clubs are sponsoring
classes, not only for pro-
spective Novices, but also
for those who want to
upgrade. “Ham Help” in 73
or the ARRL can help you
find a class.

If you are going for your
Extra, or there is no class in
your area at the needed
time, you may have to go it
alone—but don’t despair.
If you have the right
materials, you can learn at
least as efficiently on your
own as you can in a class,
which may move at the

speed of the slowest
learners. As you work by
yourself, you should push
yourself hard, but don’t go
so fast that you fail to
learn.

If you, like me, have
trouble with the math,
check out the series "“FCC
Math” by WB6CKN, which
began in the November,
1977, 73. 1t will help.

Learning the Theory

There are two excep-
tionally useful books to
help you learn the theory.
One is the new ARRL
License Manual (the one
with the smiling faces on
the cover). This has been
wholly revised, and is now
clearly written and sen-
sibly organized. It follows
the study questions re-
leased by the FCC. It also
contains sample tests to
check your knowledge.
These tests are as difficult
as the actual FCC exam,
and therefore provide a
pretty good measurement.

The ARRL Manual is not
enough by itself, however.
To get beyond the
memorization of cloudy
“facts” to a real under-
standing of radio theory,
you need a book that goes
more deeply into things.

The best of these books
are the study guides
(Novice class through Ex-
tra) which are available
from 73. These originally
appeared serially in this
magazine, and have helped
many amateurs under-
stand radio as they pre-
pared for their tests.

If you are studying for
the General class, you can
use the General Class Study
Guide. It is simply written
and does a fine job of ex-
plaining basic electronic
and radio principles to a
layman.

But you might consider
setting your sights a bit
higher. Even if you think
you’re just General “mate-
rial,” buy the Advanced
Class Study Guide.

I admit to a special bias
toward this book. As a

Novice who in real life was
a high school English
teacher, | saw myself as an
anomaly in the ham ranks.
| had no training in elec-
tronics and was poor at
math. | despaired of going
higher. On the other hand,
my code speed was in-
creasing slowly, and | cer-
tainly wanted that higher-
grade license. | decided to
try for the General

On the advice of a
friend, | bought the Ad-
vanced guide. Surprisingly,
I found it easy to read,
even pleasant. Moreover, |
found that with some ef-
fort 1 could understand
everything in it. What had
seemed arcane and unat-
tainable was now within
my grasp. When | thought |
had it down pretty well, |
went into the FCC office in
Philadelphia and passed
both the General and the
Advanced on the first try.
Since this method worked
sowell, | later did the same
for the Extra.

The Extra Class Study
Guide is a superb piece of
work. It tells you much
more than you need to
know for the test, but does
it so clearly that you might
as well learn it. It is very in-
teresting: Haven’t you
wondered how TV really
works, for instance?

Understanding the mate-
rial in the Extra guide was
so confidence-inspiring
that | decided to warm up
for the Extra exam by try-
ing the commercial radio-
telephone tests. | did some
cramming on commercial
regulations and on a few
old concepts like electric
motors (which are not
covered in the Extra guide),
using a question-and-
answer manual. | passed
the Third Class ‘Phone easi-
ly, and then passed the
100-question Second
‘Phone test, but failed the
First ‘Phone (my third test
of the day) by one ques-
tion.

| don’t know what a
mild-mannered English
teacher will do with a com-

mercial Second ‘Phone
ticket, but | mention it
because it shows the level
of preparation provided by
the Extra guide. The Sec-
ond 'Phone was much hard-
er than the Extra exam,
which | passed with confi-
dence the next day.

Early to Bed

Cultivate regular habits
as you study. Set aside a
certain time to work. The
best time to do this is early
in the morning. Ideally,
you should study as soon
as you are properly awake,
a time that varies for all of
us. But of course there are
other demands made on
your time, perhaps by
work, children, or school

Try getting up an hour
earlier than usual. Do some
exercises. Maybe you will
become healthy —a side
effect not to be scorned.
Then, study for 45 minutes
or so.

The material you studied
will travel around with you
all day. Think about it. Jot
down the things that are
not clear. Ask yourself
questions. At the end of the
day, spend half an hour
reviewing what you read
that morning.

If you can’t possibly
study in the morning, do it
when you can. But the
brain becomes weary as
the day wears on; learning
becomes less efficient. At
any rate, study some each
day.

Try to put off taking the
sample tests until you
think you have really
mastered the material. If
you take them too soon, or
too often, your studying
will subconsciously aim at
answering specific ques-
tions on the sample test,
and you may miss things
that will later appear on
the real thing.

Learning the Code

Many articles have ap-
peared on learning the
code, and | won’t go far in-
to this. One recent article |
can recommend is the one
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by K6DZY in the October,
1977, 73. The point made
there by Boyd is that Inter-
national Morse Code is a
language, and it is learned
much as any foreign lan-
guage is learned. Learning
a new language demands
exposure (listening) and
practice (sending).

The great enemy in
learning the code, or im-
proving your speed, is an-
ticipation: guessing what
will be sent next. Anticipa-
tion causes errors. As
speed increases, anticipa-
tion causes general confu-
sion and lack of confi-
dence, both of which are
destructive to learning.

The way to beat an-
ticipation is to learn to
“copy behind.” This puts a
premium on listening be-
fore you write—you are
always looking back at
what was sent, not ahead
at what might be sent.

In his article, Boyd men-
tions an acquaintance who
copied 20 to 30 words be-

hind! If you are trying for
13 wpm, or even 20, copy-
ing from one to three let-
ters behind is usually
enough. You will be able to
recognize words and com-
mon prefixes and suffixes,
and by concentrating on
copying behind, you will
prevent anticipation and
also be able to correct
minor errors.

Learn to copy behind by
practicing with cipher
groups, or randomly-sent
letters, numbers, and punc-
tuation. Wayne Green has
made a series of tapes
which give practice in this
sort of copying. While
some of the groups, par-
ticularly in the 20+ wpm
tape, show evidences of ex-
treme sadism, they are the
best tool there is.

This sort of tape has
three advantages over
other methods of code
practice. First, they pre-
vent anticipation by their
random nature, and with
practice you will get total-

ly out of the anticipation
habit. Second, because
they are random, you will
not find yourself memoriz-
ing words in sequence, as
you would do if you prac-
ticed with plain language
tapes. (If you find you have
memorized Wayne’s tape,
it’s time for the test. You've
mastered the tape, and
you’ll be able to handle the
FCC code with ease.) Third,
they are recorded at
speeds faster than those re-
quired for the FCC test.

To improve at the code,
you have to push yourself
to a speed which is beyond
what you can comfortably
copy. Don’t be discour-
aged if you copy very little
of the practice tape at first.
Begin by listening, and
then practice copying what
you can, always copying
behind. You’ll improve,
and eventually you’ll copy
it all. | promise.

Practice the code
regularly each day. It
needn’t take too much

time. Half an hour of ran-
dom groups, divided into
four sessions at different
times of the day, is plenty.
Unlike theory, code can
profitably be practiced at
night. You’ll get a good
check of your speed under
pressure, with your fatigue
approximating your ner-
vousness at an FCC exam.
And maybe those "dits”
and ’’dahs” will chase
themselves around your
subconscious all night.

Slow and Sure

Don’t try to rush things.
Give yourself all the time
you need to study the
theory and the code. It
may take some time, but
keep calm and determined.
Remember, if you do it
right, you won’t miss. If
you go into that exam with
confidence, you’'ll walk out
with a well-deserved “In-
terim XX” ticket, and the
satisfaction of knowing
that you’ve done a difficult
thing well. Good luck! B

HATRY ELECTRONICS

500 Ledyard St., Hartford CT 06114
203-527-1881

(1 block east of Wethersfield Ave. off Airport Rd. Rte. 6)

50% OFF The following NET
prices In Stock ONLY—NO
RETURNS —Manufac-
turers’ Warranty to be
handled by consumer.

PUT IT RIGHT WHERE YOU WANT IT.
With one hand, raise the tower from 21" 10
as high as 55 Find exactly the right
receiving level from CB, Ham or TV, When
you want to adjust your antenna, install a
new one, of pull maintenance, crank it
down again. No more climbing up In the
sky to repair or replace antennas. With the
exception of our breakover models, this is
the most convenient tower you can buy.
BREAKOVERS—THE ULTIMATE IN CON
VENIENCE—Our breakovers not only
telescope, they lie down for you, One man
can crank it down, then lay il down, so
your feel never have to leave the ground
even on our tallest towers.

TOTALLY FREE-STANDING. No /
Quy wires, no brackels. our &
fowers are designed to withsiand

60 mile winds, with 50 pounds

rotor and antenna with a vertical

area of 6 square feet

4D° MODELS
Mode! 40 (extends trom 21" 10 40
Breakover Model 40
(extends trom 23" 1o 40" with breakover at ground
tevel)

COMPLETELY FREE-STANDING,
TELESCOPING TOWERS.

Ele ' Dl))‘»

|

TOWER CONSTRUCTION. We make it out
ot the finest materials available. Our steet
s thicker and heavier, our cables are
thicker and stronger—our towers them-
selves are two or three 1imes heavier than
comparable towers on the market. Weight
runs about 185 pounds for our 40’ towers,
350 pounds for 55°. Several design innova
tions are used to make Tele Tow'r the
sirongest, most rellable tower.
ONE-PIECE PRICE. When you buy one of
these towers, you gel the whole tower
ready to install. No accessory charges, no
extra costs for guy wire, base plales, efc.
And even our complete one-piece price is
considerably lower than any comparable
tower on the market

Concrete sieeves available for Model 40s
and Model 55s. By using sleeves you can
move tower to another location and all
you leave is the sleeve in concrete

55° MODELS
Mode! 55 (exiends trom 217 10 55
Breakover Mode! 55
(Extends from 23" 10 55° with breakover 8t ground
v

TELE-TOW'R MFG. CO., INC.

P.O. Box 3412 @ Enid, Oklahoma 73701
405-233-4412

» 152

1 Cushcraft AQK-144 Stack Kit. for 4-11el. 99.95
2 Cushcraft DX-220-20el. Array 42.95
2 Cushcraft A220-11 VPK-Vert. Pol. Kit 26.95
1 Cushcraft DXK-240-Stack. Kit 59.95
1 Cushcraft A449-VPK-Vert. Pol. Kit 26.95
2 Cushcraft A449-11-11el. Beam 32.95
1 Cushcraft A449-SK Stack. Kit 17.95
1 ABW-128-Stack. Kit—BigWheel 17.95
2 Swan TB-3H -3el. Beam 199.95
2 Swan TB-2-2el. Beam 129.95
2 Swan 4010-V-10-40 Vertical 79.95
2 Swan 75AK- Add. Kit 39.95
3 Swan 1040-V-10-40 Deluxe Vert. 122.95
4 Swan 75MK -Add. Kit 39.95
5 Swan 45 All Band Mobile 119.95
3 Swan 742 Tri-Band Mobile 109.95
2 Mosley RKV-345-Roof Mnt. For Vert. 14.25
1 Mosley TA-40KR-Conversion-TA-33 119.50
1 Hy-Gain 183-Roof Mtg. Kit 9.83
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Cleggis
Amplifier Headquarters!

IF YOU WANT A BIG BIG SIGNAL,
AT A LOW LOW PRICE ...

MIRAGE B108B ALPHA 76 SERIES

-..CHOOSE FROM OUR
LARGE SELECTION OF
AMPLIFIERS BY—

- ALPHA, DENTRON, DRAKE,
MIRAGE, KLM AND OTHERS

AND ALSO CHOOSE FROM
OUR LARGE SELECTION
OF TRANSCEIVERS BY—

TEN-TEC, YAESU, DRAKE,
ICOM AND OTHERS.

CALL OR WRITE YOUR FRIENDS AT:

S - °
i v
KLM VHF 160
And—let us fill your antenna requirements:
e Towers, Masts & Hardware
e Rotators & Cables

o Coax & Connectors C2ee Communications Corp.
e HF VVHF, UHF Beams & Mobile Antennas a 191 : ?(;"'G:O’:‘?ftgakaE"“"‘i

) P’ reentne naustnail ra as
¢ Multi-Band Dipoles Lancaster, PA 17601

e Traps & Baluns (717) 299-7221
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73 Magazine Staff

Universal Alarm Circuit

— detects heat, light, moisture . . . you name it

Build your favorite sunbather the ultimate in beach accessories.

Water shortages are
not infrequent oc-
currences in a number of
large cities around the
world. Tourists get caught
off guard sometimes, but
residents have learned to
cope by immediately fill-
ing reserve containers
when that first trickle of
water reappears after an
outage.

The unit described in
this article was designed by

a staff member while
overseas to help the XYL
with the water problem by
providing an early warning
when the water was back
again. But, the unit might
be more seriously de-
scribed as a universal
alarm circuit. It can be
used for a multitude of
alarm purposes around the
shack by the use of the
proper sensor to activate
the alarm. A number of

The tester assembles very compactly ina 2” x 3" x 1%”
enclosure. The IC and transistor are under the binding
posts and the “speaker” is a 600-Ohm telephone receiver.

50

such uses are covered here.
To turn to the lighter side
of things, sunbathers can
also use the unit to warn
themselves that the tide is
coming in and that they are
about to be engulfed.

The basic circuit shown
in Fig. 1 is relatively simple,
but yet it has a number of
significant advantages:

1. The standby current is
less than 10 microamperes!
This amount of current is
so insignificant that no on-
off switch is necessary, and
the battery will last for
about its shelf life while
the circuit is in standby.
About 60 mA is drawn from
the battery when the alarm
operates.

2. The input circuit is
quite sensitive, but yet not
touchy. For instance, in the
water-alarm setup, the
“probes” need only be two
ordinary pieces of hookup
wire. No elaborate inter-
leaving pattern of conduc-
tors is required. The probes
or sensors can be remotely
located from the alarm
over considerable dis-
tances—50 to 100 feet in
many applications.

3. The alarm sounds off

when it “sees’” less than ap-
proximately 120k Ohms at
its input terminals. The
value of this resistance will
vary a bit from alarm to
alarm because of the
tolerance of the com-
ponents used for circuit
construction. But, for any
given alarm constructed, it
will have a definite value
that will remain constant
over wide extremes of
temperature. So any sensor
can be used with the alarm
that provides any re-
sistance less than 120k
Ohms when the alarm is to
sound.

The heart of the circuit
of Fig. 1 is the CDA4001
quad NOR gate. The last
two gates act as a multi-
vibrator that is turned on
when pin 8 goes low. The
second gate is an inverter,
and the first gate acts as an
input stage. Normally, pin
3 is low and pin 4 is high.
Activation of the first stage
reverses this condition, and
the multivibrator operates.
The 2N1375 stage provides
a bit of high-distortion
amplification to drive a
600-Ohm telephone-type
recejver unit to a very
penetrating output level. A
small speaker can be used



instead, but then one has
to experiment with some
series resistance in the
2N1375 collector lead to
limit the current. With the
usual 4- to 8-Ohm speaker,
something on the order of
47 to 220 Ohms should suf-
fice.

The multivibrator fre-
quency is a function of the
10k and 22k resistors and
the .01 uF capacitor. A fre-
quency of about 3,000
Hz appears to be pro-
duced, although it is dif-
ficult to tell because of the
high distortion which
makes it sound so penetrat-
ing. At any rate, one can
scale these RC values up or
down so different output
frequencies are produced
to allow sensing which
alarm went off if a multiple
alarm setup is used. In ad-
dition, one could place an
LED or relay in the 2N1375
collector lead to activate a
visual alarm.

As was mentioned be-
fore, any sensor which pro-

vides less than about 120k
resistance can be used
Thermistors and photo-
cells would be typical ex-
amples for temperature
and light sensing. A series
resistor can be added to
the sensor circuit, so the
alarm is activated at the
desired point. The unit will
function directly as a diode
and transistor junction
tester and, also, as a crude
but effective ohmmeter to
check relays, switches, etc.

Voltage and current
sensing can be done by
simple transistor switch cir-
cuits, such as shown in Fig.
2. When the transistor
turns on, the alarm circuit
will be activated. So one
can build a variety of
alarms which check for any
over-limit condition (ex-
cessive swr, line voltage,
modulation, etc.) by just
sensing any dc voltage
available in a transceiver
or swr bridge which in-
creases as the function
desired to be monitored in-

‘ 5 o 2
Standard / Icom ! Heathkit /
(- ROMAR  Soees i e
NEW == mnn Wellnson / \?g%Eng.elgg:‘a?el
an TWO METER  motorola HT-220 and
’ CRYSTALS  others!
LIFETIME GUARANTEE! NOW ONLY 88.00 A PAIR!
Tr a p D|p0| e (B0thru | [ makermoder
10 MeterS) Xmit. freq. Rec. freq.
o iy
Name
\ Address
Q City State Zip
¢ Bil: MC Visa Amex
% Credit Card #
Exp. date
Pre-assembled SIGRSSTe
Model 370-11
Powerrated 2kW PEP, approx. 110-ft span BI% et
Complete with - wire « traps - : e gfacty Wit (b
endinsulators - 50 ft RG-8/U, e | 8BS R
PL-259 connector . heavy e oo e w8
. 25 watis A 258 25C
duty cast aluminum and stea (Sowats| o soA S8 O SD st
tite center connector. s REEEER
2500 watty | 25004
At your 823 4-Band (40 thru 10M), uo‘:::”;bmo:ﬂahlo 1)2.30 MHz Ve
B&W dealer. 5 ft model 370-13 N e
3 aIso ava”able pre- READRFWA'TSO!NECTLVHSD’CW'mNo r $0239 connec 10r8)
B‘W assembled only. ":i;o ::g,:;ohér;:’“'
Made in Bristol, Pennsylvania, by 2&9' 8 thX;tgize‘ ;05
- wgigie M or
Barker & Williamson Inc. i , 1(800) 225-4428
10 Canal Street O Bristol, PA 19007 | \8 Radio Electronics () Ry O

ALL GATES

PART OF CD40OOI

2NI375

6008
SPEAKER

Fig. 1. One IC and one transistor make up a sensitive and

loud alarm circuit.

RESISTANCE
DIVIDER, IF
NECESSARY To TAIGGER
=
| i / 220K INPUT
= OO =" 17 ] HEP 55 T
VOLTAGE i I AtARg
MONITORED | o |
o ‘[ PR —
% i)

Fig. 2. Simple transistor switch addition allows alarm to
monitor a wide variety of circuits for over- or under-limit

conditions.

creases in amolitude. By
choosing the resistance
values carefully in Fig. 2,
very little loading will be
presented to the circuit be-
ing monitored.

How about checking for
under-limit conditions,
such as low temperatures,
low battery voltage, etc.?
All of the foregoing ap-
plies. Just bypass the sec-

ond gate in the CD4001.
The alarm will now ac-
tivate when any sensor
presents a resistance which
goes above about 120k
Ohms. The same outstand-
ing feature of the alarm cir-
cuit applies in this mode in
that practically no current
is drawn from the alarm
battery supply until itis ac-
tually actjvated. B

Max power for the $
Extends weak signal range
Base or mobile use

What a combination! Westcom's new 2-meter,
90 watt linear amplitier, coupled with Westcom's
ruggedized 12 amp. DC power supply. Now, base
or mobile, you'll have power for that weak signal
work. A natural for the OSCAR uplink. The
amplitier, model number 2M 15X90L, Is an add-on
unit, no internal connections or adjustments
required. Operates all modes: SSB; FM; AM;
RTTY; and, CW. "microstrip” design provides
high stability and optimum performance over
wide bandwidth. The tough DC power supply,
model number RS-12A, has coinputer grade
components. Looks great with its matched
linear amplitier! This “Power Duo’* has been
specially priced tor a limited time, only. Order

today, and get both units for JUST $219
If not available from your local dealer
contact: v W17

N

] (714) 744-0728
Avenue San Marcos CA $2069

/////r 1\ \
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PHILIPS

DORICJ

DIGITAL MULTIMETERS

8020A

e 26 Ranges—5 F plus New Ci

10.000 M2 Leak age Measurements
Extensive Overload and Transient Protection
Rugged Construction—1 Year Warranty
Hi/Lo Power Ohms for In-citcuit Resistance and Diode Testing
10 M2 AC/DC Input Impedance Doesn’t Load Circuit

200 Hour, 3V-Battery Life—Low Battery Indicator

Large LCD Readout—2000 Counts

1 Year Calibration Cycle—Only 3 Adjustments

One Hand Operation

Complete with Battery and Test Leads

Function for up to
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MODEL
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TRIPLETT VIZ neéa

Dual-Trace 5" 30MHz Triggered Scope...

oA PRECISION

1474

B Aiss tima 117 nS or leas
® Buihin signal detay iine permits
»dge of high

-,
between CHOP and ALTEANATE
25 you change sweep time

® Checks mout digital logic clrcultry,
including ECL

O =L, S

® Buinin Nigh- and low-pass fiflsrs

® Mainising catibration sccuracy from
over 105 130 VAC snd 20% 280 VAC

® 20calibratad 1weeps —0.2 uSicm

8ic 8ddition snd subtrection
RF detectar tor modulstion

QUANTITIES LIMITED $7 9 9.95

Probes not included in price. B YK PRECISION

/| Non-Linear Systems

MS-215 BATTERY OPERATED

MS-15
Reg. price $435 Reg. price $318.
15 megahertz
95
$359. QUANTITIES LiMiTED $269.°°

PORTABLE OSCILLOSCOPES

LEADER

ERDATA PRECISION

30MHz Dual Trace with Delay Line

e

LBO-520

$889.%

Regular price $1050.

® Singla Shot Trigger onCH- 1 & CH-2 heips capture iransient phenomena without
Quessw sting double checks

® Buitt ¢ delay fine simpitfies viewing of leading edge of pulse

® SmV/cm sensitivity lacilitates accurale signal viewing trom low level Sources.

® 20nS/cm sweep capability. 11.7nSec rise time for observalion of the fastest signals

®5

ures bright. shag .

® 2 Axis me tic

* N
laboratory and field

20MHz Dual Trace
LBO-508

29

$639.°

Regular price $770.

{e
e

® Automatic trigger trom CH-1 or CH-2. including TV
® Add & subtract modes. (with CH-2 invert), for quick analysis of signals. amplitude, etc
® Automatic select. in dual mode, of alternate & chop.

® Front panel, pushbution, X-Y operation tor phase shill, analysis, sweep alignment

® 10mV vertical sensitivity with 3% accuracy
y viewing of high speed pulses .!‘:‘EAD‘ER
® Horizontat format, § Ow. with brignt, efective aisplay TS s Sove.

® 17 S nanosec Rise T
® Logically grouped, convenient. tront panel controls facilitate quick, easy operation
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With the purchase of $750 or more you get

these quality tools worth over $34

WELLER 25 watt soldering iron kit, (SP23K)

XCELITE 4” cutters and 4 pliers. (54,41CG)
Offer ends April 31,1979

Shipping not included in prices.
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73 Magazine Staff

Exorcise Those Unwanted Frequencies

— try coaxial stub filters

Put your problems to rest.

here are times when

one might run into the
problem of a specific spuri-
ous frequency being radi-
ated by a transmitter and
causing interference prob-
lems, or reception prob-
lems caused by a specific
undesired signal. The usual
approaches to these prob-
lems are various types of
LC traps, filters, etc.
However, there is another
approach which is often
very useful as well as
economical. No involved
construction of tuned cir-
cuits is necessary, and one
can achieve 30 dB or more
suppression of an unde-
sired frequency in either
the transmitting or receiv-
ing mode.

The basic idea of coaxial
stub filters is very simple.
As shown in Fig. 1, a sec-
tion of transmission line
which is %A-long and
which is shorted at one end
will reflect an electrical
short to the other mechani-
cally-open end of the trans-

mission line. This will only
occur at the frequency for
which the transmission line
is V2A-long. So, if we have a
transmission line going to a
transmitter or receiver as in
Fig. 2(a), and wish to sup-
press some frequency, we
can insert a Y2A-long rejec-
tion stub for the frequency
to be attenuated. At that
frequency, the coaxial
transmission line to the re-
ceiver or transmitter will
electrically act as if it were
shorted. Although there
are some cases where only
a rejection stub can be
used, usually it has to be
combined with a correc-
tion stub as shown in Fig.
2(b). This is because the re-
jection stub at the desired
operating frequency will
present some reactance
across the main transmis-
sion line. The correction
stub cancels this undesired
reactance so that at the
operating frequency the
main transmission line acts
electrically as though there

Lo — — /2 A — — —e|

)

ELECTRICAL SHORT REFLECTED TO TERMINALS

Fig. 1. Stub filters are based on characteristics of a 2\

transmission line.
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were no stubs at all on it.
That is all there is to the
theory of a coaxial stub
filter. The rest of this arti-
cle is mainly concerned
with the practical aspects
of determining the lengths
of the stubs and special ap-
plications. The stub filter
idea can be used over a
very wide frequency range.
The limitations to its ap-
plication are mainly me-
chanical, in that at very
low frequencies the rejec-
tion stub may become too
long, and at UHF frequen-
cies it may not be possible
to dimension the stubs ac-
curately enough. As was
mentioned before, the re-
jection stub has to be
YaA-long at the frequency
attenuated. The V24 length
must be an electrical
length, so when you're

RECEIVER/ o

— A
TRANSMITT ER B

REJECTION ~
sTuB

al

dealing with coaxial cable
it will differ from the
physical length because of
the velocity factor of the
cable. Fig. 3 presents the
actual physical length that a
coaxial stub should have in
order to be electrically
Yai-long at a given fre-
quency. The graph is based
on a velocity factor of 0.66,
which is the usual one for
all common coaxial cables
(RG-8, -58, -59, etc)). The
graph only covers the fre-
quency range from 10 to
150 MHz, but one can
calculate the length of
coaxial stub needed at any
other frequency from the
formula:

3897
F (MHz)

Length (inches) =

«— CORRECTION
sTUB

(1
&/

REJECTION
“stus

) )

Fig. 2. Placement of rejection stub (a) and rejection stub
with correction stub (b). The ends of both stubs are
shorted. Although for clarity the shields are shown con-
nected together by jumpers, they should, in reality, be
directly soldered or otherwise connected together.



Remember that the fre-
quency involved in this
case is the undesired one
which one wishes to at-
tenuate, and not the oper-
ating frequency.

In practice, one should
cut the piece of coaxial
cable several inches longer
than called for to allow for
pruning. Install the rejec-
tion stub reasonably close
to the antenna terminals of
the transmitter or receiver
being used. Various types
of coaxial connectors are
available to interconnect
the lines, but the intercon-
nections can simply be
soldered on without con-
nectors for indoor usage.
Using a pin or pick, short-
circuit the outer shield of
the rejection stub to the in-
ner conductor at various
points starting from the
outer end of the stub until
maximum attenuation of
the undesired signal is
achieved. When the best
point is found, cut off the
excess cable, fold the outer
shield around the inner
conductor, and solder
them together.

The length of the correc-
tion stub will vary from
zero to V2A. Its length can
be determined approx-
imately from the graph of
Fig. 4. In this case, by
knowing the ratio of the
undesired frequency to the
operating frequency, one
can determine the electri-
cal length of the correction
stub at the operating fre-
quency. The physical
length of the coaxial cable
used can be determined
from the formula previous-
ly given for a Vai-length
stub. As in the case of the
rejection stub, the correc-
tion stub should initially be
made longer than calcu-

lated. The correction stub
is then experimentally
shorted until the least at-
tenuation is produced at
the operating frequency. If
a transmitter is being used,
the correct stub length is
easily determined by prun-
ing the stub until an swr
meter indicates a flat line.

As an example of the
foregoing, say we were
operating on 21 MHz but
had problems with an in-
terfering signal on 26 MHz
(in the transmitting case,
our operation on 21 MHz
was producing some spuri-
ous radiation on 26 MHz).
The length of the 26-MHz
rejection stub would be ap-
proximately 150 inches. 26
MHz is about 1.25 F on the
graph of Fig. 4, so the ap-
proximate length of the
correction stub is 1/16A at
21 MHz, or about 23 inch-
es.

All of the foregoing may
seem like a bit of work, but
really all it takes is pa-
tience and a slight amount
of math. The results that
can be achieved by the
simple application of stub
filters are shown in Fig. 5.
Those are not bad results
for just the cost of lengths
of coaxial cable.

There are several special
cases that one should be
aware of. If the frequency
which is to be attenuated
is 1/8, 1/4, or 1/2 of the
operating frequency, the
idea of coaxial stub filters
will not work. This is be-
cause the rejection stub
will turn out to be a wave-
length or a multiple there-
of at the operating fre-
quency. Therefore, it will
present an electrical short
across the transmission
line also at the operating
frequency. Note that the

w2
LENGTH,
A

174

5 _/
25 .Y )

2

a

RATIO OF INTERFERING OR UNDESIRED FREQUENCY TO

OPERATING FREQUENCY.

Fig. 4. Graph for determining length of correction stub.
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Fig. 3. Graph to determine approximate length of rejection

stub.

graph of Fig. 4 is broken at
several points, e.g, .75 F
and 2 F. In these cases, the
indicated length of the re-
jection stub would be %A
at the operating frequency.
But, a shorted %A stub
represents an open circuit,
so there is no need for the
correction stub at all in
these cases. The 2 F case is
interesting, of course, since
it would represent the sec-
ond harmonic of a trans-
mitter. By using only a re-
jection stub, therefore, one
could get a nice bit of addi-
tional second harmonic at-
tenuation. In fact, it will at-
tenuate all even harmon-
ICS.

One can use more than
one stub filter or different
stub filters on various

32
28
24
[
20}
i

16}

ATTENUATION
[:1:]

et

4t

bands with a switching ar-
rangement. Many combi-
nations are possible, and in
some cases only the cor-
rection stub may have to
be switched on different
bands. As a bonus feature
of the stub filter idea, note
that the shorted end of the
rejection stub can be
grounded if desired. Thus,
one can provide a direct
electrical connection to
ground for lightning pro-
tection, static drain, etc.,
for an antenna system that
does not have to be
switched in or out when
operating. In a multiple
antenna system, one could
have a grounded stub for
each antenna so that each
antenna is continuously
protected. B

A
0[2 8 4

0O « 4 ) 12

% ABOVE /BELOW FREQUENCY FOR
WHICH REJECTION STU8 IS CUT

Fig. 5. Attenuation characteristics of typical rejection

stub.
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Andrew Henry KSXT
Tyra Wilson WB5SXT
5322 ““A”’ Street

Little Rock AR 72205

10¢ Mod for the 22S

— extra channels for $.00455 each

Have you heard of an easier way?

y now vyou've prob-
ably heard of at least a
dozen ways to increase the
channel capacity of your
lcom 1C-22S. When we

Channel

bought ours, we wanted ex-
panded frequency cover-
age, but we also wanted
coverage of all common
repeater frequencies, no

Frequency*
146.01 146.04
.07 .10
13 ([}
19 .22
.25 .28
.31 .34
37 .40
146.97 147.00
147.03 .06
.09 al2
15 18
.21 .24
sl .30
88 .36
.39 .42
.45 .48
£S)l .54
.57 .60
146.43 146.46
.49 .52
.55 .58
91 .94

Table 1. *The matrix may be programmed for the frequen-

cies shown in the first column. These frequencies will be

obtained in the simplex mode with the power switch on
low, and the frequencies in the second column will be ob-
tained with the power switch on high.
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added switches or compli-
cated gadgets, a system
that could be used while
driving, and a minimal in-
vestment of time, money,
and energy.

Now that everyone else
has had his turn, here is the
lazy man’s approach to the
problem. All it takes to
convert your 1C-22S to an
“IC-44S” is a soldering iron,
a ten-cent diode, and a
spare hour or two. The only
drawback to this scheme is
that you must confine
yourself to high-power
operation only. Since our
QTH has all the propaga-
tion characteristics of a
black hole, this was an easy
trade-off to make.

The basic principle of
our modification is iden-
tical to that described by
Don Jenkins WAG6OAZ in
the January, 1977, issue of
73. The matrix is pro-
grammed for frequencies
separated by 60 kHz, and a
diode is switched into the
matrix to increase the pro-
grammed frequency by 30

kHz when so desired. The
difference is that the need
for external switching is
eliminated by using one-
half of the power switch.
Operation is straightfor-
ward: When the power
switch is in the low posi-
tion, the base frequency is
the programmed frequen-
cy, and when the power
switch is in the high posi-
tion, the base frequency is
the programmed frequen-
cy plus 30 kHz.

The first step in modify-
ing the circuitry is to free
the half of the power
switch that controls the
output level and to wire
the circuit board for high-
power operation. One side
of this DPDT switch is used
to supply 13.8 V dc to the
rig in both the high and low
power modes. From the
other side of the switch,
three wires lead to the
main circuit board below
the synthesizer board.
Because of the tight loca-
tion of the power switch, it
is much easier to remove
the synthesizer board and
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access these wires as they
connect to the main board
than it would be to un-
solder them from the
switch. This is easily done
by removing the matrix
board and the three screws
and one threaded spacer
that hold the synthesizer
board and an underlying
metal tray. With the syn-
thesizer board set aside,
find the brown wire leading
from the center position of
the lateral half of the power
switch to the main circuit
board at a point marked
W15 on the foil. This
pointis in the right rear cor-
ner as the rig lies inverted
and is viewed from the
front. Next find the purple
wire leading from the
switch contact nearest the
synthesizer board and the
side of the rig to the main
board at point W-16. Cut
the brown wire so that the
segment extending from
point W-15 is just long
enough to connect to the

foil at point W-16. Un-
solder the purple wire from
the foil and solder the
brown wire from point
W-15 in its place. Now find
the pink wire leading from
the switch contact nearest
the true top and the side of
the rig to the main board
at point W-17. Cut this wire
at the foil and tape the end,
as it will not be used. Now
you should have a connec-
tion between points W-15
and W-16, two wires
leading from the power
switch that are shorted
together when the switch is
in the high position, and a
third wire from the switch
that is not used. Replace
the metal tray and the syn-
thesizer board, but leave
the matrix board free

The next step is to add
one diode to the matrix
board in the D1 file and to
connect it so that 9 V dc is
applied across it with the
power switch in the high
position. The diode, a

1N4148, 1N914A, or
equivalent, is inserted
cathode-first from the
diode side of the matrix
board into a hole in the D1
file in the rank correspond-
ing to channel 1 or 2
Solder the purple wire to
the anode of the diode.
Connect the brown wire to
the matrix board at the
point marked 9 V dc. You
may need to extend these
wires a few inches to reach
the matrix board. The cir-
cuit modifications are now
complete.

The matrix can be repro-
grammed for any frequen-
cies as long as diodes are
not used in the D1 file (as
this would cause redun-
dancy), and all 22 channels
must be programmed. Mr.
Jenkins points out that if
the extra diode is switched
into the circuit and the
selector passes an un-
programmed channel, the
rig will lock onto this blank
channel until the power is

momentarily switched off.
| chose to program my rig
in the same fashion as Mr.
Jenkins demonstrated, and
those channel frequencies
are repeated here for any
unfortunates having no
back issue of 73. This is
only a guideline; you may
wish to include 15 kHz
split-channel repeater fre-
quencies or your own
clandestine frequencies. If
you run short of diodes, a
trip to Radio Shack with a
dollar in hand will get you
ten more.

In the time we have used
the 1C-22S with this
modification, we have not
heard of an easier way to
increase the channel
capacity of this versatile
rig without drilling holes,
adding switches, or
constructing things more
complex than we dare to
try. We can’t brag of ac-
cess to all 133 possible
channels, but we rarely
need them all anyway. B
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CALL TOLL FREE

1-800-228-4097 1-800-634-6227

Communications Center | Communications Center
443 N 48th Street West
Lincoln, Nebraska 68504 1072 N. Rancho Drive
In Nebraska Call (402)466-8402 Las Vegas, Nevodo 89106

In Nevada Call (702)647-3114

Antenna Sale! -

HY-GAIN Regular Speclal

TH6-DXX  Super Thunderbird

TH3-MK3 3ele. 10, 15, 20 Mtr. beam
Hy-Quad 2 ele. Quad 10, 15, 20 Mtr.
TH3-Jr. 3ele. 10, 15, 20 Mtr. beam
18 HT Hy-Tower 10-80 Mtr. Vertical

14AVQ/WB 10-40 Mtr. Trap Vertical
18AVT/WB 10-80 Mtr. Trap Vertical

$296.95

219.95
229.95
144.50
299.95
67.00
97.00

205 BA 5ele. “’Long John'’ 20 mtr.beam 289.95

203 3ele. 2 Mtr. beam
205 5ele. 2 Mtr. beam
208 8ele. 2 Mtr. beam
214 14 ele. 2 Mtr. beam

14.95
16.95
24.95
31.95

$209.95

179.95
199.95
129.95
259.95

57.00

84.95
249.95

CUSHCRAFT

MOSLEY
Classic 33  3ele. 10, 15, 20 Mtr. beam 304.75
Classic 36 6 ele. 10, 15, 20 Mtr. beam 392.75
TA-33 3ele. 10, 15, 20 Mtr. beam 264.00
TA-36 6 ele. 10, 15, 20 Mtr. beam 392.75
TA-33Jr.  3ele. 10, 15, 20 Mtr. beam 197.00
TA-40KR 40 Mtr. add on 119.50

CUSHCRAFT

ATB-34 4 ele. 10, 15, 20 Mtr. beam 259.95
ARX-2 2 Mtr. Ringo Ranger 36.95
A147-20T 2 Mtr. Twist 59.95
A144-10T 10 ele. Twist 2 Mtr. 39.95
A144.20T 2Qele. Twist 2 Mtr. 59.95
A147-11 11ele. 146-148 MH?2 34.95
A147.22 Power Pack 22 ele.146-148 MH2 99.95
A432-20T 430-436 MH2 20 ele. TWIST 54.95
ATV -4 10,15,20,40 MTR Vertical 89.95
ATV-5 10,15,20,40 MTR Vertical 109.95
HUSTLER

4BTV 10-40 Mtr. Trap Vertical 99.95
RM-75 75 Meter Resonator 16.95
RM.75s 75 Meter Super Resonator 31.95
G6-144-A 6 db. 2 Mtr. Base Colinear 79.95
G6-144B 7 db. 2 Mtr. Base Colinear 119.95
WILSON
System One 5Sele. 10, 15, 20 Mtr. beam 274 .95
System Two 4 ele. 10, 15, 20 Mtr. beam 219.95

System Three 3 ele. 10,15,20 MTR beam 179.95 > |
WV-1 Vertical 10-40 MTR Vertical 79.95

CDE ROTORS RINGO E
Ham (11 $125.00 T2X Tail Twister $225.00 RANGER 4BTV

We carry all major brandsof ham radios
ATDISCOUNT PRICES e

master charge Yaesu — Kenwood — Drake — ICOM— Dentron BANKAMERICARD
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The 10-GHz Cookbook

— monster article

Stick to your Gunns.

John Roos K6IQL
953 Valley High
Thousand Oaks CA 91360

he amateur 10 GH:z

band offers many fasci-
nating opportunities for
both communications and
experimentation. Antennas
of very high gain are of
practical size so that many
tens of miles may be
spanned with good reliabil-
ity. The band is a natural
for linking of VHF and UHF
repeaters, control of
repeaters, or control of
remote base stations. Ac-
tivity in the band has been
limited by the lack of a
good low-cost rf source. A
number of transmitters and
receivers have been built
using surplus klystron
tubes, but since surplus
items are not generally
available to everyone,
these designs are difficult
to duplicate. In addition,
the development of repeat-
er command links or inter-
ties requires that the equip-

Photo A. The breadboard Gunn-diode oscillator. The ment be reliable and com-
waveguide flange is relieved to clear the 2-56 frequency patible with other solid-
adjustment screw. The positive supply connection is to state gear. Klystron-based

the turret terminal of the diode mount.
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designs with the necessary

high-voltage dc supplies
are certainly not desirable.
Gunn-diode oscillators of-
fer an attractive alter-
native. Properly applied,
they will provide up to
several hundred milliwatts
of stable low-noise rf
power.

Gunn-diode technology
has been with us for about
ten years. In that time, the
device has moved from a
lab curiosity to a mainstay
of microwave engineering.
There has always been
both commercial and mili-
tary demand for an inex-
pensive solid-state micro-
wave rf source. In response
to this need, the tech-
nology has been pushed
rapidly and the price of the
diodes has fallen to the
point where commercial
applications such as radar
intrusion alarms, speed
meters, and door openers
are common. The price of a
10 milliwatt X-band diode
is now less than ten dollars.
More powerful devices



cost more but are still quite
reasonable. Actually, some
very practical systems may
be built with a 10-milliwatt
transmitter. Using a 3-foot
dish with 36 dB of gain and
a 10-milliwatt source, one
obtains an effective radi-
ated power of 40 Watts!
That is more than ample
for most applications.

My objective in writing
this article is to create
some interest in X-band
operation and to show how
easy it is to get started. |
will describe the operation
of Gunn diodes and pre-
sent a practical oscillator
design. The oscillator tunes
the entire 10.0-10.5 GHz
band with a power capa-
bility of more than 20 milli-
watts. The oscillator is easi-
ly reproduced and is very
reliable. One unit has been
operating for almost three
years and several others
have been built. They all
have worked perfectly, so |
have a lot of confidence in
the design

This is a new area to
many amateurs, so | will
describe some tests and
trade-offs that may be
made to optimize a Gunn-
diode oscillator for par-
ticular applications. The
effects of load mismatch
upon the power output and
frequency of the oscillator
were measured and data
was taken for two diode
types. | will describe both
the tests and the results ob-
tained. Afc or phase lock-
ing requires electronic tun-
ing of the oscillator. The
frequency of Gunn-diode
oscillators may be con-
trolled to a limited extent
with the dc supply voltage.
| made some tests to deter-
mine how useful this can
be and will discuss the re-
sults. Applications for this
design are numerous and
my objective is to give as
much practical data as
possible to aid you in put-
ting the circuit to work in
your system.

So much for science!
Making a Gunn oscillator is
fun only if you can do

e~y
(R

Fig. 1. Negative-resistance
oscillator. L and C are the
resonant circuit elements.
R represents all losses, in-
cluding output power. The
negative resistance of the
Gunn diode is represented
by —R.

something with it. Part of
the article describes a sim-
ple transceiver which may
be made by adding a mixer
to the basic oscillator. This
is an ideal device for get-
ting started on the band. It
has two immediate uses: as
a simple transceiver for
communications, and as a
Doppler radar. A Doppler-
radar processor is includ-
ed. The processor turns the
transceiver into an effec-
tive speed meter, door
opener, kid watcher, intru-
sion alarm, or whatever.

The transceiver may be
used as a wideband FM link
by modulating the dc bias
supply and using an FM
tuner or receiver as an i-f
strip. The basic oscillators
are useful as transmitters
or as receiver local oscil-
lators in either wideband
or narrowband FM sys-
tems. Hopefully, someone
will use the design as a
starting point for an opera-
tional repeater command
link or other X-band system
application

Gunn Oscillator Operation

Gunn oscillators are
negative-resistance oscil-
lators. Fig. 1 is a schematic
of a negative-resistance
oscillator modeled as a
conventional LC oscillator.
If the L and C were truly
lossless and no power were
taken from such a circuit, it
would continue to oscil-
late once started. Real
components do have losses
and these are lumped into
the loss resistance, R, of
Fig. 1. Any output power
taken from the circuit is
also a loss, and that is also

THRESHOLD
VOLTAGE

NEGATIVE
RESISTANCE —of
REGION

DIODE
CURRENT,
I

|

DIODE VOLTAGE, v

Fig. 2. Gunn-diode voltage-
vs.-current plot. Above the
threshold voltage, the
curve reverses and the cur-
rent decreases with increas-
ing voltage.

included in R. The effect of
a negative resistor is to pro-
vide rather than consume
power. This is a theoretical
concept, but one that can
be realized in practice. An
LC circuit having more net
negative resistance than
positive loss resistance will
provide sustained oscilla-
tions at the resonant fre-
quency of the tank. In prac-
tical circuits, the negative
R is supplied by tunnel
diodes, Gunn diodes, Im-
patt diodes, and some tran-
sistor connections. A Q
multiplier is an example of
the negative-resistance
concept. As the Q is in-
creased, the circuit sud-
denly breaks into sustained
oscillations, more negative
R is being introduced into
the circuit than there is loss
and the circuit takes off.

A Gunn-diode oscillator
is simply a microwave cavi-
ty resonator to provide the
LC circuit and a negative
resistance in the form of a
Gunn diode.

Gunn diodes are made
of gallium arsenide. The
GaAs material can have
electrons in either of two
conduction bands. The
electrons in one band hap-
pen to have much higher
mobility than in the other
band. Electron mobility is
the measure to the rate of
travel of electrons in the
material. Greater mobility
means higher velocity. In
the absence of an applied
electric field (voltage
across the material), elec-
trons are in the high mobili-
ty band. As the voltage
across the material is in-

PEAK POWER
VOLTAGE

THRESHOLD

POWER VOLTAGE

QUTPUT

L]
il =

DIODE VOLTAGE

Fig. 3. Gunn-diode oscilla-
tor power vs. diode voltage.
The peak power voltage
will be different at different
frequencies.

creased, more move to the
low-mobility band. The
electron mobility in the
material as a whole then
becomes the average of
the high and low mobili-
ties. This means that the
average velocity of an
electron drops. Increasing
voltage drops the velocity
further.

Electric current is the
measure of the number of
electrons passing a point
per second. In positive
resistances, the current in-
creases with increasing
voltage. In other words, the
average electron velocity
increases with voltage. In
GaAs, the velocity drops
with increasing voltage.
This means that the current
also drops as the voltage is
increased and we have a
negative resistance.

The electric field intensi-
ty where the current begins
to decrease is called the
threshold field. Fig. 2
shows the current-vs.-volt-
age curve for a Gunn
diode. The current initially
rises as the voltage is in-
creased. At the threshold
voltage, the curve reverses
and the current starts to
fall. This occurs at a field
intensity of 3200 volts per
centimeter in GaAs.

This seems like a lot of
voltage, but the active
region of the diode is made
quite thin and the thresh-
old field occurs at applied
voltages of only a few volts
in actual diodes. The nega-
tive-resistance region oc-
curs just above the thresh-
old voltage, and some-
where above that point
oscillations will start.
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Fig. 4. The Gunn-diode oscillator assembly. Note that the
flanged end of the diode (the cathode) is grounded by the

diode-mounting screw.

There is one catch. The
thickness of the diode
must be made to match the
travel time of the electrons
at the desired frequency of
oscillation. This is to en-
sure that the proper phase
relations occur between
the electric field and elec-
tric current. The diode
thickness must be one
“transit time length,” so
that the electron travels
the length of the diode in
one rf cycle. In other
words, the diode thickness
must be chosen with the
operating frequency in
mind, and not any diode
will work at any frequency.
This is not as bad as it
seems. While diodes are
characterized at a par-
ticular frequency, they will
work over ranges of up to
two to one.

As explained above, the
applied voltage varies the
electron velocity. Thus a
diode of a given thickness
may be voltage-tuned to
optimize operation at a
particular frequency. In ef-
fect, the transit time is

| 062
| ¢£.002

ag

215

yE

Fig. 5. Gunn-diode package.

L

HEAT SINK
END; ANODE OF
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changed by adjusting the
electron velocity rather
than the diode thickness. It
is this mechanism which
makes the Gunn oscillator
tunable with supply volt-
age.

Fig. 3 shows the effect of
supply voltage upon the
power output of the oscil-
lator. At some voltage
above the threshold, the
electron velocity is appro-
priate to supply negative
resistance to the tank cir-
cuit. Oscillations start. As
the supply is increased, the
optimum transit time ve-
locity is obtained and a
point of maximum power
output occurs for that fre-
quency. If the tank is tuned
to another frequency, a
slightly different supply
voltage will yield max-
imum power output.
Above the maximum pow-
er voltage, the power drops
off and oscillations finally
cease. A typical low-power
X-band diode will have a
threshold voltage of 3 or 4
volts and will operate from
6 to 10 volts.

Changing the transit
time by adjusting the sup-
ply in effect “pushes” the
resonant frequency of the
tank circuit. The diode
wants to make negative R
at a different frequency
than the tank, but the high
Q cavity resonator domi-
nates and only a slight fre-
quency shift is obtained.
This is enough to be prac-
tical for some afc pur-

poses. Frequency changes
of more than 20 MHz can
be obtained with a 2-volt
supply change. Some
amplitude change also oc-
curs, but most FM com-
munications systems or
mixer LOs can handle
amplitude variations of up
to 3 dB with no problem.

Cunn diodes have a
problem with low-tempera-
ture starting. Both the
power peak voltage and
starting voltage increase as
the diode temperature is
lowered. Be sure to op-
erate an oscillator well
above the room-temper-
ature starting voltage if
low-temperature operation
is intended.

Building a successful
Gunn oscillator reduces to
the essential problems of
selection of an appropriate
diode and installing it in a
suitable resonator. Either
coaxial- or waveguide-
cavity resonators may be
used. Low-stability designs
having several GHz of tun-
ing range are generally
done in coax cavities. High-
stability designs tend to
use waveguide because of
the higher cavity Q which
may be obtained. One ma-
jor factor in getting an
oscillator to work is the sup-
pression of spurious reso-
nances in the cavity. The
Gunn device has negative
resistance over a wide band-
width and will oscillate
easily at resonances other
than the desired one if care
if not taken. Resonances in
the bias chokes or feed-
through capacitor, higher-
order waveguide modes,
and coaxial modes involv-
ing the diode mount are all
possible culprits. An effec-
tive cure for some of these
problems is the inclusion
of a lossy material in the
cavity at a point where
energy is dissipated only
by the undesired reso-
nance. This solution was
applied to my oscillator in
the form of a piece of pen-
cil lead positioned to ab-
sorb energy from a coaxial
resonance in the diode

mount at 13 GHz. Without
the loss material, the
oscillator went weakly at
13 GHz and no output was
obtained in the amateur
band. With the parasitic
suppressor present, it
always works at the correct
frequency and starts easily.

Oscillator Construction

The Gunn oscillator is
constructed from standard
1.0” by 0.5 X-band wave-
guide. The EIA and JAN
designations for this guide
are WR-90 and RG-52/U re-
spectively. The oscillator
cavity is a one-half-wave-
length resonator with a cir-
cular output-coupling iris.
Fig. 4 is a side view of the
internal oscillator assem-
bly. The diode is mounted
across the narrow dimen-
sion of the guide and is
parallel with the electric
field in the cavity. The
diode and its mount effec-
tively short the guide in the
plane of the diode-mount
centerline. Thus the reso-
nant length of the cavity
extends from the center of
the diode mount to the
plane of the coupling iris.
The presence of the iris
lowers the resonant fre-
quency of the cavity slight-
ly. To ensure that the band
may be tuned, the cavity is
made about 10 percent
short. The cavity is then
tuned to the desired fre-
quency with the 2-56 tun-
ing screw. This is located at
a point one-quarter wave
from the iris. The electric
field intensity is greatest at
that point and the screw
has the most effect. The
cavity tunes the 10.0- to
10.5-GHz band and several
hundred MHz above and
below with the dimensions
given.

Cunn diodes come in a
variety of package styles.
Most use an internal “flip-
chip’”’ construction to
make the heat sink the
cathode. This permits use
of positive-bias supplies
with respect to the heat
sink. This does, however,
increase the package cost.



Low-power diodes can be
made in “non-flip” pack-
ages provided a means is
provided to remove heat
from the anode. To do this,
an effective but dc-isolat-
ed heat sink is required.
This oscillator is designed
to use “non-flip” diodes
while having the desirable
feature of a positive
power-supply input with
respect to waveguide
ground. For ‘“‘non-flip”
diodes such as the Alpha
type DGB-6844C or Micro-
wave Associates type
49508 used in this oscil-
lator, the anode is the heat-
sink end of the package as
indicated in Fig. 5. The
cathode is the end with the
sealing flange. Fig. 4 shows
the cathode (flanged) end of
the package inserted in the
grounded diode-mounting
screw. |f other diodes are
tried in the oscillator, be
sure to determine which
end of the package is the
anode. Remember that
unless a diode is desig-
nated a “non-flip” type, the
cathode will most likely be
the heatsink end of the
package.

Fig. 6(a) is a detailed
drawing of the waveguide
cavity. The diode mount is
installed in holes B and C.
Be sure to hold the dimen-
sion from these holes to
the face of the flange to en-
sure that the cavity will
resonate in the band. There
are several varieties of
waveguide flange. The in-
tent of the cavity drawing
is to use a flange such as a
UG-39/U. The waveguide
will pass through the
flange and should be flush
with the face. This will
maintain the proper dimen-
sion from diode mount to
the output iris.

The shorting block, Fig.
6(b), is made from a piece
of aluminum. The photo of
the breadboard version of
the oscillator shows a
slightly longer shorting
plug. This was to provide a
handle for ease of adjust-
ment during the initial
design. Make your short as

Photo B. Interior view of the oscillator cavity. The Gunn diode is mounted between the
heat-sink post and the 10-32 diode-mounting screw. The end of the resistive probe is to
the right of the mounting post. The 2-56 frequency adjustment screw protrudes into the
cavity from above and in front of the diode-mounting post. The hole in the shorting block
to the left of the diode mount is for a trial loss probe location.

indicated in Fig. 6(b), as it is
correct. Hole “E” in the
shorting block is for inser-
tion of a resistive probe of
common mechanical-pen-
cil lead, as shown in Fig. 4.
This is the lossy material
which suppresses the
undesired spurious oscilla-
tion at 13 GHz. An alter-
native approach to the
shorting block is to use a
simple plate soldered in
the plane of the inner sur-
face of the block. This may
be somewhat easier to
build, but the probe instal-
lation is more difficult.
This option applies to the
oscillator only. The trans-
ceiver version described
below requires that the
short be removable and the
block shown should be
used

The diode mount is
shown assembled in Fig. 4
and the detail parts are
sketched in Fig. 7. The
mount has to do several
things at once —match the
low diode impedance to
the cavity, dissipate heat
from the diode, and apply
dc bias to the diode while

keeping the rf inside the
cavity. The heat-sink post,
Fig. 7(b), is made from
0.312-inch aluminum rod.
It is first drilled through
with a number 52 drill to
clear the anode end of the
diode. This gives a mini-
mum clearance hole diam-
eter for improved heat
sinking. It is then drilled at
one end only to a depth of
0.100 inch and tapped for a
2-56 thread.

The diode heat-sink post
is mounted in the cavity
with a 2-56 threaded turret
terminal which will be the
positive supply connec-
tion. Insulation is by means
of a nylon washer on the
exterior of the guide,
Teflon™ sleeving on the
threaded portion of the ter-
minal, and a mica sheet in-
sulator between the diode
post and the interior wall
of the waveguide. The
mica forms the insulator of
a parallel plate capacitor
consisting of the diode
post and the interior wall
of the waveguide. | used
.003-inch mica cut from a
TO-3 transistor insulator.

The capacitance is more
than 20 pF and it is essen-
tially a short circuit at 10
GCHz. No rf leakage occurs.
A small amount of heat-
sink compound should be
applied to each surface of
the mica insulator. Clean
off the excess after
assembly as it could cause
power loss or frequency
drift if left in the cavity.

The 10-32 diode-mount-
ing screw is made from
either brass or aluminum.
Brass is permissible from a
thermal standpoint be-
cause most of the heat
flow is from the anode end
of the diode.

The waveguide output
flange is soldered to the
output end of the cavity
waveguide. Take care that
the surface of the flange is
flush with the end of the
waveguide. Spacing it back
will increase the length of
the cavity. One caution:
Choke-style flanges should
not be used on the oscilla-
tor. They will not properly
clamp the output iris plate
and this may change the ef-
fective cavity size. Flat
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Fig. 6. Oscillator cavity details. (a) Waveguide cavity.
Make from standard .500 x 1.00 X-band guide, EIA WR-90
or JAN RG-52/U. (b) Shorting block.

flanges should be used.

The intent of the remov-
able output-coupling iris
plate is to permit easy ad-
justment of the output
coupling. Some applica-
tions, such as receiver
local oscillators, require
only a few milliwatts of
power. The power may be
reduced and stability
greatly increased by using
a smaller iris.

The iris plates may be
made from ten- to forty-
thousandths copper or
brass sheet. | used 10-
thousandths copper sheet.
The iris hole is the
waveguide centerline. The
output hole diameter may
be either .290 or .320 inch-
es as discussed in the sec-
tion on testing. Smaller
diameters can be used to
reduce power output. If
the iris is much larger than
.320, the cavity Q becomes
very low and the oscillator
does not work below 10.5
CHz.

Diode # Current
mA
140
150
150
100

5 125

& W =

Assembly of the oscil-
lator should be done in the
following order. First,
solder the output flange to
the cavity and remove all
flux. Next, install the
diode-mounting post as
described above. Do not in-
stall the diode itself. Install
a resistive probe of .040-
inch soft pencil lead in the
hole in the shorting block.
it should extend into the
cavity 0.150 inches. It may
be held in place by means
of tape on the outside sur-
face of the block until the
oscillator is tested. After
testing, secure the probe
with a drop of glue. The
shorting block is next in-
serted into the cavity and
fastened with 4-40 hard-
ware. This hardware should
be tightened to the final
torque prior to installing
the diode. If it is tightened
after the diode is installed,
the resulting deformation
of the cavity may break the
diode. Now install the

diode. Put a tiny amount of
heat-sink goo on the diode
anode and cathode pins.
Remember the heat-sink
end goes to the capacitive
mounting post. The flanged
end is the cathode and goes
to ground. Tighten the
10-32 screw so it is just
snug. If a lock nut is used,
hold the 10-32 screw from
rotating while the lock nut
is torqued. This will pre-
vent crushing the diode
package. The final steps
are to install the tuning
screw and the output iris.
The iris is clamped be-
tween the output flange
and the flange on the
mating waveguide. Start
out with the .290-inch-
diameter iris. The oscil-
lator is now ready for test.

Operation and Test

Upon completion of the
oscillator, it may be put to
use in your particular ap-
plication. My objective in
writing this article was to
give an easily-reproduced
design which could be
used for a variety of appli-
cations from receiver LOs
to simple transmitters. The
test equipment to com-
pletely characterize a
microwave oscillator is not
all that complex, but it cer-
tainly isn’t found at your
corner electronics outlet.
Some amateurs have ac-
cess to commercial or
surplus test gear which is
of great aid in getting
started on X-band. Others
have only a scope and
VOM and will build this
oscillator or the trans-
ceiver version described
later on as a first project in
X-band.

In order to ensure that
the design was sound and
to obtain enough informa-
tion to help others apply
the circuit to their projects,
] took a lot of data to
characterize the circuit.
With this information, the
oscillator may be used with
some advance knowledge
of how it will behave. The
description of the tests per-
formed is provided in case
others who can get ahold
of the gear wish to repeat
the tests or test their own
oscillator designs, and
to indicate to those who
will just build the circuit
how the data is obtained.
Before getting into the rf
testing, here are a few cau-
tions with regard to dc
power supplies for Gunn
oscillators.

Dc power must be ap-
plied to Gunn diodes with
some care. The negative-
resistance effect extends
down to dc, as illustrated
in Fig. 2. This can cause dc
supply regulators to misbe-
have. Generally, a series-
pass regulator gets very
confused when decreasing
the voltage increases the
current being drawn. The
regulator may oscillate
and overshoot. The Gunn
device may well disappear
in the ensuing excitement.
Fig. 8 shows a safe method
of powering the oscillator.
A current-limited supply is
used. In shunt with the sup-
ply is a husky zener diode
which limits the maximum
voltage which can be ap-
plied to the oscillator to a
value of a volt or so above
the operating voltage. This
will prevent burnout on
turn-on transients or if the

Minimum and Maximum Power into 2 to 1 vswr vs. frequency

10.0 GHz 10.1 GHz
15-29 mW 17-28 mW
18-34 mW 20-34 mW
17-25 mWw 17-28 mW
9-22 mW 9-19 mW
9-20 mW 7-21 mW

10.2 GHz 10.3 GHz 10.4 GHz 10.5 GHz
18-32 mW 15-35 mW 20-3¢ mW 22-34 mW
20-34 mW 19-30 mW 18-34 mW 18-48 mw
20-35 mW 18-38 mW 21-37 mW 20-35 mW
10-256 mW 10-22 mW 10-22 mW 10-22 mW

9-18 mW 12-24 mW 14-25 mW 25-12 mwW

Table 1. Oscillator performance vs. load vswr and frequency. This table indicates the oscillator power output for five
different diodes at frequencies from 10.0 to 10.5 GHz. The load vswr was varied through all phases of a2 to 1 mismatch.
Diodes 1 through 3 are Alpha type DGB 6844C operated at 8 volts. Diodes 4 and 5 are Microwave Associates type MA

49508 operated at 7 volts.
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supply oscillates. A series
RC circuit consisting of a .1
uF capacitor in series with
a 33-Ohm resistor keeps
the supply impedance
down in the low megacycle
region and prevents low-
frequency breakup of the
oscillator output. With the
diodes specified, the heat-
sink end of the package is
the anode and the diode is
installed with this end in-
serted in the capacitive
mounting post. The flanged
end of the diode is the
cathode and is grounded to
the waveguide with the
10-32 mounting screw.

A word about current
limiters. The threshold cur-
rent of the Gunn device is
much higher than the oper-
ating current. The current
limiter on the supply
should be set well above
the threshold current. For
the diodes used here, 500
mA is a good setting.

If the current limiter is
set at the operating cur-
rent, the supply will limit
on the low-voltage side of
the threshold voltage and
the operating voltage will
not be achieved. From Fig.
2 it may be seen that there
are two points at which the
diode will draw the same
current, one above and one
below the threshold volt-
age. Don’t worry about
protecting the diode from
excessive current. In this
case, lowering the voltage
increases current, so a nor-
mal current limiter does
not help. just set up the
supply for the proper volt-
age and make sure the cur-
rent limit is set to 500 mA.
Then connect the Gunn-
diode circuit. If the current
limiter is set as above, it is
okay to just switch the sup-
ply off and on with the
power switch. Do not turn
up the voltage slowly be-
cause the diode will be
subjected to more current
than if power is suddenly
applied. Using these meth-
ods, | have yet to lose a
Gunn device. Supply oscil-
lations may be checked by
connecting a scope across

the supply. If the dc line
has only dc on it, you can
assume that all is well. If
oscillations are present,
they are generally of high
amplitude (several volts)
and are easily detected. If
this does occur, one fix is
to adjust the R and C of Fig.
8. Reduction of the hole in
the coupling iris plate may
also help. No difficulty was
encountered with supply
oscillations for a variety of
Gunn diodes tried in the
cavity provided the circuit
of Fig. 8 was used. Dc sup-
plies included commercial
and home-built bench sup-
plies and the three-ter-
minal regulators used in
the Doppler processor de-
scribed below.

To set up the oscillator
for test, there are only
three adjustments: the tun-
ing screw to set the fre-
quency, the output iris
diameter which determines
load stability and power
output, and the depth of
the parasitic suppression
probe. The tuning screw
should be set at minimum
penetration of the cavity.
The resistive probe should
penetrate about 150 inch-
es into the cavity. With the
.290-inch iris installed, the
oscillator should make at
least 10 milliwatts of out-
put. If it does not appear to
be oscillating or if it is
oscillating weakly (a —20
dBm output), insertion of
the resistive probe to a
greater depth is indicated
because the diode-mount
resonance at 13 GHz may
be in the act. The three
models of the oscillator
worked fine with the probe
at .150-inch penetration, so
you should not have to ad-
just it. It is not very critical.
Once oscillations are ob-
tained, the tuning screw is
used to set the operating
frequency. The wunit will
easily tune the 10.0- to
10.5-GHz band with either
diode installed.

The selection of output
iris diameter depends upon
application. To determine
which diameter is best for
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Fig. 7. Diode-mount details. (a) Diode-mounting screw. (b)
Diode heat-sink post. The diode heat-sink post is first
drilled through with a number 52 drill. The hole is then en-
larged to a number 50 size and tapped for the 2-56 turret
terminal. The number 52 diameter must be maintained for
a depth of at least 0.070 inches to assure proper heat

transfer from the diode.

your use, review the tests
and test data | obtained.

A shift in load imped-
ance will change both the
frequency and power out-
put of any oscillator,
crystal, LC, or a microwave
type. | made several tests
to evaluate the effect of
load shifts on this circuit.
In addition, the ability to
tune the frequency of the
circuit with the supply was
tested. | found that if the
load vswr is less than 2 to 1
and its phase is stable, the
frequency will pretty well
stay put. If the vswr is con-
trolled and it is less than 2
to 1, the supply may be
used to make corrections
in the oscillator frequency
of up to 20 MHz.

Fig. 9 is a sort of sche-
matic of the waveguide
setup | used to test the
oscillator. The setup
allows the power output
and frequency to be
measured and a vswr of
any desired magnitude and
phase to load the oscil-
lator. The oscillator is con-
nected to the main line of a
cascade of three direc-
tional couplers. The first
coupler samples the out-
put power and frequency.
The power is detected and
displayed on meter M3. A
cavity wavemeter in the
line absorbs power at its
resonance and causes a
“suck-out” or dip on M3
when tuned to the oscil-

lator frequency. The next
two couplers form a reflec-
tometer which reads the
forward and reflected
power from the load as
seen by the oscillator. M1
reads forward power and
M2 reads reverse power.

At the output of the last
coupler, a device called a
slide-screw tuner is con-
nected. This is followed by
a matched waveguide
load

The slide-screw tuneris a
simple way to get an ad-
justable vswr of any phase.
It is useful in load tests
such as this or as an imped-
ance-matching device. The
VHF equivalent is a single-
stub tuner which may be
moved along the line.
Mechanically, the slide-
screw tuner consists of a
probe through the broad
wall of the waveguide
(often a screw) which
travels in a slot in the
waveguide wall. The probe
is supported by a slide
plate on the outside of the
guide. The probe when in-
serted into the guide is
equivalent to a capacitor,
the value of which is pro-
portional to the depth of
penetration. The depth of
penetration controls the
magnitude of the imag-
inary part of the vswr thus
created. The position of
the probe along the guide
controls the phase. The
real part of the load is sup-
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Photo C. The partially-assembled oscillator. The breadboard version of the oscillator is
shown with the shorting block and iris removed. The lossy resistive probe extends from
the shorting block into the cavity. The removable iris plate permits the output coupling to

be easily adjusted.

plied by the waveguide
load beyond the tuner. By
moving the probe along
the guide, a fixed vswr load
is effectively rotated
through all phases.

| tested my oscillator
with load vswrs of 2 to 1.
Most waveguide circuits
into which such an oscil-
lator will operate may be
tuned below a 2 to 1 vswr
without much difficulty. In
addition, the phase of most
loads will stay put. A 2to 1
vswr of variable phase is
probably the worst load
that might be expected in
most applications.

The first test | made was
load pulling. This measures
how much the power out-
put and frequency shift as
the load vswr is rotated
through all phases. The
setup of Fig. 9 is used. The
oscillator was connected
and the center frequency
set by means of the tuning
screw.

The slide-screw tuner
was initially completely
out of the waveguide, so
the oscillator load was on-
ly the matched waveguide
termination. To obtain a 2
to 1 vswr, the slide screw
was inserted into the guide
until the reflected power
indicated by M2 increased
to a level 9.5 dB below the
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forward power indicated
by M1. A ratio of forward
to reflected power of 9.5
dB corresponds to a 2 to 1
VSWI.

The shift in load im-
pedance caused the read-
ing on M1 to change also as
the probe was inserted into
the line. The idea is to get
the 9.5 dB difference with
the probe inserted. The ini-
tial value of M1 is not of
concern, as it will always
change as the probe is in-
serted. | then had a 2 to 1
vswr load on my oscillator.
The next step was to move
the probe of the slide-
screw tuner along the line
and record the extremes of
power and/or frequency.
During these tests, a spec-
trum analyzer was often
used in place of the
wavemeter to speed the
measurement process, but
the wavemeter approach
works fine. It just takes
longer.

First, | measured the ef-
fect of load vswr on the
oscillator power output for
5 different Gunn diodes.
Three Alpha type DGB
6844C diodes were tested
at their normal operating
voltage of 8 volts. Then
two Microwave Associates
type 49508 diodes were
tested at 7 volts. Table 1

shows the data for 10 to
10.5 GHz in 100 MHz steps.
In my oscillator, the Alpha
diodes gave slightly more
power output. An average
output was obtained of
about 25 milliwatts for
most Alpha diodes at most
frequericies. The average
for the MA devices was a
bit less, about 15
milliwatts. Diodes could
be substituted in the
oscillator with no adjust-
ment and the frequency
would change only a few
MHz. This data was taken
with a .320-inch iris in-
stalled on the oscillator.

In order to determine
the effect of various iris
sizes, | next made a set of
tests with different iris
diameters and used the
same diode. Iris sizes of
.290, .320, and .380 inches
in diameter were tried. The
pulling was again tested
with a 2 to 1 vswr. | found
that the effect was consid-
erable. Table 2 shows the
results. Increasing the iris
hole size increased the out-
put power by about 2 dB.
The effect on the frequen-
cy stability and cavity Q
(determined from the
amount the oscillator can
be pulled) was significant.
The pulling increased from
21 MHz with the small iris

to 80 MHz with the large
iris. In addition, the oscil-
lator would not operate
below about 10.4 GHz. At
the heavy loading caused
by the large iris, insuffi-
cient negative R was avail-
able and the oscillations
stopped. This is because
the optimum operating fre-
quency for this diode was
above 10.5 GHz for the par-
ticular dc voltage applied

The .320-inch diameter
turned out to be a good
size. High power output
and pretty fair stability
were obtained. The data in-
dicates how a little rf
power can be traded for a
lot of frequency stability.
For low-power applications
such as receiver local
oscillators, | would use a
small iris. The improve-
ment in frequency stability
for varying loads is certain-
ly worth it.

The dc supply voltage
may be used to adjust the
oscillator frequency slight-
ly. This is a simple way to
make an afc system if done
carefully. The tuning range
is not as great as can be ob-
tained by putting a varac-
tor diode in the cavity, but
it is an easy approach. The
tuning range is limited by
the amount the supply can
be changed before the os-
cillator quits. For small
diodes such as those used
here, a variation of plus or
minus 1 volt from the
nominal supply of 7 or 8
volts seemed reasonable.
Lower voltage increases
the current and power
drops. Increased voltage
will also drop the power
and the oscillator will
eventually quit as the elec-
trons are slowed from the
optimum transit-time ve-
locity.

| tested the oscillator
into a matched load and
measured the degree of
frequency “pushing’” that
could be obtained. The
smallest iris was used since
an afc system would re-
quire that the best oscil-
lator load-stability option
be used.



We've cut your final cost on Bearcat®

Communications Electronics™ celebrates
the introduction of three new Bearcat scanners with
special cash rebates of up to $20.00 on all Bearcat
brand monitors. During February and March, 1979,
when you purchase your Bearcat scanner from any
Communlications Electronics,” Scanner Dis-
tribution Center,” you will get a special rebate
coupon and a proof of purchase invoice that entitles
you to a portion of the biggest scanner rebate in our
history. In addition, prices have been drastically cut
during our special sale to make your final price the
lowest ever. Check out the super features of Bearcat
scanners and select the models that are right for
you at work, home or in your car.

Bearcat® 250

List price $399.95/CE price $269.00/$20 Rebate
Your final cost is a low $249.00

50 Chonnels ® Crystalless ® Searches ® Stores
Recalls ® Self-Destruct ® Priority channel
The Bearcat 250 performs any scdnning function you
could possibly want. With push button ease you
program 50 channels (five banks of ten channels each).
Push another button and search for new frequencies.
There are no crystals to limit what you want to hear. A
special search feature of the Bearcat 250 actually stores
64 frequencies, and recalls them, one at a time, at your
convenience. Automatic “count” remembers how often
frequencies are activated by transmission-so you know
where the action is. Decimal display shows the channel
frequency and other programmed features. The priority
feature samples your programmed frequency every two
seconds. Plus, a digital clock shows the time at the touch
of a button. This is the only monitor radio that has
received the Communications Electronics quality
control approval rating #1. Qur highest quality grade
for technologically sophisticated equipment. The
Bearcat 250. Scanning like you've never seen or heard
before. In stock for Immediate shipment!

New Bearcat® 220

Available April - May, 1979. Order before March
31, 1979 to qualify for $20.00 CE direct rebate.
List price $379.95/CE price $299.00/$20 Rebate ¢
Your final cost is a low $279.00

Alrcraft and public service monitor

We have received thousands of requests to have a
scanner capable of monitoring the aircraft frequencies.
The Bearcat 220 is one scanner which can monitor all
public service bands plus the exciting aircraft band
channels. In fact, the Bearcat 220 covers seven bands,
Low and High VHF, UHF, UHF-Government, UHF-T.
2-meter and % meter amateur and Aircraft. Up to
twenty frequencies may be scanned at once. Or fre-
quencles can be arranged into two banks of ten
frequencies each, allowing the listener to choose the
bank of most interest.

Notonly does this new scanner feature normal search
operation, where frequency limits are set and the
scanner searches between your programmed parame-
ters, it also seatches all marine or alrcraft frequencles by
pressing a single button. These frequencies are already
stored in memory so no reprogramming s required. The
frequency Reception Range is 32-50, 118-136, 144-
174 and 420-512 MHz. The Bearcat 220 also features
a Prority channel, Dual scanning speeds, Patented
track tuning and Direct channel access.

New Bearcat® 211

Available March, 1979
List price $329.95/CE price $239.00/$20 Rebate
Your final cost is a low $219.00
The Bearcat 211. It's an evolutionary explosion of features
and function. More channels than the Bearcat 210. Added
scan control. Plus, a full complement of state-of-the-art
innovations that increase scanning capabilities—and quick-
en the excitement.

18-channel monitoring With no-crystal six-band cover-
age. Dual scan speeds. Color-coded keyboard. Even a digital
clock. All at a modest price. Take a look. Here's more
scanning excitement than you bargained for

Frequency reception range: 32-50, 146-174, 420-512
MHz. Sensitivity: 0.4 microvolts. All accessories included!

NEW! 18-channel Bearcat® 211

NEW! Aircraft monitor Bearcat® 220

Now Bearcat® 210

List price $299.95/CE price $219.00/$20 Rebate
Your final cost is a low $199.00

10 Channels ® 5 Bands ® Crystalless

Improved reliability and performance

Use the simple keyboard to select the 10 channels to be
scanned. Band coverage includes Low, High, UHF, UHF-T, 2
and % meter Ham-and other government law enforcement
UHF frequencies. Automatic search finds new frequencies
Decimal display shows the channel and frequency being
monitored. The 210 features patented selectable scan delay.
push button lockout, single antenna, patented track tuning.
AC/DC operation. With no crystals to buy. Ever!

® i
Bearcat® 12

List price $179.95/CE price $126.00/$15 Rebate
Your final cost is a low $111.00

The finest crystal scanner ever offered.

More features, more channels, more action. The Bearcat 12
monitors 10 channels over five bands (Low and High VHF.,
UHF. UHF-T, and 2-meter Ham). Scan delay lets you listen
to both sides of a two-way, same-frequency conversation
Variable scan rate puts you in control of the scan speed.
Other features include automatic squelch, individual lock-
out, and more. The Bearcat 12 has more of what you're
scanning for.

Bearcat® 8

List price $159.95/CE price $112.00/$10 Rebate
Your final cost is a low $102.00
8 Chonnels ® 5 Bands ® Handsome wood case

®

Bearcat® 6

List pnce $119.95/CE price $84.00/$5 Rebate
Your final cost is a low $79.00

6 Channels of Exciting Low or High VHF action.

Bearcat® 3 gOne band)

List price $119.95/CE price $84.00/$7.50 Rebate
Your final cost is a low $76.50
The “selectable’ scanning radio.

Bearcat® Four-Six

List price $169.95/CE price $119.00/$10 Rebate
Your final cost is a low $109.00

The first 4 Band, 6 Channel, Hand-Held Scanner.
The Bearcat Four-Six offers “hip pocket” access to
police, fire, weather and special interest public service
broadcasts. It receives Low, High, UHF, and UHF-T
bands. Lightweight. Extremely compact. The Bearcat
Four-Six—uwith its popular " rubber ducky” antenna and
belt clip— provides “go anywhere/hands- off” scanning.
When it comes to scanning “to go,” Bearcat has it.

Bearcat® Hand-Held

List price $129.95/CE price $91.00/$5 Rebate
Your final cost is a low $86.00

NEW Ultra Small
Bearcat® ThinScan™

Avaijlable March - April. 1979 Order before
3/31/79.to qualify for $10.00 CE direct rebate.
List price $149.95/CE price $119.00/$10 Rebate?
Your final cost is a low $109.00
World's smallest scanner!

The Bearcat ThinScan™ High-performance
scanning has never been this portable. It goes
anywhere. ThinScan™ slips easily into a shirt
pocket. Hands-off convenience—within easy
reach. Slim, trim. But with the professional
capabilities you expect from a Bearcat.

Go ahead, size it up. Bearcat’s ThinScan™
measures 2% " across. Just 1" deep. And
5% high. Ideal for law enforcement agents
to covertly receive transmissions from “"body
mikes”. Four crystal-controlled channels are
scanned every % second providing immed-
late access to police, fire, weather and other special-interest
broadcasts on High and Low VHF bands. With light-emitting
diodes indicating the channels being monitored. And
individual lock-out switches for by-passing any channel not
of current interest. Frequency reception range: 33-44, 152-
164 MHz. Weight: 10 ounces, Sensitivity: 1 Mizrovolt,
Selectivity: —45dB @ 25 KHa.

The Bearcat ThinScan™ The professional portable. The
small high-performance scanner anywhere. Size it up. It
won't let you down

scanners up to $150!

Bearcat® Alert™
Warning Radio

List price $79 95/CE price 564 00/55 Rebatet
Your final cost is a low $59.
Early warning for the 1979 tornado season/

t Rebates on these units are offered directly
from Communications Electronics™

TEST A BEARCAT SCANNER FREE
Test any Bearcat brand scanner from Communications
Electronics™ for 31 days beforeyou decideto keepit. lfyou
do, you'll own the most sophisticated and technologically
advanced scanner available. [f for any reason you are not
completely satisfied, return it in new condition with all
accessories in 31 days, for a courteous and prompt refund
{less shipping charges and rebate credits)

NATIONAL SERVICE

With your Bearcat scanner, we will send all accessories, a
complete set of simple operating instructions and a one-year
limited warranty. If service is ever required on any Bearcat
scanner purchased from Communications Electronics.
just send your receiver to one of our approved national
service centers. When you purchase your scanner from CE,
you're buying from the world’s leader in no-crystal high
technology scanners We've sold more synthesized
scanners than any other company

MADE BY ELECTRA
QUALITY CHECKED BY CE

Since all Bearcat scanners sold by Communications
Electronics™ are products of Electra Company, a Division
of Masco Corporation of Indiana, you can be assured of the
finest monitor radios available in the world. In addition, our
Quality Control Department further audits the quality of
every Bearcat mode! sold by us to insure the high reliability
inherent in Bearcat scanners

THE SMALL PRINT

All sales are subject to availability. Prices and specifications are
subject to change without notice. This special rebate offer on afi
Bearcat brand scanners is good only when purchased from Com-
munications Electronics. Scanner Distribution Center™ be
tween February 1 and March 31, 1979 Communications
Electronics™ Proof or Purchase Invoice and special rebate
coupon (enclosed with your order) must be postmarked by April
15, 1979. Rebates on Bearcat scanner models 220, ThinScan™

and Alert™ Warning Radio will be processed exclusively by
Communications Electronics™ Offer good in U.SA. Inter
national sh are welcome without rebate offer. Void where
taxed or prohibited by law. Offer limited to one rebate per scanner
If returned for credit during our 31 day free trial, rebate and
shipping costs will be deducted from refund. Resellers. compa-
nies, clubs and organizations (profit and non-profit) are nor
eligible forrebates. Allow 4-6 weeks after rebate request for check.

BUY WITH CONFIDENCE

All Bearcat scanners are extraordinary ‘scanning Instru-
ments. They provide virtually any scanning function that the
most professional monitor could require. Toget the fastest
delivery of any Bearcat scanner, send or phone your order
directly to our Scanner Distribution Center” Be sure to
calculate your price using the CE prices in this ad. Your
rebate will be returned separately from your order. Michigan
residents please add 4% sales tax. Crystal certificates are
available for $5.00 each. These certificates allow you to
order crystals directly from the manufacturer. Base or
mobile antennas specifically designed for all Bearcat
scanners are $25.00 each postpaid. Mail orders to: Com-
munications Electronics,” Box 1002, Ann Arbor, Michi-
gan 48106 U.S.A. Add $5.00 per scanner for UP.S U.S.
ground shipping or $9.00 for even faster U.P.S. air shipping.
If you have a MasterCharge or Visa card you may call and
ordertoll free 800-521-44 14 to place a credit card order. If
you are outside the U.S. or in Michigan, dial 313-994-4444
Dealer inquiries invited. All order lines at Communi-
cations Electronics™ are staffed 24 hours

Since this rebate offer is the biggest in our history, you must
place your order today at no obligation to assure prompt
delivery.
Autoprogramming,” Scanner Distribution Center™ and CE
logos are trademarks of Communications Electronics™
Copyright °1979 Communications Electronics™

master chaige
]

A COMMUNICATIONS
ELECTRONICS" .cs

854 Phoenix O Box 1002 O Ann Arbor, Michigan 48106 U.S.A
Call TOLL-FREE (800)521-4414 oroutsideU.5.A. (313)994-4444

We’re first
with the best."

FOR EXTENSIVE OETAILEO SPECIFICATIONS ON ALL BEARCAT® SCANNERS CIRCLE C5 ON FREE INFORMATION CARD

+” Reader Service—see page 211
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Fig. 9. Schematic of the Gunn-oscillator test setup.

the sides. It is zero at the
side walls since they effec-
tively short the field.

| positioned the diode
mount 0.250 inches from
the outer wall of the wave-
guide. At this location,
about one-half of the
energy from the Gunn os-
cillator is intercepted by
the diode. The rest con-
tinues down the guide to
the antenna.

The iris on the Gunn-os-
cillator output port is not a
perfect short, but it does
present a very high vswr to
the guide. This is fine for
the oscillator coupling be-
cause the goal is to mis-
match the oscillator so
that it is decoupled and the
cavity Q remains high. It
also effectively shorts the
guide behind the mixer
diode for energy entering
the transceiver from the
antenna. The presence of
the iris means that the elec-
tric field will be maximum
about one-quarter wave up
the guide from the iris
plate because it has to be
nearly zero at the iris.

| placed the mixer diode

Diode #1

Dc supply Freq. Pout
voltage Shift mw
70 -15 142
7.5 -7 14
8.0 0 14
8.5 +5 15
9.0 +8f = 1116.5

three-quarters of a wave-
length from the plate.
Since impedances repeat
every ane-half wave, the
three-quarter-wave posi-
tion is equivalent to the
quarter-wave location.
This was done to put the
diode far enough from the
iris for the energy from the
oscillator to return to the
normal TEqg mode pattern.
| was concerned that the
desired coupling to the
diode might be difficult to
obtain near the iris and
didn’t want to spend a lot
of time in optimization of
the circuit.

The mixer diodes used in
my transceiver were
chosen because they are in
a package similar to the
ones housing the Gunn
diodes. The same sort of
mount is used and all of
the pieces are the same
with the exception of the
post, which is smaller. |
purposely avoided the
1N23 type of package
because it is hard to mount
and a second set of hard-
ware would have to be
designed for it.

Diode #2 Diode #3
Freq. Pout Freq. Pout
Shift mWw Shift mw

-18 20 -15 19

-10 17 -8 21

0 16 0 20

+6 17 +6 19

+10 18 +10 17

Table 3. Frequency pushing with supply voltage. This data
shows the effect of supply voltage upon the oscillator fre-
quency with a matched load. The iris diameter was .290
inches. The oscillator was tuned to 10.5 GHz with the sup-
ply at 8 volts to establish the initial reference frequency.
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Diodes in the small (dou-
ble prong or MQM) pack-
age are made by Micro-
wave Associates, Alpha
Microwave, and Hewlett-
Packard, to name a few
vendors. | used the H-P
5082-2711 diode in my
transceiver. This is a
Schottky barrier type.
Other diodes which should
work include the Alpha
type DMF 6106 and the MA
type 40006. These are also
Schottky types. A point-
contact type which may
prove cheaper to buy is the
Alpha type D5523C. The
point-contact diodes will
work as well as the Schott-
ky diodes in most applica-
tions. Remember when
ordering these diodes to
get ahold of a data sheet
because they are graded
for noise figure. The
numbers above | selected
for worst noise figure and
lowest cost. By changing a
suffix or adding one, the
noise figure gets better and
the price gets worse. No
diode listed above has a
noise figure of more than 9
dB. You can get 6.5 dB, but
boy, it will cost!

Transceiver Construction
Photo F shows the bread-
board version of the trans-
ceiver. Photo D shows the
final version which elimi-
nates the two flanges cou-
pling the oscillator to the
mixer. It is mounted upon
the Doppler processor box.
The integrated version of
the transceiver is made
from a single section of
X-band waveguide. The
oscillator section is iden-
tical to the separate
oscillator circuit just de-
scribed. All of the internal
details are the same with
the exception of the cou-
pling iris; it is soldered
directly into the guide.
Two flanges are elimi-
nated and a nicer assembly
is achieved. To install the
iris, first cut through three
of the four walls of the
waveguide, as indicated in
Fig. 10. One broad wall and
the two narrow walls are

cut. Make up the iris plate
from copper or brass sheet
somewhat thinner than the
saw blade. Install the iris in
the saw cut and solder into
place. Take some care in
this. All four walls of the
guide must be soldered to
the iris plate on both sides.
If not, you will create a
truly marvelous slot anten-
na! Remove all flux after
soldering.

The mixer diode is in-
stalled in a mount similar
to the Gunn-diode mount.
The mount parts are as
indicated in Fig. 7. The mix-
er post is made from
0.250-inch rod stock rather
than the .312-inch-diame-
ter stock used for the Gunn
diode. The mixer-mount
parts are assembled into
the guide in exactly the
same manner as the Gunn-
diode mount. There is one
difference. No heat-sink
goo is required for the mix-
er diode. Hole A on the
mixer side of the iris is for a
ground lug to return the
mixer load resistor to the
guide. This resistor is used
to prevent static burnout
of the mixer diode during
initial testing.

In assembling the trans-
ceiver, first cut the guide to
length and then drill and
deburr all holes. Tap holes
as required. Make the saw
cut and install the iris.
Solder the output flange to
the mixer section as indi-
cated in Fig. 10. Use a large
C-clamp to heat sink the
iris area when installing the
output flange. This will pre-
vent the solder holding the
iris plate from running.
Remove all flux. The two
diode mounts may be in-
stalled next. Then install
the shorting block with
lossy probe in the end of
the oscillator cavity. In-
stall the tuning screw. In-
stall the Gunn diode. Con-
nect a 5k resistor from the
mixer-diode output ter-
minal to the ground lug.
Now install the mixer diode
using care not to damage it
with static. Pick up the
transceiver body with one



hand while holding the
diode in the other. This will
put the transceiver and the
diode at the same poten-
tial. Then install the diode
in the transceiver. The
Gunn diode is more rugged
and may be handled nor-
mally, so these cautions do
not apply to it. In my ver-
sion of the Doppler radar, |
located the .1 uF capacitor
and 33-Ohm resistor com-
ponents of the Gunn-diode
dc supply circuit on a small
tie strip. This tie strip is
mounted to the waveguide
by the same screw that
holds the shorting block in
place. These parts are visi-
ble in the photo.

The transceiver is now
ready to be tested

Transceiver Test

Arrange a power supply
for the Gunn diode as de-
scribed previously. Apply
power and test for supply
stability with a scope. If
everything is okay, the os-
cillator should be operat-
ing. Connect a voltmeter
(20,000 Ohms/volt) to the
mixer-diode output. Do
this with care. Ground both
meter leads to the wave-
guide and then connect the
positive lead to the diode
output. The diode should
be rectifying some of the rf
energy and a voltage of a
few tenths of a volt will be
present. |f the diode volt-
age is negative with re-
spect to ground, the diode
is in backwards. This is of
no concern in most ap-
plications.

If no voltage is mea-
sured, there are three
possibilities: The diode is
no good, the Gunn is going
at 13 GHz and no power is
coming out of the oscilla-
tor, or perhaps the tuning
screw is in too far and is
shorting the cavity. First,
back out the tuning screw
until it is out of the guide.
Next, try another mixer
diode. If this doesn’t help,
remove the shorting block
from the cavity and verify
the pencil-lead probe inser-
tion. If it is okay, then

Photo D. The Doppler radar assembly. The final version of the X-band transceiver is
mounted to a box which contains the Doppler processor to form a self-contained Dop-
pler radar. The 10k-diode load resistor may be seen to the rear of the coax cable which
connects the mixer output to the processor card. The 33-Ohm resistor and 0.1 uf
capacitor are mounted on the small terminal strip and connected to the Gunn-oscillator
dc input terminal. The 2-56 cavity frequency adjustment screw is not installed in this
photo. One of the two LEDs used for adjustment is visible under the horn antenna.

make sure that it is soft
pencil lead, which has
more carbon in it. Re-
assemble the oscillator
without the probe. Set up
as before and apply power.
Observe the voltmeter on
the mixer diode and slowly
insert the lossy pencil-lead
probe into the cavity
through the hole in the
shorting block. If a diode-
mount oscillation was the
problem, the mixer diode
will suddenly indicate the
presence of rf when the
probe kills the spurious
oscillation.

Once things are going,
some interesting tests can
be made. The open wave-
guide flange is not a bad
antenna. The gain is about
5 dB! Point the business
end of the transceiver out
into the room and connect
a scope across the mixer-
diode output. With the
scope gain at 10 to 100
millivolts per division and
ac coupling, the Doppler

shift on moving people is
quite readily seen. Adding
a good antenna will greatly
increase the return. Hook-
ing the mixer output into a
hi-fi amplifier with a good
low-frequency speaker is
also entertaining. People,
fans, and cars make really
strange Doppler noises.

If you build two trans-
ceivers or an oscillator and
transceiver, the following
test is interesting. Set them
up about 6 feet apart with
the waveguides pointed at
each other. Observe the
mixer output of one unit on
a scope while tuning it
across the frequency of the
other. The diode-mount ca-
pacitance measures about
13 pF, so a bandwidth from
dc to several megacycles is
obtained without tuning
the mount at i-f. As the fre-
quency of one unit ap-
proaches that of the other,
the beat may be seen on
the scope. This is the i-f fre-
quency created by mixing

the two X-band signals. As
the frequencies are
brought closer, the beat
frequency drops and then
it will suddenly vanish. This
happened at about one
MHz with my units. At first
this seems strange, since
the mixer mount will work
down to a dc i-f frequency.

The answer is that the
two oscillators have
locked together and are
now on the same frequen-
cy. Further tuning will
eventually pull them apart.
This is an example of injec-
tion phase locking. In some
high-power sources, injec-
tion locking is used to ob-
tain more power than a
single diode will supply by
locking several units to-
gether. As you can see, not
much power needs to be in-
jected to lock one to
another.

Communications

The transceiver may be
used for communications.

al



Photo E. The Doppler processor card. Signal flow is from right to left across the bottom of
the card. U1 is located at the lower right, U2 in the center, and U3 at the left of the card.
The analog pulse-counter circuitry is in the lower left-hand side of the card below U3. The
voltage-regulator circuits are at the upper right near the input/output terminal block.

An FM tuner makes a good
i-f strip for getting started.
Most of the tuners have a
pretty fair noise figure, but
getting a proper match to
the mixer is also important
if good results are to be
achieved. Most modern
microwave receivers solve
this problem by putting a
preamplifier right at the
mixer. | recommend doing
the same. A good low-noise
dual-gate FET preamplifier
will overcome any defi-
ciencies of the FM radio
and will enable the mixer
to be matched to a well-
controlled amplifier input
impedance. The preampli-
fier can then drive a cable
to the receiver

The i-f impedance of the
mixer will be a function of
the diode current and will
be from 200 to 500 Ohms.
The diode mount has a ca-
pacitance of about 13 pF.
This should be tuned out
with an inductor which
also serves as the dc return
for the diode, as in Fig. 11.
The inductor and diode-
holder capacitance should
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be resonant at the i-f fre-
quency. The resulting real
impedance is then matched
into the preamplifier.

FM modulation of the
Gunn diode is simply a
matter of modulation of
the power-supply voltage.
Be sure to limit the peak-
to-peak excursion of the
supply to prevent damage
to the diode. A good modu-
Jator approach would be to
ac couple the audio into
the reference source for
the dc regulator. This will
offset the reference and
force the dc voltage from
the supply to follow the
audio. The supply must be
capable of moving at
audio rates. This means
that giant filter capacitors
on the output cannot be
used. In addition, some
form of modulation limit-
ing should be provided so
that deviation is con-
trolled. Remember, the os-
cillator can be deviated
several MHz per volt of
supply change. If a stan-
dard FM radio is used as
your i-f strip, only 75 kHz

of peak deviation is need-
ed. So only a few hundred
millivolts of audio are re-
quired on the dc supply

The communications
range that you can get with
this transceiver is very
much dependent upon the
antennas used. The noise
figure is fairly decent, and,
with a 200 kHz bandwidth
FM tuner for an i-f strip,
sensitivities of —100 dBm
or so should be obtained.
The path loss at 10 GHz for
10 miles is 136 dB

As an example, consider
the use of a pair of 20 dB
gain horns and about 10
milliwatts of power. The
power at the receiver mixer
and output carrier-to-noise
ratio are:

Transmitter

output: +10dBm
Transmitter antenna

gain: +20d8B
Receiver antenna

gain: +20dB
Path loss (10 GHz & 10

miles): —136dB

Power at the receiver

—86dBm
-100dBm

mixer:
Sensitivity:

Output carrier-to-noise
ratio: +14d8B
The actual signal-to-

noise ratio will be some-

what better because of the

FM improvement resulting

from the high modulation

index if the full 75 kHz
deviation is used. By going
to a pair of 3-foot dish
antennas, a gain of about
36 dB is obtained. This will
improve each end of the
link by 16 dB for a total
gain in SNR of 32 dB over
the case above. Of course,
the improved SNR can be
traded for greater range at

the rate of an additional 6

dB of loss for each dou-

bling of the distance.

Doppler Processor

The X-band transceiver
may be used as an effec-
tive Doppler radar for pro-
tecting the goodies in your
ham shack from burglars
by adding the Doppler pro-
cessor section described
next. Doppler radars re-
spond only to moving re-
flectors, and, if properly
employed, can provide
nearly foolproof protec-
tion against intruders. The
trick is to achieve a very
low false-alarm rate so the
circuit is not continually
“crying wolf.”

The Doppler effect re-
fers to an apparent shift in
the frequency of a radio
signal which occurs if the
transmitter is moving rela-
tive to the receiver. The
amount of frequency off-
set that occurs is deter-
mined by both the trans-
mitter frequency and the
velocity of the transmitter
relative to the receiver.
The frequency shift is given
by the simple formula: F =
fo X V/C. Fis the shift. fg is
the transmitter frequency.
V is the velocity difference
and C is the speed of light.
The frequencies are in Hz
and the velocities in meters
per second. In the radar
case, the signal experi-
ences the Doppler effect in



both directions of propaga-
tion, to and from the tar-
get. Here, the resulting
shift is doubled from the
values given by the for-
mula.

The Doppler effect is
used in a variety of radar
applications where mea-
surement of speed or sep-
aration of moving from sta-
tionary targets is desired.
The police speed meters
are one example, of
course, but others include
air search radars which use
Doppler to reject ground
clutter (ground doesn’t
move) and accept airplanes
(which always move).

If an intrusion-detection
radar operates at 10 GHz,
the maximum Doppler
shift obtained with a walk-
ing person as a target is
about 40 Hz. The lower end
of the Doppler range ex-
tends to very low frequen-
cies. | used 4 Hz as the
lower band edge of the pro-
cessor after observing the
Doppler output of the
transceiver on a scope and
determining that there is a
lot of energy near dc; some
of us don’t move all that
fast! In any event, the 4-40
Hz processing bandwidth
seems to work well in prac-
tice.

The objective in the pro-
cessor design is to obtain
positive target detection
with a low false-alarm rate.
The circuit has to have
some “smarts” so that it
does not trip on the first
cycle or two of 4-40 Hz
audio to come out of the
Doppler mixer. In order to
obtain an alarm output,
the processor requires that
a large number of cycles of
Doppler occur within a
relatively short span of
time and that more recent
events be given greater
weight than those which
occurred many seconds
earlier. This feature
prevents noise from caus-
ing single-event false
alarms, and, as a conse-
quence, the circuit almost
never produces a false out-
put. An alarm output on a

real person is obtained in
about 2 seconds.

The processor has four
major sections: an input
preamplifier, a squaring
amplifier, a pulse counter,
and an output threshold
detector. It also contains a
power supply for the pro-
cessing circuits and a
regulator for the Gunn-
diode oscillator. Two LED
indicators are provided to
aid in setting the circuit
sensitivity. One blinks
when Doppler is present;
the other indicates an
alarm-decision output. Fig.
12 is a schematic diagram
of the circuit.

The input preamplifier
has a 4-40 Hz bandpass
which is obtained by RC
rolloffs in the input and
feedback networks. The op
amp, U1, is an RCA type CA
3130 FET input op amp. |
used this part in all three
stages of the processor be-
cause it has a number of
advantages for this type of
circuit. The high-input im-
pedance permits good low-
frequency response with
small (0.1 uF) capacitors. If
a 741-type amplifier were
used, some truly huge
values would be required
to obtain response to 4 Hz.
The FET input stages also
permit the CA 3130 to run
from a single-ended supply
with the common-mode in-
put voltage at the inputs as
much as one-half volt
below ground. This was
handy in the last stage.
Finally, the output section
of this chip is a CMOS in-
verter used as an amplifier.
This permits the output to
swing within 50 millivolts
or so of the supply volt-
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Fig. 10. X-band transceiver waveguide. The function and
size of the lettered holes are the same as in the table in Fig.

6.

ages. Thus the circuit will
interface directly with
CMOS and, in the case of
the squaring amplifier
stage, will provide an out-
put swing equal to the sup-
ply voltage. This saved
some parts.

The noninverting input
of U1 is biased at + 5 volts
by the voltage divider, R3
and R4. Input capacitor C1
and resistor R1 form a high-
pass filter with a 4-Hz cor-
ner frequency. R2 and C2
form a 40-Hz low pass. The
amplifier gain is set to 60
dB by feedback resistors
R5 and R6. Capacitor C5 is
used to obtain a 40-Hz
high-pass rolloff in the
feedback network. The 68
microfarad capacitor, C4,
in conjunction with R6,
causes the gain to decrease
below 4 Hz. The amplifier
gain is unity at dc so the
output sits at the input bias
point of +5 volts in the
absence of an input signal.
High-frequency compensa-
tion of the preamplifier re-
quires a 100 pF capacitor
from pin 1 to pin 8 as indi-

Dc supply Frequency shift Frequency shift
voltage matched load osc. pulled high
Volts vswr 1.1to 1 with 2 to 1 vswr

7.0 -15 MHz —25 MHz

(/) -7 MHz +5 MHz

8.0 0 MHz +10 MHz

8.5 +5 MHz +13 MHz

9.0 +8 MHz +17 MHz

cated

The second stage of the
processor, U2, also uses
the CA 3130. Positive feed-
back around the amplifier
is employed to obtain a
squaring amplifier. The ob-
jective is to turn the com-
plex sine-wave Doppler
audio into a series of
10-volt peak-to-peak
square waves. The input
circuit of U2 is a bit novel
and requires some explana-
tion. The voltage divider
consisting of R7, R8, and
R9 forms the reference for
both the inverting and
noninverting inputs. This
reference voltage is about
5 volts. The 6.8-Ohm re-
sistor, R8, ensures that the
voltage at the inverting in-
put is always about 34
millivolts more positive
than the noninverting in-
put. In the absence of an
audio input signal (which is
ac coupled), the op amp is
always driven to ground
potential because of the in-
tentional 34 millivolt off-
set introduced between the
inverting and noninverting

Frequency shift

osc. pulied low

with 2 to 1 vswr
- 25 MHz
- 18 MHz
- 14 MHz
-7 MHz
-6 MHz

Table 4. Effect of load vswr on frequency pushing. This table indicates the effect of load
vswr upon the center frequency and tuning sensitivity of the oscillator. Note that when
the frequency was pulled low, the initial frequency could not be restored with supply
voltage. Diode number 1 was used with a .290-inch diameter iris.
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— ReCEIVER

MATCHING

PREAMP

Fig. 11. Connection of an i-f preamplifier to the X-band
transceiver. C is the shunt capacitance of the diode mount
(about 13 pF). Inductor L tunes the mount capacitance to
the i-f frequency and provides a dc return for the crystal
current. A 3N200 or similar dual-gate FET would make a

suitable preamplifier.

inputs. This offset is suffi-
cient to overcome the
worst case input offset of
the op amp and ensures
that the output voltage
always swings to ground.
This is done so that the LED
driver, Q1, is normally off.

The particular configu-
ration used was chosen
because it is independent
of both supply-voltage and
resistor variations. No
precision parts are re-
quired.

The Doppler signal is
coupled into the squaring
amplifier input from the
preamplifier stage via
capacitor Cé and gain con-
trol R10. When R10 is set to
full gain, less than 50
millivolts of Doppler at the
input to the squaring
amplifier is sufficient to
obtain a 10-volt peak-to-
peak square wave output
from U2. The presence of
Doppler causes LED —1 to
flash at the Doppler rate.

The circuitry following
U2 is the heart of the pro-
cessor. It is here that the
low false-alarm rate is ob-
tained. In effect, the circuit
is an analog pulse counter
with a short memory. The
first section, consisting of
C7, R13, and CR1, is a recti-
fying differentiator. It con-
verts the square waves
from U2 into a series of
short positive-going pulses.
The shunt diode rectifier
clips all negative-going
edges so only the positive
pulses remain.

These positive pulses
charge C8 through R14
The series 1N914, CR2,
prevents the accumulated
charge from discharging
back through R13 to
ground. The effect of R14
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is to make the narrow
positive pulses into a cur-
rent source. As a result, the
voltage accumulated in C8
is a function of the number
of input pulses. The circuit
is essentially a pulse
counter with an analog
voltage output.

This approach is simpler
and cheaper than a digital
counter and can be made
to “forget” at any rate
desired. The objective is to
have the circuit slowly
reset itself if an insufficient
number of pulses are
counted. This is a way to
give more recent events
more weight in determin-
ing if there is an intruder
present. Two groups of
pulses separated by a short
interval in time should set
off the alarm. Similar
groups spaced widely
apart in time (several
minutes apart) should not.
The “forget-it” function is
obtained by R17, which
slowly discharges C8. Ad-
justment of R17 allows the
circuit to have any mem-
ory time required.

The output of the analog
pulse counter is applied to
U3, another CA 3130 op
amp. U3 functions as both
a high-impedance com-
parator and as a one-shot
multivibrator. The invert-
ing input of the amplifier is
referenced to +2 volts by
R15 and R16. The voltage
from the analog pulse
counter is applied to the
noninverting input. When
this voltage is less than +2
volts, the output of U3 is 0
volts. When the input ex-
ceeds + 2 volts, the output
of the CA 3130 goes to +10
volts and the circuit
becomes a one-shot.

The one-shot functions
as follows: C9 is initially
discharged via CR4. CR3 is
reverse biased, which ef-
fectively disconnects C9
from the input to U3. Thus,
the only capacitor in the
pulse counter circuit is C8.
When the output of the CA
3130 goes to +10 volts,
CR3 becomes forward bi-
ased, and since C9 is essen-
tially discharged, the volt-
age at the nonlinverting in-
put-of U3 is nearly 10 volts.
This positive feedback
holds the output of U3 at
+10 volts. C9 starts to
charge through R17 and
the voltage at the nonin-
verting input falls toward
ground at a rate deter-
miped by the R17 and C9
time constant. C8 is also in
the act, but to a lesser ex-
tent because of its lower
capacitance relative to C9.
Eventually, the voltage at
pin 3 drops below + 2 volts
and the circuit resets. The
output voltage from U3
then returns to ground
potential. The output pulse
width is more than one sec-
ond with the values shown
The arrangement of the cir-
cuit is convenient in that
longer pulse widths may be
obtained by increasing the
value of C9 without any ef-
fect upon the analog pulse
counter. In one version of
the circuit, the output
pulse width was increased
to 3 minutes by increasing
C9 to about 60 uF. In this
application, the output
pulse operated an alarm
circuit directly for a
3-minute interval.

The LED drivers, Q1 and
Q2, are 2N2222 or similar
NPN transistors connected
as emitter followers. Just
about any LED will work. |
used the high-efficiency
HP 5082-4650 types which
make a lot of light from
only 10 mA of current. If
lower-efficiency LEDs are
used, the 820-Ohm resis-
tors, R18 and R19, may be
reduced in value to obtain
more current. Note that the
LED driver collectors are
returned to the unregulat-

ed +12-volt line and not to
the +10-volt regulated
supply. This is intentional.
The current pulses created
by the LED drivers could
get back into the low-level
input stages and cause an
oscillation via the +10
supply llne. By using the
connection indicated, the
voltage regulator isolates
the low-level stages from
these current pulses.

The Doppler processor
operates from a nominal
12- to 15-volt dc input
Higher voltages can be
used if the heat sinking of
the supply regulators is im-
proved. A 10-volt supply
was chosen for the op
amps to ensure sufficient
“overhead’’ to maintain
the voltage regulator in
regulation. The CA 3130s
require at least 8.5 volts to
really work well. The regu-
lator for the Gunn-diode
oscillator supplies +7
volts and is compatible
with the Microwave Asso-
ciates Gunn diodes. The
8-volt Alpha parts will also
work from this voltage.

The regulator circuit was
designed to supply the
7- and 10-volt requirements
using standard 5- and 8-volt
3-terminal regulators of the
MC7800 series. Seven volts
is obtained by offsetting
the common terminal of
U4, a MC7805 CP, 2 volts
above ground. This is ac-
complished with emitter
follower Q3, which has its
base referenced to a divid-
ed sample of the 7-volt
regulator output. The sam-
ple is derived from divider
R22-R24. Resistor R24 is a
select in test value and is
used to adjust the circuit to
exactly 7 volts of output.
The divider cannot be fixed
because of the wide out-
put-voltage tolerance of
U4 and the variations of
Vpe of Q3. The +10-volt
regulator is made by
referencing the common
terminal of an 8-volt three-
terminal regulator chip to
the +2-volt source at the
emitter of Q3. The current
from the common terminal



to ground for both chips
runs through Q3. An emit-
ter follower was used
rather than a simple resis-
tive divider to provide a
low-impedance constant
voltage sink for this cur-
rent and to avoid the
necessity for high-dissipa-
tion low-value resistors in
the voltage-divider net-
work.

Doppler Radar Construc-
tion

The complete Doppler
radar is packaged in a 5.5”
x 1.5” x 3.0” minibox as in-
dicated in the photos. The
X-band transceiver is
mounted to the top ex-
terior surface of the box
with a clamp which grips
the waveguide. The Dop-
pler processor card is
mounted inside the box
and attached to the same
surface as the waveguide.
The card is mounted with
number 6 screws and
spacers. This arrangement
makes it possible to
remove the bottom cover
for test or servicing
without disturbing any wir-
ing. The sensitivity control
and input/output terminal
strip are mounted on one
side of the box. The LED in-
dicators were mounted on
one end of the bottom
cover and connected to the
circuit card with long leads
to permit easy removal of
the cover.

The Doppler processor
card is constructed using
copperclad PC board and
push-in standoff terminals.
Wiring is all point-to-point.
There is no particular
magic in the layout except
to keep the signal flow in
one direction. The circuit
does have a lot of gain, but
no difficulty with oscilla-
tion was encountered. Just
keep the output portions of
the circuit from being
routed near the preampli-
fier input. Signal flow is
from right to left in the
photo of the circuit card.
U1 is in the lower right-
hand corner of the card
and U3 is in the lower left-

Photo F. X-band transceiver breadboard. The X-band transceiver was developed by add-
ing a simple “’diode in the guide” mixer assembly to the breadboard oscillator. The cou-

pling iris is clamped between the mating waveguide flanges.

hand corner. The three
large parts to the left of U1
are capacitors for a 120-Hz
notch filter that was
deleted from the circuit.
They are not required and
are not indicated on the
processor schematic. The
voltage regulator chips, U3
and U4, are mounted to the
circuit card. This arrange-
ment provides sufficient
heat sinking for the power
dissipated at input volt-
ages up to 15 volts.

The output from the
Doppler mixer is con-
nected to the processor in-
put at terminals T5 and Té6.
Shielded cable is used to
prevent nqise pickup. The
mixer diode on the X-band
transceiver has an output
terminal and a ground ter-
minal. A 10k resistor
should be connected from
the output terminal to
ground. This serves two
purposes: |t provides a dc
return for the Doppler mix-
er and it serves to ensure
discharge of the coupling
capacitor, C1, in the
Doppler-processor pre-
amplifier. The output ter-
minal of the mixer is con-
nected to input terminal T5
oh the processor via the

shielded center conductor
of the input cable. The
ground terminal on the
mixer is connected to Té6 on
the processor with the coax
cable braid.

The connections to the
mixer from the preampli-
fier should be made prior
to final installation of the
mixer diode. This is done to
reduce the danger of diode
burnout during the solder-
ing operation.

The Gunn-diode oscil-
lator portion of the X-band
transceiver is powered
from terminal T7, the 7-volt
output of the processor
voltage regulator.

Doppler Radar QOperation
and Test

Some initial testing of
the Doppler processor may
be performed indepen-
dently of the X-band cir-
cuitry. This is useful to
isolate any problems with
the processor.

After checking the wir-
ing, apply 12 to 15 volts dc
to the processor supply in-
put terminal, T3. Load the
+ 7-volt regulator with a
50-Ohm, 1-Watt resistor.
This will draw 140 mA from
the oscillator supply and

will simulate the Gunn-
oscillator load. Measure
the + 7-volt regulator out-
put. It will not be exactly 7
volts. Adjust the select in
test resistor, R24, to obtain
7 volts within a tolerance
of plus or minus 250 milli-
volts. The voltage at the
output of the +10-volt
regulator should be checked
and will be pretty close. 9.5
to 10.5 volts is acceptable.
Voltages less than 9.5 will
cause performance of the
op amps to degrade. If all
is well, the voltage at the
emitter of Q3 will be just
about 2 volts. If this is the
case and the 10-volt supply
is wrong or inoperative, the
problem is with U3. If both
supplies are wrong, the
problem is with U4 and Q3.

Once the dc supply is
operating, the rest of the
circuit may be tested.
When power is first ap-
plied, the large capacitors,
C3 and C4, must charge. U1
will be inoperative for
about 20 seconds, so do
not worry if things don’t
work immediately after
power-up.

Apply a 20-Hz audio sig-
nal to the preamplifier in-
put. Use plenty of attenua-
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Fig. 12. Doppler-signal processor schematic. This circuit provides a 10-volt CMOS-compatible logic output when a Dop-
pler return is received. The output stage will provide up to 2 mA of output current to an external load.

tion. 50 or 100 microvolts
rms should be sufficient.
U1 has a gain of 1000 (60
dB) and will easily provide
the 50 millivolts of input
required to drive U2 to full
output.

Increase the input to U1
until 50-100 millivolts is ob-
tained at test point T8. Set
R10 for maximum sensitivi-
ty and check for a square
wave at terminal T1. The
amplitude should be 10
volts peak-to-peak.

At this point, LED in-
dicator 1 should be illumi-
nated. Removal of the
audio input or a decrease
in gain adjustment will
cause the LED to go out. If
it remains on, check to see
if pin 6 of U2 has returned
to ground. If pin 6 is at
+10 volts instead of
ground, then there is a
problem in the input bias/
offset circuit of U2.

With the square wave
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present at T1, a series of
sharp pulses should be ob-
served at the junction of
C7 and CR1. The pulses
should be positive-going
and have an amplitude of
several volts. The pulse
will be in phase with the
positive edge of the
squaring-amplifier output.
A small negative-going
pulse will occur in phase
with the falling edge of the
square wave, but will be
clamped to —0.8 volts by
CR1.

If all of this is working,
then U3 will have decided
that a target is present and
will have a +10-volt out-
put at T2

Remove the audio input.
T2 should go low in a few
seconds. Apply the audio
input. T2 will go high in
about 2 seconds. If the
voltage at pin 3 of U3 is
observed on a scope or
very high impedance

meter, it will be seen torise
slowly upon application of
audio input. If the input is
removed prior to reaching
the + 2-volt threshold, it
will be seen to decay as
R17 discharges C8.

If the 2-volt threshold is
reached, the monostable
trips and the voltage at pin
3 will jump up to nearly 8
volts as the positive feed-
back is coupled from C9
via CR3

LED 2 should be illumi-
nated whenever a signal
has been applied for more
than 2 seconds.

Upon completion of
testing, the processor may
be operated with the
X-band transceiver. When
first connecting the trans-
ceiver to the processor, be
sure to observe the cau-
tions with regard to con-
nection of the mixer diode.
Do ensure that C1 is dis-
charged and make the

mixer-diode connections
with the diode removed
from the mount or with the
mount shorted. Also, be
sure to check for oscil-
lation of the Gunn-diode
supply regulator. | en-
countered no difficulty as
long as the .1 uF capacitor
and 33-Ohm resistor oscil-
lation suppression network
was used at the Gunn-
oscillator power terminals.

Place the unit in opera-
tion and connect a scope
to T8 and adc VTVM to pin
3 of U3. Walk in front of
the waveguide output and
observe the Doppler wave-
form on the scope. The dc
voltmeter will indicate the
charge and discharge of
the pulse-counter circuit.
LED 1 will blink whenever
there is motion and LED 2
will be illuminated when
enough Doppler cycles
have been counted to give
an alarm indication.



Henry Radio is proud fo
offer the most important
innovation in Amateur Radio

Ficrophone not included

Historically, Amateur Radio operators have
made important contributions to the art and
science of communications. Once again
Amateur Radio assumes leadership in advanced
communlcations technology. You have the
privilege of being one of the first to include a
Narrow Band Voice Modulation (NBVM) system
in your station. The VBC Modei 3000 is the
system that you have been hearing about for a
year and have read about recently in QST and
the 1979 ARRL Handbook. It is the world’s first
such system.

The VBC Model 3000 provides full audio level compression
and expansion... complete intelligibility in only 1300 Hz
bandwidth. It permits you to take full advantage of other
stations’ RF speech clippers and processors... similar to the
amplitude compression and expansion used for many
years in telephone and satellite communications.

The Model 3000 is for mobile and fixed station use and
requires no modifications to your existing equipment. It is
completely self contained, including its own audio
amplifier. The unit automatically switches into transmit
mode when microphone is keyed or voice operation is
used. It connects just after the microphone on transmit and
just prior to the speaker on receive. In addition to its basic

function of operating in a narrow bandwidth, the Model
3000 also increases the performance of your station in the
following ways:

¢ Reduces adjacent channel interference

® Increases signal to noise ratio

® Increases communications range
Some of its outstanding features include:
High quality narrow band speech
Self contained transmit/receive adapter
Built in audio amplifier
5 active filters with a total of 52 poles
Rugged dependable hybrid IC technology

® Low power consumption
Receive only features, such as sharp voice and CW fiitering
and amplitude expansion, provide improved reception
without requiring a unit at the transmitting station.
For the more advanced experimenter the Model 3000 is
available in a circuit board configuration for building into
your present transceiver.
Henry Radio is ready to offer technical assistance and
advice on the use and servicing of the Model 3000 and will
help introduce new owners to others operating NBVM
units. Get in on the ground floor... order yours now.
Price: VBC Model 3000 $349.00

Circuit board configuration $275.00
For more detailed information please call or write. The
Model 3000 will be available from most Tempo dealers
throughout the U.S. and abroad.

NEW TOLL FREE ORDER NUMBER: (800) 421-6631

For all states except California

Calif. residents please call collect on our regular numbers.

[ J
11240 W. Olympic Blvd., Los Angeles, Calif. 90064 213/477-6701
931 N. Euclid, Anaheim, Calif. 92801 71477729200
816/679-3127
» H3

Butler, Missouri 64730

Prices subject to change without notice
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For these tests, the open-
ended waveguide is suffi-
cient antenna. The gain is
about 5 dB. A range of 10
feet or so will be obtained
with this antenna.

The Doppler frequency
may be counted by con-
necting a frequency
counter to T1. Use a gate
time of one second. The
count accumulated will be
the total number of Dop-
pler cycles averaged over
the one-second interval.
Observation of the scope
will confirm that the Dop-
pler waveform is complex
and is not a single frequen-
cy.
The processor output is
a CMOS-compatible logic
level that goes from 0 to
+10 volts when a target is
detected. In my applica-
tion, CMOS logic was used
to process inputs from a
number of sensors. The
output may also be inter-
faced directly with other
devices. The CA 3130 out-
put stage will source or
sink 5 milliamperes, which
is sufficient to drive an out-
put buffer or relay driver
for higher current loads.
Fig. 13 is a suggested buffer
for loads of up to 2
Amperes.

If the radar is to be used
as an intrusion detector,
set it up for a couple of
weeks in the intended loca-
tion. Connect an electro-
mechanical counter to the
output to record false
alarms. This will permit op-
timization of the sensitivi-
ty setting and installation
without creating a lot of
bothersome false alarms.
The circuit has pienty of
sensitivity and will see a
person at up to 100 feet
with a 20 dB gain antenna.

Avoid installations
which look directly at a
street. Autos have a large
radar cross section (as
most of us know by now)
and are detected at a
greater distance than peo-
ple. What you definitely do
not need is a noisy device
which informs you that
your neighbor is backing

78

out his car!

The unit may be instalied
in a wood cabinet and will
work right through materi-
als such as one-quarter-
inch paneling or plywood.
Wallboard and plaster at-
tenuate the signal and tend
to mitigate the effects of
passing autos if the unit is
properly positioned.

Antennas

| use a small horn having
a length of 2.5 inches and
an aperture of 2.3 and 3.0
inches. This is not an
especially good horn de-
sign from a sidelobe stand-
point, but it serves the pur-
pose. Horns are easy to
make and have the advan-
tage that their gain and
beamwidth are easily cal-
culated. You can make a
horn which will almost ex-
actly cover the area to be
protected.

Conclusion

In writing this article, |
have tried to inspire in-
terest in X-band microwave
projects at several levels.
The theory of Gunn-oscil-
lator operation and a basic
oscillator design are there
for those who want the
“how-to” information to
build one into a communi-
cation system of their own
design.

The X-band transceiver
presented is far from an op-
timal gadget (especially in
terms of noise figure), but
it does provide a simple
and inexpensive vehicle for
experimentation in both
X-band communications
and Doppler radar. | would
like to see someone mount
two transceivers at the
focus of a pair of 3-foot
dishes and have a QSO or
two. A number of years
ago, a friend sent fast-scan
TV over a 1000-foot path
using a similar arrange-
ment. By adding atten-
uators at the receiver, a
10-mile path was simulated
with good results. X-band
offers plenty of oppor-
tunity for TV experiments
and for truly secure com-
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Fig. 13. High-current driver. This circuit uses a high-current
Darlington power transistor (Motorola MJ 3000) and will
boost the output capability of the Doppler processor such
that loads up to 2 Amps at 24 volts may be driven. The
diode is to prevent inductive kickback damage to the tran-
sistor if inductive loads are connected. The two unlabeled
resistors are included on the monolithic Darlington chip.

mand links for repeaters.

Doppier radars are inter-
esting projects in them-
selves. The Doppler pro-
cessor presented in this ar-
ticle is a practical design |
developed to deal with real
intruders. Two such units
have been in operation for
several years with satisfac-
tory results. | am sure that
someone will find other
uses for this handy form of
motion detection.

This article would not be
complete without a word
with regard to the “radia-
tion hazard.” Much has
been written of late which
alleges a “microwave radi-
ation hazard.” A lot of this
is uninformed speculation.
It has been known for years
that microwaves (and
lower-frequency rf) cause
heating of tissue and that
high-power sources such as
radars are hazardous.

A major difficulty oc-
curs in attempting to ex-
trapolate the observations
for short exposure to high-
power sources to long ex-
posure to low-power
sources. At present, the
permissible level for con-
tinuous exposure to micro-
waves or low-frequency rf
is not known. Certain stan-
dards have been proposed
(10, 1, or 0.1 milliwatts/sq.
cm) in an attempt to be
super safe until more data
is accumulated.

Conservative standards
are one thing. The real
question is this: What pre-
cautions should be ob-
served in amateur micro-
wave activities? | apply the
same rules that | have used
and observed as a working
microwave engineer in in-
dustry for the past 15 years.
They apply equally to mi-
crowave projects as to
your 2 meter kilowatt. Do
not stay in situations of
high-power density for long
periods. Do not stare into
the output of a waveguide
source for any period of
time at short distances. The
level falls off rapidly with
distance and is negligible
beyond several inches for
low-power X-band sources
Remember that a high-
power VHF transmitter is
equally hazardous if you
insist in holding the anten-
na or standing within a
wavelength of it. Time is
also a factor. The low-
power density recommen-
dations assume exposure
on a continuous basis. This
is seldom the case in a hob-
by activity. In short, use
common sense.

| hope that this articie
has provided a starting
point for some interesting
projects. | will look for-
ward to hearing from
anyone who either builds
the equipment or who has
further questions. l
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Legalized ASCII! The Quad-S System!

— even the FCC approves

At last.

Editor's Note:

Ed Sommerfield W2FJT developed this clever techinque for sending ASCII signals via SSTV back in 1977. Naturally, there was some
doubt as to the legality of the schema, since Section 97.69 of the FCC Rules and Regulations permits only five-level (Baudot) radio
teleprinter signals. Ed began a long correspondence with the FCC concerning his development, and in October, 1978, his efforts finally
bore fruit. Below is an excerpt from a letter dated October 12, 1978, written to George Enuton of the FCC'’s Personal Radio Division:

Regardless of the type of information transmitted under this scheme, the actual modulation of the
transmitter and subsequent transmitted signal is classified as an F5 emission and legal for transmission
in the amateur service, subject to the . . . restrictions (of Sections 97.61 and 97.65).
(signed) John A. Reed
(approved) Julian T. Dixon, Chief, Research and Standards Division, FCC

For reference, Section 97.61 is the table of authorized frequencies and emissions while Section 97.65 deals with (among other things)

the bandwidth of F5 emissions.

So here we have it: a technique for transmitting ASCIIl on the ham bands which carries the FCC stamp of approval. Now, let’s get some

systems on the air.

E. H. Sommerfield W2FJT
49 Spring Road
Poughkeepsie NY 12601

he FCC does not permit

amateur radio Tele-
typeT™ transmission of
other than five-level
Baudot start/stop code. |
have not been able to find
any restriction, however,
on the content of an SSTV
picture. Of course, alpha-
numeric characters are
presently being sent via

SSTV. These characters are
formed by many lines of
white/black information,
which is the same method |
am using to transmit ASCII.

The problem with the ex-
isting SSTV character
transmission system is that,
although displayed char-
acters are easily interpret-
ed by humans, they are ab-
solutely not interpretable
by another machine, be it a
computer, TTY, or other-
wise. A need exists today,
and that need will grow
tomorrow, to transmit
8-level binary and ASCII

Frequency Duration
Horizontal sync 1,200 Hz greater than 5 ms but
less than 30 ms
Vertical sync 1,200 Hz greater than 30 ms
Maximum white 2,300 Hz
Maximum black 1,500 Hz

Table 1. SSTV standards.
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data. Nothing in the pres-
ent FCC rules, however,
says that binary or ASCI!
cannot be translated into
single lines on an SSTV pic-
ture and sent as FSK video.

This article describes
how | translated 8-level
ASCIl code into crystal-
controlled SSTV pictures.
Also described are some
easily-achieved transmis-
sion standards

Overview

The Quad-S (Slow Scan
Start Stop) adapter was
designed to accept a char-

fb/20,480 (+ 16 = 16 = 16 + 5)

1bi8

38,400 H2/18 (+ 9 = 2)
38,400 H2/24 (= 12 + 2)
38,400 H2/32 (=~ 16 = 2)
1b/2,048 (= 16 = 16 = 8)

acter of up to 8 bits (byte),
from sources such as an
8-bit Teletype™ or micro-
computer, and to trans-
late these bits into a single
line of an SSTV picture.
The picture is transmitted
via FSK (Frequency Shift
Keying) FM, line by line
(character by character),
and detected by either a
standard SSTV monitor
from which the binary sig-
nal can be extracted, or by
a microcomputer cassette
interface modified for the
appropriate mark and
space frequencies. Use of

15 Hz line freq.

38,400 Hz

2,133 Hz mark

1,600 Hz space

=1,200 Hz sync

=150 Hz serial-out (10 bits)

nn

Table 2.



the recovered binary data
depends upon the applica-
tion. In my application, the
binary data was fed into a
special UART for comput-
er processing. A block
diagram of my ASCI1/SSTV
transmitting system is
shown in Fig. 1.

Generating the Transmit-
ting Signals

The selection of SSTV
modulating frequencies
was determined by the
following factors: 1. Are
there existing standards? 2.
Can crystal control be ap-
plied? SSTV satisfies the
first requirement; reason-
able standards do exist.
See Table 1. Now that we
know the range of frequen-
cies from which the sync,
mark, and space frequen-
cies can be chosen, let’s ex-
amine two ways controlled
frequencies can be gener-
ated.

A vco (voltage-con-
trolled oscillator) requires
adjustment. A crystal
oscillator does not re-
quire adjustment. | select-
ed the crystal method
since not all readers have
the necessary equipment
for precise frequency ad-
justment. The basic crystal
frequency selected was
307,200 Hz, which we will
call fb. The various fre-
quencies derived from fb
are shown in Table 2. All
frequencies except 2,133
Hz and 1,600 Hz are de-
rived from repeated divi-
sions by 2, and therefore
will be locked in phase
with the 150-Hz serial-out
clock. Both mark and
space can be viewed on
any SSTV monitor, and this
can be helpful for signal
checking.

Now that the mark,
space, and sync frequen-
cies have been assigned,
let’s discuss duration.
We're going to use one of
the crystal subfrequencies
to define the number of
pulse groups per SSTV line.
At least eight are needed
for a binary byte. The

nearest exact crystal sub-
frequency for this purpose
is 150 Hz, or ten times the

line frequency of 15 Hz.
Thus, the SSTV line time of
66.66 ms will be divided in-

to 10 equal segments of
6.66 ms. Since we only
need eight segments, the

NOTE: THESE ARE NOT THE ACTUAL
SYSTEM WAVEFORMS. THESE
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RELATIONSHIP OF TIMING EVENTS.
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Fig. 1. Overview of the transmitting system.

[5 +5V
T2 y 1
8
307200Hz2
10 I"
[ 1c2 5 )
74193
220
1<l
14 74L04 IcH 1cl
I 6 5 4 <| 3l 2 <||
16
12 > 33-5IpF
£l
ABVER 3 : n[
LE : CRYSTAL SPECS' 307,200 Hzi .0I%
TOLERANCE ; TYPE GP; CALIBRATION
10 ROOM TEMP | HOLDER - F605 {HC 6/U)
ul 1c3 L] AVAILABLE FROM INTERNATIONAL CRYSTAL
74193 CORP., 10 N LEE, OKLAHOMA CITY OK 73102
- 38,400H2
> FI6.3
+16
12
S
“SV. &
L{ o]
6 9
E e
o5t o S
6 " 10 SHIFT REGISTER CLOCK ‘l}‘
-5 FIG. 3
+AND
L) il ) -OR INV
il & s:lsr;'ru 40 U
3| 7a00 1€6-1\3 1C6-2 Y36 MEC! to
“16 i ] 7400 ) 1 {5 7400 s
12
VERTICAL PRESENT
5 SYNC U™ NEXT CHARACTER JL
oV d FIG. 3 >—
=
8
\e D
ol &
(] 1Ics 15
74193
3
H=-SYNC T
03 A L FIG.3
e
6
h's
LOA0O TO
ALL ZEROES

Fig. 2. Transmitter bit-timing chain.

81



fe2 (AND SYMMETRY GENERATOR)

| | arx
+3v 172 CYCLE OELAY | )}
13
I [« in lis Iu ) W0t
| | -
. 1€9-2 B G
L MA
FROM . 38.400M: s Ic8 7474 | RK  2133H:
F16. 2 ¢ 74193 12 " 8 SPACE 1600H:
g c $oux ] ey 10K
| h'x | SYNC 1200Hz
+5v .03
3 AT
| » i & | n
| | 1 |4 |14 12K
2 s VIDEO
PROGRAMMABLE SAND R | » * P __"2 ouT
| FREQUENCY 3 " S
GENERATOR 2] 1c10-1 Y, 12_10-]ici0-3 )8 | Ny il
I 1] 7410 9 ] 7410 ]
I_ [— | lig 33K
l s | (L33
3
FROM FI6. 2 | 2 @)"— | LG d— )
- 4] 7410 I
- —ed 4
C
I L I L& t bown IC1S: /2 OF & 747
SHIFT 5y .
_er..o L _] ] OR A 74i
SR LOAD >———— _————— — — — — — '
10 3 1
112
s| 74193 |2 2
*
SR CLOCK )>——— sV L Y
LOAD " 5 A
—11 pl L) ERTICAI < U
RUN VERTICAL SYN
H SYNC ¥ ,J,“v" e \oe 128 LINES
cLock I A E > F16.2
INHIBIT sz | 4
3 S
[ t 9 SPACE U™ 16
MS8 [>—H Q 5V s 2 6 TO INHIBIT SHIFT
P s : REGISTER SHIFTING
™ 4 6 11
EXTERNAL o 3 o] ic13 i 2
DATA m | MARK U s] 74193
N 13 2
LOAOD
CE 12 |7c4|:6 9 b. 2 4 1]
1" s
ESElS SV gl L PO
s 3 74L04

other two (13.33 ms) will be
used for sync.

Here’s How It Was Done

Instead of the usual
point-by-point logical de-
scription, which is an ex-
cellent cure for insomnia,
I'm going to describe
logical functions. The
functional diagram will

38,400H2

-I r—ze,.s

Fig. 3. Transmitter signal and V-sync generator.

show notes as to which
detailed logic blocks are
included in each function.

IC1 (Fig. 2) is a free-
running 307,200 Hz crystal
oscillator, and is the basic
timing source for the trans-
mitter. IC1 drives a com-
plex countdown timing
chain consisting of 1C2-IC5.
An output at 38,400 Hz is

used to drive a program-
mable frequency generator
IC8, 1C9, and IC10 (Fig. 3).
The timing for this function
is shown in Fig. 4. The out-
put frequencies of this gen-
erator are divided by 2 by
IC9 to provide a sym-
metrical output signal at
2,133 Hz for mark, 1600 Hz
for space, and 1200 Hz for
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Fig. 4. Programmable frequency generator waveforms.
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sync. IC15 is a bandpass
output amplifier/driver
with a cutoff of about 3.0
Hz.

Another pair of outputs,
described by timing wave-
form rather than frequen-
cy, are obtained from IC4
and IC5 to provide the bit
timing logic signals for the
parallel-to-serial converter.

Signal Conversion and
Frame Definition Logic

Control of the timing
chain is based upon a 66.67
ms line and an 8 second,
128 line frame. Let us refer
to a typical line sequence
and its significant timing
points (Fig. 5) and line
events. The sequence is as
follows:

1. Horizontal (H-sync)
begins.

2. The parallel-to-serial
shift register is loaded, but
not shifted out.

3. H-sync ends.

4a. Signals are shifted out
of the parallel-to-serial
shift register. These serial
signals are applied to the
variable-count timing gen-
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A Kilobaud/Microcomputer Binder, as advertised, for $5.50 (you save $1)

That’s a savings of up to $60—for the most comprehensive encyclopedia of computing available.

Filb out the attached conpon todiy (be sure to € us how jmany back dssies you want). You nced not send aroney nowe we Il bill vou kater i vou like (the hick

\ Issucs and your binder will be sent aiter invoiee has been paid).

Please rush my subscription to Rilobasrd Microcomputing and start my “Encwclopedia of Computing™
One Year @ SIS (40% ol cover priced

{

_4

— \

Three Years @ $45 (50" odi cover price) e - - {

I liuck?isua Cup 0 10, our ch':n::) @ $1.50 ca. MICROCOMPUTING J;l

Qiy. Subscription Dept. P.O.Box 997 ﬂ

I Kilobaud ‘Microcomputer Binder @ $5.50 Farmingdale NY 11737 9

| Tow $ Pavment enclosed Bl Me "
I Master Charge Visa Card # Exp. dawe

| Signature I

Nane |

| Address I

l City State Zip Conde I

Oiicr good in USA & Canada only. Sllﬂ-/‘
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Brew Up a Beam for Two

— double-barreled design

Just what you’ve been looking for.

Glenn Crowe VE3BSM
RR #5

Wallaceburg, Ontario
Canada N8A 4L2

ere is the 2 meter
beam you have been
looking for. It has the gain,
directivity, and simplicity
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that put it in a class by
itself. No cut and try, no
tuning, it has a 300-Ohm
feedpoint, or you can use
50-Ohm cable with the
balun at feedpoint with the
same low swr. The pattern
is such that there is one
lobe in front with no other
side lobes.

Photo by Elmer Hamilton

It was rugged enough to
stand 3 inches of ice with
no ill effects during last
winter’s ice storm. There
are many of these in use in
this area. | have two pairs
of these up at 50 feet, the
top pair vertical, and 40
inches below, another pair
horizontal. With my 1C-22 |

have worked a great many
DX stations on 2 meters in
the last five years. In this
area, there are many re-
peaters and many on the
same frequency, so it is im-
portant to be able to work
the one you want and not
bother the others.

| recently made checks
with the antenna you see in
the picture, taken in
Sarina, Ontario, 35 miles
away at the VE3SM QTH. It
is up 38 feet, and the front
lobe read 20 over 9; the
ends of the elements on me
were S1 while the back was
S4, so that would make the
gain about 30 dB. Stan is
using an 1C-22S with 10
Watts out.

Ordinary hand tools are
all you need to make it up.
Use plated bolts and nuts,
and aluminum for the
brackets. The U-bolts are
from Radio Shack, and the
booms and elements are
from old TV antennas. The
cross boom is ¥%-inch
aluminum conduit. The in-
sulators are V-inch clear
plastic. | use Belden
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Never before has any transceiver
approached the capabilities of the
Palomar PTR-130k!

1t's the first completely multi
functional transceiver ever made
available to the public!

The Palomar PTR-130k is a
miniaturized mobile transceiver

s-"s“_‘ S
——

feedline UHF no. 9085. It

capable of aoperating in 100 cycle
resolution from 100 KHz to
30 MHz in all modes of
transmission and reception.
Instant frequency selection is
available with the touch of
a finger.

The Palomar PTR-130k.

technology is pure space age

the price is strictly down-to-ea th
Send for our full color

brochure te:

Palomar Elactronics Corporation
665 Opper Street

Escondido, CA 92025
Telephone: (714) 746-2666

has low loss even when » ’ e gnos ruartenco | |
wet, and | put the balun at , THROUGH
the transceiver. It is quite ey
broadband with the center 146-147 MHz AN )
at 146.52 and works either y == 38" TUBING |
lower or higher with very IR i ’
little difference in swr. i} % 2 a0 |
I have a similar pair of . u*BoLT | | l
4-element beams that | 4{ = = & 3% N g
take camping with me, ' . ] \ sxigug, [ %,
with four sections of | T 4 O ] |
masting that go together Bl " |
with thumbscrews. It all ' | '&{ WA 2 I L J
goes in the trunk of my car i 22 B0\ 1\ wRE - ALl
They, too, give me ex- ﬂ e ] |
cellent coverage on the 2 ¢| Y { W LN N
meter band. So spend a few = | ¢ n, N\ j\;\l 8
hours and get one together; 0o i o 9l * ¥ ‘} 7
you'll like it. e ‘ o (L0
NTENNA
o s
oNG ’ ’ LEAD 1N ~——] 1} _3;-1 19 |
L ala 36 38" 344 I’]: ——2-3 FEET -‘- J ! A ;J;-: -3?
i COAX CONNECTOR € i ‘ Aarthiid
;u 16 -l‘- 16 -l- 16" k- 16 —‘ TRAPESE 3 u- 6 —:u 16 PEISN 6" .f'
M | e a h
L TOTAL LENGTH/  TOGETHER L
5-ELEMENT BEAM 4 J
SKIN ENOS 3
Fig. 1. The 5-element beam
(2 required) with about 13
dB gain. Fig. 2. The 4-element model.
»” Reader Service—see page 211 89



R. J. Bosen
Box 93
Magna UT 84044

Keyboard Serialization

— when parallel isn’t enough

H ere’s a project that byists may want to use it to

vee you can throw to- break into hardware |

750
3 174w
THRU o—ann -2 412V

v
2y IN759A v
12V ZENER |
y 400mw

. 750 l N
THRU o——A————0 =12V $
L ] ]
7

IN759A
‘* 12V ZENER
7y A00mwW

lems, | decided to build a
simple parallel-to-serial
converter to take advan-
tage of an unused serial in-
put port. The resulting
project was finished that
same evening at a cost of
about ten bucks, including
connectors, wire, solder,
and parts. | think this proj-
ect is simple and useful

POSITIVE DATA STROBE — 23 gether with three chips and  think you’ll find it painless.

I 0 —:"J that you will find useful if Take a look at the sche-

";j you have more serial input  matic in Fig. 1. As you see

?ﬁ;’“jm o ports than parallel ones. It it, this is a minimum im-

KEYBOARD _mﬂ will also solve a few soft- plementation which could

5 — ware hassles for you if be complicated quite a bit.

Eg?? l S you’ve been feeding your For the purposes of this ar-
o T e VDM or TV typewriter with  ticle, |1 decided to elim-
did. - . parallel bytes because pro- inate everything but the

'_{ Iw ale R ij grammers always seem to bare necessities and leave
i 16X CLOCK | (REmANING - expect you to do it serially.  the fun of designing frills
——5 Biy PR P eTEo P Tamor [~ oot - When | found myself like repeat keys, flashing
by with those two minor prob-  lights, and spelling correc-

tions up to you. The values
on components are pretty
flexible, but, as shown, will
work at 2400 baud quite
nicely. For a detailed
understanding of the cir-
cuit, it’s probably better
for you to look up the in-
dividual chips in a manu-
facturer’s catalog than for
me to take up space for the

Fig. 1. enough that a lot of hob- simple theory here.

When you get the circuit
built, you will have to hook
it up to a power supply pro-
viding +18 to +20 and
—18 to — 20 volts, and ad-
just the pot for the desired
baud rate. If you don’t
have a scope, you can do it
by the trial and error
method, but don’t be too
disappointed if you don’t
finish the same day you
start out! The RS232 level
output is what most serial
input ports expect, but
verify this step before
hooking it up. If you want
some other kind of output
level, a different chip will
have to be chosen for U3.

That about does it! Now

.. let’s see what we can do
with that spare parallel in-
putport. .. W
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Key -+ Electronics

SR

Full ASCII Professional
Keyboard Kit, Model 756

1

®Full 128 Character ASCIl @ Trl-Mode MOS En-
coding ® MOS/DTUTTL Compatible Output @
Two-Key Rollover ® Level and Pulse Strobe @
Shift and Alpha Lock @ Selectable Parhy @
Positive or Negative Logic ® All New, OEM
Grade Components ® Gold Contact, Low
Bounce Key Switches ® Rugged G- 10 Printed
Circuit Board ® Low Power Consumption

and More

Model 756 Keyboard Kit $64.95
Model 701 Plastic Enclosure $14.95
Model 702 Steel Enclosure $29.95

Send for catalogue of other NEW merchandise,
Semis, Sockets, ICs, Res., Caps, and MORE.

N.Y.S. Residents Add 4% Sales Tax

Send to: Key Electronics
P.O. Box 3508

Schenectady, NY 12303 =l

NOW! NOW! NOW! NOW! NOW!

The ultimate answer for eliminating the
damaging effects of antenna weight on
your rotor . . . . it’s the

“UDM THRUSTOR”

@ Fits any taper tower or can
be used with flat top.

® Accepts 1%" mast pipe

® All steel construction.

® Utllizing precision ground
& hardened ball-type thrust
bearing.

©® Comes ready to install.

@ Eliminates the damaging
effect on your rotor.

eShipped prepaid UPS
(U.S.A)

® Check, cash, money order,
Visa, MasterCharge.
$49.95 complete.

j ® Also avallable for 2" mast
/ \ pipe for $59.95

UDM ENTERPRISES v
P.0. Box 2037, Sandusky, Ohio 44870

DISCOUNT SCANNERS

000 0sssssssesssse oo ssmscsce

The Touch-"
—

$255'00 Prepaid ‘F_eﬁégcg

USA
CHECK, M.O., MASTERCHARGE, VISA

BAY-COM .:x

196 FRONT STREET
SCITUATE MA 02066
617-545-9700

Other Regency models at
similar savings— send for list

.+«Mass. residents please add 5% tax..

FOR BEST PRICE AND
FAST DELIVERY

CALL

1+800-325-3636

TOLL FREE

> g
I% %
P
8340-42 Ohve Bivd PO Bons 28271 St Lows. MO 63132
v H2

~ACdS, 111557

from DRAKE

WARGC-7¢

The 1979 World Conference that
will propose new and expanded
Amateur Radio bands.

What will you do with your present gear if we get
some or all of these new frequencies (10, 18,
25 MHz, and expanded 40 and 15 meters)?

Will you have to trade your gear or can you readily
put it on any or all of these new ranges?

If you have the Drake TR-7 system or the Drake
R-4/T-4X series you can simply keep them,
program them in a few minutes time and join
the action! With this Drake equipment you won't
miss a single kHz of fun no matter where it is.

A specially priced, low cost WARC kit will be
available to TR-7 owners and the range crystals
are available to R-4/T-4X series owners.

These thoughts of interest are provided by Drake,
“The Newsmakers”

For a FREE Drake Full Line Catalog contact your favorite Drake Dealer.

R.L. DRAKE COMPANY M@

540 Richard Street, Miamisburg, Ohio 45432 * Phone (513) 866-2421 » Telex 288-017

” Reader Service—see page 211 91
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The age of tone control has come to
Amateur Radio. What better way to utilize
our ever diminishing resource of fre-
quency spectrum? Sub-audible tone
control allows several repeaters to share
the same channel with minimal geo-
graphic separation. It allows protection
from intermod and interference for
repeaters, remote base stations, and
autopatches. It even allows silent moni-
toring of our crowded simplex channels.
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We make the most reliable and complete
line of tone products available. All are
totally immune to RF, use plug-in, field
replaceable, frequency determining
elements for low cost and the most
accurate and stable frequency control
possible. Our impeccable 1 day delivery
is unmatched in the industry and you are
protected by a full 1 year warranty when
our products are returned to the factory
for repair. Isn't it time for you to get into
the New Age of tone control?




TS-1 Sub-Audible Encoder-Decoder « Microminiature in SD-1 Two-Tone Sequential Decoder  Frequency range is

size,1.25"°x2.0"x .65 * Encodes and decodes simultaneously 268.5-2109.4 Hz « Measures 1.2" x 1.67" x .65" » Monentary

$59.95 complete with K-1element. output for horn relay, latched output for call light and receiver

TS-1JR Sub-Audible Encoder-Decoder « Microminiature muting built-in « $59.85 with 2 K-2 elements.

version of the TS-1 measuring just 1.0 x 1.25" x .65, for hand- TE-12 Twelve-Tone Sub-Audible or Burst-Tone Enccder o

held units « $79.95 complete with K-1element. Frequency range is 67.0- 263.0 Hz sub-audible or 1650 - 4200 Hz

ME-3 Sub-Audible Encoder « Microminiature in size burst-tone « Measures 4.25"x 2.5"x 1.5” + §79.95 with

measures .45 x 11" x 6" « Instant start-up « $29.95 complete 12 K-1elements.

with K-1element. ST-1 Burst-Tone Encoder « Measures .95" x .5"x .57 plus

TE-8 Eight-Tone Sub-Audible Encoder » Measures 2.6" x K-1 measurements « Frequency range is 16504200 Hz « @
2.0"x 7"+ Frequency selection made by either a pullto groung ~ $28.95 with K-1 element. PR
or to supply » $69.95 with 8 K-1 elements. : COMMUNICATIONS SPECIALISTS wsA
PE-2 Two-Tone Sequential Encoder for paging « Two call 426 West Taft Avenue, Orange, CA 92667

unit « Measures1.25"x2.0"x .65 « $49.95 with 2K-2elements. . {800) 854-0547, California residents use: (714) 998-3021




Larry Nickel W3QG
216 Highmeadow Rd.
Reisterstown MD 21136

Ignition Noise and 2m FM

—one ham'’s cure

Peace and quiet come to the 280Z.

R ecent frustrations with
radio noise prompted
me to write this article.
After purchasing my 1976
280Z, | set about installing
a 2 meter FM transceiver.
Upon completion, it was
observed that a great deal
of noise was picked up
when the engine was run-
ning (except when receiv-
ing the strongest of local
stations). The intensity and
frequency of these noise
pulses are directly propor-
tional to engine speed.
Since resistance-type spark
plug wire has been used in
the engine compartment,
and reception on the Z’s
AM-FM radio is clean,
you’d hardly expect such a
problem, especially since
FM reception has a natural
noise rejection advantage
over standard AM. Regard-
less, the noise persists!

| began by performing
some basic cures. Using
short lengths of Yi-inch
tinned copper braid, the
engine was grounded to
the body, the tailpipe to
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the body, and the hood to
the body. No help! Next,
the coil primary and alter-
nator were treated with fil-
ter capacitors. Again, no
help. Perhaps the noise
could still be coming in
through the dc supply line
from the car’s battery. The
radio was then powered by
a separate battery. This did
not help. Evidently, the
noise is radiated through
the air from ignition to ra-
dio rather than conducted
by the dc line. Now a small
portable AM radio was
used as a detector to
sweep over suspected
areas such as under the
dash, front car exterior,
rear car exterior, under the
hood, etc. As suspected,
the predominant noise
source is under the hood.
When the hood is closed,
noise even leaks through
the seams where the hood
meets the fenders (and also
through the grill and out
under the engine).

At this point, | chanced
upon an article by the

spark plug engineers at GM
(AC). It compared various
techniques such as
resistance plugs, resistance
wire, inductance wire,
complete ignition shield-
ing, etc. | decided to use
resistance plugs in addition
to the resistance wire
already in the 280Z. in-
stallation of AC plugs
(R43XLS) reduced noise
somewhat. The combina-
tion of resistance plugs and
wire does reduce spark
slightly, and it is important
to keep plugs clean and
properly gapped and to
check the ignition wire
periodically. Otherwise,
some missing may be ex-
perienced at high RPMs.
The final episode: A
friend of mine told me
about a certain brand of in-
ductance wire stocked at a
nearby store. Information
from GM (AC) indicated
that improvement would
be slight. | bought a model
12-72 ignition wire kit
made by C. E. Niehoff &
Co. (4925 Lawrence Ave.,

Chicago, lllinois 60630).
They don’t make a set for
the Z but the 12-72, a V-8
set, can be used. Since the
coil wire is too short, a left-
over long plug wire had to
be substituted. | carefully
removed the metal clips
from the short wire, cut the
long wire about 1% inches
longer than necessary, and,
with a knife, ¥ of an inch
of insulation was stripped
from each end. The center
conductor was folded back
alongside the rubber in-
sulation. The metal clips
were crimped on, and the
excess center conductor
was removed.

With the R43XLS plugs
and the inductive wire,
noise has been virtually
eliminated in the 2m FMrig
(perhaps resistance plugs
are no longer necessary).
An HF rig, which is AM,
may still pick up some
noise with this modifica-
tion, but there should still
be a substantial improve-
ment. Let me know how
you make out. I



Imagine All The Places You Can Tuck
ICOM'’s Remotable 1C-280. (Think small)

The IC-280 2 meter mobile comes as one radio
to be mounted in the normal manner: but, as an
option, the diminutive front one third of the radio
detaches and mounts by its optional bracket,
while the main body tucks neatly away out of
sight. Now you can mount your 2 meter radio in
l;))int-sized places that seemed far too cramped
efore.

Measuring only 2%"h x7"wx33%"d, the
bantam-sized microprocessor control head fits
easily into the dash, console or glove box of even
the most compact vehicle. Or if those places are
already taken by the rest of your “mobile shack,”
the IC-280 head squeezes into leftover nitches
under the dash, overhead, under the seat or even
on the steering column.

But don’t be misled by the petite size of this
subdivided radio: the IC-280 is jam packed with
the latest state of the art engineering and conveni-
ence features. No scaled down technology here!

With the microprocessor in the detachable control
head, your IC-280 can store three frequencies of
your choice plus the dial, which allows you to
select from four frequencies with the front panel
switch without taking your eyes off the road.
These frequencies are retained in the 1C-280"s
memory for as long as power is applied to the
radio, even when power is turned off at the front
panel switch. And if power is completely removed
from (th'\e radio the =600 KHz splits are still main-
tained!

The IC-280 works frequencies in excess of the 2
meter band with ICOM’s outstanding single-knob
tuning, so you can listen around the entire band
without fooling with three tuning knobs. With
steps ?rf 15KCor 5hKC, the IC-280 pt;tls re;]pid and
ea equency change at your single fingertip
an?instant]y displays bright, easy to read LgD 3

Avallable Options:

* Touch Tone pad/microphone combination,
which fits the mic plug on the radio face with
absolutely no fication

+ 15’ unassembled cable kit for long distance
remote mounting of the detachable
control head

IC-280
Q2 meter FM, 4+ MHz
Mobile Transceiver

All ICOM radlos significantly
exceed FCC regulations
{imiting spurious emissions.

IC-280 Spectfications: OFrequency Coverage 143.90 —148.11 MHz O Operating Conditions: Temperature: ~10°C to 60°C (14 °F to 140 °F),
Duty Factor: continuous O Frequency Stability: 1.5 KHe O Modulation Type: FM (F3) O Antenna Impedance: 50 ohms unbalanced O Power

Requirement: DC 13.8V £15% (negative ground) O Current Drain: Transmitting: 2.5A Hi (10W), 1.2A Lo (1W), Recetving 0.630A at max audio
output, 0.450 at SQL ON with no signal O Size: 58mm(h) x 156mm{w) x 22Bmm{d) O Weight approx 2.2 Kg OPower Output: 10W Hi, 1W Lo

O Modulation System: Phase OMax Frequency Deviation. 25 KHz OSpurious Output: more than 60 dB below carrier OMicrophone

Specifications subject to
change without notice.

HF/VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT

ICOM WEST, INC.

Impedance 600 ohms dynamic of electret condenser typé. such as the SM-2 O Recetving System Double supetheterdyne Olintermediate
Frequency: 1ot 10,695 MHz, 2nd: 455 KHz O Sensttivity. 1 uv atS +N/N at 30 dB or better. Noise suppression sensitivity 20 dB, 0.6 uv or less
D Selectivity less than £7.5 KHz at —6 dB, less than £15 KHz at ~60 dB O Audio Output: More than L5W O Audio Output Impedance: 8 ohms

DISTRIBUTED BY

ICOM EAST, INC. ICOM CANADA

Suite 307 7087 Victoria Drive

Suite 3
13256 Northrup Way 3331 Towerwood Drive  Vancouver B.C. V5P 3Y3
Bellevue, Wash. 98005  Dallas, Texas 75234 Canada

(206) 747-9020

(214) 620-2780 (604) 321-1833
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NEW

MORE: Fun for Your Family and Friends

Trek-X
il (Csouna D)

TRS-80

Business
Package Il

S WSTANT SOFTWARE SIS
Car Race
TRS-
E.s:” Anti-Alrcraft
LEVEL |
Rat Trap

I ese sor v JEEE

Tangle
Super-Trap

B b | e et b e e e

ey eV Py Ve

Wi et Mt N = 410 B0 4mis = s oo

Command the Starship Enter
prise and fight Klingon battle
cruisers, Romulan warships, and
Orian Destroyers. The Trek X Pro.
gram has a full graphics display of
enemy ships, moons. planets. suns,
starbases, and has the added
feature of allowing you to add
sound to your Pet. $7.95. Order
No. 0032P Pet 8K

Would you like to be able to
graph the sales of your firm or
a particular product? This program
wili do this automatically. and save
the data for later use or modifica-
tion. It will also calculate and
graph the average sales for a year
period. month Ly month and
calculate and graph the Increase or
decrease in sales. This program
alone is worth the price of the en-

tire package.$19.95 Order No
OCI6R. Level | 4K and Level Il 16K

Cave xploring
Yacht
Concemration

B oesroc o v wan ]
E Golf

] [remor o vari) o B
Business Dow
Package | Jones

In Car Race you and a friend can
have fun racing your cars on a
choice of two race tracks with your
TRS-80. In Rat Trap you must trap
the rat in the grid using your two
cats. Alm your gun and shoot down
the piane In the Antiaircraft game
$7.95. Order No.0O1 IR. Level | 4K

You can bow! strikes and pick up
spares with the Bowling Program
on the TRS-80. Your computer wilt
glve you a visual display of the pins
and keep score as well. $7.95
Order No. 0033R
Level | 4K and Level Il 16K

US

- o o B

Personal
Welght Control
and Blorhythms

1MP tor RS8O0

3 instant Micro Programs

Space Trek Il

As commander of the Starship
Enterprise, you must defend the
galaxy against Klingon warships
Use your arsenal of phasors and
photon torpedoes while moving in
the quadrant under impulse power
or jumping from quadrant to
quadrant with your warp engines
$7.95. Order No. 0002R
Level | 4K and Level Il 16K

Ham Package |

This group of eight programs will
be of frequent help to any techni
clan, experimenter, or ham
operator. Included are programs
for Ohm’s Law calculations, fre
quency vs. reactance. series
resistances, parallel resistances
series capacitances. parallel
capacitances, dipole antenna
design, and yagi antenna design
$7.95. Order No. 0007R
Level | 4K and Level 1l 16K

Level | on one side—Level il on the other

Electronics |

With this group of five programs
you can design colls for radio cir
cuits, calculate the component
values for tuned circuits, design
preamplifiers using the LM-381 IC.
and design timer circuits, either
monostable or astable, using the
555 IC tmer. $7.95. Order No
OOOBR. Level ) 4K and Level U
16K

Beginner’s Backgammon/
Keno

You'll never lack for a backgam-
mon opponent again. Thisprogram
Is designed for the new player. but
the computer’s steady play will
challenge an expert. Keno is a
popular Las Vegas gambling game
where you can win bLig. $7.95
Order No. 0004R

Level | 4K and Level I} 16K

Golf/Crossout

Play golf with your TRS-80. You
have a choice of seven clubs to
play the game on 18 different
holes. Crossout Is the peg puzzle
game. Remove all the pegs but
leave one in the center hole
$7.95. Order No. 0009R
Level | 4K and Level I {6K

Business Package |

You can keep the Looks of a
small bLusiness on your TRS-80
You'll be able to run off a list of
your assets, run a trlal balance and
get a profit and loss statement
when you want. with only a level |,
4K computer. $29.95. Order No
O013R. Levell 4K

Oll Tycoon

Compete with a friend for the
honor of being the weaithiest ty-
coon inthe oll industry. You can ex
plore and drill for oil, invest in
research and development. and
suffer from splils and wellhead
Llowouts. $7.95. Order No. 0023R.
Level | 4K and Level Il 16K

Alr Flight Simulation

Turn your TRS-80 into an
alrplane, Take off and land, do
aerobatic maneuvers, and fly a
course agalnst any map you
choose. The program includes futl
Instruments and flight controls
$7.95 Order No. 0017R
Level | 4K and Level Il 16K

In Tangle. you must maneuver
your line across the screen and
€ause your opponent or the PET to
crash its line into an obLstacle
Supertrap Is an even more ad-
vanced version of Tangle. where
you have the option of using
changing backgrounds and ob-
stacles to play the game. $7.95
Order No. 0029P. Pet 8K

MANY

[ e e B
Beglnner’s
Backgammon
and Keno

Baslc Lunar Lander/
Intermediate Lunar Lander

Your automatic landing system
has malfunctioned and you must
make a manual landing. The retro
rockets must be carefully con
trolied or they'll name the new
crater after you. $7.95. Order No
OO0 IR Level | 4K and Level Il 16K

Cave Exploring/Yacht
Concentration
Three games for the TRS-80. Cave Exploring is a game of trial
error, and exploration. Yacht is a two-player game based on the
dice game of Yahtzee. Concentration Is a computer version of the

television game. $7.95 Order No. 0010R

Level | 16K

I m P}Or APPLE

Golf

The Golf program as played on the Apple has some pretty tricky
fairways lined with trees, sand traps, and water hazards. You have

your choice of nine clubs to get your Lall into the cup. But
remember, the computer may give your ball an occastonal slice,
just to keep things interesting. $7.95. Order No. 0018A. 20K
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INSTANT SOFTWARE

Demo |
TRS~00 Computer Composer
Hi-Lo E.S.P. Horse Race
PetalsAroundTheRose|
Baseball Slot Machine

=
Checkers
Baccarat

INSTANT SOFTWARE |
Destroy All
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Dema | Is perfect for those times
‘hen you want a few short pro
rams to show your friends what
our TRS-80 can do. Programs in
luded are Computer Composer
aseball, Horse Race. ESP. Hi
o/Tic-Tac-Toe, Petals Around the
ose. and Slot Machine. $7.95
xcder No. 0020R. Level | 4K

Sharpen your skill at checkers
The PET will oppose you on the
board. keep score, signal when you
can jump. and time the moves with
an on screen clock. The Baccarat
program gives you the choice of
two styles of play. It will deal the
cards and keep track of your bank-
roll. $7.95. Order No. 0022P
Pet 8K

In Destroy All Subs. you must
track and hunt down three subma-
rines. Evaluate sonar reports and
fire your depth charges to get a
kill. But watch out! Don’'t damage
your ship by hitting a mine or belng
torpedoed. or you're sunk. Get all
three subs and you can expect a
hero’s welcome.

002 R. $7.95 Order No. Level | 4K

Barttle sea or mountain demons
as you travel around the kingdom
of Norsax. In your quest to gain the
treasure and become a knight
You're surrounded by homicidal
robots. In Robot Chase. while
trapped in an electrified prison. To
save yourself, you must lure the
robots onto the walls your
prison. $7.95. Order No. 0003R
Level | 4K

If you're a do -it-yourself builder
with only one house or a contrac
tor with an entire subdivision. you
need the Status of Homes Program
to help you keep track of all the ex-
penses involved in the building of
houses. The Automobile Expense
Program will tet you keep track of
just how much it costs you to fun
your car of truck. $7.95. Order No
0012R Level | 4K
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Casino 1

L
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Available at these Local Dealers

Dow Jones Find out first hand

what the stock market is all about The Blackjack Program is not ~ALABAMA INDIANA OHIO
b Computerland o! Huntavilie Home Compuler Center (Digilal Data Sysiems), Computer Stores of Toledo, Toledo

Computer even offers broker’s ad only fun to play but it will allow Pzt . Indianapolis Heathait Co., Columbus
vice. High Influence option In- 4 Otsen Electroncs. Akron

e Yy youlto/p'ayieVerycombInstiogpos . Tanz ONA LOUISIANA 21t eyl han dieginnait
creases complexity of game. tnter- sible. It is S0 good that you Can use  Tri-Tek inc. Computer Shoppe, Metairie TEMNSYLUAN
tain yourself and friends while Phoenix ANIA

% it to practice before you go out to MARYLAND Aried RSt g

learning at the same time. $7.95 Leat the house and get rich. $7.95 CALIFORNIA Micro Center Inc.. Annapolls Attco Ebechronics.{Shavertoim

Order No. 0026P. Pet 8K

Personal Weilght Con-
trol/Blorhythms Two con
temporary concerns In one inex-

Order No. 0014P. Pet 8K

Casino 11

Amco Elecironics Supply, Azusa
Byte Shop. Mountain View

Byte Shop, Citrus Heights

Byte Shop Computer Store. Wainut Creek
Computeriand. Lawndale

Computeriand of West LA, Inglewood
Hobby World of Electronics, Northridge
Opamp Tech Books, Los Angeies

MASSACHUSETTS

Tutt's Elecrronics, Boston

MICHIGAN

Computes Mart Inc.. Royat Oak

MISSOURI

Personal Computer Corp.. Frazer

TEXAS

Houston Microcomputer Tech.. Bel Al
Interactive Computer, Houston
Learning Resources Center, San Marcos
Pan American Electrical Co..

pensive package. Let your PET Casino Il is not just a craps €DC Association. Florissant VIRGINIA
determine your ideal weight and game, its a tutorial program that CANADA Computer Country, Flonssant M. L. Gupta, Blacksburg
wlll teach you the odds for every ~ Somevicriand of Winnipeg NEBRASKA WASHINGTON

Winnipeg, Man.

then calculate the correct dall
y Omaha Computer, Omaha American Mercantile Co., Seallle

bet. You'll learn which bets give

caloric intake to reach or maintain COLORADO par eI piterine . Spokane
your weight goal. Chart your own  You the best odds. It's so realistic. 1, g1e Shop. Cotorado Speings !‘[wu". ’:":';5':"‘5‘ . Ya Ot Computer Shop, Richland
. omputeria ashua, Nashua
blorhythms or anyone elses it's like playing under actual house ENGLAND WASHINGTON D.C.
$7.95. Order No. 000SP. Pet 8K conditions. $7.95. Order No L.D. Enlerprises, Iiford, Essex NEW YORK CalrpiaCanikvision
0015P. Pet 8K Computer Corner, White Plains
FLORIDA Compulter Factory, New Yotk WEST VIRGINIA

The Computer Corner. tnc.. Morgantown

WISCONSIN
Byte Shop of Milwaukee, Greenfield
Madison Compuler Store, Madison

AMF Etectrical, Tampa

Computerland, Ft. Lavderdale

Dynamation Enterprises, Ft. Lauderdale
interstate Mhig. & Importing Co.. Ft. Lauderdale

NORTH CAROLINA
Byte Shop of Rajeigh. Raieigh
Dixie Computers, Inc.. Chapet Hill

Mortgage With Prepayment Optlon/Financler

Two programs In one package of interest to people concerned
about today’s economy. Learn about interest. prepayments
profitable investments, depreciation schedules, salvage values,

and more. Incredibly priced at $7.95. Order'No, 0006P. Pet 8K *To order direct call toll tree 1-800-258-5473 please have your credit card handy and

mention Dept. S3 or use your order form on Reader Service page at back of magazine.



- FOR BEST PRICE AND
& FAST DELIVERY

N\ CALL

TOLL FREE

8340-42 Olive Bivd PO Box 28271 St Lours. MO 63132

ﬁ&g&ﬁ S===WN~ - ULTRA TUNER

* 2meter
\e\ ¢ Scanners
Amateur Bands
0 « General Communication

O + Industry
\e\ « Marine VHF

¢ Micro processor crystals TS o ANTINNA
Send 10 for our latest catalog. write or g 3 .
phone for more details. ) 5 .
easv : - :
.JFIN - : -
charge

CARvYSTAS

2400 Crvstal Drive
Ft. Myers, Florida 33907
all phones (813) 936-2397

== - ULTRA TUNER

T-71
CURTIS LSI’s ULTRA TUNER DELUXE

The new SST T-4 Ultra Tuner Deluxe Features:

help you matches any antenna--coax fed or e Matches any antenna - coax fed or

random wire on all bands (160-10 random wire. 1.8-30 MHz.

meters). Use it with your dipole, vertical, 300 watt output power capability.

beam, etc. It works with any transceiver. o SWR meter.

Tune out the SWR on your antenna for ° An.tenna switch on back panel.

more efficient operation of your ng. One ® Efficient tapped mduc.tor. )

antenna . can even! 'bel | used i for all ® 208 pf. 1000v. capacitors for flexible,

bands. The SWR on mobile whips can reliable operation.

be tuned out from inside your car. ® Johnson binding posts. Four SO-239
connectors.

An easy-to-read two color meter scale
provides convenient indication of SWR
for easy tuning. A back panel antenna

p switch allows you to select between two
MORSE coax fed antennas, a random wire, or Only $6995

® Balun included for balanced lines.
® Made in USA.

tuner bypass.

* 8044; Keyer-0n-A-Chip® (Replaces 8043). $14.95 The SST T-4 Ultra Tuner Deluxe is com- T

Apr 'T5 HR, Feb ‘76 OST, Radio Hdbk '75, Apr Hbk *77.78 patible with any rig-solid state or tube. New model T-4A covers 80-10 meters.
* 8044-3; IC,PCB,Socket,Manual. . . . . .. 24.95 I's compact size (9% x 21/2" x 57) Limited range on 80 meters (fine for use
* 8044-4;Semi-Kit............... .. 54.95 makes it ideal for mobile, portable, or with any antenna resonant in the 80 meter
* 8045; Morse Keyboard-On-A-Chip IC . . . 59.95 home operation. Features an attractive  band). only $59.95
* 8045-1; IC,PCB,FIF0,Sockets,Manual . . 89.95 bronze finished enclosure and exclusive Y 3

* 8045-2; Semi-Kit. ............... 159.95 SST styling.

* B8046; Instructokeyer-On-A-Chip IC . . . . 49.95 Compare features, quality, and price--
* 8046-1; Semi-Kit................. 79.95 SST antenna tuners are your best value. Available now at your SST dealer or
* 8047; Message Memory-On-A-Chip IC . . 39.95 This is our seventh year of manufacturing order direct-—information on following
% 8047-1;IC,PCB,RAM,Sockets,Manual. . 69.95 compact antenna tuners. page.  ,-s10

{add $1.75 on above for posiage and handling)

EK-430; CMOS Keyer* (Feb°760ST) .. ... . 124.95 ELECT RONICS
IK-440A; Instructokeyer® (mar'76 0ST) . . . . 224.95 - ’ P.O.BOX 1 LAWNOALE. CALIF
5 90260 (213) 376-5887
now with dash memory as standard

System 4000 Ham Computer (see dan 78 05, (write) —
— Curtis Electro Devices, Inc.

M‘ Dept. § (415) 9643136 @ I

IMWNNEE  Box 4090, Mountain View, CA 94040 j WE ACCEP’I‘ &

98 V¥ Reader Service—see page 211




Our famous value-packed mail order catalog
filled with thousands of Amateur Radio items
Now ready to roll and yours for the asking : [
Call Tufts today for prompt delivery of your

Amateur Radio needs from our tremendous . )
inventory. Let us show you why Tufts is the leader Radio Electronics

in mail order sales. T3

Our crew of 100% hams, very competitive prices, and reliable modern 209 S Mys“c Avenue

service facilities ensure your complete satisfaction Call toll free daily Medford MA 02155
9.9 and Saturday. 9-6. 1{800) 225-4428. 1(800)225-4428

1-(617)395-8280

ree

~nBESET" HA-2

2 METER SSB

MOBILE ANTENNA

The SST HA-2 is a full half wave, horizontally
polarized omnidirectional 2 meter antenna. With
the horizontal polarization standard, the HA-2 is
amust for 2meter SSB mobile. With the vertical;
horizontal adapter option, use it with your FM
rig too!

Although the SST HA.2 was designed for mobile
operation it will work well as a fixed or portabie
antenna—its small size provides the traveling
ham with an antenna that can easily be packed in

All band operation (160-10 meters)
with any random length of wire. 200
watt output power capability - will
work with vrtually any transceiver
Ideal for portable or home operation
Great for apartments and hotel
rooms—simply run a wire inside, out
a window, or anyplace available. Ef
ficient toroid inductor for small size
4" x 23 x 37, and negligble loss.
Built-in neon tune-up indicator. SO-
239 connector. Attractive bronze fin-
ished enclosure

only $29.95

The Originud Random Wire Antennu Tuncr

a briefcase. 16 uxe by e fur 7 veurs
Features .
e Mobile, portable, or fixed operation. SST T-2 ULTRA “{NER

o Horizontal or vertical polarization with

operational adapter. Tunes out SWR on any coax fed antenna as wel! as

® Greater than 3.5 MHz bandwidth. random wires. Works great on all bands (80 10 meters)
e Less than 1.5:1 VSWR. with any transcetver running up to 200 watts power
¢ High performance—additional data avail output.  Includes balun for balanced Bnes
able on request. Increases usable bandwidth of any antenna. Tunes
® Solid construction—built to last out SWR on mobile whips from inside your car
a Uses efficient tapped inductor and specially made ca-
p pacitors for small size: 514" x 214" x 2%". Rugged, vet
compact. Negligible line loss. Attractive bronze finish-
ed enclosure. SO-239 coax connectors are used for
{ ’ transmitter input and coax fed antennas. Convenient
= binding posts are provided for random wire and |
w—— only °
-~ 5' ground connections
ST T-3 Mobile Impedance Transformer SST DL-1 K4RL DUMMY LOAD S
Matches 52 ohm coax to The DL-1 is a unique chemical dummy load 1
the lower impedance of a | Unlike messy oil filied dummy loads, it will not
mobile whip or vertical, leak. Sealed, ready to use. Max. 1000 watts
. y 12-position switch with PEP for 15 sec. SWR: less than 1.5:1 1-225
~-1.. . taps between 3 and 50 MHz. Portable—only 3%" x 4% k.\“
ohms. 230 MHz 300 only $17.95
$1 9 95 watt output. 2% x 2" x
s 2% Call (213) 376-5887 or 3799572 to order
TO ORI)]:R C.0.D., VISA or Master Charge
Send a check or money order—or use your -
g Master Charge or VISA card. COD and credit or send to: SST Electronics
q!j- card orders are also accepted by phone. Simply P.O. Box 1, Lawndale, Calif. 90260
< B o g b 0 il B | s o 5 o g and g 6
your convenience and so that you can take ad mail Worldwide). California residents, please add
HORIZONTALLY POLARIZED ANTENNA Vantage of the very low before/after hour phone | ~_S2les tax $1 charge for COD.
rates Narme } S
Impedance matching is accomplished y_means of a pre-adjusted 3 W = =3 Street o Wy AUy
o e 1 R gl Dt T GUARANTEE: Cty —_ Sute __ Zp_
g ey R L e i Al SST products are unconditionally guaranteed | | Models Desired: Total Enclosed
available as an optlon. Also optional is a vertical/horizontal adapter, for 1 year. In addition, they may be retumed with- . e—
which allows changeover t0 be made in minutes with a screw driver in 10 days for a full refund (}ess shxpping) ‘,fyou are or charge to: OVISA OM.C. OC.O.D
I S 3 9 9 not satisfied for any reason. Card # Exp. Date
only 95 e ——— e R £

GM-1 gutter mount $595 VH:1 vertical ELE CTRDN 1cs
horizontal adapter $5.95 s ’ P.O.BOX 1 LAWNDALE, CALIF
— 90260 (213) 376-5887 ~$10

1 Reader Service—see page 211 99



An 8080 Repeater Control System

— part ll:

hardware

You're on your way.

Robert Glaser N3IC
3922 Algiers Road
Randallstown MD 21133

he control system is

built on a 19-inch rack
panel. The touchtoneT™
decoder and power supply
are on the rear of the panel.
The tape loop, amplifiers,
touchtone pad, and main
board are on the front of
the panel. The main board
is a Vector #169P84-062WE
8Vv2- X 17-inch board. The
circuitry is assembled us-
ing wire-wrap techniques. |

recommend the Vector
battery-operated Slit-N-
Wrap tool. This permits
daisy-chaining connections
and is invaluable when wir-
ing buses. Discrete com-
ponents are mounted using
Vector T49 pins. The parts
are soldered on the top,
and the connections are
wire-wrapped on the bot-
tom. The board layout is
shown in Fig. 1. The circles
in the center of the board
are LEDs. The relays are on
the right side, and LEDs in
series with the relay coils
are mounted adjacent to

T
o
2
o
o
\ D
o
o
m
1’3
@
o
bl

the relays. The oblong ob-
jects are printed-circuit-
board-mount miniature
potentiometers. The left
half of the board consists
of the microprocessor
components. Since the
board is built with wire-
wrap, most sensible layout
arrangements will work,
but | present my layout to
save you from the head-
scratching | did in deciding
upon an arrangement.
Every connection to the
main board is through stan-
dard DIP plugs. This per-
mits wire-wrapping to the

FA 100

Fig. 1. Board layout.
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connectors on the board.
Each of the connectors is
16-pin (except the power
connector, which is 14-pin).
Fig. 3 gives the pinouts. The
dummy sockets permit the
repeaters to be placed on
the air for testing with no
control system.

Bypass capacitors (.1
uF) are placed liberally on
the power supply lines. At
the power supply connec-
tor, 100-uF capacitors are
placed on each voltage.

Circuit Description
The hardware consists of

1—7474
2—7474
3—7420
4—7410
5—7408
6—7427
7—7432
8—7402
# 9—7400
#10—7400
#11—7493
#12—7473
#13—7404
#14—7404
#15—7407
#16—7407
#17—7406
#18—555
#19—555
#20—555
#21—555
#22—CD4050
#23—7405
#24—7473
#25—MC14410

Fig. 2. IC list.
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two sections: the processor
and related circuitry, and
circuitry external to the
processor which accom-
plishes audio and control
path switching as well as
interfacing to the repeater.

To understand how the
system operates, examine
the path flow diagram in
Fig. 4. All of the switches
shown are relays in their
relaxed position. There are
two types of signals: audio
pairs, which are shown as
one line only, and dc con-
trol lines. Relays are used
for switching the audio
lines and some control
lines. Solid-state replace-
ments could be made, but
there is nothing easier to in-
terface than switched con-
tacts. Using relays also
prevents many problems
due to possible idiosyn-
crasies of audio balancing,
impedances, and levels of
different repeaters. (I ad-
mit that it does hurt to use
the ancient relay.) The feed
from each transmitter con-
trol shelf passes through
the repeater enable relay
to the PTT line. The feeds
are grounded during IDs.
The 150 and 450 relays,
when activated, positively
isolate the PTT lines and
prevent the transmitters
from keying. If the LINK
relay is closed, the two
transmitter feeds are
shorted, ensuring that both
transmitters are activated
simultaneously. The audio
pairs are shorted together
as well, placing the same
audio on both transmitters
When the BLOCK relay is
energized, the 150 transmit
audio is shorted out. This
relay is activated to pre-
vent repeating touchtones.

In normal operation, the
CRTALK relay is relaxed. In
this condition, the audio
and COS lines from the
voter are passed to the 150
control shelf. The COS lead
goes out to the control cir-
cuitry and returns to the
control shelf. When the
CRTALK relay is activated,
the voter is removed from
the system and is replaced
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Close-up of processor board. The empty socket on the left is for a third ROM.

with the control receiver.
When the CRTALK relay
follows the control re-
ceiver COS, the end result

Input 1,2 (touchtone decoder):
1—diglt 1
2—digit 2
3—digit 3
4—digit 4
5—digit 5
6—digit 6
7—diglt 7
8—digit 8
9—digit 9
10—digit 0
11—digit *
12—digit #
13—VTT (valid touchtone)
14—Ground

Power Supply:
1—Ground
3—Ground
5—+5
7— -5
9— +12

11— -12

13— +18

15— - 18

Phone Line:
1—Tip
3—Ring

Tape:
1—Start
3—Start
5—Run
7—Run
9—Audio low

is that the control receiver
is given priority over the
two meter inputs to the
repeater. When voltage is

11—Audio high
Amplifiers:
1—LDlin
2—LDlin
3—LDI out
4—LDI out
5—LDO in
6—LDO in
7—LDO out
8—LDO out
9—TT in
10—TT in
16—Ground
Out 5,6 (voter):
1—Disable Rx #1
2—Disable Rx #2
3—Dlsable Rx #3
4—Disable Rx #4
5—Disable Rx #5
6—Disable Rx #6
7—Disable Rx #7
8—Disable Rx #8
9—Select Rx #1
10—Select Rx #2
11—Select Rx #3
12—Select Rx #4
13—Select Rx #5
14—Select Rx #6
16—Select Rx #7
16—Select Rx #8
RPT1 (dc lines):
1—150 feed
2—440 feed
3—150 PTT

Fig. 3. Connector pinouts

placed on the audio gate
line to the control shelf
any audio present on the
duplex audio input goes to

4—440 PTT
5—Voter COS
6—Control rx COS
7—Control shelf COS
8—RUSOS
9—AG (audio gate)
10—Control Rx PL enable
11—Link (from 440 rpt)
12—Disable timer
13—Force timer
16—Ground
RPT2 (audio):
1—Voter aud
2—Voter aud
3—Contro! rx aud
4—Control rx aud
5—Control shelf aud
6—Control shelf aud
7—Duplex aud
8—Duplex aud
9—150 1D aud
10—440 ID aud
11—440 transmit aud
12—440 transmit aud
13— 150 transmit aud
14—150 transmit aud
16—Ground
Dummy Socket for RPT1:
1—-3
2—4
5—7
Dummy Socket for RPT2:
1—5
2—6

101 -A



PTT 450 AUD

XMTR

450 FEED

PTT £UD

VOTING
SELECTOR

jwn cos
CR TALK

150
I 1] /J XMTR
150

190 FEED

BLOCK

o /—

cos

Cos AUD €os
P = L_ =y

AUDIO GATE
CONTROL

RUSOS SHELF

CONTROL
RECEIVER

DUPLEX AUDIO AUD

PHCR

CRTT

TT GEN

°
T
LDRY

PHONE LINE —

TOUCH
TONE &
PAD

LOCAL REMOTE

TOUCH TONE ®
DECODER

Fig. 4. System flow diagram.

the transmitter. When the
RUSOS lead is grounded,
the transmitter remains on
the air.

Next, consider the path
to the telephone line. LDR
(line direction relay) deter-
mines whether audio is be-
ing fed into the line or
taken from it. Normally,
LDR follows the COS sig-
nal. When no received sig-

nals are present, LDR is off
and audio from the tele-
phone line goes into the
system. During auto-
patches, this places the
party on the telephone on
the air. When the COS goes
low, LDR activates and the
audio coming from the
duplex audio output goes
into the phone line. During
autopatches, this permits

the party on the telephone
to hear the transmitting
station. The audio fed into
the control shelf on the
AUD lines comes out on
the duplex audio pair when
the audio gate is not en-
abled.

With the local/remote
switch in the local position,
the touchtone decoder is
driven solely by the on-site
pad. When placed in the
remote position, the touch-
tone amplifier drives the
decoder. If CRTT (control
receiver touchtone) is re-
laxed, the decoder is fed
from the duplex audio pair
or the telephone line. The
path for two meter users is
through the duplex audio
pair, and for control oper-
ators on the telephone line
it comes from that source.
If PHCR (phone control
relay) is activated, the two
meter input is isolated
from the decoder. 1f CRTT
is on, the control receiver
has absolute command
over the decoder. From this
arrangement, it can be
seen that the hierarchy of
control access is the con-
trol receiver at the highest
priority, the telephone
next, and the two meter in-
put last. By controlling the
logic driving the relays, any

180 FEED

450 FEED

450 PTY
TO KEYING

450 PTT

450 I- e

150 PTT

TRANSISTORS
PTT —
150 PT X
150
—OJ_‘
- 450
TAPE TRANSMIT
TAPE AuD
START

TAPE
RUN

CRTALK

VOTER
AuD

YOTER
g 1 1

cr €OS

30
TRANSMIT
AUD

VOTER COS
TO CONTROL

CR auD

CS AuD

r LosIc
—*—{_'

DUPLEX
AuD

TP RING LDO
ouT

Fig. 5. Relay switching.
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of these modes of access to
the decoder may be pre-
cluded. The touchtone
generator injects audio at a
point where it can drive
both the telephone line
and the repeater. The latter
permits hearing the pro-
cessor dialing users’ num-
bers. It consequently also
drives the decoder, which
is not of any particular im-
portance except that it
allows the locally generat-
ed tones to be blocked
from repeating. It may
seem that placing tones on
the repeater while at the
same time blocking them is
a silly procedure. How-
ever, the end result is that
you hear short blips of
tones, pleasing to the ear.

Due to the arrangement
of the switching paths,
level adjustments must be
made in the following
order:

1) The audio from the
control receiver and the
voter must be equalized.
Place a meter at the output
of the decoder amplifier.
Adjust the audio output of
the control receiver so that
equal tone deviation on
the two meter input and
the control input results.

2) Adjust the gain of the
touchtone amplifier for the
required input for your
decoder. For the decoder
specified, this is about two
volts rms.

3) Adjust the gain of the
LDI (LD input) amplifier so
that tones arriving from the
telephone line are of equal
amplitude with the other
two inputs at the decoder.

4) Adjust the LINE IN
control on the control shelf
so that proper deviation
results when talking
through the repeater from
the phone line.

5) Adjust the gain of the
LDO (LD output) amplifier
to the required level of
your telephone line inter-
face when talking on two
meters.

6) Adjust the output
level of the touchtone
generator for the required
level at the telephone line.
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Fig. 5 shows the relay
and autopatch connec-
tions. Most of the lines go
to connectors defined in
Fig. 3. The PTT lines from
the keying transistors and
the voter COS to the con-
trol logic are picked up in
Fig. 7. The TAPE relay
pulses to activate the tape
loop. A shorted pair is
available from the tape
loop while the tape is run-
ning and is connected at
TAPE RUN. The relay wiring
should be self-explanatory.

The autopatch interface
circuitry may need to be
modified to fit a particular
coupler. The line trans-
former isolates the tele-
phone equipment from the
repeater circuitry. A
suitable transformer is
made for the MASTR line
and is available from
General Electric (part
number 19A116736P1).
During an autopatch, APR
(autopatch relay) is closed.
In our system, the line cur-
rent is sensed at the other
end, and the dial tone is re-
quested. If a coupler is in-
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Fig. 6. Audio circuits.

stalled at the repeater site,
APR may be directly con-
nected to the coupler to re-
quest a dial tone. The
SENSE relay is a sensitive
relay which detects the dc
line current. In our system,
there is always current
present in the line. A quick
measurement of line cur-
rent at the other end en-
sures the integrity of the
line. When an incoming
call is made, the line cur-
rent is reversed. The diode
in series with the SENSE
relay distinguishes the dif-
ference between an idle
condition and an incoming
call. The SENSE contacts
are normally closed and
open when an incoming
call is made. The contacts
remain open until the line
is disconnected. This relay
is necessary to determine
who initiates a call. If a call
is initiated from the tele-
phone line, a control ac-
cess is assumed and PHCR
activates. A telephone
coupler at the repeater site
simplifies some of the cir-
cuitry. Any contact pair

which opens when the line
is in use may be used in
place of the SENSE relay,
because suitable gating is
provided in the control
logic to produce the
logical equivalent to our
system.

The audio circuits are
shown in Fig. 6. There are
two separate oscillators for
the 150 and 440 CW identi-
fier tones. ICs 18 and 19 are
simple 555 oscillators.
They each have tone and
amplitude controls. Pin 4 is
the keying input; the 150
tone and 450 tone lines
come from the processor
output ports. 1Cs 11,12, 20,
and 21 generate the
“beep” tone. Perhaps this
is too elaborate an arrange-
ment for such a simple
function, but it does pro-
vide a distinctive, pleasing
sound. It is best described
as the “bounce’” sound in
TV Pong games. It is
noticeable, but not objec-
tionable. When the RUSOS
lead goes from low to high
(carrier release), 1C21, a
one-shot, fires. The time

delay is adjustable and is
nominally half of a second
When the pulse falls, 1C12
is triggered, placing a low
on pin 8. This clears the
other half of 1C12, putting
a high on pin 13, enabling
the oscillator, and clearing
the first half of 1C12. 1C20
oscillates and generates
the tone. The pitch is
variable, and a variety of
sounds can be formed by
adjustment. The pulses are
counted by IC11. At the
fall of the sixteenth pulse,
the top half of IC12 is set,
the oscillator is turned off,
and all returns to the rest
condition. All of this
generates exactly sixteen
pulses shortly after the car-
rier release, providing the
“beep” sound. The beep,
ID, and tape audio are
summed and fed to the
transmitter. While 1C21 is
high, the repeater timeout
timer is tricked into believ-
ing that the signal is still
present. If the user does
not wait for the “beep,”
then the timer is not reset
because of the overlapping
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Fig. 7. Control logic.

of the incoming signal and
the one-shot. If a signal is
present when 1C21 falls,
then the ‘“beep’” is in-
hibited via IC5. If the beep
is disabled, 1C21 is pre-
vented from firing by IC10,
and carrier release im-
mediately resets the timer
This seems like a lot of
trouble to go through for a
silly beeper. The system
permits a long (3-second)
drop delay on the repeater
transmitter. In normal
QSOs, the transmitter stays
keyed continuously, each
participant merely waiting
for the beep. This saves a
lot of wear and tear on the
transmitter and amplifier,
both of which otherwise
are constantly being
turned on and off. This is of

g ’ particular importance for
Bottom of board. Reset switch at upper left. Microprocessor circuitry on left. busy repeaters;, WR3AFM
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logs about 13 hours of up-
time per day. The users do
learn to wait for the beep,
leaving time for breakers;
if not, they time out.

1C24 divides the master
2-MHz clock by two, sup-
plying the required 1-MHz
clock for 1C25, the touch-
tone generator. The rows
and columns are selected
by the processor at output
port #7. The low and high
group tones are summed
and sent to a transistor
amplifier.

Each of the digit outputs
from the touchtone de-
coder has an LED which
serves the dual purpose of
giving an indication of
what is going on and pro-
viding a pull-up for input to
the processor input ports.
The decoder outputs are
normally open and go low
when active. The VTT
(valid touchtone) signal
must be processed. 1C22, a
CMOS buffer, permits high-
impedance timer resistors
to be used. Each of three
sections requires digits to
be held a certain amount
of time before they are
recognized. The VTT out-
put is just a debounced
output set for a delay of
about 50 milliseconds. The
SVTT (slow VTT) output is
adjusted for a delay of one
second. This sets the
amount of time the first
digit of 3-digit codes must
be held. The SSVTT (slow
slow VTT) output is ad-
justed for 5 seconds. This
sets the amount of time re-
quired to enter the tele-
phone listen and control
receiver talk modes.

The circuitry which per-
forms the switching func-
tions is shown in Fig. 7. The
outputs of this section are
the relays and the CS COS,
RUSOS, AG, DISABLE
TIMER, PL, and PTT lines.
There are four state flip-
flops. The AP (autopatch)
flip-flop goes high during
an autopatch, and the RB
(remote base) flip-flop is
high during a remote base
operation (reverse auto-
patch, limited to control

operators). The CRTK (con-
trol receiver talk) flip-flop
may be left in either state,
but by operating conven-
tion is normally left low. If
it is set, any signals coming
from the control receiver
will be repeated. The PHC
(phone control) flip-flop is
normally clear and is set
when a call-in is made on
the phone line. The gating
of these flip-flops will now
be described.

The clear inputs of AP
and RB are driven from
1C6. If any of the three in-
puts to that gate go high,
IC1 is cleared. A KD
(knockdown) pulse from
the processor will do so.
When the knockdown digit
is received, the processor
pulses the KD output high.
The master RESET pulse
also clears the flip-flops,
setting the initial states
correctly after power on.
The third input comes from
an AND gate made up of
ICs 4 and 13. If all three in-
puts of IC4 go high, then
the flip-flops will be reset.
This input provides for
these functions to be killed
should the repeater time
out. If either function is up,
pin 3 of IC7 is high. When-
ever these functions are
on, the RUSOS lead is
grounded to keep the
transmitter on the air. If
the RUSOS lead is low, and
the 150 PTT is high, sensed
by pins 13 and 1 on 1C4,
then the repeater must be
timed out. The last input to
the AND gate is the voter
COS. This only allows the
AP and RB functions to be
killed from a timeout if the
incoming signal is released.
During autopatches, if the
repeater times out, the par-
ty on the telephone hears
the last transmission made
even after the repeater
drops off the air. At that
point, all three inputs to
IC4 are high, and the func-
tion is killed.

The processor pulses the
RB input line, setting the
RB flip-flop when a remote
base function is requested.
When an autopatch is re-

150 = 150EN
450 = 450EN

TAPE = TAPE

APR = AP

CSCOS = COS

CRTT = (CRCOS) (CREN)
CRTALK = (CRTK) (CRTT)
PHCR = PHC + 150TTEN

LDR = (COS) (PHC) + (SVTT) (PHEN) + LD
BLOCK = (VTT)(BLK + AP + RB)(PHC)(CRTK + CRTT)

LINK
RUSOS = (AP + RB)

150: 150 repeater off
450: 450 repeater off
TAPE: Start tape loop
APR: AutoPatch Relay

= LINK + LINK FROM 450
AG = (AP + RB)(COS)(PHC) + LD

CSCOS: Control Shelf Carrier Operated Switch input
CRTT: Contro! Receiver Touchtone access
CRTALK: Control Receiver TALK through 150 with priority

PHCR: Phone Control Relay

LDR: Telephone Line Direction Relay
BLOCK: Audio tone Blocking relay
LINK: Linkup of 150/450 repeaters
AG: Audio Gate—audio to transmitter

RUSOS: Timed transmit input

150EN: 150 repeater enable from processor
450EN: 450 repeater enable from processor
TAPE: Tape activate from processor

AP: AutoPatch flip-flop

COS: Carrier Operated Switch from voter/control receiver
CRCOS: Control Receiver COS

CREN: Control Receiver ENable

CRTK: Control Receiver Talk flip-flop

PHC: Phone Control flip-flop

150TTEN: ENable Touchtone access from 150

VTT: Valid Touchtone

SVTT: Slow Valid Touchtone

SSVTT: Siow Slow Valid Touchtone
PHEN: ENable telePHone control access
LD: Line Direction from processor

BLK: Block signal from processor

RB: Remote Base flip-flop

Fig. 8. Control logic functions.

quested, the AP input is
pulsed. If the APEN (auto-
patch enable) input is low,
IC9 passes the request and
the AP flip-flop is set.
Otherwise, the patch is not
permitted to start. This
autopatch defeat is easily
done in software, but this
method allows visual indi-
cation when at the site that

23

P7A2
{RPT(-13)
FORCE TIMER

Fig. 9. Modifications to

19D416675.

the autopatch function has
been disabled.

The CRTK flip-flop is set
when both inputs of 1C9
are high. Pin 5 goes to the
CRCOS (control receiver
COS), so this can only be
enabled by a signal present
in that receiver. Both in-
puts of 1C8, which feeds
the other input of 1C9,

QI0

P7AS
(RPTI-12)
DISABLE TIMER

board
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must be low as well. The #
digit and the SSVTT signals
must be present. There-
fore, the # must be held for
5 seconds while transmit-
ting on the control fre-
quency in order to enable
the CRTK mode. CRTK is
cleared by IC8. The RESET
pulse goes to pin 2, clear-
ing CRTK on power-up.
Otherwise, the two inputs
of 1C5 must go high. One
input goes to the CRCOS,
so it can only be killed on
the control frequency. The
other input comes from pin
13 of IC8, which goes high
when a one second * is
received.

The PHC flip-flop is con-
trolled in part by IC3. If any
of the four inputs to this
gate are low, the output is
high, clamping PHC clear
through IC8. If telephone
loop current is sensed, the
PHEN (phone enable) line
is low, and neither the RB
nor AP flip-flops are set,
then pin 6 of 1C3 goes low.
If the last three conditions
are satisfied when a call-in
is made on the phone line,
the transition clocks PHC
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Fig. 10. Processor and memory.

high, placing the system
into the telephone control
access mode. Pin 6 of IC8 is
driven from the five-sec-
ond # gate, so PHC can be
cleared in this manner, per-
mitting the repeater input
signals to be heard on the
phone line. Via pin 13 of
IC9, a one-second * sets
PHC again.

The rest of the circuitry
is combinational. Rather
than give a detailed de-
scription of how each gate
operates, | have shown the
Boolean logic functions in
Fig. 8, from which the cir-
cuitry can be easily under-
stood. The 150, 450, and
TAPE outputs are directly
driven from the processor
outputs. APR is directly
driven from AP. The CS
COS is a buffered COS out-
put. The CRTT relay is ac-
tivated if CREN (control
receiver enable) is low, and
if a signal is received in the
control receiver. Normally,
this relay follows the con-
trol receiver, giving it
priority over anything else
for access to the touchtone
decoder. The CRTALK re-

lay follows the CRTT relay
if the CRTK flip-flop is set.
PHCR is activated when
PHC goes high. If 150TTEN
(150 touchtone enable) is
high, PHCR is also on. This
totally isolates the decoder
from two meter inputs.
Normally, LDR follows
the COS. If PHC is high, it
stops following the COS,
giving the control operator
total control from the
telephone line. Otherwise,
whenever an incoming sig-
nal is present, the line
direction gets turned
around, and tones from the
telephone never reach the
decoder. If PHEN is low,
LDR follows the SVTT
signal. This is used to
remove control access
from the telephone line.
Every time an attempt is
made to send a tone down
the line in this mode, the
line is turned around, cy-
cling the relays and remov-
ing the tone from the sys-
tem. It is a clumsy but sim-
ple way to accomplish the
task. The LD output from
the processor also ac-
tivates LDR, to ensure that

the locally-generated
touchtones produced
when redialing a number
go down the telephone
line.

When in the blocking
mode, BLOCK follows
VTT. To be in the blocking
mode, the BLK signal must
be present from the pro-
cessor, or an autopatch or
remote base function must
be in progress. The block-
ing mode is left for two
special cases: when con-
trolling the repeater on the
phone line or the control
receiver when it is not
repeating. If these excep-
tions were not made, when
a control operator was ex-
ecuting functions, users
talking on the repeater
would have their voices
blotted out every time a
tone was sent by the con-
trol operator. This would
limit control to when the
repeater was free. The PHC
bar in the BLOCK formula
stops the blocking for
telephone control, and the
CRTK + CRTT bar re-
moves the blocking for
silent control on the con-



trol frequency.

LINK normally follows
the output from the pro-
cessor, but a link request
from 450 also activates it.

AG is activated during
autopatch or remote base
functions when the incom-
ing signal i$ released, plac-
ing the telephone audio on
the air. The LD output from
the processor also acti-
vates AG so that the redial-
ing of telephone numbers
can be heard on the air.
The RUSOS lead is ground-
ed during autopatches and
remote base operations.

ICs 15, 16, and. 17 are
open collector buffers
used to drive the relay coils

and external inputs. The
AG input requires +10
volts. A PNP switching

transistor, through an LED
which drops a couple ‘of
volts, accomplishes this.
The PTT outputs from the
processor feed NPN driver
transistors to keep the

ing IDs. The keying tran-
sistors should be hefty
enough to sink the current

ticular transipitters used.
Depending upon the re-
peater timer control meth-

Rear of control system rack, showing power supply and touchtone decoder. The
amplifier sockets are also visible.

TIMER and DISABLE
TIMER inputs may or may
not already be present. Fig.
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modifications if a General
Electric MASTR control
shelf is used.

The Microprocessor

There are scores of
microprocessor chips on
the market. Many could be
selected as the controlling
element in a control sys-
tem. A single interrupt is re-
quired. Barring other con-
siderations, the RCA
Cosmac would be a good
choice because it is fabri-
cated from CMOS technol-
ogy, causing it to draw very
little current and to have
high noise immunity. The
major consideration when
selecting a microprocessor
chip is support. | chose the
Intel 8080 family for three
reasons: | am extremely
familiar with it, | have a
supply of spare chips for
that family, and | have the
needed software support.
The software support is
most important.

There are a number of
memory chips which can
be used. | decided to use
2708 ROMs because | have
a supply of them and
because they are easily
programmed. Newly con-
structed systems would do
well by utilizing 2716
ROMs. The 2716 has twice

INPUT PORTS
Port #10
8—SVTT
7T—VTT

6—150 COS
5—450 COS
4—digit 1
3—digit 2
2—digit 3
1—digit 4
Port #20
8—digit 5
7—digit 6
6—digit 7
5—digit 8
4—digit 9
3—digit 0
2—diglt *
1—digit #
Port #30
8—PHC
7—CRCOS
OUTPUT PORTS
Port #10
8—150 tone

the capacity of the 2708,
and in this application, on-
ly one is required. The 2716
is even easier to program
than the 2708. A minimal
amount of RAM is re-
quired. Two 2112s, each
256 x 4, are used, providing
256 bytes of RAM.

The microprocessor
components are consid-
ered separately from the
rest of the hardware. The
integrated circuits are not
numbered, except where
more than one of a par-
ticular number is used
(where the letter “P” is at-
tached to indicate that the
IC belongs to the proces-
sor). The processor and
memory schematic is
shown in Fig. 10. The 8224
support chip provides the
clock signals to the 8080
using an 18-MHz crystal. It
also is the source of the
power-up RESET pulse.
Pushing the reset switch
also generates a RESET
pulse. The 7496 shift reg-
ister introduces one mem-
ory wait state. The 8080 has
plenty of speed for its re-
quired functions, and the
2708 ROMs are cheaper in
the 650 ns variety, so a wait
state was added so that the
slower memory could be
used. | suggest that the

7—150 PTT

6—450 tone

5—450 PTT

4—AP activate

3—RB activate

2—KD (KnockDown)
1—BLK

Port #20

8—150EN

7—450EN

6—APEN

5—CRTTEN

4—PHEN

3—150TTEN

2—CRPL

1—Beep

Port #30

8—Tape activate

7—LD

6—Disable timer

5—Link

Port #50: Receiver disable
Port #60: Receiver select
Port #70: Row and column
select for touchtone generator

Fig. 12. I/O ports.
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18-MHz clock and wait
state be retained for
duplication, for the simple
reason that otherwise the
timing loops in the pro-
gram will have to be read-
justed.

The SVTT signal inter-
rupts the processor. There
are several reasons for us-
ing SVTT rather than VTT.
Voices tend to be momen-
tarily detected as touch-
tone. Using VTT to inter-
rupt the 8080 would result
in the processor frequently
being interrupted for no
purpose. This is bad,
because when interrupted
it stops counting time and
initiates tone blocking,
resulting in unintentional
blocking of voices. Opera-
tionally, SVTT requires the
first digit of any code to be
held for a second; this
gives control operators a
chance to respond to un-
identified stations attempt-
ing to access the system.
The INTE (interrupt enable)
is monitored by an LED,

showing if the interrupt
program has been exited,
since after exit the inter-
rupt is always re-enabled.

The four high address
lines feed a 7442 decoder
to provide the memory and
I/O port selects. The rest of
the address bus goes di-
rectly to memory. An 8228
bus controller buffers the
data bus and produces the
memory and 1/O read and
write signals. The pull-up
resistor on pin 23 lets the
8228 perform the single in-
terrupt instruction.

The program is stored in
2708 1K x 8 ROMs. The ad-
dressing is set by the HOQ,
H1, and H2 lines. The
ROMs are selected only
during a memory read op-
eration. Three sockets are
provided for 2708s, and
currently only two are
needed, leaving room for
an expanded program. It is
simple to add up to six
more 2708s by paralleling
all lines and using the H4
through H9 lines. The RAM
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Fig. 13. Power supply.



consists of two 2112 256 x 4
chips. They are selected
during memory read or
write operations. On the
memory chips, all pins not
shown are paralleled with
the other chips.

The input/output ports
are shown in Fig. 11. 74100s
are used for output ports
because they are inexpen-
sive. 743675 (8097) are used
for input ports and buffers.
74367 #P1 and part of #P2
are used to buffer the data

bus from the output ports.
The H1 through H7 lines
are used to select the port
addresses, which corre-
spond to 10, 20, ... hex-
adecimal port numbers.
The input lines for 74100s
#P2 through #P7 are
paralleled with those lines
on 74100 #P1. Output ports
1,2, and 7 godirectly to the
rest of the hardware. The
port and bit designations
are shown in Fig. 12. Ports
#3 through #6 go to output

connectors. The input
ports are as shown. Ports #1
and #2 come from the
touchtone decoder, the
VTT and SVTT conditioned
outputs, and the two re-
peater COS lines. The
decoder plugs into IN1,2.
The pins which do not con-
nect to the decoder are left
open and wired over to the
RPT1 connector. Two of
the inputs on port #3 are
used, and the remaining six
may be used for expansion.

The power supply must
provide +5, +12, and —5
volts for the circuitry.
Other voltages may be re-
quired for your choice of
amplifiers, decoder, and
pad. Up to 2 Amps is re-
quired for the +5 supply,
and 1 Amp is sufficient for
the rest of the voltages. A
power supply schematic is
shown in Fig. 13. An LM309
regulator is used for +5,
and it works —but this is on
the close side. B

DX Fantasy

—a moment in the sun

What you don’t know can’t help you.

L. Foord VE3FLE
763 Gladstone Dr.
Woodstock, Ontario
Canada N4S 5T1

t was official: Effective

0001 GMT, all VEs could
use the C]J prefix. | relished
what lay before me. After
years of chasing DX, for the
first time (before the world
discovered that C)=VE, a
fact that would hardly im-
press anyone), | would be
the chased. Of course, |
wouldn’t disguise this
detail; | simply wouldn’t
advertise it.

At the appointed hour, |
ran to the rig and aimed the
beam east. “CQ DX CQ DX
from CJ3FLE.”

They were there in an in-
stant, the band exploded
with Europeans clamoring
to work me

| imitated the best
DXer's style | had heard
and started to work them:

”G2ZZ from C)3FLE. Fifty-
seven.”

Back came the reply:
“CJ3FLE from G2ZZ. 59,
break.”

""Roger; thanks for the
report. QSL to VE3FLE.
QRZ DX from CJ3FLE?”

"CJ3FLE from DL2XX.”

"“DL2XX, you're 58, from
CJI3FLE”

“QSL. Thanks for the
contact. What's the QT—"

”—roger, roger. QSL to
VE3FLE. QRZ the G-sta-
tion?”

And on | went. The sta-
tions were characteristi-
cally weak —they were no
doubt in confusion as to
where to point their anten-
nas. But | was concerned
with giving everyone the
opportunity to work CJ, so
I kept the QSOs short.

One French station was
pounding in. “F2XX, you're
58 from C)3FLE.”

"“QSL, you’re five nine
plus. Nice signal. What’s
the QTH?”

“Thanks for the report
QSL to VE3FLE. QRZ DX
from C)3FLE?”

""CJ3FLE. What’'s the
QTH, old man? F2XX.”

’Oh, sorry old man.
We’re in Canada. VE-land,”
I whispered, and then
turned the amplifier back
on, "CQ DX from CJ3FLE?”

The band began to shift
and Asia came rolling in. |
was ecstatic. It seemed as
if all of Japan were calling
at once. What a feeling!

As | worked the JAs, |
could hear the stateside
stations trying to break
One particular strong W7
kept calling, with such a
strong signal | was having
trouble hearing the JAs
under him.

"W7XYZ from CJ3FLE.
Fifty-eight.”

“Thanks, old man.”” He
came back sounding very
pleased. ”Didn’t think |
was going to get through.
Beautiful signal here, even
though | know you’'re

beaming north. You’re 5
and 9 plus. Name here is
Bud.”

"Thanks, Bud. Nice
signal yourself. QSL to
VE3FLE if you want a card

73 for now. QRZ DX
from CJ3FLE?”

”By the way,” it was the
W7 again, ”"is there an
award for working that
special Canadian prefix?
I’'ve already worked a
dozen of you and was
wondering if there might
be a certificate.”

| felt crushed. ”Ah, no, |
don’t think so,” | replied

”QOkay; 73 and thanks for
the contact.”

’”73. QRZ DX from
CI3FLE?”” | said and
glanced at the clock —less
than an hour had elapsed.

I continued to call for
DX but over the next hour
managed only a handful of
contacts. Finally | shut off
the rig and leaned back
and pretended the band
had folded. B
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Try a Log Periodic Antenna

— with a computerized design

Bring in the big ones with your frequency-independent LPDA.

M 110

Run

Fig. 1. Sample run.
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Christopher Johnson WAIZAC
72 Hope Circle
Windsor CT 06095

f you must ask yourself,

“What would | want with
a log periodic dipole array
(LPDA)?” then, obviously,
you are unaware of the
benefits of this amazing
antenna. The main advan-
tage of an LPDA is that it is
frequency-independent.
The gain, front-to-back
ratio, swr, and other elec-
trical characteristics re-
main fairly constant within
the design limits.

Unlike a parasitic beam,
whose performance de-
teriorates as the operating
frequency is moved away
from the design frequency,
the array is not tuned to a
single wavelength. The ar-
ray has elements which are
resonant at various points
within the passband of the
antenna. Very simply
stated, at a given frequen-
cy, there is a group of
elements which are near
resonance; these act as
driven elements. The non-
resonant elements in front

of the ““driven” elements
act as directors, and those
behind act as reflectors.
Hence, the antenna has
many combinations of
“driven,” “directing,” and
“reflecting” elements.

When faced with the
task of designing an LPDA
the old-fashioned way, you
can look forward to grind-
ing out the numbers with
pencil, paper, and calcula-
tor. It can be very boring
and time-consuming. If
you are not fortunate
enough to get the results
you require on the first at-
tempt, your only alter-
native is to repeat the en-
tire tedious process.
However, in this age of
microcomputers, you have
only to type in a few
numbers, wait a few
seconds, and, miraculous-
ly, out pop the element
lengths and spacings for
your LPDA.

After examining the pro-
gram, the results should
seem a little less
miraculous. An antenna
can be designed in one of
two modes. In both modes,
you enter the frequency
limits and two constants.

Fig. 2. Program listing.

18 PRI"LUG PERIULIC LIPULE ANTENNA DESIWN PRUGRAN™

8¢ H=o

38 i=e

4@ Tieg

S0 Us%.302585

66 FURV=ITuh

8 IFl=pTHESE

8e eUTIES

$6 Wi(V)ey

I8¢ IFW(VI=ITHENI9®
118 IFW(VI=gTHEZZE
120 JFWCV)e3THEZSE
138 JFM(VI*4ThEEbE
Jat 1FWC(VI=STHESIC
150 1FQ=2ThES3@

166 PR161 INPUT Tht NUmBER ULF ELEMENTS™

17 INPN

18& W T30
198 PR1"1:
b6 INPFI)

2l T3S
&%¢ PR1I"Z1
&30 INPFC
4l wuT336
259 PR1"31
o8 NPT

&7 WT33E
zbe PRl"4:
«%6 INPE

kb wwT33e

INPUT THE LUVWEST UPERATING FREGUENCY IN MAZ™

INPUT THE HIGhEST LPERATING FREQUENCY IN MhZ™

INPUT ThE CUNSTANT TAU (.8 <= ThAU <= ,95 2"
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380 INPQ

336 NEXV

346 reFzeF)

35¢ W=9b4rsF
€ C24sErc1-T)

376 heCCCATNCIZL I/ 01 T482) D/ T E

Y S=Ref

I9C L=(i=C1rS))vusCey

WO LFGre<>inTCQre)ThE4OL

4l N=leCLULISI/ZUIZ7CLLLCLVTIVL)
4zl IFN-INTINI>= . 5ThE4SE

436 N=INTON)

446 LUT46R

456 NaINTI(N)+ ]

400 L=492rFl

In mode one, the computer
will calculate the number
of elements and their
lengths and spacings. In
mode two, you may also
enter the number of
elements. The computer
will then design an antenna
with these specifications.

This program is tailored
to work on almost any
computer processing
BASIC which is equipped
with higher math and ra-
dian trig functions. If op-
timized for your computer,
the program can be con-
densed considerably. It
was written on a Digital
Equipment PDB 8/e
minicomputer. For all in-
puts, yes is one, and no is
two.

To use mode one, you
must enter the higher and
lower frequency limits
(lines 190-220). You must
also input the two con-
stants tau and sigma (lines
250-300). Tau must be in
the range of .8 to .99, and
sigma must be in the range
of .05 to sigma optimum
(sigma optimum is equal to
258 x tau = .066). If you
answer no to line 310, the
computer will calculate
476 PolL-LsTdsceL
4ol 1FQ<> 1 ThETow
4y IFTi>sTThiSe8

566 FURTI=TTUL.99STE.GEC1
51¢ ClesaskrsCi-TD

the values for an LPDA
with the characteristics
which were entered. If you
answer yes to line 310, you
may enter a specific
number of elements. |If
possible, the computer will
optimize the constant tau
for the highest gain and the
smallest array with the
characteristic input. If no
antenna can be designed
for the values encoded,
you will be blamed for
entering unacceptable
data (line 590).

After the computer has
sweated over the figures, it
will print out boom length
and number of elements
(lines 730-740). You are
then able to either accept
these and get a printout, or
reject them and change the
inputs (lines 750-780). Just
enter the number of each
item to be changed (lines
680-700). The entire pro-
cess will repeat itself, and
you will soon be staring at
a new set of data. How
easy can designing an
antenna be?

All of the computations
are performed on lines
360-580. On line 360, the
cotangent of alpha is

S2k baTI1(3-NIZCCCATNCI/ZCIDI/.2)07452) )
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sigma

= tau

bandwidth active region
length of boom

number of elements
cotangent of alpha
length of element
spacing of element

&
T
R
L
N
C
D
P
B
F

operating bandwidth (should be approximately equal to F)
= upper frequency over lower frequency

Table 1. List of variables.

calculated. Line 370 com-
putes the bandwidth of the
active region. The length of

the boom is calculated on

line 380. If the number of
elements is predetermined,
lines 490-580 will optimize
tau for any given sigma.

The loop increments tau by
001 at each pass and
checks to see if the results
are acceptable.

The element lengths and
spacings are listed with
lines 810-880. After listing
these items, you are al-
lowed the choice of contin-
uing or packing up the
inch-thick pile of printouts
you already have and go-
ing off to begin work on
your antenna. Now that
you have enough data to

design a thousand anten-
nas, you can choose the
one best suited to your
needs.

The log periodic dipole
array is a truly versatile
and useful antenna. And,
since one is so utterly sim-
ple to design, you have no
excuse not to type in this
program, punch in a few
figures, and prepare for the
construction of your per-
sonal, computer-designed
LPDA.R

New Coax Cable Designations

— watch for them

Carl C. Drumeller W5JJ
5824 NW 58 Street
Warr Acres OK 73122

or years, ever since the
Hitler War, radio
amateurs have placed their
trust in coaxial cables bear-
ing RG- designations. For
good cause, too, as they
were manufactured to
strict military standards. As
of 15March 1977, a new set
of standards was intro-
duced and made man-
datory. This new standard
closes some loopholes in
the former specifications.
Most manufacturers of
coaxial cable turned out
products of which they
could be justifiably proud.
Some scrimped. Even the
best products were made
to specifications that un-

112

Upgraded standards since 1977.

wittingly omitted impor-
tant factors. Now, though,
all such cable made to cur-
rent requirements, as
spelled out in MIL-C-17E,
will have certain addi-
tional desirable character-
istics.

For instance, cable ap-
proved under MIL-C-17E
will have tightly controlled
adhesion between inner
conductor and dielectric
If you’ve ever had, in cold
weather, the inner conduc-
tor contract enough to pull
back the male prod on a
type N connector, you'll
appreciate this require-
ment!

in another pair of
specifications, the outer
jacket must have dimen-
sional stability. It must not
shrink back from a connec-
tor, nor may it crack and

pull away from the shield
when stressed.

How do you spot the
new and desirable cables?
Look for the stamped-on
identification. For what
used to be RG-58C/U, for
instance, look for
M17/028-RG58. Note
carefully that there is no
hyphen between RG and
58.

Incidentally, | did not
find a new version of the
old stand-by, RG-8/U. It
must have been replaced
by one of the new three-
numeral series.

Cable marked with the
old designations still will
be manufactured. Be thor-
oughly aware, though, that
it very probably will not be
of the high quality that
characterized such cable
when it was made to

military standards. In fact,
already some quite inferior
cable is being sold. it looks
like the ““real” thing; it’s the
same size and of the same
exterior appearance. When
rf 1s piped into it, it's quite
another matter. [t may leak
rf like a sieve; it may have
high attenuation per unit
length; it may have “suck-
out’” points. “"Suck-out”
points are narrow frequen-
cy bands at which the
cable displays very high at-
tenuation although passing
other frequencies with on-
ly nominal attenuation.

So, if you want the best,
look for (and pay dearly
for) the newer MIL-C-17E
series of coaxial cables.
Keep in mind that a penny
saved on coax cost may be
a dollar lost in precious rf
dissipation. B
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The Micro Magic Pi Designer

— figure networks with a minimum of fuss

A bulletproof program.

Gil Boelke
505 Main St.
West Seneca NY 14224

Here’s a BASIC pro-
gram to design pi-
networks, used for imped-

ance matching and filter-
ing. A feature of the pro-

Program listing.

INPUT"LOAD 2";R2

QO0=SQR(R1/R2-1)
QO=INT (Q0*1E5+.5)/1E5

Q=VAL(QS)
PI=3.1415926

IFQ<QOTHEN22
REM CALCULATIONS

X1=R1/Q
X2=Q*Q+1-R1/R2

X2=SQR(R1*R2/X2)
X3=Q*R1+(R1*R2/X2)
X3=X3/(Q*Q+1)
Cl=1/2/P1/X1/F
C2=1/2/P1/X2/F
L=X3/2/P1/F

REM SCHEMATIC

PRINT

PRINT"O=-= ===l uuuug -~

0 0 L N DN D D A0 N N 0t Db et s 0t e e
WN-FOOUDNOVAEWN—~OWDNOWVAWN O
COCOCOC0CO0O00O0000OC0O00OO00OOE0

BLWWWWWW
CWOWD-NAWVS
ccococooo

410 PRINT"
PRINT "
PRINT" ===
PRINT"
PRINT"
PRINT"

P N
TV IS
cococococo

PRINT"Q VALUE (MIN "QO0")*":

IFQ=0THENX]=1E38:GOT0260

-0
L"TAB(16)"|"

PRINT"O-=====--==c———==-

REM PI-NETWORK DESIGN PROGRAM

REM Copyright GLB ELECTRONICS 1977

REM G. BOELKE -26-177

REM

REM CHRS$(12) 1S TO CLEAR SCREEN AND HOHE UP CURSOR
PRINTCHRS(lZ) PRINT"PI NETWORK DESI

INPUT" FREQUENCY (MHZ)' F:IFF<= OTHENIGOELSEF =F*1E6
PRINT: INPUT"INPUT Z";R1l

¥1=0:IFR2>RITHENSWAPR],R2:Y1=1
:INPUTQS

IFQS="MIN" ORQ-OOTHENQ—OO GOTO640

IFX2<=0THENPRINT"UNREASONABLE PROBLEM":GOTO170

”:TAB(lS)":-- (&0

480 IFY1>OTHENPRINTR2; TAB(IG)Rl GOTO500

PRINTR1;TAB(16)R2

PRINT"
PRINT" C

PRINT
IFASC(AS)=89THEN19D
IFASC(AS)=B9THEN170

INPUT "MORE"
END

X3=Q*R2

OOV S
DNOVALWN OV NAVEWNFOWY
CoO00O00COCOECO0000COOO0o

IFY1=1THEN360
Cl=1/2/P1/F/X1
690 GOTO0370

700 END

1(’ 114

IFL>=1E-6THENPRINT“L="INT (L*1E9+.5)/1E3"UH"
L="INT (L*1E9+. S)“NH"
“INT(Cl1*1E12+.5)"PF"

PRINT"C2="INT (C2*1E12+.5)"PF"
INPUT"ANOTHER Q VALUE";AS

INPUT " IMPEDANCE CHANGE":AS

INPUT"ANOTHER FREQ":AS
IFASC(AS)=B9THENINPUT"F";F:IFF<=0THEN600ELSEF=F*1E6:GOT0200

X1=R1/Q:C1=0:C2=0:X2=X1

1GOTO520

;AS:IFASC(AS)=89THEN160

REM MIN Q YIELDS AN L NETWORK
IFQ=0THENPRINT"USE A DIRECT CONNECTIONI"

:GOTO220

gram is that it makes a
smooth transition to thé
degenerative case of
minimum Q—the L-net-
work.

When the primary func-
tion is to transform im-
pedance with minimum
loss and not to provide
filtering action, the
L-network is the way to go.
For a given impedance
ratio, it provides the
broadest bandpass of any
resonant network, and the
lowest loss.

If filtering action is re-
quired, such as for har-
monic rejection, or if the
impedance ratio is to be
made variable through the
use of variable capacitors,
a pi-network may be better.
Q may be chosen as de-
sired and a range of im-
pedance ratios can be ac-
commodated without
changing the inductor
value. A pi-network is
nothing more than back-to-
back L-networks. Since an
L-network always steps im-
pedance either up or down,
a pi-network can be used to
provide filtering action
with equal impedances at
both source and load, as
well as transformations up
or down. If the two L-net-
works have equal ratios,

the first steps impedance
down and the second one
steps it back up to the

Sample run.

READY
RUN

PI NETWORK DESIGN
FREQUENCY (MHZ)? 150

INPUT 2? 50
LOAD z2 300

Q VALUE (MIN 2.23607 }? 12

0--=---- UUUUU--=---- )
N
-i- Gl -i- &
0 300
L= 37 _NH
Cl= 42 PF
C2= 102 PF

ANOTHER Q VALUE? YES
Q VALUE (MIN 2.23607 }2 MIN

0--=---- UUUUU-----~ 0
o
---c1 --- c2
! |
[ it o
0 50
L= 119 NH
Cl= 8 PF
€2= 0 PF

ANOTHER Q VALUE? NO
IMPEDANCE CHANGE? YES

INPUT 22 25
LOAD Z?2 1000

Q VALUE (MIN 6.245 )? 10
O===uu= UUUUY -=---- 0
| L

-==ci B2
O=-cmmmmmmmmm—aeaaa0

25 1000
L= 118 NH
Cl= 11 PF
C2= 52 PF

ANOTHER Q VALUE? NO
IMPEDANCE CHANGE? NO
ANOTHER FREQ? NO
MORE? NO

READY
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Box 365
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same value.

In each L-network, the
transformation ratio in-
creases with higher Q
values. For a Q of zero, the
component values dimin-
ish to zero; thus the pro-
gram specifies a piece of
wire as the answer to this
problem!

When you give it a prob-
lem, it always calculates
the minimum Q required to
do the job. (Remember:
The lowest Q is the lowest

loss and the least critical in
parts values.) If you need a
higher Q for filtering ac-
tion, you simply enter it.
On the other hand, if an
L-network is desired, just
enter “MIN” and the com-
puter will use the value it
already has, saving you the
trouble of re-entering it.

It then prints out the cir-
cuit and gives parts values.
Afterwards, you have a
chance to change the fre-
quency or the impedance

ratio, or to enter a new
problem before leaving the
program.

An effort was made to
“bulletproof” the program
by filtering out negative
values and divide-by-zeros
and by providing for the ac-
commodation of imped-
ance values without regard
to whether the first is
greater or less than the sec-
ond. The schematic always
labels the impedances of
each port so you don’t get

them mixed up.

The program was written
for MITS extended BASIC
with multiple statements
per line, plus some func-
tions such as “‘PRINT
USING” and “SWAP,” but
these are easily purged for
running it on other BASICs.

Finally, my apologies to
those who have much
memory in their system.
The statements are not
separated by spaces for
those who do not!'l

Bill Howard KG6JIF
74 Golden Shower, NCS
FPO San Francisco CA 96630

A Better Micoder™

— no more battery woes

Good-bye to mushy audio.

f you are one of the
many who own a Heath
HW-2036 synthesized 2

Micoder™, here is a way to
eliminate that 9-volt
battery for good. Not only

meter rig with the isthe modification simple,
MICODER
12
— — SHIELD.
veo (ToP)
LATTACH 2700 o -]
] RESISTOR HERE
o LK
@ :] ORANGE
WHITE )1, |
o ;] WIRE
O SR | s
—E_]] 8LK "|/:
p REGULATED e

=

HW-2036
TERMINAL
STRIP

Fig. 1. After modification. It doesn’t matter whether the
shield goes to pin 1 of SW101 or to the terminal strip, as
long as both pin 1s are tied together.
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but you end up with a
much lighter microphone
along with an end to those
embarrassing moments
when you hear, “Your
audio sounds real low and
kinda mushy.” Here’s how
to do it:

1. Open up the micro-
phone case and remove the
case from your HW-2036.
Locate both ends of the
black wire in the mike
cable (one end goes to ter-
minal 1 on the terminal
strip inside the mike and
the other end goes to ter-
minal 2 on the three-
terminal strip inside the rig)
and clip them free.

2 Clip out the battery
connector inside the
microphone and remove it.
The red wire should be
removed from pin 5 of

SW101 and the black wire
comes off terminal 1 of the
two-terminal strip.

3. Solder the free black
wire inside the mike to pin
5 of SW101.

4. Solder a 270-Ohm
resistor to the wire (WHT-
ORQG) going to C515 on the
vco assembly. The resistor
should be soldered to the
WHT-ORG wire near the
ferrite bead.

5. Cover the resistor and
leads with spaghetti or
some other insulating
cover and connect the free
end of the resistor to the
free black wire inside the
rig. After carefully check-
ing that all leads are prop-
erly insulated, put every-
thing back together and
get back on the air. @



Swan and G.1.S.M.O.

PSU-5 100MX Mobile Transceiver ST-3

You can’'t beat the comblnatlon!‘

Impressive. State-of-the-art styling and design make Swan’s 100 M X Mobile
Transceiver one of the most desirable units available today! This solid state,
made in America transceiver operates from 11 to 15 VDC source negative
ground. Boasts USB, LSB, CW. Semi-CW break in. Built-in noise blanker.
Preselector for transmit and receive. Call us now for your free instant quote
on this or any other Swan product!

ALLIANCE and G.1.S.M.0.

Selection and savings and quality!

For antennas up to 10.7 sq. ft. of wind load area. Mast
support bracket design permits easy centering and offers a
position drive no-slip option. Automatic brake action cushions
stops to reduce inertia stress. Unique control unit features
DUAL-SPEED rotation with one five-position switch. SOME
SPECS: Max wind load bending movement——10,000 Ibs.
( side-thrust overturning ) * Starting torque——400 Ibs.
* Hardened steel drive gears. * Bearings—— 100 3/8'' diameter
( hardened ) * Meter——D’Arsonval,
taut band ( back lighted ).

HD-73 HEAVY-DUTY ROTATOR

with exclusive Dual-Speed Control!

Mail’s too slow--- call NOW for an instant, TOLL FREE quote!
InS.C. call 1-366-7157

C.LS.M.O. 1-800-845-6183 ::::niwiiy o
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Winning the QSO Name Game

—sure beats 3 x 5 cards

Put your info on the tip of your tongue.

Charles E. Thomas WASMWM
7022 Blackhawk
Pittsburgh PA 15218

ould you like to

have a fantastic
memory with everyone’s
name on the tip of
your tongue (keyboard)?
Whether you are running
for office, trying to borrow
equipment, or just want to

appear to be on the ball,
this program will fill that
need

The number bf new-
comers appearing on the
repeater scene increases
every day. It is extremely
difficult to remember
everyone’s name. Using my
program, all you have to
do is type in the call of the
operator. The computer
supplies you with his call
and his name. A small

10 REM ** 3 X 5 CARD UPDATE *#*

20 REM *¥ AMATEUR RADIO NAME DIRECTORY ¥

30 PRINT "ENTER THE AMATEUR CALL ";

"WA3A0Q BILL"

PRINT A$(1)

PRINT B$(1)

PRINT C$(1)

4L0 INPUT C$

100 LET A$(1) =

101 IF C$ = LEFT$(A$(1),6)
200 LET B$(1) = "K3BD MIKE"
201 IF C$ = LEFT$(B$(1),4)
300 LET C$(1) = "K3CHD DON"
301 IF C$ = LEFT$(C$(1),5)

piece of information can
be included if you so
desire.

| wrote this program us-
ing SWTPC 8K BASIC to
run on my 6800-based
machine. Southwest BASIC
reserves 32 bytes for a
string variable. This would
allow 6 bytes for the call
and 1 byte for a space. This
leaves 25 spaces (bytes)
available for the operator’s
name and a key word of in-

IF C$
FOR D

1594088 50)

NEXT D
PRINT

IF C$ = LEFT$(I3(1),5)

LET D$(1) = "WB3DHB PHIL"
PRINT D$(1)

400

L01 IF C$ = LEFT$(D$(1),6)

500 LET E$(1) = "WA3ENU RICH"
501

IF C$ = LEFT$(E$(1),6) PRINT E$(1)

9050

Program listing.
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PRINT
PRINT
GOTO 30

formation pertaining to
that particular operator. If
your memory is small, you
might consider limiting the
length of the string vari-
ables by adding DIM state-
ments.

String wvariables in
Southwest BASIC may be
named any single alpha-
betic character or a
subscripted letter. The
subscripts permitted are 0
through 9 only.

LET I$(1) = "K3IXB JOHN"

PRINT I$(1)

LET Z$(1) = "W3ZCO KEN"
LEFT$(Z28$(1),5)

PRINT Z$(1)



When adapting my pro-
gram for your own use, be
sure to keep some type of
line number organization
to avoid confusion when
adding new calls to mem-
ory. Assuming you are us-
ing the program for local 2
meter operation data, the
call area will probably be
the same for the majority
of the entries. Therefore,
concentrate on the last
three letters of the oper-
ator’s call. In my program,

| assigned the line numbers
as follows: 100-190 to the
calls whose last three (or
two as the case may be) let-
ters begin with the letter A,
200-290 to those whose last
three letters begin with the
letter B, and so on through
the rest of the alphabet.
Those amateur calls con-
tained in statement lines
100-190 would be assigned
the string variables A$%(0)
through A$%$(9). Those in
lines 200-290 (beginning

READY
#RUN

ENTER THE AMATEUR CALL ? K3IXB

K3IXB JOHN

ENTER THE AMATEUR CALL ?
Sample run. User input is underlined.

with B) would be assigned
B3%(0) through B$(9) and so
on. Line 9000 is inserted as
a slight delay loop.
“WAIMWM, WASMWM

—this is K31XB calling.”

Now, let’s see, what is
that guy’s name? | know
that | have worked him be-
fore! B

s this going to be cheap?

How about $1.75 for the
two components required, be-
sides the usual transformer,
rectifier, and filter capacitor
needed for any charger? Is it
perfect? Connect any reason-
able number of nicad cells
(0-10) between the charging
terminals, and the current
will vary only a small fraction
of a milliampere. The design
is so simple that | think my
brother-in-law could handle
it.

Fig. 1 shows the sche-
matic. The circuit and design
data are given in the National
Semiconductor Voltage Requ-
lator Handbook, available at
Radio Shack stores. Don’t
rush out and buy the book
for this information, though.
Herewith | will save you
$2.25 on the cost of building
your charger. Besides, using
the data in the book requires
a lot more time and mea-
suring than using the cut and
try system, if you have some
idea of just what you are
doing.

Your dc supply will have
to furnish the following: the
maximum voltage of the bank
of cells you will want to
charge and the rated voltage
of the voltage regulator you
will use plus its dropout volt-
age. Figure on approximately
30 volts for use with 10

L. E. Harrington WQLM
585 S. Alton Way — 11C
Denver CO 80231

A New Approach
To Nicad Care

— charges up to ten at a time

nicads, but don’t forget that
the maximum you can use
with the voltage regulator is
probably 35 volts. Aiso, when
using a voltage regulator, you
must watch 1(Vin - Vout), the
power dissipated in the regu-
lator. With a nominal 1 Amp
regulator and the current you
will draw, there will be no
problem here.

| use a small power trans-
former rated 25.2 volts at .3
Amps, a silicon diode recti-
fier, and a 220 uF filter ca-
pacitor. Under the load you

Parts List
T1 25.2 V at 0.3 Amp (Radio Shack 273-1386)
D1 1 Amp silicon rectifier
C1 220 uF, 50 V (Radio Shack 272-1045)
VR 12V at 1 Amp (Radio Shack 276-1771)
R1 selected to adjust charge rate (in the 300 {2range for 0.05 A)
M1 suitable for charging rate desired (optional)

will use, the voltage is 31
volts. With R1 at 300 Ohms,
the charging current is 45
mils exactly, when charging
anything from one to ten
cells. The transformer gets
pretty warm, but not too
warm. Everything else gets
just barely warm. If you in-
tend to charge at 100 mils,
use a larger power trans-
former — everything else can

—r e

CHARGING

7

-

be the same. | suppose you
could incorporate a pot and a
meter to make an adjustable-
rate charger, but be sure to
use a limiting resistor if you
do use a pot in place of R1. |
use a 220-Ohm shunt across
the 300-Ohim R1 for a couple
of batteries that can use a
100 mils charge. The trans-
former has to be “heat
sinked,” too. ®

VR

N ouT

cl
L1]

TERMINALS
S

(=10 CELLS)

Fig. 1.

119



ANTENNA
SYSTEMS

HIGH PERFORMANCE SUPER DX SERIES BEAMS
for the 10/15/20 meter amateur bands

USING PARALLEL-FEED, FULL SIZE INDIVIDUAL DRIVEN ELEMENTS, NOT USED BY ANY OTHER
AMATEUR ANTENNA MANUFACTURER.
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3F35DX MULTI BAND BEAM DX SERIES
VEWR CUuRNvi SOBRL 3F350x
o9 3 ;’_an.'ll..l“ '*; T i i
£ Sgescss
):": 1 > 1 -
3 3
MULT!I BAND BEAM DX SERIES
— 3F37DX vswe cuave woots 3F37DX
‘ ‘.J ’ii‘:ljil; SR & I €2 o 5 Em
SRt
— s
R
Ji=SSSs: T
f SRRE e E s asssss! A
’l”ml- + : == = HH
MODEL 3F37DX 3F35DX
Y o 10/15/20 10/15/20
ELEMENTS memmomemenaes oo 7 5
ELEMENTS PER BAND 10 METERS —--cmmmmmmmemee oo 5 3
15 METERS - - 5 3
20 METERS -—----oe- 3 3
ANTENNA GAIN/FRONT-TO-BACK RATIO EXCELLENT
MAX. POWER INPUT (PEP) -- - - 3 KW 3 KW
VSWR -- s - ---- 15: 1TORBETTER
IMPEDANCE ceennns 52 OHMS 52 OHMS
MAX. ELEMENT LENGTH -- 35 FEET 34 FEET
BOOM LENGTH -- — 24'8" FEET 16’5 FEET
B80OM DIAMETER ------- 2INOD 2INOD
TURNING RADIUS —---------- B - 175 FEET 17.4 FEET
WIND SURFACE AREA —--ooroeeemmmmmmmmiiminnn oo 11.08 SQ. FT. 8.29 SQ. FT.
WIND RATING (AT 80 MPH) ---- - 127.1 LBS. 95.0 LBS.
SUITABLE MAST -—-----coeemmmamennes 2INOD 2INOD
WEIGHT (APPROX.) -oooomemmmmesommooremn oo 55 LBS. 42 LBS.
SHIPPING WEIGHT (APPROX ) 62 LBS. 49 LBS.




SWISS QUAD Series e PORTABLE TOWER

SQ-22

PORTABLE TOWER—
EASY TO ERECT ANYWHERE!! T

GOOD DX HUNTING
e Light Weight !

e High Stability l

J
® High Quality ‘
Aluminum Alloy

® 3 Sizes Available

SQ-10

ANTENNA GAIN AND FRONT-TO-BACK
RATIO ARE WELL IMPROVED WHEN TWO
ELEMENTS ARE DRIVEN AT ONE TIME
WITH PHASED DIFFERENCE COMPARED
TO A SINGLE DRIVEN ELEMENT SUCH AS
A CONVENTIONAL QUAD OR YAGI. THE
SQ-22 AND SQ-10 PROVIDE THE OWNER
WITH SUCH FEATURES. SIMPLE ASSEMBLY
AND LIGHT WEIGHT.

KR-2000

425 Highland Parkway, Norman, Oklahoma 73069 TET U.S.A.
~-+BRODIE ELECTRONICS CO.

Tel: (405) 794-0406 2537 Edgewood Dr., Moore, Oklahoma 73160
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On the Razor’s Edge

— it could happen

Hams, home-brewing, and hamburgers.

Ike Rodman W5SWY/1
PO Box 19, Station No. 2
Ambherst MA 01002

On a country hillside
outside Oklahoma
City, George in one tree
and Jerry in another tugged
a dipole antenna up be-
tween them. Besides the
two young men in the trees,
other signs that this was a
weekend could be seen in
the distance where, al-
though it was 8:30 in the
morning, light traffic
moved along the interstate
highway —a few cars and a
short caravan of army-
green trucks. The day
seemed to portend nothing
headier than a satisfying
hilltop QRP contact. The
sun would not be too
warm, and the breeze not
too cool.

The boys were class-
mates. George was
WD5XZF, and Jerry was an
unlicensed CBer. George
wanted to convert to real
radio. From the center of
the antenna, a length of
coax dangled to the ground
near their bicycles. In the
basket of George’s bike,
wrapped in a cloth for pro-
tection, nestled an HW-8
transceiver which he was
going to demonstrate to
Jerry, and a pair of lantern
batteries to power it.
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The boys were so en-
grossed in centering the
antenna between the trees
so no leaves would touch
the wires that they did not
notice a black limousine
leaving the road down at
the edge of the field and
starting up the grassy hill
trailing a wake of flattened
grass sweeping across the
field towards them. They
did notice when the car
stopped by their bicycles.
The driver got out and
opened a rear door. A big
man in a dark suit emerged
from the rear and stood by
the door.

“Jerry?”’ the big man
called. ““Gerald William
Williams?”’ He spoke in ex-
aggeratedly polite tones.
Jerry climbed down from
his tree. “Yes?” he asked.

“Your father has been
hurt,” the big man said.
"“He wants you to come
right away.” George had
tied his guy rope and hur-
ried down from his tree. He
was standing by Jerry’s
side. “Excuse me,” George
said, “but who are you?”’

“?Come on, kid. We don’t
have all day.” The hissing
voice came from another
man inside the car.

“Georgel” Jerry shout-
ed. “It's my father. He's
been hurt. Don’t stand
around asking questions.
Let’s go.” He was already

scrambling into the back
seat of the huge auto-
mobile.

“You .don’t know these
men,” George stdrted to
say; then he felt himself
held firmly and pushed
toward the car. He began
to resist, but then he saw
that inside the car the
small man- held a pistol
aimed roughly at Jerry’s
right eye. George let him-
self be shoved into the car.
The big man threw himself
into the seat next to
George and slammed the
massive door. The small
man sat on a jump seat fac-
ing Jérry. The car started to
move.

The windows had heavy
curtains across them. A
thick sheet of glass sepa-
rated the rear seat area
from the front. The small
man reached out and
flicked another curtain
closed behind the driver.

“Like a snake striking,”
George thought. The small
man was thin and dressed
in a tight plaid suit that
reminded George of snake-
skin. The rear seat area was
now a dark, closed com-
partment. The boys could
not see out.

George considered div-
ing for the door to get
away. He looked at the
door, then looked again.
He looked at the other

door. The big man saw his
glance and smiled. The
door handles arid window
handles had been re-
moved. The doors could
not be opened from the in-
side

The men took off their
neckties, then George and
Jerry felt their arms pulled
behind their backs and
their wrists tied with the
neckties. The big man lit a
cigar, then spoke.

‘You might as well
relax,” he said, puffing on
his cigar and settling back
into his seat. “We’re going
a long way. You're going so
far from anywhere there
won’t be any pointin trying
to escape. Har-har,” he
laughed and puffed on his
cigar. “Karaff-hack,” he
coughed, sputtering smoke.

They drove and drove.
The ride was so smooth the
boys could not tell if they
were going slow or fast.
The minutes flowed into an
hour or two. George
wanted to see outside.

Making believe the long
ride had made him sleepy,
he slumped over, leaning
against the bear of a man,
who obligingly moved
over. Soon George was
almost lying down on the
wide seat. He had enough
room. He lashed out his leg
and pushed the curtain
open with his foot. Quickly



he sat up and looked out.

He saw open fields,
fence wire, and a tele-
phone pole slipping back-
ward. He saw these briefly,
as if he were inside a large
camera and the shutter has
clicked open and shut
once. A big hand threw the
curtain shut.

“Don’t try anything like
that again,” the big man
growled. “You’ll be sorry. |
mean it.”

George believed him. He
was already sorry he had
not learned more from his
glimpse outside.

Finally the car’s smooth
motion stopped. The door
swung open. The bright sun
dazzled the boys’ eyes.

The three men had a
brief conversation next to
the car. “The little one is
more trouble than he’s
worth,” the slender man
hissed. “Williams is the one
we want. Why don’t | just
blow the other one away?”

The driver took time to
consider this suggestion.
He looked into the car at
George, then said, ’No.
Keep them both as long as
they don’t make any trou-
ble. His old man may be
worth something, too.”

George felt they were
just acting out this little
skit to scare him into a
cooperative mood. But, of
course, he was not sure.

"Put them in the barn,”
the snake hissed to the
bear.

Locked inside the barn,
the boys struggled back to
back and finally succeed-
ed in untying each other’s
hands. Then Jerry sat down
on a bale of hay and hit it
with his fist. The bale was
firmer than he had expect-
ed. He rubbed his hand and
looked around to see what
George was doing.

George walked around
the barn, looking at every-
thing in the dim light which
sifted through the pigeon-
holes high up in all the
walls. There was a hay door
high above the loft. Slowly,
George climbed an old lad-
der, testing each rung gin-

gerly with more and more
weight before finally
trusting his balance to it.
He reached the high door.
“1t’s nailed shut,” he called
down just loud enough for
Jerry to hear but not loud
enough to be heard out-
side. “There are about a
hundred ten-penny nails
driven through to a couple
of two-by-twelves | can see
through the cracks. We'd
never get through that.”

Jerry’s head sank lower
and lower in his hands.
George kept on searching.
The pigeonholes and the
locked main door were the
only ways out. Jerry, feel-
ing the minutes drag by, hit
the hay bale again and
again. George came back
and reparted on his ex-
plorations.

"“No way out,” he said,
“but | found an old door
buzzer installed in the
back by the dairy stalls.
The wires run all the way
up to the rafters and then
out the main door, but
they’re not connected to
anything any more. The
ends just dangle by the
door.”

“"Wonderful,” Jerry said
sadly

“But that’s not all,”
George said with a smile. I
also found these.” He held
up an almost-empty paper
towel roll and an almost-
empty aluminum foil dis-
penser, left over, per-
haps, from some picnic
which had been forced by
rain into the barn. “And |
found a damp book of
matches and put them in
the sunshine by the crack
of the door to dry.”

“"Wonderful,”” Jerry
repeated. | may cry.”

“And there’s some in-
teresting junk in that barrel
over there,” George went
on, pointing.

Jerry looked up through
darker and darker eyes. He
did not lift his chin from his
hand. He did not answer.

“But best of all,” George
concluded happily, “this!”
He stepped back and care-
fully picked up, from an

old stone sink, one more
prize: a rusty old razor
blade.

Jerry looked from the
razor blade in George’s
hand to George’s eyes.
Jerry’s expression was so
woebegone that George
had to smile. “Here we've
been kidnapped,” Jerry
began slowly, “we‘re locked
in this barp without a hope
of getting out, and even if
we got out, we’'d be a hun-
dred miles from any-
where . . . "

“If you believe them,”
George interrupted, with a
jerk of his thumb down
toward the house.

“If you believe them,”
Jerry agreed. ““But right
now | do believe them.
We're stuck out here with-
out a hope, and our parents
are probably worried sick
right now because some
strange hood is calling
them demanding ransom
for us, and you‘re gathering
junk. If you're wondering
why your enthusiasm de-
presses me, it's because |
don’t believe you’re play-
ing with a full deck.”

"Wait,”” George said.
“This may not be just
ordinary junk. This may
be ... well, 1| have heard
you can use these old blue
steel razor blades for a
detector in a crystal set in-
stead of a crystal. It re-
quires delicate adjustment
of the cat’s whisker, but
they say it can be done,
and | believe it. After all,
any imperfect connection
may rectify rf. That's why
some people can hear lo-
cal broadcast stations in
their rain gutters or in their
bedsprings.”

”So?” Jerry asked.

”So,"” George said, point-
ing proydly to his little col-
lection, “this junk might
turn out to be radio junk.”

Jerry groaned. ““George,
you have lost your mind,”
he stated judiciously.
“Ham radio is all you can
think about.” He sagged
forward and cradled his
chin in his palms.

“Easy, buddy,” George

said. “’This radio junk
might give us an idea of
where we are.”

”You have a plan?” Jerry
asked. He tried to sound
sarcastic, but he couldn’t
help letting a little op-
timism creep into his voice.

“Yes, a plan—sort of,”
George went on. "If we
know where we are, we
might know what direction
to go in if we get a chance.
And besides, we don’t have
anything else to do right
now.”

”“So what do we do?”
Jerry no longer looked de-
pressed.

"Well, we see if we can
make a DF set, and . . . ”

“DF?” Jerry asked.

"“"Direction-finding,”’
George answered. “A di-
rection-finding set is a
radio receiver with a direc-
tional antenna. If we can
hear stations in known lo-
cations, we might be able
to locate ourselves in refer-
ence to them. We can try
to make a crystal set out of
the stuff we have; then we
might be ablé to use it as a
DF set by making a loop
antenna out of the wire
from the buzzer.”

"Wow,"” Jerry said. Then
he shook his head and hit
the hay bale again. “And
we do all this,” he said,
"with a piece of aluminum
foil, a few paper towels,
and an old razor blade?”

"“Yes,”” said George.
“And the bell wire from the
door buzzer, this old jar
lid, and a few more parts.
We’ll build it on the
counter of this sink.”

““Oh, no,” Jerry groaned.

remember what we
needed when we made the
crystal set at home: a vari-
able capacitor and a coil,
earphones, not to mention
a crystal and holder, and
an antenna and a ground
system.”’

“You’re right,” George
said. But if we can use this
razor blade as a detector,
making the earphone will
probably be the trickiest
part. The rest shouldn’t be
too difficult. We’ll make

III

123



the coil variable instead of
the capacitor. We can use
the wire that runs through
the rafters to the old buz-
zer for our antenna, and
this cold water pipe will be
our ground.”

“Okay,” Jerry agreed.
“We might as well try it.”

"Good. Do you have any
tools with you? | left all
mine back with our bikes.”

“] just have my pocket-
knife,” Jerry said.

“Good. That should let
us get to work.”

“What should | do?”

“Well, to start the ear-
phone, we’ll need to find a
couple of nails. And we’ll
need something to hold the
razor blade steady.”

“Good. What
nails?”

“Two-penny finishing
would probably be good,”
George said. ““I'm just
guessing. We’ll be happy
with anything you can find
that isn’t too big or too
rusty.”

“Great,” )erry said hap-
pily, because he didn’t
know a two-penny finishing
from a two-bit starting,
whatever that might be.
While Jerry searched,
George stripped bell wire
off the door buzzer mag-
nets and wound it around
the cardboard tube from
the aluminum foil pack-
age. Using the pocketknife,
he made slits in the tube to
hold the wire. Then he
stripped insulation from a
path down the coil where
the slider would contact
the windings.

“How do we know how
long to make the coil?”
Jerry asked.

“We don’t. We'll just
have to make it as long as
we can, and we’ll make as
much capacitor as we have
foil and towel. Then we’ll
just hope for the best,”
George confided.

“Oh, | see,” )erry said.
He was beginning to sound
discouraged again. “Here’s
a couple of shiny nails,” he
went on. “And | found
this.” It was an old coffee
can with a plastic cap.

size
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“What's inside it?”

“It seems to be white
flour, and the cap seems to
have kept it fresh and dry.
Should we throw out the
flour and keep the can in
case it might come in
handy?”

““You seem to be getting
into the spirit of scroung-
ing,” George said. “Yeah,
you can if you want, but |
don’t really think we’ll
have any use for it.”

Jerry began to tip the
can to pour the flour into
the barrel, then he stopped.
“We can use this,” he said
smiling, almost beaming
for the first time since he
had clambered into the
limousine. “I’ll tell you
about it later. What’s next
for the radio?” He soon
found a large antique, and
now rusty, C-clamp to hold
the razor blade, then
asked, “What next?”

“Let’s see. You make the
capacitor,” George said.
“Tear the aluminum foil in
two and make a double
sandwich with three paper
towels. Put the sandwich
flat on the sink counter and
weigh it down with that big
board over there. Scrape
some insulation from the
ends of some lengths of
bell wire and make a lead
from each plate. Scrape
back six inches or more
and we’ll hope the pressure
of the sandwich is enough
to make contact. I’ll try to
make an earphone by
pounding these nails a lit-
tle way into a piece of
wood and winding lots of
bell wire around them.
Later, we’ll place the jar lid
over the nails and hope
there’s enough energy in
the coils to make the lid
vibrate sound waves we
can hear.”

While they worked, Jerry
said, “Did you know flour
can be explosive? If it's
dispersed in air, there’s so
much surface area that it
can explode. My science
teacher demonstrated that
last year. He put some
flour in the end of a rubber
tube and a lighted candle

under an inverted coffee
can. Then he blew into the
other end of the tube,
blowing the flour around in
the can. There was a loud
boom, and the can flew in
the air.”

““Huh,”” George an-
swered.

“And there’s a stub of a
candle in the trash can and
a garden hose in the loft.”

“Hmm,” George said.
They made their plans.

Later, the boys were
ready to test what was
perhaps the largest, rough-
est-looking crystal-less
crystal set in the world. The
homemade capacitor lay
under its board. Wires ran
from it to either end of the
coil on the cardboard tube.
Antenna wire dropped
from the rafters and con-
nected to one end of the
tuner, the other end of
which was connected to
the cold water pipe. From
the antenna end, another
wire ran to the antique
C-clamp Jerry had found,
which held the razor blade
upright. All electrical con-
nections consisted of
about a foot of scraped
bell wire wound around
and around the desired
point. The cat’s whisker
touching the blade was a
piece of bell wire anchored
under a rock for stability.
From there a wire disap-
peared under the jar lid,
the diaphragm of the ear-
phone. Another wire crept
from under the lid to the
cold water pipe.

“Well,” George said.
““That’s our amazing
crystal set.”

“The amazing thing will
be if it works,”” Jerry
responded. He leaned over
so his ear was over the jar
lid. George moved the
slider up and down the coil
and looked questioningly
at Jerry.

““Nothing,” Jerry said

GCeorge moved the cat’s
whisker to another part of
the blade, then moved the
slider again.

“Nothing,” Jerry re-
peated. “Oh, why did we

waste time with this thing
anyway? Just look at it,” he
said in disgust. He reached
out and, before George
could stop him, slammed
his fist down on the
capacitor sandwich. Both
boys heard a tiny tinny
clink in the earphone

Jerry bent over the ear-
phone again and moved
the slider along the coil
“There’s something here,”
he said, “but | can’t hear it
well enough to under-
stand.”

“] was afraid of that,”
George said. He began to
pace; the orbit of his pac-
ing widened. Then his eye
fell on an old oatmeal box
in the trash barrel. “Hold
this over the lid,” he told
Jerry.

Jerry then lowered his
ear to the open mouth of
the box. “That’s it,” he said
happily, careful to keep his
voice low. “It’s a radio. It
works. There’s music.”’

“Great. Let me listen,”
George said. “Super!” he
announced in his most
judicious tones. ‘‘It’s
stronger than | dared to
hope—which means you
can just about hear it”
While holding the oatmeal
box earphone, he moved
the slider. “There’s another
station,’”” he said. He
moved the slider up and
down the coil slowly.
“That’s it,” he said, “two
stations, both fairly strong.

The boys shook hands
triumphantly. Then Jerry
leaned back over the oat-
meal box. He listened in
silence a while, then said,
“Here, this is it. They’re go-
ing to identify.” He leaned
close to the mouth of the
box and held his breath so
as not to miss the an-
nouncement. ‘‘Hey, it’'s
KTOK!"” he reported.

“KTOK?” George echoed.
“That’s Oklahoma City
That’s home!”

Jerry started to shout,
but then caught himself so
quickly it would have
sounded like little more



than a sneeze to anyone
outside. He tuned down to
the other station and lis-
tened. He started humming
with the music. “Wait,” he
said. “It's over now. The
D)’s talking. Wait. It's .
yes. This is KNOR.”

“KNOR—Norman!’’
George said. “That’s a good
sign. We can’t be far from
home. KNOR is at 1240,
and KTOK is about one
megahertz. | guess our
radio only tunes the high
end of the broadcast band.
Let’s make our DF loop.”

They pulled all the stiff
wire down from the rafters
and wound it in a big loop,
tying the loop to a board
they could use for a han-
dle. “Now let's see if we
can hear anything at all,”
George said. He stood with
the loop in front of him
“Do you hear anything
now?’’

Jerry, bent over the ear-
phone, answered, ‘“‘Noth-
ing. Nothing at all.”

George turned slowly,
holding the loop in front of
him. “Nothing, nothing,”
Jerry said.

“Tune it again,” George
suggested. “The different
antenna could make a dif-
ference in the tuning.’”

Jerry moved the slider
all the way down the
coil,then slowly all the way
back up. He tried the
whole range of the coil
again. “Nothing,’”” he said.
The boys looked at each
other for a long minute
while neither thought of
anything to try or say. Then
Jerry, perking up some-
what, said he would try one
more time. He held his
breath, and slowly slid the
slider down the coil.
“Nothing,” he said. “No.
Wait! There is...some-
thing . . . here, you’d better
listen to this.”

Jerry took the antenna
from George, who put his
ear to the oatmeal box. He
heard a rhythmic hissing.
He realized why Jerry had
wanted him to listen. When
his ear adjusted to the
strange hiss, he could copy

CW strong and clear: “OLZ
OLZ OLZ DE W5RB QNI
K.II

“Well, I'll be,” he said.
“We can tune the 80 meter
band. That's Gil calling the
Oklahoma Traffic Net.”

Jerry took a step toward
George. The signal George
was again copying became
weaker. “No,” George said.
“Turn the other way. That’s
it. More. More. No, now it’s
getting weaker again.
That’s right, back this way
a little. Right. Right there, |
guess. He's due west of us.”’

“Wow,” Jerry said. “Do
you know this guy Gil?”’

“I’'ve contacted him on
the net. | know he has a
farm somewhere south of
the city. His signal is really
strong. We can’t be very far
from him.”

“Okay,” Jerry said, his
voice quavering with ea-
gerness and apprehension.
“Let’s get on with the plan.
Step two.”’

“HEY! SNAKE! BEAR!
DRIVER! COME QUICK!
HEY, YOU THUGS, ON
THE DOUBLE!” The boys
yelled at the tops of their
lungs, then they subsided
and hid behind a wall of
hay bales.

Soon they heard the
crossbar moving on the
main door, then the door
opened a little—just a lit-
tle. Nothing else hap-
pened. The boys watched
the door. Jerry held one
end of a water hose. The
hose lay across the floor
under the hay and ran
under a dividing wall and
into the stalls at the rear of
the barn

Into the strip of light at
the door, first Snake’s head
appeared, then, over his,
Bear’s. They looked
around, did not see the
boys, and then looked at
each other. George nudged
Jerry to indicate “Now.”
Jerry blew into the hose.

BOOM!

From the back of the
barn, a small explosion
roared. The men at the
door looked at each other,
then ran past the boys,

around the partition.
George and Jerry burst
from behind the hay and
sprinted for the door. Out-
side, they pushed the door
shut and locked it with the
four-by-four crossbar.

“The driver,” Jerry said.
“Should we do step three?”

George hesitated a mo-
ment before answering.
“Guess we’d better,” he
said. They ran to the
limousine and opened both
rear doors and the driver’s
window. George reached in
and started blowing the
horn while Jerry hid behind
the car. He blew it again
and again. The driver came
out of the house and saw
George

“Hey, what are you do-
ing out here?”’ the driver
shouted and started to
sprint to George. As he ran,
he looked up at the barn
and back at George, who
turned deliberately and sat
in the rear seat of the car.
The driver reached the car
and dived in after George.
In another moment he
would have grabbed
George, but Jerry came out
from behind the car and hur-
ried around behind the
man.

‘"Hey, you!’" Jerry
shouted. The driver hesi-
tated for just the necessary
moment. George got away.

The driver looked back
at Jerry. “Hi there,” Jerry
said and slammed the
door. The driver’s face
seemed to show in this mo-
ment that he understood
what was happening but
knew he couldn’t react
quickly enough to stop it
from happening. George
slammed the other door.
The driver was trapped in
the rear of the car with no
inside door handles.

The boys started running
west up a long slope as
hard as they could go.
Behind them they heard
pistol shots from the barn.
“They may be able to shoot
their way out,” GCeorge
said. Let’s give it all we’ve
got.” Jerry, not wasting his
energy talking, was passing

George.

Cresting the hill, looking
into a valley under the set-
ting sun, the boys saw a tall
tower with a large beam
antenna on top. The house
below the tower was strung
with various wire antennas.
The two boys ran about
200 yards from the crest of
the hill to the door of the
house. They knocked on
the door, then banged on
it

The door opened. A thin
man with grey hair and
friendly eyes stood in the
doorway.

“You're Gil W5RB, right?*
George gasped, between
gulping air. “I'm George
WDS5XZF. We were kid-
napped and we escaped.
Please let us in.”’

Gil stepped out of the
way. Breathless, the boys
ran in, and, while Gil
closed and locked the
door, relaxed for a moment
in the luxuriance of re-
peated deep breaths

“It's good to meet you,”
Gil said, and shook
George’s hand. George in-
troduced Jerry while Gil
picked up the telephone,
and Jerry also felt the firm
handshake.

“Uh-oh,” Gil said, look-
ing at the telephone receiv-
er in his hand. He jiggled
the cradle up and down,
listened again, then low-
ered the receiver to its
cradle.

“The phone just went
dead, boys,” he said, his
face serious. “That means
your friends are out there.”

“And they have guns,”
Jerry said.

“Pistols,”” George said.

“So | guess we're just sit-
ting ducks,” Jerry said sad-
ly. “They can push their
way in here and . . . "

“1 doubt if they’ll rush us
right away,” Gil said.
“They probably expect a
farmer to be armed. They’l|
feel the situation out for a
while. And we have an-
other card to play.” He
turned toward the rear of
the house.

The boys followed into a
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back room full of radio
equipment: cabinets and
racks of meters, dials,
knobs, and switches. “’Uh-
oh,” Jerry said. “Your clock
has stopped.”

“They found the main
power switch in the barn,”
Gil said. “But | wasn’t go-
ing to use the big rig
anyway.” He picked up a
small handie-talkie,
pressed the button, and
talked into the grill.

”K5V)O, this is W5RB.”

After a minute’s pause,
the answer came loud from
the grill on the little instru-
ment. “W5RB from K5V}O.
It took me a while to get
back to the jeep, Gil.
What’s up?”

"Jeep?”’ Jerry asked.

"Jeep,” Gil affirmed
with a smile, then pushed
the mike button. ”’Al, this is
a Mayday. Repeat, May-
day. Two young men were
kidnapped this morning
and taken to the aban-
doned farm next to me.

They escaped to my house.
The kidnappers are outside
right now, armed with
pistols.”

“Okay, Gil,” the voice
from the radio said. “we'll
take care of it. Hang loose,
now.”

“Thanks, Al’ Gil said.
He turned to the boys. "I
heard Al on the air earlier
today. He’s on weekend
drill with the National
Guard around Edmond.”

“I'd feel a lot better
if ..." Jerry began.

"Let’s try not to worry,”
Gil said. ”1 think we’ve
done all we can for now.
Would you boys like some-
thing to eat?” He carried
his handie-talkie into the
kitchen, and of course the
boys followed.

“You talked to Edmond
with that little thing?’ Jerry
asked.

“That's right,” Gil said.
“Qur club has a repeater
up on the channel 9 tower.
We're just one of hundreds
of repeater clubs around

the country. The repeater
picks up our handie-talkie
and automobile-mobile
transmissions and retrans-
mits them from its high,
central location, covering
the whole metropolitan
area. | heard Al say he was
going to monitor the re-
peater during his Guard
drill. He’s Emergency Coor-
dinator with the Air Caval-
ry unit.”’

Gil put a big frying pan
on the stove and took some
hamburger patties from
the refrigerator. Soon the
patties were sizzling in the
pan and the boys were
spreading catsup, mayon-
naise, and mustard careful-
ly to the edges of their
sliced hamburger buns.
They were pouring three
glasses of milk when the
house began to shake in a
violent flapping thunder.
They ran to the window,
cautiously parted the
drapes, and looked out-
side. Five giant army-green
helicopters circled and

swooped toward the house
from five different direc-
tions. As the boys watched,
the kidnappers ran out of
the barn toward the limou-
sine. One chopper landed
in a terrible cloud of dust
next to the car. Four
Cuardsmen, dressed in fa-
tigue uniforms and combat
boots and armed with M-14
rifles, jumped to the
ground and faced the kid-
nappers, who stopped,
looked astounded, shook
their heads in disbelief,
and then threw their pistols
to the ground and raised
their hands.

The ground fell away
dizzyingly. The boys felt
their insides pressing
down. The earth below
tipped and rotated. It was
their first ride in a chopper.
In all the excitement they
had forgotten their ham-
burgers. They were eager
to get back to their hillside,
back to their bicycles, and
then to get home to sup-
per. B
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NEW MFJ-940 VERSA TUNER I
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30 MHz. Up to 300 watts RF OUTPUT. Built-in SWR, dual range watt-
meter. Six position antenna switch. Efficient airwound inductor.

TRANSMITTER SWRIWATTS

00

« ML ERS

M FJ-94q

MFJ INTRODUCES

ANTENNA
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73 Magazine Staff

Tips for VOM Users

— current topics

Put some meaning into your measurements.

M ost amateurs, when
they learn about test
instruments, particularly
multimeters, understand
that such instruments must
not be used in such a man-
ner that they “load” the
circuit being tested. Other-
wise, readings will be ob-
tained which do not truly
indicate the parameter one
is trying to measure. In the
case of multimeters when

a) L
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[
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Fig. 1.(a) Simple resistor cir-
cuit and (b) representation
of other circuit resistances
that should be considered
when measuring current
flow.
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measuring voltage, the
Ohms/volt rating of the
multimeter can be used to
determine the loading ef-
fect the multimeter will
have on a circuit when the
meter is used on any given
voltage range.

However, a point that is
often neglected when us-
ing multimeters is to
evaluate what effect the
meter is having on a circuit
when measuring current.
This point was not stressed
when many old-timers
learned radio, but today,

)
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Fig. 2. Two methods of

using shunt resistors for
measuring current.

with the widespread use of
low-voltage, high-current
circuits, due to the use of
solid-state devices, it can
take on considerable sig-
nificance.

There are two points to
watch in making current
measurements. One is the
relationship of the resis-
tance of the meter being
used to measure current in
comparison to the other
resistances in a given cir-
cuit as far as it affects the
current reading. For in-
stance, in Fig. 1, we have a
circuit represented by the
2,000-Ohm resistance pow-
ered by a 10-volt battery,
and want to measure the
current flow.

If we insert a milli-
ampere meter in the cir-
cuit, as shown in Fig.
1(b), two other resistances
actually have to be taken
into account. One is the in-
ternal resistance of the bat-
tery, and the other is the in-

ternal resistance of the
meter. These are represent-
ed by the 0.25-Ohm and
5-Ohm resistors, respec-
tively. If we had just the
elements of Fig. 1(a), a
5.0-milliampere current
would flow. With the add-
ed resistances of Fig. 1(b),
one can easily enough
calculate, using Ohm’s
Law, that 4.99 milli-
amperes flows in the cir-
cuit.

Since this certainly
checks out closely enough,
let's consider the other
point to be careful of in
making current measure-
ments —how the the rela-
tionship of the resistance
of the meter being used to
measure current flow in
comparison to the other
resistances in the circuit
changes the operating
voltage across the circuit.
Remember that the circuit
was represented by a
2,000-Ohm resistor. In
reality, of course, many cir-



cuits are not linear in their
loading characteristics
across a supply voltage.
That is, the apparent resis-
tance will change accord-
ing to the supply voltage
used. So, if a meaningful
current measurement is to
be made, the process of
taking it must not
significantly change the
voltage across a circuit.
For the case of Fig. 1(b), it
does not take too much ex-
ercise of Ohm’s Law to
calculate that the actual
voltage across the
2,000-Ohm resistor is prac-
tically unaffected at 9.97
volts.

One may ask why the
foregoing should be wor-
ried about when taking cur-
rent measurements if the
meter’s effect on the cir-
cuit is so insignificant. The
example cited does repre-
sent realistic values. That
is, 5 Ohms resistance for a
5- or 10-milliampere instru-
ment would represent the
coil resistance of a good
quality d’Arsonval-type
meter movement. How-
ever, in reality, one usually
doesn’t use a basic milli-
ampere meter, but, rather,
the current ranges on a
multimeter. The usage of
the latter brings about a
new set of conditions.

Classic ammeter circuits
are usually formed by us-
ing a basic meter move-
ment and then placing
shunts across it as shown in
Fig. 2(a). However, in most
of the imported multime-
ters which abound in ham
shacks, the meter in the
multimeter is actually used
as a voltmeter when cur-
rent measurements are be-
ing made, as shown in Fig.
2(b). The meter has a resis-
tance in series, and then
the voltage is measured
across a current shunt. The
reason for doing this is that
many multimeters use
quite sensitive meter
movements (as low as 10
microampere movements)
in order to achieve good
sensitivity on voltage
measurements, or, said in
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of the resistors for the current ranges on the right side.

another way, to achieve a
high Ohms/volt character-
istic so loading effects
when taking voltage
measurements are mini-
mized. To use these meters
directly in the current
measuring scheme of Fig.
2(a) would require extreme-
ly close tolerance and,
hence, expensive shunts.
This is particularly true for
the higher current ranges,
since the percentage of the
total current that can flow
through the meter becomes
very small.

Fig. 3 shows the diagram
of a typical medium-
quality multimeter. Note
that, for the current ranges,
the meter is set up to
measure the voltage across
current-shunt resistors of
approximately 80, 8, or 1
Ohm. The voltage drops
that were measured across
the terminals of the multi-
meter when it was used for
different current measure-
ments are shown in Table
1.

If one looks at the
voltage drops across the

meter terminals for full-
scale deflection on any of
the milliampere ranges, the
message should be getting
clearer. Up to % volt lost
across the meter terminals
can be very significant
when trying to measure the
current drawn by some
low-voltage battery-oper-
ated circuit or some high-
current IC circuit. The %
volt represents 17% of the
supply voltage for a 3-volt
circuit and 11% for a
4. 5-volt circuit. But one
cannot relate these per-
centages directly to the er-
ror in the current being
measured. As was men-
tioned before, circuit
loading is often not linear.
So a small increase in the
actual voltage across a cir-
cuit may increase the cur-
rent drawn from a supply
by a significant amount.
Therefore, the real error
in current measurement
might be several times
greater than the basic
percentage error might in-
dicate. This can have
significant effects when

trying to troubleshoot
equipment, evaluate what
sort of batteries to use for a
circuit, check the power
dissipation of a low-
voltage circuit, etc.

The foregoing tabula-
tion also indicates how one
can overcome the situa-
tion. Namely, by measur-
ing current on a range
which produces minimum
meter deflection so as to
reduce the voltage drop in
the multimeter. Of course,
one sacrifices accuracy of
measurement in this man-

er, but that is the com-

promise required with
moderately-priced multi-
meters. It would be a good
idea to check the actual
voltage drops on the cur-
rent ranges on a multi-
meter using another instru-
ment and affix a small
label to the multimeter giv-
ing the values. Who
knows? Maybe someday
even the manufacturers
will do this along with the
Ohms/volt figures they
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